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and before the next portion was added. After ca. half of the
quinone had been added, a white precipitate appeared. The
reaction mixture was stirred for an hour after the addition of
quinone was completed, and the white precipitate was filtered
off. Recrystallization from MeCN gave white prisms (2.5 g, 68%
yield): mp 234-235 °C; IR (Nujol) 3300 (br), 1600 (br), 1170, 910,
865 cm™!; 13C NMR (Me,SO-dg) 6 190.9, 145.3, 124.4, 122.0, 107.9,
22.8. Anal. Caled for CigH;¢06Cly: 374.0322. Found: 374.0308
(by MS). Caled: C, 51.22; H, 4.30. Found: C, 50.81; H, 4.31.

A diacetate derivative (8) was prepared (Ac,0-py) and re-
crystallized from EtOH: mp 222-228 °C; IR (Nujol) 1770, 1590
(br), 1175, 1005, 920 cm™}; 'H NMR (CDCl) & 16.8 (s, 1 H), 2.26
(s, 3 H), 1.90 (s, 6 H); ®*C NMR (CDCly) 5 191.4, 167.4, 145.5, 132.1,
129.2, 108.5, 23.4, 20.1. Anal. Caled for CyoHyi04Cls: C, 52.30;
H, 4.39. Found: C, 52.14; H, 5.01. Calcd: 458.0532. Found:
458.0520 (by MS).

1,4-Diacetoxy-2,5-dichloro-3-(diacetylmethyl)benzene. The
filtrate from the isolation of 7 was evaporated and treated with
acetic anhydride and pyridine catalyst. Pouring into cold water
and stirring gave a white solid which was recrystallized repeatedly
from EtOH giving 1,4-diacetoxy-2,5-dichlorobenzene mp 139-141
°C (lit.12 141 °C), and the diacetate derivative of 2d: mp 126-128
°C; IR (Nujol) 1780, 1770, 1580, 1165 cm™; 'H NMR (CDCly) é
16.8 (s, 1 H), 7.28 (s, 1 H), 2.35 (s, 3 H), 2.24 (s, 3 H), 1.87 (s, 6
H); 3C NMR (DCCl,) 4 191.5, 167.7, 167.5, 145.4, 145.0, 132.4,
128.3, 126.7, 124.6, 108.5, 23.4, 20.5, 20.1. Anal. Calced for
C,5H;,0¢Cly: C, 49.88; H, 3.91. Found: C, 49.89; H, 4.17.

2,5-Dichloro-3,6-bis(diacetylmethyl)-1,4-benzoquinone (9).
The hydroquinone 7 was smoothly oxidized by Ag,0 (CH,Cl,,
Na,S0,) or by FeCl; (diethyl ether, MeOH, water) to the bright
orange quinone: mp 205-206 °C; IR (Nujol) 3240 (br), 1730, 1680
(sh), 1580 (br), 1180, 1020 cm™; *H NMR (CDCl,) 5 16.9 (s, 1 H),
1.95 (s, 6 H); 3C NMR (CDCl,) 190.3, 177.0, 144.9, 141.7, 105.4,
23.8. Anal. Caled for C;gH,4,06Cly: 372.0166. Found: 372.0164
(by MS). Caled: C, 51.49; H, 3.79. Found: C, 51.24; H, 3.65.

1,1’-(2,5-Diacetoxy-3,6-dichloro-1,4-phenylene)bis(2-
propanone) (4d). When 1.7 g of 7 was suspended in 35 mL of
tetrahydrofuran and treated with ca. 0.5 mL of Triton B, the
reaction mixture became homogeneous immediately and turned
successively orange and then brown. After 1 h of stirring at room
temperature the reaction mixture was concentrated to a brown
oil and triturated with MeOH. Filtration gave 0.25 g of a white
solid with a melting point of 230-232 °C. The filtrate was poured
into Hy0, and the tan solid thus obtained was recrystallized twice
from EtOH. The white needles (1.4 g, 80% combined yield) had
a melting point of 233-235 °C. IR (Nujol) 1770, 1715, 1175; 'H
NMR (CDCly) 3.77 (s, 2 H), 2.33 (s, 3 H), 2.13 (s, 3 H); 1°C NMR
(CDCl,) 6 202.7, 167.4, 144.8, 128.5, 1217.7, 43.9, 29.1, 20.2. Anal.
Caled for C¢H;40Cly: C, 51.22; H, 4.30. Found: C, 50.92; H,
4.29. Caled: 374.0322. Found: 374.0315 (by MS).

