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Abstract

A detailed study on the synthesis and reactiorsslyiimethylcyclopropanes is reported. In their
simplest form, these donor-only cyclopropanes ugaléewis acid promoted reaction to give either
cis- or trans-tetrahydrofurans, with the selectivity being réattcondition-dependant. The adducts
themselves are demonstrated to be an importarfoktédr structural diversification. The

combination of a silyl-donor group in a donor-adoegyclopropane with novel acceptor groups is
also discussed.
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Introduction

The 2,5-disubstituted tetrahydrofuran (THF) motf found widely throughout nature,
notably appearing in highly topical and active Anaceous acetogeniffSand many polyether-
containing compounds and antibiotfes. Robust and rapid routes to access this motittare of
great interest. Herein we report one such routeé smbsequent transformations of the resultant 2,5-
disubstituted THFs.

The use of donor—acceptor (D—A) substituted cydppnes (Scheme 1b (i) & b (ii)) in
synthesis is well documentetf and more recently, acceptor-group only substitetedopropanes
(Scheme 1b (iii)) have also been utilised in a nemif transformations*® However, until our
work, reports and applications of donor-only cyctgmanes (Scheme 1b (iv)) were almost non-
existant:"*° Herein, we report the first detailed study of slyathesis, reactions and applications of
one class of donor-only cyclopropanes — silylmetiglopropanes — in the synthesis of 2,5-
disubstituted tetrahydrofurans. It should be nateat the use of silicon moieties within D-A
cyclopropanes has been reported: the silicon gaidgp the stabilisation of @-carbocation, via the
B-effect, but this has always been coupled with aiora stabilising group — most frequently a
carbonyl or dicarbonyl (malonate) function simu#tansly to stabilise the anion. Recent studies
have suggested that the role of the anion stamgliggroup may be more subtle, including
complexation of the Lewis acid between the 1,34tticayl groups when employing malonafé!
Given our long standing interest in organosilicdremistry®?’ and the use of silyl groups to
stabilise cationic intermediates in particular, ngave turned our attention to study the chemistry

and reactions of highly novel donor-only cycloproges, namely silylmethylcyclopropanes, and

herein reveal their contrastingly different behavito donor-acceptor cyclopropanes.
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Scheme 1a) examples of Annonaceous acetogenins. b) classgslopropanes: i) — iii) are

known in the literaturé? iv) is reported herein.

Results and Discussion



Synthesis of silylmethylcyclopropane precursors

Unlike D-A cyclopropanes, there is no general regsbmethod for the synthesis of simple
silylmethylcyclopropanes. Initial attempts exanminéhe reaction of cyclopropylmagnesium
bromide and a chloromethylsilane as the most direate. However, the reaction between
chloromethyldimethylphenylsilane with cyclopropylgmesium bromide was unsuccessful,
irrespective of temperature, even after 92 hoursjth wquantitative recovery of
chloromethyldimethylphenylsilane. Finkelstein cersion of the chloride to the iodide prior to
addition of the Grignard reagent also failed tdd/ieny substituted cyclopropaffe.The alternative
Grignard-based approach, forming a Grignard reagjemt a chloromethylsilane and reacting it
with bromocyclopropane, similarly failed to giveyaaf the desired product, with high yields of
reduced starting material obtain@d.

The Simmons-Smith reaction was viewed as a vialbdenative route to access a range of
silylmethylcyclopropanes. The majority of the mguisite allylsilanes had to be prepared; this was
achievedvia the method of Soderquist, involving adding allgiimide to a suspension of activated
magnesium turnings in diethyl ether, followed by tthlorosilane, before heating the mixture at
reflux temperaturé® This method was used effectively for the synthesia variety of allylsilanes

(Table 1).

Table 1Synthesis of allylsilanes using a Grignard methoggpl

i) Mg, Et,0 o230
Br MaCl R'R“R°SiCl S'R1R2R3
~ i RIR?RSSIC, . 2 0 A
THF, reflux, 6 h
reflux 15 h
Entry R R? R® Product Yield (%)
1 Et Et Et Et,Si” N <o
2 Bu Bu Bu BusSi” N 88
3 'Pr 'Pr 'Pr iprysi” N 81
4 Me Ph Ph PhMesi” > 59
5 'Bu Ph Ph ‘BuPh,SiI” N 92



6 Me Me Ph Me,Phsi” > 86

#Purified and isolated yield8Grignard reagent was prepared (from the allyl boeind activated magnesium

turnings) prior to the addition of the chlorosilane

Initial attempts at the Simmons-Smith reactionngsallyltrimethylsilane, zinc-copper
couple (3 equivalents) and diiodomethane (1.5 edeints) in diethyl ether disappointingly only
gave 24% of the cyclopropane after 24h at reflmpterature, with unreacted allylsilane recovered.
The non-aqueous work-up modification of Mironov gamo improvement in isolated yield.
Utilising freshly prepared (rather than commerciaihc-copper couple, from the method of
Rawsori gave cyclopropylmethyltrimethylsilane in an impealvyield of 51% (Table 2 entry 1).
Employing a sterically more congested silyl groupthe dimethylphenylsilyl group — gave
cyclopropylmethyldimethylphenylsilane in 54% yidlBable 2, entry 2). As the original Simmons-
Smith reaction generated the desired cyclopropanesly moderate yields, alternative methods
were examined. Yamamoto’s modified version of tBemmons-Smith reaction — using
trimethylaluminium and diiodomethane — with allyopropylsilane and allyldimethylphenylsilane
gave the desired cyclopropanes in 56% and 63% cteply (Table 2 entries 4 and 6). Finally, the
Furukawa methodology employing ZnpEtin place of the Zn/Cu couple, with
allylphenyldimethylsilane gave the correspondinglagropane in 61% yield (Table 2 entry 3),
although it should be noted that this method has lbeported to be sufficiently exothermic to cause

explosions if performed on larger scales.

Table 2Summary of different cyclopropanation methodologised for the synthesis of
silylmethylcyclopropanes

a) Simmons-Smith:
Zn-Cu couple, CHal,, Et,0, reflux, 24 h

b) Furukawa:
ZnEt, (1 M in hexane), CH,l,, CH,Cl,, rt, 6 h

¢) Yamamoto:

RIR?RSi_~_ _ AMes (2Min hexane), CHyl,, DCM, t, 24 h RIRZROSI__<]
Entry Allylsilane Product Method Yield (%)
1 MesSi_ MesSi~_<] Simmons Smith 51
2 Simmons Smith 54
3 PhMe;Si~ -~ PhMe,Si~_ < Furukawd 61
4 Yamamot6 63
5 iPrasi\/\ /Pr3si\/<] Simmons Smith 60
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6 Yamamoto 56

41 eq. of allylsilane, 2 eq.diiodomethane, 5 ecqcagper chloride and 5 eq. of zinc powder in dietithler were heated
at reflux temperature for 24 .1eq. allylsilane, 5 eq. diiodomethane and 5 eqliethyl zinc in DCM were stirred at
room temperature for 6 .1eq. allylsilane, 2 eg. diiodomethane and 2 edrimithylaluminium in DCM were stirred

at room temperature for 24 h.

All three methods failed to go to completion, eweith a large excess of reagents and longer
reaction times. The separation of cyclopropanealytsilane was frequently challenging, but this
was overcome using silver nitrate-impregnated asiiel*> Despite the better yields from other
methods, the original Simmons-Smith methodology wWaes most robust for the large scale

production of the cyclopropanations required and aaplied to a range of allylsilanes (Table 3).

Table 3. Summary of silylmethylcyclopropanes synthesisedgithe Simmons-Smith reaction

RIRZR®Si~ Zn, CuCl, CH,l R'RZRSi <
Et,0, reflux
Isolated yield of Recovered
Entry R R R cycloprop);ne (%) allylsilane (%}

1 Et Et Et 42 7 (19)

2 Bu Bu Bu 65 9 (13)

3 'Pr 'Pr 'Pr 77 8 (9)

4 Me Me Ph 82 6

5 Me Ph Ph 71 5

6 ‘Bu Ph Ph 86 5

%In several cases the recovered starting materidtiawt be cleanly separated from the cycloproptreeyalue in
brackets is the percentage of silylmethylcycloprepthat eluted with starting material determinedtbNMR

analysis."The remaining material was identified as hexaeikifttkane by GCMS.

Cyclisation studies and optimisation

A plethora of successful catalysed cyclisation tieas have been reported for D-A
cyclopropanes!?!* The same optimised conditions were first attechpteere: between
dimethylphenylsilylmethylcyclopropareand phenylacetaldehy@using titanium tetrachloride as
the Lewis acid, owing to its oxophilic nature antt&ess in many Lewis acid promoted reactions.

No tetrahydrofuran was obtained, with the main potsl recovered being



choromethylphenyldimethylsilane and the aldol carsdgion producB. Numerous attempts at this
reaction, varying reaction conditions, molar eqgleaés, concentration, work-up procedure and the
aldehyde component all failed to yield any prodiiciChanging the silane or the Lewis acid also
failed to produce any THF, with either starting er&tls or aldol product being obtained. Varying
the aldehyde similarly had no effect on the reactiatcome. When employing tin tetrachloride, an
additional product, homoallyl tin trichloridg was obtained, presumably through ring opening and
nucleophilic attack followed by elimination of tisdicon group (Scheme 2a). Yadav has reported
to prevent this type of nucleophilic attack atcsih, bulky substituents should be incorporated on
the silicon: disappointingly, utilisingert-butyldiphenylsilyimethylcyclopropane with any diigtic
aldehyde failed to yield any THF, but with startimgterial now being recovered.

o}

Ph
a) o \ﬁ\H
i)-30°C, 2 h _ 3
PhMe,Si~ <] + Ph\)J\H Pase Ph\/@\/S'Mezph Ph
2

i) H,O 0
1
IR
4
b)
O sncl, -78 °C, DCM _
0
O 6 0
5 a R = ‘BuPh, 7aR=1BuPh, 31%
bR = iPr3 bR = iPr3 23%
¢ R =PhMe, ¢ R=PhMe, 6%
Scheme 2

However, reaction dfert-butyldiphenylsilylmethylcyclopropanga with phenyl glyoxalb activated
by tin tetrachloride in dichloromethane at -78 @l avoiding an aqueous work up afforded the
cyclised THF adduct7a in an isolated yield of 31% (Scheme 2b). Repeatihig with
dimethylphenylsilylmethylcyclopropangc gave the THF adductc in a disappointing 6% vyield,
the major product being the disilylether, suggestimat the steric properties of the silyl group did
indeed influence the product of the reaction. Gitteat the triisopropyl group is smaller than the
tert-butyldiphenyl group and larger than the dimethgipyi group, an intermediate yield was
expected, and indeed the TIPS substituted THikvas obtained in 23% yield, thus confirming the
importance of bulk around silicon. Since the tqisopyl-substituted silylmethylcyclopropabé
was the easiest of the three to handle, this waserhfor optimisation studies. A range of Lewis
acids were screened for promoting the reactionh lootdifferent equivalents and under varying
reaction conditions. Initially, all reactions wegserformed using 1 equiv. of the Lewis acid, with
respect to the phenyl glyoxal and triisopropylsigthylcyclopropane. Any Lewis acids containing

7



a triflate counter ion failed to afford any of tesired THF and in most cases led to decomposition
of the silylmethylcyclopropane, except for Zn(OQJfyhere the starting material was recovered
(80%). Brgnsted acids were also ineffective atmmting the reaction. Titanium tetrachloride,
aluminium chloride, germanium chloride and magneshromide all gave trace amounts of the
THF in the reaction mixture (by GC-MS), but in iffszient amounts to warrant isolation. Tin
tetrabromide gave a comparable yield of productiriotetrachloride although the reaction was
slower at -78 °C (5 hre.f. 3 hr for SnCJ) and the Lewis acid harder to handle. The onhept
Lewis acids that promoted the reaction in any $icgmt yield were the zinc halides, in particular
zinc bromide. Thus zinc halides and tin (IV) haldvere the only Lewis acids found to promote
the reaction, although with zinc Lewis acids having considerable drawback of requiring longer
reaction times and heating, plus giving less dias@ontrol. However, one thing that soon became
apparent was that both the order in which the mesgeere added and the concentration of the
reaction were found to have an important influeanethe product obtained, with the best yields
being obtained when the Lewis acid was added toolatisn of phenyl glyoxal, and the
silyimethylcyclopropane being added latér. The quantity of Lewis acid was also significant
(Table 4). The desired THF was still obtained @og yields with sub-stoichiometric amounts of
tin tetrachloride, although less than 0.6 eq. gawmmificantly reduced yields, with unreacted
cyclopropane recovered. Rather than the reacegamglcatalytic, the tin tetrachloride is thought to
coordinate with two molecules of the glyoxal. Téfere, reducing the amount of tin tetrachloride
only becomes significant once the number of mokdess than half that of the aldehyde,
corresponding to 0.75 eq. or a 2:1 ratio of glyotaltin tetrachloride. The same pattern was

observed with the phenyldimethylsilyl group.

Table 4. Cyclisation of triisopropylsilylmethylcyclopropane 5b using sub-stoichiometric

guantities of tin tetrachloride

<] i SnCla Ph SiR
RsSi +  Ph \ 3
\ﬂ)k"' DCM, 0 °C 7//@;\/

0 o H
5b or 5¢ 6 7bor7c
Equivalents of SnGl R.R*R’="Pr7b R R*,R’ = PhMe 7c
%Yield %Yield
0.7 85 71
0.6 71 56




0.4 55 41

0.3 46 29

0.2 38 10

The temperature of the reaction was found to cottierelative stereochemistry of the THF
product. When the reaction was run at temperatbedsw 0 °C, two compounds were always
obtained from the reaction, which were inseparélyl€olumn chromatography: ttees andtrans
diastereoisomers of the THF. At 0 °C, only onestileoisomer was obtained. The C-5 proton was
particularly useful in determining which diastesamner was formed, since it had distinctly
different chemical shifts in the two different diagoisomers®=5.13 and 5.30 ppm) while the C-2
proton signals overlapped with each oth&r4(23-4.30 ppm). NOE measurements permitted the
determination of which diastereisomer was formeaath temperature, with the single product
formed at 0 °C found to be th&ans adduct, while at -78 °C a mixture ais and trans

diastereoisomers, favouring thie.



JD-06-254 ; 1H spectrum in CDC13

PhW/D\/Si’Prg
ROH

(o]

COverlapping
C2 Protons

Major diastereoisomer Only diastereoisomer
at-78 °C at0°C

1.5% observed

Figure 1.'H NMR spectrum of the mixture of diasterecisomdrthe THF 7b formed at -78 °C.

Believing thecis product to be the reaction kinetic product andtthes adduct the thermodynamic
product, a sample of the 2,5-disubstituted THi-was prepared at -78 °Cig¢trans 2.4:1), re-
dissolved in DCM, cooled to -78 °C and tin tetrachle added, and the reaction then warmed to
room temperature. The two diastereisomers were foawd in a raticcis:.trans 0.04:1, indicating
that they had indeed undergone equilibration amerdéonversion to the thermodynamically more

stabletrans-THF upon warming under the reaction conditionsh(ee 3).

0
)J\WH + D STPTs _SnCl,, DCM PhMVSi’Prg _SnCly, DCM PhW/D\/Si"P@

” 1h -78°C o4 —78°C to rt Mo

© o

H
© 16 h

7b cis:trans 2.4:1 7b cis:trans 0.04:1

T

Scheme 3Interconversion otis andtrans THF, 7b
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The reaction is postulated to proceed initiglly SnCl, coordination between the two carbonyl
oxygen atoms of the glyoxal, thus activating traellde. The cyclopropane acts as a nucleophilic
pseudardonor forming a carbon-carbon bond, and drivethiey3-carbocation stabilising effect of
the silyl group £0). To reduce steric hindrance, the bulky silyligravould be expected to be
directed away from the glyoxal. The ring openifighe cyclopropane places the 2- and 5-
substituents in ais orientation £18). At -78 °C, the ring-closing reaction is fastiean rotation
around the C-C bond, and thus the kinetic prodbet;is stereocisomerl3a), is the major product.
Given the temperature dependence of the reachenijrg closing must be reversible. This allows
the ring to openl(0), and as the temperature increases, and thefredgtation around the C-2/C-3
bond increases, positioning the silyl group inaas relationship to thei-keto group {1b), thus
giving thetrans stereoisomer after ring closurE3p). The Sn(/is thought to remain coordinated

to the THF and carbonyl oxygeh2aand12b) until the reaction is quenched with water.

SnCly~~

0 ., _SnCl, é';@
5 G @
0 h

\S
P
9 H
SiRs
Ph
H H
Ve 07 .
Ph ? SR 0 R_SiR,
\ 3 SnCly H
O,/SnCIx
11a 10
Ph—L,_.-SnChi\~gig, Ph—L,_.-SnChH
12a 12b
leo leo
PhW/Q\/SiRS PhW/D\/SiRS
o HOH o HOH
13a 13b

Scheme 4Mechanistic explanation for the formationad$ andtrans adducts
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In summary, the optimum reaction conditions formpobding the reaction between glyoxals
and silylmethylcyclopropanes involved using 0.70&¢n tetrachloride at -78 °C to give a mixture
of cis andtrans products, or after warming to O °C to give solgllgtrans diastereomer.

Given the success of phenyl glyoxal and the ogtahireaction conditions, a range of other
a-keto aldehydes were successfully employed in gfadisation (Table 5), with a variety of the

silylmethylcyclopropanes.

Table 5.Cyclisations of silyimethylcyclopropanes wittiketoaldehydes promoted by tin
tetrachloride.

SnCly 15203
R'R2R3Sj + R SIR'RZR
(o] (@]
Temperature Yield
Entry R R? R® R g dr (cis/trans)
(ccy (%)
1 'Pr 'Pr 'Pr Ph -78 67 16:1
2 'Pr 'Pr 'Pr Ph 78100 85 Onlyans
3 'Pr 'Pr 'Pr tBu 78100 )
4 'Pr 'Pr 'Pr OEt -781t0 0/2 h 42
5 'Pr 'Pr 'Pr Qﬁ 78100/ 6 h 3}
6 '‘Bu Ph Ph Ph -78 66 21:1
7 '‘Bu Ph Ph Ph -78t0 0 72 1:1.1
8 Me Me Ph Ph -78 53 21:1
9 Me Me Ph Ph -78t0 0 18 Ontisans
10 Me Me Ph OEt -78t0 0 53 Ontyans
11 Me Me Ph  p-NO»-CgH, -78 25 2.6:1
12 Me Me Ph p-NO,-CgHgy -78t0 0 3 Onlytrans
13 Me Me Ph p-Br-CgHs -78 55 1.8:1
14 Me Me Ph p-Br-CgH, -78t0 0 34 Onlyrans
15 Me Ph Ph Ph -78 40 2:1
16 Me Ph Ph Ph 78100 38 1:2.4
17 Et Et Et Ph -78 21 23:1
18 Et Et Et Ph -78t0 0 53 1:10
19 "Bu "Bu "Bu Ph -78 43 1:1.4
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20 "Bu "Bu "Bu Ph -78t0 0 31 1:11
 Conditions: A solution of tin tetrachloride in DCMas added to a solution of phenyl glyoxal in DCMZ8 °C. After

stirring at this temperature for approx. 5 min &uson of silylmethylcyclopropane in DCM was addéthe reaction
was either kept at -78 °C or allowed to warm t@C0ahd the product was isolated by column chromafaigy.

® Additionally 63% TiPs-Cl and 26% TiPS-OH were reed.

¢ Additionally 11% TiPs-Cl and 10% TiPS-OH were reeed.

4 While none of the desired adduct was obtainedfdiewing were isolated: 26% TiPs-Cl and 6% TiPS-@nd 5%
unreacted cyclopropane were recovered. A furtditianal producti4 was observed in 23% yield (combined
diastereomers). As an aside, this was utiliselmins reaction utilising our established methagleying InC} as the
Lewis acid®* and gave a bis-THF produtin 40% vyield.

PrySi Cl /
Z 0
InCls, DCM, rt
+ +
5 Ph\)LH 5 Ph 5 Ph
OH SiPrg o o]
14 0% 15

The reaction proceeded in modest to very good yidtd a variety ofa-ketoaldehydes and
silylmethylcyclopropanes. In many cases, whereeloyields are reported, this was frequently due
to not knowing the exact quantity afketoaldehyde that had been added to the rea@sthese
were cracked and their water content removed imatelgi prior to use. However, when this was
not an issue, the yields were good. The previoabkerved mixture ofis andtrans furans were
observed at low temperatures but almost exclusivals at room temperature was observed in all
cases.

The vyields also varied significantly between thfedent silyl groups and appear to
correspond to the size of the substituents on tiers. If the silyl groups are arranged in a
decreasing order of yield based on an average eftwlo temperatures the following pattern
emerges: TIPS > TBDPS > B&i ~ MDPS~ DMPS~ TES. This order could be compared to the
relative stabilities of different trialkylsilyl edrs towards base-catalysed hydrolysis: DTBMS >
TIPS > TDS > TBS: TBDPS > MDIPS > BySSi > PgSi > DMIPS~ TES > TMS~ MDPS ~
DMPS. The similarities can be explained if it ssamed the most likely side reaction is addition of
the silylmethylcyclopropane to tin tetrachloridedaglimination of the silicon by nucleophilic attack
of the chloride ion. By comparison, the relativabdities of different trialkylsilyl ethers towasd
base-catalysed hydrolysis is a measure of resstamaucleophilic addition of the hydroxyl ion.
Once the silyl group is smaller than thertiputylsilyl group all the groups give similar yislénd
the size of the substituents seems to make ontyadl gifference to the yield.

The stereochemical outcome was identical to thairded earlier, irrespective of the silicon

substituents: if the reaction was performed at°@&nd warmed to 0 °C theans diastereoisomer
13



predominated (the exception being TBDPS, which @tbwqual amounts of th@s and trans
diastereoisomer). However, if the reaction wasnghed at -78 °C, theis diastereocisomer
predominated in a ratio of approximately 2:1 fdrsillyl groups exceptBusSi, suggesting that the
cis diastereoisomer is the kinetic product while thans is the thermodynamic product. It is
probable that in the cases where two products wgetated at O °C, insufficient time was allowed
to establish the temperature dependent equilibrhefore the reaction was quenched, since
increasing the reaction time gave improved ratidb®trans adduct.

To expand the scope of the cyclisation, a furtlegres of non-glyoxal derived aldehydes
were attempted, including a range of aromatic atldel containing either electron-donating or
electron-withdrawing substituents at tba&ra position, but none produced any of the desired THF
and the isolated products were always the chlagsopropylsilane, triisopropylsilanol and
recovered aldehyde, thus demonstrating that théopnapane had reacted directly with the tin
tetrachloride.  Similarly, employing phenylacetdigde or butanal also resulted in rapid
decomposition of the cyclopropane.

In summary, we have reported both the scope amditaions of donor

silylmethylcyclopropanes in the synthesis of subtd tetrahydrofurans.

Transformations of the THF adducts

Additionally, we wished to demonstrate the usefsthef the 2,5-disubstituted THFs
produced as scaffolds for further transformatidie incorporation of tha-ketone and the silicon
moieties, during the cyclisation, were seen akéyehandles for further elaboration.

It was envisaged that the-ketone moiety could be utilized in a number offafiént
transformations. Théans a-ketones7a and 7c¢ readily underwent Horner-Wadsworth-Emmons
(Scheme 5a). Deprotonation of triethyl phosphoetae with sodium hydride in diethyl ether
followed by addition of theérans THFs 7a and7c gave the corresponding alkerie&a and16c¢ in
excellent 87% and 96% yields respectively and lasth 1:1.2 mixture of alkene geometric isomers.
NOE studies confirmed that no epimerisation of @& proton had occurred and the relative
stereochemistry of the THF ring remairteahs but identification of the different alkene geonngr
was inconclusive, and thus impossible to state wisomer was the major one (Scheme 5a). In
contrast, DIBALH reduction of ethyl 2-((dimethyl(phyl)silyl)methyl)tetrahydrofuran-5-
carboxylatel7 gave the aldehyd&8 in 78% vyield (Scheme 5b). This aldehyde has mpaential
for a variety of transformations. First, it als@asvused in a Horner-Wadsworth-Emmons reaction
with trimethyl phosphonoacetate, giving the alk&8en 53% yield and 4:1rans.cis ratio (Scheme
5b).

14



a)

0
PhW/C\\/S"% + P\/COZEt _NaR B0 Ph NP
o EtO" L5 0°Ctort,15h J o

0 Et0,C
7a R =1tBuPh,
7¢ R =Me,Ph 16a R = BuPh, 87% (1.6:1)
16c R = Me,Ph 96% (1.2:1)
b)
EtOW/D\/SiPhMez
0 H o H
17
DIBAL-H
Toluene/DCM
1h, -78°C

H SiPhMe, MeO Meo7ﬁ~\/D\/SiPhMe2
0’; hENE
H o H H

S H NaH, Et,0, 16 h

18 19
53%
4:1tc

Scheme 5

Nucleophilic addition of allylmagnesium chloride ttee trans THF diastereoisometb gave the
desired tertiary alcohoRO in 85% (Scheme 6) as a mixture of diastereoison{@rs:1).
Speculatively, we propose that chelation contrabperating in the reaction, giving the predicted
anti arrangement of C-5 proton and hydroxyl group as mhajor product, although it was

impossible to confirm this as the major producNMR.

J\ MgClI .
Q’/D\/ 7 Ph}{L_\\/SiIP%
0'; THF, 14 h, rt 0"

4/ OH
20
85 %, dr2.5: 1

L

O"'
T

Scheme 6

Hydride addition to the ketoné&®% and7c also occurred readily using sodium borohydridéene T
resulting secondary alcohd@1b could be converted to the corresponding acek8eor 4-

nitrobenzoyl ester®4, or alternatively the benzyl eth&2, all in good yields and with the
15



diastereoselectivity across the oxygen of the bemg maintained (Scheme 7). Interestingly, both
Grignard and hydride addition gave the resultanolal in the same 2.5:1 diastereomeric ratio
(starting from a pure sample of theans THF diastereomer). This is somewhat surprisingegrgy
that sodium borohydride is known to be only a wealklelating reducing agent (and we cannot rule
out the possibility of Felkin-Anh operating in bateses). The one step reduction of dhkeetone

to the methylene group using a Clemmensen redufin(Hg), HCI (conc) in benzene) resulted in
the decomposition of the starting material, astdel milder sonochemical Clemmensen reduction
developed by Salvadtr’® (zn in acetic acid/water). The strongly basic ditions of the Wolff-
Kishner reduction also resulted in decompositidtowever, it was possible to achieve complete
reduction of the ketoneia the alcohol21a previous reported, followed by a Barton-McCombie
radical deoxygenation. Conversion of the diasteietc mixture of alcohol@laderived from the
NaBH, reduction to the methyl xanthate was achieved wétbon disulfide, methyl iodide and
sodium hydride in tetrahydrofuran at 0 °C. Treaitmef the methyl xanthate with tn-butyltin
hydride and AIBN in toluene at reflux gave the 8j5ubstituted THR25in an overall yield of 50%
from the ketone and as still a single diastereoesomThis overall transformation has given, in
effect, the product from the cycloaddition withimgle aldehyde (phenylacetaldehyde) rather than
phenyl glyoxal, and thus opens this methodologyatwess many nom-keto THFs. No

epimerisation was observed in any of these reagtion
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Scheme 7

Functionalisatioro- to the ketone was possibla the corresponding enolate. Disappointingly,
use of LDA (THF, -78 °C) only led to decompositiohthe THF. Pleasingly, however, employing
sodium hydride as the base and quenching with rhaitligde gave the methyl substituted TI2E

in 76% as two inseparable diastereoisomers (1.5:1).

Ph \_siPr, —NaH__ pp SiPr, Mel Ph SiPr,
0" THF, rt ~ 0 THF, rt 0
o J me? H

0] X e
7b Na’

26
76 %

Scheme 8

Having previously employed 4-bromophenyl glyoxathe synthesis of THF (Table 5,
entries 13 and 14), to demonstrate the usefulrfeb® dromine substituent, this was successfully
utilised in a Suzuki coupling reaction with 4-metkiboronic acid, to give the biaryl-coupled

product in 82% yield.
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Scheme 9

In the design of silylmethylcyclopropanes, the pree of the silicon moiety was not only
as a donor to aid stabilization of positive chasgét-up at the3-carbon during the cyclisation step,
but also to act as a masked alcohol, remaining adwy inert throughout a range of other
transformations, before being unmasReéd=leming has reported several methods for theatixid
of the phenyldimethylsilyl group. No product waslated from the reaction of tiaeketo THFs7b
or 7c with mercuric acetate and peracetic acid, althahghreaction mixture showed the presence
of several phenylmercury species indicating tha¢ #lectrophilic aromatic substitution had
occurred. This is consistent with Fleming’'s wonljere the presence of a ketone elsewhere in the
molecule was reported to be problemaficPleasingly, however, oxidation (desilylation) ooed
readily when employing the benzyl-protected reduceshpound22, yielding the primary alcohol
28 as a mixture of diastereoisomers in high yielche ©f these diastereomers was separated pure in
32%, with the remainder mass balance comprisingdiier inseparable diastereomers. The
unprotected primary alcohol now offers the scopefdather manipulation, before later unmasking

the secondary alcohol.

Ph7/<_>\/SiMe2Ph Hg(OAc), thOH
o Peracetic 0

BnO acid/acetic acid BnO

32 %
+ other diastereomers

Scheme 10
In summary, we have reported, for the first tine, $ynthesis of simple
silylmethylcyclopropanes and the scope and linotatiof their reactions with aldehydes to give
THFs.

Disubstituted silylmethylcyclopropanes
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To conclude our study of the cycloaddition reactiohcyclopropylmethylsilanes wity
keto aldehydes, it was decided to investigate ndgabr-acceptor cyclopropanes. Although not the
original aim of this work, it was reasoned thattsagclopropanes would be more reactive than the
donor-only silylmethylcyclopropanes, participatimgeactions with a wider range of substrates.
Three hitherto unreported acceptor groups weretedg the nitrile grouB0, the trialkylsilyl group
(making use of the-effect)29 and the phenyl groupl.

MePhsio_ L\
2l SiMes
or \/A\ \/A\
Me,PhSi CN Me,PhSi Ph

i 30 31
MeZPhSI\ASiPhMez

29

Using the method of Flemin§2 was prepared as theansisomer in 87% yield by the reaction of
allyldimethylphenylsilane witm-butyllithium and quenching of the resultant anvaith
chlorodimethylphenylsilan&. It was also possible to prepare the same targeross olefin
metathesis using the second generation Grubbs-Hdavestalyst, although the yield was much
lower. Simmons-Smith reaction, under the condgimeported above, gave the corresponding

cyclopropan€9in 56% yield (Scheme 11).

Me.PHGi 1. BuLi, TMEDA
s |
= 2. Me,PhSiCl
87 %
Grubbs-Hoveyda

PhMe,Si~_~__SiMe,Ph

Me,Ph second generation
PhMe,si” X+ o SMe: g
DCM, 24 h, 35 °C
28 % Zn/CuCl, CH,l,
Et,0, reflux
56 %
SiMe,Ph
Ph SiMePh by, SiMe,ph - SNCla PhCOCHO  phe,si [ SiMe,Ph
0 * 0 -78°C, 5 h, DCM 29
34 O 33
10 % 2%
PhMeZSi/\/\ + (PhMe,Si),0
35
17 %
Scheme 11
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Under the reaction conditions developed above,7&t°€, 29 gave a trace amount (2%) of the
desired producd3, together with a number of byproducts, which ideld 2,5-disubstituted THE4
and homoallylic silang&5 but mainly unreacted starting material and distlyer. None of the
desired product could be detected when the reastamncarried out at -78 °C and allowed to warm
to 0 °C or when tin tetrachloride was added at Oth@ disilyl ether being the major product of
reactions using these conditions. Disappointinghg second silyl group appeared to make the
cyclopropane more susceptible to decomposition tintketrachloride.

Attention was turned to 2-((dimethylphenyl)silylhgkcyclopropanecarbonitrile30.
Several methods were attempted to prepare theepresite alkene to this, including from a Wittig
reaction of cyanomethylphosphonium chloride wéti-butyl(diphenyl)silylacetaldehyde (prepared
in turn from n-butyllithium and tetravinyltin to form tetravinyithium in situ followed by the
addition oftert-butylchlorodiphenylsilane to give the vinylsilanepoxidation withmCPBA and
Lewis acid catalysed rearrangement withs BFEL in THF to give theu-silyl-aldehyde, 21% over
the 3 steps), which gave the alkene in only traveumts, and as a mixture BfZ isomers and
second via cross metathesis of acrylonitrile anglpddenyldimethyl silane with the Grubbs-
Hoveyda second generation catalyst, giving therak& 64% and an isomeric ratio of 3.4: 1
(trans.cis; Scheme 12). However, all attempts at cycloprapan failed, including the three
conditions applied so successfully earlier (Table An alternative Horner-Wadsworth-Emmons
cyclopropanation reaction approach also failedite 80. Finally, the product was obtaineth a
rhodium-catalysed carbenoid insertion, using diaetanitrile and dimethylphenylallylsilane. No
reaction was observed under either of the prewooptimised conditions at -78 °C or 0 °C, with
guantitative recovery of stating material. Evemtirgy the reaction to reflux temperature for 48 h
gave 60% recovered cyclopropane. The nitrile swibstl cyclopropane was not only unreactive
towards phenyl glyoxal using the previously develbgonditions, but also substantially reduced
the side reaction between silylmethylcyclopropamne tn tetrachloride. The Lewis basic nature of
the nitrogen in the nitrile had been expected tordimate to the Lewis acid making the ring
opening a favourable process, but this was notrebde Thus nitriles would not appear to be good

acceptors on cyclopropanes.
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DCM, rt
NC._NH, HSO,
Scheme 12

Finally, we examined 2-phenyl-1-methyl-dimethylpkisiylcyclopropane31l. The prerequisite
phenyl-substituted allylsilane could not be prepapg the reduction of the corresponding alkyne
(Scheme 13a; deprotonation of phenylacetylene witkbutyllithium/quenching with
iodomethyl(dimethylphenyl)silane gave a mixture3@fand38 which could not be separat@dor

by a Wittig-based approach, which gave primarily groduct of a Brook rearrangement (Scheme
13b).
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The cobalt-catalysed Heck-type reaction of alkdmlides and silylmethyl Grignard reagents, as
reported by Oshima, successfully gave the desitgdilane 39in 97%, as a 10:1 ratio ¢fans.cis
isomers** Cyclopropanation using the Simmons-Smith conditigave the phenyl substituted
cyclopropane 40, 36%). Cyclisation o#0 with phenyl glyoxal and tin tetrachloride at -78,°
yielded a small amount of the tri-substituted THH, (3%), together with recovered starting
material (47%). When the reaction was carried auD °C, three tri-substituted THFs were
isolated:41 (14%),42 (10%) and43 (3%) yields, along with unreacted cyclopropansilyliether
and polymerised aldehyde. All three THFs had diffie*H NMR spectra to the previously isolated
tri-substituted THF. The structures of the two BHibtained in greater quantity were determined,
but unfortunately there was not enough materiaei@rmine absolutely the third one, although it is
proposed to have the phenyl group at the C-5 positinile the methylsilyl substituent is at the four

position. The nOe data indicatedrans relationship between the C-2 and C-5 substituetite
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the data was ambiguous for the C-4 substituentis mhnor product could only arise from the
cyclopropane opening with the formation of the cadiiona- to the phenyl group instead f to
the silyl group. This is slightly surprising asthaugh, the phenyl group can stabilise the positiv
charge though the-system, the carbanion has no additional stabgifimctionality. The low yield
of this product shows that the intermediate is Esdble than that with the carbocatiprio the

silicon atom.

CONCLUSIONS

In conclusion, we have reported a detailed studthe synthesis and reactions of donor-
only substituent cyclopropanes and their uses terbeycle synthesis. Further, we have also
considered the reactions of a number of novel daesoeptor cyclopropanes.

EXPERIMENTAL

General Methods

All reactions were carried out under an atmospleéreitrogen or argon unless otherwise stated,
using oven or flame-dried glassware and all trassfeere performed using either plastic or glass
syringes. Petroleum ether or petrol refers to thetion of petroleum ether boiling between 40 °C
and 60 °C. Anhydrous THF, diethyl ether, dichloroname, toluene and DMF were purified using a
MBRAUN MB SPS-800 solvent purification system; dmtomethane and 1,2-dichloroethane were
freshly distilled over calcium hydride. Ethyl gkalate was distilled from commercially available
1:1 ethyl glyoxalate toluene solution according th® procedure reported by Evaes al.*
Mechanically activated magnesium turnings were greg by vigorous dry stirring with a Teflon-
coated stirrer bar for 24 h under an atmosphereitodgen as reported in the literature. Flash
column chromatography was carried out using stiela(220-240 mesh) (Brockmann 2-3); samples
were applied as a concentrated solution in an gpiate solvent. Thin layer chromatography (TLC)
was performed on pre-coated aluminium backed phai#s either Merck Kieselgel 60 F254 or
Merck Aluminium Oxide 60 F254. Visualisation washeir by ultraviolet lightX = 254 nm) or by
staining with acidified aqueous potassium permaatgsolution followed by heating. Preparative
layer chromatography was performed on pre-coatadsgbacked plates with Merck silica gel 60
F254 (thickness 100Qm). Melting points were determined using a Galeank melting point
apparatus and are uncorrected. Low resolution rapsstra were recorded on an Agilent 6890
Series GC System with a 5973 mass spectrometrgtdetédigh and low resolution mass spectra
were recorded on a Thermofisher LTQ Orbitrap Xlprifgan MAT 95 XP, Thermofisher DSQ-II,

Agilent 5975C Inert XL GC/MSDr Micromass Quattro Il instrument (EPSRC Mass Bpawetry
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Service, Swansea). Infrared spectra were recordgdg ueither a Shimadzu FTIR-8300
spectrometer, with samples prepared as thin filetsvéen NaCl plates or on KBr disks, or on a
Perkin Elmer Spectrum 65 FT-IR spectrometer witliversal ATR sampling accessory. FTIR
spectra were recorded in the range of 600-4000 aemd only selected absorbances.f are
reported. Elemental analyses (CHN) were obtain@tguen Exeter Analytical EA44 analyser from
the micro analysis service at University Collegendlon. X-ray crystal structures were obtained at
QMUL using a KAPPA APEX ii DUO diffractometer wittiual Cu and Mo Sources and APEX ii
CCD area detector. NMR spectra were recorded enadrihe following spectrometers: a JEOL
JNM-EX270 operating at 270 MH2H), 67.8 MHz {?C) and 109.3 MHz*{P); a Bruker AMX-
400 operating at 400 MHZz'H) and 100 MHz ¢C) fitted with a variable temperature probe
controlled by a Bruker B-VT-2000 controller; a BarkAvance 400 operating at 400 MH#), 100
MHz (**C), 162 MHz {'P) and 149.2 MHZz't°Sn); a Bruker Avance Il operating at 400 MHz
(*H) and 100 MHz ¢C) or a Bruker AV600 operating at 600 MHH] and 150 MHz ¢C).
Chemical shift valuesd(; anddc) are reported as values in parts per million (ppetgtiveto either
tetramethylsilane or the residual protic solventtias internal standard reference fot NMR
spectra and from the solvent peaks f8€ NMR using values from the literature. Coupling
constants J values) are quoted to one decimal place with wlunehertz and are quoted twice
where possible, each being recorded as observée ispectrum without averaging. Multiplets are
reported over the range at which they app#ahNMR data is presented in the fofim (integration,
multiplicity, coupling constants, assignment). Tineltiplicity of the signal is designated by the
following abbreviations: s-singlet, d-doublet, iptet, g-quartet, and m-multiplet. The abbreviation
br refers to a broad signal and app refers to @mpdrC NMR spectra are recorded in the fobm

(assignment) or (multiplicity, coupling constardssignment) where appropriate.

Notes
A number of the unsuccessful reactions, togeth#r tables listing the outcomes of all screening
and optimisation reactions are included in the ®ujmy Informatior’®

General Procedure A- Preparation of allylsilanes

A solution of chlorosilane (1 eq.) in anhydrous TKHFE3 mL/mmol) was added cautiously to a
stirred solution of allylmagnesium chloride (1.4.,eg M solution in THF) at room temperature
under an atmosphere of argon and the resultingunebdtirred at 55 °C for 15 h. The mixture was
cooled to 0 °C, quenched with 10@#v aqueous ammonium chloride solution (1.5 mL/mmol),
warmed to room temperature and partitioned betwester and diethyl ether. The organic phase

was separated and the aqueous phase extractedliefittyl ether. The combined organic layers
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were washed with brine (20 mL), dried (MggCfiltered and concentrated vacuo. The products

were purified by flash column chromatography.

Allyltriethylsilane (Table 1 Entry 1)

To a stirred suspension of magnesium turnings (8.825.0 mmol) in anhydrous diethyl ether
(50 mL) under an atmosphere of argon was addedraeugystals of iodine, upon which the
solution turned brown. After 10 min the solutiorclme clear and allyloromide (8.47 g, 6.10 mL,
70.0 mmol) was cautiously added dropwise at asaticient to maintain gentle reflux during the
addition. The mixture was stirred for a furtherr®@th before chlorotriethylsilane (4.06 g, 4.53 mL,
27.0 mmol) was added dropwise at a rate sufficientnaintain gentle reflux. The mixture was
heated to reflux temperature for 15 h. After thisig, the reaction mixture was cooled to
approximately —-15 °C and a 109#v aqueous ammonium chloride solution (90 mL) waseddd
dropwise with efficient stirring over a period 00 3nin. Two layers developed and the organic
phase was separated. The aqueous phase was ektnattiediethyl ether (3 x 20 mL) and the
combined organic portions were washed with brirten(.), separated, dried (MgQ)and filtered.
The diethyl ether and allyloromide were removed dhgtillation at atmospheric pressure.
Purification of the resulting residue by either klrghr distillation or flash column chromatography
[silica gel, hexane] gave the desired product (8,724.2 mmol, 90%) as a colourless oil;
bp 81-83 °C/35 mmHg, (Ii? 37 °C/3 mmHg)R: 0.75 [hexane]ymadfilm)/cm™ 2953, 2875, 1630
(C=C), 1416, 1237, 1153, 1011, 891;(400 MHz; CDC}) 0.54 (6H, gqJ 8.0, 3 x CH), 0.94 (9H,

t, J 8.0, 3 x CH), 1.54 (2H, dtJ 8.2 and 1.2, CKCH=CH,), 4.81 (1H, ddtJ 10.1 2.2 and 0.9,
CH,CH=CHisHrrans), 4.87 (1H, ddt) 16.9 2.2 and 1.4, GIEH=CHHyans), 5.81 (1H, ddtJ 16.9
10.1 and8.2, CHCH=CH;sHians); 6c (100.6 MHz; CDCJ) 3.3 (3 x CH), 7.5 (3 x CH), 19.6
(CH,CH=CH,), 112.6 (CHCH=CH,), 135.6 (CHCH=CH,); LRMS (EI', /) 156 ([M]’, 4%), 127
(4), 115 (87), 99 (31), 87 (100), 57 (38); HRMS "(EWV2) 156.1329 [M], CoH0Si requires
156.1329. The data is in good agreement with presijoreported value®.

Allyltri- n-butylsilane (Table 1 entry 2)

Following the general procedure A, chlorotributidee (4.93 g, 21.0 mmol) furnished the impure
product (4.96 g) as a colourless oil. Purificatioy flash column chromatography [silica gel,
hexane] afforded the desired product (4.45 g, &81ol, 88%) as a colourless dit; 0.82 [hexane];
vmaxfilm)/cm™ 2956, 2918, 1630 (C=C), 1195, 89;(400 MHz; CDC}) 0.50-0.54 (6H, m, 3 x
CH, SIiCH,), 0.89 (9H, t,J 7.0, 3 x CH), 1.22-1.37 (12H, m, 6 x G} 1.53 (2H, d,J 8.2,
CH,CH=CH,), 4.80 (1H, dd,J 10.1 and 2.2, CH=Cl{Hyans), 4.84 (1H, dd,J 16.9 and 2.2,

CH=CHsHtrans), 5.79 (1H, ddtJ 16.9 10.1 and 8.2, GBH=CHsHtans); 6c (100.6 MHz; CDC)
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12.0 (3 x CH, SiCHb), 14.0 (3 x CH, Bu), 20.7 (CHCH=CH), 26.2 (3 x CH, Bu), 26.9 (3 x Ch]
Bu), 112.6 (CHCH=CH,), 135.7 (CHCH=CH,); LRMS (EI', m/z) 199 ([M-Allyl]* 72%), 143
(100), 127 (28), 101 (18), 87 (15); HRMS {HiV2) 239.2190 [M], CisH3,Si requires 239.2189.

Allyltriisopropylsilane (Table 1 entry 3)

Following the general procedure A, chlorotriisopyisgane (6.75, 7.92 mL, 35.0 mmol) furnished
the impure product (7.17 g) as a pale yellow oturifitation by flash column chromatography
[silica gel, hexane] afforded the desired prod@cbZ g, 32.8 mmol, 94%) as a colourless Bil;
0.79 [hexane]; bp 74-79 °C/0.4 mmHg, {fit45-50 °C/0.2 mmHg)sn (400 MHz; CDC}) 0.97-
1.11 (21H, m, overlapping doublet and septet 'Br¥, 1.64 (2H, dt]) 8.2 and 1.2, CHCH=CH),
4.81 (1H, ddt,J 10.0 2.2 and 1.2, GEH=CH;sHyans), 4.92 (1H, ddt,J 16.9 2.2 and 1.2,
CH,CH=CHHtrans), 5.89 (1H, ddtJ 16.9 10.0 and 8.2, GEBH=CH,); éc (100.6 MHz; CDCJ)
11.2 (3 x CH,'Pr), 17.5 (SiCH), 18.8 (6 x CH), 112.9 (CHCH=CH,), 136.3 (CHCH=CH,);
LRMS (EI', m/z) 198 ([M], 3%), 157 (100), 115 (60), 85 (52). The data igond agreement with

previously reported valué.

Allyldiphenylmethylsilane (Table 1 entry 4)

Dimethyl(iodomethyl)phenylsilane was prepared basedhe procedure reported by Sodergetst
al.® To a mixture of mechanically activated magnesitumings (0.36 g, 15.0 mmol) and
chloromethyldiphenylsilane (2.79 g, 2.53 mL, 12.thah) in THF (15 mL) was added dropwise
allylbromide (1.45 g, 1.01 mL, 12.0 mmol) at a rademaintain gentle reflux. After being stirred at
25 °C for 15 h, the reaction mixture was pouredodne. The aqueous layer was extracted with
diethyl ether (2 x 20 mL) and the combined orgdayers were washed with brine (30 mL), dried
(MgSQy), filtered and concentrated vacuo to afford a pale yellow oil (2.90 g). Purificatidoy
either Kugelrohr distillation or flash column chratagraphy [silica gel, hexane] gave the desired
product (1.68 g, 7.05 mmol, 59%) as a colourle$sbp 115-119 °C/1 mmHg, (It 93 °C/0.1
mmHg); R 0.23 [hexane]yma(film)/cm™ 3069, 2953, 2875, 1629 (C=C), 1427, 1251, 1118; 89
dn (400 MHz; CDC}) 0.59 (3H, s, SiCk), 2.12 (2H, dtJ 8.0 and 1.1, CHCH=CH,), 4.89-4.97
(2H, m, overlapping signals GBH=CH,), 5.83 (1H, ddtJ 17.0 10.1 and 8.0, GBH=CH,), 7.36-
7.43 (6H, m, Ar), 7.54-757 (4H, m, A (100 MHz; CDC}) —-4.7 (2 x CH), 22.3 (CHCH=CH,),
114.2 (CHCH=CH,), 128.0 (4 xm-CH, Ar), 129.4 (2 »¥-CH, Ar), 134.2 (CHCH=CH,), 134.7 (4

x 0-CH, Ar), 136.7 (2 x C, Ar); LRMS (EJm/2) 238 ([M]', 2%), 223 (3), 197 (100), 181 (19), 165
(20), 119 (10), 105 (27); HRMS (EIm/z) 238.1170 [MT], CieH1sSi requires 238.1172. The data is

in good agreement with previously reported vafies.
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Allyl- tert-butyldiphenylsilane (Table 1 entry 5)

Following the general procedure #ert-butyldiphenylchlorosilane (7.15 g, 6.76 mL, 26.6hot)
furnished the impure product (7.02 g) as a paldoweloil. Purification by flash column
chromatography [silica gel, hexane] afforded thsirgel product (6.67 g, 23.8 mmol, 92%) as a
colourless oil:R: 0.42 [hexane]yma(film)/cm™ 2929, 2857, 1630 (C=C), 1427, 1104, 895, &0;
(400 MHz; CDC#) 1.09 (9H, s!Bu), 2.21(2H, dtJ 7.8 and 1.2, CHCH=CH,), 4.82 (1H, ddt,
10.0 2.0 and 1.2, G€H=CHHirans), 4.92 (1H, ddt,) 16.9 2.0 and 1.2, G&H=CH,Hyans), 5.79
(1H, ddt,J 16.9 10.0 and 7.8, GBH=CHsHirans), 7.35-7.44 (6H, m, Ar), 7.62-7.64 (4H, m, Ar);
0c(100.6 MHz; CDC{) 18.6 (SiC(CH)3), 18.9 (CHCH=CH,), 28.0 (SIC(CH)3), 114.7
(CH,CH=CH,), 127.7 (4 xmCH, Ar), 129.2 (2 xp-CH, Ar), 1346 (2xC,Ar), 1348
(CH,CH=CH,), 136.16 (4 0-CH, Ar); LRMS (EI', m/2) 280 (IM]", 1%), 239 (71), 223 (100), 197
(52), 181 (36), 135 (100), 105 (40); HRMS {EtV2) 280.1643 [M], CioH24Si requires 280.1642.

The data is in good agreement with previously reggbvalues, where reportéd.

Allyldimethylphenylsilane (Table 1 entry 6)

Following the general procedure A, chlorodimethgpyisilane (4.27 g, 5.01 mL, 25.0 mmol)
furnished the impure product (5.22 g) as a paldoweloil. Purification by flash column
chromatography [silica gel, hexane] afforded thsirgel product (3.79 g, 21.5 mmol, 86%) as a
colourless oilR 0.49 [hexane]; bp 44-45 °C/0.07 mmHg, {fi96-97 °C 14 mmHg)ymaxfilm)/cm™
13071, 2956, 1630 (C=C), 1427, 1248, 1195, 890400 MHz; CDC}) 0.30 (6H, s, SiMg, 1.77
(2H, dt,J 8.1 and 1.0, CWCH=CH,), 4.86 (1H, ddt] 10.1 2.1 and 1.0, G8H=CHgHirans), 4.87
(1H, ddt,J 16.9 2.1 and 1.0, GI&H=CHsHirans), 5.79 (1H, ddt]) 16.9 10.1 and 8.1, GEH=CH,),
7.35-7.38 (3H, m, Ph), 7.52-7.54 (2H, m, PB};(100.6 MHz; CD{) -3.3 (3 x CH), 23.8
(CH,CH=CH,), 113.6 (CHCH=CH,), 127.9 (2 xm-CH, Ph), 129.1-CH, Ph), 133.8 (2 %»-CH,
Ph), 134.8 (CHCH=CH,), 138.8 (C, Ph); LRMS (EJm/2) 176 ([M]", 7%), 161 (6), 135 (100), 119
(11), 105 (15), 91 (7); HRMS (EIm/z) 176.1017 [M], C11H16Si requires 176.1016. The data is in

good agreement with previously reported values revheported’

General Procedure B- Preparation of (cyclopropylmethyl)silanes (Simmadsmith reaction)

To a stirred suspension of zinc powder (5 eq.)@pper chloride (5 eq.) in anhydrous diethyl ether
(5 mL/mmol), which had been heated at reflux terapge for 30 min and allowed to cool to room
temperature, was added allylsilane (1 eq.) andddnmethane (2 eq.). The reaction was heated at
reflux temperature for 15 h, cooled to room tempeeand filtered through celite washing with
diethyl ether (2 mL/mmol). The filtrate was washeith 1 M HCI followed by 10%w/v sodium

bicarbonate solution until pH 7. The combined agisdayers were extracted with diethyl ether and
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the combined organic layers were washed with bri@% w/v sodium thiosulfate solution,
separated, dried (MgSY) filtered and concentrateth vacuo to yield the impure product.
Purification by flash column chromatography usingnture of 10% silver nitrate impregnated
silica and standard silica (1:3) eluting with hesa@jave the desired product.

[Preparation of silver nitrate impregnated silied: gilver nitrate (3 g) and methanol (300 mL) was
stirred vigorously until the all the solid had diksd. To this solution was added silica gel (30 g)
and the resulting mixture stirred for 5 min. Thersf was then transferred to a round bottom flask
covered with silver foil and the solvent removi@dvacuo to give the impregnated silica gel as a
bright white powder/gel. The column was made byfprening a slurry of silica gel (50 g) in
hexane. Once this had settled the silver nitrateréignated silica gel was added as a slurry in
hexane creating a band of silver nitrate impreghatkca at the top of the column. The column was
washed with three column lengths of hexane to Waiugh any residual methanol and run in the

usual way.]

(CyclopropylmethyDtriethylsilane (Table 3 entry 1)

Following the general procedure B, allytriethylsga(3.78 g, 24.0 mmol) furnished the impure
product as a brown oil (2.90 g). Purification lgsh column using 10% silver nitrate impregnated
silica and standard silica eluting with hexane gdesired product (1.61 g, 9.45 mmol, 40%) as a
colourless oil;R; 0.81 [hexane]ymadfilm)/cm™ 3071 (CH cyclopropyl), 2952, 2875, 1457, 14186,
1239, 1013, 8913 (400 MHz; CDC}) -0.06 to —0.02 (2H, m, CHcyclopropyl), 0.41-0.45 (2H,
m, CH, cyclopropyl), 0.49 (2H, d] 6.9, 3 x CH), 0.56 (6H, qJ 8.0, 3 x CHCHz), 0.54-0.61 (1H,

m, CHcyclopropyl); 0.95 (9H, tJ 8.0, 3 x CH); 6¢(100.6 MHz; CDCJ) 3.7 (3 x CH), 6.3 (CH),

6.9 (2 x CH cyclopropyl), 7.6 (3 x Ch), 17.3 (SiCH); LRMS (EI', m/2) 170 (M]" 1%), 141
(34),115 (61), 87 (100), 59 (35); HRMS {Etvz) 170.1483 [M], CioH2,Si requires 170.1485.

(CyclopropylmethyDtri- n-butylsilane (Table 3 entry 2)
Following the general procedure B, allyltdbutylsilane (3.78 g, 16.5 mmol) furnished the imgu
product as a colourless oil (3.78 g). Purificatmpnflash column chromatography using a mixture
of 10% silver nitrate impregnated silica and staddslica eluting with hexane gave the desired
product (2.73 g, 10.7 mmol, 65%) as a colourlefsRpi0.93 [hexane]yma(film)/cm™ 2918, 1463,
1197 (Si-C), 1081, 886 (Si-Cy (600 MHz; CDC}) -0.06 to —0.03 (2H, m, CHcyclopropyl),
0.42-0.45 (2H, m, Ckicyclopropyl), 0.49 (2H, dJ 7.0, SICHCH), 0.54-0.63 (7H, m, SiCi€H
and 3 x CH overlapping signals), 0.89 (9H,Jt7.0, 3 x CH), 1.26-1.36 (12H, m, 6 x_ GHBU); o¢c
(100.6 MHz; CDCJ) 6.4 (CH cyclopropyl), 6.9 (2 x Gityclopropyl), 12.5 (3 x Ck Bu), 14.0 (3
x CHg), 18.3 (SICHCH), 26.4 (3 x CH), 27.1 (3 x CH); LRMS (EI', W/2) 199 ([IM-CH-]", 45%),
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143 (100), 101 (29), 87 (22), 59 (29); HRMS *(Eivz) 253.2348 [M—H], CigHssSi requires
253.2346.

(Cyclopropylmethyl)triisopropylsilane (Table 3 entry 3)

Following the general procedure B, allyltriisopréghane (5.77 g, 21.0 mmol) furnished the impure
product as a yellow oil (5.04 g). Purification figsh column chromatography using a mixture of
10% silver nitrate impregnated silica and standsiida eluting with hexane gave the desired
product (3.45 g, 16.2 mmol, 77%) as a colourle§sRpi0.88 [hexane]yma(film)/cm™ 3074 (C-H
cyclopropyl), 2941 (C-H), 1464, 1015, 881 (Si-G}); (400 MHz; CDC}) 0.00-0.03 (2H, m, CH
cyclopropyl), 0.46-0.49 (2H, m, Gidyclopropyl), 0.58 (2H, d] 6.5, SICHCH), 0.61-0.71 (1H, m,
SICH,CH), 1.04-1.12 (21H, m, overlapping signals 6 x;@Hd 3 x CH,iPr); d¢c (100.6 MHz;
CDCl) 6.6 (CH cyclopropyl), 8.0 (2 x Grtyclopropyl), 11.1 (3 x CHPr), 15.1 (SiCHCH), 19.0

(6 x CHy); LRMS (EI', m/z) M* not visible, 169 ([M*Pr]", 13%), 157 (80), 127 (88), 115 (100), 99
(56), 87 (58), 73 (78), 59 (81); HRMS {Einz) 213.2034 [M+H], C13H26Si requires 213.2033.

(Cyclopropylmethyl)dimethylphenylsilane (Table 3 eitry 4)

Following the general procedure B, allyldimethylpiisilane (3.88 g, 22.0 mmol) furnished the
impure product as a yellow oil (3.24 g). Purificat by flash column chromatography using a
mixture of 10% silver nitrate impregnated silicadastandard silica eluting with hexane gave the
desired product (2.79 g, 14.7 mmol, 67%) as a ctees oil;R; 0.53 [hexane]ymadfilm)/cm™ 3070
(C-H cyclopropyl), 2956, 1426, 1247, 1113, 83%; (400 MHz; CDC}) —-0.03-0.01 (2H, m, CH
cyclopropyl), 0.34 (6H, s, 2 x G) 0.43-0.47 (2H, m, CHcyclopropyl), 0.61-0.71 (1H, m,
SiCH,CH), 0.75 (2H, dJ 6.9, SICHCH),7.36-7.39 (3H, m, Ph), 7.54-7.58 (2H, m, Riz)(100.6
MHz; CDCk) -2.6 (2 x CH), 6.3 (CH cyclopropyl), 6.6 (2 x GHcyclopropyl), 21.4 (SiCH),
127.8 (2 xm-CH, Ph), 128.9-CH, Ph), 133.7 (2 ®-CH, Ph), 139.9 (C, Ph); LRMS (Elm/2)
190 ([M]", 2%), 175 (9), 135 (100), 105 (12); HRMS {BiVz) 190.1173 [M], CisH1sSi requires
190.1172.

(Cyclopropylmethyl)(methyl)diphenylsilane (Table 3entry 5)
Following the general procedure B, allyl(methyl)ugmylsilane (4.32 g, 18.0 mmol) furnished the
impure product as a yellow oil (3.94 g). Purificat by flash column chromatography using a
mixture of 10% silver nitrate impregnated silicadastandard silica eluting with hexane gave the
desired product (3.21 g, 12.7 mmol, 71%) as a ctees oil;R; 0.32 [hexane]ymadfilm)/cm™ 3069
(C-H cyclopropyl), 2998 (CkJ, 1427, 1250, 1108, 802, 727, 694,(400 MHz; CDC}) 0.01-0.05
(2H, m, CH cyclopropyl), 0.43-0.47 (2H, m, Glayclopropyl), 0.65 (3H, s, SiMe), 0.68-0.77 (1H,
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m, CH cyclopropyl), 1.09 (2H, d 7.0, SiCH), 7.35-7.42 (6H, m, Ar), 7.54-7.60 (4H, m, AB;
(100.6 MHz; CDCJ) —4.0 (SiMe), 6.2 (CH cyclopropyl), 6.9 (2 x Grtyclopropyl), 20.0 (SiCh),
127.9 (4 xm-CH, Ar), 129.2 (2 p-CH, Ar), 134.7 (4 x0-CH, Ar), 137.7 (2 x C, Ar); LRMS (E|
m/z) 252 ([M]", 8%), 237 (4), 224 (13), 197 (100), 181 (13), {65), 105 (20); HRMS (E| m/2)
252.1329 [M], Ci7H20Si requires 252.1329.

(Cyclopropylmethyl)-tert-butyldiphenylsilane (Table 3 entry 6)

Following the general procedure B, altgt-butyldiphenylsilane (3.50 g, 12.5 mmol) furnistee
impure product as a colourless oil (3.65 g). Reatfon by flash column chromatography using a
mixture of 10% silver nitrate impregnated silicadastandard silica eluting with hexane gave the
desired product (2.16 g, 7.33 mmol, 59%) as a ctees oil; R 0.62 [hexane]ymadfilm)/cm™
3072, 2929, 2856, 1427, 1103, 8583;(600 MHz; CDC}) 0.08-0.12 (2H, m, Cklcyclopropyl),
0.45-0.49 (2H, m, CHicyclopropyl), 0.76-0.86 (1H, m, Clyclopropyl), 1.21 (9H, s, 3 x G}H
1.31 (2H, d,J 6.6, SICHCH), 7.44-7.54 (6H, m, Ar), 7.79-7.81 (4H, m, ABg (100.6 MHz;
CDCls) 6.6 (CH cyclopropyl), 7.9 (2 x Gityclopropyl), 16.7 (SICKCH), 18.2 (SiC(CH)3), 28.1

(3 x CHg), 127.6 (4 xm-CH, Ar), 129.1 (2 3p-CH, Ar), 135.5 (2 x C, Ar), 136.3 (4 &CH, Ar);
LRMS (EI', m/iz) M* not visible, 237 ([M*Bu]*, 100%), 197 (54), 183 (100), 159 (62), 135 (100),
105 (44); HRMS (C1, m/2) 312.2141 [M+NH]", CxoH3oNSi requires 312.2142.

General Procedure C- Cyclisation of silylmethylcyclopropanes withketo-aldehydes

To a stirred mixture of freshly distilled glyoxal glyoxalate (1.5 eq.) and silylmethylcyclopropane
(1 eq.) in anhydrous dichloromethane (9 mL/mmolsdyimethylcyclopropane) cooled to the
required temperature (-78 or 0 °C) and under arogpmere of argon was added, dropwise, a
solution of tin tetrachloride (0.8 eq.) in anhydsoulichloromethane (3 mL/mmol of tin
tetrachloride). The reaction was stirred at tlgpneed temperature and monitored by TLC, after 3 h
the reaction was quenched by the addition of wetaae (1 mL/mmol of silylmethylcyclopropane)
if the reaction was performed at —78 °C or wateml/mmol of silylmethylcyclopropane) if the
reaction was at 0 °C. The organic layer was separahd the aqueous layer further extracted with
dichloromethane. The combined organic phases washed with brine, separated, dried (MgEO
filtered and concentrateith vacuo to give the impure product as a yellow oil. Theducts were
purified by flash column chromatography.

(x)-Phenyl(2-((triisopropylsilyl)methyl)tetrahydrof uran-5-yl)methanone (Table 5 entry 1)
Following the general procedure C, (cyclopropylngbthisopropylsilane (0.13 g, 0.60 mmol) and

phenyl glyoxal (0.12 g, 0.90 mmol) at =78 °C fuired the impure product (0.27 g) as a yellow oil.
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Purification by flash column chromatography [siligal, gradient elution 100% hexane — 20%
diethyl ether : hexane] afforded the desired prodiscan inseparable mixture af andtrans
diastereoisomers (combined yield 0.14 g, 0.40 m@dlp,dr (trans: cis) 1 : 1.6) as a colourless
oil; R 0.63 [20% diethyl ether : hexane}adfilm)/cm™ 2947 (C-H), 1690 (C=0), 1430 (C-H),
1230 (Si-C), 1115 (C-0), 885gcis diastereoisomerdy (400 MHz; CDC}) 0.93-1.05 (22H, m,
overlapping signals Si(CH(GH$)s and SiCHHy), 1.23 (1H, ddJ 12.5 and 6.6, SiCiy), 1.46-
1.63 (1H, m, CEH, C-3 THF), 2.05-2.38 (3H, m, overlapping signals ,.G&t4 and CkEH, C-3
THF), 4.19-4.29 (1H, m, CH C-2 THF), 5.13 (1H, d&.7 and 5.0, CH C-5 THF), 7.42-7.57 (3H,
m, Ph), 7.98-8.02 (2H, m, Ph: (100.6 MHz; CDC}) 11.4 (SiCH,'Pr), 16.8 (SiCH), 18.9 (6 x
CHs, 'Pr), 29.2 (CH, C-4 THF), 34.4 (Ch, C-3 THF), 79.8 (CH, C-2 THF), 79.8 (CH, C-5 THF),
128.6 (2 xm-CH, Ph), 129.0 (2 »-CH, Ph), 133.2¢-CH, Ph), 135.4 (C, Ph), 198.3 (C=(ans
diastereoisomeiy (400 MHz; CDC}) 0.96 (1H, ddJ 14.4 and 7.5, SiCiHl,), 1.02-1.04 (21H, m,
overlapping signals 3 x CH and 6 x gH1.20 (1H, dd,) 14.4 and 6.6, SiCiH,), 1.53-1.64 (1H,
m, CHHy, C-3 THF), 2.09-2.23 (2H, m, overlapping signals BHC-3 and CHH, C-4 THF),
2.27-2.37 (1H, m, CHH, C-4 THF), 4.23-4.30 (1H, m, CH C-2 THF), 5.31 (1ddl,J 8.3 and 6.1,
CH C-5 THF), 7.45 (2H, app 8§, 7.7, 2 xm-CH, Ph), 7.55 (1H, app t§, 7.4 and 1.4p-CH, Ph),
7.99 (2H, app ddJ 8.3 and 1.4, 2 ®8-CH, Ph);8¢ (100.6 MHz; CDCJ) 11.4 (3 x CH/pr), 16.9
(SiCHy), 19.0 (6 x CH, 'Pr), 29.3 (CH, C-4 THF), 35.1 (Ch, C-3 THF), 78.7 (CH, C-2 THF),
79.3 (CH, C-5 THF), 128.6 (2 -CH, Ph), 129.0 (2 »-CH, Ph), 133.2¢-CH, Ph), 135.4 (C, Ph),
199.5 (C=0); LRMS (El, m/z): M* not visible, 303 ([MPr]", 14%), 261 (100), 241 (7), 157 (22),
105 (30), 77 (22); HRMS (Cl m/2) 347.2405 [M+H], C,H3s0,Si requires 347.2401.
Diastereoselectivity calculated by analysis of HHeNMR integrals for the C-5 protons of the THF
ring, 5.13cisand 5.30rans.

(x)-(Phenyl(2-((triisopropylsilyl)ymethyl)tetrahydro furan-5-yl) methanone (Table 5 entry 2)
Following the general procedure C, (cyclopropylngBthisopropylsilane (0.13 g, 0.60 mmol) and
phenyl glyoxal (0.12 g, 0.90 mmol) at 0 °C furnidhitbe impure product (0.25 g) as a yellow oil.
Purification by flash column chromatography [siligal, gradient elution 100% hexane — 20%
diethyl ether : hexane] afforded the desired pro@dsconly therans diastereoisomer (0.18 g, 0.51
mmol, 85%) as a colourless o 0.63 [20% diethyl ether : hexane};a{film)/cm™ 2947 (C-H),
1690 (C=0), 1430 (C-H), 1230 (Si-C), 1115 (C-O)588rans-diastereoisomerdy (400 MHz;
CDCl3) 0.96 (1H, ddJ 14.4 and 7.5, SiCiHip), 1.02-1.04 (21 H, m, overlapping signals 3 x CH
and 6 x CH), 1.20 (1H, ddJ 14.4 and 6.6, SiCitl,), 1.53-1.64 (1H, m, CiH, C-3 THF), 2.09-
2.23 (2H, m, overlapping signals ¢Hh, C-3 and CHH, C-4 THF), 2.27-2.37 (1H, m, GH, C-4
THF), 4.23-4.30 (1H, m, CH C-2 THF), 5.31 (1H, d8.26 and 6.1, CH C-5 THF), 7.45 (2H, app
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t,J7.7, 2 xmCH Ph), 7.55 (1H, app t§,7.4 and 1.4p-CH Ph), 7.99 (2H, dd] 8.3 and 1.4, 2 »-
CH Ph);5¢c (100.6 MHz; CDGJ) 11.4 (3 x CH!Pr), 16.9 (SiCH), 19.0 (6 x CH, 'Pr), 29.3 (CH,
C-4 THF), 35.1 (CH, C-3 THF), 78.7 (CH, C-2 THF), 79.3 (CH, C-5 THEPS8.6 (2 »m-CH, Ph),
129.0 (2 x0-CH, Ph), 133.2[-CH, Ph), 135.4 (C, Ph), 199.5 (C=0); LRMS EtV2): M" not
visible, 303 ([M-Pr]", 14%), 261 (100), 241 (7), 157 (22), 105 (30),(Z2); HRMS (CI, m/2)
347.2405 [M+H], C,1H350,Si requires 347.2401.

(¥)-2,2-Dimethyl-1-(2-((triisopropylsilyl)methyl)tetrahydrofuran-5-yl)propan-1-one (Table 5
entry 3)

To a stirred solution of freshly distille@rt-butyl glyoxal (0.17 g, 1.50 mmol) in anhydrous DCM
(2 mL) at 0 °C and under an atmosphere of argon agded, dropwise, a solution of tin
tetrachloride (0.17 g, 0.08 mL, 0.66 mmol) in anoys DCM (2 mL). The resulting mixture was
stimred at 0 °C for 5 min followed by the dropwisaddition of a solution of
(cyclopropylmethyl)trisopropylsilane (0.13 g, 0.60 mmol) in anhydrous DCVh{L). Stirring was
continued at 0 °C for 3.5 h and the reaction wasitaced by TLC. After this time the reaction
was quenched by the addition 0§ (10 mL), the organic layer was separated andatheeous
layer further extracted with DCM (3 x 10 mL). Thembined organic phases were washed with
brine (10 mL), separated, dried (MggQfiltered and concentrateith vacuo to give the impure
product (0.12 g) as a colourless oil. Purificatiop flash column chromatography [silica gel,
gradient elution 100% hexane — 20% diethyl etlerxane] afforded the desired product as only the
trans diastereoisomer (0.01 g, 0.03 mmol, 5%) as a cl@ssl oil; R 0.67 [20% diethyl ether :
hexane];vmaxfilm)/cm™ 2942 (C-H), 2866 (C-H), 1716 (C=0), 1464, 10593 §8i-C); 5, (400
MHz; CDCL); 0.90 (1H, dd,J 14.4 and 8.1, SiClfl,), 1.02-1.08 (21H, m, overlapping signals: 6 x
CHs; and 3 x CH), 1.17 (1H, dd, 14.4 and 6.2, SiCi,), 1.18 (9H, s, CE'Bu), 1.49 (1H, m,
CHaHp C-3 THF), 1.86-1.95 (1H, m, GH, C-4 THF), 2.08-2.21 (2H, m, GH, C-3 and CkHHy
C-4 THF), 4.32 (1H, app tt] 8.1 and 5.7, CH C-2 THF), 4.84 (1H,3t,7.4, CH C-5 THF)3¢
(100.6 MHz; CDCJ) 11.5 (3 x CH/Pr), 16.8 (SiCH), 19.0 (6 x CH, 'Pr), 26.4 (CH, 'Bu), 30.5
(CH,, C-4), 35.3 (CH, C-3 THF), 40.5 (C'Bu), 77.5 (CH, C-5 THF), 78.9 (CH, C-2 THF), 215.9
(C=0); LRMS (El', m/2): M* not visible, 283 ([MPr]", 37%), 241 (66), 199 (53), 157 (100), 115
(58), 87 (35), 57 (98); HRMS (Clm/z) 344.2979 [M+NH]", C1oH4:0:NSi requires 344.2979.

