HETEROCYCLES, Vol. 24, No. 8, 1986

NOVEL SYNTHESIS OF PYRIDOPYRIMIDINE DIONES1

Amin Farouk Fahmy*, Mohamed Salah Kamel Youssef**, Mohamed Sald

Abdel Halim™, Mamdouh Adly Hassan™, and Jourgin Sauer™**

hd Chemistry Department,Faculty of Science,Ain Shams University,
Cairo, Egypt

** Chemistry Department, Faculty of Science, Assiut University,
Assiut, Egypt

*** Tnstitute of Organic Chemistry, University of Regensburg,
8400 Regensburg, West Germany

Abstract — N-(Phenylsulphonyloxy)quinolinimide (I) reacts with
different nucleophiles to give II-VIII. It was proved that the
nucleophilic attack occurs at the more electro-positive carbonyl

group te give only one product in good yields.

Pyridopyrimidine derivatives possessing long lasting diuretic and selective nat-
rivertic activities2 and some of them having analgesic antiinflammatory and cen-
tral nervous system depressing activitiesa. In this work, we have synthesized un-
reported pyrido[B,E-d]pyrimidine—z,4~diones through the reaction of N-(phenylsul-
phonyloxy)quinolinimide (I} with different nuclecophiles.

Ammonolysls of N-{phenylsulphonyloxylquinolinimide{(I} with dry ammonia at room
temperature gives a mixture of 2-carbamoyl-3-pyridylurea{II) and lH,3H-pyrido-

[3,2-dpyrimidine-2,4-dione(I11). Fusion of II gives TII with evolution of ammonla
in 98% yield.
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Structure of II and III was confirmed on the basis of elemental analyses and spec-
troscopic data. The lH nmr spectrum of II (DMS50, 250 MHz) showed the following
signals: 6.67 (NH2 in the 3-position, 2H, br s), 7.45-7.50 (HB, 1H, d of d), 7.8
and 8.34 (NH2 in the Z—positionq, 2H, two br s), 8.13-8.16 (HA’ 1H, d of d}, 8.79-

8,83 (HC, 1H, d of d) and 10.9 {NH, 1lH, s). Mass spectrum of II showed molecular

ion at m/z 180 and the latter undergoes the fragmentation pathwayss(a and b) as
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shown in Scheme 1.
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Scheme 1

Mass spectrum of III showed molecular ion at m/z 183 which undergoes fragmentation
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as shown in Scheme 2,
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Compound I reacts vigorously with hydrazine hydrate in dry benzene at room tempera-

ture to give 3—aminopyrido[3,2-d}pyrimidine—2,4-dione(IV).
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The 1H nmr (DMSQ, 250 MHz} for IV showed the following signals: 5.55, 5.57 {d, 2H,
NHZ)’ 7.59-7.68 (m, 2H, HB + HC)’ 8.51 (d of d, 1lH, HA)’ 11.62 (br, 1H, NH). The
splitting of the NH2 group into doublet i1s propably due to the intramolecular
hydrogen bonding between the NH2 protons and the two carbonyl oxygen which are not

equivalent. These hydrogens are magnetically nonequivalent and they appear at dif-
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ferent chemical shifts.

The mass spectrum of IV showed molecular ion at m/z 178 and the latter undergoes

the fragmentatlions shown in Scheme 3.
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When hydroxylamine hydrochloride was added to I in dry pyridine it gives 3-hydroxy-

pyrido[a,z-d]pyrimidine~2,4(1H)-dione {(v).
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The structure

The 1

data.
OH) and 12.06

undergoes the

of V was elucidated by elemental analysis as well as spectroscopic

nmr (DMSQ, 60 MHz)} showed signals at:

(br, 1H, NH).

fragmentation as shown in Scheme 4.

