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7-Dimethylamino-5-hydroxypyrido[2,3-d]pyrimidine and pyrrolo-, pyrido, and aze- 
plno[2,3-b]pyrldo[2,3-d]pyrlmidlne derivatives were synthesized by reaction of 
acetals of amides and lactams with 4-amlno-5-carbethoxypyrimldlne derivatives and 
subsequent intramolecular cycllzation of the intermediate amldines. 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- 
follc, antibacterial, diuretic, bacterlostatic, sedative, and coronary-dilating activityhave 
been found among such compounds [2-8]. In particular, the highly effective antibacterial 
agent pyromidlc acid is also a member of this class of compounds [3]. The most important 
methods for the synthesis of pyrido[2,3-d]pyrimidlnes are based on the reactions of deriva- 
tives of 2-aminonicotinlc acid, 2-aminonicotinaldehyde [2, 5, 9-12], and 3-carbethoxy-2-pyri- 
done [13] or its lactim ester [14] with "amldine components" and on the reaction of 6-amlno- 
pyrlmidlne derivatives with 8-dlcarbonyl compounds [6, 7, 12, 15-17]. 

We have developed a new method for the synthesis of pyrido[2, 3-d]pyrimldines and their 
condensed analogs [18, 19] with acetals of amides and lactams and 4-amino-5-carbethoxypyrl- 
mldine derivatives as the starting compounds. In the first stage we studied the reaction of 
dimethylacetamlde diethylacetal (I) with 2-mercapto-4-amlno-5-carbethoxypyrlmldine (II). How- 
ever, we were unable to isolate the expected amldlne -- the principal pathway of the process 
was S-ethylatlon of the mercaptopyrlmldine, evidently via the usual scheme for the alkylation 
of weak acids with amide acetals [20]. 

~/OC~HsCH 3 ~..'CH~ N.~CO2C211 ~ 
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This reaction is of definite interest, since cases in which alkylation of aminomercapto- 
pyrimidlnes in alkallne media proceeds ambiguously (at the NHa 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-amlno-5-carbethoxypyrlmldlnes 
VI and VII give amidines VIII and IX. Attempts to cycllze them under the conditions used to 
prepare condensed 4-quinolones (200-220~ TsOH) [22] were unsuccessful because of resinlfi- 
cation. 

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

*See [i] for communication XXVI. 
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TABLE i. PMR Spectra of X-XII in d6-DMSO (ppm) 
~Com- J 

XIa 3,20 3,0,9 8,86 2~0 1~-88 3~5 
XIb 2~55 3,20 8,91 2,60 1,88 3,42 - -  

XIIa 3,13 374 8,87 2,71 1,79 3,~16 
XI[ b 2~6 3,09 8,92 2,66 1,79 3A5 

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

9-C H_. 

refluxlng solution of sodium alkoxide gives rise to exothermic intramolecular cyclization t o  
give derivatives of pyrido[2,3-d]pyrimidine and pyrrolo-, pyrido-, and azepino[2,3-b]pyrldo- 
[2,3-d]pyrlmldines (X-XIII). The structures of the resulting two- and three-ring compounds 
are confirmed by their PMR spectra (Tables i and 2). 
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I l l n = l "  I V n = 2 ' V  n=3 ;Vl  R=H;VII  R=SCH3; IX a P=H :  bR=SCH~: Xn=l ,  R=I[: 
XI n=2~a 'R=H;  'b  R=SCH3; XII n=3, a R=H; b R=SCH3; XIII a R=H; bR~SCH3: 
XIV n= l ,  R=H; XV n=2, a R=H; b R=SCH3; XV[ n=3. R=H; XVIII n=2, a R =C2H~: 
b R'= (CH3)2N (CH2)2; e R'= (CHa)2N (CH2) 3; d R'=C6HbCII2 (everywhere R = H) ; e R'= C2t1~, 
R=OC2Hs; XIX n=3, R'=CH3; R=H; XX a R'=CIt~; b R'=(CH3)2N(C[I2)~; 

e R '=  (CHz)=N(CH2)3 

The hydroxy group in X-Xlll is replaced by chlorine when they are refluxed with phos- 
phorus oxychloride. The halogen is replaced by an alkoxy group when chloro derivatives XlV- 
XVII are refluxed briefly with solutions of sodium alkoxides. A number of compounds (XVIII- 
XX), which are analogs of alkoxy-substltuted 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 chloroqulnollne fragment was unsuccessful [22]. Not only 
the halogen but also the methylmercapco group are replaced by ethoxy groups in the reaction 
of XVb with sodium ethoxlde to give dlethoxy derivative XVIIIe. 

