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SYNTHESIS OF A LIGNAN SKELETON VIA NICKEL- AND PALLADIUM-PHOSPHINE COMPLEX CATALYZED GRIGNARD
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Swmmary: A lignan skeleton is prepared in good yield through desulfurization of 3,4-dibenzyl-
thiophene or 2,5-diaryl-3,4-dimethylthiophenes which are obtained by the nickel- or palladium-

phosphine complex catalyzed Grignard cross-coupling reaction of halothiophenes,

One of the most significant features of the nickel-phosphine complex catalyzed Grignard
cross-coupling reaction is the high efficiency for the introduction of organic groups into
C(sp2)-halides.? As part of our investigation on the nickel-phosphine complex catalyzed alky-
lation and arylation of heterocyclic compounds, we have previously found that various halothio-
phenes readily couple with Grignard reagents. This coupling reaction turned out to be the most

convenient method for the preparation of alkyl- and arylthiophenes.3

Since thiophene molecules
have been recoghized as precursors for four carbon building blocks," we have developed a new
route from certain substituted thiophenes to 2,3-dibenzylbutane derivatives, the basic skeleton
of lignans which exist in many plants as its constituent and some of which show interesting
biclogical activities,®

Scheme 1 outlines two routes employed in our present work. One is via 3,4-dibenzylthio-
phene (3) and the other via 3,4-dimethyl-2,5-diarylthiophenes (6), both of which are readily
obtainable by the cross-coupling reaction of the corresponding halothiophenes with Grignard or
organozinc reagents in the presence of nickel- or palladium-phosphine complexes and should

afford, upon desulfurization by Raney nickel, the same lignan skeleton 7.

3,4-Dibenzylthiophene 3a, obtained in 95% yield by the cross-coupling of 3,4-dibromothio-
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Scheme 1
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2 NiC1,(dppp), ~ 1 mol%. © Raney Ni. © (1) MeMgBr, NiCl,(dppp), (2) Br, in AcOH.

phene 1 with two equivalents of benzylmagnesium chloride 2a in the presence of NiCl,(dppp),
dppp = Ph,P(CH,) 3PPhy, as a catalyst,® was treated with Raney nickel to give 2,3-dibenzylbutane
7a in 98% yield. This route proceeds with such a high efficiency, but suffers from the diffi-
culties in the preparation of highly alkoxy-substituted benzyl Grignard reagents which are
required for the preparation of naturally occurring compounds. This difficulty was overcome by
the other route. Thus, 2,5-diaryl-3,4-dimethylthiophenes 6 were prepared in high yields by the
Grignard cross-coupling reaction of 2,5-dibromo-3,4-dimethylthiophene #, obtainable by similar
Grignard coupling of 1 followed by bromination. Yield and mp are as follows; 6a, 99%, mp 161-
162°C; 6b, 78%, mp 173,5-174.5°C; 6¢C, 55%, mp 176-177°C; 6d, 84%, mp 194-195°C. Desulfurization
of 6a - 6d also proceeded smoothly to give lignan derivatives 7a - 7d in 85407% yields, as an
about 4 : 6 mixture of diastereoisomers. A representative example is 7C, mp 89-93°C; H NMR
(100 Miz, CCl,, T™S) & 0.80 (minor) and 0.83 (major) (d, J = 7 Hz, 6H), 1.55-1.9 (m, 2H), 2.1-
2.8 (m, 4H), 3.75 (s, 12H), 6.4-6.75 (m, 6H) ppm.

It should be noted here that the 3,4-dimethoxy- and 3,4-methylenedioxy-derivatives (7c and
7d) are precursors for nordihydroguaiaretic acid, one of the most representative lignans, which
is derived naturally from the resinous exudates of many plants and is now noted as an effective

inhibitor of biosynthesis of thromboxane Ap.”
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Unsymmetrically substituted lignans are also prepared by the present procedure, applying
the recently reported palladium-catalyzed selective monobenzylation and arylation of aromatic
polyhalides.® The synthesis of unsymmetrically substituted thiophenes was achieved in two
steps. As reported previously,8 the palladium complex catalyzed coupling reaction of 1 with
one equive of henzylzine bromide gave monobenzylbromothiophene 8 in 52 - 57% yield. Compound 8
was allowed to react with 4-methylbenzylmagnesium chloride in the presence of NiCl,(dppp) to
form unsymmetrically disubstituted thiophene 9 quantitatively. Alternatively, 4 was first
monophenylated with phenylmagnesium bromide in 63% yield using Pd(PPha)y, as catalyst. The
second aryl group was introduced by 4-methyoxyphenylmagnesium bromide in the presence of
NiCl,(dppp) in 87% yield. Desulfurization of 9 and 11 gave the corresponding lignan skeletons

in 70% and 81% yield, respectively.

1 2 1
ArlCH,ZnBr Br CHaAr Ar2CH,MgC1 Ar<CH, CH,Ar
Vo= [\ : - T
PA(PPh3)y s NiC1,(dppp) s
8 9
Arl = Ph, ArZ = 4-MeCgH,
AriMgBr Me Me ArZMgBr Me Me
s — > N Z:—jX
Pd(PPh3 )y l3f“‘z—51/\r1 NiCT,(dppp) Ar2 /S | Arl
10 n

Arl = Ph, ArZ = 4-MeQCgH,

It is apparent from these preliminary results presented here that a sequence of the
Grignard cross-coupling of halothiophenes and desulfurization provides a simple, efficient route
to the lignan skeleton. Our further efforts are directed to the total synthesis of some

biologically active lignans,



4020

for

Ono

(1
(2)

(3)
(4)

(5)

(6)

(73

(8)

Acknowledgment  K.T. and M.K. thank the Ministry of Education, Japan, for Grant-in-Aid

Scientific Research (No. 303523, 403521). We also gratefully achnowledge Dr, M. Hayashi of

Pharmaceitical Co., Ltd. for useful information.

REFERENCES AND NOTES

(a) Kyoto College of Pharmacy; (b} Kyoto University.

For a pertinent review, see K. Tamao and M. Kumada, in "Organometallic Reactions and
Syntheses', E. I. Becker and M., Tsutsui, Ed., Plenum, New York, in press.

K. Tamao, S. Kodama, I. Nakajima, M. Kumada, A. Minato, and K. Suzuki, to be published.
For example, see A. 1. Meyers, '"Heterocycles in Organic Synthesis", John Wiley and Sons,
New York, 1974.

For example, (a) W. M. Hearon and W. 3. Macgregor, Chem. Rev., 55, 957 (1955}; (b) Rodd's
Chemistry of Carbon Compounds, 2nd Ed., S. Coffey, Ed., Vol. III, Part D, pp. 253 - 271,
1976, Elsevier, Amsterdam.

K. Tamao, K. Sumitani, Y. Kiso, M. Zembayashi, A. Fujioka, S. Kodama, I. Nakajima, A.
Minato, and M. Kumada, Bull. Chem. Soc. Japan, 49, 1958 (1976).

S. Hammarstrom, 1977 Winter Prostaglandin Conference, Vail, Colorado, March 27 - 29, 1977;
Prostaglandins, 14, 184 - 185 ({1977).

A Minato, K. Tamao, T. Hayashi, K. Suzuki, and M. Kumada, Tetrahedron Lett., 21, 845

(1980) .

(Received in Japan 18 July 1980)



