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New Synthetic Method for 1,3,4,5-Tetraaryl-2-
thioxo-(or -0x0)-2,3-dihydroimidazoles

K. N. MeEHROTRA*, Geeta SINGH

Department of Chemistry, Banaras Hindu University, Varanasi-
221005, India

The reductive dimerisation of substituted anils either with
active metals like lithium, sodium, or potassium in a non-
aqueous solvent' or with aluminium in moist ether® has
been observed. We now report on the reaction of dianils
with sodium in dry ether followed by treatment with either
carbon disulphide or ethyl carbonochloridate. This proce-
dure provides a new and convenient one-step synthesis of
1,3,4,5-tetraaryl-2-thioxo-(or 0x0-)-2,3-dihydroimidazoles
(50-70%) and has a distinct superiority over the reported
method?, involving heating of a mixture of a substituted
urea or thiourea and a benzoin, as the preparation of these
reactants themselves would involve several steps.

The reaction of benzil dianil (2a) with sodium in dry ether
followed by addition of carbon disulphide gave a solid ma-
terial identified as 1,3,4,5-tetraphenyl-2-thioxo-2,3-dihy-
droimidazole (4a). The reaction of 2a with sodium in dry
cther followed by addition of ethyl carbonochloridate gave
2-ox0-1,3,4,5-tetraphenyl-2,3-dihydroimidazole (5a). Simi-
lar treatment of the dianils 2b-d with carbon disulphide
and ethyl carbonochloridate gave 4b-d and 5b-d, respec-
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tively. The products 4b, 5a, and 5b were identical (m.p.)
with those reported earlier™*, Hydrogenation® of 2-oxo-
1,3,4,5-tetraphenyl-2,3-dihydroimidazol (5a) gave meso-2-
0x0-1,3.4,5-tetraphenyl-tetrahydroimidazole, identified by
comparison (undepressed mixture m.p. and LR. spectra)
with an authentic sample®.

The disodium salt 3 formed by electron transfer from sodium to
dianil attacks carbon disulphide. Intramolecular nucleophilic at-
tack with elimination of sodium sulphide (lead acetate solution
gives a black precipitate of lead sulphide) leads to the formation of
product 4. The intermediate 3 reacts with ethyl carbonochloridate
with elimination of chloride (detected by the formation of silver
chloride on addition of aqueous silver nitrate) and ethoxide ions to
give rise to 2-0xo-1,3.4,5-tetraaryl-2,3-dihydroimidazole §.

The formation of the intermediate disodium salt 3 was confirmed
by the formation of N,N’-dimethyl-p-toluidinostilbene (6b) when
methyl iodide was added to the reaction mixture obtained from
treatment of the dianil 2b with sodium and ether for 3 h.

This method is apparently limited to aryl-substituted dian-
ils 2a-d, as only aromatic aldimines 1 are known to under-
go cyanide ion-catalysed dimerisation to form dianils’. The
dianil was not obtained from the cyanide ion-catalysed re-
ductive dimerisation of benzaldehyde N-t-butylimine nor
from benzil and ¢-butylamine. Reaction of N,N’-bis[p-to-
lyllethylenediimine with sodium and ether and subsequent
addition of either carbon disulphide or ethyl carbonochlo-
ridate resulted in the formation of a thick viscous material
which could not be further purified and hence unsubsti-
tuted diimines cannot be used in this cyclisation.

Application of the reaction to benzil dibenzylimine (7)
gave  2,3,5,7-tetraphenyl-6-thioxo-6 H-1,4-diazepine  (8;
treatment of the dianion with carbon disulphide) and 6-
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SYNTHESIS

0X0-2,3,5,7-tetraphenyl-6 H-1,4-diazepine (9; treatment of
the dianion with ethy! carbonochioridate) in fair yields,
thus providing convenient syntheses of diazepine deriva-
tives.

The carbonyl group in compcund 5b can be readily con-
verted to its 2-imino derivative 10 on heating with benzyl-
amine.
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Thus 2-N-arylalkyliminoimidazolines can be conveniently
obtained from 5.

