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2,4,6-Triaminopyrimidine does 1ot condense with 3-alkoxy- or 3-dimethiviaminoneroleins to give prodiets in
sefnl yields under most conditions, bnt the componnd formed by the reaction of 3-dimethylamincoacrolein with

phosgene does condettse with 2,4,6-triaminopyrimidine to give 6-substituted 2,

4-dianminopyrido[2,3-dlpyrimidines.

Sonmte new alkyl- and aryl-substitited 3-dimethylaminoacroleins and 2,4-diaminopyrido[2,3-d}pyrimidines are

reported.

T'he aetivity of 5,6-disubstituted 2,4-diamninopyrido-
|2,3-d |pyrimidines’? as inhibitors of specific dihydro-
folate reductases made 1t desirable to prepare similar

compounds which were monsubstituted in the 6
position. The necessary intermediates became avail-

able through the work of Arnold, et al.,* from 1957
onward, oun o modification of the Vilsnmeler reaction.
They obtained the product (II) by the reaction of
N,N-dimethyHormamide (DMI) with phosgene.  From
the reaction of II with ucetals Arnold and Sorm®®
isolitted three types of conmpounds, 2-alkyl-3-dimethyl-
aminoacroleins (III), 2-alkyl-3-alkoxyvacroleins (IV),
and the quaternary salts (V). Part of this work has
been repeated and a number of new 3-dimethylanmino-
acroleins have been prepared.

The reactions of 3-alkoxy- and 3-dimethylaminoacro-
leins  with 2,4, 6-triaminopyrimidine  were  studied.
No coudensation occurred with 3-alkoxyacroleins under
any conditions investigated.  Very low vields of 2,4-
dlawminopyrido[2,3-d Jpyrimidines  were obtained on
heating 3-dimethyvlaminoacroleins with 2,4,6-triamino-
pyrunidine either aloune or m a hlgh-bmhng, mert
solvent such as diphenyl ether,  Arnold and Zemli¢kas®
found that 3-dimethylaminoacroleins undergo reaction
with phosgene to give the quaternary salts VI. - Ruylski,
el al.,* reported that these quaternary salts condense
with urea and with thiourea to give pyvrimnidines. Iu
the present work these salts were found to give, with
2,4, 6-trimminopyrimidine in absolute aleohol, G-substi-
tuted 2 4-diaminopyrido [2,3-d Jpyrimidines (I).

Although vinyl ethers and compounds whieh euan be
readily  transformed into vinyl ethers will undergo
reaction with II, enol acetates (VII) prepared by the
method of Seriabinet were recovered unchanged after
freatment with IT under the swme conditions whiel
caused acetals to react.  In 1960, Lorette and Howard’
reported that acetals could be interconverted, aund
aldehydes could be converted to their acetals by means
of nn acid-catalvzed exchange with 2,2-diinethoxypro-
pante and an appropriate aleohol.  In this work it was
found that enol acetates could be couverted i one step
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to the corresponding acetals under the same conditions.

The elenmental analyses indicate that the products
ol the condensation of 24,6-triaminopyrimidine with
compounds of type ¥I are bicyelic, aromatic systems.
They could possibly be G-substituted 2,4-diamino-
pyvrido[2,3-d Jpyrimidines (I), 7-substituted 4-amino-2-
imino-2H-pyrimido [1,2-a Jpyrimidines  (VIIL), or 3-
substituted G-amino-8-imino-8H-pvrimido[1,2-¢]py-
rimidines (IX)., By analogy with the condensations
of 24,6-triuminopyrimidines  with  g-ketoaldehydes,
B-diketones, and 8-keto esters, which give 2,4-diamino-
pyrido[2,3-d ]pyrimidines in every case, the condeusa-
tion with the malondialdehyde derivatives VI would be
expected to give I. This structure assigument is
supported by the ultraviolet and pmr spectra. The
uv speetra and pK, values of representative compounds
are shown in Table I, The spectra of the butyl deriva-
tive are shown in Iigure 1. The uv speectra of the
other alkyl and avalkyl derivatives are very similar to
those of the butyl derivative.

