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ALKEN-YL COPPER REAGENTS--18’ 

CARBOCUPRATION OF ACETYLENIC ACETALS AND KETALS 
SYNTHESIS OF MANICONE, GERANIAL AND 2,4 (E,Z)-DIENALS 

A. A~mms,* A. c&?mqON, C. Cmmm~os and J. F. NORMANT 
Laboratoire de Chimic des Organs-Ehents tour 44-45, 4 place Jussieu 75230 Paris Ckdex 05, France 

(Received in France 2 1 March 1983) 

Abe&act--Lithium diorganocuprates add across the triple bond of substituted and non-substituted 
acetylenic acetals and kctals to give dialkenylcuprates, which can be decomposed into alkoxyallenes or 
may be trapped with a variety of electrophiles, such as alkyl, alkenyl, alkynyl and aryl halides. They may 
also undergo conjugate addition to cr-~unsaturated esters and ketones. The method is used for the 
synthesis of ( & bmanicone, pure geranial and (E,Z)2+dienals. 

We reported briefly in 1976 on the carbocupration 
reaction of acetylenic acetals:2 

R,cuL( + R’-CGC-C”/ 
OR” 

\OR” 
- 

Since then, the addition reaction as well as the reac- 
tivity of the intermediate alkenyl cuprates have been 
studied in more details and we describe herein our full 
results. 

The carbocupration reaction of acetylenic esters, 
first reported by Corey’ and Sidall’ has found, since 
then, a wide synthetic application. The solvent used 
and the reaction temperature (very low) should be 
carefully chosen since the intermediate alkenyl cup 
rate derivative may isomerise via the corresponding 
allenolate.’ In many cases it is difficult to avoid the 
presence of some isomerised product. The reaction of 
acctylenic ketones and aldehydes6 is even more sensi- 
tive to this isomerisation. The recently reported use 
of the RCu-BR; reagent’ seems somewhat more 
efficient in this respect. On the other hand the carbo- 
cupration of acctylenic acidsgv9 and amidesio*” afiords 
product of much greater stereoisomeric purity. 

However, the major drawback of all these reactions 
lies in the very poor reactivity of the intermediate 
alkenyl cuprate, which reacts with iodine,’ methyl 
iodide,‘*12 ally1 bromideI or dimethyl disuKde,12 usu- 
ally with isomerisation of the double bond. Only acyl 
halides react cIeanIy as reported recently by Marino 
el ai.‘J 

It is therefore desirable to deal with an appropriate 
alkyne which would be synthetically equivalent to an 
oc-acetylenic ester and would lead, via carbocupration, 
to an alkenyl cuprate of higher reactivity with no 
propensity to isomerisation. In 1975, Marino er a1.14 
reported the use of the following alkenyl cuprate 
bearing an acttal function as a synthetic equivalent of 
the ester function , : C = C(“Cu”)CH(OEt), instead 
of :C = C(“Cu”)CO,Et. This cuprate, used also by 
Grieco er al.” and by Bocckman et af.16 appears to 
react as well as normal alkenyl analogues for conju- 
gate addition reaction, ‘&I6 for the coupling with 
allylic halides’5*‘5 and for the opening of 
a&unsaturated epoxides.” Based on the same argu- 
ments, we thought that acetylenic acetals would be 
appropriate candidates for the carbocupration reac- 
tion as synthetic equivalent of acetylenic esters. 
Moreover, the resulting alkenyl cuprates would be- 
have as normal alkenyl cuprates as far as reactivity 
is concerned. This is indeed the case as is shown by 
the following results. 

RESULlSAND Dl!iiCUSSlON 

The carbocupration of acetylenic acetals may be 
performed with various types of organocopper re- 
agents.” However, the regioselectivity of the addition 
is highly dependent on the organometallic precursor 
of the copper reagent (viz RLi or RMgX). A com- 
plete study of the nature of the organocopper reagent 
(alkyl copper versus alkyl cuprate) and of the solvent 
used (ether or tetrahydrofuran) has been undertaken. 

AaIiirion to non-substitured metals 
The carbocupration reaction may lead to two 

regioisomers: (Scheme 1). The linear “L” regioisomer 
may also decompose by /?-elimination to the alkoxy 
allene. This decomposition occurs rapidly with or- 
ganocopper or cuprate derivatives prepared from the 
corresponding Grignard reagent (see Table 1, entries 
5-8). Even at temperatures as low as - 45” some 
decomposition to the allene occurs (Table 1, entry 7). 
On the other hand, organ0 copper or cuprate re- 
agents prepared from the corresponding or- 
ganolithium reagent are much more stable towards 
flclimination (Table 1, entries l-4). The decom- 
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Table 1. 

nBu"Cu" l HCWI-CH 
,OEt Ii20 

. 
H,_IIBu 

‘om - H-C,,‘OEt 
'OEt 

Copper spccfes 

R2CuLi ' Et20 -50° 

RCu,LlX Et*0 -45O 

R2CuMgX a 

RCu,HgX2 Et20 

Solvent 

THF 

THF 

Et20 

THF 

THF 

1 
rv 

Temp.b 
.C 

50*+t20 

-30' 

-40° 

-25O 

-45' 

