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New urea derivatives of diaminomaleonitrile (DAMN, 1) are prepared and their cyclization reactions investi- 
gated. 3-Substituted 5-alkylideneamino-6-cyanocytosines (7) are obtained from DAMN Schiff bases (2) and isocy- 
anates by a novel trans cyclization. Similar cyclization of DAMN urea derivatives (3) with ketones and aldehydes 
was accompanied with hydration of the nitrile group to give 3-substituted 5-alkylideneaminocytosine-6-carboxam- 
ides (9) andl 3,6-disubstituted 4-aminopyrimido[5,4-d]pyrimidine-2,8-diols (lo),  respectively. 

Several nitrogen heterocycles, including imidazoles,l-3 
p y r a ~ i n e s , ~  and diazepines,lt3 have been prepared from di- 
aminomaleonitrile (DAMN, l ) ,  the tetramer of hydrogen cy- 
anide. These syntheses have generally been based on a single 
reaction pattern in which 1 is used as a cis-1,2-diaminoethy- 
lene component. To extend synthetic versatility, a variety of 
the reaction pattern of 1 is desirable. One approach is exem- 
plified by the photochemical conversion of 1 to 4-amino-5- 
cyanoimida~ole,~ which appears to result from the trans iso- 
mer, diaminofumaronitrile.6 No chemical reactions of the 
trans isomer, however, are known mainly because it reverts 
to the cis isomer (1) under the influence of acid, base, charcoal, 
or light or on heating.7 Some derivatives of 1, such as tetra- 
methyl3 and bisanil cclmpounds,8 are known to have the trans 
geometry about the central carbon-carbon double bond of the 
skeleton of 1. Again i;he chemical properties of these com- 
pounds have not yet been examined. 

Here, we want to present a new reaction pattern of DAMN, 
in which 1 is used as a trans-1,2-diaminoethylene component. 
This is demonstratedl by the successive reaction of 1 with 
carbonyl compounds ,and isocyanates to give pyrimidine de- 
rivatives. 

Results and Discussion 
Open-Chain Compounds. Condensation of 1 with al- 

dehydes or ketones is known to afford Schiff bases.lg3 These 
compounds are generally believed to have maleonitrile 
structure 2 (cis configuration) from their IR spectra, the 
presence of two nitrile bands near 2230 and 2200 cm-l, and 
their chemical properties, especially the facile formation of 

R’ 
/ 

1 2 

a, R1 = Ph;  RZ = H d ,  R’ = 4-N02C,H,;  R’ = H 
b, R‘ = 4-C1C6H,; R2 = H 
C, R’ = 4-CH,0C,H4; R2 = H 

e, R’ = 2-furyl; R’ = H 
f ,  R’ = R2 = Ph 

1,4-diaza heterocycles. DAMN Schiff bases 2a-f1,3*9 were 
prepared for the present study. 

Synthesis of the phenylurea derivative 3e (see Table I) from 
1 and phenyl isocyanate3 has been extended here to the 
preparation of alkyl derivatives. The reaction proceeded at 
room temperature without catalyst in acetonitrile solvent to 
give the corresponding monourea derivatives 3a-d in mod- 
erate yields as shown in Table I. N-Benzyl DAMN’S 48-c, 
prepared from 2a-c by sodium borohydride reduction,3 
reacted similarly with isocyanates, and N-benzyl-“-urea 
derivatives 5a-c were obtained (Table I). Table I also includes 
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an N-benzylidene-”-urea derivative (6a) which was isolated 
by a base-catalyzed reaction of 2b and methyl isocyanate in 
acetone, but the latter reaction generally afforded cyclized 
products (vide post). 

Spectroscopic data of these open-chain ureas are presented 
in the supplement of Table I (see supplementary material). 
Two nitrile absorptions in the IR spectra of 3,5, and 6a are 
observed in regions at  2250-2228 and 2210-2195 cm-l. The 
spectral similarity with Schiff bases 2 and the facile formation 
of 3 and 5 without any acid or base catalyst suggest that the 
compounds in Table I also have cis configurations. The ”)(’ R3NCO+ ii>= X 

NC NH, NC KHCONHR 

1, X = NH, 
4, X = NHCH,Ar 

3, X = NH, 
5 ,  X = NHCH,Ar 

2b, X = N=CHC,H4C1 6a, X = N=CI-!C,H,Cl 
characteristic mass pattern is a molecular ion of low intensity 
and the fragmentation by loss of alkyl- or arylamine. 

