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Abstract: A variety of chiral, nonracemic 
2-alkoxy-1-alkynylcyclopropanes 7 were 
synthesized in good to very good yields 
from enantiomerically pure glycidol 
derivatives (glycidol tosylate, epichloro- 
hydrin) by boron trifluoride promoted ad- 
dition of lithium trimethylsilylacetylide 
followed by protection of the secondary 
hydroxyl group and finally a diastereose- 
lective y-elimination. The 2-ethoxy deri- 
vative (S,R)-7b was deprotonated with 

n-butyllithium, and the resulting I-lithio- nished I-ethenylcyclopropyl sulfonates, 
2-ethoxy derivative (S,R)-20 functional- which underwent a clean Pdo-catalyzed 
ized by treatment with oxygen followed S,Z’-type substitution with dimethyl pro- 
by tosyl chloride. Protodesilylation and pargylsodiummalonate to give the (E)- 
catalytic hydrogenation smoothly fur- configurated enyne (R,E)-26 with a 

methylenecyclopropane end group. A 
diastereoselective Pauson -Khand reac- 
tion completed the sequence to give the 
enantiomerically pure spirocyclopropane- 
annelated bicyclo[3.3.0]octane derivative 
31. 

Introduction 

Multifunctional cyclopropane derivatives have established their 
potential as useful building blocks in organic synthesis.[’] Espe- 
cially functionally substituted methylenecyclopropanes,[2‘ 
ethenylcycl~propanes,[~~~~ and ethynylcyc10propanes~~- 51 can 
serve as so-called “composite fun~tionalities”,’~] in which the 
cyclopropane moiety itself takes part in the sequence of chemi- 
cal transformations. In this context, we have demonstrated the 
utility of 1-[6b1 and 2-substituted ethynylcyclopropanes,[‘] and 
have developed an efficient, high-yielding synthesis for racemic 
2-alkoxy-1-ethynylcyclopropanes.~Gd] Ethynylcyclopropanes can 
in general be deprotonated and substituted at the 1-position-in 
the case of 2-alkoxy-substituted derivatives, with a high degree 
of diastereoselectivity-and, after partial catalytic hydrogena- 
tion to I-substituted ethenylcyclopropanes, can be transformed 
to functionally substituted methylenecyclopropanes, which in 
turn can serve as substrates in inter-[’. 71 and intramolecular[s1 
cycloaddition reactions. Therefore it appeared essential to de- 
velop a simple synthesis of enantiomerically pure 2-alkoxy-I - 
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ethynylcyclopropanes and test their applicability in sequential 
organic transformations. The most straightforward approach is 
based on our previously reportedLGd1 synthesis of the racemic 
materials, but uses enantiopure glycidol derivatives as starting 
materials, which are readily accessible by the Sharpless epoxida- 
tion of ally1 alcohols.[q1 

Results and Discussion 

Preparation of Enantiomerically Pure 2-Alkoxy-1-ethynylcyclo- 
propanes: Racemic 4-alkoxy-5-bromo-1 -pentynes as precursors 
to 2-alkoxy-I-ethynylcyclopropanes have been prepared by 
coupling bromine adducts of enol ethers with propargylmagne- 
sium bromide.[6d1 The same intermediates should also be acces- 
sible by adding lithium acetylide to epihalohydrins or analogous 
glycidol derivatives with subsequent protection of the secondary 
hydroxyl group. Such additions are known to proceed regiose- 
lectively in the presence of boron trifluoride etherate,” O1 and as 
epichlorohydrin (1) and glycidyl tosylate (2) are readily avail- 
able in enantiomerically pure form, this sequence was extended 
to the synthesis of enantiomerically pure 2-alkoxy-1 -ethynylcy- 
clopropanes. 

In order to control the chemoselectivity, lithium trimethylsi- 
lylacetylide in the presence of 1 equiv of BF,.OEt, was treated 
with (S)-epichlorohydrin ((S)-1) or (S)-glycidyl tosylate ( (S)-2)  
at low temperature (- 78 “C). Under these conditions the alco- 
hols (S)-3a and (S)-4a were obtained in 98% and 97% yield, 
respectively (Scheme 1 ) .  The opening of the oxirane ring in (S)- 
2 with 1-lithio-2-phenylethyne or l-lithio-3,3-dimethyIbutyne, 
respectively, gave the desired products (S)-lOa or (S)-11 a, re- 
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spectively, in excellent yields, too (92 and 90 %, respectively). In 
the reaction of l-lithio-3,3-dimethylbutyne, an unpolar by- 
product was isolated in 35% yield, when the reaction mixture 
was warmed up to room temperature. The spectroscopic data 
("B, 13C, 'HNMR; HRMS) and elemental analysis showed 
this to be tris(3,3-dimethylbut-l-ynyl)borane, which must have 
been formed by substitution of fluoride on boron trifluoride 
with lithiobutyne. 

Protection of the secondary alcohols (S)-3a and (S)-4a could 
only be achieved under acidic or neutral conditions (Scheme 1, 
Table 1). Although thallium(1) ethoxide/ethyl iodide has suc- 
cessfully been used to protect sensitive alcohols," the reaction 
of (S)-4a under these conditions gave only the oxirane (S)-8. 

SiMea L i l S i M e , ,  BF, OEt2 
THF, -78 'C 

(9-1 X = C I  
(3-2 X=OTS 

(3-3a X = C I  
(3-4a X=OTs 

conditions I in Table 1 

SiMe3 LiBr (6 equiv.) 

4 

or Nal (6.7 equiv.) 

Me2C0, A, 24-72 h 

(S)-5b-e Y = Br (3-3d X=CI  
(3-6d Y = l  (3-4b-f X=OTS 

\base base 1 

Rob...,,ws-SiMe, + 

(S, R)-7ts-f (R,R)-7kf 

Scheme 1. For further details see Tables 1 and 2. Compounds are labeled as fol- 
lows: a, R = H;  b, R = Et; c, R = rBu; d, R = rBuMe,Si; e, R = (MeO)Me,C; 
f. R = Bn. 

With ethyl trichloroacetimidate"21 in dichloromethane, only 
the desilylated product (S)-9b was observed. However, upon 

reaction of (S)-4a with 
OEt one equivalent of triethyl- Tsou oxonium tetrafluorobo- 

rate, the desired product 
(59-8 (S)-9b (S)-4 b was formed slowly 

in low yield and with (S)-9b as a by-product. A large excess 
(5-10equiv) of the Meerwein salt gave the product 
in 74% yield when the reaction was stopped at 76% conversion, 
in order to avoid deprotection of the alkyne terminus. 

Protection of (S)-3a and (S)-4a with isobutene in the pres- 
ence of a catalytic amount of sulfuric acid gave the tert-butyl 
ethers 3c and 4c in 88 and 76% yield, respectively. The tert- 
butyldimethylsilyl group (TBDMS) was easily attached by stir- 
ring the alcohol in DMF with TBDMSCI in the presence of 
imidazole (ImH) to give (S)-3d and (S)-4d in 80 and 91 'YO yield, 
respectively (Scheme 1, Table 1).  

The reaction of (S)-4 a with 2-methoxypropene and catalytic 
amounts of phosphoryl chloride" 31 proceeded with quantitative 
yield to give (S)-4e. The benzyl group was introduced by using 
benzyl trichloroacetimidate"21 in dichloromethane and catalyt- 
ic amounts of methanesulfonic acid. The resulting benzyl ether 
(S)-4f was isolated in 68 O h  yield with 75 O h  conversion of the 
alcohol. The conversion could be increased by using a larger 
amount of acid, but polymerization of the product was then also 
observed. 

The 1-phenyl- (10a) and 1-tert-butylpentynol (11 a) could be 
converted to the corresponding benzyl ethers 10f and 11 f in  80 
and 89 YO yield, respectively, by using catalytic amounts of triflic 
acid (Scheme 2 ) .  

(S,R)/(R,R)-lZf 21% J 80% 

J 89% 
R' = Ph, R = H (3-lOa 

R = B n  (59-101 
R'= Bu, R = H ( 9 - l l a  

R = Bn (S)-llf 
(S,R)I(R,R)-l 3f 32% 

Scheme 2. Protection and cyclization pentynols IOa and l l a  

It would certainly be convenient if the addition of the 
acetylide to the epoxide 1 or 2 and alkylation of the resulting 
alkoxide could be carried out sequentially in one pot. Unfortu- 
nately, the intermediate difluoroalkoxyboranes were totally un- 
reactive towards alkylating agents (e.g., benzyl bromide, methyl 
iodide, and ethyl trichloroacetimidate) and silylating agents 
(e.g., trimethylsilyl chloride and trimethylsilyl triflate) under the 
reaction conditions used. With SnCI, and Li,CuCl, instead of 
BF,.OEt, as catalysts in the addition of lithium (trimethylsi- 
1yl)acetylide to (9 -2 ,  the alcohol (S)-4 a was obtained after 
hydrolysis (39 and 29% yield), but here too the intermediate 
alkoxide could not be alkylated directly. 

The cyclizations of the TBDMS-protected chloride (S)-3d or 
tosylate (S)-4d with lithium diisopropylamide (LDA) in THF 
according to the published procedure r6d1 gave poor yields (42 
and 31 %, respectively; Table 2). A number of chlorides and 

Table 1. Formation of protected 4-hydroxy-5-halo- (3, 5, and 6) and 4-hydroxy-5-tosyloxy-1-pentynes (4, 10, and 11) (see Schemes 1 and 2) 

SM Conditions [a] Product R Yield Conditions [b] Product Yield 
(Yo) Halide r/h (%) 

~~ 

(S)-4a Et,O.BF,, Et(iPr),N. CH,CI, (S)-4b Et 74 Icl LiBr 24 (57-5 b 
(S)-3a Me,C=CH,, H,SO,, CH,CI, (S)-3C rBu 88 - [dl - - 

(S)-4a Me,C=CH,, H,SO,, CH,CI, (S)-4C rBu 76 LiBr 24 (S)-5C 
(S)-3a TBDMSCI, ImH, DMF (S)-3d fBuMe,Si 80 - - - 

(S)-4a TBDMSCI, ImH, DMF (S)-4d rBuMe,Si 91 LiBr 24 (S)-5d 

(S)-4 a MeC(OMe)=CH,, CI,PO (S)-4e (MeO)Me,C to0 LiBr 24 (S)-5e 

(S)-lOa CI,CC(NH)OBn, CF,SO,H, CH,CI, (S)-lOf Bn 80 - - - 

(S)-lla CI,CC(NH)OBn, CF,SO,H, CH,C12 (S)-llf Bn 89 - - - 

[a] ImH = imidazole, TBDMS = rert-butyldimethylsilyl. [b] All conversions were performed in refluxing acetone. [c] 76% conversion. [d] Not carried out. 
conversion. 

NaI 72 (S)-6d 

(S)-4 a CI,CC(NH)OBn, MeSO,H, CH,CI, (9-41  Bn 68 [el LiBr 24 (S)-5f 

97 

96 

92 
98 
92 
94 

[el 75% 
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Table 2. Cyclization of 4-alkoxy-5-halo- and 4-alkoxy-5-tosyloxy-1 -trimethylsilyl-1- 
pentynes to 2-alkoxy-I-ethynylcyclopropanes 7b-f, lZf, and 13f (b, R = Et: c, R 
= tBu; d, R = tBuMe,Si; e, R = (MeO)Me,C; f, R = Bn) (see Schemes 1 and 2 ) .  

Substrate Reagent (equiv) Product T I T  Yield(%) (S,R)I(R,R) [a] ee [b](%) 

(S)-4b 
(S)-5b 
(S)-5C 
(S)-3d 
(S)-4d 
(S)-5d 
(S)-6d 
(S)-5e 
(S)-4f 
(S)-5f 
(S)-lOf 
(S)-11 f 

LiHMDS (2.5) (S)-7b 
LiHMDS [c] (2.5) (S)-7b 
LDA [d] (3.0) (S)-7c 
LDA (1.6) [el (S)-7d 
LDA (2.0) [el (S)-7d 
LDA (1.16) [el (S)-7d 
LDA (1.2) [el (S)-7d 
LDA (3.0) (S)-7e 
LiHMDS (3.0) (S)-7f 
LiHMDS (3.0) (S)-7f 
LiHMDS (3.0) (S)-12f 
LiHMDS (3.0) (S)-13f 

0 89 
0 89 

-78 92 . , 
-78 42 
-78 31 
-78 7s 
-78 14 
-78 83 

0 73 
0 85 
0 21 
0 32 

2.0: 1 95 
2.0: 1 95 

.40:1 96 
20: 1 98 
16: l  98 
2.6: 1 98 
1 : l  98 
30:l 94 
2.2: 1 98 
2.3: 1 96 
2.5: I 95 
2.6: 1 97 

[a] Determined by GC and/or 'HNMR spectroscopy. [b] Determined by GC on a 
chiral column [14]. [c] Lithium hexamethyldisilazide. [d] Lithium diisopropylamide. 
[el Inverse addition. 

tosylates were therefore converted to the corresponding bro- 
mides 5 or iodides 6 in high yields by treatment with lithium 
bromide or sodium iodide in refluxing acetone (Table 1 ) .  

The cyclization of the bromide (S)-5b with lithium hexa- 
methyldisilazide (LiHMDS) in THF gave a yield of 89%, but 
a diastereomeric excess of only 33 YO ((S,R)/(R,R) = 2.0: 1 ; 
Table 2) .[6d1 However, this mixture could be converted to pure 
(S,R)-7b by treatment with 4 equiv of LDA at -78°C. The 
bromide (S)-5c was converted to the corresponding cyclo- 
propane 7 c  ((S,R)/(R,R)>40:1) in 92% yield with 3 equiv of 
LDA. 

The TBDMS-protected precursors [ (S)-3d, (S)-4d, (S)-5 d, 
and (S)-6d] all had to be cyclized with inverse addition of only 
one equivalent of LDA; a temporary or permanent excess of 
base led to deprotonation of the product 7 d, and the anion 14d 
thus formed underwent a retro-Brook rearrangement followed 
by ring-opening of the cyclopropanolate to give, after aqueous 
workup, the pentadienal 16, which polymerized readily 
(Scheme 3). With the better leaving groups bromide in (S)-5d 
and iodide in (S)-6d the yields were better (75 and 74%), but the 
diastereoselectivity was lower (Table 2). 

16 

Scheme 3. Reaction of 7d in the presence of excess base. 

The acetal-protected precursor bromide (S)-5e was cyclized 
with 3 equiv of LDA in 83% yield and with a diastereomeric 
excess of more than 93 % ((S,R)/(R,R) > 30: 1 ) .  Cyclization of 
the stable benzyl-protected tosylate (S)-4f could be achieved in 
73 Yo yield by using LiHMDS in THF, but proceeded with poor 
diastereoselectivity ((S,R)/(R,R) = 2.2: i), like the reaction with 
the ethoxy analogue (S)-4b . Again, a subsequent isomerization 
of the product with 4 equiv of LDA produced diastereomerical- 
ly pure (S,R)-7f. The cyclizations of the benzyl-protected 

derivatives (S)-lOf and ( S ) - l l f  with LiHMDS gave only low 
yields (21 and 32 YO, respectively), obviously due to the lower 
acidity of the propargylic protons and/or polymerization. 

The enantiomeric excesses of all the products were deter- 
mined by gas chromatography on a chiral column['41 to be in 
the range between 94 and 98 YO. This proves that all the transfor- 
mations with the epoxides (S)-1 and (S)-2 proceeded without 
any racemization. 

Preparation of 1-Substituted 2-Alkoxy-1-ethynylcyclopropane 
Derivatives and Their Further Transformations: For one of the 
intended uses of the enantiomerically pure cyclopropanes (S)-7, 
an appropiate leaving group had to be introduced at the propar- 
gylic 1 -position. As recent work has shown,[6d1 2-alkoxy-l- 
(trimethylsilylethyny1)cyclopropanes can readily be deprotonat- 
ed at the 1-position, and substituents introduced as 
electrophiles. This worked particularly well with the ethoxy 
derivative 7 b  (to give, e.g., 17), but problems were encountered 
with the tert-butyloxy compound 7c and the (1'-methoxyiso- 
propyl)oxy derivative 7 e ;  the benzyloxy compound 7 f  has not 
yet been tested. 

In a first attempt, the previously described ethynylcyclo- 
propane (R/S,S/R)-17r6d1 was desilylated with tetra-n-butylam- 
monium fluoride (TBAF) in THF, and (R/S,S/R)-18 was hydro- 
genated over Lindlar catalyst to give the ethenylcyclopropane 
(R/S,S/R)-19 (Scheme 4,86 % over two steps). Upon attempted 
substitution of this allylic chloride with the sodium enolate of 
dimethyl propargylmalonate in the presence of different palladi- 
um(o) catalysts at ambient or elevated temperatures, only ring- 
opening products were obtained. The bromo analogue of (R/  
S,S/R)-17[6d1 did not survive the desilylation step. 