-20° 

-p 

tmeb 
h 

0.5 

4 

1 

4 

0.5 

0.5 

1 

4 

a 2 eq. Of acetal are consumed per dialkyl 

- 

C 

nBu 
+- 

-CH( 
OEt + "B>/_H 

H OEi 
'OEt 

K 

Proportion 

1 
N % 

2 98 

26 74 

53 47 

8 52 

78 

22 

59 

64 

38 

:uprate 

3 

40 

22 

14 

3 

Conversion 

99 

0 

95 

74 

99 d 

86 d 

04 

81 

b Temperature and reactlon time for optimum conversion 

C Proportion observed on the crude reaction mixture by GLPC as well as 1H 

and 13C NHR 

d These results are very simtlar to those of Vermeer et a12T 

---- -- ___-___ _.-___ - 

nBuCu, MXn 
OEt 

a “B” rcgioisomtr 

CU 

t Biw a3 

a3 

b “L” rcgioisomer 

position is observed at - 20” in ether and at 0” in position. A complete study of the factors governing 
THF, and its rate is also slower than that observed this regiosclcctivity has already been published 
for the reagents prepared from Grignard precursors. elsewherc.‘930 (Scheme 2). 

The branched (“B”) regioisomcr is the one cx- 
pcctcd for non-functional&d alkyncs.‘*‘* The linear 
(,‘L”) regioisomcr may arise from the complexation 
of the copper atom (or its associated salts) with the 
oxygcns of the accta1.‘930 

In the more’ polar solvent tctrahydrofm, the 
oxygen atom of the solvent competes efficiently with 
the oxygen atom of the acctal and the normal “B” 
regioisomer is favored. Such a variation in the regi- 
osckctivity of the carbocupration is not unusual with 
alkynes bearing a functional group in propargyW 

As a general rule organocopper reagents, prepared 
from the corresponding Grignard or organolithium 
reagent, afford a mixture of both regioisomers with 
only slight variation according to the solvent used 
(Table 1, entries 3, 4, 7 and 8). On the other 
hand,high regiochemical control is obtained with the 
organocuprale species. The “L” rcgioisomcr 2 is 
obtained almost pure (98%) with lithium &&$ 
cuprates in Et,0 solvent (Table 1, entry 1) whereas 
the “B” regioisomer 1 is obtained with magnesium 
diuikyl cuprate in THF solvent (Table 1, entry 6). In 
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+ ; . 

=-c on 

OEt 

THF 
R b 

7 
CH (OR?, 

Scheme 2. 

this last case the minor “L’ regioisomer decomposes 
to an allenc and only the “R” regioisomcr remains 
present as an alkcnyl metal species, reactive towards 
any added further electrophile. 

The protonation of the organomctallic reagent by 
the acidic acctylenic hydrogen of propiolaldehyde 
acetal may compete with the carbocupration reaction 
in some cases. For example, lithium dibutyl cuprate 
is basic enough in the more polar solvent tet- 
rahydrofuran to metallate this alkync (Table 1, entry 
2). This metallation is evident from the heavy precip 
itatc of copper acetylide obtained upon hydrolysis, as 
well as by the formation of I-iodo I-alkyne upon 
iodination. Since the carbocupration reaction does 
not occur on mctallated alkynes, no addition is 
observ,ad in this case. 

A&iition to substituted acetut 
Substituted acetylenic acetals also react with or- 

ganocoppcr or cuprates derivatives. Since they arc 
less reactive than the unsubstituted ones, the reaction 
temperature is higher and the main problem, in this 
case, arises from the pclimination to allene (see 
Table 2). The regioselectivity of the addition is un- 
ambiguous since the electron donating R group fa- 
vors the same isomer as the complexation effizct of the 
oxygen atoms of the aoctal Scheme 3. As shown in 
Table 2, organocopper or cuprate reagents, prepared 
from the coresponding Grigaard derivative, react 
with substituted acetylcnic acctals to afford only the 
corresponding allene (entries 13-I 6). Reagents pre- 
parad from the corresponding organolithium deriva- 
tive also react sluggishly enough to permit partial 
decomposition to the allent. The only and notable 
exception are lithium dialkyi cuprutes in EhO solvent, 
which react at sufficiently low a temperature to afford 
a stable dialkenyl cuprate (Table 2, entry 9). 

On the other hand, pure alkoxy allencs may be 
obtained in a more economical manner with only 

catalytic amounts of copper salt, a reaction com- 
plementary to the one described by Vermecr et aL2’ 
for propiolaldehyde diethyl acetal. (Scheme 4). 

Despite the complete loss of stereochemical purity 
of the double bond, these alkoxyallenes are inter- 
esting synthetic intermediates, since they are metal- 
la&d with nBuLi on the carbon bearing the oxygen 
atornn and may react with a variety of elcctrophiles 
to afford, after acidic hydrolysis, r-gethylenic ke- 
tones? (Scheme 5). 

