
naphthyl)pentane], t'his cornpourid was submit>ted t,o a 
more detailed pharmacological and toxicological 

as well as to a preliminary clinical trial.'" 
16) C. Bianclii, T. Bruzzese, S. Casadio, G. Coppi, G. Pala, G. P. Sanna, 

and C. Turba.  E z p e r i e n t i a ,  23, 243 (1967). 
( i )  C. Bianclii, G. P. Sanna. and C.  Turlia, d r z n e i r n .  Forsch., 18, 845 

(1968). 
(8 )  G. Coppi. G. Eonardi, and R .  Perego, ibid., 18, 1343 (1968). 
(9) G. Coppi, G. Bonardi, E. AIaraazi-Uberti, and C. Bianclii, i b i d . ,  19, 

(10) V. Casadio, E. Baldoni. and P .  Serenthd, Curr. Tiier. Res. Cl in .  E x p . ,  
156 (1969). 

9, 429 (196i ) .  

An irivestigatioii of other substances chemically related 
to the title compounds is also in progress, in order to 
shed more light on the structure-antiarrhythmic ac- 
tivity relationships. 
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Anticancer Agents. I V . ' a ' b  The Antitumor Activity of 
Some 1,4- and 1,5-(Bisthiosemicarbazones) and of Related Heterocycles 

T'. C .  BAKRY, 11. L. CONtlLTY, JOAN E. MCCORMICK, R. S. A I C E L H ~ N N E Y , ~ ~  
-\1.4RY R. ~ ~ I N E R N E Y ,  AND J. F. O'SULLIVAN 

Laboratorits of thc Mcdieal Research Coiined of Zicland, 
Trini ty  College, Dublin 2> Ireland 

Receavecl September 10, 1968 

4-~~lk?.lthiusernicar.ba~ide derivatives of 1,4-diketones ( 2 :  1 and to a lesser extent, 1 : l), of succindialdehyde, 
of 3-heteraglutaraldehydes (2 :  1 and 1 : I), and of 2,S-dihydroxy-1,4-dithian are in general active against Sarcoma 
1SO in mice, while the corresponding urisubstituted t,hiosemicarbazones have no activity. This parallels the 
striking diff'ereiice previously observed between thiosemicarbazide (TSC) and its 4-alkyl count'erparts wheii 
condensed with periodate-oxidized polysaccharides and with other dicarbonyl compounds. Where the effect 
of varying the 4-alkyl substituent of the TSC has been investigated, it seems that Pr derivatives of 3-hetera- 
glutaraldehydes are more effective than M e  or p-hydroxyethyl derivatives, whereas increasing the chain length 
of the TSC substituent in the diketone series is detrimental (as in the oxypolymccharides). The vitamin BF, 
antagonism characteristic of the polymeric derivatives has also been observed in some of the compounds now 
described. Many of them display activity against HeLa cells in vitro. 

The polyaldehyde\ resulting from periodate oxidatiori 
of polysaccharides condense with substituted TSC's to 
give product\ which show activity against Sarcoma 180 
in mice. The composition of these N-containing 
pol~rners  approximate< 1 molecule of TSC per pair of 
aldehyde groups. Inveitigation of the structure2j3 has 
revealed that some of the TSC residues are linked to 
the polymeric backbone by single bonds (C-S-C), the 
others by normal thiosemicarbazone bonds (C=S). 
The former are often incorporated into morpholine rings 
while the latter help to constitute a polythiosemicarba- 
zone. Two consecutive morpholine units from an 
oxidized xylan are shown in I,  arid two such thiosemicar- 
bazorie units from oxidized starch in 11. I n  the present 
work, we have prepared TSC derivatives of simple 
dicarbonyl compounds and tested them for antitumor 
activity, in order to compare them with the polymers. 

