ACETALS OF LACTAMS AND ACID AMIDES.
XXVII.* NEW SYNTHESIS OF PYRIDO[2,3-d]PYRIMIDINE DERIVATIVES

V. G. Granik, N, B. Marchenko, UDC 547.83'853.07
and R. G. Glushkov

7-Dimethylamino-5-hydroxypyrido[2,3-d]pyrimidine and pyrrolo-, pyrido, and aze-
pino[2,3-b]lpyrido[2,3-d]pyrimidine derivatives were synthesized by reaction of
acetals of amides and lactams with 4-amino-5-carbethoxypyrimidine derivatives and
subsequent intramolecular cyclization of the intermediate amidines. The reactions
of these compounds with phosphorus oxychloride and their alkylation reactions were
studied.

Pyrido[2,3-d]pyrimidine derivatives are attracting the attention of researchers in con-
nection with their high and diversified biological activity. Substances with pronounced anti-
folic, antibacterial, diuretic, bacteriostatic, sedative, and coronary-dilating activity have
been found among such compounds [2-8]. 1In particular, the highly effective antibacterial
agent pyromidic acid is also a member of this class of compounds [3]. The most important
methods for the synthesis of pyrido[2,3-d]pyrimidines are based on the reactions of deriva-
tives of 2-aminonicotinic acid, 2-aminonicotinaldehyde [2, 5, 9-12], and 3-carbethoxy-2-pyri-
done [13] or its lactim ester [14] with "amidine components'" and on the reaction of 6-amino-
pyrimidine derivatives with B-dicarbonyl compounds [6, 7, 12, 15-17].

We have developed a new method for the synthesis of pyrido[2, 3-d]pyrimidines and their
condensed analogs [18, 19] with acetals of amides and lactams and 4-amino-5-carbethoxypyri-
midine derivatives as the starting compounds. In the first stage we studied the reaction of
dimethylacetamide diethylacetal (I) with 2-mercapto-4-—amino-5-carbethoxypyrimidine (II). How-~
ever, we were unable to isolate the expected amidine — the principal pathway of the process
was S-ethylation of the mercaptopyrimidine, evidently via the usual scheme for the alkylation
of weak acids with amide acetals [20].
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This reaction is of definite interest, since cases inwhich alkylation of aminomercapto-
pyrimidines in alkaline media proceeds ambiguously (at the NH; and SH groups) are known [21].
The use of amide acetals in such reactions may ensure selective alkylation at the thiol group.

The reaction of acetal I and lactam acetals III-V with 4-amino-5-carbethoxypyrimidines
VI and VII give amidines VIII and IX. Attempts to cyclize them under the conditions used to
prepare condensed 4-quinolones (200-220°C, TsOH) [22] were unsuccessful because of resinifi-
cation.

Taking into account the fact that the deuterium exchange of the protons of the a-CHa
groups of amidines is catalyzed by bases [23] we made an attempt to cyclize amidines VIII
and IX under base catalysis conditions. We found that the addition of these amidines to a

*See [1] for communication XXVI.
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TABLE 1. PMR Spectra of X-XII in de-DMSO (ppm)

Som- | sen, NCH, | ecH wci | scm | rem | som | ecw

X}l(* — g:gg 3,02 883 — — - -

a — 3,09 8,86 2,5 1,88 3,35 —

X1b 2,65 3,20 — 891 2,60 1,88 3,42 —
XIla - 3,13 3,14 8,87 2,71 1,79 3,46
XIlb 2.56 3,09 — 8,92 2,66 1,79 345

*The signals of the protons of the 6- and 7-CH; groups are
overlapped by the signals of the solvent.

refluxing solution of sodium alkoxide gives rise to exothermic intramclecular cyclization to
give derivatives of pyrido{2,3-d]pyrimidine and pyrrolo-, pyrido~, and azepino[2,3-b]pyrido-

[2,3-d]pyrimidines (X-XIII),

The structures of the resulting two- and three-ring compounds

are confirmed by their PMR spectra (Tables 1 and 2).
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. IV n=2; V n=3; VI R=H; VII R=SCHj; IXaR=H: bR=SCH; Xn=1, R=H;
XI n=2, a R=H; b R=8CHj; XII n=3, a R=H; b R=SCH;; XIIT a R=H; bR=SCHx
H n=2, a R=H; b R=SCHa; XVI n=3, R=H; XVIII n=2, a R"=CyHs;
b R’= (CH3)2N (CHa)z; ¢ R’=(CH;)sN(CHy)s; d R’=CgHsCH, (everywhere R=H); e R'=Cslls,
UXIN n=3, R'=CHgy R=H: XX a R'=CHy b R'=(CHs):N(Cll)y;
¢ R'=(CH;):N(CHy);