In summary, lithium dialkyl cuprates are most 
suitable reagents for the efficient carbocupration of 
unsubstitutcd as well as substituted acetylenic acctals. 
They afford a stable dialkenyl cuprate species which 
may be used for a further reaction with various 
elcctrophiles. It must he pointed out that both alkyl 
moieties of a dialkyl cuprate add to the triple bond 
of the alkyae. As shown below the obtained dialkenyl 
cuprate reagent also transfer both alkenyl groups to 
the electrophile.This complete and economical use of 
the initial copper salt as well as of the alkyne, 
compares favorably with the carbocupration of acet- 
ylenic esters where an excess of cuprate is usually 
needed. 

Variation of the cuprates mrd the ace&s 
A great variety of lithium diorganocuprates are 

able to undergo addition to acetylenic acetals (see 
Tables 3 and 4). The more reactive unsubstituted 
acetylenic acctals and ketals react with primary (Ta- 
ble 3, entries 17, l&25,27), secondary (Table 3, entry 
19) and tertiary (Table 3, entry 20) alkyl cuprates. 
However in this last case the reaction is non- 
regioselective and no.n-stereoselective, since the “R” 
regioisomer is obtained, as well as both E and 2 
linear isomers (overall yield 76%). The steric bulk of 
the tBu group may be responsible for this, which has 
some precedent in the carbocupration of non- 
substituted alkynes by tBu,Cu,MgX.2s (Scheme 6). 
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Table 2. 

, OUe H20>"BugH tlBU H 
nBu"Cu" + He-CtC-CH 

'OMe Me CH 
/OMe + )=m< 

'0!4e 
Me OHe 

4 5 

Copper Temp. b 
Entry Sol vent 

Timeb ProportionC Conversion 
species *C h 4, v 5 

9 R2CuLi a Et20 -35" 0.5 100 0 99 

10 Y THF +20* 15 22 78 82 

11 RCu ,LiX Et20 t20” 15 73 27 60 

12 II THF t20a 15 67 33 52 

13 l R2CuMgX a Et20 +20* 15 0 100 65 

14 . THF +20° 15 0 100 30 

15 RCu,HgX2 Et20 t20* 3 0 100 70 

16 Y THF +20° 3 0 100 30 

--. ._-.-- 

a 2eq. of acetal are consummed per dialkyl cuprate 

b Temperature and reaction time for optimum conversion 

C Proportion observed on the crude reaction mixture by GLPC as well as 

'H and 13C NMR 

I 
OMC 

nBuMeBr + Me-CZC-Cl-I 
\o Me 

s 79% 

6 75% 

nB&IgBrtMe-C---C-CH 
-OH ' 9-" 
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Table 3. 

719 

Itry Cuprate Acctal 

17 nBu?CuLi 
,OEt 

HCTC-Ck, 
OEt 

18 nPent2CuLi 

19 sBlr2CuLf 

20 tBu2CuLi 

21 Ph2CuLi 

. 

ry Pr 2 uLi 

nPenD!2CuL i 

25 

26 

27 

nBu2CuLt HC=C-CH 
/o 
'0 

3 

_2CuLf Pent 

nBu2CuLi 
/o 

HC=C-y, 

Et ' 
3 

2 HC'C-C( 
OR3 

&2 OR3 

I/ et20 

-2 OR3 

2/ H20 OR3 

lempcraturc Time 
OC h 

-5OO 0.5 

-50° 0.5 

-50* 0.5 

-5OO 0.5 

-15* 1 

-30. 

-3OO 1 

-30° 

-70° 0.5 

-400 1 

-60' 0.5 

a Yield of isolated product (by dlStfllatf0n) 

b Thfs compound IS accompanfcd by its two fsomerr (see text) 

C Only one equfvslcnt of acctal is ddded 

Product 

nPent 

OEt 

OEt 

tBu 

+q:: b 

Ph- --w:: 
JBU 
-=-d:: 

nBu 

b:? 

R 
nPcnt 

--+I 

nBu 

Et 

91% 

89% 

10 
rJ 

76% 

65% 

12 80% 

54% 

14 76% 

15 85% 

16 72% 

17 
- 

I 
, 

732 

1 

Yielda 

-i-FYI- Vol. 400. No. &F 
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Table 4. 

R12CuLi + 2 R 2 /OR' 11 -WC-C, , -2 Et20 

h3 OR 
2/ Hz0 

ntry 

28 Me2CuLi 

29 n6u2CuL~ 

30 Et2Cu11 

31 
nBu2CuL' 

32 SElU2CULi 

33 Ulu2CuLi 

34 
ka 

2CuLi 

35 neu2CuL1 

36 Et2CuLI 

n8u2CuLl 

Et2CuLi 

Cupra tc 

nPent-CW-CH 
,OEt 

'OEt 

,OMe 
He-C-C-CH, 

OHe 

/o Me-CW-CH,O 1 
,OEt 

Ph-CXC-CH,OEt 

Me3S1 -c=c- E 'Ol .. t 

i 

-50’ t 

-20' 

-35. 

-35' 

-35' 

-35' 

-45= 

-35. 

-65' 

-35. 

-30. 

-50. 