EtO 
TBAF, THF - 

95% 
SiMe, 

EtO 

* 
HP, Pd-BaSO, 

90% 
( ws, S/R)-l9 

Scheme 4 

Efforts were therefore focused on the introduction of oxygen- 
based leaving groups into 2-alkoxy-1 -ethynylcyclopropanes 7. 
As 7 can cleanly be deprotonated in the I-position with butyl- 
lithium,16d] some of the few oxygen electrophiles known in the 
literature['51 were tried out on the lithium derivative (S,R)-20. 
Bis(trimethylsilyl)peroxide['61 gave only 30 % of the silyloxy 
derivative (S,R)/(R,R)-21 in addition to 65% of the silylated 
product (S,R)/(R,R)-22 (Scheme 5). Treatment of (S,R)-20 with 
bis(pnitrophenylsulfony1)peroxide led to its complete decom- 
position. 

As oxygen has successfully been used for the preparation of 
cyclopropanols in reactions with organometallic cyclopropyl 
derivatives,['7b. d, the lithium derivative (S,R)-20 was treated 
at -78°C with dry air or oxygen, free of carbon dioxide.["] 
After approximately 10 min the dark solution turned light yel- 
low, and an electrophile (ElX) was added after l h at - 78 "C 
(Scheme 5 and Table 3). The products 24 were obtained as mix- 
tures of (S,R) and (R,R) diastereomers (ratio 2 : l ) .  

The diastereomeric excess could be increased to 50% (ratio 
3: 1) when the anion (S,R)-20 was cooled to -90°C during the 
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ps+ 
Ro (2'R,E)-26 

\ 1) 02, 1 h 
2) EIX, -78 + 20 oc 

N E  
RO E 

(2'R,z)-26 

Scheme 5 .  For conditions see Table 3 (E = CO,Me; R = Et; El = SiMe,, Ac, Ms, 
Ts, Ns, or Me). 

Table 3. Electrophilic substitution of (S ,R) / (R ,R) -7b ,  and protodesilylation and cata- 
lytic hydrogenation of (S,R)/(R,R)-23 (see Scheme 3). 

Entry Electrophile OEl Yield Protodesilylation Hydrogenation 
la1 (%) Yield (%), Method [b] Yield (YO) 

24 (S,R)-23 (R,R)-23 (S,R)-25 (R,R)-25 
~ ~~ 

1 Me,SiCI OSIMe, 93 ~ [c] - - - 

2 Ac,O OAc 83 95, A 90, A - ~ 

3 MsCl OMS 13 94, A 92, A 79 87 
4 TsCl OTs 78 94, B 92, B 94 94 
5 NsCl ONs 65 85, B 83, B 85 83 
6 Me,O+BF; OMe 81 88, B [dl >90, B [d] >90[d] >90 [d] 

[a] Ms = methanesulfonyl, Ts = p-toluenesulfonyl, Ns = p-nitrobenzenesulfonyl. 
[b] Method A: Bu,N+F-/THF, 5 min; Method B: K,CO,/MeOH; 15 min. [c] Not 
carried out. [d] Mixture of (S ,R)  and (R,R)  derivative. 

treatment with oxygen, and to 60% (ratio 4:l)  when precooled 
(- 78 "C) oxygen was applied at -90 "C. The low diastereose- 
lectivity obviously results from partial inversion of configura- 
tion during the oxygenation process; this is surprising in view of 
the fact that other electrophiles gave high diastereoselectivities 
in the reaction with (S,R)-20.r6d1 Warner et al. have invoked 
a radical process in the oxygenation of a bicyclo[4.1 .O]- 
heptyllithium derivative as being responsible for the formation 
of a mixture of endo- and exo-alcohols.~'7d1 A radical center in 
the I-position of (S,R)-7 would be stabilized by the adjacent 
(trimethylsilylethynyl) group, but not by chelation with the 2- 
alkoxy substituent, which is operative for the lithium derivative 
(S,R)-20. The radical might therefore relax configurationally 
before combining with an oxygen molecule. The primary oxy- 
genation products, the 2-ethoxy-I -(trimethylsilylethynyl)-l -cy- 
clopropanolates, could not only be acylated and sulfonated 
(Table 3, entries 2-5), but also silylated and alkylated (entries 1 
and 6). This method can thus be used to prepare unsymmetrical- 
ly substituted 1,2-dialkoxycyclopropane derivatives with 1 - 
ethynyl and other substituents derived therefrom.['g1 

To test whether this methodology can also be applied to other 
cyclopropanes without the 2-alkoxy substituent, cyclopropyl- 

trimethylsilylethyne (27)[6d1 was deprotonated with butyllithi- 
um, and the resulting solution treated with dry oxygen followed 
by tosyl chloride (Scheme 6). The resulting propargyl tosylate 
28 could be protodesilylated and the terminal alkyne then con- 
verted to 1-ethenylcyclopropyl tosylate 29 by catalytic hydro- 
genation over Lindlar catalyst (Pd on BaSO,, additionally poi- 
soned with 1 YO quinoline) . The overall yield in this three-step 
transformation was 73 %. 

1) MuLi, Et,O 1) nBu,NF, THF 
2) 02, -78 OC pGy 2) HP, Pd-BaSO, - - 

SiMe, 90% 
27 28 29 

Scheme 6. 
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The derivatives 24 could easily be protodesilylated with tetra- 
n-butylammonium fluoride (TBAF) in THF or with potassium 
carbonate in methanol (Scheme 5, Table 3). The TBAF method 
consistently gave better results, especially with the mesylate (en- 
try 3). Catalytic hydrogenation of the sulfonates (S,R)/(R,R)-23 
could be achieved without problems and gave the desired allylic 
sulfonates (S,R)/(R,R)-25 in remarkably good to excellent yields 
(Table 3). 

The tosylate (2R)-25-OTs reacted smoothly at room tempera- 
ture with dimethyl sodiumpropargylmalonate in the presence of 
catalytic Pd(dppb), generated in situ from Pd(dba), (dba = 
dibenzylideneacetone) and 1,4-bis(diphenyIphosphano)butane 
(dppb). Both diastereomers gave the same single product 
(2R,E)-26; the trans isomer, however, reacted more slowly. The 
same product was obtained from the mesylate (R,R)-25-OMs 
and the nosylate (R,R)-25-ONs, but the yields were significantly 
lower (45 YO and 32 YO, respectively). 

The ( E )  configuration of the product was assigned on the 
basis of NOESY spectra and by comparison with other re- 

slow 1 fast 

7 .  
t. e n. 

- \ =  

Scheme 7. Formation of a single diastereomer (2R,E)-26 from both diastereomers 
(S,R)-  and (R,R)-25.  
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sults.[Zoel The formation of a single diastereomer (2R,E)-26 
from both diastereomers (S,R)- and (R,R)-25 can be rational- 
ized by invoking a reasonably rapid isomerization of the four 
diastereomeric n-ally1 complexes via the corresponding o-ally1 
complexes (Scheme 7) and the rapid reaction of the two pre- 
dominant (2 'RJ)  diastereomers with the malonate enolate.[20e1 
The enantiomeric excess of the product (2'R,E)-26 was deter- 
mined by gas chromatography on a chiral column to be virtually 
the same (94%) as that of the starting material (S,R)-7b. 

(REj-26 (15,2R,5'5)-31 (IR,2R,5'@-31 

SchemeX. a) 1) Co,(CO),, CH,CI,, 2 0 T ,  2 h; 2) 7equiv Me,NO, -78°C or 
2 0 T ,  50-100% de, 80-85% (E = C0,Me). 

Compound (R,E)-26 was subjected to an intramolecular Pau- 
son-Khand reaction by treatment with a stoichiometric 
amount of Co,(CO), in dichloromethane at room temperature 
followed by trimethylamine-N-oxide (TMANO)[''] at - 78 "C 
to give a single enantiomer ('HNMR, GC-MS) of the spirocy- 
clopropanebicyclo[3.3.0]octane derivative 31 (Scheme 8). The 
relative configuration of the product was confirmed by NOESY 
spectra (NOE between the ethoxy group and the 5'-bridgehead 
hydrogen; no NOE between the cyclopropyl proton 2-H and the 
bridgehead hydrogen) and comparison with the spectra of other 
derivatives. When the cycloaddition was carried out by adding 
TMANO at room temperature, two diastereomers of 31 were 
obtained in a ratio of 3 : 1. In the NOESY spectrum of the minor 
isomer, no NOE was observed between the ethoxy group and 
the 5'-bridgehead hydrogen, but between 2-H and 5'-H. 

rac-32 rac-33a rao33b 

rac-34 rac35a rac35b 
Scheme 9. a) 1) Co,(CO),, CH,CI,, 20 "C, 2 h; 2) 7 equiv Me,NO, ~ 78 - 20 "C; 
yields: 45% rac-33a, 15% rue-33h; de = 50%. b) asin a), but yields 72% rat-35a. 
8 %  ruc-35b, de = 82% (E = C0,Me). 

The diastereoselectivity observed with the ethoxy derivative 
26 at room temperature (de = 50%) compares favorably with 
that of the vic-dimethyl derivative rac-32 (de = 50 YO), while that 
of the derivative rac-34 with the yet bulkier trimethylsilyl group 
is even larger (de = 82%) (Scheme 9). 

Experimental Section 
General: 'H and I3C NMR spectra were recorded on Bruker AW250 or WM500 
instruments at 250 or 500 M H z  and 62.9 MHz or 125 MHz, respectively. Chemical 
shifts in CDCI, or [DJbenzene are reported in ppm relative to tetramethylsilane 
(TMS), chloroform or benzene as internal reference unless otherwise stated. IR 
spectra were registrered on a Perkin Elmer 1720FTIR or a Bruker IFS66. Low 

resolution EI mass spectra were obtained on a Varian MATCH-7 with Varian 
Aerograph 1740 with an ionizing voltage of 70 eV. High-resolution MS were ob- 
tained on a VG-70-250s. Optical rotations were measured with Perkin-Elmer 241 
and 243 digital polarimeters. Elemental analyses were performed by the Institut fur 
Organische Chemie der Universitat Hamburg and the Mikroanalytisches Labor der 
Universitit Gottingen, Germany. Melting points are uncorrected. Solvents for ex- 
traction and chromatography were technical grade and distilled before use. Flash 
chromatography was performed using Merck Kieselgel60 (200-400 mesh). Analyt- 
ical gas chromatography (GC) was performed on a Siemens Sichromat 4 with a 25 m 
capillary column coated with CP-Sil-55-5B (column A), 6-Me-2,3-y-CD (chiral, 
column B), 6-Me-2,3-pe-P-CD (chiral, column C) [22], or heptakis(6-0-Me-2.3-di- 
0-pe-8-CD) (chiral, column D) [22]. Organolithium compounds were titrated by 
the method of Suffert [23]. All reactions were carried out under an atmosphere of 
dry nitrogen or argon in oven- and/or flame-dried glassware. Unless otherwise 
specified, solutions of NH,CI and NaHCO, are saturated aqueous solutions. Te- 
trahydrofuran and diethyl ether were distilled from potassium benzophenone ketyl, 
and CH,CI, was distilled from CaH,. 

Starting Materials: ( 2 9 4  +)-Glycidyl tosylate [(S)-2], trimethylsilylethyne, and 
bis(dibenzy1ideneacetone)palladium [Pdfdba),] were prepared according to stan- 
dard methods [9,24,25]. 1,4-Bis(diphenylphosphano)butane (dppb), 1,2-bis- 
(dipheny1phosphano)ethane (dppe). Co,(CO), , (S)-epichlorohydrin [(S)-I], and 
dimethyl propargylmalonate are commercially avaible (Aldrich) . 

(S)-(2-Hydroxy-5-trimethylsilyl-4-pentynyI) Tosylate [(S)-4a]: A solution of tri- 
methylsilylethyne (4.42 g, 45 mmol) in dry THF (120 mL) was treated at -78 "C 
with nBuLi (1 S O U  in hexane, 28 mL, 42 mmol). The mixture was stirred for 30 min, 
and BF,,OEt, (5.6 mL, 45 mmol) then added. After another 30 min, a solution of 
(S) -2  (6.85 g, 30 mmol) in dry THF (30 mL) was added dropwise, and the mixture 
stirred for 3 h at ~ 78 "C. A solution of NH,CI ( 5  mL) was added, the cooling bath 
removed, and the reaction allowed to warm to RT. The reaction mixture was poured 
into a solution of NH,CI (300 mL) and extracted with diethyl ether (5  x 150 mL). 
The combined organic layers were washed with sat. NaHCO, and brine, dried 
(MgSO,), concentrated under reduced pressure, and the residue purified by column 
chromatography on silica gel [petroleum ether (60/80)/diethyl ether = 1 Ojl] yielding 
9.50 g (97%) of (S)-4a: M.p. 51 'C: [XI;' = + 21.0 (c = 1.75 in CHCI,): IR (KBr): 
i. = 3529 (0 -H) ,  2959 (C-H), 2178 (CIC), 1599 (C=C), 1496, 1363 (SO,), 1250 
(Si-C), 1178 (SO,), 1098,989,930,845,762,734,668 cm-I; 'HNMR (500 MHz, 
CDCI,): 6 = 0.09 [s, 9H;  Si(CH,),], 2.28 (d, 3J = 5.3 Hz, 1 H;  OH), 2.43 (s, 3H; 
CHJ, 2.42, 2.47 (ABX, '.IAx = 'JBX = 5.9, 'JAB = 12.2 Hz, 2H; 3-H), 3.93-3.99 
(mc, lH;CHOH),4.01 (dd ,3J=6 .3 ,2J=10 .0Hr ,1H;  l-H),4.12(dd, 'J=3.9,  
'J=lO.O Hz, 1 H;1-H),7.34(d,3J = 8 . 4 H ~ , 2 H ; A r - H ) , 7 , 7 9 ( d , ~ J  = 8.4 Hz,2H; 
Ar-H); "C NMR (62.9 MHz, CDCI,): 6 = - 0.15 [ +, Si(CH,),], 21.61 (+, CH,), 

C-4), 127.98 (+, C-Ar). 129.92 (+. C-Ar), 132.55 (C,,,,, C-Ar), 145.08 (C,,.,, 
C-Ar); MS (70eV, El): m:z (Yo): 311 (3.1) [ M +  - CH,], 230 (16), 229 (100) 
[M' - C,SiMe,], 215 (16), 155 (49), 149 (16), 139 (lX), 109 (12). 92 (11). 91 (78) 
[C,H:], 83 (161, 75 (17), 73 (63) [SiMe:], 65 (24), 45 (10); C,,H,,O,SSi (326.5): 
calcd C 55.18, H 6.79, S 9.82: found C 55.42, H 6.92, S 10.00. 

(S)-l-Chloro-2-hydroxy-5-trimethylsilyl-4-pentyne [(S)-3a]: A solution of tri- 
methylsilylethyne (4.42 g, 45 mmol) in dry THF (120 mL) was treated at -78 ' C  
with nBuLi (1 S O M  in hexane, 28 mL, 42 mmol). The mixture was stirred for 30 min, 
and BF,.OEt, (5.6 mL, 45 mmol) then added. After another 30 min, a solution of 
(S)-l (2.68 g. 29 mmol) in dry THF (30 mL) was added dropwise, and the mixture 
stirred for 3 h at - 78 C. A solution of NH,CI ( 5  mL) was added, the cooling bath 
removed, and the reaction warmed to RT. The reaction mixture was poured into a 
solution of NH,CI (300 mL) and extracted with diethyl ether ( 5  x 150 mL). The 
combined organic layers were washed with sat. NaHCO, and brine, dried (MgSO,), 
and concentrated under reduced pressure to afford 5.41 g (98%) of (S)-3a: 
[XI:* = + 19.3 (c = 1.21 in CHCI,): IR (neat): C = 3401 (0-H),  2960 (C-H), 2178 
(C=C), 1430, 1251 (Si-C), 1030, 844, 761, 702, 647cm-I; 'HNMR (250MHz, 
CDCI,): 6 = 0.12 [s. 9H;  Si(CH,),], 2.50, 2.59 (ABX, 2JAB = -17.0, 3JAx = 6.6, 

3JAx = 6.0, ,JBX = 4.8 Hr, 2H;  1-H), 3.94 (mc, 1 H;  2-H); I3C NMR (62.9 MHz, 
CDCI,): d = -0.10 [ +, Si(CH,),], 25.68 (-, C-3), 48.17 (-. C-l),  69.59 (+, 
C-2). 88.14 (C,,,,, C-5), 101.24 (C,,.,, C-4); MS (70eV, EI): m/; (%): 1921190 
(0.0110.02) [Mt], 177/175 (0.410.9) [M' -CH,], 112 (13), 100 (16), 97 (12), 95 
(23), 93 (47). 91 (12). 83 ( l l ) ,  81 (13), 79 (11). 75 (27), 73 (100) [SiMe:], 65 (34), 
55(15), 53(17),45(20):C,H,,CIOSi(190.7): calcdC 50.38, H7.93, C118.59;found 
C 50.41, H 7.91, CI 18.33. 

