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Abstract: Tamoxifen was synthesized using a nickel-catalyzed
arylative carboxylation developed by our group. The key com-
pound, tetrasubstituted alkene, was synthesized from disubstituted
alkyne using a catalytic amount of Ni(0) and DBU in the presence
of Ph2Zn under an atmosphere of carbon dioxide. The reaction pro-
ceeded smoothly in a regio- and stereoselective manner, and the re-
sultant tetrasubstituted alkene was converted into tamoxifen.
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tamoxifen, carbon dioxide

Tamoxifen1 is an antiestrogenic anticancer drug that is ef-
fective for the treatment of metastatic breast cancer. The
structure of tamoxifen, which has tetrasubstituted alkene,
prompted us to synthesize2 this compound in a regio- and
stereoselective manner because we have developed a nov-
el method for synthesizing tetrasubstituted alkene from
disubstituted alkyne, CO2, a zinc reagent and DBU (1,8-
diazabicyclo[5.4.0]undec-7-ene) using a catalytic amount
of Ni(0).3a

The reaction proceeded through the formation of oxanick-
elacycle 2 and/or 3 by oxidative cyclization of alkyne 1,
CO2 and Ni(0) followed by transmetalation of 2 and/or 3
with a zinc reagent and then reductive elimination from
alkylnickel complex 4 and/or 5 to give tetrasubstituted
alkene 6 and/or 7 (Scheme 1).

To realize the regioselective synthesis of tetrasubstituted
alkene, the effect of the substituent on an alkyne is very
important. That is, alkyne 1a having a trimethylsilyl group
gave tetrasubstituted alkene 6a predominantly via oxa-
nickelacycle 2a, but the alkynes 1b and 1c having a t-Bu
group and an aryl group gave tetrasubstituted alkenes 7b
and 7c predominantly in high yields via oxanickelacycles
3b and 3c, respectively (Scheme 2). Presumably, an oxa-
nickelacycle made thermodynamically more stable by
conjugation of the carboxyl group with the substituent R1

or R2 on the oxanickelacycle would give a major tetra-
substituted alkene.

Scheme 2 Electronic effects on the regioselectivity of nickel-cata-
lyzed carboxylation

Scheme 1 Synthesis of tetrasubstituted alkenes using nickel-cataly-
zed alkylative carboxylation
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Our retrosynthetic analysis of tamoxifen is shown in
Scheme 3. Tamoxifen would be synthesized from tetra-
substituted alkene 8, which would be obtained from dis-
ubstituted alkyne 9, CO2 and Ph2Zn in the presence of a
catalytic amount of nickel complex.

Scheme 3 Retrosynthetic analysis of tamoxifen using nickel-cataly-
zed phenylative carboxylation

To examine whether other zinc reagents can be used for
this reaction, various zinc reagents were examined and the
results are shown in Table 1. The use of Ph2Zn and Bn2Zn
gave the corresponding tetrasubstituted alkenes 13b and
13c in high yields, respectively (entries 2 and 3). In the
case of Bu2Zn, tetrasubstituted alkene 13d was obtained
in 79% yield along with trisubstituted alkene 13e (R = H)

in 19% yield (entry 4). The latter compound 13e should be
formed by transmetalation of oxanickelacycle with Bu2Zn
followed by b-hydrogen elimination from butyl nickel
complex 14d and reductive elimination of hydride nickel
complex (Scheme 4).

Scheme 4

In the synthesis of tamoxifen, oxanickelacycle 10a should
be formed predominantly because oxanickelacycle 10a is
more stable than 11a due to the conjugation of the p-
alkoxyphenyl group with the carboxyl group in 10a and
compound 8 would be obtained as a major product from
10a. To confirm this, synthesis of tetrasubstituted alkene
was examined using a model compound 15. When a THF
solution of alkyne 15 and Ph2Zn in the presence of 20
mol% of Ni(cod)2 and 10 equivalents of DBU was stirred
under an atmosphere of carbon dioxide at 40 °C for 17
hours, desired tetrasubstituted alkene 16 was obtained in
67% yield along with 17 in 27% yield (Scheme 5). As ex-
pected, oxanickelacycle 10a (R = Me) was preferentially
formed as an intermediate.

The synthesis of starting disubstituted alkyne 9 was car-
ried out. Alkylation of p-iodophenol gave 18,2o which was
condensed with phenylacetylene in the presence of a pal-
ladium catalyst to afford desired alkyne 9. When a reac-
tion of 9, CO2, and Ph2Zn was carried out in a manner
similar to that for the synthesis of 16, desired tetrasubsti-
tuted alkene 19 was obtained in 63% yield along with 20
in 22% yield. Reduction of the ester group of 19 with
DIBAL-H gave alcohol 21, which was already converted
into tamoxifen by Fallis (Scheme 6).2o According to the
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Table 1 Nickel-Catalyzed Carboxylation in the Presence of Various Zinc Reagents

Entry R2Zn Temp Time (h) R Product Yield (%)

1 Me2Zn r.t. 18 Me 13a quant.a

2 Ph2Zn 40 °C 15 Ph 13b 97

3 Bn2Zn 40 °C 12 Bn 13c 90

4 Bu2Zn r.t. 18 Bu 13d 79b

a Previously reported.
b Trisubstituted alkene 13e (R = H) formed by b-hydrogen elimination was obtained in 19% yield.
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Fallis’ procedure, Dess–Martin oxidation of 21 followed
by Wittig reaction and then hydrogenation afforded
tamoxifen, whose spectral data agreed with those reported
in the literature.2p Thus, the synthesis of tamoxifen was
achieved in 36% overall yield over eight steps.

Synthesis of tamoxifen was achieved using nickel-cata-
lyzed arylative carboxylation. In this synthesis, carbon di-
oxide and an aryl group were introduced into diarylated
alkyne regioselectively. Carbon dioxide is a useful re-
source in synthetic organic chemistry. Further study for
utilization of carbon dioxide is now in progress.
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Scheme 5 Model study for the synthesis of tamoxifen
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Scheme 6 Synthesis of tamoxifen
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