+
LERERY
Eftﬂ: ] -fon (&
Xy (-32) w0 o, I
N

c=0 N-0H
a/e =147 o
-0
" [(‘za) w/s »}79
-
Z H:c:u} .
Hy Sy | csa3na-]
w/E =11% /e =93
=00
J(-?B)
*
CRy R,
B/t =91
Scheme 4

fol

8.63-7.28 (Ar-H), 10.7 (br, 1H,

The mass spectrum showed molecular lon at m/z 179 which
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The reaction of I with ammonia, hydrazine hydrate and hydroxylamine hydrochloride

to glve III, IV and V respectively propably takes place in the following steps:

(Scheme 5)- (i) Nucleophilic attack at the carbonyl carbon (a} to give A. (ii)

Lossen rearrangement of A te glve the Intermediate isocyanate B. {iii) Cyclizatlon

of B to give the products.
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Treatment of I with aromatic amines namely aniline, p-toluidine and p-anisidine in
benzene at room temperature afforded sym-N-2-{arylcarbamoyl)-3-pyridyl-N'-aryl-

ureas (VIa-c).
RHCORH=AT

N CONH=-AT
VI

a, Ar = C6H5; 6H4CH3(p—); c, Ar = C6H4UCH3(p—).

The structure of VIa-c¢ was conflrmed on the basis of elemental analyses as well as

b, Ar = C

spectroscoplc data. The 1H nmr of VIa {(DMSD, 60 MHz) showed signals at: 6.83-7.78
(Ar-H + Hp, M1H, m), 8.13 (Hg, 1H, d of d}, 8.70 (HC, 1H, d of d) and 9.72, 10.55,
10.72 (3 NH). Compound VIb (DMSO, €0 MHz)} showed signals at: 6.88-7.72 {Ar-H +

Hg» 9H, m), 8.13 (Hg, 1H, d of d), 8.73 (H,, 1H, d of d), 9.63, 10.52, 10.77 (38H)

B’
and 2.23, 2.27 (6H, 2 CH3,25). Compound VIc (DMS0O, 250 MHz) showed signals at:
6.85-6.89, 6.93-6.97 and (7.41-7.44, 7.74.7.77), 8H, 2 AA'BB', 7.58 (HB, 1H d of
d)}, 8.29 (HA’ l1H d of d), 8.87 (HC, 1H ¢ of d}, 2.67, 10.63, 10.94 (3 NH, 3s) and
3.72, 3.76 (2 OCH,, &H, 2s).

It should be noted in the lH nmr spectrum of the compound VYIa-c that HC 1s the

most deshielded proton which can be explalned by the following resonance struct-

ures.
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It should also be noted that, the secondary amino group in the 3-position can eng-
age in hydrogen bonding with the carbonyl group in the 2-position, and sec restric-
ts the confirmational possibilities for the carbonyl urea, therefore its an iso-
tropic effect should be taken into consideration.

Mass spectra of Vla-c showed meolecular ions at m/z 332, 360 and 392 respectively.
These ions undergo the fragmentation as shown in Scheme 6.

The formation of sym-N-2-{arylcarbamoyl )} -3 -pyridyl-N'-arylureas VIa-c¢ by the react-
ion of N-(phenylsulphonyloxy)quinclinimide I with aromatic amines may explain by

the mechanism shown in Scheme 7,
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Fusion of VIa-c¢ above its melting polnt (by 10°C), under reduced pressure, it gives

— 2206 —




HETEROCYCLES, Vol. 24, No. B, 1986

3-arylpyrido[3,2-d]pyrimidine-2 ,4 (1H}-dione VIIa-c.

a) Ar = C6H5;

b, Ar = CGHQCHB(p); C, Ar = C

‘\FO

N—-Ax

VII

5H40CH3(p)

Structure of VIla-¢ was confirmed by elemental analyses and spectroscopic data,

The *H nmr of VIIa {DMSO,

7.71 (HC + H 2H, m),

B!

250 MHz) showed signals at:

(H 1H d of d), 7.69 (HB,

C!

and 3.81 (DCHB, 3H, s}.

Mass spectra of VIIa-c showed molecular ions at m/z 239,

250 MHz) showed signals at:
8.50 (HA
7.01-7.06 and 7.21-7.26 (Ar-H,

1H,

7.30-7.52 (Ar-H, 5H, m),7.62-

1H d of d} and 11.49 (NH, 1H, s). For VIIc (DMSO,

4H and AA'BB'), 7.62

d of d), 8.50 (HA’ 1H, d of d), 11.57 (NH, 1lH, s}

253 and 269 respectively.

