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Abstract Propargyllc epoxrdes eastly react wrth Gngnard reagents and catalytrc 
amounts of copper(I) salt to afford a-allenrc alcohols The reactton 1s highly 
drastereoselecttve and Its stereochemrcal outcome (w or m Isomer) can be fully 
controlled The SyLLdrastereomer, probably arising through an addttron-elrmtnatton 
mechanrsm, 1s better obtarned with RMgCl and copper(I) bromtde, whereas the && 
dtastereomer, IS better obtained with RMgBr and a m copper(I) salt Wtth RLt 
and a catalytic amount of copper salt, phenethynyl cyclohexene oxide reacts through 
reductive hthtatton, affording, stereoselecttvely, an allenyl lrthrum reagent 

INTRODUCTION 

The openmg of epoxldes by carbon nucleophlles 1s a common reaction in orgamc synthesis Among these 

carbon nucleophlles, organocopper and cuprate reagents are the most widely used 1 In the case of propargylic 

epoxldes the reaction affords a-allenlc alcohols 2 It was shown, later on, that the same result could be obtamed 

with Gngnard reagents and a catalytic amount of copper(I) salt instead of the stolchlomemc organocopper 

reagent 3 Since then, a great number of u-allemc alcohols were prepared m this way,4 as mtennedlates m muln- 

step syntheses or as target molecules for their blologlcal interest 

The stereochemlcal course of this reaction was also shown to be an antr overall process,5 through a 

postulated CuIII intermediate, on the basis of analogies with other propargyhc substrates having a good leaving 

group6 (OAc, OCOR, OSOzR, OSOR, halogen etc ) Support to this mechamsm can be found from the fact that 

Ortlz de Montellano2 obtained as mdJor by-product an unsubsntuted allenol Such reduction by-products are 

typlcal of a Cu”I intermediate 

Scheme 1 
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We have, for our part, disclosed another mechanism for the formanon of allenes from propargyhc ethers 

and stotchtomemc organocopper reagents a syn addition across the mple bond, followed by a p-ehmmahon 78 

In the cuprocatalyzed Gngnard version of this reacnon,Q this P-ehmmanon step 1s crucial for the stereochemical 

outcome With RMgBr and RMgI it 1s mamly an am p-ehmmanon, whereas with RMgCl tt 1s mamly a syn p- 

elimmahon In the first case the allene results from an overall antz s$ displacement of the propargyltc ether, 

whereas m the second the ailene results from an overall syn S$’ displacement 

Thts “halogen effect” operates only when an addmon-ehmmation mecharnsm 1s involved It 1s completely 

mefficrent on a reaction proceedmg through a Cu”’ intermediate 9b If the reactlon with propargyhc epoxldes 

proceeds through the latter mechamsm, leading to a-allemc alcohols, tt should be msensttlve to a “halogen 

effect” If, however, one considers that epoxldes are a special kind of ethers, then, an addlnon-ehmmatlon 

mechanism could be operative as well Therefore a “halogen effect” could influence the stenc course of the 

reaction In this context, It was not surpnsmg to find a recent report m the htterature concerning a non- 

stereoselecttve reacnon of propargyhc epoxlde wtth a cuprate reagent 10 

H 6 
CH,OH 

\\ -4 
H, CH20H 

FM - - I - ;d:OH + 

SYN ANTI 

RGuhnsx 60 40 

F(zabrw 4 96 

Scheme 3 

This result may be understood If the addmon-ehmmatlon path 1s the predominant one m this reacnon We 

report heretn our full results concemlng this study which shows that, Indeed, the addmon-ehmmatlon mechanism 

predornmates in the cuprocatalyzed Gngnard reaction, whereas a CIJ”’ intermediate seems more plausible with 

organohthmm denved stolchlomemc organocuprate reagents ** 
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RESULTS AND DISCUSSION 

Optimization studies. 

Our first expenments were done with ethynyl cyclohexene oxide 1 as model epoxide Indeed, in an early 

attempt, we reacted 1 with EtzCuLt under the con&tons described by Oruz de Montellano;! and we obtnned the 

same result as him, considenng the amount of reducnon 2 and alkylation product 3A + 3B However, upon 

exammation of the 1% NMR spectrum12 It was clear that two alkylatlon products were present (in the ratio 

81 19) In view of the known propensity of organocopper reagents to promote preferential arm substltutlon,1T13 

we ascribed to the mayor isomer 3A configuranon 

EtZCUL, + & E@ ) &+ E&H + H&H 

1 2 3A 3B 

33% 81% 19% 

54% 

Scheme 4 

It, thus, appears that ethynyl oxide 1 IS an adequate model for our study Since the arm and syn 

stereolsomers are well distmgulshed 

optmnzatlon of the con&non leading to the unn diastereomer. having in mmd that, for propargyhc 

ethers,9 these best condmons require a) a good hgand to copper and b) a Gngnard reagent RMgX with X = I or 

Br The results are quoted m table I 

It appears that the reaction 1s not always very clean Several are formed among which some 

were identified by their charactenstlc NMR sIgnal, but were not Isolated The most important are the reducaon 

allenol2 and the product of direct opening of the epoxtde, 5, having presumably the followmg configuranon 

equivalents of hgand (per Cu salt) mstead 

of one, and with PBu3 or P(NMe& as hgand PBu3 was preferred because the reaction mixture remamed 

throughout the reaction Finally It should be noticed that the dlrectmg effect of the hgand 

overcomes the nature of X m RMgX, smce butyl magnesium chloride and iodide behave as the correspondmg 

arut / syn ratlo 1s concerned) Compared to propargyhc ethers, the reaction of 

propargyhc epoxides IS much faster, bemg completed In a few minutes at -50’ to -3O’C In no instance was It 

possible to isolate any adduct, such as 6 (scheme 5), which, anyway, would be too unstable , the p-ehmmanon In 

such a stramed molecule should be very fast 
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1 6 

Scheme 5 

4 

From the above results it 1s not possible to draw any conclusion concernmg a CuIn process or an ad&non- 

ehmmatton one Reactions where the syn process would predommate would be more m&caave of an addmon- 

ellmmatton mechamsm It nnmedlately turned out that the syn process was indeed a viable pathway We 

modified, then, the expamental condmons to get synthetically interesting levels of dlastereoselection These 

optnmzahon results are quoted m table II 

Table I : Opurmzahon of the anti process 

II 
0 

8 

2 eq BuMgX 

5% CuBr , Ltgand 

) ;TpH + & + 8$ 

Et&J/ -5OOC to -2O”C, 1 h 

4A 48 5 
“ANTI” “SYN” 

5 BuMgBr 2PBu3 100/o 74% 5 (18%) 

6 BuMgCl 2PBu3 9416 45% several 

7 BuMgl 2PBu3 90/l 0 31% several 

a) the syn/antr ratlo was determmed by t3C NMR spectroscopy It IS also possible to dlstmgulsh the 
two correspondmg acetates on capillary glass GC (OV 101 column, 25 m) 

b) Yield of isolated matenat. by column chromatography on S102 
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Table II : Optnmzatlon of the syn process 

II 

29 

2eq Buh4gcl 

6%CuBr. L 
Solvent (addalve) 

B&0” + g*H 

Et@ I -50°C to -20X, 1 h 4 A 40 

“ANTI” “SYN” 

9 

Entry cux Ligand Solvent AddItIvea Ant1 / synb YleldC 
% 

1 CuBr 2P(OEt)3 Et20 41159 quant 

2 CuBr - Et20 35/65 72% 

3 CuBr - benzene 2Of80 48% 

4 CuBr - Et20 1 eq TMSCI 24f74 82% 

5 CUCI - Et20 1 eq TMSCI 29171 quant 

6 CuCN - Et20 1 eq TMSCI 38f62 quant 

7 CuSPh - El20 1 eq TMSCI 37f63 quant 

8 CuBr - Et20fpentane (leq TMSCI) f 2188 quant 

9 CuBr - Et20 1 O/90 84%d 

a) The amount of addltlve IS related to the epoxlde 
b) Same as a) In table I 
c) Yield of Isolated allenol4A + 48 When quantltatlve. the yield was determmed by G C wflh undecane as Internal 

standard 
d) The reactton needs to be warmed to 0°C for 2 h 

Fxrst of all, any hgand has a deletenous effect on the amount of the syn adduct 4B Without hgand, the 

reacaon IS as fast and more syn selecnve The solvent plays a role, smce a reacnon run m benzene (with BuMgCl 

m benzene) gave a 20/80 anti lsyn ratlo , however the chetmcal yield IS poor As with propargyhc ethers,9 the 

addition of one equivalent of mmethyl~~~ylchlo~~de (TMSCl) greatiy ImI;roves the fyn selecnvtty It may act by 

