Tetrahedron Vol 47,No 9,pp 1677-1696, 1991 0040-4020/91 $3 00+ 00
Printed in Great Britain © 1991 Pergamon Press plc

DIASTEREOSELECTIVE SYN OR ANTI OPENING OF PROPARGYLIC EPOXIDES.
SYNTHESIS OF o-ALLENIC ALCOHOLS

A. Alexakis®, 1. Marek, P. Mangeney and J.F. Normant.

Laboratoire de Chimie des Organoéléments, Umversité P et M Curie, CNRS URA 473
Tour 44-45, 4 Place Jussieu, 75232 Pans Cedex 05, France

(Recewved in Belgium 16 November 1990)

Abstract Propargylic epoxides easily react with Grignard reagents and catalync
amounts of copper(l) salt to afford a-allenic alcohols The reaction is highly
diastereoselective and its stereochemical outcome ($yn or anti isomer) can be fully
controlled The syn diastereomer, probably arising through an addition-elimination
mechanmism, i1s better obtained with RMgCl and copper(I) bromide, whereas the gnti
diastereomer, 1s better obtained with RMgBr and a complexed copper() salt With RLi
and a catalytic amount of copper salt, phenethynyl cyclohexene oxide reacts through
reductive ithianon, affording, stereoselecnvely, an allenyl lithium reagent

INTRODUCTION

The opening of epoxides by carbon nucleophiles 1s a common reaction 1n organic synthesis Among these
carbon nucleophiles, organocopper and cuprate reagents are the most widely used ! In the case of propargyhc
epoxides the reaction affords a-allemc alcohols 2 It was shown, later on, that the same result could be obtained
with Grignard reagents and a catalytic amount of copper(I) salt instead of the stoichiometric organocopper
reagent 3 Since then, a great number of o-allenic alcohols were prepared 1n this way,* as intermediates 1n multi-
step syntheses or as target molecules for their biological interest

The stereochemical course of this reaction was also shown to be an ant: overall process,3 through a
postulated Culll intermediate, on the basis of analogies with other propargylic substrates having a good leaving
groupb (OAc, OCOR, OSO5R, OSOR, halogen etc ) Support to this mechamsm can be found from the fact that

Ortiz de Montellano? obtained as major by-product an unsubstituted allenol Such reduction by-products are
typical of a Culll intermediate
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We have, for our part, disclosed another mechanism for the formation of allenes from propargylic ethers
and stoichiometric organocopper reagents a syn addition across the triple bond, followed by a p-ehmination 7-8
In the cuprocatalyzed Gnignard version of this reaction,? this f-elimination step 1s crucial for the stereochenical
outcome With RMgBr and RMgl 1t 1s mainly an anni B-elimination, whereas with RMgCl 1t 1s marnly a syn B-
elimination In the first case the allene results from an overall anti SN2 displacement of the propargylic ether,
whereas 1n the second the allene results from an overall syn SN2 displacement

x=c M _ P syn

B’ "H
. 'BU Buvgx Bu - M Bu
oﬁg 5% CuX W}H
Me
Bu\ ,Bu ANTI
X=1  w

Scheme 2

This "halogen effect” operates only when an addition-ehmination mechanism 1s involved It 1s completely
mefficient on a reaction proceeding through a Culll intermediate 9% If the reaction wath propargyhc epoxides
proceeds through the latter mechamsm, leading to a-allenic alcohols, 1t should be insensitive to a "halogen
effect” If, however, one considers that epoxides are a special kind of ethers, then, an addition-elimination
mechamsm could be operative as well Therefore a "halogen effect” could influence the steric course of the
reactton In this context, 1t was not surprising to find a recent report in the litterature concerning a non-
stereoselective reaction of propargylic epoxide with a cuprate reagent 10

Hi, CH,OH " Y H,':‘ <CH20H o H,,; <CH20H
:—% R> ‘\‘H o H#=<H o
SYN ANTI
RLuMgX 60 40
R,Culs, Me,S 4 96
Scheme 3

Ths result may be understood 1f the addition-elimination path 1s the predominant one 1n this reaction We
report herein our full results concerning this study which shows that, indeed, the addition-elimination mechanism
predomnates 1n the cuprocatalyzed Grignard reaction, whereas a Culll intermediate seems more plausible with
organolithium derived stoichiometric organocuprate reagents 11
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RESULTS AND DISCUSSION

Optimization studies.

Our first experiments were done with ethynyl cyclohexene oxide 1 as model epoxide Indeed, 1n an early
attempt, we reacted 1 with EtyCuL1 under the conditions described by Ortiz de Montellano? and we obtained the
same result as him, considering the amount of reduction 2 and alkylation product 3A + 3B However, upon
examnation of the 13C NMR spectrum!2 1t was clear that two alkylation products were present (in the ratio
81 19) In view of the known propensity of organocopper reagents to promote preferential anti substitution,1.13
we ascribed to the major 1somer 3A the anai configuration

Et, H H, Bt
0 H H H
Et.
Et,Cull  + 20 + +
1 2 3A 3B

33% 81% 18%

54%

Scheme 4

It, thus, appears that ethyny! cyclohexene oxide 1 1s an adequate model for our study since the ann and syr
stereoisomers are well distinguished by 13C NMR, or by G C on the acetates We first started with the
optimzation of the experimental condinon leading to the an: diastereomer, having 1n mind that, for propargylic
ethers,? these best conditions require  a) a good ligand to copper and b) a Gnignard reagent RMgX with X =1 or
Br The results are quoted 1n table 1

It appears that the reaction 1s not always very clean Several by-products are formed among which some
were 1dentified by their characteristic NMR signal, but were not 1solated The most important are the reduction
allenol 2 and the product of direct opening of the epoxide, 5, having presumably the following configuration

Bu,
OH

The best stereoisomeric ratio was, as expected, obtained with two equivalents of higand (per Cu salt) instead
of one, and with PBu3 or P(NMe3)3 as higand PBuj was preferred because the reaction mixture remained
homogeneous throughout the reaction Finally 1t should be noticed that the directing effect of the higand
overcomes the nature of X i1n RMgX, since butyl magnesium chloride and iodide behave as the corresponding
bromides (as far as the ann /syn ratio 1s concerned) Compared to propargylic ethers, the reaction of
propargylic epoxides 1s much faster, being completed 1n a few minutes at -50° to -30°C In no instance was 1t
possible to 1solate any adduct, such as 6 (scheme 5), which, anyway, would be too unstable , the B-ehmunation 1n
such a strained molecule should be very fast
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Scheme 5

From the above results 1t 1s not possible to draw any conclusion concerming a Culll process or an addition-
elimination one Reactions where the syn process would predominate would be more indicative of an addition-
elimination mechamism It immediately turned out that the syn process was indeed a viable pathway We
modified, then, the experimental conditions to get synthetically interesting levels of diastereoselection These
optimization results are quoted 1n table I

Table I: Optumuzation of the anti process

Bu, H H, ,Bu
0 BuMgX Bu,
2 eq BuMg. OH R OH . O
5% CuBr, Ligand
Et,0/ -50°C to -20°C, 1h
4 A 4B 5
"ANTI" "SYN"
Entry RMgX Ligand Antl / Syn@ yleigP By-products
%

1 BuMgBr 2P(OEt)3 46/54 95%

2 BuMgBr P(NMe2)3 99/1 52% 5 (30%)

3 BuMgBr 2P(NMe2)3 100/0 75% 5 (10%) +
2 (5%)

4 BuMgBr PBug 88/12 50% 5 (25%) +
2 (10%)

5 BuMgBr 2PBug3 100/0 74% 5 (18%)

6 BuMgCI 2PBug 94/6 45% several

7 BuMgl 2PBug 90/10 31% several

a) the syn/anti ratio was determined by T3¢ NMR spectroscopy It is also possible to distinguish the
two corresponding acetates on capillary glass GC (OV 101 column, 25 m)
b) Yield of isolated matenal, by column chromatography on SiO2
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Table IT : Opumizanion of the syrn process

