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sponding carboxaldehyde could not be effected directly; 
however, 1-formylisoquinoline-5-sulfonic acid thiosemi- 
carbazone (XII)  was conveniently obtained by direct 
sulfonation of XI. 

Biological Results and Discussion 
The effects of 1-formylisoquinoline thiosemicarba- 

zone (XI) and its 5-substituted derivatives on the 
survival time of Sarcoma 180 tumor-bearing mice are 
shown in Table I. Compound XI caused a pronounced 
lengthening of the life span of tumor-bearing mice over 
a relatively wide range of doses (5-60 mg/kg/day) ; a t  
maximum effective levels (30-60 mg/kg/day), 30-44y0 
of treated animals survived a t  least 50 days. Sub- 
stitution of an additional group a t  the 5 position of the 
parent molecule (XI) markedly altered the tumor- 
inhibitory potency and host toxicity of the compound. 

Thus, substitution of the electron-\\.ithdrawing nitro 
group not only resulted in  reduced antincol)laqtic 
activity, but also appeared to increase the toxicity of 
the compound to the host. The latter parameter was 
reflected by a lowering of the survival time of tumor- 
bearing mice receiving daily dose levels of V greater 
than 10 mg/kg. Similarly, substitution of a sulfonic 
acid group (XII) ,  which resulted in a water-soluble 
compound, decreased both antineoplastic potency and 
host toxicity. The findings, which indicate that the 
substitution of these electron-withdrawing groups a t  
the 5 position results in a decrease in tumor-inhibitory 
potency, do not appear to be consistent with the postu- 
lation of French and Blanz3 that a low T-electron dcn- 
sity a t  the point of attachment of the aldehyde moietj. is 
required for carcinostatic activity, since the substitu- 
tion of electron-withdrawing groups would be expected 
to decrease the a-electron density at thc 1 position. 
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TABLE I1 

Recrystn 
Compd Ri R2 solvent Yield, "To Mp, o c  Formula 

IIa NO2 CH3 EtOH 70 150-151 CiaHsNzOz 
IIIh XO, CHO 50yc EtOH 50 175-176 CioHsNzO3 
VIQ NH9 CH3 C6Hs 92 213-214 CmHioNz 

CnHizXzO 226-227 Dioxane 90 
206-20T CizHioN202 

VIIa NHCOCHI CH3 
VIIIh NHCOCH, CHO CsHs I D  

s VQ OCOCH, CH3 Hexane 94 99-100 CiJInXOi 

r- 

SVIb OCOCH, CHO Hexane 70 100-101 C12HsK03 
a Compounds were synthesized utilizing standard procedures and reactants as described in the Chemistry section. 

procedure used for the oxidation reactions is given in the Experimental Section. 

Analyses 

x 

ml of H20,  and filtered, and the filtrate was made acidic with 10% 
HC1. The undissolved material a as removed by filtration using 
Celite and the filtrate was made alkaline LTith NaHC03. The 
precipitate of XIV was filtered, washed (H?O), and dried to 
give a light brown product; yield 2.4 g (757,). Crystallization 
from EtOH after treatment with Norit A gave white crystals, 
which collapsed at  268-270" and finally melted at 29;i-3OO0 dec. 
Anal .  (CloH,NO) X. 

1-Formylisoquinoline-5-sulfonic Acid Thiosemicarbazone (XII). 
-Compound XI4  (1.15 g, 0.005 mole) x-as mixed slo~sly in small 
portions n i th  20 g of fuming (30%) H2SO4 a t  0". Addition of 
the compound required 15 min to ensure the maintenance of 
temperature a t  0". The solution nas  stirred for 2 hr and then 
kept a t  room temperature for 18 hr. The mixture was then 
decomposed in 100 g of ice flakes; the red precipitate was filtered, 
wished (cold HzO), and dissolved in a 5% solution of SaHCO3. 
The resulting yellow solution n as filtered to remove insoluble 
material and the filtrate Isas made acidic (dilute AcOH). The 
resulting precipitate was collected by filtration, washed (H20, 
EtOH),  and then dried to  give 1 2 g (78%). Anal .  (C11HION403R~) 
C ,  H, 5, S. 

