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"A" O r i  S.  obuelata conipouiid:, with C: = 0 liad iio 

activity, nliile those with c' = 2 and C = 1 are quite 
h i l a r  in potency (30 niid 47%' respectively). Thr  
introduction of R double bond when C = 2 decrease.; 
this activity (XVI). llc~~lacenient of the hydrazide 
by an amide function (study of "B") also led to inactive 
compound.. The influeric*e of anti Hymenolepis nann 
activity i, not reytricted to a given 5tructure. The 
finding that the sniallent substitution was the bezt 
led us to test compounds with no "A" substitution, i.e., 
+inil)le hydrazides of dicarboxylic acid.. Odd numbers 
of carbon? a5 in I1 and IT' beein to he the best (72.4 
arid 7 7 7 , )  and in the raiigc of the c~oiiinicrcial derivti- 
t ivc\ of' piperaziiie. Iiitroductiori of :in uroiiiat ic* ring 
u ithout changing the iiumher of carbon.; between tht. 
hydrazide groups :ii 111 iiophthalic hydrazide slightly in- 
crease? the activity (from 72 to 83y0) and considerably 
iii(~ca\es toxicity (death.: range from 1/80 for I1 to 
1/10 for SVIIT). lye ;ilso tried to  diniinidi tlic uh- 
-oipl ion of the act ivc iiiolccwles by forniirig salt5 a i i t l  

blorhing the hydrazide group with an acyl inoiety which 
WII undergo lyiis in the orgariim. S o  appreciablr 
vhanges were noted In (wnclusion, the best structure 
seeriii to  he the oil(' of ii dimid hydrazide, the niost 
:ictive of I h e  compound, tehted being glut arir ticid 
dihydrazide. 

Other Pharmacological Results.--A more general 
pharmacological itudy, including determination of 
acute, toxicity in micsc, meawremeiit of variation of 

urc and rezpiratiori iii cats and dogs, a i d  
olated organs: frog's heart, rat duodenum, 

guinea pig ileum, alone arid a\ antagonists of acetyl- 
c~holine, barium chloride, and histamine, ha5 been per- 
f'ornicd on some of SF compounds, without finding 
any action of intrr The toxicity is low and, in 
particular, they did riot 4iow any convulsive effects, 
c ~ i i t  i w y  to what one might eupecat from previouq studies 
o i l  

9 )  I 1  I, \ \ i l l iainsan~i I 1 l 3 u n  l u / < ! , (  li'ri \ c u r o l ~ z u l ,  3 ,  (1 '1  I1 ')bl)  

Experimental 

Synthesis.--1Iost of the Iiyclrazines tested have dready  becii 
descrihed in the literaturc. They were easily prepared by addi- 
tion of hydrazine to the  corresponding ester, without solvent 
(sometinies fOllOwed by reHus) and careful recrystallization of 
the precipitate. In case of aq-lation the hydrazide was refluxed 
in the appropriate aldehyde, ketone, or anhydride. 

Hlyvmmlepz's nunu.-Three weelis itft,er 
irifect,ion by ingestion of 50 eggs of H .  nana, fasted white micc 
received 23 nig./kg. of the test compound orally. They were 
then given a piirgative (Sa2SU4) 4 hr. later. The nest day, the 
animals underwent aiLtopsy arid the percentage of parasite-free 
animals  as det,ermiriedl" (aee Tahles I-IT). 

Syphacia obvelutu.---lIic~e infected with S. obi~elalu by w r i t  act 
with highly contaminated mire received the test c~)rnpound, 
orally, 8-11 days after infection over a period of 4 days. 0 1 1  
:iiitopsy 48 hr. :titer conipletion of the treat,ment, the perc.erita.gr 
of parasite-free animals was tfeterniiricd" ( w e  T:ihles LIT). 

Anthelmintic Tests. 

Ueaza Analogs of 6-3Iercaptopurinc' 

It is well known t,hat 6-mercaptopurine is coiivertJctl 
i ~ z  U ~ N I  to fi-niercal-)toi)uririe ribonucleotide by cells 
whose growth is inhibited by (i-inercaptopurine. Thew 
is good evidence that t,he product of this "lethal syn- 
thesis" inhibits gront,li by iiegative pseudo-feedbacli, 
blocking the coiiwrsiori of phosphoribosyl pyrophos- 
phate to aniinoribosyl phosphat'e, thus inhibiting d e  
n.ovo synthesis of purint. nucleotides.* 

(1) This investigation --as supported by  funds from the C .  F. Icettering 
Foundation and the ('anr Chemotherapy National Service Center, 
National Cancer Instirritt~. tional Institutes of Health, Cuntrart No. 
E"-43-64-51, 