Dianils 2; General Procedure:

The starting dianils 2 are obtained by stirring an equimolar mix-
ture of Schiff base 1 and sodium cyanide in dry dimethylformam-
ide for 72 h at room temperature (20 °C) following the method re-
ported*”, and characterised on the basis of LR., U.V. and N.M.R.
spectral data.

N,N'-Bis/p-tolyl]ethylenediimine is prepared by adding dropwise
40% aqueous solution of glyoxal to aa ice-cooled solution of p-to-
luidine (1:2 mol ratio) in 2-propanol by the reported method®.

Attempted Preparations of a Dianil from Benzaldehyde N-r-Butyl-
imine:

An equimolar mixture of benzaldehyde N-t-butylimine (6.44 g)
and sodium cyanide (1.96 g) is stirred in dry dimethylformamide
(60 ml) at room temperature (20°C) for 72 h according to the
above procedure. The recovered liquid (6.10 g) is identified as
benzaldehyde N-t-butylimine on the basis of comparison (identical
LR, U.V. and N.M.R. spectral data) with the starting material.

A mixture of benzil (2.1 g, 0.01 mol) and r-butylamine (6.7 g, 0.1
mol) is heated in a 100 mi flask for 3 h on a water bath. Excess of
amine is removed by distillation and the residual matter is crystal-
lised from methanol to give 2.0 g of a crystalline solid which is
identified as benzil; m.p. and mixture m.p. 95 °C.

'1,3,4,5-Tetraaryl-z-thiox0-2,3-dihydroimidazoles 4a-d; General
Procedure:

Sodium pieces (1 g, 0.044 mol) are slowly added to dry ether (60
ml) with stirring under a nitrogen atmosphere and a solution of
dianil 2 (2 g) in dry ether (10 ml) is added dropwise. Stirring at re-
flux temperature is continued for 4 h and the contents are allowed
to cool. Unreacted sodium pieces are removed by filtration. Dry
carbon disulphide (2 ml) is slowly added and the mixture is heated
under reflux for 1 h. The ethereal suspension is washed 2-3 times
with water and dried with sodium sulphate. The solvent is removed
on a rotary evaporator and the residual material is crystallised from
benzene/ethanol. Addition of lead acetate solution to the aqueous
layer gives a black precipitate of lead sulphide.

2-Oxo-1,3,4,5-tetraaryl-2,3-dihydroimidazoles Sa-d; General Proce-
dure:

In place of carbon disulphide in the above method dry ethyl car-
bonochloridate (2 ml) is slowly added and the product is crystal-
lised from benzene/petroleum ether. Addition of dilute nitric acid
and silver nitrate soluticn to the aqueous layer gives a white preci-
pitate.
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A solution of N,N'-bis[p-tolyllethylenediimine (0.5 g) in dry ether
(10 ml) on treatment according to the above procedure gives a
thick viscous material which could not be purified by either T.L.C.
or column chromatography.

Methylation of the Intermediate Dianion® 3:

Dry methyl iodide (1 ml) is slowly added in place of ethyl carbono-
chloridate in the above reaction with dianil 2b (2.0 g) after an inter-
val of 1 h and the product is crystallised from benzene/ethanol to
give the starting material 2b; yield: 1.9 g (95%); m.p. and mixture
m.p. 159°C.

Addition of methyl iodide after 3 h gives a solid which on crystal-
lisation from n-hexane gives a product identified as N,N’-dimethyi-
p-toluidinostilbene (6b); yield: 0.68 g (34%), m.p. 149 °C.

CiH3oN, calc. C86.08 H722 NG669

(418.6) found 85.94 7.31 6.59

LR. (Nujol): »=1600 cm ™' (C-==C).
U.V. (C;Hs;OH): Ay =260 nm.

'H-N.MMR. (CCL): 8=225 (s, 6H, p-HC); 2.55 (s. 6H,
N-—-CH;)'% 6.90 ppm (m, 18 H,ron).