The pyrimidopyrimidines
expected to be quite strony bases.

VIIT and 1X would
The thermodyuamic

TasLe 1
REpRESENTAMVE ULTRAVIOLET SPECTRA AND PAL'S OF
6-SuBsTITUTED 2,4-D1AMINOPYRIDO[2,3-/| PYRIMIDINES
= Npaxe Mg e X 107 3) —mm
Comprl pll 2

pll 11 pHRa

10 322 (8.8 248 (19.9) 6.8
B2 (7 ) 268 (0. 8)
248 (6.9)
15 255 (J4.1) 232(19.7)
335 (8.6) 253 (23.9)
201 (20.4)
S50 (7.7)

16 122 (0.4) 225(26.5) 6.6
248 (21.5)
270 (11.3)

347 (6.6)
@ Inflection.

TapLe II
Pur Sreerivs or 11 1N Trirntorosckric Acip
(MeySi A8 INPERNAL STANDARD)

Integrated
Chemieal shift, no. of Type of

ppm (8) J,oeps protous peak Assignment
1.06 G.5 6 Donblet; CILCI{CH;),
2 08 7 1 Multiplet CIT,CH(CH),
2 88 T 2 Doublet CH,CH(CHy).
10.52 2.0 1 Doublet Heterocyelic CH
10,98 > {1 1 Doublet Heteroeyelic CH
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TasLE III
(CHmNCH=C{CHO
it
Mp
Yield,  (bp (1 mm)), AT EOH gy -
No. R %% °C Fornula Analyses (e X 1073 cm ™! Solvent?®
1 CIL,CII(Clls), 66 (110) CyIH1ZNO ; Cb 1600 A
1605 B
2 Cells 67 (125) CaHaXNO I, N; Ce 1602 A
3 CoHs 39 (140) CisHnNO N 1600 A
202 (31.8)
6 p-CHyCsH,(Cl 19 124 CH1,NOCI N 220(15.6) 1580 C
292 (35.4)
7 0-CH.C4H,Cl 16 137 CHiNOCI C, I, N 290 (32.8) 1580 C
8 CIH,CII,C,I1; 36 100 CH1;NO C, I, N 202 (31.2) 1595 C

@ Ir sumple phases: A, CIICl; B, thin filn; C, KBr pellet.

b C: ealed, 69.63; found, 68.90.

¢ C: caled, 72.08; found, 71.59.

TapLe IV

NH,

N/I S —R
HZN/k\N N”

Yield,

No. R % Mp, °C@ T'ormula Analyses
9 CsH; 33 275 CullsN;- HCL-H,0 C, H, N
C(UH(:iN;,'C-g}IGO4Sb cy II) N

10 CyH, 70 278 CuHN;-HCI C, H XN
11 CH,CH(CHjy), 36 286 C.H:N5-HCl1-H,0 C, H, N
12 C:,Hu 21 252 CmHuNs‘CzHquSb C; H: N
13 Ceslig 19 CisH,oNs- CoHeO,S? C, H,N
14 CQI{(Q 29 (C1GH25N5)2'CZHGOASC C) H) N
15 Ce¢H; 30 385 C;sHiN; C, H, N
CuHuN; - C.HO.S - H,0? C, H N

16 CH.C:H; 21 324 CuHiN; C, H,N
17 p-c}Ich}hOCIIa 12 288 ClsI{(;,N;O'CQH(,O.;S(’ C, H, N
18 p-CH,C:H,CH, 14 286 (C1:H N5y CoHO,8° C, H, N
19 p-CHzCJ’LCl 78 CHleN:,Cl'HCl C) H) N
20 0-CH,CsH,CI (C1aHeN;CD, - CoHeOS - 2H,00 C, H N
21 p-cH2C6H4N02 51 276 (C14H12N602)2'H2804'2H20 C} H, N
22 CH,CH,CsH; 30 199 C;HisN;-HCl C,H, N

@ Where no melting point is given, compound decomposed without melting.

pK, values of the butyl (10) and benzyl (18) derivatives
were determined® spectrometrically in dilute phosphate
buffers. These values are close to the pK, values
obtained for other 2,4-diaminopyrido[2,3-d|pyrimi-
dines' and lower than would be expected for structures
VIIT and IX.

