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ABSTRACT: The stereochemistry of SN2’ addition of cupratcs to aolfone and 

ester-polarized cyclapentenyl systems is shown to depend upon the nature of the 
leaving group. Ally1 amBoninm salts usually undergo stereospacific synfacial 

addition reactions. 

In connection with Our synthetic program we required an experimental 

protocol for the converston of chiral amino vinyl. sulfones 1 to &&-substituted 

vinyl sulfones 8. Our initial finding was that sfmple ofganolfthfum reagents 

undergo addition to viny1 sulfone _1 wfth exclusive w stereochenistry, 

affording amino sulfones z in high yield. Quaternixatlon (to a) and elimination 

with DRU provided the w vinyl su1fone.s 4 in excellent overall yield. 

Alternatively, quaternization of the aninc moiety of j_ provides ammonium salt J 

which undergoes direct SN2’ coupling with cuprate reagents to regio- and 

stereospecificialiy produce a-aubstltuted vinyl sulfones S.2 
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Cuprate reactions with ally1 ammonium salt 4 appear highly tolerant of the 

structure of the reagent. 
2-7 

Tabie 1 shows a series of functionalized reagents 

that have been reacted with 5. resulting in clean conversion to e-abducts. 

Several observations were made which seem worthy of comment. Of the reactions 

listed in Table 1, the most oxperiaenteliy demanding were those of 

trisubstituted broaocuprates w. Since the deta.tled structure of the parent 

diallyl cuprate reagent is a matter OP some contention* and since halocuprates 

have only seen occasional usage.@ it seems prenature to speculate about the 

source of the striking a-regiospeciflcjty seen in this reaction. 

On a more practical note. we found that copper bromfda-dfmethyl suiPide 

which bad been stored for any period of time resulted jn THF solutions with a 

distinct yellow or orange color. Reactions which used this material (with or 

iv1 thout added L.iBr3” or additional sulfide ligands) uniformly gave poorer 

results than those which use freshly recrystallized reagent (colorless 

solution) .I0 An expedient solution to this problem f nvolved treating the 

“suspect” copper bromide-dimethyl sulfide, either as a standard solution in TBP 
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or diisopropyl solfidel or directly in the reaction mediom. 4 with copper wire. 

This technique rapidly produces a colorless solution. presumably due to 

reduction of any copper [II] which might be present. and facilit.ates reactions 

of equal quality to those from recently recrystallized reagent. 

A final comment about Table 1 relates to aryl lithium reagent. G. In the 

synthesis of 14 recourse was not made to use of a cuprate reagent since the 

(presumably chelated) reagent 13 was sufficiently non-basic so as to ondergo 

SNZ ’ addition to ally1 ammonium salt S without any of the side reactions which 

normally accompany attempted substitution reactions with more basic reagents. 
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These successful reactions raised several mechanistic questions within the 

conteXt of the long-established debate regarding the factors favoring SN2 or 

SN2 ’ pathways in substituted ally1 systeins.12 As can readily be seen, the 

present system has two rather special factors which ape readily identifiable: 

The first of these is the presence of the sulfono mojety at the R-position of 

the ally1 system. Ally1 groups bearing an electron-withdrawing group at this 

position are disposed toward conjugate-addition at the gamma-position and 

clearly represent systems especially biased toward SN2’ reactivity. 

Demonstration of this predictable SN2’ reactivity wes pioneered by Lawton 13 and 

numerous subsequent authors have used this strategy to great success.14 The 

choice of withdrawing groups can be quite wide-ranging.14 and has included 

several examples of both cyclic15 and acyclicl’ vinyl sulfones serving as 

substrates. A second unique feature in substrate 2 was use of an ally1 ammonium 

salt. several examples of coupling reactions with acyclic ally1 and dienyi 
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ammonium salts show strong preference for the SN2 transition state, 17 although 

one of the original Lauton papers also employed a symmatrlcal ally1 ammonium 

salt that presumably underwent nucIeophllic reaction via the SN2’ pathmay.13’ 

The two factors cited above must be put in context of cuprate coupling in 

cyclic allylic systems. It has been observed that leaving-group effects are 

especially iaportant in five and six-membered ring ally1 systems: while allylic 

carboxylates generally react via anti SN2’ coupling reactions, I8 allylic 

urethanes undargo a directed w SN2’ reaction.1’ 

. V-A I %tiv-!h 
W +- 

Rased npon our s"CCeR8 with 3. WC became intorested in exploring the 

generaiity of’ the SN2’ reaction with an ester-polarized ally1 system. Synthesis 

of these substrates was based upon methodology established in the vinyl sulfone 

serios.IS .freatnent of cyclopentadiene manoepnxidc 15 with lfthium 

mthiomethyl methide2D affords trithioorthoestor z_f? which is hydrolyzed to 

ester E using methanol and mercury [II1.20 Ofrccted epoxidation of 11 gives s 

which upon treatment with DBU and subsequent silylation of the intermediate dial 

affords vinyl ester 19. Reaction of 40 with net.hanosulfonyl chloride and 

triethylamlne2* smoothly generates mesylate a. Reaction of 20 with 

dimethylamine in methylene chloride affords a 2.3:1 sixture of easily separable 

vinyl esters ;32_8 and 83E in 90% yioid. WC presume this reaction occurs via the 

intermediacy of adduct G. followed by repid equilibration to the observed 

mixture, since individual treatment of either isomer with dimnthylamine 

hydrochloride results in reestablishing the 2.3:1 mixture. This mixture is 

reminiscent of the mixture that is observed upon equilibration of vinyl sulfone 
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A series of m-1.4-disubstituted cyc1opentene derivatives have been 