Chemistry.-In the first attempt to prepare ring 
compounds modeled on I, acetonylacetone vas  chosen 
as the most readily available comparable dicarbonyl 
compound. When thi5 reacts u i th  1 mol of 4-methyl- 
TSC, the intermediate dihydroxy compound (corre- 
sponding to  the nioipholirie unit in I) is not isolable. 
It ~pontaneously loses H,O to yield the pyrrole IIIa, an  

(1) (a) Paper 111: V. C.  Har ry ,  AI, L. Conalty, C.  X. O'Callaghan, and 
D. Twoniey, Proc. Roy. Iri.qh A c a d .  Sect. B ,  66, 309 (1967). (b) Par t  of 
this work was presented before the Ninth International Cancer Congress, 
Tokyo. Japan,  Oct 1966 (.Uxtracts, p 318). ( c )  T o  ivliom correspon- 
dence should be addressed. 

(2) V. C.  Barry, AI. L. Conalty, ,J. E. RIcCormick, R.  S. RIcElliinney, and 
J. F. O'Sullivan. Proc. Boy.  Iri .vh .*cad. Sect. B ,  64, 335 (1966). 

( 3 )  J. E.  AIcCormirk, J .  C ' h e m .  Soc. C, 2121 (1966). 

--CH- OCH- 

HO I:.<" HJ:xo- I OtI  

SH('SNHMe SHCSiNHhle 
1 

I 

CHCH=NKHCSNHhle 
I 

HO 

CHCH=SNHCSNHMe 

I1 

example of the well-known I'aal-Iinorr synthesis. 
Other pyrroles IIIb-d were prepared similarly. 

Reactionof 2 mol of 1-Ne-TSC with the diketorie gives 
the bisthiosemicarbazone IVb (cf. ref 5). 4-Mono- 
substituted TSC's in general react in this may to give 
IVa-g, but we have so far been unable to prepare his 
derivatives from TSC's with other types of substitution. 

(4) R. S. McElhinney, t o  be published. 
( 5 )  H. Beyer, T .  Pyl, and C.-E. Volcker, Jus tus  Lieb igs  Ann. Chem., 638, 

150 (lY60). 
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Compd R 
Wac H 

IVb CHI 

I V C  CsI-17 

I Vd CHsCHaOH 

1 SMe for. XH1L 

I I Ia  

HeLa cell 
growth inhibi- 

tion, g/ml 

9-10 

7-8 

2 

6-7 

7-8 

7-8 

< 3 

Etfect in mice bearing Sl80 
----Dose, mg/kg-- Tumor,  Uodyweight 

change, T/C, g PO ip T/C, 5% 
135 51 51 5 -0.8!+3.2 

70 18 51; -1.61-0.2 

40 66 <3,'.5 +4 .0 /+3 .2  

90 27 j/; -1 .6 /+3 .2  

Survivors 

107 3 / 5  -1 .1 /+1 .0  

105 20 - 3 . 0 / - 0 . 2  

60 29 513 - 1 . 2 / + 3 . 2  

673 54 415 -2 .5 / -  1 .2  
90 53 515 - 2 . 2 l f l  .0 

133 

200 35 5/5 -3 .4 /+1 .0  
450d 40 5;5 - 3 , 6 / + 1 . 0  

67jd 17 3/5 -1.'2/+1.7 
la;, 8 5 5 / 5  - 2 . 4 / + 1 , 3  

90 5 1 31.3 - 3 . 8 j f 1 . 0  

60 34 4 j5  - 0 . 2 / + 0 . 6  
90 42 315 -3 .6 /+0 .6  

60 61 3 1.5 - 0 . 6 / + 0 . 5  

450 37 5 / ;  +1 .2 /+1 .7  

27 44 413 - 1 .4/+ 1 . 3  

a In the tables only the niiiiimum effective doses and the maximum doses are usually recorded, but) intermediate doses in every case 
* Compounds ITe (z = 8), IVf (z = 6-7) ,  IVgC (z <5), arid 2 (t'he analog of I I Ia  carrying carbethoxy 

Highest dose 
yielded significant inhibition. 
groups at positions 3 and 4 in the pyrrole ring) were not aigriificatitly active vs. 5180. 
tested. 

c Prepared by Dr. D. Twomey. 

analytical sample suggested that  i t  had 2 C atoms less 
than Xd. The experimental conditions for the oxida- 
tion of the diol XI and subsequent reaction of the 
product with 4-1le-TSC are accordingly quite critical. 
A more detailed study6 has since enabled conditions for 
the preparation of Xd  to  be defined. 

l?inally, the mercaptoacetaldehyde dimer XI1 may 
be regarded as a potential 1,4-dialdehyde. This com- 
pound reacts with 1 mol of TSC to give the enedimino- 
dithian XIIIa.12 We prepared the analogs XIIIb-d by 
an improved experimental modification of the published 
procedure. 

