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ABSTRACT: The stereochemistry of SN2' additien of cuprates to sulfone and
ester-polarized cyclopenteny]l sysiems is shown to depend upon the nature of the
leaving group. Aliyl ammonium salts usually undergo stercospecific synfacial

addition reactions.

In connection with our synthetic program we required an experimental
protocol for the conversion of chiral amino vinyl sulfones 1 to gis-substituted
vipyl sulfones 8. Gur Initial finding was that simple organolithium reagents
undergo addition to wvinyl sulfone 1 with exclusive trang stereochemistry,

affording amino sulfones 2 in high yvield. Quaternization (to 3) and elimination

with DBU provided the trans vinyl! sulfones 4 in excellent overall vyield.

Alternatively, quaternization of the amine moicty of 1 provides ammonium salt 5
which undergoes direct SN2' coupling with cuprate reagents to regio- and
stereospecificially produce cis-substituted vinyl sulfones g.z

SO;Ph ; SO;Ph SO;Ph
@z P g, L PR 2
Nt g
o’ ‘NMe, POT ‘NMe, ro’
1 (P=TBDMS 2 (0=2) 4
or TBDPS) 2.(
3 (r=3)
1. MeOTS
2. NaBF, R (R=Me, Ph, CH;=CH,
H CH,CH=CH,, CCTMS
@,sozph 3. RyCuLi 3 ~50;Ph t-Bu)
———————emsn
; *, b TBDMS=1-CHgSiMey;
PO’ ‘NMes BF, PO’ TBDPS=1-C¢H,SiPh,
s '3

Cuprate reactions with allyl ammonium salt § appear highly tolerant of the

2-7

structure of the reagent. Tabie % shows a serlies of functionalized reagents

that have been reacted with 5, resulting in clean conversiocn to cis-adducts.

Several observations were made which seem worthy of comment. 0f the reactions
listed in Table i, the most cxperimentally demanding were those of
trisubstituted bromocuprates 7a,b. Since the detailed structure of the parent

diallyl cuprate reagent is a matter of some contention8 and since halocuprates
have only seen occasional usage.9 it seems premature to speculate about the
source of the striking a-regiospecificity seen in this reaction.

Un s more practical note, we found that copper bromide-dimethyl sulfide
wiich had been stored for any period of time resulted in THF solutions with a
distinct yellow or orange color. Reactions which used this material (with or
without added LiBr3'9 or additional sulfide ligands) uniformly gave poorer
results than those which use freshly recrystallized reagent {colorless

solution).lo

An expedient solution to this problem involved treating the
“suspect” copper bromide-~dimethyl sulfide, either as a standard solution in THF
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or diisopropyl sulf:lde11 or directly in the reaction medium.4 with copper wire.
This technique rapidly produces a colorless solution, presumably due to
reduction of any copper [(II] which might be present, and facilitates reactions
of equal quality to those from recently recrystallized reagent.

A final comment about Table 1 relates to aryl lithium reagent 13. 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 undergo
SN2' addition to allyl ammonium salt § without any of the side reactions which

normally accompany attempted substitution reactions with more basic reagents.

Nucleonhile AddHct X'IEIII Ref.
PhCH,;0 H
PRCH,0 H R 1
Ry R oMoM
Li* BrCu  OMOM Q,so,m.

T

TBDPSO'
1a (R=H) 8a (R=H) 75% 3
1b (R=Me) 8b (R=Me) 79% 4

Y Me
MeO N—;Me Q SO,Ph
Me

Li* Cuy;CH;

TBDPSO'
1 10 92% s
MeO
MeO O\/\
A\_-SO:PR
CuCCCMe,0Me Li*
TBDPSO'
u 12 9% 6
L oms
oT™S MOMO 2
MOMO A\, 50;Ph
Li
TBDPSO
& 14 90% ?

These successful reactions raised several mechanistic guestions within the
context of the long-established debate regarding the factors favoring SN2 or
SN2' pathways in substituted allyl :wstems.12 As can readily be seen, the
present system has two rather special factors which are readily identifiable:
The first of these is the presence of the sulfone moiety at the B-position of
the allyl system. Allyl 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.
13 and

The

Demonstration of this predictable SN2' rcactivity was pioneered by Lawton

numerous subsequent authors have used this strategy to great success. 4

14

choice of withdrawing groups can be guite wide-ranging, and has included

several examples of both cyclic“5 and acvclic16

vinyi sulfones serving as
substrates. A second unique feature in substrate 5 was use of an allyl ammonium

salt. Several examples of coupling reactions with acyclic allyl and dienyi
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17

ammonium salts show strong preference for the SN2 transition state, although

one of the original Lawton papers also emploved a symmetrical allyl ammoniunm
salt that presumably underwent nucleophilic reaction via the SN2' pathnay.lac

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

cyclic aliylic systenms. It has been observed that leaving-group effects are
especially important in five and six-membered ring allyl systems; while allylic
carboxylates generally react via anti 8N2° coupling reactions,ie allylic
urethanes undergo a directed syn SN2' react:ion‘l9
W w
NucN)\ Nnch‘K‘\
Sy2’
AAANANN ASNANNAN,