examined with respect to the stercocbeaistry of their coupling reactions with 

cuprates and other nucleophiles (see Table 2). The initial substrate employed 

for this purpose was vinyl ester 20. All reactions afforded products (25a-d) 

via the anti SN2' transition state. Encouraged by our previous successes with 

the sulfone-substituted ally1 ammonium salt 5. WC next examined reaction of 

ally1 ammonium salt 26E with both dlnethyl cuprate and methanethiol. The 

exclusive products again were 25a,25d, respectively bearing the Lrr 1.2 

relationship. 

The stcreochemical assignment of all substrates and adducts described in 

this study follows from well-established NMR precedent.22-24 Specific chemical 

shift and coupling information is tabulated in the experimental section (Tables 

4-Q). 

Surprised by the absence of the anttcipated synfacial addltjon for the 

above ammonium salt reactions, we examined the isomeric sulfone-bearing series. 

Mesylate 27 undergoes m. SN2' displacement with dimethyl cuprate and 

methanethiol to afford m, in perfect agreement with the reactions seen with 

vinyl ester Kg. Similarly. dimethylsulfonius salt 29 also affords @_a_ when 

reacted with dimethyl cuprate. In an effort to utilize a urethane-directed 

coupling. 19 compound 30 was treated with dimethyl cuprate. This substrare was - 

quite unreactive at low temperature. More forcing conditions (Table 2) served 

to largely consunle 30, but no addition products W~PC isolated. ‘Taken together. 

these results suggest that the incoming nucleophiles cannot attain the proper 

synfacial SN2’ trafectory. presumably due to eclipsing interactions with the 

bulky stlyloxy moiety. A final substrate, ammonium salt 31 was also exposed to 

dimethyl cupratc resulting in product g+ the formal result 0 f djrect SN2 -_- 

coupling. This reaction is especially surprising when contrasted to the cuprate 

reaot.ions of 2fiF_:29. both of which react via the anti SN2’ pouts. 

TABLE 2. ~~21 Addition to c&-1,4 Disubstituted CyCh3pentenes 

SUBSTRATE 

X 
F 

.sI- 
CDDMI 

TBDPSO" 

~(X=OSO,Me, 
1 (X=OSO,Me) 
&o_ (X-OSO,Me) 
20 (X.OSO,Me) 
&Q (X.NMe,BF,) 
2& (X.NMc,BF,) 

X 
; 

v 

SO*PL 

TBDPSD' 

12 (X.OSo+) 
c (X.OSO*Me) 
p (X.SMelBF,) 
Zp (X.OCONHPb) 
31 (X.NMe,BF,) 

NUCLEOPHILE 

hte,CsLL (2 rq.1 
Bu,CuLi (2 W.) 
[M~,NN.(CH,)CCB,I,CsL~ (2W) 
McSH/BQN 
M9,Csl.I (2ro.i 
MeSWE1,N 

MI,CULL we+) 
McSH/Et,N 
Me,CsLi (2rq.I 
MIICUI.I (4ClI.j 
MeSHlEt,N 

31 (X.NMe,BF,) Me,CuLi (2W.J 

CONDlTlONS 

0.04M. -7*'C, 30mln 
O.OlM, -'lo% 30-1s 
0.05M. -7ooc, IL 

0.03M. 25% 15mis 
0.oUU. -7o*C, 2Omis 

o.olM, 25*C, 2Omis 

O.O25M, -78% 3L 

O.OSSM, 25'C 30-1s 

0.0365, -70% lb 

0.05M. .70~C-0°C. 4b 
O.OJM, 25V, JOmia 

- _ YIELD 

&COOMc 

Zls_ (Z-Mel 77% 
Ue (Z-s-B10 65% 
~~(z.cH,C(CH,)=NNM~I) 47% 

ue (Z-SMc) 76% 

a (Z-Me) 54% 
a (Z.SW 91% 

FYsozpb 
.WZ TBDPSOZ' 

~tz=Mel 77, 

zk(Z.SW 73% 

28b (Z-Ms) 59% 

recw.M%~ 
x (z&Me) 52% 

SO,Pb 

50% 
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While it is premature to indulge in extended speculation vis-a-vis the 

taotors responsible for production of 32. it has been found that 31 reacts with 

methanethiol to afford G. the “normal * SN2 ’ product see” with all other 

u-1 .4-disubstituted derivatives in Tablc 2. A further point worth noting Is 

that compet.ition studies have shown that. u is at lcast a factor of 100 times 

less reactive with lithium dimethyl cuprate than are isomeric ammonium salts 2 

and B. 23 
A final series 0 f compounds which were examlncd in cuprate c”“pli”g 

reactions were the w-disubstituted cyclopentene derivatives listed in Table 

3. As wit.h ally1 ammonium salt 2. the ally1 ammonium salts 33,35 both undergo 

rapid synfacial SN2’ addition with dimethylcuprate to produce adducts 34,32, 

respectjvcly. I” contrast, allyl sulfonium salt 36 reacts with dimethyl cuprate 

to only yield the anti SN2 ’ product 37; again demonstrating the dramatic 

difference hctween ally1 ammaniua and sulfoninm salts in directing these SN2’ 

reactions. 

