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difference mas found in organ weights between control 
and treated rats. The following organs were removed 
and weighed : adrenals, liver, thyroid, pituitary, uterus, 
ovaries, testes, pancreas, spleen, and thymus. 

Thus, the decrease in serum-cholesterol levels re- 
ported by Wachtel is unexplainable; however, various 
other fractions isolated from pituitary have been re- 
ported to cause an increase in serum-cholesterol levels 
in the dog,la and these findings are consistent with the 
presence of cholesterol in the pituitary gland. 

Only a liniited study of the physical and chemical 
properties of I1 and 111 could be undertaken and this is 
described in the Experimental section. While it has 
not been possible, with the quantities of materials avail- 
able to us, to fully identify either of these fractions, the 
data of fraction I1 suggests that i t  may be an N-acyl- 
sphingosine derivative. 
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Experimental 

General.-Untrimmed bovine pituitary glands (912 g.) were 
collected over a 2-week period2 and frozen until used. The 
glands were trimmed and dissected3 to yield 71 g. of posterior 
lobe and 435 g. of anterior lobe. 

Work-up of Posterior Lobe.-The posterior lobes (71 g.) were 
ground in a Waring blendor with acetone (500 ml.) and kept a t  
room temperature in the dark for 1 week with occasional shaking. 
The acetone extracts were separated from proteinaceous material 
by filtration, and evaporated to dryness in UQCUO a t  50". Traces 
of water were removed by successive additions and evaporations 
of absolute ethanol. The total residue weighed 2.75 g. and was 
soluble in freshly distilled methanol-free chloroform (cf. ref. lb). 
The residue was put on a column of 150 g. of Woelm Activity 11, 
neutral alumina with hexane. Two fractions were obtained on 
elution. The first was eluted with 1:l benzene-ether. It was 
crystallized three times from petroleum ether yielding 430 mg., 
m p .  148-18Oo, and was identified as cholesterol by rotation, 
mixture melting points, and infrared spectrum. The second 
fraction moved down the column as a sharply defined band, 
visible on irradiation with ultraviolet light but not to the naked 
eye. It was eluted with 1 :20 methanol-chloroform yielding 
120 mg. and was crystallized from methanol four times to yield 11 
mg., m.p. 84-86" (fraction 11). Further elution with pure meth- 
anol removed no other material from the column. 

Work-up of Anterior Lobe.-The anterior lobes (435 g.) were 
extracted with acetone as described above for posterior lobes to 
yield 16 g. of an oily residue. Trituration with hexane yielded 
a hexane-insoluble portion (1 .O g.) which was shown to be iden- 
tical with fraction I1 (m.p. 84-86') obtained from work-up of 
the posterior lobes. The hexane-soluble portion was chroma- 
tographed on 600 g. of Woelm Activity 11, neutral alumina to 
yield 3 fractions. The first eluted with 1: l  benzene-ether 
was shown to be cholesterol (1.9 g.) by melting point, mixture 
melting point, and infrared spectrum. The second, eluted with 
1 : 20 methanol-chloroform, was shown to be identical with frac- 
tion 11, obtained from posterior lobes and from the hexane-in- 
soluble portion of the acetone extract of anterior lobes. It 
weighed 850 mg., m.p. 84-87'. The third fraction was eluted 
with 1: 10 methanol-chloroform and weighed 465 mg. (111). 
Xo further material was obtained from the column. 

Fraction 11.-Fraction 11, m.p. 84-86', has At:? 190 m p  ( E  160, 
c 1%) when run in a nitrogen atmosphere. The infrared spec- 
trum was run in KBr and had a broad band centered a t  3300 
cm.-l (OH, NH)  and bands a t  1645 (amide), 1620 (C=C), 
and 720 em.-' (paraffin chain). The n.m.r. spectrum run in 
deuteriochloroform at  60 Mc./sec. with tetramethylsilane as 
standard shows a high proportion (22: I) of methylene groups 
(7 8.72) to methyl groups ( r  9.12). Fraction I1 moved as 
a single spot on thin layer chromatography on silica gel with 
1 : 5 2-propanol-carbon tetrachloride. 

Found: C, 76.21; H, 11.61; N, 2.87; 0,9.41. Anal .  
Fraction 111.-Fraction I11 (465 mg.) was rechromatographed 

It was an oil which crystallized to yield 248 mg. of material. 

