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TABLE I 

-ARYI/-5-XITKOBENZIMIDAZOLE 3-O.KIDES FROM ALDEHYDES ( A r C H O ) 

^ NH 

Yield, %" 

56 
64 
64 
62 
64 
62 
62 
59 

Mp, »Ch 

272-273 
249-250' 
255-257 
267-269 
273-274 
268-270 
258-259 
279-280 

1 
o2rr 

Vol. of 
recrystn 
solvent, 

ml/sr 

25 
20 
30 
20 
35 
30 
20 
25 

o 
^-^^ 

[y^ N 
i 
0 

Color 

Cream 
Yellow 
Yellow 
Cream 
Pale vellow 
Pale vellow 
Pale yellow 
Pale vellow 

Ar 

CHr, 
4-ClC,H4 

2-MeOC6H4 

3-MeOC6H4 

4-MeOC,H4 

:!,4fMeO)2C6H3 

2-NaphthyI 
4-Pyridyl" 

" Of recrystallized product. Crude yields were generally in excess of 70%. '' All compounds melted with decomposition. c This 
compound was identical (melting point, mixture melting point, infrared spectrum) with a sample prepared by photolysis of X-(2,4-
dinitrophenyl)-C-phenylglycine at pH 3 as described by II. J. Pollitt, Chem. Commun., 262 (1965). d Anal. Calcd: C, 61.18; H, 
3.55. Found: C, 61.39; H, 3.72. « This compound resolidified on further heating and melted again at 296-298° dec, ' Anal. 
Calcd: CI, 12.24. Found: CI, 12.03. » The reaction mixture contained an additional 2.2 mmoles of p-toluenesulfonic acid, and water 
(20 ml) instead of ethanol was used to precipitate the product. 

Formula 

C13H9N303<= 
C13HSN303C1 
C14H11A3O4 

C14H11N3O4 

C I 4H„N304 

C15H13N30, 
C „ I i n N 3 0 3 

C,2HsN403 

Calcd 

16.47 
14.50 
14.74 
14.74 
14.74 
13.33 
13.75 
21.87 

Found 

16.20'' 
14.39/ 
14.58 
14.52 
14.39 
12.89 
13.56 
21.82 

mmoles) in glacial acetic acid (2.5 ml) containing p-toluenesul-
fonic acid (33 mg)7 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 50% AcOH originally used2 

and was still more rapid in the presence of catalytic amounts of the sulfonic 
acid. 
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A biological significance of isoflavonoids is well documented in 
the example of genistein, an isoflavone which occurs in clover and 
has been responsible for the failure of ewes to lamb.3 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-(jo-methoxyphenyl)-7-
methoxycoumarin.5 

Experimental Section6 

General Procedure for the Thiation of Isoflavones la-d.—A 
suspension of equal weights of isoflavone and P2Sj7 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, ./. Org. Chem., 32, 2317 (1967). 

(3) R. B. Bradbury and D. E. White, J. Chem. i'oc, 3447 (19.51). 
(4) W. Baker, J. B. Harborne, and W. D. Ollis, ibid., 1303 (1952). 
(5) N. Campbell in "Chemistry of Carbon Compounds," Vol. IVB, E. II. 

Rodd, Ed., Elsevier Publishing Co., Amsterdam, 1959, p 877. 

benzene 
reflux 

OCH3 

la, K' = C7H7: R = It 
b, R ' = CH3CO; R = H 
c, R ' = CH sCO: R = CH3 
d, I t ' = C2H,-,CO; R = C2H5 

OCH, 

?a, R ' = C7H,: R = H 
b, R ' = CH3CO; It = H 
c, R ' = CH,CO; R = CH3 
d, R ' = C2HBCO; It = C2H5 

ml/g of isoflavone) was stirred and heated under reflux (bath tem­
perature, 80-85°), protected from atmospheric moisture. The 
reaction progress was followed by tic; chromatograms were 
eluted in 10% 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 5% phosphomolybdic acid in ethanol reagent). The 
remainder of the total quantity of PjSs was added during the 
course of the reaction. At the end of the refluxing period (2-4 
hr), as judged by tic, 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 
yellow 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-
crvstallization from ethvl acetate. 

(6) 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, 111. 

(7) P;Ss (Matheson Coleman and Bell) was employed without further 
purification. 
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"- The color is undoubledly due to solid-state and association phenonieua. for il wa> imuarted only lo very concentrated solutions and 
was unrneasurable in the region 400-600 mn employing 10~~:l lo I()-•'' .1/ solutions of the isofiavthiones 2 in methanol, benzene, and hex-
ane. h Benzene, not methanol, was the solvent. ' Shoulder. 
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The preparation of a number of potential biological alkylating 
agents arid related compounds is reported. 

Experimental Section1 

2-| p.[Bis(2-chloroethyl)aminojphenyl [-5-alkyl-l,3,4-oxadi-
azole.—Following the procedure of Ainsworth,4 2.0 g of /j-|bis(2-
chloroeth}d)aminolbenzhydrazide5 was heated to reflux in 15 ml of 
the appropriate, freshly distilled,, irietbylorthoalkyl ester. The 
mixture was refluxed overnight and the excess orthoester was 
removed in vacuo. The oxadiazoles were recrystallized from 
ethanol-wafer and are shown in Table [. 