Increasing the concentration of MgClz salts or by removing the akoholate from the Gngnard aggregate, or both , 

its exact role cannot presently be ascertamed 



1682 
A ALEXAKIS et al 

1 

Scheme 6 

A higher syn selectlvlty was unsuccessfully sought by changmg the copper salt (enmes 5-7) On the other 

hand we had more success by combmmg TMSCl and a lower overall baslclty of the reaction medium, using a 

50/50 rmxture of Et20 and pentane After our study was completed, we observed, first m the case of phenethynyl 

cyclohexene oxide 9, and then m all the cases of m acetylemc epoxldes, that the reachon could be achieved 

without Cu salt at all 1 Moreover it was the best way to obtain a very high syn selectlmty 1 The conclusion of t$s 

dlscovery was not that Cur salts were completely useless In fact, the reactions without Cul salts were very slow 

(l-2 h at 0°C to room temperature) and impossible with substituted alkynes 

The conclusion of these studies were quite puzzhng, mechanistically It seems that both a CurI mechanism 

and an ad&tlon-ehmmanon mechanism are operative as well as a direct SN’ substltunon by the Gngnard reagent 

itself Nevertheless the synthetic interest of this stereochemical control motivated our further studies Thus, 

having established the best condltlons of a highly dlastereoselectlve reaction we examined its scope and 

limitations 

Scope and IimitatIons 

Allemc alcohols are quite interesting synthons m that they contam highly condensed stereochemlcal 

mformatlon 4 Thus, they may be oxldlzed on the allemc skeleton to afford, among others, cyclopentenone 

denvanves,14 or stereoselectlvely alkylated 15 We sought, through a senes of vanous epoxlde,s to generalize our 

dlastereoselectlve opening Thus, substituted alkynyl cyclohexene oxides 7.8 and 9 as well as their non- 

substituted congener 1 were tested against various Gngnard reagents under both our best anti and syn 

condltlons The results are quoted m table III 

The am process 1s always highly or completely dlastereoslectlve On the other hand, the syn process 1s 

equally selective, except for phenethynyl cyclohexene oxide 9 where 3 1 to 5 1 mixtures were obtamed It 

should al$o be noted that m only one instance, 20A and 20B, the dlastereomers could not be dlstmgulshed by 

either l3C NMR or by G C on the acetates In all the other cases it was possible to get accurate determination of 

the isomer rat10 Thus, both dlastereolsomers of an allenic alcohol can thus be obtamed at will 

It was of interest to check d this stereochemlcal control was also operative m the acyclic senes To this end, 

we synthesized the followmg lsomenc epoxldes 21 25E and 252 according to the sequence shown m scheme 7 

This hgh yielding preparation affords both isomers m a very high state of punty (> 99%) 21b 
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Table III : Reactton with vanous epoxldes accordmg to an anti or syn process 

ANTI PROCESS A SYN PROCESS B 

Epoxlde R’ Product Ant/ / Syti yield Product Anti / Synb yield 
A/B % A/B % 

Me 10A 100 (5/95)C (91) 

11 

6 0 

Bu 4A 100/o 74 40 12188 100 
(10/9O)C (84) 1 

IPr 11A 100/o 72 110 10190 80 

tBu 12A 9814 78 128 8/94 100 
(15/85)C (78) 

Ph 13A 9515 80 138 (4/98)c (99) 

Me 

” 
7 b 0 

BU 14A 10010 85 140 18182 100 

IPr 15A 100/o 80 158 18184 100 

tBu 18A 9515 98 168 6194 100 

Ph 17A 10010 80 

Me,S, 

5 II 

Me 18A 9812 83 188 8192 81 

IPr 19A 9515 91 19B 4198 95 8 
0 

tBu 20A d 98 208 d 92 

Ph 21 A 99/l 87 

b G” 

B” 22A 100/o 35 228 50/50 

(20/8O)C (“55 
9 

0 
IPr 23A 10010 50 238 25175 84 

tBu 24A 9713 92 240 15185 86 

a) anrrprocass 2 eq RMg8r + 5% Cu8r 2P8u3 + epoxlde m El20 
b) syn process 2 eq RMgCl + 5% Cu8r + 1 eq Me3SICI + epoxtde m E@Vpentane 
:) m&led syn process 2 eq RMgCl + 1 eq Me3Sf.I + epoxlde m Et20 
i) Ihe two dlasteraomers were not dlstmgulshed by any analykal method 
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Me3SI-SiMe 3 

1) MeLl LBr /THF 

2) ZnBr, 

1) Meb LBr/THF 

2) ZnBrz 

3) 5% Pd” /,-Hex 

25 E 

Hex 

Me,,,- c 2 
1) mCPf3A 

2)KF,DMF - 

25 2 

Scheme 7 

These two epoxldes were expected to give the same dlastereomer when reacted under respectively an am 

and syn process The same should be true If we reverse the expenmental condmons as summarized m scheme 8 

H,,, ’ Hex 

c 

0 

&’ H 

SYN 

Scheme 8 

The results are m complete agreement with our expectations and they are hsted in table IV In all cases Igh 

selectlvmes and yields are obtamed It should, however, be noted that, with trans epoxlde 25E the selechvmes 

are higher, particularly for the syn process The most smkmg results are those without any copper salt, where, 

here agam, a “halogen effect” appears (compare enmes 1 and 2 , and 6 and 7) , moreover, this effect 1s much 

stronger with CIS epoxlde 252 than with Its trans counterpart These results are quite difficult to ratlonahze, 

although the stenc requirement of these substrates seem to be of crucial importance 

This stenc control is, m fact, the dominant factor when workmg m the steroid senes 22 Thus epoxlde 28 

was treated under our syn and am condmons In both cases the syn product 29A was obtained, exclusively m 

the former case or predommently m the latter one Indeed, an am process nnphes an attack from the p face, the 

most stencally hindered one Fmally, m a last attempt to obtam the atan isomer 29B, we reacted epoxlde 28 with 

Me2CuLl , m this case the reduchon product 30 was the major one (see scheme 9) 
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Table IV.: Reacttons with ahphauc epoxides. 

H 
+ 

R Pent 26A 268 

R ti3u 27A 276 

Epoxlde Entry Condltlons yield 
% 

Products Anti / Syn 

PentMgCI 92% 26A e 268 81119 

PentMgt3r 91% 26A . 260 38162 

PentMgBr + 5%CuBr,ZPBu3 90% 26A 26B 10190 

tBuMg~l 93% 27A : 270 83117 

tBuMgBr + 5%CuBr,ZPBu3 84% 27A 27C 9812 

H8X 
I% 

# 

25E 

6 PentMgCl 94% 26A 260 4196 

7 PentMgBr 93% 26A * 268 14/86 

8 PentMgBr 5%CuBr,2PBu3 + 80% 26A : 268 9614 

9 tBuMgCl 92% 27A . 278 6194 

10 tBuMgBr + 5%~uBr,ZPBu3 89% 27A : 278 98/Z 

MeMgCI / Et& ( 60 0 40) 42?b 

MeMgBr + 5% CuBr 2P8u3 / Et20 ( E5 12 26) 76% 

( 15 0 96) 66% 

Scheme 9 

Wtth the example of this epoxlde, we encounter the hmlts of the stereochemtcal control by an external 

factor Here the stenc bias of the molecule zmposes its rule and the fractton of the reacbon which occurs through a 
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Cum mtermedlate prefers to collapse by reducuve elnnmation into the reducnon product 30 rather than the antr 

one 29B 

Reductive lithiation 

In the course of these stu&es we were also interested by the behaviour of organolithmm reagents towards 

propargyhc epoxldes, 1n the presence of Cur salts. Although cuprocatalyzed reactions are not usually performed 

with such reagents,16 we have already published a notable excepuon in the case of allyhc epoxides. Durmg the 

present study we observed a very clean reaction of phenethynyl cyclohexene oxide 9 and BuLl, in the presence of 

5% CuBr2PBu3 m Et20 as well as 1n THF. After hydrolysis, the already known allenol 13B was obtained 

quantltatwely. with 90% &astereoselectlvtty, instead of the expected butylated product 22 (scheme 10). 

9 31 13B 

Scheme 10 

That an intermediate organometalllc reagent was involved was shown by deuteratlon with D20, giving 

100% deuterated 13B Such reducoon products have already been obtained m a slrmlar reaction by Ort1z de 

Montellano.2 and by P Crabbd and A E Greene, 23 but with stolchlometnc amounts of Cul salts (RzCuL1). Their 

formauon IS generally interpreted as typlcally mvolvlng CuIII 1ntermedlates6 (see scheme 1) In our case, where 

only 5% of Cul salt 1s present, 31 has to be an organohthmm reagent, whose formation may be tentatively 

accounted by the followmg catalyuc cycle 

Scheme 11 
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The contrathermodynamtc formation of 31Li from 31Cu might not be as stmphsucally formulated and 

should involve several equilibrated cuprate and htgher order cuprate spectes l7 As for the stereochemtcal 

outcome, It mvolves an antr displacement of the epoxrde by the cuprate specres, m agreement wrth usual 

organocopper chemtstry What 1s more unusual 1s the stereochemtcal stability of the hthrum mtermedtate 31Li. 

