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2,4,6-Triaminopyrimidine does not condense with 3-alkoxy- or 3-dimethylaminoacroleins to give products in

useful yields under most conditions, but the compound formed by the reaction of 3-
phosgene does condense with 2,4,6-triaminopyrimidine to give 6-substituted 2,

dimethylaminoacrolein with
4-diaminopyrido[2,3-d]pyrimidines.

Some new alkyl- and aryl-substituted 3-dimethylaminoacroleins and 2,4-diaminopyrido[2,3-d]pyrimidines are

reported.

The aetivity of 5,6-disubstituted 2,4-diaminopyrido-
|2,3-d |pyrimidines™? as inhibitors of specific dihydro-
folate reductases made it 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, on o modification of the Vilsmeier reaction.
They obtained the product (II) by the reaction of
N, N-dimethylformamide (DMF) with phosgene. From
the reaction of II with acetals Arnold and Sorm?*
isolated three tvpes of compounds, 2-alkyl-3-dimethyl-
aminoacroleing (III), 2-alkyl-3-alkoxyacroleins (IV),
and the quaternary salts (V). Part of this work has
been repeated and a number of new 3-dimethylamino-
acroleins have been prepared.

The reactions of 3-alkoxy- and 3-dimethyvlaminoacro-
leins  with 2,4 6-triaminopyrimidine  were studied.
No condensation occurred with 3-alkoxyacroleins under
any conditions investigated. Very low vields of 2 4-
diaminopyrido [2,3~d [pyrimidines  were obtained on
heating 3-dimethylaminoacroleins with 2,4,6-triamino-
pyrimidine either alone or in a high-boiling, inert
solvent such as diphenyl ether,  Arnold and Zemliéka®"
found that 3-dimethylaminoacroleins undergo reaction
with phosgene to give the quaternary salts VI, Rylski,
el al.* reported that these quaternary salts condense
with urea and with thiourea to give pyrimidines. In
the present work these salts were found to give, with
2,4,6-triaminopyrimidine in absolute aleohol, 6-substi-
tuted 2 4-diaminopyrido[2,3-d |pyrimidines (I).

Although vinyl ethers and compounds which can be
readily transformed into vinyl ethers will undergo
reaction with II, enol acetates (VII) prepared by the
method of Seriabinet were recovered unchanged after
treatment with IT under the same conditions which
caused acetals to react.  In 1960, Lorette and Howard®
reported that acetals could be interconverted, and
aldehydes could be converted to their acetals by means
of an acid-eatalyvzed exchange with 2,2-dimethoxypro-
pane and an appropriate aleohol,  In this work it was
found that cnol acetates could be converted in one step
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to the corresponding acetals under the same conditions.

The elemental analyses indicate that the products
of the condensation of 2.4,6-triaminopyrimidine with
compounds of type VI are bicyclic, aromatic systems.
They could possibly be G-substituted 2,4-diamino-
pyrido[2,3-d ]pyrimidines (I), 7-substituted 4-amino-2-
imino-2H-pyrimido [1,2-aJpyrimidines (VIII), or 3-
substituted G-amino-8-imino-8H-pyrimido [1,2-¢ Jpy-
rimidines (IX). By analogy with the condensations
of  24.6-triaminopyrimidines  with g-ketoaldehydes,
B-diketones, and 8-keto esters, which give 2,4-diamino-
pyrido [2,3-d Jpyrimidines in cevery case, the condensa-
tion with the malondialdehyde derivatives VI would be
expected to give I. This structure assignment is
supported by the ultraviolet and pmr spectra. The
uv spectra and pK, values of representative compounds
are shown in Table I.  The speetra of the butyl deriva-
tive are shown in Iigure 1. The uv spectra of the
other alkyl and aralkyl derivatives are very similar to
those of the butyl derivative.

The pyrimidopyrimidines \'IH and 1X would be
expected to be quite strong bases.  The thermodynamic

TapLe 1
EPRESENTATIVE ULTRAVIOLET SPECTRA AND pAL'S oF
G6-SUBSTITUTED 2,4-DIAMINOPYRIDO[2,3-¢/| PYRIMIDINES

e m=Aniax, My fe X 1078w
Compd pH 2

pH 11 pKy

10 322 (R.8) 248 (19.9) 6.8
332 (7.6) 268 (9.8)
348 (6.9)
15 253 (34.0) 232(19.7)
335 (8.6) 253(23.9)
20 (’() 4)
396 (7.7)

16 322 (V.4) 225 (26..)) 6.6
248 (21.5)
270 (11.3)
347 (6.6)

e Inflection.

TapLe II
Puyr SpecrruM oF 11 IN TRIFLCOROACETIC ACID
(MeySi A8 INTERNAL STANDARD)

Integrated
Chernical shift, no. of Type of

ppm (8) J, eps protons peak Assignment

l 06 6.5 6 Doublet CIL,CH(CH ).

