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2-Thienyl p-Tolyl Sulfone.—2-Lithiothiophene was formed by
metalation of thiophene with n-butyllithium.** The yield has
been shown to be essentially quantitative.'®* 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 (349) of colorless
crystals, mp 120-121°.

Anal. CalCd for C11H1002S2: C, 55.40, H, 4.24; S, 26.90.
Found: C, 53.36, 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 x which may be assigned!+
to the sulfone group.
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Derivatives of benzaldehyde thiosemicarbazone have
been reported to be active tuberculostatic? and anti-
viral* 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 ERK
cells.* 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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dehyde, and 2- and 3-thenaldehydes, have also shown
high antiviral activity.® 4-Bromo-3-methylisothiazole-
5-carboxaldehyde thiosemicarbazone (II), when given
orally, was found to protect mice infected intracere-
brally with neurovaccinia.’? Two thiosemicarbazones
derived from substituted pyrrolidine-2,3-diones (III,
R = C,H; and CH,CH,OH) demonstrated protection
against experimental influenza infection in mice.?
2-Keto-3-ethoxybutyraldehyde (kethoxal) has been
shown to have antiviral activity in embryonated eggs
infected with PR-8 influenza and Newecastle disease.”
Tts bis(thiosemicarbazone) derivative (IV, IKKTS) was

C:H;OCH(CH;)C=NNHCSNH. CH,C=NNHCSNH,

J J
HC=NNHCSNH, HC==NNHCSNH;
v v

CH;C=NNHC(=NH)NH.

HC=NNHC(=NH)NH,
VI

found to be very effective when given orally or intra-
peritoneally to rats bearing the Walker 256 carcino-
sarcoma and S180.8 This activity pattern is similar
to a closely related compound, methylglyoxal bis(thio-
semicarbazone)® (V), but different from that of the
guanylhydrazone analog (VI). The latter compound,
the structural modifications of which have been sys-
tematically studied in our laboratories for the past
3 years,’® was found to be active in leukemia L1210
and Ca735 and is considered as one of the few agents
clinically effective in the therapy of adult acute myelo-
genous leukemia, !

In view of the antituberculous, antiviral, and anti-
leukemic as well as other antitumor activities dem-
onstrated by the thiosemicarbazone and guanylhydra-
zone derivatives, and the importance of the methyl-
glyoxal moiety in cell growth,'2 synthesis and biological
evaluation of compounds VII and VIII are of pertinent
interest.!3
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CH,C=NNHC($)NH; O Ca=NNHC(=NH)N 11
‘ |

HO=NNHC(=NH)NH. HO==NNHC(S)N:
VI VI

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. 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 (VILI)
was obtained.

CH.CO
l
HC(OC.H.),

\l] NNHC—NHNI

CHAC:NNHC(:NH)NH:

HC(OC,H.).

IX

11 .\'Nll(‘SNH/

CH,C=NNHCSNH,

|
HC(OC,H,),
X

H‘lH NNHCC= NHiNI 1 'lH_,NA\'Hvsxu

VII VIII

A semicarbazone analog of VII, pyruvaldehyde 1-
guanylhydrazone 2-semicarbazone, was prepared from
IX in & manner similar to that described for the prepara-
tion of VII.

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

Experimental Section!”

Pyruvaldehyde Diethyl Acetal Thiosemicarbazone (X).—To u
solution of 29.2 g (0.2 mole) of pyruvaldehyde diethyl acetal'
(IX) in 250 ml of absolute ethanol was added, in one portion, 1%.2
g (0.2 mole) of thiosemicarbazide. The reaction mixture wus
stirred for 15 hr at room temperature. The resulting solid was
collected by filtration and washed with absolute ethanol. The
product, weighing 31 g (71¢, vield), 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 slowly decomposed above 160°; A2' 301 mpu (e 14,200);
M 234 mu (e 8100), 267 mpu (e 21,200).

Anal. Caled CgHiN;O0.8: C, 43.8; I, 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 HCI 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 L. A. Evans, J. Chem. Soe., 3324 (1935).

(16) Biologica) testing work was carriel out by contract screeners »f
CCNSC of the National Cancer Institnte.