This reductive bthtatton cannot be generalized to other propargybc epoxrdes Indeed monosubstnuted 

alkynes are metallated, whereas dlsubstltuted ones may undergo baste eltrmnatron and polymensatron of the 

resultmg cumulene 

q-J BuLI, 5%CuEr 2PBus 
0 

LI_ 
?I 

BuLI. 5% CuBr PPBua 

Scheme 12 

Desptte the lack of gene&sat-ton of this partxular reacuon, the hthtated mtermedrate 31 reacts normally and 

dlastereoselecuvely wnh various electrophtles (scheme 13) 

178 

Scheme 13 
36 

Thus, the alkylattont8 wuh Me1 afforded 17B m 93% yteld and 90% dlastereoselecttvtty The comparison 

wnh Its isomer 17A allowed a defimte proof of stereochemtstry The reactton wnb a &sulfide 1s known to occur 

at the allemc certer,la and, indeed, we obtained the allemc sulfide 34 (dtasteromenc punty 90%), whose 

structure 1s assumed to be the one shown In the reaction wrth C& , the resultmg allemc acid undergoes 

cychxatron Into the lactone19 35, dunng the acid-base treatment A smgle isomer was obtarned 



1688 
A ALEXAIUS et al 

Fmally, on the basts of known studres, 1800 the reachon with benzaldehyde was expected to occur from 

the propargyhc site of the organometalhc reagent 31Li We, Indeed, obtamed a smgle compound m 88% tsolated 

yteld That means that attack at the carbonyl of benzaldehyde also occured dmstereoselechvely, as shown m the 

scheme 14 

l?h 
Ph Ph 

I 

36 

Scheme 14 

The stereochermstry of 36 was ascertamed by transformmg rt mto the cychc keta137 and two dtmenstonal 

NMR techniques (NOESY) 

CONCLUSION 

The fact that tt 1s posstble to control the stereochemtcal course of the above reacttons through a “halogen 

effect” 1s mdtcatrve of an addrtton-ehmmatron mechanism However, tt seems that the “CuJJJ pathway” 1s also 

operahve when an am overall process 1s involved The reductton allenol 1s usually a good sign that, indeed, such 

a process occurs The reactions with storchtomemc Zrthwn cuprates are partrcularly sensitive to this mechanism 

and the described Cur catalyzed reducuve metahahon of a propargyhc epoxtde has to be explamed through this 

way Nevertheless, this stereochenncal control of the reactton 1s of parncular synthetic rmportance, since from the 

same epoxtde tt 1s possible to obtam, at will, either the R*,R* or the R*,S* allenol, These findings are even more 

mtereshng when considered m the homochnal senes which 1s accessible through Sharpless epoxrdauon 

EXPERIMENTAL PART 

1H and 13C NMR spectra were recorded on a Jeol FX 90 Q or a Brucker AC 200 apparatus (CDCl3 ,6 ppm from 
TMS) I R spectra were obtained on a Perkm-Elmer 1420 spectrometer (neat, cm-l) GLPC analyses were 
performed on a Carlo Erba chromatograph model Gl and 2150 using a 3 m glass column (10% SE 30 on 
stlamzed chromosorb G 80/100 mesh or carbowax 20 M) and a 25 m capillary glass column (OV 101) The gas 
chromatograph was coupled to an integrator Hitachi D2000 Melting points were taken on a Buchr SMP-20 
apparatus and are uncorrected Gphcal rotahons were measured with a Perkm-Elmer 141 polanmeter 

Starting materials. 

1-Ethynylcyclohexene. To a cold (O’C) soluuon of 1-ethynylcyclohexanol (0 25 mol, 32 g) m pyndme (200 
mL) mamtamed under nitrogen was added, wtth stnnng, phosphorous oxychlonde PGC13 over a 30 mm penod 
The reachon rmxture was allowed to warm to room temperature, stnred for 15 h, and then heated to 70°C for 1 h 
After cooling, me (200 g) was added, the layers were separated, and the aqueous layer was extracted with ether 
The combined ether extracts were washed with 10% hydrochlonc acid water, and saturated aqueous sodmm 
bicarbonate solutron, dned (MgS04) and concentrated Dishllatton affords 21,74 g (82%) of a colorless hqmd 
bp 71-72°C (60 mm) [Lut24 60°C (30 mm)) IR 3300, 3030, 2940.2860, 2840, 2100, 1630, 1440 and 
930 lH NMR 6,2 (m,lH), 2 75 (s,lH), 2 2-l 8 (m,4H), 1 7-l 4 (m,4H) l3C NMR 136 2, 120, 85 6, 
74 4, 29 1,25 6,27 3, 21 5 
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1-Phenethynyl cyclohexanol. To a solution of phenylacetylene (SO mmol, 5 1 g) in THF (100 mL) was 
added slowly at -4OY!, MeLl LlBr (50 mmol, 416 mL) Thereafter, the cooling bath was removed and stmmg 
was conunued for 1 h at room temperature Then, cyclohexanone (50 mmol, 4 9 g) was added dropwise at - 
40°C The temperature of the nuxtie was mamtamed between -40°C and -2O“C durmg 1 hour, and allowed to 
warm to room temperature (cu 1 h) and water (130 mL) was added The layers were separated, the aqueous 
phase extracted with ether, and the combmed organic phases dned (MgS04) and concentrated under vacuum to 
afford the crude product (9,l g) which 1s &sulled through a Vlgreux column to afford 8 8 g of pure matenal 
(88% yield) bp 106’C(O 4 mm) [Lltt 25 1WC (3 mm)] IR 3320.2240, 1580, 1070,750,690 *H NMR 
7 6-7 2 (m. 5H), 2 5 (s, lH), 2 2-l 4 (m, 10H) 

l-Phenethynyl cyclohexene. Usmg the procedure described for the prepamhon of ethynylcyclohexene from 
1-ethynyl cyclohexanol Dishllahon of the crude product gave a colorless hqmd (73% yield) bp 106’C (0 6 
mm) [Lit@ 167’C (16 mm)] IR 2195, 1594, 1488, 1435,753, 688 tH NMR 7 4,7 (m, 5H), 6 2 (m, 
lH), 2 4-2 (m. 4H), 1 8-l 4 (m, 4H) 13C NMR 134 8, 131 3, 128 1, 127 6, 123 9, 120 8, 91 3, 869, 
29 3, 25 8. 22 4, 216 

1-Propynyl cyclohexene. To a solunon of 1-ethynyl-cyclohexene (50 mmol, 5 3 g) m methylene chlonde 
(100 mL) at -4O”C, was added dropwlse over a 30 mm penod a solution of MeLi LiBr, (50 mmol, 41 6 mL) 
The reaction mixture was warmed to room temperature for 1 h, and then, at -4O”C, was slowly added 
lodomethane (55mmo1, 3 42 mL) After the addition was completed, the nuxture was stirred 12 h at room 
temperature and hydrolyzed with satured aqueous NH4Cl solutton (100 mL) The layers were separated, the 
water layer extracted with ether and the organic layers dned (Na$Z!O$ and concentrated under vacuum to afford 
the crude product (4 7 g) which 1s dlstllled to give 4 4 g of pure matenal(72% yield) , bp 72°C (12 mm) [Litter 
68’C (10 mm)] lH NMR 6 (m, lH), 2 l-l 9 (m, 4H), 18 (s, 3H), 17-l 5 (m, 4H) l3C NMR 1249, 
1133,79,73, 216, 186, 145, 138,45 

l-Trrmethylsilyl ethynyl cyclohexene 2s. Using the procedure described above for the preparation of l- 
propynyl-cyclohexene, 1-ethynylcyclohexene (50 mmol, 5 3 g) gave 7 g (79% yield) of pure I-mmethylsllyl 
ethynyl cyclohexene , bp 1lO’C (12 mm) 1H NMR 6 (m, lH), 2 l-l 9 (m, 4H), 17-l 5 (m, 4H), 0 1 (s, 
9H) 13C NMR 137 1, 1226, 1089,94 1, 308, 27 3,24, 232, -03 

