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CORRESPONDING CARBODIIMIDES

Mamoru Koketsu,* Naotaka Takakura,
and Hideharu Ishihara®
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ABSTRACT

Selenoureas were synthesized by the reaction of carbodiimides
with LiAlHSeH in the presence of hydrogen chloride.

Key Words: Selenourea; Carbodiimide; Hydrogen chloride

New synthetic methods for the preparation of selenocarbonyl com-
pounds have been extensively developed.!'! Selenoureas, generally prepared
from the reaction of isoselenocyanate with amine,”” are useful precursors
for the synthesis of selenium—nitrogen heterocyclic compounds.”®) However,
a facile method for the preparation of selenoureas, in which formation
of unstable isoselenocyanate intermediate is not required, has been desired.
In the present study, we investigated the preparation of various selenoureas
from the corresponding carbodiimides using LiAIHSeH 2. Herein, we report
a new method for preparation of selenoureas by the reaction of carbodi-
imides with LiAIHSeH 2 in the presence of hydrogen chloride (Scheme 1).
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Scheme 1.

Table 1. Synthesis of Selenoureas

Carbodiimide (1)

Yield (%)?

Entry R R 3)
1 4-CH;C¢Hy4 4-CH;C¢Hy4 93 (3a)
2 2-CH,C4H, 2-CH,C4H, 89 (3b)
3 C6H5 C6H5 88 (36)
4 (CH5),CH (CH;),CH 90 (3d)
5 (CH3)3C (CH3)3C 85 (36)
6 (CH;):C C,H; 59 (3f)
7 CeHi, CeHyy 56 (3g)

#solated yield.

IN Hydrogen chloride in diethyl ether was added to N,N'-di-p-tolyl-
carbodiimide 1a in THF at room temperature. The reaction mixture was
stirred at room temperature for 4h under an argon atmosphere. To the
mixture, an anhydrous THF solution of LiAIHSeH 2% was added at 0°C.
The mixture was stirred at 0°C for 1h under an argon atmosphere. After
standard workup, N,N'-di-p-tolylselenourea 3a was obtained in 93% yield.
Several selenoureas were obtained from the corresponding carbodiimides
1. Both N-aryl- and N-alkyl-selenoureas and also both symmetric and
unsymmetric selenoureas were obtained in moderate to high yields (Table 1).

In the present reaction, chlorination of carbodiimide!® was important
for obtaining higher yield of 3. Various reaction conditions were tested to
determine the optimal conditions. When the reaction of carbodiimide 1d
with LiAIHSeH 2 was carried out without hydrogen chloride, the yield of
3d was 45%. A BF;-promoted reaction of 1d with LiAlHSeH gave 3d in only
28% yield. When the reaction mixture of 1d and hydrogen chloride was
stirred for only 1h under similar conditions shown in Sch. 1, the yield
of 3d was 53%. When HCIl was added to the mixture of 1d and 2, the
yield of 3d was 62%. Finally, the conditions shown in Sch. 1 gave the highest
yield of 3d (Entry 4, Table 1) . These results would indicate that increasing
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Scheme 2.

electrophilicity of carbon atom of carbodiimide by chlorination of carbo-
diimide using hydrogen chloride might provide higher yield of selenourea
(Scheme 2).

In previously, 1,3-disubstituted selenoureas have been synthesized
by the reaction with carbodiimides and H,Se,”) which is highly toxic
and air sensible. In present method, selenoureas 3 were readily synthesized
by reacting carbodiimides 1 with LiAIHSeH 2 in the presence of hydrogen
chloride.

EXPERIMENTAL

Melting points were determined by use of Yanagimoto micromelting
point apparatus and are uncorrected. IR spectra were measured on
Perkin-Elmer 1600 spectrometer. 'H, '*C and 7’Se NMR spectra were
recorded on a JEOL-JNM-0400 (400 MHz) spectrometer. Mass spectra
were obtained on Shimadzu 9020-DF mass spectrometer. Tetrahydrofuran
was distilled from benzophenone immediately prior to use.

General Procedure: To a solution of carbodiimide (2 mmol) in 10 mL
anhydrous THF at room temperature under argon was added 1N dry
hydrogen chloride in diethyl ether (2mL, 2mmol). The reaction mixture
was stirred at the same temperature for 4h. To the mixture was added
an anhydrous THF solution (10mL) of LiAIHSeH 2 (1 mmol) at 0°C.
The resulting mixture was stirred at 0°C for 1 h under argon. The mixture
was extracted with diethyl ether (50 mL) and washed with saturated NaCl
aqueous solution. The organic layer was dried over sodium sulfate and
evaporated. The residue was purified by flash chromatography on silica
gel with diethyl ether : dichloromethane (50: 1) to give selenourea 3.