By, H H% Bu
2 6q BuMgCl OH OH
5% CuBr, L *
Solvent (additive)
Et;0/ -50°C to -20°C, 1h 4A 48
"ANT‘” "SYN"
Entry CuX Ligand Solvent Additive® Antl / SynP Yield®
%
1 CuBr 2P(OEY)3 Et20 - 41/59 quant
2 CuBr - Et20 - 35/65 72%
3 CuBr - benzene - 20/80 48%
4 CuBr - Et20 1eq TMSCIi 24/74 82%
5 CuCli - Et20 1eq TMSCI 29/71 quant
6 CuCN - Et20 1eq TMSCI 38/62 quant
7 CuSPh - EtpO 1eq TMSCI 37/63 quant
8 CuBr - EtoO/pentane | (1eq TMSCH 12/88 quant
9 CuBr - Et20 - 10/80 84%4
a) The amount of additive Is related to the epoxide
b) Same as a) in table |
c) Yield of isolated allencl 4A + 4B When quantitatve, the yield was determined by G C with undecane as internal
standard
d} The reaction needs to be warmedio 0°Clor2 h

Furst of all, any hgand has a deleterious effect on the amount of the syn adduct 4B Without ligand, the
reaction 1s as fast and more syn selective The solvent plays a role, since a reaction run in benzene (with BuMgCl
1n benzene) gave a 20/80 anu /syn ratio , however the chemical yield 1s poor As with propargylic ethers,? the
addition of one equivalent of rimethylsilylchlonide (TMSCH) greatly improves the syn selecuvity It may act by
mcreasing the concentration of MgCly salts or by removing the alcoholate from the Grignard aggregate, or both ,
1ts exact role cannot presently be ascertained
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OSMegy

BuMgCl! TMSCI + MgClh

5% CuX

Scheme 6

A higher syn selectivity was unsuccessfully sought by changing the copper salt (entries 5-7) On the other
hand we had more success by combining TMSCI and a lower overall basicity of the reaction medium, using a
50/50 muxture of Et20 and pentane After our study was completed, we observed, first in the case of phenethynyl
cyclohexene oxide 9, and then 1n all the cases of terminal acetylenic epoxides, that the reaction could be achieved
without Cu salt at all ! Moreover 1t was the best way to obtamn a very high syn selectivity ' The conclusion of this
discovery was not that Cul salts were completely useless In fact, the reactions without Cu! salts were very slow
(1-2 h at 0°C to room temperature) and impossible with substituted alkynes

The conclusion of these studies were quite puzzling, mechamstically It seems that both a Culll mechanism
and an addition-elimination mechanism are operative as well as a direct SN' substitution by the Gnignard reagent
utself Nevertheless the synthetic interest of this stereochemical control motivated our further studies Thus,
having established the best conditions of a highly diastereoselective reaction we examined its scope and
hmitations

Scope and limitations

Allemc alcohols are quite interesting synthons 1n that they contain highly condensed stereochemical
information 4 Thus, they may be oxidized on the allenic skeleton to afford, among others, cyclopentenone
denivatves,14 or stereoselectively alkylated 15 We sought, through a senies of various epoxide,’ to generahze our
diastereoselective openming Thus, substituted alkynyl cyclohexene oxides 7, 8 and 9 as well as their non-
substituted congener 1 were tested against various Grignard reagents under both our best anfi and syn
conditions The results are quoted 1n table HI

The anti process 1s always highly or completely diastereoslective On the other hand, the syn process 1s
equally selective, except for phenethynyl cyclohexene oxide 9 where 3 1to 5 1 mixtures were obtained It
should also be noted that 1n only one instance, 20A and 20B, the diastereomers could not be distinguished by
erther 13C NMR or by G C on the acetates In all the other cases 1t was possible to get accurate determination of
the 1somer ratio Thus, both diastereoisomers of an allenic alcohol can thus be obtained at will

It was of 1nterest to check if this stereochemical control was also operative 1n the acyclic series To this end,
we synthesized the following 1somenic epoxides?! 25E and 25Z according to the sequence shown 1 scheme 7
This hagh yielding preparation affords both 1somers 1n a very high state of punity (> 99%) 21b
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Table III : Reaction with vanous epoxides according to an anti or syn process

R R, R R A

s, ",

(3

e}

R'Mgx

ANTI PROCESS A

OH

SYN PROCESS B

Epoxide R' |Product| Anti / Syn® yleld | Product | Anti/ Synb | yleld
A/B % A/B %
Me 10A - - 10B (5/95)¢ (91)
|| Bu 4A 100/0 74 4B 12/88 100
o (10/90)° (84)
! ej IPr 11A 100/0 72 11B 10/90 80
tBu 12A 96/4 78 12B 6/94 100
(15/85)C (78)
Ph 13A 95/5 60 13B (4/96)C (0)
Me Bu 14A 100/0 65 148 18/82 100
I 1Pr 15A 100/0 80 15B 16/84 100
! | tBu 16A 95/5 98 16B 6/94 100
Ph 17A 100/0 80
Me,St Me 18A 98/2 83 188 8/92 61
I iPr 19A 95/5 91 19B 4/96 95
® \u tBu | 20A d 98 208 d 92
Ph 21A 99/1 87
i Bu 22A 100/0 as5 228 50/50 85
| | (20/80)¢ (53)
° 9 iPr 23A 100/0 50 238 25/75 84
tBu 244 97/3 92 24B 15/85 86

a) antiprocess 2eq RMgBr+ 5% CuBr 2PBug + epoxide in E120

b) synprocess 2eq RMgCl+ 5% CuBr+ 1 eq MesSICi + epoxide in EtzO/pentane
¢) modified synprocess 2 eq RMgCl+ 1 eq Me3SICl + epoxide in Etp0

d) the two diastereomers were not distinguished by any analytical method
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1) MeLi LiBr/THF

2) ZnBr,
MogSi—==—SMe, Doy MegS—m=— 1) mCPBA
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Scheme 7

These two epoxides were expected to give the same diastereomer when reacted under respectvely an ann
and syn process The same should be true if we reverse the experimental conditions as summanzed 1n scheme 8

Hex,"
SYN H, H ANTI
A
Hex,, H H,, Hex
& H %‘“ H
Hex, H
R Lo
ANTI * H SYN
H’ “H
Scheme 8

The results are in complete agreement with our expectations and they are listed 1n table IV In all cases high
selectivities and yields are obtained It should, however, be noted that, with trans epoxide 25E the selectivities
are higher, particularly for the syn process The most striking results are those without any copper salt, where,
here again, a "halogen effect” appears (compare entries 1 and 2 , and 6 and 7) , moreover, this effect 1s much
stronger with c1s epoxide 257 than with 1ts trans counterpart These results are quite difficult to rationalize,
although the steric requirement of these substrates seem to be of crucial importance

Ths steric control 1s, 1n fact, the dommant factor when working 1n the steroid senies 22 Thus epoxide 28
was treated under our syn and anti conditions In both cases the syn product 29A was obtained, exclustvely 1n
the former case or predominently in the latter one Indeed, an anti process mmplies an attack from the B face, the
most stertcally hindered one Finally, 1n a last attempt to obtamn the annt 1somer 29B, we reacted epoxide 28 with
MeCulr, 1n this case the reduction product 30 was the major one (see scheme 9)
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Table IV.: Reactions with aliphatic epoxides.