2,6-Dichloro-3-(diacetylmethyl)-1,4-hydroquinone (10). A
mixture of 1.8 g (10 mmol) of 2,6-dichloro-1,4-benzoquinone, 2.0
g (20 mmol) of 2,4-pentadione, and 0.1 g of Ni(acac); in.30 mL
of MeOH was stirred overnight. The reaction mixture was poured
into ca. 250 mL of water, and 2.3 g of a tan powder was filtered
off. Recrystallization from (EtOH/H,0) gave 2e (2.1 g, 76% yield):
mp 190-192 °C; IR (Nujol) 3420, 1580 (br), 1185 cm™; 'H NMR
(CDCly) 8 16.9 (s, 1 H), 6.95 (s, 1 H), 4.7-5.7 (br, 1 H), 1.89 (s,
6 H).

A diacetate derivative (11) was prepared (Ac,O-py): mp
132-133 °C; IR (Nujol) 1770, 1590 (br), 1200, 1165 cm™!; 'H NMR
(CDCly) 6 16.9 (s, 1 H), 7.22 (s, 1 H), 2.42 (s, 3 H), 2.20 (s, 3 H),
1.87 (s, 6 H); 3C NMR & 191.6, 168.3, 166.9, 147.9, 142.7, 131.5,
129.6, 128.8, 122.9, 101.1, 23.3, 20.4, 20.1. Anal. Caled for
CisH,Cl,04: 360.0167. Found: 360.0156 (by MS). Caled: C,
49.88; H, 3.91. Found: C, 49.59; H, 3.84.

2,6-Dichloro-3-(diacetylmethyl)-1,4-benzoquinone (12). A
suspension of 0.50 g (1.8 mmol) of 2e in 50 mL of CH,Cl, was
treated with 0.9 g (3.9 mmol) of Ag,0 and 1 g of Na,SO, and
stirred overnight at room temperature. The reaction mixture was
filtered, and the solvent was evaporated. Recrystallization of the
orange residue from EtOH gave 0.42 g (84%) of the bright or-
ange-red quinone: mp 149-150 °C; IR (Nujol) 1685, 1645, 1585

(12) Levy, S.; Schultz, G. Justus Liebigs Ann. Chem. 1881, 210, 148.
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(br), 1195, 1040 cm™}; *H NMR (CDCl,) 4 16.9 (s, 1 H), 7.21 (s,
1 H), 1.94 (s, 6 H); 3C NMR (CDCly) 6 190.2, 182.0, 172.6, 143.9,
143.7, 141.6, 133.9, 105.1, 23.8. Anal. Caled for C;;H4Cl,0,: C,
48.03; H, 2.93. Found: C, 48.29; H, 3.01. caled: 273.9800. Found:
273.9801 (by MS).
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Recently a variety of metal carbonyl complexes! were
reported to catalyze the water—gas shift reaction under
basic conditions. Furthermore, metal hydrides, which are
intermediates in the water—gas shift reaction, have found
use in several organic reactions such as reduction? or re-
ductive carbonylation® of nitrobenzenes and carbonylation
of olefins.*

During our studies on the selenium-catalyzed carbony-
lation of various organic compounds with carbon mon-

