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The reaction of allenylmetal compounds, RR’C=C=CHM (I), with aryl and 
vinyl iodides, R”1, have been studied. With Pd(PPh3)4 as catalyst a highly regio- 
selective formation of allenes, RR’C=C=CHR” (II), has been observed for M = 
MGl, Cu, Cul,&L2, Ag, Ag,,,Lil12, or ZnCl, but not Li. The reaction of the 
vinylic iodides proceeds with retention of configuration. 

Introduction 

Allenes have been the subject of many synthetic and theoretical investigations 
[l], and several compounds found in nature contain the allene unit as an essen- 
tial structural feature [l-4]. The present paper describes the synthesis of a 
number of aryl- and vinyl-allenes. Vinylallenes are of potential interest for 
prostaglandin synthesis since they can be converted into cyclopentenone 
derivatives [ 51. The insect pheromone of the male dried bean beetle Acantho- 
scelides obtectus also contains the vinylallene structure [S] . Arylallenes have 
been used to prepare, e.g., indene derivatives [7]. 

The literature gives several methods of preparing aryl- and vinyl-substituted 
allenes (cf. ref. 1); but none of these utiliies the following reaction principle: 

;c=c=c< J=s >c=c=c< ~. 
-M R (R = aryl or vinyl) 

Such an approach would be of value because several allenylmetal compounds 
are readily-available. Allenyllithium.compounds, for instance, can be obtained 
by. direct lithiation-of allenes by alkyllithiupls [f&9]. This has opened up easy 
routes to other allenylmetal compounds, e.g. tc-allenylcopper [ 10,111 and 
allenylsilver.compounds~~[ 121; We show below that this approach- is indeed of 
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synthetic value, and that several allenylmetal compounds undergo cross-coupl- 
ing with both aryl and vinyl iodides provided that an effective catalyst is used. 

Results and discussion 

Chorce of metal and catalyst. A number of metals M have been investigated 
in attempts to bring about cross-coupling between RR’C=C=CHM (I) and aryl 
or vinyl iodides, R”1. Table 1 shows that, except with the highly electropositive 
lithium, reasonable to excellent cross-coupling reactions are obtained, i.e. for 
M = MgCl, Cu, CullzI&, Ag, Agl,&il,,, and ZnC1. For this reaction, which gives 
only allenes, an effective catalyst is required (see entries 13 and 25). In our case 
good results were obtained by use of 2-5 mole % of the well-known palla- 
dium(0) catalyst Pd(PPh3)4 [ 13]_ In two experiments the corresponding nickel(O) 
and platinum(O) complexes were investigated but with less success (see note j 
in Table 1). All other experiments were therefore carried out using the palla- 
dium catalyst. 

The experiments given in entries 16-24 and 6-12 indicate that allenylzinc 
chlorides, monoallenylcopper compounds, and diallenyl cuprates are effective 
in giving aryl- and vinyl-substituted allenes, RR’C=C=CHR” (II). Interestingly, 
monoallenylsilver compounds and their “ate”derivatives can also be used in 
principle (see entries 14 and 15); the yields of II are somewhat lower than for 
tne other metals, probably because of partial decomposition of the silver 
reagents. Some cross-coupling reactions involving an allenylmagnesium chloride 
are also shown in the Table (entries 3-5): and it will be seen an excellent result 
was obtained for the coupling of this Grignard reagent with (Z)-1-iodo-1-hexene 
(entry 5). Cross-coupling with phenyl iodide is rather slow, however, and the 
analogous copper, silver, and zinc reagents are superior in this case (compare 
entries 3 and 4 with 6-10,14,15,18, and 19). It is known that cross-coupling 
of 1-alkynyl-, aryl-, and benzyl-metal reagents with aryl halides is better with 
zinc compounds than Grignard derivatives [14-161. 