208 ? 1 Multiplet CH,CH(Clly),

2.88 7.5 2 Doublet CH,CH(CHz).
10.52 2.0 | Doublet Heterocyelic CH
10,08 2.0 1 Doublet Heteroeyclic CH
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TasLe III
(CI{S)QNCHZ?CI{O
R
Mp
Yield,  (bp (1 mm)), Aoz EOH Ymaxs
No. R %% °C [orinula Analyses {e X 108 cm 1 Solvent?®
1 CIHLCH(CH;), 66 (110) CyI;zNO I1; Co 1600 A
1605 B
2 CﬁIIla 67 (125) Cul'{leO I{, N, Ce 1602 A
3 CoHyy 59 (140) CiHyNO N 1600 A
4 p-CH,Cel1,OCII; 30 74 Cu:HizNO, C H,N 225 (12.7) 1580 C
202 (31.8)
5 p-CH.C¢H,CHj, 26 95 CisHisNO C, I, N 292 (31.2) 1575 C
6 p-CH,CsH,Cl 19 124 CH,NOCI N 220 (15.6) 1580 C
292 (35.4)
7 0-CH,CsH,Cl 16 137 CrHi,NOCI C H, N 290 (32.8) 1580 C
8 CH,CH,C,l1; 36 100 CisH;NO C, H N 2092 (31.2) 1595 C
¢ Ir sample phases: A, CHCl;; B, thin film; C, KBr pellet. > C: caled, 69.63; found, 68.90. ¢ C: caled, 72.08; found, 71.59.
TapLe IV
NH,
N#& x—R
l
HZN/k\N N
Yield,
No. R A Mp, °C2 TFormula Analyses
9 CsH; 33 275 CiHiN;-HCL-H,O C,H, N
C10H1¢sx5'C2}IaO4Sb C, II, N
10 CiH, 79 278 CHiN;-HCL C HNXN
11 CH,CH(CH;), 36 286 CuHisNs- HCL-H0 C H, N
12 C:Hy 21 252 Ci2H;2 N5 C;HeO,80 C, H, N
13 CeHys 19 CisH,yNs - C,H 0,80 C, H, N
14 CiHig 29 (C1sH2sN3)o - CoHeO 450 C,H, N
15 CeH; 30 385 CisHy; N C, H, N
CisHuN; - C.HeOS8 - H,0P C, H, N
16 CH.CsH; 21 324 CsHisNs C, H, N
17 p-c}hCo}IqOC[Is 12 288 0131{15N50'02H504Sb C, H, N
18 p—CHgCJLCHa 14 286 (CﬁH].’,N5)2'C2HBO4SC C: H’ N
19 p'CH2C6H4C1 78 CMHmN:,Cl'HCl C, H, N
20 O'CH2CGH401 (CI4H12N5C1>2'CQH604S'21{2()0 C, H, N
21 p-CH;CHNO, 51 276 (C1sH12NgO2)2 - Hi804- 2H,0 C, H,N
22 CH,CH,C¢H; 30 199 C:HisN;-HCl C, H, N
® Where no melting point is given, compound decomposed without melting. ® Isethionate salt. © Basic isethionate salt.
pK, values of the butyl (10) and benzyl (16) derivatives NH,
were determined® spectrometrically in dilute phosphate
buffers. These values are close to the pK, values NZ l S—R (CH,) ItI=CHCl o
obtained for other 24-diaminopyrido[2,3-d]pyrimi- H:N—J\N N7 v
dines! and lower than would be expected for structures I i
VIIT and IX. ,
The pmr spectrum of the isobutyl derivative (11) (CH,),NCH=CRCH" C;H,0—CH=CRCHO
is shown in Table IL. This is consistent with the - . v .
spectrum to be expected for 2,4-diamino-6-isobutyl-  [(CH).NCH=CRCH=N(CH,),]"X" [(CH),N=CHCR=CHCI]"Cl
pyrido[2,3-d [pyrimidine, particularly in that it has \ \2!
two heterocyelic protons. The pyrimidopyrimidines -
VIII and IX would each be expected to show three R‘—@—CHZCH CHOCOCH
heterocyclic protons.

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

Experimental Section

Uv spectra were determined on the Beckman Model DU and
Cary Model 15 spectrophotometers, pmr spectra on a Varian
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(7) B. 8. Hurlbert, R. Ferone, T. A, Herrmann, G. H. Hitchings, M.
Barnett, and 8. R. M. Bushby, J. Med. Chem., 11, 711 (10868).