Biological Activities.-Of the derivatives of the 1,4- 
diketone, acetonylacetone, the bisthiosemicarbazones 
nere more easily prepared and were tested first. The 
results are summarized in Table 11. The difference 
between IVb and its unsubstituted analog 1 V a j ~ ' ~  was 
very striking. Replacement of 4-Ne by other 4-alkyl 
groups afforded at best no improvement in activity. 
The presence of basic centers, as in IVe, eliminates 
in vivo activity, although the compound is still very 
active against HeLa cells. 

This structure-activity relationship follows the 
pattern established for the TSC derivatives of oxy- 
starch. Moreover, the antitumor activity of IVb, like 
that of the polymer B.1190q2 mas antagonized by 
vitamin B6 (Table 111). These factors point to a similar 
mode of action for the two series of compounds. It is 
of interest that  the high activity of the 'Lmixed" bis- 
thiosemicarbazones from pyruvaldehyde is not antag- 
onized by vitamin Be, and the structure-activity rela- 

(12)  R. Haberl and 0. Hromatka, .\Ionatah. Cliem.. 88, Y Y 6  ( 1 Y B i ) .  
(13) 13. h. Gingras, T. Supruncliuk, and C. H.  ljayley, Can. J .  Chem., 40, 

1058 (1Hti2). 

tionship is somewhat different from the present one. l 4  

Several diketones ?\IeCO(CH2),CO;\Ie with CO groups 
separated by various distances (ti = 1,3 and, e.q. ,  7,12) 
resemble acetonylacetone in that the bis derivatives 
from KHJVHCSSHR where R = N e  are active, 
whereas those where R = H,  CsH1l, P h  have poor or no 
activity;'" those where R = C3H7 are referred to below. 

Other dicarbonyl compounds were then examined 
(Table I). Succindialdehyde resembled the saturated 
diketones, while the inactivity of but-2-ene-l,4-dial 
derivatives is consistent with that of the vinylogous 
glyoxal and diacetyl bisthiosemicarbazones noted pre- 
viously.l& Replacement of a diketone terminal Me 
group by Ph  greatly reduces activity (cf. 4 and IVb); 
1,4-dibenzoylbutane bis-(4-methylthiosemicarbazone) la 

is completely inactive. 
The type of antitumor activity shown by polymers 

which contain the polythiosemicarbazone structure such 
as I1 is thus shown in general by bisthiosemicarbazones 
of saturated aliphatic dicarbonyl compounds separated 
by a t  least one CH2 group. The pyrrole I I Ia  which was 
designed to act as a model of structure I also proved 
active, but to a lesser degree (Table 11). The analogous 
pyrrole (IIId) from 2-Me-TSC had no activity, nor had 
IIIb,  IIIc and 2. 

The morpholines Va-f are closer analogs of structure 
I ;  they are derived from dialdehydes with P-hetero 
atoms as in the oxidized polysaccharides. Here, the 
4-Pr-TSC products (Vc,f) are more active than those 
(Vb,e) from 4-lle-TSC (Table IV). This is also true 
for the bis-derivatives (cf. VIa,b, Table V). Again, in 
the case of the 3-thiaglutaraldehyde derivatives, IXc 

(14) V. C. Barry,  >I. L. Conalty. and J. F. O'Sullii-an, Cancer Rrn. ,  26, 
2165 (1966). 
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Compd 

v1a5 

VIb 

1% 

IXb 

IXC 

IXd 

Xa 

Xb 

XC 

Xd 

s, R 
s = o  
R = Me 
X = O  
IZ = C3H7 

) ; = s  
R = H  
X = S  
R = Me 
x = s  
12 = CjH7 

x = s  
It CHgCHzOH 
x = so 
R = 11e 
s = so2 
R = Ale 
x = s.s 
R = Me 
X = S P h  
R = N e  