The pmr spectrum of the isobutyl derivative (11)
is shown in Table II. This is consistent with the
spectrum to be expected for 2,4-diamino-6-isobutyl-
pyrido [2,3-d |pyrimidine, particularly in that 1t has
two heterocyclic protons. The pyrimidopyrimidines
VIII and IX would each be expected to show three
heterocyelic protons.

The biological activities of these compounds will be
reported in the following paper.’

Experimental Section

Uv speectra were determined on the Beckman Model DU and
Cary Model 15 spectrophotometers, pmr spectra on a Varian

(8) A. Albert and E. P. Serjeant, "lonization Constants of Acids and
Bases," Johm Wiley and Sons, Inc.. New York, N. Y., 1962.

(7) B. S. Hurlbert, R. Ferone, T. A. Herrmann, G. H. Hitchings, M.
Barnett, and S. R. M. Bushby, J. Med. Chem., 11, 711 (1968).

b Isethionate sult. ¢ Basic isethionate salt.

NH,

N#Z —R

HN— l

N NP
I I

(CH,),NCH=CRCH" C,H;0—CH=CRCHO
I v

[(CH,),NCH=CRCH=N(CH,),1*X~ [(CH3)2N=CHCR=CHCI]+ crr
\ VI

R_@—cmc%cmcocm

vl

+
(CH,),N=CHC1 CI”

A-60 spectrometer. The acetals used as starting materials were
purchased or were prepared by the exchange reaction of aldehydes
with 2,2-dimethoxypropane, by reaction of a suitable Grignard
reagent with triethyl orthoformate, or by the following sequence.

1,1-Dimethoxy-3-p-tolylpropane.,—TiCl: (190 g, 1.0 mole) and
2-3 ml of BF+Et.O were dissolved in 1 1. of toluene and cooled to
—15° in an ice—salt bath, and 1,1-diacetoxy-2-propene (158 g,
1.0 mole) was added dropwise with stirring at —15 to —10°.
When the addition was complete, the reaction mixture was stirred
1 hr at —10°, poured into 1300 g of ice and 170 ml of 12 M
HCl, stirred, and separated. The toluene layer was washed
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€ X 10

o
I--~ 1 1

230 230 270 290 s10 330 330 370 390
Wavalength, wu.

Figare 1-—Uliraviolet spectra ol 6-butyl-2,4-diaminopyrido-
[2,3-]pyrimidine (10): , speetrunt of protonated fornn:
--------- , spectrum of neutral moleale:
trnmat pA, = 6.90.

(11,0), saturated NaHCOQj3, 11,0) aud dried (Na,80y), the solvents
were removed ot a rotary evaporator, and the residue was dix-
tilled to give 142 g (¥577) of 1-acetoxy-3-p-tolylpropene, bp 8-
86° (0.5 mm), having ir bands at 1765 (C=0), 1682 (C=C), and
1227 (C-0-C) em—¢ Vpc analysis showed it to be more than
H0¢, pure. It formed a 2,4~ dlnmuphem lhydrazone, mp 115-117°.
.'lu,a/. ((-us“'us‘\h()q)\v

A mixture of the above enol acetate (142.7 g, 0.75 mole), 2,2-
dimethoxypropane (156 g, 1.5 moles), 1100 ml of absolute MeOTH,
and 200 mg of p-toluenesulfonic acid was slowly distilled through
1 30-em column packed with glass helices to remove Me,CO,
bp 56.5°, MeOAe¢, bp 57°, MeOH, bp 64.5°, and some of a di-
methoxypropane-NeOH azeotrope. The undistilled portion was
then made basi¢ with NaOMe and distilled through the same
cohmn to give 121 g (83%) of 1,1-dimethoxy-3-p-tolylpropaune,
bp 82° (0.5 mm). This compound has no ir absorption between
1530 and 1850 em~! and gives a 2,4-dinitrophenylhydrazone, mp
115--117° alone or when mixed with that obtained above.