1685

Hex, H
o %‘-
A - R, o .
= Et,0 W N
R Pent 26A
R tBu 274
Epoxide Entry Condlitions yleld Products Antl / Syn
%
1 PentMgCl 92% 26A . 26B 81/19
Hex, 2 PentMgBr 91% 26A . 26B 38/62
DO 3 PentMgBr + 5%CuBr,2PBuj 90% 26A 26B 10/90
V4 4 1BuMgCl 93% 27A : 278 83/17
252 5 tBuMgBr + 5%CuBr,2PBu3 84% 27A 27C 98/2
6 PentMgCl 94% 26A 26B 4/96
é:‘ 7 PentMgBr 93% 26A - 26B 14/86
. 8 PentMgBr + 5%CuBr,2PBu3 80% 26A : 26B 96/4
4 9 tBuMgClI 92% 27A . 27B 6/94
25E 10 {BuMgBr + 5%CuBr,2PBu3s 89% 27A : 278 98/2
MB:,, H H’h, M
4 SOH | ~OH 4 ~OH
BM / Soivent
MeO
28 29A 29B 30 Yield
MeMgCl/ E,0 { 60 0 40) 42%
MeMgBr + 5% CuBr 2PBug/ Et,O { 60 12 28) 78%
MeCuli 7 Et,0 ( 15 0 85) 86%
Scheme 9

With the example of this epoxide, we encounter the limuts of the stereochemucal control by an external
factor Here the stenic bias of the molecule imposes its rule and the fraction of the reachon which occurs through a
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Culll intermediate prefers to collapse by reductive elimination 1nto the reduction product 30 rather than the ana
one 29B

Reductive lithiation

In the course of these studies we were also interested by the behaviour of organolithium reagents towards
propargylic epoxides, 1n the presence of Cul salts. Although cuprocatalyzed reactions are not usually performed
with such reagents,16 we have already published a notable exception 1n the case of allylic epoxides. During the
present study we observed a very clean reaction of phenethynyl cyclohexene oxide 9 and BulL, in the presence of
5% CuBr-2PBu3 1n Et0 as well as 1n THF. After hydrolysis, the already known allenol 13B was obtained
quantitatively, with 90% diastereoselectivity, instead of the expected butylated product 22 (scheme 10).

(D)

Ph Ph
I  fr
O Li H
2 Buli LiBr H20
5% CuBr , 2 PBu, (D;0)
Et,0
9 31 13B
Scheme 10

That an mtermediate organometallic reagent was involved was shown by deuteration with D20, giving
100% deuterated 13B Such reduction products have already been obtained 1n a simular reaction by Ortiz de
Montellano,2 and by P Crabbé and A E Greene,23 but with stoichiometric amounts of Cul salts (R2CuLa). Their
formation 1s generally interpreted as typically involving Culll intermediatesS (see scheme 1) In our case, where
only 5% of Cul salt 15 present, 31 has to be an organolithium reagent, whose formation may be tentatively

accounted by the following catalyuc cycle
%

BuCu BUZCI.ILi Ph

Li, ,Ph i

il o

OLi é
BulLi Bu
Cu., ,Ph Jcu, ,Ph
Bu |
OLi OLi
Bu-Bu

Scheme 11
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The contrathermodynamic formation of 31Li from 31Cu mught not be as simplistically formulated and
should mvolve several equilibrated cuprate and higher order cuprate species 17 As for the stereochemical
outcome, 1t 1nvolves an ann displacement of the epoxide by the cuprate species, 1n agreement with usual
organocopper chermistry What 1s more unusual 1s the stereochemical stability of the lithium intermediate 31Li.

This reductive hithiation cannot be generalized to other propargylic epoxides Indeed monosubstituted
alkynes are metallated, whereas disubstituted ones may undergo basic elimination and polymerisation of the

resulting cumulene
_ 5 Z > Bul, 5% Cubr 2PBus | OO
— I —
Q H
_ iz > Buli, 5% CuBr 2PBu,
R R

Scheme 12

Despute the lack of generalisation of this particular reaction, the lithiated intermediate 31 reacts normally and
diastereoselectively with various electrophiles (scheme 13)

Me, ,Ph Ph o)
OH Mel 002 & H
Lia, Ph
17B OL; 35
MeS, Ph 31 Ph
OH
H
OH —_— j"’ OH
MeSSMe PhcHO P
34 36
Scheme 13

Thus, the alkylation!8 with Me! afforded 17B 1n 93% yield and 90% dhastereoselectivity The comparison
with 1ts 1somer 17A allowed a defimte proof of stereochemistry The reaction wath a disulfide is known to occur
at the allenic certer,18 and, indeed, we obtamed the allenic sulfide 34 (drasteromeric punty 90%), whose
structure 1s assumed to be the one shown In the reaction with CO , the resulting allemc acid undergoes
cychzation 1nto the lactone!9 35, duning the acid-base treatment A single 1somer was obtained
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Finally, on the basis of known studies, 184,20 the reaction with benzaldehyde was expected to occur from
the propargylic site of the organometallic reagent 31Li We, indeed, obtained a single compound 1n 88% 1solated
yield That means that attack at the carbonyl of benzaldehyde also occured diastereoselectively, as shown 1n the

scheme 14
Ph
Pfl=<OH Me_ OMe
OH H Mé’ \OMe
36
Scheme 14

The stereochemustry of 36 was ascertained by transforming 1t into the cyclic ketal 37 and two dimensional
NMR techmques (NOESY)

CONCLUSION

The fact that 1t 15 possible to control the stereochemical course of the above reactions through a "halogen
effect” 1s indicative of an additton-elimination mechanism However, 1t seems that the "Culll pathway" 1s also
operative when an ann overall process 1s involved The reduction allenol 1s usually a good sign that, indeed, such
a process occurs The reactions with stoichiometric lizhium cuprates are particularly sensitive to this mechanism
and the described Cul catalyzed reductive metallation of a propargylic epoxide has to be explamed through this
way Nevertheless, this stereochemucal control of the reaction 1s of particular synthetic importance, since from the
same epoxide 1t 15 possible to obtain, at will, exther the R*,R* or the R*,S* allenol, These findings are even more
interesting when considered 1n the homochiral senes which 1s accessible through Sharpless epoxidation

EXPERIMENTAL PART

1H and 13C NMR spectra were recorded on a Jeol FX 90 Q or a Brucker AC 200 apparatus (CDCl3 , & ppm from
TMS) IR spectra were obtained on a Perkin-Elmer 1420 spectrometer (neat, cm-1) GLPC analyses were
performed on a Carlo Erba chromatograph model G1 and 2150 using a 3 m glass column (10% SE 30 on
silanized 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 Hitach1 D2000 Melting points were taken on a Buchh SMP-20
apparatus and are uncorrected Optical rotations were measured with a Perkin-Elmer 141 polanimeter

Starting materials.

1-Ethynylcyclohexene. To a cold (0°C) solution of 1-ethynylcyclohexanol (0 25 mol, 32 g) in pyndine (200
mL) maintained under nitrogen was added, with stirring, phosphorous oxychlonde POCI3 over a 30 min penod
The reaction mixture was allowed to warm to room temperature, stirred for 15 h, and then heated to 70°C for 1 h
After cooling, ice (200 g) was added, the layers were separated, and the aqueous layer was extracted with ether
The combined ether extracts were washed with 10% hydrochloric acid water, and saturated aqueous sodium
bicarbonate solution, dned (MgSQO4) and concentrated Distillation affords 21,74 g (82%) of a colorless hqud
bp 71-72°C (60 mm) [Latt24 60°C (30 mm)} IR 3300, 3030, 2940, 2860, 2840, 2100, 1630, 1440 and
930 1H NMR 6,2 (m,1H), 275 (s,1H), 2 2-1 8 (m,4H), 17-1 4 (m,4H) 13C NMR 1362, 120, 856,
744, 291,256,273, 215
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1-Phenethynyl cyclohexanol. To a solution of phenylacetylene (50 mmol, 5 1 g) in THF (100 mL) was
added slowly at -40°C, MeL1 LiBr (50 mmol, 41 6 mL) Thereafter, the cooling bath was removed and stirring
was continued for 1 h at room temperature Then, cyclohexanone (50 mmol, 49 g) was added dropwise at -
40°C The temperature of the mixture was maintained between -40°C and -20°C dunng 1 hour, and allowed to
warm to room temperature (ca 1 h) and water (130 mL) was added The layers were separated, the aqueous
phase extracted with ether, and the combined orgamc phases dried (MgSQO4) and concentrated under vacuum to
afford the crude product (9,1 g) which 1s distilled through a Vigreux column to afford 8 8 g of pure material
(88% yield) bp  106°C(0 4 mm) [Latt25 115°C (3 mm)] IR 3320, 2240, 1580, 1070, 750, 690 TH NMR
7 6-72 (m, 5H), 2 5 (s, 1H), 2 2-1 4 (m, 10H)