Allenyllithium compounds cannot be utilized in the catalytic reaction (entries 
1 and 2). Similar disappointing results were reported with 1-alkynyl- and aryl- 
lithium reagents [16]. On the other hand, excellent cross-coupling was observed 
between vinyl halides and various organolithium compounds using equimolar 
amounts of Pd(PPh,), [ 173 _ 

Regio- and stereo-chemistry/mechanism_ In none of the experiments of Table 
1 were detectable amounts of 1-alkynes, RR’R”C+CH (III, see Scheme 1) 
formed. The palladium-induced cross-coupling thus proceeds with high regio- 
selectivity (>98%). From the literature is known that the allene/alkyne ratio 
depends strongly on the nature of the electrophiIe and of the metal in the 
allenylmetal compound. For instance, allenyllithium reagents react with n-alkyl 
halides to a mixture of allene and alkyne [S] ; their cuprate derivatives produce 
only allenes [lo]. Allenylsilver compounds are converted into pure allenes by 
various electrophiles [X3] _ If carbon disulfide is used, however, the initial 
product is exclusively the alkyne [12] _ In our work the nature of M in I did 
not influence the regiochemistry of the reaction and this is understandable in 
terms of the generally assumed oxidative addition-transmetalation-reductive 
elimination scheme for transition metal-catalysed reactions (cf. ref. 19, see 
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SCHEME 1 

R”-1 + PdL, 

i 
R”-Pd--I + 2L I 

,;x M-CCHy;=CRR* 

i 
R”-Pd-CC = C = CRR’ 

I (PI 
L 

R*--CH =Czzxz CRR’ (no formation of RR’R”C-C ECH ) 

(II) tm, 

L = PPh, 

M = MgCl ,Cu ,CLI,~L~& ,Ag,AghLi,,2. or ZnCl 

R =H.Me ,or t-au 

R’ = H or Me 

R”= (Z)- or(E)-BuCHcCH- ,(Z)-t-BuCHzCH- , Ph, p-CIPh , or p-N02Ph 

Scheme 1). If this mechanism operates in our case, all reactions leading to 
allenes II will proceed through the palladium(I1) intermediates IV and V in the 
Scheme [ZO]. On this view the regiochemistry does not depend on the metal 
M of the allene transferring reagent I, but only on the specificity of the reduc- 
tive elimination of V. In view of our results the latter must be high. 

The efficiency of transition metal-catalysed cross-coupling of organometal 
compounds with electrophiles depends greatly on the ease of catalyst recycl- 
ing during the process. If the process is slow, other reactions such as halogen- 
metal exchange and thermal decomposition may compete effectively. This is 
apparently the case when M in I is lithium. 

The palladium-induced substitution in the vinylic iodides R”1 takes place 
with retention of configuration in the vinyl unit. This is a common feature for 
palladium catalysed substitution reactions in vinyl halides [ 21,221. This suggests 
that adduct IV is not formed via free radicals (cf. ref. 17). 

Solvent. A mixture of tetrahydrofuran (THF) and hexamethylphosphoric 
triamide (HMPT) is effective for the cross-coupling reactions. Allenylzinc 
chlorides, for instance, react with aryl iodides in this mixture faster than in THF 
alone. Nevertheless, excellent cross-couplings were observed in THF alone 
(entries 5,11,22-24). Interestingly, the parent allenylzinc compound reacts 



T
A

B
L

E
 1

 

FO
R

M
A

T
IO

N
 

O
F 

R
R

’C
=

C
=

C
H

R
” 

(I
I)

 B
Y

 R
E

A
C

T
IO

N
 O

F 
R

B
’C

=
C

=
C

H
-M

 
(I

) 
W

IT
H

 R
”1

 

E
nt

ry
 

C
om

po
un

d 
I 

R
 

R
’ 

M
 

R
”1

 
Pd

(P
Ph

3)
d 

fl
 

(m
ol

e 
%

) 
So

lv
en

t 
a 

R
ea

ct
io

n 
R

ea
ct

io
n 

Y
ie

ld
 ’

 
R

em
ar

lc
s 

te
m

pc
ra

tu
rc

 
tim

e 
(m

m
) 

of
 I

I 
(%

) 
(“

C
) 