The hydroxy group in X-XIII is replaced by chlorine when they are refluxed with phos-
phorus oxychloride. The halogen is replaced by an alkoxy group when chloro derivatives XIV-
XVII are refluxed briefly with solutions of sodium alkoxides. A number of compounds (XVIII-
XX), which are analogs of alkoxy-substituted quinolines and condensed pyrrolo-, pyrido-, and
azepinoquinolines that have definite biological activity [24, 25], have been obtained by this

method.

It should be noted that an attempt to carry out similar substitution in the case of

three-ring compounds that contain a chloroquinoline fragment was unsuccessful {22]. Not only

the halogen but also the methylmercapto group are replaced by ethoxy groups in the reaction
of XVb with sodium ethoxide to give diethoxy derivative XVIIIe.

The increase in the lability of the halogen atom on passing from quinoline to pyrido-
pyrimidine derivatives can be explained by a substantial increase in the electron-acceptor
properties of the pyrimidine ring as compared with the benzene ring.
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TABLE 2. PMR Spectra of XIII in d¢-DMSO (ppm)

Compound CH, NCH):. |  e2cn | scu | ecn
XIlla — 3,16 9,10 8,92 6,02
X1ib 2,54 3,14 — 8,80 597

In the benzylation of pyrimidonaphthyridine XIa with benzyl chloride in dimethylform-
amide (DMF) in the presence of NaH at increased temperatures we isolated two products, one
of which proved to be identical to benzyloxy derivative XVIIId, the other of which was found
to be the isomeric 10-benzyl derivative (XXIa).

It is interesting to note that only 10-N-~benzyl- and 10-N-dimethylaminocethyl derivatives
(XXI and XXII) can be isolated in satisfactory yields in the reaction of alkyl halides with
the Na salts of pyrimidonaphthyridine XTa and azepinopyridopyrimidine XIIa at room tempera-
ture. The alkylation of compounds that contain a y-pyridone ring with alkyl halides may
proceed with the formation of both N-alkyl [26-28] and O-alkyl [29] derivatives.
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XX
XXI ﬂ=2, a R=C5H5CH2; b R:(CHg)QN(CHZ)Z XXII ﬂ=3, R=C5H5CI‘12

EXPERIMENTAL

The PMR spectra of the compounds were recorded with a JNM-4H-100 spectrometer with
tetramethylsilane as the internal standatd. The UV spectra of ~10~* M solutions of the com~
pounds in alcohol were recorded with an EPS~3 spectrophotometer.

. 2-Ethylmercapto-4-amino-5-carbethoxypyrimidine. A 5-g (31 mmole) sample of acetal I
was added to a suspension of 5 g (25 mmole) of pyrimidine II in 35 ml of DMF, and the mix-
ture was heated at 80°C for 2 h. It was then cooled, and the residual (0.3 g) pyrimidine Il
was removed by filtration, and the DMF was removed by distillation. The residual mass was
extracted with boiling hexane to give 3.5 g (65Z) of a product with mp 102-103°C [30]
(hexane) .

N,N~-Dimethyl-N'-(2-methylmercapto-5-carbethoxy-4-pyrimidinyl)acetamidine (IXb). A 15-
ml sample of anhydrous toluene and 6.1 g (38 mmole) of acetal I were added to 4.2 g (21.1
mmole) of pyrimidine VII, and the mixture was refluxed for 3 h., The toluene was removed by
evaporation, and the residue was distilled to give 3 g (512) of amidine IXb with bp 191-194°C
(1 mm) and mp 62-64°C. PMR spectrum, §: 2,14 (C—~CHs), 2.56 (SCHs), 3.18 [(CHs).], 8.71 (4~
CH) and 1.37, 4.31 ppm (COOCzHs). Found: C 51,0; H 6,5; N 19.8; § 11.3%. C,aH1eN,803. Cal-
culated: C 51.1; H 6.4; N 19,9; S 11.4%.