Cytosine Derivatives (Table 11). By reaction of isocyan- 
ates and DAMN Schiff bases (2a-c and 2f), 3-substituted 
5-alkylideneamino-6-cyanocytosines (7a-d) were obtained. 
Proof of the structure rests primarily on microanalytical and 
spectral evidence. The IR spectra of 7 exhibit one nitrile band 
at 2200 cm-l and two characteristic absorptions in the 
1733-1740 and 1630-1660 cm-l regions. The mass spectra 
contain a molecular ion of moderate intensity, loss of the 
substituent a t  position 3 and loss of alkyl or aryl cyanide a t  
position 5, indicating the presence of a stable ring. The lack 
of alkyl- or arylamine splitting in the major fragmentation 
process almost excludes the possibility that the products are 
open-chain compounds (Table I) or 4-alkylamino- or 4-ar- 
ylaminocytosines by the Dimroth rearrangement. The NMR 
spectra of 7 exhibit two NH protons (exchangeable), for 7d 
a t  6 8.93 and 8.62, and a diffused signal at  6 11-12.1° In the 
spectra of 78-c, the azomethine proton on the side chain a t  
position 5 is observed as two signals: for 7b at 6 8.47 and 8.43. 
When 7a,b were subjected to sodium borohydride reduction, 
the spectra of the products (8a,b) showed the signal of benzyl 
protons at  6 4.4 and no azomethine proton signal. The struc- 
ture having an azomethine side chain was confirmed by the 
above result, but attempts to hydrolyze either the 5-azo- 
methine or 6-cyano groups were unsuccessful. In most cases, 
7 was recovered unchanged. Prolonged treatment of 7a with 
CH&O2H-H202 gave 4-amino-3,6-diphenylpyrimido[5,4- 
d]pyrimidine-2,8-diol (log). 

Cytosine 7b was prepared by the reaction of 2b and 
CH3NCO with Et3N in acetonitrile. As mentioned above, the 
open-chain compound 6a was isolated when the same reaction 
was performed in acetone, in which 6a is sparingly soluble. 
Therefore, it  seems that 6a is an intermediate of the reaction 
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Table I. Open-Chain Urea Derivatives of Diaminomaleonitrile 

- 
Recrystn Decompn 

CompdOsb R3 X Yield, % solvent point, "C 
3a 
3b 
3c 
3d 
3e 
5a 
5b 
5c 
6a 

Me 
I -Pr 
rz-Bu 
Cyclohexy 1 
l'h 
]Me 
]Me 
I -Pr 
IMe 

85 
67 
62 
40 
92 
47 
20 
42 
75 

CH3CN 
CH3CN 
CH~COOC~HF, 
CH&OOC~HF, 
CH3CN 
CH~COOC~HF, 
CHzCOOC2Hb 

CHBCN 
CH3COOC2H5 + n-hexane 

-167 
-184 
-162 - 173 
-23OC 

174-175 
138-141 
2ofi-210 

151-152 

a Satisfactory analytical data (f0.496 for C, H, N, and C1) were reported for all new compounds listed in the table (see the supple- 
mentary material). For spectral data, see the supplementary material. c Reference 3. 