- 

1 2 3 4 6 6 7 a 9 10
 

11
 

12
 

13
 

14
 

16
 

I.
8 

I.
7 18
 

19
 

20
 

21
 

22
 

23
 

24
 

, 
t.B

u 
26

 
tB

u 

_-
~ 

M
e 

t-
B

u 
t-

B
u 

tB
u 

t?
B

U
 

M
e 

tr
B

u 
tc

B
u 

tB
u 

t-
B

u 
t-

B
u 

t.B
u 

tB
u 

tB
u 

tB
u 

H
 

H
 

M
e 

tB
u 

tB
u 

tr
B

u 
tB

u 
t*

B
u 

M
C

 
H

 
H

 

H
 

H
 

M
C

 
H

 
H

 
H

 
H

 
H

 
H

 
H

 
H

 
H

 
H

 
H

 
M

e 
H

 
H

 
H

 
H

 
H

 E
i 

H
 

L
I 

I M
aC

l 
M

gC
l 

M
gC

l 
cu

 
cu

 
cu

 

C
u1

12
L

i1
12

 
C

U
1/

2L
11

/2
 

cu
 

cu
 

cu
 

A
g 

A
a1

/2
L

11
/2

 
Z

nC
l 

Z
nC

l 
Z

nC
l 

Z
nC

l 
Z

nC
l 

Z
nC

l 
Z

nC
l 

Z
nC

l 
Z

nC
l 

Z
nC

l 

Ph
i 

Ph
i 

Ph
i 

Ph
i 

(Z
).

B
uC

H
=

C
H

I 
Ph

i 
Ph

i 
Ph

i 
Ph

i 
Ph

i 
p.

N
O

pP
hI

 
(%

).
B

uC
H

=
C

H
I 

Ph
i 

Ph
i 

Ph
i 

Ph
i 

p.
C

lP
hI

 
Ph

i 
P

I1
1 

pC
IP

h1
 

pN
O

2P
hI

 
(Z

).
B

u
C

H
=

C
H

 
, 

(Z
)+

B
uC

H
=

C
II

I 
(E

).
B

uC
H

=
C

H
I 

Ph
i 

Ii0
 

4,
o 

6,
O

 
4,

o 
.4

.0
 

4,
O

 
4,

o 
4.

0 
4,

O
 

4.
0 

2.
0 

4.
0 

0 4.
0 

4.
0 

2.
0 

2.
0 

2.
0 

2.
0 

2.
0 

2.
0 

4.
0 

4.
0 

4.
0 

0 

T
II

 F
 

T
H

F
/H

M
P

T
 

T
H

F
/H

M
P

T
 

T
H

F
/H

M
P

T
 

T
H

F
 

T
M

F/
H

M
PT

 
T

H
F

/H
M

P
T

 
T

H
F

/H
M

P
T

 
T

H
F

 
T

H
F

/H
M

P
T

 
T

I-
IF

 
T

H
F

/H
M

P
T

 
T

R
F

/H
M

P
T

 
T

H
F

/H
M

P
T

 
T

H
F

/H
M

P
T

 
T

H
F

/T
M

E
D

 
T

H
F

/T
M

E
D

 
T

H
F

/H
M

P
T

 
T

H
F

/H
M

P
T

 
T

H
F

/H
M

P
T

 
T

H
F

/H
M

P
T

 
T

H
 F

 
T

H
F

 
T

II
 F

 
T

II
F

/H
M

P
T

 

2G
 

60
 

<
3 

4 
e 

40
 

30
 

<
3 

e,
 f 

2B
 

60
 

c3
 

4 
k 

50
 

60
 

66
 

4 
6 

3B
 

12
0 

>
08

 
d,

 h
, 

i 
40

 
30

 
>

98
 

f 
26

 
30

 
76

 
f, 

S 
40

 
30

 
>

98
 

f 
26

 
60

 
86

 
d.

