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heated very cautiously in an atmosphere of nitro- 
gen, the yellow crystals sublime and reform in a 
cooler portion of the tube. Upon stronger heating, 
some disproportionation occurs and white crystals 
of chromium hexacarbonyl are observed further 
along the tube. Finally, complete decomposition 
results in the deposition of a metallic mirror of 
cadmium and chromium. 

Acknowledgment.-We are indebted to  Dr. 
Francis J. Norton, of the Research Laboratory of 
the General Electric Company, for preparing and 
interpreting mass spectra of our samples of 
chromium carbonyl, chromium carbonyl hydride, 
and products produced by spontaneous decomposi- 
tion of the hydride upon standing a t  room tem- 
peratures. 
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Preparation of Some Sulfonium Salts as Possible 
Anticancer Agents 

BY HENRY A. RUTTER, JR.' 

The preparation of sulfonium halides as possible 
anticancer agents was prompted by the structural 
similarity between quadrivalent sulfonium com- 
pounds and quaternary ammonium derivatives. 

Hartwell and Kornberg2 prepared several aralkyl 
quaternary ammonium halides of the type I which 
had anticancer activity. 

\C-CO-CH2N* X- I+ /c=c. 
[Y-c \c-c/ 

The nitrogen was contained in a heterocyclic ring 
such as pyridine or a-picoline. 

In  the present investigation a series of aralkyl sul- 
fonium bromides of the type I1 were prepared by 
reaction of the appropriate phenacyl bromide with 
dialkyl sulfides according to the method of Bost 
and Schultzea for the preparation of p-phenylphen- 
acyl sulfonium bromides. 

c=c + Br- 

where X is H, CH3, CeH6, Br, C1 and CHaO and R 
and R' are alkyl groups. In  addition one rneta- 
nitro derivative has been prepared. 

These compounds are listed in Table I. 
A preliminary report indicates that six of the 

phenacyl sulfonium bromides are somewhat ef- 
fective as tumor necrotizing agents a t  dosages of 
(1) Taken from thesis submitted by Henry A. Rutter, Jr., in partial 

fulfillment of the requirements for the degree of Ph.D. a t  The Division 
of Chemistry, Graduate School, Georgetown University, Washington, 
D. C. 
(2) J. L. Hartwell and S. R. L. Kornberg, THIS JOURNAL, 68, 868 

(1946). 
(3) R. W. Bost and H. C. Schultze, ibid., 64, 1165 (1942). 

TABLE I 
PHENACYL AND SUBSTITUTED PHENACYL SULFONIUM BRO- 

MIDES 

,c=c \C-CO-CH$3R'] 'Br - 
[X-C \c-cd R 

%.p., Bromide ion, 
Yield, C. %" X R R'  Formula % (uncor.) Calcd. Found 

H 
H 
H 
CHI 
CHa 
CHI 
CHI 
&HI 
CsH, 
C ~ H I  
Br 
Br 
Br 
c1  
c1  
c1 
CI 
CHIO 
CHaO 
m-NO: 

CtHi 
C4H9 
C4Hs 
CHI 
CsH7 
C4He 
OH9 
CzHr 
C I H ~  
CiH, 
CHI 
CtHr 
CaHi 
CHI 
CaH7 
C4Hs 
CiHs 
CzHr 
CiH7 
C1H7 

C1H7 
CcHs 
CaHr 
CHI 
GH7 
CcHe 
CrHr 
CrHr 
C1H7 
CIHI 
CHI 
CaHr 
C8H7 
C Ha 
OH7 
C4He 
CzHr 
OH6 
C1H7 
C1H7 

CI~HIIOSB~ 
CleHuOSBr 
C M H ~ I O S B ~  
CIlHlaOSBr 
CtsHnOSBr 
CliHzrOSBr 
CisHa,OSBr 
CsHaiOSBr 
CpaHzsOSBr 
CpaHaaOSBr 
C1nH1!0SBri 
CnHtaOSBrt 
GdHaJOSBra 
CtoHtrOSBrCl 
C14HpaOSBrCl 
CMHMOSB~CI 
CI~HDOSB~CI 
ClrHlaMBr 
ClrHtrOrSBr 
C I ~ H ~ N O I S B ~  