I +20* 

d) Yield of isolated product (by dfstfll#tion) 

Ime 
h 

3 

0.5 

0.5 

0.5 

0.5 

1 

1 

1 

0.5 

0.5 

1 

5 

Product N” lcld ' 

nBu - 

nPcnch(oEt)2 

EL 
MenCH( One) 

2 

nBu_ 

Me CH(OMe)2 

SBU 

CH(OMe)2 

CH(OMc)2 

!F Ctl(0Me)2 

%- 
Ph- CH(Oft)2 

18 
H 

19 
H 

20 
e 

21 
e 

22 
N 

23 
m 

24 

25 
cc 

26 
N 

27 
ry 

0% 

85% 

87% 

91% 

83% 

43x 

92% 

81s 

80% 

90% 

65% 

0% 

/ 
a3 

tWuL1 + HCCC-CH 
\ 

fft 
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Diphenyl cuprate adds regio and stereoselectively 
albeit at higher temperature and with moderate yield 
(Table 3, entry 21). However, only few fl-eliminations 
to alkoxyallenes ( h 10%) is detected despite the 
relatively high temperature of the addition. This 
stabilisation of the alktnylcuprate may be attributed 
to the adjacent phenyl group. Alkenylcuprates also 
add regio and stereoselectively (Table 3, entries 22, 
23, 24, 26). However, Zdialkenyl cuprates (obtained 
by addition of dialkylcuprate to acetylene) are less 
reactive and a higher yield is obtained using only one 
eq. of acetal per dialkenyl cuprate (compare entries 
23 and 24). The reactivity of methyl cuprates has been 
checked by performing the iodination of the obtained 
alkenyl cuprate. In this case the observed regi- 
oselectivity is lower than with n-butyl cuprate 
(“L”/“B”: 90/10), but can be improved to 98% using 
a dioxolan as protective group of the aldehyde (see 
below). We have also observed that the use of lithium 
dimethylcuprate did not give reproducible results 
whereas the use of lithium heterocuprate (viz methyl- 
phenylthiocuprate) was much more convenient. 

Substituted acetylenic acetals and ketals, on the 
other hand, are much less reactive (see Table 4). They 
react only with primary and secondary lithium cup 
rates. Di-t-butyl cuprate adds conveniently only one 
t-butyl group (Table 4, entry 33), the second one 
being added at a temperature ( - 30’) where 
fl-elimination occurs rapidly. In this case the 
@-elimination to the alkoxy allene occurs at a rela- 
tively low temperature, probably for steric reasons. If 
the reaction medium is left at - 20” for 2 h a high 
yield (78%) of the alkoxyallene is obtained. (Scheme 
7). 

Variation of the acetylenic acetal is also possible. 
They may be acetals of aldehydes as well as ketals of 
ketones (Table 3, entry 27 and Table 4, entries 38, 
39). These aldehydes or ketones may be protected as 
dialkoxy acetals or as cyclic acetals like dioxolans. In 
the case of dioxolanes, the /Ielimination to allene 
occurs at a lower temperature ( b - 35”), but the 
carbocupration reaction also occurs at a lower tem- 
perature, so that the dialkenyl cuprate derivative is 
easily handled for further reactions with electro- 
philes. Substituted acetals may bear various substitu- 
ents at the acetylenic carbon atom, such as alkyl, aryl 
(Table 4, entry 36) or alkenyl (Table 4, entry 37) 
groups. However the trimethylsilyl group impedes the 
addition, either by its bulkiness or by its inductive 
effect which is opposite to that of alkyl substituents. 

Among the various products obtained by simple 
hydrolysis of the alkenylcuprates it is interesting to 
note the geranial acetal 23 which, by hydrolysis of the 
acetal function (see below) affords pure geranial 

( > WA/,) uncontamined by its isomer neral.Dienic 
acctaIs such as 12, 13, 14, 16 and 26 are also worth 
noting. They are usefull synthons for Diels-Alder 
reaction or for the synthesis of other natural prod- 
ucts. For example, the aldehyde derived from 14 or 
16 has been used for the synthesis of “Pear Ester” 
ethyl 2,4decadienoati6 and for the synthesis 
1,3,5-undecatrienes.” 

This same aldehyde is also a flavour component of 
many essential oils; among them, it has been found 
in groundnuts and carrot root.2* 

Thus, the carbocupration of acetylenic acctals 
affords ethylenic acetals (or aldehydes after deprotec- 
tion) of defined stereochemistry. The stereochemical 
purity of the double bond is higher than 99% as 
usually observed for the carbocupration reaction,‘* 
and there is no possibility of isomerisation of the 
alkenylcuprate moeity as is observed in the carbo- 
cupration of acetylenic esters, ketones or aldehydes. 

Reactivity of aikenyl-cuprates 
The reactivity of non-functional&d idalkenyl cup 

rates toward various electrophiles using both alkenyl 
groups, has been previously studied.‘* However, we 
observed that the functional&d dialkenyl cuprates 
obtained here, poses a much enhanced reactivity, 
probably due to the proximity of the oxygen atoms 
of the acetal function. Marino et af.“*” as well as 
Grieco et al.” and Boeckman et a1.16 have already 
used the following alkenyl cuprate bearing an acetal 
function. They found this cuprate to react with 
z-fiethylenic ketones in a 1,4 manner, to open ep 
oxides smoothly and to couple with allylic halides 
(but not with alkyl, alkenyl, aryl and benzyl haiides). 
(Scheme 8). 