General procedure for the preparation of acetylemc epoxtdes 

1-Ethynyl-7-oxabtcyclo [4.1.0] heptane 1 24. To a solution of ethynylcyclohexene (0 4 mol, 43 5 g) m 
methylene chlonde (100 mL) at O’C was added over a 30 mm penod, a solution of m-chloroperbenzolc acid (0 5 
mol, 86 2 g) m methylene chlonde (150 mL) The reaction mixture was stirred at 0°C for 15 mm and at room 
temperature for lh30 Sodium sulfite solution (10%) was added until the reaction mixture gave a neganve test to 
starch-mdlde paper Aqueous sodium bicarbonate solution was carefully added, the layers separated, and the 
organic layer washed with saturated aqueous sodium bicarbonate and water, dned (NazSOd), and concentrated 
under vacuum to give 38 7 g of a yellow liquid which was dlstdled through a Vlgreux column to afford 38 g of 
pure matenal(78% yield) , bp 33’C (0 4 mm) [Lltt 24 70°C (15 mm)] IR 3300,2910,2870,2690,1440 1H 
NMR 3 35 (t. lH, J = 4 5 Hz), 2 4 (s, lH), 2 1-l 7 (m, 4H), 15-l 1 (m, 4H) l3C NMR 84 1,70 2, 59 4, 
49 6, 29 9, 29 3, 23,9, 19 2, 18 7 

1-Propynyl-7.oxabwyclo [4 LO] heptane 7 29. Using the procedure described for the preparation of 1, 
a 58% yield was obtained for the compound 7 , bp 36OC (2 mm) [Lit@ 88OC (20 mm)] 1H NMR 3 25 (t, 
lH, J = 2 24 Hz), 2 2-l 8 (m. 4H), 1 8 (s, 3H), 1 6-l 2 (m, 4H) 13C NMR 79 7, 78, 59 6, 50 2, 29 9, 
24 1, 19 3, 18 8, 3 22 

1-(2.trtmethylsilylethynyl)-7-oxabicyclo [4.1.0] heptane 8 31. Using the procedure described for the 
preparaoon of 1, a 77% yield was obtained for the preparation of 8 , bp 75’C (4,5mm) tH NMR 3 3 (t, lH, J 
= 2 4 Hz), 2 2-1 6 (m. 4H), 1 5-l 1 (m, 4H), 0 1 (s, 9H) ‘3C NMR 105 9, 86 6, 59 9, 50 1, 29 5, 24 1, 
19 3, 18 7, 0 1 

1-(2.phenylethynylj-7.oxabrcyclo [4.1.0] heptane 930. Using the procedure described for the 
preparation of 1, a 63% yield was obtained for the preparation of 9 , punfled by chromatography [S102, 
cyclohexane&O 90/10] tH NMR 7 6-7 2 (m, 5H), 3 45 (m, lH), 2 4-l 8 (m, 4H), 1 6-l (m, 4H) 13C 
NMR 131 7, 128 4, 128 2, 122 2, 89 8, 81 9, 60 1, 504, 29 4, 242, 19 2, 18 1 
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Synthesis of alicyclic a-hydroxyallenes 

Stoichiometric procedure. A slurry of CuBr (5 7 mmol, 817 mg) m Et20 (30 mL) 1s cooled to -4O”C, and, 
then, a soluhon of EtLl LlBr (1N m EtZO, 114 mmol, 11 4 mL) was added The temperature was kept at -30°C 
for 30 mm After coolmg to -6O”C, a solution of 1-ethynyl-7-oxahcyclo [4 1 0] heptane l(5 7 mm01 695 mg) m 
Et20 (1OmL) was added. The rmxture was stmed at -40°C for 1 h30 and the quanatauve formation of the adduct 2 
and 3 was checked by G C The hydrolysis was done with a nuxture of aqueous NH3 (1 part) and saturated 
aqueous NH&l (4 parts) (50 mL) The aqueous phase was extracted twice with ether (2 x 50 mL) and the 
combmed organic phases were washed urlth the above mtxture Nl+/NH&l(3 x 50 mL), then dned over MgS04 
and concentrated m vacua The residue was drstdled to afford 33% of 2 [bp = 50°C, (12mm)] and 54% of 3 [bp 
= 6O”C, ( 12mm)] 

Anti catalytic process. To a solution of propargyhc epoxlde (3 mmol) in ether (20 mL) was added a solution 
of CuBr 2PBu3 (1N sol m ether, 0 15 mmol) The mixture was cooled to -50°C and the Gngnard reagent 
RMgBr (2 eq ,6 mmol) was rapidly mtroduced The temperature 1s allowed to nse slowly and the reaction was 
followed by G C The mixture was hydrolyzed, worked up and purified as described for the storchlometnc 
procedure The residue was chromatographml on S102 (eluent cyclohexane/ether 70/30) 

Syn catalytic process. To a solution of pro argyhc epoxlde (3 mmol) m a mixture of solvent [ether (15 mL), 
pentane (15 mL)] was added 5% of CuBr ( ! 0 mg, 0 15 mmol) The temperature was kept to -5O“C, then, one 
equivalent of chlorommethylsdane (0 38 mL, 3 mmol) was added and after 5 mm, two equivalents (6 mmol) of 
RMgCl/Et@ were rapidly mtroduced The cooling bath was slowly removed and the reaction was followed by 
G C The rmxture was hydrolyzed, worked up and punfied as described for the stolchlomemc procedure The 
residue was chromatographled on Sl@ (eluent cyclohexane/ether 70/30) 

Modified syn process : (Grignard reagent without copper catalysis). To a solution of I-ethynyl-7- 
oxablcyclo [4 1 0] heptane (3 mmol) m ether (50 mL) were added, at -50°C, two equivalents (6 mmol) of 
RMgCI/EtzO and, then, the temperature was allowed to nse The mixture 1s stirred at 20°C for 3 hours, then, 
hydrolyzed, worked up and punfied as usual 

Spectroscopic data of the obtamed a-hydroxyallenes 

~*.S*&DrQpenvlldene _ _ 5. IR 3420, 2915, 2850, 1955, 1450 *H NMR 5 4(m, 
lH), 4(m, lH), 2 4-l l(m, 9H), 1 8(s, 3H) l3C NMR 196 3, 107 1, 89 3, 69, 35 9, 29 8, 26 9, 23 6, 15 2 

/s* . S*)-2-Drooenvlidene-I-cvclohexanol 3A. IR 3400, 2915, 1965, 1450, 980 1H NMR 5 4(m, 
lH), 4 (m, lH), 2 4-l 20(m, lOH), 1 O(t,3H, J= 7 3 Hz) 13C NMR 196 4, 108 7, 96 4, 68 8, 35 7, 29 4, 
26 5, 23 6, 219, 16 3 

*. S*)-2 ,,r I _ M IR 3400, 2915, 1965, 1450, 980 IH NMR 5 4 (m, 
lH), 4 (m, lH), 2 4-l 2 (m. 1OH ), 10 (t, 3H, J= 7 3 Hz) l3C NMR 195 9, 108 1, 95 7, 68 8, 29, 26 5, 
22 8, 21 9, 16 3 

_ _ OI 485 IR 3400, 2920, 2860, 1960, 1440 1H NMR 5 4 (m, 
lH), 4 (m, lH), 2 3 (m, 3H), 2 2-l 1 (m, llH), 0 9 (t, 3H, J = 7 3 Hz) 13C NMR 198, 109 8,97 0, 714, 
384, 338,322,315,295,258,246, 163 

. @*. S*)_&bpELenvIldene 1 CvcIohexanoI 48 _ _ 5 IH NMR 5 4 (m, lH), 4 (m, lH), 2 3 (m, 3H), 2 2- 
ll(m,llH),09(t,3H,J=73Hz) 13C NMR 197 8, 110 4, 97 5, 71 4, 38 6, 33 7, 32 5, 31 5, 29 5, 
26 2, 24 6, 16 3 

fi* 1,A Se) 2 (3 ~,,,butenyJrcle,,e) 1 -- _ - _ cvc,owno, IR 3400, 2930, 2860, 1965, 1435 1H 
NMR 5 4 (m. lH), 4 (m, lH), 2 35 (m, 2H), 1 (d, 6H, J = 6 75 Hz), 2 l-l 2 (m, 7H) *XC NMR 193 7, 
109 0, 103 0, 69 0, 36 1, 30 0, 26 9, 23 6, 28 6, 22 7 Anal calcd for CllHl80 (166 265) C 79 46 , H 
10 91, Found C 79 47 , H 10 89, 
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m* s*1 2 13 
. I_ - methvlbutenvlldene) IR 3400. 2930, 2860. 1965, 1435 lH w - 

NMR 5 4 (m, 1H). 4 (m, 1H). 2 35 (m, 2H), 1 (d, 6H, J = 6 75 Hz), 2 l-l 2 (m, 7H) 13C NMR 193 0, 
109 7, 103 8, 66 8. 36 5. 30 4, 27, 24, 28 2, 22 5 

iS* S*) 2 (3.3 -_ _ _ _ 01 1265 IR 3390, 2940. 2860, 1970, 1460, 
1440 lH NMR 5 35 (m. lH), 4 (m, lH), 2 35 (m, lH), 1 1 (s, 9h), 2 l-l 1 (m, 7H) l3C NMR 192 7, 
108 9, 106 3, 66 8, 35 7, 32 1, 30 1, 29 4, 26 8, 22 9 