TABLE 3. SNZ’ Addition to trams-l,4 Disubstituted Cyclopentenes 

SUBSTRATE NUCLEOPHILE CONDITIONS ADDUCT 

U_ (I.TBDPS, W.CO,Me) 

15 (I-TBDMS, W.SO,PL) 

O.OfM, -7VC, 30mia 

o.osM, .wc, 10110 

MC 

b W 

Rob 

YIELD 

34 (II.TBDPS, W-CO,Me) 40% 

32 (R.TBDMS, W=SO,Pb) 9% 

y’ 

o- coomt 

TBDPSO?“’ 

36 MqCuLi O.D3M, -7S’C 3L So% 
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EXPERIMENTAL 

General Procedures. All reactions were performed under a positive pressure of 

nil rage” or argon (in flamed--dried flasks fnr “rga”“l8etallit? reactions). 

Analytical TLC was performed on silica gel 60 P-254 plates. THP and ether were 

purified by distillation from benzophenone- sodium ketyl under nitrogen in a 

standing still. All recrystallization, chromatographic and workup solvents were 

distilled prior to use. Proton NMR spectra WCP” recorded on Perkin-Elmer R-32 

(90 Mite). General Electric QE-300 (300 MHz) or Nicolet NT 470 (470 MHz) 

instruments Proton chemical shifts are reported in part.s per million (ppm) 

downfield from tetramethylsilane as an internal reference (0.0 ppa). All NMR 

spectra (Tables 4-9) warn recorded in CDC13 ,qoluti”” unless otherwise noted. 

Infrared spectra were recorded on a Perkin-Elmer 1420 spectrophotomer as CHC13 

solutions, unless otherwise noted, and are reported in micrometers. Melting 

points were determined on a Meltemp apparatus and arc uncorrected. 
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TABLE 4. “H NMR Chemical Shifts of 

*sIwsoz**’ cis-1,4-Disnbstituted Cyclopentenes 
Et % 

-w x li. Hb % Hd lib. 

t;: COoMe COoMe OH OMs 6.67 6.89 4.66 3.79 208 1.86 2.52 296 472 5.55 
Z&S COOMe NMt, 632 4.6a I.88 2.10 4.01 
* COOMe 

SO,Pb 
NMesBF, 6.82 4.74 216 2.97 4.74 

z.l OKa 6.90 
SO,Pb 

4.80 2.97 3.05 5.60 
SMe,BF, 6.J8 4.84 2.23 2.90 4.80 

CQUPOUND 

SO,Pb OCONliPb 6.87 4.m 1.95 2.80 5.65 
SO*R NMlfBP‘ 5.91 4.96 211 2.71 4.66 

TABLE 5. Coupling Constants of 
cis.1,4-Disubstitutcd Cyclopentenes 

x JI. Ja, J,,,, J., J.. Jge 

OH -1 3.8 7s 11.3 3% 7.5 
OMl? 2.1 4.3 7.4 14.6 4.1 1.3 
NM@* 1.3 3.7 7.5 IS.0 3.0 7.5 
NMe,BF, -1 2.1 1.5 15.7 2.1 7.5 
OMS 1.8 2.0 3.3 15.4 2.0 5.3 
SMe,BF, 1.5 2.8 6.8 15.4 2.8 6.8 
OCONiiPb 2.2 2.6 7.5 14.9 3.0 6.0 
NMe,SF, <I 2.5 8.4 16.1 2.1 7.5 

TABLE 6. ‘ii NMR Chemical Shifts of 
cis-l,Z-Disubstituted Cyclopentenes 

E x 
SO*Ph NMt, 
COOMI NMq 

COOMt Me 
Cooue SMC 
SO@ me 
SWb SMF 
Cooa NM‘@F, 
SOlPb NMctBP4 
COOW SMC$F, 

L 

6.82 
6.68 

6.70 
6.SO 
6.74 
6.96 
7.23 
6.94 
7.27 

Hb rq 

4.50 2.37 
4.38 2.10 

4.10 ?A 
4.44 2.47 
4.06 2.46 
4.40 253 
4.71 2.74 
504 2.39 
4.71) 2.82 

% 

2.71 

238 

2.65 
2.74 
253 
2.73 
3.06 
3.24 
3.16 

_,_!!s. 

3 92 
3.88 

2.% 
3.76 
2.60 
3.41 
4.M 
4.25 
4.w 

TABLE 7. couptiI& Consteats of 
cis.l,t.Disubstituted Cyetopentenes 

I x 
SO*PL NMel 
COORlz NMC, 
Coot& me 
COO?& Sbie 
fO*Fh Mr 

SO,Pb SMC 

COOMe NMe,BF, 
SO*Pb NMQBF, 
COOMC SMc,BF, 

J., J.d JI, Jw Jb. JO3 

2.1 21 2.1 6.3 2.0 18.8 
4s 3.0 1.5 6.0 1.5 18.6 
2.0 3.6 3.1 7.4 2.2 18.6 
3.7 4.5 3.0 75 2.2 19.6 
4.8 2.7 2.6 7.5 1.6 18.9 
2.7 *o 3.0 7.1 -I 18.8 

lb <I 2.4 6.4 Cl 19.2 
3.6 Cl <I 4.6 +, xl.3 
1.5 Cl -1 3.8 <I 19.5 
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TABLE 8. ‘H NMR Chemical Shifts of 
trans.l&Disubstituted Cyclopentenes 

COMPOUND R - EL 

k?.s TBDPS SOIPb 

3L TBDMS 802Pb 

3-4 TBDPS COOMe 

TABLE 9. 

