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Abstract — The reaction between the hitherto unknown 2 2-diethoxy-1-isocyanoethane (1) with
sulfenyl chlorides (2) and arylamines afforded isothioureas (4) which were cyclized to give the title

compounds.

As it is well known 1-substituted 2-alkylthio- (or arylthic)-1-H-imidazoles can be easily prepared by reacting
1,3-dihydro-1-substituted 2H-imidazole-2-thiones with alkyl halides or activated aryl halides.’

A careful examination of the literature shows that no synthetic method is available for the synthesis of
1-aryl-2-arylthio-1H-imidazoles in which the aromatic moiety linked to the sulfur atom does nat contain
electron-withdrawing groups. In continuation of our studies on the synthesis of heterocyclic compounds starting
from isonitriles and compounds containing S-Cl groups,2 we wish to report a novel synthetic method which
allowed us to obtain 1-aryl-2-arylthio-1H-imidazoles in high yields with ease.

The present synthesis is based upon the use of 2,2-diethoxy-1-isocyanoethane (1), a hitherto unknown Isonitrile
which was prepared by dehydrating the corresponding N-substituted formamide.

The reaction between 1 and arylsulfenyl chlorides (2) afforded N-(2,2-diethoxyethyl}-S-arylisothiocarbamoyl
chlorides (3) which were reacted in situ with amines to give the corresponding iscthioureas (4). On heating the
crude 4 with acetic acid a ring-closure reaction tock place giving 1-aryl-2-arylthio-1H4- imidazoles (5).

Concerning the present synthesis some remarks should be made. Isothiocarbamoyl chlorides {3) were obtained
in almost quantitative yields even in very mild conditions due to the high reactivity of sulfenyl halides towards the
isocyano moiety.3 The solution of 3 in CHaClz was directly employed for the reaction with amines which afforded
S-arylisothioureas (4). Compound 4g was isolated and characlerized,® whereas the other isothioureas were

obtained as viscous syrups which did not crystallize after standing for several days. It must be noted that the
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purification of isolhioureas (4) is unnecessary since the cyclization to imidazoles (5) can be performed on the

crude product with very good yields.
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a Ar = 4-ClC K, 9 Ar = 4-CICH, Ar' - 4-clc H,
b Ar = 4—CH3C6H4 h Ar = 4_C1C6H4 Ar' = 3,5—diClC6H3
© Ar = 4-CICH, Ar' = c.H, i Ar = 4-cHC M, Ar' - Cely
d Ar = 4-C1CGH4 Ar' = 4—CH3CGH4 k Ar = 4—CH3C6H4 Ar' = 4—CH30C6H4
Ar = 4-CIC.H, Ar' = 4-CH,0C H, 1 Ar = 4-CH,C_H, Ar’ = 4-C1C H,
f Ar = 4-ClC H,  Ar' = 3—c1(:6H;l

The physical and spectral data of 1-aryl-2-aryithio-1H-Imidazoles (5c¢-l) prepared are summarized in the Tabie.

EXPERIMENTAL
Melting points were obtained in open capillary tubes and are uncorrected. Unless otherwise stated the 'H-nmr
spectra were recorded with a Perkin-Elmer R32 apparatus for DMSQ-ds saturated sclutions. Chemical shifts are

reported in ppm {5) from TMS. Ir spectra were measured on a Perkin-Elmer 881 apparatus.

2,2-Diethoxy-1-isocyanoethane (1)

A mixture of amincacetaldehyde diethyl acetal (50.24 g, 377 mmol) and ethyl formate (33.48 g, 452 mmol) was
refluxed for 3 h. The ethanol and the excess ethyl formate were removed under reduced pressure and the residue
was distilled in vacuo to give 55.3 g {91 %) of 2,2—diethoxy-1-formylaminoelhane.5 bp 105-107 °C 0.5 mmyHg; ir
{filrn): 3304, 1666 cm™'. Anal. Caled for GrH1sNQa: C, 52.16; H, 9.38; N, 8.69. Found: C,51.97, H,9.47; N, 8.72.