Table 11. Substituted Cytosines 
NH 

ComDdaIb Y 

7a CN 
7b CN 
7c CN 
7d CN 
8a CN 
8b CN 
9a COhIH2 
9b COhIH2 

R3 

Ph 
Me 
i-Pr 
n-Bu 
Ph 
Me 
Ph 
Me 

Reaction time, 
h (temp, " C )  

0.1 (70) 
0.2 (70) 

18 (RT)' 
2 (RT) 
0.25 (5) 
0.25 (5) 
1 (RT) 
3 (RT) 

Yield, % 

97 
64 
90 
18 
85 
82 
59 
58 

Recrystn 
solvent 

CH&N 
CH3NO2 
CH3CN 

CH3CN 
CH3CN 
CH3CN 
CH&N 

CZHBOH ( a d  

Mp, "C 

233-235 dec 
235-238 dec 
213-215 dec 
196197 dec 
159-160 dec 
172-173 dec 
> 300 
> 300 

a Satisfactory analytical data (f0.4% for C, H, N, and C1) were reported for all new compounds listed in the table (see supplementary 
material). b For spectral data, see the supplementary material. c RT = room temperature. 

to give 7b, and it was separated as a precipitate at an early 
stage of the reaction by the latter experiment. In fact, treat- 
ment of 6a with aquelous sodium hydroxide followed by neu- 
tralization gave 7b. Compound 7b was also obtained by oxi- 
dation of 5b with manganese dioxide in dimethylformamide. 
The oxidation conditions have been developed by Begland* 
for the preparation of benzylidene derivatives of 1 from the 
corresponding benzyl derivatives. Hence, the oxidation of 5b 
gave presumably 6a, which would afford 7b in situ by the same 
mechanism. 

The reaction to give 7 seems to demand the presence of a 
base catalyst since 6:3 is recovered unchanged from the hot 
acetonitrile solution. Previous preparations of DAMN de- 
rivatives have generally been carried out under neutral or 
acidic conditions, and the trans-type (fumaronitrile-type) 
reaction of 1 has not been observed (except in a case8 that will 
be discussed below). We postulated that the cytosine 7 syn- 
thesis proceeded through a base-catalyzed isomerization of 
6 to 6', as illustrated in Scheme I. 

Oxidation of 1 is kinown to result in a trans compound, di- 
iminosuccinonitrile." The patent on a bisanil dye? Ar- 
CH= NC(CN)=C(CN)N=CHAr', states that the trans 
compound is prepared from 1 and an aldehyde with concen- 
trated sulfuric acid, whereas the cis isomer is obtained under 
milder conditions, and that the cis isomer can be converted 
into the trans isomel* by heating it in benzene containing a 
small amount of iodine. Hydrogen abstraction from 1 is pre- 

Scheme I 

K' 
/ 

R'COR* R3NC0 
1-2- 

NC' 

B: 
4 

H 

6' 

il 
7 

sumably the initiation step of the photochemical cis-trans 
isomerization of 1.6 These previous examples seem to indicate 
the importance of oxidation [probably at the amino or imino 
group adjacent to the C=C bond] for the isomerization. Ac- 
cordingly, it  is probable to consider that the isomerization of 
6 into 6' in Scheme I is initiated by such a hydrogen abstrac- 
tion with triethylamine, but further evidence was not obtained 
in the present investigation. We are seeking clearer evidence 
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Table 111. Pyrimido[5,4-d]pyrimidines 
NH 

R' Compdosb - 
1 Oa Me 

10b Me 
1 oc F'h 
10d 2-Fury1 
10e €4 
10f Me 
1% F'h 

10h 4-NOzC6Hd 

R3 

Me 

n-Bu 
n-Bu 
C yclohexyl 
Ph 
Ph 
Ph 

Ph 

Reaction 
Methodc time, h 

A 24 
B 18 
A 24 
A 6 
A 2 
A 6 
A 4 
A 1 
B 6 
A 0.3 

Yield. % 
Recrystn 
solvent 

37 
44 
12 
56 
53 
30 
82 
69 
15 
72 

EtOH 

CH$N 
CH$N 
CH3CN 
CH&N 
CHBCN 
CH3CN 

CH3CN 

MP, "C 
294-295 

260-261 
296-298 
>300 
>300 
>300 
>300 

>300 
Satisfactory analytical data (f0.4% for C, H, N, and C1) were reported for all new compounds listed in the table (see supplementary 

Method A, from 3 and R'CHO; method B, from 3 and R'CO- material). b For spectral data, see the supplementary material. _ _  
CHzCOZEt. 