Based upon our success with 5. wc became interested in exploring the
generality of the SN2' reaction with an ester~polarized allyl system. Synthesis
of these substrates was based upon methodology established in the vinyl sulfone

15

series. Treatment of cyclopentadiene wonoepoxide 15 with lithiuam

trigsthiomethyl methidezn affords trithicorthoester 16 which is hydrolyzed to

ester i7 using methanol and mercury [II].aO pirected epoxidation of 17 gives 18

which upon treatment with DBU and subsequent silylation of the intermediate diol
atffords vinyl ester 19. Reaction of 19 with methancsuifonyl chloride and

tf'iet‘.h_vlamine2Jt

smoothiy generates mesylate 20. Reaction of 20 with
dimethylamine in methylene chlioride affords a 2.3:1 mixture of easily separable
vinyl esters 22E and 23E in 90% yielid. We prosume this reaction occurs via the
intermediacy of adduct 21E. followed by rapid equilibration to the observed
mixture, since individual treatment of either isomer with dimethylamine
hydrochloride results in reestablishing the 2.3:1 mixture. This mixture is
reminiscent of the mixture that is observed upon equilibration of vinyl sulfone

215.2%

.0 Ho HO 42) DBU
VL LlC(SMe)g X 3 MCPBA coMe  4b) TBOMSCI COMe
2 Meon
HgCly e
HRO [\)
16 (X=C(SMely) u (R=H)
L5 12 (X=COMe) 18 20 (R=S0;Me)
MeN MeN
20 S HNMe: COMe COMe COMe CO.Me
0%
i & & "y E]
TBDPSO TBDPSO NMe, TBDPSO NMe; TBDPSO
3E 2.3:1 23E 21E none 2E
Me;N Me,N
HaNMe;Cl H
SO;Ph $O,Ph SOp0 SO,Ph
A ————
TEDPSO  NMe; TBDPSO TBOPSO  NMe; TBDPSO

218 %) 228 (8%) 23§ (40%) 248 (20%)
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A series of cis-1,4-disubstituted cyclopentene derivatives have been

examined with respect to the stercochemistry of their coupling reactions with

cuprates and other nucleophiles (see Table 2). The initial substrate emploved
for this purpose was vinyl ester 20. All reactions afforded products (25a-d)
via the anti SN2' transition satate. Encouraged by our previous successes with

the suifone-substituted allyl ammonium salt 5, we next examined reaction of
allyl ammonium salt 26E with both dimethyl cuprate and methanethiol. The
exclusive products again were 25a,25d, respectively bearing the +trans 1.2
relationship.

The stereochemicaj 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
4-9).

Surprised by the absence of the anticipated synfuacial addition for the
above ammonium salt reactions, we examined the isomeric sulfone-bearing series.
Mesylate 27 undergoes anti SN2°' dispiacement with dimethyl cuprate and
methanethiol to afford 28a,b, in perfect agreement with the reactions seen with
vinyl ester 20. Similarly, dimethylsulfonium salt 29 also affords 28a when
reacted with dimethyl cuprate. In an effort to utilize a urethane-directed

coupling.19

compound 30 was treated with dimethyl cuprate. This substrale was
quite unreactive at low temperature. More forcing conditions (Table 2) served
to largely consume 30, but no addition products were isojated. Taken together,
these results suggest that the incoming nuclieophiles cannot attain the proper
synfacial SN2' trajectory, presumably due to eclipsing interactions with the
bulky silyloxy moiety. A final substrate, ammonium salt 31 was also exposed to
dimethyl cuprate resulting in product 32, the formal result of direct SN2
coupling. This reaction is especially surprising when contrasted to the cuprate

reactions of 26E,29, both of which recact via the anti SN2' route.

TABLE 2. SN2' Addition to cis-1,4 Disubstituted Cyclopentenes

SUBSTRATE NUCLEOPHILE CONDITIONS ADDUCT YIELD
X qCOOMe
COOM. R
Q oome TBDPSON z
TBDPSO"
20 (X=080,Me) Me,CuLi (2 eq) 0.04M, -78°C, 30min 258 (Z=Me) 17%
20 (X=0S0,Me) Bu,CuLi (2 eq) 0.01M, -78°C, 30min 25b  (Z=n-Bu) 65%
20 (X-080;Me) [Mc,NN:(CB,)CCH,],CuLi (2eq.) 0.05M, -78°C, 1h 25¢_(Z=CH,C(CH,;)=NNMe,} 47%
20 (X=0S0,Me) MeSH/Ety)N 0.03M, 25°C, 1Smim 254 (Z=SMe) 76%
26E (X=NMe;BF ) Me,CuLi (2eq) 0.61M, -78°C, 20min 25 (Z=Me) 54%
26E (X=NMe;BF,) MeSH/Et,N 0.01M, 25°C, 20min 254 (Z=SMe) 1%
X
Q/so,n qso,n
'rnnrso-“'. TBDPSOM" z
K Z=Me %
27 (X=0S0,Me) Me,Culi (4eq.) 0.025M, -78°C, 3h 28 ( )
27 (X=0SO,Me) MeSH/Et;N 0.035M, 25°C 30min 284 (ZxSMe) 753,:
29 (X=SMe;BF,) Me,CuLi (2eq.) 0.03M, -78°C, 1h 288 (Z=Me)
30 (X=OCONHPh) Me,Cubi (deq.) 0.05M, -78°C-0°C, 4h . recov. 30% 30
31 (X=NMe,BF,) MeSH/Et,N 0.03M, 25°C, 30min 284 (Z=SMe) 2%
Me
$O;Ph
TBDPSO"