(17) All melting points (correcte:]) were taken »n a Thomas—{loover
meltitg point apparatus. The utraviolet absorption spe tra were deter-
wined with a Beckman DIK-2 spectrophatometer.
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1l of etlmol. The mixtnre was <tivred at room tenperatnre for
2 hr after which time the insoluble mmterial was removed by
filtration and the filtrate was refrigerated overnight.  The solud
wlhich separated was collected and the filtrnie wis concentrateld
o room temperiiare,  Absolute ethanol (abont 5 voll was
added to the concentrate and the <alution was coaled avernight.
Fu this wauner o second erop of product was abtained,  The
combined solids were washed with absolnte ethanol and dried
56° (0.01 num) for 15 hr to give 17 g (69C; vield) of product:
mp 223-224° dee, NP 508 mp Ce 47,7000, AP O832 mp (e 44,800

dnal. Caled for CiHpNS-HCH0LH0: ¢, 2450 T 531
Cl, 40 N, 3070 S 000 Found: €243, 11 5.00: CL 14.6:
N, 4000 8, 120

The corresponding =alfate =alt was <inilarly prepured: mp
256--237° dee.

cral, Caled for CoHLNS-0LTER0,-0.51HLO €, 2520 1,
5050 N, 370 SUUS6.0 Found: L 239.4: H, 5020 N, 38040
=, I8,

Pyruvaldehyde 1-Guanylhydrazone 2-Semicarbazone Hemi-
sulfate.—A mixture of 7.5 g (0.1 mwle) of semicarbazide and 14.6
¢ (0.1 mole) of TN in 100 ml of absolute ethanol was stirred
room teruperatnrve for IS hr. There was thien added 100 1l of an
acidie solntion of aminoguanidine sulfate [prepared from 15.6 ¢
(0.1 mole) of aminoguanidine bienrbonute and excess snlfurie
acid].  After being =tirred overnight at room temperature the
solid from the reaction muxture wax collected by filtration,
vielding 17.5 g i72.07, vield) of a white solid, mp 221-222° dec,
ALY 283 g Ce 53,5000, AIRY 204 mp (e 25,500).

dnal. Caded for CillnN2O-0.511:80,-0.511,0: €, 247 1L
2070 N0 Found: (2470 11 5.60; N, 40.4.

Pyruvaldehyde 2-Guanylhydrazone 1-Thiosemicarbazone Hy-
drochloride. (VIII).To n stirred suxpension of 14.6 g (0.1
wole) of TN and 9.0 g of sadinim acetate in 200 1l of absolute
ethanal wis added, at room temperature, 11.0 g (0.1 mole) of
armnogaanidine  hvdrochloride.  After being stirred at room
temperature for 18 e, the reddish coloved mixture was chilled
and there wax then added 25 1l of concentrated HCL 50 nd of
witer, aud linallv, 9.1 2 0.1 mole) of thiokemicarbazide.  With
the addition of acid the veddish color of the reaction niixtire
disuppeared.  The nnxture was stirred at 0° for 2 hr, then
roont temperature for I, doring whieh thue the thiozendear-
bazide slowly dissalved wnd o white solid gradually separated.
The prodnet was i=olated by filtrntion.  Purification was effected
hy dissolving in wuter then filtering to remove a sinall amount of
in=oluble nuterial,  The filtrate was evuporated at room tem-
pernture /o racuo to vield the desired product. The prodnet
(21.0 ¢, X200 vield) was dried at 25° (0.05 naw for 15 he, then
allowed to equilibrate with atmospheric moistnre: 1p 245° dee,
AL B05 m (e 50,5000, N335 1w (e 43,6000,

Anal. Caled for CLoHON-SCGITCHHLO: G, 2350 L 5.53:
N, sx4s Found: €236 11 5000 N, 8801
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Since 2,6-bis(diethanolamino)-4,8-dipiperidinopyri-
mido[3,4-d Jpyrimidine (dipyridamole) (Ia, R = R”
= (HOCH,CH,):N: R’ = R’ = piperidino) is a

potent coronary vasodilator,! we were prompted to

f1 rar R Kadate, Arzaeimittel-Forseh,, 9, 39 11659); (1) 3. Brabuner, 17,
Koo, anel O, Kranpy, o400, 9, 15 (1959): (e) T. Hockerts aud G. Bngel-
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