A solution of the above material (24.2 g, 150 mmol), CCls {23.07 g, 150 mmol}, PPh3 (44.59 g, 170 mmal) and
NEt:® (15.18 g, 150 mmol) in CH2Cl2 (150 ml) was refluxed for 3.5 h. The solvent was retmoved and the residue
was stirred with 400 ml of ether. The resulting suspension was allowed to stand overnight at 5 °C and then filtered.
The filtrate was evaporated and the residue was distilled to give 17.61 g (81 %) of 1, colorless, vile smelling oil,bp

45 °C 0.4 mm/Hg; ir (fim): 2156 cm™"; TH-nmir (CCla): 4.72-4.58(t, J=0.6 Hz, 1H, CH), 3.78-3.52(m, 4H, CHy), 3.44-
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5¢
5d
5e
5t

59
sh
5i

5k

sl

mp°C  Solvent

103-104 EOH/MH:0
112-114 EtOH/H20
87-89 cyclohexane
64-85 cyclohexane
110-111 cyclohexane
97-98 cyclohexane
91-92 cyclohexane
68-69 petr. ether®

69-70 petr. ether®

TABLE

Physical and spectral data for 1-aryl-2-arylthio-1H-imidazoles (5¢-).

Yield Formula
(%)

75 CasHyiN2CIS
77 CigHi3N2CIS
80 CisH1aN20CIS
65 CisH1gN2Cl28
85 CisH1oN2Cl2S
72 CisHoN2ClsS
79 CigH14N25

82 C17Hq1sN20S

80 CigH1aN2CIS

Analysis® "R-nrr (DMSO-d5)
c H N

62.83 (62.75) 3.87 (3.76) 9.77 (3.63) 7.73-7.05 (m, Har. + Him)®

63.89 (63.79) 4.36 (4.27) 9.31 (9.24) 7.65-7.02 (m, 10 H, Har.+ Him.), 2.34 (s, 3H, CHa)

60.66 (60.55) 4.14 (4.10) 8.84 (8.79) 7.65-6.98 (m, 10 H, Har.+ H im.), 3.82 (s, 3H, CHa)

56.09 (55.95) 3.14 (3.02) 8.72 (8.63) 7.76-7.03 (m, Har.+ Him)®

56.00 (56.15) 3.14 (3.21) 8.72 (8.82) 7.74-7.04 {m, Har.+ Him,)?

50,66 (50.69) 2.55 (2.47) 7.88 (7.92) 7.80-7.04 (m, Har. + H im.)®

72.15 (72.03) 5.30 {5.22) 10.52 (10.47) 7.68-6.92 (m, 11H, Har.+ Him)), 2.17 (s, 3H, CHa)

68.89 (68.79) 5.44 (5.35) 9.45 (9.53) 7.70-6.94 (m, 10H, Har. + Him.), 3.80 (s, 3H, OCHa), 2.20 (s, 3H, CHa3)

63.89 (63.80) 4.36 (4.32) 9.31 (9.27) 7.66-6.92 (m, 10H, Har.+ Him.), 2,18 {5, 3H, CH3)

& The found percentages are reported in parentheses. ® The integration of the nmr signals was not performed. ° bp 40-70 °C.
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3.37(d, J=0.6 Hz, 2H, NCH2}, 1.27-1.12(m, 6H, CHz}; Anal. Caled for C7H13NOz: C, 58.72; H,8.15; N, 9.78. Found:

C, 5877, H,2.00; N, 9.86

1-Aryl-2-arylthio-1H-imidazoles (5c-l)

General Procedure: A solution of the appropriate sulfenyl chloride 2 (20 mmal) in CH2Clz (10 ml) was dropped
Into a well-stirred solution of 1 (2.86 g, 20 mmol} in CHzClz {50 ml) maintaining the temperature at -50 °C. The
resulting solution was allowed to stand until the temperature rose to 15 °C and then cooled again at -50 °C. A
solution of the appropriate amine (40 mmol) in CHzClz (30 ml) was dropped into the above solution maintaining
the temperature below -40 °C. The resulting mixture was allowed to react, without removing the cooling bath, until
the temperature rose to 20 °C, and then evaporated to dryness. The residue was stirred with 70 il of ether and 50
ml of water and the phases were separated. The organic layer was dried over MgSQ4 and evaporated to dryness.
The oily residue was dissolved in 50 mi of acetic acid and then refluxed for 45 min. The solvent was carefully

removed under reduced pressure to give the crude 5.
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