24.65 ( - ,  C-3). 67.65 (-, C-1). 72.01 (+, C-2), 88.43 (C,,,,, C-5), 100.74 (C,,,,, 

'JBX=5.8Hz, 2H;  3-H), 2.66 (bs, 1H; OH), 3.60, 3.71 (ABX, 'JAB= -11.1, 

(S)-(2-Hydroxy-5-phenyl-4-pentynyl) Tosylate [(S)-lOa]: A solution of phenyl- 
ethyne (4.6 g. 45 mmol) in dry THF (120 mL) was treated at -78 "C with nBuLi 
(1.50~ in hexane, 28 mL, 42 mmol). The mixture was stirred for 30 min, and 
BF,.OEt, (5.6 mL. 45 mmol) then added. After another 30 min, a solution of(S)-2 
(6.85 g, 30 mmol) in dry THF (30 mL) was added dropwise, and the mixture stirred 
for 3 h at -78 'C. A solution of NH,CI (5 mL) was added, the cooling bath re- 
moved, and the reaction allowed to warm to RT. The reaction mixture was poured 
into a solution of NH,CI (300 mL) and extracted with diethyl ether ( 5  x 150 mL). 
The combined organic layers were washed with sat. NaHCO, and brine, dried 
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(MgSO,), concentrated under reduced pressure, and the residue purified by column 
chromatography on silica gel [petroleum ether (60/80)/diethyl ether = lOjl] yielding 
9.13g(92%)of(S)-lOa: M.p. 72"C;[a];' = + 34.8(c=1.6inCHC13);IR(KBr): 
(SO,), 1102, 992, 762. 755, 668 cm-I;  'HNMR (500 MHz, CDCI,): 6 = 2.32 (d, 

'JAB =12.3 Hz, 2H: 3-H). 3.90-4.00 (mc, 1H;  CHOH), 4.08 (dd, ,J= 6.3, 
'3 = 10.2 Hz, 1 H; I-H), 4.19 (dd, 'J = 3.9, ,J = 10.2 Hz, 1 H ;  I-H), 7.21 -7.80 (m, 
9H;Ar-H);  "CNMR(62.9 MHz,CDCI,):b = 21.88(+,CH3),24.77(-,C-3), 

C-Ar), 127.98 (+, C-Ar), 128.15 (+, C-Ar), 128.44 (+, C-Ar), 129.92 (+, 
C-Ar),132.34(+,C-Ar),132.55(C,,,,,C-Ar),145.08(C,,,,,C-Ar);MS(70eV, 
EI): m/z (Oh): 315 (8) [ M +  - CH,], 280 (16). 209 ( 5 5 ) ,  155 (23), 149 (16), 91 (100) 
[C,H:]: C1,H,,O,S (330.4): calcd C 65.44, H 5.49: found C 65.69, H 5.25. 

(S)-(6,6-Dimethyl-2-hydroxy4beptynyl) Tosylate [(S)-11 a]: A solution of 3,3- 
dimethylbutyne (3.7 g, 45 mmol) in dry THF (120 mL) was treated at -78 "C with 
nBuLi ( 1 . 5 0 ~  in hexane, 28 mL, 42 mmol). The mixture was stirred for 30 min, and 
BF,.OEt, (5.6 mL, 45 mmol) then added. After another 30 min, a solution of(S)-2 
(6.85 g. 30 mmol) in dry THF (30 mL) was added dropwise, and the mixture stirred 
for 3 h at -78 "C. A solution of NH4CI ( 5  mL) was added, the cooling bath re- 
moved, and the reaction allowed to warm to RT. The reaction mixture was poured 
into a solution of NH,CI (300 mL) and extracted with diethyl ether ( 5  x 150 mL). 
The combined organic layers were washed with sat. NaHCO, and brhe. dried 
(MgSO,), concentrated under reduced pressure. and the residue purified by column 
chromatography on silica gel [petroleum ether (60/80)/diethyl ether = lO/l] yielding 
8.40g(90%)of(S)-lla:  M.p. 35°C; [a];' = +7.80(c =1.2inCHC13);IR(KBr): 

(SO,), 1102,990,935, 845, 734, 672 cm-' ;  'HNMR (500 MHz, CDCI,): 6 =1.55 
[s, 9H;  C(CH,),], 2.28 (d, 3J = 5.3 Hz, 1 H: OH), 2.44 (s, 3H: CH,), 2.40, 2.49 
(ABX, 'Jax = ,JBX = 5.9, 'JAB =12.2 Hz, 2H; 3-H), 3.90-4.04 (mc, 1 H;  CHOH), 
4.07(dd,'J=6.3,2J~10.0H~,lH~1-H),4.18(dd,3J=3.9,2J=l0.0H~,1H; 
1-H), 7.39 (d, 'J = 8.4 Hz, 2H;  Ar-H). 7.82 (d. ' J  = 8.4 Hz, 2H; Ar-H); I3C 
NMR (62.9 MHz, CDCI,): 6 =14.95 [ +, (C(CH,)], 20.45 [C,.,,, C(CH,),], 21.55 

(C,,,,, C-4). 128.03 (+,  C-Ar), 130.56 (+ ,  C-Ar), 132.34 (C,,.,, C-Ar), 145.10 
(C,,,,, C-Ar); MS(70 eV, EI):m/z(%): 310(3.1)[M +],230(16), 155(22), 149(12), 
139 (18), 92 (16), 91 (100) [C,H:], 83 (12), 75 (39). 65 (44), 45 (13); C,,H,,O,S 
(310.4): calcd C 61.91, H 7.14; found C 61.72, H 6.92. 

(S)-2-Ethnxy-5-trimethylsilyl4pentynyl Tosylate [(S)-4 b]: The alcohol (S)-4a 
(1 64 mg, 0.5 mmol) and ethyldiisopropylamine (162 mg, 1.3 mmol) were added to a 
solution of triethyloxonium tetrafluoroborate (190 mg, 1 mmol) in dry CH,CI, 
(20 mL). After 24 h of stirring at RT, the reaction mixture was poured into a 
solution of NaHCO, (20 mL) and extracted with diethyl ether ( 5  x 20 mL). The 
combined organic layers were dried (MgSO,) and concentrated under reduced pres- 
sure. Purification by flash chromatography on silica gel [petroleum ether (60/80)/di- 
ethyl ether = 10/1] yielded 99 mg (56%, 74% based on conversion) of (S)-4b as a 
white solid: M.p. 48.5"C; [a];' = + 24.3 (c = 0.98 in CHCI,); IR (KBr): i = 2959 
(C-H), 2178 (C=C), 1599 (C=C), 1496, 1363 (SO,), 1250 (Si-C), 1178 (SO,), 
1098,989,930, 845,762,734,668 cm-'; 'HNMR (250 MHz, CDCI,): 6 = 0.11 [s, 
9H;  Si(CH,),], 1.13 (t, 'J=7.0Hz, 3H; CH,CH,O), 2.41. 2.44 (ABX, 
'JAB = -17.0, 'JAX =7.3, ,JB, = 6.2Hz. 2H; 3-H), 2.44 (s, 3H; Ar-CH,), 3.45- 
3.70 (m, 3H; CH,CH,O, 2-H), 4.03, 4.16 (ABX, 'JAB = -10.4. 'JAX = 4.0, 
'JBX = 4.0 Hz, 2H; 1-H), 7.33 (d, 'J = 8.0 Hz, 2H;  Ar-H), 7.80 (d, '5 = 8.0 Hz, 
2H:Ar-H);13CNMR(62.9MHz,CDC1,):6 = -0.17[ +,Si(CH,),],15.20(+, 
Ar-CH,), 21.52 (+, CH,CH,), 22.63 (-, C-3), 65.79 (-, CHJH,). 70.55 (-, 
C-1). 74.96 (+, C-2), 87.25 (C,.,,, C-5) ,  101.73 (C,,,,,, C-4), 127.92 (+, C-Ar), 
129.74 ( + . C - Ar) ,133.04 (C,,,, , C - Ar), 144.50 (C,,,, , C - Ar); MS (70 eV, El) : wijr 
(YO): 243 (100) [M' - C,H,Si(CH,),], 155 (95) [C,H,SO:], 91 (74) [C,H:]. 73 
(52) [SiMe:]; C,,H,,O,SSi (354.5): calcd C 57.59, H 7.39; found C 57.72, H 7.56. 

Further elution afforded first 7 mg ( 5  %) of (S)-2-ethoxy-4-pentynyl tosylate [ ( S ) -  
9b] and then 40 mg (24%) (S)-4b. (S)-9b: [XI;' = + 5.3 ( c  = 0.89 in  CHCI,); IR 
(neat): t = 3280 ( C d - H ) ,  2959 (C-H), 2178 (CEC), 1599 (C=C). 1496, 1363 
(SO,), 1178 (SO,), 1098, 989, 930, 845, 762. 734, 668cm-'; 'HNMR (250 MHz, 
CDCI,): 6 =1.14 (t. 'J =7.0 Hz, 3H;  CH,CH,O), 1.93 (t. 4J3.5 = 2.6Hz, 1 H; 
5-H),2.41 (dd,4J,,5=2.6,3J2.3=6.2Hz,2H;3-H),2.44(s,3H;Ar-CH,),3.52 
(1, ' J  =7.0 Hz, 2H: CH,CH,O), 3.50-3.65 (mc, 1 H;  2-H), 4.03, 4.16 (ABX, 
'JAR= -11.3,3JA,=5.6,3JBx=4.5Hz,2H;1-H),7.33(d,3J=8.3Hz,2H;Ar- 
H), 7.80 (d, 'J= 8.3 Hz, 2H;  Ar-H); "C NMR (62.9 MHz. CDCI,): 6 =15.19 
(+. CH,CH,), 21.14(-, C-3),21.55 (+,Ar-CH,),  65.84(-,CH,CH,O), 70.03 
(-, C-I), 70.64 (C,,,,, C-4), 74.96 (+, C-2), 79.22 (+, '2-3, 127.90 (+, C-Ar), 
129.77 (+, C-Ar). 232.77(Cq,,,,C-Ar), 144.82 (C,,,,, C-Ar); MS (70 eV, El): m/z 

(282.3): calcd C 59.55. H 6.43; found C 59.37, H 6.57. 

(S)-Z-terf-Bntoxy-S-trimethylsilyl4pentynyl Tosylate [ (S)-4c]: A solution of (S)-4 a 
(19.0 g, 58.2 mmol) in CH,CI, (400 mL) was treated at -78°C with a mixture of 
precooled (- 20 "C) 2-methylpropene (500 mL, 350 g, 6.2 mol) and conc. sulfuric 
acid (464 mg, 4.5 mmol). The flask was stoppered, and the reaction mixture allowed 

5 = 3541 (0-H),  2955 (C-H), 2185 (CsC),  1605 (C=C), 1500,1359 (SO,), 1182 

3J~55.2H~,lH;OH),2.44(~,3H~CH,),2.43,2.48(ABX,3JAx=3JBX=5.9, 

67.45(-.C-l),75.04(+,C-2),89.45(C,,,,,C-5),101.23(C,,,,,C-4),122.45(C,,,,, 

i = 3520 (0-H),  2961 (C-H), 2169 (CSC), 1604 (C=C), 1502, 1371 (SO,), 1382 

(+,CH,),25.03(-,C-3).67.88(-,C-l),72.09(+,C-2),86.78(C,,,,,C-5), 101.67 

1%): 243 (62) [M' - C3H3], 155 (82) [C,H,SO:]. 91 (100) [C,H:]; Cl4HI,O,S 

to warm to RT. After 2 d it was recooled to -78 "C and then cautiously poured into 
a solution of NaHCO,. Extraction with diethyl ether (3 x 100 mL) was followed by 
drying (MgSO,) of the combined organic layers. Concentration under reduced 
pressure and purification of the crude material by flash chromatography on silica 
gel [petroleum ether (60/80)/diethyl ether = 10/1], yielded 17.0 g (76%) of ( S j - 4 ~ :  
[a];'= +18.7(c=1.33inCHC13);IR(neat): t =2972(C-H),2177(C-C),1598 
(C=C), 1453, 1366 (SO,), 1250. 1177 (SO,), 1029, 982, 940, 843, 760, 735cm-I; 
'HNMR (250MHz, CDCI,): 6 = 0.11 [s, 9H; Si(CH,),], 1.15 [s, 9H;  C(CH,),] 

Ar-CH,). 3.82 (mc, 1 H ;  2-H), 3.92 (ABX, 'JAB = -10.0, ,JAX = 5.5,  
3JBx=5.0Hz,2H;l-H),  7.35(d, , J=8.0Hz,  2H;Ar--H),7.80(d,  3 J=8 .0Hz ,  
2H;  Ar-H); I3C NMR (62.9MHz, CDCI,): 6 = 0.14 [ +, Si(CH,),], 21.55 (+, 
Ar-CH,), 24.93 (-, C-3), 28.14 [ +, C(CH,),], 68.08 (+, C-2). 71.57 (-, C-l),  
75.56 [C,,,,, C(CH,),], 86.98 (C,,,,, C-5), 102.49 (C,,,,, C-4), 127.93 (+, C--Ar), 
129.74 (+ , C- Ar), 132.96 (C,,,,, C- Ar), 144.67 (C,,,,, C-  Ar); MS (70 eV, El): mi; 

(SiMe:]; C,,H,,O,SSi (382.6): calcd C 59.65, H 7.90, S 8.38; found C 59.84, H 
7.99. S 8.44. 

(S)-2-fert-Butyldimethylsilyloxy-S-trimetbylsilyl~-~ntynyl Tosylate [ (S)-4d] : To a 
solution of (S)-4a (8.16 g, 25 mmol) in dry dimethylformamide (DMF) (100 mL) 
ferf-butyldimethylsilylchloride (TBDMSCI) (1 1.25 g, 75 mmol) and imidazole 
(10.4 g, 153 mmol) were added, and the mixture was stirred for 16 h at RT. The 
solution was poured into a solution of NH,CI (100 mL), the aqueous layer was 
extracted with diethyl ether ( 3  x 100 mL), and the combined organic layers were 
dried (MgSO,) and concentrated under reduced pressure. The residue was purified 
by flash chromatography on silica gel (pentane/diethyl ether = 5jl) to yield 10.03 g 
(91 %)of (S)-4d as a white solid: M.p. 69°C; [a];' = + 10.4(c = 2.0 in CHCI,); IR 
(KBr): t = 2958-2855 (C-H), 2180 ( C d ) ,  1597 (C=C), 1471,1349 (SO,), 1286, 
1251 (Si-C), 1191, 1173(SO2), 1124,1095,1045,1006,981,927,888.842,814,780, 
759,732.706,681,661,629, 566,554cm-I; 'HNMR(25OMHz,CDCI3):6 =0.05 
(s. 3H; SiCH,), 0.08 (s, 3H;  SiCH,), 0.10 [s, 9H; Si(CH,),], 0.83 [s, 9 H ;  
SiC(CH,),], 2.36 (m, 2H;  3-H), 2.44 (s, 3H;  CH,), 3.88-4.05 (m, 3H; I-H, 2-H), 
7.34 (d, 3J = 8.3 Hz, 2 H ;  Ar-H), 7.80 (d, 'J = 8.3 Hz, 2H; Ar-H); I3C NMR 
(62.9MHz, CDCI,): 6 = -4.81 (+. SiCH,), -4.77 (+, SiCH,), -1.00 [ +, 
Si(CH,),], 17.95 [C,,.,, SiC(CH,),], 21.61 (+, CH,), 25.65 (-, C-3), 25.72 [ +, 
SiC(CH3),],68.96(+,C-2),72.34(-,C-l), 87.27(Cq,,,,C-5), 1O2.15(Cq,,,,C-4), 
127.98 (+, C-Ar), 129.83 (+, C-Ar), 133.00 (C,,.,, C-Ar), 144.79 (C,,,,, 
C-Ar); MS (70eV, EI): m/: (%): 383 (9.9) [M' - tBu], 329 (13). 231 ( l l ) ,  230 

[SiMe:]; C,,H,,O,SSi, (440.8): calcd C 57.23, H 8.23, S 7.27; found C 57.27, H 
8.31. S 7.22. 

