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2-Thienyl p-ToIyl Sulfone.—2-Lithiothiophene was formed by 
metalation of thiophene with «-butyllithium> The yield has 
been shown to be essentially quantitative.13 A solution of 2-
lithiothiophene from 8.4 g (0.10 mole) of thiophene in ether-
pentane-hexane solvent was maintained at room temperature 
during the addition (50 min) of 70.4 g (0.30 mole) of 2-chloro-
ethyl p-toluenesulfonate in 85 ml of ether. The mixture was 
stirred for 3 hr at room temperature, hydrolyzed with excess 
water, and extracted with ether in the usual fashion. Distilla­
tion of the extracts gave unreacted 2-chloroethyl p-toluenesulfon-
ate and thiophene from unreacted 2-lithiothiophene as the only 
distillable products. The residual red oil was crystallized from 
acetone with charcoal treatment to yield 8.1 g (34%) of colorless 
crystals, mp 120-121°. 

Anal. Calcd for CnH10O2S2: C, 55.40; H, 4.24; S, 26.90. 
Found: C, 55.36, 55.51; H, 4.20, 4.36; S, 26.71, 26.88. 

The infrared spectrum (KBr disk) of the sulfone showed strong 
bands at approximately 7.6 and 8.7 M which may be assigned14 

to the sulfone group. 
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Derivatives of benzaldehyde thiosemicarbazone have 
been reported to be active tuberculostatic3 and anti­
viral4 agents. Additional work on thiosemicarbazone 
compounds led to the discovery of antiviral activity 
of isatin 3-thiosemicarbazone (I) (ITSC) against the pox 
group of viruses in human and type 2 polio in E R K 
cells.5 A number of monocyclic thiosemicarbazones, 
such as derivatives of nicotinaldehyde, isonicotinal-
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(1) According to Chemical Abstracts, the name for this compound is 1,1'-
[(methyl)ethanediylidenedinitrilo]diguanidine. 
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tional Service Center (CCNSC), National Cancer Institute, National Insti­
tutes of Health, Public Health Service, Contract PH-43-65-94. 
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F. Mietzsch, and H. Schmidt, Angeui. Chem., 60, 113 (1948); (c) N. P. 
Buu-Hoi, M. Welsch, G. Dechamps, H. L. Bihan, F. Binon, and N. D. 
Xuong, J. Org. Chem., 18, 121 (1953). 

(4) D. Hamre, J. Bernstein, and R. Donoviek, Proc. Soc. Exptl. Biol. Med., 
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(5) Cf. H. E. Whipple, Ed., Ann. N. Y. Acad. Sci., 130, 71 (1965). 

dehyde, and 2- and 3-thenaldehydes, have also shown 
high antiviral activity.6 4-Bromo-3-methylisothiazole-
5-carboxaldehyde thiosemicarbazone (II), when given 
orally, was found to protect mice infected intracere-
brally with neurovaccinia.5 Two thiosemicarbazones 
derived from substituted pyrrolidine-2,3-diones (III , 
R = C2H5 and CH2CH2OH) demonstrated protection 
against experimental influenza infection in mice.5 

2-Keto-3-ethoxybutyraldehyde (kethoxal) has been 
shown to have antiviral activity in embryonated eggs 
infected with PR-8 influenza and Newcastle disease.7 

I ts bis(thiosemicarbazone) derivative (IV, KTS) was 
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found to be very effective when given orally or intra-
peritoneally to rats bearing the Walker 256 carcino­
sarcoma and S180.8 This activity pa t tern is similar 
to a closely related compound, methylglyoxal bis(thio-
semicarbazone)9 (V), but different from tha t of the 
guanylhydrazone analog (VI). The lat ter compound, 
the structural modifications of which have been sys­
tematically studied in our laboratories for the past 
3 years,10 was found to be active in leukemia L1210 
and Ca755 and is considered as one of the few agents 
clinically effective in the therapy of adult acute myelo­
genous leukemia.11 

In view of the antituberculous, antiviral, and anti­
leukemic as well as other anti tumor activities dem­
onstrated by the thiosemicarbazone and guanylhydra­
zone derivatives, and the importance of the methyl­
glyoxal moiety in cell growth,12 synthesis and biological 
evaluation of compounds VI I and V I I I are of pertinent 
interest.13 
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(12) A. Szent-Gyorgyi [Science, 149, 34 (1965)] recently stated that sub­
stances which promote ("promine") or retard ("retine") cell growth may 
provide keys to fundamental problems of cellular biology. Further study 
with the isolated "retine" indicated that methylglyoxal, combined in some 
fashion with a nitrogen-containing moiety, is the chief constituent. 