It was expected that our polysubstituted dialkenyl 
cuprates would behave much in a similar manner, 
although our goal was to use rationnaly both alkenyl 
moieties. This is indeed the case as shown below. 

One of the easiest reactions to perform with di- 
alkenyl cuprates is the iodination reaction. Thus, 
addition of an equimolecular amount of solid iodine 
to the solution of the dialkenyl cuprates, affords the 
corresponding alkenyl iodide in high yield (Table 5). 
The carbocupration reaction with lithium dimethyl 
cuprate, followed by addition of iodine afforded a 
mixture of two regioisomeric alkenyl iodides (Table 
5, entries 42 and 43). This result indicates that the 
smaller methyl group (as compared to the bulkier 
n-butyl group) is more able to add to the more 
hindered side of the alkyne. However a high regi- 
ochemical control could be obtained again by the use 
of a dioxolan as protective group of the aldehyde, 
probably due to the higher coordinating ability of the 

tBu~cuLI + ? CH3-C-_-C-CH / *” Etj3 

\ Ok 
-2w,Zh * 

Isu\ 

d-*\OMe ‘8% 

schcmc 7. 

JBf BULJ 
OEt - OEt 

Or3 
!?ichmc 8. OEt 
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Rku 2 + 2 
,m4 

R -C=C-;,oR4 , 

Li R3 

Carbocupration 
conditions 

Major oroduct N. I. % B" a ’ Yield b Entry CuDrate Acctal 

Time Temp. 

-5o* 

-5il* 

-30° 

-30' 

-4Q* 

-306 

-60. 

-SO4 

Et-1 

tH(OEt)2 

,OEc 
HCWC-CH, 

otzt 
Et2CuLi 

nBu2CuLl 

He2CuLi 

WeCuSPh 

Li 

nBu2CuL1 

. 

0.5 

0.5 

1 

1 

1 

I 

1 

0.5 

1 

29 
rv 

30 
d 

31 
cv 

31 
N 

07% 

90% 

40 

41 

42 

43 

44 

45 

46 

47 

981 2 

9a/ 2 

go/10 

9D/lC 

901 2 

lOO/ 0 

lOO/ 0 

CH(OEtJ2 

He 
-1' 

CH(OEt)2 

Y 

67: 

652 

32 
-1 

HCW-CH' 
0 

'0 3 

Me 

YJ1 

--xl 
33 
CJ 

34 
Cy 

?s 

nllu I 

0 ->s 
Me-CZC c/z _ _ \ Me 

nBu_I 

MeTI 
He 

- 

al This ratio Is determtned on the crude mixture, by GLPC as well as by 'H and 13C kHR 

b) Vield of Isolated product by distillation 

oxygen atoms of the dioxolan ring. This influence of 
the type of acetal function on the regioselectivity of 
the addition has previously been observed by us 
during the carbocupration of allcynes bearing a 
j?-acetal function.‘9 It must also be noted that more 
reproducible results are obtained with the mixed 
lithium methyl-phenylthio cuprate than with lithium 
dimethylcuprate. Alkenyl iodides, such as the ones 
quoted in Table 5 are very interesting synthons, since 

they lead to the corresponding lithium reagent via 
metal-halogen exchange with nBuLiz9 These lithium 
reagents would react in l-2 fashion with acnones, 
simple ketones, aldehydes or esters, all reactions 
which cannot be performed with cuprates. 

The reaction of our substituted dialkenyl cuprates 
with other electrophiles arc quoted in Tables 6 and 7. 
Alkylation with methyl iodide is easily performed 
with a slight excess (m 15%) of electrophile, after 
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Table 6. 

723 

R'<Cu' 
OR4 

+ 

"TOR4 

2 2 

THF 

r Yl 1 r 
Al kcnyl El ectro- 
c u p,r a t e F Ihl Ic 

Reaction 
Condition5 

mo. Time 
Product eld a 

Addltlve 

T- 
36 
#U 

85% 

37 
m 

81% 

38 
N 

07% 

39 781 

40 
N 

80% 

41 
H 

67% 

42 921 

43 
*y 

44 
w 

89% 

76% 

ELHt 

CH(OEt)2 

67% 

721 

Mel 

I'BUI 

12=CH-CH2B 

n-CH2-Br 

e-S-CH2-Cl 

re 
IHC-Y-CH2-’ 

nPent-CZC- 

QJ-- 
lb 

S 

tl0 
Y- 

-1 

1 HHPT 

4 HMPT 

1 HHPl 

SBU 

_-;;I 

0 

0 
Et --xJ 

Et 

nBu_ He 

He- CH(OMe)2 ‘:)=+ 2cllLi 

CH(OMe) 

'Et-nBu 

nc-W(OMe) 2 

Et _CH2-CH*CH2 

“t- CH(OHc)2 

Ye 
<ICH2-Ph 

-CH(OEt)2 

CuLi 

-CH(OEt: 

EtdCuLi 

-CH(OEt); 

E tuCH2sWc 
CH(OEt)2 

MC! 

j 54 

Et- CH2-I&HO 

‘CH(OEt)2 55 

Et 
-* 

,nPent 

1 CuBr.Ll 

1.5 TMEDA 

1 ZnBr2 

3% Pd(RRn3: 

1 MgC12 

1 ZnBr2 

3% Pd(PFh3 

56 

Etd*cuLl 

Me- Cti( OHe)2 

45 
rr 

46 

57 

58 

nBu 

I 

a) Yield of isolated product (by distillation) 

b) Only one equivalent of eltctrophilt Is added 
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Table 7. 

