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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 a t  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 
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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 



v 
2 

H 
I\; 

I11 
R,COCHR,CO,C,H- 

There :ire six 1)ossihle isomeric i t~uc tures  for such :t 

condensation l~ roduc t  : 2,1-dianiirio-3,x-dihydro-3-oxo- 
1)yrido [",:3-rl]1)yrimidine (VI), "1-dinmino-i,S-dihydro- 
i-oxopyrido [":3-r(]1)yriniidirie (111) , (i,h-diami1i0-2-oxo- 
2H-l)yriniido [ 1 ,2-c]l)yrimidine (T'II) . 6,s-dismino-40x0- 
AH-pyrimido [ 1,2-c]l)yrimidirie (T'III) , 6,S-diamino-z- 
oxo-2H-l)yrimido [ 1,2-a]pyrimidine (IX), arid 6,s-di- 
:irr~iiio--l-oso-1H-I,!.rimido [ 1,2-a]p? rimidine (X) . Thc 

i)roduct oht:iincxd depended upori the reduction of thc 
OYO com1)ouiid. t o  7-unruhstituted 2,4-diaminol)yrido- 
[2,:3-,l]l)yriinidirlc.. This reductiori w:i< :tcconiplished 
1'1a the ~,4-dixmir10-7,h-dih;vdro1,!.~ido[~,3-rl]~~yrimi- 
dine-7-thioner (IT'). The latter were prepared direct]! 
from the oxo coinl)ounds tind :ilw zlia the correbponding 
7-chloro deriv:itiv+ (V) . 

'Fhc oxo roinl)ounds (111) could he chlorinated to 
givr T7 I\ ith thionyl chloride in S,S-dimethylform- 
:miid(> (Dl1  I;) :ind chloroform, :I modification of :I 

method r ~ l ) o r t e d ~  for the chlorinntion of a heterocyclic 
1:tct:im. So ch1oriii:ition tool, place lrithout IIA\IF 
: i r d  i i o  dimethylamino compounds n ere found among 
t l i c h  liroducts. Optimal conditions :ire given in pro- 
cedure 13. The crude 7-chloro compounds obt:tined 
i)j. thii method \fcre thiated in good yield5 by heating 
with :immoiiium h j  drosulfide solution to givc the i- 
t hione5 (IT). 

A 1oiiol)Iiosl)horylated derivative5 of IV could be 
oht nincd iii roughly quantitative yields by heating 
I11 \\ ith ~)hosphorus pcntasulfide in pyridine. Hydro- 
I>,tic removal of the 1)hosph:tte residues by acid or base 
\v: I Y :I c ~ o n i l  ):in i ed by hyd rol) of :mino groups a i  

the elemental ai w s .  I'hosphorylat ed 
e :~ lm obt2iiried by chlorination of the oxo 

romlioiirid. (111) ui th  1)hosl)horii- ~)eiit:~chloridc i i i  

/)roof t h t  sti'ucturc I11 i i  correct for the conden5 ,z t '  1011 

The iulistitutioii p:itteni of the dethi:ited 1)) rido- 
[.',3-tZ]i)yrimidinch (11) aiid thus of the oxo conipouiids 
(111) is shown bj- comliarison of t n  o dcthiated product. 
(46. 48) with lilio\vn c o m ~ ) o u n d ~ .  1iot)iiis :ind Hitch- 
i r i p ?  linve she\\ 11 that  cu-forni> 1 I,(>toiie\ wiidctiw 
with 2,4,G-tri:iniiiiol)> rimidiiic t o  give (i,7-disub~titulc.c1 
2,4-diamiiiol)yrido [2,3-/lJ~yrimidiiies (Ia). Tlirj. lire- 
parcd L>,-l-diamino-G-ct hyl-7-prop) Ipyrido [2,:3-d]pyrim- 
itlinc (Ib) :ind L',-l-dinmirio-i-plic~iylpyrido [ 2 , 3 - d ] -  
pyrimidine (IC) 1)) t hii nicthod. The ctliylpropyl 
derivative (46) : i r d  the pheii!-l derivative (48) \\ c w  
obtaiiied i i i  t his \I orh from et hJ.1 propioiiy1propion:~t c h  