These ions underge fragmentation as shown in Scheme 8.
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When I was boiled in absoclute ethanol and/or absolute methanol in the presence of

pyridine as a catalyst it give ethyl-{(3-ethoxycarbonylamino)-2-pyridine carboxylate

and methyl-{3-methoxycarbonylaming)-2-pyridine carboxylate (VIIIa-b) respectively.
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The structure of VIIIa,b was confirmed on the basis of elemental analyses as well

as spectroscopic data.

4,6-9

The 1H nmr for VIIIa (CDC1 250 MHz) showed signals at: 1.34 (CH3 in the

3?
3-position, 3H, t), 1.47 (CH3 in the 2-position, 3H, t), &.25 (CH2 in the 3-posit-

ten, 2H, q}, 4.51 (CH, In the 2-position, 2H, ql, 7.46 (HB, 1H, d of d of d}, 8.39

(HA’ 1H, d of d), 8.88 (HC’ 1H, d of d), 10.44 (NH, 1H, br s}. Mass spe.:’crumlo_15

showed the presence of molecular ion at m/z 238. The major fragmentation pathways

1

are 1llustrated in Scheme 9. The “H nmr {(CDCl 250 MHz) for VIIIb showed the fol-

3’
lowing signals: 3.81 (CH3 in the 3-position, 3H, s}, &4.02 (CH3 in the 2-position,

3H, s}, 7.48 (HB, 1H, d of d of d), B8.38 (HA’ 1H, d of d}, 8.86 (HC’ l1H, d of d),

10.44 (NH, 1H, s). Its mass spectrum revealed molecular ion at m/fz 210.
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The reaction of alcohols namely ethanol and methanol with N-(phenylsulphenyloxy}-

guinolinimide (I) probably takes place according to the following Scheme:
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On the other hand, 3-arylpyridd 3,2-d]pyrimidine-2,4{1H)-diones VIIa-c were pre-
pared by an alternative route via heating VIIIa with aromatic amines at 200-220°C.

The products obtained by this method were identical is all aspects (mp, mmp, ir,

nmr & ms} with those prepared by the previous method.

EXPERIMENTAL

All mp's are not corrected. The ir spectra were carried out on a Acculab. 1,Beckman
using KBr wafer technique. lH nmr (60 MHz) were measured on T 60, Varian (measur-
ing temperature T = 35 + 1 °C) and lH nmr (250 MHz) were measured on PTF-NMR Spec-
trometer WM 250 (measuring temperature T = 23 + 1°C). Low resolution mass spectra
was recorded on moenofocusing Varian MAT CH-5 mass spectrophotometer at icnization
energy 70 eV and using direct insertlion probe. High resolution and metastable nms
were recorded on a Varian 311 A, double focusing instrument with reversed geometry
at 70 eV.

Action of Benzenesulphonyl Chloride on N-Hydroxyquinolinimlde. Formation of I.

Benzenesulphonyl chloride (470 mg, 260 mmol ) was added to a solution of N-hydroxy-

quinolinimide16 (400 mg, 250 mmol ) in pyridine (& ml). The reaction mixture was

stirred for 15 min. The solid formed was removed by filteration, washed with 5%
sodium bicarbonate solution, then dired and crystallized from toluene to give
(556 mg, 1.83 mmocl , yleld 75%) of I, mp 181-192°C as colourless needles. Anal.

Caled. for ClBHBNZOS: ¢, 51.27; H, 2.65; N, 9.20. Found: C, 51.29; H, 2.63; N,9 21,
1

The ir showed a doublet at 1790 and 1730 cm~ (ﬂC:O) as expected for coupling

17,18 1
E

carbonyl band of cyclic imides and at 1380, 1180 cm -~ for (502-0-). lH nmr
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(DMS0, 60 MHz) showed signals at:7.91 {Ar-H + Hg, 8H, m), 8.3 (HC, 1H, d of d) and
8.89 (HA’ 1H, d of @). Mass spectrum showed the following m/z {rel. int %)}: 304 M"'
(10), 148(5), 143{6), 142(7), 141(100), 105(17), 78(7), 77(89), 51(10)} and 50(7)}.

Action of Ammonia on N-(Phenylsulphonyloxy)quinelinimide I. Formation of II and III.