to understand the reaction. 
The cyclization, 6' to 7 in Scheme I, seems to be a fast re- 

action, and attempts to isolate 6' failed. A similar cyclization 
by the addition of an urea moiety to the intramolecular cyano 
group has been reported in the preparation of 3-alkyl-5-cya- 
nocytosine from 3-alkylureidomethylenemalononitrile.'2 

It was expected from Scheme I that cytosine 7 would also 
be obtained by the reversed reaction sequence: reaction of 1 
and R3NC0 to give 3 followed by condensation with R1COR2. 
However, the reactions of 3 with ketones did not afford 7, but 
instead the corresponding 6-carboxamides (8a,b) as shown 
in Table 11. This reaction will be discussed in the next sec- 
tion. 
Pyrimido[5,4-d]pyrimidines (Table 111). The reaction 

of urea derivatives 3a-d and aldehydes in the presence of 
triethylamine gave 3,6-disubstituted 4-aminopyrimido[5,4- 
d]pyrimidine-2,8-dioIs (loa-h) as colorless high-melting 
crystals. The structure of loa-h is consistent with their IR and 
mass spectra, which are characteristic with strong peaks at- 
tributed to the loss of RIC(=NH)NHCHO from the molecular 
ion (the spectroscopic data are presented in the supplement 
of Table I11 in the wpplementary material). Their NMR 
spectra indicate the presence of three NH protons (ex- 
changeable), one on the external nitrogen, for 1Oc at 6 11.3, and 
two on the ring, for 1Oc a t  6 8.0 and 7.8. The structure 10 is 
confirmed by both the above-mentioned results that the hy- 
dration of 7a gives log and that the reaction of 3 and ketone 
gives 9. The compound corresponding to 9a,b is probably the 
precursor of 10 when R2 is H. 

The reaction to afford 10 proceeds smoethly a t  room tem- 
perature in an alcohol solvent, and the products are separated 
gradually as precipitalss. An aqueous solution of aldehyde can 
be used as the reactant: formaline for 10a and a 90% solution 
of acetaldehyde for 10b and 10f. Using ethyl acylacetate 
(method B) instead of aldehyde (method A) gave the same 
product 10. The use of ethyl acylacetate had been developed 
for the preparation of imidazoles in a previous study' to in- 
troduce an RCG component by elimination of ethyl acetate. 
In the present study, however, imidazole formation giving rise 
to purine derivatives by cyclization with the 4-imino group 
is not observed, but further investigation under modified 
conditions is being undertaken. 

Yamada and his c~>-workers'~ reported the formation of 
4,8-diaminopyrimido[5,4-d]pyrimidine from hydrogen cya- 

Scheme I1 

R3NC0 R ' C O R ~  or 
1-3 

R'COCH,CO,Et 

NH 

10 

nide and formamidine in anhydrous liquid ammonia, and they 
explained the result by reaction of 2 mol of formamidine and 
diaminofumaronitrile, a postulated intermediate. Since the 
formation of 1 in their system was proved, the present study 
indicates another possibility of the mechanism, this being that 
the pyrimidopyrimidine resulted from an N,N'-bis(ami- 
nomethylene) derivative of 1 by a trans cyclization. 

By the successive reaction 1 - 2 - 7 (Scheme I), one of the 
nitrile groups of 1 is left unchanged. Hydration of the C-6 
nitrile group of 7 did not occur under the mild conditions used 
in the present synthesis. On the other hand, no nitrile com- 
pound was isolated by the reaction of reversed sequence, (1 - 3) - 9 or 10, although the same type of trans cyclization 
occurred under closely similar reaction conditions. The nitrile 
group seems to be hydrated along with the carbonyl conden- 
sation. Thus, a mechanism involving intramolecular transfer 
of a water molecule is proposed as illustrated in Scheme 11. 