X( CHzCH=NNHCSNHIZ)2 
HeLa cell 

growth inhibi- 7-----------Effect in mice bearing Sl80----- -7 

tion, lo-" g/ml -Dose, mg/kg------. Tumor, Bodyweiglit 
X PO ip TIC,  Li; Survivors  change, T IC ,  g 

5-6 b 200 27 4,'; + O .  3 . '+4 .7  

<5 

7-8 

7-8 

8-9 

6-7 

6-7 

5-6 

5-6 

200 

675 

b 

6 7 3  

b 

135 

b 

b 

b 

135 
200 

135 
430 
675. 

13.5 
4.50 
67,; 

1013 

1:35 
300 
430 
450 
673 
67.5 

43 
41 
32 
36 
64 
27 
46 
43 
611 
20 
61 
17 
33 
32 
51 
24 
42 
22 
20 

+1 .1 , '+1 .8  

- 1 .0,/-  1 . 8  
- 4 . 8 / + 0 . 9  

- 3 . 8 / -  1 . 8  

+ 0 . 4 / + 1 . 1  
+0.6!+3.1 
- 1 . 6 1 f 3 . 1  
+2 .2 /+3 .9  
-0 .4 , '+2 .4  
-2 .8 ' t 2 . 4  
+ 2 . 5 /  +3 .:3 
- 3 .  :/+a. 3 
- 0 . 4  ' + l . O  
+ 1 . 0 : + 2 . 4  
- 1.8.'- 1 , 3  
-3.7:-1.3 
- 1.8 , /+2 .4  
+1 .6 / '+2 .4  
-1.2, '+3.1 

1 mol of HI0 associated.6 * This compound was not significantly active by the oral route. c Highest dose tested. 

TABLE \'I 
A C r T I V l r Y a  O F  ~ ~ - ( T H I O ~ R l ~ ~ L 1 ' N ~ - ~ ' - ) ~ , ~ - ~ : ~ D l ~ ~ I ~ O - ~ , 4 - ~ l ' ~ H I . l ~ S  .lC.lISST s.llV2Olr.l 180 

Compd R 

XIIIb CH, 

XIIIC C3H7 

XIIId CHzCHzOH 

NHCSNHR 
HeLa cell 

growth inhihi- 
tion, lo-' g/ml --Dose, mg/kg--- Tumor, 

7--------------Effect in inice bearing 5180--- 

X PO ip TIC, % Surl-ix-ors 

5-6 110 47 5 / 3  
220 35 5 .'j 
440 33 315 

250 13 4/5 
360 29 415 
580 15 4/5 

<3 450 47 5,f5 
67jb  36 s i 3  

300 46 4:s 
675 43 4'3 

5-6 6 7 3  74 5/,5 
675 34 3 j 5  

tl Compounds XIIIa (5 = 5-6) and XI1 were not  significantly active GS. S180. Highejt dohe tested. 

the dithian XI I Ib  has been confirmed elsewhere, while 
the last-named compound had no effect on the Walker 
carcinosarcoma 256 in rats a t  the dose-levels employed. 
I n  another center,16 where 4 mouse tumor systems are 
routinely used, IVb showed slight inhibition of the 
growth of leukaemia C 1498 and of mammary gland 
adenocarcinoma DBRB, with slight increase in survival 
time in the former case. The compound was inactive 
against leukemia L 1210, but completely inhibited the 
growth of leukemia P 1334 when administered intra- 
peritoneally a t  a level of 100 mg/kg daily for 10 days. 

(15) Results of Dr E. RIihicli, Rosnell Park hlemorial Institute. Buffalo, 
K. 1. 
(16) Dr. C L. Maddock, Children's Cancer Research Foundation, Boston, 

hlass. 