(~-2-terf-Butyldimethylsilyloxy-l-chlnro-S-trimethylsilyl~-pen~ne [ (S)-3d] : To a 
solution of (S)-3a (5.42 g, 28 mmol) in dry DMF (100 mL) TBDMSCI (12.7 g, 
84 mmol, 3 equiv) and imidazole (10.4 g, 153 mmol) were added, and the mixture 
was stirred for 24 h at RT. The solution was poured into a solution of NH,CI 
(300 mL), and the aqueous layer extracted with pentane (3 x 200 mL). The com- 
bined organic layers were dried (Na,SO,) and concentrated under reduced pressure. 
The residue was purified by flash chromatography on silica gel [petroleum ether 
(30/50)/diethyl ether = 20/1] to yield 6.90 g (80%) of (S)-3d: R, = 0.2; 
[XI;' = + 3.4 (c =1.725 in CHCI,): IR (neat): i = 2958-2859 (C-H), 2180 
(C-C), 1473, 1362, 1252 (Si-C), 1115, 1038, 935, 842, 778, 643cm-'; 'HNMR 
(250MHz,CDC13):6 = 0.11 [s,6H;Si(CH3),],0.16[s,9H;Si(CH,),],O.81 [s,9H: 
SiC(CH,),], 2.43, 2.55 (ABX, 'JAB = -16.7, 'JAX = 5.8, 'JBx = 6.1 Hz, 2H; 3-H), 
3.50,3.59(ABX,'JA, = -10.9, 3JAX = 5.4, 'JBX = 5.1 Hz,2H; 1-H),3.97(mC, 1 H; 
2-H); "C NMR (62.9 MHz, CDCI,): 6 = - 4.64 [ +, Si(CH,),], -0.15 [ +, 
Si(CH,),], 18.06 [C,,,,, SiC(CH,),]. 25.72 [ +, SiC(CH,),], 26.71 (-, C-3), 48.09 
( - , G I ) ,  71.28 (+, C-2), 86.99 (C,,,,, C-5),  102.82 (C,.,,, C-4); MS (70 eV, EI): m / i  
(%): 289 (2.0) [M' - CH,], 249/247 (29/69) [M' - IBu], 195 (16), 193 (49 ,  169 
(36), 167 (70), 147 (27), 139 (loo), 115 (31), 93 (49 ,  83 (29). 75 (38), 73 (100) 
[SiMe:]. 65 (54), 59 (33); C,,H,,CIOSi, (305.0): calcd C 55.13, H 9.58, CI 11.62: 
found C 55.22, H 9.69, CI 11.45. 

(S)-2~2-Methoxyprnpyl-Z-nxy)-5-trimethylsilyl~-~ntynyl Tosylate [ (S)-4e] : To a 
solution of (S)-4a (4.897 g, 15 mmol) in dry 2-methoxypropene (10 mL) was added 
1 drop of phosphorylchloride, and the mixture was stirred for 1 h at RT. Triethyl- 
amine (3 drops) was added, and the mixture concentrated under reduced pressure to 
yield6.002 g(lOO%) of(S)-4e, which wasanalytically pure. [a];' = + 12.3 ( c  = 1.03 
in CHCI,); IR (neat): 3 = 2959 (C-H), 2178 (C=C), 1599 (C=C), 1460, 1367 
(SO,), 1251 (Si-C), 1175 (SO,), 1097, 1061, 982, 942, 843, 762, 667cm-'; 
'HNMR (250 MHz, CDCI,): b = 0.18 [s, 9H;  Si(CH,),], 1.12 (s, 3H;  CH,), 1.15 
(s, 3H; CH,), 1.87 (s, 3H; Ar-CH,), 2.41 (d. ,.I,., = 6.2 Hz, 2H;  3-H). 2.96 (s, 
3H;  OCH,), 4.04 (mc, 1 H; 2-H), 4.22, 4.29 (ABX, 'JAB = -10.1, '.Iax = 4.7, 
'JBx = 4.8 Hz, 2H;  I-H), 6.72 (d, 'J= 8.2 Hz, 2H; Ar-H), 7.79 (d, 3J = 8.2 Hz, 
2 H ;  Ar-H); I3C NMR (62.9 MHz, CDCI,): 6 = - 0.22 [ +, Si(CH,),], 20.84 (+, 
Ar-CH,), 23.99 (-, C-3), 24.66 (+, CH,), 24.77 (+, CH,), 48.93 (+, OCH,), 

C-4), 127.98 (+, C-Ar), 129.50 (+, C-Ar), 134.04 (C,.,,, C-Ar), 143.86 (C,,,,, 
C-Ar); MS (70eV. El): m/z (%): 383 (1.0) [ M +  - CH,], 229 (30). 155 (15) 
[C,H,SO:], 139 (26), 109 (17), 91 (17) [C,H:], 86 (12), 83 (22), 75 (14), 73 (36) 

2.35.2.3X(ABX,'JAB= -17 .0 ,3JAX=6.0 ,3JBx=4 .7H~,2H;3 -H) .2 .44 (~ ,3H 

(X): 367 (1) [M' - CH,], 215 (loo), 155 (43) [C,H,SO:], 91 (27) (C,H:], 73 (7) 

(18), 229 (100) [M' - C4H, - C,H,O,S], 139 (14), 91 (14) [C,H:], 73 (28) 

67.34(+.C-2).70.72(-,C-l),87.08(C,,,,,C-5),101.17(C,,,,,C-2),102.81 (C,,,,, 
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[SiMe;], 65 (14). 59 (21). 58 (23), 55 (lo), 43 (100); C,,H,,05SSi (398.6): calcd C 
57.25, H 7.59; found C 57.01. H 7.32. 

(S)-2-Benzyloxy-5-trimethylsilyl-4-pentynyl Tosytate [(S)-4fl: To a solution of the 
alcohol (S)-4a (327 mg, 1 .O mmol) and benzyloxytrichloroacetimidale (2.52 g, 
10 mmol) in dry CH,CI, (20 mL) at 0 "C was added a solution of methanesulfonic 
acid (11 mg. 0.1 mmol) in dry CH,CI, (2 mL). After stirring for 24 h at RT, the 
reaction mixture was poured intoa solution ofNaHCO, (20 mL)and extracted with 
diethyl ether ( 5  x 20 mL). The combined organic layers were dried (MgSO,) and 
concentrated under reduced pressure. The residue was purified by flash chromatog- 
raphy on silica gel [petroleum ether (60/80)/diethyl ether = 10/1] affording 212 mg 
(51% 68% based on conversion) (SMf as a white solid: M.p. 55°C; 
[a];'= +45.2(c=1.1 inCHC13);IR(KBr):i.=2990-2860(C-H),2182(CrC), 
1592 (C=C), 1473.1349 (SO,), 1291.1255 (S i -C) ,  1193, 1175 (SO,), 1120, 1097, 
1040,1004,986,929.890,840,818,782,761,708,689,670,630,570 at-': 'H NMR 
(250MHz. CDCI,): b = 0.12 [s, 9H; Si(CH,),]. 2.43 (s, 3H; CH,). 2.48 (d, 
J=5.6Hz,2H;3-H),3.72-3.81 ( m , , l H ; 2 - H ) , 4 . 0 6 ( d d , J = 5 . X , J = 1 0 . 4 ,  IH ;  
l-H),4.34(dd, J=6.3,J=10.4,1H;l-H),4.6-4.8(m,2H:CH,O),7.1-7.9(m, 
9H;Ar-H); *'CNMR(62.9MHz.CDCI3):6 = -0.17[ +,Si(CH,),],15.20(+, 
Ar-CH,). 22.63 (-, C-3). 65.93 ( - ,  CH,O), 70.55 ( - ,  C-l),  74.96 (+, C-?). 87.25 
(CqUa,,C-5), fO1.73(Cq,,,.C-4), 127.27 (+,C-Ar) ,  127.92(+.C~Ar),128.65(+. 
C-Ar),128.78(+,C-Ar), 129.74(+,C-Ar), 133.04(Cq,,,,C-Ar), 14O.85(Cq,,,, 
C-Ar). 144.5 (C,,,,, C-Ar); MS (70eV, EI): m / z  ( O h ) :  416 (1) [M'], 155 (43), 91 
(100) [C,H:]; C2,H,80,SSi (416.6): calcd C 63.43, H 6.77; found C 63.70, H 6.55. 

General Procedure for the Preparation of Bromides from the Corresponding Tosyl- 
ates:A solut1onofthetosylate(20mmol),drytiBr(27.3g,315 mmol),andethyldi- 
isopyopylamine (1.3 mL) in dry acetone (300 mL) was heated under reflux for 24 h. 
After cooling to RT, the solvent was removed carefully, and the residue poured into 
a solution ofNH,CI (500 mL) and extracted with pentane (3 x 200 mL). The com- 
bined organic layers were dried (MgSO,) and concentrated under reduced pressure. 
The residue was purified by flash chromatography on silica gel [petroleum ether 
(60/80)/diethyl ether = 6/11 

(S)-I-Bromo-2-ethoxy-Strimethylsilyl-4-peyne [(S)-S b] was obtained in 97 % 
yield (5.11 g): [4 i0  = + 20.13 (c=1.09 in CHCI,); IR (neat): i = 2965 (C-H), 
2179(C=C), 1467,1422.1391,1367,1250(Si-C), 1190,1060.843,761,646 cm-' ;  
'H NMR (250 MHz, CDCI,): 6 = 0.14 [s, 9H;  Si(CH,),], 1.22 (t. 3J =7.0 Hz, 3H; 
CH,),2.55(dS3J= 6.1 Hz,2H; 3-H).3.44-3.65(m,5H;CH,CH3. 1-H.2-H); l3C 

NMR (62.9 MHz. CDCI,): 6 = - 0.33 [ +, iJs,.c = 56 Hz, Si(CH,),]. 15.30 (+, 
CH,), 24.57 (-,  C-3). 34.39 (-,  C-l), 65.56 (-, CH,O). 77.00 (+ ,  C-2). 87.07 
(C,,,,. 'Jsi,c = 84 Hz, C-5), 102.35 (C,,,,, 2J,.c = 16 Hz, C-4); MS (70eV, EI): niii 
(%): 2641262 (0.3/0.3) [ M ' ] ,  183 (17) [ M +  - Br], 153/151 (97,/100) 
[M' - C,H2Si(CH3),], 125 ( 4 9 ,  123 (46), 73 (65) [Si(CH,);]; C,oH,,BrOSi 
(263.3): calcd C 45.63, H 7.27; found C 45.31, H 7.01. 

( ~ - l - B r o m o - Z t e r f - b u t o x y - 5 - t r i m e t h y l s i l y  [ (S)-Sc] was obiained in 96 % 
yield (5.59 g): [z]:' = +lO.O(c =1.I0inCHCI3); IR(neat):? = 2965 (C-H). 2179 
(CzC), 1467, 1422, 1391, 1367, 1250 (Si-C), 1190, 1060, 843, 761, 646cm-I; 
'HNMR (250 MHz. CDCI,): S = 0.12 [s. 9H;  SilCH,),], 1.20 [s, 9H; C(CH,),], 

(ABX, 'JAll = - 10, 3J,x = 5.0. 'JBX = 3.3 Hz, 2H;  I-H), 3.78 (m, 1 H; 2-H); ' jC 
NMR (62.9 MHz. CDCI,): 6 = 0.00 [ +, Si(CH,),[. 26.45 (-. C-3), 28.43 [ +. 
C-5), 103.34 (C,,,,, '2-4); MS (70 eV, EI): mjt (%): 21 1 (1.2) [Mi - Br]. 210 (3.7) 
[M' - HBr], 195 (2) [ M +  - HBr - CH,], 179 (6). 139 (2 ) .  124 (3), 122 ( 4 ) .  109 

2.41, 2.59 (ABX, 'JAB = -17, 'JAX = 6.0, 'JBX = 6.2 Hz, 2H;  3-H). 3.39, 3.42 

C(CXJJ, 36.35 (-,  C-l),  69.96 (+, C-2), 74.60 [C,,,,, C(CH3),], 86.63 (C,,,,. 

( l l) ,  83 ( l l ) ,  73 (100) [Si(CH,):]; C,,Hi,BrOSi (291.3): calcd C 49.48, H 7.96; 
found C 49.21, H 7.77. 

(S)-L-Bromo-2-tert-butyldimathylsilyloxy-S-trimet~yl~~yl~-~~yne [(S)-Sd] was 
obtained in 92% yield (6.43g): B.p. 94"C/4mbar; [r]:' = + 5.8 ( c =  0.5 in 
CHCI,); IR (neat): i = 2958-2858 (C-H), 2180 (CEC), 1473, 1421. 1362, 1251 
(Si-C~,1214,1112.1035,1007,931,841,778,676.644cm~'; 'HNMR(250MHz 
CDCI,): 6 = 0.12 [s, YH; Si(CH,),], 0.15 [s, 6H;  SI(CH,),], 0.92 [s, YH; 
SiC(CH,),), 2.47. 2.59 (ABX, 'JAB = -17.0, 3JAx = 5.9, ,JBX = 6.1 Hz, 2H;  3-H), 
3.40,3.48(ABX,*JA,= -10.2,3JA,= fr.0.3J~,=5.4Nz,2H;I-H),3.98(m,.lH; 
2-H); "C NMR (62.9 MHz, CDCI,): 6 = - 4.59 [ +, Si(CH,),]. 0.02 [ +, 
Si(CH,),], 18.07 [C,,,,. SiC(CH,),]. 25.74 [ +. SiC(CH,),], 27.49 ( - .  C-3). 37.20 
( - ~  C-l),  70.78 (+, C-2), 87.02 (C,,,,, C-5). 102.85 (Csu.,, C-4); MS (70 eV. EI): m/: 
(Yo): 2931291 (4.0/4.0) [Mt - tBu], 239/237 (13115) [M' -SiMe, - C,H,], 169 
(15). 139 (82), 137 (ZI),  97(10), 96(11). 83(12), 75(26), 73 (100) [%Me;], 65(10), 
57 (15) [C(CH,):]; C,,H,9BrOSi, (349.5): calcd C 48.12. H 8.36, Br 22.86: found 
C 48.26. H 8.52, Br 22.97. 

(~-l-Bromo-2-(2-methoxypropyl-2-oxy)-5-trimethylsilyi~-~ntyne [ (S)-5e] was ob- 
tained in 92% yield (5.65 g). [a];' = + 20.4 (c = 1.325 in CHCI,); R, = 0.28; IR 
(neat): G = 2992-2831 (C-H), 2179 (C=C), 1463. 1423.1376, 1250 (SI-C), 1208, 
1183, 1145, 1067, 1030. 955, 844, 807, 761, 699, 646c1W'; 'HNMR (250MH2, 
CDCI,): 6 = 0.14 {s, 9H;  Si(CH,),], 1.39 (s, 3H; CH,), 1.40 (s, 3H; CH,), 2.54, 
2.63 (ABX, *JAE = -17.0, ,JAx = 5.6, 3JBx = 6.8 Hz, 2H; 3-H). 3.26 (s, 3H; 
OCH,), 3.52, 3.59 (ABX, 'JAB = -10.4, 'JAX = 3.9, 'JBX = 5.3 Hz, 2H;  1-H), 4.04 
(mc, 1 H; 2-H); NMR (62.9 MHz, CDCI,3): b = 0.00 [ +, Si(CH,),], 25.09 [ +. 

C(CH,)2],25.59(-,C-3),36.15(-,C-l),49.51 (+,OCH3),68.69(+,C-2),X7.01 
(C,,,,, C-5), 101.41 (C,,,,, C-4*), 102.80 (C,,,,, C-2'*); MS (70eV, EI): m/z (%): 
293/291 (1.2/1.2) [M' - CHJ, 277/275 (2.1/2.0) [ M *  - OMe], 139 (27), 137 (27), 
123(12),75(14), 74(19).73(100)[SiMe~],65(18),43(24);C,,H,,BrO,Si(307.3): 
calcd C 46.90. H 7.54, Br 26.00; found: C 47.24. H 7.57, Br 26.01. 