N,N’-Di-p-tolylselenourea 3a: M.p. 180.2-181.2°C (lit.*™ 176°C); IR
(KBr) 1554, 3173cm™"; '"THNMR (CDCls) § 2.33 (6H, s, CH3), 7.17 (4H,
d, J=8.0Hz, Ar), 7.23 (4H, d, J=8.0 Hz, Ar), 8.54 (2H, br, NH); >*C NMR
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(CDCly) 8 20.9, 125.6, 130.0, 134.7, 137.3, 178.3; ”’Se NMR (CDCl;) §
241.3; MS (CI) m/z=305 [M*+1]; Anal. Caled. for C;sH;¢N,Se: C,
59.41; H, 5.32; N, 9.24. Found: C, 59.24; H, 5.25; N, 8.94.

N,N’-Di-o-tolylselenourea 3b: M.p. 159.8-161.1°C (lit. *™ 174°C); IR
(KBr) 1529, 3117, 3319cm™'; 'THNMR (CDCly) § 2.31 (6H, s, CH3),
7.26-7.42 (8H, m, Ar), 8.5 (2H, br, NH); *CNMR (CDCl5) § 18.0, 127.0,
128.0, 128.6, 131.2, 135.5, 179.4; "7Se NMR (CDCls) § 228.1; MS (CI)
m/z =305 [MT+1].

N,N’-Diphenylselenourea 3c: M.p. 195.2-197.2°C (lit. 1861",
192-194°C); IR (KBr) 1560, 3257cm™'; "THNMR (CDCl3) § 7.26-7.36
(10H, m, Ar), 8.2 (2H, br s, NH); '*C NMR (CDCl;) § 120.6, 125.7,
127.7, 129.2, 179.0; "’Se NMR (CDCls) § 140.1; MS (EI) m/z =276 [M™].

N,N’-Diisopropylselenourea 3d: M.p. 142.6-148.2°C (lit."")); IR (KBr)
1570, 3195, 3245cm™'; "THNMR (CDCls) § 1.19 (12H, d, CH3), 4.21 (2H, br
s, CH), 6.1 (2H, br, NH); >*C NMR (CDCls) § 22.4, 47.9, 176.2; "’Se NMR
(CDCl5) 8 140.3, MS (EI) m/z=208 [M*]; HRMS Calcd. for C;H;¢N>Se
208.0478, Found 208.0503; Anal. Calcd. for C;H4N,Se: C, 40.58; H, 7.78;
N, 13.52. Found: C, 40.59; H, 7.78; N, 13.51%.

N,N'-Di-tert-butylselenourea 3e: M.p. 144.8-147.6°C IR (KBr) 1542,
3062, 3258cm™'; '"HNMR (CDCly) § 1.51 (18H, s, CH3), 6.2 (2H, br,
NH); '*C NMR (CDCl;) § 29.2, 29.4, 54.1, 175.2; "Se NMR (CDCls)
8 262.3; MS (EI) m/z=236 [M']; HRMS (EI) Calcd. for CoH,oN,Se
236.0791, Found 236.0788;

N-tert-Butyl-N'-ethylselenourea 3f: M.p. 114.8-116.0°C; IR (KBr)
1549, 3009, 3238cm™'; "HNMR (CDCly) § 1.08 (3H, t, CH;), 1.27 (9H, s,
CH;), 3.05 (2H, br s, CH»), 5.94 (1H, br, NH), 6.33 (1H, br, NH);
BCNMR (CDCly) § 14.4, 29.3, 43.2, 53.8, 177.4; ”7Se NMR (CDCl5) §
209.6; MS (CI) m/z=209 [M"+1]; HRMS (EI) Calcd. for C;H;¢N>Se
208.0478, Found 208.0492; Anal. Calcd. for C;H4N»Se: C, 40.58; H, 7.78;
N, 13.52. Found: C, 40.68; H, 7.90; N, 13.47%.

N,N'-Dicyclohexylselenourea 3g: M.p. 134.6-137.2°C; IR (KBr) 1560,
3257cm™'; 'THNMR (CDCls) § 1.15-1.29 (12H, m, C¢H,;), 1.52-1.83 (8H,
m, C¢H1,), 4.27 (2H, br, CH), 7.46 (2H, br, NH); '*C NMR (CDCl5) § 24.6,
25.3, 32.6, 34.9, 53.6, 175.8; "’Se NMR (CDCl3) § 141.5; MS (EI) m/z =288
[M*]; HRMS Calcd. for C;3H,4N,Se 288.1103, Found 288.1097.
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