1-Phenethynyl cyclohexene. Using the procedure described for the preparation of ethynylcyclohexene from
1-ethynyl cyclohexanol Distillation of the crude product gave a colorless hiquid (73% yield) bp 106°C (06
mm) [Latt26 167°C (16 mm)] IR 2195, 1594, 1488, 1435, 753, 688 1H NMR 7 4, 7 (m, 5H), 6 2 (m,
1H), 2 4-2 (m, 4H), 1 8-14 (m, 4H) 13C NMR 1348, 1313, 1281, 1276, 1239, 1208, 913, 869,
293,258,224,216

1-Propynyl cyclohexene. To a solution of 1-ethynyl-cyclohexene (50 mmol, 5 3 g) in methylene chloride
(100 mL) at -40°C, was added dropwise over a 30 mn period a solution of MeL1 LiBr, (50 mmol, 41 6 mL)
The reaction mixture was warmed to room temperature for 1 h, and then, at -40°C, was slowly added
10domethane (55mmol, 3 42 mL) After the addition was completed, the mixture was stured 12 h at room
temperature and hydrolyzed with satured aqueous NH4Cl solution (100 mL) The layers were separated, the
water layer extracted with ether and the organic layers dried (Na2CQOs) and concentrated under vacuum to afford
the crude product (4 7 g) which 1s distilled to give 4 4 g of pure matenial (72% yield) , bp  72°C (12 mm) [Latt27
68°C (10 mm)] 'H NMR 6 (m, 1H), 21-19 (m, 4H), 1 8 (s, 3H), 1 7-1 5 (m, 4H) 13C NMR 1249,
1133,79, 73,216, 186, 145, 138,45

1-Trimethylsilyl ethynyl cyclohexene?8. Using the procedure described above for the preparation of 1-
propynyl-cyclohexene, 1-ethynylcyclohexene (50 mmol, 5 3 g) gave 7 g (79% yield) of pure 1-trimethylsilyl
ethynyl cyclohexene , bp 110°C (12 mm) !H NMR 6 (m, 1H), 2 1-19 (m, 4H), 1 7-15 (m, 4H), 01 (s,
9H) I3CNMR 1371,1226, 1089,941,308,273,24,232,-03

General procedure for the preparation of acetylenic epoxides

1-Ethynyl-7-oxabicyclo [4.1.0] heptane 124, To a solution of ethynylcyclohexene (04 mol, 435 g) in
methylene chlonde (100 mL) at 0°C was added over a 30 mun period, a solution of m-chloroperbenzoic acid (0 5
mol, 86 2 g) in methylene chlonde (150 mL) The reaction mixture was stirred at 0°C for 15 min and at room
temperature for 1h30 Sodium sulfite solution (10%) was added until the reaction mixture gave a negative test to
starch-1odide paper Aqueous sodium bicarbonate solution was carefully added, the layers separated, and the
organic layer washed with saturated aqueous sodium bicarbonate and water, dried (NapSQOy), and concentrated
under vacuum to give 38 7 g of a yellow liqmd which was distilled through a Vigreux column to afford 38 g of
pure matenal (78% yield) , bp 33°C (0 4 mm) {Lit24 70°C (15 mm)] IR 3300, 2910, 2870, 2690, 1440 1H
NMR 335(, 1H,J=45Hz),24 (s, 1H), 21-17 (m, 4H), 1 5-11 (m, 4H) 13CNMR 841,702, 59 4,
496, 299, 293, 23,9, 192, 187

1-Propynyl-7-oxabicyclo [4 1.0] heptane 729, Using the procedure described for the preparation of 1,
a 58% yield was obtained for the compound 7, bp 36°C (2 mm) [Litt29 88°C (20 mm)] H NMR 325 (t,

1H, ] = 224 Hz), 22-18 (m, 4H), 1 8 (s, 3H), 1 6-12 (m, 4H) 13C NMR 797, 78, 596, 502, 299,
241,193, 188,322

1-(2-trimethylsilylethynyl)-7-oxabicyclo [4.1.0] heptane 831. Using the procedure described for the
preparation of 1, a 77% yield was obtained for the preparation of 8, bp 75°C (4,5mm) IHNMR 33, 1H,J

T9234 Hz), 22-16 (m, 4H), 1 5-11 (m, 4H), 01 (s, 9H) 13C NMR 1059, 866, 599, 501, 295, 24 1,
, 187,01

1-(2-phenylethynyl)-7-oxabicyclo [4.1.0] heptane 93?. Using the procedure described for the
preparation of 1, a 63% yield was obtained for the preparation of 9 , punfied by chromatography [$107,
cyclohexane/Et;0  90/10] 'H NMR 7 6-7 2 (m, 5H), 3 45 (m, 1H), 2 4-1 8 (m, 4H), 1 6-1 (m, 4H) 13C
NMR 1317, 1284, 1282,1222,898,819,601,504,294,242,192,181
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Synthesis of alicyclic a-hydroxyallenes

Stoichiometric procedure. A slurry of CuBr (5 7 mmol, 817 mg) in EtHO (30 mL) 15 cooled to -40°C, and,
then, a solution of Etl1 LiBr (IN 1n Et20, 11 4 mmol, 11 4 mL) was added The temperature was kept at -30°C
for 30 min After cooling to -60°C, a solution of 1-ethynyl-7-oxabicyclo [4 1 0] heptane 1 (5 7 mmol 695 mg) 1n
EtyO (10mL) was added. The muixture was stirred at -40°C for 1h30 and the quantitatnve formation of the adduct 2
and 3 was checked by G C The hydrolysis was done with a mixture of aqueous NH3 (1 part) and saturated
aqueous NH4Cl (4 parts) (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/NH4Cl (3 x 50 mL), then dned over MgSOy4
and concentrated 1n vacuo The residue was distlled to afford 33% of 2 [bp = 50°C, (12mm)] and 54% of 3 [bp
=60°C, (12mm)]

Anti catalytic process. To a solution of propargylic epoxide (3 mmol) i ether (20 mL) was added a solution
of CuBr2PBu3 (IN sol n ether, 0 15 mmol) The mixture was cooled to -50°C and the Grignard reagent
RMgBr (2 eq, 6 mmol) was rapidly introduced The temperature 1s allowed to rise slowly and the reaction was
followed by G C The muxture was hydrolyzed, worked up and purified as described for the storchiometric
procedure The residue was chromatographied on S1O; (eluent cyclohexane/ether 70/30)

Syn catalytic process. To a solution of progargyllc epoxide (3 mmol) 1n a mixture of solvent [ether (15 mL),
pentane (15 mL)] was added 5% of CuBr (20 mg, 0 15 mmol) The temperature was kept to -50°C, then, one
equivalent of chlorotrimethyisilane (0 38 mL., 3 mmol) was added and after 5 mun, two equivalents (6 mmol) of
RMgCI/Et20 were rapidly introduced The cooling bath was slowly removed and the reaction was followed by
G C The muxture was hydrolyzed, worked up and punified as described for the stoichiometric procedure The
residue was chromatographied on S107 (eluent cyclohexane/ether 70/30)