(13) According to Thompson, et al.,% most thiosemicarbazones possessing 
high antiviral activity are those in which the thiosemicarbazone group, 
^ N N H C S N H s , is separated by two carbon atoms from a N or S atom. 
This statement has since been substantiated by Furst14 based on chelation 
studies. Our structure-activity study of the guanylhydrazone derivatives 
in antileukemic screenings indicated that a similar relationship is also one of 
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(14) A. Furst, "Chemistry of Chelation in Cancer," Charles C Thomas, 
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Pyruvaldehyde diethyl acetal (IX), the key inter­
mediate for the .synthesis of VII and VIII, was pre­
pared from pyruvaldehyde according to the method of 
Braude and Evans.15 Addition of thiosemicarbazide 
to an ethanol solution of IX readily formed pyruval­
dehyde diethylacetal thiosemicarbazone (X), which 
reacted with an equivalent amount of aminoguanidine 
in the presence of hydrochloric acid to yield VII. 
When compound IX was first allowed to react with 
aminoguanidine followed by reaction with thiosemicar­
bazide in the presence of acid, the other isomer (VIII) 
was obtained. 
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A semicarbazone analog of VII, pyruvaldehyde 1-
guanylhydrazone 2-semicarbazone, was prepared from 
IX in a manner similar to that described for the prepara­
tion of VII. 

Preliminary antitumor screening results16 of VII and 
VIII with doses ranging between 15-480 mg/kg in 
BDFi mice indicated that replacement of either imino 
group by sulfur in VI results in the loss of activity 
against leukemia L1210. 

Experimental Section17 

Pyruvaldehyde Diethyl Acetal Thiosemicarbazone (X).—To a 
solution of 29.2 g (0.2 mole) of pyruvaldehyde diethyl acetal'6 

(IX) in 250 ml of absolute ethanol was added, in one portion, 18.2 
g (0.2 mole) of thiosemicarbazide. The reaction mixture was 
stirred for 15 hr at room temperature. The resulting solid was 
collected by filtration and washed with absolute ethanol. The 
product, weighing 31 g ( 7 1 % yield), was satisfactory for use in 
the following experiment. For purposes of characterization a 
small portion was recrystallized from a mixture of ethanol and 
water to give a product which melted at 128-130°, resolidified, 
then slowlv decomposed above 160°: X ^ 1 301 mM (e 14,200); 
A;;",11 234 mM (e 8100), 267 mM (e 21,200). 

Anal. Calcd CsIIi7N302S: C, 43.8; H, 7.81: N, 19.2 
Found: C, 43.7; H, 7.81; N, 19.4. 

Pyruvaldehyde 1-Guanylhydrazone 2-Thiosemicarbazone 
Hydrochloride (VII).—A solution of aminoguanidine hydrochlo­
ride [prepared by the addition of excess HC1 to a suspension of 
13.6 g (0.1 mole) of aminoguanidine bicarbonate in 150 ml of 
water] was added to a suspension of 22 g (0.1 mole) of X in 300 

(15) E. A. Braude and E. A. Evans, ./. Chem. Hoc, 3324 (1955). 
(16) Biological testing work was carried out by contract screeners of 

CCNSC of the National Cancer Institute. 
(17) All melting points (corrected) were taken on a Thomas—Hoover 

melting point apparatvis. The ultraviolet absorption spe tra were deter­
mined with a Beckman DK-2 spectrophotometer. 

ml of ethanol. The mixture Wits stirred tit room temperature for 
2 hr after which time the insoluble material was removed by 
filtration and the filtrate was refrigerated overnight. The solid 
which separated was collected and the filtrate was concentrated 
at room temperature. Absolute ethanol (about 5 vol! was 
addetl to the concentrate and the solution was cooled overnight. 
In (his maiiner a second crop of product was obtained. The 
combined solids were washed with absolute ethanol and dried at 
50° (0.01 mm) for 15 hr to give 17 g '69 ' ' , vield) of product: 
tup 223-224° dec, XjfV 308 mM (e 47,700), x;;",H 332 mM (t 44,800 i. 