_ _ -5 IR 3390, 2940, 2860, 1970, 1460, 
144 1H NMR 5 35 (m, lH), 4 (m, lH), 2 35 (m, lH), 1 1 (s, 9H), 2 l-l 1 (m, 7H) 13C NMR 190 9, 
108 4, 106 3, 66 8, 35 7, 32 1, 30 1, 29 4, 26 8, 22 9 

S . S j 2 (2 ml 1 cvwol l&45 IR 3440 2920 2840 1940 1595 1490 
llf40 ki& 75-71(m,5H) 63;; 1H) 41(dd 1H J=44H J~29&),2~(m,9~) 13dNMd 

197 1, 135 2, 128 7, 127 1, 128 8, *I;“;, 98,‘69 4, 38, 29’6, 26 8, 2?4 

m*. . S*)_2_(2_~vl@~~ 1 cvs - I 5 IR , 3440. 2920, 2840, 1940, 1595, 1490, 
1440 IH NMR 7 5-7 1 (m, 5H), 6.35 (m, lH), 4 1 (dd, lH, J = 4 4 Hz, J = 2 9 Hz), 2 5 (m, 9H) l3C NMR 

196 4, 135, 128 6, 127, 126 6, 112 3,98 5, 69 5,36 8, 30 0, 27 2, 23 9 

fi*. S*)_2_(2_methvlhexenvlidene~ 1 cvclo~ol _ _ ]4A IR 3400, 2920, 2845, 1965, 1445 1H 
NMR 3 95 (dd, lH, J = 4 5 Hz, J = 3 9 Hz), 2 4-l 2 (m, 15H), 1 8 (s, 3H), 0 9 (t, 3H, J = 6 9 Hz) 1% 
NMR 192 1, 106 6, 103,69 9,35 8, 33 9,29 6,26 9,26 6, 23 1,22, 19 5, 13 5 Anal Calcd for C13H22O 
(194 319) C 80 35 , H 1141, , found C 80 358 , H 11409, 

_ _ hexanol IR 3400, 2920, 2845, 1965, 1445 ‘H 
NMR 3 95 (dd, lH, J = 4 5 Hz, J = 3 9 Hz), 2 4-l 2 (m, 15H), 1 8 (s, 3H), 09 (t. 3H, J = 6 9 Hz) *XC 
NMR 191 9, 107 3, 104 9, 69 3, 36 5, 34 4, 30 3, 30 27 2, 27 1, 23 9, 20 2, 14 1 

s*. . S*)-2-(2.3_dlmethvlbuteaylUlene) 1 cvclohwol _ _ 154 IR 3400, 2925, 2850, 1940, 1440 tH 
NMR 4 (m, lH), 2 4-l 1 (m, IOH), 1 8 (s, 3H), 1 (d, 6H, J = 6 7 Hz) 1% NMR = 191 1, 110 2, 107 9, 
69 1, 36 1, 32 5, 29 9, 27 1, 23 4, 21 7, 18 4 Anal Calcd for ClzHzoO (180 292). C 79 94 , H 11 18 
found C7987,H1127 

ethvlbutenvlidene) 1 cvclohwol _ _ 15B IR 3400, 2925. 2850, 1940, 1440 1H 
NMR 4 (m, lH), 2 4-l 1 (m, lOH), 1 8 (s, 3H), 1 (d, 6H, J = 6 7 Hz) 13C NMR 190 4, 111 2, 108 5, 
68 9, 36 6, 32 3, 30 6, 27 1, 24, 17 8, 21 6 

@*. S*).2_(2.3.3_tr~vlbut~e~ 1 cvclohexanol _ _ 168 5 IR 3460, 2920, 2850, 1960, 1440 
lH NMR 4 (dd, lH, J = 3 9 Hz, J = 4 55Hz), 2 3-1 2 (m, 10H). 1 8 (s, 3H). 1 (s, 9H) t3C NMR 191 3, 
113 1, 107, 692, 361, 34 1, 299, 27 1,234, 293, 157 

@*. S*).2_(W.3_trimethvlbutenvlidene~ 1 cvcloh~ol _ _ 168 5 IR 3460, 2920, 2850, 1960. 1440 
‘H NMR 4 (dd, lH, J = 3 9 Hz, J = 4 5 Hz), 2 3-l 2 (m, lOH), 1 8 (s, 3H), 1 (s, 9H) 13C NMR 190 5, 
114 0, 107 4, 68 6, 36 4, 33 7, 30 6, 26 9, 24, 29 2, 1.5 2 

*. S*l-2-(2-ohenvlrmoDenvlidene)-1-cv&&ggmol 17A5 IR 3410, 2930, 2840, 1950, 1640, 1440 
lH NMR 7 4-7 1 (m, 5H), 4 1 (dd, lH, J = 3 9 Hz, J = 4 4 Hz), 2 4-l 4 (m, 9H). 2 1 (s, 3H) 13C NMR 
195 5, 1379, 128 4, 126 8, 1259, 109 8, 1044, 69 5, 36 3, 29 8, 27 1, 23 6, 18 

m*. S*)_2_(2_nhenv Ildene) 1 c- _ _ 178 5 IR 3410, 2930, 2840, 1950. 1640, 1440 
1H NMR 7 4-7 1 (m, 5H), 4 1 (dd. IH, J = 3 9 Hz, J = 4 4 Hz), 2 4-l 4 (m, 9H), 2 1 (s, 3H) t3C NMR 
195 2, 137 8, 128 2, 126 6, 125 6, 110, 104 2, 69 5, 362, 29, 27, 23 8, 18 

vlldenej 1 cvclohexanol _ _ ISA IR 3440, 2920, 2850,1945,1445, 
1245 IH NMR 4(dd, IH, J = 4 5 Hz, J = 3 5 Hz), 2 45-2 25 (m, 2H), 2-l 2 (m, 7H), 1 75 (s, 3H), 0 5 (s, 



A AWAIUS et al 

3H) l3C NMR 197 5, 101 8, 97 3, 68 6, 36 5, 29 9, 27, 24 1, 16 1, 0 5 Anal calcd for C12H220S1 
(210 398) C 68 50, H 10 54, found C 68 45 , H 10 65 

. Es*. S*)_2_(2_p) 1 cvcl~ol l&& _ _ IR 3440, 2920, 2850, 1945, 
1445, 1245 tH NMR 4(dd, lH, J = 4 5 Hz, J = 3 5 Hz), 2 45-2 25 (m. W), 2-l 2 (m, 7H), 1 75 (s, 3H), 
0 5 (s, 3H) 13NMR 198 2, 100 6, 95 5,69, 35 6,28 5, 26 9, 22 8, 16,O 5 

m*. . S*)_2_(2_trpene) 1 cvcm . - _ _ 194 IR 3450, 2960, 2950, 
2860, 1935, 1445. 1245 ‘H NMR 4 05 (dd, IH, J = 3 9 Hz, J = 4 45 Hz), 24-l 3 (m, lOH), 1 1 (d, 6H, J = 
6 79 Hz), 0 2 (s, 3H) 13C NMR 196 6, 109 8, 104 3, 68 5, 36 2. 29 6, 23 7, 29 4, 27, 23 8, 0 5 Anal 
calcd for Ct4H26OS1 (238 452) C 70 51 , H 10 99 , found C 70 63 , H 10 83 

B+. S*).2-(2_trev[ 3 -1 1 cvm I - _ - 19B IR 3450, 2960, 2950, 
2860, 1935,1445, 1245 1H NMR 4 05 (dd, lH, J = 3 9 Hz, J = 4 45 Hz), 2 4-l 3 (m, lOH), 1 1 (d, 6H, J = 
6 79 Hz), 0 2 (s, 3H) 13C NMR 197 0, 109 5, 104 3, 69, 36 3,29 3, 23 7,29 2, 27 3, 23 4, 0 5 

_ . _ - 208 
and IR 3300, 2920,2850, 1945, 1440, 1245 1H NMR 405 (dd, lH, J = 4 1 Hz, J = 4 1 Hz), 2 3 
(m, 2H), 2 15-1 3 (m, 8H), 1 1 (s, 9H), 0 2 (s, 3H) 13C NMR 197 6, 113 1, 103 3, 69 0, 36 1, 35 2, 316, 
29 3,27,23 5,l 5 Anal calcd for C15H280S1 (252 479) C 7135 , H 11 18 , found C 7142 , H 11 15 

m*. S*).2_(2_tr~~v~ 2 s IR 3460, 2930, 2850, 
1935. 1440 1H NMR 7 4-6 9 (m, 5H), 3 9 (dd, lH, J = 4 1 Hz, J = 4 9 Hz), 3(s, lH), 2 l-l (m, 8H), 0 1 
(s, 3H) 13C NMR 200 9, 142 9, 138 1, 128 3, 127 6, 126 7, 126 1, 103 8, 92 7, 68 7, 35 9, 29 6, 26 5, 
23 6,O Anal calcd for C17H24OS1(272 470) C 74 93 , H8 87 , found C 74 59 , H 9 98 