(x)-Ethyl-2-((triisopropylsilyl)methyl)tetrahydrofu ran-5-carboxylate (Table 5 entry 4)
To a stirred solution of freshly distilled ethylygkalate (0.10 g, 0.90 mmol) in anhydrous DCM (2
mL) at-78 °C and under an atmosphere of argon added, dropwise, a solution of tin

tetrachloride (0.17 g, 0.08 mL, 0.66 mmol) in antoges DCM (2 mL). The resulting mixture was
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stirred at -78 °C for 5 min followed by the dropeisaddition of a solution of
(cyclopropylmethyl)triisopropylsilane (0.13 g, 0.68mol) in anhydrous DCM (3 mL). The
reaction was stirred at —78 °C and monitored by Tafter 1 h the reaction was allowed to warm to
0 °C and stirred at 0 °C for 1 h. The reaction \asnched by the addition of.&8 (10 mL), the
organic layer was separated and the aqueous lasteef extracted with DCM (3 x 10 mL). The
combined organic phases were washed with brinem(ll)) separated, dried (MgS} filtered and
concentratedn vacuo to give the impure product (0.15 g) as a colosrieié Purification by flash
column chromatography [silica gel, gradient eluti®0% hexane — 20% diethyl ether : hexane]
afforded the desired product as only tinens diastereoisomer (0.08 g, 0.25 mmol, 42%) as a
colourless oil:R: 0.50 [20% diethyl ether : hexane}a(film)/cm™ 2940 (C-H), 2865 (C-H), 1752
(C=0), 1735 (C=0), 1264, 1230 (Si-C), 1183 (C-Op94 (C-0), 882 (Si-C)pn (400 MHz;
CDCl3); 0.92 (1H, ddJ 14.4 and 8.1, SiCii,), 1.00-1.10 (21H, m, overlapping signals: 6 x3CH
and 3 x CH), 1.18 (1H, dd,14.4 and 6.1, SiCil,), 1.27 (3H, tJ 7.1, OCHCHs), 1.48 (1H, dq,
11.7 and 8.0, CHHy, C-3 THF), 1.98 (1H, app dtd,12.6 8.6 and 6.3, GHy C-4 THF), 2.10 (1H,
dddd,J 11.7 8.0 5.3 and 3.5, GH, C-3 THF), 2.34 (1H, app dtd,12.5 8.4 and 3.2, GH, C-4
THF), 4.18 (2H, qdJ 7.1 and 2.4, OC}¥CHj3), 4.32 (1H, app tt) 8.3and 5.8, CH C-2 THF), 4.49
(1H, dd,J 8.4 and 6.3, CH C-5 THFJ¢ (100.6 MHz; CDCJ) 11.4 (3 x CH!Pr), 14.3 (O CHCH-

3), 16.7 (SiCH), 19.0 (6 x CH, 'Pr), 30.8 (CH, C-4 THF), 34.5 (Ch, C-3 THF), 60.8 (OCLCHs),
76.1 (CH, C-5 THF), 78.9 (CH, C-2 THF), 199.5 (Q=QRMS (EI', m/2): M" not visible, 271
(IM="Pr]", 100%), 241 (11), 225 (15), 198 (19), 157 (58)5 142), 131 (88), 103 (59); HRMS
(CI", m2) 332.2615 [M+NH]", C17H350sNSi requires 332.2615.

1-(Tetrahydrofuran-2-yl)-2-((triisopropylsilyl)meth yl)but-3-en-1-ol (Table 5 entry 5)

To a stirred solution of tetrahydrofurfuryl aldeleyd (0.09 g, 0.90 mmol) and
triisopropylsilylmethylcyclopropane (0.13 g, 0.61maol) in DCM (6 mL) at 0 °C was added
dropwise using a syringe pump (rate = 9 mL/h) aitsmh of tin tetrachloride (0.19 g, 0.73 mmol) in
DCM (3 mL). The reaction was allowed to warm tomotemperature and monitored by TLC, after
18 h TLC and GCMS analysis showed all the stariageneal had been consumed and the reaction
was quenched by the addition of water (5 mL). ©hganic layer was separated and the aqueous
layer further extracted with DCM (3 x 10 mL). Thembined organic phases were washed with
brine (10 mL), separated, dried (MggQfiltered and concentrateith vacuo to give the impure
product (0.20 g) as a brown oil. Purification bgsh column chromatography [silica gel, gradient
elution 100% hexane — 20% ethyl acetate : hexaffiefded a separable mixture of two
diastereoisomers of thtéle compound (combined yield 0.04 g, 0.14 mmol, 23%), rathemtihe

expected adduct, as colourless oils:
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Major diastereoisomer (0.04 g, 0.11 mmol, 19%R 0.25 [20% diethyl ether : hexane];
vmafilm)/cm™ 3450 (br), 2941(C-H), 2867 (C-H), 2362, 1465 (Grehd), 1245 (Si-C), 1059 (C-
0), 1000, 883py (400 MHz; CDC}); 0.84 (1H, ddJ 15.1 and 8.8, SiCiHl,), 0.96 (1H, ddJ 15.1
and 4.7, SiCkHy), 1.00-1.08 (21H, m, overlapping signals 3 x Cid & CH 'Pr), 1.48-1.59 (1H,
m, C-4/3 THF), 1.82-1.97 (3H, m, C-4/3 THF), 2.38&2(1H, m, CHCH=Ch), 2.41 (1H, dJ 3.0,
OH), 3.31 (1H, app df 7.3 and 3.2, CHOH), 3.73-3.84 (3H, m, overlapmignals C-5 and C-2),
4.98 (1H, ddJ 17.3 and 2.0, CH=CldHrans), 5.02 (1H, dd,J 10.2 and 1.9, CH=C{dHtrans), 5.82
(1H, app dtJ 17.3 and 9.8, CH=CfdHans); Sc (100.6 MHz; CDCJ) 11.6 (3 x CH, SiPr), 12.5
(SICHp), 19.1 (6 x CH, SiPr), 26.4 (CH, THF), 27.9 (CH, THF), 42.6 (SiCHCH), 68.0 (CH,
THF), 78.8 (HCOH), 80.7 (CH THF), 115.5 (CH=@H140.7 (CH=CH): LRMS (EI', m/2): 269
(IM="Pr]", 16%), 157 (31), 131 (100), 103 (75), 75 (55), (A6); HRMS (CI, m/z) 330.2827
[M+NH 4]", C1gH4002NSi requires 330.2823.

Minor diasterecisomer (0.01 g, 0.03 mmol, 5% 0.32 [20% diethyl ether : hexane];
vmafilm)/cm™ 3450 (br), 2941(C-H), 2867 (C-H), 2362, 1465 ((rehd), 1245 (Si-C), 1059 (C-
0), 1000, 883y (400 MHz; CDCY¥); 0.67 (1H, ddJ 14.9 and 11.2, SiCHi,), 0.99-1.04 (22H, m,
overlapping signals SiGHl, and SPrs) 1.75-1.94 (4H, m, overlapping signals C-3 and THF),
2.24 (1H, dJ 8.2, OH), 2.41 (1H, dddd, 11.2 9.4 6.1 and 2.4, CHCH=GH3.21 (1H, ddd, 8.2
6.1 and 3.2, HCOH), 3.74-3.86 (1H, m, C-5 THF),14(0H, td,J 7.0 and 3.2, CH C-2 THF), 5.04
(1H, dd,J 10.2 and 1.9, CH=ClHyans), 5.09 (1H, dd,) 17.2 and1.9, CH=C¥{Hyans), 5.69 (1H,
app dtJ 17.2 10.2 and 9.4, CH=CGEHirans); oc (100.6 MHz; CDGJ) 10.5 (CH, SICHCH), 11.6 (3
x CH SiPr), 19.1 (CH), 19.1 (CH), 26.4 (CH, THF), 29.3 (CH, THF), 44.9 (SiCHCH), 68.9
(CH,, C-5 THF), 77.8 (CHOH), 78.4 (CH, C-2 THF), 116@H=CH,), 141.8 (CH=CH); LRMS
(EI*, m'2): 269 ([M-Pr]*, 16%), 157 (31), 131 (100), 103 (75), 75 (55),(48); HRMS (Ct, m/2)
330.2825 [M+NH]", C1gH1002NSi requires 330.2823.

5-benzyl-3-vinyloctahydro-2,2'-bifuran

To a solution of phenylacetaldehyde (0.07 g, 0.6afhrim DCM (2 mL) was added in a single
portion indium trichloride (0.045 g, 0.2 mmol) atie resulting mixture was stirred for 1 h at room
temperature. After this time a solution of 1-(teydrofuran-2-yl)-2-((triisopropylsilyl)methyl)but-
3-en-1-0l (0.035 g, 0.11 mmol) in DCM (1 mL) wagdad and the reaction mixture stirred at room
temperature for 16 h. The reaction was quenchethéyaddition of HO (5 mL) and the organic
layer separated. The aqueous layer was extractedD@M (3 x 10 mL) and the combined organic
layers were washed with brine (10 mL), separatedd(MgSO4), filtered and concentrated
vacuo to give the impure product as a colourless oilL@0g). Purification by flash column

chromatography [silica gel, gradient elution 100&xdne — 20% diethyl ether : hexane] followed
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by flash column chromatography [silica gel, gratiietution 100% DCM — 5% diethyl ether :
DCM] afforded the desired product containing traogurities (0.015 g, 0.05 mmol, 40%) as a
colourless oil; R0.30 [20% diethyl ether : hexane};a(film)/cm™ 3063, 2974, 2940, 2865, 1641,
1603, 1497, 1454, 1067, 1028, 947, 932;(600 MHz; CDC}); 1.65-1.72 (2H, m, overlapping
signals C-3 and C7), 1.79-186 (1H, m, C-2), 1.9712H, m, overlapping signals C-2 and C-3),
2.02 (1H, ddd)J 12.2 7.7 and 6.4, C-7), 2.76 (1H, dd13.4 and 7.6, C-11 GIRh), 2.82-2.88 (1H,
m, C-6), 3.11 (1H, dd] 13.4 and 5.6, C-11 GRh), 3.77-3.81 (2H, m, overlapping signals C-5 and
C-1), 3.84-3.87 (1H, m, C-4), 3.92 (1H, dt8.1 and 6.7, C-1), 4.14 (1H, dddH8.6 7.6 6.4 and
5.6, CH C-8), 4.98-5.03 (2H, m, CH=G}15.83 (1H, app dt) 17.0 and 9.8 CH=C})}; 5c (100.6
MHz; CDCk) 26.3 (CH, C-2), 28.2 (CH, C-3), 38.3 (CH, C-7), 42.5 (CH, C-11), 47.0 (CH, C-
6), 68.8 (CH, C-1), 79.0 (CH, C-4), 80.4 (CH, C-8), 84.2 (CH5¥; 115.7 (CH, C-10), 126.3
(CH, p-CH Ar), 128.4 (2 x CHp-CH Ar), 129.4 (2 x CHm-CH Ar), 138.6 (CH, C-9), 139.0gso-

C Ar); LRMS (El, m/2): 258 (M 3%), 167 ([M-Bn], 6), 123 (71), 117 (68), 104 (24), 91 (Bn,
100), 71 (THF, 34); HRMS (EImVz) 258.1614 [M], C1/H»0, requires 258.1614.

(x)-2-((tert-Butyldiphenylsilyl)methyl)tetrahydrofuran-5-yl)(ph enyl)methanone (Table 5 entry
6)

To a stirred solution of freshly distilled phenyyagxal (0.12 g, 0.90 mmol) in anhydrous DCM (2
mL) at-78 °C and under an atmosphere of argon added, dropwise, a solution of tin
tetrachloride (0.17 g, 0.08 mL, 0.66 mmol) in antoges DCM (2 mL). The resulting mixture was
stimed at -78 °C for 5 min followed by the dropwis addition of
tert-butyl(cyclopropylmethyl)diphenylsilane (0.18 g60.mmol) in anhydrous DCM (3 mL). The
reaction was stirred at =78 °C and monitored by Tafter 3 h the reaction was quenched by the
addition of wet acetone (5 mL), allowed to warmOt6C and poured on to.B (10 mL). The
organic layer was separated and the aqueous layacted with DCM (3 x 10 mL). The combined
organic phases were washed with brine (10 mL), re¢pd, dried (MgSQ), filtered and
concentratedn vacuo to give the impure product (0.29 g) as a yellow Burification by flash
column chromatography [silica gel, gradient eluti@®0% hexane — 20% diethyl ether :
cyclohexane] afforded the desired product as arep@rsble mixture ofcis and trans
diastereoisomers (combined yield 0.17 g, 0.40 m®@dp,dr (trans: cis) 1 : 2.1) as a colourless
oil; R 0.41 [20% diethyl ether : hexane}a(film)/cm™ 2930 (C-H), 2857 (C-H), 1691 (C=0),
1448 (C-H), 1228 (Si-C), 1104 (C-Ogis diastereoisomerdy (400 MHz; CDC}) 1.04 (9H, s,
SiC(CH)s), 1.17-1.32 (1H, m, Ci#H, C-3 THF), 1.40-1.47 (1H, m, GHp, C-3 THF), 1.58 (1H,
dd, J 14.5 and 9.8, SiCly), 2.02 (1H, dd, 14.5 and 4.1 SigHh), 2.03-2.08 (2H, m, CHC-4

THF), 4.14 (1H, app tt, 9.5 and 4.8, CH C-2 THER7(1H, dd,J 8.4 and 5.5, CH C-5 THF), 7.29-
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7.70 (13H, m, Ar), 7.94-7.96 (2H, m, AQ¢ (100.6 MHz; CDCY§) 17.9 (SiCH), 18.2 (SiC(CH)3),
29.8 (CH, C-4 THF), 33.0 (CH C-3 THF), 79.4 (CH, C-5 THF), 79.6 (CH, C-2 THER7.6 (2 %
0-CH, Ar), 127.7 (2 xo-CH, Ar), 128.6 (2 xm-CH, -C(=0)Ph), 128.9 (2 »-CH, -C(=0O)Ph),
129.3 (2 xp-CH, Ar), 133.2 p-CH, -C(=0)Ph), 134.1 (C, Ar), 134.7 (C, Ar), 135ipso-C, -
C(=0)Ph), 136.2 (2 »-CH, Ar), 136.3 (2 xmCH, Ar), 198.4 (C=0)trans diastereoisomedy
(400 MHz; CDC}) 1.05 (9H, s, Si C(Ch)s), 1.17-1.32 (1H, m, ChHy, C-3 THF), 1.46 (1H, dd)
14.4 and 9.2, SiCHH,), 1.51-1.56 (1H, m, Citl,, C-3 THF), 1.95 (1H, ddJ 14.4 and 5.0,
SiCH.Hp), 1.95-2.00 (1H, m, CiH, C-4 THF), 2.16 (1H, m, Cit, C-4 THF), 4.20 (1H, app tt, 8.9
and 5.2, CH C-2 THF), 5.19 (1H, d@8.0 and 7.0, CH C-5 THF), 7.29-7.70 (13H, m, Ar.86-
7.88 (2H, m, 2 »0-CH Ar); 6¢ (100.6 MHz; CDCYJ) 18.1 (SiCH), 18.2 (SiC(CH)3), 29.4 (CH,C-4
THF), 34.0 (CH, C-3 THF), 78.6 (CH, C-2 THF), 79.2 (CH, C-5 THHR7.6 (2 x0-CH, Ar),
127.7 (2 xo0-CH, Ar), 128.5 (2 »m-CH, -C(=0O)Ph), 128.9 (2 8-CH, -C(=O)Ph), 129.2 (2 p-
CH, Ar), 133.1 p-CH, -C(=0)Ph), 134.2 (C, Ar), 134.8 (C, Ar), 13%i@so-C, -C(=0O)Ph), 136.2 (2
x m-CH, Ar), 136.3 (2 »m-CH, Ar), 199.2 (C=0); LRMS (E| m/2): M* not visible, ((M-*Bu]"
18%), 329 (87), 183 (42), 135 (100), 105 (72), 33){ HRMS (CI, m/2) 446.2512 [M+NH]",
CogH360-NSi requires 446.2510. Diastereoselectivity calmdaby analysis of théH NMR
integrals for the C-5 protons of the THF ring, 5d§and 5.19rans.

(2)-2-((tert-Butyldiphenylsilyl)ymethyl)tetrahydrofuran-5-yl)(ph enyl)methanone (Table 5 entry

7)

To a stirred solution of freshly distilled phenyygxal (0.12 g, 0.90 mmol) in anhydrous DCM (2
mL) at-78 °C and under an atmosphere of argon addded, dropwise, a solution of tin
tetrachloride (0.17 g, 0.08 mL, 0.66 mmol) in antoges DCM (2 mL). The resulting mixture was
stimed at -78 °C for 5 min followed by the dropais addition of
tert-butyl(cyclopropylmethyl)diphenylsilane (0.18 g60.mmol) in anhydrous DCM (3 mL). The
reaction was stirred at =78 °C and monitored by Tafter 1 h the reaction was allowed to warm to
0 °C and stirred at 0 °C for 1 h. The reaction \Wwasnched by the addition of,@ (10 mL), the
organic layer was separated and the aqueous lasteef extracted with DCM (3 x 10 mL). The
combined organic phases were washed with brinen(l) separated, dried (MgSp filtered and
concentratedn vacuo to give the impure product (0.24 g) as a yellow Burification by flash
column chromatography [silica gel, gradient elutid®0% hexane — 20% diethyl ethyl : hexane]
afforded the desired product as an inseparableuneixdfcis andtrans diastereocisomers (combined
yield 0.18 g, 0.43 mmol, 72%lr (trans: cis) 1 : 1.1) as a colourless oil. Data is in agredmeth
that previously recorded.
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(®)-(2-((Dimethyl(phenyl)silylymethyl)tetrahydrofur an-5-yl)(phenyl)methanone (Table 5 entry
8)

Following the general procedure C, (cyclopropylngtlimethylphenylsilane (0.12 g, 0.60 mmol)
and phenyl glyoxal (0.12 g, 0.90 mmol) at —78 °@ished the impure product (0.27 g) as a yellow
oil. Purification by flash column chromatographylifa gel, gradient elution 100% hexane — 20%
diethyl ether : hexane] afforded the desired prodiscan inseparable mixture af andtrans
diastereoisomers (combined yield 0.10 g, 0.32 m®8fp,dr (trans: cis) 1 : 1.6) as a colourless
oil; R 0.22 [20% diethyl ether : hexane}nadfilm)/cm™ 3070, 2957 (C-H), 2886 (C-H), 1692
(C=0), 1451 (C-H), 1429, 1230 (Si-C), 1115 (C-Q} diastereoisomerdy (400 MHz; CDC});
0.30 (3H, s, SiCh), 0.32 (3H, s, SiCH), 1.21 (1H, ddJ 14.2 and 8.5, SiCiHiy), 1.42-1.51 (2H, m,
overlapping signals SiHl, and CHHy, C-3 THF), 1.92-2.02 (1H, m, GH, C-3 THF), 2.09-2.33
(2H, m, CH C-4 THF), 4.15 (1H, app t8, 8.7 and 5.8, CH C-2 THF), 5.13 (1H, ddg.6 and 5.1,
CH C-5 THF), 7.33-7.59 (8H, m, Ar), 8.01-8.04 (2, 2 x0-CH Ar); 3¢ (100.6 MHz; CDCYJ)
-2.3 (SICH), -2.0 (SICH), 23.6 (SiCH), 29.4 (CH, C-4 THF), 33.6 (CH, C-3 THF), 78.5 (CH,
C-2 THF), 79.2 (CH, C-5 THF), 127.9 (2n%CH, SiPh), 128.5 (2 »+CH, -C(=0)Ph), 129.0 (2 x
0-CH, -C(=0)Ph), 129.1ptCH, SiPh), 133.2-CH, -C(=0O)Ph), 133.7 (2 »-CH, SiPh), 135.5
(ipso-C, -C(=0)Ph), 139.0 (C, SiPh), 198.4 (C=@)gns diasterecisomedy (400 MHz; CDC});
0.32 (3H, s, SiCh), 0.33 (3H, s, SIiCH), 1.12 (1H, ddJ 14.2 and 8.1, SiCiHl,), 1.42 (1H, dd,
J14.2 and 6.2, SijHy), 1.39-1.52 (1H, m, CiH, C-3 THF), 1.98 (1H, dddd] 12.1 8.1 5.5 and
3.6, CHHp C-3 THF), 2.13 (1H, app dtd,12.7 8.5 and 6.6, GH, C-4 THF), 2.25 (1H, app dtd,
12.7 8.4 and 3.6, CH, C-4 THF), 4.19 (1H, app t§ 8.4 and 5.9, CH C-2 THF), 5.27 (1H, dd,
8.2 and 6.6, CH C-5 THF), 7.32-7.36 (3H, m, ovearlag signals 2 »-CH andp-CH Ar), 7.45
(2H, t,J 7.6, 2 xm-CH Ar), 7.49-7.52 (2H, m, 2 m-CH Ar), 7.56 (1H, app tt] 7.4 and 1.4p-CH
Ar), 7.96-7.99 (2H, m, 2 »%-CH Ar); 6c (100.6 MHz; CDCY§) -2.4 (SiCH), -2.0 (SiCH), 23.5
(SICHp), 29.3 (CH, C-4 THF), 34.4 (CH, C-3 THF), 78.6 (CH, C-2 THF), 79.2 (CH, C-5 THF),
127.9 (2 xm-CH, Ar), 128.6 (2 xmCH, -C(=0O)Ph), 129.0 (2 &-CH, -C(=0)Ph), 129.0ptCH,
Ar), 133.3 ¢-CH, -C(=0)Ph), 133.7 (2 »-CH, Ar), 135.3 {pso-C, -C(=0O)Ph), 139.1 (C, Ar),
199.4 (C=0); LRMS (El, mv2): M" not visible, 309 ([IM-CH]", 2%), 267 (5), 239 (10), 219 (16),
135 (100), 105 (21), 77 (15); HRMS (Clm/z) 342.1878 [M+NH]", CyH2s0:NSi requires
342.1884. Diastereoselectivity calculated by anslgé the’'H NMR integrals for the C-5 protons
of the THF ring, 5.18isand 5.2%rans.

(¥)-(2-((Dimethyl(phenyl)silyl)methyl)tetrahydrofur an-5-yl)(phenyl)methanone (Table 5 entry
9)
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Following the general procedure C, (cyclopropylnggthimethylphenylsilane (0.12 g, 0.60 mmol)
and phenyl glyoxal (0.12 g, 0.90 mmol) at 0 °C fsined the impure product (0.26 g) as a yellow
oil. Purification by flash column chromatographyligs gel, gradient elution 100% hexane — 20%
diethyl ether : hexane] afforded the desired pro@dsconly therans diastereoisomer (0.03 g, 0.11
mmol, 18%) as a colourless d;0.41 [20% diethyl ether : hexane};a(film)/cm™ 3070, 2957 (C-
H), 2886 (C-H), 1692 (C=0), 1451 (C-H), 1429, 1230-C), 1115 (C-O)pn (400 MHz; CDC});
0.32 (3H, s, SiCh), 0.33 (3H, s, SiChJ, 1.12 (1H, dd, 14.2 and 8.1, SiCil,), 1.42 (1H, dd,]
14.2 and 6.2, Sifp), 1.39-1.52 (1H, m, CiH, C-3 THF), 1.98 (1H, dddd] 12.1 8.1 5.5 and 3.6,
CHgHp C-3 THF), 2.13 (1H, app dtd,12.7 8.5 and 6.6, CH}, C-4 THF), 2.25 (1H, app dtd,12.7
8.4 and 3.6, CKH, C-4 THF), 4.19 (1H, app t8,8.4 and 5.9, CH C-2 THF), 5.27 (1H, dd.2 and
6.6, CH C-5 THF), 7.32-7.36 (3H, m, overlappingnsily 2 xo-CH andp-CH Ar), 7.45 (2H, tJ
7.6, 2 xmCH Ar), 7.49-7.52 (2H, m, 2 m+CH Ar), 7.56 (1H, ttJ 7.4 and 1.4p-CH Ar), 7.96-
7.99 (2H, m, 2 >0-CH Ar); 6¢ (100.6 MHz; CDCJ) -2.4 (SiCH), 2.0 (SiCH), 23.5 (SiCH), 29.3
(CH,, C-4 THF), 34.4 (Ch, C-3 THF), 78.6 (CH, C-2 THF), 79.2 (CH, C-5 THHER7.9 (2 xm-
CH, SiPh), 128.6 (2 m-CH, -C(=0O)Ph), 129.0 (2 8-CH, -C(=0)Ph), 129.0ptCH, SiPh), 133.3
(p-CH, -C(=0)Ph), 133.7 (2 »-CH, SiPh), 135.3ipso-C, -C(=0O)Ph), 139.1 (C, SiPh), 199.4
(C=0); LRMS (Ef, m/2): M" not visible, 309 ([M-CH|", 2%), 267 (5), 239 (10), 219 (16), 135
(100), 105 (21), 77 (15); HRMS (CIm/z) 342.1888 [M+NH]", C,oH250:NSi requires 342.1884.

(x)-Ethyl-2-((dimethyl(phenyl)silyl)methyl)tetrahyd rofuran-5-carboxylate (Table 5 entry 10)
To a stirred solution of freshly distilled ethyl ygkalate (0.23 g, 2.25 mmol) and
(cyclopropylmethyl)dimethylphenylsilane (0.29 g5Q.mmol) in anhydrous DCM (15 mL) at -78
°C and under an atmosphere of argon was added th®pav solution of tin tetrachloride (0.39 g,
1.50 mmol) in anhydrous DCM (8 mL). (The tin tetrlride solution was prepared by adding a
commercial 1 Mol solution of tin tetrachloride (L jrto anhydrous DCM (5 mL)). The resulting
mixture was allowed to warm to 0 °C and monitorgdlhC. After 3 h the reaction was quenched
by the addition of KO (10 mL), the organic layer was separated andathesous layer further
extracted with DCM (3 x 10 mL). The combined orgaphases were washed with brine (10 mL),
separated, dried (MgSY) filtered and concentrated vacuo to give the impure product (0.47 g) as
a yellow oil. Purification by flash column chromgtaphy [silica gel, gradient elution 100% hexane
— 10% diethyl ether : hexane] afforded the degmediuct as only theans diastereoisomer (0.23 g,
0.79 mmol, 53%) as a colourless &};0.46 [20% diethyl ether : hexane};a(film)/cm™ 2957 (C-
H), 1749 (C-0O), 1732 (C-O), 1427, 1180, 1091, 83k(Q); on (400 MHz; CDC4) 0.33 (3H, s,
SiCHg), 0.34 (3H, s, SiCk), 1.08 (1H, dd, 14.2 and 8.7, SigH), 1.26 (3H, tJ 7.1, OCHCHj3),
1.29-1.38 (1H, m, CHH, C-3 THF), 1.39 (1H, ddJ 14.2 and 5.7 SiCi), 1.90-1.97 (2H, m,
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overlapping signals Cil, C-3 and CHH, C-4 THF), 2.25-2.31 (1H, m, GH, C-4 THF), 4.14-
4.26 (3H, m, overlapping signals OgEtH; and CH C-2 THF), 4.46 (1H, dd,8.4 and 6.1, CH C-5
THF), 7.33-7.37 (3H, m, Ph), 7.50-7.55 (2H, m, Rk)(100.6 MHz; CDCJ) —2.4 (SiCH), -2.0
(SICHg), 14.3 (OCHCHs), 23.4 (SiCH), 30.7 (CH, C-4 THF), 33.8 (CH C-3 THF), 60.8
(OCH,CHy), 76.1 (CH, C-5 THF), 78.8 (CH, C-2 THF), 1270 m-CH, Ph), 129.1¢-CH, Ph),
133.7 (2 x0-CH, Ph), 139.1 (C, Ph) 174.1(C=0); LRMS {EtV2): M* not visible, 277 ([M-Mé],
11%), 215 (13), 165 (12), 135 (100), 105 (13), I8){ HRMS (CI, m/2) 310.1824 [M+NH]",
C16H2803NSi requires 310.1833.

(¥)-2-((Dimethyl(phenyl)silyl)methyl)tetrahydrofura n-5-yl)(4-nitrophenyl)methanone (Table 5
entry 11)

To a stirred solution of freshly distilled 4-nitdognyl glyoxal (0.16 g, 0.90 mmol) and
(cyclopropylmethyl)dimethylphenylsilane (0.11 g60@.mmol) in anhydrous DCM (5 mL) at -78
°C and under an atmosphere of argon was addedwid®pa 1 M solution of tin tetrachloride in
DCM (0.50 mL, 0.50 mmol). The reaction was stiregd-78 °C and monitored by TLC. After 3 h
the reaction was quenched by the addition of wetame (5 mL), allowed to warm to 0 °C and
poured on to KD (10 mL). The organic layer was separated andatjueous layer extracted with
DCM (3 x 10 mL). The combined organic phases weash&d with brine (10 mL), separated, dried
(MgSQy), filtered and concentratad vacuo to give the impure product as a dark yellow oiR{0
g). Purification by flash column chromatographyigsi gel, gradient elution 100% hexane — 20%
diethyl ether : hexane] afforded the desired prodiscan inseparable mixture af andtrans
diastereoisomers (combined yield 0.05 g, 0.14 m2%fp,dr (trans: cis) 1 : 2.6) as a colourless
oil; R 0.35 [20% diethyl ether : hexane}nafilm)/cm™ 2955, 2879, 1699 (C=0), 1524 (C-N),
1344 (C-N), 1219 (Si-C), 1112 (C-0), 825 (Si-C);

cis diastereoisomeiy (400 MHz; CDC}) 0.26 (3H, m, SiMe), 0.28 (3H, s, SiMe), 1.10 (1dd, J
14.3 and 7.7, SiCily), 1.33 (1H, ddJ 14.3 and 6.5, SiCitl,), 1.39-1.52 (1H, m, CiH, C-3
THF), 1.94-2.05 (1H, m, Cifl, C-3 THF), 2.10-2.19 (1H, m, GH, C-4 THF), 2.36 (1H, app tdd,
J 8.4, 4.6 and 3.5, CHl, C-4 THF), 4.14 (1H, m, CH C-2 THF), 5.00 (1H, d&.6 and 4.7, CH C-
5 THF), 7.30-7.34 (3H, m, Ph), 7.47-7.50 (2H, m),F"15-8.28 (4H, m, §HsNO,); éc (100.6
MHz; CDCk) -2.2 (SiCH), —2.1 (SiCH), 23.7 (SiCH), 28.5 (CH, C-4 THF), 33.8 (CH C-3
THF), 80.0 (CH, C-2 THF), 80.5 (CH, C-5 THF), 123Z % 0-CH, GH4-NO,) 127.9 (2 xm-CH,
Ph), 129.2¢-CH, Ph), 130.5 (2 m-CH, GHs-NO,) 133.6 (2 x0-CH Ph), 138.8 (C, Ph), 140.3 (C,
CeHa-NOy), 150.4 (C, GH4-NOy), 197.2 (CO);

trans diastereoisomedy (400 MHz; CDC}) 0.29 (3H, s, SiCh), 0.30 (3H, s, SiCH), 1.12 (1H,

dd,J 14.4 and 7.4, SiCil), 1.36 (1H, ddJ 14.4 and 6.9, SiCity), 1.39-1.52 (1H, m, CiH, C-3
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THF), 2.01 (1H, m, CEH, C-3 THF), 2.20-2.27 (2H, m, GHC-4 THF), 4.09 (1H, app dtd, 8.4,
7.1 and 5.7, CH C-2 THF), 5.13 (1H, app .2, CH C-5 THF), 7.31-7.36 (3H, m, Ar), 7.47-7.49
(2H, m, Ar), 8.10-8.28 (4H, m, Ar)¢c (100.6 MHz; CDCJ) -2.2 (SiCH), -2.1 (SiCH), 23.4
(SICH,), 28.3 (CH, C-4 THF), 34.5 (ChH C-3 THF), 78.9 (CH, C-2 THF), 79.9 (CH, C-5 THF),
123.7 (2 x0-CH, GH4-NOy) 127.9 (2 xm-CH, Ph), 129.2¢CH, Ph), 130.3 (2 »-CH, GH,-
NO,) 133.6 (2 x0-CH Ph), 138.8 (C, Ph), 140.3 (C¢HG-NO,), 150.4 (C, GHs-NOy), 198.1 (CO);
LRMS (EI', m/2): M" not visible, ((M-Me] 1%), 312 (8), 285 (8), 219 (14), 135 (100); HRMS
(CI", m2) 387.1741 [M+NH]", C,0H27N,04Si requires 387.1735.

Diastereoselectivity calculated by analysis of HHeNMR integrals for the C-5 protons of the THF
ring, 5.13 (ppm) and 5.00 (pprirans andcis respectively.

(¥)-2-((Dimethyl(phenyl)silyl)methyl)tetrahydrofura n-5-yl)(4-nitrophenyl)methanone (Table 5
entry 12)

To a stirred solution of freshly distilled 4-nitdognyl glyoxal (0.16 g, 0.90 mmol) and
(cyclopropylmethyl)dimethylphenylsilane (0.11 g6@.mmol) in anhydrous DCM (5 mL) at 0 °C
and under an atmosphere of argon was added, dmpavis M solution of tin tetrachloride in DCM
(0.50 mL, 0.50 mmol). The reaction was stirred &)and monitored by TLC. After 2 h the
reaction was quenched by the addition of water (5, rthe organic layer was separated and the
aqueous layer further extracted with DCM (3 x 10)nihe combined organic phases were washed
with brine (10 mL), separated, dried (Mgg§Jiltered and concentrated vacuo to give the impure
product (0.31 g) as a yellow oil. Purification dgsh column chromatography [silica gel, gradient
elution 100% hexane — 10% diethyl ether : hexaffefded the desired product as an inseparable
mixture ofcis andtrans diastereoisomers (combined yield 8. mg, 0.02 mB#d,dr (trans: cis) 1 :

0.2) as a colourless oil. Data is in agreement thigth previously recorded.

(¥)-2-((Dimethyl(phenyl)silyl)methyl)tetrahydrofura n-5-yl)(4-bromophenyl)methanone (Table

5 entry 13)

To a stirred solution of freshly distilled 4-brontemyl glyoxal (0.19 g, 0.90 mmol) and

(cyclopropylmethyl)dimethylphenylsilane (0.11 g6@.mmol) in anhydrous DCM (6.5 mL) at —=78

°C and under an atmosphere of argon was addedwid®pa 1 M solution of tin tetrachloride in

DCM (0.50 mL, 0.50 mmol). The reaction was stiregd-78 °C and monitored by TLC. After 3 h

the reaction was quenched by the addition of wetame (5 mL), allowed to warm to 0 °C and
poured on to KD (10 mL). The organic layer was separated andatjuzous layer extracted with

DCM (3 x 10 mL). The combined organic phases weash&d with brine (10 mL), separated, dried

(MgSQy), filtered and concentratad vacuo to give the impure product as a dark yellow oiR@
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g). Purification by flash column chromatographyli¢si gel, gradient elution 100% hexane — 20%
diethyl ether : hexane] afforded the desired prodiscan inseparable mixture af andtrans
diastereoisomers (combined yield 0.12 g, 0.29 m&afp,dr (trans: cis) 1 : 1.8) as a colourless
oil; R 0.50 [20% diethyl ether : hexane}nafilm)/lcm™ 3089, 2955, 2879, 1690 (C=0), 1584,
1112, 1069, 835 (Si-C), 727,

cis diastereocisomeiiy (400 MHz; CDC}) 0.29 (3H, m, SiMe), 0.31 (3H, s, SiMe), 1.15 (1dd,J
14.3 and 8.1, SiCll), 1.40 (1H, ddJ 14.3 and 6.2, SiCitl,), 1.41-1.48 (1H, m, CiH, C-3
THF), 1.92-2.00 (1H, m, Cii, C-3 THF), 2.09-2.33 (2H, m, GHC-4 THF), 4.09-4.17 (1H, m,
CH C-2 THF), 5.00 (1H, dd] 8.7 and 4.9, CH C-5 THF), 7.31-7.39 (3H, m, SiFM9-7.52 (2H,
m, SiPh), 7.57-7.60 (2H, m, Ar), 7.88-7.90 (2H,An); 3¢ (100.6 MHz; CDCJ) -2.3 (SiCH), -2.0
(SiCHs), 23.6 (SiCH), 28.7 (CH, C-4 THF), 33.7 (CK C-3 THF), 79.6 (CH, C-2 THF), 80.0
(CH, C-5 THF), 127.9 (2 m-CH, SiPh) 128.3ipso-C, GsH4Br), 129.1 p-CH, SiPh), 130.8 (2 &+
CH, GsH4Br), 131.8 (2 x0-CH, GsH4Br), 133.6 (2 x0-CH, SiPh), 134.3pC, GsH.Br), 138.9 (C,
SiPh), 197.4 (CO);

trans diastereoisomedy (400 MHz; CDC}) 0.32 (3H, s, SiCh), 0.32 (3H, s, SiCh), 1.12 (1H,
dd,J 14.4 and 7.8, SiCitl,), 1.39 (1H, dd,) 14.4 and 6.6, SiCit,), 1.48 (1H, app dg] 12.1 and
8.8, CHH, C-3 THF), 1.99 (1H, dddd, 12.1, 8.3, 1.3 and 1.0, GH, C-3 THF), 2.20-2.28 (2H, m,
CH, C-4 THF), 4.14 (1H, app ddd,14.4, 7.9 and 6.6, CH C-2 THF), 5.16 (1H, d&.0 and 6.6,
CH C-5 THF), 7.31-7.39 (3H, m, SiPh), 7.49-7.52 (2# SiPh), 7.57-7.60 (2H, m, Ar), 7.83-7.87
(2H, m, Ar); 5c (100.6 MHz; CDCY) -2.3 (SiCH), —2.0 (SiCH), 23.4 (SiCH), 28.7 (CH, C-4
THF), 34.4 (CH, C-3 THF), 78.6 (CH, C-2 THF), 79.3 (CH, C-5 THER7.9 (2 xm-CH, SiPh)
128.4 {pso-C, GsH4Br), 129.1 p-CH, SiPh), 130.6 (2 m-CH, GsH4Br), 131.9 (2 x0-CH, GsH4Br),
133.6 (2 x0-CH, SiPh), 134.1p-C, GsH4Br), 139.0 (C, SiPh), 198.3 (CO); LRMS {Etz): M*
not visible, ((M-Me] 2%), 347 (4), 319 (7), 239 (11), 219 (62), 183)(155 (9), 135 (100), 105
(11), 75 (30); HRMS (C1 m/2) 420.0994 [M+NH]*, CooHo7NO,BrSi requires 420.0989.
Diastereoselectivity calculated by analysis of HHeNMR integrals for the C-5 protons of the THF
ring, 5.16 (ppm) and 5.00 (pprirans andcis respectively.

(¥)-2-((Dimethyl(phenyl)silyl)methyl)tetrahydrofura n-5-yl)(4-bromophenyl)methanone (Table

5 entry 14)

To a stirred solution of freshly distilled 4-brontmmyl glyoxal (0.19 g, 0.90 mmol) and
(cyclopropylmethyl)dimethylphenylsilane (0.11 g6@.mmol) in anhydrous DCM (6.5 mL) at 0 °C
and under an atmosphere of argon was added, dmpavis M solution of tin tetrachloride in DCM
(0.50 mL, 0.50 mmol). The reaction was stirred @& and monitored by TLC. After 2 h the

reaction was quenched by the addition of water [§, rthe organic layer was separated and the
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aqueous layer further extracted with DCM (3 x 10)milhe combined organic phases were washed
with brine (10 mL), separated, dried (Mggdiltered and concentrated vacuo to give the impure
product (0.24 g) as a yellow oil. Purification dgsh column chromatography [silica gel, gradient
elution 100% hexane — 10% diethyl ether : hexarifgr@ded thetrans diastereocisomers of the
desired product (81 mg, 0.20 mmol, 34%) as a ctdesroil. Data is in agreement with that

previously recorded.

(¥)-(2-((Methyldiphenylsilyl)ymethyl)tetrahydrofuran -5-yl)(phenyl)methanone (Table 5 Entry
15)
To a stirred solution of freshly distilled phenyllygxal (0.12 g, 0.90 mmol) and
(cyclopropylmethyl)diphenylmethylsilane (0.15 g6@.mmol) in anhydrous DCM (5 mL) at -78
°C and under an atmosphere of argon was addedwi@pa solution of tin tetrachloride (0.13 g,
0.06 mL, 0.5 mmol) in anhydrous DCM (2 mL). Theatan was stirred at —78 °C and monitored
by TLC. After 3 h the reaction was quenched by dldition of wet acetone (5 mL), allowed to
warm to 0 °C and poured on to,® (10 mL). The organic layer was separated andathesous
layer further extracted with DCM (3 x 10 mL). Thentbined organic phases were washed with
brine (10 mL), separated, dried (MggQOfiltered and concentrateith vacuo to give the impure
product (0.34 g) as a yellow oil. Purification dgsh column chromatography [silica gel, gradient
elution 100% hexane — 10% diethyl ether : hexaffefded the desired product as an inseparable
mixture ofcis andtrans diastereoisomers (combined yield 0.09 g, 0.24 mA@o,dr (trans: cis)
0.49 : 1) as a colourless o 0.27 [20% diethyl ether : hexanel;a(film)/cm™ 3068 2960, 1688,
1427, 1228, 1110, 873js diastereoisomedy (400 MHz; CDC}) 0.59 (3H, s, SiMe), 1.40-1.51
(1H, m, CHHy C-3 THF), 1.52 (1H, ddJ 14.4 and 8.2, SifHy), 1.79 (1H, ddJ 14.4 and 5.9,
SiHHp), 1.85-1.96 (1H, m, CiH, C-3 THF), 2.09-2.28 (2H, m, GHC-4 THF), 4.18 (1H, app tf,
8.7 and 5.7, CH C-2 THF), 5.11 (1H, dd8.7 and 5.0, CH C-5 THF), 7.30-7.58 (13H, m, &})0
(2H, app dJ 8.3, 2 x 0-CH Ar)pc(100.6 MHz; CDCY) —-3.3 (SiMe), 22.1 (SiC}H), 29.4 (CH, C-4
THF), 33.7 (CH, C-3 THF), 79.3 (CH, C-2 THF), 79.9 (CH, C-5 THHER8.0 (4 xm-CH, Ar),
128.6 (2 xm-CH, Ar), 129.1 (2 »0-CH, Ar), 129.3 (2 %-CH, Ar), 133.2 p-CH, Ar), 134.5 (2 »0-
CH, Ar), 134.6 (2 »0-CH, Ar), 135.6 (C, Ar), 137.0 (C, Ar), 199.2 (C=@ans diastereoisomer:
oy (400 MHz; CDC}) 0.62 (3H, s, SiMe), 1.40-1.51 (2H, m, overlappsignals SiCEH, and
CHaHp, C-3 THF), 1.75 (1H, dd] 14.4 and 6.3, Sifty), 1.85-1.96 (1H, m, Cil, C-3 THF), 2.09-
2.28 (2H, m, CH C-4 THF), 4.25 (1H, app t§,8.0 and 5.8, CH C-2 THF), 5.23 (1H, dd3.2 and
6.6, CH C-5 THF), 7.30-7.58 (13H, m, Ar), 7.94 (2&bp d,J 7.4, 2 x0-CH Ph)&¢(100.6 MHz;
CDCls) -3.4 (SiMe), 22.0 (SiCh), 29.1 (CH, C-4 THF), 34.4 (Ch C-3 THF), 78.4 (CH, C-2
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THF), 79.3 (CH, C-5 THF), 128.0 (4 m-CH, Ar), 128.6 (2 xm-CH, Ar), 129.0 (2 x0-CH, Ar),
129.3 (2 xp-CH, Ar), 133.2 p-CH, Ar), 134.6 (2 0-CH, Ar), 134.7 (2 0-CH, Ar), 135.4 (C, Ar),
137.1 (C, Ar), 198.3 (C=0); LRMS (EIm/2): M* not visible, 309 ([M-PH] 4%), 281 (11), 197
(100), 137 (19), 105 (21), 77 (13); HRMS (ES®W2) 404.2031 [M+NH)]", CxsHz00.NSi requires
404.2040. Diastereoselectivity calculated by arislg$ the'H NMR integrals for the C-5 protons
of the THF ring, 5.1tisand 5.23rans.

(®)-(2-((Methyldiphenylsilyl)ymethyl)tetrahydrofuran -5-yl)(phenyl)methanone (Table 5 entry

16)

To a stirred solution of freshly distilled phenyllygxal (0.12 g, 0.90 mmol) and
(cyclopropylmethyl)triethylsilane (0.10 g, 0.60 minim anhydrous DCM (5 mL) at 0 °C and under
an atmosphere of argon was added, dropwise, amoloft tin tetrachloride (0.13 g, 0.06 mL, 0.50
mmol) in anhydrous DCM (2 mL). The reaction wasretl at 0 °C and monitored by TLC. After 2
h the reaction was quenched by the addition of w@&tenL), the organic layer was separated and
the aqueous layer further extracted with DCM (30xmiL). The combined organic phases were
washed with brine (10 mL), separated, dried (MgS@ltered and concentratdd vacuo to give
the impure product (0.26 g) as a yellow oil. Padfion by flash column chromatography [silica
gel, gradient elution 100% hexane — 10% diethyketthexane] afforded the desired product as an
inseparable mixture afis andtrans diastereoisomers (combined yield 89.7 mg, 0.23 MB&%%,

dr (trans: cis) 1 : 0.41) as a colourless oil. Data is in agresmgth that previously recorded.

(x)-Phenyl(2-((triethylsilyl)methyl)tetrahydrofuran -5-yl)methanone (Table 5 entry 17)
To a stirred solution of freshly distilled phenyllygxal (0.12 g, 0.90 mmol) and
(cyclopropylmethyltriethylsilane (0.10 g, 0.60 mibnor anhydrous DCM (5 mL) at -78 °C and
under an atmosphere of argon was added, dropwssduaon of tin tetrachloride (0.13 g, 0.06 mL,
0.50 mmol) in anhydrous DCM (2 mL). The reactiorsvgéirred at —78 °C and monitored by TLC.
After 3 h the reaction was quenched by the addionet acetone (5 mL), allowed to warm to 0 °C
and poured on to # (10 mL). The organic layer was separated andatheeous layer further
extracted with DCM (3 x 10 mL). The combined orgaphases were washed with brine (10 mL),
separated, dried (MgSY) filtered and concentrated vacuo to give the impure product (0.16 g) as
a yellow oil. Purification by flash column chromgtaphy [silica gel, gradient elution 100% hexane
— 10% diethyl ether : hexane] afforded:
Product 1: the desired product as a mixturei®findtrans diastereoisomers (combined yield 26.0
mg, 0.09 mmol, 14%dr (trans : cis) 0.88 : 1) as a colourless o 0.45 [20% diethyl ether :
hexane];vmadfilm)/cm™ 2909 (C-H), 2951, 2874, 1690 (C=0), 1449, 1228Q5i1180 (C-0),
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1092, 1002¢is isomer:dy (400 MHz; CDC}) 0.53 (6H, qJ 7.9, 3 x CH), 0.91 (9H, tJ 7.9, 3 x
CHs), 0.95 (1H, ddJ 14.3 and 8.7, SiCiHl,), 1.20 (1H, dd,J 14.3 and 6.0, SiCifl,), 1.49 (1H, dq,
J 12.0 and 9.2, CiH, C-3 THF), 2.05 (1H, dddd] 12.2 7.7 5.3 and 3.5, GH, C-3 THF), 2.17-
2.33 (2H, m, overlapping signals €8-4 THF), 4.17 (1H app t§, 8.9 and 5.7,CH C-2 THF), 5.13
(1H, dd,J 8.6 and 5.1, CH C-5 THF), 7.43-7.47 (2H, m, &8»CH, Ph), 7.50-7.57 (1H, np-CH,
Ph), 8.00-8.03 (2H, m, 2 &-CH, Ph);5c (100.6 MHz; CDCJ) 3.9 (3 x CH), 7.5 (3 x CH), 19.2
(SICH), 29.5 (CH, C-4 THF), 33.9 (ChH C-3 THF), 79.8 (CH, C-2 THF), 79.9 (CH, C-5 THF),
128.6 (2 xm-CH, Ph), 129.1 (2 »-CH, Ph), 133.2¢-CH, Ph), 135.6 (C, Ph), 198.5 (C=ans
isomer:dy (400 MHz; CDC}) 0.54 (6H, qJ 7.8, 3 x CH), 0.88 (1H, ddJ 14.1 and 8.4, SiClH),
0.93 (9H, t,J 7.9, 3 x CH), 1.18 (1H, dd,) 14.1 and 6.1, SiCi,), 1.53 (1H, dg,) 11.6 and 8.7,
CH.Hp C-3 THF), 2.06-2.13 (1H, m, GH, C-3 THF), 2.41-2.22 (1H, m, GHy C-4 THF) 2.28-
2.36 (1H, m, CBH, C-4 THF), 4.19 (1H, app t 8.5 and 5.7, CH C-2 THF), 5.29 (1H, dug.2
and 6.4, CH C-5 THF), 7.45 (2H, ap@{7.5,m-CH, Ph), 7.53-7.57 (1H, np-CH, Ph), 7.98-8.00
(2H, m,0-CH, Ph);6¢ (100.6 MHz; CDC) 3.9 (3 x CH), 7.5 (3 x CH), 19.1 (SiCH), 29.4 (CH,
C-4 THF), 34.5 (CH, C-3 THF), 78.8 (CH, C-2 THF), 79.2 (CH, C-5 THEPS8.6 (2 »m-CH, Ph),
129.0 (2 x0-CH, Ph), 133.2((-CH, Ph), 135.4 (C. Ph), 199.5 (C=0); LRMS EiV2): M" not
visible, 275 ([M-Et], 36%), 233 (63), 199 (22), 163 (15), 115 (100) 148), 77 (46), 59 (45);
HRMS (ESPW2) 305.1924 [M+H], CigH290,Si requires 305.1931. Diastereoselectivity caledat
by analysis of théH NMR integrals for the C-5 protons of the THF risgl3cis and 5.2%rans.
Product 2: the desired product as the simgtediastereocisomer (13.0 mg, 0.04 mmol, 7%) as a
colourless oil:R; 0.45 [20% diethyl ether : hexanel;a(film)/cm™ 2910 (C-H), 2952, 2874, 1690
(C=0), 1450, 1226 (Si-C), 1175 (C-O), 1090, 1064,(400 MHz; CDC}) 0.53 (6H, q,J 7.9,
3 xCH), 0.91 (9H, tJ 7.9, 3 x CH), 0.95 (1H, dd,J 14.3 and 8.7, SiCiHl,), 1.20 (1H, dd,J 14.3
and 6.0, SiCkHp), 1.49 (1H, dg,J 12.0 and 9.2, Ci#fi, C-3 THF), 2.05 (1H, dddd} 12.2 7.7 5.3
and 3.5, CEHp C-3 THF), 2.17-2.33 (2H, m, overlapping signals,@C-4 THF), 4.17 (1H, app tg,
8.9 and 5.7, CH C-2 THF), 5.13 (1H, dd8.6 and 5.1, CH C-5 THF), 7.43-7.47 (2H, m, @»CH,
Ph), 7.50-7.57 (1H, np-CH, Ph), 8.00-8.03 (2H, m, 20<CH, Ph);5c(100.6 MHz; CDCJ) 3.9 (3

x CHyp), 7.5 (3 x CH), 19.2 (SiCH), 29.5 (CH, C-4 THF), 33.9 (CH C-3 THF), 79.8 (CH, C-2
THF), 79.9 (CH, C-5 THF), 128.6 (2m-CH, Ph), 129.1 (2 »-CH, Ph), 133.2¢-CH, Ph), 135.6
(C, Ph), 198.5 (C=0); LRMS (ElnV/2): M" not visible, 275 ([M-Ef], 7%), 233 (66), 199 (24), 163
(15), 115 (100), 105 (50), 77 (46), 59 (45); HRMSSP,m2) 305.1935 [M+H], CigH290,Si
requires 305.1931.

(x)-Phenyl(2-((triethylsilyl)methyl)tetrahydrofuran -5-yl)methanone (Table 5 entry 18)
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To a stirred solution of freshly distilled phenyllygxal (0.12 g, 0.90 mmol) and
(cyclopropylmethyl)triethylsilane (0.10 g, 0.60 minim anhydrous DCM (5 mL) at 0 °C and under
an atmosphere of argon was added, dropwise, amoloft tin tetrachloride (0.13 g, 0.06 mL, 0.50
mmol) in anhydrous DCM (2 mL). The reaction wasretl at 0 °C and monitored by TLC. After 2
h the reaction was quenched by the addition of m@tenL), the organic layer was separated and
the aqueous layer further extracted with DCM (30xmL). The combined organic phases were
washed with brine (10 mL), separated, dried (MgS@ltered and concentratad vacuo to give
the impure product (0.16 g) as a yellow oil. Padfion by flash column chromatography [silica
gel, gradient elution 100% hexane — 10% diethyéethhexane] afforded the desired product as an
inseparable mixture afis andtrans diastereoisomers (combined yield 0.10 g, 0.32 m&i&fo,dr
(trans : cis) 1 : 0.1) as a colourless oilrans isomer: Ry 0.45 [20% diethyl ether : hexane];
vmafilm)/cm™ 2952, 2909 (C-H), 2874, 1690 (C=0), 1449, 1228011016, 8775y (400 MHz;
CDCl;) 0.54 (6H, g,J 7.8, 3 x CH), 0.88 (1H, ddJ 14.1 and 8.4, SiCil,), 0.93 (9H, tJ 7.9,

3 x CHy), 1.18 (1H, dd, 14.1 and 6.1, SiCitl,), 1.53 (1H, dg,) 11.6 and 8.7, CiH, C-3 THF),
2.06-2.13 (1H, m, CKH, C-3 THF), 2.41-2.22 (1H, m, GHy C-4 THF) 2.28-2.36 (1H, m, GH,
C-4 THF), 4.19 (1H, app t§ 8.5 and 5.7, CH C-2 THF), 5.29 (1H, dd.2 and 6.4,CH C-5 THF),
7.45 (2H, app tJ 7.5, mCH Ph), 7.53-7.57 (1H, np-CH Ph), 7.98-8.00 (2H, mp-CH Ph);

3¢ (100.6 MHz; CDCJ) 3.9 (3 x CH), 7.5 (3 x CH), 19.1 (SiCH), 29.4 (CH, C-4 THF), 34.5
(CH,, C-3 THF), 78.8 (CH, C-2 THF), 79.2 (CH, C-5 THER8.6 (2 xm-CH, Ph), 129.0 (2 -
CH, Ph), 133.2CH, Ph), 135.4 (C, Ph), 199.5 (C=0); LRMS EiVz): M" not visible, 275
(IM-Et]", 11%), 233 (75), 199 (29), 163 (16), 115 (100} 188), 87 (76), 77 (36), 59 (36); HRMS
(ESP,m/2) 305.1925 [M+H], CigH,90,Si requires 305.1931.

(x)-Phenyl(2-((tri-n-butylsilyl)methyl)tetrahydrofuran-5-yl)methanone (Table 5 entry 19)

To a stirred solution of freshly distilled phenyygxal (0.12 g, 0.90 mmol) in anhydrous DCM (2
mL) at-78 °C and under an atmosphere of argon addded, dropwise, a solution of tin
tetrachloride (0.17 g, 0.08 mL, 0.66 mmol) in antoges DCM (2 mL). The resulting mixture was
stirred at =78 °C for 5 min followed by the dropwisddition of (cyclopropylmethyl)tm-
butylsilane (0.15 g, 0.60 mmol) in anhydrous DCM{B). The reaction was stirred at —78 °C and
monitored by TLC. After 3 h the reaction was questthby the addition of wet acetone (5 mL),
allowed to warm to 0 °C and poured on tgOH10 mL). The organic layer was separated and the
agueous layer extracted with DCM (3 x 10 mL). Thenbined organic phases were washed with
brine (10 mL), separated, dried (MggQCfiltered and concentrateith vacuo to give the impure
product (0.25 g) as a yellow oil. Purification dgsh column chromatography [silica gel, gradient

elution 100% hexane — 20% diethyl ether : hexaffefded the desired product as an inseparable
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mixture ofcis andtrans diastereoisomers (combined yield 0.09 g, 0.26 mdA®#6,dr (trans: cis)
1.35 : 1) as a colourless o 0.63 [20% diethyl ether : hexanel;a(film)/cm™ 2920 (C-H), 1691
(C=0), 1449 (C-H), 1228 (Si-C), 1180 (C-0), 1080-@ trans diastereoisomerdy (400 MHz;
CDCl3) 0.48-0.53 (6H, m, Si(Chk), 0.83-0.97 (10H, m, overlapping signals SiElHland 3 x
CHg), 1.14-1.34 (13H, m, overlapping signals SiEkland 6 x CH), 1.42-1.56 (1H, m, Ci, C-3
THF), 2.01-2.12 (1H, m, Cifl, C-3 THF), 2.14-2.35 (2H, m, GHC-4 THF), 4.11-4.20 (1H, m,
CH C-2 THF), 5.27 (1H, dd] 8.2 and 6.5, CH C-5 THF), 7.42-7.45 (2H, m, BCH, Ph), 7.51-
7.56 (1H, mp-CH, Ph), 7.98-8.02 (1H, m, 20¢CH, Ph);5¢ (100.6 MHz; CDCJ) 12.7 (Si(CH)3),
13.9 (3 x CH), 20.1 (SiCH), 26.2 (3 x CH Bu), 26.9 (3 x ChBu), 29.2 (CH, THF), 34.5 (CH,
THF), 78.8 (CH, C-2 THF), 79.1 (CH, C-5 THF), 1882 xm-CH, Ph), 128.9 (2 %-CH, Ph),
133.2 ¢-CH, Ph), 135.4 (C, Ph), 199.3 (C@js diastereoisomeiy (400 MHz; CDC}4) 0.48-0.53
(6H, m, Si(CH)3), 0.83-0.97 (11H, m, overlapping signals SpGid 3 x CH), 1.14-1.34 (12H, m,
6 x CH), 1.42-1.56 (1H, m,CiH, C-3 THF), 2.01-2.12 (1H, m, GH, C-3 THF), 2.14-2.35 (2H,
m, CH, C-4 THF), 4.11-4.20 (1H, m, CH C-2 THF), 5.12 (1dt},J 8.6 and 5.1, CH C-5 THF),
7.42-7.45 (2H, m, 2 m-CH, Ph), 7.51-7.56 (1H, np-CH, Ph), 7.98-8.02 (1H, m, 2CH, Ph);
d¢c (100.6 MHz; CDGJ) 12.7 (Si(CH)3), 13.9 (3 x CH), 20.2 (SiCH), 26.2 (3 x CH Bu), 26.9 (3
x CH, Bu), 29.3 (CH, THF), 33.8 (CH, THF), 79.7 (CH, C-2 THF), 79.9 (CH, C-5 THF), 12§2
x mCH, Ph), 129.1 (2 %-CH, Ph), 133.1CH, Ph), 135.5 (C, Ph), 198.2 (C=0); LRMS YEl
m/z): M" not visible, (IMBu]® 36%), 289 (100), 199 (9), 171 (68), 143 (26), 188), 77 (20);
HRMS (CI', m/z) 389.2870 [M+H], C4H410.Si requires 389.2870. Diastereoselectivity cal@dat
by analysis of théH NMR integrals for the C-5 protons of the THF rir27 (ppm) and 5.12

(ppm)trans andcis respectively.

(x)-Phenyl(2-((tri-n-butylsilyl)methyl)tetrahydrofuran-5-yl)methanone (Table 5 entry 20)

To a stirred solution of freshly distilled phenyygxal (0.12 g, 0.9 mmol) in anhydrous DCM (2
mL) at-78 °C and under an atmosphere of argon added, dropwise, a solution of tin
tetrachloride (0.17 g, 0.08 mL, 0.66 mmol) in antoges DCM (2 mL). The resulting mixture was
stirred at =78 °C for 5 min followed by the dropwisddition of (cyclopropylmethyl)tm-
butylsilane (0.15 g, 0.60 mmol) in anhydrous DCWh{B). The reaction was stirred at =78 °C and
monitored by TLC, after 1 h the reaction was alldwe warm to O °C and stirred at O °C for 1 h.
The reaction was quenched by the addition £9 IHLO mL), the organic layer was separated and the
agueous layer further extracted with DCM (3 x 10)milhe combined organic phases were washed
with brine (10 mL), separated, dried (MggJiltered and concentrated vacuo to give the impure
product (0.29 g) as a yellow oil. Purification dgsh column chromatography [silica gel, gradient

elution 100% hexane — 20% diethyl ether : cyclone}aafforded an inseparable mixture of
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diastereoisomers of the desired product (combimneld .08 g, 0.19 mmol, 31%r (trans: cis) 11

: 1) as a colourless oil. Data is in agreement gt previously recorded.

(x)-Ethyl 3-(2-((tert-butyldiphenylsilyl)methyl)tet rahydrofuran-3-yl)-3-phenylacrylate (16a)
A 60% dispersion of sodium hydride in mineral @lQd8 g, 2.00 mmol) was washed with petroleum
ether (3 x 2 mL), dried under reduced pressurepacked under an atmosphere of argon. Diethyl
ether (3 mL) was added and to the resulting suspengs added dropwise over 1 min a solution
of triethyl phosphonoacetate (0.38 g, 0.34 mL, Imi@ol) in diethyl ether (3 mL) at -5 °C. The
solution was allowed to warm to room temperatutieresl for a further 15 min followed by the
dropwise addition of a  solution of (5-((tert-butydhenylsilyl)methyl)tetrahydrofuran-2-
yh)(phenyl)methanone (0.73 g, 1.70 mmol, 1 : 2.Xtare oftrans/cis diastereoisomers) in diethyl
ether (3 mL). The resulting yellow solution wagrsil for 15 h at 25 °C and monitored by TLC.
The reaction was quenched with water (10 mL) ardatiyanic layer separated. The aqueous layer
further extracted with diethyl ether (3 x 10 mL)heT etherate fractions were combined, dried
(MgSQy), filtered and concentratad vacuo to give the impure product as a cloudy colourl@ss
(0.92 g). Purification by flash column chromatodragsilica gel, gradient elution 100% hexane —
20% diethyl ether : hexane] afforded two produathlas inseparable mixtures of diastereocisomers
of the desired compound (combined vyield 0.74 g8 In8nol, 87%, product ratio 1.6 : 1) as a
colourless oils;
Product 1: (0.45 g, 0.90 mmol, 53%lr 3 : 1), Colourless 0ilR: 0.38 [20% diethyl ether : hexane];
vmafilm)/lcm™ 2931, 2856, 1712 (C=0), 1625, 1427, 1268, 117D)C1105, 1027, 877, 820;
Major diastereoisomer: oy (400 MHz; CDCY}); 0.93-1.09 (10H, m, overlapping signals 3 xs&rdd
CH.Hp C-3 THF), 1.17-1.60 (1H, m, overlapping signals,B8§IC-3 THF),1.26 (1H, dd] 14.5 and
9.9, SiCHHpy), 1.31 (3H, tJ 7.1 OCHCHjs), 1.70 (1H, m, CkH, C-4 THF), 1.83 (1H, dd) 14.4
and 4.1, SiCkHy), 2.17 (1H, app dg] 12.7 and 8.5, CiH, C-4 THF), 3.96-4.03 (1H, m, CH C-2
THF), 4.21 (2H, qJ 7.1, OCHCHs), 5.66 (1H, app tJ 7.7, CH, C-5 THF), 5.90 (1H, d, 0.8,
C=CH), 7.58-7.67 (4H, m, Ar), 7.31-7.49 (11H, m):Aic (100.6 MHz; CDC}) 14.3 (OCHCH),
17.6 (SiCH), 18.3 (3 x C/Bu), 27.8 (3 x CH, 'Bu), 32.3 (CH, C-4 THF), 33.5 (Ch} C-3 THF),
60.2 (OCHCHg), 75.6 (CH, C-5 THF), 78.4 (CH, C-2 THF), 119.8H€C), 127.5 (CH, Ar), 127.6
(CH, Ar), 127.7 (CH, Ar), 128.2 (CH, Ar), 128.8 (CHr), 129.2 (CH, Ar), 129.2 (CH, Ar), 134.0
(C, Ar), 134.8 (C, Ar), 136.1 (CH, Ar), 136.2 (CHr), 139.2 (C, Ar), 160.4 (C=CH), 165.9 (C=0);
Minor diastereoisomer: dy (400 MHz; CDCY) 1.04 (9H, s, 3 x CfJ, 1.17-1.60 (4H, m, overlapping
signals CH C-3 THF and CkEH, C-4 THF and SiCHHp), 1.32 (3H, tJ 7.1, OCHCHs), 1.87 (1H,
dd,J 14.4 and 4.1, SiCjHiy), 2.30 (1H, app dtd) 12.5 7.2 and 1.9, CH, C-4 THF), 3.81-3.88
(A1H, m, CH C-2 THF), 4.20 (2H, 4,7.1, OCHCHs), 5.81 (1H, dJ 1.0, C=CH), 5.91 (1H, appJ,
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7.7, CH C-5 THF), 7.31-7.49 (11H, m, Ar), 7.58-7@H, m, Ar);5c (100.6 MHz; CDCJ) 14.3
(OCH,CHs), 18.1 (SiCH), 18.3 (3 x C!Bu), 27.8 (3 x CH, 'Bu), 33.1 (CH, C-4 THF), 34.6 (Ch|
C-3 THF), 60.2 (OCKCHs), 75.8 (CH, C-5 THF), 78.4 (CH, C-2 THF), 119.3H€C), 127.6 (CH,
Ar), 127.7 (CH, Ar), 127.7 (CH, Ar), 128.0 (CH, An28.7 (CH, Ar), 129.1 (CH, Ar), 129.2 (CH,
Ar), 134.0 (C, Ar), 134.8 (C, Ar), 136.1 (CH, An36.2 (CH, Ar), 139.1 (C, Ar), 161.9 (C=CH),
165.9 (C=0); LRMS (El, m/2): 498 ([M]" 3%), 441(100), 199 (42), 181 (18), 135 (39), 108)(
HRMS (ESP, mVz) 499.2656 [M+H], CsH3903Si requires 499.2663.

Product 2: (0.29 g, 0.58 mmol, 34%Jr 1.7 : 1), Colourless oilR 0.29 [20% diethyl ether :
hexane]; vmadfilm)/cm™ 2931, 2858, 1722 (C=0), 1648, 1427, 1223, 1158JC1103, 1050, 819;
Major diastereocisomer: o4 (400 MHz; CDC}) 1.02-1.18 (13H, m, overlapping signals 3 xsCH
OCH,CHs and CHH,, C-3 THF), 1.17-1.40 (1H, m, GHp C-3 THF), 1.47-1.55 (1H, m, SiGHy),
1.57-1.78 (2H, m, CiH, C-4 THF), 2.00 (1H, dd) 14.4 and 4.4, SiCii,), 3.97-4.10 (3H, m,
overlapping signals OCIEH; and CH C-2 THF), 4.49 (1H, dd,6.0 and 1.5, CH C-5 THF), 6.27
(1H, d,J 1.5, C=CH),7.10-7.17 (2H, m, Ar), 7.30-7.46 (9H, Ar), 7.66-7.74 (4H, m, Ar)pc
(100.6 MHz; CDCJ) 14.0 (OCHCHs), 18.0 (SiCH), 18.5 (3 x C!Bu), 27.9 (3 x CH, 'Bu), 31.5
(CH,, C-4 THF), 32.7 (Chl C-3 THF), 59.8 (OChkCHz3), 78.6 (CH, C-2 THF), 81.0 (CH, C-5
THF), 116.0 (C=CH), 127.6 (CH, Ar), 127.7 (CH, Atg7.7 (CH, Ar), 128.7 (CH, Ar), 127.8 (CH,
Ar), 129.3 (CH, Ar), 129.3 (CH, Ar), 134.0 (C, A34.6 (C, Ar), 136.1 (CH, Ar), 136.2 (CH, Ar),
138.0 (C, Ar), 159.3 (C=CH), 166.4 (C=OWinor diasterecisomer: 1.02-1.18 (12H, m,
overlapping signals 3 x GHnd OCHCH3), 1.17-1.40 (1H, m, CiH, C-3 THF), 1.47-1.55 (3H,
m, overlapping signals GHy, C-4 THF, CHH, C-3 THF and SiCEHp), 1.83-1.89 (1H, m, CiH,
C-4 THF), 1.93 (1H, ddJ 14.5 and 4.7, SiCitly), 3.97-4.10 (2H, m, OCKH;3 overlapping
signals with other diastereomer), 4.22 (1H, app ®,1 and 4.6, CH C-2 THF), 4.69 (1H, appdtt,
7.8 and 1.4, CH C-5 THF), 6.11 (1H, 81.5, C=CH), 7.10-7.17 (2H, m, Ar), 7.30-7.46 (9H,
Ar), 7.66-7.74 (4H, m, Ar)pc(100.6 MHz; CDCY) 14.0 (OCHCHs3), 18.2 (SiCH), 18.5 (3 x C,
'Bu), 27.9 (6 x CH, 'Bu), 32.5 (CH, C-4 THF), 34.4 (Ch C-3 THF), 59.8 (OChCHs), 78.2 (CH,
C-2 THF), 81.1 (CH, C-5 THF), 114.9 (C=CH), 127CGH Ar), 127.6 (CH, Ar), 127.7 (CH, Ar),
127.7 (CH, Ar), 127.9 (CH, Ar), 129.1 (CH, Ar), 129(CH, Ar), 134.0 (C, Ar), 134.8 (C, Ar),
136.1 (CH, Ar), 136.2 (CH, Ar), 137.8 (C, Ar), 169C=CH), 166.3 (C=0); LRMS (Elnvz): 498
(IM]* 3%), 441(100), 199 (42), 181 (18), 135 (39), 102)( HRMS (ESP, m/2) 516.2918
[M+NH] ", CaoH420sNSi requires 516.2928.

(x)-Ethyl 3-(2-((dimethyl(phenyl)silyl)methyl)tetrahydrofuran-5-yl)-3-phenylacrylate (16b)
A 60% dispersion of sodium hydride in mineral &lG2 g, 0.50 mmol) was washed witthexane

(2 x 1 mL), dried under reduced pressure and plaocdér an atmosphere of argon. Diethyl ether (1
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mL) was added and the suspension cooled to 0 96wet by the dropwise addition of triethyl
phosphonoacetate (0.10 g, 0.08 mL, 0.45 mmol). 3dlation was allowed to warm to room
temperature, stirred for a further 15 min followleg the dropwise addition of a solution of (x-5-
((dimethyl(phenyl)silyl)methyl)tetrahydrofuran-2}gphphenyl)methanone (0.13 g, 0.40 mmol, only
trans diastereoisomer) in diethyl ether (1.5 mL). Theuteng yellow solution was stirred for 15 h
at 25 °C and monitored by TLC. After this time, tleaction was quenched with water (10 mL) and
the organic layer separated. The aqueous layerewtagcted with diethyl ether (3 x 10 mL). The
organic fractions were combined, washed with br{a® mL), dried (MgS@), filtered and
concentratedn vacuo to yield the impure product as a colourless ail0g). Purification by flash
column chromatography [silica gel, gradient elut®0% hexane — 20% diethyl ether : hexane]
afforded two diastereoisomers of the title compo(oambined yield 0.15 g, 0.38 mmol, 96%) as
colourless olls:

Major diasterecisomer: (0.08 g, 0.20 mmol, 51%)R: 0.29 [20% diethyl ether : hexane];
vmadfilm)/cm™ 2957 (C-H), 1724 (C=0), 16.26 (C=C), 1220 (Si-T)54 (C-0), 1095 (C-0), 823
(Si-C); on (400 MHz; CDC}) 0.36 (3H, s, SiCh), 0.38 (3H, s, SiCh, 1.08 (3H, t,J 7.1,
OCH,CHj3), 1.12 (1H, dd, 14.2 and 7.8, SiClly), 1.37 (1H, dd,J 14.2 and 6.6, SiCiHy), 1.37-
1.46 (1H, m, CHEHp C-3 THF), 1.59-1.69 (1H, m, GH, C-3 THF), 1.90-2.00 (2H, m, overlapping
signals C-3 and C-4 THF), 4.00 (2H, ¢gd7.1 and 2.3, OC¥CHs), 4.19 (1H, dtd,) 7.8 6.6 and 1.3,
CH C-2 THF), 4.72 (1H, ddd] 8.1, 6.9 and 1.4, CH C-5 THF), 6.18 (1HJd,.5, C=C(H)CGEY),
7.13-7.17 (2H, m, Ar), 7.29-7.40 (6H, m, Ar), 7.338 (2H, m, Ar);5c (100.6 MHz; CDC§) -2.3
(SICHg), —1.9 (SiCH), 14.1 (OCHCHg), 24.0 (SiCH), 32.0 (CH, C-4 THF), 34.9 (CH C-3
THF), 59.9 (OCHCHg), 78.3 (CH, C-2 THF), 81.3 (CH, C-5 THF), 115.0=@@GH)CO:EL), 127.6

(2 x0-CH, Ar), 127.8 p-CH, Ar), 127.9 (2 xm-CH, Ar), 128.0 (2 »m-CH, Ar), 129.1 p-CH, Ar),
133.7 (2 xo-CH, Ar), 137.9 (C, Ar), 139.1 (C, Ar), 159.8 (CHD)CO,EL), 166.5 (C=C(H)CEEY);
LRMS (EI', m/2): 394 (M" 6%), 349 ([M—OEt], 4), 307 (6), 275 (5), 175 (11), 135 (100) 77 (5);
HRMS (ESPW2) 412.2302 [M+NH]", Co4H340sNSi requires 412.2302.

Minor diasterecisomer: (0.07 g, 0.18 mmol, 45%)R: 0.49 [20% diethyl ether : hexane];
vmafilm)/cm™ 2957 (C-H), 1711 (C=0), 1626 (C=C), 1267 (Si-C)621C-O), 1027 (C-O), 823
(Si-C); 64 (400 MHz; CDCY) 0.24 (3H, s, SiChH), 0.26 (3H, s, SiChj, 1.05 (1H, ddJ 14.3 and
7.7, SiCHHy), 1.26 (1H, ddJ 14.3 and 6.5, SiCihy), 1.30 (3H, t,J 7.1, OCHCHs), 1.44 (1H,
dddd,J 11.6 10.9 8.9 and7.6, GH, C-3 THF), 1.70 (1H, dddd,12.3 10.9 9.1 and 7.5, GH, C-4
THF), 1.84 (1H, dddd, 11.6 7.5 5.3 and 2.0,,8HC-3 THF), 2.38 (1H, dtd) 12.3 7.2 and 2.0,
CHsHp C-4 THF), 3.80 (1H, dddd] 8.9 7.7 6.5 and 5.4, CH C-2 THF), 4.18 (2H,Jg7.1,
OCH,CHg), 5.86 (1H, ddJ 9.1 and 7.0, CH C-5 THF), 7.27-7.38 (8H, m, Ati5¢7.47 (2H, mp-

CH SiPh);5¢ (100.6 MHz; CDGJ) —2.4 (SiCH), —-1.9 (SiCH), 14.4 (OCHCH;), 23.9 (SiCH),
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33.0 (CH, C-4 THF), 35.3(Chl C-3 THF), 60.3 (OCKCH3), 76.3 (CH, C-5 THF), 78.1 (CH, C-2
THF), 119.4 (C=C(H)CGEt), 127.8 (2 xm-CH, Ar), 127.8 (2 >m-CH, Ar), 128.1 p-CH, Ar),
128.8 (2 x0-CH, Ar), 129.0 p-CH, Ar), 133.7 (2 x0-CH, Ar), 139.3 (C Ar), 139.3 (C Ar), 161.9
(C=C(H)CQEt), 166.1 (C=C(H)CGEL); LRMS (EI', m/2): 394 (M 6%), 349 (IM-OEt], 4), 307
(6), 275 (5), 175 (11), 135 (100) 77 (5); HRMS (ES) 395.2036 [M+H], Cs4H3:0:Si requires
395.2037.