Hydrogenation of 2-Oxo-1,3,4,5-tetraphenyl-2,3-dihydroimidazole
(5a):

In a pressure bottle a suspension of 5a (250 mg) in glacial acetic
acid (10 ml) is hydrogenated® (40°C, 3 atm) in the presence of pla-
tinum oxide (25 mg) as catalyst for 4 h. The suspension is filtered,
washed with aqueous sodium hydroxide solution and extracted
with ether. The solvent is removed under reduced pressure and the
residual matter, on crystallisation from ethanol, gives a solid iden-
tified as meso-2-ox0-1,3,4,5-tetraphenyltetrahydroimidazole on the
basis of comparison (undepressed mixed m.p. and identical L.R.
spectral data) with an authentic sample®; yield: 60%; m.p. and mix-
ture m.p. 134°C.

Benzildibenzylimine 7:

A mixture of benzil (4.2 g) and benzylamine (8 ml) is heated under
nitrogen for 30 min at 150 °C. After cooling, the mixture is washed
with water to remove benzylamine and the material is taken in hot
alcohol. Fractional crystallisation from methanol gives three prod-
ucts: 2,3,5,6-tetraphenylpyrazine; m.p. 246 °C; 1-benzyl-2,4,5-triphe-
nylimidazole; m.p. 162-163 °C and benzildibenzylimine (7); yield of
7; 0.7 g (16%); m.p. 97 °C.

C28H24N2 calc. C86.56 H 629 N7.21

(388.5) found 86.24 6.02 6.88

Table. Compounds 4a-d and 5a-d prepared
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LR. (Nujol): »=1620 ¢cm ~' (C==N).
U.V. (CHsOH): Apux=250 nm.
"H-N.M.R. (CDCl;): §=4.6 (s, 4H, CH,); 7.65 ppm (m, 20 H..on).

2,3,5,7-Tetraphenyl-6-thioxo-6H-1,4-diazepine (8):

Dry carbon disulphide (2 ml) is slowly added in the reaction with
benzildibenzylimine (7; 2 g) following the above procedure for
compounds 4. The product is recrystallised from benzene/ethanol
mixture to give 2,3,5,7-tetraphenyl-1,4-diazepin-6-thione; yield: 1.2
g (54%); m.p. 250°C.

CaHN,S cale. C81.29 H471 N654

(428.5) found 81.28 4.25 6.62

LR. (Nujol): »=1395 cm~' (C=-S).
U.V. (CHs0H): Agux=290; 300 nm.
'"H-N.M.R. (CDCL;): §=7.60 ppm (m, H, o).

6-0x0-2,3,5,7-tetraphenyl-6 H-1,4-diazepine (9):

[n place of carbon disulphide, dry ethyl carbonochloridate (2 ml) is
slowly added in the above reaction. The product on crystallisation
from ethanol gives a solid; yield: 1.3 g (61%); m.p. 235°C.
C2HyoN,O calc. C8444 H485 N6.79

(412.5) found 84.68 5.12 7.01

LR. (Nujol): »=1760cm ' (C O).
U.V. (C:HsOH): A =305; 340 nm.
'"H-N.M.R. (CDCL): §=7.65 ppm (m, Huom)-

1,3-Bis|p-tolyl}-4,5-diphenyl-2-benzylimino-2,3-dihydroimidazole
10):

A mixture of 1,3-bis{p-tolyl}4,5-diphenyl-2-0x0-2,3-dihydroimida-
zole (5b; 0.42 g, 0.001 mol) and benzylamine (1.07 g, 0.01 mol) is
heated at 250 °C for 3 days. The unreacted benzylamine is removed
by distillation. The contents are cooled and purified by passing
through a column packed with neutral alumina. The solvents are
removed on a rotary evaporator and the residual material, on crys-
tallisation from ethanol, gives solid 10; yield: 0.3 g (60%); m.p.
267 °C. This compound is insoluble in CCl,, CDCl., DMSO, CS,,
and acetone and hence the N.M.R. spectrum of this compound
could not be obtained.

CsHyN, calc. C8551 He6.18 N&31
(505.6) found 85.09 5.97 1.97
LR. (Nujol): »=1620 cm ™' (C N).
U.V. (C,HsOH): Ay =228; 300 nm.