TABI.K I 

- 0 V 
R—(f ^C 6 H 4 N(CH 2 CH 2 Cl) , -p 

N — N 

u 
H " 

C l i n 

( • • i n 

\ 
5 5 

79 

84 

Mp, 
•~C 

led. ' , 
II X c 

O l l l l i , 

II N 

68-70 50.M6 1.58 14,6(1 5 0 . 5 6 1.60 14.62 
122-125 52 .01 5 .04 14.00 52 .11 5.1:1 P i . 9 2 
109-11M 1W.14 5 . 4 5 130(7 5:-S.M5 5 . 5 8 in , 12 

'' We should like to thank Dr. I). W. Alwani for assistance with 
I his compound. This compound was inactive7 against Walker 
carcinosarcoma. 

l,4-Bis[(2-chloroethyI)thio| -2,3,5,6-tetrafiuorobenzene. A 
mixture of 1 g of l,4-bis|(2-hydroxyethyl)thio]-2,3,o,6-tetra-
fluorobenzeiie6 and .5 ml of SOCI2 was refluxed for 3 hr and the 
excess SOCI2 was removed in vacuo to give 1.3 g of solid, mp 
110-116°. Hecrystallization from ethanol gave white needles, 
mp 114-116°. 

Anal. Calcd for CiuH.F.iCIbS;;: C, 35.40: H, 2.37; F, 22.40; 
CI, 20.90: S, 18.90. Found: C. 35.30: H, 2.7.,: F, 22.06: CI. 
20..So; S, 18.00. 

This compound was inactive" against Walker carcinosarcoma 
•J.'itt. 

Diethyl [Bis(2-hydroxyethyl)amino]methylenemalonate. A 
mixture of 5.07 g (0.048 mole) of bis(2-hydroxyethyl)amine and 

(1) >,a) P a r t X V I I : K. D . Popp . F . P. S i b e r , and D . W. Alwani, ./. Mni. 
('hem., 10, 481 (1967; . (,b) S u p p o r t e d iu par i l,y research g r a n t s from ihe 
American Cancer Society and from the Na t iona l Cancer I n s t i t u t e . 

(2) A b s t r a c t e d in pa r t from the M . S . Thes is of K. P. S. 
(,'i) Analyses by Spang Microana ly t i ea l L a b o r a t o r y , Ann Arbor, Mich, 

Mel t ing po in ts a re t a k e n in capil lar ies a n d a r e correc ted . 
I t) C. Ainswor th , ./. Am. Chem. Sue. 77, 1 148 i 1955), 
1.5) R. C. Elderfield a n d T . K. Liao, ,/. Org. Chem., 26, 4996 (1961). 
it!) 1. l iu rdon , V. Da ino . l a ran , and .1. T a t l o w . ,/. O i « i . Soc. 76:-! (1964). 
(71 Screening resul ts were supplied by tin- C C N S C of the Nat iona l In 

slit illes of Hea l th . 

10.5 g (0.048 mole) of diethyl ethoxvnieihvlenemalonate in 60 ml 
of absolute ethanol was refluxed for 1 hr and the solvent was 
removed in vacuo lo give an oil. Distillation gave 9.9 g (74'", 1 of 
liquid, bp 58-61° (0.8 mm). 

Anal. Calcd for C r ,H2 ,N06 : C. 52.35: If. 7.69: X, 5.09. 
Found: C, 52.09: II, 7.66; N, 4.89. 

This compound was inactive7 against Sarcoma 180 and L 12 1(1 
lymphoid leukemia. 

[Bis(2-hydroxyethyl)amino|methylenemalononitrile. I'siiii; a 
similar procedure .8.6 g (98 r , ) of solid, mp 86-87° ("from ethanol). 
was obtained. 

Anal. Calcd for (\I1,,N;(0-.: C, 53.03: II, 6.12: V 23.19. 
Found: C, 52.86: H, 5.93: X, 23.32. 

This compound was inactive7 against L1210 lymphoid leukemia 
andS91 Cloudman melanoma and only very slightly (T/C = 61 ' , ' 
al 500 mg/kg) active against Sarcoma 180. 

Ethyl [Bis(2-chloroethyl)amino]methylenecyanoacetate A 
solution of 0.05 mole of ethyl ethoxymethylenecyanoacetate and 
bis(2-chloroethyl)amine (from 0.05 mole of its hydrochloride) 
in benzene was refluxed for 6 hr. Removal of the solvent in vacua 
gave an oil which was chroma)ographed on acid-washed alumina 
and the solid eluled was recrystallized from ethanol to give 4.7 g 
(36 ' , ) of solid, mp 56-59°. 

Anal. Calcd for CiIb.ClsXA),: C, 45.30: 11,5.32: X. 10.57: 
CI. 26.74. Found: C. 45.31: 11,5.42: X, 10.52; CI, 26.78. 

This compound was inactive7 against Walker carcinosarcoma 
256. The hydroxyethyl analog of this compound* was inactive7 

against LI210 lymphoid leukemia and Friend virus leukemia 
and only slightly active (T/C = 65'', at 62 mg/kg) against 
lleploma 129. Preliminary attempts to convert this hydroxy­
ethyl compound directly lo the chloroefhvl compound with 
SOC]-. failed. 

8) \ . A. Sanli l l i . U . lo 
1964 I, 

Dsdetie, ./. M,,i. CI,.,, 
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A number of 5-(w-cliloroacylainino Iqtiinolines and 4- and 5-
'oj-chloi'oacylaniino lisoqiiinoliiics were prepared by reaction of 

•l i lai Par i W i l l : I . 1). Popp . I'. P, Silver, and A . ( ', N o b l e , . / . . 1 / . . . . 
Chan., 10, 986 <1967i. 4) . Suppor t ed in par! by research i n a m s from tin-
Vuiet'h-an Cance r Soviet y and from the- Na t iona l Cancer I n s t i n u e . (c! V 
port ion of tljis mate r ia l is abs t r ac ted from the M . S . Thes is of V. P S.. 
( ' larks, , , , ('..lie!,,. ,,f 'I'eclmoioLO , 1967 