(1) (1) See, for example; iron catalysts: (a) Kang, H.; Mauldin, C. H;
Cole, T.; Slegeir, W.; Cann, K.; Pettit, R. J. Am. Chem. Soc. 1977, 99,
8323. (b) Frazier, C. C.; Hanes, R. M,; King, A. D,, Jr.; King, R. B. Adv.
Chem. Ser. 1979, 173, 94. (c) King, A. D., Jr,; King, R. B.; Yang, D. B.
J. Am. Chem. Soc. 1980, 102, 1028. Ruthenium catalysts: (d) Unger-
mann, C.; Landis, V.; Moya, S. A.; Cohen, H.; Walker, H.; Pearson, R. G.;
Rinker, R. G.; Ford, P. C. J. Am. Chem. Soc. 1979, 101, 5922. (e) Ford,
P. C. Acc. Chem. Res. 1981, 14, 31. (f) Bricker, J. C.; Nagel, C. C.; Shore,
S. G.J. Am. Chem. Soc. 1982, 104, 1444. (g) Walker, H. W.; Pearson, R.
G.; Ford, P. C. J. Am. Chem, Soc. 1983, 105, 1179. (h) Choudhury, D,;
Cole-Hamilton, D. J. J. Chem. Soc., Dalton Trans. 1982, 1885. (i) Kelly,
J. M.; Vos, J. G. Angew. Chem. Int. Ed. Engl. 1982, 21, 628. (j) Tanaka,
K.; Morimoto, M.; Tanaka, T. Chem. Lett. 1983, 901. Rhodium catalysts:
(k) Fenton, D. M.; Olivier, K. L. CHEMTECH 1972, 2, 220. (1) Kaneda,
K.; Hiraki, M.; Sano, K.; Imanaka, T.; Teranishi, S. J. Mol. Catal. 1980,
9, 227. Cobalt catalysts: (m) Sugi, Y.; Bando, K. Chem. Lett. 1976, 727.
(n) Imajanitov, N. S.; Rudkovski, D. M. J. Prakt. Chem. 1969, 311, 712.
(o) Murata, K.; Matsuda, A. Bull. Chem. Soc. Jpn. 1981, 54, 2089,
Chromium, molybdenum, and tungsten catalysts: (p) King, A. D., Jr;
King, R. B.; Yang, D. B. J. Am. Chem. Soc. 1981, 103, 2699. (q) Slegeir,
W. A. R,; Sapienza, R. S.; Rayford, R.; Lam, L. Organometallics 1982, 1,
1728. (r) Darensbourg, D. J.; Rokicki, A.; Darensbourg, M. Y. J. Am.
Chem. Soc. 1981, 103, 3223.

(2) (a) Cann, K,; Cole, T.; Slegeir, W.; Pettit, R. J. Am. Chem. Soc.
1978, 100, 3969. (b) Alper, H.; Amaratunga, S. Tetrahedron Lett. 1980,
21, 2603. (c) Bremer, J.; Dexheimer, V.; Madeja, K. J. Prakt. Chem. 1981,
323, 857. (d) Watanabe, Y.; Suzuki, N.; Tsuji, Y. Bull. Chem. Soc. Jpn.
1982, 55, 2445,

(3) Farbe, J. “New Syntheses with Carbon Monozxide”; Springer-Ver-
lag, 1980; p 296.

(4) (a) Kang, H.; Mauldin, C. H.; Cole, T.; Slegeir, W.; Cann, K,; Pettit,
R. J. Am. Chem. Soc. 1977, 99, 8323. (b) Kaneda, K.; Yasumura, M.;
Hiraki, M.; Imanaka, T.; Teranishi, S. Chem. Lett. 1981, 1763. (c) Ka-
wabata, K.; Pitman, C. U., Jr.; Kobayashi, R. J. Mol. Catal. 1981, 12, 113.
(d) Murata, K.; Matsuda, A. Bull. Chem. Soc. Jpn. 1982, 55, 2195.