and (.thy1 bmzoylacct:ttc, iespectivcly. If the rondcn- 
sntioii products of thc\c $-keto ebteri 11 ith 2,4,& 
t ri~iniiiiopyriiiiidiile \\ ere i.S-dih> dro-i-oxopyrido [2,:3- 
d ] p j  rimidiries, thcii the det1ii:itioii products 46 ~ c l  48 
4iould not be identical I\ ith Ih :tiid IC. If t h r  coiideii- 
sntioii products \\ere >,b-tlih> dro-5-oxopyrido [2.3-d]- 
p> rirnidirieb, then 46 \\auld lie idc.Iitic:tl I\ ith 11, :id 

48 The in' nbsorptioii 5pectr:i of 46, 48, Ib, 
: i d  IC are slio\\ii in Figures 1-1. T h e e  are the spectrit 
of four different compounds, :tnd so 46 is S ~ O W  11 to  k~ 
"4- dianiino -&ethyl- > -propylpyrido [2,3-d]pyrimidine, 
nrid 48 is 2,4-ciian~iiio->-phe1iylpyrido [2,3-d]pyrimidinc. 
The uv spectra of' thc >,&disubstituted derivatives 
(11) differ from the spectra of the 6,i-disubstituted 
iyomers (I) in h:ivirig loner interiqities for the long- 
TI :ivelength :ibwrption band (cJ. 46 and It)). Thc 
long-IT avelerigth :ib\orption h:md of the 5-phcnyl 
derivative (48) appears :it :L Ion er intensity :irid 4iorter 
I\ :ivc.lcrigth t h m  tlic cquivnlent b i ~ ~ i d s  of the 6-phciiyl' 

ith IC. 

' 8 )  1% i.. l l u i l l w t  ani1 I { .  I . Y , i k n t i ,  .I I l r d  Ciiprn , 11, 708 ( lYl i8) ,  1 IWI  

\ \ I V  i n  tlii. ~ ~ i i t l i  
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TABLE I1 
ULTRAVIOLET SPECTRA A N D  pK, VALGES OF REPRESEXTATWE 

2,'&I)I.IMINOPYRIDO [2,3-d]PYRIMIDINES 
-Amax, mp (t X lO-3)--- 

Compd 

4 

10 

13 

17 

22 

25 

27 

31 

38 

46 

48 

49 

I b  

I C  

PH 2 
2 9 9  
321 
320 

222 (10.9) 
296 (3.7) 
318 (4.1) 
223 (26.1) 
29 i5 (12.8) 
322 (16.6) 
210 (16.2) 
297a (6.9) 
322 (8.2) 
232 (34.3) 
322 (9.3) 
332. (8.8) 
391 (9.6) 
230 (30.0) 
325a (10.5) 
333 (11.1) 
350a (8 .4 )  
363a (7.2) 
267 ( 0 . 3 )  
321 (7.2) 
330. (6.6) 
232 (34.1) 
320 (7.6) 
232 (32.7) 
322 (7.7) 
274 (10.1) 
316 (8.5) 
3 2 9  (8 .0)  

322 (11.1) 
33OQ (10.1) 
225 (34.4) 
321 (11.7) 
333 (10.7) 
373 (1.5) 

275 (7.4) 

222 (31.5) 
248 (15.2) 
337 (23.6) 

pH 11 

325 

235 
332 
231 (5.1) 
286 (1.8) 
325 (3.1) 
2500. (9.2) 
284 (5.6)  
328 (15.6) 
2506 (5.9) 
330 (7.5) 

239 (34.3) 
364 (10.8) 

239 (25.4) 
27oa (9.4) 
355 (7.5) 

265& (6.5) 
345 (6.1) 

235 (30.6) 
343 (6 .4)  
236 (31.1) 
343 (6.5) 
249 (26.0)  
26iU (12.2) 
346 (6 .4)  
248 (25.3) 
342 (8.9) 

267 (9.1) 
346 (8.9) 

236 (24.7) 
259 (28.2) 
356 (13.1) 

P K ~  

7 . 1  

7.0 

7 . 1  

6 . 7  

7 .1  

6 . 8  

Inflection. 

and 7-phenyl (IC) derivatives. These effects may be 
due to an inhibition of resonance caused by steric 
repulsion betiveen the 4-amino group and the 5 sub- 
stituent. 