(S)-2-tert-Butyldimethylsilyloxy-l-iMfo-S-tnmethylsilyl4~n~y~ [ (S)-6d]: A solu- 
tion ofthe tosylate (S)-4d (3.306 g, 7.5 mmol), NaI (7.5 g, 50 mmoi, 6.7 equiv), and 
ethyldiisopropylamine (15OpL) in dry acetone (30 mL) was refluxed for 72 h. After 
cooling to RT, the solvent was removed carefully, and the residue poured into ethyl 
acetate (100 mL) and extracted with aqueous sodium thiosulfate (lo%, SO mL) and 
brine ( S O  mL). The combined organic layers were dried (MgSO,). Concentration 
under reduced pressure yielded 2.914g (98%) of iodide (S)-6d: [@ = + 6.2 
(c = I 3  in CHCI,): IR (neat): C = 2958-2858 (C-H), 2180 (C=C), 1472, 1412, 

645cm-'; 'HNMR (250MHz, CDCI,): 6 = 0.11 (s, 3H;  SiCH,), 0.12 (s, 3H; 
SiCH,), 0.14 [s, 9H;  Si(CH,),J, 0.83 [s, 9H;  SiC(CH,),]. 2.45, 2.55 (ABX, 

1-HI, 3.67 (mc, 1H; 2-H); I3C NMR (62.9 MHz, CDCI,): 6 = - 4.54 [ +, 
Si(CH3),1.0.001 +.Si(CH,),], 13.07(-,C-l), 18.04[C,,,,,SiC(CH3),],25.75[ +, 
SiC(CH,),I. 28.95 (-, C-3). 70.17(+, C-Z), 87.08 (Cqus,, C-5), 102.88 (C,,,,. C-4); 
MS (70eV, EI): mlz (%): 381 (1.0) [ M +  - CH,], 339 (68) [ M i  - tBu], 169 (34), 
139 (91), 73 (100) [SiMe:]; Ci,H2910Si, (396.5): calcd C 42.41, H 7.37. I 32.01; 
found C 42.45. H 7.29, 133.81. 

(~,R)/(R,R)-2-Ethoxy-1-(2-trimethylsilylethynyl)cyclopropane [ (S,R)/(R,R)-7 b] was 
prepared according to the literature procedure [17a] for racemic alkoxycyclo- 
propanes to afford (.S,R)-7b (59%) and (R,R)-7b (30%) as colorless liquids. (S,R)- 
7b: [Y];' = +76.83 (c =1.54 in CHCI,). Enantiomeric purity (GC, column C): 
95% re: IR (neat): i = 2973 (C-H), 2175 (C=C), 1449, 1375, 1257 (Si-C), 1212, 
1097, 847, 764, 647cm-'; 'HNMR (250MHz, CDCI,): 6 = 0.11 [s, YH; 
Si(CH,),]. 0.86-0.93 (m. 1 H; (Z)-3-H), 0.90 (t, 'J =7.2 Hz, 3H: CH,CH,), 1.06 
(ddd, 'J,.,=9.9. 'JE..,,,=5.6, 'JE.,.,=3.9Hz, I H ;  (Ek3-H). 1.26-1.42 (m, 
IH:  l-H).3.39(ddd, , J i , 2  =2.5,'J,., ,=3 .9 ,  'JZ-,,, =6.4Hz, lH;2-H),3.52.  
3.54 (ABX,, 'JAR = - 9.4, 'JAX = 7.2. 'JBx =7.2 Hz, 2H; OCH,CH,); "C NMR 
(62.9 MHz, CDCI,): 6 = 0.13 [ +, Si(CH,),], 8.79 (+, C-l), 13.78 ( f ,  CH,CH,), 
16.57 (-,  C-3), 60.79 (+, C-2), 70.76 (-,  OCH,CH,). 80.76 (C, C-2'), 107.47 
(C,.,,, C-1'); MS (70 eV, EI): mi-. (%): 182(5) [Mi].  73 (100) [SiMe:]: C,,H,,OSi 
(182.3): calcd C 65.87, H 9.95; found C 65.64, H 9.83. 

(R,R)-7b: [a]:" = + 153.6 ( c  = 1.26 in CHCI,). Fnantiomeric purity (GC. 
column C): 95% ee; IR (neat): C = 2972, 2883 (C-H), 2178 (C&), 1447, 1357, 
1256(Si-C). 1222.1130,1100,1028,848,763,703,681 cm-' ;  'HNMR(250MH2, 
CDCI,): 6 = 0.13 [s, 9H;  Si(CH,),], 0.89 (t, ' J  =7.3 Hz, 3H; CH,CH,), 1.53-1.65 
(m. 3H;  3-H. 1-H), 3.30(ddd, 'J,-,., = 3 J z - 3 , 2  = 'J,., = 5.4Hz, 1 H ;  2-H), 3.47, 
3.56 (ABX,, 'JAB = - 8.9, 'J,x =7.3. 'JA, =7.3 Hz, 2H; OCH,CH,); I3C NMR 
(62.9MHz. CDCI,):d = O.lO[+,Si(CH,),], 8 .23(+,C-l) ,  13.92(+,CH2CH,). 
15.48 (-, C-3), 57.26 (+, C-2), 70.69 (-,  OCH,CH3), 82.50 (C,,.,, C-2'). 105.53 
(C,,,,. C-1'); MS (70 eV, El): m / z  W): 182 ( 5 )  [Mi],  73 (100) [SiMe:]; C,,,H,,OSi 
(182.3): calcd C 65.87, H 9.95; found C 65.82, H 9.66. 

(S,R)/(R,R)-2fert-Butoxy-l-(2-trimethylsilylethynyl)cyclopropane [ (S,R)/(R,R)-7c] 
was prepared according to the literature procedure [I 7a] for racemic alkoxycyclo- 
propanes to afford (S,R)-7c (90%) and (R.R)-7c (2%) as colorless liquids. (S,R)- 
7c: [a]i" = -112.2 ( c  = 2.24 in CHCI,): IR (neat): i. = 3092, 2976 (C-~H),  2158 
(C-C), 1440, 1391. 1365, 1250 (Si-C). 1196, 1163, 1088, 945, 844, 760cm-'; 
'HNMR (250 MHz. CDCI,): 6 = 0.13 Is, 9H: Si(CH,),]. 0.90 (ddd, *J = -- 5.6, 

3Jz-1., = 4.1, 'J,., I = 9.8 Hz. 1W; iZ)-3-H), 1.28 Is, 9H; C(CH,),], 1.32 (ddd. 

1362, 1251 (Si-C), 1220, 1184, 1107, 1033, 929. 888, 842, 805. 778, 761. 699. 

2 J A B =  -16.9, , J A X = 5 . 9 ,  'JB,=6.3Hz, 2H; 3-H). 3.32(d, 3 J i , 1 = 4 . 8 H ~ , 2 H ;  

3JE-2,1=6.6,  3J,.,,,=6.6Hz, I H :  (E)-3-H). 0.99 (ddd, ' J =  -S.6, 

'J,,,=2.6, 3 J E . 3 , 1 = 6 . 6 .  3J7 . .3 . t=9 .8H~,  1H; 1 - H ) ~  3.33  (ddd, 'JI , ,=2.6.  
3 J E ~ , , 1  = 6.6. 'JZ-,,> = 4.1 Hz, 1H; 2-H); ',C NMR (62.9MHz. CDCI,): 
6 = 0.191 +.SiiC,H,),], 10.07 (+,C-l l .  15.75( -, C-3),28.10[ +,C(CH,),], 54.37 
(+.C-2).75.46[CqU,,, C(CH3),].80.76(C,,,,.C-2'), 107.49(Cq,,,,C-l');MS(70eV, 
El): m!- (%): 154 (1.6) [M' - C,H,]. 139 (25) [M' - C,H, - CH,], 137 ( 3 5 )  
[M' - SiMe,. M i  - OC(CH,),], 83 (17), 75 (31). 73 (43)  [SiMe:], 57 (100) 
[C,H:]: C,,H,,OSi (210.4): calcd C 6851. H 10.54; found C 68.61, H 10.64. 

(S, R)/(R, R)-2 -rert-Butyldimethylsilyloxy- 1 -(trimethylsilylethynyl)cyclopropane 
[(S,R)/(R,R)-7d]: To a solution of (S)-Sd (301 mg, 0.86 mmol) in THF (10 m t )  and 
HMPA (1 mL) was added a 0 . 5 ~  solution of LDA in THF (2.0 mL, 1 mmol) 
at - 78 "C (monitored by GC, SO mh).  The mixture was poured into a vigorously 
stirred solution ofNH,Ci (10 mL) and pentane (10 mL).  and extracted with pentane 
(3 x 10 mL). The combined organic layers were dried (MgSO,) and concentrated 
under reduced pressure. The residue was purified by flash chromatography on silica 
gel (pentane) to yield 125 mg (54%) of (S,R)-7d: Rr = 0.07; B.p. 49 "C/4 mbar; 
[XI;' = - 99.8 i c  =1.00 in CHCI,); IR (neat): 3 = 2958-2859 (C-H). 2162 
(CsC) ,  1473, 1439, 1364, 1251 (Si-C), 1209, 1165, 1086, 996, 940, 840. 779, 
76Ocm-'; 'HNMR (400MHz, CDCI,): a =  0.12 [s, 15H: Si(CH,),, Si(CH,),], 
0.81-1.03(m, 2H;  3-H), 0.89[s, 9 H ;  SiC(CH,),], 1.29-1.48 (m, 1 H ;  I-H). 3.50.- 
3.60 (m, 1 H;  2-H); I3C NMR (100.6 MHz, CDCI,): 6 = - 4.98 [ +, Si(CH,),], 
0.15[ +.Si(CH,),], 10.21 (+ ,C- l ) ,  17.89(-,C-3), 18.14[C,,,,,SiC(CH,),].25.73 
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[ +, SiC(CHJ31.55.34 (+, C-2), 80.71 (C,,,,, C-2'). 107.61 (C,.,,, C-1'); MS (70 eV. 
Ei): M / Z  ("/a): 268 (2.0) IA4'],211 (59j(M+ - iBu], 154(57), 147 (12), 133 (64). 75 
(20),73 (100) [SiMell, 59 (17); C,,H,,OSi, (268.6): calcd C 62.62, H 10.51; found 
c 62.71. fr 10.~8.  

Further elution yielded 48 mg (23 Oh) of (R,R)-7d: R, = 0.05; [a]:' = + 90.7 
(c = 0.75 in CHCI,); IR (neat): C = 2960-2855 (C-H), 2165 (CsC),  1485. 1440, 
1360, 1255 (Si-C), 1211, 1165, 1089, 996, 950. 840, 780, 764cm''; 'HNMR 
(250 MHz, CDCI,): 6 = 0.11 [s, 9H; Si(CH,),]. 0.15 [s, 6H; Si(CH,),], 0.83 (ddd, 
' J j , i=~--5.6,  3J~-3.1=6.6,  3 J E - 3 , 2 = 4 . 1 H ~ 3  3H: (E)-3-H), 0.90 [s, 9H;  
SiC(CH1),I, 0.93 (ddd, ' J , . ,  = - 5.6, ' J Z - ] ,  = 9.8, 3J2-3.2 = 6.2 Hz, 1 H ;  (Z)-3- 
H),1.32(ddd,3Jz.l=6.1,3JE~3,,=6.6,3JL~31=9.8Hz,lH;l-H),3.48(ddd, 
'J,, 2 = 6.1, ,Jr - 3 . 2  = 4.1, ' J p  3 ,  , = 6.2 Hz, 3 f i .  2-H); I3C NMR (62.9 MHz. CD- 
CI,): 6 = - 5.12 (+. SiCH,), -4.57 (+, SiCH,). 0.19 [ +, Si(CH,),], 8.82 
(+, C-l), 16.67 (-, C-3), 18.15 [C,,,,, SiC(CH,),], 25.83 [ +, SiC(CH,),], 
51.57 (i, C-2). 83 04 (C,,,,, C-2'), 105.76 (Cq7 ,*,, C-1'); MS (70 eV, El): m/z (%): 

[SiMe;]. 59 (18); C,,H,,OSi, (268.6): calcd C 62.62, H 10.51; found C 62.52, 
268(2.0)[Mt],211 (50)[Mt - tBo], l54(51),147(16),133(67),75(19),73(100) 

H 10.43. 

(S,R)-2-(2-Me~hoxypropyl-2-oxy)-l-(trimethylsi~~lethynyl)cyclopropane [(S,R)-7e]: 
To a solution of LDA (15 mmol) in THF (50mL) was added at -78°C (S)-Se 
(1.54 g, 5 mmol) in THF (10 mL). After stirring for 30 min, the mixture was poured 
into a solution of NH,CI (100 mL) and pentane (l00mL), and the aqueous layer 
was extracted with pentane (3 x 10 mL). The combined organic layers were dried 
(MgSO,) After concentration under reduced pressure, the residue was purified by 
flash chromatography on silica gel (pentane/diethyl ether = 30/1) to yield 942 mg 
(83%) of (S,R)-7e: R,  = 0.23; [a]:" = - 57.8 (c = 0.8 in CHCI,); IR (neat): 
i = 2994-2531 (C-H). 2159 ( G C ) ,  1440, 1372, 1251 (Si-C), 1214, 1186, 1142, 
1067,954,907, 845, 761,699,642 cm-';  'H NMR (250 MHz, CDCI,): 6 = 0.05 [s, 
9H;Si(CH,),I,0.83(ddd,ZJ3,,= -5.6,3J2.,, = 6 . 3 , 3 J z ~ l , , = 6 . 8 H z , l H ; ( Z ) -  
3 -H) ,0 .95 (ddd ,2J3 ,~=-5 .6 ,3JE~3 ,1~9 .8 .3JE . j , 2=4 .1H~,1H; (E) -3 -H) ,1 .33  
(s, 3H; CH,), 1.37 (ddd, 'J1,, = 2.7, 3Jz .~1 ,1  = 6.3, 3JE~.l = 9.8 Hz, 1 H ;  I-H), 
1.40 (s, 3H; CHI). 3.21 (s, 3H; OCH,), 3.45 (ddd, ,J1., = 2.7, 'J6-3.2 = 4.1, 
,Jz-],, = 6.8Hz, 1 H ;  2-H); ',C NMR (62.9 MHz, CDCI,): 6 = 0.12 [ +, 
Si(CH,),], 9.30 ( + , G I ) ,  15.14 (-, C-3), 24.29 (+. CH,), 25.17 (+, CH,), 48.61 
(+,OCH,), 53.19 (+, C-2), 8O.90(Cq,,,, C-2'1, 101.60(Cq,,,, C-2"*), 107.04(Cq,,,, 
C-l'*);MS(70eV,EI):mir(%):211 (0.5)[Mt - CH,j,196(4.3)[Mt - Me,],195 
(26), 139 (14). 137 (641,109 (72). 97 (18), 95 (1 8), 83 (28), 75 (12), 74 (45), 73 (100) 
[SiMe:], 59 (741, 55 (13), 45 (25), 43 (87): C,,H,,O,Si (226.4): cdlcd C 63.67, H 
9.80; found C 63.73, H 9.91. 

(S,R~I-Benzyloxy-2-(trimethylsilylethynyI)cycIop~pane ( (S ,R)-7f l :  To a solution 
of LiHMDS (2.5 g, 1 5  mmol) in THF (100 mL) was added at 0'C (S)-4f (2.08 g, 
5.0 mmol) in THF (I0 mL). After stirring for 30 min, the mixture was poured into 
a solution ofNH,CI (100 mL)andpentane (100 mL),and theaqueouslayerextract- 
ed with pentane (3 x 10 mL). The combined organic layers were dried (MgSO,). 
After concentration under reduced pressore, the residue was purified by flash chro- 
matography on silica gel fpentane/diethyl ether = 30/1), to yield 610mg (50%) 
(S,R)-7f: R, = 0.23; [4t0 = + 34.4 (c =1.0, CHCI,); IR (neat): i = 2994-2831 

845,761,699,642cm-'; 'HNMR(250MHz,CDCI,):6 =0.05[s,9H;Si(CH3),], 
(C-H), 2159 (CsC), 1440. 1372, 1251 (si-'4, 1214,1186. 1142, 1067, 954,907, 

0.83 (ddd. ' J 3 . 3  = - 5.6. 3Jz.,, = 6.8 Hz, 1 H: (Z)-3-H), 0.95 (ddd. 
' J , , ,=-5.6,  1 J ~ - a , l = 9 . 8 ,  ' J E - , , , = 4 . 1 H ~ ,  1H; (E)-3-H), 1.37 (ddd, 
'J;,2=2.7, 3 J 2 - 3 , , = 6 . 3 ,  ' JE-, , ,=9.8Hz, 1 H ;  1-€1). 3.45 (ddd, 3J1,2=2.7,  

= 6.3, 3Jz-,, 

'JE-,, , = 4.1, i & - 3 . 1  = 6.8 Hz, 1 H;  2-H), 4.2-4.6 (m, 2 H; OCH,). 7.1 -7.55 (m. 
5H: Ar-H): "C NMR (62.9MHz. CDCI,): 6 = 0.12 [ +, Si(CH,),I, 9.30 (+, 
c - I ) ,  15.14 (-, c-3), 53.19(+, c-2), 64.23 (-, O C H ~ ) ,  80.9o(cq.,,, C-z), 107.04 
(C,,,,, C-I,), 127.21 (+, C-Ar), 126.89(+, C-Ar), 128.22 (t, C-Ar), 140.79 
(C,,,, , C - Ar); MS (70 eV, EI) : m/z (%) : 244 (1) [ M  '],9 I (3 00) [C,H :] ; C, 5H ,,OSi 
(2444): calcd C 73.71. H 8.25: found C 74.02, H 7.99. 