_ - -5 IR 3420, 2930, 2840, 1940, 1640, 1440 
‘H NMR 7 8-7 2 (m, 5H), 4 1 (dd, lH, J = 3 9 Hz, J = 4 4 Hz), 2 4-l 1 (m, 15H), 0 9 (t, 3H, J = 6 9 Hz) 
13C NMR 195 2, 137 5, 128 1, 126 6, 125 8, 1107, 108 9, 69 4, 36 4, 30 3, 29 8, 27 3, 26 6, 24 7, 23 3, 
14 1 

fi*. S*)_2_(2 I I -5 IR 3420, 2930, 2840, 1940, 1640, 1440 
1HNMR=78-72(m,5H),41(dd,1H,J=39Hz,J=44Hz),24-11(m,15H),O9(t,3H,J=69Hz) 
13C NMR 194 9, 137 6, 128, 126 5, 125 8, 111 1, 109 4, 68 9, 36 3, 30 0, 29 8, 27 3, 26 6, 24 7, 23 3, 
14 1 Anal calcd for ClgH%OS1 (284 481) C 76 00, H8 50, found C 75 85, H 8 66 

m*. S*)_2_(2 Dhenvl 3meth) 1 cvclohexanol23A _ - 5 IR 3440, 2930, 2845, 1940, 
1650, 1440 1H NMR 7 4-7 1 (m, 5H), 4 1 (dd, lH, J = 3 9 Hz, J = 4 1 Hz), 2 4-l (m, lOH), 1 1 (d, 6H, J 
= 6 7 Hz) 13C NMR 194 4, 137 3, 1316, 128 1, 126 4, 116 6, 112 00, 71 9, 36 3, 32, 29 6, 27 3, 22 6, 
22 3 

fi*. S*)_2_(2 Dhenvl 3methvlbmvlidene) 1 cvcloh~ol _ - 23B 5 IR 3440, 2930, 2845, 1940, 
1650, 1440 lH NMR 7 4-7 1 (m, 5H), 4 1 (dd, lH, J = 3 9 Hz, J = 4 1 Hz), 2 4-l (m, lOH), 1 1 (d, 6H, J 
= 6 7 Hz) 13C NMR 193 6, 137, 1314, 128 3, 126, 117 7, 112 5,69 2,36 6,31 8,30, 27 3,22 6,22 3, 

vhdene) 1 cvm _ _ 248 5 IR 3400, 2940, 2850, 
1935, 1660, 1445 tH NMR 7 3-7 1 (m, 5H), 4 1 (dd, lH, J = 4 4 Hz, J = 3 9 Hz), 2 5-l 1 (m, 9H), 1 1 (s, 
9H) l3C NMR 194, 138 4, 129 2, 127 6, 126 4, 118 6, 107 4, 69 3, 35 4, 34 8, 29 3, 26 8, 22 7, 30 2 

5 IR 3400, 2940, 2850, 
1935, 1660, 1445 lH NMR 7 3-7 1 (m, 5H), 4 1 (dd, lH, J = 4 4 Hz, J = 3 9 Hz), 2 5-l 1 (m, 9H), 1 1 (s, 
9H) l3C NMR 192 6, 138 1, 129 2, 128 4, 126 5, 120 6, 108 6,69,36 2, 34 6, 30 6, 26 8, 24, 30 1 
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Spectroscopic data of the byproducts : 

B*. S*)_2(1_buty&tbvnvl) 1 cvcl- _ _ tH NMR 3 1 (m, lH), 2 2 (s, lH), 2-l 0 (m, 15H), 
09(t,3H,J=73Hz) 13CNMR 865,752,730,439,386,349,323,264.247,223,141 

ti*, 2 _ _ IR 3400, 2915, 1965, 1450 1H NMR 4 84 (m2H), 405 
(m,lH), 2 4 -12 (m, 8H) 13C NMR 201 2, 106 8,78 5, 68 8, 35 7, 29 4,26 5,23 6 

e (hydroalummatlon-todmolysls of an alkyne) 32 To a soluaon of 1-octyne (25 mmol, 
2 76 g) m hexane (10 mL) was added a solution of dnsobutylalummmm hydnde (27 5 mmol, 1N in n-hexane 
27 5mL) while the temperature was maintained at 25-3OY! by means of a water bath The resultmg soluuon was 
stmed at room temperature for 30 mm and was heated at 50” for 2 hours After coohng to 0°C dry tetrahydrofuran 
(20 mL) 1s added The resulhng solution was cooled to -60”~ and treated with a soluuon of mdme (3Ommol,7 6 
g) m dry THF (15 mL) at a rate such that the temperature was maintained below -1O’C After 30 mm, MeOH (5 
mL) was added and the reacaon mixture was allowed to warm to 0°C and then, hydrolyzed by a mixture of 5N 
sulfunc acid (50 mL) and n-pentane (20 mL) The layers were separated and the aqueous phase was extracted 
with n-pentane The combmed organic extract was washed successively with 1N sodium hydroxyde, 10% 
aqueous sodium sulfite After drymg over MgS04 , dlstlllatlon ylelded 3,6 g (65%) of the product bp = 85’C (3 
mm) [Lltt32 85°C (3 mm)] 1H NMR 6 4 (dt, lH, J = 14 3 Hz, J = 7 1 Hz), 5 9 (dt, lH, J = 14 3 Hz, J = 14 
Hz) 2 1 (m, 2H), 16-O 9 (m, 11H) l3C NMR 145 6,74 6,36,28 6,28 3, 25 8, 14 

__ __ w (carbocupratlon-lodmolysls of an alkyne) 8 The organohthmm reagent (1 5N sol ,40 
mmol, 26 6 mL) [prepared m Et20 from bromohexane and lithium chips] was added to a suspension of CuI (20 
mmol, 3 8 g) m ether (100 mL) at -35’C The mixture was snrred for 20 mm at -35’C (solution), then acetylene 
(25 mmol, 5 6 1, measured m a water gasometer) was bubbled m the reaction mixture after being tied over a 
column packed with calcium chlonde The temperature was allowed to nse from -5O“C to -35°C , The pale green 
solution was maintained for 30 mm at -25”C, then, cooled to -78’C, treated with 10 ml of a solunon of mdme 
(65mmo1, 16 5 g m 40 mL dry THF) at such a rate that the temperature 1s mamtamed below -5O’C After the 
addition was completed, the mixture was warmed to -10°C and the hydrolysis was done with a mixture of 
aqueous NH-j/NH&l (1 part / 4 part 50 mL) The aqueous phase was extracted twice with ether (2 x 50 mL) and 
the combined organic phases were washed with the above mixture NH3/NHaCl(2 x 50 mL) and with aqueous 
solution of 10% sodmm sulfite After drymg over MgS04 dlstlllatlon yielded 4 7 g of the product (79% yield) 
bp 85’C (3 mm) [Lit@ 85“C (3 mm)] lH NMR 6 2 (m, 2H), 2 3 (m, 2H), 1 8-O 9 (m, 11H) 13C NMR 
141 4, 82 2, 347, 28 6, 28 3, 25 8, 14 1 

VI 3 decene 1 _ _ _ _ 21 m To a solution of blstnmethylsllylacetylene 
(2Ommo1, 3 4 g)m THF (50mL) at -3O“C. was added 13 3 mL of MeLl LtBr (1 5 N/l , 20 mmol) and the 
resulting solution was stlrred at room temperature for 3 hours Then ZnBr:! (20 mmol, 4 7 g) was rapidly 
introduced and after solublhzatlon, a solution of (E) or (Z) I-lodo-octene (18 mmol, 4 28 g), mixed with Pd 
(PPh3)4 (0 9 mmol, 800 mg) In THF (40mL) was added to the resulting mixture The reaction was warmed 
gradually to room temperature (lh) and, then hydrolyzed at -1O’C with 50 mL of aqueous ammonmm chlonde 
The salts were filtered off and, the solvents were removed m vacua and the residue was dissolved m 100 ml 
pentane to precipitate the residual salts This orgamc solution was dned over Na2C03, concentrated and the 
product 1s &stdled 

(3ZLdecene 1 vng bp 75°C (0 5 mm) 80% yield 1H NMR 5 9 (dt, lH, J = 10 9 Hz J 
= 7 4 Hz), 5 5 (d: 
l3C NMR 

lH, J = 10 iHi), 2 3 (q, 2H, J = 8 3 Hz), 1 5-l 1 (m, 8H), 0 9 (t, 3H, J = 6 2). 0 3 (s, 9fi) 
145 8, 109 6, 102 5, 98 6, 96 6, 31 9, 30 5, 29 1, 28 9, 22 8, 14 2, 0 1 

vls~lvl 13Ej d-e 1 vne bp 75’C (0 5 mm) 80% yield ‘H NMR 6 (dt, lH, J = 15 9 HZ J 
5 3 (d;, lH,-J = 15 ; Hz, J = 1 5 Hz), 1 9 (q, 2H, J = 6 3 Hz) 1 5-l (m, 8H), 0 9 (t, 3H, J = i 9 