Some representative spectra arid thermodynamic 
pKa values for 2,4-diaminopyrido [2,3-d]pyrimidines are 
given in Table 11. The pKa values were determined 
spectrometrically using dilute phosphate buffers ac- 
cording to the published m e t h ~ d . ~  The 2,4-diamino- 
pyrido [2,3-d]pyrimidines I and I1 were found to have 
pKa values close to  7 which is reasonable when com- 
pared with the basicities of other 2,4-diaminopyrimidine 
systems prepared in this laboratory.10 Compounds 
derived from VII-X would be expected to be much 
st'ronger bases. 

The biological properties of the compounds are dis- 
cussed in a following paper." 

(9) A .  hlliert and E. P. Serjeant, "Ionization Constants of Acids and 

(10) B. Roth and J. Strelitz. private communication. 
(11) 13. S. Hurlbert, R. Ferone, T. A .  Herrmann. G. H. Hitcliings, 11. 

Uarnett. and S. R. BI. Bushby, J .  N e d .  Chem., 11. 711 (1968). 

Bases," John \Tiley and Sons, Inc. ,  New York, N. T., 1962. 

230 250 270 290 310 330 350 370 390 
Vavelength,  mM. 

Figure 1.-Ultraviolet spectrum of 2,4-diamino-6-ethyl-7- 
propylpyrido[2,3-d] pyrimidine (Ib,  pK, = 7.26): -, spectrum 
of protonated form; - - - - - - - , spectrum of iieutral molecule; 
. . . . .  , spectrum a t  pK,. 
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24 
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230 250 270 290 310 330 350 370 390 
IVavelength, mp. 

Figure 2.-Ultraviolet spectrum of 2,4-diamino-6-ethyl-3- 
propylpyrido[2,3-d]pyrimidiiie (46, pK, = 7.28): -, spec- 
trum of protonated form; - - - - -  - - , spectrum of neutral molecule; 
. . . . ' ,  apectrum a t  pK,. 

Experimental Section 
Uv spectra were determined on Beckman DU and Cary 13 

spectrophotometers, nmr data 011 a Tarian A-60 instrument. 
All 7 - O X O  compounds reported in Table I11 were prepared by 

the following method. 
6-Benzyl-2,4-diamino-7,8-dihydro-5-methy~-7-oxopyrido [ 2,3- 

d ]  pyrimidine.-A mixture of ethyl a-benzylacetoacetate (100 
g, 0.155 mole) and 2,1,6-triaminopyrimidine (57 g, 0.455 mole) 
in 350 ml of PhpO was heated with stirring at 190-225' until dis- 
tillation of low-boiling materials (EtOH, HBO) ceased. The 
mixture was cooled and, ail equal volume of 3IeOH was added. 
This mixture was filtered and the solid was washed with RIeOH. 
The solid was then suspended in 1.5 1. of boiling HZO, filtered 
while hot, and washed again with RIeOH to yield 77.8 g (61%). 

Three methods of preparation of the 7-thiones were used and 
are illustrated by the preparation of the 6-benzyl-5-methyl 
derivative by each method. Method B gave the best yields of 
pure product,s with all derivatives. 

6-Benzyl-2,4-diamino-7,8-dihydro-5-methylpyrido [ 2,341 py- 
rimidine-7-thione. A.--A mixture of 6-beiizy1-2,4-diamino-7,8- 
dihydro-5-methyl-7-oxopyrido [2 ,3-d]  pyrimidine (77.2 g, 0.274 
mole) arid PClj (77.0 g, 0.37 mole) in 800 ml of POCb was heated 
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\Yavelengtli, ~ n p .  