(2) L. L. Bennett. Jr., I,. JiInpwn, .r. Gol~len. and 1'. I , .  Baker,  C a n c r r  
Res., 23, 1 S i 4  (1063); 11. I V .  Rrockman, ib id . ,  23, IlYl (1963). 
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In  order to learn more about the binding sites of the 
enzymes involved in this process of growth inhibition 
by 6-niercaptopurine, we have prepared the three 
deasa analogs (Ia-IIIa) of 6-niercaptopurine that might 
be converted in vivo to the corresponding nucleotides 
(Ib-IIIb) (the isomer IV,  which we have also   re pa red,^ 
cannot be). 
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The reaction of 2,3,4-triaminopyridine (V)5 with 
diethoxymethyl acetate gave a mixture of 4-acetamido- 
imidazo [4,.k]pyridine (VI) and 7-acetamidoiniidazo- 
[4,5-b]pyridine (VII) from which VI1 was readily ob- 
tained pure in 25% yield (see Scheme I) .  Deacetyla- 
tion of VI1 gave 7-aminoimidazo [4,5-b]pyridine (IX).5 
Deacetylation of the material obtained from the mother 
liquor from the isolation of 1'11 gave a mixture of 
7-aminoimidazo [4,5-b]pyridine (IX) and 4-aniinoimid- 
azo [4,5-c]pyridine (VIII)6 from which VI11 was ob- 
tained pure by several recrystallizations from water. 
It was more expedient, however, not to effect a separa- 
tion a t  this point. 

The mixture (VI11 and IX) was diazotized in con- 
centrated hydrochloric acid to give a mixture of the cor- 
responding chloroimidaxopyridines (X6 and XI5) which, 
since it could not be separated, was treated with thio- 
urea in ethanol. The resultant mixture of imidazo- 
pyridinethiones (XI11 and XIV) was resolved by chro- 
matography on a cellulose column giving pure samples 
of 3H-imidazo [4,5-b]pyridine-7(4H)-thione (l-deaza- 
6-mercaptopurine, Ia) and 1H-imidazo [4,5-c]pyri- 
dine-4(5H)-thione (3-deaza-6-mercaptopurine, IIa).  
The former compound was more readily prepared by 
the thiation of 1H-imidazo [4,5-c]pyridin-4(5H)-one 
(XII) with phosphorus pentasulfide in pyridine. 

The third isomer, pyrrolo [2,3-d]pyrimidine-4(3H)- 

(3) This compound waa prepared by  treatment of 4-amino-5H-pyrrolo- 
f3,S-dIpyrimidine' with nitrous acid to give 5H-pyrrolo [3,2-d]pyrimidin- 
4(3H)-one which wa8 thiated to give IV. 

(4) J. 4. Montgomery and K. Hewson, J .  OVQ. Chem., 80, 1528 (1965). 
(5) F. Kogl, G. M. Van der Want, and C. A. Salemink, Rec. trau. c h i n . ,  

67, 29 (1948). 
(6) (a) C. A. Salemink and G. M. Van der Want, ibid., 68, 1013 (1949): 

(b) Y .  Mizuno, T. Itoh, and K. Saito, Chen .  Pharm. Bull. (Tokyo),  l a ,  
866 (1964). 
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thione (7-deaza-Brnercaptopurine, IIIa) was prepared 
as described by Davoll.' 

Table I shows the relative effectiveness of the three 

T.4BLE 1 
CELL CULTURE CYTOTOXICITY 
Compound EDso, amole/l.a 

6-Mercaptop1irine 1 . 5  
1-Deaza-6-mercaptopurine ( I a )  430 
3-Deaaa-6-mercaptopurine ( I I a )  850 
7-Deaza-6-mercaptopurine ( I I I a )  660 

a Lowest level inhibiting the growth of KB cells to 50% of 
controls. 

deaza analogs of 6-mercaptopurine in the inhibition of 
the growth of KB cells in culture.* The data show that 
6-mercaptopurine is 300-500 times more effective than 
any of the deaza compounds. Furthermore, none of 
these compounds inhibited the early step of purine 
biosynthesis that is sensitive to inhibition by 6-mer- 
captopurine (in the form of its ribonucleotide) a t  50 
times the effective concentration of 6-mercaptopurine." 

Experimental 

Melting points below 260' were determined on a Kofler Heiz- 
The ultraviolet spectra were bank apparatus and are corrected, 

(7)  J. Davoll, J .  Chen.  Soc., 131 (1960). Dr. C. C. Cheng kindly supplied 
our initial sample of this mhterial. 

(8) These growth inhibition studies were by the procedure of Eagle and 
Foleyo and modified by the Cancer Chemotherapy National Service Center.10 

(9) H. Eagle and G .  E. Foley. Cancer Res., 18, 1017 (1958). 
(10) Cancer Chemotherapy National Service Center, Cancer Chemother- 

(11) L. L. Bennett, personal communication. 
a p y  Rept . ,  1, 63 (1959). 




