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Heck?D has reported that diarylketones were formed
in moderate yields from arylmercuric salts and carbon
monoxide with a transition-metal-salt catalyst. Fur-
thermore, we have ourselves described the carbonyla-
tion of 1,1’-bis(chloromercuri)-ferrocene in the presence
of a palladium salt. In this report, we wish to report
on the carbonylation reactions of chloromercuri-deriva-
tives of furan and thiophene in methanol with a palla-
dium salt.

The carbonylation of 2-chloromercurifuran (I-1) was
carried out at 100 °C under a carbon monoxide pressure
of 50 atm in the presence of lithium chloropalladite in
methanol; the main products were 2,2'-difurylketone
(IT-1) and methyl furcate (II1I-1), plus a small amount
of 2,2"-bifuryl (IV-1). The carbonylations of 5-
methoxycarbonyl-2-chloromercurifuran (I-2) and 2-
chloromercurithiophene (I-3) were performed under
the same conditions. The mechanism of the formation
of II-1 from I-1, as has been pointed out by Heck,)
probably involves the reaction of an acylpalladium

ArHgCl + Li,PdCl, —
(ArPdCl) + HgCl, + 2LiCl
(ArPdCI) + CO — (ArCOPdCI)
(ArCOPdCI) + (ArPdCl) —
ArCOAr + PdCl, + Pd
or (ArCOPdCl) + ArHgCl —
ArCOAr + HgClL, + Pd
2(ArPdCl) — Ar-Ar + PdCl, + Pd
or (ArPdCl) + ArHgCl —— Ar-Ar + HgCl, + Pd
(ArCOPdCl) — ArCOCl + Pd
ArCOCI + CH;OH — ArCOOCH; + HCI
[Ar=furyl]

1) R.F. Heck, J. Amer. Chem. Soc., 90, 5546 (1968).
2) A. Kasahara, T. Izumi, and S. Ohnishi, This Bulletin, 45,
951 (1972).

compound with a furylpalladium compound or I-I.
II1-1 and IV-1 are probably formed by side reactions.
On the other hand, the carbonylation of 2,5-dichloro-
mercurifuran (V-1) under the same conditions gave a
mixture of 5,5'-dimethoxycarbonyl-2,2’-difurylketone
(I1-2), 2,5-dimethoxycarbonylfuran (III-2), and the
keto-ester polymer (VIII). The structure of VIII was
identified by means of the measurement of the molecular
weight and by means of the spectral data. In the IR
spectrum, very intensive absorption bands at 1735 cm—1
due to ester streching, at 1630 cm=* due to carbonyl
streching, and at 880 cm~! due to the furan ring were
observed. However, the carbonylation of 2,5-dichloro-
mercurithiophene (V-2) yielded a mixture of 5,5'-
dimethoxycarbonyl-2,2’-dithienylketone (VI) and 2,5-
dimethoxycarbonylthiophene (VII).

Experimental

All the melting and boiling points are uncorrected. The
IR spectra were recorded on a Hitachi 215 spectrometer,
while the NMR spectra were obtained in CDCl, at 90 MHz
with a Hitachi R-22 NMR spectrometer, using TMS as the
internal standard.

Materials. The 2-chloromercurifuran (I-1) and 2,5-di-
chloromercurifuran (V-1) were synthesized by the method of
Gilman et al® The 2-chloromercurithiophene (I-3) and
2,5-dichloromercurithiophene (V-2) were prepared by the
method of Cherbuliez and Giggey.?

The 5-methoxycarbonyl-2-chloromercurifuran (I-2) was
synthesized from methyl furoate, mercuric chloride, and
sodium acetate by a modification of the method of Gilman
and Wright® Mp 243—245 °C. Yield, 60%. Found: C, 19.69;
H, 1.15%. Calcd for C;H;O,HgCl: C, 19.95; H, 1.36%,.

General Procedure for The Carbonylation of Chloromercuric Com-
pounds. A lithium chloropalladite solution was prepared
by stirring 0.84 g (20 mmol) of lithium chloride with 1.77g

3) H. Gilman and G. F. Wright, J. Amer. Chem. Soc., 55, 3302
(1933).
4) E. Cherbuliez and C. Giggey, Helv. Chim. Acta, 35, 160 (1952).
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11,1 ,0-1 R=H,X=0
I-2, I-2,I-2 R =COOCHs,X=0
-3, I-3,1-3 R=H,X=S 1-3 40% ,mp. 84 %

NOTES

RAHgCI _ RO%@R + R’@COOCH, +R /x\ /x\ R
I I
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v

I-1 5%, mp.33~34c W-1 30%, bp178~160c W-1 6%, bp 240 % umty |
I-2 40%,mp. 85~97c W-2 35%, mp 109 ¢