 9
 

2G
 

60
 

>
98

 
d 

46
 

2 
>

98
 

f 

46
 

30
 

>
98

 
f, 

h,
 i

 
4B

 
30

 
<

3 
f, 

a 
46

 
8 

Ii
i 

f, 
6 

40
 

30
 

70
 

f, 
6 

26
 

24
0 

>
98

 
d 

25
 

24
0 

>
98

 
d 

2G
 

60
 

>
98

 
d 

26
 

60
 

>
98

 
d,

 1
 

26
 

60
 

>
98

 
d 

26
 

60
 

>
08

 
d 

46
 

12
0 

>
98

 
d,

 h
, 

i 
G

O
 

60
 

>
98

 
d,

 h
 

4B
 

12
0 

>
98

 
d,

 h
 

26
 

60
 

<
3 

d,
 6

 

o 
B

as
ed

 o
n 

am
ou

nt
 

of
 I

. 
’ 

R
at

io
s 

ar
e 

gi
ve

n 
in

 t
he

 e
xp

er
im

en
ta

l 
sc

ct
lo

n,
 

’ 
In

 a
ll 

ex
pe

ri
m

en
ts

 
a 

sl
ig

ht
 

ex
ce

ss
 o

f 
I 

w
as

 u
se

d;
 y

ie
ld

s 
ar

e 
ba

se
d 

on
 R

”I
 a

nd
 r

ef
er

 
to

 
un

di
at

iil
ed

pr
od

uo
ts

. 
d 

T
he

 t
em

pe
ra

tu
re

 
w

as
 a

llo
w

ed
 t

o 
ri

se
 d

ur
in

g 
10

 m
ln

 f
ro

m
 

-6
O

’C
 

to
 t

ha
t 

in
di

ca
te

d 
in

 t
he

 T
ab

le
, 

an
d 

th
o 

m
ix

tu
re

 
w

as
 t

he
n 

st
ir

re
d 

fo
r 

th
e 

tim
e 

sh
ow

n,
 

’ 
A

 m
ix

tu
re

 
of

 u
ni

de
nt

if
ie

d 
pr

od
uc

ts
 

w
ns

 f
or

m
ed

, 
pr

ob
ab

ly
 

ar
is

in
g 

in
 p

ar
t 

fr
om

 
ha

lo
ge

n-
m

et
al

 
cx

ch
nn

gc
. 

f 
T

he
 a

lle
ny

lm
et

nl
 

co
m

po
un

d 
w

as
 s

lo
w

ly
 

ad
de

d 
to

 a
 m

ix
tu

re
 

of
 R

”1
 a

nd
 t

he
’c

at
al

ys
t 

at
 t

he
 i

nd
ic

at
ed

 
te

m
pe

ra
tu

re
. 

B
 In

 a
dd

iti
on

 
to

 I
I 

on
ly

 s
ta

rt
in

g 
io

di
de

 
w

as
 i

so
la

te
d.

 
11

 T
he

 c
on

fi
gu

ra
tio

n 
of

 t
he

 d
ou

bl
e 

bo
nd

 
w

as
 r

et
aI

ne
d 

du
ri

ng
 t

he
 r

ea
ct

io
n.

 
‘S

om
e 

of
 t

he
 v

in
yl

al
lc

ne
 

un
de

rw
en

t 
[l

,ti
l-

si
gm

nt
ro

pl
c 

hy
dr

og
en

 
sh

if
t 

w
ith

 f
or

m
at

io
n 

of
 a

 m
ix

tu
re

 
of

 c
on

ju
ga

te
d 

tr
ic

ne
s 

(c
f. 

, 
re

f. 
20

).
 )

 I
n 

th
e 

pr
es

en
ce

 
of

 2
 m

ol
e 

%
 o

f 
N

i(
PP

h3
)4

 o
r 

Pt
(P

Ph
g)

a 
th

e 
nm

ou
nt

 
of

 c
ro

ss
-c

ou
pl

in
g 

w
ns

 l
es

s 
th

an
 

6%
. 