Figure 3.--Gltraviolet spectrum of %,~-dianiirio-7-pheiiyl- 
pyrido[2,3-d]pyrimidine (IC, pK, = 6.93): - , hpectrum of 
protonated form; - - - - -  - - -, spectrum of neutral molecule; . . . . ' ,  
spectrum a t  pK,. 

:it reflux for 0 hr. The POCI, R-:W theti distilled in z'ucuo t o  
leave a visrous residue which was poiit~ed otito ice and iieutralizetl 
with c-otirentraled NaOTT while stirring vigorou-ly mid keeping 
the temperature below 10'. Stirritig was coiitinued for 1 hr ,  
and the mixture was allowed to stand a t  10" for 18 hr. It was 
then filtered, aiid the solids were washed thoroughly with HL). 
The solid product was a phosphorylated 6-hetieyl-7-chloro-2]4- 
di:rmiiic,-,j-methylp~rido[2,3-d]p?.ri1nidi1ic and was thiated with- 
out further purification. 

A solutioii of NII,SII \vab prepared bJ- saturatiug 1200 nil o f  
.i JT X€14011 with IlyS. The phosphorylated 6-lmizyl-7- 
chloro-2,4-dianii~io-.5-n~eth~-lpy~ido[~,3-c~]pyriniidi11c: wa.: heateti 
in this solutiou it1 a st,eel bomb for 1 hr a t  100". After riiolitiK, 
the reaction mixture filtered, atid the precipitate wxq wnshed 
with H20 to yield 62 g of phosph 
i,X-dihydro-j-methvlpl\-rido [2,3-d] 

B.--A mixture of 6-beilzy1-2,4-diami11(~-7,8-dih?.tlr.11-.i-nieI hyl- 
i-osopyrido[2,3-d]pyrimidine ( 2 3 1  g, 0.01 mole), l ) l I I <  ( 7 . 3  g, 
0.1 mole), SOCI? (11.9 g, 0.1 mole), and  25 nil of CIICl:] \vii' 

heated under reflux for 1.5 hr, and c~oiiceiitratccl in  w " o  :it . i O "  
to leave a viscoub residue. The residue a-as clissolvcd i i i  I30 1111 

of 505y Et,011-H20 and made baric to ti pII  of 10 Iiy atltiit,ioii of 
pitate formed which was filtered, wauhed 
allieed from 30c; TI&EtOFI t o  yield 1 .30 
,-2,,-diarnino-.i-meth?-lp?ritlo [2,:3-d] pyri in- 

This 7-chloro conipountl ( 2  g, 0.007 Inolej w:i.q healed with 2O(J 
idine. 

nil of SEI4SH solution in ti steel bomh 
cooliiig, the reactioii mixture was filiel 
tvwhed with IT& and recrystallized from 
1.03 g of G-benz!l-',4-diarnili0-7,~- 
[2,3-d] pyrimidiiie-$-thiolic. 

C.-G-Beiiey1-2,4-diami1 it~-T,S-dihydro-~i-meth~l-7-oxo~~yrido- 
[2,3-d]pyrimidiiie (307 g, 1.09 moles) atid P,S, (300 gI l.;Lj mole..) 
it1 2400 ml of pyridine were heated a t  reflux for I hrand ronceti- 
trated in uaam l o  leave n solid residue. This residue wax stirred 
with :3 I. of Iioiling If?O, aiid the mixture was acidified to a jlTT of 
.i with IICI. It J W ~  fillerc:tl whil? hot, atic-1 the prwipitate K:I> 

tvashed with hot I . It ~v:w *tiired ugaiti with hot 1 1 2 0 ,  

filtered, atid dried: g of product w:ts obtaitip(l. A >:miple 
of this produci, after he:Ltit,g with IIXO:!, wa': f o ~ t n d  l o  ( w n t a i i i  
iutiic phosphate. Ilrief treatment with dilute acid or S I 1 3  dicl 
iirit remove any phosphate; prolonged heatilig i t i  dilulc: :wit1 
cveiitually removed the phosphate but gave a pl,otluct~ with ~ I I  

c~iiitent lower thar1 t h a t  of thc expect,ed miterial, itidicating tht. 
I O ~ C  of nmirin groups n. wc4l :is phosphate. It is thereforc :IC- 
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TABLE I V  