Body weight 
change. T/C.  g 
- 1, 0/+ 1.3 
- 1.0:'+1.3 

- 2 . 2 / + 0 . 3  
-2 .6/+0.3 
-0 .6 /+0 .3  

- 4 . 4 i f 1 . 3  

+0.6 /+3 .0  
+0.6/+3 .0  
+0.9:+3.2 
+ O .  6 /+3 .  '2 
-0 .  81-0. 4 
- 2 . 2 / - 0 . 5  

The next dose level, 400 mg/kg, proved toxic. I n  the 
same laboratory, the bis-(4-methylthiosemicarbazones) 
of glutaraldehyde (6) and of heptane-2,6-dionela were 
found inactive against all four tumors; the dithian 
XI I Ib  behaved similarly except for slight activity 
against adenocarcinoma DBRB. 

Experimental Section" 
Biological Activity.-The methods used for assessment of 

arititiimor activity i n  mice have heen described e l s e ~ h e r e . ~ . ~ ~  

( l i )  IVe thank SIr. 9. l iance of l l a y  and Raker  Ltd., Dagenliam, Essex. 
England. for  microanalytical data. Where analyses are indicated only by 
symbols of elements, analytical results obtained for those elements were 
within i 0.4% of the  theoretical \.slues. Melting points were determined 
using a KoHer block and are uncorrected. 
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TAnLB VI11 

N O .  3'-Substituent Yield Mp,  oc DhIF,  ml/g A ,  mp € Vormula 

XIIIa H 86 189- 19 1 18 b 
XIIIb ?*le 81 194-196 6 237.5 21,400 CsHiiNjH3 
XIIIC Pr  88 169-170 C CsHijNjQ3 
XIIId CHXCHZOH 84 181-182 2 d  24.5 15,000 C;Hi3?;3083 

o/o .---Uvmax~----7 

a In MeOH. * Lit.12 mp 200-201O. c Readily soluble in hot MeOH. d Analytical sample from XeOH. 

dissolves fairly slowly in hot EtOH and some insoluble material 
is often formed, and for reaction with TSC's the following 
modification of the published method12 is more convenient. 
.4 mixture of XI1 (7.6 g, 0.05 mol; prepared as above) and 

the TSC (0.03 mol) was treated with EtOH (100 ml), H20 (60 ml), 
and AcOH ( 3  ml). The suspension was heated under reflux on 
the water bath, and after 1-2 min a clear solution resulted. 
Heating was continued for 10 min in all, and on cooling, a mass 
of colorless crystals separated; in the case of TSC itself, the 
product crystallized from the clear solution during the heating. 
Xext day the product was collected and washed with EtOH. 
For recrystallization, each of the derivatives XIIIa,b,d was 

dissolved i n  the indicated volume of DAIF at  100" and the solu- 
tion treated with 5-6 vol of boiling AIeOH. The recovery was 
good and the melting point (dec) raised only a few degrees. 
Anal. C, H, N, S for the compouiids with formulas recorded 
(Table VIII). 
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2-Fluoropurine Ribonucleosides' 
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The preparation of the 2-fluor0 derivative of the anticancer agent 6-methylthiopurine ribonucleoside from 
8-methylthioguanosine is described. A number of other 2-fluoropurine ribonucleosides were synthesized by 
the selective displacement of the 6-fluorine of 9-(2,3,~-tr~-0-acetyl-~-~-ribofuranosyl)-2,6-d~fluoropur~ne fol- 
lowed by treatment with AIeOH-XH8 to remove the 0-Ac groups. The cytotoxicity of these nucleosides is 
discussed. 

Because of the high degree of broad-spectrum biologic 
activity of 2-fl~oroadenosirie,~-'~ a number of other 
nucleosides of 2-fluoroadenine were prepared and eval- 
uated for cytotoxicity with interesting results. l4 This 
paper describes the synthesis and evaluation of another 
type of structural variants of 2-fluoroadenosine. 

N-Alethyladenosine and N,N-dimethyladenosine are 
readily phosphorylated by adenosine kinase to the 
3'-monophosphates,'O but the 5'-monophosphate of 
N-methyladenosine is not a substrate for adenylate 
kinasei5 and, therefore, is not converted in whole cells 

(1) This work ivas supported by funds from the Southern Research 
Institute, the C .  F. Kettering Foundation, and Chemotherapy, Kational 
Cancer Institute, National Institutes of Health, Contract No. PH43-64-51. 