COMPOUND R W - 

x H, Hb H, lid 

NMc, 6.83 4.38 232 2.67 
Me 657 5.02 1.03 2.02 

Me 6.53 5.05 1.83 2.17 

Coupling Constants of 
trans-1,4-Disubstituted Cyclopentenes 

H, 

3.77 
2.99 

3.15 

x J ab Jbc Jbd J Cd ct J Jd c 

a..s TBDPS SOZPL NMe, -1 5.6 75 14.1 8.4 1.5 

u TBDMS SO,Pb Me 0 5.2 7.0 13.3 8.3 3.1 

ja TBDPS COOMe Me 3.0 1.5 7.5 11.2 7.3 ?.!? 

~~_~_o__~_~_~_:_T__r~s(mctny_!_t_n_~~~tmet.f~yL -.cyclopent-3-en--I-oI 16: To a solution of trin-- 

(methylthio)methane (14.6mL. O.llmmol) in THP (3OOmL) at -6O’C was added drop- 

wise a soiolior~ of n-BuLi [72mL, (1.53M in hexane) O.llmoll. The react ion 

temperature was maintained below -4O’C at all times. After stirring for 40 min, 

a solution of epoxide 15 (lO.Og, O.l?mol) in THF (IOmI,) was addt:d slowly. lip”” 

complete addition. the reaction mixture was allowed to warm to O’C whereupon it 

was qncnchcd by pouring into wotor. The aqueous layer was extracted wit.h CH2Cl2 

(2OOmLx3) and the combined organic extract was washed with brine and dried. 

Removal of the solvent affordad the crude alcohol suitable for hydrolysis 

next step. Purification was accomplished by SiO2 chromatography (hcxane/ 

Et20=l 5:l) Io give 19.2g (74%) of 1: as a pale yt:llow oil ‘HNMR (CI)C13 

4.96,3.25,2.60,2.47.2.02. MS m/z EI: 169 M’-SMe (100%). 

trans-2-Ca~“methoxycyclopent-3-en-l-01 1’7: A solution of alcohol .JJ (15 

in the 

):5.66, 

6S.lmmol), ligC12 (6Op. 0.22mol). snd HgO (23g. KllJ7m”l) in a 12:1, MeOH:f120 

mixture (IL) was vigorously stirred at room temperature for 48 h. After this 

int.crva I, the soljd precipitates were removed by I’iltration and Ihe fi1trat.c 

concentrated in vacuo to 200aL. The concentrate was diluted with a 1:l mixture --- 

of Kexano: EtOAc and washed successively wi1.h water. brine, and drlod. Removal 

of the solvent afforded the crude product which was chromatographed over 6Og of 

60-200 mesh silica gel t?luting with SO% (v/v) lit20 io hc:xane. These procedures 

afforded 5.2g (60%) of .lJ as a semi-solid 11~NMR~CDC13):~.65.4.76.~.7s.2 86, 

2.40. MS m/z CI: 143 (M.‘+fl). 

triios 2-Carbomethoxy-cis-Z,3-epoxycycyclopentan--I-”1 18: To a solution of MCPBA -__-_---._ 

[3.3g, (63%) 16mn011 in 40mL CH2C12 at O°C was added a solution of est.cr 2_2 

(2.2g, 14.5m”i) in CR2C12 (10mI.). The reaction was monitored by TLC and up”” 

complete disappearance of G (0.5h); the reaction mixture was cooled to -30°C to 

faciljlat.” chlorobenzoic ncjd precipitation. The precjpitato was removed by 

filtering and the filtrate was concentrated in vat”“. The residue was 

chromatographed over 256 of 60-200 mesh silica gel eluting with 30% (v/v) EtOAc 

in hexane to afford 1.51g (66%) of epoxide u as a single diastereoner. ’ RNMR 

(C~Cl,):3,70,3.65,3.34.3.12.2.14; IR(pa):2.6,3.3.5.6.6.3.7.0,9,6. 
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cis-3-(t-Butyldiphenylsilyloxy)-l-carbomethoxy-5-hydroxy-cyclope”t-l-ene 19: To 

a solution of epoxide s (237mg, 3.5mmol) in CH2CJ2 (3mL) at 0°C was added Df111 

(226mg. 1.57mmol), followed by TBDPSCl (43mg. 1.57mmol) in CH2C12 (5m1.1, a”d 

stirred for 6 h. The solution was diluted with CR2C12 (3OmJ.) and washed with 

saturated NaHCO 3 (3x30 1111.) and brine (2x30 mL). ‘The organic layer was dried 

(Na2so,,) and concenl.rat.ed in vucuo to afford 65mg of crude product as a heavy 

oil. This material was chromatographed over log of 60-200 mesh silica gel 

oJuti”g with 30% (V/V) Et20 in hoxa”a. These procedures afforded 467ma (82%) of 

1_1?. as a semi-solid. 