N o  

26 
27 
28 
29 
3 0 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
4'2 
43 
44 
45 
46 
47 
48 
49 
50 

Yield,' 
Ri 7% 
c 1  
C1 43 
H 
H 
H 
H 
TI 
H 
H 
H 
H 
H 
H 22 
I1 18 
H 12 
H 11 
H 7 
H 17 
H 
H 
H 
H 
H 
H 27 
H 

RIP, 

242 
326 
320 dec 
310 dec 
290 dec 

248-249 
251-254 
291 dec 

264 dec 
282 dec 
308 dec 

275-277 

208 

2 16-21 8 

292 dec 
200 dec 

>300 dec 
360 dec 

>320 
337 dec 

Analsses 

C, H, S 
C, N ;  HC 
C, H, N 
H, S; C d  
C, H, N 
C, H, N 
C, H, h- 
C, H, X 
C, H, N 
C ,  H, N 
C, H, N 
c, H, N 
C, H, N 
C, H ;  Ne 
C, H; NJ 
C, H, X 

C, H, N 
C, H, ?j 
C, H, S 
C, H, S 
C, H ;  N h  
N ;  C, H %  
C, H, N 
C, H, N 

C ,  H, N 

. ,  
Yields are for conversion of 7 - 0 ~ 0  compounds to the products described by treatment with SOClz in DMF and CHCL followed, 

* Where no melting point is given, compound decomposed without melting. 
H :  calcd, 4.71; found, 5.38. C :  calcd, 57.13; found 56.68. e X :  calcd, 20.98; found, 20.04. 1 N: calcd, 22.68; found, 21.41. 

where appropriate, by NH&H and Raney Ni dethiation. 

0 Iaethionate salt. S :  calcd, 23.17; found, 22.66. 1 C: calcd, 65.80; found, 65.39. H :  calcd, 4.67; found, 4.07. 

6-Benzyl-2,4-diamino-5-methylpyrido [2 ,3-d]  pyrimidine.-The 
32 phosphorylated 6-benzyl-2,4-diamino-i,8-dihydro-5-methylpyri- 

do [2,3-d]pyrimidine-7-thione (20 g) prepared by method C was 

EtOH and boiled under reflux with vigorous stirring; no. 28 

batches at, 0.5-hr intervals until the uv absorption of the 7 -  
thione a t  395 mp in acid solut,ion had disappeared. The mixture 
was filtered hot and the S i  was washed with hot Et,OH. The 
combined filt,rates were treated with charcoal while hot, filtered, 
and evaporated to a small volume. The material which crystal- 
lized from this solution was recryst,allized from 30% H20- 

Bisdichlorophosphory1-7-chloro-2,4-diamino-5-ethyl-6-me thyl- 
pyrido [2,3-d] pyrimidine.-2,4- Diamirio - 7,8 - dihydro - 5 -ethyl -6 - 
methyl-7-oxopyrido [2,3-d]pyrimidine (219 g, 1.0 mole) and PCls 
(239 g, 1.15 moles) were heated in 1800 ml of PoC13 at reflux for 
5 hr. The Poc13 was t,hen distilled in vacuo. The oily residue 
was poured slowly, with stirring, into cold hexane. The solid 
which separated was filt,ered and washed with hexane. Sfter 

230 2.50 2 i O  290 310 330 350 370 3'30 drying in vacuo over solid NaOH, 492 g of product was obtained. 
\\'avelengtli, niG. This represents 104% yield of i-chloro-2,4-diamino-5-ethyl-6- 

methylpyrido[2,3-d]pyrimidine with two dichlorophosphoryl 
groups. 

~ ~ ~ l .  Calcd for c ~ ~ H ~ , ~ ~ c ~  . ( p ~ c l , ) , :  C ,  23.47; H, 2.14; 
' ?;, 14.86; P, 13.14. Found: C, 23.05; H, 2.28; X, 15.56; P, 
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