General Procedure for the Oxygenation of (Trimethylsily1ethynyl)cycloprOpanes: The 
ethynylcyclopropdne (1 .0 mmol) was dissolved in either THF or diethyl ether 
(10mL) and the solution cooled to -78°C. After addition of nBuLi ( 2 . 3 6 ~  in 
hexane, 425 pL, 1 .0 mmol) and stirring for 15 - 60 min at - 78 'C or RT dry oxygen 
[18] was bubbled through the mixture for 1 h at -78 "C or -90"C, and the elec- 
trophile (1.0 mmol) was added. After 1 h the soiution was allowed to warm slowly 
to RT and poured into a mixture of waler and dierhyl ether (2 x 10 mL). The 
aqueous layer was extracted with diethyl ether (3 x 10 mL). The combined organic 
layers were washed with brine (10mL), dried (MgSO,), and concentrated under 
reduced pressure. The residue was purlfied by flash chromatography on silica gel 
[petroleum ether (60/80)/diethyI ether = 20/1] 

(S, R)/(R.R)-Z-Ethoxy- 1 -frimethylsilyloxy- 1 -(2 -trimethylsilylethynyl)cyclopropane 
[(S,R)i(R.R)-24-OTMS1 was obtained as a mixture of diastereomers (1 : 2) by depro- 
tonatiori of (S.R)-7b in THF at - 78 *C for 15 min and treatment with oxygen and 
TMSCI. (R,R)-U-OTMS ( R ,  = 0.12): Clear oil (168 mg. 62%); [ a ] i O =  -15.3 
(c =1.0 in  CHCI,); IR (neat): i. = 2950 (C-H), 2150 (CsC) ,  1240 (Si-C), 1190, 
840cm-I: 'HNMR (250 MHz, CDCI,): 6 = 0.13 [s, 9 H ;  Si(CH,),], 0.15 [s, 9H; 
OSi(CH,),], 1.05 (dd, 3Jz.3.2=5.9, 1J3.1=4.8Hz, 1H;  (Z)-3-H), 1.15 (dd, 

1 J J , ~ , ~ = 6 . 2 . 2 J l , , = 4 . 8 H ~ , l H ; ( E ) - 3 - H ) , 1 . 2 0 ( t . ' J = 7 . 0 H ~ , 3 H ; C H 3 ) , 3 . 2 0  
(dd, 3Jz-3.1 = 5.9, 'JE-,., = 6.2% 1 H: 2-H), 3.40 (dq, 2J=  - 9.2, 'J=7.0Hz, 
lH;CHZO),3.60(dq, 'J= - 9.2,3J=7.0H~,1H;CH20);'3CNMR(62.9MH~, 
(-,C-3), 57.30(C,,,,.C-l), 65.64(+,C-2),65.99(-,CH2O),80.72(C,,,,,C-2'), 
CDCI,): 6 = -1.55 [ +, Si(CH,),], 0.52 [ +, OSi(CH,),], 14.99 (+, CH,), 39.28 

109.20(C,,,,,C-l');MS(70eV, EI):m/i(%):270(1)[M+j,241 (13), 155(14), 178 
(32), 73 (100) [SiMe:]; C,,H,,O,Si, (270.5): calcd C 57.72, H 9.69; found C 57.41, 
H 10.03. 

(S,R)-24-OTMS (R, = 0.15): Clear oil (85 mg, 31 %); [a];' = + 4.7 (c =1.3 in 
CHCI,); IR (neat): B = 2940(C-H), 2145 (C=C), 3240 (Si-C), 1195, 840cm-'; 
'HNMR (250 MHz, C,D,): 6 = 0.18 [s, 9H;  Si(CH,),], 0.20 [s, 9H;  OSi(CH,),], 
1.19 (dd, 3Jp3,2=5.8,  'J1,,=4.9HZ, 1H; (Z)-3-H), 1.22 (dd, 3JL.3,2=6.2,  
2J3.3=4.9HZ, 1H; (E)-3-H), 2.24 (t. ' J=7.0Hz, 3 H ;  CH,), 3.35 (dd, 
' J ~ ~ , , , = S . X . 1 J ~ _ 3 , , = 6 . 2 € ~ z , 1 H ; 2 - H ) , 3 . 3 7 ( d q , Z J =  - 9 . 2 , 3 J = 7 . 0 H ~ , l H ;  
CH,O), 3.58 (dq, 'J = - 9.2, 3J =7.0 Hz, 1 H; CH,O); I3C NMR (62.9 MHz, 

C-3) .  58.59 (C,,,,, C-1). 66.89 (+, C-2). 67.51 ( - ,  CH,O), 83.62 C-2),  
C,D,):S = -1 .88 [  +,Si(CH,),J,0.67[ +,OSi(CH,),], 15.23(+,CH3), 19.44(-, 

l05 . j4(C, , . , , c - l ' ) ;h lS(70eV,EI) : r~ /~( (%):270(1) [ .~ ' ] ,241  ( l l ) ,  155(10),178 
(44), 73 (100) [SiMe:]; C,,H,,O,Si, (270.5): calcd C 57.72, H 9.69; found C 57.80, 
H 10.74. 

(S, R ) / ( R ,  R)- 1 -Acetoxy-l -ethoxy-l-(2-trimethylsilylethynyl)cyclopropane [ ( S . R ) /  
(R,R)-24-OAcl was obtained as a mixture of diastereomers (1 :2) by deprotonation 
of (R,S) -7b  in THF at -78 "C for 15 min and treatment with oxygen and acetic 
anhydride. (R.R)-24-OAc (R,  = 0.32): Clear oil (133 mg, 55%); [a];' = - 20.7 
(C = 1.1 in CHCI,); 1R (neat): i = 2960 (C-H), 2150 (CsC), 1720 (C=O), 1330, 
1200,84Ocm-'; 'HNMR(250MHz,CDC13):6 =O.22[s,9H;Si(CH3),], i.J5(t, 
' J = ~ . ~ H Z , ~ H ; C H , C H , ) , ~ . ~ ~ ~ ~ ~ , ~ J ~ . , = ~ . ~ , ~ J ~ ~ ~ , ~ = ~ . ~ H Z , I H ; ( € ) - ~ - H ) ,  
1.40 (dd, 2 J 3 , 3  = 6.9, 3J2.,,2 = 6.8Hz, 1 H; jZ)-3-H), 2.35 (s, 3H; CH,CO), 

,J2-,,, = 6.8 Hz, 1 H; 2-H), 3.92 (dq, *J = - 9.2, =7.2 Hz, 1 H; CH,O); MS 
3.50 (dq, ' J  = - 9.2, 3J =7.2 Hz, 1 H; CH,O), 3.55 (dd, 3J2-,.2 = 4.7, 

(70 eV, El): m/z (YO): 240 (3) [ M ' ] ,  225 (4), 21 1 (9, 197 (10) [M' -- CH,CO], 165 
(221, 125 (100) [M' - C,H,O - SiMe,], 73 (72) [SiMe:j, 43 (45) [CH,CO+l; 
C,,H,,O,Si (240.4): calcd C 59.96. H 8.39; found C 59.72, H 8.05. 

(S,R)-24-OAc (R, = 0.28): Clear oil (67 mg, 28%); [4i0 = +7.8 (c = 1.0 in 
CHCI,); IR (neat): = 2960 (C-H), 2155 (C=C), 1720 (C=O), 1335, 1205, 
840cm-'; 'HNMR (250MHz, CDCI,): 6=0.28 [s, 9H;  Si(CH,),J, 1.15 (t. 
'J =7.2 Hz, 3H; CH,CH,), 1.27 (dd, 'J,,, = 6.9, 3JE-1,2 = 4.6 Hz, 1 H; (E)-3-H), 
( .44(dd,2~~, ,=6.9,33,~, , ,=6.SH~,tH;(Z)-3-K1,2.27(~,3K;C~3CO),3.S1 
(dq, * J = - 9 . 2 ,  3 J = 7 . 2 H ~ ,  1 H ;  CHZO), 3.58 (dd, 3J,-3.,=4.6. 
3 J L - 3 , 2 = 6 . 5 H ~ , 1 H ; 2 - H ) , 3 . 9 8 ( d q , 2 J =  -9.2, ' J=7 .2Hz .1H;CH20) ;  MS 
(70eV,El):m/z(%):240(2)[M+],225(2),211 (8), 397(15)[M+ - CH,CO], 165 
(20), 125 (100) [ M I  - C,H,O - SiMe,], 73 (88) [SiMe:], 43 (58) [CH,CO+): 
C,,H,,O,Si (240.4): calcd C 59.96, H 8.39; found C 59.88, H 8.30. 

(S,R)/(R,R)-2-Ethoxy-I-p-toIuenesulfonyloxy- 1-(2'-trimethylsiIyIethynyi)cycIopmp 
ane [(S,R)/(R,R)-24-OTs] was obtained as a mixture of diastereomers (1 :5) by de- 
protonation of ( R , S ) - 7  b in THF at - 75 "C for 15 min, oxygenation at - 90 ''2, and 
treatment with tosyl chloride. (R,R)-24-OTs (R, = 0.35): Clear oil (230mg, 6 5 % ) ;  
[%I;'= +98.5(c=1.05inCHCIl);IR(neat): i .=2959(C-H),2178(C~C),1599 
(C=C), 1496, 1363 (SO,), 1250 (Si-C), 1178 (SO,), 1098, 989, 930, 845. 762. 734. 
66Xcm.': 'H NMR (250 MHz, C,D,): 6 = 0.15 [s, 9 H ;  Si(CH,),], 0.65 (dd, 
3 J E - 3 , 2  =7.1, 'J,., =7.0Hz, 1 H; (i3-3-H). 1.15 (t, 'J=7.1 Hz, 3H;  CH,CHz), 
1 .20(dd ,3J~ . , .1=4.9 ,2~ , ,=7 .0Hz, IH;(Z)-3-H) ,2 .00(s ,3H;Ar-CH,) ,3 .25  
(dd, 3Jz.3,2 = 4.9, ' J E - , , ,  =7.1 Hz, I H; 2-H), 3.25(dq, 3J =7.1, ,J= 9.1 Hz, 1 H; 
CHIO), 3.55 (dq, 'J=7.1, '5'9.1 Hz, 1H;  CHlO), 6.82 (d, ' J=9.3Hz,  2H; 
Ar-H), 8.00 (d, 'J= 9.3 Hz, 2H;  Ar-H); "C NMR (62.9 MHz, C,D,): 
6 = - 0.48 [ t, Si(CH,),], 15.05 (+, CHJH,), 21.23 (+, Ar-CH,). 22.69 (-, 

!02.42 (C,.,,, C-l'), 128.65 (+, o-C-Ar), 129.82 ( i ,  mC-Ar),  135.76 (C,,,,, 
p-C-Ar), 144.43 (Cqu,,, C-Ar); MS (70 eV, EI): m!r (%): 352 (1) [M+] ,  173 (loo), 
155 (77) IC,H,SO:], 91 (98) [C,H:]; C,,H,,O,SSi (352.5): calcd C 57.92, H 6.86; 
found C 57.92, H 6.84. 

C-3), 55.79 (C,,,,, C-l) ,  62.23 (+, C-2), 67.28 (-, CHZO). 90.84 (C,.,,, C-2'), 

(S,R)-24-OTs (R, = 0.30): White solid (46 mg, 13%), m.p. 62.5"C; [a];' = +7.3 
(c =1.2 in CHCI,); IR (KBrj: ? = 2959 (C-H), 2178 (C-C), 1599 (C=C), 1496, 
1363 (So,), 2250 (Si-C), 1178 (SO,), 1098, 989, 930, 845, 762, 734, 668cm-' .  
'HNMR (250MHz. C,D,): 6 = 0.12 [s, 9H; Si(CH,),], 1.00 (dd, 3Jz-,,2 = 6.9, 
'J3.3 =7.0 Hz, 1 H;  (Z)-3-H), 1.20 (t, ,J=7.1 Hz, 3 H ;  CH,CH,), 1.45 (dd. 
3J,-3.2=4.8, 2Jl.3=7.0Hz, 1 H ;  (E)-3-H), 2.05 (s, 3H; Ar-CH,), 3.70 (dd, 
3Jz-3.z ~ 6 . 9 ,  3JE-3.2 =4.8 Hz, 1 H; 2-H), 3.35 (dq, 'J27.1, 'J= - 9.1 Hz, 1 H ;  
C H ~ O ) , 3 . 4 5 ( d q , ~ J = 7 . 1 , ~ J =  -9 .1Hz , lH;CH2O) ,  6 .84 (d , , J=9Hz ,2H;  
At-H). 8.05(d, 'J = 9 Hz,2H; Ar-H); "CNMR (62.9 MHz, C,D,): 6 = - 0.37 
[ +, Si(CH,),J. 13.33 (+. CH,CH,), 21.15 (+, Ar-CHI), 24.15 (-, C-3), 58.32 
(C,.,,, C-l),  62.83 (+, C-2), 66.38 (-. CHZO), 93.02 (C,.,,, C-2'), 99.65 (C,,,,, 
c- l ' ) ,  128.69 (+, o-C-Ar), 129.92 (+, m-C-Ar), 135.55 (CqUa,,pC-Ar),  144.58 
(C,,,,.C-Ar);MS(70eV,EI):m/z(%): 352(1)[M+j, 173(100), 155(75),91 (92): 
C,,H,,O,SSi (352.5): cdlcd C 57.92. H 6.86; found C 58.02, H 6.97. 
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l-p-Toluenesulfonyloxy-l-(2'-trimethylsilylethynyl~ycloprnpane (28) was obtained 
in 80% yield by deprotonation of 27 in ether at RT for 1 h and treatment with 
oxygen and tosyl chloride. The substance corresponds in all respects with the com- 
pound described in ref. [~OC]. 

General Procedure for the Desilylation of (Trimethylsilyl)ethynylcyclopropanes: 
Method A, with tetrabutylammonium fluoride (TBAF): To a solution of the 
(trimethylsilylethynyl)cyclopropane (1 .O mmol), dissolved in moist THF (10 mL), 
was added TBAF (1.5 mmol). After having been stirred for 5 min at RT, the mixture 
was poured into a mixture of water and diethyl ether (20 mL each). The aqueous 
layer was extracted with diethyl ether (3 x 20 mL). The combined organic layers 
were washed with brine (10 mL). dried (MgSO,), and concentrated under reduced 
pressure. The residue was purified by flash chromatography on silica gel [petroleum 
ether (60/80)/ diethyl ether = 20/1]. 

Method B, with potassium carbonate in methanol: The (trimethysilyiethynyl)- 
cyclopropane (1 .O mmol) was dissolved in methanol (10 mL) saturated with 
K,CO,. After having been stirred for 15 min at RT, the mixture was filtered. The 
filtrate was poured into a mixture of water and diethyl ether (2 x 10 mL), and the 
aqueous layer was extracted with diethyl ether (20 mL each). The combined organic 
layers were washed with brine (lOmL), dried (MgSO,), and concentrated under 
reduced pressure. The residue was purified by flash Chromatography on silica gel 
[petroleum ether (60/80)/diethyl ether = 20111. 

(S,R)-l-Acetoxy-2-ethoxy-l-ethynylcyclopropane [ (S,R)-23-OAc] was obtained as a 
clear oil from (S,R)-24-OAc by Method A (160mg, 95%); IR (neat): t = 2960 
(C-H), 2150 (CIC), 1720 (C=O), 1330, 1200, 840cm-'; 'HNMR (250MHz, 
CDCI,): 6 =1.10 (t. ' J=7 .2Hz,  3 H ;  CH,CH,), 1.20 (dd, 'J,,, = 6.9, 
,JE-, z=6.8H~,lH;(E)-3-H),1.75(dd,2J,~,=6.9,3Jz.3,2 =4,7Hz, lH;(Z)-3-  
H), 2.27 ( s ,  1 H ;  2'-H), 2.35 (s, 3 H ;  CH,CO), 3.15 (dd, 'JE_,, ,=6.8,  
'JZ-, , ,=4.7Hz, l H ; 2 - H ) , 3 . 4 0 ( d q , ' J =  - 9 . 2 , 3 J = 7 . 2 H z ,  1 H ; C H 2 0 ) , 3 . 5 5  
(dq, 'J= -9.2, ' J=7 .2Hz,  1 H ;  CH,O); MS (70eV. El): mi; (%): 139 (5) 
[M' - C,H,], 125 (30) [M' - MeCO], 97 (22), 43 (100) [MeCO']; CgH,,O, 
(168.2): calcd C 64.27, H 7.19; found C 63.93, H 7.22. 