N,N-Dimethyl-N'~(5-carbethoxy-4-pyrimidinyl)acetamidine (IXa). This compound, with bp
159-160°C (1 mm), was similarly obtained in 417 yield. PMR spectrum, &: 2.04 (C—CHs), 3.10
{N(CHs)3], 8.64 and 8.72 (2-CH and 6-CH), 1.33 [CHs(COOEt)], 4.23 ppm [CHz (COOEt)].

5-0Oxo-7~-dimethylaminopyrido[2,3~d]pyrimidine (XIIIa). A mixture of 5 g (0.03 mole) of
pyrimidine VI, 6.5 g (0.04 mole) of acetal I, and 15 ml of anhydrous toluene was refluxed
for 3 h, after which the toluene was removed by evaporation, the residue was added to a re-
fluxing solution of sodium butoxide (from 1.3 g of Na and 40 ml of n-butanol), and the mix-
ture was refluxed for 30 min. The precipitated Na salt of XIIIa was removed by filtration
and dissolved in ice water. The solution was acidified to pH 6 with 1 N HC1l and worked up
to give 2.2 g (42%) of pyridopyrimidine XIIIa with mp 241-243°C (water). Found: C 54.4; H
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TABLE 3. 5-Oxopyrido[2,3-d]pyrimidine Derivatives

Com-~ Found, % Calc., % Yield,
pound| mp, °C Empirical formula

c ln| ~N{s clulnwl|s| ®
X 290a 596 15,6|27.8 | — CioHioN4sO 59,415,0127,7 | — | 42
Xl1a | 260—263b}56,8 |5,9]24,2 1 — C1|H12N4O'Hzoce 56,416,01239 | — | 60
X1b | 244—2484d|516 |5,7{20,2 {118 CisH14N4SO - H,O 51.415,7120,0 (114 | 50
XIla | 152—1544}60,7 |6,2]123,8 | — CgH14N4O - 0,5H,0 60,316,31234 | — | 65
XIIb | 246—248d[56,4 |5,8120,4 | 11,7 Ci3H NSO 56,5(5,8(20,3 |[11,6 ] 19

a) From DMF. b) From water. c¢) Found: HzO 7.4%. Calculated:
Ha0 7.7%. d) From methanol. e) Found: Hs0 6.3%. Calculated:
Ha0 6.3%.

5.6; N 28.2%. CeHi1oN40*0.5H;0. Calculated: C 54.3; H 5.5; N 28.1%. Compounds X-XII were
similarly obtained (Table 3).

2-Methylmercapto—5-oxo-7-dimethylaminopyrido[2,3-d]pyrimidine (XIIIb). A 3.44-g (12.2
mmole) sample of amidine IXb was added to a refluxing solution of sodium butoxide (from
0.56 g of Na and 15 ml of n-butanol), and the mixture was refluxed for 30 min. It was then
cooled, and the precipitated Na salt of XIIIb was removed by filtration and dissolved in ice
water, The solution was neutralized to pH 7 with 1 N HCl, and the precipitated XIIIb was
removed by filtration, washed with a small amount of ice water, and dried to give 1.2 g
(42%) of pyridopyrimidine XIIIb with mp 149-150°C (water). Found: C 50.6; H 5.4; N 23.6%.
CyoH12N,S0. Calculated: C 50.9; H 5.1; N 23.7%.

5-Chloro~9-methyl-6,7,8,9-tetrahydropyrido[2,3-b]lpyrido[2,3-d]pyrimidine (XVa). A 5.3-g
(24.5 mmole) sample of XIa was refluxed with POCl; for 2 h, after which the oxychloride was
removed by distillation, and the residue was treated with a mixture of 2 N NaOH solution and
chloroform. The chloroform was separated, dried with NazSO,, and evaporated to give 5.55 g
(97%) of XVa with mp 125-128°C (benzene). UV spectrum, Apayx (log e): 246 (4.20), 285 (3.78),
358 nm (4.02). Found: C 56.1; H 4.9; Cl 14.7; N 23.9%. C;1H,1ClN,. Calculated: C 56,3; H
4,7; C1 15.1; N 23.9%.

Compounds XIV, XVI, and XVIII were similarly synthesized (see Table 4).

