
3, 0.4 I I I I  of pyridine, and 20 in1 of C11&12. 
Ytirrpd for 2.5 hr and evaporated to a rolid, which WRS re t ry tn l -  
l i ~ c v l  from Et011 to give the desired prodrwt . 

The mixtiire 

('oiiiporiiid 20 in Table I1 nn. prepaied b i i i i ~ l : t i l \ .  

Acknowledgment. --The microanalyses were yer- 
fornicd by A h .  I,. AI. Brancone and his associates. 
The spectral clutn w r e  ohtained from l r r .  W. Ihlnior 
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Pteridines. XI.',3 Pteridines Related to the 
Diuretic, 2,4-Diamino-6,7-dimethylpteridine 

,Jo5rwIr kvEIhSTOCK, 1 t O B E R P . I  Y. l)LJ.VOFF, JOYCE E. \ILEVIC, 
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LnboratoriPs, P h  iladelphin, Pmnsyhnnio 19101 
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Significant diuretic activity of a pteridine was first 
observed in our laboratory with 2,4-diamino-G,T-di- 
methylpteridine. In this note we will describe some 4 

z \vorl; carried out in order to explore the structure - 
xctivity relationships of compounds related to this 2 
lead. i 

The Isay reaction,d which is the condensation of ti 5 
4,&diaminopyrirnidine with a 1,2-dicarbonyl compound 
t o  form a pteridiue, was used to prepare the compounds 9 
in Table I. When unsymmetrical dicarbonyl com- L, i 

pounds are used it is often possible to direct the course 
of the synthesis by altering the pH of the reaction 3 W 4 

medium. The 5-amino group usually is the more rea('- 
tive of the amino groups and it will react with the most 
reactive carbonyl group. However, at low pH it also I? 

~)i*oton:ites first, and thus allows the less basic 4-amino 

d -* 

J1 
3 

2 a  - 
- m  
c -  

g 
h 

d 
c - 
i group to react with the most reactive carbonyl group.4 

I<eaction of 4,j,li-triamiIio-"-I)heng.lp3-rimidine arid py- 
:: 

li 
: 

iiivaldehyde in an acetic acid-potassium acetate buff el- 
gnvc 4-:imiri0-7-methyl-2-phenylpteridine.~ ilttenipts 
to obt:tin the &methyl isomer by the use of mineral 
:wid failed to alter the course of the reaction. HOK- 
CVW, the 6-methyl isomer was obtained by allowing 
pyruvaldehyde to react with 2 moles of hydrazine bc- 
fore addition of the pyrimidine.6 

In order to extend the Isay reaction to the prepara- 
tion of a A,7.S-trialliylpteridine, 2,5-diamino-4,6-bis- 
iiiethy1aniinoy)yrimidiIie was treated with 2,3-butane- 
dione. This gave 2-amino-4-methylamino-6,i,8-tri- 
inethyll,teridiniurn chloride (I), the cation of which c:in 
lw rqresented by several resotlance forms. 

- 
N 

c 7 

-s c 

( 1 )  I'ravious paper in this series: 11. Graboyes, G. E. Jaffe, I. J. Pachter, 
.J. 1'. Rosenbloom, A. J. Villani, .J. W, Wilson, and J. Weinstock, J .  J f p i i .  

Cheni . ,  11, 568 (1968). 
( 2 )  .I portion of this work was reported a t  the 3rd International Pteridine 

Symposium, Stut taar t ,  Germany, 1962. See J. Weinstock and V. D. Wiebel- 
lmus in "Pteridine Chemistry," I\-. PAeirlerer and E. C. Taylor, Ed., Perga- 
inon Press, Oxford, 1964, p 37. 

(3)  See A. Albert, Quart. Ret,. (London), 6, 197 (1052), and W. Pfleiderer, 
i l r ~ g e z u .  Chem. Intern. Ed. Engl., 3, 114 (1964), for brief reviews of this reac- 
tion. 

(4) (a) G. B. Elion, G. H. Hitchinpd, and P. B. Russell, J .  A m .  Chem. Yoc., 
73, 78 (1950); 

( 5 )  I. J. Pachter, P. E. Nemeth, and A. J. Villani, J .  Org. Chem., 88, 119; 
(1063). 

(6) 13. S. ForreRt and J. Walker, . I .  Chem. Soc.,  2077 (1949). 

(b) \V. Pfleiderer and R.  Lohrmann, Ber., 94, 2708 (1961). 



