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2 o-OCHCsH p-OCH,CsH, 2005 CogHagO 8242 S O 60
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6 OCH.CHaIN{(Cuts)y H p-OCHCsHy p-OCH:Cslle 40 101-102 Ca N Oy 2.82 2.7
7 OCH.CH.N ) § p-OCHCsly p-OCHCsHy v 44 CarllsN Oy 2,75 27l
8 OCH,CH.N o} H p-OCH3Csly Pp-OCHCeHy "2 8788 Cotla N Os 2 74 2 8l
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9 (>l’l i1 0-OC H3Cl 4 p-OCHCslly 655 178 CusliaOy 7880 5.04 7011 512

10 OCHCHoN(Calls)e H o-OC H3CsHs p-OCH:Cells 88 ue CaoHaNOs 282 275
11 OCHCHN H 0-OC T p-OCHCelle 80 #8-8Y Coat LN Oy 2075 2078
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14 OCH:CHN (CeHs) 1 0-OCHCsbs 0-OCH:CoHs 86 0192 CiHaN Oy 2 82 2,78
15 OCH,CH:N ) I 0-OCHColty 0-OCH:Celly 40 8880 Cratla N Oy 2.5 2,70
16 OCH.CHN 0 1 a-OCHCsH o-OCHCsl Y2 40 CiHaNOs 2.7 265
/

7 11 o p-OC HsCuy p-0CH:Cots 67 142144 Cag O TR.80 504 T&4L 5.1 270
18 11 OCHCHoN(CeHa)s p-OCHCeHy p-OCHsCsHy 84 92 Carll5aN Oq 282

10 i OCH CH.N ) p-OCH3CsH p-OCHCaHs B 0145 CaHaN Oy 2,75 274
20 11 r)('H,CH_.\’\—/o PO CHCe p-OCH;Cully ul 8788 Ca N Oy 274 2 Al
21 1 OH a=OCT1Ce s 0-0C HsCaly 63 173175 CusH s 7880 5 01 7871 5.01

22 il OCHCHN(Cal gy a-OCHCeH 0-OCH:CsHy Yo 100-101 CantTaN Oy 282 2 RO
233 I OCH,CH.N ) 0-OCH5C oty 0-OCHaColls 83 110-111 Cas LN Oy 2.75 27K
24 1 <)(‘H;(‘HJN/_\() 0-OCHCells 0-OC Hz o4 82 B0 Callag NOs 2Tt 2. 82
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Derivatives of benzimidazole are of interest ax potential anti-
metabolites. The syuthesis of some 2-arvl-3-nitrobenzimidazole
B-oxides i reported here.” The starting material, 4-nitro-2-
nitrosoaniline,® wax prepared by an improved procedure.

Experimental Section*

4-Nitro-2-nitresoaniline.*--nr-Alanine (8.9 g) and Na,CO)
20,0 g} in water (400 ml) were stirred at 40° with fluoro-2,4-

il
Seotia, Canada.

Biochemi=try  Department, Dalliousie University, IHalifax, Nova

dinitrobenzene (12.0 ml) for 2 hr, and the clear solution of N-
(2, 4-dinitrophenvhalanine wax diluted to 8 L with 577 (w/v)
aqueous NallC'O.. The diluted =olution® was photolyzed in
1-1. portions in a xtundard Hanovia 1-1. photochemical reactor® at
room temperature for 16 hr while being stirred vigorously both
with a magnetic stirrer and with a brisk flow of air to remove
the acetaldehvde formed.  The produet [12.7 & Ay 284 345 mu
(e 13,100, 11,200)] was filtered off, washed well with water, and
dried ar 110°, Tt was obtained ax a green cryvstalline powder,
mp 183-186°, sufliciently pure for further use.
2-Aryl-53-nitrobenzimidazole 3-Oxides.—A =olution of 4-nitro-

2-nitrosoaniline (2 mmolex) and the appropriate aldehyde (2.2
(2) For a preliminary report see ). W. Russell, Chem. Commun., 198
(1965).
(3) 1. W. Russell, J. Clem. Soc., 894 (1963).

(4) Melting pointz were determined on a hot stage and are correeted.
Microanalyses were by Dr. . Pauscher, Bonn, West Germany.

Ay Toeach [ 1, of solution, 0.3 g of finely powdered, recrystailized t-nitro-
2enitrosoaniline® was added before plotolysis.  Thix acted asx a seed and
prevented deposition of the reaction product upon the glass surfaces of the
reaction vessel. The amount added was subtracted in calenlating the yield.

() Fngelhard lanovia Lamps, Bath Road, Slough, Bucks, England.



