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86. A Novel Pyrimidine Synthesis. Part 11. 4-Amino-5-aryl~yrimidines. 
By W. H. DAVIES, A. W. JOHNSON, and H. A. PIGGOTT. 

Nuclear-substituted a-iminomethylphenylacetonitriles (VI) are prepared by heating the appropriate 
a-formylphenylacetonitrile (IV) with ammonia. By heating with formamide in a stream of ammonia under 
distillation conditions, the imines (111) and (VI) and the substituted phenylacetonitriles themselves are 
converted into substituted 4-amino-5-arylpyrimidines (11). 

Attempts to condense formamide with aliphatic nitriles were unsuccessful. 

FOLLOWING the discovery (Part I, preceding paper) that phenylacetonitrile and certain of its derivatives 
react with formamide to give 4-amino-5-phenylpyrimidine, an attempt was made to establish the scope of 
the reaction by the use of other nitriles. By the direct route of heating the appropriately substituted phenyl- 
acetonitrile with formamide, (I) --+ (11), the following 4-arnino-5-aryZpyrimidines ( T I )  were obtained, the 

. I  

CH,RCN 

? 
CHR(CN)CHO -j CR(CN):CH.ONH, -+ CHR(CN)CH:NH 

yields being given in parentheses : R = p-C1C4H, (51%) ; R = p-OMe.C,H, (38%) ; R = p-OHC,H, (250/&) ; 

The yield in the case when R = fl-NO,*C,H, is low because the nitrile forms a quinonoid ammonium salt 
(VII) under the conditions of the experiment, thus preventing the action of formamide on the a-methylene 
group. Better yields of the nitro-compound (TI ; R = p-N02*C6H4) were obtained by an alternative route, 

(I) -+ (111) j (11). p-Nitrophenylacetonitrile was condensed with diphenyl- 
'~N+H*CN formamidine by the method of Grothaus and Dains ( J .  Amer. Chem. Soc., 1936, 58, 

NH,O/ - 1334) to give (I11 ; R = $J-NO,~C,H~), which was heated with formamide to give 
(VII.) the pyrimidine (11; R = p-N0,*C6H4) in 20% yield. Hence the yield by this 

method, though better than that by the direct route, was still relatively poor : this suggests that the a- 
phenylimino-compound (111) is partly hydrolysed or ammonolysed to p-nitrophenylacetonitrile under the 
conditions of the experiment. 

The third route, (I) --+ (IV) 4 (V) + (VI) ---+ (11), was applied in the cases in which R = p-ClC,H,. 
and R = p-OMeC,H,. These reactions went smoothly and differed from those in which R = Ph only in 
that, during the dehydration of the ammonium salt (V) + (VI), small amounts of yellow by-products were 
formed. These were not isolated but are presumably the appropriate derivatives of the yellow base identified 
as [CPh(CN):CH],NH by Walther and Schickler ( J .  p y .  Chem., 1897, 55, 305). 

In  some cases, 
the a-methylene group was too inert to react (e.g., in heptonitrile and (3-phenylpropionitrile), whereas in others 
the nitrile itself polymerised or broke down ( e g . ,  in rhalononitrile, cyanoacetamide, and succinonitrile) . To 
undergo this pyrimidine synthesis, a nitrile must (a) have an a-methylene group which is further activated, 
(b) preferably have a b. p. above 180", and (c) be fairly stable to ammonia and to small amounts of water 
at 180". 

The p-derivatives 
were all obtained from $-nitrophenylacetonitrile, the p-hydroxy- and p-chloro-compounds being made through 
the diazonium salt of 9-aminophenylacetonitrile and the p-methoxy- by methylation of the p-hydroxy- 
derivative. These methods worked smoothly and are more convenient than routes involving the reaction 
of $-substituted benzyl chlorides with potassium cyanide at  high temperatures (cf. Beilstein, Kuhlberg, and 
Neuhof, AnnaZen, 1868, 147, 347). o-Methoxyphenylacetonitrile was prepared by the following route based 
on Hignet and Kay's preparation of phenylacetonitrile from benzaldehyde ( J .  Soc. Chem. Ind. ,  1935, 54, 981.) : 
o-OHC,H,CHO + o-OMeC,H,*CHO -+ o-OMeC,H,CH(OH) CN + o-OMe.C6H,-CHC1-CN -+ 
o-OMe-C ,H,.CH,.CN. 

(V.1 (VI.1 

(I.) .1 
(IV.) 

R = $-NOz*C6H4 (4.5%) ; R = O-OMe*C,H, (4.0%). 

Attempts to extend the reaction with formamide to other nitriles were without success. 

The preparation of the substituted phenylacetonitriles showed some points of interest. 

EXPERIMENTAL. 
A. Preparation of Intermediates.-(i) p-MethoxyphenyZacetonitl.ile. p-Hydroxyphenylacetonitrile (15.7 g . )  (Koessler 

and Hanke, J .  Biol. Chem., 1919, 39, 586), dissolved in aqueous sodium hydroxide (5.7 g .  in 60 C . C .  of water), was 
treated with methyl sulphate (17-3 g.) with stirring. After the initial reaction had subsided (5 mins.), the mixture was 
heated a t  50" for 2 hrs., cooled, extracted with ether (3 x 50 c.c.), and the ethereal extract washed successively with 
dilute sulphuric acid and sodium hydrogen carbonate, and dried. After removal of the solvent, the residue was distilied. 
p-methoxyphenylacetonitrile being obtained as a pale yellow oil, b. p. 154-156"/17 mm. (yield 18.6 g., 90.5%). 