31 (X=NMe,BF ) Me,CuLi (2eq.) 0.06M, -78°C, 10 min 32 s0%
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While it is premature to indulge in extended speculation vis-a-vis the
factors responsible for production of 32, it has been found that 31 reacts with
methanethiol to afford 28d, the "normal"” SN2' product seen with all other

cis-1,4-disubstituted derivatives in Table 2. A further point worth noting is

that competition studies have shown that 31 is at least a factor of 100 times
less reactive with lithium dimethyl cuprate than are isomeric ammonium salts §

and 35.23

A final series of compounds which were examined in cuprate coupling
reactions were the trans-disubstituted cyclopentene derivatives listed in Table
3. As with allyl ammonium salt 5, the allyl ammonium salts 33,35 both undergo
rapid synfacial SN2' addition with dimethylcuprate to produce adducts 34,32,
respectively. In contrast, allyl sulfonjum salt 36 reacts with dimethyl cuprate
to only vyield the anti SN2' product 37; again demonstrating the dramatic
difference between allyl ammonium and sulfonium salts in directing these §$N2!'

reactions.

TABLE 3. SN2' Addition to trans-1,4 Disubstituted Cyclopentenes

SUBSTRATE NUCLEOPHILE CONDITIONS ADDUCT YIELD
Me
w w
R o
ko NMe;3;BF, ro"
33 (R=TBDPS, W=CO;Me) Me,CuLi 0.02M, .78°C, 30min 34 (R=TBDFS, W=CO,Meo)  60%
35 (R=TBDMS, W=SO,Pk) Me,CulL} 0.05M, .78°C, 10min 32 (R=TBDMS, W=SO,Ph) 92%
Me
Q/coom O_coom.
TBDPSO®  YSMe;BF, TBDPSO"
% Me, CoLi 0.02M, .78°C v 0%
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EXPERIMENTAL

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

nitrogen or argon (in flamed-dried flasks for organometallic reactions)

Analytical TLC was performed on silica gel 60 F-254 plates. THF 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 specctra werce recorded on Perkin-Elmer R-32
(90 MHz), General Electric QE-300 (300 MHz) or Nicolet NT 470 (470 MHz)
instruments. Proton chemical shifts are reported in parts per million (ppm)
downfield from tetramethylsilane as an internal reference (0.0 ppnm). All NMR
spectra (Tables 4-9) were recorded in CDCl, solution unless otherwise noted.
Infrared spectra were recorded on a Perkin-Elmer 1420 spectrophotomer as CHCI3
solutions, unless otherwise noted, and are reported in micrometers. Melting

points were determined on a Meltemp apparatus and are uncorrccted.
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TABLE 4. 'H NMR Chemical Shifts of

cis.1,4-Di T
— a s4-Disubstituted Cyclopentenes
8, .
COMPOUND w p.4 H, Hy H H, H,
L2 COOMe oH 667 466 1.86 252 472
10 COOMe OMs 689 319 2.08 296 555
22K COOMe NMe, 652 4.68 1.88 210 401
§E gg‘”g‘ NMe,BF, 682 474 216 297 44
FA 2 OMs 6.90 4.80 29 305 5.60
28 _ S0;P $Me,BF, 6.58 434 223 250 4.30
s S0, GCONHPH 687 41 195 280 565
a1 50,7 NMeBF¢ 591 496 21 275 48
TABLE 5. Coupling Constants of
cis-1,4-Disubstituted Cyclopentenes
COMPOUND w X Lax Ine Ina d:a Jee das
12 COOMe OH -1 38 15 13 38 75
20 COOMe OMs 21 43 74 145 41 73
22E COOMe NMe, 15 37 15 15.0 30 15
26E COOMe NMe,BF, -1 21 15 157 21 15
27 $0,Ph OMs 18 20 53 15.4 20 53
29 SO,Ph SMe,BF, 15 28 68 154 28 68
3 SO,y OCONHFE 23 26 75 145 30 &0
31 SO,Ph NMesBF, <1 25 84 16.1 21 15
TABLE 6. 'H NMR Chemical Shifts of
cis-1,2-Disubstituted Cyclopentenes
w X H, Hy H, Hg H,
238 50,Ph  NMe, 682 4.50 237 211 392
23E COOMe  NMe, 6.68 438 2.10 238 388
15a COOMe  Me 670 4.10 245 265 296
154 COOMe  SMe 680 444 2487 274 276
28a SO4Ph Me 674 406 246 253 250
288 SO,PE §Me 696 440 253 73 354
i3 COOMe  NMe,BF, 723 amn 276 308 420
3s SO;Ph  NMe;BF4 694 544 239 3% 425
36 COOMe  SMe,BF 727 49 282 316 4.04
TABLE 7. Coupling Constants of
cis-1,2-Disubstituted Cyclopentenes
IND w X. Jac Jad Jye Jva Jne Jea
238 SO,.Ph NMg¢; 21 21 21 6.3 28 18.8
23E COOMe NMe; 45 30 5 60 5 186
258 COOMe Me 28 30 21 74 22 186
254 COOMe SMe 37 45 0 15 22 8.6
282 $04Ph Me 48 27 26 75 16 189
280 50;PB SMe 27 30 30 7.1 ~1 188
33 COOMe NMe3BF 16 <1 24 64 <1 192
s $0,Ph NMe,BF, 36 <1 < 46 <1 203
36 COOMe SMeBF, 15 <1 -1 18 <1 19.5
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TABLE 8. 'H NMR Chemical Shifts of
H,. trans-1,4-Disubstituted Cyclopentenes