Modified syn process : (Grignard reagent without copper catalysis). To a solution of 1-ethynyl-7-
oxabicyclo [4 1 0] heptane (3 mmol) 1n ether (50 mL) were added, at -50°C, two equivalents (6 mmol) of
RMgCI/Et20 and, then, the temperature was allowed to nise The mixture 1s sturred at 20°C for 3 hours, then,
hydrolyzed, worked up and purnified as usual

Spectroscopic data of the obtained a-hydroxyallenes

(R*.S*)-2-propenyhidene-1-cyclohexanol 10B3. IR 3420, 2915, 2850, 1955, 1450 !H NMR 5 4(m,
1H), 4(m, 1H), 2 4-1 1(m, 9H), 1 8(s, 3H) 13C NMR 1963, 107 1, 89 3, 69, 359, 29 8, 269, 236, 152

(8%, S*)-2-propenylidene-1-cyclohexanol 3JA. IR 3400, 2915, 1965, 1450, 980 1H NMR 5 4(m,
1H), 4 (m, 1H), 2 4-1 20(m, 10H), 10(t,3H, J= 73 Hz) 13C NMR 1964, 108 7, 964, 68 8, 357, 29 4,
265,236,219,163

(R*, S*)-2 propenylhidene-1-cyclohexanol 3B IR 3400, 2915, 1965, 1450, 980 'H NMR 54 (m,
1H), 4 (m, 1H), 24-12 (m, 10H), 10 (1, 3H, J=73 Hz) 13C NMR 1959, 1081, 957, 68 8, 29, 26 5,
228,219,163

(S*, _S*)-2 hexenvlidene-1-cyclohexanol 4A% IR 3400, 2920, 2860, 1960, 1440 'H NMR 54 (m,
1H), 4 (m, 1H), 23 (m, 3H), 22-11 (m, 11H), 09 (1, 3H, ] =73 Hz) 13C NMR 198, 1098, 970, 714,
384,338,322,315,295,258,246, 163

(R*, $*)-2-hexenylidene-1-cyclohexanol 4B5 1H NMR 54 (m, 1H), 4 (m, 1H), 23 (m, 3H), 2 2-
11(m, 11H),09 (t, 3H,J =73 Hz) 13C NMR 1978, 1104, 975, 714, 386, 337, 325, 315, 29 5,
262,246,163

(8* $%)-2-(3-methylbutenvlidene)-1-cvelohexanel 11A IR 3400, 2930, 2860, 1965, 1435 1H
NMR 54 (m, 1H), 4 (m, 1H), 235 (m, 2H), 1 (d, 6H, J = 675 Hz), 2 1-1 2 (m, 7H) 13C NMR 1937,
1090, 1030, 690, 361, 300, 269, 236, 28 6, 227 Anal calcd for C11H130 (166 265) C 7946 , H
1091, Found C7947,H 1089,
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(R*, §*)-2-(3-methylbutenylidene)-1-cyclohexanol 11B IR 3400, 2930, 2860, 1965, 1435 !H
NMR 54 (m, 1H), 4 (m, 1H), 235 (m, 2H), 1 (d, 6H, ] = 6 75 Hz), 21-12 (m, TH) 13C NMR 1930,
1097, 103 8, 66 8, 36 5, 30 4, 27, 24,282,225

(S*, §$*)-2-(3.3-dimethylbutenvlidene)-1-cyclohexanol 12AS IR 3390, 2940, 2860, 1970, 1460,
1440 'H NMR 535 (m, 1H), 4 (m, 1H), 235 (m, 1H), 11 (s, Sh), 21-11 (m, 7H) 13C NMR 1927,
1089, 106 3, 66 8, 357,321,301, 294, 268,229

(R*._S*)-2-(3.3-dimethvibutenylidene)-1-cvclohexanol 12BS IR 3390, 2940, 2860, 1970, 1460,
144 'TH NMR 535 (m, 1H), 4 (m, 1H), 235 (m, 1H), 11 (s, 9H), 21-11 (m, 7H) 13C NMR 1909,
1084, 106 3, 668, 357,321,301, 294,268,229

S*,_S*)-2-(2-phenylethenylidene)-1-cyclohexanol 13A5 IR 3440, 2920, 2840, 1940, 1595, 1490,
1440 THNMR 75-7 1 (m, 5H), 6 35 (m, 1H), 4 1 (dd, 1H, J =4 4 Hz, ] =29 Hz), 2 5 (m, 9H) 13C NMR
1971, 1352, 1287, 127 1, 126 8, 111 5, 98, 69 4, 36, 29 6, 26 8, 23 4

(R*,_S*)-2-(2-phenvlethenvlidene)-1-cvclohexanol 13B5 IR , 3440, 2920, 2840, 1940, 1595, 1490,
1440 THNMR 75-7 1 (m, 5H), 6.35 (m, 1H), 4 1 (dd, 1H, J =44 Hz, ] =29 Hz), 2 5 (m, 9H) 13C NMR
196 4, 135, 128 6, 127, 126 6, 1123, 98 5, 69 5, 36 8, 300, 27 2, 239

{S* $*)-2-(2-methylhexenylidene)-1-cyclohexanol 14A IR 3400, 2920, 2845, 1965, 1445 1H
NMR 395(dd, 1H,J =45 Hz, J =39 Hz), 24-12 (m, 15H), 18 (s, 3H), 09 (t, 3H, J = 69 Hz) 13C
NMR 1921, 1066, 103,699,358, 339,296,269,266,231,22,195,135 Anal Calcd for C3H20
(194 319) C8035,H 1141, , found C 80358, H 11 409,

(R*, R*).z.(z.mg;hgmgxgnmggng).1-ggg]gngxanm 14B IR 3400, 2920, 2845, 1965, 1445 1H
NMR 395(dd, 1H,J =45 Hz, J =39 Hz), 24-12 (m, 15H), 1 8 (s, 3H), 09 (t, 3H, J = 69 Hz) 13C
NMR 1919, 1073, 1049, 693, 365, 344,303, 30272,271, 239,202, 141

(S*, §%)-2-2,3-dunethvibutenylidene)-1-cyclohexanol 15A IR 3400, 2925, 2850, 1940, 1440 IH
NMR 4 (m, 1H), 24-11 (m, 10H), 18 (s, 3H), 1 (d, 6H, ] =67 Hz) 13C NMR = 1911, 1102, 1079,
691,361,325,299,271,234,217,184 Anal Calcd for CjoH200 (180292). C 7994 ,H 1118
found C7987,H 1127

(R*. S*)-2-(2.3-dimethylbutenvlidene)-1-cyclohexanol 1SB IR 3400, 2925, 2850, 1940, 1440 'H

NMR 4 (m, 1H), 24-11 (m, 10H), 1 8 (s, 3H), 1(d, 6H,J =67 Hz) 13C NMR 1904, 1112, 108 5,
689,366,323,306,271, 24,178,216

(S*,_§*)-2-(2,3.3-trimethylbutenylidene)-1-cyclohexanol 16A5 IR 3460, 2920, 2850, 1960, 1440
IH NMR 4 (dd, 1H, J = 39 Hz, J = 4 55Hz), 2 3-12 (m, 10H), 1 8 (s, 3H), 1 (s, 9H) 13C NMR 191 3,
1131, 107,692,361,341,299,271,234,293,157

(R*,_8§%)-2:(2,3.3-trimethylbutenylidene)-1-cyclohexanol 16B5 IR 3460, 2920, 2850, 1960, 1440
IHNMR 4(dd, 1H,J =39 Hz, ] =45 Hz), 2312(m 10H), 1 8 (s, 3H), 1 (s, 9H) 13C NMR 1905,
1140, 107 4, 686, 36 4, 337, 3 6,269, 24,292