Hz), 0 3 (s, 9H) 13C NMR 145 6, 110, 104 2, 92 2, 33 1, 314,29, 28 5,22 5, 13 9.0 1 

l-trimethvlsllvl-(3.4 clsl-emv 1 decvae - _ Using the procedure described for the preparation of I- 
ethynyl-7-oxablcyclo [4 1 01 heptane I, a 74% yield IS obtamed for the tlttle compound 
NMR 

bp 10l°C (40 mm) tH 
3 35 (d, lH, J = 3 96 Hz), 3 (dt, lH, J = 3 96 Hz, J = 6 3 Hz), 1 8-l (m, lOH), 0 9 (t, 3H, J = 6 3 

Hz), 0 1 (s, 9H) l3C NMR 100 8, 90 6, 58, 45, 31 8, 29 3, 29 1, 25 8, 22 5, 14, 0 
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. 
fi Using the procedure described for the preparatton of . 
compound 1, a 7;% yteld 1s obiatned fbr-the tntle compound bp 1Ol’C (40 mm) IR 3300, 2910, 

lH NMR 
2850, 

2670, 1460 3 (s, 2H), 1 7-l 1 
60 6, 45 3, 

(m, IOH), 0 9 (t. 3H, J = 13C NMR 102 
317, 31 5. 

6.4), 0 1 
26 5, 

(s, 9H) 3, 88 
25 3, 22 5, 

7, 
13 9, 0 

To a solutton of 1-tnmethylstlyl-(3,4 cts)-epoxy-1-decyne (lmmol, 285 
mg), m DMF (5 mL), were added two eqtuvalents of potassmm fluonde and 5 mL of water The mactton mtxture 
was strrred at room temperature for 3 hours. and the quantttattve formation of the destred product was checked by 
G C The hydrolysis was done with a aqueous solutton of NH&l, 25 mL of ether and 25 mL of pentane were 
added and the organic phases were washed twtce wtth a solutron of HCl 1N After concentratron under vacuum, 
the residue was drstrlled to afford the compound 25E m 89% yteld bp = 89’C (40 mm) 1H NMR 3 (s, 2H), 
22(d,1H,J=15),16-1l(m,10H),O9(t,3H,J=6Hz) 13C NMR 
29 1, 25 7, 

80 8, 71 
22 6, 14 

7, 60, 44 6, 31 7, 31 6, 

* - ne m Using the procedure described for the preparation of compound 25E, a 
94% yteld 1s obtamed for 25 Z bp = 89’C (40 mm) tH NMR 3 4 (dd, lH, J = 172 Hz, J = 3 96 Hz). 3 (dt, 
lH, J = 3 96 Hz, J = 6 3 Hz) 2 35 (d, lH, J = 172 Hz), 1 9-l 1 0 9 J = 6 0 13CNMR 

79 1, 73 3, 
(m, lOH), 3H, 

57 6, 44 5, 317, 29 3, 29 1, 
(t, Hz) 

25 9, 22 5, 13 9 

Synthesis of altphatic a-hydroxyallenes Usmg the procedures descrtbed for the preparation of a- 
hydroxyallenes by the ryn or antr process from ahcychc propargyhc epoxtdes, were obtamed the compounds 

(R*. 28 9, R*)_S.9--7 - _ oI 268 13CNMR 2025,959,936,701, 28 2, 25 6, 22 8, 14 1 Anal Calcd for Ct4H2gO (224 321, 315,298,295,291, 
12 57 389) C 79 93 , H 12 45 Found C 79 85 H , 

iS . R ) 8.9 oentadien 7 ol 
28*2,2;6,228 1413 - - 

268 l3C NMR 202 7, 95 8, 93 3, 70 6, 32 1, 31 5, 29 8, 29 5, 29, 28 9, 

lch ol for 278 ‘3C NMR 199 
Ct4H260 (210 362) 

7 i? 79 105 7 
93: 

H 97 li45 6 70 Fknd 0 37 6 d 81 31 OS’ 9 

, H 12 38 

fis*. R*)_2_uvl 3.4 do&a6 o[ 
29 3, 25 5, 22 7, 30 2,~14 - 

_ - 278 t3C NMR 200 2, 105, 97 5, 70 8, 37 7, 31 9, 31 8, 

Synthests of 3-methoxy-17-ethynyl-1,3,5(10),16-oestratetraene 2211 Usmg the procedure described 
for the preparation of I-ethynylcyclohexene, was obtamed the httle compound in 73% yield m p = 148-15OT 
(acetone methanol) [a]D25 = + 68,6’ (c=l 5, CH2Cl2) IR = 3300,2105, 817 IH NMR 7 2 J (d, lH, = 8,5 
Hz), 6 8-6 6 (m, 2H), 6 1 (t, lH, J = 2 7 Hz), NMR 157 3, 139, 138, 132 6, 126 3, 114, 3 7 (s, 3H), 3 1 (s, 2 lH), 9-1 4 0 9 (m, 13H), (s, 3H) t3C 111 7, 87 6, 
27 6, 27 5, 26 6, 16 3 

80, 78, 
55 2, 53, 44 4, 43 9, 38 36 8, 4, 29 8, 

Synthests of 3-methoxy-16a,l7a-epoxy-l7~-ethynyl-1,3,S(lO)-oestratriene 2822b. Usmg the 
proce-dure described for the preparatton of I-ethynyl-7-oxabtcyclo [4 1 0] heptane 1, was obtamed m 63% 
yreldthe ttttle compound 28 m p 
NMR 

195’C (acetone) [a]D 25 = + 103’ (c=l 5, CH2Cl2) IR 3300,877,848 ‘H 
7 2 (d, lH, J = 8 5 Hz), 6 8-6 6 (m, 2H), 3 7 (s, 3H), 3 6 (s, lH), 2 7 (m, 2H), 2 4 (s, lH), 2 4- 1 1 

(m,llH),093(~,3H)~~CNMR 1573,1376,1323,126,1138,1114,78Y,733,616,604,551, 
440,436,435, 37 1, 31, 296, 276, 26, 158 

3-methoxy-16a ol-1,3,5(10),17,(20),20-pregnapentaene 30. m p 101°C [aID = + 41 2 (c=i, 
CH2Cl2) IR = 3450, 1965, 1686, 841 *H NMR 7 2 (d, lH, J = 8 5 Hz), 6 8-6 6 (m, 2H), 5 1 (dq, 2H, J = 
3 Hz, J = 13 2 Hz), 4 7 (m, lH), 3 7 (s, 3H), 3 1 (m, 13 H), 0 9 (s, 3H) t3C NMR 201 2, 157 8, 138 1, 
1328, 1264, 1189, 1141, 1188,925,727,554,519,443,386,365,355,30,299, 279,267, 193 

21a-methyl-16a-ol-3methoxy-1,3,5(10),17,(20),20-pregnapentaene 29A. m p 127’C [CX]D25 = 
+84’ (c=l 3, CH2C12) IR 3450, 1965, 1368,768 lH NMR 7 = 5 4 
(dq, 

6 8-6 6 5 
lH, J 

2 (d, lH, J 8 
= 2 9 Hz, J = 7 2 Hz), 18 (dd, IH, J = 2 9 (m, 2H), Hz, J = 5 6 3 8 Hz), (s, Hz), 2 3H), 9-l 3 (m, 13H), 1 7 



Propargyltc epoxldes 

(d, 3H, J = 7 2 Hz), 0 86 (s, 3H) ‘3C NMR 196 8, 157 4, 137 9, 132 8, 126 2, 120, 113 7, 111 4, 92, 
72 8, 55 3, 519, 44 3, 38 6, 36 5, 35 5, 30, 299, 27 9, 267, 19 3 

21~-methyl-16a-ol-3methoxy-1,3,5,(10),17(20),20-pregnapentaene 29B. m p 69’C [a]$5 = 
-15 5’ (c=l 1, CH2Cl2) IR = 3450, 1969, 1370,767 *H NMR 7 2 (d, lH, J = 8 5 Hz), 6 8-6 6 (m, 2H), 5 5 
(dq,lH,J=29Hz,J=72Hz),48(dd,lH,J= 29Hz,J=56Hz),38(s,3H),29-13(m,13H),17 
(d, 3H, J = 7 2 Hz), 0 83 (s, 3H) 