V-2 7%, mp.218%
-3 35%, bp 256 W-3 10%, mp. 30%

CIHg@HgCI —_— H,COGC@{{@COOCH,
0

V-1 X=0
V-2 X=S w

I-2 38%, mp.95~97 ¢ (X=0)
36 %, mp.210 ‘e

(X=S)

+ H,COOC@COOCH, + mcooc@ﬁ@};ﬁ—@coacm
0 0

m-2 30%, mp. 109 ( X=0) o x=0
wr 40%, mp. 145¢ ( x=5)

(10 mmol) of anhydrous palladium chloride overnight at
room temperature in 100 ml of methanol. Into this solution,
chloromercuric compound in an equivalent amount was then
carbonylated at 100 °C under a carbon monoxide pressure
(50 atm) for 6 hr with shaking. The reaction mixture was
filtered to remove precipitated palladium, and the solvent
was distilled under reduced pressure. The residue was dis-
solved in benzene and then purified by column chromato-
graphy on neutral alumina, or separated by preparative gas
chromatography (Hitachi K-53 gas chromatograph, SE-30
column). The structures of the products were confirmed by
an observation of the IR and NMR spectra and by comparing
the retention time with those of authentic samples. The
following results were obtained.

a) The carbonylation of I-1 afforded 2,2’-difurylketone
(I1-1) (35%, mp 33—34 °C (lit,” 33—34 °C)), methyl furoate
(II1-1) (30%, bp 178—180°C (lit,Y 181 °C)), and 2,2'-
bifuryl (IV-1) (8%, bp 240 °C/7 mmHg (lit,” 240—245 °C/
7 mmHg)).

b) The carbonylation of I-2 afforded 5,5’-dimethoxy-
carbonyl-2,2’-difurylketone (I1I-2) (40%, mp 95—97 °C, IR
1735, 1640, 880 cm-1, NMR ¢ 3.88 (s, 6, -COOCHj), 7.15
(d, 2, Hon Cy and Cy/), 7.34 (d, 2, Hon G, and C/). Found:
G, 56.05; H, 3.53%. Calcd for C;;H,,0,: C, 56.12; H,
3.62%). 2,5-Dimethoxycarbonylfuran (III-2) (359%, mp

5) T. Reichstein, Helv. Chim. Acta, 13, 356 (1930).

6) C. C. Price, E. C. Chapin, A. Goldman, E. Krebs, and H. M.
Shafer, J. Amer. Chem. Soc., 63, 1857 (1941).

7) T. Reichstein, A Grussner, and H. Zschokke, Helv. Chim.
Acta, 15, 1066 (1932).

Fig. 1.

109 °C  (lit,» 111—112 °C)), and 5,5’-dimethoxycarbonyl-
2,2'-bifuryl (IV-2) (7%, mp218°C, IR 1728, 878 cm-!,
NMR ¢ 3.89 (s, 6, -COOCH,), 6.87 (d, 2, H on C; and
Cs), 722 (d, 2, H on C; and Cy). Found: C, 57.51; H,
3.96%. Calcd for C,H,,O4: C, 57.60; H, 4.03%,).

c) The carbonylation of I-3 afforded 2,2’-dithienylketone
(11-3) (40%, mp 84 °C (lit,”) 87—88 °C)), 2-methoxycar-
bonylthiophene (III-3) (35%, bp 256 °C (lit,)® 117 °C/30
mmHg)), and 2,2’-bithienyl (IV-3) (10%, mp 30 °C(lit,1
33 °Q)).

d) The carbonylation of V-1 afforded II-2 (389%,), III-2
(30%), and the ketoester polymer (VIII) 79, IR 1735
(C=0, ester), 1630 (C=0, ketone), 880 (furan ring), mol wt
1212 (in benzene)).

e) The carbonylation of V-2 afforded 5,5-dimethoxy-
carbonyl-2,2’-dithienylketone (VI) (369%, mp210°C, IR
1710, 1610, 700 cm-1, NMR § 3.91 (s, 6, -COOCH,), 7.23
(d, 2, Hon C; and Cy/), 7.44 (d, 2, H on C, and C,/), Found:
C, 50.25; H, 3.07%; Caled for C;3H,,O;S,: C, 50.33; H,
3.25%), and 2,5-dimethoxycarbonylthiophene (VII), (409%,
mp 145 °C (lit,’® 148—149 °C)).

8) E. Votocek and S. Malachta, Coll. Czechoslov. Chem. Commun.
6, 241 (1934).

9) V. Thomas and V. Couderc, Bull. Soc. Chim. Fr., [4] 23,
280 (1918).

10) O. Twilli and M. Gandino, Ann. Chim. (Rome), 53, 1687
(1963).

11) A. Tohl, Ber., 27, 665 (1894).

12) J. M. Griffing and L. F. Salislury J. Amer. Chem. Soc., 70,
3416 (1948).