Prod-  Yield m.p.[°C] Molecular LR. (nyjol) u.v. 'H-N.M.R. (solvent)*
uct 1%] formula® [cm ')* (C,H,OH)* S [ppm]
found reported Ve=s Voo A [nm)

4a 65 249° — CyHN,S 1305 298 (CDCly): 7.12 (5, 10H,eon); 742 (5, 10H,00)
(404.5)

4b 50 236-237°  233°3 CyoHyyN.S 1240 295 (CDCl3): 7.2 (m, 18 H,rom); 2.31 (s, 6H, CH3)
(432.5)

4c 70 242-243° CyHaN,S 1220 — 295 (CDCL): 7.1 (m, 16 Hypo); 2.3 (m, 12H, CHy)
(460.6)

4d 70 257° — CyHaaNS 1220 295 (CDCl,): 7.38 (5, 10 Hyrom); 6.9 (5. 8 Hypom): 2.23
(432.5) (s, 6H, CH;)

Sa 65 207° 208-209°*  C,;HyN,0  — 1700 293 (CDCl): 7.3 (m, 20H,10m)
(388.4)

5b 60 222¢ 2143 CyHH,,H, 0  — 1695 295 (CDCls): 7.1 (m, 18 Heom): 2.33 (s, 6 H, CH.)
(416.5)

5¢ 70 249° CyHNO — 1695 295 (CDCl5): 6.97 (5, 8 Hyrom): 7.15 (5. 8 H,ro): 2.25
(444.5) (s, 6H, CH,); 2.32 (s, 6 H, CH-)

5d 65 227° CyHN O - 1700 310 (CCly): 7.20 (s, 10 Hypom): 7.00 (s, 8 H,ron): 2.20
(416.5) (s, 6H, CH,)

* The microanfilyses were carried out using Coleman carbon-hydrogen analyser and Coleman nitrogen analyser and are in satisfactory
agreement with the calculated values (C +0.34, H +0.28, N +0.44).

® The LR. spectra were recorded on a Perkin-Elmer 720 spectrophotometer.

“ The U.V. spectra were recorded on a Cary-14 spectrophotometer.

4 The N.M.R. spectra were recorded on a Varian A-60D spectrometer using TMS as internal standard.

Downloaded by: Collections and Technical Services Department. Copyrighted material.



1004 Communications SYNTHESIS

We thank Prof. B. M. Shukla for the facilities and the U.G.C. (New
Delhi) for financial support.

Received: November 11, 1979
(Revised form: July 7, 1980)

' 1. J. Eisch, D. D. Kaska, C. J. Peterson, J. Org. Chem. 31, 453
(1966).

J. G. Smith, 1. Ho, J. Org. Chem. 37, 653 (1972).

2 0. Anselmino, Ber. Disch. Chem. Ges. 11, 623 (1908).

* K. W. Kliipfl, H. R. Stumpf, H. Behmenburg, W. Neugebauer,
0. Siis, M. Tomanek, German Patent 1060713 (1959). C. 4. 55,
20735 (1961).

4 H. D. Becker, J. Org. Chem. 35, 2099 (1970).

* R. Duschinsky, L. A. Dolan, J. Am. Chem. Soc. 68, 2350

(1946).

K. N. Mehrotra, G. Prasad, Indian J. Chem., in press.

7 1. S. Wallia, L. Guillot, J. Singh, M. S. Chattha, M. Satyana-
rayana, J. Org. Chem. 37, 135 (1972).

& J. M. Kliegman, R. K. Barnes, J. Org. Chem. 35, 3140 (1970).

Y A. Zweig, A. K. Hoffmann, J. Am. Chem. Soc. 84, 3278
(1962).

™ J. G. Smith, 1. Ho, J. Org. Chem. 38, 2776 (1973).

0039-7881/80/1232-1004 $ 03.00 © 1980 Georg Thieme Verlag - Stuttgart - New York

Downloaded by: Collections and Technical Services Department. Copyrighted material.