Vil

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.—TiCly (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 1500 g of ice and 170 ml of 12 M
HCI, stirred, and separated. The toluene layer was washed
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Figure 1.-—Ultraviolet spectra of 6-butyl-2,4-diaminopyrido-
[2,3~d|pyrimidine (10): , spectrum of protonated form:
--------- , spectrum of neutral molecule: ......... =pec-
trum at pA, = 6.90.

(HL,0, saturated NaHCO;, H,0) and dried (NayS0y), the solvent=
were removed on a rotary evaporator, and the residue was dix-
tilled to give 142 g (75%7) of 1-acetoxy-3-p-tolylpropene, bp 80-
86° (0.5 mm), having ir bands at 1765 (C=0), 1682 (C=C), and
1227 (C-0-C) em~.  Vpe analysis showed it to be more than
90 pure. Itformed a 2,4-dinitrophenylhydrazone, mp 115-117°.
Anal.  (CeHeNyOy) N

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 MeOH,
and 200 mg of p-toluenesulfonic acid was slowly distilled through
a 30-cm 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-MeOH azeotrope. The undistilled portion was
then made basic with NaOMe and distilled through the same
column to give 121 g (83%;) of 1,1-dimethoxy-3-p-tolylpropane,
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 I11).

3.Dimethylamino-2-isobutylacrolein.—F'rom 109 g (1.1 moles)
of COCly, 150 g (2 moles) of DMF, and 174 g (1.0 mole) of 1,1-
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diethoxv-t-methyvipentane wus obtained an oil which gave two
fractions when distilled at 1 mm: (1) 2-isobutyl-3-ethoxyvacrolein,
bp 80-90°, 28.5 ¢ (18, »oif 1660 and 1644 em~!, and (2
3-dimethylamino-2-isobutylacrolein, bp 105-115°, T4.0 g (48771,
y OB 1608 emi U rsee Table TID.

3-Dimethylamino-2-p-tolylacrolein. —1, 1-Dimethoxy-3-p-tolvi-
propane (383 g, 0.3 mole) was treated with COCly (59.4 ¢, 0.0
mole) and DMEF (43.8 ¢, 0.6 mole), and the reaction mixture was
hydrolvzed as ubove. The aqueous phase was extracted with
(CHLCD. and the extracts were combined, washed (H.0), and
dried (Na804).  The solvent wax distilled on a steam bath, and
the residue was recrystallized from o CgHg-CgHig mixture to give
16 g (267 of near-white erystals.  In runs in which the product
could not be erystallized directly from CgHg-CoH s it was isolated
from funnel: 2-6 of a nine-funnel, countercurrent dixtribution
bhetween CHCL and 2 .V HCD and was then recrystallized ax
above.

Iv none of these cases was any 3-alkoxyacrolein irolated.
However, both the starting aldehvde and its aldol-condensation
produet were obtained from the countercurrent distributions, and
it Is pussible that the 3-alkoxyacroleins were formed and either
were not erystalline or did not survive the acid conditious.

2,4-Diamino-6-isobutylpyrido[2,3-d] pyrimidine.—-A =olution of
COCL, (13 g, 0.13 mole) in 100 ml of (CH,Cl): was added slowly
with stirring and cooling to a solution of 2-isobutyl-3-dimethyl-
aminoacrolein (20 g, 0.129 mole) in 50 ml of (CH:Cl),.  When CO,
evolution ceased, the solvent was distilled in vacuo on a steam
bath, and to the residue was added 2,4,6-triaminopyrimidine
(16.26 g, 0.13 mole) and 250 ml of absolute KtOH.  Thix mixture
wux heated under reflux on a steam bath for 18 hr, made ~trongly
baste with NaOMe, and heated 1 hr more. It then was cooled,
and the precipitated pyridopyrimidine base was filteved and re-
eryvstallized from 707, EtOH-H.0 which wax acidified with 111
2. 4-Diamino-6-izobutyvlpyrido[2,3-d] pyrimidine hydrochloride
(16, 16.3 g, 50, ) was obtained. Thiz compound could also be
ervatallized as the izethionate.

2,4-Diamino-6-{ p-nitrobenzyl)pyrido|2,3-¢| pyrimidine. -2 1-
Diamino-6-benzylpyrido[2,3-d] pyrimidine (3.0 g, 0.01 mole) was
dissolved in 50 ml of cold, concentrated HaSOs.  Powered KNOy
(1.01 g, 0.01 molei was added, and the solution was stirred at
0° for 1.5 hr. Tt then was poured into 400 ml of 507% ice and
12tOH and brought to a pIl of 3 by addition of 17 ¥ NaOH.
This mixture was filtered, and the precipitate wuas recrystallized
from 800 ml of 70¢; EtOH-H,0 to yield 2.0 g (51°) of the half-
sulfate dihydrate (Tahle TV
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