2-Alkyl and 2-phenyl-3-dimethylaminoacroleins were prepared
by the known procedure* (Table IIT).

3-Dimethylamino-2-isobutylacrolein,—I'rom 109 g (1.1 moles)
ol COClLy, 150 g (2 moles) of DMF, and 174 g (1.0 mole) of 1,1-

diethoxy-t-methiyvlpentane was obtaiued an oil which gove (wo
fractions when distilled at 1 mm: (1) 2-izobntyl-3-erhoxyuerolei,
Lp 80-00°, 28.5 ¢ (18¢7), »525% 1660 a1 1(144 et nad 12
:-(111110(11\1111.11(“- -1~ob11131m rolein, bp 1071159, 740 g (481
s P 1008 e =t rsee Tuble 1),

3-Dimethylamino-2-p-tolylacrolein. -1, l-Dinetlioxy-i3-p-tolvl-
propane (383 g, 0.3 mole) was treated with COCL (0.4 g, 0.6
mole) mned DM 43,8 g, 0.6 mole), and the reaction mixtare wie
Liyvdrolyzed as wbove. The aqacons plise was extrieted witle
(CHLCT. and ter extriets were combined, wushed (.09, :aed
dried (Na.S0,), The =olvent was distilled o1 a steam batly, and
{he restdine wus recrystullized from 1 CgHi~CyH oy mixiure ia give
16 g (267, 10f rear-white erystals. I runs ine which the pradued
conld 1t be ery=tdlized direetly from Cylle=Celw 1T was ivolinied
fram fiinels 26 of 1 nine-funiel, countercurrerd dixiribition
betweere CITCL ared 28 HCLD ard was then recrystallized ax
whove.

Tie none of these cases was g 3-alkoxyacrolein i=oliated.
lHawever, both the =tarting aldehyde and its aldol-conderesation
produret were obtained from the countercurrent distributious, aiel
it is possible that the 3-alkoxyacroleirs were formed and either
were 1ot erystalline or did not survive the acid conditions.

2,4-Diamino-6-isobutylpyrido[2,3-d] pyrimidine.-—A solutioi ol
COCL (13 g, 0.13 mole} in 100 ml of (CH,Cl)s was added slowly
with stirring and cooling to a solution of 2-isobutyl-3-dimethyl-
antnonerolein (200 g, 1.129 mole) in 30 ml of (CHLChay. When CO.
evolution cwised, the solveut was (li\ﬁllml fnveeno o stedann
bath, and to the residne was added 2 1b-trlmmmp\rlmulmL
(16.26 g, .13 mole and 2350 ml of absolute EtOT.  Thix mixtare
wi= heated under refliux o a steam bath for 18 hr, made ~trorgly
Lasie with NaO>Me, and heated | hr more. Tt then was eoded,
ated 1lte precipitated 1)\1idop\1imidi1w base was filtered and re-
crvatallized frota 707, FtOH-H,0 which wax acidified wich 11C1
2,4-Dinmino-6-is »lnl(ylpl\, rido[2,3-d] pyrimidine Livdrochloride
(16, 16.3 g 30 ) wax obtained. Thix compound conld slso he
ervetallized as the i=ethionate.

2,4-Diamino-6-( p-nitrobenzyl)pyrido]2,3-d| pyrimidine. -2.1-
Diamino-6-benzylpyrido[2,3-d] pyrimidine (3.0 g, 0.01 mole) was
dissolved i1t 30 ml of cold, coneentrated Ha80s  Powered KNty
(1.01 g 0.01 nroles was added, and the solution was stirved at
0° for 1.5 la. It there was ponred into 400 ml of 5007 ice and
I2tOH and brought to a pIl of 3 by addition of 17 ¥ NaDll,
This mixture was filtered, and the precipitate was recrys stallized
from 800 ml of 707 EiOH-I1,0 to yleld 2.0 g (3177) of the half-
Aulfate dihydrate l' dble TV
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