cis-3-(t-Butyldiphenylsilyloxy~-l-carbomethoxy-5-~m~~hunosuJfor~yl)cy~lop~ni~ iz 

ene 20: To a solution of alcohol 19 (445mg. 1.12minol) in THF (1OmL) at -76’C 

was added Et3N (0.32mL. 2.3mmol) then MsCl (tllmg. 1.23mmol). The reaction 

mixture was stirred at -7B’C for 1 h and subsequently warmed to -4O’C before 

quenching by addition of saturat.ed NaHC03, Thr: aqueous layor was cxtraat.ed with 

CH2C12 (3x30 mL) and the combined organic extract was washed with brine (2x30 

mL) The organic layer was dried (Na2s04) and concentrated in vacua IO afford -___ 

6lOmg of crude product as a heavy oil which was chromatographed oveP log of 

60-200 mesh silica gel eluting with 50% (v/v) Et.2o i” tlexa”e. Those procedures 

afforded 4OOmg (75%) of 20 as a semi-solid. 

cis- 3--(t-BntyIdipheny.lsi1yl.oxy)-I-carbomc:t.hoxy-5-d.inethy.taaino~:ycIo-pcr~t.-L~~~ 

22E and ~ns-4-~t-Butyldiphenylsilyloxy)-2-carbomethoxy-3-dimethylamino- 

cyc lopcnt- i-ene 23E: The mosylato s (115mg. 0.242mmoJ) in CJJ2Ci2 (BmJ.) at 

ambient temperature was treated with gaseous MC~NH for 12 h. The s 0 J u t i 0 n w a s 

diluted with CH2c12 and washed with water (3x20 mJ.) foi lowed by drying (Na2S04) 

Concentration of organic layer in vacua afforded 9BOmg of a mixture of products 

which were separated by chromat.ography over 151 60-200 mesh silica gel eluting 

with 30% (v/v) Et20 in hexane. These procedures afforded 642mg (fi:I%) of’ 21 

(Rf=0.24 Et20:Hcxanc-3:7) and 277mg (27%) of a (Hf.0.33) ias heavy oil. 

22~:1R(pm):3.2,3.4,5.6,6.3,6.9.9.0,9.6, Exact mass calcd for C25RQ3N03Sj: 

423.2229: found 423.2226. ~:JR(pm):3.2,3.4,5.6,6.1,6.3,6.9,9.0,9.8. Exact 

mass caicd for C 25H37N03Si: 423.2229; found 423.2229. . . 

trans-4-lt-Butyldiphenyls1~yloxy)-2-carhomethoxy-3-methylcyclopent-~-ene 25a: A 

slurry of copper (I) iodide (576mg. 3.02mmol) in l.SmJ, Rt2C ai_ 1O’=C wus treated 

with MeLi /0.41mJ, (1.44M in ether), 0.589mmoll for 10 min. The solution was 

cooled to --76OC. followed by addit.ion of 20 (71fimg, 0.15lnmol) in E1.2o (2mL) :,“d 

at -76’C for 30 min. The mixture was added to 25mL I :1 NH3-NI14Cj sojut.ion 

followed by extraction with Ct12C12 (4OmJ,). Drying (Ns2S04) and concentration 

in vacua afforded 60ng of a brown oil which was chromntographed over 5g of -- - 

60-200 mash silica go1 r!lut.ing with 30% (v/v) Ct2C 1” hexa”c. These procedures 

afforded 46mg (77%) of 25a as a semi-solid. IR(pm):3.2,3.4,5.8,6.1.6.3,7.2,9.6. 

Exact nlass calcd for c 24iJgoU3Si : 394. i964 : found: 394. 1960. 

trans-4-(t-Butyldiphenylsilyloxy) --_ -2-carbomethoxy-3-hutylcyclopent-1-ene 25b: A 

slurry of cogpor (I) iodjdc (39.5mg. 0.206mmol) in 1.5mJ. tit20 at ioOc was 

treated with BuLi 10.16mL (2.6M in hexane), 0.416mmol] for 5 min. The solution 

was cooled to -78’C. followad by addftion of 20 (49.2mg, 0.105mmo1) in Rt2!j 

(1mL) and at -76-C for 30 min. The mixture was added to 15mJ. 1:l NH3-NJi4Cl 

solutjon followed by extraction with Cf12c12 (3Omr.). Drying (Na2S04) and 

concentration in vacua afforded 35mg of a brown oil which was chromatographed -- 

over 4g of 60-200 mesh silica gel elut.ing wit.h 10% (v/v) Et20 in hexane. These 
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procedures afforded 29.311112 (66%) of e. IR(~n):3.2,3.4,5.8,8.1,6.3,7.3,9.6. 

KxaCl. mass calcd for C2,H3603Si: 436.2433; found: 436.2429. 

~ans-4-(t-Butyldiphenylsllrloxyf-2-carbonethoxy-3-~2-dlnethyIhydrazinortroQylf- 

~yclopont- I-ene 25e: A solutjon of acetone N,N-di~ethy.lhydrazone f32mg. 