H,»7

RO’ B,

COMPOUND R w X H, Hy H, Hy H,
248 TBDPS SO,Ph NMe, 6.83 438 232 267 3.77
z TBDMS SO,Ph Me 657 5.02 1.03 202 299
14 TBDPS COOMe Me 6.53 5.05 183 217 3.15

TABLE 9. Coupling Constants of
trans-1,4-Disubstituted Cyclopentenes

COMPOUND R w X Jap Jbe  Jdva  Jea Jee  Jae
24§ TBDPS 50,Ph  NMe, -1 5.6 75 141 84 15
32 TBDMS SO,Ph Me 0 52 70 133 8.3 31
34 TBDPS COOMe Me 30 1.5 75 11.2 73 20
trans-—-2-Tris{metnyitniojmernyli-cyclopent-3-en-1-0]l 16: To a solution of tris-

(methylthio)methane (14.6mL, O.1lmmol) in THF (300mL) at -60°C was added drop-
wise a soluwtion of n-BulLi [72mL, (1.53M in hexane) 0.11imol]. The reaction
temperature was maintained below -40°C at all times. After stirring for 40 min,
a solution of epoxide 15 (10.0g, 0.12mol) in THF (10mL) was added slowly. Upon
complete addition., the reaction mixture was allowed to warm to 0°C whereupon it
was fguenched by pouripg into water. The aqueous layer was extracted with CH2c12
(200mLx3) and the combined organic extract was washed with brine and dried.
Removal of the solvent afforded the crude alcohol suitable for hydrolysis in the
next step. Purification was accomplished by Sio2 chromatography {(hexane/
Et_0=1.5:1) to give 19.2g (74%) of 16 as a pale yellow oil. LunMR (CDC]s):ﬁ.SG,

2
4.98,3.25,2.80,2.47,2.02. MS m/z E1: 189 M'-SMe (100%) .

trans-2-Carbomethoxycyclopent-3-en-1-01 17: A solution of alcohol 16 (15.0g,

63.1mmol), HgCJZ (60g, 0.22mol), and HgO (23g, 0.107mol) in a 12:1, MeOH:H,0
mixture (1L) was vigorously stirred at room temperature for 48 h. After this
interval, the solid precipitates were removed by filtration and the filtrate
concentrated in vacuo to 200mL. The concentrate was diluted with a 1:1 mixture
of Yexane: EtOAc and washed successively with water, brine, and dried. Removal
of the soilvent afforded the crude product which was chromatographed over 80g of
60--200 mesh silica gel eluting with 30% (v/v) Etzn in hexane. These procedures
afforded 5.2g (60%) of 17 as a semi-solid. 1HNMR(CDCI,;):5.85,4.78,3475,2.86,
2.40. MS m/z CI: 143 (M'+H). )

trans-2-Carbomethoxy-cis~-2,3-epoxycyclopentan--1-0l1 18: To a solution of MCPBA

[3.3g, (83%) 16mmol] in 40mL CH,Cl, at 0°C was added a solution of ester 17
(2.2g, 14.5mol) in CHZCI2 (10mL). The recaction was monitored by TLC and upon
complete disappearance of 17 (0.5h); the reaction mixture was cooled to -30°C to

facilitate chlorobenzoic acid precipitation. The precipitate was removed by
filtering and the filtrate was concentrated in vacuo. The residue was

chromatographed over 25g¢ of 60-200 mesh silica gel eluting with 30% (v/v) EtOAc
in hexane to afford 1.51g (66%) of epoxide 18 as a single diastereonmer. LHNMR
(CDCls):3,70,3465,3.34,3.12,2.14; IR{pm):2.8,3.3,5.8,6.3,7.0,9.6.
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cis-3-{t-Butyldiphenylsilyloxy)-i-carbomethoxy-5-hydroxy-cyclopent-1-ene 19: To