(R,R)-2-Ethoxy-1~thynyl-l-p-toluenesulfnnyloxycyclopropane [ (R,R)-23-OTs] was 
obtained as a clear oil from (R,R)-24-OTs by MethodA (258mg, 92%): 
[a];' = +122.00 (c = I S 0  in CHCI,); IR (neat): 3 = 2970 (C-H), 2180 (CEC). 
1602 (C=C), 1500, 1379 (SO,), 1179 (SO,), 1102, 998, 845, 768, 734cm-'; 
'HNMR (250MH2, CDCI,): 6 =1.20 (t, ' J=7 .1  Hz, 3 H ;  CH,CH,), 1.35 (dd, 
'J3.3 = 7.9, '52-3, 2 = 5.4 Hz, 1 H ;  (Z)-3-H), 1.55 (dd, 3JE-3, , = 8.0, '5,. , = 7.9 Hz. 
1 H ;  (E)-3-H), 1.95 (s, 3 H ;  Ar-CH,), 2.05 (s, 1 H; 2'-H), 3.62 (dq, 'J= - 9.4, 
' J = 7 . 1  H~,lH;CH,0),3.80(dd,~J,.,,, = 8.0, 'Jz~,. ,  = 5.4Hz, IH;2-H),4.00 
(dq, 'J= -9.4, ' J=7 .1Hz,  1 H ;  CH,O), 6.75 (d, ' J = 9 . 3 H z ,  2H;  m-Ar-H), 
8.00(d, ' J=9 .3Hz,2H;o-Ar-H) ;  "CNMR(62.9MHz,CDC13):6=15.10(+, 
CHlCH,),21.36(+,Ar-CH,),23.63(-,C-3), 57.64(Cq..,, C-l) ,62.43(+, C-2), 
66.53 (-, CH,O), 76.22 (+, C-2'), 78.22 (C,,,,. C-1'). 127.82 (+. C-Ar), 128.10 
(+, C-Ar), 135.53 (C,,,,, C-Ar), 144.41 (C,,,,. C-Ar); MS (70 eV, El): m/z (%): 
188 (100) [C,H,SO:]. 91 (82) [C,H:]: C,,H,,O,S (2X0.3): calcd C 89.98. H 5.75; 
found C 60.36. H 5.61. 

(S,R)-2-Ethoxy-l-ethynyl-l-p-toluenesulfnnylnxycyclnpropane [(S,R)-23-OTs] was 
obtained as a clear oil from (S,R)-24-OTs by Method B (263 mg, 94%): 
[XI:' = + 40.7 (c = 0.421 in CHCI,); IR (neat): 3 = 2970 (C-H), 2180 (CEC), 
1598 ( C = C ) ,  1502, 1371 (SO,), 1170 (SO,), 1101, 933, 839, 758, 735cm-'; 
'HNMR (250 MHz, CDCI,): 6 =1.10 (t, 'J =7.2 Hz, 3 H ;  CH,CH,), 1.23 (dd, 
'J3.3 = 6.9, ,JE-,,, = 4.9 Hz, 1 H; (E)-3-H), 1.85 (dd, *J,,, = 6.9, 'J,-,,, =7.3 Hz, 
1 H: (Z)-3-H), 1.85 (s, 3 H ;  Ar-CH,), 2.05 (s, I H ;  2'-H), 3.15 (dd, 3 J Z - 3 , i  =7.3, 
3 J , - , , 2 = 4 . 9 H ~ ,  lH;2-H) ,3 .42(dq ,  ' J = - 9 . 2 ,  ' J=7 .2Hz,  lH;CH,O) ,3 .55  
(dq, 'J= -9.2, ' J=7 .2Hz,  1 H ;  CH,O), 6.75 (d, 3 J = 9 . 2 H ~ ,  2 H ;  m-Ar-H), 
8.00 (d, ' J  = 9.2 Hz, 2 H ;  o-Ar-H); "C NMR (62.9 MHz, CDCI,): 6 = 14.71 (+, 
CH,CH,),20.91 (+, Ar-CH,), 21.71 (-,C-3). 54.67(C,.,,,C-l), 61.41 (+, C-2), 
66.97 (-, CH,O), 74.09 (C,.,,, C-l'), 80.62 (+, C-2'). 127.92 (+, C-Ar). 128.33 
(+,  C-Ar), 135.73 (C,.,,, C-Ar), 144.61 (C,,,,, C-Ar); MS (70 eV, El): m/r  (%): 
155 (100) [C,H,SO:], 91 (79) [C,H:]; C,,H,,O,S (280.3): calcd C 59.98, H 5.75: 
found C 60.21. H 5.83. 

l-Chloro-l-ethynyl-2,3-dimethylcyclnpropane was obtained from l-chloro-l-tri- 
chloroethenyl-2,3-dimethylcyclopropane [26] (10.0 g, 42.7 mmol) according to the 
previously published procedure [20e], yield 3.65 g (67%), ( E ) / ( Z )  = 1:5.5; 
'HNMR (250 MHz, CDCI,): 6 =1.09 (d, 'J= 6.2 Hz, 3H.  1"-H), 1.10 (d, 
'J= 6.4Hz, 3H,  2 - H ) ,  1.42-1.52 (m, 2H,  2-H, 3-H), 2.39 (s, 1 H, 2'-H). 

General Procedure for the Preparation of Ethenylcyclopropanes from Ethynylcyclo- 
propanes by Hydrogenation: The ethynylcyclopropane (1 .O mmol) was stirred in 
pentane or dichloromethane (10 mL) with quinoline (2 mg) and palladium (3 mol% 
on BaSO,, deactivated with lead, 0.005 mmol Pb) [28] under a hydrogen atmo- 
sphere (slightly pressurized by a rubber balloon). After having been stirred for 1 h 
to 3 d at RT, the mixture was filtered. Then the filtrate was concentrated under 
reduced pressure, and the residue purified by flash chromatography on silica gel 
[petroleum ether (60/80)/ diethyl ether = 20/1]. 

( 1R*,2RX)/( 1S*,2R*)-l-Chloro-l~thenyl-2-trimethylsilylcycloprnpane was obtained 
as a colorless oil from I-chloro-1-ethynyl-2-trirnethylsilylcyclopropane [28] (1 .OO g, 
5.79 mrnol) [ (E) / (Z )  = 1 :2.3] by hydrogenation in dichloromethane for 24 h ac- 
cording to the general procedure (0.74 g, 73%); IR (neat): 3 = 3310, 2950, 1730, 
1640 (C=C), 1418, 1250. 1190, 1140, 830cm-'; ' H N M R  (250MHz, CDCI,): 
b = 0.12 (s, 9H,  SiMe,), 0.27 (dd, 3J = 9.5 ,  'J = 11.5 Hz, 1 H, 2-H), 1.23, (m. 2H, 
3-H), 5.06 (dd, J,,,=lO.5, Jg,,=1.3Hz, l H ,  2'-H), 5.34 (dd, J,,,,,=17.0, 
J , , , = ~ . ~ H Z , ~ H , ~ ' - H ) , ~ . ~ ~ ( ~ ~ , ~ , , , , = I ~ . O , J , , , = I O . ~ H Z ,  l H , l ' - H ) .  

(1R*,2R*,3S*)/(IS*,2R*,3S*)-1-Chloro-2,3-dimethyl-l~thenylcyclnprnpane was 
obtained as a colorless oil from l-chloro-l-ethynyl-2,3-dimethylcyclopropane 
(1.28 g, 10.0 mmol) [ ( E ) / ( Z )  = 1 :5.5] by hydrogenation in dichloromethane for 24 h 
according to the general procedure (1.19g, 91%); ' H N M R  (250 MHz, CDCI,): 
S =1.09-1.10 [m, 6 H ,  l"(2")-HI, 1.22 [m., 2H, 2(3)-HI, 5.00 (dd, Jgem =1.0, 
J,,, = 10.2 Hz. 1 H, 2'-H), 8.30 (dd, Jglm = 1.0. J,,""= = 16.5 Hz, 1 H, 2'-H), 5.62 (dd, 
J,,s = 10 2. J,,,., = 16.5 Hz, 1 H, I'-H). 

(R,R)-I-Ethenyl-1-ethoxy-1-p-toluenesulf [(R,R)-25-OTs] was 
obtained as a clear oil from (R,R)-23-OTs by hydrogenation for 24h in 
dichloromethane (266 mg, 94%): [a]$,' = + 243.8 (c = 0.390 in CHCI,); IR (neat): 
3 = 2965 (C-H), 1602 (C=C), 1496, 1370 (SO,), 1170 (SO,), 1100,994,932,843, 
737, 670cm-';  'HNMR (250MHz, CDCI,): 6=1.15  (t, 3 J = 7 . 0 H ~ ,  3 H ;  
CH,CH,). 1.25 (dd, 'J,_,,,=7.5, 2J , , l=8 .5Hz,  1 H ;  (E)-3-H), 1.70 (dd, 
'J , , ,=8.5,  3Jz . , , ,=4 .7H~,  1 H ;  (Z)-3-H), 2.67 (s, 3 H ;  Ar-CH,), 3.20 (dd, 
3J,-3,,=7.5, 'JL-, , ,=4.7Hz, 1 H ;  2-H), 3.55 (dq, ' J = 9 . 0 ,  , J = ~ . O H Z ,  1 H ;  
CH1O).3.65(dq, z J = 9 . 0 .  , J=7 .0Hz,  l H ; C H , 0 ) , 5 . 1 0 ( d , 3 J z  .*,,,, =16.9Hz, 
I H ;  (Z)-2'-H), 5.23 (d, 3JE-2., = 16.9, 
3JE-2,., = l o 2  Hz, 1 H;  1'-H), 7.24 (d, ,J = 8.3 Hz, 2 H ;  Ar-H), 7.79 (d, 
'5' 8.3 Hz, 2 H ;  Ar-H); "C NMR (62.9MHz. C,D,): 6 =14.61 (+. 
CH,CH,O), 18.52 (-, C-3), 20.78 (+, Ar-CH,), 62.18 (+, C-2). 66.03 (C,,.,, 
C-l),66.22(-.CH,O),114.27(-,C-2'),126.15(+,C-Ar),129.30(+,C-Ar), 
132.65 (+. C-I,), 136.26 (C,,,,, C-Ar), 144.03 (C,.,,, C-Ar); MS (70 eV, El): m/z 
("Yo): 155 (300) [C,H,SO:], 91 (82) [C,H:]; C,,H,,O,S (282.4): calcd C 59.55, H 
6.43; found C 59.37, H 6.21. 

(S,R)-l-Ethenyl-2-ethoxy-l-p-tolnen~ulfonyloxycyclopropa~e [(S,R)-25-OTs] was 
obtained as a clear oil from (S,R)-23-OTs by hydrogenation for 48 h in 
dichloromethane (265 mg, 94%): [a]:' = + 8.79 (c = 1.40 in CHCI,); IR (neat): 

762. 734, 668 cm-I;  'H NMR (250 MHz, CDCI,): 6 = 1.20 (t, ' J=7 .0  Hz, 3 H ;  

'J,,,=8.5, 3JE., ,z=4.7Hz, 1 H ;  (E)-3-H), 2.67 (s, 3 H ;  Ar-CH,), 3.02 (dd, 

= 10.2 Hz, I H;  (E)-2-H), 5.87 (dd, 'J,.,., 

i. = 2962 (C-H), 1600 (C=C), 1496,1369 (SO,), 1174 (SO,), 1092,993,930, 845, 

CH,CH,), 1.35 (dd, 3J2-3,2 =7.5, ' J 3 , 3  = 8 .5  Hz, 1 H ;  (Z)-3-H), 1.50 (dd, 

,JL-3 = 4.7 Hz, 1 H ;  2-H), 3.45 (dq, 'J = - 9.0, 3J = 7.0 Hz, 1 H;  
CH20),3.65(dq, 'J= -9.0,3J=7.0Hz,1H;CH20),5.05(d,3Jz~2.,, =16.9Hz, 
1 H ;  (Z)-2-H),  5.06 (dd, 3JE.2.,1. ~ 1 0 . 2  Hz, 1 H ;  (E)-2'-H), 5.95 (dd, 

= 7.5, , JE- , ,  

3 J ,~2 . , , .=16 .9 ,3J ,~1 . , I .=10 .2H~, lH;  l ' -Hf,7.30(d, 'J=8.3Hz,2H;Ar-H),  
7.84 (d, 'J= 8.3 Hz, 2H:  Ar-H); ''C NMR (62.9 MHz, C,D,): 6 =14.71 (+,  
CH,CH,O), 18.55 (-,  C-3), 20.81 (+, Ar-CH,), 61.85 (+, C-2), 66.03 (Cqumt, 
C-l),66.99(-.CH,O),111.94(-,C-2'),128.25(+,C-Ar),129.28(+,C-Ar), 
136.06 (C,,,,, C-Ar), 136.81 (+, C-1'). 143.74 (C,,,,, C-Ar); MS (70 eV, EI): mi; 
(Yo): 155 (100) [C,H,SO:], 91 (87) [C,H:]; C,,H,,O,S (282.4): calcd C 59.55, H 
6.43; found C 59.32, H 6.14. 

1-Ethenyl-1-p-toluenesulfonyloxycycloprnpane (29) was obtained in 90 YO yield over 
two steps by protodesilylation of 28 in THF and subsequent hydrogenation for 24 h 
in dichloromethane. The substance corresponds in all respects with the compound 
described in ref. [~OC]. 

Dimethyl (R)-12-(2-Ethoxycyclopropylidene)ethyl~(2-propyn-l-yl)malonate [(R,E)- 
261: The tosylate (R,R)-25-OTs (150 mg, 0.53 mmol) was dissolved in dry THF 
(10mL) under nitrogen and the catalyst [prepared in advance from Pd(dba), 
(5.2 mg, 0.010 mmol) and dppb (4.8 mg, 0.011 rnmol) in dry THF (4 mL). stirred for 
5 min] was added. After the mixture had turned green (1 -5 rnin), dimethyl l-sodi- 
um-I-propargylmalonate (153 mg, 0.8 mmol) in THF (5 mL) was added, and the 
mixture stirred at RT until the tosylate disappeared (TLC, 2 h). The mixture was 
poured into a mixture of water and diethyl ether (10 mL each), and the aqueous 
layer extracted with diethyl ether (3 x 15 mL). The combined organic layers were 
washed with brine (1 5 mL), dried (MgSO,), and concentrated under reduced pres- 
sure. The residue was purified by flash chromatography [petroleum ether (60/80)/di- 
ethyl ether = 20/1] affording (RS1-26 as a clear oil (1 1 I mg, 75%): [&" = -7.34 
(c = 0.99 in CHCI,); IR (neat): 3 = 3270 (CfC-H), 2950 (C-H), 1740 (C=O), 
1430,1190,1040,850cm~';'HNMR(62.9MHz,CDCI,):6 =1.16(t ,3J=7.1 Hz, 
3H;  CH,CH,O). 1.20-1.30 (m. 2H;  3'-H), 1.99 (t, 4J,.,3., = 2.7 Hz, 1 H; 3"-H), 

'J=7.1 Hz, 2 H ;  CH,O), 3.60-3.80 (m, 1 H ;  2-H),  3.70 (s, 3 H ;  CH,O), 3.71 (s, 
3 H ;  CH,O), 5.90 (m, 1 H ;  2-H); "C NMR (62.9MHz, CDCI,): 6 =11.48 (-. 

52.71 (+,  CH,O), 56.93 (C,,,,, CCO,), 62.45 (-, CH,O), 66.10 (+, C-2'). 71.32 

CO); MS(70eV. EI): m / ~ ( ~ h ) :  280(1)[M']. 191 (241, 161 (41), 1 1 1  (100). 83 (561, 
59 (56); C,,H,,O, (280.3): calcd C 64.27, H 7.19: found C 64.22, H 7.25. 

2.78 (d, 4J, ,-,, = 2.7 Hz, 2 H ;  I"-H), 2.94 (d, ' 5 ~ 7 . 6  Hz, 2H:  I-H), 3.54 (4, 

C-3'), 15.03 (+. CH,CH,O), 22.83 (-, C-l"), 34.51 (-, C-1). 52.55 (+, CH,O), 

(C,,,,, C-2"). 78.85 (+, C-3"), 118.33 (+, C-2). 129.37 (C,,.,, C-I,), 170.16 (C,.,,, 

~ ~ 
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FULL PAPER A. de Meijere et al. 