© 1985 American Chemical Society



Notes J. Org. Chem., Vol. 50, No. 3, 1985 385
Table I. Synthesis of Aromatic Selenocarboxamides?
MS (m/e
entry formula yield,® % mp, °C (lit.) IR, cm™* (KBr) 'H NMR (Me,S0-d,) M*)¢
1 Se 76  126.0-126.5 3325,3265,  7.20-7.70 (m, 3 H), 7.70-8.10 185
@_QNH (125°) 1622 (m, 2 H), 10.17 (brs, 1 H),
: 10.72 (brs, 1 H)
2a
2b 5|° 22 104.0-106.0 3390, 3270,  2.26 (s, 3 H), 7.70 (s, 4 H), 199
@-CNHZ 1615 9.97-10.64 (br's, 2 H)
Me
2b
3 i 78 72.0-73.0 3280,1610,  2.27 (s, 3 H), 7.15-7.47 (m, 199
N, (74°%) 4 H), 9.83 (brs, 1 H),
10.40 (brs, 1 H)
Me
2¢c
44 ,Sf 100 165.0-167.0 3370, 3270,  2.30 (s, 3 H), 7.02-7.15 (d, 2 199
Me@-CNHZ (186,°% 161°) 1620 H), 7.69-7.82 (d, 2 H), 9.85
(brs, 1 H), 10.35 (brs, 1 H)
2d
5 Se 99  127.5-128.5 3320, 3280,  7.33-7.47 (d, 2 H), 7.79-7.93 219
¢ HNHZ (129°%) 1630 (d, 2 H), 10. 15( s, 1 H),
10.75 (brs, 1 H)
2¢
6t ﬁ* 61  125.5-126.5 3330, 3285,  7.21-7.81 (m, 4 H), 10.20 (br 219
CNHZ 1620 s, 1 H), 10.80 (brs, 1 H)
Cl
2t
7 il 91  155.0-156.5 3360, 3270,  3.80 (s, 3 H), 6.81-6.95 (d, 2 215
Meo Onmg (157°%) 1598 H), 7.85-7.99 (d, 2 H), 9.90
(brs, 1 H), 10.35 (brs, 1 H)
29
8b i 82  221.0-222.5 3370, 3270,  2.94 (s, 6 H), 6.46 —6 62 (d, 2 228
Me N CNH, 1605 H), 7.78-7.94 (d, 2 H), 9.53
(brs,1 H), 9.84 (brs, 1H)
2h
9 W 74 142.0-143.5 3320, 3250,  7.36-8.57 (m, 4 H), 10.70 186
O)—cnn, (142°%8) 1580 (brs, 2 H)
2i
100 @ 21 131.0-132.0 3370, 3260,  7.30-8.20 (m, 7 H), 10.30 235
ﬁe 1615 (brs, 1 H), 10.90 (brs, 1 H)
@ Cnig
2j
11% @ Sle 82 138.0-140.0 3355, 3280, 7.33-8.33 (m, 7 H), 10.17 (br 235
CNH 1620 s, 1 H), 10.67 (brs, 1 H)
2

@ All reactions were performed on 5-mmol scale according to the procedures described in the text.
d The melting point is different from the values reported in some literatures;*®-€ however, both elemental

¢ Isolated yield.

analyses for C, H, N and spectral analyses (IR, '"H NMR, and mass spectrum) satisfactorily support compound 2d.

molecular weight (M*) is based on the *Se isotope.

oxide,’ we found that elemental selenium® was readily
reduced to hydrogen selenide (1’) by carbon monoxide and
water in the presence of triethylamine under mild con-
ditions (eq 1).” This method would be exceedingly con-

Se + CO + H,0 =2 H,8e + CO, 1)

venient, in terms of manipulation without isolation of
air-sensitive and highly toxic hydrogen selenide, for the

(5) (a) Sonoda, N.; Yasuhara, T.; Kondo, K.; Ikeda, T.; Tsutsumi, S.
J. Am. Chem. Soc. 1971, 93, 6344. (b) Kondo, K.; Sonoda, N.; Sakurai,
H. Bull. Chem. Soc. Jpn. 1975, 48, 108. (c) Ogawa, A.; Kondo, K.; Murali,
S.; Sonoda, N. J. Chem. Soc., Chem. Commun. 1982, 1283.

(6) Both metallic and amorphous selenium can be used.

(7) Sonoda, N.; Kondo, K.; Nagano, K.; Kambe, N.; Morimoto, F.
Angew. Chem., Int. Ed. Engl. 1980, 19, 308.

b New compound.