The increase in the labillty of the halogen atom on passing from quinoline to pyrido- 
pyrlmidlne derivatives can be explalned by a substantial increase in the electron-acceptor 
properties of the pyrlmldlne ring as compared with the benzene ring. 
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TABLE 2. 
L , , 

Compound 

X l l I a  
Xlllb 

PMR Spectra of Xlll in d6-DMSO (ppm) 

CHa N(CHa)2 2-CI-t ] 4-Ctt 

3,16 9,10 8,92 
74 3,14 -- 8,80 

J 6-CH 

I 6,02 
5,97 

In the benzylation of pyrimidonaphthyridlne Xla 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-dimethylaminoethyl derivatives 
(XXl and XXII) can be isolated in satisfactory yields in the reaction of alkyl halides with 
the Na salts of pyrimidonaphthyridine Xla and azepinopyrldopyrimldine XlIa at room tempera- 
ture. The alkylation of compounds that contain a y-pyridone ring with alky ! halides may 
proceed with the formation of both N-alkyl [26-28] and O-alkyl [29] derivatives. 

oH OCH:,C6H.s 0 

N 2. C611~CII2CI N + N 

I I P I 
CH3 C113 (~H~ CH 3 

XVllld C,~H s 

XXI a 

ONa 0 

N ~ ' ~ - - - - ( C  Ho ). 

I I ! CHa R CH a 

XXll 

XXl n=2, a R=C6HsCH2; b R= (CHa)2N(CH~)2; XXIl n=3, R=C6HsCIq2 

EXPERIMENTAL 

The PMR spectra of the compounds were recorded with a JNM-4H-100 spectrometer with 
tetramethylsilane as the internal standard. The UV spectra of ~i0 -~ M solutions of the com- 
pounds in alcohol were recorded with an EPS-3 spectrophotometer. 

2-Ethylmercapto-4-amino75-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~ for 2 h. It was then cooled, and the residual (0.3 g) pyrimidine II 
was removed by filtration, and the DMF was removed by distillation. The residual mass was 
extracted with boiling hexane to give 3.5 g (65%) of a product with mp I02-I03~C [30] 
(hexane). 

N,N-Dimethyl-N'-(2-methylmercapto-5-carbethoxy-4-pyrimldinyl)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 pyrimidlne VII, and the mixture was refluxed for 3 h. The toluene was removed by 
evaporation, and the residue was distilled to give 3 g (51%) of amidine IXb with bp 191-194~ 
(I mm) and mp 62-64~ PME spectrum, 6:2.14 (C--CHs), 2.56 (SCHs), 3.18 [(CHs)a], 8.71 (4- 
CH) and 1.37, 4.31 ppm (COOCaHs). Found: C 51.0; H 6.5; N 19.8; S 11.3%. C,2H,,N~SOa. Cal- 
culated: C 51.1; H 6.4; N 19.9; S 11.4%. 

N,N-Dimethyl-N'-(5-carbethoxy-4,pyrimldinyl)acetamidine (IXa). This compound, with bp 
159-160~ (1 mm), was similarly obtained in 41% yield. PME spectrum, 6:2.04 (C-CHs), 3.10 
[N(CHs)2], 8.64 and 8.72 (2-CH and 6-CH), 1.33 [CHs(COOEt)], 4.23 ppm [CH,(COOEt)]. 

5-Oxo-7-dimethylaminopyrldo[2,3-d]pyrlmidlne (Xllla). A mixture of 5 g (0.03 mole) of 
pyrlmidlne Vl, 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 solutlon 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 XlIla was removed by filtration 
and dissolved in ice water. The solution was acidified to pH 6 with 1 N HCI and worked up 
to give 2.2 g (42%) of pyridopyrimidine XIIla with mp 241-243~ (water). Found: C 54.4; H 
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TABLE 3. 5-Oxopyrido[2,3-d]pyrimidine Derivatives 

Com, Found, % 
pound mp ,~  

C [ H [  N S 
i m 

f m 

I I I 

XIa 260--263b]56,8 ]5,9124,2 
XIb 244--24~8d[51~ 15,7120,2 11,8 

xH.  5 --154dt60  1 , 1238 
XIIb 2~6--248d156:4 15,8[20:4 '~,7 

a) From DMF. b)  From water. 
HaO 7.7%. d) From methanol. 
HaO 6.3%. 