0.318nntol) in 2mL ET20 st -78-C was teated with t-,BuLi [O. IQ&L (J.?W in 

pentant?), 0.318nmolj followed warming to -tO*C for 2Omln. The solution was then 

irsnsferrcd to a slurry of copper (I) iodide (31mg. 0.163mmol) in InL Et20 at 

-1O’C for 20 min, followed by addition of 3 (38.7mg. O.ORPmnol) in lmt Bt20 at 

-7R’C for 30 ain. The reaction was quenched with 15rrL 1:l NH~-NR~CI solution 

and extracted with CH2ci2 (JOIIIL). Drying (Ra2S04) and concentrattnn in vacno 

afforded 24alg of a brown oil which was chroaatographed over 4g of 80-200 mesh 

silica gel eluting with 30% (V/V) Et20 in hexane. These procedures afforded 

I8mg (47%) of &. IR(yn):3.3.3.4,5.5,6.1,7.0,7.2,7.7.9.3. Exact ma88 calcd for 

C 28113BN20~Si: 4’78.2651; found: 478.2558. 

trans-4-(t-ButytdiohenYlsilyloxy)-2-carboaethoxy-3-aethylth~o-cy~loDent-l-ene 

25d : A solution of ,2J (136mg. 0.235nlnol) in CH2CI2 (7ml.) at alabicnt temperature 

wss tr.eat.ed with et3N (3mJ,), fol lowed hy ~assagc of qesetrun FleSR through tht: 

mixture for 15 min. The solution was diluted with CN2c12 (loal,) and washed with 

water (3X20 IaL). followed by drying (Na2~04). Conccntrat ion & vm effordcd 

l$zmg of crude product which was ChroaatoRraphed over 6g of 60-200 mesh slilca 

gel clut!ng with 30% (v/V) Et20 in bexarte. These procedures afforded 92s~ (76%) 

of 25d as a sent-solid. IR(um):3.2.3.4,5.8.6.2,8.3,3.8,7.2,7.3,7,8,9.5. Exact 

Isass cslcd for c 24117003SSi: 426. 1685: Pound: 426.>685. . . 

cis-4-(t-Butyldiphenvlsilyloxy)-2_oarboaethoxY-cYclopent-2-enyl trimethyl- 

mmonius totraf lnorohorate 26K: A solution of 22F: fZ2rmR. 0.522mmol) in C?lZ~12 

{emI,) at arabient temperature was treated with MeOTf (13088, 0.79mn~olf. The 

solution was stirrtrd for 20 rain. followed by addit.ion of sat.urat.ed NaHC03 

flSmL), and extraction with CH2c12 (ZO~LXZ). Concentriition of organfc Inyor b 

w afforded s white foam which was dissolved in THP (5mL) and stirred with a 

nolotion of NaHP 4 (41) in I2ml. of water for 30 111113. The so!ul.ion was di.lut.ed 

with CH2r”12 (ZOnL) and the aqueous layer was extracted wit.h CR2C12 (3x20 RLL). 

The coatbined organic layers were concentrated in vacua to afford 246mg (90%) of 

22 as a rigid white foam. IH(~~):3.2.3.4.5.8.6.1,8.4,6.6,8.8,7.3,7.7,8.1. 

Elemental snalYslS calcd for C26H36RF4N03Sl: C 50.45. A 6.86, N 2.67; C 59.80. H 

7.12. N 2.85. 

trans--4-(t-Ht~t.ylrliohenyJsilyJoxy)-2-nhenylsulfonyl--3-lac~thylcycloyeo~.-~-ene 28a: 

A slurry of copper (I) iodide (39rag. 0.206smolf in Et30 (1.5rnL) at. -io*c was 

treated with !4eLI [0.30mL fl.4M in ether), 0.43mmotj for 10 atin. The solution 

was cooled to -78”C, followed by addition of 21 2*2* (ZRdmg. 0.06lleaol) in tit20 

(ImL) and stirred at the ssme temperature for 3 h. The mixture was added to 1:I 

NH3.~l~4~l (20mL) solution followed by extraction with CH2C12 (3x.15 mi.). Drying 

(Na2SO4) and concentration in vacua afforded 25mg of a brown oil which was -___ 
chronatographed over 2g of 60-200 mesh silica gel eluting with 30% (v/v) EtOAc 

in bexane. These procedures afforded Y7mg (68%) of ZRa as a semi-solid. 

IR(~a):3.2,3.4.6.2,6.6,6.9,7.3,9.0,9.8. fixact mass calcd Por C28R,+203S~i not 

present: fragment c z4H2103SSi: dlQ.1841: found 419.1824. 

trans-4-(t-Butyldiuheaylsilyloxy)-2-phenylsulfouyl-3-~ethylth~o-cyclooent-l-ene 

s: A soletion of ,2~28 (48mg. 0.060ssol) in CH2Cl2 (2 mL) at ambient 

teaperature was treated with Bt3N (o.?mL), followed by passage of gsseous MeSN 

through the mixture for 30 min. The soiution was diluted with CHZ~.12 (romp,) and 
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washed with water (3x15 mL), followed by drying (Na2804). Concent ration of iht! 

organic layer in vacua afforded a crude product which was chromatographed over 

4g 60-200 mash silica gal eluting with 30% (v/v) Bt2[) i” hexant:. ‘These 

procedures afforded 32mg (73%) of 28b as a semi-solid. IR(pm):3.2,3.4.6.2.6.3. 