(8%, S$*)-2-(2-phenylpropenylidene)-1-cyclohexanol 17A% IR 3410, 2930, 2840, 1950, 1640, 1440
'HNMR 74-71(m, 5H), 41 (dd, 1H,J =39 Hz, J =44 Hz), 24-14 (m, 9H), 21 (s, 3H) 13C NMR
1955, 1379, 128 4, 126 8, 1259, 109 8, 1044, 69 5, 36 3,29 8,27 1, 23 6, 18

(R*, S*)-2-(2-phenylpropenyhdene)-1-cyclohexanol 17B5 IR 3410, 2930, 2840, 1950, 1640, 1440
IHNMR 74-71(m, 5H), 41 (dd, 1H,] =39 Hz, J =44 Hz), 24-14 (m, 9H), 2 1 (s, 3H) 13C NMR
1952, 1378, 128 2, 126 6, 1256, 110, 104 2, 69 5, 36 2, 29, 27, 23 8, 18

(R*, S8*)-2-2-trimethvisilvipropenylidene)-1-cyclohexanol 18A IR 3440, 2920, 2850,1945,1445,
1245 TH NMR 4(dd, 1H, J = 4 5 Hz, J = 3 5 Hz), 2 45-2 25 (m, 2H), 2-1 2 (m, 7H), 1 75 (s, 3H), 05 (s,
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3H) I3C NMR 1975, 1018, 973, 686, 365,299, 27,241, 161, 05 Anal calcd for C12H22081
(210398) C6850,H 1054, found C6845, H 1065

(§*, §*)-2-(2-trimethylsilylpropenyhidene)-1-cyclohexanol 18B IR 3440, 2920, 2850, 1945,
1445, 1245 TH NMR  4(dd, 1H, J =4 5 Hz, J = 3 5 Hz), 2 45-2 25 (m, 2H), 2-1 2 (m, 7H), 1 75 (s, 3H),
05 (s, 3H) 13NMR 1982, 1006, 955, 69, 356,285,269,228,16,05

(R*,_§*)-2-(2-trimethylsilyl-3-methylbutenvlidene)-1-cyclohexanol 194 IR 3450, 2960, 2950,
2860, 1935, 1445, 1245 'THNMR 405 (dd, 1H,J =39 Hz, J=445Hz),24-13 (m, 10H), 1 1 (d, 6H,] =

679 Hz), 02 (s, 3H) I13C NMR 1966, 1098, 1043, 685, 362, 296, 237, 294, 27,238,05 Anal
caled for C14H26081 (238452) C7051,H10 99 ,found C 70 63 ,H1083

(5%, S*)-2-(2-trimethvlsilvl-3-methvibutenvlidene)-1-cvclohexanol 198 IR 3450, 2960, 2950,
2860, 1935, 1445, 1245 1HNMR 405 (dd, 1H, J =39 Hz, =4 45 Hz), 24-13 (m, 10H), 11 (d, 6H,J =
679 Hz), 02 (s, 3H) 13C NMR 1970, 109 5, 104 3, 69, 36 3,29 3,237,292,273,234,05

and 20B IR 3300, 2920, 2850, 1945, 1440, 1245 1H NMR 405(dd, 1H,J=41Hz,J=41Hz),23

(m, 2H), 2 15-13 (m, 8H), 11 (5, 9H), 02 (s, 3H) 13C NMR 1976, 1131, 1033, 690, 36 1, 352, 316,
293,27,235,15 Anal caled for C1sH28081 (252479) C7135,H1118,foundC7142,H 1115

(R*,_S§*):2-Q-trimethylsilvl 2-phenviethenvhidene)-1-cvclohexanol 21A IR 3460, 2930, 2850,
1935, 1440 THNMR 74-69 (m, 5H), 39 (dd, 1H, J =4 1 Hz, ] = 49 Hz), 3(s, 1H), 2 1-1 (m, 8H), 0 1
(s, 3H) 13C NMR 2009, 1429, 1381, 1283, 1276, 1267, 126 1, 1038, 927, 687, 359, 296, 26 5,
236,0 Anal calcd for C17H24081 (272 470) C 7493, H8 87, found C74 59, H9 98

(R*, S*)-2-(2 phenvlhexenylidene)-1-cvclohexanol 22A5 IR 3420, 2930, 2840, 1940, 1640, 1440
IHNMR 7872 (m, 5H),41(dd, 1H, J=39Hz, ] =44 Hz),24-11 (m, 15H), 09 (t, 3H, J = 69 Hz)
I3C NMR 1952, 1375, 1281, 126 6, 1258, 1107, 1089, 69 4, 364, 303, 298, 27 3, 26 6, 247, 23 3,
141

(8*, $*)-2-(2 phenylhexenvlidene)-1-cyclohexanol 22B> IR 3420, 2930, 2840, 1940, 1640, 1440
IH NMR =78-72 (m, 5H), 41 (dd, 1H,J =39 Hz, ] =44 Hz), 24-1 1 (m, 15H), 09 (1, 3H, J = 6 9 Hz)
13C NMR 1949, 1376, 128, 126 5, 1258, 111 1, 1094, 689, 36 3, 300, 29 8, 27 3, 26 6, 24 7, 23 3,
141 Anal calcd for C1gHp4O81 (284 481) C7600,H850, found C7585,H866

(R*, S*)-2-(2 phenyl 3methylbutenylidene)-1-cyclohexanol 23A5 IR 3440, 2930, 2845, 1940,
1650, 1440 THNMR 74-71 (m, 5H), 41 (dd, 1H,J =39 Hz, ] =41 Hz), 24-1 (m, 10H), 1 1 (d, 6H, J

=67Hz) 13C NMR 1944, 1373, 1316, 128 1, 1264, 116 6, 11200, 719, 36 3, 32, 29 6, 27 3, 22 6,
223

(8*,_S*)-2-(2 phenvl 3methylbutenvlidene)-1-cyclohexanol 23BS IR 3440, 2930, 2845, 1940,
1650, 1440 THNMR 74-71 (m, 5H), 41 (dd, 1H,J =39 Hz, ] =41 Hz), 24-1 (m, 10H), 1 1 (d, 6H, J
=67 Hz) 13C NMR 1936, 137, 1314, 128 3, 126, 1177, 112 5, 69 2, 36 6, 31 8, 30, 27 3, 226, 22 3,

(S*, §%).2.(2-phenvl-3.3-dimethyibutanylidene)-1-cvclohexanol 24A5 IR 3400, 2940, 2850,
1935, 1660, 1445 THNMR 73-71 (m, 5H), 41 (dd, 1H,J =44 Hz,J =39 Hz),25-11 (m, 9H), 11 (5,
9H) 1:"CNMR 194, 138 4, 129 2, 127 6, 126 4, 118 6, 107 4, 693, 354, 348,29 3,26 8, 227, 302

(S8*, S*)-2-(2-phenyl-3.3-dimethylbutanvlidene)-1-cvclohexanol 24B5 IR 3400, 2940, 2850,
1935, 1660, 1445 ITHNMR 73-71 (m, 5H), 41 (dd, 1H,J =44 Hz,J=39Hz),25-11 (m, 9H), 1 1 (s,
9H) I3C NMR 1926, 138 1,1292, 128 4, 1265, 1206, 108 6, 69, 362, 34 6, 306, 26 8, 24,30 1
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Spectroscopic data of the byproducts :

(S*, S$*)-2(1-butylethynyl)-1-cyclohexanol § 'H NMR 31 (m, 1H), 22 (s, 1H), 2-10 (m, 15H),
09(t,3H,J=73Hz) 13CNMR 865,752,730,439,386,349,323,264,247,223, 141
($*)-2-ethenvlidene-1-cvclohexanol 22 IR 3400, 2915, 1965, 1450 !H NMR 4 84 (m2H), 405

