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Abstract — The reaction of various aromatic bromides with ethyl acrylate in the
presence of stoichiometric amount of Pd(OAc), gave the vinylated products

without atfecting the carbon-bromine bond.

In the course of our studies of direct introduction of carbon side chain at C;-position of indote nucleus,? we
found one-step synthesis of 4-bromodehydrotryptophan (3) by the vinylation of 4-bromoindole (1) in the
presence of stoichiometric amount of palladium salt® (Scheme 1).  The selective formation of 4-
bromodehydrotryptophan (3) without affecting the carbon-bromine bond is synthetically useful, because
bromine atom cn aromatic ring might be easily converted to functionalized carbon side chain by organo-
transition metal catalyst. Such a chemoselective vinylation of aromatic bromides has never been reported.
In the present report, we describe the vinylation of various aromatic bromides with ethyl acrylate under the
stoichiometric condition in order to find the factors for this chemoselectivity.

Table I shows the results of the reaction of various bromoindoles with ethyl acrylate using palladium salt.

The vinylation of 4-bromoindole (4a) in the presence of 1.0 eq. of Pd(OAc), gave the C,-vinylated product
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Table I Vinylation of 4 with ethyl acrylate (5).2)
Run indole Pd salt (eq.) solvent product (%) SM recov.
(4) 6 7 (%)
1 4a Pd{OAc), (1.0) AcCOH 55 - 38
2 da Pd(OAc), (1.0) ACOH-Et ;N - trace -c)
3 4a PACl,(PPhy)y (1.0)P) AcOH - 9 gsd)
4 4a  PdCl,(PPhy), (0.1) ACOH-Et 3N - 82 -
4b Pd(OAc), (1.0) AcOH 49 - 39
6 4c pdcl,  (1.0)P) Acon®) 55 - 31
ad Pd(CAc), (1.0) AcOH®!) 79 - 17

a) 2.0eq. of 5was used. b) 4.0 eq. of AcONa was added. c) Debrominated product (4e, X=H, R =Ts, R,=H) was obtained in

T8% yield. d) A trace amount of debrominated product (4e) was contaminated. ¢) Reaction temperature: 100 °C.

selectively (Run 1), whereas only C,-vinylated product (7) was obtained when the catalytic amount of

PdCL(PPh,), was used in AcOH-Et,N (Run 4). Those selectivities were in striking contrast, so some

control experiments were accomplished to find the factors for those selectivities. The addition of Et,N or

exchange of the palladium salt from Pd{OAc), to PACL(PPh,), completely suppressed the formation of 6

and gave only little amount of the C,-vinylated product (7) (Runs 2 and 3). From those results, it was clear

that the Et,N and PPh, played an important role for this chemoselectivity. Et,N might reduce Pd(II) to

Pd(0);* therefore, the addition of Et,N suppressed the palladation by Pd(II) at the C,-position of the indole

(4), while Ei;N was required for the catalytic vinylation. The co-ordination of PPh, to Pd (I} might de-

crease its electrophilicity, and also Pd (0) was precipitated as Pd-black without the co-ordination of PPh;

therefore, PPh, would suppress the nucleophilic attack of Pd (If) at the C,-position, and Pd(0) could not

attack at the C,-position of 4a.

The vinylation of 5-bromo-1-tosylindole (4b) and ethyl 7-bromo- (4c) or 7-trifluoromethancsulfony-

loxy(OTf)-indole-2-carboxylate (4d) gave C,-vinylated products (6b-d) in moderate to good yields under

the same stoichiometric condition as shown in runs 5, 6, and 7 of Table I. However, the same reaction of 3-
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bromoindole (8) gave two monovinylated indoles (9 and 10) and dihydrocarbazole derivative (11)% which
should be derived from 2,3-divinyl product (12) by electrocyclic reaction. The non-chemoselective vinyla-
tion also occurred on 2-bromothiophene (13) and 3-bromofuran (16); divinyl products (14 and 17) were
mainly obtained in 36 and 20% yiclds respectively, accompanied with small amount of expected monovinyl
product (15 and 18)7 (Scheme 3). Those results showed that the chemoselectivity was lost when the
bromine atom was attached at electron-rich position in heteroaromatic ring.

The vinylation of 4-bromoanisole (19) or 3,4-dimethoxybromobenzene (20) under the stoichiometric
condition did not give the product at all 1o recover the starting material, but 2,4-dimethoxybromobenzene
(21) selectively gave the C-vinylated product (22)® as shown in Scheme 4. Since acetanilide was known®
to form a stable ertho-palladated o-complex through coordination of PA(IT) to acetamide group, the vinyla-
tion of p-bromoacetanilide (23) was attempted. When the reaction was carried out by the stepwise manner
in one-pot in order to prepare the ortho-palladated intermediate (24) in situ, the vinylation proceeded

smoothly to give the product (25) vinylated regiosclectively at ortho position (scheme 5).
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We believe that the present investigation provides a useful regioselective synthetic method of polysubsti-
tuted aromatic compounds. We are now trying io apply the present reaction to the total synthesis of indole

alkaloids.
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