a solution of epoxide 18 (237mg, 1.5mmol) in CHzc]2 (3mL) at 0°C was added DBU
(228mg, 1.57mmol), followed by TBDPSCl (43mg, 1.57mmol) in CH2(:12 (5mL), and
stirred for 6 h. The solution was diluted with CHZCI2 (30ml.) and washed with
saturated NaH003 (3x30 mL) and brine (2x30 mL). The organic layer was dried
(Nazso4) and concenlrated in vacuo to afford 65mg of crude product as a heavy
0oil. This material was chromatographed over 10g of 60-200 mesh silica gel
eluting with 30% (v/v) Et,0 in hexane. These procedures afforded 487mg (82%) of

19 as a semi-solid.

cis-3-(t-Butyldiphenylisilyloxy)-1-carbomethoxy-5-(methanesulfonyl)cyclopent-1-
ene 20: To a solution of alcohol 19 (445mg, L.!2mmol) in THF (10mL) at -78°C

was added EtsN (0.32mL, 2.3mmol) then MsCl (i4img, 1.23mmol). The reaction
mixture was stirred at -78°C for 1 h and subsequently warmed to -40°C before
quenching by addition of saturated NaHCOs, The aqueous layer was cxtracted with
CHzcl2 (3%x30 mL) and the combincd organic extract was washed with brine (2x30
mL). The organic Jlayer was dried (Na,s0,) and concentrated in vacue to afford
670mg of crude product as a heavy oil which was chromatographed over 10g of
60-200 mesh silica gel eluting with 50% (v/v) Etzo in hexane. These procedurcs

afforded 400mg (75%) of 20 as a semi-solid.

cis-3-(t-Butyldiphenylsilyloxy)}-l-carbomethoxy-5-dimethyiaminocyclo-pent~1-ene

228 and trans-4-(t-Butyldiphenylsilyloxy)-2-carbomethoxy-3-dimethylamino-

cyclopent-l-ene 23E: The mesyilate 20 (115mg, 0.242mmol) in CH2012

ambient temperature was treated with gaseous MGZNH for 12 h. The solution was

(8mlL) at

diluted with CH2C12 and washed with water (3x20 mL) followed by dryving (Na,s0,).
Concentration of organic layer in vacuo afforded 980mg of a mixture of products
which were separated by chromatography over 15g 60-200 mesh silica gel eluting
with 30% (v/v) Etzo in hexane. These procedures afforded 642mg (63%) of 22F
(Rf=0.24 EtZO:Hexanen3:7) and 277mg {(27%) of 23K (Rf~0,33) as heavy ot}
22E:1R(pm):3.2,3.4,5.8,6.1,6.3,6.9,9.0,9.8. Exact mass calcd for Czsﬁssuossi:
423.2229; found 423.2228. 238E:IR{(um):3.2,3.4,5.8,6.1,6.3,6.9,9.0,9.8. FExact

mass calcd for 025H33N03s1: 423.2229; found 423 2229,

trans-4-(t-Butyldiphenylsilyloxy}-2-carbomethoxy-3-methylicyclopent-1-ene 25a: A

slurry of copper (I) iodide (576mg, 3.02mmoi) in 1.5ml Etzo at —10°C was treated
with MelLi {0.41mL (1.44M in ether), 0.589mmol} for 10 min. The solution was
cooled to -78°C, followcd by addition of 20 (716mg, 0.151mmol) in Etzo {2mL) and
at -78°C for 30 min. The mixture was added to 25mlL 1:1 NH3~NH4CJ solution

followed by extraction with CH,Cl, (40mL). Drying (Na,80,) and concentration

2
in vacuo afforded 60mg of a brown oil which was chromatographed over 5g of

60-200 mesh silica gel eluting with 30% (v/v) Etzo in hexane. These procedures
afforded 46mg (77%) of 25a as a semi-solid. IR(pum):3.2,3.4,5.8,6.1,6.3,7.2,9.8.

Exact mass calcd for 394.1964: found: 394.1960.

024H300381:

trans-4-(t-Butyldiphenylsilyloxy)-2-carbomethoxy-3~-butylcyclopent-i-ene 25b: A

slurry of copper (1) iodide (39.5mg, 0.208mmol) in 1.5mlL Etzo at - 10°C was

treated with BulLi [0.16mL (2.6M in hexane), 0.416mmol] for 5 min. The solution
was cooled to -78°C, followed by addition of 20 (49.2mg, 0.105mmol) in Etao
(1mL} and at -78°C for 30 min. The mixture was added to 15mL 1:1 Nﬂq—Nu4c]

solution followed by extraction with Cﬁzcl {30mL) . Drying (Nazso4) and

2
concentration in vacuo afforded 35mg of a brown oil which was chromatographed

over 4g of 60-200 mesh silica gel eluting with 10% (v/v) Etzo in hexane. These
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procedures afforded 29.3mg (65%) of 25b. IR(um):3.2,3.4,56.8,6.1,6.3,7.3,9.8.
Exact mass calcd for 027H36033i: 436.2433; found: 436.2429.