Methyl 3-(x)-2-((dimethyl(phenyl)silyl)methyl)tetra hydrofuran-5-yl)acrylate (19)

To a stirred solution of (z)-ethyl 2-((dimethyl(phd)silyl)methyl)tetrahydrofuran-5-carboxylate
(0.38 g, 1.30 mmol) in anhydrous DCM (18 mL) undaratmosphere of nitrogen was added a 1M
solution of DIBAL-H (2.6 mL, 2.6 mmol) in toluene &8 °C. The resulting solution was stirred at
-78 C for 1 h and monitored by TLC. The reacticaswuenched by adding sat. aq.4#8H10 mL)
and allowed to warm to room temperature. RocheBalss (10 mL, sat. aq.) were added and the
reaction stirred for 30 min at room temperaturdne Tixture was diluted with DCM (20 mL) and
the organic phase separated. The aqueous phasexwasted with DCM (2 x 20 mL) and the
combined organic phase was washed with brine (19 s#parated, dried (Mg} filtered and
concentrated under reduced pressure to give 2-{dytfehenyl)silyl)methyl)tetrahydrofuran-5-
carbaldehyde as a colourless oil ( 0.25 g, 1.01 mi®86); R; 0.16 [20% diethyl ether : hexane}
(400 MHz; CDC}) 0.34 (s, SiChH), 0.36 (s, SiCH), 1.11 (1H, dd,J 14.2 and 8.1, SiCiH), 1.21-
1.46 (3H, m, SiCkH,and CH C-3 THF), 1.79-2.21 (2H, m, GHC-4 THF), 4.04-4.11 (1H, m, CH
C-2 THF), 4.25-4.30 (1H, m, CH C-5 THF), 7.33-7@#, m, Ar), 7.52-7.56 (2H, m, Ar), 9.61
(1H, d,J 1.7, CHO);5¢ (100.6 MHz; CDCJ) —2.3 (SICH), —2.0 (SiCH), 23.4 (SiCH), 27.6 (CH,

C-4 THF), 34.0 (CH C-3 THF), 79.2 (CH, C-2 THF), 82.0 (CH, C-5 THHR8.0 (2 xm-CH,
SiPh), 129.21¢-CH, SiPh), 133.7 (2 ®-CH, SiPh), 138.8 (C, SiPh), 203.5 (CO); LRMS*(EV2):

M™ not visible, 233 ([M-Me] 1%), 219 (19), 191 (9), 135 (100), 105 (11), 75)(1The impure
product was used immediately in the next reactighout further purification:

A 60% dispersion of sodium hydride in mineral @lQ24 g, 1.00 mmol) was washed witlhexane

(2 x 1 mL), dried under reduced pressure and plaoceér an atmosphere of argon. Diethyl ether
(3 mL) was added followed by the dropwise additidra solution of trimethyl phosphonoacetate
(0.20 g, 0.16 mL, 1.10 mmol) in anhydrous diethtylee (5 mL). The solution was stirred at room
temperature for further 15 min followed by the drige addition of a solution of
2-(dimethyl(phenyl)silyl)methyl)tetrahydrofuran-subaldehyde (0.25 g, 1.01 mmol, onhans
diastereoisomer) in anhydrous diethyl ether (4 mChe resulting yellow solution was stirred for
16 h at 25 °C and monitored by TLC. After this ¢inthe reaction was quenched with water (10

mL) and the organic layer separated. The aqueayes Wwas extracted with diethyl ether (3 x 10
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mL). The organic fractions were combined, washetth Wwrine (10 mL), dried (MgS¥), filtered
and concentrateish vacuo to yield the impure product as a yellow oil (06 Purification by flash
column chromatography [silica gel, gradient eluti®0% hexane — 15% diethyl ether : hexane]
afforded thecis andtrans diastereocisomers of the title compound (combinieddy0.164 g, 0.54
mmol, 53%) as colourless oils:

Trans diastereoisomer: (0.13 g, 0.43 mmol, 44%)R: 0.35 [20% diethyl ether : hexane];
vma(film)/cm™ 3069, 2957, 1722 (C=0), 1659 (C=C), 1261, 1164)C1112 (C-0), 819 (Si-C);
oy (400 MHz; CDC}) 0.33 (3H, s, SiCh), 0.34 (3H, s, SiCk), 1.08 (1H, ddJ 14.2 and 7.9,
SiCH.Hp), 1.32 (1H, dd,J 14.2 and 6.5, SiCltHy), 1.39-1.49 (1H, m, CiH, C-3 THF), 1.59-1.68
(1H, m, CHHp C-4 THF), 1.93-2.00 (1H, m, GHp C-3 THF), 2.16 (1H, dtd) 12.1 7.6 and 3.4,
CH.Hp C-4 THF), 3.73 (3H, s, OGH 4.08-4.15 (1H, m, CH C-2 THF), 4.57 (1H, app,tdd.2
4.9 and 1.4, CH C-5 THF), 5.99 (1H, dd15.6 and 1.4, HC=C(H)C®e), 6.89 (1H, ddJ 15.6
and 4.9, HC=C(H)CeMe), 7.34-7.36 (3H, m, SiPh), 7.51-7.54 (2H, m, IBjR¢ (100.6 MHz;
CDCl3) -2.3 (SiCH), —-1.9 (SiCH), 23.9 (SiCH), 32.5 (CH, C-4 THF), 34.8 (ChH C-3 THF),
51.6 (OCH), 76.7 (CH, C-5 THF), 77.7 (CH, C-2 THF), 119.2QHC(H)CQMe), 127.9 (2 xn-
CH, SiPh), 129.1-CH, SiPh), 133.7 (2 ®-CH, SiPh), 139.1 (C, SiPh), 149.6 (HC=C(H){2),
167.2 (HC=C(H)CGMe); LRMS (EI, m/2): M" not visible, 289 ([M-Mg€] 22%), 227 (26), 185
(32), 151 (37), 135 (100), 121 (17); HRMS (ES$#72) 327.1381 [M+Na], Ci7H»405Si requires
327.1387.

Cis diasterecisomer: (0.034 g, 0.11 mmol, 11%)R: 0.48 [20% diethyl ether : hexane];
vmafilm)/cm™ 3069, 2952, 1720 (C=0), 1646 (C=C), 1176 (C-O}2,11025 (C-O), 818 (Si-C);
oy (400 MHz; CDC}) 0.32 (3H, s, SiCh), 0.33 (3H, s, SiCk, 1.09 (1H, ddJ 14.3 and 8.6,
SiCH;Hp), 1.34 (1H, dd,J 14.3 and 6.0, SiCily), 1.37-159 (2H, m, overlapping signals g C-

3 THF and CHEH, C-4 THF), 1.90-1.97 (1H, m, GH, C-3 THF), 2.37 (1H, dtd] 12.2 7.3 and 2.4,
CHgHp C-4 THF), 3.70 (3H, s, OC# 4.01 (1H, ttJ 8.5 and 5.7, CH C-2 THF), 5.39 (1H, applq,
7.4, CH C-5 THF), 5.73 (1H, dd,11.6 and 1.3, HC=C(H)CM®e), 6.27 (1H, dd,) 11.6 and 7.4,
HC=C(H)CQMe), 7.34-7.36 (3H, m, SiPh), 7.51-7.54 (2H, m,§iBc (100.6 MHz; CDGJ) -2.2
(SICHg), —1.9 (SiCH), 23.7 (SiCH), 33.2 (CH, C-4 THF), 34.9 (Chl C-3 THF), 51.4 (OCHh),
74.9 (CH, C-5 THF), 77.6 (CH, C-2 THF), 118.3 (HGHICO,Me), 127.9 (2 xm-CH, SiPh),
129.1 p-CH, SiPh), 133.7 (2 »-CH, SiPh), 139.2 (C, SiPh), 152.9 (HC=C(H)®4@), 166.5
(HC=C(H)CQMe); LRMS (EI', m2): M" not visible, 289 ([M-Me] 22%), 227 (26), 185 (32), 151
(37), 135 (100), 121 (17); HRMS (ES®/2) 327.1382 [M+Nal, C,7H240sSi requires 327.1387.

(¥)-1-Phenyl-1-(2-((triisopropylsilyl)methyl)tetrahydrofuran-5-yl)but-3-en-1-ol (20)
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To a stirred solution of phenyl(5-((triisopropylg)imethyl)tetrahydrofuran-2-yl)methanone (0.18 g,
0.52 mmol) in THF (3.5 mL) at 0 °C was added a sotuof allylmagnesium chloride (2 M
solution in THF, 0.32 mL, 0.64 mmol). The mixtusmas stirred at O °C for 1 h then warmed to
room temperature and stirred for a further 14 the mixture was cooled to 0 °C, quenched with
10% w/v aqueous ammonium chloride solution (10 mL), warnmtedroom temperature and
partitioned between water and diethyl ether. Thgaoic phase was separated and the aqueous
phase extracted with diethyl ether (3 x 10 mL).e Hombined organic layers were washed with
brine (10 mL), dried (MgS¥), filtered and concentrated vacuo to give the impure product (0.22
g) as a yellow oil. Purification by flash columhromatography [silica gel, gradient elution 100%
hexane — 20% diethyl ether : hexane] afforded tvuastdreocisomers of the title compound
(combined yield 0.17 g, 0.44 mmol, 85%) as col@asleils:

Major diasterecisomer: (0.12 g, 0.31 mmol, 60%)R: 0.54 [20% diethyl ether : hexane];
vma{film)/cm™ 3556 (O-H), 2941, 2864, 1640 (C=C), 1463, 144®3] 1066, 8818 (400 MHz;
CDCl;) 0.85 (1H, dd,J 14.4 and 6.3, SiCi), 0.94-1.02 (22H, m, overlapping signals
'PrSiICHHy), 1.41-1.51 (1H, m, Cil, C-3 THF), 1.78-1.88 (1H, m, GHp C-4 THF), 1.90-1.99
(2H, m, overlapping signals GH, C-3 and CkEHy C-4 THF), 2.46 (1H, s, OH), 2.54 (1H, dd,
13.9 and 8.0, CHH,CH=CH,), 2.81 (1H, ddJ 13.9 and 6.5 CHH,CH=CH,), 3.96-4.03 (1H, m,
CH C-2 THF), 4.24 (1H, ddJ 8.9 and 6.0, CH C-5 THF), 5.03 (1H, dd]10.2 and 1.0,
CH=CHansHdis), 5.08 (1H, br dJ 17.2, CH=CHanHgis), 5.55 (1H, dddd) 17.2 10.1 7.8 and 6.6,
CH=CHansHdis), 7.23 (1H, br tJ 7.0,p-CH Ph), 7.32 (2H, br 11 7.5, 2 xm-CH Ph), 7.48 (2H, br d,

J 8.0, 2 x0-CH Ph);5¢ (100.6 MHz; CDGJ) 11.4 (3 x CH SPr), 17.5 (SiCH), 18.9 (3 x CH
SiPr), 18.9 (3 x CH SiPr), 27.6 (CH, C-4 THF), 36.3 (Chl C-3 THF), 43.3 (ChCH=CH,),
76.9 (COH), 78.3 (CH, C-2 THF), 84.4 (CH, C-5 THE)}L8.9 (CH=CH), 126.3 (2 x0-CH, Ph),
126.7 p-CH, Ph), 127.8 (2 »-CH, Ph), 133.5 (CH=C}, 143.9 (C, Ph); LRMS (E)m/2): M" not
visible, 345 ([M-Pr]", 27%), 303 (25), 261 (13), 241 (31), 157 (1001 {80), 115 (58), 105 (63),
103 (70), 87 (27), 75 (43); HRMS (ESRY2) 406.3131 [M+NH]", CxH4O.NSi requires
406.3136.

Minor diastereoisomer: (0.05 g, 0.13 mmol, 25%)R: 0.68 [20% diethyl ether : hexane];
vma{film)/cm™ 3560 (O-H), 2941, 2864, 1640 (C=C), 1463, 14479111066, 8815, (400 MHz;
CDCl;) 0.93 (1H, dd,J 14.4 and 6.3, SiCif,), 1.05-1.13 (22H, m, overlapping signals
'Pr:SiICHHy), 1.35-1.48 (2H, m, C-3/4 THF), 1.63-1.73 (2H, @3/4 THF), 1.93-2.03 (1H, m, C-
3/4 THF), 2.41 (1H, s, OH), 2.69 (1H, dH14.3 and 6.6, CiH,CH=CH,), 2.81 (1H, ddJ 14.3 and
7.8 CHH,CH=CH,), 4.21-4.28 (2H, m, overlapping signals CH C-2 Taitel CH C-5 THF), 4.95-
5.04 (2H, m, overlapping signals CH=GkHH.s), 5.58 (1H, ddddJ 17.0 10.2 7.8 and 6.6,

CH=CHyanHaie), 7.22 (1H, br tJ 7.2,p-CH Ph), 7.32 (2H, br dd} 8.1 and 7.2, 2 ®m-CH Ph), 7.38
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(2H, br d,J 8.1, 2 x0-CH Ph):5¢ (100.6 MHz; CDCJ) 11.5 (3 x CH 9Pr), 17.6 (SiCH), 19.0 (6

x CHg SiPR), 27.7 (CH, THF), 36.4 (CH THF), 45.8 (CHCH=CH,), 76.7 (COH), 79.8 (CH, C-2
THF), 84.4 (CH, C-5 THF), 118.1 (CH=GH 125.3 (2 %0-CH, Ph), 126.6-CH, Ph), 128.1 (2 x
m-CH, Ph), 134.1 (CH=Cp), 142.8 (C, Ph): LRMS (&) m/z): M* not visible, 345 ([MiPIT",
20%), 303 (28), 261 (35), 241 (26), 157 (100), 189), 115 (78), 105 (85), 103 (91), 75 (68);
HRMS (ESP2) 406.3130 [M+NH]", C4H440-NSi requires 406.3136.

(1)-(2-((Dimethyl(phenyl)silyl)methyl)tetrahydrofur an-5-yl)(phenyl)methanol (21a)
The following procedure was carried out on a raofyscales from 0.2 mmol to 2 mmol: To a
stirred solution of 2-((dimethyl(phenyl)silyl)methetrahydrofuran-5-yl)(phenyl)methanone (0.13
g, 0.40 mmol) in HPLC grade methanol (3.0 mL) d00was added in one portion NaBK.02 g,
0.52 mmol). The mixture was stirred at 0 °C uaffervescence had ceased then warmed to room
temperature and stirred for a further 2 h. Thetiea was quenched by the addition of acetic acid
(10 drops), concentrated to approximately one quart the volume under reduced pressure and
partitioned between dichloromethane (10 mL) ancewgltO mL). The organic phase was separated
and the aqueous phase extracted with dichloromeat{@ax 10 mL). The combined organic layers
were washed with brine (10 mL), dried (MggQOfiltered and concentratad vacuo to give the
crude product (0.11 g) as a cloudy colourless éturification by flash column chromatography
[silica gel, gradient elution 100% hexane — 30%ldikeether : hexane] afforded title compound as
an inseparable mixture of the two diastereoisorf@mbined yield 0.11 g, 0.34 mmol, 8566,2.5
: 1) as colourless oil&; 0.36 [30% diethyl ether : hexane}a(film)/cm™ 3440 (O-H), 2955, 2864,
1452, 1248, 1194, 1026, 838lajor Diastereoisomer: oy (400 MHz; CDC}4) 0.38 (3H, s, SiCh),
0.39 (3H, s, SiCh), 1.13 (1H, dd,J 14.2 and 7.6, SiCily), 1.12 (1H, dd,J 14.2 and 6.6,
SiCH.Hp), 1.37-1.66 (2H, m, Chitp C-3 and CkH, C-4 THF), 1.73 (1H, dddd}, 12.5, 8.2, 7.3 and
2.9, CHHy C-4 THF), 1.81-2.02 (1H, m, GHy, C-3 THF), 3.03 (1H, dJ 2.2, OH), 4.06 (1H, qJ
7.4, CH C-5 THF), 4.12-4.20 (1H, m, CH C-2 THFB9(1H, ddJ 7,7 and 2.2, HCOH), 7.25-7.42
(8H, m, Ar), 7.54-7.59 (2H, m, Ar)¥c (100.6 MHz; CDGJ) -2.2 (SIiCH), —2.0 (SiCH), 23.7
(SICH), 28.6 (CH, C-4 THF), 35.2 (Ch C-3 THF), 77.3 (COH), 77.5 (CH, C-2 THF), 82.HC
C-5 THF), 127.2 (CH, Ar), 127.9 (CH, Ar), 127.9HCAr), 128.4 (CH, Ar), 129.1 (CH, Ar), 133.6
(CH, Ar), 139.1 (C, Ar), 140.5(C, ArMinor Diastereoisomer: &y (400 MHz; CDC}) 0.35 (3H, s,
SiCHg), 0.36 (3H, s, SiChJ, 1.10 (1H, dd,J 14.2 and 8.2, SiCiHi,), 1.36 (1H, dd,) 14.2 and 6.3,
SiCHHp), 1.37-1.66 (2H, m, CiH, C-3 and CkHH, C-4 THF), 1.81-2.02 (2H, m, GHy, C-3 and
CH.Hp C-4 THF), 2.62 (1H, dJ 2.5, OH), 4.12-4.20 (2H, m, CH C-2 THF and CH J43F),
4.91(1H, br t,J 3.1, HCOH), 7.25-7.42 (8H, m, Ar), 7.54-7.59 (2M, Ar); &¢c(100.6 MHz;
CDCl) -2.2 (SiCH), -2.0 (SiCH), 24.2 (SiCH), 25.7 (CH, C-4 THF), 35.0 (Chl C-3 THF), 74.2
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(COH), 78.5 (CH, C-2 THF), 82.0 (CH, C-5 THF),12¢QH, Ar), 127.3 (CH, Ar), 128.0 (CH,
Ar), 128.2 (CH, Ar), 129.0 (CH, Ar), 133.6 (CH, Ar}139.1 (C, Ar), 140.5(C, Ar); LRMS (El
m/2): M* not visible, 219 ([M-BnOH], 12%), 135 (100), 107 (7), 75 (13); HRMS (ES#2)
344.2039 [M+NH]", CoH300:NSi requires 344.2040. Diastereoselectivity cakaddy analysis of
the 'H NMR integrals for the HCOH proton at 4.39 (majiastereoisomer) and 4.91 ppm (minor

diastereoisomer).

(x)-Phenyl(2-((triisopropylsilyl)methyl)tetrahydrof uran-5-yl)methanol (21b)
To a stirred solution of phenyl(2-((triisopropylig)imethyl)tetrahydrofuran-5-yl)methanone (0.40 g,
1.16 mmol) in HPLC grade methanol (7.0 mL) at OW&s added in one portion NaBKD.11 g,
2.90 mmol). The mixture was stirred at 0 °C uaffervescence had ceased then warmed to room
temperature and stirred for a further 15 h. Tlaetien was quenched by the addition of acetic acid
(0.1 mL), concentrated to approximately one quanfethe volume under reduced pressure and
partitioned between dichloromethane (10 mL) ancewgltO mL). The organic phase was separated
and the aqueous phase extracted with dichloromet(@ax 10 mL). The combined organic layers
were washed with brine (10 mL), dried (MggQfiltered and concentratad vacuo to give the
crude product (0.33 g) as a cloudy colourless @&urification by flash column chromatography
[silica gel, gradient elution 100% hexane — 20%ldjikeether : hexane] afforded title compound as
an inseparable mixture of the two diastereoisorf@msbined yield 0.31 g, 0.89 mmol, 77 %, dr 2.6
: 1) as a colourless oiR; 0.29 [20% diethyl ether : hexane}a(film)/cm™ 3426 (O-H), 2940,
2864, 1462, 1195, 1027, 88Wajor Diastereoisomer: 6y (400 MHz; CDC}) 0.94 (1H, ddJ 14.5
and 6.8, SiCkHy), 1.03-1.12 (21H, m, overlapping signaldP®), 1.12 (1H, ddJ 14.5 and 7.4,
SiCHaHp), 1.42-1.79 (3H, m, CHC-3 and CHH,C-4 THF), 2.03-2.15 (1H, m, GH), C-4 THF),
3.06 (1H, dJ 1.6, OH), 4.08 (1H, g) 7.4, C-5 THF), 4.19-4.29 (1H, m, overlapping signa-2
THF), 4.42 (1H, ddJ 7.9 and 1.6, HCOH), 7.24-7.39 (5H, m, P#y;(100.6 MHz; CDGJ) 11.5
(3 x CH SiPr), 17.7 (SiCH), 19.0 (6 x CH SiPrs), 28.8 (CH, C-4 THF), 36.1 (Ch C-3 THF),
77.5 (COH), 77.6 (CH, C-2 THF), 83.0 (CH, C-5 THER7.2 (2 x0-CH, Ph), 128.0f-CH, Ph),
128.4 (2 xm-CH, Ph), 140.4 (C, PhMinor Diastereoisomer: oy (400 MHz; CDC}) 0.92 (1H, dd,
J14.4 and 7.9, SiCiHiy), 1.03-1.12 (22H, m, overlapping sign@SiCHaﬂb), 1.42-179 (2H, m,
overlapping signals CiH, C-3 and CHHy C-4 THF), 1.89 (1H, dddd] 12.2, 10.8, 9.1 and 7.6,
CH.Hp C-3 THF), 2.03-2.15 (1H, m, GH, C-4 THF), 2.59 (1H, dJ 2.5, OH), 4.19-4.29 (2H, m,
overlapping signals C-5 and C-2 THF), 4.91 (1H,aqigbearing as br ] 2.5, HCOH), 7.24-7.39
(5H, m, Ph):3c (100.6 MHz; CDGJ) 11.4 (3 x CH SPr), 17.1 (CH, 'PrSiCH,), 19.0 (6 x CH
SiPr), 26.0 (CH, C-4 THF), 35.7 (Ch C-3 THF), 74.3 (COH), 78.7 (CH, C-2 THF), 82.2HC
C-5 THF), 126.1 (2 »-CH, Ph), 127.4¢CH, Ph), 128.3 (2 »-CH, Ph), 140.5 (C, Ph); LRMS
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(EI", m/2): M* not visible, 305 ([MPr]", 9%), 287 (3), 263 (6), 241 (24), 157 (100), 1688)( 103
(86), 75 (50); HRMS (ESPm2z) 366.2822 [M+NH]*, C,1H40:NSi requires 366.2823.
Diastereoselectivity calculated by analysis of tHeNMR integrals for the HCOH proton at 4.42

(major diastereoisomer) and 4.91 ppm (minor diasisomer).

((2-(benzyloxy(phenyl)methyl)tetrahydrofuran-5-yl)methyl)dimethyl(phenyl)silane (22)

A 60% dispersion of sodium hydride in mineral dl2(0 mg, 0.50 mmol) was washed with
n-hexane (2 x 1 mL), dried under reduced pressureplatd under an atmosphere of argon. To
the resulting suspension dissolved in THF (1.5 mBy added, dropwise, benzyl bromide (0.06 g,
0.04 mL, 0.35 mmol) and a solution of (2-((dime{pyenyl)silyl)methyl)tetrahydrofuran-5-
yh)(phenyl)methanoRla (0.13 g, 0.38 mmol) in THF (1 mL) at room temparat The resulting
solution was stirred for 15 h at 30 °C and montoby TLC. After this time, the reaction was
partitioned between water (10 mL) and DCM (10 miod ahe organic layer separated. The
aqueous layer was extracted with DCM (3 x 10 mlhe ©rganic fractions were combined, washed
with brine (10 mL), dried (MgS§), filtered and concentratad vacuo to yield the impure product
as a colourless oil (0.26 g). Purification by flasolumn chromatography [silica gel, gradient
elution 100% hexane — 20% diethyl ether : hexaffefaded the title compound as an inseparable
mixture of 4 diastereoisomers (combined yield G318.31 mmol, 89%) as a colourless 640.76
[20% diethyl ether : hexane]; LRMS (Emz): 416 (IM]", 1%), 241 (9), 219 (10), 197 (12), 135
(200), 91 (72). Full characterisation of the pradwas not possible because of the number of

diastereoisomers present. The material was usix inext step without further purification.

(¥)-(5-(Benzyloxy(phenyl)methyl)tetrahydrofuran-2-yl)methanol (28)
(5-(Benzyloxy(phenyl)methyl)tetrahydrofuran-2-yl)thanol was prepared according to the
procedure reported by Fleminget al.*® To a stired solution of ((5-
(benzyloxy(phenyl)methyl)tetrahydrofuran-2-yl)meljldymethyl(phenyl)silane (0.12 g, 0.31 mmol)
in peracetic acid (30%t sol. in acetic acid, 3 mL) was added in one partiwercury (Il) acetate
(0.11 g, 0.35 mmol). The reaction was stirredZdr then washed with water (10 mL), sat. psS
(10 mL), sat. NaHC®(10 mL) The aqueous layer was extracted with DGV (10 mL) and the
organic fractions were combined, washed with br{@® mL), dried (MgS@Q), filtered and
concentratedn vacuo to yield the impure product as a white solid (0g)9Purification by flash
column chromatography [silica gel, gradient elute®Po hexane : diethyl ether — 100% diethyl
ether] isolated a single diastereocisomer of the tompound (0.03 g, 0.10 mmol, 32%) as a
colourless viscous oilR; 0.14 [80% diethyl ether : hexanelna(film)/cm™ 3439 (O-H), 3062,

3030, 2870, 1495, 1454, 1062 (C-@); (400 MHz; CDC}) 1.55-1.67 (3H, m, overlapping signals
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CH; C-4 and CHH, C-3 THF), 1.73-1.82 (1H, m, GH, C-3 THF), 2.16 (1H, br' s, OH), 3.43 (1H,
app dd,J 11.1 and 5.1, CiH,0OH), 3.66 (1H, app br d} 11.7, CHH,OH), 4.04-4.10 (1H, m, CH
C-2 THF), 4.24-4.31 (2H, m, overlapping signals CF6 THF and HCOBn), 4.34 (1H, 4,12.1
PhCHH0), 4.56 (1H, dJ 12.1, PhCEH,0), 7.24-7.39 (10H, m, Arfic (100.6 MHz; CDCJ) 27.3
(CH,, C-3 THF), 28.9 (Ch C-4 THF), 65.0 (CkiOH), 70.6 (PhCHD), 80.1 (CH, C-2 THF), 82.5
(CH, C-5 THF), 84.0 (HCOBN), 127.6 (p-CH, Ar), 1972 x 0-CH, Ar), 128.0 (2 %-CH, Ar),
128.2 p-CH, Ar), 128.4 (2 »m-CH, Ar), 128.5 (2 xm-CH, Ar), 138.5 (C, Ar), 139.0 (C, Ar);
LRMS (EI', m/2): 298 ([M]’, 1%), 197 (26), 101 (23), 91 (100), 57 (28); HRNESP, m/z)
316.1902 [M+NH)]", C1gH2603N requires 316.1907.

(x)-Phenyl(2-((triisopropylsilyl)methyl)tetrahydrof uran-5-yl)methyl acetate (23)
To a stirred solution of phenyl(2-((triisopropyid)imethyl)tetrahydrofuran-5-yl)methanol (0.05 g,
0.14 mmol) in DCM (5 mL) was added acetic anhydii@2e.0uL, 0.21 mmol) and in one portion
DMAP (4.00 mg, 0.03 mmol, 20 mol%). The reactiorxtmie was stirred at room temperature and
monitored by TLC. After 15 h the reaction was questt with a saturated solution of NaHE@
mL). The organic phase was separated and the agjpd@ase extracted with dichloromethane (3 x
10 mL). The combined organic layers were washeH fitne (10 mL), dried (MgS§), filtered and
concentratedn vacuo to give the crude product (0.03 g) as a colourteksPurification by flash
column chromatography [silica gel, gradient eluti®0% hexane — 20% diethyl ether : hexane]
afforded title compound as an inseparable mixtfiteetwo diastereocisomers (combined yield 31.0
mg, 0.08 mmol, 57%gdr 2.4 : 1) as colourless oild¥ 0.58 [20% diethyl ether : hexane];
vma(film)/cm™ 2940, 2864, 1742 (C=0), 1462, 1368, 1232, 1022; BBor Diasterecisomer: &y
(400 MHz; CDC}$) 0.91 (1H, dd,) 14.5 and 6.7, SiCiHl), 0.99-1.10 (22H, m, overlapping signals
'PrSiCH.Hy), 1.38-1.48 (1H, m, Cit, C-3 THF), 1.50-1.59 (1H, m, GHp, C-4 THF), 1.67-1.74
(1H, m, CHHy C-4 THF), 1.93-2.05 (1H, m, GH, C-3 THF), 2.07 (3H, s, COH;), 4.11-4.18
(1H, m, CH C-2 THF), 4.29-4.35 (1H, m, CH C-5 THB)61 (1H, dJ 7.9, HCO), 7.27-7.36 (5H,
m, Ar); 8¢ (100.6 MHz; CDGJ) 11.4 (3 x CH SPrs), 17.0 (SiCH), 19.0 (6 x CH SiPr), 21.4
(CHs, CO,CHsy), 29.3 (CH, C-4 THF), 35.8 (Ch C-3 THF), 77.5 (CH, C-2 THF), 78.4 (HCO),
79.8 (CH, C-5 THF), 127.7 (CH, Ar), 128.2 (CH, Af)28.5 (CH, Ar), 137.9 (C, Ar), 170.4 (C,
CO,CHzg); Minor Diastereoisomer: oy (400 MHz; CDC4) 0.85 (1H, ddJ 14.4 and 7.4, SiCitiy),
0.99-1.10 (22H, m, overlapping signéﬂ_&rgsiCHaﬂb), 1.38-1.48 (1H, m, CHH, C-3 THF), 1.79-
1.88 (1H, m, CEHp C-4 THF), 1.93-2.05 (2H, m, GHy C-3 and CHH, C-4 THF), 2.10 (3H, s,
CO,CHjy), 3.97 (1H, dtd,J 9.0 7.1 and 5.1, CH C-2 THF), 4.29-4.35 (1H, m, C#5 THF), 5.76
(1H, d,J 6.6, HCO), 7.27-7.36 (5H, m, Aryc (100.6 MHz; CDCJ) 11.4 (3 x CH SPr), 17.0
(SiCH,), 19.0 (6 x CH SiPr), 21.4 (CQCHs), 28.4 (CH, C-4 THF), 35.6 (CH C-3 THF), 77.6
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(HCO), 78.1 (CH, C-2 THF), 80.0 (CH, C-5 THF), 121{CH, Ar), 128.0 (CH, Ar), 128.2 (CH,
Ar), 137.8 (C, Ar), 170.4 (C, CTH»); LRMS (EI', m/2): M not visible, 331 ([M—-CGMe]’, 2%),
241 (18), 173 (100), 157 (71), 115 (25), 75 (L9RMB (ESPM2) 391.2665 [M+H], CooH3905Si
requires 391.2663. Diastereoselectivity calculégdnalysis of théH NMR integrals for the HCO

proton at 5.61(major diastereoisomer) and 5.76 gpmor diastereoisomer).

(x)-Phenyl-(2-((triisopropylsilyl)ymethyl)tetrahydro furan-5-yl)methyl 4-nitrobenzoate (24)
To a stirred solution of 4-nitrobenzoic acid (1.0 6.00 mmol) in DCM (10 mL) at room
temperature was added oxalyl chloride (1.50 g, @5 12.0 mmol) and DMF (5 drops). The
reaction was stirred for 3 h at room temperatuie the volatiles removed under reduced pressure
to give a crystalline solid. The residue was talkpnn DCM (10 mL) to give a 0.6 M solution of 4-
nitrobenzoyl chloride in DCM which was used immeeligin the next reaction.
To a stirred solution of phenyl(5-((triisopropyid)imethyl)tetrahydrofuran-2-yl)methanol (0.31 g,
0.89 mmol) in DCM (2 mL) was added a solution asfly prepared 4-nitrobenzoyl chloride in
DCM (0.6 M, 1.70 mL, 1.00 mmol). To the resultipgllow/orange solution was added dropwise
triethylamine (0.20 g, 0.30 mL, 2.00 mmol) and DMA&P crystal). After 24 h the reaction had
become a red/brown colour and was partitioned batweater (10 mL) and DCM (10 mL). The
organic phase was separated, washed with awi@%aqueous sodium hydrogen carbonate solution
(10 mL) and the aqueous phase extracted with dioimethane (3 x 10 mL). The combined
organic layers were washed with brine (10 mL), di(€lgSQ), filtered and concentrated vacuo
to give the impure product as a brown gum. Puiion by flash column chromatography [silica
gel, gradient elution 100% hexane — 20% diethykethhexane] afforded title compound as an
inseparable mixture of diastereoisomers (combinetd y0.29 g, 0.64 mmol, 72%r 3 : 1) as
colourless viscous oilsR; 0.44 [20% diethyl ether : hexanelya(film)/cm™ 2941, 2864, 1727
(C=0), 1529 (N=0), 1463, 1346 (N=0), 1270, 11012;84ajor Diastereoisomer: 5y (400 MHz;
CDCls) 0.84-1.08 (23H, m, overlapping signéiﬂgsiCtlz), 1.45-1.55 (1H, m, CiH, C-3 THF),
1.60-1.67 (1H, m, CHH, C-4 THF), 1.80 (1H, dtd) 12.6 7.5 and 2.3, GH), C-4 THF), 2.02-2.13
(1H, m, CHH, C-3 THF), 4.20 (1H, ttJ 8.4 and 5.5, CH C-2 THF), 4.46-4.53 (1H, m, CH C-5
THF), 5.89 (1H, dJ 8.0, HCO), 7.31-7.46 (5H, m, Ar), 8.23-8.32 (4H, Ar); 6c (100.6 MHz;
CDCls) 11.5 (3 x CH SPrs), 17.0 (SiCH), 19.0 (6 x CH SiPrs), 29.4 (CH, C-4 THF), 36.3 (Chj
C-3 THF), 77.7 (CH, C-2 THF), 80.0 (CH, C-5 THF).8 (HCO), 123.5 (CH, Ar), 127.7 (CH, Ar),
128.5 (CH, Ar), 128.7 (CH, Ar), 131.0 (CH, Ar), 134C, Ar), 137.2 (C, Ar), 150.6 (C, Ar), 164.0
(C=0); Minor Diastereoisomer: 6y (400 MHz; CDC4) 0.84-1.08 (23H, m, overlapping signals
'PrSiCH,), 1.45-1.55 (1H, m, CiHy, C-3 THF), 1.87-1.97 (1H, m, GHy, C-4 THF), 2.02-2.13
(1H, m, CHHp C-3 and CHH,, C-4 THF), 3.97-4.20 (1H, m, CH C-2 THF), 4.46-48, m, CH
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C-5 THF), 6.04 (1H, dJ 4.4, HCO), 7.31-7.46 (5H, m, Ar), 8.23-8.32 (4H, An); 5 (100.6 MHz;
CDCls) 11.4 (3 x CH SPr3), 17.1 (SiCH), 19.0 (6 x CH SiPr), 28.5 (CH, C-4 THF), 35.9 (Ch
C-3 THF), 78.4 (CH, C-2 THF), 79.2 (HCO), 80.0 (GEt5 THF), 123.7 (CH, Ar), 127.5 (CH, Ar),
128.4 (CH, Ar), 128.8 (CH, Ar), 130.9 (CH, Ar), 186C, Ar), 137.0 (C, Ar), 150.7 (C, Ar), 163.9
(C=0); LRMS (EI, m'2): M* not visible, 280 (100), 241 (5), 157 (46), 150)(30L5 (14), 91 (11);
HRMS (ESP, nVz) 498.2664 [M+H], CeHiOsNSi requires 498.2670. Diastereoselectivity
calculated by analysis of tHel NMR integrals for the HCO proton at 5.89 (majé@stereoisomer)

and 6.04 ppm (minor diasterecisomer).

O-(2-((dimethyl(phenyl)silyl)methyl)tetrahydrofuran- 5-yl)(phenyl)methyl-S-methyl
carbonodithioate
O-(2-((dimethyl(phenyl)silyl)methyl)tetrahydrofurasyl)(phenyl)methylS-methyl
carbonodithioate was prepared according to theepiare reported by Caltet al.*’ To a stirred
solution of (2-((dimethyl(phenyl)silyl)methyl)tetngdrofuran-5-yl)(phenyl)methanol (0.41 g, 1.30
mmol) in THF (25 mL) at 0 °C was added carbon dikide (5.41 mL, 90.0 mmol) and
diiodomethane (5.30 mL, 85.0 mmol). The mixtureswgirred at O °C for 30 min followed by the
addition of sodium hydride (60% suspension in nmaheil, 0.10 g, 2.50 mmol). The reaction was
stirred for 1 h at 0 °C and then quenched by thbtiath of crushed ice (30 g) and allowed to warm
to room temperature. The organic layer was segdrand the aqueous layer was extracted with
DCM (3 x 10 mL). The organic fractions were condaln washed with brine (10 mL), dried
(MgSQy), filtered and concentratad vacuo to yield the impure product as a yellow oil (059
Purification by flash column chromatography [siligal, gradient elution 100% hexane — 10%
diethyl ether : hexane] afforded the title compowsd inseparable mixture of diastereoisomers
(combined yield 0.37 g, 0.85 mmol, 694, 2.5 : 1) as a colourless o 0.75 and 0.70 [20%
diethyl ether : hexane]ymadfilm)lcm™ 2954, 2864, 1427, 1209, 1112, 1049, 8Major
Diastereoisomer: 4y (400 MHz; CDC4) 0.39 (3H, s, SiCh), 0.41 (3H, s, SiCk), 1.14 (1H, ddJ
14.4 and 6.9, SiCily), 1.33 (1H, ddJ 14.4 and 7.4, SiCi), 1.39-1.49 (1H, mCH.H, C-3
THF), 1.60-1.70 (1H, m, Cii, C-4 THF), 1.78-1.86 (1H, m, GH, C-4 THF), 1.89-2.07 (1H, m,
CHHp C-3 THF), 2.59 (3H, s, SG) 4.15 (1H, dtdJ 8.9 7.1, 5.2, CH C-2 THF), 4.55 (1H, q,
J7.2, C-5 THF), 6.51 (1H, dJ 7.1, HCOC), 7.32-7.44 (8H, m, Ar), 7.59-7.61 (2, Ar);
0c (100.6 MHz; CDCJ) —-2.3 (SiCH), —2.0 (SiCH), 19.0 (SMe), 23.5 (SiChi 29.0 (CH, C-4
THF), 35.2 (CH, C-3 THF), 77.7 (CH, C-2 THF), 79.7 (CH, C-5 THBR.7 (HCOC), 127.9 (CH,
Ar), 128.1 (CH, Ar), 128.5 (2 overlapping CH, Af)29.0 (CH, Ar), 133.8 (CH, Ar), 136.7 (CH,
Ar), 139.2 (C, Ar), 214.9 (OCG#e); Minor Diastereoisomer: oy (400 MHz; CDC}) 0.34 (3H, s,
SiCHg), 0.35 (3H, s, SiCH), 1.09 (1H, ddJ 14.5 and 6.8, SiCitty), 1.29 (1H, ddJ 14.5 and 7.0,
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SiICHHp), 1.39-1.49 (1H, m, Cifl;, C-3 THF), 1.89-2.07 (3H, m, GH, C-3 and CH C-4 THF),
2.59 (1H, s, SCH), 4.02-4.09 (1H, m, CH C-2 THF), 4.49 (1H, tH7.1 and 4.7, CH C-5 THF),
6.61 (1H, dJ 4.7, HCOC), 7.32-7.44 (8H, m, Ar), 7.54-7.57 (2, Ar); 5c (100.6 MHz; CDGJ)
-2.4 (SICH), —2.3 (SiCH), 19.1 (SMe), 23.7 (SICh\, 28.1 (CH, C-4 THF), 35.0 (Chl C-3 THF),
78.1 (CH, C-2 THF), 80.0 (CH, C-5 THF), 86.1 (COHR7.6 (CH, Ar), 127.8 (CH, Ar), 128.2
(CH, Ar), 128.4 (CH, Ar), 129.0 (CH, Ar), 133.7 (CHAr), 139.2 (C, Ar), 214.9 (OGSle), one
aromatic carbon not visible; HRMS (ESRYz) 434.1635 [M+NH]", C,H1,0.NSSi requires
434.1638. Diastereoselectivity calculated by arnslgsthe’H NMR integrals for the HCOH proton

at 6.51 (major diastereoisomer) and 6.61 ppm (ninstereocisomer).

(¥)-((5-Benzyltetrahydrofuran-2-yl)methyl)dimethyl( phenyl)silane (25)

A stirred solution ofO-(5-((dimethyl(phenyl)silyl)methyl)tetrahydrofura2vyl)(phenyl)methylS
methyl carbonodithioate (0.20 g, 0.48 mmol) anehtbutyltin hydride (0.67 mL, 2.50 mmol) in
toluene (5.5 mL) was degassed with nitrogen. Teor#action mixture at reflux temperature was
added portionwise AIBN (3 x 0.005 g, 0.05 mmol,mo61%), after 3 h the reaction was cooled and
concentratedn vacuo to yield the impure product as a yellow oil. Pigation by flash column
chromatography [silica gel, gradient elution 100&&xdne — 10% diethyl ether : hexane] afforded
the title compound as a single diastereoisof@dr3 g, 0.40 mmol, 84%) as a colourless oil (Found
C, 77.1; H, 8.4. gH»0Si requires C, 77.4; H, 8.4%R: 0.4 [10% diethyl ether : hexane],
vmafilm)/cm™ 2957, 1247, 1112, 1074, 835, 859;(600 MHz; CDC}) 0.31 (3H, s, SiCh), 0.33
(3H, s, SIiCH), 1.09 (1H, ddJ 14.2 and 8.1, SiCiHi,), 1.32 (1H, ddJ 14.2 and 6.3, SiClH),
1.35-1.41 (1H, m, CHHp, C-3 THF), 1.52-1.58 (1H, m, GH, C-4 THF), 1.90-1.96 (2H, m,
overlapping signals Cil, C-4 and CkEH, C-3 THF), 2.67 (1H, dd] 13.5 and 6.8, PhCH,), 2.91
(1H, dd,J 13.5 and 6.2, PhCHy,), 4.11 (1H, app tt) 8.2 and 5.8, CH C-2 THF), 4.55 (1H, app dq,
J7.9and 6.4, CH C-5 THF), 7.19-7.21 (3H, m, ArR6¢7.31 (2H, m, Ar), 7.33-7.37 (3H, m, Ar),
7.52-54 (2H, m, Ar)pc (100.6 MHz; CDGJ) -2.2 (SICH), —1.9 (SiCH), 24.2 (SiCH), 32.2 (CH,
C-4 THF), 35.0 (CH, C-3 THF), 42.5 (PhC}), 76.7 (CH, C-2 THF), 78.9 (CH, C-5 THF), 126.2
(CH, Ar), 127.9 (CH, Ar), 128.3 (CH, Ar), 129.0 (CHr), 129.4 (CH, Ar), 133.8 (CH, Ar), 139.2
(C, Ar), 139.4 (C, Ar); LRMS (ElL m/2): M" not visible, 295 ([M-Me], 2%), 233 (4), 219 (19),
135 (100), 105 (6), 91 (20), 75 (20); HRMS (E$&#2) 328.2093 [M+NH]", C,0H3,0ONSiI requires
328.2091.

(x)-(2-Methyl-5-((triisopropylsilyl)methyltetrahyd rofuran-2-yl)(phenyl)methanone (26)
A 60% dispersion of sodium hydride in mineral &l(d3 g, 0.83 mmol) was washed witthexane

(2 x 2 mL), dried under reduced pressure and placetr an atmosphere of argon. The residue
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was suspended in THF (1.5 mL) followed by the dngewaddition of a solution of phenyl(5-
((triisopropylsilyl)methyl)tetrahydrofuran-2-yl)mesnone (0.19 g, 0.55 mmol) in THF (1 mL).
After effervescence had ceased and the reactiorbbaome yellow, diiodomethane (0.12 g, 0.05
mL, 0.83 mmol) was added and the reaction stireed2fh at room temperature and monitored by
TLC. The reaction was quenched with 0.1 M HCI (10),meutralised with saturated aqueous
sodium hydrogen carbonate solution (10 mL) anddtganic layer separated. The aqueous layer
was extracted with DCM (3 x 10 mL). The organiccfrans were combined, washed with brine (10
mL), dried (MgSQ), filtered and concentrated vacuo to yield the impure product as a pale yellow
oil (0.16 g). Purification by flash column chromgtaphy [silica gel, gradient elution 100% hexane
— 10% diethyl ether : hexane] afforded an inseparaastereoisomeric mixture of compound
(combined yield 0.15 g, 0.42 mmol, 76@6,1.5 : 1) as a colourless oi¥; 0.53 [10% diethyl ether :
hexane]vmafilm)/cm™ 2941, 2864, 1681, 1462, 1091, 88Bjor Diasterecisomer: 5y (600 MHz;
CDCl3) 0.97 (1H, dd,J 14.6 and 7.2, SiCMH,), 1.92-1.12 (22H, m, overlapping signals
'Pr:SICHHy), 1.43 (1H, ddt) 12.1 10.2 and 8.3, GH, C-4 THF), 1.55 (3H, s, Me) 1.79 (1H, ddd,
J 12.8 10.2 and 7.5, GH,, C-3 THF), 2.06 (1H, dddd] 12.1 7.6 5.4 and 3.1, GH, C-4 THF),
2.82 (1H, dddJ 12.8 8.1 and 3.1, CH, C-3 THF), 4.36 (1H, dddd} 8.9 7.2 6.8 and 5.4, CH C-5
THF), 7.37-7.40 (2H, mn-CH Ph), 7.47-7.51 (1H, np-CH Ph), 8.19 (2H, dd] 8.4 and 1.3p-CH
Ph); 3¢ (100.6 MHz; CDCJ) 11.3 (3 x CH SPr), 17.4 (SiCH), 18.9 (6 x CH SiPr), 26.4 (CH),
35.2 (CH, C-4 THF), 37.1 (Ch C-3 THF), 78.8 (CH, C-5 THF), 88.9 (CH, C-2 THER7.9 (2 x
m-CH, Ph), 130.6 (2 x0-CH, Ph), 132.4 g-CH, Ph), 135.4 (C, Ph), 203.0 (C=0OMinor
Diastereoisomer: &y (600 MHz; CDC}) 1.92-1.12 (22H, m, overlapping sign&%SiCH.Hy), 1.14
(1H, dd,J 14.5 and 7.0, SiCly) 1.59-1.60 (1H, m, C-4 THF), 1.61 (3H, s, Me) 1(&8{, ddd,J
12.7 9.1 and 5.0, CHi, C-3 THF), 1.98-2.03 (1H, m, GHy, C-4 THF), 2.67 (1H, dt) 12.7 and
8.1, CHHy C-3 THF), 3.94 (1H, m, C-5 THF), 7.37-7.40 (2H,mCH, Ph), 7.47-7.51 (1H, np-
CH, Ph), 8.17 (2H, dd] 8.4 and 1.20-CH Ph);5¢(100.6 MHz; CDC}) 11.4 (3 x CH $Pr;), 17.8
(SiCH,), 18.9 (6 x CH SiPr), 27.0 (CH), 34.7 (CH, C-4 THF), 36.2 (Chl C-3 THF), 78.4 (CH,
C-5 THF), 88.9 (CH, C-2 THF), 128.0 (2ms-CH, Ph), 130.1 (2 »%-CH, Ph), 132.5g-CH, Ph),
135.2 (C, Ph), 204.9 (C=0); LRMS (Ev/2): M* not visible, 317 ([M*Pr]", 70%), 255 (100), 157
(59), 115 (65), 105 (67), 91 (27), 77 (32); HRMSSEM2) 361.2554 [M+NH]"*, CxHs/0,Si
requires 361.2557. Diastereoselectivity calculdtganalysis of théH NMR integrals for the C-5
protons of the THF ring, 4.36 (major diastereoisgraad 3.94 ppm (minor diastereocisomer).

(¥)-2-((dimethyl(phenyl)silyl)methyl)tetrahydrofura n-5-yl)(4'-methoxybiphenyl-4-
yl)methanone (27)
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To a stirred mixture of 4-methyloxyphenyl boronmda(0.034 g, 0.22 mmol), potassium carbonate
(0.041 g, 0.30 mmol), (1)-2-((dimethyl(phenyl)sijiyiethyl)tetrahydrofuran-5-yl)(4-
bromophenyl)methanone (0.060 g, 0.15 mnralns diastereoisomer) in dioxane/water (10 : 1, 1.5
mL) was added and bis(triphenylphosphine)palladidichloride (0.021 g, 0.03 mmol). The
resulting mixture was degassed with nitrogen, fteate90 °C and monitored by TLC. After 24 h
the reaction was diluted with diethyl ether antefiégd through a pad of silica washing with diethyl
ether (2 x 10 mL). The filtrate was concentratedacuo to give the impure product as a brown oll
(0.14 g). Purification by flash column chromatqgra [silica gel, gradient elution 100% hexane —
20% diethyl ether : hexane] afforded the desireipct as a white solid (0.053 g, 0.12 mmol, 82%,
dr (trans : cis) 1 : 0.08); R 0.17 [20% diethyl ether : hexane]; mp 179-183 °@x@ne);
vma(film)/cm™ 2953, 1687 (C=0), 1599, 1248, 1180, 1112, 8201(Si726;trans diastereoisomer:
oy (400 MHz; CDCY) 0.35 (6H, s, Si(CH)y), 1.14 (1H, dd)J 14.2 and 8.1, SiClly), 1.44 (1H, dd,

J 14.2 and 6.2, SiCifiy), 1.49 (1H, app dqg) 11.8 and 8.7, CiH, C-3 THF), 1.97-2.04 (1H, m,
CH.Hp C-3 THF), 2.13-2.23 (1H, m, GHy, C-4 THF), 2.26-2.34 (1H, m, GH, C-4 THF), 3.87
(3H, s, OMe), 4.18-4.26 (1H, m, CH C-2 THF), 5.28i( dd,J 8.0 and 6.8, CH C-5 THF), 7.00
(2H, app dJ 8.6, Ar), 7.33-7.36 (3H, m, Ar), 7.51-7.65 (2H, Ar), 7.58 (2H, app dJ 8.6, Ar),
7.63 (2H, app dJ 8.3, Ar), 8.03 (2H, app d, 8.3, Ar); d¢ (100.6 MHz; CDCJ) —-2.3 (SiCH), —2.0
(SICHg), 23.5 (SiCH), 29.3 (CH, C-4 THF), 34.4 (CH C-3 THF), 55.5 (OCH), 78.6 (CH, C-2
THF), 79.3 (CH, C-5 THF), 114.5 (2 x CH, Ar), 12Z'x CH, Ar), 127.9 (2 x CH, Ar), 128.5 (2 x
CH, Ar), 129.1 (CH, Ar), 129.6 (2 x CH, Ar), 132@&, Ar), 133.4 (C, Ar), 133.7 (2 x CH, Ar),
139.0 (C, Ar), 145.5 (C, Ar), 160.1 (C, Ar), 19930); LRMS (EI, m/2): 430 (IM]" 7%), 345
(14), 219 (13), 211 (21), 135 (100), 75 (15); HRKE3', m/z) 453.1845 [M+Nal], Cr/H30OsNaSi
requires 453.1856. Diastereoselectivity calculdtgdnalysis of théH NMR integrals for the C-5
protons of the THF ring, 5.28 (ppm) and 5.13 (pprafs andcis respectively.

1-Dimethyl(phenyl)silyl-3-dimethy(phenyl)silylpropene (32)

a) by metallation: 1-Dimethyl(phenyl)silyl-3-dimefiphenyl)silylpropene was prepared according
to the procedure reported by Flemigtgal. Dimethylphenylsilylpropene (3.52 g, 20.0 mmol) was
added dropwise to a stirred mixture of freshlyitdest N,N,N,N-tetramethylethylenediamine (3.50
mL, 23.0 mmol) and-butyllithium (9.0 mL of a 2.5 M solution in hexgn22.5 mmol) at -5 °C
and the mixture kept at -5 °C for 3.5 h. Chloroetinylphenylsilane (3.39 mL, 21.0 mmol) was
added dropwise and the mixture was kept at -5 PQ fo (colour changed from orange to yellow),
then poured into 1 M HCI (20 mL) and extracted watttroleum spirit (40-60 °C). The extract was
washed with 1 M HCI (20 mL), water (20 mL), dridddSQy), filtered and concentrated vacuo

to yield the impure product as a pale yellow/browih(6.02 g). Purification by flash column
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chromatography [silica gel, hexane] afforded thsireée product (5.35 g, 17.0 mmol, 86%) as a
colourless oil:R: 0.36 [petroleum spirit 40-60 °Clina(film)/cm™ 3069, 2956, 1603 (C=C), 1486,
1247, 1139, 80% (400 MHz; CDC}) 0.29 (6H, s, 2 x CkJ, 0.29 (6H, s, 2 x C§, 1.92 (2H, dJ
7.8, CHCH=CH), 5.57 (1H, dJ 18.4, CHCH=CH), 6.09 (1H, dtJ 18.4 and 7.8, C}CH=CH),
7.33-7.40 (6H, m, Ar), 7.47-7.51 (4H, m, Ac (100.6 MHz; CDCJ) -3.2 (2 x CH), -2.1

(2 x CH), 27.9 (CHCH=CH), 126.6 (CHCH=CH), 127.8 (2 »m-CH, Ar), 127.9 (2 »m-CH, Ar),
128.9 p-CH, Ar), 129.2 p-CH, Ar), 133.8 (2 x0-CH, Ar), 134.0 (2 x0-CH, Ar), 138.6 (C, Ar),
139.7 (C, Ar), 145.4 (CKCH=CH); LRMS (Ef, m/2): 310 (M", 1%), 295 (2), 197 (17), 160 (32),
135 (100), 105 (10); HRMS (ESRY2) 311.1651 [M+H], Ci1gH27Si» requires 311.1646.

b) by metathesis: To a stirred mixture of allyldayiphenylsilane (0.56 g, 3.20 mmol) and
vinyldimethylphenylsilane (2.60 g, 16.0 mmol) irgan degassed DCM (10 mL) was added rapidly
a solution of (1,3-bis-(2,4,6-trimethylphenyl)-2itazolidinylidene)dichlorat-
isopropoxyphenylmethylene)ruthenium (0.10 g, 0.X6ah 10 mol%) in DCM (1 mL). The

reaction immediately changed colour from greenromin and was heated at 35 °C and monitored
by TLC. After 24 h the reaction was concentratedgproximately one quarter of the volume under
reduced pressure and filtered through a pad @isgel eluting with DCM (2 x 100 mL). The

filtrate was concentratdd vacuo to yield the impure product as a pale green/broegidue (2.24

g). Purification by flash column chromatographyi¢si gel, hexane] afforded the desired product
(0.27 g, 0.87 mmol, 27%lr 17:1trans.cis) as a colourless o0iR; 0.34 [petroleum spirit 40-60 °C];
transisomer:dy (400 MHz; CDC}) 0.29 (6H, s, 2 x CgJ, 0.29 (6H, s, 2 x C§J, 1.92 (2H, d,J 7.8,
CH,CH=CH), 5.57 (1H, dJ 18.4, CHCH=CH), 6.09 (1H, dt) 18.4 and 7.8, C}CH=CH), 7.33-

7.40 (6H, m, Ar), 7.47-7.51 (4H, m, Agisisomer: 0.31 (6H, s, 2 x GH 0.30 (6H, s, 2 x C§J,

1.85 (2H, ddJ 8.5 and 1.3, CKCH=CH), 5.53 (1H, dtJ 13.9, CHCH=CH), 6.46 (1H, dtJ 13.9

and 8.5, CHCH=CH), 7.34-7.39 (6H, m, Ar), 7.47-7.58 (4H, m)Aic (100.6 MHz; CDCJ) -3.2

(2 x CHy), —2.1 (2 x CH)), 27.9 (CHCH=CH), 126.6 (CHCH=CH), 127.8 (2 -CH, Ar), 127.9

(2 xm-CH, Ar), 128.9 p-CH, Ar), 129.2 p-CH, Ar), 133.8 (2 »0-CH, Ar), 134.0 (2 »0-CH, Ar),
138.6 (C, Ar), 139.7 (C, Ar), 145.4 (GEH=CH). All other characterisation data the sase a
above, the ratio of diastereoisomers calculatedriaysis of théH NMR integrals for the

SICHCHCH proton at 6.09 ppniréns diastereoisomer) and 6.46 ppas(diastereoisomer).

(¥)-((2-(Dimethyl(phenyl)silyl)cyclopropyl)methyl)dimethyl(phenyl)silane (29)

To a stirred suspension of zinc powder (4.29 g,06mmol) and copper chloride (6.43 g,
65.0 mmol) in anhydrous diethyl ether (100 mL) whiad been heated at reflux temperature for 30
min and allowed to cool to room temperature was edddl-dimethyl(phenyl)silyl-3-

dimethy(phenyl)silylpropene (4.03 g, 13.0 mmol) aiddomethane (6.96 g, 2.09 mL, 26.0 mmol).
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The reaction was heated at reflux temperature 4oh,2cooled to room temperature and filtered
through celite washing with diethyl ether (50 mIChe filtrate was washed with 1M HCI (2 x 30
mL) followed by 10%w/v aqueous sodium bicarbonate solution until pH & &bmbined aqueous
layers were extracted with diethyl ether (3 x 30)rahd the combine organic layers were washed
with brine (20 mL), 10%w/v aqueous sodium thiosulphate solution (2 x 20 rseparated, dried
(MgSQy), filtered and concentrated vacuo to yield the impure product as a colourless aild%4g).
Purification by flash column chromatography usingnture of 10% silver nitrate impregnated
silica and standard silica (1 : 3) eluting withrpé&gum ether (40-60 °C) gave the desired product
(2.35 g, 7.20 mmol, 56%) as a colourless RilD.32 [petroleum ether (40-60 °G}a(film)/cm™
3068, 3049, 2955, 2896, 1487, 1247, 1113, 828, 806400 MHz; CDC}) -0.43 (1H, dtJ 9.8
and 6.5, SiCH), 0.15 (3H, s, SigK0.19 (3H, s, SiCkJ, 0.30 (3H, s, SiCkJ, 0.31 (3H, s, SiCH),
0.33-0.38 (1H, m, CHHy cyclopropyl), 0.46 (1H, td) 7.1 and 3.6, CkH, cyclopropyl), 0.63-0.71
(1H, m, SICHCH), 0.88 (2H, dJ 6.8, SICHCH), 7.34-7.37 (6H, m, Ar), 7.51-7.54 (4H, m, As);
(100.6 MHz; CDCJ) —-3.6 (SICH), —3.3 (SICH), —2.6 (SiCH), —-2.5 (SiCH), 5.7 (PhMgSiCH),
11.1 (CH cyclopropyl), 11.2 (SICkCH), 22.8 (SICHCH), 127.8 (2 xm-CH, Ar), 127.8 (2 xm+

CH, Ar), 128.9 (2 »¥p-CH, Ar), 133.7 (2 x0-CH, Ar), 133.9 (2 x0-CH, Ar), 139.5 (C, Ar), 139.7
(C, Ar); LRMS (EIl, m/2): 324 (M', 23%), 271 (24), 197 (16), 174 (20), 135 (1008 19); HRMS

(El, m'z) 324.1725 [M], CyoH2sSi> requires 324.1724.

(x)-(4-(dimethyl(phenyl)silyl)-5-((dimethyl(phenyl)silyl)methyl)tetrahydrofuran-2-
yl)(phenyl)methanone (33) and but-3-enyldimethyl(pknyl)silane (35)
To a stirred solution of freshly distilled phenyyagxal (0.12 g, 0.90 mmol) in anhydrous DCM (2
mL) at-78 °C and under an atmosphere of argon added, dropwise, a solution of tin
tetrachloride (0.17 g, 0.08 mL, 0.66 mmol) in anogs DCM (2 mL). The resulting mixture was
stirred at —-78 °C for 5 min followed by the dropwisddition of a solution of ()-((2-
(Dimethyl(phenyl)silyl)cyclopropyl)methyl)dimethybenyl)silane (0.19 g, 0.60 mmol) in
anhydrous DCM (3 mL). The reaction was stirred-#8 °C and monitored by TLC, after 5 h the
reaction was quenched by the addition of wet aee{dhmL) and allowed to warm to 0 °C and
poured on to KD (10 mL). The organic layer was separated anadjueous layer further extracted
with DCM (3 x 10 mL). The combined organic phasese washed with brine (10 mL), separated,
dried (MgSQ), filtered and concentrated vacuo to give the impure product (0.38 g) as a yellow
oil. Purification by flash column chromatograplsylifta gel, gradient elution 100% hexane — 20%
diethyl ether : hexane] afforded the desired prodscsingle diastereocisomer (7 mg, 0.01 mmol,
2%) as a colourless oiR: 0.44 [20% diethyl ether : hexane]; (600 MHz; CDC}); 0.22 (3H, s,
SiCHg), 0.27 (3H, s, SiCH), 0.27 (6H, s, 2 x C¥§J, 0.89-0.98 (2H, m, SiCHl, 1.37 (1H, ddd) 12.1
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10.6 and 8.2, CH C-4 THF), 2.07 (1H, appld2.5 and 7.7, CiH, C-3 THF), 2.30 (1H, app di,
12.8 and 7.9, CHHp, C-3 THF), 3.96 (1H, ddd] 10.5 8.7 and 4.1 CH C-5 THF), 5.08 (1H, apj t,
7.7, CH C-2 THF), 7.29-7.55 (13H, m, Ar), 7.93 (2pp dd,J 8.4 and 1.3, 2 ®-CH -C(O)Ph);5¢
(100.6 MHz; CDCJ) —-4.2 (SICH), —4.0 (SiCH), —2.4 (SiCH), -1.8 (SiCH), 23.4 (SiCH), 32.8
(CH,, C-3 THF), 36.7 (CH, C-4 THF), 79.7 (CH, C-2 THBR.8 (CH, C-5 THF), 127.7 (CH, Ar),
128.0 (CH, Ar), 128.5 (CH, Ar), 129.2 (CH, Ar), 129CH, Ar), 133. 1 (CH, Ar), 133.8 (CH, Ar),
133.9 (CH, Ar), 135.6 (C, Ar), 137. 5 (C, Ar), 189C, Ar), 199.6 (C=0); LRMS (E] m/2): M*
not visible, 353 ([M-PhCO] 2%), 239 (2), 209 (26), 135 (100), 105 (8), 63)(HRMS (ESI,
m/z) 476.2429 [M+NH]", CgH330:NSi, requires 476.2436.

But-3-enyldimethyl(phenyl)silane (35): (0.02 g, ®.inmol, 20%) as a colourless ok 0.35
[hexane];o (400 MHz; CDC}); 0.28 (6H, s, SiMg, 0.84-0.88 (2H, m, SiCHl, 2.04-2.10 (2H, m,
CH,CH=CH,), 4.89 (1H, app d,J 10.1, CHCH=CHjHiars), 4.99 (1H, app dd,
CH,CH=CHgHtrans), 5.88 (1H, ddt,J 17.1 10.1 and 6.2, GBH=CH,), 7.35-7.37 (3H, m, SiPh),
7.51-7.56 (2H, m, SiPhJc (100.6 MHz; CDCY) -2.9 (SiMe), 14.9 (SiCH), 28.1 (CHCH=CH,),
112.9 (CHCH=CH,), 127.9 (2 xm-CH, SiPh), 129.0 (p-CH, SiPh), 133.7 (»H, SiPh), 139.4
(ipso-C, SiPh), 141.7 (CKCH=CH,); LRMS (EI', m/2): 190 ([M]’, 4%), 175 (13), 162 (11), 135
(100), 121 (27), 105 (13). The spectral data igaad agreement with previously reported values.

4-(Dimethyl(phenyl)silyl)but-2-enenitrile (238)

To a stirred solution of dimethylphenylallylsila@&56 g, 3.2 mmol) and acyrlonitrile (0.51 g, 0.37
mL, 9.6 mmol) in argon degassed DCM (10 mL) wasead@ solution of (1,3-bis-(2,4,6-
trimethylphenyl)-2-imidazolidinylidene)dichloro{isopropoxyphenylmethylene)-ruthenium (0.1 g,
0.16 mmol, 5 mol %) in DCM (1 mL) The reaction imdietely changed colour from green to
black and was heated at 35 °C and monitored by Aftér 24 h the solvent was removiedvacuo

to give the impure product (0.72 g). Purificatiog ftash column chromatography [silica gel,
gradient elution 100 % petroleum ether (40-60 °@P-% diethylether : petroleum ether (40-60
°C)] afforded an inseparable mixture of the tworgetric isomers of the product (combined yield
0.14 g, 2.0 mmol, 64 %, dcis: trans 1 : 0.3) as a colourless oil; ®.33 [10 % diethylether :
petroleum ether (40-60 °C)is isomer:éy (400 MHz; CDC}) 0.41 (6H, s, SiMg, 2.24 (2H, dd,
9.0 and 1.0, SiC§), 5.15 (1H, dt,J 10.8 and 1.0, CH=CHCN), 6.48 (1H, &,10.8 and 9.0,
CH=CHCN), 7.37-7.42 (3H, m, Ph), 7.52-7.55 (2H,Ph): 8¢ (100.6 MHz; CDGJ) -3.3 (SiMe),
24.9 (SiCH), 96.4 (CH=CHCN), 116.8 (CH=CHCN), 128.1 (2mxCH, Ph), 129.7g-CH, Ph),
133.6 (2 x0-CH, Ph), 136.7ipso-C, Ph), 152.9 (CH=CHCN]}rans isomer:3dy (400 MHz; CDC})
0.37 (6H, s, SiMg, 1.99 (2H, dd,) 8.8 and 1.4, SiC}), 5.08 (1H, dt,J 16.1 and 1.4, CH=CHCN),

6.71 (1H, dtJ 16.1 and 8.8, CH=CHCN), 7.37-7.42 (3H, m, Ph)877460 (2H, m, Ph)¢ (100.6
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MHz; CDCL) -3.4 (SiMe), 25.8 (SiCH), 97.1 (CH=CHCN), 118.2 (CH=CHCN), 128.2 (2m*
CH, Ph), 129.8 @-CH, Ph), 133.5 (2 »0-CH, Ph), 136.4 ipso-C, Ph), 153.9 (CH=CHCN).
Diastereomeric ratio calculated by analysis of #HeNMR integrals for the CH=CHCN protons,

6.48 (is diastereoisomer) and 6.71 ppirafis diastereoisomer).

2-((Dimethyl(phenyl)silyl)methyl)cyclopropanecarboritrile (30)
Diazoacetonitrile was prepared according to thecguare reported by Witiakt al.** To a
suspension ofi-aminoacetonitrile bisulfite (3.68 g, 24.0 mmol) BCM (28 mL) at 0 °C was
cautiously added dropwise an aqueous solution diuso nitrite (4.96 g, 72.0 mmol) in distilled
water (22 mL) at a rate that the temperature ofréaetion did not rise above 0 °C. During the
addition effervescence was observed to occur. réaetion was allowed to stir for 30 min at 0 °C
after which time a green solution and precipitatisted. The organic layer was separated and the
agueous layer further extracted with DCM (20 mO)he combined organic phases were washed
with 1% aqueous sodium hydrogen carbonate solfiormL), separated, dried (Mg@Qfiltered
and place under and inert atmosphere. The sol(@&hM solution of diazoacetonitrile in DCM)
was used immediately and without purification agzdcetonitrile has been reported to be highly
explosive at high concentrations. To a stirredtarix of allyldimethylphenylsilane (2.47 g, 14.0
mmol) and dirhodium tetraacetate dihydrate (0.13.88 mmol) in degassed DCM (2.4 mL) heated
at 35 °C was added using a syringe pump (4 mL&ghgi 2-diazomalonate (24.0 mL, 12.0 mmol,
0.5 M solution in DCM). The reaction was heated3&t °C (oil bath) for 6 h, filtered and
concentratedn vacuo to give the impure product as a red oil (2.65Ry)ification by flash column
chromatography [silica gel, gradient elution 100é&dne — 10% diethyl ether : hexane] afforded
an inseparable mixture of the two geometric isontieesdesired (0.73 g, 3.40 mmol, 30,1 :
0.6) as a colourless oilR 0.20 [10% diethyl ether - hexane}ma(film)/cm™ 3070 (CH
cyclopropyl), 2956, 2897, 2233 €0l), 1427, 1427, 1250, 1114, 831; major isonagr(600 MHz;
CDCls) 0.38 (3H, s, SiMe), 0.39 (3H, s, SiMe), 0.65-0(T”1, m CHHy, cyclopropyl), 0.80 (1H, dd,
J 14.8 and 9.2, SiCiy), 1.11 (1H, td,J 8.4 and 5.1, CHHy cyclopropyl), 1.16-1.23 (1H, m,
CHCN), 1.28 (1H, ddJ 14.8 and 5.2, SiCifl,), 1.35-1.41 (1H, m, CH cyclopropyl), 7.36-7.40
(3H, m, Ph), 7.51-7.55 (2H, m, P):(100.6 MHz; CDC{) -2.9 (SiMe), -2.8 (SiMe), 4.1 (CH
cylopropyl), 15.0 (CHCN cyclopropyl), 15.4 (GHyclopropyl), 17.3 (SiCh), 120.9 (CN), 128.0
(2 x mCH, Ph), 129.4-CH, Ph), 133.7 (2 »-CH, Ph), 138.1 (C, Ph); minor isome¥; (600
MHz; CDCk) 0.36 (3H, s, SiMe), 0.37 (3H, s, SiMe), 0.65-0(2H, m, overlapping signals
SiCH:H, and CHHy, cyclopropyl), 0.90-0.93 (1H, m, CH cyclopropyl)96.(1H, ddJ 14.8 and 6.4,
SiCHHp), 1.16-1.23 (1H, m, CHHy cyclopropyl), 1.35-1.41 (1H, m, CHCN), 7.36-7.48H( m,
Ph), 7.51-7.55 (2H, m, P (100.6 MHz; CDCJ) -3.1 (SiMe), —2.9 (SiMe), 4.4 (CH cylopropyl),
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15.8 (CH cyclopropyl), 18.1 (CHCN cyclopropyl), 20.4 (SigH122.0 (CN), 128.1 (2 m-CH,
Ph), 129.51¢-CH, Ph), 133.6 (2 »-CH, Ph), 137.9 (C, Ph); LRMS (EInv2): 215 ([M]", 3%), 200
(6), 135 (100) 105 (10); HRMS (Btyz) 215.1127 [M], C1aH17/NSi requires 215.1125.