(m,1H), 24 -12 (m, 8H) 13CNMR 2012, 1068,785,688,357,294,265,236

(E)-1-iodo-1-octene (hydroalumination-todinolysis of an alkync=,)32 To a solution of 1-octyne (25 mmol,
276 g) 1n hexane (10 mL) was added a solution of dusobutylaluminium hydnide (27 5 mmol, 1N 1n n-hexane
27 5mL) while the temperature was mamntained at 25-30°C by means of a water bath The resulting solution was
stirred at room temperature for 30 min and was heated at 50° for 2 hours After cooling to 0°C dry tetrahydrofuran
(20 mL) 1s added The resulting solution was cooled to -60°c and treated with a solution of 10dine (30mmol, 7 6
g) 1n dry THF (15 mL) at a rate such that the temperature was maintained below -10°C After 30 min, MeOH (5
mlL) was added and the reaction muixture was allowed to warm to 0°C and then, hydrolyzed by a mixture of 5N
sulfuric acid (50 mL) and n-pentane (20 mL) The layers were separated and the aqueous phase was extracted
with n-pentane The combined organic extract was washed successively with 1IN sodium hydroxyde, 10%
aqueous sodum sulfite After drying over MgSOy , distillation yielded 3,6 g (65%) of the product bp = 85°C (3
mm) [Litt32 85°C 3 mm)] lHNMR 64 (dt, 1H,J =143 Hz,J=71Hz),59(dt, 1H,J =143 Hz,J =14
Hz) 21 (m, 2H), 16-09 (m, 11H) 13C NMR 145 6, 74 6, 36, 28 6, 28 3, 25 8, 14

(Z)-1-iodo-1-octene (carbocupration-1odinolysis of an alkyne)® The organohithum reagent (1 5N sol ,40
mmol, 26 6 mL) [prepared in Et7O from bromohexane and lithium chips] was added to a suspension of Cul (20
mmol, 3 8 g) 1n ether (100 mL) at -35°C The muxture was stirred for 20 mun at -35°C (solution), then acetylene
(25 mmol, 5 6 1, measured 1n a water gasometer) was bubbled 1n the reaction mixture after being drnied over a
column packed with calcium chlonde The temperature was allowed to nise from -50°C to -35°C, The pale green
solution was mantamed for 30 min at -25°C, then, cooled to -78°C, treated with 10 ml of a solution of 10dme
(65mmol, 16 5 g 1n 40 mL dry THF) at such a rate that the temperature 1s mamntained below -50°C After the
addition was completed, the mixture was warmed to -10°C and the hydrolysis was done with a mixture of
aqueous NH3/NH4Cl (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 muxture NH3/NH4Cl (2 x 50 mL) and with aqueous
solution of 10% sodium sulfite After drying over MgSOy distillation yielded 4 7 g of the product (79% yield)
bp 85°C (3 mm) [Litt8 85°C (3 mm)] 1H NMR 62 (m, 2H), 2 3 (m, 2H), 1 8-09 (m, 11H) 13C NMR
1414,822,347,286,283,258, 141

-3- 21 To a solution of bistrimethylsilylacetylene
(20mmol, 3 4 ghn THF (SOmL) at -30°C, was added 13 3 mL of MeL1 LiBr (1 5 N/1, 20 mmol) and the
resulting solution was stirred at room temperature for 3 hours Then ZnBry (20 mmol, 4 7 g) was rapidly
mntroduced and after solubilization, a solution of (E) or (Z) 1-10do-octene (18 mmol, 4 28 g), mixed with Pd
(PPh3)4 (09 mmol, 800 mg) in THF (40mL) was added to the resulting mixture The reaction was warmed
gradually to room temperature (1h) and, then hydrolyzed at -10°C with 50 mL of aqueous ammonium chlonide
The salts were filtered off and, the solvents were removed 1n vacuo and the residue was dissolved 1n 100 ml

pentane to precipitate the residual salts This organic solution was dried over NapCO3, concentrated and the
product 1s distilled

Ltrimethylsilyl-(3Z)-decene-1-yne bp 75°C (0 5 mm) 80% yield 'H NMR 59 (dt, 1 =109 Hz,)
=74Hz),55(d, 1H,J = 109Hz), 23 (q, 2H, J =8 3 Hz), 1 5-1 1 (m, 8H), 09 (t, 3H, J = 6 2), 0 3 (s, 9H)

I3C NMR 1458, 1096, 1025, 986,966, 319,305,291,289,228,142,01

- - - -]- bp 75°C (0 5 mm) 80% yield 'H NMR 6 (dt, 1H,J = 159 Hz, J
=71Hz),53 (dt, 1H,J =159 Hz,J=15Hz),19(q,2H,J =63 Hz) 1 5-1 (m, 8H),09 (t,3H,J =69
Hz),03 (s, 9H) 13C NMR 1456, 110,1042,922, 331,314, 29,285,225,139,01

l-trimethvis)lvl-(3.4 c15)-epoxy-]-decyne Using the procedure described for the preparation of 1-
ethynyl-7-oxabicyclo [4 1 0] heptane 1, a 74% yield 1s obtained for the uttle compound bp 101°C (40 mm) !H
NMR 335, 1H, J = 396 Hz), 3(dt IH,J =39 Hz, ] =63 Hz), 1 8-1 (m, 10H),09(t,3H,J =63
Hz), 01 (s, 9H) 13C NMR 1008, 906, 58, 45, 318,293,291,258,225, 14,0
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L-trimethylsilyl-(3.4 trans)-epoxy-1-decvne Using the procedure described for the preparation of
compound 1, a 75% yzeld 1s obtamned for the tittle compound bp 101°C (40 mm) IR 3300, 2910, 2850,
2670, 1460 'H NMR 3 (s, 2H), 1 7-1 1 (m, 10H), 09 (1, 3H, ] = 6.4), 0 1 (s, 9H) 13C NMR 1023, 887,
606,453,317,315,265,253,225,139,0

- =1 To a solution of 1-tnmethylsilyl-(3,4 cis)-epoxy-1-decyne (1mmol, 285
mg), in DMF (5 mL), were added two equivalents of potassium fluonde and 5 mL of water The reaction mixture
was stirred at room temperature for 3 hours, and the quanttative formation of the desired product was checked by
G C The hydrolysis was done with a aqueous solution of NH4Cl, 25 mL of ether and 25 mL of pentane were
added and the orgamc phases were washed twice with a solution of HCl IN After concentration under vacuum,
the residue was distilled to afford the compound 25E 1n 89% yield bp = 89°C (40 mm) IH NMR 3 (s, 2H),
22(d,1H,J=15),16-11(m, 10H), 09 (1, 3H,J =6 Hz) 13C NMR 808, 717, 60, 446, 317, 316,
291,257,226, 14

- -1- Using the procedure described for the preparation of compound 25E, a

94% yeld 1s obtained for 25 Z bp = 89°C (40 mm) THNMR 34 (dd, 1H,J =172 Hz, J = 396 Hz), 3 (dt,

1H,J=396Hz,J=63Hz) 235(d, 1H,}J=172Hz), 19-11 (m, 10H), 09 (t, 3H,J = 6 0 Hz) 13C NMR
791,733,576,445,317,293,291,259,225,139

Synthesis of aliphatic o-hydroxyallenes Using the procedures described for the preparation of a-
hydroxyallenes by the syn or ant process from alicychc propargylic epoxides, were obtained the compounds

(R*. R*)-8.9-pentadien-7-ol 26A 13C NMR 2025, 959, 936, 701, 321, 315, 298, 295, 29 1,
289,282,256, 228, 141 Anal Calcd for C14H230 (224 389) C7993 , H 1245 Found C 7985, H
12 57

(8% _R*)-8,9-pentadien-7-0l 26B !13C NMR 2027, 958,933,706, 321, 315,298,295, 29, 289,
282,256,228 1413

* *).2.