Empirical formula 

CIoHIoN40 
CnHI2N40 �9 H~O c 
C,~HI4N4SO �9 H20 e 
CI~HIcN40 �9 0,5H20 
C13HI6N4SO 

.... Calc., % Yield, 

c [ H I  N ] S % 

59,415,0127,7 - -  42 
56,416,0123,9 60 
5t,415,7120,0 1~,4 50 
60,3 6,3123,4 65 
56,5 5,8120,3 111,6 1,9 

c) Found : HaO 7.4%. Calculated: 
e) Found: HaO 6.3%. Calculated: 

5.6; N 28.2%. C,H,oNdO'0.5HaO. Calculated: C 54.3; H 5.5; N 28.1%. Compounds X-XII were 
slmilarly obtained (Table 3). 

2-Methylmercapto-5-oxo-7-dimethylaminopyrido[2~3-d]pyrimidine (Xlllb). 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 XllIb was removed by filtration and dissolved in ice 
water. The solution was neutralized to pH 7 with 1 N HCI, and the precipitated Xlllb was 
removed by filtration, washed with a small amount of ice water, and dried to give 1.2 g 
(42%) of pyridopyrlmidine Xlllb with mp 149-150~ (water). Found: C 50.6; H 5.4; N 23.6%. 
C~oH, aN~SO. Calculated: C 50.9; H 5.1; N 23.7%. 

5-Chloro-9-methyl-6,7,8,9-tetrahydropyrido[2,3-b]pyrido[2,3-d]pyrimidine (XVa). A 5.3-g 
(24.5 mmole) sample of Xla was refluxed with POCls 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 NaaSO~, and evaporated to give 5.55 g 
(97%) of XVa with mp 125-128~ (benzene). UV spectrum, Xma x (log ~): 246 (4.20), 285 (3.78), 
358 nm (4.02). Found: C 56.1; H 4.9; Cl 14.7; N 23.9%. C,LH~CINd. Calculated: C 56.3; H 
4.7; C1 15.1; N 23.9%. 

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

2-Methy~merca~t~-5-ch~r~-9-methy~-6,7,8,9-tetrahydr~pyrid~[2,3-b]~yrid~[2~3-d]pyrimidine 
(XVb). A 2.62- 8 (0.01 mole)sample of Xlb was refluxed with POCIa 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 i0, and the resulting precipitate was removed by filtratlon, washed 
with water, and dried to give 2.5 g (90%) of chloro derivative XVb with mp 190-1920C (metha- 
nol). Found: C 51.4; H 4.5; C1 12.8; N 19.8; S 11.6%. C,aH~3ClNdS. 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 NaaSO~, and the chloroform was evaporated to give 1.3 g (60%) of XVllle with rap 
146-1480C (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 XVllla-d, XIX, and XX were similarly synthesized (see Table 4). 

5-Benzyloxy-9-methyl-6,7,8,9-tetrahydropyrldo[2,3-b]pyrido[2,3-d]pyrimidine (XVllld) and 
5-Oxo-9-methyl-10-benzyl-6,7,8,9-tetrahydropyrldo[2,3-b]pyrido[2,3-d]pyrimidine (XXIa). A 
0.42-g sample of NaH was added at 75-80~ 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~ 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 NaaSO~, the chloro- 
form was evaporated, and the residue was triturated with ethyl acetate t o  give 0.8 g of XXla 
with mp 179-186~ 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 a n d  5-Alkoxy Derivatives of Pyrldo[2,3-d]- 
pyrimldlne and Condensed Analogs 

Compound 

XIV 
XVI 

XVII 
XVIIIa 
XVIIlb 
XVIIIb. ttC1 

XVIlIc 
XVIIId 

XIX 
XIX 
XXb 

XXc 
XX c. HCI 

Found, % 
rap, ~ .... 

C H C1 

189--191a[54,114,0 16,1 
198--I 34b157,415,4 14,4 
1S7--180a151,9' 4,3 17,5 
127--128 b 64,216,7 - -  
~1--64c 160,917,3 

188--189a1 --1-- IL8 

85--87 d [63.5[7,5 
148--149a170,3]6J 
115--117d[64,016,6 
180--182e] 58,815,8 
135-- 138el 59,317,4 
]08-11 ld160,818.0 
2.18--220a146,016,7 1,~,4 