R1 &Ccl" 2 E+ 

-CH(OEt)2 - 

2 RwE - 
'CH(OEt)2 

ntry Alkenyl cupratc ElsctrophiIc 

59 

60 

61 

62 I- 

2CuLi Et&q 
CH(OEt), 

Li 

nc 
UCUSPh 

-CH(OEt)2 

Et\-42cuL1 
- CH(OEt). ‘ 

PhS-CH2-NEt2 

PhS-S-Ph 

HCEC-COOEt 

Addlti. 

VCS 

THF 

THF 

Reactjon 
conditions 
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a) Yield of isolated product (by distillation) 

47 
cy 

48 
& 

49 

50 

Yield ' 

79'5 

56% 

82% 

72% 

addition of tetrahydrofuran (one third of the total 
volume) to the ethereal reaction mixture, and allow- 
ing it to reach room temperature for 2-3 h (Table 6, 
entries 48 and 50). In the case of the preparation of 
the acetal of Maniconc 37 (Table 6 entry 49) a 
quantitative aikylation (by GLPC) is achieved only in 
the presence of one equivalent of hexa- 
methylphosphotriaxnide (HMPT). In its absence only 
b 80% of the alkenyl cuprate is alkylated. This 
method is the most straightforward and stereo- 
selective (E purity B 99%) synthesis for this alarm 
pheromone present in the mandibular glands of 
Manica mutica and Munica bladieyi. Previous 
syntheses31mM have been faced with the problem of 
placing the substituents at the double bond at the 
right place with a high selectivity. Most of them 
require a chromatographic purification on the final 
product. Thus, the carbocupration reaction is the 
most suitable for preparative purposes. 

The alkylation with n-butyl iodide (Table 6, entry 
51) requires the additionof more HMPT (viz 4 equiv). 
Without HMPT or with only one equivalent lower 
yields ( - 45% and 75% respectively) of butylated 
product are obtained. Allylic bromides are known to 
react smoothly with alkenyl cuprates bearing an 
acetal function.‘c’6 In our case both alkenyl groups 
react as well with no HMPT needed for (Table 6, 
entry 52). Elenzyl bromide also reacts cleanly (one 
equiv. of HMPT needed) (Table 6, entry 53). The 
alkylation reaction may also be performed with 
highly reactive functional&d alkyl halides. Thus the 
reaction with phenyl chloromcthyl sulfide3’ affords 

the allylic thioether 42 and with N-formyl, N-methyl 
chloromethyl amine affords the formamide 43.37 

Trimethylchlorosilane does not react at all with our 
alkenyl cuprates, probably for steric reasons. 

Alkylation with l-halo I-alkyncs is also feasable 
after transformation of the alkenyl crcprate into ai- 
kenyl copper derivative by addition to the reaction 
mixture of one equivalent of copper salt.3s Enynic 
acetal44 is thus obtained in high yield (Table 6, entry 
56). The coupling of alkenyl cuprates with aryl or 
alkenyl halide does not occur under a variety of 
conditions. However, using the previously reported 
procedure, with Pd” catalysis,39~~ it is possible to 
obtain this coupling reaction. Compound 45 is, thus, 
obtained, in high yield by reaction with 
2-iodo-thiophene, under Pd” catalysis. The same pro- 
cedure, modified for the efficient use of both alkenyl 
groups may also be used as examplified by the 
coupling with I-iodo, I-alkene for the synthesis of 
dienic acetal 46. 

cc&l-Unsaturated epoxides are known to react with 
alkenyl cuprates bearing the acetal group.” On the 
other hand simple epoxides, such as propylene oxide, 
also react with our alkenyl cuprates, but only one 
alkenyl group is transferred. A more rational use of 
the alkenyl moiety would require the use of an 
unsymmetrical cuprate.” A mixture of at least three 
compounds was obtained which could not be sepa- 
rated either by distillation or column chro- 
matography (Scheme 9). The reaction with amino- 
thiothers affords allylic amines in high yield (Table 7, 
entry 59) using our previousIy reported procedu.re.41 
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Alkenyl cuprates arc also able to cleave dith- 
ioethers;43 thus, the reaction with diphenyl disullide in 
THF solvent affords the alkenyl thioether 48 (Table 
7, entry 60) in moderate yield. 

Conjugate addition of alkenyl cuprates Mug the 
acetal function has already ~II perf~rrned,‘~‘~ In 
our hands, our alkenyl cuprates afforded the dienc 49 
upon reaction with ethyl propiolate (Table 7, entry 
61). On the other hand the reaction with methyl vinyl 
ketone proceeded with transfer of both alkenyl 
groups. The keto-acetal 50 is thus obtained in high 
yield (Table 7, entry 62). 