Thiosemicarbaz0nes.-The thiosemicarbazones V, IX,  XL-11, 
and XXI nere prepared by treating alcoholic solutions of the 

corresponding aldehydes with an aqueous solution of thiosemi- 
carbazide acidified with a few drops of dilute -4cOH. Relevant 
data concerning these compounds are listed in Table 111. Com- 
pound XIX was best obtained by directly treating the acid- 
hydrolyzed solution of VI11 with a solution of thiosemicarbazide 
followed by neutralization (XaOAc). 

~H=NNHCSNH* 
Compd R XIp, OC dec Formula Analyses 

V NO2 238-240 CiiH9NsOd3 C, H, N ,  S 

XVII OCOCHs 200-201 CisHi2N402S C, H, N, s 
XIX NH? 223-225 CiiHiiNsS C, H ,  N, S 
XXI 0 € I  224-226 CiiHiaNiOS C, H. N ,  9 
a C: calcd, 51.15; found, 51.73. 

I X  NHCOCHI 230-232 Ci3Hi321TsOS.HzO H, N, S; Ca 

Studies on Condensed Pyrimidine Systems. XXIII. Synthesis of 
2,4-Diaminopyrido[2,3-d]pyrimidines from p-Keto Esters' 

B. S. HURLBERT, I<. W. LEDIG, P. STEXBUCK, B. F. VALENTI, riND G. H. HITCHINGS 

T h e  Wellcome Research Laboratories, Burroughs Tel lcome & Co. (U.S.A.) Znc., Tuckahoe, S e w  York 10707 

Received July 14, 1967 
Revised Manuscript received March 1, 1968 

The condensation of 2,4,6-triaminopyrimidine with @-keto esters gave ,5-mono- and 5,6-disubstituted 2,4- 
diamino-7,8-dihydro-7-oxopyrido [2,3-d] pyrimidines (111) which were chlorinated by means of thionyl chloride 
and N,N-diniethylformamide to give 7-chloro-2,4-diaminopyrido[2,3-d]pyrimidines (V). Both the 7-oxo and 
7-chloro derivatives were thiated to give 2,4-diaminopyrido[2,3-d]pyrimidine-7-thiones (IV).  Dethiatioii of the 
7-thiones gave 2,4-diaminopyrido[2,3-d]pyrimidines having substituents in the 5 or .5,6 positions. 

The study2P6 in t'his laboratory of pyrimidine and 
condensed pyrimidine systems as inhibitors of dihydro- 
folat'e reductase led t'o an investigation of 2,4-diamino- 
pyrido [2,3-d]pyrimidines. In  1958, Robins and Hitch- 
ings2 reported the synt'hesis of a number of pyrido [2,3- 

(1) The previous paper in this series was by G. B. Elion, J .  O p g .  Chem.. 

( 2 )  R. I(. Robins and G. H. Hitchings, J .  Am. Chem. SOC., 80, 3449 (1958). 
(3) R.  K.  Robins and G. H .  Hitchings, ib id . ,  77,  2256 (1955). 
(4) G. H .  Hitchings and K. W. Ledig, U. S. Patent 2,937,284 (1960). 
(5) G. H. Hitchings, T. A. Herrmann, B. S. Hurlbert. and S. R. .\I. 

Bushby, Proceedings of the I I I rd  International Congress of Chemotherapy, 
Stuttgart ,  1963, p 1363. 

(6) G. II. Hitchings and ,J. J. Burohall, Aduan.  Enzymol., 27, 417 (1965). 

27,  2478 (1962). 

cllpyrimidines. The 2,4-diamino compounds (Ia) have 
been found to be inhibitors of dihydrofolate reductase. 
However, only pyrido [2,3-d]pyrimidines having alkyl or 
aryl substituents in the 7 position were prepared. 5,6- 
Disubstituted derivatives (11) were expected to exhibit 
greater enzyme binding because they more closely 
resemble the natural substrate in configuration. 

The key intermediates, 5,6-disubstituted 2,4-diamino- 
7,8-dihydro-7-oxopyrido [2,3-d]pyrimidines (111), were 
prepared by heating a mixture of a @-keto ester and 
2,4,6-triaminopyrimidine to a temperature above 200" 
either alone or in an inert solvent such as diphenyl 