Synthesis of (R*, S*)-2-(2-phenylethenylidene)-1-cyclohexanol 13B by reductive bthiation. 
To a solution of phenethynylcyclohexene oxide 9 (2 mmol, 400 mg) m ether (30 mL) or THF (30 mL), was 
added, at room temperature, a sohmon of 5% CuBr ,2PBu3 (0,lN m Et20,0,1 mmol, 1 mL) Then, at -50°C, 
was added rapldly BuLl LlBr (1 5N sol m Et20,2 66 mL, 4 mmol) and the reaction mixture was warmed to 
room temperature The hydrolysis was done with a saturated aqueous NH&l solution (100 mL) The layers were 
separated, the water layer extracted twice with ether and the combmed organic phases were washed with water, 
drtcd on Na2C03 and concentrated under vacuum to afford a-hydroxyallene 13B For the spectroscopic data, 
see before 

Reactton of m*.S*)-2-lit-e-l-cvcloheae 31 with various m To . 
a solution of phenethynylcyclohexene oxide 9 (2 mmol, 400 mg) m ether (30 mL) was added, at room 
temperature, a solution of 5% CuBr 2PBu3 (sol 0 1 N/l , 0 1 mmol, 1 mL) Then, at -5O’C, was rapidly 
introduced BuLl LlBr (4 mmol, 2 66 mL) and the reaction mixture was kept at -5O’C for 1 hour Then, the 
appropnate electrophlles ( 2 mmol) were added at a rate such that the temperature was maintained below -5O’C 
and the quantitative formatlon of the adduct was checked by G C The hydrolysis was done with a mixture of 
aqueous NH3 (1 part) and saturated aqueous NH&l (4 parts) (50 mL) The aqueous phase was extracted twice 
with ether (2 x 50 mL) and the combined orgamc phases were washed wth the above rmxture NHflH&l(3 x 
50 mL), then dned over MgSO4 and concentrated m vacua 

Spectroscopic data of the adduct 

(R*.S*)2_(2_t - _ nol 34.4 1H NMR 7 l-7 5 (m,5H), 4 1 (dd, lH, 
J=4 4 Hz, J=2 9 Hz), 2 9(s, 3H), 2 5-l 4(m, 9H) I3C NMR 
65 8,32,29 4,27 3,22 7, 16 1 Anal Calcd for C15H18SO 

191 4, 135 8, 128 3, 127 7, 126 5, 117, 103, 

H 749 
(246 369) C 73 12 , H = 7 36, Found C 73 28 , 

fi*.S*)_(2_thlo vbdene) 1 cvclo~ol _ _ 34B lH NMR 7 l-7 5(m, 5H), 4 1 (dd, lH, 
J=4 4 Hz, J=2 9 Hz), 2 9(s, 3H), 2 5-l 4(m ,9H) 13C NMR 191 1, 135 8, 128 
65 2, 32, 29 4, 27 3, 

3, 127 126 3, 103, 7, 5, 117 
22 7, 16 1 

Spectroscopic data of the Dtrolactone cvclpbexanol 35 lH NMR 7 9-7 
(dd, lH, J=4 Hz, J=4 Hz), 3 l-2 65 (s, lH),~2 l-l 3 (m,8H) 33C NMR 

3(m, 5H), 7 75(s, lH), 3 8 
148 l!ii lis ii8 

127 
171, 9, 5, 

1, 88 5, 72 6, 33 1, 31 
2, 5, 

3, 22 7, 22 1 

nethvnvl 2R*-benzvlalcool) IS*-cvclohwol 36 1H NMR 7 5-7(m, lOH), 5 4(s, 1~) 
i38 4 3, 6(s, 87 lH), 6, 82 4 5, 2(s,lH), 77 49 3 5(m, 33 lH), 32 1 9-O 24 9(m, 21 8H) 7 13C NMR 140, 131 7, 128 2, 128 1, 127 5, 123 

9, 
6, 

1, 3, 2, 3, 

Spectroscopic data of the ketal 37 1H NMR 7 65-7 05(m, lOH), 4 6(s, 
l3C NMR 

lH), 3 7(m, lH), 2 l(m, 14H) 
137 5, 131 6, 128 2, 128 1, 128, 127 5, 127 4, 124, 7, 5, 99 89 30 

28 8, 24 6, 
87, 80, 75 9, 45 4, 31 8, 

21 9, 19 7 
4, 

1. 
2. 

3. 

4 

References and notes 

Posner, G H Org Reactrons 1975,22, 253 
Ortlz de Montelldno, J Chem Sac , Chem Corm 1973,709 
Vermeer, P , hdeqer, J , de Graaf, C , Schreurs, H Ret Trav Chm Pays-Bas 1974,4693 
a) Schuster, H F , COppOld, G M “‘Alleney UI Orgatuc Synrhesrf’, Wiley, 1984 



1696 
A ALEXAKIS et al 

b) Landor, S R “The chemrstry of the allenes”, Academic Press, 1982 

5. Johnson, C R , Dhanoa, D S J Org Chem 1987,52, 1887 

6. Dollat, J M , Luche, J L , Crabb6, P J Chem Sot , Chem Comm 1977 ,761 

7. a) Alexakls, A , Normant, J F , Vllheras, J J Organomet Chem 1973,57, C!W 
b) Alex&s, A , Normant, J F , Vllheras, J J Molec Catal 1975/76, I, 43 

8. Normant, J F , Alex&s, A Synthesu 1981,841 

9. a) Alexakls, A , Maiek, 1 , Mangeney, P , Normant J F Tetrahedron L.ett 19&X27,5499 
b) Alexakls, A , Marek, I , Normant, J F , Mangeney, P a J Am Chem Sot 1990,112, 8042 

10. Oehlschlager, A C , Czyzewska, E Tetrahedron Lett 1983,24,5587 
11. A prehmmary account of this work was published Alexalas, A , Marek, I ,Mangeney, P , Normant J F 

Tetrahedron Lett 1989,30,2387 and 2391 

12. 1% NMR 1s the only way to dlstmgulsh easily the two dlastereomers 3A and 3B Altemanvely, 

acetylatlon of 3A and 3B allows their separatton by G C on capillary column (SE 30 column) 

13. Goenng, H L , Undenner, T L J Org Chem 1990,55,2757 and references cited therem 

14. a) Crandall J K , Batal D J Org Chem 1988,53, 1340 

b) Kim, S J , Cha J Tetrahedron Lett 1988,28,5613 

c) Olsson, L I , Claesson, A Synthesu 1979, 743 
d) Delalr, T , Doutheau, A , Gor6 J Bull Sot Chum Fr 1988, 125 

15 Fan, C , Cazes B , Tetrahedron Lett 1988,29,1701 

16. Magd, R Tetrahedron 1980,36, 1901 

17. a) Llpshutz, B H Synletr 1990, 119 and references cited therem 

b) Ashby, E C , Lm, J J J Org Chem 1977,47, 2805 

18. a) Creary, X J Am Chem Sot 1977,99,7632 

b) Pearson, N R , Hahn, G , Zwelfel, G J Org Chem 1982,47, 3364 

c) Lmstrumelle, G , Mlchelot, D J Chem Sac , Chem Comm 1975,561 

19. a) Muslero\Klcz, S , Wroblewskl, A E Tetrahedron 1978,34,461 
b) Kresze, G , Runge, W , Klolmstem, L Llebrgs Ann Chem 1976,6, 64 

20. Jaffe, F J Organomet Chem 1970,23 

2 1 a) Neglshl, E I Act Chem Res 1982,15, 340 

b) Marek, I , Alexakls, A , Mangeney, P unpublished result 

22 a) Van Kruchten, E M G A , Haas, A , Okamura, W H Tetrahedron Lett 1983,24,3939 

b) Van Dqick, LA , Lankwerden, B J , Vermeer, J G C M , Weber, A J M Rewed Trav Chum 

Pays-Bus 1983,24, 3939 

23 Barret, P , Ban-elm, E , Greene, A E , Luche, J L , Telxelra, M A , CrabbC, P Tetrahedron 1971, 
35,293l 

24 Carlson, R G , Cox, W W J Org Chem 1977,42,2382 

25. Suga, K , Watanabe, S , Suzuki, T Can J Chem 1968,46, 3041 

26. Hurd, C D , Jones, R N J Am Chem Sot 1934,56, 1924 

27. Mantlone, R CR Acad Su Purls Ser C 1967,264, 1668 
28 Mahnovskl, M C , Knvosheeva, N G , Dryuk, V G , Khmel, M P , Yudasma, A G Zh Obshch 

Khrm 1971,41, 1760 

29. Schreurs, P H M , Jong, A J , Brandsma, L Ret Trav Chum Pays-Bus 1976,95,75 
30 Elchmger, K , Berbalk, H , Mochat, E , Winner, J , J Chem Res Synop 1983,7, 167 

3 1. Knvosheeva, N G , Dryuk, V G , Yudashma, A G , Khmel, M P , Malmovskl, M S Vopr Khtm 
Tekhnol 1974,34, 3 

32 Zwelfel, G Org Reactions 1984,32, 375 