Ia Ib 

+NHCH, 
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I n  an attempt to find another way of preparing G,7- 
dialliylpteridines, we investigated the ability of an 
enamine to condense with a 4-amino-5-nitrosopyrimi- 
dine. Warming 1-pyrrolidinocyclopentene with 4,6- 
diamino-5-nitroso-2-phenylpyrimidine in methanol 
gave I1 whose structure was established by  its synthesis 
via the Isay reaction. The first step of thip reaction 

NH, 

"* 
II 

probably involves the addition of the electron-rich ,%car- 
bon of the enamine to the nitroso group of the pyrimi- 
dine. 

In  order to obtain 2,4-diaminopteridine-6-carboxylic 
acid for conversion to the corresponding amide, we re- 
investigated the oxidation of the corresponding 6- 
methyl~ter id ine .~~ Oxidation of 2,4-diamino-G-rnethyl- 
pteridine and 4-amino-6-methyl-2-phenylpteridine with 
permanganate a t  pH 8 by the procedure of Dion and 

gave the corresponding 6-pteridinecarboxylic 
acids (Table 11). However, the corresponding 7- 
methyl isomers under these conditions did not undergo 
oxidation; in 1 N NaOH oxidation did occur, but the 
4-amino groups were hydrolyzed to hydroxy groups 
under these conditions. The hydrolysis is not sur- 
prising in view of the reported7c hydrolysis of 2,4-di- 
amino-7-pteridinecarboxylic acid to the corresponding 
4-hydroxy analog under these conditions. The more 
difficult oxidation of the ?-methyl group is someiyhat 
surprising in view of the reported8 greater instability of 
the 7 isomer of folic acid in comparison to folic acid. 
2,4-Diaminopteridine-G-carboxylic acid was converted 
to the methyl ester by refluxing methanolic HCl. 
Some higher homologs were similarly prepared when the 
methyl ester displayed diuretic activity. Treatment 
of the methyl ester with ammonia in ethylene glycol 
gave 2,4-diaminopteridine-6-carboxamide. 

( i )  (a) C. K. Cain, M. F. hlallette, and E. C. Taylor, J .  A m .  Chem. Soc., 
7 0 ,  3026 (1948); (b) R. L. Dion and T. L. Loo, J .  Ow. Chem., 26,  1857 
(1961); (c) D. J. Brown and B. T. England, J. Chem. Soc., 1530 (1965). 

(8) C. W. Waller, M. J. Fahrenbach, J. H. Booth, R. B. Angier, B. L. 
Hutchings, J. H. Mowat, J. F. Poletto, and J. Semb, J .  A m .  Chem. Soc., 74, 
5405 (1952). 

Pharmacology.-The diuretic structure-activity rela- 
tionships of some of the compounds described in this 
paper are reported in an accompanying paper.s 

Experimental Sectionlo 

Melting points are uncorrected and were determined in open 
capillary tubes. Uv spectra were determined on a Cary Model 
14 spectrometer and nmr spectra on a Yarian 8-60 spectrometer. 
Paper chromatography was done by the circular system on 3 
1111 Whatman paper. The systems used were (1) t-A4mOH- 
H?O-HCOOH (%5:5:1); (2) n-BuOH-6 A' NH40H (111); (3) 
TL-BUOH-HCOOH-H~O (5: 1:  5); (4) n-BuOH-HaO-AcOH 

(6) C6Hs-CHC13-80% EtOH (1: 1 :2 ) ;  (7) AcOH-HaO-i- 
1); ( 5 )  mineral oil pretreated paper, EtOH-HZO (3 : l ) ;  

AmOH-t-AmOH (1:5:3:3); (8) pretreat paper with castor 
oil-mineral oil (1: l), EtOH-HZO ( 2 : l ) .  
4-Amino-6-methyl-2-phenylpteridine.-A solution of 30y0 

aqueous pyruvaldehyde (26.4 ml, 0.11 mole) and 85% hydrazine 
hydrate (12 g, 0.25 mole) in EtOH (150 ml) was allowed t o  stand 
a t  25' for 30 min. Then 4,5,6-triamino-2-phenylpyrimidine 
(20.1 g, 0.10 mole) and glacial AcOH (15 ml) were added and the 
mixture was refluxed for 5 min, diluted with 50 ml of HzO, and 
heated 10 min on a steam bath. Chilling and filtration gave a 
solid which on recrystallization from DlIF-H20 yielded 11.3 g 
(48%) of product: mp 240-241'; Ri 0.74 (system 8) ;  A;:: "OH 

270 mu (log c 4.42), 346 (3.90); A::: "'OH 273 mp (log e 4.30), 
292 (sh) (4.09), 324 (sh) (4.08), 337 (4.11), 348 (sh) (4.03); 
nmr peaks (CF,COOH) a t  6 2.82 (s) (6-CH3), 7.42 and 7.90 
(m) (2-C&), 8.31 (br s) (NH+), and 8.59 (s) (7-H). Ann?. 