September 1967 NBw CoMPOUNDS 985
TaBLE I
2-ARYL~3-NITROBENZIMIDAZOLE 3-OXIDES FROM ALDEHYDES (ArCHO)
NH
@[ Vel
O,N N
v
0O
Vol. of
recrystn
solvent, N, %
Ar Yield, % Mp, °CP ml/g Color Formula Caled Found
CeH; 56 272273 25 Cream C13H N304 16.47 16.20¢
4-CIC¢H, 64 249-250¢ 20 Yellow CyHgN305Cl 14.50 14.39/
2-MeOCsH, 64 255-257 30 Yellow CisH N3Oy 14.74 14 .58
3-3 [60C5¥I4 62 267-269 20 Cream C14H11N304 14.74 14.52
4-MeOCsH, 64 273-274 35 Pale yellow Ci1Hn N304 14.74 14.39
3,4(Me0),CeHy 62 268-270 30 Pale yvellow CsH1sN05 13.33 12.89
2-Naphthyl 62 258-259 20 Pale yellow CirHuNO; 13.75 13.56
4-Pyridyl? 59 279-280 23 Pale yellow C,HN Oy 21.87 21.82
« Of recrystallized product. Crude vields were generally in excess of 709%. * All compounds melted with decomposition. ¢ This

compound was identical (melting point, mixture melting point, infrared spectrum) with a sample prepared by photolysis of N-(2,4-

dinitrophenyl)-C-phenylglycine at pH 3 as described by R. J. Pollitt, Chem. Commun., 262 (1965).
¢ This compound resolidified on further heating and melted again at 296—2&?8° (_iec.
7 The reaction mixture contained an additional 2.2 mmoles of p-toluenesulfonic acid, and water

3.55. Found: C, 61.39; H, 3.72.
Caled: Cl, 12,24, Found: Cl, 12.03.
(20 ml) instead of ethanol was used to precipitate the product.

mmoles) in glacial acetic acid (2.5 ml) containing p-roluenesul-
fonic acid (33 mg)” was boiled under reflux for 30 min, during
which time part of the product generally crystallized. The hot
reaction mixture was cautiously diluted with ethanol (7 ml) and
set aside overnight at room temperature to complete the pre-
cipitation. The product after being washed with ethanol was
crystallized from 1-butanol-pyridine (3:2) with addition of a
little decolorizing charcoal. Compounds prepared by this
procedure are given in Table I.

(7) Reaction was faster in glacial than in the 509, AcOH originally used?
and was still more rapid in the presence of catalytic amounts of the sulfonic
acid.

Flavonoids. V. Thiation of Isoflavones!:?
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A biological significance of isoflavonoids is well documented in
the example of genistein, an isoflavone which oceurs in clover and
has been responsible for the failure of ewes to lamb.? In this
connection we have prepared for biological evaluation a few
isoflavthiones (2); the synthetic method employed here has
precedent in Baker’s thiation of flavone.4

The general procedure described herein (Experimental Section)
was inadequate for the thiation of 3-(p-methoxyphenyl)-7-
methoxycoumarin.?

Experimental Section®

General Procedure for the Thiation of Isoflavones la-d.—A
suspension of equal weights of isoflavone and PsS;7 in benzene (20

(1) This research was carried out under Contract SA-43-ph-4351 of the
Cancer Chemotherapy National Service Center, National Cancer Institute,
National Institutes of Health.

(2) Paper IV in this series: K., H. Dudley, H. W. Miller, R. C. Corley,
and M. E. Wall, J. Org. Chem., 82, 2317 (1967).

(3) R. B. Bradbury and D. E. White, J. Chem. Soc., 3447 (1951).

(4) W. Baker, J. B. Harborne, and W. D. Ollis, 7bid., 1303 (1952),

(5) N. Campbell in “‘Chemistry of Carbon Compounds,” Vol. IVB, E. H.
Rodd, Ed., Elsevier Publishing Co., Amsterdam, 1959, p 877.

2 Anal. Caled: C, 61.18; H,

! Anal.

P.S;
benzene
reflux

lﬂ, R/ = C:Hﬂ R =

b, R’ = CH;CO; R

¢, R = CH;CO; R

d, R = GH;,CO; R

OCH;

?a, R’ = C7H7I R=H
b,R’ = CH,CO;, R = H
¢, R’ = CH;CO; R = CH;
d, R’ = CszCO; R = C2H5

ml/g of isoflavone) was stirred and heated under reflux (bath tem-
perature, 80-83°), protected from atmospheric moisture. The
reaction progress was followed by tle; chromatograms were
eluted in 109, ethyl acetate-benzene (the isoflavones fluoresce
blue light under an ultraviolet light source; the isoflavthiones
move as yellow zones, are nonfluorescent, and are further de-
veloped by 59 phosphomolybdic acid in ethanol reagent). The
remainder of the total quantity of P.S; was added during the
course of the reaction. At the end of the refluxing period (2-4
hr), as judged by tle, the hot reaction solution was decanted
through a fluted filter and the residual solids were washed with
two small portions of hot benzene. The crude isoflavthione was
precipitated (or crystallized) by adding a 4-5-fold volume of
petroleum ether (bp 30-60°), keeping the solution at ~—10°.
In the case of 2d (the slowest to crystallize), the precipitation of
vellow solid preceded the crystallization of product; this being
the case, the supernatant was decanted into a clean flask, and
cooling was continued until separation of product was complete.
The yields and melting points of the isoflavthiones reported in
Table I (on the following page) were obtained after one re-
crystallization from ethyl acetate.

(8) Melting points were determined on a Kofler hot stage microscope using
a calibrated thermometer. Ultraviolet spectra were measured with a Cary
Model 14 spectrophotometer, infrared spectra with a Perkin-Elmer 221
spectrophotometer (KBr disks). Microanalyses were carried out by Triangle
Chemical Laboratories, Carrboro, N. C., and Micro-Tech Laboratories,
Skokie, 1.

(7) P:Ss (Matheson Coleman and Bell) was employed without further
purifieation.