Anal. Calcd for C5H„N7S-HCl-(l.5H..(): C, 24.3; 11,5.31; 
CI, 14.4: X, 39.7: S. 13.0. Found: C, 24.3; II. 5.60: CI, 14.6: 
N, 40.0: S, 12.9. 

The corresponding sulfate sail was similarly prepared; mp 
236-237° dec. 

Anal. Calcd for ('.•1lli,N-S-().5H.>SOj-().5ir2t): C, 23.2: 11, 
5.05: X, 37.S: S. IS.6. Found: C, 23,4; II, 5.02: X. 38.0: 
S, 1N.S. 

Pyruvaldehyde 1-Guanylhydrazone 2-Semicarbazone Hemi-
sulfate.••-A mixture of 7.5 g (0.1 mole) of semicarbazide and 14.6 
g (0.1 mole) of I.X in 100 ml of absolute ethanol was stirred at 
room temperature for 18 hr. There was then added 100 ml of an 
acidic solution of aminoguanidine sulfate [prepared from 13.6 g 
(.0.1 mole) of aminoguanidine bicarbonate and excess sulfuric 
acid]. After being stirred overnight at room temperature the 
solid from the reaction mixture was collected by filtration, 
yielding 17.5 g (72.0'', yield) of a white solid, mp 221 222° dec. 
Xti'l,' 2S3 DIM (e 33,50(1). Xl],11 " 294 m,u U 25,500). 

Anal. Calcd for Cr,liuN70 •0.51T..S()4-ll.5II;,(): (.', 24.7; II. 
5.37: X, 4(1.3. Found: C, 24.7: 11,5.60; X, 40.4. 

Pyruvaldehyde 2-Guanylhydrazone 1-Thiosemicarbazone Hy­
drochloride. (VIII). To a stirred suspension of 14.6 g (0.1 
mole) of IX and 9.0 g of sodium acetate in 200 ml of absolute 
ethanol was added, at room temperature, 11.0 g (0.1 mole) of 
aminoguanidine hydrochloride. After being stirred at, room 
temperature for IS hr, the reddish colored mixture was chilled 
and there was then added 25 nil of concentrated H O , 50 ml of 
water, and finally, 9.1 g (0.1 mole) of thiosemicarbazide. With 
the addition of acid the reddish color of the reaction mixture 
disappeared. The mixture was stirred at 11° for 2 hr, then at 
room temperature for I hr, during which time the thiosemicar­
bazide slowly dissolved and a white solid gradually separated. 
The product was isolated by filtration. Purification was effected 
by dissolving in water then filtering to remove a small amount of 
insoluble material. The filtrate was evaporated at room tem­
perature in vacuo to yield the desired product. The product 
(21.0 g, 82' , yield) was dried at 25° (0.05 mini for 15 hr, iheii 
allowed to equilibrate with atmospheric moisture: mp 248° dec, 
X];",1 305 mM (( 50,500), Xl;"," 335 mM (e 43,600). 

Anal. Calcd for C-.tlnXrS-1IC1 • H2(): C. 23.5: II. 5.53: 
X, 38.4. Pound: C. 23.6: 11.5.90; X, 3S.1. 
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Since 2,6-bis(diethanolamino)-4,8-dipiperidinopyri-
mido[o,4-o?]pyrimidine (dipyridamole) (la, R = R " 
= (HOCH2CH,),N: R' = R ' " = piperidino) is a 
potent coronary vasodilator,1 we were prompted to 

ill ni) K. Kadatz, ArnifimitM-Fomcli.. 9, 39 (195H); (1>) G. Hralmer, V. 
Kaiinll, and O. Kraupp. !>,<<!., 9, 4.1 (1950); (c) T. Hockerts and G. Bogel-
murm. ihi'l., 9, 47 I 1959}: id) II. .1. Bretselmeider, A. Frank, U. Bernard. K. 
Kochsiek. and P. Si-heler, i W „ 9, 49 (1959); (c) II. Spitzbarth, ibid., 9, 5(1 
! 19.1(1). 