(2) Courtesy of Canada Packers Limited, Montreal. 
(3) Courtesy of Dr. E. Greselin and Staff, Pathology Department. 

from ether or from ethyl acetate a t  low temperatures. The 
crystals were waxy in appearance and melted well below room 
temperature. The material does not sublime. The infrared 
spectrum shows a strong carbonyl band at  1755 cm.-1 and the 
ultraviolet spectrum shows two broad bands a t  AzH 275 mp 
(€10.1, e 1 ~ o ) a n d 2 2 5 ( 3 1 . 9 , c l ~ ) .  
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Since the initial report by Doinagk' that certain aro- 
inatic aldehyde thioseinicarbazones possessed high anti- 
tuberculous activity, numerous aliphatic, aromatic, and 
heterocyclic thiosemicarbazones have been synthesized2~3 
and tested as potential antituberculous agents. Many 
thiosemicarbasones have also been tested for antiviral 
activity. Hamre and c o - ~ o r k e r s ~ ~ ~  have reported that 
p-aminobenzaldehyde-3-thioseniicarbazone possessed 
antiviral activity, causing a significant delay in death 
and survival of a sinal1 percentage of chick embryos 
and mice infected with vaccinia virus. Bauer and 
Sheffielde showed that isatin-p-thiosemicarbazone was 
capable of protecting inice against infections with 
lethal doses of the IHD strain of neurotropic vaccinia 
virus. This report is concerned with the synthesis and 
characterization of 34 thiosemicarbazones, in particular 
various derivatives of long-chain thioseinicarbazones as 
potential anticancer and antiviral agents. Studies with 
the series of 4-octadecyl-3-thiosemicarbazones reported 
herein have shown that certain derivatives have some 
effect as potential anticancer and antiviral agents. 
Furthermore, because of low toxicity, they may be ad- 
ministered in larger does than are commonly used in the 
administration of various anticancer drugs. 

Experimental 

Chemical.-The octadecyl isothiocyanate was synthesized 
from octadecylamine according to the method of Moore and 
Cr~ss l ey .~  This intermediate was condensed with hydrazine 
by a standard method according to Pulvermachers to give octa- 
decylthiosemicarbazide. All the aldehydes employed were 
commercial preparations. The 4octadecyl-3-thiosemicarbazones 
were prepared easily by the following procedure. 

A solution of the aldehyde (0.1 mole) in ethanol (50 ml.) was 
added t o  a warm solution of the octadecylthiosemicarbazide 

(1) G. Domagk, R. Behnisch, F. Mietach, and H. Schmidt, Naturwissen- 
schaften, 33, 315 (1946). 

(2) J. Bernstein, H. L. Yale, K. Losee, hI. Holsing, J. hlartins, and W. h. 
Lott ,  J .  Am. Ckem. Soc.,  73, 906 (1951). 
(3) V. R. Srinivasan and G. Ramachanda, J .  Sci. Ind. Res. (India),  20, 

351 (1961). 
(4) D. Hamre, J. Bernstein, and R. Donovick, Proc. Soc. E x p t l .  BzoZ. M e d . ,  

73, 275 (1950). 
( 5 )  D. Hamre, K. A. Brownlee, and R .  Donovick, J .  ImmunoZogy, 67, 305 

(1951). 
(6) D. J. Bauer and F. n'. Sheffield, Xature, 184, 1496 (1969). 
(7) hl. L. Moore and F. S. Crossley. Org.  Syn., 21, 81 (1941). 
(8) G. Pulvermacher, Ber., 27, 613 (1894). 



384 s OTW 

( 0 .  I i i i(~le) in et1i:iiiol (100 nil. j .  Thc inistiirt. was then rr- 
fluxed for 1 hr .  on :t hot plate. 111 ituiiierous instaiicm ii~iritetli- 

ion tiiok plttce as seen by the, foriiiatiiin of :i solid. T h ~ ~  
was allowed to cool to roo111 teriiperature :tiid the r twd i i i i i  

prcitlrirt filtered, washed with petrcileurn ether, a i i d  dried. 'I'Iic: 

produc.t was purified by recrystalliziiig twicte frtrrii 60' ethanol. 
pourids appeared as shiny crystals with yields from SO 

Table I gives a suniinary of the aldehydes used :inti 
.ison of t h r  ari:ilytieal results with the c7alculated rotxi- 

Biological Studies.--Acute tcixic,ity studies for the c~i i i i~x i i~ i ids 
I)ositioii. 

were performcd in the D13-4 str:iiri of  in ice  
Xatioiid Iiistitutes of Health, I3rth~sd;i, 
nwe suspended in 0.254,6 ;\Iethocel (Don- illethyl cellulose) si) 
tha t  t,he dose per 20 g. iiiotise wis contained in  0.25 rnl. for intrx- 
perit~~neal injection arid the results judged I J ~  72-hr. surviv:il. 
Due to the low solubilit,y of the cornpouiitls, 2 g./kg. wis the, 
highwt dose that c d t l  be in s nniourit o f  thr viirioiis 
prepnr:itions !vas tolerated b> 

Antitumor Studies.-The eompourids ]vert> tested for a n t i t u ~ ~ i o r  
:ir.tivity iii the three-tumor (Sarcciiiin 180, Adenoc:irc,inoiii:i 755, 
: i l l t i  Imikeri i i :~  1210) ritr~use screening prrgrarn l)y screeners untlvr 
i ~ ~ i i t r : ~ c * t  t o  tho C:incer Chenitither:ipy Natiorid Service Center. 
The testing prowdrires eiiiployed h ive  lieen described 
i\ini)ng the, 34 c~in lpc i i i i~d~,  6 n e w  fiiritid ti) exhibit signific.:~ilt 
iiiliiijitioii i n  prc!iniin:iry tests xvii of these, 4-cyaiioberizal~lt.- 