403 

with aryl iodides faster in THF/TMED (tetramethylethylenediamine) than in 
THF/HMPT while the other allenylzinc compounds gave better results in 
THF/HMPT_ 

Conclusion 

Our results demonstrate that in the presence of palladium catalysts various 
allenylmetals can give pure aryl- and vinyl-substituted allenes. Only when the 
metal is too electropositive, as with Li, is a catalytic amount of the catalyst 
unsufficient, and probably use of an equimolar amount of Li would be necessary 
to obtain pure allenes (cf. ref. 17). 

Experimental 

All experiments were performed under dry nitrogen. Propadiene was 
prepared from 2,3-dichloro-1-propene and zinc dust ]23],1,1-dimethylallene 
from 3-bromo-3-methyl-1-butyne and LiAlH4 [ 121, and t-butylallene from 
propargyl chloride [24]. The aryl iodides were prepared according to ref. 25 
or were commercially available. The vinylie iodides were synthesized according 
to references 26 and 27. Pd(PPh3)* was obtained as described in ref. 28. ZnCl, 
was used as a 1.0 M solution in THF which was stored over molecular sieves 
4 8. MgClz was used as a 0.6 M solution in THF. 

(a) Preparation of I 
M = Li: To a stirred solution of RR’C=C=CH* (0.025 mole) in THF (50 ml) 

at -60°C was added a solution of BuLi (0.025 mole) in hexane (15 ml). The 
mixture was stirred for 60 min at -60°C. The resulting solution was used for 
the couplings. 

M = MgCZ or ZrzCZ: To the allenyllithium compound (0.025 mole), prepared 
as indicated above, an equimolar amount of MgC12 or ZnC12 was added at 
-60°C. The resulting solutions were used immediately (see under b). 

M = Cu or Ag: To the allenyllithium compound (0.025 mole; see under M = 
Li) at -60°C was added CuBr (0.025 mole) or a solution of AgBr(LiBr), 
(0.025 mole) in THF (25 ml). The mixture was stirred for 30 min at -20°C 
prior to use. 

M = Cu,,2Li,,, or Ag,,,Li,,2: The procedure was the same as that described 
for M = Cu or Ag but using half the amounts of CuBr, AgBr, and LiBr. 

(b) Reaction of I with R’I 
For reactions in entries 1,3-5 and 16-25 the catalyst Pd(PPh,), (0.02 M 

solution in THF; see Table l), R”I(O.024 mole), and, if appropriate (see Table 
l), HMPT (10 ml) or TMED (10 ml) were add& successively to I at -60°C. The 
temperature of the mixture was then allowed to rise during 10 min to that 
indicated in Table 1, and the mixture was stirred for an additional period (see 
Table 1) at that temperature. The products were isolated by pouring the reaction 
mixtures into an aqueous solution of NH&I and extracting the aqueous layer 
with pentane. The extract was washed with water tid dried over R2C03. The 
solvent was then removed in vacua. In the other experiments the inverse addi- 
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tion mode was used in order to prevent decomposition of I. Thus the THF 
solution of I, diluted with HMPT (10 ml) in entries 6-8, 10, and 12-15, was 
carefirlly added to a vigorously stirred mixture of R”I (0.024 mole) and the 
catalyst (amount of catalyst is given in Table 1) in THF (50 ml) at the tempera- 
ture shown in Table 1. After the addition of the solution of I the mixture was 
stirred for the time shown in Table 1. The products were isolated by pouring the 
mixture into an aqueous solution of NH,Cl containing NaCN (2 g; not used in 
experiment 2 of Table 1) and extracting with pentane (see above). 

Physical constants, yields, and spectroscopic data for distilled allenes II are 
given in Table 2. 

Acknowledgement 

This investigation was supported (in part) by the Netherlands Foundation of 
Chemical Research (SON) with financial aid from the Netherlands Organization 
for the Advancement of Pure Research (ZWO). 

References 

1 See for a comprehensive review on aiiene chemistry: S. Patai (Editor). The chemistry of ketenes. 
aiienes. and related compounds. John Wiley and Sons Ltd.. London. 1980. 