Oxidative cyclization of 9 into 10 occurs presumably by 
atmospheric oxygen. Oxidation during the workup of a cis - 
2,3-dihydropyrazine derivative into the corresponding pyr- 
azine has been reported.l* 
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Experimental Section 
NMR spectra were d.etermined using MezSO-de solutions in a 

Varian HA-100 spectrometer, infrared (IR) spectra by KBr discs on 
a Hitachi EPR-G3 Infracord spectrometer, and mass spectra on a 
Hitachi RMU-6E mass )spectrometer. All melting points were mea- 
sured on a Yanagimoto MP-21 micro hot-stage apparatus and were 
corrected. 

Diaminomaleonitrile !(DAMN, 1) was purchased from the Nippon 
Soda Co., Ltd. (grade A; 98% purity). DAMN Schiff bases ( 2 a P  2b,3 
2c, 2d,9b 2 e F  and 2f') were prepared from 1 and aldehydes or ben- 
zophenone. N-Benzyl derivatives of 1 were prepared by the sodium 
borohydride reductiong of 2a-c: N-(4-chlorobenzyl)diamino- 
maleonitrile (4b), mp 130-131 "C dec (recrystallized from benzene), 
was prepared in a solvent mixture of methanol (50 mL), tetrahydro- 
furan (75 mL), and dimethyl sulfoxide (40 mL).from 2b (9.2 g) and 
sodium borohydride (14.0 g) in 94% yield; N-(4-methoxybenzy1)- 
diaminomaleonitrile (4c), mp 137-138 "C dec (recrystallized from 
benzene), was similarly prepared from 2c in 96% yield. 

General Procedure for DAMN Urea Derivatives 3a-e and 5a-c 
(Table I). A mixture of isocyanate (0.09 mol), 1 or 4a-c (0.03 mol), 
and acetonitrile (50 mL) was stirred at room temperature for 24 h. The 
reaction mixture was then chilled and filtered to yield a solid product, 
which was washed with cold acetonitrile. When the reaction was' 
carried out in other solv'ents than acetonitrile, such as tetrahydrofu- 
ran, major parts of the reactants were recovered unchanged. 

"-Methylurea Derivative of N-(4-Chlorobenzylidene)di- 
aminomaleonitrile (6a.). Three drops of triethylamine were added 
to a mixture of 3.0 g of ;!b, 4.8 g of methyl isocyanate, and 50 mL of 
acetone. The reaction mixture was warmed gently at about 40-50 OC 
until precipitates separated (within few minutes) and then stirred at  
room temperature. After 15 min the solid product was collected by 
filtration and washed with acetone to give 2.8 g of a yellow-white 
powder. Recrystallization gave colorless needles (see Table I). Its 
NMR spectrum showed an azomethine proton at  6 7.50. 

General  Procedure for 3-Substituted 5-klkylidenpamino- 
6-cyanocytosines (7a-c; Table 11). Compounds 7a, 7c, and 7d were 
obtained by the same procedure described for 6a at  the temperature 
indicated in Table I1 frorn the corresponding isocyanate (R3NCO) and 
2a, 2c, and 2f, respectively. Compound 7b was obtained by the method 
using acetonitrile instead of acetone. A compound identical with 7b, 
confirmed by its melting point and IR spectrum, was obtained by the 
following two methods. (1) A mixture of 0.29 g of 5b, 0.3 g of activated 
manganese dioxide, and 5 mL of dimethylformamide was kept a t  
about 70 "C for 4 h with occasionally shaking. Then the solid was re- 
moved by filtration and washed with a small quantity of dimethyl- 
formamide. The filtrate and washing were gathered and diluted by 
water to give 0.1 g of the product. (2) 6a was dissolved in a 10% 
aqueous solution of NaOH and then neutralized with acetic acid to 
give 7b as a white precipitate. 

Reduction of 7 with NaBH4. To an ice-cooled mixture of 1.0 g of 
7a and 25 mL of tetrahydrofuran was added 1.0 g of sodium borohy- 
dride portionwise. On s tking,  7 gradually dissolved into the solution 
which turned yellow to red-brown. Then the reaction mixture was 
poured into 300 mL of ice water. Filtration and washing with water 
gave 0.85 g of 8a as a yellow powder (see Table 11). By the same 
treatment 7b gave 8b. 