6.8.6.9,7.2,7.3,9.0,9.8. Exact. mass calcd for C 28H72113S2Si not prosent : 
fragment C24H2303S2Si: 451.0857; found 451.0850. 

cis-4-ft-Butyldiphenylsilyloxy)-2-phenylsulfonyl-2-cyclopentenyl-l-dimothylsul- 

fonium t.ctrafluoroborate 29: A solution of 28b (2Qmg. 0.0571nmol) ln - CH2C12 

(2mt) at ambient temperature was treated with MeOTf (14mg, 0.0854mmol). T h c 

solution was stjrrcd for 1 h, followed hy addition of sat.urat.c!d NaHC03 (1 sml.), 

and extracted with CH2C12 (3x15 mL). Concentration of the organic layer j@_ 

vacua afforded a white foam which was dissolved in 3mL of THF and stirred with a 

solut.io” of NaBF 4 (1~) in 2aL of water for 30 min. The solution WBY diluted 

wj th CIi2C12 (20mL) and water (15mL) and the aqueous layer was extracted wilh 

CH2C12 (3X15rnl.). The combined organic layers were conc:entraLs:d in vacua t 0 

afford 34mg (97%) of 29 as a rigid white foam. IR(pm):2.8.3.2,3.4.6.3.6.4,6.8, 

6.9.7.3,7.6.9.4. Elemental analysis calcd for C 29H35HP403S2Si : C 57 .OO. H 5, 70: 

found C 57.00. Ii 5.41. 

cifi--4- (t-8~~t.yld~phc”ylsilyloxy)-2-phonylsulEonyl~~_-cycio~cntyl N-phm 

carbamate 30: A solution of cis-4-(t-Rutyldtphenylsilyloxy)-l-hydroxyl-2- 

(phe”ylaulfo”yl)-cyclope”t-2-c”c2~22 (300mg. 0.62lmmol) in 15mI. of CH2(:12 ;,t 

ambient temperature was treated with PhNCO (2OOmg. 1.68nm”l) followed by Et3N 

(O.lmL). The solution was stirred for 30 min. followed by filtration through 

cclite and washing t.he filter oako wit-h hoxanc (IOml.). Thr: solid was 

chromatographed over log of 60-200 mesh silica gel. eluting with 10% (v/v) RtOAc 

in hcxane. Thcsc! procedures afl’ordcd 247mg (66%) of 30 as a white solid 

mp: 125.6°C. 1R(pm):3.0.3.2.3.4.5.8,6.0,6.2,6.9,7.0,7.3,7.6,9.8. MS m/z (Cl): 

Mf 598. 

cis-4-(t-But.yItIlphenylsilyJoxy)-2-oarbomethoxy-~2-cyr:.louentcnylt.rimot.hylanmonium- 

tetrafluoroborate 31 : A solution of 22s 22 (5.0g , 9.8Qnmol) in CH2C12 (2om1,) at. 

ambient temperature was treated with MeOTf (2.11g, 12.85mmol) moderating the 

t.cmpcraturc wi t.h a water bat.h 

4.94mmol) was added. The so 

to saturat.ed NaHC03 (cOrnI,). 

residue was dissolved in ace t 
(2Og) in 30mL water for 2 h. 

extracted with CH2C12 (3x200 

After nl.irring for 30 min, mnpo MoOTf (0.811g. 

ution was stirred for 30 min, followed by addition 

The organic layer wils concentrated h v-n. This 

one, (1OOmL) and treated with a solution of NaRF4 

The solution was diluted with water (1OOmL) and 

mL). The combined organic layers wcrc dried 

(Na2s04) ar~ri concentrated in vacua to afford 6 Og (100%) of z as a rigid white 

solid. IR(pm):3.3.3.4.6.3.7.6.8.7,9.3. 

trans-4-(t--Hutyldiphenylsilyloxy)-l-aethyI-Z-phenyl~ulfo”yl~yclopent~-2-~na 32: 

A slurry of coppep (I) iodide (784mg. 4.Ilmmol) in 4mL THP at -10°C was treated 

with Me1.i [5.92mL (1.4M in et.her). 8.22mmoll. The solut.ion was warmed to 0°C 

for 15 min. followed by transfer m cannula to a solution of 31 (5OOmg. 

0.823mmol) jn THP (4mL) at -78’C. The orango solution was stirred at .-78“C for 

IO min. The mixture was added to 4OmL 1:l NH3-NH4Cj solution followed by 

extraction.with CH2C12 (lOOmI.). Drying (Na2S04) and concent.ration in vacua 

afforded 0.5g of a brown oil which was chromatographed over 25g of 60-200 mesh 

silica gel eluting with 5% (v/v) Et.OAc in hexane. These procedures afforded 

196mg (50%) of ,Z as an oil. IR(pm):3.3.3.4.6.3,6.9,7.4,7.6,7.9,9.3. 
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tra”a--5-(t.-Dutyldl”hcnylsilyloxy)-2-carbomethoXy-cyCl”~C”t.-2-e”yl trimethyl- 

ammonium tetrafluoroborate 33: A solution of 238 (63mg. O.lSmmol) in CH2C12 

(2mL) at ambient temperature was treated with MeOTf (37mg, 0.225mmol). The 

aolut.iorl was stirred for 1.5 h, followed by addition of naturat.ed NaHC03 (25m1.), 

and extraction with CH2c12 (2Om1.). Concentration of organic layer in vacua 

afforded a white Foam which was dissolved in THP (3 mL) and stirred with a 

str111t.icln of NaRF4 (Jg) in 41~1. of water for 30 min. The solution was diluted 

with CH2r,12 (20~11,) and water (15mL) and the aqueous layer wae extracted with 

CH2CI 2 (3x20 rnL). The combirlad organic layers were concentrated in vacua to 

afford 787mg (100%) of 33 as a rigid white solid. IR(~m):3.2.3.4.5.8.6.1,6.3. 