2-Imino-4-methylamino-6,7,8-trimethyl-2,8-dihydropteridine 
Hydrochloride.--A solution of 2,5-diamino-4,6-bismethylamino- 
pyrimidine hydrochloride" (2.04 g, 0.01 mole) and biacetyl 
(1.0 g, 0.012 mole) in EtOH (100 ml) was refluxed for 1.5 hr and 
evaporated to  dryness under vacuum, and the residue was re- 
crystallized from BuOH to give 0.8 g (29%) of crystals; mp 228- 
230"; Rr 0.55 (system 3);  Ai:/ 372, 310, and 230 mp (log e 
3.93, 4.24, 4.42); At:," 410, 329 (sh), 275, and 236 mp 
(log B 4.17, 4.08, 4.15, 4.03); nmr peaks (CFICOOH) at  6 2.72 
(6-CH3), 2.87 (7-CH,), 3.38 (4-CHI"), and 4.12 (8-CH3), all 
singlets.12 Anal. (C1,&x6 .HC1 .H*O) C, H, X. 
2,4-Diaminopteridine-6-carboxylic Acid.--A suspension of 2,4- 

diamino-6-methylpt,eridine (5.5 g, 0.031 mole) in 500 ml of 0.05 
S NaOH was treated wit,h dilute HC1 to bring the pH to 8. 
KMn04 (9.8 g) was added and the reaction mixture was stirred 
on a steam bath for 4 hr. An additional 9.0 g of I<?vlnO4 was 
added and the mixture was stirred and heated for 2 hr. The excess 
11n04- was destroyed by addition of NazS03 and the Mn02  was 
removed by filtration. The filter cake was extract'ed twice 
with 125 ml of 0.05 S NaOH. The combined extracts and mother 
liquor were brought to pH 2 with dilute HC1 and the resulting 
solid was collected, dissolved in 700 ml of 0.1 A\- SaOH,  and 
reprecipitated at pH 2 with dilute HC1. This gave 3.0 g ( 4 3 7 ~ )  of 
product, mp >300°. 
Methyl 2,4-Diaminopteridine-6-carboxylate.-Dry HC1 was 

passed into a stirred suspension of 2,4-diaminopteridine-6- 
carboxylic acid (15.6 g, 0.076 mole) in MeOH (400 ml) for 1.5 
hr causing a mild reflux. The reaction mixture was stirred an 
additional 1.5 hr a t  room temperature and the precipitate which 
formed was collected, dissolved in HzO, and reprecipitated by 
addition of concentrated ",OH to pH 8. This gave 7.3 g 
(44c0) of product, mp >300". 
2,4-Diaminopteridine-6-carboxamide.-Anhydrous TH3 was 

passed for 45 min into a stirred suspension of methyl 2,4-diamino- 
pteridine-6-carboxylate (5.5 g, 0.025 mole) in ethylene glycol 
(550 ml) which was heated on a steam bath. Chilling and 

(C13HIlN6) C, H. 

(9) J. Weinstock, J. It'. Wilson, V. D. Webelhaus, A. R. Maass. F. T. 
Brennan, and G. Sosnowski, J. Med. Chem., 11, 573 (1968), paper XI1 of 
this series. 

(10) We wish to thank hlrs. Doris Rolston and Miss Margaret Carroll 
and their staff for microanalytical data ,  Dr. Walter Thompson and Rlr. 
Richard 3. Warren for spectral data, and M r .  Irving Eisdorfer, A h .  Alex 
Post, and M r .  E. L. Haines for chromatographic data. Where analyses are 
indicated only by symbols of elements, analytical results obtained for those 
elements were within +0.4y0 of the theoretical values. 