2 J.D. Bu’Lock, E.R.H. Jones and P.R. Leeming. J. Chem. Sot.. (1955) 427O_ 

3 J-D_ Bu‘Lock. E.R_H_ Jones and P.R. Leeming. J. Chem. Sot.. (1957) 1997. 
4 R.E. Bew, J.R. Chapman, E.R.H. Jones, B.E. Lowe and G. Lowe. J. Chem. Sot. C. (1966) 129. 

5 F. Delbecq and J. Gore. Tetrahedron L&t.. (1976) 3459. 
6 D-F. Horler. J. Chem. Sot. C. (1970) 859. 
7 M. Murray in E. Milkier (Editor). Houben-Weyl. Methoden der Organischen Chemie. Band V/2% 

Georg Thieme Verlag. Stuttgart. 1977. p. 1074. 
8 G_ Linstrumeiie and D. Michelot. J. Chem. Sot.. Chem. Commun.. (1975) 561. 
9 G. Baime. A. Doutheau. J. Gore and M. Malacria. Synthesis. (1979) 508. 

10 D. Michelot and G. Linstrurnelle. Tetrahedron Lett.. (1976) 275. 

11 K. Ruitenberg, J. Meijer. R.J. Buiice and P. Vermeer. J. Organometal. Chem.. 217 (1981) 267. 

12 J. Meijer, K. Ruitenberg. H. Westmijxe and P. Vermeer. Synthesis. (1981) 551. 
13 See for some other paBadium(O)-promoted carbon-carbon bond formations: K. Takai. K. Oshima and 

H. Nozaki. Tetrahedron Lett.. 21 (1980) 5231. and ref. cited therein. 
14 E. Negishi. A-O_ King and N_ Okukado. J. Org. Chem.. 42 (1977) 1823. 
15 A-0. Kine and E. Neaishi. J. Org. Chern.. 43 (1978) 358. 

16 

17 

18 
19 

20 

21 
22 
23 

24 

25 

26 
27 

28 

29 

E. Negi& in: J.H. B&w& (Editor), Aspects Mech. Organometaiiic Chemistry. Plenum. New York. 
1978. p. 285. 
M. Yamamura. I. Moritani and S-1. Murahashi. J. Organometai. Chem.. 91 (1975) C39. 
H. Westmijze. H. Bleijn. H.J.T. Bos and P. Vermeer. J. Organometai. Chem.. 199 (1980) 293. 
See for instance: J.K. Kochi, Organometaiiic Mechanismsand Catiyds. Academic Press. New York, 

N.Y.. 1978. 
See for other examples of transition metais bearing an aiienyl group: C.J. Cooksey. D. Dodd. M.D. 
Johnson and B.L_ Lockmann. J. Chem. Sot.. Daiton:(l978) 1814. 
A-0. King. N_ Okukado and E. N&&i. J. Chem. Sot.. Chem. Commun.. (1977) 683_ 

H.P. Dang and G. Linstrumelie. Tetrahedron Lett.. (1978) 191. 
H.N. Cripps and E.R. Kiefer in: Organic Syntheses, COB. Vol. 5.John Wiley and Sons, London, 1973. 
p_ 22. 
P. Vermeer. J_ Meijer and L. Brandsma. Reel. Trav. Chim. Pays-Bas. 94 (1975) 112. 

Vogel’s Textbook of Practical Organic Chemistry including QuaIitative Orgahic Analysis. 4th. ed., 
Longman. London. New York. 1978. 
H. Westmijze. J. Meijer and P. Vermeer. Reel. Trav. Chim. Pays-Bas, 96 (1977) 168. 
AS. Arora and 1-K Ugi in: E. MiiBer (Editor). Houhen-Weyl. Methoden der Organischen Chemie. 
Band V/lb. Georg Thieme Veriag. Stuttgart. 1972. p_ 802. 
D.R. Cot&on im Inorganic Synthesis, Vol. XIII, McGraw-Hiii Book Company. Inc.. New York. 

London. 1972. p. 121. 
C.G. Knudsen. SE. Carey and W-I-I. Okamura. J_ Am_ Chem_ Sot.. 102 (1980) 6355. and other ref. 

cited therein. 