(2) J. A.  hlontgomery and K. Hewson, J .  Amer.  Chem. Soc., 19, 4559 
(1957). 

(3) H. T. Shigeura, G. E. Boxer, S. D. Sampson. and hf. L. hleloni, 
Arch.  Biochem. Biophys. ,  ill, 713 (1965). 

(4) 0. P. Chilson and J. R. Fischer. ibid., 102, 77 (1963). 
(6) A. Bloch and C. A. Nichol, Antimicrob. Ag. Chemother., 530 (1965). 
(6) J. G. Cory and R. J. Suhadolnik, Biochemistry, 4, 1729 (1965). 
(7)  S. Frederiksen, Arch. Biochem. Biophgs. ,  113, 383 (1966). 
(8) L. L. Bennett, Jr., H.  P. Schnehli, M. H. Vail, P. 1%'. Allan, and 

J. A. Montgomery, Mol. Pharmacol., 2, 369 (1966). 
(9) B. Lindherg, H. Klenow. and K. Hansen, J .  Biol. Chem., 242, 350 

(19 67). 
(10) H. P. Schnebli, D. L. Hill, and L. L. Bennett, Jr., ibid., 242, 1997 

(1967). 
(11) L. L. Bennett, Jr., and D. Smithers. Biochem. Pharmacol., 13, 1331 

(1964). 
(12) H. E. Skipper, J. A. Montgomery, J. R. Thompson, and F. M. 

Srtiahel, Jr . .  Cnnrer Res., 19, 425 (1959). 
(13) R. F. Pittillo, C. Moncrief, R. W. Brockman, and P. Chambers, 

Antimicrob. Ag.  Chemother., 474 (1965). 
(14) J. A. Montgomery and K. Hemson, J .  Med .  Chem., 13, 498 (1969). 
(15) H. T. Shigeura, S. D. Sampson, and 121. L. Meloni, Arch. Biochem. 

Biophys.. 116, 462 (1966). 

into the di- and triphosphates, a conversion requisite 
for incorporation into RNA (presumably the same holds 
true for N,N-dimethyladenosine). It is reasonable 
to assume that 2-fluoro-N-methyladenosine (11) and 
2-fluoro-N,N-dimethpladenosine (12) would probably 
be converted also into the 5'-monophosphates only 
and not incorporated into RNA, although in vivo de- 
methylation to 2-fluoroadenosine might occur. These 
compounds and other 2-fluoropurine ribonucleosides 
have been prepared for biologic evaluation. 

S-Methylthioguanosine (2) was converted into the 
2-fluor0 analog (5 )  of the anticancer agent, &(methyl- 
thio)purine ribonucleoside, l6 by the modified Schiemann 
reaction.2 To prepare 2-fluoro-N-methyladenosine (11) 
by this method, 2-amino-6-chloro-9-/3-~-ribofuranosy~- 
purine (1) was treated with l I eXH2 to obtain the re- 
quisite intermediate, 2-amino-N-methyladenosine (3). 
In  addition to 3, 2-methylamino-N-methyladenosine 
(4), resulting from the displacement of the 2-NH2 as 
well as the 6-Cl, mas formed. When 2-amino-N-meth- 
yladenosine (3) was subjected to the modified Schie- 
mann reaction a complex reaction mixture resulted 
from which an impure sample of the desired 2-fluoro- 
N-methyladenosine (12) was isolated by column chro- 
matography. Fortunately the availability of 9-(2,3,5- 
tr~-~-acety~-/3-~-r~bofuranosy~)-2,6-d~fluoropur~ne (6)17 
provided an alternative route to this and other 2- 

(16) L. L. Bennett, J r . ,  R. 1%'. Brockman, H. P. Schnebli, 5. Chumley, 
G. J. Dixon, F. hl. Stiahel, J r . ,  E. A. Dulmadge. H. E. Skipper, J. A. Rlont- 
gomery. and H. J. Thomas, Nolure,  206, 12i6 (1965). 

(17) J. A. Montgomery and K. Hewson, J .  O r y .  Chem., 33, 432 (1'268). 