From the examples shown above, it is clear that 
substituted alkenyl cuprates bearing the acetal func- 
tion, may be used for a great variety of synthetic 
transformations. This “one pot” procedure allows 
the obtention of very elaborated synthons, some of 
which have been synthetised otherwise by lengthy 
and fastiduous routes, 

Hydrolysis of ace&s und ketals 
The obtained acetals are precious precursors of 

their corresponding aldehydcs or ketones. Among the 
various methods available for the hydrolysis of ace- 
tals to aldehydes, we used either the acetic acid/water 
procedure, or the milder Bestmann procedure.” The 
following aldehydes have been, thus, obtained in 
quantitative yield. (Scheme 10). These crude al- 
dehydes are homogeneous by GLPC and NMR and 

may be used directly for further purposes. Aldehydes 
53 and 54 are sensitive to isomerisation. Addition of 
a crystal of iodine in the NMR tube containing the 
sample shows the appearance of new signals which 
correspond to the geometrical isomer. Aldchyde 55 is 
even more sensitive to isomcrisation, but is obtained 
in pure form using a milder hydrolysis. 

We have synthetised also pure geranial in the same 
way. Manicone ketal 37 affords analogously pure 
manicone 57. Kcto-a&al50 may also be hydrolyzed 
to the keto-aldchyde 58. This in turn is cyclized 
quantitatively to the enone !59 which retains its 
stereochemistry. (!khemc I 1). 

Preparation of acetals and ketals 
The carbocupration of acetylenic acetals would not 

be a useful method if these acetals were not easily 
available. They are in fact very easily prepared and 
in high yield. For example propiolaldehydc diethyl 
acetal is commercially available or may be prepared 
according to Brandsma” in high yield. Higher homol- 
ogs of aldehyde acetals may be prepared from the 
corresponding alkyne and ethyl or methyl ortho- 
formiate by either or the two ways (Scheme 12). As 
for kctals of aeetylenic ketones, we have developed a 
simple methodology to obtain them in high yield, 
starting from the commerically available bis- 
trimethylsilylacetylcne: 

Etuc* d Etv$” 
--YOEr - t yf + Eyt 

0 0 
‘on \ OEt 

ckt CiH 

JBU MM/H20 

-CH(OEI~ 
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CHICll 

1 
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CHaCh 

CH(OEth 
12 
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w 
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=+c CHO 

Sl 

Et-L 
hiHO 

s4 
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The corresponding substituted alkynes are easily Xy&olysis of ulkenyi cupares 
obtained by metallation and alkylation of their un- I,l-Dierhoxy 3(Ekheprme 2. To a solution of 25 mmol of 

substituted precursors, or by direct ketalisation of the the di-n-butyl cuprate in lOOmI ether (prepared from 

acetylenic ketone: 50 mm01 of n-butyl lithium) was added 6.4 g (50 mmol) of 

HC~C-C-R 
11 BuLi 

/\ 
0 0 

w 
K- C-_-C-C-R 

o”0 

R’-C -_-C-CO-R 

CONCLUSlON 

The carbocupration of acctylenic acctals is a very 
competitive methodology as compared to the carbo- 
cupration of acetylenic esters, ketones or aldehydcs. 
Although the former substrates are less reactive, they 
permit the obtention of highly pure products as far 
as the stereochemistry of the double bond is consid- 
ered, The obtained alkenyl cuprates are also much 
more reactive than those obtained by the carbo- 
cupration of acctylenic esters. Hence an easy access 
to very elaborated synthon for further use in multi- 
step synthesis. 

This general method may also be used for the 
synthesis of many natural product such as geranial, 
( f )-manicone and variously substituted 
2,Q(E,Z)-dienals. 

EXPIXRWENTAL 

‘H NMR spectra were recorded on a Jeol MH 100 (CC&; 
S ppm from TMS), “C NMR on a Jeol F’X 604 (CDCl,; 
d ppm from TMS). IR spectra were obtained on a 
Perkin-Elmer model 457 spectrometer. GLC analyses were 
performed on a Carlo Erba gas chromatograph mode1 G I 
and215Ousinga3mglasscolumn(l00/,SE30or loo/,LAC 
860 on silanized Chromosorb G/80/100 mesh) and a 50 m 
capillary glass column (OV 101). The gas chromatograph 
was coupled with an LTT 9400 integrator. All reactions are 
performed under a nitrogen atmosphere in a 25Oml flask 
equipped with a low-temperature thermometer, a mechani- 
cal stirrer and a pressure equalizing addition funnel. 

Lithium dialkyl(or dimethyl)cuprates were prcparal by 
addition of an ethereal solution of the corresponding or- 
ganolithium reagent (5Ommol) to a stirred suspension of 
Cul (27 nunol; purchased from Prolabo or Merck) in 80 ml 
diethyl ether at - 40”. After stirring at - 30” ( - IO” for 
Me,CuLi) for I5 min a blue solution of cuprate was ob- 
tained (25 mmol of cuprate). 

Lithium (Z) alkenyl cuprates were prepared by carbo- 
cupration of acetylene as described previously.” 