trans-4-{t-Butyvldiphenylsilyvioxy}-2-carbomethoxy-3~-(2~-dimethylhydragzinopropyli}-

cyvelopent-1-cne 25¢: A solution of acetone N,N-dimethylhydrazone (32mg,

G.318mmol) in 2mL ET,0 st -78°C was teated with t-BuLi [0.19mL (1.7M in
pentane), 0.318mmol} followed warming to -10°C for 20min. The solution was then
transferrcd to a slurry of copper (3) iodide (31mg, 0.163mmol) in ImL Etzo at
~10°C for 20 min, foliowed by addition of 20 (38.7mg, 0.082mmocl)} in iml Etzo at
-78°C for 30 min. The reaction was quenched with iSml 1:1 Nag-NH4C1 solution

and extracted with Cﬂzclz (30mL). Drying {Na,50,) and concentration in vacue

afforded 24mg of a brown oil which was chromatographed over 4g of 60-200 mesh
silica gel eluting with 30% (v/v) Etzo in hexane. These procedures afforded
18mg (47%) of 25c. IR{(ym):3.3,3.4,5.5,6.1,7.0,7.2,7.7,9.3. Exact mass calcd for

N,0,8i: 478.2651; found: 478.2858.

RETEETLPURY

trans~4~-{t~-Butyldiphenylsilvlioxy)-2-carbomethoxy-3~methylthio-cyclopent-1l-ene

25d: A solution of 20 (185mg, 0.285mmol) in Cﬁzcla {7ml.} at ambient Lemperature

was treated with Et,N (amL)}, followed by passage of gaseous MeSH through the

3 '
mixture for 15 min. The solution was diluted with Cﬂzcl2 {10ml.) and waoshed with

water (3x20 mL), followed by drying (Na,$0,). Concventration im vacue afforded
1i2mg of crude product which was chromatographed over 8¢ of 60-200 mesh silica
gel cluting with 30% {(v/v) Etzo in hexane. These procedures afforded 92mg {76%)
of 25d as a semi-solid. IR{pgm}:3.2,3.4,5.8,6.2,6.3,6.8,7.2,7.83,7.8,9.5. Exact
mass caled for ©

0,881i: 426.1685; found: 426.1685.

2430035

cis-4-{t-Butyldiphenylsilyloxy)-2-carbomethoxy-cyclopent-2-enyl trimethyl-

ammonium tetrafiunoroborate 28E: A solution of 22E (221img, 0.522mmol) in CH201

2
{4mL)} at ambient temperature was treated with MeOTf (130mg, 0.7%mmol}. The
sotution was stirred for 20 min, followed hy addition of saturated NaHCO3
(15mL), and extraction with CH,cl, (zomkx2}. Concentration of organiec layer in

vacuo afforded a white foam which was dissolved in THF (5mL) and stirred with a
solution of NaBF, (4g) in 12mlL of water for 30 min. The solution was dijuted
with CH2C12 {20mL)} and the aqueous layer was extracted with CH2012 {3x20 mL).
The combined organic layers were concentrated in vacug to afford 246mg (90%) of
26E as a rigid white foam. IR{um}:8.2,3.4,5.8,6.1,6.4,6.8,6.8,7.3,7.7,.8.1.
Elemental analysis calced for 026H36BF4N0385: C 59.45, 7 6.86, N 2.67; C 59.80, H
7.12, N 2.85.

trans-4-{(t-Butyldiphenyisilyloxy)-2-phenvisulfonyi-8-methyvleyelopgnt-1-cne 28a:

A slurey of copper (I} iodide {39mg. 0.208mmol} in Etao {1.5mL} al -10°C was

treated with MeLl [0.30mL (1.4M in ether), 0.43mmol}] for 10 min. The solution
was cooled Lo -78°C, followed by addition of 27228 (oasamg, 0.0511mmol) in Et,0
{imf.}) and stirred at the same temperature for 3 h., The mixture was added to 1:1

NHSfNH4C} (20mL) solution followed by extraction with cH2012 (3xt5 mL). Drying

(N82304) and concentration in vacuo afforded 25mg of a brown oil which was
chromatographed over 2¢ of 60G-200 mesh silica gel eluting with 830% {(v/v} EtOAc

in hexane. These procedures afforded 17mg (88%) of 28a us a semi-solid.
IR{ym}:3.2,3.4,6.2,6.8,6.9,7.3,9.0,9.8. Exact mass calcd for CZSHQZOSSSX not
present; fragment C24H2%0388j: 1419, 1841; found 419.1824.

trans-4-{t-Butyldiphenylsilyloxy)-2-phenylsulfonyl-3-methylthio-cyclopent-i-ene

28d: A solution of 272'%% (48mg, 0.086mmol) in CH,Cl, (2 mL) at ambient
temperature was treated with Et,N (0.7mL)}, followed by passage of gaseous MeSH
through the mixture for 30 min. The solution was diluted with 082012 {iomL} and
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washed with water (3x15 mL), followed by drying (Na2304), Concentration of the
organic layer in vacuo afforded a crude product which was chromatographed over
4g 60-200 mesh silica gel eluting with 30% (v/v) Etao in hexane. These

procedures afforded 32mg (73%) of 28b as a semi-solid. IR(um):3.2,3.4,6.2,6.3,

6.8,6.9,7.2,7.3,9.0,9.8. Lxact mass calcd for Casuazosszsj not present;

fragment C SZSi: 451.0857; found 451.0850.