(E/Z)-3-dimethylphenylsilyl-1-phenyl-1-propene (39)
Preparation of anhydrous cobalt (II) chloride: dohzhloride hexahydrate (approx 2 g) was
weighed into a 25 mL flask, placed under vacuur@§@nmHg) and gently heated with a heat gun.
The red solid was observed to “bump” as the wates vemoved and change to a bright blue solid.
The anhydrous cobalt (I1) chloride was placed undieogen and used immediately.
Preparation of dimethylphenylsilyimethylmagnesiunhlocide: To a stirred suspension of
magnesium turnings (2.26 g, 93.0 mmol) in THF (12)mvas added dropwise neat 1,2-
dibromoethane (0.82 g, 0.40 mL, 4.52 mmol). Aftefffervescence had subsided
(chloromethyl)dimethylphenylsilane (3.70 g, 3.60 ,n80.0 mmol) was added at such a rate to
maintain a gentle reflux during the course of ttditon. The reaction mixture was allowed to stir
for 15 min at room temperature to give a light graolution of
dimethylphenylsilylmethylmagnesium chloride (appr@xMV in THF).
Preparation of&/Z)-3-dimethylphenylsilyl-1-phenyl-1-propene basedtba procedure reported by
Affo et al.** To a blue solution of anhydrous cobalt (Il) cider (0.31 g, 2.40 mmol) and
B-bromostyrene (2.20 g, 1.55 mL, 12.0 mn®¥ =1: 0.1 ) in THF (12 mL) was added dropwise a
solution of dimethylphenylsilyimagnesium chloride8(0 mL, 18.0 mmol, 1 M solution in THF) at
0 °C. During the addition the reaction mixture &r@e a brown colour. The ice bath was removed
and the reaction allowed to stir at room tempeeatwer 18 h then partitioned between saturated
agueous ammonium chloride solution (30 mL) andgletbetate (20 mL). The organic phase was
separated and the aqueous phase extracted withaetttate (3 x 20 mL). The combined organic
fractions were washed with brine (20 mL), dried @), filtered and concentratdd vacuo to
give the impure product as a brown oil (4.25 gurifitation by flash column chromatography
[silica gel, gradient elution 100% hexane — 2%ldieether : hexane] afforded the desired product
(3.08 g, 12.0 mmol, 98%rans : cis 1 : 0.1) as a mixture of isomers and as a colesirtdl; R; 0.19
[hexane];vmadfilm)/cm™ 3023, 2955, 1640 (C=C), 1427, 1248, 1113, &i&)s isomer:5y (400
MHz; CDCk) 0.37 (6H, s, SiMg, 1.95 (2H, dJ 6.8, SiCH), 6.22-6.32 (2H, m, CH=CH), 7.18-
7.21 (1H, m, Ar), 7.28-7.32 (4H, m, Ar), 7.39-7.@84, m, Ar), 7.57-7.59 (2H, m, Arjc (100.6
MHz; CDCk) -3.2 (SiMe), 23.2 (SiCH), 125.7 (CH, Ar), 126.4 (CH, Ar), 127.3 (CH=CHRA&.0
(CH, Ar), 128.6 (CH, Ar), 129.1 (CH=CH), 129.2 (CHr), 133.8 (CH, Ar), 138.5 (C, Ar), 138.7
(C, Ar); cisisomer:oy (400 MHz; CDCY4) 0.35 (6H, s, SiMg, 2.11 (2H, ddJ 9.0 and 1.1, SiC},
5.75 (1H, dtJ 11.7 and 9.0, C¥CH=CH), 6.39 (1H, dJ 11.7, CHCH=CH), 7.19-7.41 (8H, m,
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Ar), 7.51-7.56 (8H, m, Ar)pc (100.6 MHz; CDCY) -3.0 (SiMe), 18.8 (SiCH), 126.3 (CH, Ar),
127.7 (CH=CH), 127.8 (CH, Ar), 128.2 (CH=CH), 12&@H, Ar), 128.7 (CH, Ar), 129.2 (CH,
Ar), 133.7 (CH, Ar), 138.2 (C, Ar), 138.7 (C, ANRMS (EI', m/2): 252 ([M]", 9%), 135 (100),
115 (9) 105 (15), 91 (6); HRMS (Elmwz) 252.1331 [M], CiHxSi requires 252.1331.
Diastereoselectivity calculated by analysis of tHeNMR integrals for the SiChiprotons at 1.95

(E-diastereoisomer) and 2.11 pp#diastereoisomer).

(x)-Dimethyl(phenyl)((2-phenylcyclopropyl)methyl)siane (40)

To a stirred suspension of zinc powder (3.96 g,06@mol) and copper chloride (5.94 g,
60.0 mmol) in anhydrous diethyl ether (90 mL), whitad been heated at reflux temperature for 30
min and allowed to cool to room temperature, wakedd-dimethylphenylsilyl-1-phenyl-1-propene
(2.57 g, 6.00 mmol) and diiodomethane (6.43 g, in@324.0 mmol). The reaction was heated at
reflux temperature for 48 h, cooled to room tempeeand filtered through celite washing with
diethyl ether (3 x 30 mL). The filtrate was wash@th 1M HCI (2 x 25 mL) followed by 10%u/v
agueous sodium bicarbonate solution until pH 7. ddrabined aqueous layers were extracted with
diethyl ether (3 x 30 mL) and the combined orgdaiers were washed with 10%/v aqueous
sodium thiosulphate solution (2 x 20 mL), brine (2Q), separated, dried (MgQ) filtered and
concentratedn vacuo to yield the impure product as a yellow oil (1.§b Purification by flash
column chromatography using a mixture of 10% sihviérate impregnated silica and standard silica
(1 : 1) eluting with hexane gave the desired proda&8 g, 2.20 mmol, 36%) as a colourlessRil;
0.26 [hexane]vmadfilm)/cm™ 3067 (C-H cyclopropyl), 2999, 2955, 2896, 1605 -t 1427,
1248, 1113, 831 (Si-C)Hn (400 MHz; CDC}) 0.33 (3H, s, SiMe), 0.34 (3H, s, SiMe), 0.71-0.76
(1H, m, CHHy cyclopropyl), 0.86-1.04 (4H, m, overlapping sigh&iCH, CH and CHH,
cyclopropyl), 1.53-1.57 (1H, m, PhCH cyclopropy)7/7 (2H, dJ 7.8, 2 xo-CH Ph), 7.10-7.14
(1H, m,p-CH Ph), 7.23 (2H, tJ 7.8, 2 xm-CH Ph), 7.32-7.37 (3H, m, SiPh), 7.51-7.53 (2H, m,
SiPh); 6c(100.6 MHz; CDC)) -2.7 (SiMe), —-2.6 (SiMe), 18.5 (GHcyclopropyl), 19.7 (CH
cyclopropyl), 21.6 (SiCH), 25.3 (PhCH, cyclopropyl), 125.%-CH, Ph), 125.5 (2 »%-CH, Ph),
127.9 (2 xm-CH, SiPh), 128.3 (2 m+CH, Ph), 129.3¢-CH, SiPh), 133.7 (2 ®-CH, SiPh), 139.4
(C, SiPh), 144.0 (C, Ph); LRMS (EIm/2): 266 ([M]", 3%), 238 (7), 188 (11), 135 (100), 105 (9),
91 (8); HRMS (EI, m/2) 266.1487 [M], CigH25Si requires 266.1485.

(®)-(5-((dimethyl(phenyl)silyl)methyl)-3-phenyltetrahydrofuran-2-yl)(phenyl)methanone (41a)
To a stirred solution of freshly distilled phenyygxal (0.12 g, 0.90 mmol) in anhydrous DCM (3
mL) at-78 °C and under an atmosphere of argon added, dropwise, a solution of tin

tetrachloride (0.17 g, 0.08 mL, 0.66 mmol) in antoges DCM (3 mL). The resulting mixture was
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stirred at =78 °C for 5 min followed by the dropwiaddition of a solution of dimethyl(phenyl)((2-
phenylcyclopropyl)methyl)silane (0.16 g, 0.60 mmialanhydrous DCM (3 mL). The reaction was
stirred at =78 °C and monitored by TLC, after %é teaction was quenched by the addition of wet
acetone (5 mL) and allowed to warm to 0 °C and @dun to HO (10 mL). The organic layer was
separated and the aqueous layer further extractbdDZM (3 x 10 mL). The combined organic
phases were washed with brine (10 mL), separateeld MgSQ), filtered and concentrateich
vacuo to give the impure product (0.25 g) as a yellow. #turification by flash column
chromatography [silica gel, gradient elution 100&xdne — 20% diethyl ether : hexane] followed
by flash column chromatography [silica gel, gratietution 60% dichloromethane : hexane]
afforded the desired product as single diasteremsd0.02 g, 0.04 mmol, 7%) as a colourless ail;
R 0.48 [60% dichloromethane : hexan&};(600 MHz; CDC}); 0.28 (3H, s, SiCk), 0.30 (3H, s,
SiCHg), 1.24 (1H, ddJ 14.3 and 8.0, SiCiHl,), 1.48 (1H, dd,J 14.3 and 6.5, Sijy), 2.01 (1H,
app dt,J 12.7 and 8.7, CiH, C-4 THF), 2.14 (1H, ddd] 12.6 6.3 and 4.8, CH, C-4 THF), 3.84
(1H, app dt,) 8.9 and 5.1, CH C-3 THF), 4.50 (1H, applt.8 and 6.5, CH C-5 THF), 5.14 (1H, d,
J 5.5, CH C-2 THF), 7.20-7.41 (10H, m, Ar), 7.503.8H, m, Ar), 7.92-7.93 (2H, m, Ar);
d¢c (100.6 MHz; CDCJ) -2.3 (SiCH), 2.0 (SiCH), 24.2 (SiCH), 42.5 (CH C-4 THF), 47.4 (CH
C-3 THF), 79.3 (CH C-5 THF), 86.6 (CH C-2 THF), 12CH, Ar), 127.6 (CH, Ar), 127.9 (CH,
Ar), 128.5 (CH, Ar), 128.9 (CH, Ar), 129.1 (CH, A29.3 (CH, Ar), 133.3 (CH, Ar), 133.7 (CH,
Ar), 135.6 (C, Ar), 139.0 (C, Ar), 142.9 (C, Ar)91.5 (C=0); LRMS (El, m/2): M" not visible,
295 ([M-PhCOJ, 12%), 277 (4), 239 (5), 135 (100), 105 (13), @@)( 77 (15); HRMS (ESi2)
418.2195 [M+NH]", CreH3.0.NSi requires 418.2197.

(2)-(5-((dimethyl(phenyl)silyl)methyl)-4-phenyltetrahydrofuran-2-yl)(phenyl)methanone (42)
and (£)-(5-((dimethyl(phenyl)silyl)methyl)-3-phenytetrahydrofuran-2-yl)(phenyl)methanone
(41b)

To a stirred solution of freshly distilled phenyllygxal (0.12 g, 0.90 mmol) and
dimethyl(phenyl)((2-phenylcyclopropyl)methyl)silarf@.16 g, 0.60 mmol) in anhydrous DCM (6
mL) at 0 °C and under an atmosphere of argon wdsddiropwise, a solution of tin tetrachloride
(0.01 g, 0.04 mL, 0.36 mmol) in anhydrous DCM (3)mLhe reaction was stirred at 0 °C and
monitored by TLC. After 3 h the reaction was questtiby the addition of water (5 mL), the
organic layer was separated and the aqueous lasteef extracted with DCM (3 x 10 mL). The
combined organic phases were washed with brinen(l) separated, dried (MgSR filtered and
concentratedn vacuo to give the impure product (0.257 g) as a yellaly Rurification by flash
column chromatography [silica gel, 50 % dichloronaete : hexane] afforded produ&2 (yield

0.024 g, 0.06 mmol, 10 %) as a colourless ail).R8 [50 % dichloromethane : hexan&}; (400
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MHz; CDCL) 0.21 (3H, s, SiCh}, 0.28 (3H, s, SiCh), 1.04-1.06 (2H, m, SiChl, 2.50 (1H, ddd)
13.0 10.6 and 7.2, GH;, C-3 THF), 2.67 (1H, dt) 13.1 and 8.4, CiH, C-3 THF), 2.95 (1H, o
9.4, CH C-4 THF), 4.00 (1H, ddd, J 9.4 7.3 and &4,C-5 THF), 5.38 (1H, dd} 8.1 and 7.3, CH
C-2 THF), 7.17-7.61 (13H, m, Ar), 8.04 (2H, app d&.1 and 0.9, Ar)dc (100.6 MHz; CDGJ) -
2.5 (SICH), -1.9 (SiCH), 20.4 (SiCH), 37.2 (CH C-3 THF) 55.3 (CH, C-4 THF), 78.7 (CH, C-2
THF), 84.3 (CH C-5 THF), 127.0 (CH, Ph), 127.7 (Gth), 128.8 (CH, Ph), 129.2 (CH, Ph), 133.4
(CH, Ph), 133.7 (CH, Ph), 135.4 (C, Ph), 139.6R@), 140.0 (C, Ph), 198.9 (C=0); LRMS (EI
m/z): M* not visible, 323 ([M-PH], 1 %), 296 (10), 239 (4), 135 (60), 117 (100), 148), 91 (10),
77 (21); HRMS (ESPyVz) 418.2196 [M+NH]", CaeH2sNSi requires 418.2197.
(2)-(5-((dimethyl(phenyl)silyl)methyl)-3-phenyltetrahydrofuran-2-yl)(phenyl)methanone (41b)
(0.034 g, 0.09 mmol, 14 %) is a colourless ol OR35 [50 % dichloromethane : hexan&}; (600
MHz; CDClk) 0.31 (3H, s, SiCh), 0.33 (3H, s, SiCh), 1.24 (1H, ddJ 14.3 and 8.0, SiClH),
1.52 (1H, ddJ 14.2 and 6.2, SiCiftl,), 1.78 (1H, app dt) 12.2 and 10.3, Cil, C-4 THF), 2.44
(1H, ddd,J 12.3 7.8 and 4.7, GH, C-4 THF), 3.78 (1H, dt) 10.3 and 7.4, CH C-3 THF), 4.29
(1H, dddd,J 10.3 7.7 6.4 and 4.8, CH C-5 THF), 5.19 (1HJ 6,8, CH C-2 THF), 7.20-7.39 (10H,
m, Ar), 7.48-7.52 (3H, m, Ar), 7.30 (2H, app dd8.3 and 1.0, Ar)pc (100.6 MHz; CDC) -2.2
(SICHg), -2.0 (SiCH), 23.2 (SiCH), 45.2 (CH C-4 THF) 48.3 (CH, C-4 THF), 79.3 (CH, C-5
THF), 86.1 (CH C-2 THF), 126.9 (CH, Ph), 127.8 (GH), 127.9 (CH, Ph), 128.4 (CH, Ph), 128.9
(CH, Ph), 129.1 (CH, Ph), 129.3 (CH, Ph), 133.3 (®H), 133.7 (CH, Ph), 135.4 (C, Ph), 138.9
(C, Ph), 142.6 (C, Ph), 198.5 (C=0); LRMS (Etv2): M" not visible, 295 ([M-PhCO] 18 %),
277 (4), 239 (5), 135 (100), 105 (19), 91 (8), 18)( HRMS (ESI,m/z) 418.2190 [M+NH]",
Co6H320.NSi requires 418.2197.

(¥)-(4-((dimethyl(phenyl)silyl)methyl)-5-phenyltetrahydrofuran-2-yl)(phenyl)methanone (43)

To a stirred solution of freshly distilled phenyllygxal (0.12 g, 0.90 mmol) and
dimethyl(phenyl)((2-phenylcyclopropyl)methyl)silarf@.16 g, 0.60 mmol) in anhydrous DCM (6
mL) at-78 °C and under an atmosphere of argon a@dded, dropwise, a solution of tin
tetrachloride (0.01 g, 0.04 mL, 0.36 mmol) in anfoggs DCM (3 mL). The reaction was stirred and
allowed to warm to 0 °C and monitored by TLC. Afgeh at 0 °C the reaction was quenched by the
addition of water (5 mL), the organic layer wasaeped and the aqueous layer further extracted
with DCM (3 x 10 mL). The combined organic phasesewvashed with brine (10 mL), separated,
dried (MgSQ), filtered and concentrated vacuo to give the impure product (0.219 g) as a yellow
oil. Purification by flash column chromatographifi¢a gel, gradient elution, 100 % hexane — 10 %
diethyl ether : hexane] followed by preparative T[8D % dichloromethane : hexane] afforded

product (yield 0.007 g, 0.02 mmol, 3 %) as a cdkss oil; R0.19 [60 % dichloromethane :
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hexane];oy (400 MHz; CDC}) 0.21 (3H, s, SICH), 0.23 (3H, s, SiCkJ, 0.75 (1H, dd,) 14.7 and
11.3, SiCHH), 0.99 (1H, ddJ 14.7 and 2.8, SiCltiy), 1.85 (1H, ddd) 12.3 10.8 and 8.7, GHs,
C-3 THF), 2.18 (1H, m, CH C-4 THF), 2.45 (1H, dt12.6 and 7.4, Ci#, C-3 THF), 4.50 (1H, d,

J 9.1, CH C-5 THF), 5.44 (1H, §,8.0, CH C-2 THF), 7.25-7.56 (13H, m, Ar), 7.98 (2pp d,J
8.1, Ar); 5c (100.6 MHz; CDGCJ) -2.4 (SiCH), -2.0 (SiCH), 16.9 (SiCH), 38.2 (CH C-3 THF)
44.9 (CH, C-4 THF), 79.9 (CH, C-2 THF), 90.1 (CH5CTHF), 127.1 (CH, Ph), 128.0 (CH, Ph),
128.1 (CH, Ph), 128.5 (CH, Ph), 128.7 (CH, Ph),.aZ@H, Ph), 129.2 (CH, Ph), 133.4 (CH, Ph),
133.6 (CH, Ph), 135.4 (C, Ph), 138.7 (C, Ph), 14G,2°h), 199.0 (C=0).

Associated content
Further experimental details, including those oésning and optimisation reactions, together with

copies of‘H and**C NMR spectra.
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Unsuccessful methods for the synthesis.of silylmetleyclopropanes

“ , THF, r.t. or reflux, 92 hr

BrMg

X

Nal, Acetone . .
PhMe,Si”~ CI PhMe,Si~ I BrMg ¢~ PhMesi” ]

reflux THF, reflux, 13 h
64 %

i) Mg, Et,0

i) /\

Br
reflux, 36 h
MeSiMe,Ph
85 %
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General Experimental Details

Reaction Conditions

All reactions were carried out under an atmospleéneitrogen or argon unless otherwise stated, uewen or flame-

dried glassware and all transfers were performatyusther plastic or glass syringes. Degassedisakiwere prepared
by rapidly bubbling nitrogen gas through the reedisolvent for approximately 10 min prior to usérridg was by

internal magnetic follower and all reactions werm@nitored by tlc.

Solvents

Petroleum ether or petrol refers to the fractiorpefroleum ether boiling between 40 °C and 60 Y@ess otherwise
stated. Anhydrous THF, diethyl ether, dichloromethaoluene and DMF were purified using a MBRAUN BS-800
solvent purification system or as follows: dichlorethane and 1,2-dichloroethane were freshly distibver calcium
hydride; THF was distilled over sodium with benzepbne as an indicator; diethyl ether and toluene wleied over
sodium wire and distilled. All other solvents wererified by standard procedutes used as supplied from commercial

sources.

Reagents

Commercially available reagents were used as seppinless otherwise stated. Where appropriate enesagvere
purified by distillation or recrystallisation. Ethylyoxalate was distilled from commercially avdila 1:1 ethyl
glyoxalate toluene solution according to the procedeported by Evare al.REF N,N,N,N-tetramethylethylenediamine
(TMEDA) was purified by distillation over potassiunydroxide under an atmosphere of argon. Mechdpieativated
magnesium turnings were prepared by vigorous dmyngf with a Teflon-coated stirrer bar for 24 hdem an atmosphere

of nitrogen as reported in the literatdre.

Chromatography

Flash column chromatography was carried out uslogaFsilica gel 60 (220-240 mesh) (Brockmann 2s&mples were
applied as a concentrated solution in an apprapsatvent. Thin layer chromatography (TLC) was qeried on pre-
coated aluminium backed plates with either Merc&de€igel 60 F254 or Merck Aluminium Oxide 60 F254s0alisation
was either by ultraviolet lightA(= 254 nm) or by staining with acidified aqueougassium permanganate solution
followed by heating. Preparative layer chromatogyawas performed on pre-coated glass backed pletbsMerck
silica gel 60 F254 (thickness 10046).

Instrumentation

Melting points were determined using a Gallenkargitimg point apparatus and are uncorrected. Lowludsn mass
spectra were recorded on an Agilent 6890 SeriesSg&dem with a 5973 mass spectrometry detector. ldigh low
resolution mass spectra were recorded on a ThesheafLTQ Orbitrap XL, Finnigan MAT 95 XP, Thermdfer DSQ-
I, Agilent 5975C Inert XL GC/MSDor Micromass Quattro Il instrument (EPSRC Mass Bpewetry Service, Swansea).
Infrared spectra were recorded using either a SlEm& TIR-8300 spectrometer, with samples prepagethia films
between NaCl plates or on KBr disks, or on a Peiimer Spectrum 65 FT-IR spectrometer with univie’S&R

sampling accessory. FTIR spectra were recordelidmange of 600-4000 ¢hand only selected absorbances.) are

3
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reported. Elemental analyses (CHN) were obtainéugusn Exeter Analytical EA44 analyser from the mianalysis
service at University College London. X-ray cryssauctures were obtained at QMUL using a KAPPA XREDUO
diffractometer with dual Cu and Mo Sources and AREXCD area detector.

NMR spectra were recorded on one of the followipgcsrometers: a JEOL JNM-EX270 operating at 270 M,
67.8 MHz (°C) and 109.3 MHZ*{P); a Bruker AMX-400 operating at 400 MHH] and 100 MHz '¢C) fitted with a
variable temperature probe controlled by a BrukeyTB2000 controller; a Bruker Avance 400 operataigd00 MHz
(*H), 100 MHz {°C), 162 MHz {'P) and 149.2 MHz't°Sn); a Bruker Avance Il operating at 400 MHEY and 100
MHz (**C) or a Bruker AV600 operating at 600 MHHJ and 150 MHz fC). Chemical shift valuesd§ anddc) are
reported as values in parts per million (ppm) re¢ato either tetramethylsilane or the residual praitvent as the
internal standard reference fét NMR spectra and from the solvent peaks'ferNMR using values from the literatute.
Coupling constants](values) are quoted to one decimal place with wainéhertz and are quoted twice where possible,
each being recorded as observed in the spectrumowtiveraging. Multiplets are reported over thegeaat which they
appear.'H NMR data is presented in the fordy (integration, multiplicity, coupling constants,sagment). The
multiplicity of the signal is designated by theldsling abbreviations: s-singlet, d-doublet, t-teipl g-quartet, and m-
multiplet. The abbreviation br refers to a broaghal and app refers to apparefi€ NMR spectra are recorded in the

form &c (assignment) or (multiplicity, coupling constardassignment) where appropriate.

Characterisation

Full characterisation of a compound within this exmental chapter includes, but is not limited I®, '"H NMR, **C
NMR, low-resolution mass spectra and high-resotuti@ss spectra data. For compounds that have pséyibeen fully
characterised in the literature two or more piexfespectroscopic data are presented. In many easégnment ofH and
*C NMR signals are supported by DEPT and two-dinmrali COSY and HSQC experiments. Assignment of ivelat

stereochemistry is based on analysis of nOe studies
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Table 1 Synthesis of allylsilanes using.-a Grignarthethodology.

i) Mg, Et,0

1R2PR3Q;
i) R'"R“R*SiCl, THF reflux. 6 h
reflux 15 h » retlux,
Entry R R? R® Product Yield (%)
1 Et Et Et EtsSi 90
153
2 Bu Bu Bu BusSi 88
155
3 'Pr 'Pr 'Pr 'PrsSi 81
156
4 Me Ph Ph PhoMesSi 5¢°
157
# /\/
5 'Bu Ph Ph BuPh,Si o8 92
6 Me Me Ph Me,PhSi 86

154

%Purified and isolated yield8Grignard reagent was prepared (from the allyl boengnd activated magnesium turnings) prior to the

addition of the chlorosilane

General Procedure A - Preparation of allylsilanes

A solution of chlorosilane (1 eq.) in anhydrous TIHFE3 mL/mmol) was added cautiously to a stirretutson of
allylmagnesium chloride (1.4 eq., 2 M solution iHH) at room temperature under an atmosphere ofmaagal the
resulting mixture stirred at 55 °C for 15 h. Thextare was cooled to 0 °C, quenched with 18%6 agueous ammonium
chloride solution (1.5 mL/mmol), warmed to room ferature and partitioned between water and diaethyér. The
organic phase was separated and the aqueous pliesetesl with diethyl ether. The combined orgarsigers were
washed with brine (20 mL), dried (Mg@Qfiltered and concentrateith vacuo. The products were purified by flash

column chromatography.
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TABLE 1 ENTRY 1

Allyltriethylsilane
1. Mg, Et,0, reflux, 0.5 h

/\/Br /\/SiEt:;
2. Et3SiCl, reflux, 15 h
C;HsBr CoHySi
Mol. Wt: 120.98 Mol. Wt: 156.34

To a stirred suspension of magnesium turnings (§8Z5.0 mmol) in anhydrous diethyl ether (50 mijder an
atmosphere of argon was added several crystaledifid, upon which the solution turned brown. Afi€r min the
solution became clear and allylbromide (8.47 gpérL, 70.0 mmol) was cautiously added dropwise rdta sufficient
to maintain gentle reflux during the addition. Timéture was stirred for a further 30 min beforearbtriethylsilane
(4.06 g, 4.53 mL, 27.0 mmol) was added dropwiserate sufficient to maintain gentle reflux. Thexture was heated to
reflux temperature for 15 h. After this time, tremaction mixture was cooled to approximately —15at@ a 10%w/v
aqueous ammonium chloride solution (90 mL) was dditepwise with efficient stirring over a period 3 min. Two
layers developed and the organic phase was segafdte agueous phase was extracted with diethgr ¢dhx 20 mL)
and the combined organic portions were washed lvitie (20 mL), separated, dried (Mgg@nd filtered. The diethyl
ether and allyloromide were removed by distillatedgratmospheric pressure. Purification of the tesylesidue by either
Kugelrohr distillation or flash column chromatogngdsilica gel, hexane] gave the desired produ8$9, 24.2 mmol,
90%) as a colourless oil; bp 81-83 °C/35 mmHg,"(1it37 °C/3 mmHg);R; 0.75 [hexane]yma(film)/cm™ 2953, 2875,
1630 (C=C), 1416, 1237, 1153, 1011, 894;(400 MHz; CDC}) 0.54 (6H, g,J 8.0, 3 x CH), 0.94 (9H, t,J 8.0,
3 x CHy), 1.54 (2H, dtJ 8.2 and 1.2, CKCH=CH,), 4.81 (1H, ddtJ 10.1 2.2 and 0.9, GEH=CH,Hyrans), 4.87 (1H, ddt,
J16.9 2.2 and 1.4, GBH=CH,Hyans), 5.81 (1H, ddtJ 16.9 10.1 an8.2, CHCH=CH;sHirans); 6c (100.6 MHz; CDCJ)
3.3 (3xCH), 7.5 (3 x CH), 19.6 (CHCH=CH,), 112.6 (CHCH=CH,), 135.6 (CHCH=CH,); LRMS (EI', m/z) 156
(IM]7, 4%), 127 (4), 115 (87), 99 (31), 87 (100), 57)(IBRMS (EI', m/z) 156.1329 [M], CoH0Si requires 156.1329.

The data is in good agreement with previously regbvalues.
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Allyltriethylsilane
NAME JD_24.05.07
EXPNO 1l
PROCNO 1
Date_ 20070524
Time 22.54
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zg30
TD 65536
SOLVENT cDCl3
NS 16
Ds 2
SWH B278.146 Hz
FIDRES 0.126314 Hz
AQ 3.9584243 sec
RG 181
oW 60.400 usec
DE 6.00 usec
TE 298.9 K
Dl 1.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
PL1 3.00 dB
SFO1 400.2324716 MHz
SI 32768
SF 400.2300120 MHz
WDowW EM
SSB 0
LB 0.30 Hz
GB 0
BC 1.00
1]
i T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
E E-E
N Q = - N S
o - o o ol lo
Allyltriethylsilane
| Ll
! | NAME JD_24.05.07
EXPNO 10
PROCNO 1
Date_ 20070524
Time 22.50
INSTRUM spect
PROBHED 5 mm BBO BB-1H
PULPROG zgpg30
TD 65536
SCOLVENT cDcl3
NS 1024
Ds 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 7298.2
DW 20.850 usec
DE 6.00 usec
TE . 299.8 K
Dl 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89599998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
== CHANNEL fl =
13c
8.00 usec
6.00 dB
100.6479773 MHz
= CHANNEL £2
CPDPRG2 waltzlé
Nuc2 1H
PCPD2 80.00 usec
PL2 3.00 dB
PL12 22,00 dB
PL13 22.00 dB
SFO2 400.2316009 MHz
sI 32768
SF 100.6378969 MHz
wWDW EM
SSB 0
LB 1.00 Hz
GB 0
" o L 1 PC 1.40
el e . " e ool
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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Allyltriethylsilane
; - : : BRUKER
|/
Y NAME JD_24.05.07
EXPNO 3
PROCNO 1
Date_ 20070524
Time 23.29
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG deptql35
TD 65536
SOLVENT CDCl3
NS 256
Ds 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
aAQ 1.3664756 sec
RG 16384
oW 20.850 usec
DE 6.00 usec
TE 298.8 K
CNST2 145.0000000
D1 2.00000000 sec
dz 0.00344828 sec
D11 0.03000000 sec
DELTA 0.0000101% sec
== CHANNEL f1 ==
13C
Pl 8.00 usec
P2 16.00 usec
PL1 6.00 dB
SFO1 100.6479773 MHz
CHANNEL £2
waltzl6
1H
9.50 usec
19.00 usec
80.00 usec
3.00 @B
22.00 dB
400.2316009 MHz
32768
100.6378985 MHz
EM
o]
1.00 Hz
(]
1.40
T T L T T T T T T T T
180 160 140 120 100 80 60 40 20 ppm
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TABLE 1 ENTRY 2
Allyltri- n-butylsilane

/\/MgBr
BusSiCl - A~ SiBug
THF, 55°C, 15 h
C12Hp7CISi CysH3,Si
Mol. Wt: 234.88 Mol. Wt: 240.50

Following the general procedure A, chloratrbutylsilane (4.93 g, 21.0 mmol) furnished the imgproduct (4.96 g) as a
colourless oil. Purification by flash column chraography [silica gel, hexane] afforded the despeatluct (4.45 g, 18.5
mmol, 88%) as a colourless of% 0.82 [hexane]yma(film)/cm™ 2956, 2918, 1630 (C=C), 1195, 89%; (400 MHz;
CDCl;) 0.50-0.54 (6H, m, 3 x CHSICH,), 0.89 (9H, tJ 7.0, 3 x CH)), 1.22-1.37 (12H, m, 6 x G} 1.53 (2H, dJ 8.2,
CH,CH=CH,), 4.80 (1H, ddJ 10.1 and 2.2, CH=C{Hyans), 4.84 (1H, ddJ 16.9 and 2.2, CH=CldHans), 5.79 (1H,
ddt,J 16.9 10.1 and 8.2, GBH=CH;sHirans); 6c (100.6 MHz; CDCJ) 12.0 (3 x CH, SiCH,), 14.0 (3 x CH, Bu), 20.7
(CH,CH=CH,), 26.2 (3 x CH, Bu), 26.9 (3 x CH Bu), 112.6 (CHCH=CH,), 135.7 (CHCH=CH,); LRMS (EI', m/2)
199 ([M-Allyl]* 72%), 143 (100), 127 (28), 101 (18), 87 (15); HRNEI, m/z) 239.2190 [M], C;sHs,Si requires
239.2189.

Allyltributylsilane

<)
RUKE

[
! NAME JpD_24.01.10
| EXPNO 10
PROCNO 1
Date_ 20100124
| Time 18.35
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zg30
i D 65536
SOLVENT cDC13
| NS 16
! DS 2
| SWH 8278.146 Hz
FIDRES 0.126314 Hz
AQ 3.9584243 sec
RG 64
| D0 60.400 usec
DE 6.00 usec
TE 300.0 X
D1 1.00000000 sec
| - MCREST 0.00000000 sec
| MCWRK 0.01500000 sec
! ======== CHANNEL 1l =a=nean=
| Nucl 1H
Pl 9.50 usec
PL1 3.00 aB
SFO 400.2324716 MHz
ST 32768
SF 400.2300122 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
= PC 1.00
|
|
i J
_1 I\
l T T T T T T T T T T
11 10 9 8 7 6 5 4 3 2 1 0 ppm
S “ - | /A 7\ ‘
© h=] ~|o| o[ i
o ‘Q’ =5 ‘52‘ =
(=] ol NN o] (o
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allyltributylsilane

NAME
EXPNOC
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG

NUC2
PCPD2
PL2
PL12
PL13
SFO2
SI
SF
WDW
SSB
LB
GB
PC

T T
180 160 140 120 100 80 60 40 20

ppm

JD-07-352 C1 F1

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBEHD
PULPROG
TD
SOLVENT

T T

T T T
200 180 160 140 120 100 80 60 40 20

ppm

10

JD_24.01.10
Il

A,

20100124

19.36

spect

5 mm BBO BE-1H
zgpg30

65536

€DCl3
1024

4
23980.814
0.365918
1.3664756
18350.4
20.850
6.00

300.0
2.00000000
0.03000000
1.89%99998
0.00000000
0.01500000

CHANNEL £1
13¢C

100.6373006
EM

0
1.00

Q
1.40

JD_24.01.10
12

1

20100124

19.53

spect

5 mm BBEO BB-1lH
deptqgl3s
65536

€DC13
256

4

23980.814
0.365918
1.3664756
16384
20.850

6.00

300.0
145.0000000
2.00000000
.00344828
.03000000
.00001019

coo

CHANNEL f£1

100.6479773

CHANNEL f2
waltzlé

1H

9.50

19.00

B0.0O

3.00

22.00
400.2316009
32768
100.6379033
EM

0

1.00

0

1.40

Hz
Hz
sec

usec
usec

sec
sec
sec
sec
sec

usec
usec
6.00 dB

MHz
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TABLE 1 ENTRY 3
Allyltriisopropylsilane

/\/MgBr '
iPrySiCl - A~SiPrg
THF, 55 °C, 15 h
CoHy1(CISi C12Hz6Si
Mol. Wt: 192.80 Mol. Wt: 198.42

Following the general procedure A, chlorotriisoprisgane (6.75, 7.92 mL, 35.0 mmol) furnished thepure product
(7.17 g) as a pale yellow oil. Purification by flasolumn chromatography [silica gel, hexane] aféardhe desired
product (6.52 g, 32.8 mmol, 94%) as a colourle$s Ri0.79 [hexane]; bp 74-79 °C/0.4 mmHg, (li¥5-50 °C/0.2
mmHg); 8, (400 MHz; CDC}) 0.97-1.11 (21H, m, overlapping doublet and septet'Pr), 1.64 (2H, dt) 8.2 and 1.2,
CH,CH=CH;), 4.81 (1H, ddt,J 10.0 2.2 and 1.2, GBH=CH,Hyas), 4.92 (1H, ddt,J 16.9 2.2 and 1.2,
CH,CH=CHyHyans), 5.89 (1H, ddt) 16.9 10.0 and 8.2, GBH=CH,); 8¢ (100.6 MHz; CDCJ) 11.2 (3 x CH|Pr), 17.5
(SiCHy), 18.8 (6 x CH), 112.9 (CHCH=CH,), 136.3 (CHCH=CH,); LRMS (EI', m/2) 198 ([M]", 3%), 157 (100), 115
(60), 85 (52). The data is in good agreement wiévipusly reported valués.

JD-06-251
/
L BRUKER
7/ NAME JD_18.08.09
EXPNO 11
. ; PROCNO %
allyitriisopropylsilane Date_ 20090819
Time 2.26
INSTRUM spect
PROBHD 5 mm BBO BB-1H
BULBROG zg30
ocooOmnoOoFr-~-F~NN OO A ON O NMNMOWYMmMO LN T:D,n_ 555_35
tHEAOQ> DN M FHONMOANAMNMNNNNO OO0 SOLVENT copell
OV OV Oy QO COOO GO OO @ N OVYOVO)YO) 0O 0O 0O OO 0O CO QD QO Q0 I~~~ NS 16
........................... DS
wwwwwmuwumuwmmwm wn B S RS RS e S S S RS S SRS RS S SWH 3273.142:,!2
\\'\\\ \I \/‘ I \\\\ \\‘\ \'\\\\// FIDRES 0.126314 Hz
AQ 3.9584243 sec
RG 35.8
oW 60.400 usec
DE 6.00 usec
TE 300.0 K
Dl 1.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
======== CHANNEL f1 ========
NUCl 1H
Pl 9.50 usec
PL1 3.00 dB
— T T ‘ : SFOl 400.2324716 MHz
ST 32768
5.90 Ppm 4.95 4.90 4.85 ppm SF 400.2300122 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
BC 1.00
— (
|
a r L
R | v,
T T T T T T T T T T T T T T T T T T T
16 15 14 13 12 11 10 9 8 r 6 5 4 3 2 1 0 1 -2 ppm
]
LG Lk )
2 g BT

11
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

\ 1/ \
7/ ¥ NAME JD_18.08.08
EXPNO 10
PROCNO 1
allyitriisopropylsilane Date_ 20090819
v i Time 2.24
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG 2gpg30
D 65536
SOLVENT cDCl3
NS 1024
DS 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 18390.4
ow 20.850 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
dii 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
SFO2
sI
SF 100.6378984 MHz
WDW EM
SSB 0
LE 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
JD-06-234 C1 m
J\ NAME JD_290702
Si/\’f EXPNO 1
_‘/}\ {1 PROCNO 1
\/ Date. 20090702
Time 20.33
INSTRUM spect
o - PROBHD 5 mm QNP 1
allyltriisopropylsilane PULPROG gﬁptlag
D 65536
SOLVENT cpels3
NS 256
DS 4
SWH 25000.000 Hz
o e @ FIDRES 0.381470 Hz
5 L4 = AQ 1.3107700 sec
& o - RG 32768
= [l o DW 20.000 usec
| | DE 28.57 usec
TE 300.0 K
Pl 6.00 usec
P3 14.50 usec
CNST2 145.0000000
HL1 4
Dl 2.00000000 sec
s1 4
SFO2 400.1365000 MHz
DECNUC 1H
D2 0.0034483 sec
P4 29.0 usec
P2 12.0 usec
T D13 0.0000040 sec
52 17
[ ——————————— SFol 100.6253720 MHz
20 19 18 17 16 15 14 13 12  ppm NUCLEUS 13¢
CPDPRG waltzl6
P31 80.00 usec
sI 32768
SF 100.6138575 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

TABLE 1 ENTRY 4
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

Allyldiphenylmethylsilane

/\/Br
Ph,MeSiCI + Mg - /\/SlthMe
THF,25 C,24 h
Cy3H43CISi CqgH1sSi
Mol. Wit: 232.78 Mol. Wt: 238.40

Dimethyl(iodomethyl)phenylsilane was prepared basedhe procedure reported by Sodergsist. ® To a mixture of
mechanically activated magnesium turnings (0.365) mmol) and chloromethyldiphenylsilane (2.72&3 mL, 12.0
mmol) in THF (15 mL) was added dropwise allylbromi¢lL.45 g, 1.01 mL, 12.0 mmol) at a rate to mangeéntle
reflux. After being stirred at 25 °C for 15 h, theaction mixture was poured onto ice. The aqueaysrlwas extracted
with diethyl ether (2 x 20 mL) and the combinedaig layers were washed with brine (30 mL), drigg$Qy), filtered
and concentrateith vacuo to afford a pale yellow oil (2.90 g). Purificatitwy either Kugelrohr distillation or flash column
chromatography [silica gel, hexane] gave the ddspeoduct (1.68 g, 7.05 mmol, 59%) as a colourlei#s bp
115-119 °C/1 mmHg, (Iif" 93 °C/0.1 mmHg)R; 0.23 [hexane]yma(film)/cm™ 3069, 2953, 2875, 1629 (C=C), 1427,
1251, 1112, 895}, (400 MHz; CDC}) 0.59 (3H, s, SiCH), 2.12 (2H, dtJ 8.0 and 1.1, CKCH=CH,), 4.89-4.97 (2H, m,
overlapping signals C{€H=CH,), 5.83 (1H, ddtJ 17.0 10.1 and 8.0, GBH=CH,), 7.36-7.43 (6H, m, Ar), 7.54-757
(4H, m, Ar); 6c (100 MHz; CDC}) -4.7 (2 x CH), 22.3 (CHCH=CH,), 114.2 (CHCH=CH,), 128.0 (4 »m-CH, Ar),
129.4 (2 xp-CH, Ar), 134.2 (CHCH=CH,), 134.7 (4 x0-CH, Ar), 136.7 (2 x C, Ar); LRMS (EJm/2) 238 ([M]", 2%),
223 (3), 197 (100), 181 (19), 165 (20), 119 (10p 127); HRMS (El, m/z) 238.1170 [M], Ci¢H1Si requires 238.1172.
The data is in good agreement with previously regbvalues’

JD-09-490 Cl1 F2
PROTON CDC13 /opt/xwinnmr bruker 23

f

J

80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 ppm
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JD-09-450 C1 F2
C13CPD CDC13 /opt/xwinnmr bruker 23

s M o < E BRUKER

NAME JD_19.12.10
EXPNO 10
PROCNO 1
Date_ 20101219
Time 0.48
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 1024

DS 4

SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 18390.4

bW 20.850 usec
DE 6.00 usec
TE 300.0 K
Dl .00000000 sec
dll .03000000 sec

.00000000 sec
.01500000 sec

2
0
DELTA 1.89999998 sec
0
0

1F
PCPD2 80.00 usec
PL2 3.00 dB
PL12 22.00 dB
PL13 22.00 dB
SFO2 400.2316009 MHz
SI 32768
SF 100.6379021 MHz
WDW EM
SSB 0
L 1.00 Hz
GB 1)
PC 1.40

J . .

T T T T T T T T T T T T T T T T

I
150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 0 pPpm

JD-09-490 C1 F2
C13DEPTQ135 CDC13 /opt/xwinnmr bruker 23

)

\/
NAME Jp_19.12.10
EXPNO i Y
PROCNO 1
Date_ 20101218
Time 1.05
INSTRUM spect
PROBHD 5 mm BEO BB-1H
PULBROG deptgl35s
TD 65536
SOLVENT CDC13
NS 256
Ds 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 16384
oW 20.850 usec
DE 6.00 usec
TE 300.0 K
CNST2 145.0000000
Dl 2.00000000 sec
4q2 0.00344828 sec
D11 0.03000000 sec
DELTA 0.00001019 sec
CHANNEL f1 =
13¢
8.00 usec
16.00 usec

6.0
100.6479773 MHz

22.
400.2316009 MHz
32768
100.6379019 MHz
EM
0
1.00 Hz
0

1.40

o I I I I I I I T I T I i s T

T
140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

TABLE 1 ENTRY 5
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

Allyl- tert-butyldiphenylsilane

/\/MgBr
CISi'BuPh, - _~_-SiBuPh,
THF, 55 °C, 15 h
C16H1oCISI C1oHp4Si
Mol. W: 274.86 Mol. Wt: 280.48

Following the general procedure fert-butyldiphenylchlorosilane (7.15 g, 6.76 mL, 26.thol) furnished the impure
product (7.02 g) as a pale yellow oil. Purificatibyp flash column chromatography [silica gel, hejaakorded the
desired product (6.67 g, 23.8 mmol, 92%) as a clges oil: R 0.42 [hexane]yma(film)/cm™ 2929, 2857, 1630 (C=C),
1427, 1104, 895, 82@;; (400 MHz; CDC}) 1.09 (9H, s\Bu), 2.21(2H, dt,) 7.8 and 1.2, CKCH=CH,), 4.82 (1H, ddt)
10.0 2.0 and 1.2, G&@H=CH,Hyans), 4.92 (1H, ddt,] 16.9 2.0 and 1.2, GEH=CH;Hyans), 5.79 (1H, ddtJ 16.9 10.0
and 7.8, CHCH=CH,Hyans), 7.35-7.44 (6H, m, Ar), 7.62-7.64 (4H, m, AB;(100.6 MHz; CDCJ) 18.6 (SIiC(CH)3),
18.9 (CHCH=CH,), 28.0 (SIiC(CH)3), 114.7 (CHCH=CH,), 127.7 (4 xm-CH, Ar), 129.2 (2 xp-CH, Ar), 134.6
(2 x C, Ar), 134.8 (CHCH=CH,), 136.16 (4 x0-CH, Ar); LRMS (EI', m/2) 280 ([M]’, 1%), 239 (71), 223 (100), 197
(52), 181 (36), 135 (100), 105 (40); HRMS {EtVz) 280.1643 [M], CigH..Si requires 280.1642. The data is in good
agreement with previously reported valtes.

JD-04-174 pure

BRUKER
f —
s ( / (>
,Si/\‘% ‘ 7 NAME Jp_ 1.09
Ph™1 i EXPNO 12
Ph | PROCHO 1
allyl(tert-butyl)diphenylsilane | E?:‘E, 200 ung
| INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zg30
| D 65536
SOLVENT CDC13
[ NS 16
| DS 2
SWH 8278.146 Hz
| FIDRES 0.126314 Hz
AQ 3.9584243 sec
| RG 101.6
| DiW 60.400 usec
| DE 6.00 usec
TE 300.0 K
[ D1 1.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
J ======== CHANNEL f1 ========
NUC1 1H
Pl 9.50 usec
PL1 3.00 B
SFO 400.2324716 MHz
51 32768
SF 400.2300122 MHz
WDwW EM
SSB 0
e s LB 0.30 Hz
| | GB 0
! | pC 1.00
) i
]
l ——a jLJ
—
—a —ll =
T T i T T T T T T
11 10 6 5 4 3 2 1 ppm
J - U J
[ = e el e
o ol =1 o -]
= =1 o o o
= 1=
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JD-04-174 pure

S

_ \ I NAME JD_25.01.09
_Si EXENO 10

Ph Fl’h PROCNO 1

Date_ 20090125

allyl(tert-butyl)diphenylsilane Time 21.02
W s ¥ INSTRUM spect
PROBHD 5 mm BBO BB-1H

PULPROG zgpg30

65536

€Dcl3

1024

4

23980.814 Hz
0.365918 Hz
1.3664756 sec

18390.4

20.850 usec
6.00 usec
300.0 K

2.00000000 sec
0.03000000 sec
1.89999998 sec
0.00000000 sec
0.01500000 sec
CHANNEL f1 ==
13¢
8.00 usec
6.00 dB
100.647%773 MHz
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 3.00 dB
PL12 22.00 dB
PL13 22.00 dB
SFO2 400.2316009 MHz
SI 32768
SF 100.6379014 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
s i
T T T T T T T T T I T
180 160 140 120 100 80 60 40 20 ppm
JD-04-174 pure
s ¥ ron
51N i | Y NAM 1.09
Ph™1 EXPNO 11
Ph PROCNO 1
" . Date 20090125
allyl(tert-butyl)diphenylsilane Time 21.19
INSTRUM spect
PROEBHD 5 mm BBO BB-1H
PULPROG deptgl3s
D 65536
SOLVENT CDCl3
NS 256
DS 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 16384
bW 20.850 usec
DE 6.00 usec
TE 300.0 K
CNST2 145.0000000
Dl 2.00000000 sec
dz2 0.00344828 sec
D1l 0.03000000 sec
DELTA 0.00001019 sec
= CHANNEL f1
NUC1 i3c
Pl 8.00 usec
P2 16.00 usec
PL1 6.00 de
SFO1 100.6479773 MHz
CPDPRG2 waltzl6
NUC2 1
P3 9.50 usec
P4 19.00 usec
PCPD2 80.00 usec
PL2 3.00 @B
PL12 22.00 @B
SFO2 400.2316009 MHz
SI 32768
SF 100.6379022 MHz
WDW EM
SSB 0
LB 1.00 Hz
GE 0
PC 1.40
T T T T T T " T T T T
200 180 160 140 120 100 80 60 40 20 0  ppm

TABLE 1 ENTRY 6
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

Allyldimethylphenylsilane

/\/MgBr
C|SIM82Ph . /\/SlMezph
THF, 55 C,15h
CgHy;CISi Cy1HyeSi
Mol. Wt: 170.71 Mol. Wt: 176.33

Following the general procedure A, chlorodimethgpyisilane (4.27 g, 5.01 mL, 25.0 mmol) furnishbéé impure
product (5.22 g) as a pale yellow oil. Purificatibyp flash column chromatography [silica gel, hejaakorded the
desired product (3.79 g, 21.5 mmol, 86%) as a claes oil;R; 0.49 [hexane]; bp 44-45 °C/0.07 mmHg, {fi06-97 °C
14 mmHg);vmafilm)/cm™ 3071, 2956, 1630 (C=C), 1427, 1248, 1195, $4Q400 MHz; CDC}) 0.30 (6H, s, SiMg,
1.77 (2H, dtJ 8.1 and 1.0, CKCH=CH,), 4.86 (1H, ddt,J 10.1 2.1 and 1.0, G8H=CH,Hyans), 4.87 (1H, ddtJ 16.9
2.1 and 1.0, ClCH=CH,Hrans), 5.79 (1H, ddtJ) 16.9 10.1 and 8.1, GBH=CH,), 7.35-7.38 (3H, m, Ph), 7.52-7.54 (2H,
m, Ph);5¢ (100.6 MHz; CDCJ) -3.3 (3 x CH), 23.8 (CHCH=CH,), 113.6 (CHCH=CH;,), 127.9 (2 »m-CH, Ph), 129.1
(p-CH, Ph), 133.8 (2 %-CH, Ph), 134.8 (CKCH=CH;,), 138.8 (C, Ph); LRMS (EJm/z) 176 ([M]’, 7%), 161 (6), 135
(100), 119 (11), 105 (15), 91 (7); HRMS (Eiv2) 176.1017 [M], C11H16Si requires 176.1016. The data is in good

agreement with previously reported vallles

Jon Dunn JDEx33F2

¢
SiMezPh L‘X—)
P e 2 NAME JD_05.07.07
EXPNO 11
allyldimethylphenylsilane gﬁgcno 200707 uél
ate_ 7070
Time 22.40
5 INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zg30
D 65536
SOLVENT cpel3
NS 16
DS 2
SWH 8278.146 Hz
FIDRES 0.126314 Hz
aAQ 3.9584243 sec
RG 25.4
oW 60.400 usec
DE 6.00 usec
TE 298.7 K
D1 1.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
======== CHANNEL fl ========
NUC1 1H
Pl 9.50 usec
| PL1 3.00 dB
I " SFO1 400.2324716 MHz
[ ST 32768
| | sF 400.2300121 MHz
| wew EM
SSB 0
[ LB 0.30 Hz
‘ GB 0
\ eC 1.00
| |
|
|
!
J _ﬂ sl
T T T T T T T
11 10 9 8 7 6 4 2 ppm
) L 2 J =
el Mer” ol o
|2 < = &
< —i o @0
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Allyldimethylphenylsilane

_A~_-SiMesPh «

allyldimethylphenylsilane

Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

NAME JD_05.07.07
EXPNO 10
PROCNO 1
Date_ 20070705

Time 22.36
INSTRUM spect
PROBHD 5 mm BEQO BEB-1H
PULPROG zgpg30

TD 65536
SOLVENT cDC13

NS 1024

DS 4

SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 18390.4

bW 20.850 usec
DE 6.00 usec
TE 299.6 K

Dl 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec
== CHANNEL f1 ==
NUC1 13c

Fl 8.00 usec
PL1 6.00 dB
SFO1 100.6479773 MHz

T T T T
200 180 160 140

allyldimethylphenylsilane

T
120

T
100

80

60

40

20

ppm

22.00
400.2316009

32768
100.6379096

EM

0
1.00
0

1.40

JD_05.07.07
12

1

20070705
22.58

spect

5 mm BBO BB-1H
deptl35

65536

cDCl3

256

4
23980.814
0.365918
1.3664756
16384
20.850
6.00

8.
145.0000000
.00000000
.00344828
-00002000
.0000101%
.00000000
.01500000

cocool

CPDPRG2
NuUC2
P3

p4d
PCPD2
PL2
PL12
SFO2
SI

SF
WDW
SSB
LB
GB

T T

180 160 140

\
120

T
100

80

60

18

40

20

0 ppm

= CHANNEL f2 ==

6.00
100.6479773

waltzl6

1H

9.50

15.00

80.00

3.00

22.00
400.2316009
32768
100.6379111
EM

0
1.00
0
1.40

usec
usec
usec
dB

MHz

MHz



Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

Table 2 Summary of different cyclopropanation methdologies used for the synthesis of
silyimethylcyclopropane

a) Simmons-Smith:
Zn-Cu couple, CH,l,, Et,0, reflux, 24 h

b) Furukawa:
ZnEt, (1 M in hexane), CH,l,, CH,Cl,, rt, 6 h

C) Yamamot'o:
R1 RZRSSI\/\ A|M63 (2 M in hexane), CH2|2, DCM, rt, 24 h R1R2R3SI\/<]

Entry Allylsilane Product Method Yield (%)
1 Me3Sis MesSi~_<] Simmons Smith 51
2 Simmons Smith 54
3 PhMe;Si~ PhMe,Si~_ <] Furukawd 61
4 Yamamot6 63
5 , Simmons Smith 60
PraSis_ . ’Pr3Si\/<]
6 Yamamoto 56

1 eq. of allylsilane, 2 eq.diiodomethane, 5 ecgagfper chloride and 5 eq. of zinc powder in dietitiler were heated at
reflux temperature for 24 Rleq. allylsilane, 5 eq. diiodomethane and 5 edliethyl zinc in DCM were stirred at room

temperature for 6 hleqg. allylsilane, 2 eq. diiodomethane and 2 egyimiethylaluminium in DCM were stirred at room

temperature for 24 h.

Table 3. Summary of silylmethylcyclopropanes synthssed using the Simmons-Smith
reaction

RIRZRSi_~ Zn, CuCl, CH,lp R'R2R%si_<|
Et,0, reflux
Isolated yield of Recovered allylsilane

Entry R R R cycloprop);ne (%) (%)? '

1 Et Et Et 42 7 (19)

2 Bu Bu Bu 65 9 (13)

3 'Pr 'Pr 'Pr 77 8 (9)

4 Me Me Ph 82 6

5 Me Ph Ph 71 5

6 ‘Bu Ph Ph 86 5

%In several cases the recovered starting materiaticwt be cleanly separated from the cycloproptreeyalue in
brackets is the percentage of cyclopropane th&elith starting material determined 1y NMR analysis.

*The remaining material was identified as hexaeibijtkane by GCMS.
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

General Procedure B - Preparation of (cyclopropylmetiil)silanes (Simmons-Smith)

To a stirred suspension of zinc powder (5 eq.)@mpper chloride (5 eq.) in anhydrous diethyl e{®emL/mmol), which
had been heated at reflux temperature for 30 mihallowed to cool to room temperature, was additsdhne (1 eq.)
and diiodomethane (2 eq.). The reaction was heateéflux temperature for 15 h, cooled to room temapure and
filtered through celite washing with diethyl eti@mL/mmol). The filtrate was washed with 1 M H@Illbwed by 10%
w/v sodium bicarbonate solution until pH 7. The corediraqueous layers were extracted with diethyl esmer the
combined organic layers were washed with brine, ¥##¥sodium thiosulfate solution, separated, dried (MgSfiltered
and concentratenh vacuo to yield the impure product. Purification by flasblumn chromatography using a mixture of

10% silver nitrate impregnated silica and standdich (1 : 3) eluting with hexane gave the desjpeatuct.

Typical procedure for the purification of (cyclopropylmethyl)silanes - Preparation of silver
nitrate impregnated silica gel.

Silver nitrate (3 g) and methanol (300 mL) wasretrvigorously until the all the solid had dissalvdo this solution
was added silica gel (30 g) and the resulting méxstirred for 5 min. The slurry was then trangdrto a round bottom
flask covered with silver foil and the solvent rerad in vacuo to give the impregnated silica gel as a bright hit
powder/gel. The column was made by pre-forminguarglof silica gel (50 g) in hexane. Once this lsattled the silver
nitrate impregnated silica gel was added as aysinrinexane creating a band of silver nitrate irgpeded silica at the top
of the column. The column was washed with threaroal lengths of hexane to wash through any resithefhanol and

run in the usual way.
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

TABLE 3 ENTRY 1
(Cyclopropylmethyl)triethylsilane

P CH,ly, Zn, CuCl
Et,Si7 N Et,Si
° Et,0, 50 °C, 15 h SN
CoHaoSi CioHsSi
Mol. Wt: 156.34 Mol. Wt: 170.37

Following the general procedure B, allytriethylea(3.78 g, 24.0 mmol) furnished the impure prodagia brown oil
(2.90 g). Purification by flash column using 10%esi nitrate impregnated silica and standard sidittding with hexane
gave desired product (1.61g, 9.45 mmol, 40%) asolaurless oil; R 0.81 [hexane];vmafilm)/cm™ 3071 (CH
cyclopropyl), 2952, 2875, 1457, 1416, 1239, 1083,;84 (400 MHz; CDC}) —0.06 to —0.02 (2H, m, Cityclopropyl),
0.41-0.45 (2H, m, Ckicyclopropyl), 0.49 (2H, d] 6.9, 3 x CH), 0.56 (6H, g, 8.0, 3 x CHCHj), 0.54-0.61 (1H, m, CH
cyclopropyl); 0.95 (9H, t] 8.0, 3 x CH); 6¢(100.6 MHz; CDCJ) 3.7 (3 x CH), 6.3 (CH), 6.9 (2 x Cktyclopropyl), 7.6
(3 x CHy), 17.3 (SiCH); LRMS (EI', m/z) 170 ([M]" 1%), 141 (34),115 (61), 87 (100), 59 (35); HRMS'(EV2)
170.1483 [M], C;H,Si requires 170.1485.

(cyclopropylmethyl)triethylsilane
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

(Cyclopropylmethyl) triethylsilane

5 ! i NAME JD_07.08.07
\/S'/\<I EXPNO 10
) PROCNO 1
Date_ 20070608
Time 1.19
INSTRUM spect
PROBHD 5 mm EBEO BB-1lH
PULPROG zgpg30
D 65536
SOLVENT CDC13
NS 1024
Ds 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 18390.4
oW 20.850 usec
DE 6.00 usec
TE 299.1 K
D1 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
CHANNEL f1 =
13¢
8.00 usec

6.00
100.6479773 MHz

CHANNEL £2
waltzl6é

400.2316009 MHz

32768
100.6378967 MHz

EM

0
1.00 Hz

0

1.40

A
T T T T T i T d T : : TR T ;
160 140 120 100 80 60 40 20 0 ppm

(Cyc lopropylmeth.yl) triethylsilane c.><-7

; (<D

I\Si
~3

NAME JD_07.06.07
EXPNO 12
PROCNGC 1
Date_ 20070608
Time 1.41
INSTRUM spect
PRCBHD 5 mm BBO BB-1H
PULPROG deptl35

TD 65536
SOLVENT CDC13

NS 256

DS 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 16384

oW 20.850 usec
DE 6.00 usec
TE 298.0 K
CNST2 145.0000000

Dl 2.00000000 sec
dz2 0.00344828 sec
diz 0.00002000 sec
DELTA 0.00001013 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec

-5 ! 8.00 usec
P2 16.00 usec
PL1 6.00 dB

SFO1 100.6479773 MHz

P3 9.50 usec
pd 19.00 usec
PCPD2 80.00 usec
PL2 3.00 dB
PL1Z2 22.00 @B
SFO2 400.2316009 MHz
SI 32768
SF 100.6379140 MH=z
wDW EM
SSB 0
LB 1.00 Hz
T T T T T T T T T T GB 0
180 160 140 120 100 80 60 40 20 0 ppm E¢ 140

22



Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

TABLE 3 ENTRY 2
(Cyclopropylmethyl)tri- n-butylsilane

Pz CH2|2, Zn, CuCl
BusSi” > BusSi
® Et,0, 50 °C, 15 h SN
C15H3,Si C1gH34Si
Mol. Wt: 240.50 Mol. Wt: 254.53

Following the general procedure B, allyltrbutylsilane (3.78 g, 16.5 mmol) furnished the imgproduct as a colourless
oil (3.78 g). Purification by flash column chromagtaphy using a mixture of 10% silver nitrate impratpd silica and
standard silica eluting with hexane gave the ddspeoduct (2.73 g, 10.7 mmol, 65%) as a colourl@itsR; 0.93
[hexane];vmadfilm)/cm™ 2918, 1463, 1197 (Si-C), 1081, 886 (Si-&)(600 MHz; CDC}) -0.06 to —0.03 (2H, m, CH
cyclopropyl), 0.42-0.45 (2H, m, GHyclopropyl), 0.49 (2H, dJ 7.0, SICHCH), 0.54-0.63 (7H, m, SiCi{€H and 3 x
CH, overlapping signals), 0.89 (9HJt7.0, 3 x CH), 1.26-1.36 (12H, m, 6 x GHBu); 8¢ (100.6 MHz; CDC}J) 6.4 (CH
cyclopropyl), 6.9 (2 x CKcyclopropyl), 12.5 (3 x Ck Bu), 14.0 (3 x Chk), 18.3 (SIiCHCH), 26.4 (3 x CH), 27.1
(3 x CHy); LRMS (EI', m/z) 199 ([IM-CGH/]", 45%), 143 (100), 101 (29), 87 (22), 59 (29); HRKEF', m/z) 253.2348

[M—H]", Ci¢H33Si requires 253.2346.

(cyclopropylmethyl)tri-n-butylsilane

BugSin_<]

0.183399 Hz
2.7263892 sec
3

32
41.600 usec
6.50 usec
303.0 K
2.00000000 sec
1

=====z=== CHANNEL fl1 ========

|
- 10.70 usec
6.00 4B

Taagasieay adaarit T .
0.6 0.5 0.4 0.3 0.2 0.1 0.0 ppm
i (“7'_*”’*—1mr—*'_ I =

10 B o
1o =]
—| o

-
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

(cyclopropylmethyl) tri-n-butylsilane

- . g BRUKER
BusSi” 1 S

NAME Jp_26.01.10
EXPNO 2
PROCNO i
Date_ 20100127
Time 7.27
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpa30

TD 65536
SOLVENT cpell

NS 1024

DS 4

SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 819

DW 20.850 usec
DE 6.00 usec
TE 300.0 K
D1 - 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec

PCPD2 80.00 usec
PL2 3.00 éB
PL12 22.00 dB
PL13 22.00 dB
SF02 400.2316009 MH=z
SI 32768
SF 100.6378996 MH=z
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
) | |
I T T T T T T T T T T
180 160 140 120 100 80 60 40 20 ppm
(cyclopropylmethyl) tri-n-butylsilane
BusSi” ]
\i¢ \( A NAME JD_26.01.10
EXPNO 2
PROCNO 1
Date_ 20100127
Time 7.43
INSTRUM spect
PROBHED 5 mm BBO BB-1H
PULPROG deptgl3s
TD 65536
SOLVENT cDC13
NS 256
Ds 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 16384
DW 20.850 usec
DE €.00 usec
TE 300.0 K
CNST2 145.0000000
D1l 2.00000000 sec
dz 0.00344828 sec
D1l 0.03000000 sec
DELTA 0.00001019 sec
H| == CHANNEL f1
1 1 8.00 usec
16.00 usec
6.00 dB
100.6479773 MHz
CHANNEL f£2
waltzlé
1H
9.50 usec
19.00 usec
80.00 usec
3.00 dB
22.00 dB
400.2316009 MHz
32768
100.6378998 MHz
EM
0
1.00 Hz
[¢]
1.40
T T T T I T T T T T T T T T T T T

T T T T
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 0 ppm
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

TABLE 3 ENTRY 3
(Cyclopropylmethyl)triisopropylsilane

. = CHoyl,, Zn, CuCl i
PrySi” N IPr;Si
® Et,0, 50 °C, 15 h SN
C12H26Si C13H2gSi
Mol. Wt: 198.42 Mol. Wt: 212.45

Following the general procedure B, allyltriisoprégilane (5.77 g, 21.0 mmol) furnished the impuredurct as a yellow
oil (5.04 g). Purification by flash column chromgtaphy using a mixture of 10% silver nitrate impratgd silica and
standard silica eluting with hexane gave the ddspeoduct (3.45 g, 16.2 mmol, 77%) as a colourl@itsR; 0.88

[hexane];vmadfilm)/cm™ 3074 (C-H cyclopropyl), 2941 (C-H), 1464, 1015188i-C); 8, (400 MHz; CDC}) 0.00-0.03
(2H, m, CH cyclopropyl), 0.46-0.49 (2H, m, Gktyclopropyl), 0.58 (2H, dJ 6.5, SICHCH), 0.61-0.71 (1H, m,
SiICH,CH), 1.04-1.12 (21H, m, overlapping signals 6 xGtid 3 x CH,'Pr); 8¢ (100.6 MHz; CDCJ) 6.6 (CH

cyclopropyl), 8.0 (2 x CHcyclopropyl), 11.1 (3 x CHPr), 15.1 (SiCHCH), 19.0 (6 x ChH); LRMS (EI', m/2) M* not

visible, 169 ([M-Pr]", 13%), 157 (80), 127 (88), 115 (100), 99 (56)(B9), 73 (78), 59 (81); HRMS (EInVz) 213.2034
[M+H]", CiaH,6Si requires 213.2033.

(cyclopropylmethyl)triisopropylsilane

D siiPrs
SWH 5681.818 Hz
FIDRES 0.086698 Hz
AQ 5.7672181 sec
RG 512
D 88.000 usec
DE 110.00 usec
TE 300.0 K
HL1 4 dB
D1 1.00000000 sec
Pl 14.50 usec
SFOl 400.1365178 MHz
NUCLEUS 1H
SI 32768
SF 400.1343939 MHz
wWDwW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
r
T T T T T T T T [
(215 0.6 3.5 0.4 0.3 0.2 0.1 ppm /
]
r
i |
|
! L.L_Ai
T T T T T T T T T T T T
12 11 10 9 8 7 6 5 4 3 2 1 0 ppm
LA |
1= of |2
3| |3 |3
\'-‘ W e
oy |
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

(cyclopropylmethyl) triisopropylsilane

BRUKER
[~ silPr, (N

RRY NAME JD_290823

EXPNO 10
PROCNO 1
Date_ 20090823
W < o Time 18.58
7] o 0 o o INSTRUM spect
)] o .—c g o PROBHD 5 mm QNP 1H
< & ) PULPROG 2gpg30
% 0 5 L ™ 65536
SOLVENT cpel3
l | | NS 1024
DS 4
SWH 26315.789 Hz
FIDRES 0.401547 Hz
AQ 1.2452340 sec
RG 32768
DwW 19.000 usec
DE 27.14 usec
TE 300.0 K
HL1 4 dB
D1 2.00000000 sec
CPDPRG waltzl6
P31 80.00 usec
sS4 20 dB
D1l 0.0300000 sec
s2 17 4B
Pl 6.00 usec
SFO1 100.6251166 MHz
NUCLEUS 13c
sI 32768
SF 100.6138553 MH=z
WDW EM
L 55B 0
=", LB 1.00 Hz
GB 0
EC 1.40
T T T T T T T T T T
20 18 16 14 12 10 8 6 ppm
.
T T T T T T T I T T T
200 180 160 140 120 100 80 60 40 20 ppm
(cyclopropylmethyl) triisopropylsilane
[>~_-siPrs
NAME JD.19.07.09
EXPNO 22
PROCNO 1
Date_ 20090713
Time 21.45
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG deptgl3s
TD 65536
SOLVENT cDel3
NS 258
DS 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 16384
W 20.850 usec
DE 6.00 usec
TE .0 K
CNST2 145.0000000
D1 2.00000000 sec
4z 0.00344828 sec
11 0.03000000 sec
DELTA 0.00001019 sec
CHANNEL £1
13c
8.00 usec
16.00 usec

6.0
100.6479773 MHz

= CHANNEL £2
waltzlé
1

9.50 usec
19.00 usec

80.00 usec
3.00 éB
22.00 a8
400.2316009 MHz
32768
100.6378992 MHz
EM
0
1.00 Hz

0
1.40

T T I T T T I T I T T

200 180 160 140 120 100 80 60 40 20 0 ppm
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

TABLE 3 ENTRY 4
(Cyclopropylmethyl)dimethylphenylsilane

P CH2|2, Zn, CuCl
Me,PhSi” > Me,PhSi
2 Et,0, 50 °C, 15 h Phsi” ]
Mol. Wt: 176.33 Mol. Wt: 190.36

Following the general procedure B, allyldimethylpfiksilane (3.88 g, 22.0 mmol) furnished the imppreduct as a
yellow oil (3.24 g). Purification by flash columhmmatography using a mixture of 10% silver nitiatpregnated silica
and standard silica eluting with hexane gave thsreleg product (2.79 g, 14.7 mmol, 67%) as a cobasrloil;R: 0.53
[hexane];vmadfilm)/cm™ 3070 (C-H cyclopropyl), 2956, 1426, 1247, 1113%5;88,, (400 MHz; CDC}) -0.03-0.01 (2H,
m, CH, cyclopropyl), 0.34 (6H, s, 2 x GH 0.43-0.47 (2H, m, Cftyclopropyl), 0.61-0.71 (1H, m, SiGBH), 0.75
(2H, d,J 6.9, SICHCH),7.36-7.39 (3H, m, Ph), 7.54-7.58 (2H, m, R#&y(100.6 MHz; CDCJ) -2.6 (2 x CH), 6.3
(CH cyclopropyl), 6.6 (2 x CHcyclopropyl), 21.4 (SiCh, 127.8 (2 xm-CH, Ph), 128.9¢CH, Ph), 133.7 (2 »-CH,
Ph), 139.9 (C, Ph); LRMS (EInv2) 190 (IM]’, 2%), 175 (9), 135 (100), 105 (12); HRMS {EtVz) 190.1173 [M],
C1oH16Si requires 190.1172.

(cyclopropylmethyl)dimethylphenylsilane (-‘><7

[>~_siMe,Ph /
NAME JD_100408
EXPNO 10
PROCNO 1
Date_ 20100408
Time 15.27
INSTRUM spect
PROBHD mm QNP H
PULEROG 2g30
TD 65536
SOLVENT cpe
NS 6
DS 2
SWH 5681.818 Hz
FIDRES 0.086698 Hz
AQ 5.7672181 sec
RG 256
DW 88.000 usec
DE 110.00 usec
TE 300.0 K
HL1 4 as
Dl 1.00000000 sec
[ Pl 14.50 usec
| SFOl 400.1365178 MHz
| NUCLEUS 1H
| } st 32768
| SF 400.1343944 MHz
/ I WDW EM
r i i , SSB 0
| [ { | LB 0.30 Hz
[ | | GB 0
| | eC 1.00
|
‘ T T T T T i
0.8 0.6 0.4 0.2 ppm |
| ' y ||
) I
1
i T | T T T T T T T ) T
8 7 6 5 4 3 2 1 0 ppm
N R B
I @it |2
| -m.‘cmo,} |2
=1 aiiiedjea] il
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

(cyclopropylmethyl)dimethylphenylsilane

| BRUKER
[>_SMePh 3 : E

| | / \' | \/ WAME JD_27.06.09
| i ' EXPNO 31
PROCNO 1
Date_ 20090626
Time 23.30
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30
TD 65536
CDC13
1024
4
23980.814 Hz
0.365918 Hz
1.3664756 sec
16384
20.850 usec
6.00 usec
300.0 K
2.00000000 sec
0.03000000 sec
1.89999998 sec
0.00000000 sec
0.01500000 sec
CHANNEL £1
6.00 dB
100.6479773 MHz
= = CHANNEL £2
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 3.00 dB
PL12 22.00 dB
PL13 22.00 ds
SF02 400.2316009 MHz
SI 32768
SF 100.6379011 MHz
WDW EM
SsB 0
LB 1.00 Hz
- GB 0
BC 1.40

T T T T T T T I T T T T T T l T

T
160 150 140 130 120 110 100 90 80 70 60 S50 40 30 20 10 O ppm

(cyclopropylmethyl)dimethylphenylsilane

BRUKER
[>~_siMePh PEd

\N | \/ NAME JD_05.12.07
VN I ( EXPNO 11
PROCNO 1
Date_ 200712086
Time 10.23
INSTRUM spect
PROBHD 5 mm BBO BB-1lH
PULPROG dept135
TD 65536
SOLVENT cDpCl3
NS 256
Ds 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 16384
DW 20.850 usec
DE 6.00 usec
TE 298.0 K
CNST2 145.0000000
Dl 2.00000000 sec
dz 0.00344828 sec
dalz 0.00002000 sec
DELTA 0.00001019 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
1 - CHANNEL fl1 ==
T 1ic
8.00 usec
16.00 usec
6.00 dB
100.6479773 MHz
NUC2 1H
P3 9.50 usec
pd 19.00 usec
PCPD2 80.00 usec
PL2 3.00 @
PL12 22.00 dB
SF02 400.2316009 MHz
SI 32768
SF 100.6379100 MH=z
WDW EM
SSB )
LB 1.00 Hz
T T I T T T T T T T GB Q0
180 160 140 120 100 80 60 40 20 ppm % F A0
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

TABLE 3 ENTRY 5
(Cyclopropylmethyl)(methyl)diphenylsilane

P CH2|2, Zn, CuCl
MePh,Si~ > MePh,Si
2 Et,0, 50 °C, 15 h SN
Mol. Wt: 238.40 Mol. Wt: 252 .43

Following the general procedure B, allyl(methyllu#mylsilane (4.32 g, 18.0 mmol) furnished the ingpproduct as a
yellow oil (3.94 g). Purification by flash columhmmatography using a mixture of 10% silver nitiatpregnated silica
and standard silica eluting with hexane gave tharele product (3.21 g, 12.7 mmol, 71%) as a cobasrloil;R: 0.32
[hexane];vma{film)/cm™ 3069 (C-H cyclopropyl), 2998 (G 1427, 1250, 1108, 802, 727, 63/;(400 MHz; CDC})
0.01-0.05 (2H, m, CKcyclopropyl), 0.43-0.47 (2H, m, GHyclopropyl), 0.65 (3H, s, SiMe), 0.68-0.77 (1H, €H
cyclopropyl), 1.09 (2H, dJ 7.0, SiCH), 7.35-7.42 (6H, m, Ar), 7.54-7.60 (4H, m, ABs (100.6 MHz; CDCJ) -4.0
(SiMe,), 6.2 (CH cyclopropyl), 6.9 (2 x GHtyclopropyl), 20.0 (SiCh, 127.9 (4 xm-CH, Ar), 129.2 (2 >p-CH, Ar),
134.7 (4 xo-CH, Ar), 137.7 (2 x C, Ar); LRMS (EJ m/2) 252 ([M]', 8%), 237 (4), 224 (13), 197 (100), 181 (13), 165
(11), 105 (20); HRMS (E) m/2) 252.1329 [M], C;7H2,Si requires 252.1329.