Dimethyl (ZR*,3S*)-[(t,3-Dimethyl)cyclopropylideneJethyl~(Z-propyn-l-yl)malonate 
(roc-32): According to the procedure far the preparation of (R,E)-26, the reaction 
Of (1R*,2R*,3S")/(lS*.2R*,3S*)-2,3-dimethyl-l-ethenyl-l-chlorocyclopropane 
(130.5 mg, 1.00 mmol) with dimethyl I-sodio-I-propdrgylmdonate (298 mg, 
1 .50 mmol) after 2 h at 66 "C, workup, and flash chromatography on silica gel (20 g) 
[petroleum ether (60/80)/Et,O lO,'l] yielded 190 mg (72%) of rut-32 as it colorless 
oil: IR (neat): i s  = 3290,2950,1740 (CO), 1430. 1280, 1200, 1080,900, 830cm-'; 
'HNMR (250 MHz, CDCI,): 6 = 1.00- 1.10(d, 3J = 6 Hz, 3H, CH,-Cpr), 1.10 (d, 
3J=6.1Hz,3H,CH,-Cpr),1.50-1.70(m,2H,Cpr-H),2.00(t,aJ=3.lHz,1H, 
3-H) ,2 .70(d ,4f=  3.1 Hz.2H, l"-H).2.83fd,'J =7.9 Hz,2H, l -H) ,3 ,70 (~ ,6H,  
CH,O), 5.47(m. lH,2-H) ;  "C NMR (62 .9MIk  CDCI,, DEPT): b=11.13 (+. 
CH,-Cpr), 11.43(+.CH3-Cpr), 13.00(+.C-3'), 13.55(+,C-2'),22.64(-,C-I"), 

(C,,,,. C-2"). 109.55 (+, C-2), 140.42 (C,.,,, C-1'). 170.42 (C,,,,. CO); MS (70eV, 
EI): m l i  ( " / p i :  264 (1) [M'], 204 (28), 189 (29), 165 (21), 145 (loo), 105 (40): 
ClSH,,O, (264.3): 264.1361 (HRMS correct). 

Dimethyl (6 - If2 -Trimeth~~silyl)cyclopropylidenelethyll(2-propyn- 1 - y1) malonate 
(roc-34): According to the procedure for the preparation of (R,E)-26, the reaction 
of (1 R*,2R*)/( I S*.2R*)-2-tr~methylsilyl-l-ethenyl-l-ch~oro~yclopropane (1 77 mg, 
1.01 mmol) with dimethyl 1-sodio-I-propargylmalonate after 4 h a t  20 "C, workup, 
and flash chromatography on silica gel (20 g) [petroleum ether (60/80)/Et20 5/11 
yielded 200 mg (64%) oTrac-34 as a colorless oil; IR (neat): C = 3300,2998,2950, 
2920, 2895, 2840, 2225, 1735, 1435, 1288, 1246, 1210, 1180, 1090, 1015, 975, 903, 
837,730,646 cm-I;  'HNMR (250 MHz, CDCI,): 6 = 0.03 [s, 9H, Si(CH,),], 0.59 
(m, 1 H, Cpr-H), 0.84 (m, 1 H, Cpr-H), 1.14 (m, 1 H, Cpr-H), 1.99 (t. 4J= 2.6 H2, 

OCH,), 5.33 (m, 1 H, 2-HI; I3C NMR (62.9 MHz, CDCI,, DEPT):J = - 2.57[ +, 
Si(CH,j,], 4.63 ( - ,  C-Cpr), 4.68 (+, C-Cpr), 22.59 (-, C-I"). 34.67 (-. G I ) ,  

(+. c-2). 131.10 (C,,,,, C-Cpr), 170.45 (C,,,,, C=O). 

(1 S,2R,SS)-7',7'-Bis(methosycarhonyl)-2-ethosy-3'~xospiro[cyclopropane- I .4'-hi- 
cyclol3.3.0loct-l'-enel [ ( l  S32R,5'S)-31]: A solution of  the enyne (R,E)-26 (280 mg, 
1 .0 mmol) in dry CH,CI, (10 mL) was stirred with Co,(CO), (342 mg, 1 .O mmol) in 
the dark. After complete conversion (monitored by TLC, 2 h) the mixture was 
cooled to - 78T, and ~r~metliyIamine-N-oxide (TMANO) (525 mg, 7.0 mmol, 
7 equiv) added. The mixture was stirred under an oxygen atmosphere. The solution 
was warmed slowly ( 1 5  h) to RT and filtered through Celite. After removal of the 
solvent in vacuo the residue was purified by flash chromatography on silica gel 
[petroleum ether (6OiXO)ldiethyl ether = 3: 11 to yield 262 mg (85%) of bicy- 
clooctene (lS,2RS'S)-31: M.p. 47?C; [s(]iO = c19.33 (e = 0.90 in CWCI,); IR 
(KBr): i. = 3060. 2980 (C-H), 1740 (C=O). 1700 (C=O), 1435. 1250, 1210, 840, 
750cm-I; 'HNMR (250MHz. CDCI,): 6 =  0.99 (dd, 3Jz-,.L =7.3, 
' J j ,  3 = 9.1 Hz, I H;  (Z)-3-H), 1.15 (dd, ' . j E - , , ,  = 5.1, 2J3,5 = 9.1 Hz, 1 H ;  (E)-3- 
H). 1.30(t, ' J ~ 6 . 9 H z . 3 H ;  CH,CH,O). 1.80(dd, 3Js.,,,=13.1, 2 J = 1 3 . 2 H ~ ,  
1H;  6-H,), 2.62 (dd, 'J=13.2, 'Js. , , . ,=9.3Hz. 1H;  6-H,), 3.16 (dd, 
' J s . , b , B  =13.1. 3JS.,6.A = 9.3 Hz, 1 H;  5'-H), 3.35 (d, ' J  = 14.3 Hz, 1 H ;  8'-H), 3.50 
(4, ' J=6.9Hz, 2H;  CHzO), 3.57 (d, 'J=14.3H2, 1H; 8'-H). 3.70 (dd, 
'J2.Z-, =7.3, 3 J 2 . z - 3  = 5.1 Hz, 1 H;  2-H), 3.76 (s, 3H: CO,CH,), 3.80 ( s .  3H: 
C02CH,), 6.00 ( S ,  I H ;  2'-H); I3C NMR (62.9 MHz, CDCI,): ii =14.10 (+, 
CH3CH2), 19.85 (-, C-3). 35.76 (-. (2-6'). 37.48 (--, C-8'), 39.53 (C,.,,, G I ) ?  

(+, C-2), 6677 ( - ,  CH,O), 125.13 (+ ,  C-2'), 171.15 (C,,,,, C02CH,), 171.23 

34.32 (-, C-1). 52.70 (+, CH30),  57.15 (C,,,, CCOJ,  71.12(+, C-3"). 79-15 

1H,3"-H),2.78(d,4J=2.6H~,2H,3"-H).2.94(d,3J=7.5H~,l-H),3.73(~,6H, 

53.72(+.0CH;),57.17(C,,,,,CCOZ),71.11 (C, C-3"),79.14(+,C-Z"),107.70 

46.92 (+,C-S),53.14(+.CO2CH,),53.27(+,CO,CH,),61.03(C, "=,, C-?'),62.11 

(C,,.,, CO,CH,), 182.96 (C,,*,, C-I) ) ,  207.57 (C,,,,, C-3'); MS (70 eV, EI): m/z (?;): 
308 (69) [M'].  248 (35), 219 (loo), 189 (99), 133 (58), 131 (97). 103 (93). 77 (83); 
C,,H,,O, (308.3): calcd C 62.33. H 6.54; found C 62.30. H 6.51. 

(1S*,2R*,5'~)-7',7'-Bis(metboxycarbonyl)-2-trimethylsiIyl-3'-oxospiro[cycloprop- 
ane-1,4'-bicyclo~3.3.O]oct-I'-eneJ (rac-35 a) and (lR*,2SX,SS-7',7'-Ris(rnethoxycar- 
bonyl)-2-trimethylsilyl-3'-o~~piro(cyclopropane-l,4'-b~cyclo~3.3.O~oct-I'-eflel (rur- 
35b): According to the procedure for the preparation of (1 S,2R,SS)-31, rue-34 
(62 mg, 0.20 mmol) was treated and purified by flash chromatography on silica gel 
(10 g) [petroleum ether (60/80)/Et20 9/11 affording 5.4 mg (8 %) of rac-35b (frac- 
tion I, R, = 0.30) and 48 mg (72%) of rirc-35a (fraction 11, Rr = 0.25) as colorless 
solids. 
rac-35h: IR  (KBr): V = 3060, 2980, 1740 (C=O). 1700 ( G O ) ,  1435, 1250. 1210, 
840, 740cn-  I, 'HNMR (250 MMz, CDCI,): 6 = 0.10 (s, 9H. Si(CH,),), 0.32 (dd, 
3.7,~,=10-7.'Ji-3=9.3Hz, 1H,2-H),  1.03(dd, 'J1-,=9.3, 'J=3.0Hz, IH,  
3H, ) ,  1.15 (dd, ' J , - ,= l l ,  ' J = 3 H z ,  lH ,  3-H,), 1.70 (t, '.Ij.-,.=12.5, 
'J=12.5Hz, l H ,  6-H), 2.52 (dd, *J=12.5, 3J5.- , .=7.511~, l H ,  6-H),  3.16 
(dddd, 3J5,-6. =12.5, 3Jj.-b, ~ 7 . 5 ,  4J2._;.  -1.1, 4Js.-8. =1.0 Hz, l H ,  5'-H), 3.26 
(ddd. 2 J = 1 8 . 4 H ~ ,  4J=1.1.  4J=1.1Hz,  I H ,  8'-H), 3.40 (ddd, zJ,,B=18.4, 
4 J = l . l ,  4J=1.1 Hz, 1 H. 8'-H), 3.72 (s, 3H, CO,CH,). 3.81 ( s ,  3H, CO,CH,), 
6.00-6.02 (m, l H ,  2-H); I3C NMR (62.9 MHz, CDCI,, APT): 6 = - 0.46 (+ ,  

(-. C-1). 52.54 (+, C-5'). 53.16 (+, CO,CH,). 53.29 (t, C0,CH3), 60.65 (-, 
C-7'). 126.28 (+,  C-2'), 171.22 (-, C02CH,), 172.01 (C,,,,, CO,CH,), 182.04 (-, 

[W - CHJ, 277 (13) (Mi - CO,CH,], 261 (14), 217 (12), 115 (14), 89 (12), 73 

Si(CH,),), 16.68 ( + , C - 2 ) ,  17.89(-,C-3). 36.57(--.C-6'),36.74(-,C-8'), 38.13 

C-l'), 203.16 (-. C-3'); MS (70eV, EI): nz/z (%): 336 (8) [M'], 321 (23) 

(100) [Si(CH&']; C,,H,,O,Si (336.5)- 336.1393 (HRMS conect). 

rue-35a: IR (KBr): i = 3060, 2980, 1740 (C=O), 1700 (C=O), 1435, 1250, 1210, 
840.750cm-': 'HNMR (250 MHz, CDCI,): 6 = 0.07 (s. 9H, Si(CH,),), 0.77(dd, 
3J~.~=11.4,3J2-3=9.0H~,1H.2-H),0.99(dd,3J2.3~9.0,2J~2.9H~, 1H. 
3-H,), 1.15 (dd, 'J,.3=11.4, 'J:2.9Hz, IH,  3-HE), 1.60 (t, 3J5._,.=12.8, 
2 J ~ 1 2 . 8 H ~ , 1 H , 6 - H ) , 2 . 6 2 ( d d , 2 J = 1 2 . 8 , J J s . ~ , . = 7 . 2 H ~ , 1 H , 6 - H ) , 3 . 1 6 ( d d ,  
3J,--6.=12.8, 'J1.~6.=7.2H~,1H,S-H),3.31 (d,ZJ,,=18.4Hz.1H,8'-H),3.42 
(d, 'JAB=18.4HZ, l H ,  8'-H), 3.72 (8, 3H, CO,CH,), 3.81 (s, 3H, CO,CH,), 6.05 
(s, 1 H, 2'-H); I3C NMR (62.9 MHz, CDCI,, APT): 6 = -1.59 (+, Si(CH,),), 
14.22(+,C-2), 18.0O(-,C-3).35.46(-,C-6'),37,13(-,C-l),~7.65(-,(C-8'), 
49.82(+,C-5'),53.16(+,CO,CH,), 53.22(+,CO,CH,), 60.60(-,C-7'), 125.47 
(+, C-2'), 171.06 (-, COZCHJ, 171.93 (-, C02CH,), 182.83 (-, C-l'), 208.93 
(-,C-3');MS(70eV3 EI) :m/z (%) :  336(1l)[M+],321 (90)[M' - CH,], 277(11) 
[ M +  -COICHJ, 261 (14). 217 (12), 115 (14), 89 (12j, 73 (100) [Si(CH,):]; 
C,,H,,O,SI (336.5): calcd C 60.69, H 7.19: found C 60.62, H 7.25. 

(1R*,5'R*,Z)-7',7'-Bis(methoxycarhonyl)- 2.3-dimethyl -3'-oxospiro(cyc1opropane- 
1,4'-bicyclo13.3.01oct-l'-enel (rue-33a) and (IS*,5'R*,Z)-7',7'-Bis(methoxycar- 
bonyl)-2,3-dimethyl-3'-oxospirolC~cl0propane-l,4'-bicyclo~3.3.O~oct-~'~ne] (ruc- 
33b): According to the procedure for the preparation of (IS,2R,5'S)-31, rac-32 
(15 mg, 0.06 mmol) was treated and purified by flash chromatography on silicagel 
(10 g) [petroleum ether (60/80j/Et20 9/11 affording 7.5 mg (45 %) of rar-33a (frac- 
tionI, R, = 0.30) and 2.6 mg (15%) of r(rc-33b (fraction 11, R, = 0.2) as colorless 
oils. 
rae-338: 'HNMR (250 MHz, CDCI,): 6 = 0.80-0.90 (m, 1 H, Cpr-H), 0.89 (d, 
'J= 6.8Hz. 3H, CH,-Cpr), 1.20 (d, ,J= 6.2 Hz, 3H, CH,-Cpr), 1.05-3.15 (m, 
IH .  Cpr-H), 1.68 (dd, 3J5.-,.,=13. * J - I3Hr ,  l H ,  6-HA), 2.47 (dd, 'J=13, 
3J5.-6 B =7.5,1 H, 6-HH), 3.05 (dd. 'J;-i8 =7.5. 'J,.- 6.A = 13 H2, 1 H. 5'-H), 3.40 
(d, 'J=18.5Hz, 1H. 8'-H), 3.53 (d, 'J=18.5Hz, 1H,  8'-H), 3.78 (s, 3H, 
CH,CO,), 3.82 (s, 3H, CH,CO,), 5.91 (m, I H, 2'-H); l3C NMR (50.3MHr, 
CDCI,. APT): 6 = 9.52 (+,  C-Cpr), 9.92 (+,  C-Cpr), 24.85 (+,  CH,-Cpr), 26.94 
(+, CH,-Cpr), 34.73 (-, C-6),37.51 (+, C-l), 37.84(-.C-8'),47.66(+,C-5'), 
53.08 (+, CO,CH,), 53.10 (+, CO,CH,), 60 94 ( - ,  c-7'),124.67( +, C-2'), 171.25 
(-, CO,CH,), 172.04 (-. CO,CH,), 182.40 (-. ~ - 1 ' ) .  209.3 (-, c-3'); c,,H,,o, 
(292.3): 292.1310 (HRMS correct). 
rac-33b: 'HNMR (250 MHz, CDCI,): 6 = 0.80-0.90 (m, 1 H, Cpr-H), 0.89 (d, 
' J=6 .8Hz,  3H,CH,-Cpr), 3.15(d, ' J=6 .2H2,3H,CH3-Cpr) ,  1.05-1.15(m, 
IH,  Cpr-H), 1.68 (dd, 3Js.-,,=13, ' J=13Hz,  l H ,  6-H,), 2.47 (dd, ' 5 ~ 1 3 .  
3J5.~6 .8=7.5 ,1H,6-HB) ,3 .05(dd,3Js , . , .H = 7 . 5 , 3 J s . . 6 . A = 1 3 H ~ , 1 H , S - H ) r 3 . 2 5  
(d, 2J, ,=18.5H~, l H ,  K H ) ,  3.37 (d, Z J = 1 8 . 5 H ~ ,  IH, 8'-H), 3.75 (s, 3H, 
CH,COJ, 3.78 (s, 3H, CH,CO,I, 5.91 (m, l H ,  2-H); I3C NMR (50.9MHz. 
CDCI,.APT): 6 = I 4 2  (+, C-Zj, 6.23 (+. C-3). 26.50(+. CH,-Cpr), 27.22 (+, 
CH,-Cpr). 35.51 (-, C-61, 36.01 (-, C-1),37.28 (--, C-8'). 46.99 (+, C-5) ,  53.80 
~+.cH,co,).~~.~~(+,cH,co,),~I.~~ (-.~-~),127.66(+.~-~),171.31 (-, 
C O J ,  171.99 ( - ,  COz), 180.43 (-, C-I,), 192.92 (-. C-3'). 
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