241230,

cis-4-{t-Butyldiphenylsilyloxy)-2-phenylsulfonyl-2-cycliopentenyi-1-dimethylsul-

fonium tetrafluoroborate 29: A solution of 28b (29mg, 0.0571immol) in CH2c12
(2ml,) at ambient temperature was treated with MeOTf (l4mg, 0.0854mmol). The
solution was stirred for 1 h, followed by addition of saturated NaHCOa (15mL),

and extracted with CH,C1, (3x15 mL). Concentration of the organic layer in

vacuo afforded a white foam which was dissclved in 3mL of THF and stirred with a

solution of NBBF4 (tg) in 2mL of water for 30 min. The solution was diluted
with CH2012 (20mL) and water (15mL) and the agucous layer was extraclted with
CH2612 (3x15mL). The combined organic }ayers were concentraled in vacuo to
afford 34mg (97%) of 29 as a rigid white foam. IR(um):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
found € 57.00, H 5.41.

29H353P403$231: C 57.00, H 5.70;

cis-4- (t-Butyldiphenylsilvioxy)-2-phenylsulfonyi-2-cyciopentyl N-phenyl-

carbamate 30: A solution of cis-4-(t-Butyidiphenylsilyloxy)~1-hydroxyl-2-

2,22

(phenyisulifonyl)-cyclopent-2-~cne (300mg, 0.627mmol) in 15mi. of CH_ (1 at

ambient temperature was treated with PhNCO (200mg, 1.68mmol)} followedzbyzﬁtan
(0.1imL). The solution was stirred for 30 min, followed by filtration through
celite and washing the filter cake with hexane (10ml). The solid was
chromatographed over 10g of 60-200 mesh silica gel, eluting with 10% (v/v) EtOAc
in hexane. These procedures afforded 247mg (66%) of 30 as a white solid
mp:125-6°C. IR(um):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 (CT):
M* 598,

cis-4-{(t-Butyldiphenyisilyloxy)-2-carbomethoxy-2-cyclopentenyltrimethylammonium-

tetrafluoroborate 31 : A solution of 22522 (5.0g, 9.89mmol) in (‘,Hz(;]2 (20mL) at

ambient temperature was treated with MeOTf (2.11g, 12.85mmol) moderating the
temperature with a water bath. After stirring for 30 min, more McOTf (0.811g,
4.94mmol) was added. The solution was stirred for 30 min, followed by addition
to saturated NaHCO, (30mL). The organic layer was concentrated in vacuwo. This

residue was dlssolied in acetone, (100mL) and treated with a solution of NaBF4
{(20g) in 30mL water for 2 h. The solution was diluted with water (100mL) and
extracted with CH2C12 (3x200 mL}). The combined organic layers were dried
(N32804) and concentrated in vacuo to atford 6 0g (100%) of 31 as a rigid white

solid. IR(um):3.3,3.4,6.3,7.6,8.7,9.3.

trans-4-(t-Butyldiphenylsilyloxy}-1-methyl-2-phenylsulfonylcyclopent-2-ene 32:

A slurry of copper (I) iodide {(784mg, 4.1immol)} in 4mL THF at -10°C was treated
with MeLi {5.92mL (1.4M in ether), 8.22mmol]. The solution was warmed to 0°C
for 15 min, followed by transfer via cannula to a solution of 31 (500mg,
0.823mmol) in THF (4mL) at -78°C. The orange solution was stirred at ~-78°C for
10 min. The mixture was added to 40mL 1:1 NH,

3
extraction.with CH,cl, (100mL). Drying (Na,$0,) and concentration in vacuo

—NH4C1 solution followed by

afforded 0.5g of a brown oil which was chromatographed over 25g of 60-200 mesh
silica gel eluting with 5% (v/v) EtOAc in hexane. These procedures afforded

196mg (50%) of 32 as an oil. IR(#m):3.3,3.4,6.3,6.9,7.4,7.6,7.9,9.3.