Dry ammonia gas was allowed to pass through a suspension of 400 mg (1.31 mmol ) of
I in dry benzene (25 ml} for 1 h. The solvent was removed under reduced pressure,
and the solid formed was washed with ethanol. By means of column chromatography
(silica gel, 20 cm helght, 3 cm diameter), (150 mg, 0.83 mmol } of 2-carbamoyl-3-
pyridylurea (II) and (50 mg, 0.3 mmol } of pyrido[B,2—d]pyrimidine-2,4(lH y 3H) -
dione (III} were separated as colurless solids using ethylacetate as an eleuent.
Compound II, mp 220-221°C dec , yield 63°%. Anal. Calcd. for C7H8H402: C, 46.66;
Hy &.47; N, 31.10. Found: 46.51; H, 4.53; N, 30.77. Ir spectrum revealed pair of
bands at 3380 and 3190 cm ) characteristic for primary amides'” and at 1685, 1660
cm'l for C=0's. Ms showed m/z (rel. iInt %): 180 M+(28), 163(16), 147(5), 137(100),
136(8), 120(29), 119(12), 94(17), 93(17), 92(34), 91(6), 67(11), 66(11), &5(7),
64(4). Compound XIIL, mp 340-345°C, vield 23%. Anal. Caled., for C-H.N,0 C, 51.53;

77503857
H, 3.09; N, 25.76. Found: C, 50.93; H, 3.50; N, 25.72. The ir showed many bands
for NH in the reglon 3180-2730 em L, and for C=0 at 1720 and 1690 em™l. The ms

showed m/z (rel. int. %): 163 M~ (98), 120 (53), 93(7), 92(100), 91({7), 66(12),
65{(35), 64(16), 58{(14).

Fusion of (100 mg, 0.55 0.55 mmol ) of Z-carbamoyl-3-pyridylurea {II) at 250°C
for 15 min , i1t gives (88.7 mg, 0.54 mmol , yield 98%) of pyrido[B,Z—d]pyrimidine—
2,4-(1H ,3H)-dione {III}.

Action of Hydrazine Hydrate on I. Formation of 1V.

Hydrazine hydrate 460 mg (9.2 mmol ) was added to a suspension of N-{phenylsulpho-
nyloxy)quinolinimide (I) (700 mg, 2.3 mmol) in dry benzene. The reaction mixture
was stirred for 1 h and the solvent was removed under vacuo. The solid formed
was then washed with ethanol and crystallized from acetic acld to glve 279 mg
{1.57 mmol , 68%) of 3—aminopyrido[3,2-d]pyrimidine-2,4(1H)-dione (IV) as colour-
less solid, mp 320-325°C. Apal. Calcd. feor C7H6N402: C, 47,203 H, 3.39; N, 31.46.
Found: C, 4#7.1%4; H, 3.55; N, 31.41, The ir showed bands for NH in the region 3340-
2650 cm'l, and two C=0's at 1730, 1680 em™l. The ms showed m/z {rel. int. %):

178 MY (100), 150(4), 149(7), 188(53), 147(78), 134(8), 121(35), 120{(77), 119(81),
106(11), 105(16), 94(92), 93(40), 92(74), 91(46), 78(55), 77(8), 76(11l), 75(17),

70(14), 67(20), 66(39), 65(60), &4(39), 53(22), 52(26), 51(23), SO(15).
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Action of Hydroxylamine Hydrochloride on I. Formation of V.,

To a solution of N-{phenylsulphonyloxylquinolinimide (I) (700 mg, 2.3 mmol ) in
dry pyridine {5 ml), hydroxylamine hydrochloride (640 mg, 9.2 mmol ) was added. The
reaction mixture was stirred at room temperature for 1 h and the solvent was re-
moved under vacuo. The oily residue formed was washed with water and with ethanel.
The solid formed was filtered off, dried and crystallized from acetlc acid %o glve
(305 mg, 1.7 mmol , 74%) of 3-hydr0xypyrido[3,E—d]pyrimidine-z,h(lH)—dhme (v), mp

300-305°C.Anal. Calcd. for C7H5N303. N, 23.46., Found:N, 23.06. The ir showed br

13 1

bands for OH and NH in the region 3140-2720 cm = and for C=0's at 1740-1670 cm
The mass spectrum showed m/z {(rel. int. %): 179 MY (68), 163 (21), 147 (100}, 12¢
(17), 1192 (34}, 93(18), 92(12), 91(1s8), 78(5), 73(7),66(5), 65(8), &4(3).

