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Polyfunctional and stereochemically pure ( E )  or (Z)  alkenylcopper reagents have been generated by carbocupration of 
terminal alkynes or by an iodine-lithium exchange reaction and have been found to add to various diethyl 
alkylidenemalonates, affording y,&unsaturated esters in excellent yields. 

Aryl- and alkenyl-copper reagents are considerably less 
reactive than alkylcopper derivatives and undergo 1,4-addi- 
tions less efficiently than their alkyl-counterparts, especially in 
the case of unreactive Michael acceptors such as unsaturated 
esters.1.2 In spite of the fact that alkylidenemalonic esters are 
good synthetic equivalents of enoates and are much more 
reactive, they have been used little with vinyl or  aryl copper 
reagents .3 

We report herein reaction conditions allowing the genera- 
tion of stereochemically pure simple or  functionalized alkenyl- 
copper compounds and their successful addition to diethyl 
alkylidenemalonates. Two methods were used for the prep- 
aration of the copper organometallics: (i) the well-known 
carbocupration of terminal alkynes by Grignard-derived 
copper reagents in diethyl ether,4 and (ii) an iodine-lithium 
exchange reaction, followed by a transmetallation .s 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
92

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

M
ic

hi
ga

n 
L

ib
ra

ry
 o

n 
29

/1
0/

20
14

 2
2:

57
:1

2.
 

View Article Online / Journal Homepage / Table of Contents for this issue

http://dx.doi.org/10.1039/c39920001406
http://pubs.rsc.org/en/journals/journal/C3
http://pubs.rsc.org/en/journals/journal/C3?issueid=C31992_0_19


J .  C'HEM. S O C . ,  C H E M .  C O M M U N . ,  1992 1407 

C U * M ~ X ~  

R' MgBr I * R'Cu*MgX2 - R ' + ~  

R2 
1 2 

Scheme 1 Reagents and conditions: i, CuI, diethyl ether, -35"C, 
0.5 h: ii, R'GCH, -15 to -IO"C, 1.5 h 

H C07Et 

i R2*i02Et R4Hc02Et R3 C0,Et + - ~1 R3 R4 

3 4 
Scheme 2 Reagents and conditions: i ,  diethyl ether-THF, -10 to 
25 "C, 3 h 

Table 1 Unsaturated malonic esters 4 prepared by the addition of pure 
Z or E alkenylcopper compounds 2 to alkylidenemalonates 3 

Product4 R1 R' R3 R4 Yield (%)" 

Pent 
Et 
Et 
Et 
Bu 
Et 
Bu 
Bu 
Bu 
Et 

Et Me 
Pent Me 
Pent Pr 
Pent Pri 
Pent Pri 
Pent Ph 
Dec Pri 
Pent Me 
Dec Me 
Pent H 

H 
H 
H 
H 
H 
H 
H 
Me 
Me 
H 

71 
80 
58 
71 
68b 
906 
606 
60" 
586 
6 7 ~  

0 Isolated yields of analytically pure products, all reactions were 
performed at a 30 mmol scale. b Reaction performed in ether without 
the addition of THF. c Reaction performed in the presence of Me3SiBr 
(1.2 equiv.). 

Thus, the slow addition of an alkylmagnesium bromide 
(RlMgX) to a suspension of Cul in diethyl ether at -35°C 
provides a yellow precipitate of RlCu-MgX2 1 which reacts 
readily with a terminal alkyne (1.0 equiv., -35 "C, then -15 
to -10 "C, 1.5 h) to give a dark-green solution of alkenyl- 
copper 2 (Scheme 1). The addition of a diethyl alkylidene- 
malonate 3 (1.0 equiv.) and tetrahydrofuran (THF) (2 ml per 
mmol of the alkyne) at - 10 "C and warming up of the reaction 
mixture to room temperature gives a grey suspension which 
after the usual work-up furnishes the desired 1,4-adduct 4 with 
complete retention of the double bond geometry? in excellent 
yields (Scheme 2 and Table 1). Attempts to improve the yields 
by adding triethylphosphite, N-methylpyrrolidone or  Me3SiC16 
did not succeed. 

The use of an excess (20 mol%) of the alkenylcopper 2 did 
not lead to significantly higher yields. Interestingly, the 
addition of 2 to diethyl methylidenemalonate (R3 = R4 = H)7 
proceeds only in 52% yield under the standard reaction 
conditions, however, the addition of Me3SiBr (1.2 equiv.) 
leads to substantial improvements and affords 4i in 67% 
isolated yield. In the case of P,P-disubstituted alkylidene- 
malonates, the use of diethyl ether alone as solvent provides 
the best yields. This relatively nonpolar solvent reduces the 
enolization of the alkylidenemalonate. 

Vinylic copper compounds prepared by the addition of 
alkylcoppers to terminal alkynes in diethyl ether are especially 
unreactive toward Michael-acceptors. They do  not react with 
a$-unsaturated ketones or esters, even in the presence of 
BF,.Et,O or  after addition of THF as cosolvent.4~' It is 

t Comparison between the lH and spectra of (E) and (2) 4a 
(Table 1) show the absence of the other stereoisomer in  each product. 
For the stereochemistry of the carbocupration see ref. 4(h). 