(11) G .  B. Elion and G. H. Hitchings, J. A m .  Chem. Soc., 76, 4311 (1953). 
(12) For comparison, 2,4-diamino-6,7-dimetbylpteridine has nmr peaks 

(CFsCOOH) a t  6 2.67 and 2.71, both singlets, from the 6- and 7-CHa. 
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2,4-l)ia1nino- 6-carboxylic acid 

4-Ani ii io-2-phen yl- 6-rnrhosyli ( 8  

arid 
4-1 Iydroxy-2-pheiiy-I- 

7-cwl)oxylii~ a i 4  
STut hyl 2,4-dianiiiio- 

(j-r:tihoxyla t (2 

liltcring g:ivc' :I solid hirh was diswlveti in  5OC; ArOH and 
irpiwipitiitecl at  p11 8 with conreutr.atet1 STI&II. Thi. g:we 
:3 g (GO' ) of product, nip >300". 
4-Amino-2-phenylcyclopenta[g]pteridine.-A solution of 4,6- 

cli:imino-5-nitroso-2-phenvlpyrimidine (5.1 g, 0 024 mole) and 
I-pyrrolidino-1-cyclopentene (3.42 g, 0.025 mole) in EtOH (100 
nil) was refluxed for 1 hr. Chilling and filtration gave 1.0 g of 
c*rystals, mp 290". This \vas dissolved in dilute HC1 and treated 
with Darco, and the solution made basic with dilute SaOH to 
give 0.9 g (16'-c) of crystals, mp 295' drc, fir 0.86 ( 
T h r  ir spectrum of this prodiirt was identicsl with th:lt nf thcs 
protliirt obtainrd via the Isay reaction. 

Antitumor and Antimicrobial Screening of 
Crosemperine, the Otonecine Ester 

Occurring in Crotalaria semperflorens Vent. 11' 

I< \ \ ILSH\\  \R K. SEI \R\f \' 

School of l'hm macy, Department of Pharinareii / ical ('hrnizvlrcl, 
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('rosemperine, ari otonecirie ester, has been recently 
i-olatcd from Crotalaria seiizpellflorens3 and 11 as shown 
to possess itructure I. Due to reports of the muta- 
gc11ic4 :md antitumor propertiesbt6 of pyrrolizidine esters, 

(1)  Paper I N. S. Bliacca and R K Shanna Tetrahedron, in press. 
(2 )  To aliom inqulrleS should be addressed a t  t he  \Vorcester Foundation 

('3) C K. Atal. C. C. J. Culvenor. R S Sawhneq, and I,. R Smith, Jus- 

(4) 4. M Clark, V a t w e ,  183, T i l  (19%). 
( 5 )  5 h l  Kuprhan, 11 \I. Doskoch and P 11. Vane?enlioven. J Phnrm 

fo r  Experimental Biology, Shre\>sbur), Mass. 

f ! n l z a n  J .  Chem., 20, 806 (1967). 

10545 

,%%, 53. 9-11 (1964). 

('rofa/ai,iu alkaloid.: h:me :ismmcd :L signific:tnt impor- 
t :~nce. Since these alkaloids are niacrocjdic diesters, 
such properties could be predicted hypotheticdly by tlw 
enzymatic splitting of the ester of the slltaloitl. Hou- 
ever, YO far, no otonecine ester of this genus ha.: t m t i  

scr~ened for its antitumor and nntimicrohinl activity. 

CH, CH, OH 
I I I  

I I  I 
I I 

CH,--CH-CH-C-C-CH, 

H CO OC 

I 
CH 3 

I 

Biological Results and Discussion.- -C'rosenil w i n r  
\\.as evaluated in  the Ehrlich ascites tumor test system, 
1 x lo6 cells being injected intraperitoneally in to  m:ilc, 
random-bred Swiss mice (20-22 g) ; the c*onqm"d i t  
irijected intraperitoneally 24 hr later as :I singlc daw, 
or daily for 5 days. The packed-cell volurrw of : w i t ( > <  
cells was determined on the tenth day. 

The data in Table I indicate that the compound na< 
not effective as a tumor-inhibitory agent on acute ad- 
ministration, at a toxic dose level (200 mgj'kg). 8ut)- 
acute administration produced tumor inhibition whicli 
was of horderlirie significance also at a toxic tlosc lcvc~l 
(25 mg/kg qd 1--3). 

Although this compound has minimal ant it unior 
activity, the LD60 value \\hen given for .i (lays is ?2 
mg/kg. This ttlltaloid is thus considerably morc toxic 
than the related nioriocrotalirle isolated by Kupcli:iu, 