Hydrolysis of 7. A mixture of 0.3 g of 7a, 2 mL of hydrogen per- 
oxide, and 10 mL of acetic acid was stirred at  room temperature for 
4 days. After neutralizatimon with ammonium hydroxide, 0.1 g of a solid 
product was obtained in which a small amount of 7a was included, as 
investigated by its IR spectrum. Recrystallization from a large volume 
of acetonitrile gave a compound identical in all respects with log (see 
later). By the following treatments 7a was recovered unchanged: (1) 
stirring with aqueous arnmonia (28%) at  room temperature for 2 h; 
(2) stirring with NaOCH:3 in methanol a t  room temperature for 16 h; 
(3) on heating at  60-80 "C with a catalytic amount of p-toluenesul- 
fonic acid in dimethylformamide for 2 h. 

5-Isopropylideneamino-3-phenylcytosine-6-car~xa~de (9a) 
was prepared similarly by stirring a mixture of 1.0 g of 3e, 1 mL of 
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triethylamine, and 30 mL of acetone. Filtration and washing with 
acetone gave the product 9a as a white powder: NMR 6 1.34 ( s ,  6, CH3), 
7.47 (m, 5), 7.5 (broad, 2, NH). Other spectral data are shown in the 
supplement of Table I1 (see supplementary material). 

The treatment of 0.83 g of 3a, 0.9 g of p-nitroacetophenone, and 
20 mL of methanol gave 9b as a yellow powder (Table 11). 

General  Procedure for  3,6-Disubstituted 4- 
Aminopyrimido[5,4-d]pyrimidine-2,8-diol (10; Table  111). 
Method A. Triethylamine was added to a mixture of 3 (0.01 mol), 
aldehyde (0.02 mol), and 80-100 mL of methanol or ethanol, and the 
reaction mixture was stirred for the length of time indicated in Table 
111. Filtration gave the first crop, and an additional crop was obtained 
from the filtrate after allowing it to stand for several hours. The ratio 
of triethylamine was varied from a catalytic amount (a few drops) to 
an equimolecular quantity (0.01 mol), but no substantial effect on the 
yield was observed. The addition of the base was carried out under 
cooling when aqueous solutions of aldehydes were used since a rapid 
decomposition was observed on heating 3 with water. 

Method B. The above procedure was repeated using ethyl acyla- 
cetate (ethyl acetoacetate for 10a and ethyl benzoacetate for log) 
instead of aldehyde (acetaldehyde for 10a and benzaldehyde for log). 
The reaction proceeded in a similar manner, and identical products 
were obtained. 

Registry No.-1, 1187-42-4; 2a, 56029-18-6; 2b, 51802-11-0; 2c, 
59574-37-7; 2f, 55752-09-5; 3a, 66483-01-0; 3b, 66483-00-9; 3c, 
66482-99-3; 3d, 66482-98-2; 3e, 51802-29-0; 4a, 51802-03-0; 4b, 
66551-64-2; 4c, 66482-86-8; 5a, 66483-02-1; 5b, 66482-97-1; 5c, 
66482-96-0; 6a, 66483-10-1; 7a, 66483-09-8; 7b, 66483-08-7; 7c, 
66483-07-6; 7d, 66483-06-5; 8a, 66483-05-4; 8b, 66483-04-3; 9a, 
66483-03-2; 9b, 66482-95-9; loa, 66482-94-8; lob, 66482-93-7; lOc, 
66482-92-6; 10d, 66482-91-5; 10e, 66482-90-4; 10f, 66482-89-1; log, 
66482-88-0; 10h, 66482-87-9; PhNCO, 103-71-9; i-Pr-NCO, 1795-48-8; 
BUNCO, 111-36-4; MeCHO, 75-07-0; PhCHO, 100-52-7; 2-furancar- 
boxaldehyde, 98-01-1; HCHO, 50-00-0; 4-NO~CeH4-CHO,555-16-8; 
MeCOCH&02Et, 141-97-9; PhCOCHzCOzEt, 94-02-0. 

Supplementary Material Available: Spectral and analytical data 
(5 pages). Ordering information is given on any current masthead 
page. 
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