¢ The

preparation of various selenium-containing organic com-
pounds. On the basis of this view, we examined the re-
action of in situ formed hydrogen selenide with nitriles to
synthesize selenocarboxamides 2 (eq 2), which are useful

RCN + Se + CO + Hp0 2w RCNH, + COp (2

1 2

reagents for the synthesis of selenium-nitrogen heterocy-
cles such as 1,3-selenazoles.’

In general, selenocarboxamides have been prepared by
the addition of hydrogen selenide (1’) to the corresponding
nitriles.? In earlier investigations,®f poisonous hydrogen

(8) Bulka, E. Chem. Scr. 1975, 84, 39.
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Table II. Synthesis of Aliphatic Selenocarboxamides®

entry formula yield,® %
1 se 21 35
CH3CHZCH2‘CNHZ
2 Se 2m 38
PhCHz‘C‘NHz
3 Se 2n 35
CH;OCHZQNHZ

¢ All reactions were performed on 5-mmol scale according to the
procedures described in the text. ®Isolated vield.

selenide was directly bubbled into the reaction vessel;
however, the yields were generally very low. Better yields
have been reported by Cohen® using excess amounts of
aluminum selenide (Al,Se;) and water as the source of
hydrogen selenide.

Treatment of benzonitrile with selenium, carbon mon-
oxide, and water in the presence of triethylamine at 100
°C for 5 h gave rise to the corresponding selenocarbox-
amide 2a (76% yield).

In a similar manner a number of aromatic and hetero-
cyclic selenocarboxamides were successfully synthesized
from the corresponding nitriles as shown in Table I.
Structural assignments of selenocarboxamides were based
on spectral analyses (IR, 'H NMR, and mass spectrum)
after isolation of the products (see Table I). The elemental
analyses of the new amides (2b, 2f, 2h, 2j, and 2k) were
also in good agreement with the calculated values. The
yields of selenocarboxamides were high except for some
cases of sterically hindered amides such as 2b and 2j.

The aromatic selenoamides obtained are all yellow solids
and are stable enough under nitrogen at ordinary tem-
perature to be kept for several weeks in high purity. On
exposure to air, they gradually decomposed into the
starting nitriles, elemental selenium, and water at room
temperature or below. These observations suggest that the
selenoamides are in equilibrium with the corresponding
nitriles and hydrogen selenide (eq 3) and that the equi-

Se

RCNH, == RCN + H,Se (3)

librium lies to the selenoamides at room temperature under
nitrogen. However, in air, hydrogen selenide is gradually
consumed by oxidation to water and selenium, so that the
equilibrium may be shifted to the right of eq 3.

In contrast to aromatic selenoamides, little is known
about the isolation of N-unsubstituted aliphatic seleno-
amides. Phenylselenoacetamide has been prepared by
Kindler® and shown to be thermally unstable and sus-
ceptible to air. Another example is a carbohydrate pos-
sessing the selenoamide group.!® Aliphatic selencamides
are assumed to be less stable owing to the lack of conju-
gation between the aromatic ring and the selenocarbonyl
group observed in aromatic ones. The synthesis of ali-
phatic selenoamides was attempted by using aliphatic
nitriles in a similar fashion to that described above, and
the corresponding selenoamides were successfully isolated
as shown in Table II. These selenoamides isolated were
thermally unstable and highly sensitive to air and, even
under nitrogen, gradually dissociated at room tempera-
ture!! into the starting nitriles and hydrogen selenide,

(9) (a) Dechend, F. v. Chem. Ber. 1874, 7, 1273. (b) Becker, W; Meyer,
J. Chem. Ber. 1904, 37, 2550. (c) Kindler, K. Liebigs Ann. Chem. 1923,
431,187. (d) Brooker, L. G. S.; Keyers, G. H.; White, F. L. J. Am. Chem.
Soc. 1935, 57, 2492. (e) Walter, W.; Maerten, G. Liebigs Ann. Chem. 1963,
669, 66. (f) Jensen, K. A.; Nielsen, P. H. Acta Chem. Scand. 1966, 20,
597. (g) Cohen, V. 1. Synthesis 1978, 668.

(10) Srivastava, P. C.; Robins, R. K. J. Med. Chem. 1983, 26, 445.