2-Methylmercapto-5~chloro-9-methyl-6,7,8,9-tetrahydropyrido[2,3-blpyrido[2,3-d]pyrimidine
(XVb). A 2.62-g (0.0l mole) sample of XIb was refluxed with POCls for 3 h, after which the
oxychloride was removed by distillation, and the residue was dissolved in water. The solution
was made alkaline to pH 10, and the resulting precipitate was removed by filtration, washed
with water, and dried to give 2.5 g (90%) of chloro derivative XVb with mp 190-192°C (metha-
nol). Found: C 51.4; H 4.5; C1 12.8; N 19.8; S 11.6%Z. C13H;3CIN,S. Calculated C 51.3; H
4.6; Cl 12.7; N 20.0; S 11.4%.

2,5-Diethoxy-9-methyl-6,7,8,9-tetrahydropyrido[2,3-b]pyrido[2,3~d]pyrimidine (XVIIIe).
A 2,1-g (7.5 mmole) sample of XVb was refluxed with a solution of sodium ethoxide (from 2 g
of Na and 30 ml of absolute alcohol) for 2 h, after which the alcohol was removed by evapora-
tion, and the residue was treated with water and extracted with chloroform. The extract was
dried with Na,SO,, and the chloroform was evaporated to give 1.3 g (60%) of XVIIIe with mp
146-148°C (alcohol). Found: C 62.7; H 6.9; N 19.6%. C,sHaoN.Oa. Calculated: C 62.5; H 6.9;
N 19.4%.

Compounds XVIIIa-d, XIX, and XX were similarly synthesized (see Table 4).

5-Benzyloxy-9-methyl-6,7,8,9~tetrahydropyrido[2,3~blpyrido[2,3-d]lpyrimidine (XVIIId) and
5-0xo—9-methyl-10-benzyl-6,7,8,9-tetrahydropyrido[2,3-b]pyrido[2,3-d]Jpyrimidine (XXIa). A
0.42-g sample of NaH was added at 75-80°C to 2.5 g (11.5 mmole) of XIa in 40 ml of anhydrous
DMF, and the mixture was heated at this temperature for 30 min. A solution of 1,98 g (15.5
mmole) of benzyl chloride in 5 ml of anhydrous DMF was added dropwise, and the mixture was
heated at 100°C for 2 h. The DMF was removed by evaporation, water was added to the residue,
and the mixture was extracted with chloroform. The extract was dried with NazSO,, the chloro-
form was evaporated, and the residue was triturated with ethyl acetate to give 0.8 g of XXIa
with mp 179-186°C. The ethyl acetate was evaporated, and the residual oil was triturated
with acetone to give 0.09 g (2.5%) of XVIIId. The acetone was evaporated, and the residue
was treated with a mixture of 2 N aqueous alkali and chloroform. The chloroform extract was
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TABLE 4. 5-Chloro and 5-Alkoxy Derivatives of Pyrido[2,3-d]-
pyrimidine and Condensed Analogs

Found, % . Calc., % *
Compound | mp, °C Empirical formula ',g.
c inlc N c ipi{ct N ;
Xiv 189—19123|54,114,0/16,1]25,2|CioHsN,Cl 51.414,1116,0{254] 47
Xvi 128—134b{57,415,4(14,4|22,6{Ci2H1aN,Cl 58,0(5,2]14,31225| 93
XVl 177—1803151,9{4.3[17,5]26.8| CsHaN,Cl 51,814,3117,0]26,9| 86
XVIia 127—128b164.2|6.7| — |23.0|CisHisN:O 63,9/6,6| — 123,0{100
XVIIIb 61—64C [609{7,3| — [23.7|CisHaiNsO - 0,511,0 60.8{7.4] — {23.7| 65
XVIIb-1Cl|188—1893] — | —|17.8]|18,0{CisHsNsO - 2HCI . | [176]17.3
-C,H;OH
XVllic 85—87d 163.5|7.5] — [23.5|CisHasNsO 6381771 — |23,2] 92
\XVind 148—1499/70,3[6,1| — |18,5|CisH1sNsO 70,6|5,9] — [18,3} 33
XIX 115—1174[64,0|6.6] — [23,1|CisHisN:O 63.9(6.6] — |23,0] 90
XIX 180—182¢|58,815,8| — [27.3}/CioHi2N4O 58,8/59] — 1274| 90
XXb 135—138€(59.3{7,4| — |26.6/Ci3H;sNsO 59.8{7.3] — |26.8] 93
XXe 108—1114[60,8{8.0] — [25.5|C14HaNsO 61,1\7.6] — |25.5] 76
XX e« HC1{218—220 16,0]6.7|19.4]18.8|C,Hy N3O - 2HCI - H,O  [46,0(6,9]19.4]19,1