JD-09-493 C1 F1
PROTON CDC]T'3 /opt/data GC

|
|
NAME JD_101221
{ EXPNO 73
| PROCNO 1
‘ Date_ 20101221
| Time 22.52
INSTRUM aviiidoo
PROBHD 5 mm PABBO BBE-
PULPROG 2930
D 65536
SOLVENT cbcl3
NS 16
DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
aQ 3.9846387 sec
RG 64
DW 60.800 usec
DE 6.50 usec
TE 673.1 K
D1 1.00000000 sec
———————— CHANNEL fl ========
NUC1 1H
Pl 13.09 usec
ST 65536
- N SF 400.1300100 MHz
| : WDW EM
SSB 0
A ’ LB 0.30 Hz
| GB il
T T T T i PC 1.00
1.0 0.5 ppm
1|
T T T T T T T T LS
8 7 6 5 4 3 2 1 0 ppm
| ‘h o
Gl 5 8 :-s‘ ‘8‘
lwic] ~ el o
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JD-09-493 Cc1 F1
C13CPD CDC1l3 /opt/xwinnmr bruker 1

NAME Jp_22.12.10
EXPNO 10
PROCNO 1
Date_ 20101222
Time 22.15
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 1024
Ds 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 18390.4
DW 20.850 usec
DE €.00 usec
TE 300.0 K
Dl 2.00000000 sec
dall 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
CHANNEL f1
i3c
8.00 usec
00 dB

100. 6479:173 MHz

CHANNEL f2
waltzl§
1H
80.00 usec
3.00 dB
22.00 aB
22.00 dB
400.2316009 MHz
32768
100.6379020 MHz
EM
| 0
1.00 Hz
0
1.40
T T T T T T T T T T
180 160 140 120 100 80 60 40 20 0 ppm
JD-09-493 C1 F1
C13DEPTQ135 CDCl3 /opt/xwinnmr bruker 1
R o S
il kg W
I L \
NAME JD_22.12.10
EXPNO 11
PROCNO 1
Date_ 20101222
Time 22.32
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG deptgl3s
D 65536
SOLVENT cDpel3
NS 256
Ds 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 16384
W 20.850 usec
DE 6.00 usec
TE 300.0 K
CNST2 145.0000000
Dl 2.00000000 sec
d2 0.,00344828 sec
D11 0.03000000 sec
DELTA 0.0000101%9 sec
Pl 8.00 usec
P2 16.00 usec
PL1 6.00 dB
SFO1 100.6479773 MHz
= == CHANNEL £2
CPDPRG2 waltzlé
NUC2 1H
P3 9.50 usec
P4 19.00 usec
PCPD2 80.00 usec
PL2 3.00 dB
PL12 22.00 dB
SFO2 400.2316009 MHz
SI 32768
SF 100.6379022 MHz
WD EM
SSB 1]
LB 1.00 Hz
GB 0
PC 1.40
T T T I I T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

TABLE 3 ENTRY 6
(Cyclopropylmethyl)-tert-butyldiphenylsilane

P CHaly, Zn, CuCl
Ph,!BuSi” > Ph,/BuSi
2 Et,0, 50 °C, 15 h #Busi” ]
C1gH24Si CooHaeSi
Mol. Wt: 280.48 Mol. Wt: 294.51

Following the general procedure B, altgrt-butyldiphenylsilane (3.50 g, 12.5 mmol) furnishtbd impure product as a
colourless oil (3.65 g). Purification by flash coln chromatography using a mixture of 10% silveratit impregnated
silica and standard silica eluting with hexane gédneedesired product (2.16 g, 7.33 mmol, 59%) aslaurless oil;R
0.62 [hexane]:vmadfilm)/cm™ 3072, 2929, 2856, 1427, 1103, 81®; (600 MHz; CDC}) 0.08-0.12 (2H, m, CH
cyclopropyl), 0.45-0.49 (2H, m, GHdyclopropyl), 0.76-0.86 (1H, m, CElyclopropyl), 1.21 (9H, s, 3 x GM 1.31 (2H,
d,J 6.6, SICHCH), 7.44-7.54 (6H, m, Ar), 7.79-7.81 (4H, m, A};(100.6 MHz; CDCJ) 6.6 (CH cyclopropyl), 7.9 (2 x
CH, cyclopropyl), 16.7 (SiCKCH), 18.2 (SiC(CH)3), 28.1 (3 x CH), 127.6 (4 xm-CH, Ar), 129.1 (2 -CH, Ar), 135.5
(2 x C, Ar), 136.3 (4 %-CH, Ar); LRMS (EI', m/zZ) M" not visible, 237 ([M*Bu]", 100%), 197 (54), 183 (100), 159 (62),
135 (100), 105 (44); HRMS (GInVz) 312.2141 [M+NH]", C,0H3oNSi requires 312.2142.

(cyclopropylmethyl) -tert-butyldiphenylsilane (-‘><7

PhaBusi” <]
NAME JD_11.06.10
[ EXPNO 41
| PROCNO 1
[ Date_ 20100611
| Time 16.25
i INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zg30
D 65536
SOLVENT cDC
NS 6
[ DS 2
| SwE 8278.146 Hz
FIDRES 0.126314 Hz
AQ 3.9584243 sec
RG 20.2
D 60.400 usec
. DE 6.00 usec
( TE 300.0 K
| D1 1.00000000 sec
‘ MCREST 0.00000000 sec
MCWRK 0.01500000 sec
=s=s=s===== CHANNEL fl ==s======
NUCl 1H
Pl 9.50 use
3 PL1 3.00 a8
SFO1 400.2324716 MH=z
sI 32768
SF 400.2300124 MHz
WDW EM
ssB 0
) L3 0.30 Hz
( & F GB ]
‘ |‘ ‘ BC 1.00
rl
[
! |
JJL jLiJJ
T T T T \ T T \ T T 3 ‘
11 10 9 8 7 6 5 4 3 2 1 0 ppm
L1 TR
33 el 3/3l8
[e5]| 5 = [s||«] e
1= 12
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

(cyclopropylmethyl) -tert-butyldiphenylsilane

BRUKER
PhyBusi” <]

NAME Jp_11.7%710

{ {i 3 EXPNO 40

{ i [ | PROCNO 1
Date_ 20100611
Time 21.30
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPRCG zgpg30
TD 65536
SOLVENT CDCl3
NS 1024
Ds 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 14596.5
DwW 20.850 usec
DE 6.00 usec
TE 300.0 K
Dl 2.00000000 sec
dill 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec

PL1 6.00 dB
SFO1 100.6479773 MH=z
== = CHANNEL f

CPDPRG2 waltzl6
NuC2 1H
PCPD2 80.00 usec
PL2 3.00 aB
PL12 22.00 dB
PL13 22.00 4B
SFO2 400.2316009 MHz
SI 32768

SF 100.6379130 MH=z
WDW EM
SSB 0

LB 1.00 Hz
GB o)

PC 1.40

T T T T T T I T T T T T ™ i A e
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

Unsuccessful attempted Lewis acid promoted. cyclisans. of silylmethylcyclopropanes

0 o '
R1R2R3Si\/<] .\ J\/Ph Lewis Acid x Ph \/O\/SIR1R2R3
H

DCM 0]

Entry R! R? R® Lewis Acid Temp (°C) Major Product
1 Me Me Ph TiC4 -78 Chlorosilane/aldehyde
2 Me Me Ph TiCJ 0 Chlorosilane/Aldol
3 Me Me Ph SnGl -78 Chlorosilane/silanol
4 Me Me Ph SnGl 0 Chlorosilane/silanol
5 Me Me Ph BEOEL (THF) -78t0 0 Starting material
6 Me Me Ph BEOEGL -78t0 0 Starting material
7 Me Me Ph InGg Oto 21 Starting material
8 'Pr 'Pr 'Pr TiCl, -78 Chlorosilane/Aldehyde
9 'Pr 'Pr 'Pr TiCl, 0 Chlorosilane/Aldol
10 'Pr 'Pr 'Pr SnCj -78 silanol
11 'Pr 'Pr 'Pr SnCJ 0 Chlorosilane/silanol
12 'Pr 'Pr 'Pr BR.OE% -78to 0 Starting material
13 'Pr 'Pr 'Pr INCk 0to 21 Starting material/ Chlorosilane

One feature of these studies was that the cyclep®pras never recovered using Tiai

The cyclisation of cyclopropylmethyldimethylphenyldane and phenylacetaldehyde with
titanium tetrachloride

0 TiCl,, DCM .
Phvesi_~<]  + A _pn X PhVQ\/SlMeQPh
143 164 165
Entry Order of reagerits Temperature (°C) Time (h) Prodbict
1 Aldehyde : cyclopropane : Tigl 0 2 Decomposition/Aldol
2 Aldehyde : TiCJ): cyclopropane 0 2 Decomposition/Aldol
3 Aldehyde : TiC) : cyclopropane -78 2 Aldehyde/Aldol
4 Aldehyde : cyclopropane : Tigl -78 2 Decomposition/ Aldehyde
Aldehyde : TiC} (at 0 °C) : N
5 -78 2 Decomposition/Aldol
cyclopropane (at -78 °C)
6 Aldehyde : TiC) : cyclopropane -78tort 2 Decomposition/Aldol

%all reactions were performed using the followinticaf cyclopropane : TiGl: phenylacetaldehyde 1 : 1.1 : 2 equivalents.
®Products were identified by GCMS and NMR analyithere was no evidence Byl NMR or GCMS analysis for starting material

or the desired THF present in the reaction mixtaeurification was attempted.
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

Attempted cyclisation of silylmethylcyclopropanes ith-a range of different aldehydes

RIRRSSI._<]  + RJLH H’Lsg; had R4Q\/SiR1R2R3

Entry R R? R® R Lewis Acid  Temp (°C) Major Products
1 Me Me Ph CH(CH,),4 TiCl, -78 Disilylether/Aldol
2 Me Me Ph CH(CH,),4 SnCl, -78 Disilylether/Aldol
3 Me Me Ph NGPh TiCly -78 Disilylether/aldehyde
4 Me Me Ph NGPh SnCl -78 Disilylether/aldehyde
5 Me Me Ph PhCO TiGl -78to 0 Disilylether
6 Me Me Ph PhCO Sngl -78t0 0 Disilylether
7 Me Me Ph PhCO Sngl 0 Disilylether
8 'Pr 'Pr 'Pr PhCO Tig) -78 Chlorosilane/silanol
9 'Pr 'Pr 'Pr PhCO SnGl -78 Chlorosilane/silanol
10 Me Me Ph EtgC TiCl, -78 Chlorosilane/silanol
11 Me Me Ph EtgC SnCj, -78 Chlorosilane/silanol

Summary of the Work-up conditions tested

0
Ph)J\f(H + ksypr3 SnCl,, DCM Ph SiPr,
1 78°C 0

o]
N Yield of isolated THF
Entry Work-up Conditions

(%)°

1 No work-up (concentratad vacuo) 23

2 1 M HCI 21
3 Sat. NaHC@solution 24
4 H,O 24
5 Acetone/ HO (-78 °C) 21

@the product extracted with DCM, the solvent wasaeed under reduced pressure and the pure produsct wa

obtained by flash column chromatography of thelteguresidue.
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

The effect of concentration on.the yield of the cyisation

Q i) SnCl, (1.1 eq.), DCM Ph Sipr
th)kH . 3

o i) [>__siPr, DCM K
1.5e€q. 1 eq.

3 3

i sz, LY 5 <

e . £ ¢ £ ® 2% ¢ <

£ 85 &g ¢ ¥ g £
T 5% £3F £E E 5 p2g f E g
1 1 1 2 -78  -78 -78 0 15 23
2 1 1 2 78 -78 -78 -78 15 23
3 1 1 2 78 -78 -78 -78 15 21
4 2 1 2 -78  -78 -78 -78 1.5 54
5 2 1 2 -78  -78 -78 -78 2.5 53
6 2 1 2 0 0 0 5
7 2 1 2 0 0 0 0 1.5 9
8 3 2 2 -78 78 -78 0 1 63
9 3 2 2 -78  -78 -78 -78 1.5 52
10 3 2 2 -78  -78 -78 -78 1 69
11 3 2 2 78  -78 -78 0 2 28
12 3 3 3 0 0 0 0 1 13
13 3 3 3 78 -78 -78 -78 1 65
14 3 3 3 78 -78 0 0 1 6
15 4 4 4 78 -78 -78 -78 1 37
16 4 4 4 78 -78 -78 -78 2.5 45
17 4 4 4 -78  -78 -78 -78 4 50
18 4 4 4 0 0 0 0 2 24

& Triisopropylsilylmethylcyclopropane and phenyl gkal were mixed before the addition of SpCl
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

TABLE 5
R1R2R38'\/<] + Ph i SnCI4 Ph SiR1R2R3
i \[HJ\H DCM 77/Q\/
0 o)
Temperature Yield
Entry R R? R® R g dr (cis/trans)
(°Ccy’ (%)
1 'Pr 'Pr 'Pr Ph -78 67 16:1
2 'Pr 'Pr 'Pr Ph 78100 85 Onlyans
3 'Pr 'Pr 'Pr tBu -781t0 0 )
4 'Pr 'Pr 'Pr OEt -78t00/2 h 42
5 'Pr 'Pr 'Pr Q\; -78t0 0/ 6 h B
6 '‘Bu Ph Ph Ph -78 66 21:1
7 '‘Bu Ph Ph Ph -781t0 0 72 1:1.1
8 Me Me Ph Ph -78 53 21:1
9 Me Me Ph Ph -78t0 0 18 Ontisans
10 Me Me Ph OEt -78t0 0 53 Ontisans
11 Me Me Ph pP-NO,-CgHgy -78 25 2.6:1
12 Me Me Ph p-NO,-CgHgy -78t0 0 3 Onlytrans
13 Me Me Ph p-Br-CgHa4 -78 55 1.8:1
14 Me Me Ph p-Br-CgH, -78t0 0 34 Onlyrans
15 Me Ph Ph Ph -78 40 2:1
16 Me Ph Ph Ph -78t0 0 38 1:2.4
17 Et Et Et Ph -78 21 23:1
18 Et Et Et Ph -78to 0 53 1:10
19 "Bu "Bu "Bu Ph -78 43 1:1.4
20 "Bu "Bu "Bu Ph -78to 0 31 1:11

& Conditions: A solution of tin tetrachloride in DCMas added to a solution of phenyl glyoxal in DCM78 °C. After stirring at this
temperature for approx. 5 min a solution of silythdcyclopropane in DCM was added. The reaction eifiser kept at -78 °C or
allowed to warm to O °C and the product was isdldig column chromatography.

® Additionally 63% TiPs-Cl and 26% TiPS-OH were reexed.

¢ Additionally 11% TiPs-Cl and 10% TiPS-OH were reeged.

4 While none of the desired adduct was obtainedfai@wing were isolated: 26% TiPs-Cl and 6% TiPS-@nd 5% unreacted
cyclopropane were recovered. A further additigpraduct14 was observed in 23% yield (combined diastereome&s)an aside,

this was utilised in a Prins reaction utilising @stablished method employing IR@k the Lewis acid, and gave a bis-THF product
15in 40% vyield.
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

’Pr3S| /
Z N O InCly, DCM, vt
Ph ’ + Ph
0 ; d 0
0%

OH Si'Pr;
40 %

General Procedure C - Cyclisation of silylmethylcy@dpropanes witha-keto-aldehydes

To a stirred mixture of freshly distilled glyoxal glyoxalate (1.5 eq.) and silylmethylcyclopropdteeq.) in anhydrous
dichloromethane (9 mL/mmol of silylmethylcycloprog cooled to the required temperature (=78 or)dat@ under an
atmosphere of argon was added, dropwise, a solafidin tetrachloride (0.8 eq.) in anhydrous dicbloethane (3
mL/mmol of tin tetrachloride). The reaction wagrstil at the required temperature and monitored Ly, Bfter 3 h the
reaction was quenched by the addition of wet aeefdhmL/mmol of silylmethylcyclopropane) if the otian was
performed at —78 °C or water (1 mL/mmol of silyltmgtyclopropane) if the reaction was at 0 °C. Thgaoic layer was
separated and the aqueous layer further extradgtbddighloromethane. The combined organic phases washed with
brine, separated, dried (Mg@Qfiltered and concentrateith vacuo to give the impure product as a yellow oil. The

products were purified by flash column chromatobsap
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

TABLE 5 ENTRY 1
(x)-Phenyl(2-((triisopropylsilyl)ymethyl)tetrahydrof uran-5-yl)methanone

0] 4__ 3
[~ SiPr, Ph)J\[(H snCl, Phﬁ/ﬂ\/Si"Prs
-78°C, 3h, DCM 50 2
0 78 C,3h,DC 5 ;
C13H2gSi CgHsO2 C21H340,Si
Mol. Wt: 212.45 Mol. Wt: 134.13 Mol. Wt: 346.58

Following the general procedure C, (cyclopropylrg8thiisopropylsilane (0.13 g, 0.60 mmol) and phenyl glyofall2

g, 0.90 mmol) at =78 °C furnished the impure prad(@27 g) as a yellow oil. Purification by flastolemn
chromatography [silica gel, gradient elution 100&&dne — 20% diethyl ether : hexane] afforded tterel@ product as
an inseparable mixture ofs andtrans diastereoisomers£ombined yield 0.14 g, 0.40 mmol, 67@,(trans: cis) 1 :
1.6) as a colourless oiR; 0.63 [20% diethyl ether : hexanel;.{film)/cm™ 2947 (C-H), 1690 (C=0), 1430 (C-H), 1230
(Si-C), 1115 (C-O), 885; cis diastereoisomerdy (400 MHz; CDC}) 0.93-1.05 (22H, m, overlapping signals
Si(CH(CH),); and SiCHHy), 1.23 (1H, ddJ 12.5 and 6.6, SiCi), 1.46-1.63 (1H, m, CiH, C-3 THF), 2.05-2.38 (3H,
m, overlapping signals GHC-4 and CkEH, C-3 THF), 4.19-4.29 (1H, m, CH C-2 THF), 5.13 (1dd,J 8.7 and 5.0, CH
C-5 THF), 7.42-7.57 (3H, m, Ph), 7.98-8.02 (2H,Rh); 5. (100.6 MHz; CDCJ) 11.4 (SiCH,Pr), 16.8 (SiCh), 18.9 (6

x CHs, 'Pr), 29.2 (CH, C-4 THF), 34.4 (Cl4 C-3 THF), 79.8 (CH, C-2 THF), 79.8 (CH, C-5 THER8.6 (2 xm-CH,
Ph), 129.0 (2 »-CH, Ph), 133.2@¢-CH, Ph), 135.4 (C, Ph), 198.3 (C=()ans diastereoisome®y (400 MHz; CDC})
0.96 (1H, ddJ 14.4 and 7.5, SiCiHl,), 1.02-1.04 (21H, m, overlapping signals 3 x CH &% CH), 1.20 (1H, dd,J]
14.4 and 6.6, SiCil,), 1.53-1.64 (1H, m, CiH, C-3 THF), 2.09-2.23 (2H, m, overlapping signals.BHC-3 and
CH,H, C-4 THF), 2.27-2.37 (1H, m, GHy, C-4 THF), 4.23-4.30 (1H, m, CH C-2 THF), 5.31 (1d4d,J 8.3 and 6.1, CH
C-5 THF), 7.45 (2H, app 8 7.7, 2 xm-CH, Ph), 7.55 (1H, app t§,7.4 and 1.4p-CH, Ph), 7.99 (2H, app dd,8.3 and
1.4, 2 x0-CH, Ph);5¢ (100.6 MHz; CDCJ) 11.4 (3 x CH!pr), 16.9 (SiCH), 19.0 (6 x CH, 'Pr), 29.3 (CH, C-4 THF),
35.1 (CH, C-3 THF), 78.7 (CH, C-2 THF), 79.3 (CH, C-5 THER8.6 (2 xm-CH, Ph), 129.0 (2 »-CH, Ph), 133.21¢
CH, Ph), 135.4 (C, Ph), 199.5 (C=0); LRMS (EtV2): M* not visible, 303 ([MPr]*, 14%), 261 (100), 241 (7), 157
(22), 105 (30), 77 (22); HRMS (Clm/z) 347.2405 [M+H], CxH3s0,Si requires 347.2401. Diastereoselectivity
calculated by analysis of thl NMR integrals for the C-5 protons of the THF rigl3cis and 5.30rans.

38



Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

d-06-245 product C><7
—

{ BRUKER

NAME JD_ 14.08.09
EXPNO 42
PROCNO 1
Date_ 20090814
Time 23.48
INSTRUM apect
PROBED 5 mm BBO BE-1H
PULPROG zg30
D 65536
SOLVENT CDC13
NS 1e
DS 2
SWH 8278.146 Hz
FIDRES 0.126314 Hz
AD 3.9584243 sec
RG 50.8
D 60.400 usec
DE £.00 usec
TE 300.0 K
ol 1.00000000 =ec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec
CHANNEL f1 =
1H
2.50 usec
3.00 dB
400.2324716 MHz
32768
400.2300121 MHz
EM
0
0.30 Hz
0
1.00

-
_Jj ! s 5

T T T T T T T T R R R | T T T R
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 ppm

e
=3

JD-06-254 C2 F1 product cis/trans

¥ NAME JD_25.08.09
EXPNO 10
PROCNC 1
Date_ 20090825
Time 22.36
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPRCG zgpg3 0
TD 65536
SOLVENT €pCl3
e 3%
s 2
SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 20642.5
oW 20.850 usec
DE 6.00 usec
TE 300.0 K
Dl 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
CHANNEL £1
136
8.00 usec
6.00 dB
100.6479773 MHz
= CHANNEL f£2
CPDPRGZ waltzlé
Nucz2 T8
PCPD2 80.00 usec
PL2 3.00 @B
PL12 22.00 dB
PL13 22.00 dB
SFO2 400.2316009 MHz
8T 32768
SF 100.6379041 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
s 1.40
T T I T I T I T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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TABLE 5 ENTRY 2
(3)-(Phenyl(2-((triisopropylsilyl)methyl)tetrahydro furan-5-yl)methanone

o)
[ siPr, Ph)l\[(H SncCl, PhWI\\/SifPrs
°C, 3h, DCM 9)
I 0°C,3h,DC )

C13H2gSi CgHgO2 C21H340,Si

Mol. Wt: 212.45  Mol. Wt: 134.13 Mol. Wt: 346.58
Following the general procedure C, (cyclopropylrg8thiisopropylsilane (0.13 g, 0.60 mmol) and phenyl glyofall2
g, 0.90 mmol) at 0 °C furnished the impure prod0&5 g) as a yellow oil. Purification by flash eoin chromatography
[silica gel, gradient elution 100% hexane — 20%hdieether : hexane] afforded the desired prodscomly thetrans
diastereoisomer (0.18 g, 0.51 mmol, 85%) as a cllssi oil;R; 0.63 [20% diethyl ether : hexanel;.(film)/cm™ 2947
(C-H), 1690 (C=0), 1430 (C-H), 1230 (Si-C), 1115Qq, 885; trans-diastereoisomeidy (400 MHz; CDC}) 0.96 (1H,
dd,J 14.4 and 7.5, SiClH,), 1.02-1.04 (21 H, m, overlapping signals 3 x Gid & x CH), 1.20 (1H, ddJ 14.4 and 6.6,
SiCHHy), 1.53-1.64 (1H, m, CiH, C-3 THF), 2.09-2.23 (2H, m, overlapping signals,BHC-3 and CEH,, C-4 THF),
2.27-2.37 (1H, m, Ci, C-4 THF), 4.23-4.30 (1H, m, CH C-2 THF), 5.31 (d4i,J 8.26 and 6.1, CH C-5 THF), 7.45
(2H, app tJ 7.7, 2 xm-CH Ph), 7.55 (1H, app t§,7.4 and 1.4p-CH Ph), 7.99 (2H, dd] 8.3 and 1.4, 2 »-CH Ph);6¢
(100.6 MHz; CDCJ) 11.4 (3 x CH!Pr), 16.9 (SiCH), 19.0 (6 x CH, 'Pr), 29.3 (CH, C-4 THF), 35.1 (Chl C-3 THF),
78.7 (CH, C-2 THF), 79.3 (CH, C-5 THF), 128.6 (2»CH, Ph), 129.0 (2 »-CH, Ph), 133.2¢-CH, Ph), 135.4 (C, Ph),
199.5 (C=0); LRMS (El mVz): M* not visible, 303 ([MPr]", 14%), 261 (100), 241 (7), 157 (22), 105 (30),(Z2);
HRMS (CI', m/2) 347.2405 [M+H], C;1H350,Si requires 347.2401.
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JD-06-260 C1 Fl preoduct

—
b
i
4 BRUKER
= NAME JD_28.08.09
. EXPNO 11
g i PROCNO 1
& Date_ 20080828
Time 16.23
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zg30
D 65536
SOLVENT cDpCcl3
NS 16
Ds 2
SWH 8278.146 Hz
FIDRES 0.126314 Hz
AQ 3.9584243 sec
RG 143.7
Dw 60.400 usec
DE 6.00 usec
TE 300.0 K
D1 1.00000000 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec
CHANNEL f£1
1H
9.50 usec
3.00 @B
400.2324716 MH=z
32768
SF 400.2300128 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

—

T T T : G s T "
i6 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o -1 -2 ppm

JD-06-247 C2F1

c

NAME JD_12.08.08
EXPNO 10
PROCNC H
Date_ 20080813
Time 0.40
INSTRUM spect
PROBHD 5 mm BBEO BB-1H
PULPRGG zgpg30
D 65536
SOLVENT €DCcl3
NS 1024
Ds 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 18390.4
DWW 20.850 usec
DE 6.00 usec
TE 300.0 K
DL 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec
CHANNEL £1
lic
8.00 usec

6.00
100.6479773 MHz

PCPD2 80.00 usec

PL2 3.00 dB

PL12 22.00 dB

PL13 22.00 ds

SFO2 400.2316009 MHz

ST 32768

SF 100.6379011 MHz

WDW EM

88B 0

LB 1.00 Hz
l GE 0

PC 1.40

I T " I N T T v T T T T T I

200 180 160 140 120 100 80 60 40 20 0 ppm
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TABLE 5 ENTRY 3
tert-Butylglyoxal

0) 0)

>Hk Se0,, CHOH/H,0 %(H
reflux, 20 h o)
CgH120 CeH1002
Mol. Wt: 100.16 Mol. Wt: 114.14

tert-Butylglyoxal was prepared from commercially avbi&a pinacolone as previously reported. A stirreidtune of
methanol (6 mL), water (0.3 mL) and selenium diex{.55 g, 50.0 mmol) was gently heated until #lersum dioxide
had dissolved and pinacolone (4.90 g, 6.10 mL, athibl) was rapidly added. The colourless reaatiixture became
yellow then red and finally black after 5 min. Theaction mixture was heated at reflux temperawith vigorous
stirring for 20 h, cooled to room temperature aitigred under gravity. The filtrate was distilleshder atmospheric
pressure and the distillate boiling between 95-12%vas collected. Purification by fractional distion using a Vigreux
fractionating column gave the desired product (1g2A0.5 mmol, 21%) as a bright yellow oil; bp 1116 °C/760
mmHg, (lit'® 114-115 °C/760 mmHg). Owing to rapid decompositiof the compound, the material was used

immediately.

It should be noted that putert-butyl glyoxal was unstable but could be storedployring into water and
agitating by bubbling nitrogen through the mixticegive the stable hydrate, which could be rectlyséal
from benzene; the hydrate could be dehydrated dycexl pressure distillation giving the glyoxal igher

purity than direct distillation of the selenium gide reaction mixture).

tert-Butylglyoxal dimer hydrate

(0] (0]
>HJ\WH H,0, Bubbled N >HJ\WH H,0
(0] (0]
CgH1002 CeH1002
Mol. Wt: 114.14 Mol. Wt: 114.14

Owing to rapid decomposition of the compound thdemia was stored as the hydrate, synthesised lasvio freshly
distilled tert-butylglyoxal (1.50 g) was added to water (10 milfrogen was bubbled though the resulting mixtune
h and then allowed to stand over night to form palikow solid. The reaction mixture was filteredyteld the impure
product as a pale yellow solid. Purification byrgstallisation from the minimum amount of hot bemegave the desired
product (0.42 g, 3.68 mmol) as a white crystalkotd; mp 91-93 °C (from ) (lit.2% 91-92 °C):vmadfilm)/cm™ 3337
(O-H), 2965 (C-H), 1413, 1368, 1016 (C-0); HRMS'(Ez) 264.1802 [M+NH'], C;-H260sN; requires 264.1805.

(2)-2,2-Dimethyl-1-(2-((triisopropylsilyl)methyltetrahydrofuran-5-yl)propan-1-one
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

0
[>__siPrg \( )H(H SnCly ’BUW/C\\/Si"Pra
u "
: 0
0°C,3.5h, J

(0]
DCM
C13HogSi CgH1007 C19H3g05Si
Mol. Wt: 212.45 Mol. Wt: 114.14 Mol. Wt: 326.59

To a stirred solution of freshly distille@rt-butyl glyoxal (0.17 g, 1.50 mmol) in anhydrous DGRImL) at 0 °C and
under an atmosphere of argon was added, dropwiselution of tin tetrachloride (0.17 g, 0.08 mL6®.mmol) in
anhydrous DCM (2 mL). The resulting mixture wasret at 0 °C for 5 min followed by the dropwise #@idd of a
solution of (cyclopropylmethyl)tisopropylsilane (0.13 g, 0.60 mmol) in anhydrous D@vnL). Stirring was continued
at 0 °C for 3.5 h and the reaction was monitoredrb. After this time the reaction was quenchedttyy addition of
H,O (10 mL), the organic layer was separated andatheous layer further extracted with DCM (3 x 10)niChe
combined organic phases were washed with brinen{l) separated, dried (Mg filtered and concentratéd vacuo
to give the impure product (0.12 g) as a colourl@b<Purification by flash column chromatograpisjlifa gel, gradient
elution 100% hexane — 20% diethyl ether : hexaffefded the desired product as only thans diastereoisomer (0.01 g,
0.03 mmol, 5%) as a colourless d&; 0.67 [20% diethylether : hexane};a(film)/cm™ 2942 (C-H), 2866 (C-H), 1716
(C=0), 1464, 1059, 883 (Si-Cy,; (400 MHz; CDC}); 0.90 (1H, ddJ 14.4 and 8.1, SiClH,), 1.02-1.08 (21H, m,
overlapping signals: 6 x GHand 3 x CH), 1.17 (1H, dd,14.4 and 6.2, SiC,), 1.18 (9H, s, CI3—|tBu), 1.49 (1H, m,
CH.H, C-3 THF), 1.86-1.95 (1H, m, GH, C-4 THF), 2.08-2.21 (2H, m, GH, C-3 and CkEH, C-4 THF), 4.32 (1H,
app tt,J 8.1 and 5.7, CH C-2 THF), 4.84 (1HJt7.4, CH C-5 THF)3c (100.6 MHz; CDCJ)) 11.5 (3 x CH!Pr), 16.8
(SiCH,), 19.0 (6 x CH, 'Pr), 26.4 (CH, 'Bu), 30.5 (CH, C-4), 35.3 (CH, C-3 THF), 40.5 (C'Bu), 77.5 (CH, C-5 THF),
78.9 (CH, C-2 THF), 215.9 (C=0); LRMS (Ehvz): M* not visible, 283 ([MPr]", 37%), 241 (66), 199 (53), 157 (100),
115 (58), 87 (35), 57 (98); HRMS (Chvz) 344.2979 [M+NH]", C;gH4,O.NSi requires 344.2979.
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JD-06-453 C2 F18-24
PROTONA4 CDC13 u bruker 4

BRUKER

NAME JD_100617
EXPNO ia
/ PROCNO 1
I Date_ 20100617
Time 14.01
INSTRUM spect
PROBHD S mm QNP 1H
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 5681.818 Hz
FIDRES 0.086698 Hz
AQ 5.7672181 sec
RG 1024
oW 88.000 usec
DE 110.00 usec
TE 300.0 K
HL1 4 ds
Dl 1.00000000 sec
Pl 14.50 usec
i SFO1 400.1365178 Mz
NUCLEUS 11
= 32768
SF 400.1343942 MHz
wDw EM
SS8B (o]
LB 0.30 Hz
GB 0
PC 1.00
A _/_
Jj‘ e

7.5 7.0 6.5 6.0 5.5

44



Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JD-06-453 C2 F18-24
Cl3CPD.gm CDC13 u bruker 4

NAME JD_100617
EXFPNC
PROCNO i
Date, 20100617
Time 15.01
INSTRUM spect
PROBHD S mm QNP 1H
PULPROG zgpg30
TD 65536
SOLVENT cDpCl3
NS 1024
DS 4
SWH 26315.789 Hz
FIDRES 0.401547 Hz
AQ 1.2452340 sec
RG 32768
oW 19.000 usec
DE 27.14 usec
TE 300.0 X
HLL 4 dB
Dl 2.00000000 sec
CPDPRG waltzlé
P31 80.00 usec
sS4 20 dB
D1l 0.0300000 sec
s2 17 dB
Pl €.00 usec
SFO1 100.6251166 MHz
NUCLEUS 13¢
81 32768
SF 100.6138554 MHz
wDwW EM
SSB 1]
LB 1.00 Hz
GB Q
BPC 1.40
R )
I I T T T - T T T I T
200 180 160 140 120 100 80 60 40 20 0  ppm
JD-06-453 C2 F18-24
C13DEPT135.gm CDCl1l3 u bruker 4 ‘ '> < >
NAME JD_100617
EXPNO iz
PROCNO 1
Date 20100617
Time 15.28
INSTRUM spect
PROBHD 5 mm QNP 1H
PULPROG dept135
TD 65536
SOLVENT cpels
Ns 256
Ds 4
SWH 25000.000 Hz
FIDRES 0.381470 Hz
A0 1.3107700 sec
RG 32768
oW 20.000 usec
DE 28.57 usec
TE 300.0 K
Pl 6.00 usec
23 14.50 usec
CNST2 145.0000000
HL1 4 dB
Dl 2.00000000 sec
s1 4
SF02 400.1365000 MHz
DECNUC 1H
D2 0.0034483 sec
P4 29.0 usec
P2 12.0 usec
D13 0.0000040 sec
582 17 dB
SFOl1 100.6253720 MHz
NUCLEUS 13c
CPDPRG waltzlé
P31 80.00 usec
=33 32768
SF 100.6138558 MH=z
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

TABLE 5 ENTRY 4
()-Ethyl-2-((triisopropylsilyl)methyl)tetrahydrofu ran-5-carboxylate

o)
[>~_siPr, o OJKWH SnCl,, -78 C, 1h EtOW/L_\\/Si"Pra
0°C 1 h, DCM 0

o} o}
C13H26Si C4HeO3 C17H3405Si
Mol. Wt: 212.45  Mol. Wt: 102.09 Mol. Wt: 314.54

To a stirred solution of freshly distilled ethylygkalate (0.10 g, 0.90 mmol) in anhydrous DCM (2)mat-78 °C and
under an atmosphere of argon was added, dropwise|uéion of tin tetrachloride (0.17 g, 0.08 mL66&.mmol) in
anhydrous DCM (2 mL). The resulting mixture wasreti at —78 °C for 5 min followed by the dropwistddion of a
solution of (cyclopropylmethyltriisopropylsilan®.¢3 g, 0.60 mmol) in anhydrous DCM (3 mL). Thaation was
stirred at —78 °C and monitored by TLC, after Jhb teaction was allowed to warm to 0 °C and stiae@ °C for 1 h.
The reaction was quenched by the addition 49 KILO mL), the organic layer was separated an@ddoeous layer further
extracted with DCM (3 x 10 mL). The combined orgaphases were washed with brine (10 mL), separabeed
(MgSQy), filtered and concentrated vacuo to give the impure product (0.15 g) as a colosrigs Purification by flash
column chromatography [silica gel, gradient elut®0% hexane — 20% diethylether : hexane] affortieddesired
product as only thérans diastereoisomer (0.08 g, 0.25 mmol, 42%) as aucldss oil; R 0.50 [20% diethylether :
hexane]yma(film)/cm™ 2940 (C-H), 2865 (C-H), 1752 (C=0), 1735 (C=0)6421230 (Si-C), 1183 (C-O), 1094 (C-0),
882 (Si-C);6y (400 MHz; CDC}); 0.92 (1H, ddJ 14.4 and 8.1, SiClH,), 1.00-1.10 (21H, m, overlapping signals: 6 x
CH; and 3 x CH), 1.18 (1H, dd,14.4 and 6.1, SiCi,), 1.27 (3H, tJ 7.1, OCHCHy), 1.48 (1H, dgJ 11.7 and 8.0,
CH.H, C-3 THF), 1.98 (1H, app dtd,12.6 8.6 and 6.3, CGH, C-4 THF), 2.10 (1H, dddd}, 11.7 8.0 5.3 and 3.5, GH,
C-3 THF), 2.34 (1H, app dtd,12.5 8.4 and 3.2, CH, C-4 THF), 4.18 (2H, qd] 7.1 and 2.4, OC{CHy), 4.32 (1H, app
tt, J 8.3and 5.8, CH C-2 THF), 4.49 (1H, dii8.4 and 6.3, CH C-5 THF}c (100.6 MHz; CDCJ) 11.4 (3 x CH!Pr),
14.3 (O CHCH;), 16.7 (SiCH), 19.0 (6 x CH, 'Pr), 30.8 (CH, C-4 THF), 34.5 (Ck C-3 THF), 60.8 (OCKCH:), 76.1
(CH, C-5 THF), 78.9 (CH, C-2 THF), 199.5 (C=0); M8 (EI', m/z): M* not visible, 271 ([MPr]", 100%), 241 (11),
225 (15), 198 (19), 157 (58), 145 (42), 131 (83 (59); HRMS (Cl, m2) 332.2615 [M+NH)]", C;;H350;NSi requires
332.2615.
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JD-07-279 C1 F1

’f_"-m

/// NAME JD_25.09.09

{ EXPNO 2z
PROCINO 1
Date 20090925
Time 15.07
INSTRUM spect
PROBHD 5 mm BEO BB-1H
FPULPROG zg30
D 65536
SOLVENT cDCl3
NS 16
DS 2
SWH 8278.146 Hz
FIDRES 0.126314 Hz
AQ 3.9584243 sec
RG 143.7
i 60.400 usec
DE 6.00 usec
TE 300.0 K
Dl 1.00000000 sec
MCREST 0.00000000 sec
MCWREK 0.01500000 sec

Pl 9.50 usec
PL1 3.00 dB
SFO1 400.2324716 MHz
81 32768

SF 400.2300123 MHz
WDW EIM

SSB 0

LB G.30 Hz

; GE 0
BC 1.00
S
- Iy Y- Ltk
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JD-07-279 C1 F1

NAME Jp_25.09.08
EXPNC 20
PROCNO 1
Date_ 20090825
Time 20.05
INSTRUM spect
PRCBHD 5 mm BBO BE-1H
PULPROG zgpg30
D 65536
SOLVENT CDC13
ufs 1024
Ds &
SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 18350.4
ou 20.850 usec
DE 6.00 usec
TE 300.0 K
D1l 2.00000000 sec
dll 0.032000000 sec
DELTA 1.89939998 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec
HANNEL f£1 ==
NUCL 13E
Pl 8.00 usec
PL1 6.00 @B
SFCl 100.6479773 MHz
CHANNEL £2 ==
CPDPRG2 waltzl6
Nucz 1"
PCPD2 80.00 usec
PL2 3.00 dB
PL12 22.00 @B
PL13 22.00 @B
SFO2 400.2316005 MHz
5k 32768
SF 100.6379005 MHz
WDwW EM
| l SSB a
LB 1.00 Hz
GB 0
PC 1.40

T T T I T T I I T T I T

200 180 160 140 120 100 80 60 40 20 0  ppm
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JD-07-279 C1 F1

| YWoONLY L.X)
NAME JD_25.09.09
EXPNO 21
PROCNC 1
Date_ 20090925
Time 15.04
INSTRUM spect
PROBHD 5 mm BBC BB-1H
PULPROG deptgl3s
TD 65536
SOLVENT cpel3
NS 256
Ds 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 16384
oW 20.850 usec
DE €.00 usec
TE 300.0 K
CNSTZ 145.0000000
D1 2.00000000 sec
d2 0.00344828 sec
D11 0.03000000 sec
DELTA 0.00001019 sec
ss=s==s= CHANNEL fl s=======
Nucl 13cC
Pl 8.00 usec
P2 16.00 usec
PL1 6.00 ds
SFO1 100.6479773 MHz
======== CHANNEL f2 ========
CPDPRGZ waltzlé
NuCc2 1H
P3 9.50 usec
P4 19.00 usec
PCPD2 80.00 usec
PL2 3.00 as
PL12 22.00 dB
SFO2 400.2316009 MHz
sI 32768
EF 100.6379013 MHz
WD EM
55B Q
LB 1.00 Hz
GB Q
T i T T T T I ’ I T T T T T T PC 1.40

200 180 160 140 120 100 80 60 40 20 0 ppm

TABLE 5 ENTRY 5
(¥)-Tetrahydrofuran-2-carbaldehyde

O\/OH (COCI),, DMSO, DCM O\WH
0

0 Et,N, 78 °C to rt
(0]
CsH1005 CsHgO,
Mol. Wt: 102.13 Mol. Wt: 100.12

Tetrahydrofuran-2-carbaldehyde was prepared fromneercially availably racemic tetrahydrofurfuryl alml according
to the method previously report€d.To a stirred solution of oxalyl chloride (4.142380 mL, 33.0 mmol) in anhydrous
dichloromethane (15 mL) at —-78 °C was added dropvassolution of DMSO (4.29 g, 3.90 mL, 55.0 mmal) i
dichloromethane (70 mL). The mixture was stirred20 min and then a solution of tetrahydrofurfuaj¢ohol (2.64 g,
2.50 mL, 12.9 mmol) in dichloromethane (20 mL) veakled dropwise. The mixture was stirred for 10 amd then
triethylamine (18 mL) was slowly added dropwise #mel reaction was allowed to warm to room tempeeatéifter 1 h
stirring at room temperature the reaction mixturaswoured onto saturated aqueous ammonium chlsotigion
(25 mL). The organic layer was separated and thieass layer was extracted with DCM (2 x 20 mL). Teenbined
organic layers were washed with brine (20 mL), sateal, dried (MgSg), filtered and concentrated vacuo to yield the
impure product as a pale yellow oil (2.63 g). Raaifion by flash column chromatography [silica @)% ethyl acetate :
hexane] followed by bulb-to-bulb distillation gatlee desired compound (0.23 g, 2.30 mmol, 18%) esl@urless oil;
R: 0.18 [30% ethyl acetate : hexane], bp 64-65 °Ct28ty, (it 43-46 °C/15mmHQ)yma(film)/cm™ 2979, 2875, 1731
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

(C=0), 1461, 1069 (C-OJ (400 MHz; CDC}) 1.84-2.01 (3H, m, overlapping signals Cihd CHH, THF), 2.09-2.18
(1H, m, CHH, THF), 3.93 (2H, tJ 6.6, OCH), 4.25 (1H, ddd,J 8.4 5.9 and 1.7, OCH), 9.65 (1H, H1.7, CHO);5c
(100.6 MHz; CDCJ) 25.7 (CH, C-4), 27.5 (CH, C-3), 69.7 (CH, C-5), 82.9 (CH), 202.9 (CHO); LRMS (Eivz) 101
(IM]*, 2%), 71 (90), 43 (100), 41 (98), 39 (73); HRMS*(EVz) 118.0863 [M+NH]*, CsH1,0.N; requires 118.0863.

The data is in good agreement with previously riegbvalues.

1-(Tetrahydrofuran-2-yl)-2-((triisopropylsilyl)meth yl)but-3-en-1-ol

=
I>\/Siipr3 H SnCI4
0 — o
o) 0 C, 3.5 h, OH Siipr3
DCM
C43HogSi CsHgO, C1gH360,Si
Mol. Wt: 212.45 Mol. Wt: 100.12 Mol. Wit: 312.56

To a stirred solution of tetrahydrofurfuryl aldeley(.09 g, 0.90 mmol) and triisopropylsilylmethytopropane (0.13 g,
0.61 mmol) in DCM (6 mL) at 0 °C was added dropwmiseng a syringe pump (rate = 9 mL/h) a solutiontinf
tetrachloride (0.19 g, 0.73 mmol) in DCM (3 mL).élteaction was allowed to warm to room temperaaacmonitored
by TLC, after 18 h TLC and GCMS analysis showedzdl staring material had been consumed and tletioravas
guenched by the addition of water (5 mL). The oigdayer was separated and the aqueous layer fugttieacted with
DCM (3 x 10 mL). The combined organic phases weashed with brine (10 mL), separated, dried (MgSfitered and
concentratedn vacuo to give the impure product (0.20 g) as a brown Rirification by flash column chromatography
[silica gel, gradient elution 100% hexane — 20%ylethcetate : hexane] afforded a separable mixturewo

diastereoisomers of thele compound (combined yield 0.04 g, 0.14 mmol, 23%) as colessloils:

Major diastereoisomer (0.04 g, 0.11 mmol, 19%% 0.25 [20% diethyl ether : hexane],.(film)/cm™ 3450 (br),
2941(C-H), 2867 (C-H), 2362, 1465 (O-H bend), 1285C), 1059 (C-O), 1000, 883;; (400 MHz; CDC}); 0.84 (1H,
dd,J 15.1 and 8.8, SiCl,), 0.96 (1H, ddJ 15.1 and 4.7, SiCil,), 1.00-1.08 (21H, m, overlapping signals 3 x Cid an
6 x CH;'Pr), 1.48-1.59 (1H, m, C-4/3 THF), 1.82-1.97 (3H,@r4/3 THF), 2.31-2.38 (1H, m, CHCH=GH2.41 (1H, d,

J 3.0, OH), 3.31 (1H, app di1,7.3 and 3.2, CHOH), 3.73-3.84 (3H, m, overlapmignals C-5 and C-2), 4.98 (1H, dd,
17.3 and 2.0, CH=CldH¢ans), 5.02 (1H, dd,J 10.2 and 1.9, CH=Ci{Hyas), 5.82 (1H, app dtJ 17.3 and 9.8,
CH=CHyeHyans); 8¢ (100.6 MHz; CDCJ) 11.6 (3 x CH, SiPr;), 12.5 (SiCH), 19.1 (6 x CH, SiPr,), 26.4 (CH, THF),
27.9 (CH, THF), 42.6 (SiCHCH), 68.0 (CH, THF), 78.8 (HCOH), 80.7 (CH THF), 115.5 (CH=gH140.7 (CH=CH));
LRMS (EI', m/2): 269 (IM-'Pr]", 16%), 157 (31), 131 (100), 103 (75), 75 (55),(48); HRMS (Cf, m/z) 330.2827
[M+NH,]*, CigH400:NSi requires 330.2823.

Minor diastereoisomer (0.01 g, 0.03 mmol, 5%)0.32 [20% diethyl ether : hexane};.(film)/cm™ 3450 (br), 2941(C-
H), 2867 (C-H), 2362, 1465 (O-H bend), 1245 (Si-{¥)59 (C-0O), 1000, 883 (400 MHz; CDC}); 0.67 (1H, ddJ 14.9
and 11.2, SiCHHp), 0.99-1.04 (22H, m, overlapping signals Sigkland SPr) 1.75-1.94 (4H, m, overlapping signals
C-3 and C-4 THF), 2.24 (1H, d,8.2, OH), 2.41 (1H, dddd,11.2 9.4 6.1 and 2.4, CHCH=G}3.21 (1H, dddJ 8.2 6.1
and 3.2, HCOH), 3.74-3.86 (1H, m, C-5 THF), 4.0H,(1d,J 7.0 and 3.2, CH C-2 THF), 5.04 (1H, dd10.2 and 1.9,
CH=CH,Hyans), 5.09 (1H, ddJ 17.2 and1.9, CH=C{dHy ans), 5.69 (1H, app di] 17.2 10.2 and 9.4, CH=CHHy ans); dc
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(100.6 MHz; CDCJ) 10.5 (CH, SiCHCH), 11.6 (3 x CH &Pr;), 19.1 (CH), 19.1 (CH), 26.4 (CH, THF), 29.3 (CH,
THF), 44.9 (SICHCH), 68.9 (CH, C-5 THF), 77.8 (CHOH), 78.4 (CH, C-2 THF), 116@H=CH,), 141.8 (CH=CH);
LRMS (EI', m/2): 269 (IM-Pr]", 16%), 157 (31), 131 (100), 103 (75), 75 (55),(44); HRMS (CI, m/z) 330.2825
[M+NH )", CigH40O-NSi requires 330.2823.

TABLE 5 ENTRY 6
(2)-2-((tert-Butyldiphenylsilyl)methyl)tetrahydrofuran-5-yl)(ph enyl)methanone

0 4__ 3
Dsourn I n Sowoou [ steuer,
g ° h 50" 2
o 78 C, 3 h, 5 ;
Mol. Wt: 294.51 Mol. Wt: 134.13 Mol. Wt: 428.64

To a stirred solution of freshly distilled phenyyaxal (0.12 g, 0.90 mmol) in anhydrous DCM (2 nmdt)-78 °C and
under an atmosphere of argon was added, dropwise|uion of tin tetrachloride (0.17 g, 0.08 mL66&.mmol) in
anhydrous DCM (2 mL). The resulting mixture wasretl at =78 °C for 5 min followed by the dropwisgdaion of
tert-butyl(cyclopropylmethyl)diphenylsilane (0.18 g60.mmol) in anhydrous DCM (3 mL). The reaction \gtized at
=78 °C and monitored by TLC, after 3 h the reactitas quenched by the addition of wet acetone (h milowed to
warm to 0 °C and poured on ta®1 (10 mL). The organic layer was separated an@doeous layer extracted with DCM
(3 x 10 mL). The combined organic phases were whstith brine (10 mL), separated, dried (MggCiltered and
concentratedn vacuo to give the impure product (0.29 g) as a yellol Burification by flash column chromatography
[silica gel, gradient elution 100% hexane — 20%tldike ether : cyclohexane] afforded the desired pobdas an
inseparable mixture afis andtrans diastereoisomers (combined yield 0.17 g, 0.40 me®fo,dr (trans: cis) 1: 2.1) as
a colourless 0ilR; 0.41 [20% diethyl ether : hexanel;a(film)/cm™ 2930 (C-H), 2857 (C-H), 1691 (C=0), 1448 (C-H),
1228 (Si-C), 1104 (C-Oyxis diastereoisomey (400 MHz; CDC}) 1.04 (9H, s, SiC(Ch)s), 1.17-1.32 (1H, m, CiH,
C-3 THF), 1.40-1.47 (1H, m, CGHy, C-3 THF), 1.58 (1H, dd) 14.5 and 9.8, SiCil,), 2.02 (1H, dd, 14.5 and 4.1
SiCH.Hy), 2.03-2.08 (2H, m, CHC-4 THF), 4.14 (1H, app tt, 9.5 and 4.8, CH C-2F)}6.07 (1H, ddJ 8.4 and 5.5, CH
C-5 THF), 7.29-7.70 (13H, m, Ar), 7.94-7.96 (2H, Ar); ¢ (100.6 MHz; CDCJ) 17.9 (SiCH), 18.2 (SiC(CH)s3), 29.8
(CH,, C-4 THF), 33.0 (CH C-3 THF), 79.4 (CH, C-5 THF), 79.6 (CH, C-2 THER7.6 (2 x0-CH, Ar), 127.7 (2 xo-
CH, Ar), 128.6 (2 xm-CH, -C(=0)Ph), 128.9 (2 &-CH, -C(=0O)Ph), 129.3 (2 p-CH, Ar), 133.2 p-CH, -C(=O)Ph),
134.1 (C, Ar), 134.7 (C, Ar), 135.4pgo-C, -C(=0O)Ph), 136.2 (2 m-CH, Ar), 136.3 (2 »m-CH, Ar), 198.4 (C=0)tfrans
diastereoisomerdy (400 MHz; CDC}) 1.05 (9H, s, Si C(Ch)s), 1.17-1.32 (1H, m, CiH, C-3 THF), 1.46 (1H, dd)
14.4 and 9.2, SiClt,), 1.51-1.56 (1H, m, Citl,, C-3 THF), 1.95 (1H, dd] 14.4 and 5.0, SiClHi,), 1.95-2.00 (1H, m,
CH.H, C-4 THF), 2.16 (1H, m, Cif, C-4 THF), 4.20 (1H, app tt, 8.9 and 5.2, CH C-2F)}6.19 (1H, dd, 8.0 and
7.0, CH C-5 THF), 7.29-7.70 (13H, m, Ar), 7.86-7@81, m, 2 xo-CH Ar); 3c (100.6 MHz; CDCJ) 18.1 (SiCH), 18.2
(SIC(CHy)3), 29.4 (CH, C-4 THF), 34.0 (CH C-3 THF), 78.6 (CH, C-2 THF), 79.2 (CH, C-5 THER7.6 (2 x0-CH,
Ar), 127.7 (2 xo-CH, Ar), 128.5 (2 m-CH, -C(=0O)Ph), 128.9 (2 &8-CH, -C(=0)Ph), 129.2 (2 p-CH, Ar), 133.1 f-
CH, -C(=0)Ph), 134.2 (C, Ar), 134.8 (C, Ar), 13%ipso-C, -C(=0)Ph), 136.2 (2 m-CH, Ar), 136.3 (2 m-CH, Ar),
199.2 (C=0); LRMS (El mV2): M" not visible, ((M-Bu]* 18%), 329 (87), 183 (42), 135 (100), 105 (72)(33); HRMS
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(CI*, m/2) 446.2512 [M+NH]", C,sHss0,NSi requires 446.2510. Diastereoselectivity calmdaby analysis of théH
NMR'integrals for the C-5 protons of the THF riBgQ7cis and 5.19rans.

JD-07-365 CL F3

BRUKER

NAME JD_05.02.10
¢ EXPNO 42
/ PROCND 1
ﬂ Date_ 20100209
Time 20.21
| TNSTRUM spect
| J PROBHD 5 mm BBO BB-1H
| e PULPROG zg30
o ™ £5536
I S SOLVENT CDC13
I NS 16
f ; DS 2
! 0 swi 8278.146 Hz
| 3 ¢ FIDRES 0.126314 Hz
| T AQ 3.9584243 sec
| ~ RG 71.8
oW 60.400 usec
r DE 5.00 usec
| TE 300.0 K
! D1 1.00000000 sec
| ; MCREST 0.00000000 sec
! MCWRK 0.01500000 sec
/ ======== CHANNEL fl ========
’ [ 1H
/ 9.50 usec
/ 3 3.00 dB
(f % 400.2324716 MHz
8 32768
/ 400.2300125 MHz
| — EM
| . 7 0
| ! " B { 0.30 Hz
{ 3 — ¥ %] ] 7 o
| s 2 i / 1.00
| 3 W |
. g {
\ E ' |
s vy
a A

T T I I I T T T I T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 ppm
| | | L I AL
R 28 kil 8 )l 128
i c} 'g‘ L=l ;”1 1.;,.% m‘ ‘“\‘2
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JD-07-365 C1 F3

F2Z - Beguisition Parameters
20100208
11.37

.4 SWH 23980.814 EHz

FIDRES 0.3655%28 Hz
AQ 1.3664756 sec
RG 20642.5

ol 20.850 usec
DE 6.00 usec
TE 30C0.0 K

DL 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWREK 0.01500000 sec

22
400.2315009 Mz

| %
| F2z - Processing parameters
ST 32768

i1 ] _SF 100.6375140 Mz

M

a
LB 1.00 Bz

T T ; i T i ” T : T i .

200 180 160 140 120 100 80 60 40 20 ppm‘-

TABLE 5 ENTRY 7
(2)-2-((tert-Butyldiphenylsilyl)methyl)tetrahydrofuran-5-yl)(ph enyl)methanone

0
[>_siBuPh, Ph)Jﬁ(H SnCly Phrﬂ\/Si’Buth
~78°Ct00°C 4 o

0 DCM
CaoH26Si CgHgO- C2gH3205Si
Mol. Wt: 294.51 Mol. Wt: 134.13 Mol. Wt: 428.64

To a stirred solution of freshly distilled phenyyaxal (0.12 g, 0.90 mmol) in anhydrous DCM (2 ndt)-78 °C and
under an atmosphere of argon was added, dropwise|uéion of tin tetrachloride (0.17 g, 0.08 mL66&.mmol) in
anhydrous DCM (2 mL). The resulting mixture wasretl at =78 °C for 5 min followed by the dropwisgdaion of
tert-butyl(cyclopropylmethyl)diphenylsilane (0.18 g60.mmol) in anhydrous DCM (3 mL). The reaction vgéigred at
—78 °C and monitored by TLC, after 1 h the reacti@s allowed to warm to 0 °C and stirred at 0 °Clftn. The reaction
was quenched by the addition of((10 mL), the organic layer was separated andatheous layer further extracted
with DCM (3 x 10 mL). The combined organic phasesravwashed with brine (10 mL), separated, dried SN,
fitered and concentrateich vacuo to give the impure product (0.24 g) as a yellow Burification by flash column
chromatography [silica gel, gradient elution 100&xdne — 20% diethyl ethyl : hexane] afforded theirdd product as
an inseparable mixture ofs andtrans diastereocisomers (combined yield 0.18 g, 0.43 mi#@ho,dr (trans: cis) 1: 1.1)

as a colourless oil. Data is in agreement with pihatiously recorded.
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TABLE 5 ENTRY 8
(3)-(2-((Dimethyl(phenyl)silyl)methyl)tetrahydrofur an-5-yl)(phenyl)methanone

[~ siMeph )OKWH SnCl, Ph7]/ﬂ\/SiMe2Ph
5 -78°C, 3h, 4 O
DCM
Ci2H4gSi CgHsO2 C20H240,Si
Mol. Wt: 190.36  Mol. Wit: 134.13 Mol Wt: 324.49
Following the general procedure C, (cyclopropylmggthimethylphenylsilane (0.12 g, 0.60 mmol) and myleglyoxal
(0.12 g, 0.90 mmol) at —78 °C furnished the imppreduct (0.27 g) as a yellow oil. Purification byash column
chromatography [silica gel, gradient elution 100&&dne — 20% diethyl ether : hexane] afforded tterele product as
an inseparable mixture ofs andtrans diastereocisomers (combined yield 0.10 g, 0.32 mB®#o,dr (trans: cis) 1 : 1.6)
as a colourless oiR 0.22 [20% diethyl ether : hexane};afilm)/cm™ 3070, 2957 (C-H), 2886 (C-H), 1692 (C=0),
1451 (C-H), 1429, 1230 (Si-C), 1115 (C-©is diastereoisomeiy (400 MHz; CDC}); 0.30 (3H, s, SiCh}, 0.32 (3H, s,
SiCHy), 1.21 (1H, ddJ 14.2 and 8.5, SiCHly), 1.42-1.51 (2H, m, overlapping signals $ils and CHH, C-3 THF),
1.92-2.02 (1H, m, CiH, C-3 THF), 2.09-2.33 (2H, m, GHC-4 THF), 4.15 (1H, app tfl 8.7 and 5.8, CH C-2 THF),
5.13 (1H, ddJ 8.6 and 5.1, CH C-5 THF), 7.33-7.59 (8H, m, Ar0188.04 (2H, m, 2 »-CH Ar); 3¢ (100.6 MHz;
CDCly) -2.3 (SiCH), —2.0 (SiCH), 23.6 (SiCH), 29.4 (CH, C-4 THF), 33.6 (CH C-3 THF), 78.5 (CH, C-2 THF), 79.2
(CH, C-5 THF), 127.9 (2 mCH, SiPh), 128.5 (2 m-CH, -C(=0)Ph), 129.0 (2 8-CH, -C(=0)Ph), 129.1p(CH, SiPh),
133.2 p-CH, -C(=O)Ph), 133.7 (2 »-CH, SiPh), 135.5ipso-C, -C(=0O)Ph), 139.0 (C, SiPh), 198.4 (C=(ans
diastereoisome®y (400 MHz; CDC}); 0.32 (3H, s, SiCkJ, 0.33 (3H, s, SiCh}, 1.12 (1H, ddJ 14.2 and 8.1, SiCl,),
1.42 (1H, dd)J 14.2 and 6.2, Sifiti,), 1.39-1.52 (1H, m, CiH, C-3 THF), 1.98 (1H, dddd, 12.1 8.1 5.5 and 3.6, GH,
C-3 THF), 2.13 (1H, app dtd, 12.7 8.5 and 6.6, CH, C-4 THF), 2.25 (1H, app dtd,12.7 8.4 and 3.6, CH, C-4
THF), 4.19 (1H, app tt) 8.4 and 5.9, CH C-2 THF), 5.27 (1H, di8.2 and 6.6, CH C-5 THF), 7.32-7.36 (3H, m,
overlapping signals 2 8-CH andp-CH Ar), 7.45 (2H, tJ 7.6, 2 xm-CH Ar), 7.49-7.52 (2H, m, 2 m-CH Ar), 7.56 (1H,
app tt,J 7.4 and 1.4p-CH Ar), 7.96-7.99 (2H, m, 2 ®-CH Ar); ¢ (100.6 MHz; CDCJ) -2.4 (SiCH), —-2.0 (SiCH),
23.5 (SiCH), 29.3 (CH, C-4 THF), 34.4 (CH C-3 THF), 78.6 (CH, C-2 THF), 79.2 (CH, C-5 THER7.9 (2 xm-CH,
Ar), 128.6 (2 xm-CH, -C(=0)Ph), 129.0 (2 8-CH, -C(=0)Ph), 129.0ptCH, Ar), 133.3 p-CH, -C(=0)Ph), 133.7 (2 x
0-CH, Ar), 135.3 {pso-C, -C(=0)Ph), 139.1 (C, Ar), 199.4 (C=0); LRMS {Ein/z): M" not visible, 309 ([M-CH]",
2%), 267 (5), 239 (10), 219 (16), 135 (100), 10%)(Z7 (15); HRMS (Cl mV2) 342.1878 [M+NH]", CyoH,50,NSi
requires 342.1884. Diastereoselectivity calculdigdinalysis of théH NMR integrals for the C-5 protons of the THF
ring, 5.13cisand 5.2%rans.
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JD-07-358 C1 F2

BRUKER

NAME JD_02.02.10
EXPNO 32
PROCNO 5 1
Date_ 20100203
Time 0.32
INSTRUM spect
PROBHD 5 mm BEO EE-1H
_ PULPROG 2930
( ™D §5536
SOLVENT cpels
NS 16
DS 5
SwH 8278.146 Hz
FIDRES 0.126314 Hz
AD 3.9584243 sec
RG 64
} DT £0.400 usec
i DE 6.00 usec
TE 300.0 X
= D1 1.00000000 sec
o MCREST 0.00000000 sec
g & MCWRE 001500000 sec
-
g
$z s
[ o - =
s | % 3 .- PL1 3.00 dB
Pt ! = T sFol 400.2324716 MHz
= | < ol z s1 32768
- | = - SE 400.2300120 MHz
- | + = - = WD EM
| a f T ,f 558 0
| - /| » | o LE 0.30 Hz
( i < ] 3 [ 1 cB 0
38 - 1 & | - PC 1.00
£ x — [ r f I
= .
- [
!
bi |

R

= ]
=3
w4
2
© ]
=
M
o

I
80 75 7.0 65 60 55 50 45 ! ppm
l\\.-/! KN/I ‘NL“D! L\*wo Km
&R 218 18 |8
= g et -] I

JD-07-358 C1 F2

o . BRUKER

:
f NAME JD_02.02.10
EXPNC 30
PROCNG 1
Date 20100203
Time 0.12
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULERCG 2gpg30
TD 65536
SOLVENT €DC13
NS 1024
D= 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
20 1.3664756 sec
RG 16384
oW 20.850 usec
DE 6.00 usec
TE 300.0 K
D1 .00000000 sec

2

0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec

0.01500000 sec

MCWRE

VY =
V] /
SFOZ 400.2316009 MHz
ST 32768
e SF 100.6379085 MHz
wWDW EM
ssB 0
LB 1.00 Hz
GE 0
i BC 1.40
T T T T T T ¥ T T T i T ) T
200 180 160 140 120 100 80 60 40 20 0 ppm
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

TABLE 5 ENTRY 9
(3)-(2-((Dimethyl(phenyl)silyl)methyl)tetrahydrofur an-5-yl)(phenyl)methanone

0
[ SiMe,Ph Ph)H(H SnCly Ph 7]//—>\/suv|ezph
78100°C,3h, [ Y

0 DCM

Ci2H4gSi CgHsO2 C20H240,Si

Mol. Wt: 190.36  Mol. Wit: 134.13 Mol Wt: 324.49
Following the general procedure C, (cyclopropylmgttimethylphenylsilane (0.12 g, 0.60 mmol) and mpyleglyoxal
(0.12 g, 0.90 mmol) at 0 °C furnished the impuredoict (0.26 g) as a yellow oil. Purification by dta column
chromatography [silica gel, gradient elution 100&xdne — 20% diethyl ether : hexane] afforded trsrel@ product as
only thetrans diastereoisomer (0.03 g, 0.11 mmol, 18%) as aucldss oil; R 0.41 [20% diethyl ether : hexane];
vmadfilm)/cm™ 3070, 2957 (C-H), 2886 (C-H), 1692 (C=0), 1451H{-1429, 1230 (Si-C), 1115 (C-O);; (400 MHz;
CDCly); 0.32 (3H, s, SiCH), 0.33 (3H, s, SiCk), 1.12 (1H, dd,J 14.2 and 8.1, SiClHi,), 1.42 (1H, ddJ 14.2 and 6.2,
SiHHy), 1.39-1.52 (1H, m, CjH, C-3 THF), 1.98 (1H, dddd] 12.1 8.1 5.5 and 3.6, GH, C-3 THF), 2.13 (1H, app
dtd,J 12.7 8.5 and 6.6, CH, C-4 THF), 2.25 (1H, app dtd,12.7 8.4 and 3.6, CH, C-4 THF), 4.19 (1H, app t§,8.4
and 5.9, CH C-2 THF), 5.27 (1H, d#18.2 and 6.6, CH C-5 THF), 7.32-7.36 (3H, m, ovgpiag signals 2 -CH andp-
CH Ar), 7.45 (2H, tJ 7.6, 2 xm-CH Ar), 7.49-7.52 (2H, m, 2 r-CH Ar), 7.56 (1H, ttJ 7.4 and 1.4p-CH Ar), 7.96-
7.99 (2H, m, 2 >0-CH Ar); 8¢ (100.6 MHz; CDCJ) —-2.4 (SiCH), —2.0 (SiCH), 23.5 (SiCH), 29.3 (CH, C-4 THF), 34.4
(CH,, C-3 THF), 78.6 (CH, C-2 THF), 79.2 (CH, C-5 THHAR7.9 (2 xm-CH, SiPh), 128.6 (2 *CH, -C(=0O)Ph),
129.0 (2 x0-CH, -C(=0)Ph), 129.0pCH, SiPh), 133.3-CH, -C(=0O)Ph), 133.7 (2 »-CH, SiPh), 135.3ifso-C, -
C(=0)Ph), 139.1 (C, SiPh), 199.4 (C=0); LRMS'(ElVz): M" not visible, 309 ([M—-CH", 2%), 267 (5), 239 (10), 219
(16), 135 (100), 105 (21), 77 (15); HRMS {Q1Vz) 342.1888 [M+NH]", CyH2d0-NSi requires 342.1884.
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JD-07-359 C1 F2

.
NAME JD_02.02.10
EXENO 4z
. PROCNO 1
Date_ 20100203
Time 217
INSTRUM spect
it % PROBHD 5 mm BEO BB-1H
! PULPROG zg30
i TD 65536
[ SOLVENT cpell
s 16
Ds 2
SWH 8278.146 Hz
FIDRES 0.126314 Hz
aAQ 3.9584243 sec
RG 161.3
oW £0.400 usec
LE §.00 usec
18 300.0 K
| Dl 1.00000000 sec
| [’ MCREST 0.00000000 sec
! f { MCWRK 0.01500000 sec
|
| | == CHANNEL f1
| } NUCL 1H
PL 9.50 usec
| PL1 3.00 @B
~ [ SFO1 400.2324716 MHz
r { ST 32768
| 1 SF 400.2300122 MHz
| | WDW EM
| | SSE 0
i { LE 0.30 Hz
I | , cB 0
[ ) = J | ; BC 1.00
| i | | J H
] H f I
L
[ ! i
_ h L
T T T T T T T T T T T T S B LR DL AR
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 ppm
A (ol \ ) ot L N
)gg g(s&] = Ys( RE S :s(
& isle I 1= P o e o
JD-07-35% Cl F2 (-.><7
NAME JD_02.02.10
EXPNO 40
PROCNO L
Date_ 20100203
Time 1.57
INSTRUM spect
PROBHD 5 mm BBC BB-1H
PULFROG zgpg30
D 65536
SCLVENT €pcl3
NS 1024
DS 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 20642.5
DWW 20.850 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
411 0.03000000 sec
DELTA 1.89%999598 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec
CHANNEL f1 =
buielex! 3¢
Pl 8.00 usec
PL1 6.00 dB
SFOl 100.6479773 MHz
CHANNEL £2 ==
CPDPRE2 waltzl6
NUC2 1H
BCPD2 80.00 usec
PL2 3.00 dB
PL12 22.00 dB
PL13 22.00 dB
SFO2 400.2316009 MHz
sI 32768
SF 100.6379032 MHz
WD EM
SSB 0 N
1B 1.00 Hz
GB 0
4
s R £
T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

TABLE 5 ENTRY 10
(2)-Ethyl-2-((dimethyl(phenyl)silyl)methyl)tetrahyd rofuran-5-carboxylate

0]

__SiPhMe, + EtOJ\”/H SnCl,, DCM Et07]/4_\\/SiPhMe2
- o 0"
I 78100°C, 3 h, )
CyoH4gSi C4HsO; C16H2403Si
Mol. Wt: 190.36 Mol. Wt: 102.09 Mol. Wi; 292.45

To a stired soluton of freshly distiled ethyl ygkalate (0.23 g, 225 mmol) and
(cyclopropylmethyl)dimethylphenylsilane (0.29 gh5Q.mmol) in anhydrous DCM (15 mL) at -78 °C and emdn
atmosphere of argon was added dropwise, a solafitin tetrachloride (0.39 g, 1.50 mmol) in anhyasdCM (8 mL).
The resulting mixture was allowed to warm to O 1@ anonitored by TLC. After 3 h the reaction was mreed by the
addition of HO (10 mL), the organic layer was separated ancdueous layer further extracted with DCM (3 x 10)mL
The combined organic phases were washed with §ti@emL), separated, dried (Mg@Ofiltered and concentratad
vacuo to give the impure product (0.47 g) as a yellow Burification by flash column chromatography ifsal gel,
gradient elution 100% hexane — 10% diethylethezxahe] afforded the desired product as onlytithes diastereocisomer
(0.23 g, 0.79 mmol, 53%) as a colourless RilD.46 [20% diethyl ether : hexane};.(film)/cm™ 2957 (C-H), 1749 (C-
0), 1732 (C-0), 1427, 1180, 1091, 821 (Si-&)(400 MHz; CDC}) 0.33 (3H, s, SiCH), 0.34 (3H, s, SiCh), 1.08 (1H,
dd, 14.2 and 8.7, SiGHy), 1.26 (3H, tJ 7.1, OCHCHz), 1.29-1.38 (1H, m, CiH, C-3 THF), 1.39 (1H, dd] 14.2 and
5.7 SiCHH,), 1.90-1.97 (2H, m, overlapping signals &kl C-3 and CEH, C-4 THF), 2.25-2.31 (1H, m, GH, C-4
THF), 4.14-4.26 (3H, m, overlapping signals OCH; and CH C-2 THF), 4.46 (1H, dd,8.4 and 6.1, CH C-5 THF),
7.33-7.37 (3H, m, Ph), 7.50-7.55 (2H, m, Riz)(100.6 MHz; CDCJ) -2.4 (SiCH), —2.0 (SiCH), 14.3 (OCHCH,), 23.4
(SICH,), 30.7 (CH, C-4 THF), 33.8 (CH C-3 THF), 60.8 (OCKCHs), 76.1 (CH, C-5 THF), 78.8 (CH, C-2 THF), 127.9
(2 xmCH, Ph), 129.1-CH, Ph), 133.7 (2 -CH, Ph), 139.1 (C, Ph) 174.1(C=0); LRMS {E1V2): M" not visible,
277 (IM-MeJ, 11%), 215 (13), 165 (12), 135 (100), 105 (13), (18); HRMS (CI, m/z) 310.1824 [M+NH]",
C16H260sNSi requires 310.1833.