Notes

which deposited elemental selenium on exposure to air:
The position of the equilibrium of aliphatic selenoamides
was slighlty shifted to left compared with that of aromatic
ones. This is the cause of the lower yields of the aliphatic
selenoamides. Owing to such instablity of aliphatic sele-
noamides, confirmation of their structures by mass spec-
trum and elemental analyses was unsuccessful and
therefore the assignments of selenoamides 21, 2m, and 2n
were performed only on the basis of spectral analyses (IR
and 'H NMR spectrum).!2

The present method for selenoamide synthesis described
permitted high-yield synthesis of aromatic and heterocyclic
selenoamides with simple operations and made it possible
to prepare unstable aliphatic selenoamides.

Experimental Section

General Methods. The instruments used were as follows:
melting points, Yanagimoto micro melting point apparatus; 'H
NMR, Hitachi R-24B; IR, Shimadzu IR-400; MS, Hitachi
RMU-6A.

Metallic selenium (99.99%) of Nakarai Chem. Co. and carbon
monoxide (99.999%) of Seitetsu Chem. Co. were used. Nitriles,
triethylamine, and tetrahydrofuran (THF) were all purchased from
commercial sources and purified by distillation or recrystallization.

General Procedures for Synthesis of Selenocarboxamide.
In a typical reaction, a stirred mixture of benzonitrile (0.52 g, 5
mmol),!? selenium (0.43 g, 5.5 mmol), water (1 mL, 56 mmol),
triethylamine (1 mL, 7 mmol), and tetrahydrofuran (5 mL) in a
50-mL stainless steel autoclave was heated under the pressure
of carbon monoxide (5 atm: initial pressure at 25 °C) at 100 °C
for 5 h. After the reaction, carbon monoxide was purged in the
well-ventilated hood, and the reaction mixture was slightly
acidified with aqueous hydrochloric acid (2 N)!* and extracted
with diethyl ether (50 mL X 3). The combined extracts were dried
(MgS0,) under nitrogen, filtered, and evaporated. The crude
material was chromatographed on silica gel, affording 0.69 g (76%)
of benzeneselenocarboxamide (2a). Anal. Caled for C;H;NSe:
C, 45.67; H, 3.83; N, 7.61. Found: C, 45.78; H, 3.91; N, 7.48.

4-(Dimethylamino)benzeneselenocarboxamide (2h). The
reaction was carried out in the same manner described above for
the general procedure of selenoamide synthesis. After the reaction,
the reaction mixture was neutralized. A yellow precipitate de-
posited, was filtered off, and washed with water, n-hexane, and
benzene successively. The remaining solid, containing metallic
selenium, was dissolved in acetone, and metallic selenium was
removed by filtration. The filtrate was dried and evaporated to
give 0.92 g of selenoamide 2h (82% yield).
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(11) Aliphatic selenoamides obtained decomposed even at -20 °C for
several days under nitrogen.

(12) 21: IR (Nujol) 3280, 1630 cm™'; 'H NMR (Me,S0-dg) § 0.87 (t,
3 H), 1.62 (t-q, 2 H), 2.52 (t, 2 H), 9.80 (br s, 1 H), 10.00 (brs, 1 H). 2m:
IR (KBr) 3280, 1635 cm™; 'H NMR (Me,S0-d,) 6 3.09 (s, 2 H), 7.31 (m,
5 H), 990 (br 5, 2 H). 2n: IR (KBr) 3260, 1635 cm™}; 'TH NMR
(Me,S0-dg) § 341 (s, 3 H), 4.04 (s, 2 H), 9.40 (br s, 1 H), 10.60 (br s, 1
H)

(13) A larger scale reaction is also possible: benzonitrile (5.1 mL, 50
mmol), Se (3.95 g, 50 mmol), water (2 mL, 112 mmol), carbon monoxide
(40 atm), EtgN (5 mmol, 35 mmol), THF (7 mL).

(14) The remaining hydrogen selenide, which was generated upon the
acidification of the reaction system, could be captured entirely by in-
troducing into aqueous KOH solution. Elemental selenium was easily
recovered on exposure of the solution to air.