(R*,_R*)-2-dimethvl-3.4-dodecadien-6-0l 27A !3C NMR 1997, 1057, 976, 700, 376, 319,
318,293,255,227,302,140 Anal Calcd for Ci4H260 (210362) C 7993, H 1245 Found C 81 05
, H1238

(S*R*)-2-dimethyl-3.4-dodecadien-6-0l 27B !3C NMR 2002, 105, 975, 708, 377, 319, 318,
293,255,227,302, 14

Synthesis of 3-methoxy-17-ethynyl-1,3,5(10),16-0estratetraene22b Using the procedure described
for the preparation of 1-ethynylcyclohexene, was obtained the tittle compound 1n 73% yield m p =148-150°C
(acetone methanol) [a]p?5 = + 68,6° (c=15, CH2Cl2) IR = 3300, 2105,817 lHNMR 72(d, 1H,J =85
Hz), 68-6 6 (m, 2H), 6 1 (t, 1H, J = 27 Hz), 37 (s, 3H), 31 (s, 1H), 29-1 4 (m, 13H), 09 (s, 3H) 13C
NMR 1573, 139, 138, 1326, 1263, 114, 1117, 87 6, 80, 78, 552, 53, 44 4, 439, 388, 364, 29 8,
276,275,266, 163

Synthesis of 3-methoxy-16a,17c-epoxy-178-ethynyl-1,3,5(10)-oestratriene 2822b, Using the
proce-dure described for the preparation of 1-ethynyl-7-oxabicyclo [4 1 0] heptane 1, was obtamed tn 63%
yieldthe tittle compound 28 mp 195°C (acetone) [a]p2 = + 103° (c=1 5, CH,Clp) IR 3300, 877, 848 IH
NMR 72(d, IH,J=85Hz), 68-66 (m, 2H), 37 (s, 3H), 36 (s, 1H), 27 (m, 2H), 24 (s, 1H), 24- 11
(m, 11H), 093 (s, 3H) 13C NMR 1573, 1376, 1323, 126, 1138, 1114, 789, 73 3, 616, 604, 55 1,
440,436,435, 371, 31, 296,276, 26,158

3-methoxy-16c ol-1,3,5(10),17,(20),20-pregnapentaene 30. mp 101°C [a]p25 = + 412 (c=I,
CH2Clp) IR = 3450, 1965, 1686, 841 ITHNMR 72(d, 1H,J =85 Hz), 6 8-6 6 (m, 2H), 51 (dq, 2H, J =
3Hz,J=132Hz),47 (m, 1H), 37 (s, 3H), 31 (m, 13 H), 09 (s, 3H) 13C NMR 2012, 157 8, 138 1,
1328, 1264, 1189, 114 1, 118 8,925,727, 554, 519, 44 3, 38 6, 36 5,355,30,299,279,267,193

2la-methyl-16a-ol-3methoxy-1,3,5(10),17,(20),20-pregnapentaene 29A. mp 127°C [a]p?d =
+84° (c=1 3, CHxClz) IR 3450, 1965, 1368, 768 1H NMR 72 (d, IH, ] =85Hz),68-66 (m, 2H),54
(dq, 1H,J =29 Hz,J =72 Hz), 48 (dd, 1H, J = 29Hz, J =56 Hz), 38 (5, 3H), 29-13 (m, 13H), 1 7
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(d, 3H,J =72 Hz), 086 (s, 3H) 13C NMR 1968, 157 4, 1379, 1328, 1262, 120, 1137, 1114, 92,
728,553,519,443,386,365,355,30,299,279,267,193

21p-methyl-16a-ol-3methoxy-1,3,5,(10),17(20),20-pregnapentaene 29B. mp 69°C [a]p25 =
-155° (c=1 1, CHaCly) IR = 3450, 1969, 1370, 767 THNMR 72 (d, 1H,J =8 5Hz), 68-6 6 (m, 2H), 55
(dq, 1H,J=29Hz,J=72Hz),48(dd, 1H,J= 29Hz,J=56Hz),38(5,3H),29-13(m, 13 H), 17
(d, 3H,J =72 Hz), 083 (s, 3H)

Synthesis of (R*, S*)-2-(2-phenylethenylidene)-1-cyclohexanol 13B by reductive hthiation.
To a solution of phenethynylcyclohexene oxide 9 (2 mmol, 400 mg) in ether (30 mL) or THF (30 mL), was
added, at room temperature, a solution of 5% CuBr , 2PBuj3 (0,1N 1n EtyO, 0,1 mmol, 1 mL) Then, at -50°C,
was added rapidly BuLi LiBr (1 5N sol m Et;0, 2 66 mL, 4 mmol) and the reaction mixture was warmed to
room temperature The hydrolysis was done with a saturated aqueous NH4Cl solution (100 mL) The layers were
separated, the water layer extracted twice with ether and the combined organic phases were washed with water,
dried on Na;COs3 and concentrated under vacuum to afford o-hydroxyallene 13B For the spectroscopic data,
see before

Reaction of (R*.S*)-2-ljthi i -1- i i . To
a solution of phenethynylcyclohexene oxide 9 (2 mmol, 400 mg) 1n ether (30 mL) was added, at room
temperature, a solution of 5% CuBr2PBuj (sol 01 N/1, 01 mmol, 1 mL) Then, at -50°C, was rapidly
ntroduced BuLi LiBr (4 mmol, 2 66 mL) and the reaction muixture was kept at -50°C for 1 hour Then, the
approprnate electrophiles (2 mmol) were added at a rate such that the temperature was maintained below -50°C
and the quantitatve formation of the adduct was checked by G C The hydrolysis was done with a mixture of
aqueous NH3 (1 part) and saturated aqueous NH4Cl (4 parts) (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/NH4Cl (3 x
50 mL), then dried over MgSQ4 and concentrated 1n vacuo

Spectroscopic data of the adduct

{R*,5*)2-(2-thiomethylpropenylidene)-1-cyclohexanol 34A 'H NMR 7 1-75 (m,5H), 4 1 (dd, 1H,
J=4 4 Hz, J=2 9 Hz), 2 9(s, 3H), 2 5-1 4(m, 9H) 13C NMR 191 4, 1358, 128 3, 1277, 126 5, 117, 103,
658,32,294,273,227,161 Ana! Calcd for C;5sH1880 (246369) C7312,H=736, Found C 7328,
H 749

(5*,5*)-2-thiomethylpropenylidene)-1-cyclohexanol 34B 'H NMR 7 1-7 5(m, 5H), 41 (dd, 1H,
J=4 4 Hz, J=2 9 Hz), 2 9(s, 3H), 2 5-1 4(m ,9H) 13C NMR 1911, 1358, 128 3, 1277, 1265, 117 3, 103,
652,32,294,273,227,161

Spectroscopic data of the spirolactone cyclohexanol 35 'H NMR 7 9-7 3(m, SH), 7 75(s, 1H), 3 8
(dd, 1H, J=4 Hz, J=4 Hz), 3 1-2 65 (s, 1H), 2 1-1 3 (m,8H) 13C NMR 171, 1489, 1325, 129 2, 1285,
1271, 885,726, 331, 313,227,221

2:Q2R*-phenethynyl 2R*-benzylalcool) 1S*-cyclohexanol 36 'H NMR 7 5-7(m, 10H), 5 4(s, 1H)
, 4 6(s, 1H), 4 2(s,1H), 3 5(m, 1H), 19-09(m, 8H) 13C NMR 140, 1317, 1282, 128 1, 127 5, 123 6,
883,876,825,779,491,333,322,243,217

Spectroscopic data of the ketal 37 TH NMR 7 65-7 05(m, 10H), 4 6(s, 1H), 3 7(m, 1H), 2 1(m, 14H)
13C NMR 1375, 1316, 1282, 128 1, 128, 1275, 127 4, 124, 997, 89 5, 87, 80, 759, 454, 31 8, 30 4,
288,246,219,197
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