* The tin tetrachloride solution was prepared bylind a commercial 1 Mol solution of tin tetrachbiei (3 mL) to
anhydrous DCM (5 mL).
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JD-09-574/5 C1 F2
PROTON CDCl3 /opt/data GC / I

1 NAME Jp_110%0%
; EXPNO &2
FROCNO
Date_
Time
INSTRUM
PROBED 5
PULPROG z2g30
D 65536
SOLVENT ¢Del3
NS 15
ns 2
SWH §223.685 Hz
FIDRES 0.125483 Hz
A0 3.9846387 sec
RG 71.8
D §0.800 usec
DE 6.50 usec
- I TE 300.0 K
i D1 1.00000000 sec
1
‘: == CHANNEL £1
| 13.09
| | 65536
| | 400.1300099 MHz
’ | f f EM
| i i )
i 0.30 Hz
| Q
1.00

85 8.0 65 60 55 50 45 40 35 30 25
/:OHNH Leat
|21 =l
[ER] -
JD-09-574/5 €1 F2
C13CGED €BEl3 ‘/Opt/data GC
NAME an_110%09
E (o] 21
1
of -] 2011030%
e 20,
INSTRUM aviiidoo
PRCBHD 5 mm PABBO BB-
PULPROG
1‘,5531968 sec
1820
300
2.00000000 s
0.03000000 sec
== CHENNEL {1l =
13c
20 usec
68
£ ;
[4}
1.00 Hz
1.46
. I
T T Y T T T T T 1 I T T
200 180 160 140 120 100 80 60 40 20 ppm
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JD-08~574 /8 CL F2
Cl3_DEPTQ.c¢m CDCL3 /opt/data GC

avil 3

5 mm PABBO BB-
deptagpsp
65536
coels
256

&

24038.461 Hz
0.366758 EHz
3631968

4 y T Pl 9.00 usec
T | P13 2000.00 usec
ST 12768
SF 100.6127566 MHz
WDW EM
S5B 0
18 1.00 Hz
GE 7]
BC 1.40
T T T T T T e H H
200 180 160 140 120 100 80 60 40 20 0 ppm

TABLE 5 ENTRY 11

(2)-2-((dimethyl(phenyl)silyl)methyl)tetrahydrofura n-5-yl)(4-nitrophenyl)methanone

0 O,N
> siPhMe, + /@/U\gH S7n8C:::, ZChM SiPhMe,
O,N - e J 0
C1oHqgSi CgHsNO, CaoH2sNO,Si
Mol. Wt: 190.36 Mol. Wt: 179.13 Mol. Wt: 369.49

To a stired solution of freshly distiled 4-nitdognyl glyoxal (0.16 g, 0.90 mmol) and
(cyclopropylmethyl)dimethylphenylsilane (0.11 g60.mmol) in anhydrous DCM (5 mL) at-78 °C and unde
atmosphere of argon was added, dropwise, a 1 Miaolof tin tetrachloride in DCM (0.50 mL, 0.50 mhoThe
reaction was stirred at —78 °C and monitored by TAffer 3 h the reaction was quenched by the amltitf wet acetone
(5 mL), allowed to warm to 0 °C and poured on t®H10 mL). The organic layer was separated ancdtiveous layer

extracted with DCM (3 x 10 mL). The combined orgaphases were washed with brine (10 mL), separateek]
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

(MgSQy), filtered and concentrated vacuo to give the impure product as a dark yellow 0iP{0g). Purification by flash
column chromatography [silica gel, gradient elutt®0% hexane — 20% diethyl ether : hexane] afforttheddesired
product as an inseparable mixturect#f andtrans diastereoisomers (combined yield 0.05 g, 0.14 maifo,dr (trans:
cis) 1 : 2.6§ as a colourless oiR; 0.35 [20% diethyl ether : hexanel;,(film)/cm™ 2955, 2879, 1699 (C=0), 1524 (C-
N), 1344 (C-N), 1219 (Si-C), 1112 (C-0O), 825 (Si-C)

cis diastereoisomerdy (400 MHz; CDC}) 0.26 (3H, m, SiMe), 0.28 (3H, s, SiMe), 1.10 (14, J 14.3 and 7.7,
SiCH.Hy), 1.33 (1H, ddJ 14.3 and 6.5, SiCiy), 1.39-1.52 (1H, m, CiH, C-3 THF), 1.94-2.05 (1H, m, GH; C-3
THF), 2.10-2.19 (1H, m, CiHl, C-4 THF), 2.36 (1H, app tdd,8.4, 4.6 and 3.5, CHy, C-4 THF), 4.14 (1H, m, CH C-2
THF), 5.00 (1H, ddJ 8.6 and 4.7, CH C-5 THF), 7.30-7.34 (3H, m, Ph{777.50 (2H, m, Ph), 8.15-8.28 (4H, m,
CeH4NO,); 6¢ (100.6 MHz; CDCJ) -2.2 (SiCH), —-2.1 (SiCH), 23.7 (SiCH), 28.5 (CH, C-4 THF), 33.8 (CH C-3
THF), 80.0 (CH, C-2 THF), 80.5 (CH, C-5 THF), 12827x 0-CH, GH4-NO,) 127.9 (2 xm-CH, Ph), 129.2-CH, Ph),
130.5 (2 xm-CH, GH4-NO,) 133.6 (2 x0-CH Ph), 138.8 (C, Ph), 140.3 (C¢Ha-NOy), 150.4 (C, GH4-NO,), 197.2
(CO);

trans diastereoisomerdy (400 MHz; CDC}) 0.29 (3H, s, SiCk), 0.30 (3H, s, SiCk), 1.12 (1H, ddJ 14.4 and 7.4,
SICHHy), 1.36 (1H, ddJ 14.4 and 6.9, SiCiHi,), 1.39-1.52 (1H, m, Ci{, C-3 THF), 2.01 (1H, m, Cii, C-3 THF),
2.20-2.27 (2H, m, CKHC-4 THF), 4.09 (1H, app dtd,8.4, 7.1 and 5.7, CH C-2 THF), 5.13 (1H, app 1.2, CH C-5
THF), 7.31-7.36 (3H, m, Ar), 7.47-7.49 (2H, m, AB)10-8.28 (4H, m, Ar)d¢ (100.6 MHz; CDCJ) 2.2 (SiCH), -2.1
(SiCHs), 23.4 (SiCH), 28.3 (CH, C-4 THF), 34.5 (Chl C-3 THF), 78.9 (CH, C-2 THF), 79.9 (CH, C-5 THER3.7 (2
x 0-CH, GH.-NO,) 127.9 (2 xm-CH, Ph), 129.2f-CH, Ph), 130.3 (2 x-CH, GH,-NO,) 133.6 (2 x0-CH Ph), 138.8
(C, Ph), 140.3 (C, &1,-NO,), 150.4 (C, GH,-NO,), 198.1 (CO); LRMS (El m/2): M" not visible, ((M-Me] 1%), 312
(8), 285 (8), 219 (14), 135 (100); HRMS {QtV2) 387.1741 [M+NH]", C,oH,7N,0,Si requires 387.1735.

Diastereoselectivity calculated by analysis of tHeNMR integrals for the C-5 protons of the THF rifigl3 (ppm) and
5.00 (ppmtrans andcis respectively.

10.30 mmol of starting material was recoved (500tdrefore of the material that reacted 50% was edad to product
60



JD-09-569 Cl1 F34-37
PROTON CDC13 /opt/data GC

Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

. BRUKER

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SuWH
FIDRES
AQ

JD_110902
14

i
201190802
20.07
aviiidoo
5 mm PABED EB-
zg30
65536
€pcls3
16
2
8223 .685 Hz
0.125483 Hz
3.9846387 sec
101
60.800 usec
6.50 usec
300.0 K
1.00000000 sec

CHANNEL £f1 ========

65536
400.1300100 MHz
EM
Q
0.30 Hz
¢]

1.00

s |
{ |
|
) o
e T T 1 T e T T
10 9 8 7 6 5 4 3 ppm
[y {4 L) P
o) =) I~ o ien |
b et R, et £ 19
o e iQjr i fea|
JD-08-569 C1 F34-37
Cl3CPD CDC132 /opt/data GC .
k 5 14 17
] WV
NAME JO_110%02
EXPNQ 11
PROCNG 1
Date. 20110902
Time 12.38
INSTRUM awviiidoo
PROBED 5 mm PABBO BE-
PULPROG zgpg30
D 65536
SOLVENT €pel3
NS 256
LS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 2050
i) 20.800 usec
DE 6.50 usec
TE 300.0 K
D1 2.00000000 sec
D11 0.03000000 sec
= == CHANNEL f1 ==
nucl 13c
Pl 9.00 usec
ST 32768
SF 100.6127558 MHz
WDW EM
SSB 0
L= 1.00 Hz
cz 0
BQ 1.40
. J . .
T T I T T T f T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JD-09-56% Cl1 F34-37
Cl3_DEPTQ.gm CDC13 /opt/data GC

NAME JD_110802

EXFPNO 12

PROCHNO

Date_

Time

INSTRUM E

PROBED 5 mm P

PULPROG

TD

SOLVENT

N5

DS

SWHE

FIDRES

a0

RG

D

DE =

TE 300.0 K

CNST2 145.0000000

CNST12 1.5000000C

Dl 2.00000000 sec

D2 0.00344828 sec

D12 0.00002000 sec

Dl6 0.00020000 sec

======== CHANNEL fl ========

NUC1 13c

Pl 9.00 usec

P13 2000.00 usec

SI 32768
Loi il " " -. N W R bt & " SF 100.6127560 kHz

: P———— g ; by ; g st W ST g

SSB 0

LE 1.00 Hz

GE 0

PC 1.40

- T T : . " .
200 180 160 140 120 100 80 60 40 20 0 ppm

TABLE 5 ENTRY 12
(¥)-2-((dimethyl(phenyl)silyl)methyl)tetrahydrofura n-5-yl)(4-nitrophenyl)methanone

o
H
[~ siPhMe, + O)J\[( SnCl,, DCM
o 0°C,3h
ON c.3h,
C1oHigSi CgHsNO, CaoH23NO,S
Mol. Wt: 190.36 Mol. Wt: 179.13 Mol. Wt: 369.49

To a stired solution of freshly distiled 4-nitdognyl glyoxal (0.16 g, 0.90 mmol) and
(cyclopropylmethyl)dimethylphenylsilane (0.11 g,6@. mmol) in anhydrous DCM (5mL) at 0 °C and under
atmosphere of argon was added, dropwise, a 1 Misolof tin tetrachloride in DCM (0.50 mL, 0.50 mipoThe
reaction was stirred at 0 °C and monitored by TAfer 2 h the reaction was quenched by the addiiowater (5 mL),
the organic layer was separated and the aqueoes flayher extracted with DCM (3 x 10 mL). The candxd organic
phases were washed with brine (10 mL), separatext] (MgSQ), filtered and concentratéd vacuo to give the impure

product (0.31 g) as a yellow oil. Purification bgsh column chromatography [silica gel, gradientieh 100% hexane —
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

10% diethyl ether : hexane] afforded the desiremtipet as an inseparable mixture ad$ andtrans diastereoisomers
(combined yield 8. mg, 0.02 mmol, 3% (trans: cis) 1 : 0.2) as a colourless oil. Data is in agrednveth that
previously recorded.

JO—-09—-570 ¢2 F38-52

PROTON CDCl3 /opt/topspin bruker 60 /
NAME JD_07.09.11
EXFHO 10
( PROCNO 1

Date_ 20110907
Time 1259
INSTRUM spect
PROBHD 5 mm BEO BB-1H
PULPROG zg30

D 65536
SOLVENT cbcl3

NS 16

DS 2

SWH 8278.146 Hz
FIDRES 0.126314 Hz
A0 3.9584243 sec
RG 645.1

oW 60.400 user
DE 6.50 use
TE 303.0 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl =======:
NUcl 1H

P1 9.50 usec
PL1 3.00 dB
SFO1 400.2324716 Miz
51 32768

SF 400.2300409 MHz
WOW EM

SSB 0

LB 0.30 Hz
GB 0

i BC 1.00

T I I I

T T T T T T T T T \ T T T
95 90 85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 20 15 1.0

FEl- W R

T T
ppm

©| e
(S
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=

0
«
-

~
«
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TABLE 5 ENTRY 13
(3)-2-((dimethyl(phenyl)silyl)methyl)tetrahydrofura n-5-yl)(4-bromophenyl)methanone

0 Br
. H  sncl, DCM
[__siPhMe, + m e SiPhMe,
o ~78°C,3h, o
0
CioHygSi CeHsBrO, CaoHz3BrO,Si
Mol. Wt: 190.36 Mol. W: 213.03 Mol. Vit 403.38

To a stirred solution of freshly distilled 4-brontemyl glyoxal (0.19 g, 0.90 mmol) and
(cyclopropylmethyl)dimethylphenylsilane (0.11 g60.mmol) in anhydrous DCM (6.5 mL) at -78 °C anddeman
atmosphere of argon was added, dropwise, a 1 Misolof tin tetrachloride in DCM (0.50 mL, 0.50 mipoThe
reaction was stirred at —78 °C and monitored by TAffer 3 h the reaction was quenched by the amltitf wet acetone
(5 mL), allowed to warm to 0 °C and poured on t®H10 mL). The organic layer was separated ancdtiveous layer

extracted with DCM (3 x 10 mL). The combined orgaphases were washed with brine (10 mL), separateek]

63



Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

(MgSQy), filtered and concentrated vacuo to give the impure product as a dark yellow 0iP@g). Purification by flash
column chromatography [silica gel, gradient elutt®0% hexane — 20% diethyl ether : hexane] afforttheddesired
product as an inseparable mixturect#f andtrans diastereoisomers (combined yield 0.12 g, 0.29 m&iafo,dr (trans:
cis) 1 : 1.8 as a colourless 0iR0.50 [20% diethyl ether : hexane},.(film)/cm™ 3089, 2955, 2879, 1690 (C=0), 1584,
1112, 1069, 835 (Si-C), 727;

cis diastereoisomerdy (400 MHz; CDC}) 0.29 (3H, m, SiMe), 0.31 (3H, s, SiMe), 1.15 (14, J 14.3 and 8.1,
SiCH.Hy), 1.40 (1H, ddJ 14.3 and 6.2, SiCify), 1.41-1.48 (1H, m, Cif, C-3 THF), 1.92-2.00 (1H, m, GH, C-3
THF), 2.09-2.33 (2H, m, CHC-4 THF), 4.09-4.17 (1H, m, CH C-2 THF), 5.00 (1ddi,J 8.7 and 4.9, CH C-5 THF),
7.31-7.39 (3H, m, SiPh), 7.49-7.52 (2H, m, SiP)777.60 (2H, m, Ar), 7.88-7.90 (2H, m, Ab; (100.6 MHz; CDCJ)
-2.3 (SICH), -2.0 (SiCH), 23.6 (SiCH), 28.7 (CH, C-4 THF), 33.7 (CH C-3 THF), 79.6 (CH, C-2 THF), 80.0 (CH,
C-5 THF), 127.9 (2 x-CH, SiPh) 128.3ipso-C, GH,Br), 129.1 p-CH, SiPh), 130.8 (2 m-CH, GH,Br), 131.8 (2 xo-
CH, GH4Br), 133.6 (2 »0-CH, SiPh), 134.3¢-C, GH4Br), 138.9 (C, SiPh), 197.4 (CO);

trans diastereoisomerdy (400 MHz; CDC}) 0.32 (3H, s, SiCk), 0.32 (3H, s, SiCk), 1.12 (1H, ddJ 14.4 and 7.8,
SiCH.Hy), 1.39 (1H, ddJ 14.4 and 6.6, SiClti,), 1.48 (1H, app dg] 12.1 and 8.8, Ci, C-3 THF), 1.99 (1H, dddd),
12.1, 8.3, 1.3 and 1.0, GH, C-3 THF), 2.20-2.28 (2H, m, GHC-4 THF), 4.14 (1H, app ddd,14.4, 7.9 and 6.6, CH C-
2 THF), 5.16 (1H, dd) 8.0 and 6.6, CH C-5 THF), 7.31-7.39 (3H, m, SiAMJ9-7.52 (2H, m, SiPh), 7.57-7.60 (2H, m,
Ar), 7.83-7.87 (2H, m, Ar)dc (100.6 MHz; CDCJ) -2.3 (SiCH), —2.0 (SiCH), 23.4 (SiCH), 28.7 (CH, C-4 THF), 34.4
(CH,, C-3 THF), 78.6 (CH, C-2 THF), 79.3 (CH, C-5 THER7.9 (2 xm-CH, SiPh) 128.4ipso-C, GH,Br), 129.1 p-
CH, SiPh), 130.6 (2 »+CH, GH,Br), 131.9 (2 x0-CH, GH,Br), 133.6 (2 x0-CH, SiPh), 134.1g-C, GH,Br), 139.0
(C, SiPh), 198.3 (CO); LRMS (EImV2): M™ not visible, ((M-Mel 2%), 347 (4), 319 (7), 239 (11), 219 (62), 183)(12
155 (9), 135 (100), 105 (11), 75 (30); HRMS(Q@Nz) 420.0994 [M+NH]", C,gH-/NO,BrSi requires 420.0989.

Diastereoselectivity calculated by analysis of tHeNMR integrals for the C-5 protons of the THF rifigl6 (ppm) and

5.00 (ppmtrans andcis respectively.

TABLE 5 ENTRY 14
(3)-2-((Dimethyl(phenyl)silyl)methyl)tetrahydrofura n-5-yl)(4-bromophenyl)methanone

O
H
[>~__siPhMe, + _SnCl, DCM__
0] -10-0 °C, 2 h,
Br
C12H188i C8H5Br02 020H23Br028i
Mol. Wt: 190.36 Mol. Wt: 213.03 Mol. Wit: 403.38

To a stirred solution of freshly distiled 4-bronfemyl glyoxal (0.19 g, 0.90 mmol) and
(cyclopropylmethyl)dimethylphenylsilane (0.11 g6@.mmol) in anhydrous DCM (6.5 mL) at 0 °C and em@n

20.30 mmol of starting material was recoved (50¢t8refore of the material that reacted 50% was edau to product
64



Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

atmosphere of argon was added, dropwise, a 1 Misolof tin tetrachloride in DCM (0.50 mL, 0.50 mitpoThe
reaction was stirred at 0 °C and monitored by TABer 2 h the reaction was quenched by the adduiowater (5 mL),
the organic layer was separated and the aqueoes flagher extracted with DCM (3 x 10 mL). The candd organic
phases were washed with brine (10 mL), separatext MgSQ), filtered and concentrated vacuo to give the impure
product (0.24 g) as a yellow oil. Purification Bgsh column chromatography [silica gel, gradientieh 100% hexane —
10% diethyl ether : hexane] afforded tinans diastereoisomers of the desired product (81 nf) timol, 34%) as a

colourless oil. Data is in agreement with that presly recorded.
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TABLE 5 ENTRY 15
(3)-(2-((Methyldiphenylsilyl)methyl)tetrahydrofuran -5-yl)(phenyl)methanone

0
[>_SiPhMe -+ Ph)kWH SnCl, PhM\/SiPhQMe
78" 0
I 78°C, DCM z

C17H0Si CgHeO5 Cy5H260,Si

Mol. Wt: 252.43 Mol. Wt: 134.13 Mol. Wt: 386.56
To a stirred solution of freshly distilled phenyaxal (0.12 g, 0.90 mmol) and (cyclopropylmethybfoenylmethylsilane
(0.15 g, 0.60 mmol) in anhydrous DCM (5 mL) at -8 and under an atmosphere of argon was addedw®pa
solution of tin tetrachloride (0.13 g, 0.06 mL, @nol) in anhydrous DCM (2 mL). The reaction wasat at —78 °C
and monitored by TLC. After 3 h the reaction wasmgthed by the addition of wet acetone (5 mL), afldwo warm to O
°C and poured on toJ@ (10 mL). The organic layer was separated anddoeous layer further extracted with DCM (3
x 10 mL). The combined organic phases were washéud bwwine (10 mL), separated, dried (Mgg§COfiltered and
concentratedn vacuo to give the impure product (0.34 g) as a yellol Burification by flash column chromatography
[silica gel, gradient elution 100% hexane — 10%dieether : hexane] afforded the desired prodgcama inseparable
mixture of cis and trans diastereoisomers (combined yield 0.09 g, 0.24 mm0%, dr (trans : cis) 0.49 : 1) as a
colourless oil;R; 0.27 [20% diethyl ether : hexanel..(film)/cm™ 3068 2960, 1688, 1427, 1228, 1110, 8&3;
diastereoisomeid, (400 MHz; CDC}) 0.59 (3H, s, SiMe), 1.40-1.51 (1H, m, @H C-3 THF), 1.52 (1H, dd] 14.4 and
8.2, SiHH), 1.79 (1H, ddJ 14.4 and 5.9, SiiH,), 1.85-1.96 (1H, m, Ci, C-3 THF), 2.09-2.28 (2H, m, GHC-4
THF), 4.18 (1H, app ttJ 8.7 and 5.7, CH C-2 THF), 5.11 (1H, dd8.7 and 5.0, CH C-5 THF), 7.30-7.58 (13H, m, Ar),
8.00 (2H, app dJ 8.3, 2 x 0-CH Ar);5c(100.6 MHz; CDCJ) -3.3 (SiMe), 22.1 (SiC}), 29.4 (CH, C-4 THF), 33.7
(CHy, C-3 THF), 79.3 (CH, C-2 THF), 79.9 (CH, C-5 THER8.0 (4 xm-CH, Ar), 128.6 (2 xm-CH, Ar), 129.1 (2 »o-
CH, Ar), 129.3 (2 ¥-CH, Ar), 133.2 p-CH, Ar), 134.5 (2 x0-CH, Ar), 134.6 (2 >0-CH, Ar), 135.6 (C, Ar), 137.0 (C,
Ar), 199.2 (C=0);trans diastereoisomerdy (400 MHz; CDC}) 0.62 (3H, s, SiMe), 1.40-1.51 (2H, m, overlapping
signals SiCHEHy, and CHH,, C-3 THF), 1.75 (1H, dd] 14.4 and 6.3, Sif,), 1.85-1.96 (1H, m, CiH, C-3 THF), 2.09-
2.28 (2H, m, CHC-4 THF), 4.25 (1H, app tf 8.0 and 5.8, CH C-2 THF), 5.23 (1H, dd8.2 and 6.6, CH C-5 THF),
7.30-7.58 (13H, m, Ar), 7.94 (2H, app 37.4, 2 x0-CH Ph)dc (100.6 MHz; CDCJ) -3.4 (SiMe), 22.0 (SIiC}), 29.1
(CH,, C-4 THF), 34.4 (CH C-3 THF), 78.4 (CH, C-2 THF), 79.3 (CH, C-5 THER8.0 (4 xm-CH, Ar), 128.6 (2 xm
CH, Ar), 129.0 (2 x0-CH, Ar), 129.3 (2 ¥p-CH, Ar), 133.2 p-CH, Ar), 134.6 (2 x0-CH, Ar), 134.7 (2 >0-CH, Ar),
135.4 (C, Ar), 137.1 (C, Ar), 198.3 (C=0); LRMS {Ei2): M* not visible, 309 ([M-PH] 4%), 281 (11), 197 (100),
137 (19), 105 (21), 77 (13); HRMS (ESR/2) 404.2031 [M+NH]", C,sH3,0,NSi requires 404.2040. Diastereoselectivity
calculated by analysis of thel NMR integrals for the C-5 protons of the THF riBgl1cis and 5.23rans.
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TABLE 5 ENTRY 16
(3)-(2-((Methyldiphenylsilyl)methyl)tetrahydrofuran -5-yl)(phenyl)methanone

0
[>_SiPhMe -+ Ph)kWH SnCl, PhM\/SiPhQMe
. 0
I 0°C, DCM )

C17H0Si CgHeO5 Cy5H260,Si

Mol. Wt: 252.43 Mol. Wt: 134.13 Mol. Wt: 386.56
To a stirred solution of freshly distilled phenyaxal (0.12 g, 0.90 mmol) and (cyclopropylmethygthylsilane (0.10 g,
0.60 mmol) in anhydrous DCM (5 mL) at 0 °C and unale atmosphere of argon was added, dropwise uiaolof tin
tetrachloride (0.13 g, 0.06 mL, 0.50 mmol) in antoges DCM (2 mL). The reaction was stirred at O @ anonitored by
TLC. After 2 h the reaction was quenched by theited of water (5 mL), the organic layer was sepedaand the
aqueous layer further extracted with DCM (3 x 10)mihe combined organic phases were washed witte [fti0 mL),
separated, dried (MgS) filtered and concentrateich vacuo to give the impure product (0.26 g) as a yellow oi
Purification by flash column chromatography [siligal, gradient elution 100% hexane — 10% diethlgeet hexane]
afforded the desired product as an inseparableuneixdfcis andtrans diastereoisomers (combined yield 89.7 mg, 0.23

mmol, 38%.dr (trans: cis) 1 : 0.41) as a colourless oil. Data is in agregmeth that previously recorded.

TABLE 5 ENTRY 17
(x)-Phenyl(2-((triethylsilyl)methyl)tetrahydrofuran -5-yl)methanone

0]

[~ __SiEty  « Ph)J\ﬂ/H SnCl Ph 77/4_}\/3@3
—78° 0]
I 8 °C, DCM )
C1oH2oSi CgHeO2 C1gH250,Si
Mol Wt: 170.37 Mol Wt: 134.13 Mol. Wt: 304.50

To a stirred solution of freshly distilled phenyyaxal (0.12 g, 0.90 mmol) and (cyclopropylmethygthylsilane (0.10 g,
0.60 mmol) in anhydrous DCM (5 mL) at —78 °C andieman atmosphere of argon was added, dropwisguaos of
tin tetrachloride (0.13 g, 0.06 mL, 0.50 mmol) inhgdrous DCM (2 mL). The reaction was stirred aB<Z and
monitored by TLC. After 3 h the reaction was questtby the addition of wet acetone (5 mL), allowedvarm to 0 °C
and poured on to # (10 mL). The organic layer was separated anadjoeous layer further extracted with DCM (3 x
10 mL). The combined organic phases were washeld fiine (10 mL), separated, dried (Mg$Ofiltered and
concentratedn vacuo to give the impure product (0.16 g) as a yellol Burification by flash column chromatography

[silica gel, gradient elution 100% hexane — 10%ildikeether : hexane] afforded:

Product 1: the desired product as a mixturei®andtrans diastereoisomers (combined yield 26.0 mg, 0.09 miat9%o,
dr (trans: cis) 0.88 : 1) as a colourless oi;0.45 [20% diethyl ether : hexane}.(film)/cm™ 2909 (C-H), 2951, 2874,
1690 (C=0), 1449, 1228 (Si-C), 1180 (C-0O), 109 @is isomer:5, (400 MHz; CDC}) 0.53 (6H, gJ 7.9, 3 x CH),
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0.91 (9H, tJ 7.9, 3 x CH), 0.95 (1H, dd, 14.3 and 8.7, SiCl;), 1.20 (1H, ddJ) 14.3 and 6.0, SiCit,), 1.49 (1H, dq,
J12.0 and 9.2, Cif, C-3 THF), 2.05 (1H, dddd, 12.2 7.7 5.3 and 3.5, GH,C-3 THF), 2.17-2.33 (2H, m, overlapping
signals CH C-4 THF), 4.17 (1H app t§,8.9 and 5.7,CH C-2 THF), 5.13 (1H, dd8.6 and 5.1, CH C-5 THF), 7.43-7.47
(2H, m, 2 xm-CH, Ph), 7.50-7.57 (1H, np-CH, Ph), 8.00-8.03 (2H, m, 2 &-CH, Ph);5c (100.6 MHz; CDCJ) 3.9
(3 x CHy), 7.5 (3 x CH), 19.2 (SiCH), 29.5 (CH, C-4 THF), 33.9 (ChH C-3 THF), 79.8 (CH, C-2 THF), 79.9 (CH, C-5
THF), 128.6 (2 xm-CH, Ph), 129.1 (2 »-CH, Ph), 133.2@-CH, Ph), 135.6 (C, Ph), 198.5 (C=@)ans isomer:dy (400
MHz; CDCl) 0.54 (6H, qJ 7.8, 3 x CH), 0.88 (1H, dd,J 14.1 and 8.4, SiCi,), 0.93 (9H, tJ 7.9, 3 x CH), 1.18 (1H,
dd,J 14.1 and 6.1, SiCi,), 1.53 (1H, dg, 11.6 and 8.7, CiH, C-3 THF), 2.06-2.13 (1H, m, GHy, C-3 THF), 2.41-
2.22 (1H, m, CEH, C-4 THF) 2.28-2.36 (1H, m, GH, C-4 THF), 4.19 (1H, app t8, 8.5 and 5.7, CH C-2 THF), 5.29
(1H, dd,J 8.2 and 6.4, CH C-5 THF), 7.45 (2H, app 7.5,m-CH, Ph), 7.53-7.57 (1H, np-CH, Ph), 7.98-8.00 (2H, m,
0-CH, Ph);3¢(100.6 MHz; CDCJ) 3.9 (3 x CH), 7.5 (3 x CH), 19.1 (SiCH), 29.4 (CH, C-4 THF), 34.5 (CH C-3
THF), 78.8 (CH, C-2 THF), 79.2 (CH, C-5 THF), 12856x m-CH, Ph), 129.0 (2 »-CH, Ph), 133.2¢CH, Ph), 135.4
(C. Ph), 199.5 (C=0); LRMS (EImV2): M" not visible, 275 ([M—Ef], 36%), 233 (63), 199 (22), 163 (15), 115 (100§ 10
(48), 77 (46), 59 (45); HRMS (ESRwz) 305.1924 [M+H], CigH,40,Si requires 305.1931. Diastereoselectivity
calculated by analysis of thl NMR integrals for the C-5 protons of the THF rigl3cis and 5.2%rans.

Product 2: the desired product as the simggediastereocisomer (13.0 mg, 0.04 mmol, 7%) as auclelss oil;R; 0.45
[20% diethyl ether : hexane};«(film)/cm™ 2910 (C-H), 2952, 2874, 1690 (C=0), 1450, 1226QBi1175 (C-0), 1090,
1001; 64 (400 MHz; CDC}) 0.53 (6H, g, 7.9, 3 x CH), 0.91 (9H, tJ 7.9, 3 x CH), 0.95 (1H, ddJ 14.3 and 8.7,
SiCH.H,), 1.20 (1H, ddJ 14.3 and 6.0, SiClti,), 1.49 (1H, dgJ 12.0 and 9.2, CiH, C-3 THF), 2.05 (1H, dddd, 12.2
7.7 5.3 and 3.5, CiHi, C-3 THF), 2.17-2.33 (2H, m, overlapping signals,C+ THF), 4.17 (1H, app t§ 8.9 and 5.7,
CH C-2 THF), 5.13 (1H, dd] 8.6 and 5.1, CH C-5 THF), 7.43-7.47 (2H, m, 2»CH, Ph), 7.50-7.57 (1H, np-CH,
Ph), 8.00-8.03 (2H, m, 2 e-CH, Ph);5.(100.6 MHz; CDCJ) 3.9 (3 x CH), 7.5 (3 x CH), 19.2 (SiCH), 29.5 (CH, C-4
THF), 33.9 (CH, C-3 THF), 79.8 (CH, C-2 THF), 79.9 (CH, C-5 THHER8.6 (2 xm-CH, Ph), 129.1 (2 »-CH, Ph),
133.2 p-CH, Ph), 135.6 (C, Ph), 198.5 (C=0); LRMS(EtV2): M" not visible, 275 ([M-Et], 7%), 233 (66), 199 (24),
163 (15), 115 (100), 105 (50), 77 (46), 59 (45);MR(ESP2) 305.1935 [M+H], C;gH,40,Si requires 305.1931.
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TABLE 5 ENTRY 18
(x)-Phenyl(2-((triethylsilyl)methyl)tetrahydrofuran -5-yl)methanone

0]

[~ __SiEty  « Ph)J\ﬂ/H SnCl Ph 77/4_\\/&&3
0 o
I 0°C, DCM )
C1oH2oSi CgHeO2 C1gH250,Si
Mol Wt: 170.37 Mol Wt: 134.13 Mol. Wt: 304.50

To a stirred solution of freshly distilled phenyyaxal (0.12 g, 0.90 mmol) and (cyclopropylmethygthylsilane (0.10 g,
0.60 mmol) in anhydrous DCM (5 mL) at 0 °C and unale atmosphere of argon was added, dropwise uiaolof tin
tetrachloride (0.13 g, 0.06 mL, 0.50 mmol) in antoges DCM (2 mL). The reaction was stirred at O @ anonitored by
TLC. After 2 h the reaction was quenched by theitad of water (5 mL), the organic layer was sepedaand the
aqueous layer further extracted with DCM (3 x 10)mihe combined organic phases were washed witte [fli0 mL),
separated, dried (MgS) filtered and concentrateich vacuo to give the impure product (0.16 g) as a yellow oi
Purification by flash column chromatography [siligal, gradient elution 100% hexane — 10% diethlgeet hexane]
afforded the desired product as an inseparableuneixaf cis andtrans diastereoisomers (combined yield 0.10 g, 0.32
mmol, 53%.,dr (trans: cis) 1 : 0.1) as a colourless ditans isomer:R;0.45 [20% diethyl ether : hexane};a(film)/cm™
2952, 2909 (C-H), 2874, 1690 (C=0), 1449, 1229,011816, 8779 (400 MHz; CDC}) 0.54 (6H, qJ 7.8, 3 x CH),
0.88 (1H, ddJ 14.1 and 8.4, SiClHl,), 0.93 (9H, tJ 7.9, 3 x CH), 1.18 (1H, ddJ 14.1 and 6.1, SiCi,), 1.53 (1H, dq,
J11.6 and 8.7, CiHl, C-3 THF), 2.06-2.13 (1H, m, GH, C-3 THF), 2.41-2.22 (1H, m, GH, C-4 THF) 2.28-2.36 (1H,
m, CHH, C-4 THF), 4.19 (1H, app t§,8.5 and 5.7, CH C-2 THF), 5.29 (1H, dd3.2 and 6.4,CH C-5 THF), 7.45 (2H,
app t,J 7.5,m-CH Ph), 7.53-7.57 (1H, np-CH Ph), 7.98-8.00 (2H, no-CH Ph);5.(100.6 MHz; CDCJ) 3.9 (3 x CH),
7.5 (3 x CH), 19.1 (SICH), 29.4 (CH, C-4 THF), 34.5 (CH C-3 THF), 78.8 (CH, C-2 THF), 79.2 (CH, C-5 THF),
128.6 (2 xm-CH, Ph), 129.0 (2 %-CH, Ph), 133.2-CH, Ph), 135.4 (C, Ph), 199.5 (C=0); LRMS(ENV2): M" not
visible, 275 ([M-Et], 11%), 233 (75), 199 (29), 163 (16), 115 (100% 188), 87 (76), 77 (36), 59 (36); HRMS (ESP,
m/z) 305.1925 [M+H], C,;gH,40,Si requires 305.1931.
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TABLE 5 ENTRY 19
(x)-Phenyl(2-((tri-n-butylsilyl)methyl)tetrahydrofuran-5-yl)methanone

0
> SiBu; + Ph)H(H SnCl Phw/ﬂ\/SiﬂBus
~78°C, DCM 4 0

0]
C1gH34Si CgHeO2 C24H400,Si
Mol. Wt: 254.53 Mol. Wt: 134.13 Mol. Wit: 388.66

To a stirred solution of freshly distilled phenyyaxal (0.12 g, 0.90 mmol) in anhydrous DCM (2 nmdt)-78 °C and
under an atmosphere of argon was added, dropwise|uéion of tin tetrachloride (0.17 g, 0.08 mL66&.mmol) in
anhydrous DCM (2 mL). The resulting mixture wasretl at =78 °C for 5 min followed by the dropwisgdaion of
(cyclopropylmethyl)trin-butylsilane (0.15 g, 0.60 mmol) in anhydrous DCB/nfL). The reaction was stirred at —78 °C
and monitored by TLC. After 3 h the reaction wasmgthed by the addition of wet acetone (5 mL), afldwo warm to O
°C and poured on toJ@ (10 mL). The organic layer was separated anatjueous layer extracted with DCM (3 x 10
mL). The combined organic phases were washed wittie (10 mL), separated, dried (MggCiltered and concentrated
in vacuo to give the impure product (0.25 g) as a yellow Burification by flash column chromatography izl gel,
gradient elution 100% hexane — 20% diethyl ethexxane] afforded the desired product as an insklganaixture ofcis
andtrans diastereoisomers (combined yield 0.09 g, 0.26 m#d®fb6,dr (trans: cis) 1.35 : 1) as a colourless oi; 0.63
[20% diethyl ether : hexaneima(film)/cm™ 2920 (C-H), 1691 (C=0), 1449 (C-H), 1228 (Si-C)80 (C-O), 1080 (C-
0); trans diastereoisomeid, (400 MHz; CDC}) 0.48-0.53 (6H, m, Si(Chk), 0.83-0.97 (10H, m, overlapping signals
SiCH.H, and 3 x CH), 1.14-1.34 (13H, m, overlapping signals Sigkland 6 x CH), 1.42-1.56 (1H, m, CiH, C-3
THF), 2.01-2.12 (1H, m, Cil, C-3 THF), 2.14-2.35 (2H, m, GHC-4 THF), 4.11-4.20 (1H, m, CH C-2 THF), 5.27 (1H,
dd,J 8.2 and 6.5, CH C-5 THF), 7.42-7.45 (2H, m, &CH, Ph), 7.51-7.56 (1H, np-CH, Ph), 7.98-8.02 (1H, m, 20¢
CH, Ph);3¢ (100.6 MHz; CDCJ) 12.7 (Si(CH)3), 13.9 (3 x CH), 20.1 (SiCH), 26.2 (3 x CH Bu), 26.9 (3 x ChH Bu),
29.2 (CH, THF), 34.5 (CH, THF), 78.8 (CH, C-2 THF), 79.1 (CH, C-5 THF), 81& (2 xm-CH, Ph), 128.9 (2 -CH,
Ph), 133.2 §-CH, Ph), 135.4 (C, Ph), 199.3 (CQjis diastereoisomerdy (400 MHz; CDC}) 0.48-0.53 (6H, m,
Si(CH,)3), 0.83-0.97 (11H, m, overlapping signals SiCkhd 3 x CH), 1.14-1.34 (12H, m, 6 x G} 1.42-1.56 (1H,
m,CHH, C-3 THF), 2.01-2.12 (1H, m, GH, C-3 THF), 2.14-2.35 (2H, m, GHC-4 THF), 4.11-4.20 (1H, m, CH C-2
THF), 5.12 (1H, ddJ 8.6 and 5.1, CH C-5 THF), 7.42-7.45 (2H, m, 2n»CH, Ph), 7.51-7.56 (1H, np-CH, Ph),
7.98-8.02 (1H, m, 2 ®»-CH, Ph);3c (100.6 MHz; CDCJ) 12.7 (Si(CH)3), 13.9 (3 x CH), 20.2 (SiCH), 26.2 (3 x CH
Bu), 26.9 (3 x CHBuU), 29.3 (CH, THF), 33.8 (CH, THF), 79.7 (CH, C-2 THF), 79.9 (CH, C-5 THF), 1282 xm-CH,
Ph), 129.1 (2 »0-CH, Ph), 133.1¢-CH, Ph), 135.5 (C, Ph), 198.2 (C=0); LRMS (EtVz): M" not visible, ((MBu]"
36%), 289 (100), 199 (9), 171 (68), 143 (26), 188)( 77 (20); HRMS (C| mV2) 389.2870 [M+H], C,4H410,Si requires
389.2870. Diastereoselectivity calculated by anslgé the'H NMR integrals for the C-5 protons of the THF rifig27
(ppm) and 5.12 (ppntjans andcis respectively.
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

TABLE 5 ENTRY 20
(x)-Phenyl(2-((tri-n-butylsilyl)methyl)tetrahydrofuran-5-yl)methanone

0
> SiBu; + Ph)H(H SnCl PhW/D\/Si”Bus
~78°Ct00°C, J 0

© DCM, 2h

C16H34Si CgHeO2 C2gH320,Si
Mol. Wt: 254.53 Mol. Wt: 134.13 Mol. Wt: 428.64

To a stirred solution of freshly distilled phenyygxal (0.12 g, 0.9 mmol) in anhydrous DCM (2 ml)-&8 °C and
under an atmosphere of argon was added, dropwise|uéion of tin tetrachloride (0.17 g, 0.08 mL66&.mmol) in
anhydrous DCM (2 mL). The resulting mixture wasretl at =78 °C for 5 min followed by the dropwisgdaion of
(cyclopropylmethyhtrin-butylsilane (0.15 g, 0.60 mmol) in anhydrous DCB/ngL). The reaction was stirred at —78 °C
and monitored by TLC, after 1 h the reaction wédswad to warm to 0 °C and stirred at 0 °C for IThe reaction was
qguenched by the addition of,® (10 mL), the organic layer was separated andthueous layer further extracted with
DCM (3 x 10 mL). The combined organic phases weashed with brine (10 mL), separated, dried (MgSfitered and
concentratedn vacuo to give the impure product (0.29 g) as a yellol Burification by flash column chromatography
[silica gel, gradient elution 100% hexane — 20%ttdik ether : cyclohexane] afforded an inseparablgture of
diastereoisomers of the desired product (combineld ¥.08 g, 0.19 mmol, 31%r (trans: cis) 11 : 1) as a colourless

oil. Data is in agreement with that previously neteul.

Interconversion of the cis diastereoisomer to the trans diastereocismer of (¥)-(2-
((Dimethyl(phenyl)silyl)methyl)tetrahydrofuran-5-yl )(phenyl)methanone

0
)J\H/H b D SIPr SnCl,, DCM PhW/D\/Si"Prg SnCl,, DCM PhW/D\/Si"Prs
Ph 1h,-78C e _78Ctort oG
o) 0 16 h 0
C14H200,Si C17H2403Si
Mol. Wt: 248.39 Mol. Wt: 304.46

To a stirred solution of freshly distilled phenylygxal (0.12 g, 1.5 mmol) and (Cyclopropylmethyilopropylsilane
(0.13 g, 0.60 mmol) in anhydrous DCM (5 mL) at “Z8and under an atmosphere of argon was addedwii@pa
solution of tin tetrachloride (0.13 g, 0.06 mL, @.&mol) in anhydrous DCM (2 mL). The reaction wiged at —78 °C
and monitored by TLC. After 1 h the reaction wasmghed by the addition of acetone/water (5 : 1L5 rallowed to
warm to 0 °C and poured on to® (10 mL). The organic layer was separated andatheous layer further extracted
with DCM (3 x 10 mL). The combined organic phaserevwashed with brine (10 mL), separated, dried JMy,
filtered and concentrated vacuo to give the impure product. Purification by flastlumn chromatography [silica gel,
gradient elution 100% hexane - 10% diethyl etheahe] afforded (B)-(2-
((Dimethyl(phenyl)silyl)methyl)tetrahydrofuran-5)gbhenyl)methanone (0.128 g, 0.37 mmol, 62%frans2.4 : 1) .
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

To a_stirred_solution _of (+)-(2-((Dimethyl(phenyilyd)methyl)tetrahydrofuran-5-yl)(phenyl)methanori@.128 g, 0.37
mmol, 62%,cigtrans 2.4 : 1) (obtained from the previous reaction) mmgdrous DCM (5 mL) at =78 °C and under an
atmosphere of argon was added, dropwise, a solofidim tetrachloride (0.13 g, 0.06 mL, 0.50 mmul)anhydrous
DCM (2 mL). The reaction was allowed to warm tomotemperature and after 16 h quenched by the additi water
(5 mL). The organic layer was separated and theailayer further extracted with DCM (3 x 10 mLhe combined
organic phases were washed with brine (10 mL),rs¢pa, dried (MgSg), filtered and concentrated vacuo to give the
impure product. Purification by flash column chrdoggaphy [silica gel, gradient elution 100% hexan&0% diethyl
ether : hexane] afforded (z)-(2-((Dimethyl(phenif)methyltetrahydrofuran-5-yl)(phenyl)methanoii@e.101 g, 0.29
mmol, 86%cis/trans0.04 :1).

5-benzyl-3-vinyloctahydro-2,2'-bifuran

=
+ ©/\H/H |nC|3, DCM 1
O .
OH SiPr, 0 rt
11 Ph
C1gH3605Si CgHgO C17H2205
Mol. Wt: 312.56 Mol. Wt: 120.15 Mol. Wt: 258.36

To a solution of phenylacetaldehyde (70.0 mg, h@ol) in DCM (2 mL) was added in a single portiardium
trichloride (45.0 mg, 0.20 mmol) and the resultmixture was stirred for 1 h at room temperaturegeAthis time a
solution of 1-(tetrahydrofuran-2-yl)-2-((triisoprgigilyl)methyl)but-3-en-1-ol (35.0 mg, 0.11 mmof) DCM (1 mL) was
added and the reaction mixture stirred at room &atpre for 16 h. The reaction was quenched bwadaéion of HO (5
mL) and the organic layer separated. The aqueges V@as extracted with DCM (3 x 10 mL) and the coret organic
layers were washed with brine (10 mL), separatadddMgSQ), filtered and concentratéd vacuo to give the impure
product as a colourless oil (0.10 g). Purificatlmn flash column chromatography [silica gel, gratlielution 100%
hexane — 20% diethylether : hexane] followed bgtflaolumn chromatography [silica gel, gradientietul00% DCM —
5% diethyl ether : DCM] afforded the desired pradoontaining trace impurities (15.0 mg, 0.05 mm&%) as a
colourless oil;R: 0.30 [20% diethylether : hexane},;qax(film)/cm'l 3063, 2974, 2940, 2865, 1641, 1603, 1497, 1454,
1067, 1028, 947, 913 (600 MHz; CDC}); 1.65-1.72 (2H, m, overlapping signals C-3 aner)C1.79-186 (1H, m, C-
2), 1.91-1.97 (2H, m, overlapping signals C-2 and)2.02 (1H, ddd) 12.2 7.7 and 6.4, C-7), 2.76 (1H, dd13.4 and
7.6, C-11 CHPh), 2.82-2.88 (1H, m, C-6), 3.11 (1H, dd13.4 and 5.6, C-11 GRh), 3.77-3.81 (2H, m, overlapping
signals C-5 and C-1), 3.84-3.87 (1H, m, C-4), 3B3, dt,J 8.1 and 6.7, C-1), 4.14 (1H, dddbg.6 7.6 6.4 and 5.6, CH
C-8), 4.98-5.03 (2H, m, CH=G} 5.83 (1H, app diJ 17.0 and 9.8 CH=C§} 5. (100.6 MHz; CDCJ) 26.3 (CH, C-2),
28.2 (CH, C-3), 38.3 (CH C-7), 42.5 (CH C-11), 47.0 (CH, C-6), 68.8 (GHC-1), 79.0 (CH, C-4), 80.4 (CH, C-8),
84.2 (CH, C-5), 115.7 (CKC-10), 126.3 (CHp-CH, Ar), 128.4 (2 x CHp-CH Ar), 129.4 (2 x CHm-CH Ar), 138.6
(CH, C-9), 139.0 (C, Ar); LRMS (Elm/2): 258 (M" 3%), 167 ([M—Bn], 6), 123 (71), 117 (68), 104 (24), 91 (Bn, },00
71 (THF, 34); HRMS (El m/z) 258.1614 [M], C;/H»,0, requires 258.1614.
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JD-08-437 C2 F121-130

NAME JD_17.05.10
EXPNC 52
PROCNO B4
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Ethyl 3-(2-((tert-butyldiphenylsilyl)methyl)tetrahy drofuran-3-yl)-3-phenylacrylate (16a)

0
Phﬁ/ﬂ\/Si‘Buth y B__COEt NaH.EtO Ph Si'BuPh,
o) BO” 4 i, 15 h J o

0 EtO,C

CzBH32023i CBH1705P C32H3go3Si
Mol Wt: 428.64 Mol. Wt: 224.19 Mol Wt: 498.73

A 60% dispersion of sodium hydride in mineral @lQ8 g, 2.00 mmol) was washed with petroleum etBex 2 mL),
dried under reduced pressure and placed undernaosphere of argon. Diethyl ether (3 mL) was added @ the
resulting suspension was added dropwise over larsolution of triethyl phosphonoacetate (0.38 §40mL, 1.70
mmol) in diethyl ether (3 mL) at -5 °C. The solutizvas allowed to warm to room temperature, stifoech further 15
min followed by the dropwise addition of a solutioof (5-((tert-butyldiphenylsilyl)methyl)tetrahydiaan-2-
yl)(phenyl)methanone (0.73 g, 1.70 mmol, 1 : 2.Xktore of trang/cis diastereoisomers) in diethyl ether (3 mL). The
resulting yellow solution was stirred for 15 h & Z and monitored by TLC. The reaction was quedahi¢h water (10
mL) and the organic layer separated. The aquegas farther extracted with diethyl ether (3 x 10)mChe etherate
fractions were combined, dried (Mg@Qfiltered and concentrateieh vacuo to give the impure product as a cloudy

colourless oil (0.92 g). Purification by flash cain chromatography [silica gel, gradient elution ZBexane — 20%
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diethyl ether : hexane] afforded two products baghinseparable mixtures of diastereocisomers ofl#isred compound
(combined yield 0.74 g, 1.38 mmol, 87%, produdbrat6 : 1) as a colourless oils;

Product 1: (0.45 g, 0.90 mmol, 53%s,3 : 1), Colourless oilR; 0.38 [20% diethyl ether : hexanel;.(film)/cm™ 2931,
2856, 1712 (C=0), 1625, 1427, 1268, 1172 (C-0)511027, 877, 820; Major diastereoisonter (400 MHz; CDC});
0.93-1.09 (10H, m, overlapping signals 3 xGind CHH, C-3 THF), 1.17-1.60 (1H, m, overlapping signals,@C-3
THF),1.26 (1H, ddJ 14.5 and 9.9, SiCi,), 1.31 (3H, tJ 7.1 OCHCHzy), 1.70 (1H, m, CkH, C-4 THF), 1.83 (1H, dd,
J14.4 and 4.1, SiCily), 2.17 (1H, app dg] 12.7 and 8.5, CitH, C-4 THF), 3.96-4.03 (1H, m, CH C-2 THF), 4.21 (2H,
g,J 7.1, OCHCHy), 5.66 (1H, app tJ 7.7, CH, C-5 THF), 5.90 (1H, d,0.8, C=CH), 7.58-7.67 (4H, m, Ar), 7.31-7.49
(11H, m, Ar);5¢(100.6 MHz; CDCJ) 14.3 (OCHCHj), 17.6 (SiCH), 18.3 (3 x CBu), 27.8 (3 x CH 'Bu), 32.3 (CH,
C-4 THF), 33.5 (CH C-3 THF), 60.2 (OCKCHs), 75.6 (CH, C-5 THF), 78.4 (CH, C-2 THF), 119.6H€C), 127.5 (CH,
Ar), 127.6 (CH, Ar), 127.7 (CH, Ar), 128.2 (CH, Ar)28.8 (CH, Ar), 129.2 (CH, Ar), 129.2 (CH, Ar34.0 (C, Ar),
134.8 (C, Ar), 136.1 (CH, Ar), 136.2 (CH, Ar), 139C, Ar), 160.4 (C=CH), 165.9 (C=0); Minor diagtersomer:3y,
(400 MHz; CDC}) 1.04 (9H, s, 3 x C§J, 1.17-1.60 (4H, m, overlapping signals OE+3 THF and CEH, C-4 THF and
SiCH.Hy), 1.32 (3H, tJ 7.1, OCHCHz), 1.87 (1H, dd,J 14.4 and 4.1, SiCily), 2.30 (1H, app dtd] 12.5 7.2 and 1.9,
CH:Hy C-4 THF), 3.81-3.88 (1H, m, CH C-2 THF), 4.20 (2, 7.1, OCHCHz), 5.81 (1H, dJ 1.0, C=CH), 5.91 (1H,
app t,J 7.7, CH C-5 THF), 7.31-7.49 (11H, m, Ar), 7.587.@H, m, Ar);3c (100.6 MHz; CDCJ) 14.3 (OCHCHj),
18.1 (SiCH), 18.3 (3 x CBu), 27.8 (3 x CH 'Bu), 33.1 (CH, C-4 THF), 34.6 (Ck} C-3 THF), 60.2 (OCKCH,), 75.8
(CH, C-5 THF), 78.4 (CH, C-2 THF), 119.3 (CH=C),71@ (CH, Ar), 127.7 (CH, Ar), 127.7 (CH, Ar), 128GH, Ar),
128.7 (CH, Ar), 129.1 (CH, Ar), 129.2 (CH, Ar), 184C, Ar), 134.8 (C, Ar), 136.1 (CH, Ar), 136.2HCAr), 139.1 (C,
Ar), 161.9 (C=CH), 165.9 (C=0); LRMS (EIm/2): 498 (IM] 3%), 441(100), 199 (42), 181 (18), 135 (39), 108)(
HRMS (ESP, m/z) 499.2656 [M+H], CsH340:Si requires 499.2663.

Product 2 : (0.29 g, 0.58 mmol, 34%s, 1.7 : 1), Colourless oilR 0.29 [20% diethyl ether : hexane}ma{film)/cm™
2931, 2858, 1722 (C=0), 1648, 1427, 1223, 1155 JCLD03, 1050, 819; Major diastereoisontgy (400 MHz; CDC})
1.02-1.18 (13H, m, overlapping signals 3 x£BCHCH; and CHHy, C-3 THF), 1.17-1.40 (1H, m, GH, C-3 THF),
1.47-1.55 (1H, m, SiCiH,), 1.57-1.78 (2H, m, CiH, C-4 THF), 2.00 (1H, dd] 14.4 and 4.4, SiClti,), 3.97-4.10 (3H,
m, overlapping signals OGBH; and CH C-2 THF), 4.49 (1H, dd,6.0 and 1.5, CH C-5 THF), 6.27 (1H, 1.5,
C=CH),7.10-7.17 (2H, m, Ar), 7.30-7.46 (9H, m, AN)66-7.74 (4H, m, Ar)dc (100.6 MHz; CDCJ) 14.0 (OCHCHj),
18.0 (SiCH), 18.5 (3 x C!Bu), 27.9 (3 x CH 'Bu), 31.5 (CH, C-4 THF), 32.7 (Ck} C-3 THF), 59.8 (OCKCH), 78.6
(CH, C-2 THF), 81.0 (CH, C-5 THF), 116.0 (C=CH),71@ (CH, Ar), 127.7 (CH, Ar), 127.7 (CH, Ar), 128CH, Ar),
127.8 (CH, Ar), 129.3 (CH, Ar), 129.3 (CH, Ar), 184C, Ar), 134.6 (C, Ar), 136.1 (CH, Ar), 136.2HCAr), 138.0 (C,
Ar), 159.3 (C=CH), 166.4 (C=0); Minor diastereoi'am1.02-1.18 (12H, m, overlapping signals 3 x ;Giid
OCH,CHy), 1.17-1.40 (1H, m, CiH, C-3 THF), 1.47-1.55 (3H, m, overlapping signals ,8HC-4 THF, CHH, C-3
THF and SiCHHy), 1.83-1.89 (1H, m, CiH, C-4 THF), 1.93 (1H, dd) 14.5 and 4.7, SiCiti,), 3.97-4.10 (2H, m,
OCH,CHj; overlapping signals with other diastereomer), 4122, app ttJ 9.1 and 4.6, CH C-2 THF), 4.69 (1H, appltt,
7.8 and 1.4, CH C-5 THF), 6.11 (1H,H1.5, C=CH), 7.10-7.17 (2H, m, Ar), 7.30-7.46 (9H, Ar), 7.66-7.74 (4H, m,
Ar); 8¢ (100.6 MHz; CDCJ) 14.0 (OCHCHs), 18.2 (SiCH), 18.5 (3 x C!Bu), 27.9 (6 x CH, 'Bu), 32.5 (CH, C-4 THF),
34.4 (CH, C-3 THF), 59.8 (OCKCHs3), 78.2 (CH, C-2 THF), 81.1 (CH, C-5 THF), 114.95@CH), 127.5 (CH, Ar), 127.6
(CH, Ar), 127.7 (CH, Ar), 127.7 (CH, Ar), 127.9 (CHr), 129.1 (CH, Ar), 129.2 (CH, Ar), 134.0 (C,)A134.8 (C, Ar),
136.1 (CH, Ar), 136.2 (CH, Ar), 137.8 (C, Ar), 169C=CH), 166.3 (C=0); LRMS (Elm/z): 498 (IM]". 3%), 441(100),

199 (42), 181 (18), 135 (39), 105 (12); HRMS (ESH?Z) 516.2918 [M+NH], Cs,H,0sNSi requires 516.2928.
80



Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JD-08-368 C1l F5

DS 2
SWH B278.146 Hz
FIDRES 0.126314 Hz
29 3.9584243 sec
RG a2
i) 60.400 usec
DE 6.00 usec
TE 300.0 K
Dl 1.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
== CHANNEL fl ========
1H
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PL1 3.00 B
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JD-08-368 Cl F5

NAME Jp_12.02.10
EXPNO 50
PROCNO E
Date_ 20100213
Time 2.02
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30
D 65536
SOLVENT cocl3
NS 1024
Ds 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 183%0.4
D 20.850 usec
DE 6.00 usec
TE 300.0 K
Dl 2.00000000 sec
dil 0.03000000 sec
DELTA 1.85999598 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
======== CHANNEL £l ========
nucl 3C
Pl 8.00 usec
PL1 6.00
SFO1 100.6479773 MHz
======== CHANNEL £2 ========
CPDPRG2 waltzlé
Nucz2 1H
PCPD2 80.00 usec
PL2 3.00 dB
pLi2 22.00 ds
PL13 22.00 dB
SFO2 400.2316009 MHz
SI 327
SF 100.6379152 MHz
WDW EM
SSB [}
LB 1.00 Hz

| & 5
PC 1.40

T T T T T T T \ T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

(¥)-Ethyl 3-(2-((dimethyl(phenyl)silyl)methyl)tetrahydrofuran-5-yl)-3-phenylacrylate (16b)

0
Phw/L_\\/SiMezPh N P_COEt _NaH EtO Ph \___SiMe,Ph
o' S 0°Ctort, 15h J o

o) Et0,C

CyoHz405Si CgH4705P Co4H3005Si
Mol Wt: 324.49 Mol. Wt: 224.19 Mol. Wt: 394.58

A 60% dispersion of sodium hydride in mineral @2 g, 0.50 mmol) was washed witthexane (2 x 1 mL), dried
under reduced pressure and placed under an atmesphargon. Diethyl ether (1 mL) was added andgirgpension
cooled to O °C followed by the dropwise additiontoéthyl phosphonoacetate (0.10 g, 0.08 mL, 0.4%0fh The
solution was allowed to warm to room temperatutieresl for a further 15 min followed by the dropwiaddition of a
solution of (x-5-((dimethyl(phenyl)silyl)methyl)tethydrofuran-2-yl)(phenyl)methanone (0.13 g, 0.4@ah only trans
diastereoisomer) in diethyl ether (1.5 mL). Theuh@sg yellow solution was stirred for 15 h at 25 and monitored by
TLC. After this time, the reaction was quenchedchwitater (10 mL) and the organic layer separate@. dqueous layer
was extracted with diethyl ether (3 x 10 mL). Thigamic fractions were combined, washed with brib@ roL), dried
(MgSQy), filtered and concentratéd vacuo to yield the impure product as a colourless ail0g). Purification by flash
column chromatography [silica gel, gradient eluti®80% hexane — 20% diethyl ether : hexane] affortded

diastereoisomers of the title compound (combinettyd.15 g, 0.38 mmol, 96%) as colourless oils:
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

Major diastereoisomer: (0.08 g, 0.20 mmol, 518).29 [20% diethyl ether : hexane}.(film)/cm™ 2957 (C-H), 1724
(C=0), 16.26 (C=C), 1220 (Si-C), 1154 (C-O), 1085@), 823 (Si-C)5,, (400 MHz; CDC}) 0.36 (3H, s, SiCH}, 0.38
(3H, s, SiCH), 1.08 (3H, t,J 7.1, OCHCHs), 1.12 (1H, ddJ 14.2 and 7.8, SiClH), 1.37 (1H, ddJ 14.2 and 6.6,
SiCHH,), 1.37-1.46 (1H, m, Ci, C-3 THF), 1.59-1.69 (1H, m, GH, C-3 THF), 1.90-2.00 (2H, m, overlapping
signals C-3 and C-4 THF), 4.00 (2H, ¢d7.1 and 2.3, OC}CH,), 4.19 (1H, dtd,) 7.8 6.6 and 1.3, CH C-2 THF), 4.72
(1H, ddd,J 8.1, 6.9 and 1.4, CH C-5 THF), 6.18 (1H,Jd,.5, C=C(H)CGEt), 7.13-7.17 (2H, m, Ar), 7.29-7.40 (6H, m,
Ar), 7.53-7.58 (2H, m, Ar)pc(100.6 MHz; CDCJ) —2.3 (SiCH), —1.9 (SiCH), 14.1 (OCHCH), 24.0 (SiCH), 32.0
(CH,, C-4 THF), 34.9 (CH C-3 THF), 59.9 (OChKCH,), 78.3 (CH, C-2 THF), 81.3 (CH, C-5 THF), 115.0
(C=C(H)CQE), 127.6 (2 x0-CH, Ar), 127.8 p-CH, Ar), 127.9 (2 xm-CH, Ar), 128.0 (2 xm-CH, Ar), 129.1 p-CH,
Ar), 133.7 (2 x0-CH, Ar), 137.9 (C, Ar), 139.1 (C, Ar), 159.8 (CH)CO,EL), 166.5 (C=C(H)CEEt); LRMS (EI', m/2):
394 (M" 6%), 349 ([IM-OEt], 4), 307 (6), 275 (5), 175 (11), 135 (100) 77 (BRMS (ESPm2) 412.2302 [M+NH]",
C,4H340sNSi requires 412.2302.

Minor diastereoisomer: (0.07 g, 0.18 mmol, 45%)).49 [20% diethyl ether : hexane};.(film)/cm™ 2957 (C-H), 1711
(C=0), 1626 (C=C), 1267 (Si-C), 1169 (C-0O), 1027Q¥; 823 (Si-C);d4 (400 MHz; CDC}) 0.24 (3H, s, SiCH}, 0.26
(3H, s, SICH), 1.05 (1H, ddJ 14.3 and 7.7, SiClHi,), 1.26 (1H, ddJ 14.3 and 6.5, SiCil,), 1.30 (3H, tJ 7.1,
OCH,CHs), 1.44 (1H, dddd) 11.6 10.9 8.9 and7.6, GH, C-3 THF), 1.70 (1H, dddd, 12.3 10.9 9.1 and 7.5, GH, C-
4 THF), 1.84 (1H, dddd, 11.6 7.5 5.3 and 2.0,@HC-3 THF), 2.38 (1H, dtd] 12.3 7.2 and 2.0, CH, C-4 THF), 3.80
(1H, ddddJ 8.9 7.7 6.5 and 5.4, CH C-2 THF), 4.18 (2HJd,1, OCHCHj), 5.86 (1H, ddJ 9.1 and 7.0, CH C-5 THF),
7.27-7.38 (8H, m, Ar), 7.45-7.47 (2H, m;CH SiPh); éc (100.6 MHz; CDCJ) -2.4 (SiCH), -1.9 (SiCH), 14.4
(OCH,CHg), 23.9 (SiCH), 33.0 (CH, C-4 THF), 35.3(CH C-3 THF), 60.3 (OCKCH;), 76.3 (CH, C-5 THF), 78.1 (CH,
C-2 THF), 119.4 (C=C(H)C¢Et), 127.8 (2 »m-CH, Ar), 127.8 (2 xm-CH, Ar), 128.1 p-CH, Ar), 128.8 (2 >0-CH, Ar),
129.0 p-CH, Ar), 133.7 (2 xo-CH, Ar), 139.3 (C Ar), 139.3 (C Ar), 161.9 (C=CEp.Et), 166.1 (C=C(H)CgEt);
LRMS (EI, m/2): 394 (M' 6%), 349 ([M-OEt], 4), 307 (6), 275 (5), 175 (11), 135 (100) 77 BRMS (ESPM/2)
395.2036 [M+H], C,sH3,0:Si requires 395.2037.
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JD-08-376 C1 F3

BRUKER

NAME JD_20.02.10
EXPNO 52
PROCHO .
Date_ 20100221
Time 13.49
INSTRUM spect
PROBHD 5 mm BBC BB-1H
PULPROG zg30
D 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8278.146 Hz
FIDRES 0.126314 Hz
aAQ 3.9584243 sec
‘ RG 50.8
i D 60.400 usec
| DE 6.00 usec
i ~ TE 300.0 X
D1 1.00000000 sec
MCREST 0.00000000 sec

!
’ MCWRK 0.01500000 sec
I

{ r 7 PLL 3.00 AB
[ SFO1 400.2324716 MHz
] | ST 32768
| | | SF 400.2300118 MHz
| | WDUH EM
i SSB 0
| LB 0.30 Hz
GE Q

PC 1.00

N T
85 80 75 70 65 60 55 50 45 40 35 30 25 ppm
!m\fma[c‘\ ﬁ H WH (&
i=lle)= = 2 | bl
o e Lol bl Ll lw!
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JD-08-376 C1 F3

BRUKER
“ Y
NAME JD_20.02.10
EXENO 50
PROCHNO 2E
Date_ 20100221
Time 13.28
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30
TD §5536
SOLVENT CDC13
NS 1024
Ds 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 18390.4
oW 20.850 usec
DE 6.00 usec
TE 300.0 K
Dl 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89959338 sec
MCREST 0.00000000 sec
MCWREK 0.01500000 sec
======== CHANNEL fl ========
Nucl
Pl 8.00 usec
PL1 6.00 dB
SFO1 100.6479773 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzlé
NUC2 iH
PCPD2 80.00 usec
PL2 3.00 dB
PL12 22.00 dB
PL13 22.00 dB
SFO2 400.2316009 MHzZ
ST 32768
SF 100.6375071 MHz
Wou EM
SSB 0
A3 4 LB 1.00 Hz
GB Q
BC 1.40
T T T T T I T T T I T
200 180 160 140 120 100 80 60 40 20 0 ppm
Methyl 3-(z)-2-((dimethyl(phenyl)silyl)methyl)tetrahydrofuran-5-yl)acrylate (19)
0]
|l
MeO/,P OMe MeO
Et07]/DV8|PhMe2 DIBALH SiPhMe, _ MeO e 7ﬂ\/|<_>\/SIPhMez
O - Toluene/DCM (O N 0':
aH, Et,0, 16 h
o H H 1h, 78 C o H™H 2 0 H > H
C16H2403Si C14H500,Si C17H,404Si
Mol. Wt: 292.45 Mol. Wt: 248.39 Mol. Wt: 304 .46

To a stirred solution of (x)-ethyl 2-((dimethyl(phd)silyl)methyl)tetrahydrofuran-5-carboxylate (8.8, 1.30 mmol) in
anhydrous DCM (18 mL) under an atmosphenre of ggnowas added a 1M solution of DIBAL-H (2.6 mL, Zénol) in
toluene at -78 °C. The resulting solution was atirat -78 C for 1 h and monitored by TLC. The reactvas quenched
by adding sat. aq. N¥&l (10 mL) and allowed to walm to room temperatuRechelle’s salts (10 mL, sat. aq.) were
added and the reaction stirred for 30 min at roemperature. The mixture was diluted with DCM (20)naind the
organic phase separated. The aqueous phase wasteatwith DCM (2 x 20 mL) and the combined orggphiase was

washed with brine (10 mL), separated, dried (MgS@iltered and concentrated under reduced pressurgive
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

2-(dimethyl(phenyl)silyl)methyl)tetrahydrofuran-aataldehyde as a colourless oil ( 0.25 g, 1.01 miF#fo); R 0.16
[20% diethyl ether : hexane§y (400 MHz; CDC}) 0.34 (s, SiCH), 0.36 (s, SiCh), 1.11 (1H, ddJ 14.2 and 8.1,
SiCH.Hy), 1.21-1.46 (3H, m, SiCffl, and CH C-3 THF), 1.79-2.21 (2H, m, GHC-4 THF), 4.04-4.11 (1H, m, CH C-2
THF), 4.25-4.30 (1H, m, CH C-5 THF), 7.33-7.38 (3H, Ar), 7.52-7.56 (2H, m, Ar), 9.61 (1H, d,1.7, CHO);dc
(100.6 MHz; CDCJ) -2.3 (SiCH), —2.0 (SiCH), 23.4 (SiCH), 27.6 (CH, C-4 THF), 34.0 (CH C-3 THF), 79.2
(CH, C-2 THF), 82.0 (CH, C-5 THF), 128.0 (2mCH, SiPh), 129.2-CH, SiPh), 133.7 (2 »-CH, SiPh), 138.8 (C,
SiPh), 203.5 (CO); LRMS (Elm/z): M" not visible, 233 ([M-Me] 1%), 219 (19), 191 (9), 135 (100), 105 (11), 75)(1

The impure product was used immediately in the nex¢tion without further purification:

A 60% dispersion of sodium hydride in mineral @lG24 g, 1.00 mmol) was washed witthexane (2 x 1 mL), dried
under reduced pressure and placed under an atmesphargon. Diethyl ether (3 mL) was added folldwey the
dropwise addition of a solution of trimethyl phospbacetate (0.20 g, 0.16 mL, 1.10 mmol) in anhysldiathyl ether (5
mL). The solution was stirred at room temperatarefdrther 15 min followed by the dropwise additioha solution of
2-(dimethyl(phenyl)silyl)methyl)tetrahydrofuran-aadaldehyde (0.25 g, 1.01 mmol, oniyans diastereoisomer) in
anhydrous diethyl ether (4 mL). The resulting yellsolution was stirred for 16 h at 25 °C and maeitbby TLC. After
this time, the reaction was quenched with watem(iL) and the organic layer separated. The agueyes ivas extracted
with diethyl ether (3 x 10 mL). The organic fractiowere combined, washed with brine (10 mL), d(ddSQ,), filtered
and concentratedn vacuo to yield the impure product as a yellow oil (0.8%. Purification by flash column
chromatography [silica gel, gradient elution 100%xdme — 15% diethyl ether : hexane] afforded diseand trans

diastereoisomers of the title compound (combinettyd.164 g, 0.54 mmol, 53%) as colourless oils:

Trans diastereoisomer: (0.13 g, 0.43 mmol, 44R)0.35 [20% diethyl ether : hexane.(film)/cm™ 3069, 2957, 1722
(C=0), 1659 (C=C), 1261, 1164 (C-0), 1112 (C-Op 83i-C); 5, (400 MHz; CDC}) 0.33 (3H, s, SIiCH), 0.34 (3H, s,
SiCH), 1.08 (1H, ddJ 14.2 and 7.9, SiCifly), 1.32 (1H, ddJ 14.2 and 6.5, SiCifly), 1.39-1.49 (1H, m, CiH, C-3
THF), 1.59-1.68 (1H, m, C#fi, C-4 THF), 1.93-2.00 (1H, m, GHy, C-3 THF), 2.16 (1H, dtd] 12.1 7.6 and 3.4, CH,
C-4 THF), 3.73 (3H, s, OC#{ 4.08-4.15 (1H, m, CH C-2 THF), 4.57 (1H, app,tdid.2 4.9 and 1.4, CH C-5 THF), 5.99
(1H, dd,J 15.6 and 1.4, HC=C(H)C®@le), 6.89 (1H, dd,J 15.6 and 4.9, HC=C(H)C®!le), 7.34-7.36 (3H, m, SiPh),
7.51-7.54 (2H, m, SiPhpc (100.6 MHz; CDCJ) -2.3 (SiCH), —1.9 (SiCH), 23.9 (SiCH), 32.5 (CH, C-4 THF), 34.8
(CH,, C-3 THF), 51.6 (OC#), 76.7 (CH, C-5 THF), 77.7 (CH, C-2 THF), 119.2GHC(H)CQMe), 127.9 (2 »m-CH,
SiPh), 129.1¢-CH, SiPh), 133.7 (2 8-CH, SiPh), 139.1 (C, SiPh), 149.6 (HC=C(H)B4@), 167.2 (HC=C(H)C&Me);
LRMS (EI', m/2): M" not visible, 289 ([M-Me] 22%), 227 (26), 185 (32), 151 (37), 135 (100), {P7); HRMS (ESP,
m/z) 327.1381 [M+Nal, C;;H,,05Si requires 327.1387.
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JD-08-376 C1 F3

BRUKER

NAME JD_20.02.10
EXPNO 52
PROCHO .
Date_ 20100221
Time 13.49
INSTRUM spect
PROBHD 5 mm BBC BB-1H
PULPROG zg30
D 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8278.146 Hz
FIDRES 0.126314 Hz
aAQ 3.9584243 sec
‘ RG 50.8
i D 60.400 usec
| DE 6.00 usec
i ~ TE 300.0 X
D1 1.00000000 sec
MCREST 0.00000000 sec

!
’ MCWRK 0.01500000 sec
I

{ r 7 PLL 3.00 AB
[ SFO1 400.2324716 MHz
] | ST 32768
| | | SF 400.2300118 MHz
| | WDUH EM
i SSB 0
| LB 0.30 Hz
GE Q

PC 1.00

N T
85 80 75 70 65 60 55 50 45 40 35 30 25 ppm
!m\fma[c‘\ ﬁ H WH (&
i=lle)= = 2 | bl
o e Lol bl Ll lw!
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JD-08-376 C1 F3

NAME JD_20.02.10
EXPNO 50
PROCNO 1
Date_ 20100221
Time 13.28
INSTRUM spect
PROBHD 5 mm BBQ BB-1H
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 1024
Ds 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 18390.4
oW 20.850 usec
DE 6.00 usec
TE 300.0 K
Dl 2.00000000 sec
dll 0.03000000 sec
DELTA 1.899399398 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
= = CHANNEL f2
CPDPRG2 waltzlé
NuCcz 1H
PCPD2 80.00 usec
PL2 3.00 dB
PL12 22.00 ds
PL13 22.00 dB
SFO2 400.2316009 MH=Z
sI 32768
SF 100.6379071 MHz
wWow EM
ssB 0

- : LE 1.00 Hz
GB Q
BC 1.40

200 180 160 140 120 100 80 60 40 20 0 ppm
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JD-08-376 C1 F3

NAME JD_20.02.10
EXPNO 51
PROCNOC 1
Date_ 20100221
Time 13.46
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULFROG deptgl3s
D 65536
SOLVENT cnel3
NS 256
Ds 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 16384
D 20.850 usec
DE 6.00 usec
TE 300.0 K
CNST2 145.0000000
Dl 2.00000000 sec
dz 0.00344828 sec
D1l 0.03000000 sec
DELTA 0.00001019 sec
HANNEL f1
NUC1 LHe
Pl 8.00 usec
P2 16.00 usec
PL1 6.00 dB
SFO1 10G.6479773 MHZ
======== CHANNEL £2 ========
CPDPRG2 waltzlé
I ’ NUC2 1H
P 9.50 usec
Pd 19.00 usec
PCPD2 80.00 usec
PL2 3.00 cdB
PL1Z2 22.00 dB
SFOZ 400.2316009 MHz
51 32768
SF 100.6379072 MHz
WD EM
SSB 0
LB 1.00 Hz
GB 0
I T T . T T T I T T T T PC 1.40

200 180 160 140 120 100 80 60 40 20 0  ppm

Cis diastereoisomer: (0.034 g, 0.11 mmol, 11%)9.48 [20% diethyl ether : hexane};.{film)/cm™ 3069, 2952, 1720
(C=0), 1646 (C=C), 1176 (C-0), 1112, 1025 (C-O) 83i-C); 5, (400 MHz; CDC}) 0.32 (3H, s, SIiCH), 0.33 (3H, s,
SiCHs), 1.09 (1H, dd) 14.3 and 8.6, SiClH,), 1.34 (1H, dd,) 14.3 and 6.0, SiCiHi,), 1.37-159 (2H, m, overlapping
signals CHH,, C-3 THF and CEH, C-4 THF), 1.90-1.97 (1H, m, GH, C-3 THF), 2.37 (1H, dtd] 12.2 7.3 and 2.4,
CHH, C-4 THF), 3.70 (3H, s, OCJ{ 4.01 (1H, ttJ 8.5 and 5.7, CH C-2 THF), 5.39 (1H, appJd,.4, CH C-5 THF),
5.73 (1H, ddJ 11.6 and 1.3, HC=C(H)CM®e), 6.27 (1H, dd,J 11.6 and 7.4, HC=C(H)C®le), 7.34-7.36 (3H, m,
SiPh), 7.51-7.54 (2H, m, SiPhj; (100.6 MHz; CDCJ) -2.2 (SiCH), —1.9 (SiCH), 23.7 (SiCH), 33.2 (CH, C-4 THF),
34.9 (CH, C-3 THF), 51.4 (OC}), 74.9 (CH, C-5 THF), 77.6 (CH, C-2 THF), 118.3G&C(H)COMe), 127.9 (2 ¥m-
CH, SiPh), 129.1 p-CH, SiPh), 133.7 (2 xo-CH, SiPh), 139.2 (C, SiPh), 152.9 (HC=C(H)4@), 166.5
(HC=C(H)CQMe); LRMS (EI', m/2): M" not visible, 289 ([M-Me] 22%), 227 (26), 185 (32), 151 (37), 135 (100), 121
(17); HRMS (ESPq2) 327.1382 [M+Nal], C;;H,40;Si requires 327.1387.
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

(¥)-1-Phenyl-1-(2-((triisopropylsilyl)methyl)tetrahydrofuran-5-yl)but-3-en-1-ol (20)

. MgCl ;
Ph \__SiPrs 7 Ph}{(\\/ SitPrs
0" THF, 14 h, rt (o}

0 4/ OH
C21H340,Si CoqH400,Si
Mol. Wt: 346.58 Mol. Wt: 388.66

To a stirred solution of phenyl(5-((triisopropyid)methyl)tetrahydrofuran-2-yl)methanone (0.18 ggmmol) in THF
(3.5 mL) at 0 °C was added a solution of allylmagae chloride (2 M solution in THF, 0.32 mL, 0.64ml). The
mixture was stirred at 0 °C for 1 h then warmeddom temperature and stirred for a further 14 he Thxture was
cooled to 0 °C, quenched with 1086y aqueous ammonium chloride solution (10 mL), warteeom temperature and
partioned between @ and diethyl ether. The organic phase was sepbsaig the aqueous phase extracted with diethyl
ether (3 x 10 mL). The combined organic layers wewshed with brine (10 mL), dried (Mg9Q filtered and
concentratedn vacuo to give the impure product (0.22 g) as a yellol Burification by flash column chromatography
[silica gel, gradient elution 100% hexane — 20%tHdikether : hexane] afforded two diastereoisomerghe title

compound (combined yield 0.17 g, 0.44 mmol, 85%)asurless oails:

Major diastereoisomer: (0.12 g, 0.31 mmol, 60BY).54 [20% diethyl ether : hexane};.(film)/cm™ 3556 (O-H), 2941,
2864, 1640 (C=C), 1463, 1446, 1183, 1066, 831400 MHz; CDC}) 0.85 (1H, dd) 14.4 and 6.3, SiCiHl,), 0.94-1.02
(22H, m, overlapping signal®rSiCH.H,), 1.41-1.51 (1H, m, Ci, C-3 THF), 1.78-1.88 (1H, m, GH, C-4 THF),
1.90-1.99 (2H, m, overlapping signals g C-3 and CEH,, C-4 THF), 2.46 (1H, s, OH), 2.54 (1H, di13.9 and 8.0,
CH,H,CH=CH,), 2.81 (1H, dd, 13.9 and 6.5 Cif,CH=CH,), 3.96-4.03 (1H, m, CH C-2 THF), 4.24 (1H, d&.9 and
6.0, CH C-5 THF), 5.03 (1H, dd,10.2 and 1.0, CH=CH H.s), 5.08 (1H, br dJ 17.2, CH=CHsH.is), 5.55 (1H, dddd,
J17.2 10.1 7.8 and 6.6, CH=GHHs), 7.23 (1H, brtJ) 7.0,p-CH Ph), 7.32 (2H, br 1 7.5, 2 xm-CH Ph), 7.48 (2H, br
d, J 8.0, 2 x0-CH Ph);5¢ (100.6 MHz; CDGJ) 11.4 (3 x CH SPrs), 17.5 (SiCH), 18.9 (3 x CH SiPr), 18.9 (3 x CH
SiPry), 27.6 (CH, C-4 THF), 36.3 (Ch C-3 THF), 43.3 (CLCH=CH,), 76.9 (COH), 78.3 (CH, C-2 THF), 84.4 (CH, C-
5 THF), 118.9 (CH=CH), 126.3 (2 x0-CH, Ph), 126.7¢CH, Ph), 127.8 (2 x-CH, Ph), 133.5 (CH=C}), 143.9 (C,
Ph); LRMS (ET, m/z): M* not visible, 345 ([M*Pr]", 27%), 303 (25), 261 (13), 241 (31), 157 (100) {80), 115 (58),
105 (63), 103 (70), 87 (27), 75 (43); HRMS (E8#%) 406.3131 [M+NH]", C»H4.0.NSi requires 406.3136.