Calc. ,  % 
Empirical formula 

N c H 

25,2 CIolt9'N4CI 5.!,4 4,1 
22,6 C~2HI~N4C1 58,0[5,2 
26,8 CgHgN4CI 51,8 4,3 
23,0 CI3HI6N40 63,9]6,6 
23,7 CisH21NsO �9 0,5It20 60,8l 7.4 
18,0[CIsH2jNsO �9 2HCI . . . . . . . . .  [ 

] �9 C~HsOH 
23,5] Ct6H~3NsO 63,8] 7,7 
18,5[CIsHIsN40 70,6[5,9 
23,1 [CIzH,6N40 63,9[6,6 
27,31CIoHI2N40 58,815,9 
26,6 [CI3HIgN~O [ 59,~ 17,3 
25,51Ct4H21NsO 161,117,6 
8,8IC.H,.N,O.gHCI.H20 146,016,9 

c! N 

16,0 25,4 
t4.3122,5 I 
17:0 26,9 I 
- -  23,0] 
- -  23.7 I 

17.6 17.3 

- -  23,2 I 
- -  1 8 , 3  I 
- -  23,0[ 
- -  27,4 / 
- - 1 2 6 , 8  I 
- -  12s,5 I 

19,4119,1 [ 

~ 

47 
93 
86 

100 
65 

92 
33 
90 
90 
93 
76 

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

dried with NaaSO~, the chloroform was evaporated, the residue was dissolved in acetone, and 
water was added (the acetone--water ratio was l:l). The suspension of solid reaction product 
in aqueous acetone was decanted from the oil and filtered to give 0.75 g of XXla. The over- 
all yield of XXla, with mp 204-207"C (from acetone), was 1.55 g (44%). 

5-Oxo-9-methyl-10-benzyl-6,7,8,9-tetrahydropyrido[2,3-b]pyrldo[2,3-d]pyrlmldine (XXIa). 
A solution of 1.3 g of benzyl chloride in i0 ml of anhydrous DMF was added dropwise at room 
temperature to 2.4 g of the Na salt of Xla 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%) of pyrimldonaphthyridine XXIa with 
mp 204-2070C (acetone). UV spectrum, Xma x (log r 242 (4.36) 256 (3.95); 364 nm (4.01). 
PMR spectrum, 8:3.12 (NCH,), 5.57 (NCHa), 8.78 (4-CH), 3.20 (2-CH), 1.76 (7-CH,), 2.48 (6- 
CH2), 3.30 (8-CHa) and 7.30 ppm (C,Hs). Found: C 67.2; H 5.7; N 17.3; HaO 5.6%. C,,Ht2N, O" 
HaO. Calculated: C 66.8; H 6.2; N 17.3; HaO 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~ (dec., methanol). Found: C 60.5; H 5.3; N 14.3%. 
C2oHaoN,Os. Calculated: C 60.6; H 5.1; N 14.1%. 

5-Oxo-9-methyl -(10-8-N,N-dimethylamino)ethyl-6,7,8,9-tetrahydropyrido[2,3-b]pyrido[2,3-d]- 
pyrlmidlne (XXIb). The procedure used to prepare XXIa was also employed in this case, ex- 
cept that XXIb was isolated in the form of the oxalate, with mp 207-2100C (methanol), in 46% 
yield. Base XXIb, with rap 179-1850C (ethyl acetate), was obtained from the oxalate. UV spec- 
trum, Xmax (log ~): 240 (4.37); 275 (3.37); 362 nm (4.03). PME spectrum, 6:3.26 (NCH,), 5.10 
(NCHa), 8.92 (2-CH), 8.88 (4-CH), 2.80 (6-CHa), 1.88 (7-CHffi), 3.50 (8-CH2) and 7.40 ppm 
(C,Hs). Found: C 62.9; H 7.4; N 24.6%. CtsHaxNsO. Calculated: C 62.7; H 7.3; N 24.4%. 

5-•x•-••-methy•-••-benzy•-6,7•8,9-tetrahydr•-••H-azepin•[2•3-b]pyrid•[2•3-d]pyrimidine 
(XXII). 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 i0 ml of anhydrous DMF, and the mixture was heated 
at I00~ 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 NaaS04, the chloroform was 
evaporated, and the residue was triturated with ether to give 0.8 g (39%) of XXII with mp 
194--196~ (benzene). UV spectrum, lmax (log E): 250 (4.31), 280 (3.94), 370 nm (3.58). 
Found: C 67.6; H 6.7; N 16.6; HaO 5.0%. CxsHaoN,O'HaO. Calculated: C 67.5; H 6.5; N 16.6; 
HaO 5.3%. 
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