)l it% :itid 2,~-dic.hl~rroi)eiix:il- 
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4-Cyanobenzaldehyde 

3,4-Dichlorobenzsldehyde 

2,4-Di-t-butyl-5-methoxybenzaldehyde 
4-Dimethylaminobenzaldehyde 

Valeralde hy de 

TABLE I1 

SARCOMA 180, ADEKOCARCIKOMA 755,  AXD LEUKEMIA 1210 
ANTITUNOR ACTIVITY OF CERTAIK OCTADECYLTHIOSEMIC.4RBAZOKES dGAIKST 

Change in 
Dose, weight. g., Tumor wt., mg.,  

Derivative mg./kg. Survivors test/control testlcontrol 

Sarcoma 180 
2,4-Dichlorobenzaldehyde 350 3 /6 -04.0/-00.2 146/863 

175 5/6 -04.7/-00.4 218/665 
175 5/6 - 02.3/00.1 415/005 
175 B/G -03.5/-00.3 195/764 
130 4/6 -05.1/00.8 233 /9 13 
130 6/G -02.8/00.2 435/1002 
130 4/8 -03.8,’-00.2 336/943 
90 6/6 -03.8/-00.2 430/943 
GO 5/6 -03.1/-00.2 425/913 

500 6/6 01.1/-00.6 538/1227 
250 6/7  -04.7,’-03.7 515/1209 

175 6/6 -03.7/00.1 377/1109 

Adenocarcinoma 755 
225 9/10 -01.2/01.4 42 I / 1493 
225 10/10 -01.6/02.4 1087/1587 
450 7/10 -05.1/00.5 368/964 
175 7/10 -01.6/01.2 557/1075 
175 7/10 -01.9/01.6 320/1294 
1-76 10/10 -04.2,’-01.1 536/1057 
175 5/10 00.3/02,2 565/1086 
175 5/10 -02.4/00.2 273/946 

850/1079 175 7/10 -00.7/00.2 

Leukemia 1210 
10.3/7.9 450 6/6 - 01 .9 /01,5 

450 6/6 - 00.7/02.7 11.6/9.2 

450 6/6 -01.5/01 .7 9.6/10.1 

200 6/6 -00.2/01.7 9.5;lO.l 

675 8/6 -01.9/01.7 9.1/10.1 

300 6/6 -00.6/01.7 10.5/10.1 

In  the light of the results with the 2,4-dichlorobenzaldehyde 
derivative, a test of its effectiveness in clinical trials is indicated. 

Antiviral Activity of 2,4-Dichlorobenzaldehyde-4-octadecyl-3- 
thiosemicarbszone.lO-Since this compound has shown confirmed 
activity in the S-180 mouse tumor system, it was decided to test 
the substance for antiviral activity before undertaking a test of 
all the compounds in the series. Preliminary experiments for 
antiviral activity of the compound against experimental polio- 

(10) Dr. Y. T .  Chang of the Laboratory of Pharmacology and Toxicology, 
National Insti tute of Arthritis and RIetabolic Diseases, National Institutes of 
Health, studied the compound for i ts  effect on rat  leprosy in mice and found 
it  t o  be inactive as  a leprocidal agent. 

Toxic 
33 
32 
45 
25 
25 
43 
35 
45 
45 
43 
4 5 

28 
6T 
38 
51 
32 
50 
53 
28 
78 

1.30 
1.26 
0.90 
0.95 
1.03 
0.94 

myelitis in mice were carried out as follows. A group of 38 Swiss 
white mice were fed the drug for 8 days a t  a daily dose of 0.5 g./kg. 
of body weight. On the second day of feeding, these mice along 
with 38 untreated controls were challenged intracerebrally with 
105J TCIDjo of Type I poliovirus, L Sa strain. The paralytic 
rates were 42 and 60.5% in the treated and control groups, 
respectively. The same type of experiment was repeated but 
the treatment with the drug started 5 days before virus infection 
and stopped 2 days afterwards. Here the death rate was 3OLi;, 
for the treated and 47.5% for the controls. In  both trials, the 
difference between the treated and controls seemed to  be more 
marked in the early course of infection (Fig. 1, third and fourth 
day). 

New Compounds 
Nucleosides. IV. deoxylyxosyl (-xylosyl) epimers via 2,3 ’-anhydronucleoside inter- 

mediates. In  view of the marked antiviral of 5-iodo- 
2’-deoxyuridine, it appeared of interest to extend these methods 
to the synthesis of 1-(2-deoxy-p-~-lyxofuranosy1)-5-iodouracil 

l-(2-Deoxy-/?-D-lyxofuranosyl)-5-iodouraci11 
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Recently, syntheses were described for the conversion of thy- 
mid ine*~~  and 5-fluoro-2’-deoxyuridine3 to the corresponding 2- 
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