Minor diastereoisomer: (0.05 g, 0.13 mmol, 25%)).68 [20% diethyl ether : hexane}.(film)/cm™ 3560 (O-H), 2941,
2864, 1640 (C=C), 1463, 1447, 1179, 1066, 831400 MHz; CDC}) 0.93 (1H, ddJ 14.4 and 6.3, SiCiHl,), 1.05-1.13
(22H, m, overlapping signalBrSiCH.Hy), 1.35-1.48 (2H, m, C-3/4 THF), 1.63-1.73 (2H,®3/4 THF), 1.93-2.03 (1H,
m, C-3/4 THF), 2.41 (1H, s, OH), 2.69 (1H, d#,14.3 and 6.6, Ci#H,CH=CH,), 2.81 (1H, dd,J14.3 and 7.8
CHH,CH=CH,), 4.21-4.28 (2H, m, overlapping signals CH C-2 Tattel CH C-5 THF), 4.95-5.04 (2H, m, overlapping
signals CH=CHlsH¢s), 5.58 (1H, dddd) 17.0 10.2 7.8 and 6.6, CH=G}Hs), 7.22 (1H, br tJ 7.2, p-CH Ph), 7.32
(2H, br dd,J 8.1 and 7.2, 2 mCH Ph), 7.38 (2H, br d] 8.1, 2 x0-CH Ph);éc (100.6 MHz; CDCJ) 11.5 (3 x CH
SiPr,), 17.6 (SiCH), 19.0 (6 x CH SiPr,), 27.7 (CH THF), 36.4 (CH THF), 45.8 (CHCH=CH,), 76.7 (COH), 79.8
(CH, C-2 THF), 84.4 (CH, C-5 THF), 118.1 (CH=¢)H125.3 (2 x0-CH, Ph), 126.6-CH, Ph), 128.1 (2 »-CH, Ph),
134.1 (CH=CH), 142.8 (C, Ph); LRMS (Elm/2): M" not visible, 345 ([MPr]", 20%), 303 (28), 261 (35), 241 (26),
157 (100), 131 (89), 115 (78), 105 (85), 103 (95)(68); HRMS (ESP2) 406.3130 [M+NH]", CxH4.O.NSi requires
406.3136.
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JD-07-340 C1 F2

NAME JD_11.01.10
EXPNO 30
PROCNO 1
Date_ 20100111
Time TI.51
INSTRUM spect
PROBED 5 mm BBO BB-1H
PULPROG zg30
D 65536
SOLVENT CDC13
S 1ls
Ds 2
SWH 8279.146 Hz
FIDRES 0.126314 Hz
AQ 3,9584243 sec
RG 28.5
oW 60.400 usec
DE 6.00 usec
TE 300.0 K
Dl 1.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
HUCl 1H
Pl 9.50 usec
PL1 3.00 dB
SFOL 400.2324716 MHz
8T 32768
SF 400.2300131 MHz
WD M
SSB 0
LB 0.30 Hz
GB Q

i PC 1.00

=

g
=)
o
n
o
o
o
m
b
o
o
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JD-07-340 C1 F1

NAME Jp_11.01.10
EXPNO 21
PROCNO 1
Date_ 20100111
Time 20.06
INSTRUM spect
PROBHD 5 mm BBO BBE-1H
PULPROG zgpg3 0
it o} 65536
SCLVENT CDCl3
NS 1024
D8 4
SWH 23980.814 H=z
FIDRES 0.365918 Hz
20 1.3664756 sec
RG 9195.2
ow 20.850 usec
DE 6.00 usec
TE 300.0 K
Dl 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
CHANNEL f1 ==
13c
8.00 usec
6.00 dB
100.6479773 MHz
CHANNEL £
CPDPRG2 waltzls
nucz 1H
PCPD2 80.00 usec
PL2 3.00 dB
PL12 22.00 dB
PL13 22.00 dB
SF02 400.2316009 MHz
8T 32768
SF 100.6379035 MHz
wDw EM
5, . v ) SSB 0
LB 1.00 Hz
GB 0
EC 1.40

i T T T T T AR RAaRA T T | RARAARASN LA ui T T

T T
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

JD-07-340 C1 F1

ia

L

NAME JD_11.01.10
EXPNO 22
PROCNO il
Date_ 20100111
Time 20.22
INSTRUM spect
PROEHD 5 mm BBO BB-1H
PULPROG deptqgl3s
TD 65536
SOLVENT CDC13
NS 256
Ds 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 16384
oW 20.850 usec
DE 6.00 usec
TE 300.0 K
CNST2 145.0000000
Dl 2.00000000 sec
az 0.00344828 sec
Dl1 0.03000000 sec
DELTA 0.00001019 sec
HANNEL £1
NUCl 13c
Pl 8.00 usec
P2 16.00 usec
PL1 6.00 dB
sFO1 100.6479773 MH=z
T - CHANNEL £2
“ waltzl6
1H
9.50 usec
19.00 usec
80.00 usec
3.00 de
22.00 dB
400.2316009 MHz
32768
100.6379040 Mz
EM
0
1.00 Hz
T T e T T T T T T T - = i i T 5
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm 1.40
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

(3)-(2-((Dimethyl(phenyl)silyl)methyl)tetrahydrofur an-5-yl)(phenyl)methanol (21a)

Ph W/A_\\/SiPhMez NaBH,, MeOH Ph \{C\\/SiPhMez
o 0°Ctort,15h )

0} HO
020H24028i C20H26028i
Mol. Wt: 324.49 Mol. Wt: 326.50

The following procedure was carried out on a raofjecales from 0.2 mmol to 2 mmol: To a stirredusoh of 2-
((dimethyl(phenyl)silyl)ymethyl)tetrahydrofuran-5ygbhenyl)methanone (0.13 g, 0.40 mmol) in HPLC gradethanol
(3.0 mL) at 0 °C was added in one portion NaB@.02 g, 0.52 mmol). The mixture was stirred at@ until
effervescense had ceased then warmed to room tatapeand stirred for a further 2 h. The reacti@s \uenched by
the addition of acetic acid (10 drops), concentrateapproximately one quarter of the volume uneéeluced pressure
and partitioned between dichloromethane (10 mL)water (10 mL). The organic phase was separatedhendqueous
phase extracted with dichloromenthane (3 x 10 mhg combined organic layers were washed with K{i@emL), dried
(MgSQ,), filtered and concentrated vacuo to give the crude product (0.11 g) as a cloudpwdéss oil. Purification by
flash column chromatography [silica gel, gradiehttien 100% hexane — 30% diethylether : hexaneprdfid title
compound as an inseparable mixture of the two @liesisomers (combined yield 0.11 g, 0.34 mmol, 88%.5 : 1) as
colourless oilsR; 0.36 [30% diethyl ether : hexanel;.(film)/cm™ 3440 (O-H), 2955, 2864, 1452, 1248, 1194, 1026,
833; Major Diastereoisomedy (400 MHz; CDC}) 0.38 (3H, s, SiCk), 0.39 (3H, s, SiCk), 1.13 (1H, dd,J 14.2 and
7.6, SiCHHy), 1.12 (1H, ddJ 14.2 and 6.6, SiCil,), 1.37-1.66 (2H, m, CiH, C-3 and CHEH, C-4 THF), 1.73 (1H,
dddd,J 12.5, 8.2, 7.3 and 2.9, @Hi, C-4 THF), 1.81-2.02 (1H, m, GH, C-3 THF), 3.03 (1H, dj 2.2, OH), 4.06 (1H,
q,J 7.4, CH C-5 THF), 4.12-4.20 (1H, m, CH C-2 THF)3% (1H, ddJ 7,7 and 2.2, HCOH), 7.25-7.42 (8H, m, Ar),
7.54-7.59 (2H, m, Ar)pc (100.6 MHz; CDCJ) —-2.2 (SiCH), —2.0 (SiCH), 23.7 (SiCH), 28.6 (CH, C-4 THF), 35.2
(CHy, C-3 THF), 77.3 (COH), 77.5 (CH, C-2 THF), 82.HQC-5 THF), 127.2 (CH, Ar), 127.9 (CH, Ar), 127GH,
Ar), 128.4 (CH, Ar), 129.1 (CH, Ar), 133.6 (CH, A39.1 (C, Ar), 140.5(C, Ar); Minor Diastereoisam&, (400 MHz;
CDCl;) 0.35 (3H, s, SiCH), 0.36 (3H, s, SiCh}, 1.10 (1H, ddJ 14.2 and 8.2, SiClHi,), 1.36 (1H, ddJ 14.2 and 6.3,
SiCH,Hy), 1.37-1.66 (2H, m, CiH, C-3 and CEH,, C-4 THF), 1.81-2.02 (2H, m, GH,, C-3 and CHEH, C-4 THF), 2.62
(1H, d,J 2.5, OH), 4.12-4.20 (2H, m, CH C-2 THF and CH @#F), 4.91(1H, br tJ 3.1, HCOH), 7.25-7.42 (8H, m,
Ar), 7.54-7.59 (2H, m, Ar);6c (100.6 MHz; CDCJ) —2.2 (SiCH), -2.0 (SiCH), 24.2 (SiCH), 25.7 (CH, C-4 THF), 35.0
(CH,, C-3 THF), 74.2 (COH), 78.5 (CH, C-2 THF), 82.0HQC-5 THF),126.1 (CH, Ar), 127.3 (CH, Ar), 128 CH,
Ar), 128.2 (CH, Ar), 129.0 (CH, Ar), 133.6 (CH, A39.1 (C, Ar), 140.5(C, Ar); LRMS (EImV2): M* not visible, 219
(IM-BnOH]*, 12%), 135 (100), 107 (7), 75 (13); HRMS (ESRZ) 344.2039 [M+NH]", C,H3O.NSi requires
344.2040. Diastereoselectivity calculated by anslyé the 'H NMR integrals for the HCOH proton at 4.39 (major

diastereoisomer) and 4.91 ppm (minor diastereoigpme
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JdD-08-378 ¢l Fl

[
|
|

94

JD.20.02.10

22

1
20100220
23.41

spect

S mm BBO BB-1H
2g30

65536

cpel3

16

2
B278.146 Hz
0.126314 Hz

3.9584243 sec
3

5.9
60.400 usec
€.00 usec
300.0 K
1.00000000 sec
0.00000000 sec
0.01500000 sec

CHANNMEL £1

9.50 usec
3.00
400.2324716 MHz
32768
400.2300121 MH=z
EM
a
0.30 Hz

o
1.00



Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JD-08-375 C1 F1

NAME JD_20.02.10
EXPNC 20
PROCNC il
Date_ 20100220
Time 23.20
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 1024
Ds 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 9185.2
Dw 20.850 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89299998 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec
CHANNEL f£1 =
13C
8.00 usec
6.00 ds
100.6475773 MHz
— CHANNEL £2
CPDPRG2Z waltzlé
Nucz2 1H
PCPD2 80.00 usec
PL2 1.00 dB
PL12 22.00 dB
PL13 22.00 dB
SFO2 400.2316009 MHz
5I 32768
SF 100.6379124 MHz
WD EM
SsB 0
drpenckentid LB 1.00 Hz
GB 0
BC 1.40

I oA T I I i TF I T [aat T I T T T

T
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JD-08-375 €1 F1

NAME JD_20.02.10
EXPNO 21
PROCNO 2
Date_ 20100220
Time 23.38
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULFPROG deptgl3s
D 65536
SOLVENT cpcli
NS 256
DS 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
A0 1.3664756 sec
RG 16384
D 20.850 usec
DE 6.00 usec
TE 300.0 K
CNST2 145.0000000
D1 2.00000000 sec
dz 0.00344828 sec
Dl1 0.03000000 sec
DELTA 0.000010128 sec
sss===== CHANNEL: £1 ========
Nucl il o
Pl 8.00 usec
P2 16.00 usec
PL1 00 dB
SFO1 100.6479773 MHz
======== CHANNEL f2 ========
CPDPRGZ2 waltzl6
NUC2 1H

T P3 9.50 usec
P4 19.00 usec
PCPD2 80.00 usec
FL2 3.00 dB
PL12 22.00 as
SFO2 400.2316009 MHz
81 32768
SF 100.6379129 MHz
WoW EM
SSB 0
LB 1.00 Hz
GB [}
PC 1.40

1 T {Rfasianal| T T T T T T T T T T T T T

)
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

(¥)-Phenyl(2-((triisopropylsilyl)ymethyl)tetrahydrof uran-5-yl)methanol (21b)

Ph 77/4_\\/Si'r>r3 NaBH,, MeOH Ph >/L_\\/Si'm
9) 0°Ctort,6h o

0 HO
Mol. Wt: 346.58 Mol. Wt: 348.59

To a stirred solution of phenyl(2-((triisopropyid)methyl)tetrahydrofuran-5-yl)methanone (0.40 d,6lmmol) in HPLC
grade methanol (7.0 mL) at 0 °C was added in omggmoNaBH, (0.11 g, 2.90 mmol). The mixture was stirred &C0
until effervescence had ceased then warmed to r@onperature and stirred for a further 15 h. Thectrea was
guenched by the addition of acetic acid (0.1 mbpaentrated to approximately one quarter of themel under reduced
pressure and partitioned between dichloromethaden(l) and water (10 mL). The organic phase wasrs¢pad and the
aqueous phase extracted with dichloromenthanei@3 mL). The combined organic layers were washed tiine (10
mL), dried (MgSQ), filtered and concentratad vacuo to give the crude product (0.33 g) as a cloudpwdess oil.
Purification by flash column chromatography [siligal, gradient elution 100% hexane — 20% diethglethhexane]
afforded title compound as an inseparable mixtéitb®two diastereoisomers (combined yield 0.32.8§9 mmol, 77 %,
dr 2.6 : 1) as a colourless oR; 0.29 [20% diethyl ether : hexanel.(film)/cm™ 3426 (O-H), 2940, 2864, 1462, 1195,
1027, 881; Major Diastereoisomey; (400 MHz; CDC}) 0.94 (1H, ddJ 14.5 and 6.8, SiCiHl,), 1.03-1.12 (21H, m,

overlapping signals #r), 1.12 (1H, dd,J 14.5 and 7.4, SiCi,), 1.42-1.79 (3H, m, CHC-3 and CHH,C-4 THF),
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

2.03-2.15 (1H, m, CHH, C-4 THF), 3.06 (1H, d] 1.6, OH), 4.08 (1H, g1 7.4, C-5 THF), 4.19-4.29 (1H, m, overlapping
signals C-2 THF), 4.42 (1H, dd,7.9 and 1.6, HCOH), 7.24-7.39 (5H, m, P#);(100.6 MHz; CDCJ) 11.5 (3 x CH
SiPry), 17.7 (SiCH), 19.0 (6 x CH SiPr), 28.8 (CH, C-4 THF), 36.1 (CK C-3 THF), 77.5 (COH), 77.6 (CH, C-2
THF), 83.0 (CH, C-5 THF), 127.2 (2 o-CH, Ph), 128.0CH, Ph), 128.4 (2 -m-CH, Ph), 140.4 (C, Ph); Minor
Diastereoisomery (400 MHz; CDC}) 0.92 (1H, ddJ 14.4 and 7.9, SiCl,), 1.03-1.12 (22H, m, overlapping signals
iBrgSiCI'iehg), 1.42-179 (2H, m, overlapping signals &t C-3 and CEH, C-4 THF), 1.89 (1H, dddd] 12.2, 10.8, 9.1
and 7.6, CEH, C-3 THF), 2.03-2.15 (1H, m, GH, C-4 THF), 2.59 (1H, d) 2.5, OH), 4.19-4.29 (2H, m, overlapping
signals C-5 and C-2 THF), 4.91 (1H, dd appearingrasJ 2.5, HCOH), 7.24-7.39 (5H, m, Pi%y (100.6 MHz; CDCJ)
11.4 (3 x CH SPry), 17.1 (CH, 'Pr;SiCH,), 19.0 (6 x CH SiPry), 26.0 (CH, C-4 THF), 35.7 (Chl C-3 THF), 74.3
(COH), 78.7 (CH, C-2 THF), 82.2 (CH, C-5 THF), 12§2 x0-CH, Ph), 127.4¢-CH, Ph), 128.3 (2 m-CH, Ph), 140.5
(C, Ph); LRMS (E1, m/2): M* not visible, 305 ([M*Pr]", 9%), 287 (3), 263 (6), 241 (24), 157 (100), 188)( 103 (86),
75 (50); HRMS (ESPm/2) 366.2822 [M+NH]", C,;H4O.NSi requires 366.2823. Diastereoselectivity caitad by
analysis of the’H NMR integrals for the HCOH proton at 4.42 (majdiastereoisomer) and 4.91 ppm (minor
diastereoisomer).

JD-08-382 C1 F1
PROTONA4 CDC13 u bruker 46

NAME JD_100226
EXPNO 30
PROCNC 1
Date_ 20100226
Time 18.16
INSTRUM spect
PROBHD 5 mm QNP 1H
PULEROG zg30

D 65536
SCLVENT CDCl3

s 16

Ds 2

SWH 5681.818 Hz
FIDRES 0.086698 Hz
AQ 5.7672181 sec
RG 1024

Dl 88.000 usec
DE 110.00 usec
TE 300.0 K
HL1 4 4B
Dl 1.00000000 sec
Pl 14.50 usec
SFOl 400.1365178 MHz
NUCLEUS 1"

8T 32768

SF 400.1343436 MHz
WDW EM
83B o

LB 0.30 Hz
GBE 1]

PC 1.00

| ——
e -~ m:dku _—
T T ] T T" T T T
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JD-07-339 C1 F2

RdEords S8 e i BRUKER

LA P A ¢ EALE & LA
NAME JD_22.12.0%
EXPNO 10
PROCNO 1
Date_ 20091222
Time 20.05
INSTRUM spect
PROEHD 5 mm BBO BB-1H
PULPROG zgpg30
D 65536
SOLVENT cpcl3
NS 1024
D8 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 18390.4
oW 20.850 usec
DE 6.00 usec
TE 300.0 K
Dl 2.00000000 sec

0.03000000 sec
DELTA 1.899999%8 sec
0.00000000 sec
[}

MCWRE .01500000 sec
======== CHANNEL fl ========
NUCL 13¢

Pl 8.00 usec
PL1 6.00 dB
SFO1 100.6479773 MHz

======== CHANNEL f2 ========
CPDPRG2 waltzlé

NUC2 1H
PCPD2 80.00 usec
PL2 3.00 dB
PL12 22.00 dB
PL13 22.00 4B
SF02 400.2316009 MHz
h 32768
SF 100.6379058 MH=z
WDW EM
SSB Q
b i , LB 1.00 Hz
GB o}
EC 1.40

T T I T T I T

T T T
180 160 140 120 100 80 60 40 20 ppm

((2-(benzyloxy(phenyl)methyl)tetrahydrofuran-5-yl)methyl)dimethyl(phenyl)silane (22)

Ph%SiPhMez BnBr, NaH Phyﬂ\/SiPhMez
0 THF, 1t, 16 h 0

HO BnO
C2oH260,Si C27H320,Si
Mol. Wit: 326.50 Mol. Wt: 416.63

A 60% dispersion of sodium hydride in mineral di2(0 mg, 0.50 mmol) was washed witlhexane (2 x 1 mL), dried
under reduced pressure and placed under an atmmesgih@rgon. To the resulting suspension dissolme€tHF (1.5 mL)
was added, dropwise, benzyl bromide (0.06 g, 0.040185 mmol) and a solution of (2-((dimethyl(ph&sityl)methyl)-
tetrahydrofuran-5-yl)(phenyl)methanol (0.13 g, Or@8iol) in THF (1 mL) at room temperature. The résgl solution
was stirred for 15 h at 30 °C and monitored by TR@er this time, the reaction was partitioned betw water (10 mL)
and DCM (10 mL) and the organic layer separate@. dqueous layer was extracted with DCM (3 x 10 ribg organic
fractions were combined, washed with brine (10 ndrjed (MgSQ), filtered and concentratda vacuo to yield the
impure product as a colourless oil (0.26 g). Pcatfibn by flash column chromatography [silica ggldient elution
100% hexane — 20% diethylether : hexane] affortedtitie compound as an inseparable mixture ofaétdreocisomers
(combined yield 0.13 g, 0.31 mmol, 89%) as a cdémsroil;R; 0.76 [20% diethyl ether : hexane]; LRMS {EiV2): 416
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([M]7, 1%), 241 (9), 219 (10), 197 (12), 135 (100), B2)( Full characterisation of the product was nsgible because

of the number of diastereoisomers present. Themahtvas used in the next step without furtherfmation.

(3)-(5-(Benzyloxy(phenyl)methyl)tetrahydrofuran-2-yl)methanol (28)

Ph \}}/D\/SiMezPh Hg(OAC), Ph Yﬂ\/OH
0 Peracetic acid 32 % 0

BnO Wt sol. in acetic acid, BnO
2h,rt

Mol Wi 415,63 Mol Wt 356,35
(5-(Benzyloxy(phenyl)methyl)tetrahydrofuran-2-yl)thanol was prepared according to the procedure rtegboby
Fleming e a' To a stirred solution of ((5-(benzyloxy(phenyl)mg)tetrahydrofuran-2-
yl)methyl)dimethyl(phenyl)silane (0.12 g, 0.31 minwi peracetic acid (30%t sol. in acetic acid, 3 mL) was added in
one portion mercury (Il) acetate (0.11 g, 0.35 nm)mbhe reaction was stirred for 2 h then washedh wiiter (10 mL),
sat. Nag0; (10 mL), sat. NaHC®(10 mL) The aqueous layer was extracted with D@Wk (10 mL) and the organic
fractions were combined, washed with brine (10 mdrjed (MgSQ), filtered and concentratda vacuo to yield the
impure product as a white solid (0.19 g). Purifimatby flash column chromatography [silica gel,dieat elution 50%
hexane : diethyl ether — 100% diethylether] isalatiesingle diastereoisomer of the title compoun83®, 0.10 mmol,
32%) as a colourless viscous d&;0.14 [80% diethyl ether : hexane}.(film)/cm™ 3439 (O-H), 3062, 3030, 2870,
1495, 1454, 1062 (C-Opy (400 MHz; CDC}) 1.55-1.67 (3H, m, overlapping signals £8-4 and CEH, C-3 THF),
1.73-1.82 (1H, m, CHH, C-3 THF), 2.16 (1H, br s, OH), 3.43 (1H, app dd,1.1 and 5.1, CiH,OH), 3.66 (1H, app br
d, J 11.7, CHH,OH), 4.04-4.10 (1H, m, CH C-2 THF), 4.24-4.31 (2id, overlapping signals CH C-5 THF and
HCOBn), 4.34 (1H, dJ 12.1 PhCEH,0), 4.56 (1H, dJ 12.1, PhCEH,0), 7.24-7.39 (10H, m, Ar)c (100.6 MHz;
CDCly) 27.3 (CH, C-3 THF), 28.9 (CH C-4 THF), 65.0 (CKDH), 70.6 (PhCKD), 80.1 (CH, C-2 THF), 82.5 (CH, C-5
THF), 84.0 (HCOBn), 127.6 (p-CH, Ar), 127.9 (2 xC#t, Ar), 128.0 (2 xo-CH, Ar), 128.2 p-CH, Ar), 128.4
(2 xm-CH, Ar), 128.5 (2 xm-CH, Ar), 138.5 (C, Ar), 139.0 (C, Ar); LRMS (Elnv2): 298 ([M]", 1%), 197 (26), 101
(23), 91 (100), 57 (28); HRMS (ESi®2) 316.1902 [M+NH]", C;gH,c0:N requires 316.1907.
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JD-08-377 C1 F4

( BRUKER

NAME JD_26.02.10
EXPNO 42
PROCNO 1
Date_ 20100227
Time 15.22
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8278.146 Hz
FIDRES 0.126314 H=z
AQ 3.9584243 sec
RG 181
ow 60.400 usec
DE 6.00 usec
TE 300.0 K
Dl 1.00000000 sec

T T T T T T T b I MCREST 0.00000000 sec
A.6 4.4 4.2 0 3.8 3.6 ppm MCWRX 0.01500000 sec
== CHANNEL fl ========

1H
9.50 usec
PL1 3.00 dB
SFOL 400.2324716 MHz
/ SI 32768
SF 400.2300120 MHz
( EM
0
0.30 Hz
o]
1.00

YU L :
[s2] ~onio (=101~} @l ;o
=] @ oaic [=1lt= @ |~
=) SiSiajr~| || i~ S| el
- 1 I
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JD-08-377 Cl F4

sENyy
NN/

NAME JD_26.02.10
EXENO 40
PROCNO 1
Date_ 20100227
Time i5.02
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULFROG zgpg30
TD 65536
SOLVENT CDCl3
NS s 1024
DS 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.2664756 sec
RG 18390.4
DT 20.850 usec
DE 6.00 usec
TE 300.0 K
Dl 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec
PL13 22.00 dB
SFO2 400.231600% MHz
5T 32768
sF 100.6379014 MHz
WDW EM
S$SB Q
LB 1.00 Hz
GB 0

i L 5 [ BC 1.40

I I I T T T I I T I T T T T T T T ooy T

180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 ppm
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JD-08-377 C1 F4

NAME JD_26.02.10
EXPNO 41
PROCHNO 1
Date_ 20100227
Time 1519
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG deptql35
TD 65536
SOLVENT CDC13
NS 256
DS 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
AD 1.3664756 sec
RG 16384
oW 20.850 usec
DE 6.00 usec
TE 300.0 K
CNST2 145.0000000
Dl 2.00000000 sec
daz 0.00344828 sec
Di1 0.03000000 sec
DELTA 0.00001019 sec
======== CHANNEL £l ========
NUC1 13¢C
Pl 8.00 usec
P2 16.00 usec
PL1 6.00 dB
SFOl 100.6479773 MHz
SCTHT—o ad gt P “L“ II ST, g " - HANMEL £2 o
M, rladie ' ‘ ) ‘ ) CPDPRG2 waltzlé
NUC2 1H
F3 9.50 usec
P4 19.00 usec
PCPDZ2 80.00 usec
PL2 3.00 dB
PL12 22.00 dB
SFO2 400.2316008 MHz
SI 32768
SF 100.6379016 MHz
WDW EM
SS5B 0
LB 1.00 Hz
GB (1]
T T T T T T T T ] T l BC 1.40
180 160 140 120 100 80 60 40 20 ppm

(x)-Phenyl(2-((triisopropylsilyl)methyltetrahydrof uran-5-yl)methyl acetate (23)

R
PhYC\\/SiiPr3 0 PhYC\\/Si’Pr3
(o) DMAP, DCM 0"
HO Yo
0

Co1H3605Si Co3H3503Si
Mol. Wt: 348.59 Mol. Wt: 390.63

To a stirred solution of phenyl(2-((triisopropyid)methyl)tetrahydrofuran-5-yl)methanol (0.05 g14.mmol) in DCM (5
mL) was added acetic anhydride (2010 0.21 mmol) and in one portion DMAP (4.00 mg, ®1@mol, 20 mol%). The
reaction mixture was stirred at room temperatuie rmonitored by TLC. After 15 h the reaction was mpheed with a
saturated solution of NaHGQ(3 mL). The organic phase was separated and theoag phase extracted with
dichloromenthane (3 x 10 mL). The combined orgdmjers were washed with brine (10 mL), dried (MgB®@ltered
and concentratedn vacuo to give the crude product (0.03 g) as a colourless Purification by flash column
chromatography [silica gel, gradient elution 100&xdne — 20% diethylether : hexane] afforded tidenpound as an
inseparable mixture of the two diastereocisomermfiined yield 31.0 mg, 0.08 mmol, 57¥6,2.4 : 1) as colourless oils;
R 0.58 [20% diethyl ether : hexane];.(film)/lcm™ 2940, 2864, 1742 (C=0), 1462, 1368, 1232, 1022; 883or

Diastereocisomedy (400 MHz; CDC}) 0.91 (1H, ddJ 14.5 and 6.7, SiCi{l,), 0.99-1.10 (22H, m, overlapping signals
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'PrSICHH,), 1.38-1.48 (1H, m, CiH, C-3 THF), 1.50-1.59 (1H, m, GH, C-4 THF), 1.67-1.74 (1H, m, GH, C-4
THF), 1.93-2.05 (1H, m, Cii, C-3 THF), 2.07 (3H, s, CCH;), 4.11-4.18 (1H, m, CH C-2 THF), 4.29-4.35 (1H, m,
CH C-5 THF), 5.61 (1H, dJ 7.9, HCO), 7.27-7.36 (5H, m, Arjc (100.6 MHz; CDGCJ) 11.4 (3 x CH SPr;), 17.0
(SiCH,), 19.0 (6 x CH SiPr3), 21.4 (CH, CO,CHs), 29.3 (CH, C-4 THF), 35.8 (Ckl C-3 THF), 77.5 (CH, C-2 THF),
78.4 (HCO), 79.8 (CH, C-5 THF), 127.7 (CH, Ar), 128CH, Ar), 128.5 (CH, Ar), 137.9 (C, Ar), 170.€,(COCHjy);
Minor Diastereoisomefdy (400 MHz; CDC}) 0.85 (1H, ddJ 14.4 and 7.4, SiCiHly), 0.99-1.10 (22H, m, overlapping
signalsPrSiCH.H,), 1.38-1.48 (1H, m, CiH, C-3 THF), 1.79-1.88 (1H, m, GH, C-4 THF), 1.93-2.05 (2H, m, GH,
C-3 and CkH, C-4 THF), 2.10 (3H, s, C&«CHy), 3.97 (1H, dtd,J 9.0 7.1 and 5.1, CH C-2 THF), 4.29-4.35 (1H, m, CH
C-5 THF), 5.76 (1H, dJ 6.6, HCO), 7.27-7.36 (5H, m, A (100.6 MHz; CDCJ) 11.4 (3 x CH SPr3), 17.0 (SiCH),
19.0 (6 x CH SiPr,), 21.4 (CQCHs), 28.4 (CH, C-4 THF), 35.6 (CK C-3 THF), 77.6 (HCO), 78.1 (CH, C-2 THF),
80.0 (CH, C-5 THF), 127.5 (CH, Ar), 128.0 (CH, AiR8.2 (CH, Ar), 137.8 (C, Ar), 170.4 (C, @CHs); LRMS (ET,
m/z): M* not visible, 331 ([M-C@GMe]", 2%), 241 (18), 173 (100), 157 (71), 115 (25),(I9); HRMS (ESPM/2)
391.2665 [M+H], CyH3405Si requires 391.2663. Diastereoselectivity caleadty analysis of thiH NMR integrals for

the HCO proton at 5.61(major diastereoisomer) aifl ppm (minor diasterecisomer).

JD-07-341 C1 Fl

- BRUKER
!
{
| NAME JD_14.01.10
| EXPNO 10
PROCNO 1
Date_ 20100114

Time 15.46
INSTRUM spect
PROEHD 5 mm BBO BE-1H

PULFROG zg30
TD 65536
i SOLVENT CDC13
| ns 16
i DS 2
SWH 8278.146 Hz
FIDRES 0.126314 Hz
AQ 3.9584243 sec
RG 64
DW 60.400 usec
DE 6.00 usec
TE 300.0 K
Dl 1.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
= CHANNEL £1
NUCl 1H
Pl 9.50 usec
PL1 3.00 de
SFO1 400.2324716 MHz
SI 3276
SF 400.2300126 MHz
WDwW EM
SSB (o]
LB 0.30 Hz
| GB 0
| FC 1.00
i
{
|
i
|

{
I T T [ T e T I T T T
8 7 6 5 4 3 2 1 0 ppm
L Pl | By j
e g'g &f2ls] \3)\31( il
S o7 ==t s [ I8
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T

T

\
120

200 180 160 140 100 80 60 40 20 0 ppm
JD-07-341 Cl1 F1
T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm
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NAME
EXPNO
PROCNOC
Date_
Time
INSTRUM
PROBHD
PULPROG
D

SO0LVENT

SFO1

CPDPRGZ
M2
PCPD2
PL2
PL1Z2
PL13
SF02

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG

gD_14.01.10
12

5

20100115

0.15

spect

5 mm BBOQ BB-1H
zgpg30

65536

cDcl3
1024
4

23%80.814
0.365918
1.36647586

Q0000000
03000000
89999998
000000C0
01500000

coron

CEANNEL £1

13c

8.00

6.00
160.6479773

CHANNEL £2 ==
waltzlé
iH

22.00
400.2316009
32768
100.6379031
“Q

1.90
)

1.40

ap_14.01.10
11

]
20100114
16.02
spect
5 mm BBQ BBE-1H
deptql35
65536
CDC13
256
4
23%80.814
0.365918
1.3664756
16384
20.850

&

300.0
145.0000000
2.00000000
0.00344828
£.03000000
0.00001019

Hz
Hz
sec

usec
usec

sec
sec
sec
sec
sec

EM

CPDPRG2
NUC2

P3

P4
PCPD2
PLZ2
PL12
SFO2
81

SF
WDW

CHANNE!

£2 ==
waltzl6
1H

400.

&
o
w
b
@
=1
=
e




Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

4-Nitrobenzoyl chloride

O (COCl),, DMF 0o
OH DCM, 3 h, rt cl

C;HsNO4 C;H4CINO;
Mol. Wt: 167.12 Mol. Wt: 185.56

To a stirred solution of 4-nitrobenzoic acid (1§06.00 mmol) in DCM (10 mL) at room temperaturesvealded oxalyl
chloride (1.50 g, 1.05 mL, 12.0 mmol) and DMF (5mB). The reaction was stirred for 3 h at room &emajure and the
volatiles removed under reduced pressure to gogdalline solid. The residue was taken up in DX mL) to give a

0.6 M solution of 4-nitrobenzoyl chloride in DCM wh was used immediately in the next reaction.

(x)-Phenyl-(2-((triisopropylsilyl)methyl)tetrahydro furan-5-ylymethyl 4-nitrobenzoate (24)

o ON

Ph \___siPr cl 0 \__SiPrs
o Et;N, DMAP, DCM J o

HO Ph
Ca1Has0,Si CosHagNO5Si
Mol. Wt: 348.59 Mol. Wk: 497.70

To a stirred solution of phenyl(5-((triisopropyid)imethyl)tetrahydrofuran-2-yl)methanol (0.31 g8®.mmol) in DCM (2
mL) was added a solution of freshly prepared 4ebiénzoyl chloride in DCM (0.6 M, 1.70 mL, 1.00 mmoro the
resulting yellow/orange solution was added dropwigthylamine (0.20 g, 0.30 mL, 2.00 mmol) and DAL crystal).
After 24 h the reaction had become a red/brownwadmd was partitioned between water (10 mL) andD(CO mL).
The organic phase was separated, washed with aM@#gueous sodium hydrogen carbonate solution (10ant)the
aqueous phase extracted with dichloromenthanel@® mL). The combined organic layers were washet tine (10
mL), dried (MgSQ), filtered and concentrated vacuo to give the impure product as a brown gum. Pwiion by flash
column chromatography [silica gel, gradient eluti@®% hexane — 20% diethylether : hexane] affotdkxdlcompound
as an inseparable mixture of diastereoisomers (twdlyield 0.29 g, 0.64 mmol, 72%; 3 : 1) as colourless viscous
oils; R 0.44 [20% diethyl ether : hexanel.(film)/cm™ 2941, 2864, 1727 (C=0), 1529 (N=0), 1463, 1346 Q=
1270, 1101, 882; Major Diastereoisom&r:(400 MHz; CDC}) 0.84-1.08 (23H, m, overlapping sign#sSiCH;,), 1.45-
1.55 (1H, m, CEH, C-3 THF), 1.60-1.67 (1H, m, CH, C-4 THF), 1.80 (1H, dtd] 12.6 7.5 and 2.3, CH, C-4 THF),
2.02-2.13 (1H, m, CiH, C-3 THF), 4.20 (1H, tt) 8.4 and 5.5, CH C-2 THF), 4.46-4.53 (1H, m, CH T#%F), 5.89
(1H, d,J 8.0, HCO), 7.31-7.46 (5H, m, Ar), 8.23-8.32 (4H, Am); 5c (100.6 MHz; CDCJ)) 11.5 (3 x CH $Pr;), 17.0
(SiCH,), 19.0 (6 x CHSiPr;), 29.4 (CH, C-4 THF), 36.3 (CH C-3 THF), 77.7 (CH, C-2 THF), 80.0 (CH, C-5 THF),
80.1 (HCO), 123.5 (CH, Ar), 127.7 (CH, Ar), 128GH, Ar), 128.7 (CH, Ar), 131.0 (CH, Ar), 136.2 (8r), 137.2 (C,
Ar), 150.6 (C, Ar), 164.0 (C=0); Minor Diastereaiser: 64 (400 MHz; CDC}) 0.84-1.08 (23H, m, overlapping signals
'PrSICH), 1.45-1.55 (1H, m, Cil, C-3 THF), 1.87-1.97 (1H, m, GH, C-4 THF), 2.02-2.13 (1H, m, GH, C-3 and
CHH, C-4 THF), 3.97-4.20 (1H, m, CH C-2 THF), 4.46-4(881, m, CH C-5 THF), 6.04 (1H, d,4.4, HCO), 7.31-7.46
(5H, m, Ar), 8.23-8.32 (4H, m, Ar)c(100.6 MHz; CDCJ) 11.4 (3 x CH $Pr;), 17.1 (SiCH), 19.0 (6 x CH SiPr),
28.5 (CH, C-4 THF), 35.9 (CH C-3 THF), 78.4 (CH, C-2 THF), 79.2 (HCO), 80.0HCC-5 THF), 123.7 (CH, Ar),
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127.5 (CH, Ar), 128.4 (CH, Ar), 128.8 (CH, Ar), 190(CH, Ar), 136.0 (C, Ar), 137.0 (C, Ar), 150.7,(@r), 163.9
(C=0); LRMS (ET, m¥2): M™ not visible, 280 (100), 241 (5), 157 (46), 150)(30L5 (14), 91 (11); HRMS (ESRy2)
498.2664 [M+H], C,gH40O0sNSi requires 498.2670. Diastereoselectivity cakaazby analysis of thtH NMR integrals
for the HCO proton at 5.89 (major diastereoisoraeg 6.04 ppm (minor diastereoisomer)

JD-08-383 C1 F2 m

f BRUKER

NAME Jp_02.03.10
EXPNO 12
PROCHNO 1
Date_ 20100302
Time 18.36
INSTRUM spect
FROBHD 5 mm BBC BB-1H
PULPROG zg30
D 65536
SOLVENT ¢DCl3
NS 16
Ds 2
SWH 8278.146 Hz
FIDRES 0.126314 Hz
AQ 3.9584243 sec
RG 80.6
D 60.400 usec
DE 6.00 usec
TE 300.0 K
Dl 1.00000000 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec
======== CHANNEL fl1 ========
NUCL 1H
Fl 9.50 usec
PL1 3.00 dB
SFOl 400.2324716 MHz
ST 32768
SF 400.2300125 MHz
WDwW EM
S8B o]

LB 0.30 H=z
- GB a
EC 1.00

=]
=~
o -
o
=
w
-
o -
o
b=
3

534
P

e
033 _
00—

e
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JD-08-383 C1 F2

BRUKER
(<O

NAVE JD_02.03.10
EXPNO 10
PROCNG 1
Date_ 20100302
Time 20.20
INSTRULL spect
PROBHD 5 mm BBO BB-1H
PULEROG zgpg30

TD 65536
SOLVENT CDC13

NS 1024

DS 4

SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 18380.4

o 20.850 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89599998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec

PL1 6.00 dB
SFO1 100.6479773 MHz
= == CHANNEL £2 =
CPDPRG2 waltzlé
NUC2 1H
PCPD2 80.00 usec
PL2 3.00 dB
PL12 22.00 4B
PL13 22.00 dB
SFO2 400.2316009 MHz
sI 32768
SF 100.6379010 MHz
WDwW EM

l S8B 0

- 1B 1.00 Hz

GB 0
EC 1.40

: I E T T T ¥ T ¥ T ! T T T T T

200 180 160 140 120 100 80 60 40 20 0 ppm

JD-08-383 C1 F2

JD_02.03.10
1l

ik
20100302
Time 20.36
INSTRUM spect
PROEBHD 5 mm BBO BB-1H
PULPROG deptgl3s
TD 65536
cpels
256

4
23%80.814 Hz
0.365518 Hz
1.3664756 sec
16384
20.850 usec
6.00 usec
300.0 K
145.0000000
2.00000000 sec
0.00344828 sec
0.03000000 sec
0.00001013 sec

CHANNEL £1

8.00 usec
16.00 usec

100.6479773 MHz

22.00 dB
400.231600
3276

9
8
100.6379011 MHz
EM
0
1.00 Hz
0

1.40

T T T T 2 T T T I T T T

200 180 160 140 120 100 80 60 40 20 ppm

107



Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

O-(2-((dimethyl(phenyl)silyl)methyl)tetrahydrofuran- 5-yl)(phenyl)methyl-S-methyl carbonodithioate

Ph §/L_\\/SiPhMez NaH, CS,, Mel Ph \;/L_\\/SiPhMeg
0 THF, 1h,0°C S 0

HO 0]
MeS
Mol. Wt: 326.50 Mol. Wt: 416.67

O-(2-((dimethyl(phenyl)silyl)methyltetrahydrofurasyyl)(phenyl)methylsSmethyl  carbonodithioate was prepared
according to the procedure reported by Caltet al To a stired soluton of (2-
((dimethyl(phenyl)silyl)methyl)tetrahydrofuran-5)¢gbhenyl)methanol (0.41 g, 1.30 mmol) in THF (25)nalt 0 °C was
added carbon disulphide (5.41 mL, 90.0 mmol) amoddimethane (5.30 mL, 85.0 mmol). The mixture wasesl at 0
°C for 30 min followed by the addition of sodiumdnide (60% suspension in mineral oil, 0.10 g, 2rs@ol). The
reaction was stirred for 1 h at 0 °C and then gbeddy the addition of crushed ice (30 g) and adldwo warm to room
temperature. The organic layer was separated @anddgheous layer was extracted with DCM (3 x 10 rihe organic
fractions were combined, washed with brine (10 ndrjed (MgSQ), filtered and concentrateéd vacuo to yield the
impure product as a yellow oil (0.59 g). Purificatiby flash column chromatography [silica gel, geatlelution 100%
hexane — 10% diethylether : hexane] afforded titee compound as inseparable mixture of diasteoswss (combined
yield 0.37 g, 0.85 mmol, 69%r 2.5 : 1) as a colourless oi;0.75 and 0.70 [20% diethyl ether : hexangl(film)/cm™
2954, 2864, 1427, 1209, 1112, 1049, 819; Major terapisomerd, (400 MHz; CDC}) 0.39 (3H, s, SiCh), 0.41 (3H, s,
SiCHs), 1.14 (1H, ddJ 14.4 and 6.9, SiCiHl,), 1.33 (1H, ddJ 14.4 and 7.4, SiCil,), 1.39-1.49 (1H, mCHH, C-3
THF), 1.60-1.70 (1H, m, Cii, C-4 THF), 1.78-1.86 (1H, m, GH, C-4 THF), 1.89-2.07 (1H, m, GH, C-3 THF),
2.59 (3H, s, SCH), 4.15 (1H, dtd) 8.9 7.1, 5.2, CH C-2 THF), 4.55 (1H,47.2, C-5 THF), 6.51 (1H, d, 7.1, HCOC),
7.32-7.44 (8H, m, Ar), 7.59-7.61 (2H, m, AQ¢(100.6 MHz; CDCJ) -2.3 (SiCH), —2.0 (SiCH), 19.0 (SMe), 23.5
(SICHy), 29.0 (CH, C-4 THF), 35.2 (CH C-3 THF), 77.7 (CH, C-2 THF), 79.7 (CH, C-5 THBR.7 (HCOC), 127.9
(CH, Ar), 128.1 (CH, Ar), 128.5 (2 overlapping CAt,), 129.0 (CH, Ar), 133.8 (CH, Ar), 136.7 (CH, Al39.2 (C, Ar),
214.9 (QC@Me); Minor Diastereoisomety (400 MHz; CDC}) 0.34 (3H, s, SiCk), 0.35 (3H, s, SiCkJ, 1.09 (1H, ddJ
14.5 and 6.8, SiClH,), 1.29 (1H, ddJ 14.5 and 7.0, SiCi,), 1.39-1.49 (1H, m, CiH, C-3 THF), 1.89-2.07 (3H, m,
CH,H, C-3 and CH C-4 THF), 2.59 (1H, s, SG} 4.02-4.09 (1H, m, CH C-2 THF), 4.49 (1H, §d7.1 and 4.7, CH C-5
THF), 6.61 (1H, dJ 4.7, HCOC), 7.32-7.44 (8H, m, Ar), 7.54-7.57 (2Hi, Ar); ¢ (100.6 MHz; CDCJ) -2.4 (SiCH),
-2.3 (SICH), 19.1 (SMe), 23.7 (SiCHi 28.1 (CH, C-4 THF), 35.0 (CH C-3 THF), 78.1 (CH, C-2 THF), 80.0 (CH, C-
5 THF), 86.1 (COH), 127.6 (CH, Ar), 127.8 (CH, Atp8.2 (CH, Ar), 128.4 (CH, Ar), 129.0 (CH, Arj3d7 (CH, Ar),
139.2 (C, Ar), 214.9 (OGSle), one aromatic carbon not visable; HRMS (E®R) 434.1635 [M+NH]", CyH3,0,NSSi
requires 434.1638. Diastereoselectivity calculdigcanalysis of theH NMR integrals for the HCOH proton at 6.51

(major diastereoisomer) and 6,61 ppm (minor diasieomer).
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JD-08-446 C3 F17-23

BRUKER

NAME JD_03.06.10
EXPNO 10
PROCNO 1
I Date 20100603
Time 8. 3%
INSTRUM spect
r PROBHD 5 mm BBO BB-1H
{ PULPROG zg30
4 | D 65536
i | SOLVENT CDC13
| NS 16
Ds 2
SWH 8278.146 Hz
| FIDRES 0.126314 Hz
i pate] 3.9584243 sec
! RG 28.
D 60.400 usec
DE 6.00 usec
TE 300.0 K
Dl 1.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
CHANNEL £1
F 1H
i 9.50 usec
i 3.00 de
d 400.2324716 MHz
32768

400.2200127 MHz
EM

{
H
i
4]
0.30 Hz
rr 0
i y 1.00
l i
T T | I T 35 T
8 7 6 5 4 3 ppm
¢ ; |
lulof j ‘ |l
) =1=) @ e © o|
g'-.E“_ b 5 o =
[lcids] =t bt L = =t L=
i - : i
JD-08-446 C3 F17-23
NAME JD_01.06.10
EXPNO 21
PROCNO 1
Date_ 20100602
Time 11.05
INSTRUM spect
PROBED 5 mm BEQ BS-1H
PULPROG deptgl3s
D 65536
SOLVENT cpels
NS 256
DS 4
SWH 23980.814 ©
FIDRES 0.365918 Hz
50 1.366475¢ sec
RG 16384
D 20.850 usec
DE 6.00 usec
TE 300.0 K
CNST2 145.0000000
D1 2.00000000 sec
az 0.00344828 sec
D11 0.03000000 sec
DELTA 0.00001019 sec
== CHANNEL £2 ===
CPDPRG2 waltzl6
NUC2 1H
P3 9.50 usec
P4 19.00 usec
PCPD 80.00 usec
PL2 3.00 &
PL12 22.00 4B
SFO2 400.2316009 MHz
i 32768
SF 100.6379031 ¥Hz
WD EM
SSB 0
LB 1.00 Hz
GE 0
BC 1.40
T T T T T T T I T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

(2)-((5-Benzyltetrahydrofuran-2-yl)methyl)dimethyl( phenyl)silane (25)

43

Ph \___SiPhMe, BuzSnH, AIBN Ph_s{ \2_SiPhMe,
s o Reflux, 3 h o
0] 1
MeS
C2oH20,S,Si CooHo0Si
Mol. Wt: 416.67 Mol. Wt: 310.51

A stirred solution of0-(5-((dimethyl(phenyl)silyl)methyl)tetrahydrofuradyl)(phenyl)methylS-methyl carbonodithioate
(0.20 g, 0.48 mmol) and tri-butyltin hydride (0.67 mL, 2.50 mmol) in tolue(®5 mL) was degassed with nitrogen. To
the reaction mixture at reflux temperature was ddutetionwise AIBN (3 x 0.005 g, 0.05 mmol, 10 mg|%after 3 h the
reaction was cooled and concentrattedacuo to yield the impure product as a yellow oil. Pigation by flash column
chromatography [silica gel, gradient elution 100&&dne — 10% diethylether : hexane] afforded the ¢bmpound as a
single diastereoisomé¢d.13 g, 0.40 mmol, 84%) as a colourless oil (Fouhdr7.1; H, 8.4. ¢H,0Si requires C, 77.4;
H, 8.4%):R; 0.4 [10% diethyl ether : hexane}.film)/cm™ 2957, 1247, 1112, 1074, 835, 859;(600 MHz; CDC}))
0.31 (3H, s, SiCH), 0.33 (3H, s, SiCh), 1.09 (1H, ddJ 14.2 and 8.1, SiClHi,), 1.32 (1H, dd,J 14.2 and 6.3, SiCltt,),
1.35-1.41 (1H, m, CiH, C-3 THF), 1.52-1.58 (1H, m, GH, C-4 THF), 1.90-1.96 (2H, m, overlapping signals.BH
C-4 and CEHy, C-3 THF), 2.67 (1H, dd] 13.5 and 6.8, PhCH,), 2.91 (1H, dd,J 13.5 and 6.2, PhCHy), 4.11 (1H,
app tt,J 8.2 and 5.8, CH C-2 THF), 4.55 (1H, app dd,9 and 6.4, CH C-5 THF), 7.19-7.21 (3H, m, Arp6¢7.31 (2H,
m, Ar), 7.33-7.37 (3H, m, Ar), 7.52-54 (2H, m, A8y (100.6 MHz; CDCJ) —-2.2 (SiCH), —1.9 (SiCH), 24.2 (SiCH),
32.2 (CH, C-4 THF), 35.0 (CH C-3 THF), 42.5 (PhC}), 76.7 (CH, C-2 THF), 78.9 (CH, C-5 THF), 126.2H(Ar),
127.9 (CH, Ar), 128.3 (CH, Ar), 129.0 (CH, Ar), 129CH, Ar), 133.8 (CH, Ar), 139.2 (C, Ar), 139.€,(Ar); LRMS
(EI', W2): M" not visible, 295 ([M-ME€], 2%), 233 (4), 219 (19), 135 (100), 105 (6), 90)(Z5 (20); HRMS (ESRW2)
328.2093 [M+NH]", C,0H3,ONSI requires 328.2091.
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JD-08-449 €2 F1 ; 1H spectrum in CDC13 (‘><7

HAME 4d_11.06.10

EXPNO 1

PROCNC 1

Date_ 20100611

Time 9.11

INSTRUM ave00

PROBED 5 mm TXI 1H-13

PULPRCG zg30
65536

SOLVENT CcDCl3

NS 16

Ds 4

SWH 12019.230 Hz

FIDRES 0.183399 Hz

AQ 2.7263892 sec

RG 28.5

DW 41.600 usec

DE 6.50 usec

TE 2%88.0

D1 2.00000000 sec

TDO 1

CHANNEL f£1

NUCl 1H

Pl 10.70 usec

PL1 6.00 dB

SFO1 600.1328270 MHz

51 65536

SF 600.1300238 MH=z

WDiW EM

SSB 0

LB 0.30 Hz

GB 0

BC 1.00

R |

9 8 7 6 5 4 3 2 1 0 ppm
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JD-08-449 C2 F1

P s . BRORER

JD_10.06.10
11

20100610

20.21

spect

5 mm BBO BB-1H

0.365918 Hz
1.3664756 sec
13004

20.850 usec
6.00 usec

300.0 K
2.00000000 sec
0.03000000 sec
1.89929998 sec
£.00000000 sec
0.01300000 sec

2.00 dB
400.2316009 MHz
32768
SE 100.6372028 MHz
WoW EM
35B 0
LB 1.00 H=z
GB 0
(s 1.40

T T T \ T \ & T T T ek \ [FHR] P T
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JD-08-44% C2 F1

) BRUKER

HAME JD_10.06.10
EXPNO 12
PROCNOD 1
Date_ 20100610
Time 16.21
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG deptql3s
TD 65536
SOLVENT cpcl3
NS 256
Ds 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 16384
o 20.850 usec
DE 6.00 usec
TE 300.0 B
CNST2 145.0000000
Dl 2.00000000 sec
dz2 0.00344828 sec
Dl1 0.03000000 sec
DELTA 0.00001019 sec
—======= CHANNEL £l ========
Nucl 13c
Pl 8.00 usec
P2 16.00 usec
[ PL1 6.00 dB
SFOL 100.6479773 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzl6
nNUcz2 1H
P3 9.50 usec
Pd 19.00 usec
PCPD2 80.00 usec
PLZ 3.00 dB
PL12 22.00 ae
SFO2 400.2316009 MHz
s8I 327
SF 100.6379021 MHz
WD EM
SSB 0
LB 1.00 Hz
- - — - - - - - GE 0
T T T I T T I I T T T T T T T T T i t 46

160 150 140 130 120 110 100 S0 80 70 60 50 40 30 20 10 ppm

(3)-(2-Methyl-5-((triisopropylsilyl)methyl)tetrahyd rofuran-2-yl)(phenyl)methanone (26)

Ph WI\VSVP@ NaH, Mel, THF PhW/Q\/Si’Pra
o 2h, 1t M

(0] 0] e H
Mol. Wit: 346.58 Mol. Wt: 360.61

A 60% dispersion of sodium hydride in mineral @l(3 g, 0.83 mmol) was washed witthexane (2 x 2 mL), dried
under reduced pressure and placed under an atrmesph@&rgon. The residue was suspended in THFnGLGfollowed
by the dropwise addition of a solution of phenyl(Biisopropylsilyl)methyl)tetrahydrofuran-2-yl)mganone (0.19 g,
0.55 mmol) in THF (1 mL). After effervescence hahsed and the reaction had become yellow, diiodmnet(0.12 g,
0.05 mL, 0.83 mmol) was added and the reactiorestifor 2 h at room temperature and monitored b TChe reaction
was quenched with 0.1 M HCI (10 mL), neutralisethveiaturated aqueous sodium hydrogen carbonatéoso(@0 mL)
and the organic layer separated. The aqueous Vegerextracted with DCM (3 x 10 mL). The organicctrans were
combined, washed with brine (10 mL), dried (Mgh@ltered and concentrated vacuo to yield the impure product as a
pale yellow oil (0.16 g). Purification by flash cohn chromatography [silica gel, gradient elutio®%®0hexane — 10%
diethyl ether : hexane] afforded a inseparabletéliasisomeric mixture of compound (combined yieltb0g, 0.42 mmol,
76%,dr 1.5 : 1) as a colourless o 0.53 [10% diethyl ether : hexan@]{mx(film)/cm'l 2941, 2864, 1681, 1462, 1091,
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

882; Major Diasterecisomeiy (600 MHz; CDC}) 0.97 (1H, dd,J 14.6 and 7.2, SiClH,), 1.92-1.12 (22H, m,
overlapping signal®r,SiCHH,), 1.43 (1H, ddt) 12.1 10.2 and 8.3, GH, C-4 THF), 1.55 (3H, s, Me) 1.79 (1H, ddd,
12.8 10.2 and 7.5, GH, C-3 THF), 2.06 (1H, dddd} 12.1 7.6 5.4 and 3.1, GH, C-4 THF), 2.82 (1H, ddd] 12.8 8.1
and 3.1, CkH, C-3 THF), 4.36 (1H, dddd) 8.9 7.2 6.8 and 5.4, CH C-5 THF), 7.37-7.40 (2HHpCH Ph), 7.47-7.51
(1H, m,p-CH Ph), 8.19 (2H, dd] 8.4 and 1.3p-CH Ph);8¢(100.6 MHz; CDCJ) 11.3 (3 x CH 3Pr;), 17.4 (SiCH),
18.9 (6 x CH SiPr;), 26.4 (CH), 35.2 (CH, C-4 THF), 37.1 (Ch C-3 THF), 78.8 (CH, C-5 THF), 88.9 (CH, C-2 THF),
127.9 (2 xm-CH, Ph), 130.6 (2 »-CH, Ph), 132.4¢-CH, Ph), 135.4 (C, Ph), 203.0 (C=0); Minor Diast@somer3dy
(600 MHz; CDC}) 1.92-1.12 (22H, m, overlapping sign&®s,SiCH.H,), 1.14 (1H, dd,) 14.5 and 7.0, SiCit,) 1.59-
1.60 (1H, m, C-4 THF), 1.61 (3H, s, Me) 1.83 (1lddd) 12.7 9.1 and 5.0, CH, C-3 THF), 1.98-2.03 (1H, m, GH,
C-4 THF), 2.67 (1H, dt) 12.7 and 8.1, Cii, C-3 THF), 3.94 (1H, m, C-5 THF), 7.37-7.40 (2H, mCH, Ph), 7.47-
7.51 (1H, m,p-CH, Ph), 8.17 (2H, dd) 8.4 and 1.2p-CH Ph);5c(100.6 MHz; CDCJ) 11.4 (3 x CH $Pr,), 17.8
(SiCH,), 18.9 (6 x CH SiPr,), 27.0 (CH), 34.7 (CH, C-4 THF), 36.2 (CK C-3 THF), 78.4 (CH, C-5 THF), 88.9 (CH,
C-2 THF), 128.0 (2 m-CH, Ph), 130.1 (2 »-CH, Ph), 132.5¢CH, Ph), 135.2 (C, Ph), 204.9 (C=0); LRMS(EV2):
M* not visible, 317 (IM'Pr]", 70%), 255 (100), 157 (59), 115 (65), 105 (67),(21), 77 (32); HRMS (ESRy2)
361.2554 [M+NH)]*, C,,H3/0,Si requires 361.2557. Diastereoselectivity caladaty analysis of thtH NMR integrals

for the C-5 protons of the THF ring, 4.36 (majaxstereoisomer) and 3.94 ppm (minor diastereoisomer)

(2)-2-((dimethyl(phenyl)silyl)methyl)tetrahydrofura n-5-yl)(4'-methoxybiphenyl-4-yl)methanone (27)

MeO

Br O
SiPhMe, , MGOOB(OH)z Pd(PPhy),Cla, KoCOs O |
0) Dioxane/water (10 : 1) SiPhMe,

0 90 C, 24 h o
0]

C20H23Br028i C7HQBO3 CQ7H3003Si

Mol. Wt: 403.38 Mol. Wt: 151.96 Mol. Wt: 430.61

To a stirred mixture of 4-methyloxyphenyl borinicich(0.034 g, 0.22 mmol), potassium carbonate (0@40.30 mmol),
(2)-2-((dimethyl(phenyl)silyl)methyl)tetrahydrofungb-yl) (4-bromophenyl)methanone (0.060 g, 0.15 mmulns
diastereoisomer) in dioxane/water (10 : 1, 1.5 mhy added and bis(triphenylphosphine)palladiumidiaie (0.021 g,
0.03 mmoal). The resulting mixture was degassed witogen, heated at 90 °C and monitored by TLGerAR4 h the
reaction was diluted with diethyl ether and filgttirough a pad of silica washing with diethyl etfi& x 10 mL). The
filtrate was concentratech vacuo to give the impure product as a brown oil (0.14 Rjrification by flash column
chromatography [silica gel, gradient elution 1008&dme — 20% diethyl ether : hexane] afforded trserele product as a
white solid (0.053 g, 0.12 mmol, 82%; (trans: cis) 1 : 0.08);R 0.17 [20% diethyl ether : hexane]; mp 179-183 °C
(hexane);vmax(film)/cm'l 2953, 1687 (C=0), 1599, 1248, 1180, 1112, 820C)Si726;trans diastereocisomed, (400
MHz; CDCL) 0.35 (6H, s, Si(Ch)), 1.14 (1H, ddJ 14.2 and 8.1, SiCifly), 1.44 (1H, ddJ 14.2 and 6.2, SiClti,),
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

1.49 (1H, app dg] 11.8 and 8.7, CiHl, C-3 THF), 1.97-2.04 (1H, m, GH, C-3 THF), 2.13-2.23 (1H, m, GH, C-4
THF), 2.26-2.34 (1H, m, Cifl, C-4 THF), 3.87 (3H, s, OMe), 4.18-4.26 (1H, m, CF2 THF), 5.28 (1H, ddJ 8.0 and
6.8, CH C-5 THF), 7.00 (2H, app 8.6, Ar), 7.33-7.36 (3H, m, Ar), 7.51-7.65 (2H, At), 7.58 (2H, app dJ 8.6, Ar),
7.63 (2H, app d 8.3, Ar), 8.03 (2H, app d,8.3, Ar); ¢ (100.6 MHz; CDCJ) —2.3 (SiCH), 2.0 (SiCH), 23.5 (SiCH),
29.3 (CH, C-4 THF), 34.4 (Ch C-3 THF), 55.5 (OCH), 78.6 (CH, C-2 THF), 79.3 (CH, C-5 THF), 114.5¢ZH, Ar),
126.7 (2 x CH, Ar), 127.9 (2 x CH, Ar), 128.5 (ZH, Ar), 129.1 (CH, Ar), 129.6 (2 x CH, Ar), 132@, Ar), 133.4
(C, Ar), 133.7 (2 x CH, Ar), 139.0 (C, Ar), 145.6,(Ar), 160.1 (C, Ar), 198.3 (CO); LRMS (EInv2): 430 ([M]" 7%),
345 (14), 219 (13), 211 (21), 135 (100), 75 (15RMB (CI', mVz) 453.1845 [M+Nal, Co7H3,0sNaSi requires 453.1856.

Diastereoselectivity calculated by analysis of #HeNMR integrals for the C-5 protons of the THF rifig28 (ppm) and

5.13 (ppmjtrans andcis respectively.