Action of Primary Aromatic Ammines on I. formation of VIa-c.

The primary aromatic amines (4.0 mmol } was added with stirring to a suspension of
M-{phenylsulphonyloxy)quinolinimide {(I) (1.0 mmel ) in dry benzene at room temper-
ature. The reaction mixture was stirred for 6 h , then the solvent was removed
under vacuo. The solld product was washed with ethanol and purified on a silica
gel column using ether as an eluent teo glve sym-N-2-(arylcarbamoyl}-3-pyridyl-N'-

arylureas (VIa-c) as colourless solids (cf. Table 1}, The ir spectra showed the

presence of WH in the region 3350-3180 cm'l, and C=0 in the regloen 1660-1640 cmfl
Table 1
Comp. mp Yield Mol. Mol . Analysis

No. o % Formula Wt . Found Calcd.,
VIa 197-98 88 C19H16Nk02 332.2 C% 68.61 68.87
H% 4.78 4.82

N% 16.93 16.86

VIb 201-2 g0 CZlHZONQOZ 360.4 C% 70.00 69.98
H% 5.%9 5.59

% 15,56 15.54

Vic 210-11 95 CZlHZONHD# 392.4 C% 64.12 64,28
H% 5.18 5.13

N% 14,23 14.28

Action of Heat on VIa-c. Formation of VIla-c.

sym-N-2-(Arylcarbamoyl)}-3-pyridyl-N'-arylurea (VI} (200 mg) was heated under reduced
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pressure (1.5 mm) at 200-220°C for 2 h. The solid formed was cooled, washed with
ethanol and crystallized from ethanel to give 3—arylpyridd:3,2~d]pyrimidine-2,k-

(1H)-djones (VIIa-c) (cf, Table 2). The ir spectra revealed the presence of NH at

3210-3125 cm~tand two C=0's at 1765-1735, 1670 cm™ L.
Table 2?2

Comp. mp Yield Mol . Mol. Analysis

No . oC % Formula Wt. Found Caled.

VIiIia 2340 75 C13H9N302 239.2 Ch 64 .98 65,27
H% 3.76 3.79
N% 17.71 17.55

VIIb 336-42 75 C14H11N302 253.2 €% 66.80 66.38
H% 4.26 4,37
N% 16.45 16.59

Vilc 325-30 73 C14H11N303 269.3 C% 62.38 62 .44
H% 4.09 4.11
N% 15.62 15.6¢

Action of Alcohols on I. Formation of VIIIa,b.

N-(Phenylsulphonyloxy)quinolinimide (I) (1.3 mmol) was refluxed with ethanol and/
or ethanol (100 ml) in presence of few drops of pyridine for 2 h. The solvent was
removed under vacuo, and the solid formed was crystallized from petroleum ether to

give alkyl -{3-alkoxycarbonylamino)-2-pyridine carboxylate (VIIIa,b) as colourless

crystals.

Compound VIIIa, mp 80-81°C, yield 65%. Anal. Calcd. for C11H14N204: C, 55.42; H,

5.92; N, 11.76. Found: C, 55.39; H, 5.77, N, 11,87. The ir spectrum revealed the
1

presence of NH at 3220 cm_l, and of C=0 at 1725, 1685 cm~ Compound VIIIb, mp

134-135°C, yleld B88%. Anal. Caled. for C9H10N204: €, 51.42; H, 4.79; N, 13.33.

found: C, 51.41; H, 4.76; N, 13.33. The ir spectrum showed the presence of NH at
3300 and C=0 at 1770, 1700 em™'.

Reactlon of Ethyl-(3-ethoxycarbonylamino}-2-pyridine Carboxylate (VIIa}) with

Aromatic Amines. Formation of 3-Arylpyrido[3,2-d]pyrimidine-2,4(1H)-diones {VI1la-c}.

VIIa (1.0 mmol )} was heated with the aromatic amines {4 mmoel ) at 200-220°C for
2 h. The solid formed was cooled, washed with ethanol and recrystallized from

ethanol to give VIITa-c.
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