a) From alcohol. b) From benzene. c¢) From hexane. d) From
heptane. e) From ethyl acetate,

dried with NasS0., the chloroform was evaporated, the residue was dissolved in acetone, and

water was added (the acetone—water ratio was 1l:1). The suspension of solid reaction product
in aqueous acetone was decanted from the oil and filtered to give 0.75 g of XXIa. The over-
all yield of XXIa, with mp 204-207°C (from acetone), was 1.55 g (44%).

5-Ox0-9-methyl-10~benzyl-6,7,8,9-tetrahydropyrido[2,3-blpyrido[2,3~d]pyrimidine (XXIa).
A solution of 1.3 g of benzyl chloride in 10 ml of anhydrous DMF was added dropwise at room
temperature to 2.4 g of the Na salt of XIa in 20 ml of anhydrous DMF, and the mixture was
allowed to stand for 12 h. It was then filtered, and the DMF was removed by evaporation.
The residue was triturated with water to give 2 g (65.5%Z) of pyrimidonaphthyridine XXIa with
mp 204-207°C (acetone). UV spectrum, Apax (log €): 242 (4.36) 256 (3.95); 364 nm (4.01).
PMR spectrum, §: 3.12 (NCH;), 5.57 (NCHz), 8.78 (4-CH), 3.20 (2-CH), 1.76 (7-CHz), 2.48 (6-
CH2), 3.30 (8-CHz) and 7.30 ppm (Ce¢Hs). Found: C 67.2; H 5.7; N 17.3; H30 5.6%. C1aH;12N,0e
Hz0. Calculated: C 66.8; H 6.2; N 17.3; Ha0 5.6%.

The addition of ‘an alcohol solution of oxalic acid to a solution of XXIa in absolute
alcohol gave oxalate XXIa with mp 225°C (dec., methanol). Found: C 60.5; H 5.3; N 14.3%.
Ca20Hz0N40s. Calculated: C 60.6; H 5.1; N 14.1%.

5-0xo-9-methyl —(10-8-N,N-dimethylamino)ethyl-6,7,8,9-tetrahydropyrido[2,3-b]pyrido[2,3~d]-
pyrimidine (XXIb). The procedure used to prepare XXIa was also employed in this case, ex-
cept that XXIb was isoclated in the form of the oxalate, with mp 207-210°C (methanol), in 46%
yield. Base XXIb, with mp 179-185°C (ethyl acetate), was obtained from the oxalate. UV spec~—
trum, Amax (log e): 240 (4.37); 275 (3.37); 362 nm (4.03). PMR spectrum, &: 3.26 (NCHs), 5.10
(NCH,), 8.92 (2-CH), 8.88 (4-CH), 2,80 (6-CH,), 1.88 (7-CHa), 3.50 (8-CHz) and 7.40 ppm
(CgHs). Found: C 62.9; H 7.4; N 24.6%. C,sHa:NsO. Calculated: C 62.7; H 7.3; N 24.4%.,

5-0x0-10-methyl-1l-benzyl-6,7,8,9-tetrahydro-10H-azepino[2,3~blpyrido[2,3-d]pyrimidine
(XX1I). A solution of 0.85 g of benzyl chloride in 5 ml of anhydrous DMF was added to 1.6 g
(6.35 mmole) of the Na salt of XIIIa in 10 ml of anhydrous DMF, and the mixture was heated
at 100°C for 2 h, The DMF was then removed by evaporation, and the residue was treated with
water and extracted with chloroform. The extract was dried with NazSO,, the chloroform was
evaporated, and the residue was triturated with ether to give 0.8 g (39%) of XXII with mp
194--196°C (benzene). UV spectrum, Apax (log €): 250 (4.31), 280 (3.94), 370 nm (3.58).
Found: C 67.6; H 6.7; N 16,635 Ha0 5.0%Z. CisHaoN,O*H;0. Calculated: C 67.5; H 6.5; N 16.6;
Ha0 5.3%.
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