5; X = Br, I 6; X = Li 7 ; x = c u  
FG = CI, CN, C02R FG = CI, CN, C02R FG = CI, CN, C02R 

Scheme 3 Reagents and conditions: i, BuLi (1.05 equiv.), THF : diethyl 
ether: pentane (2 : 1 : 1), -100 "C; ii, CuI-2LiI (1.0 equiv.), 
THF:MezS (1: l) ,  -100 to -30°C 

R3 
C02Et 

F G C c u  + R3& 0 C02Et -FG 

7 ;  FG = CI, CN, C02R 3; R = Ph or c-Hex 8 

Scheme 4 Conditions: i ,  -30 to 25 "C, 1-3 h 

Table 2 Polyfunctional malonic esters 8a-j obtained by the reaction of 
polyfunctional pure E alkenyl- and aryl-copper compounds 7 with 
alkylidenemalonates 3 (R3 = c-Hex or Ph) 

Alkylidene- 
Organocopper malonate Product 8 Yield 
reagent 7 R3 R'(R)CH-CH(CO?Et)2 (YO)" 

(E)-HexC(H)=C(H)Cu Ph 
(E)-HexC(H)=C(H)Cu c-Hex 

C(H)Cu Ph 
(E)C1(CH2)3C(H)= 

(E)-C1( CH2)3C( H)= 
C(H)Cu c-Hex 

(E)-NC(CH2)3C(H)= 
C(H)Cu Ph 

( E )  -ButC02( CHz)3- 
C( H)=C( H)CU Ph 

p-NCC6HjCu Ph 
p-NCC6HjCu c-Hex 

p-But02CC6H4Cu c-Hex 
p-But02CC6H4Cu Ph 

a: R = (E)-HexCH=CH- 95 
b: R = (E)-HexCH=CH- 90 

C: R = (E)-CI(CH'),- 
CH=CH- 80 

d: R = (E)-Cl(CH,),- 
CH=CH- 71 

e: R = (E)NC(CH&- 
CHzCH- 82 

f: R = (E)-Bu'CO*- 
(CH2)3CH=CH- 76 

g: R = ~ - N C C ~ H J -  90 
h: R =p-NCC6HJ- 92 
i: R = p-But02CC6H4- 85 
j: R = p-But02CC6H4- 79 

fl Isolated yields of analytically pure products: all reactions were 
performed at a 4-6 mmol scale. 

necessary to carry out the reaction in a mixture E t 2 0  : Me2S 
(-1 : 1) as solvent to perform the 1,4-addition to reactive 
enones (e.g. cyclohexenone) successfully.9 Moreover, under 
these conditions, the conjugate addition to enoates only 
occurs after conversion of the vinyl copper 2 in the more 
reactive vinyl alkynyl cuprate [ R1R2C=CH(BuC=C)]CuLi.9 
This is very surprising since vinyl copper reagents prepared by 
lithium-copper or magnesium-copper exchange react with 
enones to give the conjugate addition product in good yields. 1 0  

The results described in Table 1 are the first successful 
examples of conjugate addition of vinyl coppers prepared by 
carbocupration in diethyl ether occurring without any addi- 
tive. 

Polyfunctional alkeny- or  aryl-copper reagents can also be 
added successfully to  alkylidenemalonates. These were pre- 
pared by treating the corresponding functionalized aromatic 
or  vinylic iodides 5 with BuLi (1.05 equiv.) at - 100 "C in the 
Trapp mixture10.11 (2 : 1 : 1, THF : diethyl ether : pentane). 
After 3 min at this temperature, the intermediate lithium 
compound 6 was formed and a solution of CuI-2LiI 
(1.0 equiv., -100 to -80 "C in 1 : 1 T H F :  Me2S) was added 
resulting in the formation of a dark-red solution of the 
corresponding copper reagent 7 (Scheme 3). In the case of the 
aromatic copper reagents prepared from the corresponding 
aromatic bromides, CuCNeLiC112 was used. It should be noted 
that the preparation of the functionalized vinyl copper 
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compounds used herein (Table 2) have been recently de- 
scribed by some of us for the first time.12 

Remarkably. this procedure permits the preparation of 
polyfunctional (E)-alkenylcopper compounds 7 which add 
readily to alkylidenemalonates 3 (0.67-0.8 equiv., -30 to 
25 "C, 1-5 h) to furnish the desired Michael-adducts Sa-j in 
good yields (71-95% ; Scheme 4 and Table 2). The adducts can 
be decarboxylated to y,&unsaturated esters using Krapcho's 
procedure14 and the diethyl alkylmalonate 4a was converted to 
pure (E)-ethyl 5-ethyl-3-methyldec-4-enoate in 76% unopti- 
mized yield (50 mmol scale reaction). 

In conclusion, we have prepared a variety of pure (E) or 
(2)-y ,&unsaturated malonates by the stereospecific addition 
of alkenyl and aryl copper reagents to alkylidene malonates. 
Remarkably, the reaction tolerates the presence of an ester, 
halide or nitrile function in the organometallic moiety. After 
decarboxylation of the conjugated adduct according to Krap- 
cho procedure,l4 this method allows to prepare various pure 
( E )  or (2) y,fi-unsaturated esters which are very difficult to 
obtain from the corresponding enoates. Further applications 
are underway. 

Received, 8th June 1992; Corn. 2103024A 
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