S\2’ additions of cuprates

trans-5-(t-Butylidiphenylsilyloxy)-2-carbomethoxy-cyclopent-2-enyl trimethyl-

ammonium tetrafluoroborate 33: A solution of 23E (63mg, 0.15mmol) in CH2(:12
(2mL) at ambient temperature was treated with MeOTf (37mg, 0.225mmol). The
solution was stirred for 1.5 h, followed by addition of saturated NaHC()3 (25mL),
and extraction with Cﬂzclz (20mL). Concentration of organic layer in vacuo
afforded a white foam which was dissolved in THF (3 mL) and stirred with a
solution of NaBF, (1g) in 4mL of water for 30 min. The solution was diluted
with C“2Cl2 (20mL) and water {(15mL) and the agueous layer was extracted with
CH2012 (3x20 mL). The combined organic lavers were concentrated in vacuo to
afford 787mg (100%) of 33 as a rigid white solid. IR(um):3.2,3.4,5.8,6.1,6.3,
6.8,7.0,7.4,8.1,9.8. Elcmental analysis calcd for C BF,NO,Si: C 59.45, H
6.86; N 2.67; found C 59.82, H 7.25, N 2.38.

26'l36

trans-3-(t-Butyidiphenylsilyloxy) -5-methyl-1-carbomethoxycyclopent-2-ene 34: A

slurry of copper (i) ifodide {(18mg, 0.0945mmol) in Etao (1.5mL) at -10°C was
treated with MeLi [0.14mL (1.4M in ether), 0.196mmol] for 15 min. The solution
was cooled to -78°C, followed by addition of 33 (25.7mg, 0.049mmol} in THF
(imL). After stirring at -78°C for 30 min the mixture was added to 15mL of i:1
NHS-NH4CI solution followed by extraction with CH2(112 {3x20 mL). Drying
(N62504) and concentration in vacuop afforded 18mg of a brown oll which was
chromatographed over 1.5g of 60-200 mesh silica gel eluting with 30% (v/v) EtOAc
in hexane. These procedures afforded i2mg (60%) of 34 as a heavy oil.
TR{um):3.2, 3.4,5.8,6.1,6.8,7.0,7.4,7.8,9.0,9.8. Exact Mass calcd for

¢ Ossi: 384 .1964: found 384.1959.

"24Ma0

trans-5-(t-Butyldimethylsilyloxy)-2-phenylsulfonyl-cyclopent-2-enyl trimethylam-

monium tetrafluorcoborate 35: A solution of 23522 {(207mg, 0.542mmol) in CH

[
2772
(1.6mL) was treated with MeOTf (0.134g, 0.814mmol) at ambient temperature for 10

min, followed by addition of saturated NaHCOa (15mL), and extracted with CHZC]Z
{20mL) . Concentration of the organic layer jn vacuo afforded a white foam which

was dissolved in TH¥Y (6ml.) and stirred with a solution of NaBF4 (5¢g) in 1omL of
water (pH=1, by addition of conc. HBE ) for 30 min. The solution was diluted

with CH2c12
CH2012 {3x15 mL). The combined organic layers were concentrated in vacuo to

(20mL) and water (15ml.) and the agueous layer was extracted with

afford 245mg (94%) of 35 as a slightly hygroscopic rigid foam.
IR(um):3.3,3.4,6.3,6.8,7.6, 7.9,9.3.

trans-5-(t-Butyldiphenylsilyloxy)-2-carbomethoxy-2-cyclopentenyl dimethylsulfon-

ium tetrafluoroborate 36: A soiution of 25d (72mg, 0.169mmol) in CHZClz (2mL)

at ambient temperature was treated with MeOTf (41mg, 0.0250mmol). The solution
was stirred for 1 h, followed by addition of saturated NaHCO3 (20mL) and
extraction with CHZCI2 (20mL). Concentration of organic layer in vacuo afforded
a white foam which was dissolved in THF (5mlL) and stirred with a solution of
NHBF4 (1.5¢) in 3.5mL of water for 30 min. The solution was diluted with
CH2C12 (20mL) and water (1i5mL) and the agueous layver was extracted with CHZC]2
(3x20 mL). The combined organic layers were concentrated in vacuo to afford 84mg
(94%) of 36 as a white foam. IR(pm):3.3,3.4,5.8,7.0,7.7,8.2,8.6,9.4. Flemental

analysis caled for C,5HgsBF,S8i: C 56.90, H 6.25; found C 55.80, H 6.49.

cis-3-(t-Butyldiphenylsilyolxy)-5-methyl-i1-carbomethoxvcyclopent-2-ene 37: A

slurry of copper (1) iodide (26mg, 0.137mmol) in Etzo (1.5mL) at ~10°C was
treated with MeLi [0.19mL (1.4M ether), 0.265mmol)] for 15 min. The solution was
cooled to -~78°C, followed by addition of 36 (36mg, 0.068mmol) in THF (1.5mL) and

stirred at -78°C for 30 min. The mixture was added to 20mL of 1:1 NH3—NH401
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solution followed by extraction with cHzcl2 (3x15 mL) . Drying (Nazso4) and con-

centration in vacuo afforded 25mg of a brown oil which was chromatographed over

2g of 60-200 mesh silica gel cluting with 30% (v/v) EtOAc in hexanc¢. These pro-
cedures afforded 21.5mg (80%) of 37 as a heavy oil. TR(um):3.2,3.4,5.8,6.1,6.3,

6.8,7.2,8.9,9.8. Exact mass calcd for 0245700335i: 384.1964:; found: 384.1958.
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