13 
23 
63 
51 
12 
28 
12 
31 
25 
14 
53 
53 
49 
27 
29 
21 
34 
13 
15 
6 

93-94 
88-89 
103-104 
112 
98-99 
99-100 
97 

123-124 
113-1 14 
96-97 
127 

119-120 
107-108 
128-129 

111 
99 

102-103 
106-107 
100 
97-98 

25.23 25.20 
23.18 22.90 
25.23 25.05 
29.04 28.71 
24.12 24.41 
22.24 21.99 
24.12 23.74 
21.9 21.47 
20.37 20.10 
20.37 20.21 
23.52 23.31 
21.73 21.40 
20.20 19.9 
27.03 27.14 
22.72 22.85 
21.04 20.88 
22.72 22.48 
25.03 24.71 
23.01 22.62 
22.06 21.71 

a Mohr analysis, average of two. 

150 to 250 mg. per kilogram of body weight against 
Sarcoma 37 in mice.' 

Grateful acknowledgment is made to Dr. M. X. 
Sullivan for his advice and encouragement during 
this investigation. 

(4) Acknowledgment is made to Dr. Jonathan L. Hartwell, National 
Cancer Institute, for the report on the tumor necrotizing activity of the 
compounds. The final report dealing with the biological activity of 
these compounds will be made later. 
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Thiocarbamates. 111. Aryl Thiocarbamates 
from Aryl Thiocyanates 

BY R. RIEMSCHNEIDER, F. WOJAHN AND G. OR LICK^ 

As reported elsewhere, lv3 the actionof concentrated 
sulfuric acid followed by treatment with ice-water 
serves, in most cases, to transform aryl thiocyanates 
into the corresponding thiocarbamates 

+Hz0 OH 

\NH 
ArSCPI; __f A r S d  - ArSCO.NH2 

The reaction is of preparative as well as of analytical 
value. We have found that the reaction is superior 
to older procedures for the preparation of thiocar- 
bamates4 with respect to general applicability, 
(1) R. Riemschneider. Paper I, Mill. physiol. chem. Insl . ,  R 30. 

Feb., 1949; Paper 11, Chimica c industria (Mi lan) ,  23, 483 (1951) (pre- 
sented Sept. 19, 1950, before the VI National Congress of Pure end 
Applied Chemistry, Milan). 
(2) Address of the authors: Hohenzollernplatz 1, Berlin-Nikolassee, 
(3) Pharmasic, 4,460 (1949); Chim. cf Ind. ,  64, Sonderheft, Sept., 99 

(1950); Pharm. Zcntralhallc, 89, 108 (1950); further references may he 
found in Paper I of this series.] 
(4) H. L. Wheeler and B. Barnes, A m .  Chcm. J . ,  22, 141 (1899); 

A. Fleischer, Bcr., 9, 988 (1876); N. A. Langlet, ibid.. 24, 3848 (1891); 
B. Hohnberg, ibid., 47, 159 (1914); A. Knorr, ibid., 49, 1735 (1916); 
E. Biillrnann and J. Bjerrum, ibid., 60, 503 (1917); M. H. Rivier, 
Bull. SOC. chim., [4] 1, 733 (1907); R. Conrad and F. Salomon, 1. prakf .  
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yields obtained, and simplicity of operation. The 
reaction proved to be unsatisfactory in the cases of 
several o-substituted phenyl thiocyanates, e.g., 
the o-carboxyl-, o-methoxy- and o-nitro-derivatives; 
aryl thiocyanates sensitive to concentrated sulfuric 
acid, e.g., thiocyanophenols, also gave unfavorable 
results. Thus, the corresponding thiocarbamates 
are, in these cases, best prepared by one of the older 
procedures. 

Thirty aryl thiocarbamates have been prepared 
by the sulfuric acid method; descriptive and ana- 
lytical data for these compounds are listed in the 
table I. The compounds give precipitates with al- 
coholic silver nitrate. 