All other lithium dialkenyl cuprates as well as lithium 
diphenyl cuprate are prepared from the lithium reagent 
(50 mmol) and CuBr * M&Me complex (27 mmol) BS de- 
scribed for dialkyl cuprates. 

Lithium methyl phenylthio cupratc was prepared either 
by addition of 25 mmol of thiophenol to a lithium dimethyl 
cuprate (25 mmol) in ether at - 30”, or by addition of 
25 mmol of MeLi to a stirred suspensionof PhSCu 
(25 mmol) in 75 ml diethyl ether, at - 15”. and stirring at 
+ IO” for 1 h. The two procedures afford the same results. 

dicthoxypropyne in 25 ml ether at - 50”. The stirred solu- 
tion was kept 30 min at - 45”, then hydrolyzed by addition 
of 80 ml of sat NH,Cl and 20 ml sat NH,. The salts were 
filtered off and the organic layer washed once with sat 
NH&l while the aqueous phase was extracted twice with 
50 ml ether. The combined organic phases were dried over 
K+, the solvent was evaporated in vacua and the residue 
was drstilled through a IO cm Vigrrux column to fiord 8.8 g 
of the title compound (94y0). B.p. 9&91”/15mmHg (lit,* 
l52-156”/6oommH& nD 1o 1.4247; IR (neat) cm - ’ 3020, 
1685, 1065, 985; ‘H NMR (CC’&, 6) 5.74 (CH=, dt, l), 5.37 

(CH=, dd, I), 4.78 (CH “.d I) 346(CH --O m 4) 204 
(CHCH,-C=, 9,2). 1’ ’ ’ ’ ’ ’ ’ ’ . 

I,l-Dhrhoxy Z(E)-ocrenc 8. As for 2, -ion time and 
temperature quoatal in Table 3, entry 18. Yield: 91%. B.p. 
IWl02*/15mmHg; ng 1.4365; IR (neat) cm-’ 3020, 1685, 
1065,985; ‘H NMR (Xl,, 8), 5.72 (CH=, dt, l), 5.33 (CH=, 

dd, I), 4.78 (CH /G 

10’ 
d,l), 3.45 (CH,-00,m,4); ‘? NMR 

(CDCI,, 8) 135.0, 127.6 (CH=), 102.0 (CHC), 60.8 
(CH,- 0). 

I,l-Dkrhoxy, 4 merhyl2(E)-hexene 9. Same procedure as 
for 2. Reaction conditions are quoted in Table 3, entry 19. 
Yield: 89%. B.p. 40-41”/0.1 mmHg; ng 1.4219; IR (neat) 
cm- ’ 3015, 1675, 1050, 980; ‘H NMR (CDCI,, b) 5.78 

(CH=, dd, I), 5.47 (CH=, dd, I), 4.90 (CH”. d, I); 13C 

‘O/O 
NMR (CDCI,, 6) 140.2, 126.1 (CH=), 101.9 (CH 
(CH,- 0). 

,o” 60.7 

1, I-bierhoxy 3-phenyl 2(E)propene 11. Reaction cundi- 
tions are quoted in Table 3, entry 21. Yield: 65% B.p. 
88-W/0.05 mmHg (lit.? 102-105/3 mmHg); ng 1.521 I 
(lit.‘? ng 1.5145); IR (neat) cm-’ 3060, 3030, 1680, 1655, 
1600, 1580, LOW, 970, 750, 695; ‘H NMR (CCI,, b) 
7.35-7.75 (l’h,yo5H). 6.84 (CH=, d, lH), 6.25 (CH=, dd, 

lH), 5.15 (CH 
\G’ 

d, IH). 

1, I -Djefhoxy 4-merhylene 2(E~ocrene 12. Reaction condi- 
tions are quoted in Table 3, entry 22. Yield: 800/a. B.p. 
65-66”/0.05 mmHg; ng 1.4563; IR (neat) 3030, 1645, 1620, 
1060,985, 900; ‘H NMR (CC&, S) 6.33 (CH=, d lH), 5.62 

(CH=, dd, lH), 5.00 (CH?, s, 2H), 4.95 (CH /O 

10 
d, IH). 

I, I-Diethoxy 2,4(&Z) ocradiLne 13. Reaction conditions 
are quoted in Table 3, entry 23. Yield: 54%. B.p. 
106”/15mmHg;n~ 1.4708;IR(neat)~n-‘3005, 1660, 1615, 
1130,1050,950; ‘H NMR (CCI,, S) 6.52(CH=, dd, 1H) 5.96 

(CH-, dd, IH), 5.36-5.64 (CH-. m, ZH), 4.90 (C /G 

H\ 
o, d, 

1 H). 
I,l-Dtithoxy 2,4(E,Z) &cdiene 14. Reaction conditions 

are quoted in Table 3, entry 24 Yield: 76%. B.p. 
8l-82”/0.01 mmHg; ng 1.4619; IR (neat) cm- ’ 3005. 1660, 
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(CDCI,, S) 7.38 (CH=, d, IH), 6.14 (CH=, d. IH), 6.20 
(CH=, m, IH); “C NMR (CDCI,, b) 198.9 (C=O), 149.5, 
139.0, 125.4 (CH=), 132.4 (C=). 
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