Jp=g9-573 B8l BBL-56
PROTON CDC13 /'op_L_fdata GC i

i

nin T R ;\M_JJU\L, e

T T
9 8 7 6 5 4 3 2 1 0 ppm
ol olol in les| ol ¢! wl‘c\' 5;3 ol o)
ot I G K L < ¥ ‘1'“ S > ﬁ\.‘ 1= @
ol ldlesl i = =i o allei il 1 &
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JB=09=573 €l FI31=56
C13CPD CDCL3 /opt/data GC

- BRUKER

NAME Jp_ 116307
EXPNO 80
PROCNG I
Date_ 20118908
Time 6.57
INSTRUM
PRCBHD

wWow
EBSB
LE
GE
PC

200 180 160 140 120 100 80 60 40 20 0 ppm
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JD-99-573 €1 F51-56
C13_DEPTQ.gm CDC1l3 /opt/data GC

TN Al
SIS

e 4 e B e -

SEES ; : ‘
200 180 160 140 120 100 80 60 40 20 0 ppm

1-Dimethyl(phenyl)silyl-3-dimethy(phenyl)silylpropene (32)
a) by metallation:

i) n-BuLi, TMEDA, -5 °C, 3.5 h

Ph PhM Ph
Me2Si ii) CISiMe,Ph, -5 °C, 1 h ezSi SiMe,
Cur Pe CroHzeSiy
Mol. Wt: 176.33 o tarsSle

1-Dimethyl(phenyl)silyl-3-dimethy(phenyl)silylprope was prepared according to the procedure repbsted
Fleminget al. Dimethylphenylsilylpropene (3.52 g, 20.0 mmol) wadded dropwise to a stirred mixture of
freshly distilledN,N,N,N-tetramethylethylenediamine (3.50 mL, 23.0 mmol}l arbutyllithium (9.0 mL of a
25 M solution in hexane, 225 mmol) at -5°C andge tmixture kept at -5 °C for 3.5h.
Chlorodimethylphenylsilane (3.39 mL, 21.0 mmol) vealsled dropwise and the mixture was kept at —PQ f
h (colour changed from orange to yellow), then pduinto 1 M HCI (20 mL) and extracted with petrateu
spirit (40-60 °C). The extract was washed with HEIl (20 mL), water (20 mL), dried (MgS}) filtered and
concentratedn vacuo to yield the impure product as a pale yellow/broein(6.02 g). Purification by flash

column chromatography [silica gel, hexane] affordbd desired product (5.35 g, 17.0 mmol, 86%) as a
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colourless 0il:R 0.36_[petroleum spirit. 40-60 °Clinax(film)/cm™* 3069, 2956, 1603 (C=C), 1486, 1247, 1139,
809;y (400 MHz; CDC}) 0.29 (6H, s, 2 x CkJ, 0.29 (6H, s, 2 x C§), 1.92 (2H, dJ 7.8, CHCH=CH), 5.57
(1H, d,J 18.4, CHCH=CH), 6.09 (1H, dt) 18.4 and 7.8, C}CH=CH), 7.33-7.40 (6H, m, Ar), 7.47-7.51 (4H,
m, Ar); dc (100.6 MHz; CDC§) -3.2 (2 x CH), -2.1 (2 x CH), 27.9 (CHCH=CH), 126.6 (CHCH=CH),
127.8 (2 xm-CH, Ar), 127.9 (2 xm-CH, Ar), 128.9 p-CH, Ar), 129.2 p-CH, Ar), 133.8 (2 »0-CH, Ar), 134.0

(2 x 0-CH, Ar), 138.6 (C, Ar), 139.7 (C, Ar), 145.4 (GEH=CH); LRMS (El, m/2): 310 (M, 1%), 295 (2),
197 (17), 160 (32), 135 (100), 105 (10); HRMS (E®R) 311.1651 [M+H], C;gH27Si, requires 311.1646.

b) by metathesis:

Grubbs-Haveyda
A~ A~ 2" Generation Cat. A
PhMe,Si +  ZSiMe,Ph PhMe,Si SiMe,Ph
e25l W2 DCM, 24 h, 35 °C s Wie2

Cq1H¢eSi C1oH14Si C19H26Si,
Mol. Wt: 176.33 Mol. Wt: 162.30 Mol. Wt: 310.58

To a stirred mixture of allyldimthylphenylsilane.$8 g, 3.20 mmol) and vinyldimethylphenylsilane5g,
16.0 mmol) in argon degassed DCM (10 mL) was addpidlly a solution of (1,3-bis-(2,4,6-trimethylph#n
2-imidazolidinylidene)dichlorat-isopropoxyphenylmethylene)ruthenium (0.10 g, Ovit6ol, 10 mol%) in
DCM (1 mL). The reaction immediately changed colfsam green to brown and was heated at 35 °C and
monitored by TLC. After 24 h the reaction was caricated to approximately one quarter of the volumeer
reduced pressure and filtered through a pad @gsgel eluting with DCM (2 x 100 mL). The filtrateas
concentratedn vacuo to yield the impure product as a pale green/broegidue (2.24 g). Purification by flash
column chromatography [silica gel, hexane] affortte®ldesired product (0.27 g, 0.87 mmol, 294l 7:1
trans.cis) as a colourless oiR; 0.34 [petroleum spirit 40-60 °Qf,ans isomer:dy (400 MHz; CDC}) 0.29 (6H,
S, 2 x CH), 0.29 (6H, s, 2 x C§J, 1.92 (2H, dJ 7.8, CHCH=CH), 5.57 (1H, dJ 18.4, CHCH=CH), 6.09
(1H, dt,J 18.4 and 7.8, C¥CH=CH), 7.33-7.40 (6H, m, Ar), 7.47-7.51 (4H, m)Adaisisomer: 0.31 (6H, s,

2 x CHg), 0.30 (6H, s, 2 x C§J, 1.85 (2H, ddJ 8.5 and 1.3, CHCH=CH), 5.53 (1H, dtJ 13.9, CHCH=CH),
6.46 (1H, dtJ 13.9 and 8.5, C¥CH=CH), 7.34-7.39 (6H, m, Ar), 7.47-7.58 (4H, m)Aic (100.6 MHz;
CDCl;) -3.2 (2 x CH), =2.1 (2 x CH)), 27.9 (CHCH=CH), 126.6 (CHCH=CH), 127.8 (2 m-CH, Ar), 127.9
(2 xm-CH, Ar), 128.9 p-CH, Ar), 129.2 -CH, Ar), 133.8 (2 »0-CH, Ar), 134.0 (2 »0-CH, Ar), 138.6 (C,
Ar), 139.7 (C, Ar), 145.4 (C,CH=CH). All other characterisation data the sasalzove, the ratio of
diastereoisomers calculated by analysis ofth&IMR integrals for the SICHCHCH proton at 6.09 pfinans

diastereoisomer) and 6.46 ppas(diastereoisomer).
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JD-197-pure
PROTONA4 CDC13 u bruker 33

Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

NAME JD_290416
EXPNO 21
PROCNO 1
Date_ 20090416
Time 23.38
INSTRUM spect
PROBHD 5 mm QNP 1H
PULPROG zg30
TD 65536
SOLVENT CcDC13
NS 16
DS 2
SWH 5681.818 Hz
FIDRES 0.086698 Hz
AQ 5.7672181 sec
RG 1024
D 88.000 usec
DE 110.00 usec
TE 300.0 K
HL1 de
Dl 1.00000000 sec
Pl 14.50 usec
SFO1 400.1365178 MHz
NUCLEUS 1"
5L 32768
SF 400.1343%39 MH=z
WDW EM
a8 ssE 0
LB 0.30 Hz
GB 0
PC 1.00
d
i
,J e .3 _j—_ J
ol b
T i T T T T T BEAEEEsES nas
9 8 7 6 5 4 3 2 1 0 ppm
; a‘ i i \ 1 |
Pl @ [l Yo m(
2 o | i3 s %
313! = = I -
i 1=l | I =
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JD-197-pure
C13CPD.gm CDC13 u bruker 33

BRUKER

R

NAME JD_290416
EXPNC 20
PROCHNO 1
Date_ 20090415
Time 23.35
INSTRUM spect
PROEHD 5 mm QNP 1H
SULPROG zgpg30
TD 65536
SOLVENT €DCl3
NS 1024
DS 4
SWH 26315.789 Hz
FIDRES 0.401547 Hz
aQ 1.2452340 sec
RG 32768
oW 19.000 usec
DE 27.14 usec
TE 300.0 K
ELL 4 dB
Dl 2.00000000 sec
CPDPRG waltzl6
Pil 80.00 usec
5L 20 dB
D1l 0.0300000 sec
52 17 @B
PL §.00 usec
SFOL 100.6251166 MHz
NUCLEUS 13c
ST 32768
BF 100.6138582 MHz
WoW EM
SSB o
LB 1.00 Hz
GB 0
BC 1.40

- e

i

T \ T T \ T T T T \ T \ T T T T T T T
170 160 150 140 130 120 110 100 90 @80 70 60 60 40 30 20 10 O ppm
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JD-197-pure

C13DEPT135.qm CDC13 u bruker 33, . (_‘><7

22 : : o BRUKER
N AV LN
NEME JD_250416
EXPNG 22
PROCNO &
Date_ 20090416
Time 23.53
INSTRUM spect
PROBHD 5 mm QNP 1H
PULPROG deptl3s
D 65536
SOLVENT €DCl3
NS 256
Ds 4
SWH 25000.000 Hz
FIDRES 0.3281470 Hz
AQ 1.3107700 sec
RG 32768
D 20.000 usec
DE 28.57 usec
300.0 K

Pl 6.00 sec
B3 14.50 usec
CNSTZ2 145.0000000
HL1 4 dB
D1 2.00000000 sec
Bl 4 4B
SFOo2 400.1365000 MHz
DECNUC 1H
D2 0.0034483
P4
P2
D13
82 17 4B
SFOL1 100.6253720 MHz
NUCLEUS 13¢
CPDPRG waltzlé
P31 80.00 usec
8T 32768
SF 100.6138492 MHz
WDwW EM
SSB +]
LB 1.00 Hz
GB "]
PC 1.40

I I T T T T " T T I I T T

200 180 160 140 120 100 80 60 40 20 1] ppm
(2)-((2-(Dimethyl(phenyl)silyl)cyclopropyl)methyl)dimethyl(phenyl)silane (29)
PPN CHaly, Zn, CuCl /<l/\
PhMe,Si SiMe,Ph . PhMe,Si SiMe,Ph
2 2 Et,0, 50 'C, 15h 2 2
C19H268|2 C20H288|2
Mol. Wt: 310.58 Mol. Wt: 324.61

To a stirred suspension of zinc powder (4.29 g .0 6Bmol) and copper chloride (6.43 g, 65.0 mmol) in
anhydrous diethyl ether (100 mL) which had beendtkat reflux temperature for 30 min and alloweadaol

to room temperature was added 1-dimethyl(phenyl)8idimethy(phenyl)silylpropene (4.03 g, 13.0 minol
and diiodomethane (6.96 g, 2.09 mL, 26.0 mmol). Témction was heated at reflux temperature for 24 h
cooled to room temperature and filtered througliteaVashing with diethyl ether (50 mL). The filteatvas
washed with 1M HCI (2 x 30 mL) followed by 10%4v aqueous sodium bicarbonate solution until pH & Th
combined aqueous layers were extracted with diedthar (3 x 30 mL) and the combine organic layeesew
washed with brine (20 mL), 10%/v aqueous sodium thiosulphate solution (2 x 20 nseparated, dried
(MgSQy), filtered and concentrateth vacuo to yield the impure product as a colourless 0il0%4 Q).

Purification by flash column chromatography usingniture of 10% silver nitrate impregnated silicada
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

standard silica (1 : 3) eluting with petroleum etf#0-60 °C) gave the desired product (2.35 g, frizfol,
56%) as a colourless oiR; 0.32 [petroleum ether (40-60 °Glna{film)/cm™ 3068, 3049, 2955, 2896, 1487,
1247, 1113, 828, 806} (400 MHz; CDC}) —0.43 (1H, dtJ 9.8 and 6.5, SiCH), 0.15 (3H, s, SigH).19 (3H,
s, SiCH), 0.30 (3H, s, SiCh), 0.31 (3H, s, SiCh), 0.33-0.38 (1H, m, CiH,, cyclopropyl), 0.46 (1H, td] 7.1
and 3.6, CkEHy cyclopropyl), 0.63-0.71 (1H, m, SiGBH), 0.88 (2H, d, 6.8, SICHCH), 7.34-7.37 (6H, m,
Ar), 7.51-7.54 (4H, m, Ar)dc (100.6 MHz; CDCJ) -3.6 (SiCH), —3.3 (SiCH), —2.6 (SiCH), —2.5 (SIiCH),
5.7 (PhMeSiCH), 11.1 (CH cyclopropyl), 11.2 (SiCLCH), 22.8 (SiCHCH), 127.8 (2 xn-CH, Ar), 127.8 (2

x mCH, Ar), 128.9 (2 »p-CH, Ar), 133.7 (2 0-CH, Ar), 133.9 (2 >0-CH, Ar), 139.5 (C, Ar), 139.7 (C, Ar);
LRMS (EI', m/2): 324 (M, 23%), 271 (24), 197 (16), 174 (20), 135 (100R {9); HRMS (El,m/z) 324.1725
[M]™, CooH2sSio requires 324.1724.

JdD-04-155 C2F6-15

F
| NAME JD_12.11.08
] EXPNO 21
i PROCNO 1
| Date_ 20081113
Time 1.22
INSTRUM spect
PROBHD 5 mm BEO BB-1H
PULPROG zg30
TD 65536
SOLVENT €pel3
ns 16
DS 2
SWH 8278.146 Hz
FIDRES 0.126314 Hz
a0 3.9584243 sec
RG 101.5
D 60.400 usec
,\ DE 6.00 usec
] TE 297.6 K
D1 1.00000000 sec
MCREST 0.00000000 sec
U MCWRK 0.01500000 sec
M ======== CHANNEL f] ========
nuel 1H
T T T T Pl 9.50 useg
PL1 3.00 dB
1.0 0.5 6.0 ppm SFO1 400.2324716 MHz
ST 32768
SF 400.2300125 MHz
EM
0
0,30 12
0
1.00
JUU
T T T T T T T T T T
8 T 6 5 4 3 2 1 0 ppm
O P
i) R Ly
G-l lolielnlle I
1B F |- 18| B |~ |
| |6|s EHIEIEHR e
i1 | 1 He |
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JD-05-198 C3 F1

<)
BRUKER
(<D

NAME JD_23.04.09
EXPNO 10
PROCNO 1
Date_ 20030424
Time 4.02
INSTRUM spect
PROBHED 5 mm BEO BBE-1H
PULPROG zgpg30
TD 65536
SOLVENT CDCl3
s 1024
DS 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 18350.4
D 20.850 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
HANNEL £1
NuCcl 13C
Pl 8.00 usec
PLL 6.00 4B
SFOL 100.64797732 MHz
======== CHANNEL f2 ==
CPDPRG2 waltzl6
nucz in
PCPD2 80.00 usec
PL2 3.00 dB
PL12 22.00 aB
PL13 22.00 dB
SFOZ 400.2316009 MHz
i 32768
SF 100.6379035 MHz
WDW EM
SSB [¢]
LB 1.00 Hz
. | L " L P | i i GB
w b 0 T bk e s v B 1.490

T [ Py T e it it T \ T kit
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JD-04-155 C2F6-15

NAME
EXFNO
PROCNC
Date_
Time

PROBHD
PULPROG
TD
SOLVENT
NS

D8

SWH
FIDRES
a0

ol

CPDPRG2
nNucz
P3

P4
PCPD2
PL2
PL1Z
SFO2
ST

SF
wow
SSB

LB
[REEA EE S T G A (N R TR N R (s i st i — &8

- T c
240 220 200 180 160 140 120 100 80 60 40 20 0 -20 ppm :

INSTRUM

JD_12.11.08
22

1
20081113
1.38
spect

5 mm BBO BB-1H

deptglis
65536
cDCi3
256
4
30120.482 Hz
0.459602 Hz
1.0879476 sec
16384
16.600 usec
6.00 usec
297.6 K
145.0000000
2.00000000 sec
0.00344828 sec
0.03000000 sec
0.00001018 sec

6.00 dB
100.6479773 MHz

CHANNEL f2 ========

waltzlé

9.50 usec
192.00 usec
80.00 usec
3.00 aB
22.00 4B
400.2316009 MHz
2768
100.6379025 MHz
EM

0
1.00 Hz
0

1.40

(2)-(4-(dimethyl(phenyl)silyl)-5-((dimethyl(phenyl)silyl)methyl)tetrahydrofuran-2-yl)(phenyl)methanone

(33) and but-3-enyldimethyl(phenyl)silane (35)

SiMe,Ph

AS,M o ) PRCOCHO Ph
PhMe,Si iz

ii) SnCl,, ~78 °C, DCM J 0

CooH28Sis
Mol. Wt: 324.61

C2gH340,Si,
Mol. Wt: 458.74

SiMe,Ph
774 PhMe,SIT T

C1oH4gSi
Mol. Wt: 190.36

To a stirred solution of freshly distilled phenyygxal (0.12 g, 0.90 mmol) in anhydrous DCM (2 ndt)-78
°C and under an atmosphere of argon was addedwid®pa solution of tin tetrachloride (0.17 g, O10&,
0.66 mmol) in anhydrous DCM (2 mL). The resultmgture was stirred at =78 °C for 5 min followed the

dropwise addition of a solution of (x)-((2-(Dimetfphenyl)silyl)cyclopropyl)methyl)dimethyl(phenyi)ane
(0.19 g, 0.60 mmol) in anhydrous DCM (3 mL). THeaction was stirred at —=78 °C and monitored by TLC
after 5 h the reaction was quenched by the adddfonet acetone (5 mL) and allowed to warm to Oait@

poured on to KD (10 mL). The organic layer was separated an@djueous layer further extracted with DCM

(3 x 10 mL).
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

filtered and concentrateish vacuo to give the impure product (0.38 g) as a yellow d?urification by flash
column chromatography [silica gel, gradient elutid0% hexane — 20% diethyl ether : hexane] affortied
desired product as single diastereocisomer (7 ndg, ®mol, 2%) as a colourless d&; 0.44 [20% diethyl ether
: hexane];dy (600 MHz; CDC}); 0.22 (3H, s, SiCh), 0.27 (3H, s, SiCh), 0.27 (6H, s, 2 x C§j, 0.89-0.98
(2H, m, SiCH), 1.37 (1H, dddJ 12.1 10.6 and 8.2, CH C-4 THF), 2.07 (1H, apptt?.5 and 7.7, CkH, C-3
THF), 2.30 (1H, app df] 12.8 and 7.9, CifH, C-3 THF), 3.96 (1H, ddd] 10.5 8.7 and 4.1 CH C-5 THF), 5.08
(1H, app tJ 7.7, CH C-2 THF), 7.29-7.55 (13H, m, Ar), 7.93 (2p ddJ 8.4 and 1.3, 2 »-CH -C(O)Ph);
d¢c (100.6 MHz; CDCY) —-4.2 (SiCH), -4.0 (SiCH), -2.4 (SiCH), —1.8 (SiCH), 23.4 (SiCH), 32.8 (CH, C-3
THF), 36.7 (CH, C-4 THF), 79.7 (CH, C-2 THF), 84®H, C-5 THF), 127.7 (CH, Ar), 128.0 (CH, Ar), 188.
(CH, Ar), 129.2 (CH, Ar), 129.4 (CH, Ar), 133. 1KCAr), 133.8 (CH, Ar), 133.9 (CH, Ar), 135.6 (CrA
137. 5 (C, Ar), 139.9 (C, Ar), 199.6 (C=0); LRMSI{EW2): M" not visible, 353 ([M-PhCO] 2%), 239 (2),
209 (26), 135 (100), 105 (8), 67 (25); HRMS (E8lz) 476.2429 [M+NH]", C,gHzg0.NSi, requires 476.2436.

IN=-07-361 €1 F2

PROTONZA4 CDCl3 u bruker 11

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG

Jo_100204
52

1
20100206
14.15
spect

5 mm QNP 1H

zg30
65536
CDC13
32
2
5681.818 Hz
0.086698 Hz
5.7672181 sec
4096
88.000 usec
110.00 usec
300.0 K

4 dB
1.00000000 sec
14.50 usec
400.1365178 MHz
1H
32768
400.1343947 MHz
EM

o]
0.30 Hz
0

1.00
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JD-07-361 ¢l F2

Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

NAME JD_11.02.10
EXPNO 190
PROCNO 1
Date_ 20100212
Time 1.52
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30

D 65536
SOLVENT cDCl3

NS 4096

D8 4

SWH 23980.814 Hz
FIDRES 0.365918 Hz
aQ 1.3664756 sec
RG 18390.4

oW 20.850 usec
CE 6.00 usec
TE 300.0 K
Dl 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999938 sec
MCREST 0.00000000 sec
MCHWRE 0.01500000 sec

CHANNEL fl1 ===
L35
8.00 usec

€.00 dB
100.6479773 MHz

CHANNEL f2 ===
waltzlé

80.00 usec
3.00 dB

22.00 dB
400.2316009 MH=z
3276

100.6379011 MHz
EM

Q
1.00 Hz

0
1.40

T

\
200 180

T T T T
160 140 120 100 80
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JD-07-361 ¢l F2

NAME JDp_11.02.10

EXPNO 11
PROCNO I
Date_ 20100212
Time 209
INSTRUM spect
PROBHD 5 mm BBO BB-1H
FULPROG deptgl3s
D 65536
SOLVENT cDel3
NS 256
Ds 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 16384
Dw 20.850 usec
DE 6.00 usec
TE 300.0 K
CNST2 145.0000000
Dl 2.00000000 sec
daz 0.00344828 sec
Dl1i 0.03000000 sec
DELTA 0.00001019 sec
sooooses CHRANNEL El ssc=====
NUC1 13¢c
Pl 8.00 usec
P2 16.00 usec
. PL1 6.00 dB
SFO1 100.6479773 MH
======== CHANNEL f2 ========
CPDPRG2 waltzl6é
NUCZ2 1H
B3 9.50 usec
P4 19.00 usec
PCPD2 80.00 usec
PL2 3.00 dB
PL12 22.00 dB
SFO2 400.2316009 MHz
SI 32768
SF 100.6377257 MHz
WDW EM
SSB 0
LB 1.00 Hz
I T I . T I T I T I I g? 1 _gg

T
200 180 160 140 120 100 80 60 40 20 0 ppm

But-3-enyldimethyl(phenyl)silane (35):(0.02 g, 0.12 mmol, 20%) as a colourless Bil;0.35 [hexane]py
(400 MHz; CDC}); 0.28 (6H, s, SiMg, 0.84-0.88 (2H, m, SiCH), 2.04-2.10 (2H, m, CHCH=CH,), 4.89 (1H,
app d,J 10.1, CHCH=CHsHirans), 4.99 (1H, app dd, ClH=CH,Htrans), 5.88 (1H, ddt]) 17.1 10.1 and 6.2,
CH,CH=CH,), 7.35-7.37 (3H, m, SiPh), 7.51-7.56 (2H, m, SjR¥3)(100.6 MHz; CD{J) -2.9 (SiMe), 14.9
(SICH), 28.1 (CHCH=CH,), 112.9 (CHCH=CH,), 127.9 (2 xm-CH, SiPh), 129.0 (p-CH, SiPh), 133.7
(2 x 0-CH, SiPh), 139.4ipso-C, SiPh), 141.7 (CKCH=CH,); LRMS (EI', m/2): 190 ([M], 4%), 175 (13), 162
(11), 135 (100), 121 (27), 105 (13). The spedtedd is in good agreement with previously repoviddes.
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JD-09-485 C1 F5-10
PROTON CDC13 /opt/xwinnmr bruker 42

. BRUKER

NAME JD_10.08.10
EXPNO 51
PROCNO z
Date_ 20100811
Time 1215
INSTRUM spect
PROBHD 5 mm BEO EB-1H
PULPROG zg30
D 65536
SOLVENT cpcl3
NS 16
DS 2
SWE 8278.146 Hz
FIDRES 0.126314 Hz
AQ 3.9584243 sec
RG 287.4
D 60.400 usec
DE 6.00 usec
TE 300.0 K
D1 1.00000000 sec
[ MCREST 0.00000000 sec
i MCWRK 0.01500000 sec
======== (CHANNEL fl1 ========
NUCL 18
Pl 9.50 usec
PL1 3.00 aB
SFOL 400.2324716 MHz
ST 32768
SF 400.2300127 MHz
WDW EM
[ SSB 0
LE 0.30 Hz
{ GB 0
[_ I BC 1.00
F |
L ' I L
T T T T T T T T T T
9 8 T 6 5 4 3 2 0  ppm

75
314
PR
0.97
Qe S
e
199
AV

200

LS
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JD-09-485 C1 F5-10
C13CPD CDC13 /opt/xwinnmr bruker 42

: ‘ BRUKER

\

| / | i s

i k' |
NAME Jp_10.08.10
EXPNG 52
PROCNO 1
Date_ 20100812
Time 5.34
INSTRUM spect
PROBHD 5 mm BBQ EB-1H
PULPROG zgpg30
TD 65536
SCOLVENT CDC13
ws 1024
Ds 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 10321.3
D 20.850 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
di1 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec

PL1l 6.00 4B
SFO1 100.6479773 MHz
CHANNEL £2

CPDPRG2 waltzlé
nuc2 1H
PCPD2 80.00 usec
PL2 3.00 dB
PL12 22.00 dB
PL13 22.00 dB
SFO2 400.2316009 MHz
81 32768
SF 100.6373013 MH=z
WDW EM
S5B 0
LE 1.00 Hz
(o]

GE
BPC 1.40

T N il ! T T I T T I T T T T S I

150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 0 ppm
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JD-09-485 C1 F5-10
C13DEPTQ135 CDCL3 /opt/xwinmmy, bruker 42

BRUKER
AL

|
NAME JD_10.08.10
EXPNO 52
PROCNC 1
Date_ 20100812
Time -0
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG deptgl3s
TD 65536
SOLVENT cpCl3
ws 256
Ds 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 16384
D 20.850 usec
DE 6.00 usec
TE 300.0 K
CNST2 145.0000000
Dl 2.00000000 sec
dz2 0.00344828 sec
D11 0.03000000 sec
DELTA 0.00001019 sec
======== CHANNEL f1 ========
NUC1 13¢
Pl 8.00 usec
P2 6.00 use
PL1 6.00 dB
SFO1 100.6479773 MHz
CHANNEL £2

CPDPRG2 waltzl6
NUC2 1H
P3 .50 usec
P4 12.00 usec
PCPD2 80.00 usec
PL2 3.00 @B
PL12 22.00 aB
SFO2 400.2316009 MHZ
s8I 32768
SF 100.6379013 MHz
WDW EM
SSB Q
LB 1.00 Hz

T \ \ \ ] I T \ | T & 5 28

200 180 160 140 120 100 80 60 40 20 0 ppm

4-(Dimethyl(phenyl)silyl)but-2-enenitrile

Hoveyda-Grubbs Catalyst
nd :
Mephsi” N  +  ZOCN (2™ Generation) Me,Phsi” > "CN
DCM, 18 h, 30 °C

C14H16Si CsH3N C4,H15NSi
Mol. Wt: 176.33 Mol. Wt: 53.06 Mol. Wt: 201.34

To a stirred solution of dimethylphenylallylsilaf@.56 g, 3.2 mmol) and acyrlonitrile (0.51 g, 0/3L, 9.6
mmol) in argon degassed DCM (10 mL) was added atisal of (1,3-bis-(2,4,6-trimethylphenyl)-2-
imidazolidinylidene)dichlorag-isopropoxyphenylmethylene)-ruthenium (0.1 g, Omiol, 5 mol %) in DCM
(2 mL) The reaction immediately changed colour frgreen to black and was heated at 35 °C and meditor
by TLC. After 24 h the solvent was remov@dsacuo to give the impure product (0.72 g). Purificationflash
column chromatography [silica gel, gradient elutid®0 % petroleum ether (40-60 °C) - 20 % diethydeth
petroleum ether (40-60 °C)] afforded an inseparabigture of the two geometric isomers of the prdaduc
(combined yield 0.14 g, 2.0 mmol, 64 %, ds: trans 1 : 0.3) as a colourless oil; R.33 [10 % diethylether :
petroleum ether (40-60 °C)isisomer:dy (400 MHz; CDC}) 0.41 (6H, s, SiMg, 2.24 (2H, ddJ 9.0 and 1.0,
SiCH,), 5.15 (1H, dtJ 10.8 and 1.0, CH=CHCN), 6.48 (1H, dt10.8 and 9.0, CH=CHCN), 7.37-7.42 (3H, m,
Ph), 7.52-7.55 (2H, m, Phyc (100.6 MHz; CDCJ) -3.3 (SiMe), 24.9 (SiCH), 96.4 (CH=CHCN), 116.8
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

(CH=CHCN), 128.1 (2 xmCH, Ph), 129.7 ¢-CH, Ph), 133.6 (2 >0-CH, Ph), 136.7ipso-C, Ph), 152.9
(CH=CHCN); trans isomer:oy (400 MHz; CDC}) 0.37 (6H, s, SiMg, 1.99 (2H, dd,J 8.8 and 1.4, SiC}),
5.08 (1H, dtJ 16.1 and 1.4, CH=CHCN), 6.71 (1H, dt16.1 and 8.8, CH=CHCN), 7.37-7.42 (3H, m, Ph),
7.48-7.50 (2H, m, Ph)pc (100.6 MHz; CDCY) -3.4 (SiMe), 25.8 (SiCH), 97.1 (CH=CHCN), 118.2
(CH=CHCN), 128.2 (2 «m-CH, Ph), 129.8 ¢-CH, Ph), 133.5 (2 »0-CH, Ph), 136.4ipso-C, Ph), 153.9
(CH=CHCN). Diastereomeric ratio calculated by gsisl of the'H NMR integrals for the CH=CHCN protons,

6.48 Cis diastereoisomer) and 6.71 pptrafs diastereoisomer).

JD-05-196 C2 F58-95
PROTONA4 CDC13 u bruker 21
? NAME JD_2%0408
EXENO 22
PROCNO 1
Date 20090407
i Time 15.01
TNSTRUM spect
PROBHD 5 mm QNP 1H
I PULPROG zg30
D 65536
SCLVENT cDCl3
NS 16
Ds 2
SWH 5681.818 Hz
FIDRES 0.086698 Hz
AC 5.7672181 sec
RG 256
Dy 88.000 usec
DE 110.00 usec
TE 300.0 K
HL1 4 dB
D1 1.00000000 sec
PL 14.50 usec
SFO1 400.1365178 MHz
NUCLEUS 1H
sI 32768
SF 400.1343946 MHz
] WD EM
i 55B 0
| LB 0.30 Hz
| GE 0
‘f' BC 1.00
| |
T : |
1 i’ ( |
{ | -
{
1 ﬂu S
I m_am | ‘
T T T T I ] i 1 I T
9 8 7 6 5 4 3 2 1 0] ppm
| Lo |
\ _/ I \ | b
o ‘m =3 s D = |
= 3= N S e N|
le Sl - lailla |
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JD-05-196 C2 F58-95
C13CPD.gm CDC13 u bruker

(<O

NAME JD_250408
EXPNO 20
PROCNO 1
Date_ 20080407
Time 14.43
INSTRUM spect
PROBHD 5 mm QNP 1H
PULPROG zgpg3 0
TD 65536
SOLVENT CDCl13
NS 1024
Ds 4
SWH 26315.789 Hz
FIDRES 0.401547 Hz
AQ 1.2452340 sec

G 32768
W 19.000 usec
DE 27.14 usec
TE 300.0 K
HLL1 4 dB
Dl 2.00000000 sec
CBLPRG waltzlé
P31 80.00 usec
54 20 dB
D11 0.0300000 sec
52 17 4B
L 6.00 usec
SFOL 100.6251166 MHz
NUCLEUS 13¢
SI 32768
SF 100.6138666 MHz
wWDw EM
SSB 0
LB 1.00 Hz
GEB o
i 1.40

" J . e il A

T
160 140 120 100 80 60 40 20 0 ppm
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JD-05-196 C2 F58-95
C13DEPT135.gm CDC13 u pruker 21

BRUKER
™)

NAME JD_290408
EXPNO 23
FROCHO 1
Date 20090407
Time 14.58
INSTRUM spect
PROBHD 5 mm QMNP 1H
PULPROG dept135
D 55536
SOLVENT CcDC13
NS 256
DS 4
SuH 25000.000 Hz
FIDRES 0.381470 Hz
AQ 1.3107700 sec
RG 32768
o 20.000 usec
DE 2B.57 usec
TE 300.0 X
Pl 6.00 usec
B3 14.50 usec
cNST2 145.0000000
HL1 4 dB
DL 2.00000000 sec
s1 4 4B
SFO2 400.1365000 MHz
DECNUC 1H
D2 0.0034483 sec
P4 29.0 usec
P2 12.0 usec

i D13 0.0000040 sec
52 17 48
sFO1 100.6253720 MHz
NUCLEUS 13C
CPDPRG waltzl6
P3l BD.00 usec
SI 32768
SF 100.6138667 MHz
WD EM
55B 0
LB 1.00 Hz
GB 4]
PC 1.40

T T T : T T T 2 T 3 T ; T T T g
200 180 160 140 120 100 80 60 40 20 0 ppm
2-((Dimethyl(phenyl)silyl)methyl)cyclopropanecarbonitrile (30)
NCj _ Rhy(OAc)4
I+ MePhsi” > Me,Phsi” ><["CN
N, 2 CH,Cly, 35 °C, 6 h 2
CzHN3 C11H1GS| C13H17NS|
Mol. Wt: 67.05 Mol. Wt: 176.33 Mol. Wt: 215.37

Diazoacetonitrile was prepared according to thecgulare reported by Witiakt. al. To a suspension ef
aminoacetonitrile bisulfite (3.68 g, 24.0 mmol)CM (28 mL) at 0 °C was cautiously added dropwise a
agueous solution of sodium nitrite (4.96 g, 72.0ah)nn distilled water (22 mL) at a rate that tleenperature
of the reaction did not rise above 0 °C. During #tudition effervescence was observed to occue r&action
was allowed to stir for 30 min at 0 °C after whiime a green solution and precipitate existed. ditganic
layer was separated and the aqueous layer furtigrceed with DCM (20 mL). The combined organi@apés
were washed with 1% aqueous sodium hydrogen car®dasoéution (10 mL), separated, dried (Mgh@iltered
and place under and inert atmosphere. The sol{@dn M solution of diazoacetinitle in DCM) was dse

immediately and without purification as diazacetole has been reported to be highly explosive ighh
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

concentrations. . To _a_stirred mixture of allyldimgphenylsilane (2.47 g, 14.0 _mmol) and dirhodium
tetraacetate dihydrate (0.17 g, 0.38 mmol) in deghdDCM (2.4 mL) heated at 35 °C was added using a
syringe pump (4 mL/h) diethyl 2-diazomalonate (24D, 12.0 mmol, 0.5 M solution in DCM). The reactio
was heated at 35 °C (oil bath) for 6 h, filtered @oncentrateth vacuo to give the impure product as a red oil
(2.65 g). Purification by flash column chromatodrgjjsilica gel, gradient elution 100% hexane — 1di#hyl
ether : hexane] afforded an inseparable mixturiheftwo geometric isomers the desired (0.73 d) &hol,
30%, dr 1 : 0.6) as a colourless oiR 0.20 [10% diethyl ether - hexane}mafilm)/cm™ 3070 (CH
cyclopropyl), 2956, 2897, 2233 £0l), 1427, 1427, 1250, 1114, 831; major isondgr(600 MHz; CDC}) 0.38
(3H, s, SiMe), 0.39 (3H, s, SiMe), 0.65-0.72 (1H, Ghi,Hy, cyclopropyl), 0.80 (1H, ddJ 14.8 and 9.2,
SICHHy), 1.11 (1H, tdJ 8.4 and 5.1, CKH, cyclopropyl), 1.16-1.23 (1H, m, CHCN), 1.28 (1H,d 14.8
and 5.2, SiCkHp), 1.35-1.41 (1H, m, CH cyclopropyl), 7.36-7.40 (3kh, Ph), 7.51-7.55 (2H, m, Ph);
3¢ (100.6 MHz; CDCJ) -2.9 (SiMe), —2.8 (SiMe), 4.1 (CH cylopropyl), .05CHCN cyclopropyl), 15.4 (CH
cyclopropyl), 17.3 (SiCh), 120.9 (CN), 128.0 (2 m-CH, Ph), 129.4¢-CH, Ph), 133.7 (2 »-CH, Ph), 138.1
(C, Ph); minor isomeréy (600 MHz; CDC}) 0.36 (3H, s, SiMe), 0.37 (3H, s, SiMe), 0.65-0(ZH, m,
overlapping signals SiCHl, and CHHy, cyclopropyl), 0.90-0.93 (1H, m, CH cyclopropyl)96.(1H, ddJ 14.8
and 6.4, SiCkgHyp), 1.16-1.23 (1H, m, CiH, cyclopropyl), 1.35-1.41 (1H, m, CHCN), 7.36-7.8MH( m, Ph),
7.51-7.55 (2H, m, Ph)jc (100.6 MHz; CDCJ) -3.1 (SiMe), —2.9 (SiMe), 4.4 (CH cylopropyl), .85(CH;
cyclopropyl), 18.1 (CHCN cyclopropyl), 20.4 (SigH122.0 (CN), 128.1 (2 m-CH, Ph), 129.5¢-CH, Ph),
133.6 (2 x0-CH, Ph), 137.9 (C, Ph); LRMS (EInv2): 215 ([M]", 3%), 200 (6), 135 (100) 105 (10); HRMS
(El, m2) 215.1127 [M], C13H17NSi requires 215.1125.
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JD-08-435 C1 F 51-66 ; 1H spectrum in CDCl3

NAME 4,12 .65.10
EZXPNO ]
PROCNO 1
Date_ 20100512
Tine 10.11
INSTRUM avE00
PROBHD 5 mm TXI 1H-13
PULPROG zg30
TD 65536
SOLVENT cDCis3
NS 16
Ds P
SWH 8389.262 Hz
FIDRES 0.128010 Hz
20 3.9060552 sec
RG 25,9
o 59.600 usec
f’ DE 6.50 usec
TE 303.0 K
D1 1.00000000 sec
D0 1
Ir CHANNEL f1 =
[ wuel 1¥
T T T T T T T T T T J i’ll Z gg ‘.{;ec
1.4 1.3 1.2 I 1.0 0.8 0.8 0.7 ppm P - b
? o B sFO1 600.1336008 MHz
J SI 32768
> | “SF 500.1300160 Mz
| ( WD BM
| SSB 0
{ [ LB 0.30 Hz
| GB 0
J | BC 1.00
f

135



JD-08-435 C1 F50-65

Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

qui L

\

180 160

140 120 100 80 60
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NAME JD_10.05.10
EXPNQ 41
PROCNO 1
Date_ 20100510
Time 20.186
INSTRUM spect
PROBHD 5 mm BBO BE-1E
PULPROG z2gpg30
TD 65536
SOLVENT CDCl3
NS 1024
Ds 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 18390.4
ow 20.850 usec
DE 6.00 usec
TE 300.0 K
Bl 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
== CHANNEL fl ========
13¢
8.00 usec
6.00 dB
100.6479773 MHz
CHANNEL f2 ==
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 3.00 dB
PL1Z2 22.00 dB
PL13 22.00 dB
SFO2 400.2316009 MH=z
SI 32768
SF 100.6379036 MHz
WD EM
S5B ¢
LB 1.00 Hz
GB 4
PC 1.40



Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JD-08-435 C1 F50-65

NAME JD_10.05.10
EXENO 42
PROCNO 1,
Date_ 20100510
Time 19.16
INSTRUM spect
PROBHD 5 mm EBQ BB-1H
PULPROG deptgl3s
D 65538
SOLVENT fd e
NS 258
DS 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
Y] 1.3664756 sec
RG 16384
D 20.850 usec
DE 6.00 usec
TE 300.0 K
CNST2 145.0000000
DL 2.00000000 sec
dz 0.00344828 sec
| D1l 0.03000000 sec
DELTA 0.00001019 sec
sess=mss CHANREL Flomsss=e==
NuCl 13C
Pl 8.00 usec
P2 16.00 usec
PL1 6.00 dB
SFOl 100.6479773 MHz
o ™ memme=a= CHENNED 2 se—rass
o 1 ” s P CPDERG2 waltzlh
NUC2 1H
B3 2.50 usec
Pd 1%.00 usec
BCPDZ 80.00 usec
PL2 3.00 dB
PL12 22.00 dB
SFO2 400.2316009 MHz
ST 32768
SF 100.6379036 MHz
WD EM
SSB 0
LB 1.00 Hz
GB 0
T T T T T T T I T | T BC 1.40
200 180 160 140 120 100 80 60 40 20 0 ppm
(E/Z)-3-dimethylphenylsilyl-1-phenyl-1-propene (39)
CoCl
NN LN 2 NN
Ph” ")+ PhMe,Si” “MgCl Ph” X*""gjiMe,Ph
THF, rt, 18 h
CgHqCl CgH13CIMgSI C17H00Si
Mol. Wt: 152.62 Mol. Wt: 209.04 Mol. Wt: 252.43

Preparation of anhydrous cobalt (Il) chloride: Qolehloride hexahydrate (approx 2 g) was weighdd i
25 mL flask, placed under vacuum (0.05 mmHg) andtlgeheated with a heat gun. The red solid was
observed to “bump” as the water was removed andggh#o a bright blue solid. The anhydrous colglt (
chloride was placed under nitrogen and used imntedglia

Preparation of dimethylphenylsilyimethylmagnesiuhtocide: To a stirred suspension of magnesium tngsi
(2.26 g, 93.0 mmol) in THF (19 mL) was added drgmvneat 1,2-dibromoethane (0.82 g, 0.40 mL, 4.52
mmol). After effervescence had subsided (chlortwylimethylphenylsilane (3.70 g, 3.60 mL, 20.0 mjmo

was added at such a rate to maintain a gentlexrdtiting the course of the addition. The reactiorture was
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

allowed to stir for 15 min_ _at room _ temperature toiveg a light gray solution of
dimethylphenylsilylmethylmagnesium chloride (appr@XM in THF).

Preparation of#/Z)-3-dimethylphenylsilyl-1-phenyl-1-propene basedtbe procedure reported by Aféb. al.
To a blue solution of anhydrous cobalt (1) chleriD.31 g, 2.40 mmol) arfitbromostyrene (2.20 g, 1.55 mL,
12.0 mmol,E/Z =1: 0.1 ) in THF (12 mL) was added dropwise a sotuof dimethylphenylsilylmagnesium
chloride (18.0 mL, 18.0 mmol, 1 M solution in TH&)0 °C. During the addition the reaction mixtbezame
a brown colour. The ice bath was removed anddhetion allowed to stir at room temperature oveh 1Ben
partitioned between saturated aqueous ammoniunmid@lcsolution (30 mL) and ethyl acetate (20 mhe
organic phase was separated and the aqueous ptieseesl with ethyl acetate (3 x 20 mL). The comebli
organic fractions were washed with brine (20 mljedl (MgSQ), filtered and concentratad vacuo to give
the impure product as a brown oil (4.25 g). Paaifion by flash column chromatography [silica gghdient
elution 100% hexane — 2% diethyl ether : hexanfeydéd the desired product (3.08 g, 12.0 mmol, 98&hs :
cis1: 0.1) as a mixture of isomers and as a colesrtél; R 0.19 [hexane]ymafilm)/cm™ 3023, 2955, 1640
(C=C), 1427, 1248, 1113, 818ans isomer:éy (400 MHz; CDC}) 0.37 (6H, s, SiMg, 1.95 (2H, dJ 6.8,
SiCHy), 6.22-6.32 (2H, m, CH=CH), 7.18-7.21 (1H, m, Ar28-7.32 (4H, m, Ar), 7.39-7.43 (3H, m, Ar),
7.57-7.59 (2H, m, Ardc (100.6 MHz; CDCY) —-3.2 (SiMe), 23.2 (SiCH), 125.7 (CH, Ar), 126.4 (CH, Ar),
127.3 (CH=CH), 128.0 (CH, Ar), 128.6 (CH, Ar), 1294CH=CH), 129.2 (CH, Ar), 133.8 (CH, Ar), 138.5,(C
Ar), 138.7 (C, Ar);cisisomer:dy (400 MHz; CDC}) 0.35 (6H, s, SiMg, 2.11 (2H, dd,J 9.0 and 1.1, SiC}),
5.75 (1H, dt,J 11.7 and 9.0, C¥CH=CH), 6.39 (1H, dJ 11.7, CHCH=CH), 7.19-7.41 (8H, m, Ar),
7.51-7.56 (8H, m, Ar)dc (100.6 MHz; CDCJ) -3.0 (SiMe), 18.8 (SiCH), 126.3 (CH, Ar), 127.7 (CH=CH),
127.8 (CH, Ar), 128.2 (CH=CH), 128.4 (CH, Ar), 128CH, Ar), 129.2 (CH, Ar), 133.7 (CH, Ar), 138.2(
Ar), 138.7 (C, Ar); LRMS (El, m/2): 252 ([M]", 9%), 135 (100), 115 (9) 105 (15), 91 (6); HRMS, (&/2)
252.1331 [M[, Ci/H2Si requires 252.1331. Diastereoselectivity cal@daby analysis of théH NMR

integrals for the SiClprotons at 1.95H-diastereoisomer) and 2.11 pp#idiastereoisomer).
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JD-08-431 C1 F3

i NAME JD_03.05.10

| EXPNO 10
PROCNO i
Date_ 20100503
Time L1337
INSTRUM spect
PROBHD 5 mm BEQ BB-1lH
PULPROG zg30
D 65536
SOLVENT cpell
NS 16
s 2
SWH 8278.146 Hz
FIDRES 0.126314 Hz
AQ 3.9584243 sec
RG 90.5
ow 60.400 usec
DE 6.00 usec
TE 300.0 K
Dl 1.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec

PL1 3.00 dB
SFOL 400.2324716 MEz
ST 32768
SF 400.2300127 MH=z
WD EM
SSB 0
[— LB 0.30 Hz
| GB 0

r BC 1.00

T T

T
9 8 7 6 b 4 3 2 1 0 ppm

Vo h [ \
9 LT as) o
£ S B H
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JD-08-431 C1 F3

NAME JD_03.905.10
EXPNO £
PROCNOC 1
Date_ 20100503
Time 14.44
INSTRUM spect
PROBHD 5 mm BEQ BB-1H
PULPROG zgpg3 0
D 65536
SOLVENT CDC13
NS 1024
DS 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 18390.4
oW 20.850 usec
DE 6.00 usec
TE 300.0 X
D1 2.00000000 sec
dii 0.03000000 sec
DELTA 1.83999538 sec
MCREST 0.00000000 sec
MCWREK 0.01500000 sec
CHANNEL £1 =
13¢
.00 usec
6.00 dB
100.6479773 MHz
= = CHANNEL f2 =
CPDPRG2 waltzl6
Nucz2 1H
PCPD2 80.00 usec
PL2 3.00 dB
PL12 22.00 dB
PL13 22.00 dB
SF02 400.2316009 MH=z
8T 32768
SF 100.6379043 MHz
wowW EM
S5B a
e s i e LB 1.00: Hz
GB 0
BC 1.40

T i T T T T i T \ RS g y \ T

150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 0 ppm
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPRCG

O 5 BRUKER

JB_03.05.10
12

1

20100503

15.01

spect

5 mm BEO BE-1H
deptql3s

65536

cpcl3

256

4
23980.814 Hz
0.365918 Hz
1.3664756
16384
20.850 usec
6.00 u

00.0 K
145.0000000
2.00000000
0.00344828 sec
0.03000000 s
0.00001019

6.
100.6479773

CHANNEL £2

T

200 180

T T T T T T T T T
160 140 120 100 80 60 40 20 0

(x)-Dimethyl(phenyl)((2-phenylcyclopropyl)methyl)siane (40)

(:P*le, Zn, CuCl

waltzlé
1H
9.50 usec
19.00 usec
80.00 usec
3.00 dB
22.00 dB
400.2316009 MHz
32768
100.6379044 MHz
EM

Q
1.00 Hz
0

1.40

PhMe,Si~ ™ >Ph

PhMe,Si~~ “”J>\Ph

Ci7HaoSi
Mol. Wt: 252.43

Et,0, 50 °C, 15 h

C1gH2,Si
Mol. Wt: 266.45

To a stirred suspension of zinc powder (3.96 g0 Gamol) and copper chloride (5.94 g, 60.0 mmol) in

anhydrous diethyl ether (90 mL), which had beertdteat reflux temperature for 30 min and alloweddol to

room temperature, was added 3-dimethylphenylsdgh&nyl-1-propene (1.57 g,

6.00 mmol) and

diiodomethane (6.43 g, 1.93 mL, 24.0 mmol). Thetiea was heated at reflux temperature for 48 bjexbto

room temperature and filtered through celite waghuith diethyl ether (3 x 30 mL). The filtrate wasshed
with 1M HCI (2 x 25 mL) followed by 10%/v agueous sodium bicarbonate solution until pH & @mbined

agueous layers were extracted with diethyl ethex @ mL) and the combined organic layers were wdsh
with 10% w/v aqueous sodium thiosulphate solution (2 x 20 rbkipe (20 mL), separated, dried (Mg80O

filtered and concentrateid vacuo to yield the impure product as a yellow oil (1.@p Purification by flash

column chromatography using a mixture of 10% silu#rate impregnated silica and standard silica ()
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eluting with hexane gave the desired product (@58.20 mmol, 36%) as a colourless &Y;0.26 [hexane];
vmafilm)/cm™ 3067 (C-H cyclopropyl), 2999, 2955, 2896, 1605-tAr 1427, 1248, 1113, 831 (Si-C);
oy (400 MHz; CDC}) 0.33 (3H, s, SiMe), 0.34 (3H, s, SiMe), 0.71-0(ZB, m, CHHy, cyclopropyl), 0.86-1.04
(4H, m, overlapping signals SiIGHCH and CHH, cyclopropyl), 1.53-1.57 (1H, m, PhCH cyclopropy)/7
(2H, d,J 7.8, 2 x0-CH Ph), 7.10-7.14 (1H, np-CH Ph), 7.23 (2H, t) 7.8, 2 xm-CH Ph), 7.32-7.37 (3H, m,
SiPh), 7.51-7.53 (2H, m, SiPhj¢(100.6 MHz; CDC{) -2.7 (SiMe), -2.6 (SiMe), 18.5 (Gttyclopropyl),
19.7 (CH cyclopropyl), 21.6 (SiGH 25.3 (PhCH, cyclopropyl), 125.2-CH, Ph), 125.5 (2 »-CH, Ph),
127.9 (2 xm-CH, SiPh), 128.3 (2 »+CH, Ph), 129.3¢-CH, SiPh), 133.7 (2 »-CH, SiPh), 139.4 (C, SiPh),
144.0 (C, Ph); LRMS (E] m/2): 266 ([M]", 3%), 238 (7), 188 (11), 135 (100), 105 (9), 9); BRMS (E[,
m/z) 266.1487 [M], CigH2Si requires 266.1485.

JD-08-432 C2 F70-90

r BRUKER
|
|
| NAME JD_08.05.10
i 1 EXPNO 30
! PROCNO 1
/ pate_ 20100508
/ Time 12.04
{ INSTRUM spect
PROBHD 5 mm BEG BB-1H
PULPROG 2930
TD 65536
SOLVENT SDELS
NS 16
DS 2
| SWH 8278.146 Hz
FIDRES 0.126314 Hz
‘ 20 3.9584243 sec
| RG 90.5
| i oW 60.400 usec
| DE 6.00 usec
I | TE 300.0 X
f i D1 1.00000000 sec
/ g‘ MCREST 0.00000000 sec
| MCWRK 0.01500000 sec
{ S====z—== CHANNEL £l ========
! ! ! ! ! I ‘ IE\P:{Cl g gg usec
1.6 1.4 1.2 1.0 ppm ! PL1 3.00 dB
r | SFO1 400.2324716 MHz
{ r ( s1 327
| SF 400.2300220 MHz
r [ WDW EM 4
ssB 0
i 1B 0.30 Hz
| GB 0
| BC 1.00
{
|
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 0 ppm
i L 1 § :
L\,mr’h\ o \C,H (f‘j
S| || @ e|s e
\N!‘m = = lenlim| g
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JD-08-432 C2 F70-90

] BRUKER

NANE JD.08.05.10
EXPNO 31
PROCNO 1
Date_ 20100508
Time 13.21
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30

T 65536
SOLVENT cpCl3

NS 1024

De 4
SWE 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 183%0.4

Dw 20.850 usec
DE 6.00 usec
TE 300.0 ¥
Dl 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec

PLl r 6.00 dB
SFOL 100.6478773 MHz
CHANNEL £2

waltzlé
1H
80.00 usec
3.00 dB
22.00 dz

22.00
400.2316009 MHz

32768
100.63790

T T T T T " \
180 160 140 120 100 80 60 40 20 0 ppm
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JD-08-432 €2 F703-%0

N/ A4
R ¥
NAME JD_08.05.10
EXENO 32
PROCNG 1
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS
Ds
suH
FIDRES 0.365918 H=z
AQ 1.3664756 sec
RG 16384
DW 20.850 usec
DE 6.00 usec
TE 300.0 K
CNST2 145.0000000
D1 2.00000000 sec
daz 0.00344828 sec
D1l 0.03000000 sec
DELTA 0.00001018 sec
======== CHANNEL f1 ========
NUC1 i3¢
Pl 8.00 usec
P2 16.00 usec
PL1 6.00 dB
SFO1 100.6479773 MHz
Sooo—coo CURANNEL 2 =—=c=a==
| CPDPRG2 altzlé

i T NUC2 1H
B3 9.50 usec
P4 19.00 usec
PCPD2 80.00 usec
PLZ2 3.00 dB
PL12 22.00 dB
SFO2 400.2316009 MHz
SI 32766
SF 100.6379039 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
BC 1.40

T T T T T T T T T T

180 160 140 120 100 80 60 40 20 ppm

(2)-(5-((dimethyl(phenyl)silyl)methyl)-3-phenyltetrahydrofuran-2-yl)(phenyl)methanone (41a)

Ph
i SnCl Y
H nCly Ph . , SIMezph
AR 7/\“22035"'/
Ph o 78 C, DCM 5 ;
Mol. Wt: 266.45 Mol. Wt: 134.13 Mol. Wt: 400.58

To a stirred solution of freshly distilled phenyygxal (0.12 g, 0.90 mmol) in anhydrous DCM (3 ndt)-78
°C and under an atmosphere of argon was addedwid®pa solution of tin tetrachloride (0.17 g, 0198,
0.66 mmol) in anhydrous DCM (3 mL). The resultinguare was stirred at =78 °C for 5 min followed the
dropwise addition of a solution of dimethyl(pher¢2)phenylcyclopropyl)methyl)silane (0.16 g, 0.60na)
in anhydrous DCM (3 mL). The reaction was stirréd-a8 °C and monitored by TLC, after 5 h the reacti
was qguenched by the addition of wet acetone (5 amgd allowed to warm to 0 °C and poured on #®H
(10 mL). The organic layer was separated and theass layer further extracted with DCM (3 x 10 mlhe
combined organic phases were washed with brinen{1)) separated, dried (MgSQRfiltered and concentrated

in vacuo to give the impure product (0.25 g) as a yellow Burification by flash column chromatography
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[silica._gel, gradient elution 100% hexane — 20%tidie ether : hexane] followed by flash column
chromatography [silica gel, gradient elution 60%hibromethane : hexane] afforded the desired prodsic
single diastereoisomer (0.02 g, 0.04 mmol, 7%) esl@urless oilR 0.48 [60% dichloromethane : hexan&];
(600 MHz; CDC}); 0.28 (3H, s, SiCk), 0.30 (3H, s, SiCk), 1.24 (1H, ddJ 14.3 and 8.0, SiClH,), 1.48 (1H,
dd,J 14.3 and 6.5, Sij{y), 2.01 (1H, app dt) 12.7 and 8.7, ChH, C-4 THF), 2.14 (1H, ddd] 12.6 6.3 and
4.8, CHH, C-4 THF), 3.84 (1H, app dg 8.9 and 5.1, CH C-3 THF), 4.50 (1H, appJtZ.8 and 6.5, CH C-5
THF), 5.14 (1H, dJ 5.5, CH C-2 THF), 7.20-7.41 (10H, m, Ar), 7.50-F 3H, m, Ar), 7.92-7.93 (2H, m, Ar);
dc (100.6 MHz; CDCJ) -2.3 (SiCH), —2.0 (SiCH), 24.2 (SiCH), 42.5 (CH C-4 THF), 47.4 (CH C-3 THF),
79.3 (CH C-5 THF), 86.6 (CH C-2 THF), 126.9 (CH,)At27.6 (CH, Ar), 127.9 (CH, Ar), 128.5 (CH, Ar),
128.9 (CH, Ar), 129.1 (CH, Ar), 129.3 (CH, Ar), 133CH, Ar), 133.7 (CH, Ar), 135.6 (C, Ar), 139.0,(Ar),
142.9 (C, Ar), 197.5 (C=0); LRMS (Elm/z): M" not visible, 295 ([M-PhCQO] 12%), 277 (4), 239 (5), 135
(100), 105 (13), 91 (10), 77 (15); HRMS (EBV2) 418.2195 [M+NH]", C,¢Hz,0,NSi requires 418.2197.

JD-09-481 C2 F2 ; 1H spectrum in CDC13

BRUKER

L

NAME
EXPNO
PROCHNC
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SCLVENT
NS

1d4._09.08.10
<

20100808
14.11
ave0o

5 mm TXI 1H-13

2930
65536
CDC13

16
4
12019.230 Hz
0.183399 Hz
2.7263892 sec
128
41 .600 usec

6.50 usec

303.0 K
2.00000000 sec
1

i dho

T

-
i
B

T 7 T T e T T T i T
9.0 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 ppm

X
|

\af o el ol el
. o W8
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JD-09-481 C2 F2
C1l3CPD CDCLl3 /opt/xwinnmr bruker 15

a
Lo}

€y
-

T T T T
200 180 160 140 120

60

146

ppm

NAME JD_06.08.10
EXPNO &
PROCNO 1
Date_ 20100808
Time F-02
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 8192
DS 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
20 1.2664756 sec
RG 16384
D 20.850 usec
DE 6.00 usec
TE 300.0 K
Dl 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
HANNEL £1
NUC1 L3
Pl 8.00 usec
PL1 6.00 dB
SFO1 100.6479773 MHz
== CHANNEL f£2
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PLZ 3.00 @B
PL12 22.00 dB
PL13 22.00 dB
SFO2 400.2316009 MHz
SI 32768
SF 100.6379014 MH=z
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40



Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JD-09-481 C2 F2
C13DEPTQ135 CDCl3 /opt/xwinnmr bruker 15

5 ooy et
. 39 ¥ BRUKER

NAME JD_06.08.10
EXPNO 61
PROCNO I
Date_ 20100808
Time 9.00
INSTRUM spect
PROEHD 5 mm BEO BB-1H
PULFROG deptgl3s
D 65536
SOLVENT CDCl3
i) 2048
Ds 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 16384
W 20.850 usec
DE 6.00 usec
TE 300.0 K
CNST2 145.0000000
D1 2.00000000 sec
dz 0.00344828 sec
D11 0.03000000 sec
DELTA 0.00001013 sec
s======= CHANNEL f1 s=======
Nuc i3c
Pl 8.00 usec
B2 16.00 usec
PL1 .00 dB
SFQ1 100.6479773 MHz
======== CHANNEL £2 ========
CPDPRG2 waltzlé
NUC2 1H
P3 9.50 usec
P4 19.00 usec
PCPD2 80.00 usec
PL2 3.00 dB
PL12 22.00 ds
SFO2 400.2316009 MHz
s8I 32768
SF 100.6379015 MHz
WDW EM
55B 0
LB 1.00 Hz
G, 0

T T T 1 T P T T T - el

T T
200 180 160 140 120 100 80 60 40 20 0  ppm

(2)-(5-((dimethyl(phenyl)silyl)methyl)-4-phenyltetrahydrofuran-2-yl)(phenyl)methanone (42) and (z)-(5-
((dimethyl(phenyl)silyl)methyl)-3-phenyltetrahydrof uran-2-yl)(phenyl)methanone (41b)

Ph Ph,

0 R 3
SnCl i i
H 4 Ph SiMe,Ph  Ph SiMe,Ph
. + Ph)J\H/ . S M,,,,/ S
PhA/SlMezPh 0°C. DCM o o
o] o) 0
C1gH2oSi CgHgO, 42 41b
Mol. Wt: 266.46 Mol. Wt: 134.13 CogHog0,Si C2sH280,Si
Mol. Wt: 400.58 Mol. Wt: 400.58

To a stirred solution of freshly distilled phenylygxal (0.12 g, 0.90 mmol) and dimethyl(phenyl)((2-
phenylcyclopropyl)methyl)silane (0.16 g, 0.60 mmat) anhydrous DCM (6 mL) at0 °C and under an
atmosphere of argon was added, dropwise, a solatidin tetrachloride (0.01 g, 0.04 mL, 0.36 mmuo)
anhydrous DCM (3 mL). The reaction was stirred &C0and monitored by TLC. After 3 h the reactionswa
guenched by the addition of water (5 mL), the orgdayer was separated and the aqueous layer furthe
extracted with DCM (3 x 10 mL). The combined orgaphases were washed with brine (10 mL), separated
dried (MgSQ), filtered and concentratech vacuo to give the impure product (0.257 g) as a yellow o
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Purification by flash column chromatography [siligal, 50 % dichloromethane : hexane] afforded pcoda@
(yield 0.024 g, 0.06 mmol, 10 %) as a colourle$sk0.48 [50 % dichloromethane : hexan&]; (400 MHz;
CDCls) 0.21 (3H, s, SiCH), 0.28 (3H, s, SiC), 1.04-1.06 (2H, m, SiC#), 2.50 (1H, ddd] 13.0 10.6 and 7.2,
CH.H, C-3 THF), 2.67 (1H, dtJ 13.1 and 8.4, CiH, C-3 THF), 2.95 (1H, gJ 9.4, CH C-4 THF), 4.00 (1H,
ddd, J 9.4 7.3 and 5.9, CH C-5 THF), 5.38 (1H,38,1 and 7.3, CH C-2 THF), 7.17-7.61 (13H, m, &4
(2H, app dd,) 8.1 and 0.9, Ar)sc (100.6 MHz; CDCJ) -2.5 (SiCH), -1.9 (SiCH), 20.4 (SiCH), 37.2 (CH C-

3 THF) 55.3 (CH, C-4 THF), 78.7 (CH, C-2 THF), B4CH C-5 THF), 127.0 (CH, Ph), 127.7 (CH, Ph), 88
(CH, Ph), 129.2 (CH, Ph), 133.4 (CH, Ph), 133.7 (BH), 135.4 (C, Ph), 139.6 (C, Ph), 140.0 (C, B&8.9
(C=0); LRMS (EI', m/z): M" not visible, 323 ([M-PHh], 1 %), 296 (10), 239 (4), 135 (60), 117 (100), 149),
91 (10), 77 (21); HRMS (ESPY2) 418.2196 [M+NH]*, CsH2sNSi requires 418.2197.

JD-09-482 (€2 F49-74
PROTONA4 CDC13 u bruker 31

[ NAME JD_100807
| EXPNO 60
| PROCNO 1
; Date_ 20100808
| Time 0.54
i INSTRUM spect
j PROBHD 5 mm QNP 1H
i PULPROG zg30
| TD 65536
f SOLVENT cpcl3
; NS 16
DS 2
SWH 5681.818 Hz
FIDRES 0.086698 Hz
pXe} 5.7672181 sec
RG 1024
oW 88.000 usec
DE 110.00 usec
TE 300.0 K
HL1 4 dB
Dl 1.00000000 sec
I~ EL 14.50 usec
SFO1 400.1365178 MHz
NUCLEUS 1H
ST 32768
SF 400.1343940 MHz
wow EM
SSB 0
LB 0.30 Hz
GB 0
BC 1.00
/
i 1 f
. J 4
Lk |
T T T T T T R T T T T
9 8 7 6 5 4 3 2 1 0 ppm
1 1 H i
- k ) I\ { ) / ; \ fJ
g 18 18| 18 15| 8] =8
4 : 2 1 2 | o :
4 2 - 1=l | S e
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JD-09-482 C2 F49-75
C13CPD CDC13 /opt/xwinnmr bruker

16

-,

iy BRUKER

W

MNAME 0g.08.10
EXPNO 1
PROCNO 1
Date_ 20100808
Time 16.31
INSTRUM spect
PROEHD 5 mm BBO BB-1H
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 1024
DS 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 18390.4
oW 20.850 usec
DE 6.00 usec
TE 300.0 K
Dl 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCIWRK 0.01500000 sec
= CHANNEL f1 =
13C
8.00 usec
6.00 dB
100.6479773 MHz
CHANNEL f2 =
CPDPRG2 waltzlé
Nucz 1H
PCPD2 80.00 usec
PL2 3.00 dB
PL1Z 22.00 dB
PL13 22.00 dB
SFO2 400.2316009 MHz
SI 32768
SF 100.6379028 MHz
WDW EM
SSE o]
LB 1.00 Hz
GB 0
T \ \ T T S e

T T T T T T
200 180 160 140 120 100 80 60 40 20 0  ppm
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JD-09-482 C2 F49-75
C13DEPTQ135 CDC13 /opt/xwinpmr, brukexr 16

i ~ < -
5 : BRUKER
i | Vo
i i \/
i i A/
NAME 08.08.10
EXPNO 2
PROCNO 1
Date_ 20100808
Time 16.48
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG deptgl3s
TD 65536
SOLVENT lein/an
NS 256
Ds 4
SWH 23880.814 Hz
FIDRES 0.365918 Hz
AQ 1.2664756 sec
RG 16384
DW 20.850 usec
DE 6.00 usec
TE 300.0 K
CNSTZ2 145.0000000
Dl 2.00000000 sec
dz 0.00344828 sec
Dll 0.03000000 sec
DELTA 0.00001019 sec
======c= CHANNEL £1 ====s===
NUC1 13¢c
Pl 8.00 usec
P2 16.00 usec
PLL 6.00 dB
SFO1 100.6479773 MH
======== CHANNEL £f2 ========
CPDPRG2 waltzlé
NUC2 1H
P3 9.50 usec
p4 19.00 usec
PCPD2 80.00 usec
PL2 3.00 @B
PL12 22.00 dB
SFO2 400.2216009%9 MHz
sI 32768
SF 100.6379029 MHz
WDW EM
SSB 0
LB 1.00 Hz
T T T T T T T T ¥ T T T T GB ; 48
c 1
200 180 160 140 120 100 80 60 40 20 0 ppm e .

(2)-(5-((dimethyl(phenyl)silyl)methyl)-3-phenyltetrahydrofuran-2-yl)(phenyl)methanone (41b) (0.034 g,
0.09 mmol, 14 %) is a colourless oik@R35 [50 % dichloromethane : hexan&];(600 MHz; CDC}) 0.31 (3H,

s, SICH), 0.33 (3H, s, SiCh}, 1.24 (1H, ddJ 14.3 and 8.0, SiCly), 1.52 (1H, ddJ 14.2 and 6.2, SiClt,),
1.78 (1H, app dt) 12.2 and 10.3, Cil, C-4 THF), 2.44 (1H, ddd] 12.3 7.8 and 4.7, GH, C-4 THF), 3.78
(1H, dt,J 10.3 and 7.4, CH C-3 THF), 4.29 (1H, dddd,0.3 7.7 6.4 and 4.8, CH C-5 THF), 5.19 (1H] 4,8,
CH C-2 THF), 7.20-7.39 (10H, m, Ar), 7.48-7.52 (3H, Ar), 7.30 (2H, app dd 8.3 and 1.0, Ar)pc (100.6
MHz; CDCk) -2.2 (SiCH), -2.0 (SiCH), 23.2 (SiCH), 45.2 (CH C-4 THF) 48.3 (CH, C-4 THF), 79.3 (CH,
C-5 THF), 86.1 (CH C-2 THF), 126.9 (CH, Ph), 12¢{C#H, Ph), 127.9 (CH, Ph), 128.4 (CH, Ph), 128.9 (CH
Ph), 129.1 (CH, Ph), 129.3 (CH, Ph), 133.3 (CH, BBB.7 (CH, Ph), 135.4 (C, Ph), 138.9 (C, Ph),.a642,
Ph), 198.5 (C=0); LRMS (E)m/2): M" not visible, 295 ([M-PhCO] 18 %), 277 (4), 239 (5), 135 (100), 105
(19), 91 (8), 77 (14); HRMS (ESty2) 418.2190 [M+NH]", CeH3,0.NSi requires 418.2197.
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JD-08-482 C2 F114-124
PROTON CDC1l3 /opt/xwinnmr bruker 20

NAME JD_08.08.10
EXPNO 42
PROCNO 1
Date_ 20100808
y Time 23.10
| INSTRUM spect
| PROBHD 5 mm BEO BE-1H
| PULFROG zg30
TD 65536
SOLVENT CcDCl3
NS 16
Ds 2
SWH B278.146 Hz
FIDRES 0.126314 Hz
AQ 3.8584243 sec
RG 362
W 60.400 usec
DE 6.00 usec
TE 300.0 K
ol 1.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
== CHANNEL fl ========
1H
Pl 9.50 usec
PL1 3.00 dB
SFO1 400.2324716 MHz
SI 32768
SF 400.2300123 MH=z
WDW EM
SS5B Q
1B 0.30 Hz
GB 0
BC 1.00
i ¢
i mv_
R B L I L B B S e B 2 B
9 8 7 6 5 4 3 2 0 ppm
LI J W, UL
co| ol fo = o ]m (m frs‘ =i
i = 12 = ] [N =l
N | : ‘r ng ‘F’ ‘D F—‘PI ‘w;
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JD-08-482 C2 Fl114-124
C13CPD CDC13 /opt/xwinnmr bruker 20

NAME

JD_08.08.10
EXPNO 40
PROCNO 1
Date_ 20100808
Time 22.50
INSTRUM spect
PROBHD 5 mm BBO BB-1H
i PULPROG zgpg30
{ D 65536
e - ) J SOLVENT cDCi3
= R o T ns 1024
fl A sttty Db 4
i i 23980.814 Hz
o FIDRES 0.365918 Hz
> 20 1.3664756 sec
RG 10321.3
oW 20.850 usec
DE 6.00 usec
TE 300.0 K
Dl 2.00000000 =ec
dil 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
CHANNEL f£1 =
13¢
B.00 usec
6.00 4B
100.6479773 MHz
CHENNEL £
CPDPRG2 waltzls
NuC2 1H
PCPD2 80.00 usec
PL2 3.00 @B
PL12 22.00 dB
PL13 22.00 4B
SFO2 400.2316009 MHz
ST 32768
SF 100.63739012 MHz
WoW B
SSB a
LB 1.00 Hz
GB 0
BC 1.40

T T T T T T T

200 180 160 140 120 100 80

60
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JD-08-482 C2 Fl114-124
C13DEPTQ135 CDC1l3 /opt/xwinnmr bruker 20

i
|
NAME JD_08.08.10
EXPNO 41
PROCNO 1
Date_ 20100808
Time 23.07
INSTRUM spect
PROBHD 5 mm BEO BB-1H
BULPROG deptql3s
TD 65536
SOLVENT €DC13
NS 256
DS 4
SWH 23580.814 Hz
FIDRES 0.365918 Hz
A0 1.3664756 sec
RG 16384
W 20.850 usec
DE 6.00 usec
TE 300.0 X
CNST2 145.0000000
Dl 2.00000000 sec
d2 0.00344828 sec
D1l 0.03000000 sec
DELTA 0.00001019 sec
|
| ======== CHANNEL fl ==s======
I NUC1 13¢
| il 8.00 usec
P2 16.00 usec
PL1 6.00 dB
SFO1 100.6479773 MHz
======== CHANNEL £2 ========
CPDPRG2 waltzlé
" T ' y NUC2 1
: 3 9.50 usec
74 1%.00 usec
PCPD2 80.00 usec
L2 3.00 dB
PL12 22.00 aB
SFO2 400.2316009 MEz
ST 32768
SF 100.6379019 MH=z
WD EM
S5B g
LB 1.00 Hz
GB a
BC 1.40

T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

(2)-(4-((dimethyl(phenyl)silyl)methyl)-5-phenyltetrahydrofuran-2-yl)(phenyl)methanone (43)

o SiPhMe,
NG S G L
Ph SiMe,Ph -78t0 0 °C, DCM 3 O diastereoisomers

0]
C1gHooSi CgHgsO2 CoeHog0,Si
Mol. Wt: 266.45 Mol. Wi: 134.13 Mol. Wt: 400.58

To a stirred solution of freshly distilled phenylygxal (0.12 g, 0.90 mmol) and dimethyl(phenyl)((2-
phenylcyclopropyl)methyl)silane (0.16 g, 0.60 mmal) anhydrous DCM (6 mL) at-78 °C and under an
atmosphere of argon was added, dropwise, a solatidm tetrachloride (0.01 g, 0.04 mL, 0.36 mmuot)
anhydrous DCM (3 mL). The reaction was stirred alhmwed to warm to 0 °C and monitored by TLC. Afger

h at 0 °C the reaction was quenched by the adddfomater (5 mL), the organic layer was separatadi the
aqueous layer further extracted with DCM (3 x 10)mithe combined organic phases were washed witie bri
(10 mL), separated, dried (Mg9Qfiltered and concentrated vacuo to give the impure product (0.219 g) as a
yellow oil. Purification by flash column chromateghy [silica gel, gradient elution, 100 % hexan&0-%
diethyl ether : hexane] followed by preparative T[8D % dichloromethane : hexane] afforded prodyeiq
0.007 g, 0.02 mmol, 3 %) as a colourless Gil) R9 [60 % dichloromethane : hexan&]; (400 MHz; CDC})
0.21 (3H, s, SiCh), 0.23 (3H, s, SiCkJ, 0.75 (1H, ddJ 14.7 and 11.3, SiCHH), 0.99 (1H, dd,J 14.7 and 2.8,
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SiCH.Hp), 1.85 (1H, ddd;) 12.3 10.8 and 8.7, GHp C-3 THF), 2.18 (1H, m, CH C-4 THF), 2.45 (1H, dt,
12.6 and 7.4, ChHp C-3 THF), 4.50 (1H, dJ 9.1, CH C-5 THF), 5.44 (1H, §,8.0, CH C-2 THF), 7.25-7.56
(13H, m, Ar), 7.98 (2H, app d 8.1, Ar); ¢ (100.6 MHz; CDCJ) -2.4 (SiCH), -2.0 (SiCH), 16.9 (SiCH),
38.2 (CH C-3 THF) 44.9 (CH, C-4 THF), 79.9 (CH, C-2 THBY.1 (CH, C-5 THF), 127.1 (CH, Ph), 128.0
(CH, Ph), 128.1 (CH, Ph), 128.5 (CH, Ph), 128.7 (€H), 129.0 (CH, Ph), 129.2 (CH, Ph), 133.4 (Ch, P
133.6 (CH, Ph), 135.4 (C, Ph), 138.7 (C, Ph), 14G,2Ph), 199.0 (C=0).

JD-09-482 C2 F125-130 Middle 3rd ;

1H spectrum in CDC13

L)
ROKE

NAME jd.18.08.10
EXPNO 3
PROCNO s
i Date_ 20100818
i Time 20.13
INSTRUM avel0
PROEHD 5 mm TXT 1H-13
PULPROG zg30
65536
SOLVENT CcDCl3
16
Ds 4
SWH 12018.230 Hz
FIDRES 0.183399 Hz
A0 2.7263892 sec
RG 2298.8
oW 41.600 usec
LE 6.50 usec
TE 303.0 K
Dl 2.00000000 sec
TDO i -
======== CHANNEL fl ========
NUCl 1H
Pl 10.70 usec
PL1 30.00 dB
SFO1 600.1328270 MHz
/ ST 65536
SF 600.1300188 MH=
Wow EM
SSB 0
LE 0.30 Hz
GB 4]
PC 1.00

e snimefl
\ T T \ \ 1 T \ T T g
) 8 7 6 5 4 3 2 1 0 ppm
[} ‘ng( KN o/ ‘m?o ‘m ghh& Jr
- }wﬁm = =1 == I= =1 <
Sk S AR EE R
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Synthesis and Reactions of Donor Cyclopropanes: efficient routes to cis- and trans- tetrahydrofurans: Dunn and Dobbs

JD-09-482 C2 F125-130 Middle 3rd ; 13C-{1H} spectrum in CDCL3

an, 94

BRUKER
(<O

NAME jd_18.08.10
EXPNO 2
PROCNO L
Date_ 20100818
Time 20.19
INSTRUM av600
PROBHD 5 mm TXI 1H-13
PULPROG zgpg30
D 65536
SOLVENT cDCl3
NS 4086
Ds 4
SWH 35971.223 Hz
FIDRES 0.548877 Hz
AQ 0.9110143 sec
RG 362
D 13.900 usec
DE 6.50 usec
TE 303.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO i §
HANNEL: £1 samsss=s
wNucl 13c
Pl 11.00 usec
PL1 0.00 dB
SFO1 150.9178988 MHz
CHANNEL f£2
waltzlé
1H
70.00 usec
6.00 dB
25.40 dB
25.40 dB
600.1324005 MHzZ
32768
150.9027857 MHz
EM
.0
1.00 Hz
0
1.00

T T T T T T T T T T T
200 180 160 140 120 100 80 80 40 20 0 ppm
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JD-09-482 C2 F125-130 Middle 3rd ; 13C-{1H} PENDANT spectrum in CDC13
NAME jd_18.08.10
EXPNO 3
PROCNO 1
Date_ 20100819
Time 2.58
INSTRUM av600
PROBHD 5 mm TEI 1H-13
PULPROG pendant
TD 65536
SOLVENT cDCl3
NS 4096
DS 4
SWH 35971.223 Hz
FIDRES 0.548877 Hz
AQ 0.9110143 sec
RG 16384
DW 13.900 usec
DE 6.50 usec
TE 303.0 K
CNST2 145.0000000
Dl 2.00000000 sec
D4 0.00172414 sec
D12 0.00002000 sec
D15 0.00431034 sec
======== CHANNEL f1 ========
I J Nucl 13¢
| o Pl 11.00 usec
ji! P2 22.00 usec
PL1 0.00 &B
SFO1 150.%178988 MH=z
======== CHANNEL f2 ========
CPDPRG2 waltzl6
NUC2 1H
P3 8.50 usec
p4 17.00 usec
PCPD2 100.00 usec
PL2 6.00 dB
PL12 28.50 dB
SFO2 600.1324005 MHz
s1 32768
SF 150.5027860 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.00
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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