Experimental 
The aryl thiocyanate (2  9.) is treated slowly with shaking, 

and with ice cooling, with 10 cc. of 95% sulfuric acid. The 
mixture is allowed to stand a t  0’ to 5’ for 15 hours, and is 
poured on ice. The precipitate is collected, washed with 
water, and dried in air, or, in some cases, in vacuum with 
slight warming. If a high-boiling solvent, e.g. phenetole, 
is used for recrystallization, the solution should be heated 
for as brief a period as possible in order to avoid decomposi- 
tion of the solutes. The procedure given has been applied 
to quantities up to  10 g. of aryl thiocyanate, with corre- 
spondingly increased volumes of sulfuric acid. 

Chem., [Z] 10,28  (1874) ; M. Battegay and R. Krebs, Compl. vend., 206, 
919 (1938); Badische Anilin und Soda Fabrik, A. G., German Patent 
175,070; Chcm. Zcnlr . ,  77, 1466 (1906). 
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New Benzimidazoles from Polyhydroxy Acids’ 
BY DAVID A. ROSENFELD, JAMES W. PRATT, NELSON K. 

RICHTMYER AND C. S. HUDSON 

Incidental to other researches now in progress 
we have prepared several benzimidazoles whose 
descriptions may well be presented together a t  this 
time. The first of these is derived from the con- 
densation of o-phenylenediamine with D-glyceric 
acid. Although the benzimidazole from the sim- 
plest hydroxy acid, glycolic acid, has long been 
known,2 and that of the 3-desoxyglyceric, Le., 
lactic acid even longer,3 a benzimidazole of a gly- 
ceric acid has not been reported previously. 

In  one of Griess and Harrow’s classic papers4 
on the action of aromatic diamines on sugars they 
included the reaction between D-glucose and 3,4- 
diaminotoluene acetate. The product crystallized 
as “small white warts” and from its composition 
is presumed to be identical’ with the benzimidazole 
that we have now obtained by the condensation of 
D-gluconic acid with 3,4-diaminotoluene in the 
presence of concentrated hydrochloric acid by the 
procedure of Moore and Link.6 The melting point 
and specific rotation are here recorded for the first 
time. 

Benzimidazoles derived from “L-a-rhamnohex- 
onic” and “D-P-galaheptonic” acids are also de- 

(1) For a review of the 2-(aldo-polyhydroxyalkyl)-benzimidazoles 
see N. R. Richtmyer, Adnances i n  Carbohydrate Chem., 6, 175 (1951). 

(2) A. Bistrzycki and G. Przeworski, B e y . ,  46, 3483 (1912). 
(3) M. Georgescu. ibid. ,  96, 952 (1892); see R J. Dimler and K. P. 

Link, J. Bid. Chem., 148, 557 (1942), for those of the optically active 
forms. 

(4) P.  Griess and G. Harrow, Ber., 20, 2205 (1887). 
( 5 )  S. Moore and K. P.  Link, J .  B i d  Chem., 188, 293 (1940). 

scribed. The rotations of these four new benzimid- 
azoles are in accord with the “benzimidazole 
rule,” which states6 : “Whenever the hydroxyl 
group on the second (or alpha) carbon atom of an 
aldonic acid is on the right in the conventional 
projection formula of Fischer, the rotation of the 
derived benzimidazole is positive and, conversely, 
when the hydroxyl group is on the left, the rotation 
of the benzimidazole is negative.” 

Lohmar, Dimler, Moore and Link’ have prepared 
the dibenzimidazoles and the respective dihydro- 
chlorides from galactaric ( = mucic), D-glucaric 
(= D-saccharic) and D-rnannaric (= D-mannosac- 
charic) acids. We have now extended this list, 
for purposes of characterization and identification, 
by adding data for the corresponding derivatives 
of L-threaric acid (= L(+)-tartaric acid, the ordi- 
nary dextrorotatory tartaric acid commonly present 
in grapes). 