6.8,7.0.7.4.8.1,9.R. Hlenental analysis calcd for (:26H3681?4NB3Sl: c 59.45, H 

6.86: N 2.6’7: found C 59.82, H 1.25, N 2.38. 

A trans.-3. It- Butyldiphenylsilyloxy)~~5-methyl-carhomcthoxycyclo”~nt.-2-ane 34: 

slurry of copper (I) iodide (18mg. 0.0945mmal.) 1” Et20 (1.5mI.) at -10°C was 

treated with MeLi [O.l4mL (1.4M in ether), O.l96mmol] for 15 min. The solution 

was coolad to -78”C, followed by addition of a (25.7ag. 0.049nmol) in THP 

(1rnL). After stirring at -78-C for 30 min the mixture was added to 15mL of 1:l 

NH3- NH4Cl solution followed by extraction with CH2C12 (3x20 mL). Drying 

(Na2SO4) and concentration in vacua afforded 18mg of a brown oil which was -- 
chromatographed over 1.5g of 60-200 mesh silica gel eluting with 30% (v/v) EtOAc 

in haxanc Thcsc procedoron afforded i2mg (60%) of 34 as a heavy oil. 

IR(pm):R.2, 3.4.5.8.6.1.6.8,‘/.0,‘7.4,1.8,9.0,9.8. Exact Mass calcd for 

(~P4H3003Si: 384.1964: found 384.1959. 

trans-5-(t-Butyldimethyls~lylnxy)-2_Dhenyl~”lf~nyl-~yclapent-2-enyl triaethylaa- 

monium tetrafluorohorate~: A snlut.ion of m22 (207mg. 0.542mmol) in CH2c12 

(1.6mL) was trestcd with MeOTf (O.l34g, 0.814mmol) at ambient temperature for 10 

min. followed by addit iorl of sat.uratt:d NaHC03 (15mL), and extracted with CH2C12 

(2OmL). Concentration of the organic layer in vacua afforded a white foam which 

was dissolved in THIS (6~1,) and stirred with a solution of NaRP4 (6g) in 10m1. “f 

water (pH=l. by addition of cont. HRP4) for 30 min. The solution was diluted 

with CH2C12 (POmL) sod water (15mL) and the aqueous layer was extracted with 

CH2c12 (3x15 rnL). The combined organic layers ware concentrated in vacua to 

afford 245mg (94%) of c as a slightly hygroscopic rigid foam. 

IH(pm):3.:~.:~.4.6.3.6.8.7.6, 7.9.9.3. 

trans-5-(t-Butyldiphanyloxy)-2_carbomethoxy-2-cycl~pentenyl dimcthylsulfon- 

ti tel.rafluoroborate 36: A nolution of 25d (72mg. 0.169mmol) in CH2c12 (2m~) 

at ambient temperature was treated with MeOTf (41mg. 0.0250mmol). The solution 

was stirred for 1 h, followed by additton of satnrated NaHC03 (2Om1.) a”d 

extraction with CH2c12 (2~m1.). ConcentratJon of organic layer in vacua afforded -- 
a white foam which was dissolved in THP (5mL) and stirred with a solution of 

NaBP 4 (1.5g) in 3.5mL of water for 30 min. The solution was diluted with 

CH2C12 (2OmL) and water (15mL) and the aqueous layer was extracted with CH2C12 

(3x20 ml.). The comhlned organic layers were concentrated in vacua to afford 84mg 

(!ld%) of x as a white foam. 1R(ym):3.3,3.4.5.8.7.0,7.8.2.8.2,8.6,9.4. Elemental 

analysts calcd for C 25H33BF4SSi: C 56.90. H 6.25: found C 55.80, H 6.49. 

cis-3-(t-8utyldi”henylsilyolxy)-5-methyl-l-carbomethoxycyclapent-2-ena 3’7: A 

slurry of copper (1) iodide (26ng. 0.13’7mmol) in Et20 (1.5mL) at JOOC was 

treated with MeLi [O.l9mL (1.4M ether), 0.265mmoll for 15 min. The solution was 

coolad t.o 78”C, followed by addition of S (36.9. O.OGRmmol) in THP (1.5mL) and 

stirred at -78’C for 30 min. The mixture was added to 20mL of 1:l NH3-NH4cl 
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soilltion followed by extraction with CH2Cl2 (3x15 mu,), Drying (Na2SO4) and co”- 

centratio” AI vaceo afforded 25mg of a brown oil which was chromatographed over 

2g of 60-200 mesh silica gel cluting wjth 30% (v/v) EtOAc irr hexana. These prrl- 

cedures afforded 21.5mg (80%) of x as a heavy oil. TR(pm):3.2.3.4.5.8,6.1,6.3. 

6.8,7.2,8.9.9.8. Exact mass calcci for C 24Y3,,03SSi: 384.1964: found: 384.1958. 
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