Experimental 
2-( ~-glycero-l,2-Dihydroxyethyl)-benzimidazole .--Two 

grams of calcium D-glycerate dihydrate, prepared from 
methyl a-D-mannopyranoside by periodate oxidation fol- 
lowed by bromine oxidation and subsequent hydrolysis as 
described by Jackson and Hudson,* was refluxed for 3 hours 
with 1.6 g. of o-phenylenediamine in 40 ml. of 4 N hydro- 
chloric acid by heating in an oil-bath kept at 130 & 5 ’ .  
Because no crystallization occurred when the solution was 
made ammoniacal and concentrated, the product was iso- 
lated through its copper salt by the procedure of Moore and 
Link.6 The benzimidazole thus obtained weighed 0.70 g. 
(28%). It was recrystallized from a mixture of 30 parts of 
water and 5 parts of ethanol, forming slightly tan-colored 
needles with m.p. 184-186” (dec.) and [ C Y ] ~ D  +39.6” in 
N hydrochloric acid (c  3.6). 

Anal. Calcd. for C9H10N202: C, 60.66; H ,  5.66; S, 
15.72. Found: C, 60.78; H, 5.67; N, 15.54. 

S-Methyl-Z-( ~-gluco-l,2,3,4,5-pentahydroxypentyl)-ben- 
zimidazo1e.-Calcium Dgluconate and 3,4-diaminotoluene 
dihydrochloride were condensed in the presence of a small 
excess of hydrochloric acid according to  the general proce- 
dure of Moore and Link.’ The product, obtained in 70% 
yield, was recrystallized thrice from 15 parts of water as 
clusters of tiny needles which united to  form larger masses 
of “warts,” as Griess and Harrow4 had described them 
earlier. The benzimidazole melted at 212-214’ (dec.) and 
showed [a] *OD f9.2’ in N hydrochloric acid (c 2) .  

Anal. Calcd. for ClaHl&Os: C, 55.31; H, 6.43; S, 
9.93. Found: C, 55.20; H, 6.44; ru’, 9.67. 

2-( ~-nzanno-L-gala-hepto-j ,2,3,4,5-Pentahydroxyhexyl)- 
benzimidazole .-Crystalline L-a-rhamnohexonic lactone ’ ’ 
( = 7-desoxy-~-manno-~-guZu-heptonic lactone) was pre- 
pared by a modification of the method of Fischer and 
Tafe19 for the addition of hydrogen cyanide to  L-rhamnose. 
A mixture of 5.6 g. of the lactone and 3.3 g. of o-phenylene- 
diamine was condensed in the presence of hydrochloric acid 
as catalyst according to the procedure of Moore and Link.s 
The isolated benzimidazole weighed 4.5 g. (54%) and was 
purified by 3 recrystallizations, as needles, from 70 parts of 
50% ethanol. It then melted at 266-268” (dec.) and had 
the rotation [CY] *OD -41.5” in N hydrochloric acid (c 2.5).  

Anal. Calcd. for C13H18S205: C, 55.31; H, 6.43; X, 
9.93. Found: C, 56.37; H, 6.34; N, 9.88. . .  . .  

The same benzimidazole was obtained in 70% yield by 
the condensation of 2.7 g. (0.009 mole) of 7-desoxy-~- 
manno-L-gala-heptonic phenylhydrazidelO with 1.1 g. (0.01 
mole) of o-phenylenediamine in a similar manner. The 

(6) N. K. Richtmyer and C. S. Hudson, THIS JOURNAL, 64, 1612 
(1942). 

(7) R. Lohmar, R. J. Dirnler, S. Moore and K. P. Link, J .  Bid.  
Chcin., 148, 551 (1942). 

(8) E. 1,. Jackson and C. S. Hudson, THIS JOURNAL, 69, 994 (1937). 
(9) E. Fischer and J .  Tafel, Ber., 91, 1657 (1888); see also E. L. 

(10) E. Fischer and F. Passmore, Bcr.. 22, 2728 (1889). 
Jackson and C S Hudson, THIS JOURNAL, 66, 2455 (1984). 