?-Aminophenylacetonitrile (16.9 g.) (Pschorr, Seydel, and Stohrer, Ber., 1902, 35, 
4400), dissolved in 36% hydrochloric acid (50 c.c.), was stirred at  0" and treated with ice (45 g . ) .  A solution of sodium 
nitrite (9.1 g.) in water (34 c.c.) was run into the stirred suspension of the hydrochloride a t  0-5", and the resulting 
diazonium solution added rapidly to a well-stirred solution of cuprous chloride (56 c.c.) (prepared a t  0" as described 
in Org. Synth., Coll. Vol. 1, p. 163). There was much frothing, the mixture was allowed to warm to  room temperature, 
stirred for a further l$ hours, and finally warmed slowly to 60". On cooling, the p-chlorophenylacetonitrile was 
isolated by ether extraction and distillation as pale yellow needles (10.0 g., 51.70;,), m. p. 30°, b. p. 139-141°/16 mm. 

(ii) p-ChZorophenyZaceto.Pzitrile. 
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(iii) o-MethoxyphenyZacetonitriZe. (a) o-Methoxybenzaldehyde cyanohydrin. The bisulphite compound of o-meth- 
oxybenzaldehyde, prepared in the standard manner from the aldehyde (60 g.), was stirred with a concentrated solution 
of potassium cyanide (80 g.) . The bisulphite compound dissolved immediately ; the cyanohydrin, which separated as 
an oil, solidified on cooling, and was collected, washed, and dried in a vacuum (70 g., 97.3%). It is not necessary to  
purify it further for the preparation of the nitrile, but if desired it may be crystallised from a little benzene; m. p. 71". 

(b) o-Methoxyphenylacetonitrile (cf. Pschorr, Wolfes, and Buckow, Ber., 1900, 33, 166). A solution of the crude 
cyanohydrin (70 g.) in chloroform (60 c.c.) was cooled in ice and gradually treated, with stirring, with a solution of 
thionyl chloride (40 C.C. ; approx. 15% excess) in chloroform (40 c.c.). When no more hydrogen chloride was evolved 
(30 mins.), the mixture was allowed to  warm to room temperature and stirred for a further 15 mins. ; the solvent was 
then removed under reduced pressure, the temperature being kept as low as possible. The crude chloro-compound 
in alcohol (160 c.c.) was treated with dilute acetic acid (90 C.C. in 120 C.C. of water), a little more alcohol being added 
if necessary in order t o  obtain a homogeneous solution. Zinc dust (60 g.) was added in small amounts during 20 mins., 
and the mixture refluxed for 4 hr. After hot filtration, the clear yellow solution was evaporated to  one-third of its 
original bulk, poured into water, and extracted with ether (3 x 100 c.c.). The ethereal extract was washed free from 
acid, dried, and the solvent removed. Distillation of the residue gave o-methoxyphenylacetonitrile as a colourless 
oil, b. p. 141-143"/15 mm., which solidified on cooling. Crystallisation from light petroleum (b. p. 60-80") gave 
colourless needles (42 g., 66.5y0), m. p. 67-68". 

(iv) p-Chloro-a-iminometJ~ylpi~enyZacetonitri. (a) Ammonium salt of p-chloro-a-formylphenylacetonitrile (V ; R = 
p-ClC,H,). 9-Chloro-a-formylphenylacetonitrile (2.0 g.) (Walther and Hirshberg, J .  $r. Chem., 1903, 67,. 393) was 
dissolved in liquid ammonia (100 c.c.) and kept below - 40" for 7 hours. Evaporation of the ammonia left the 
ammonium salt of p-chloro-a-formylphenylacetonitrile (4-14 g. ; 97-7%), m. p. 129-131" (decomp.) (Found : N, 14.25. 
CgHgON,C1 requires N, 14.3%). 

A suspension of the ammonium salt (2.0 g.) 
in toluene (60 c.c.) was evaporated to  small bulk in a slow stream of ammonia. From the resulting clear solution, a 
yellow solid separated (1.25 g.), m. p. 110-122". This was ground with water and sufficient sodium hydroxide to  
make this mixture just alkaline to Clayton-yellow. The insoluble solid was collected, m. p. 132-135" (0.5 g., 27.5%), 
and crystallised from toluene to give p-chloro-a-irninomethylphenylacetonitrile, m. p. 139-140" (Found : N. 15-5. 
C,H N C1 requires N, 15.7 yo). p-Chloro-a-formylphenylacetonitrile was obtained from the alkaline extract on 
acidlfitation (0.65 g. ; 35%), m. p. 156-159". 

(v) p-Metiaoxy-a-iminornethylp~~enylacetonitrile. (a) Ammonium salt of p-methoxy-a-formylphenylacetonitrile (V;  
R = p-OMeC,H,). This was prepared as described for the p-chloro-analogue from p-methoxy-a-formylphenylaceto- 
nitrile (Badhwar, Baker, Menon, and Venkataraman, J., 1931, 1541) and liquid ammonia. Evaporation of the ammonia 
left the ammonium salt (97.1%), m. p. 130-132" (decomp.) (Found : K, 14.4. 

Prepared as for the p-chloro-derivative, 
the crude product after the alkaline extraction, m. p. 118-124" (75y0), was contaminated with a yellow solid, pre- 
sumably the secondary amine. Repeated crystallisation from benzene gave p-nzetJtoxy-a-imino~~zethylpJ~enylaceto,E 
as white plates, m. p. 138" (Found : N, 15.9. From the alkaline extract, p-methoq-  
a-formylphenylacetonitrile (1 1 %) was obtained on acidification. 

B. Reactions of Formanzide with Nucleav-substituted PitenyZacetcnitri1es.-The mixture of nitrile and formamide was 
heated with stirring at 180" in a stream of dry ammonia gas in a flask fitted with a short still-head. 

(i) W i t h  p-metkoxyphenylacetonitrile. an 
aqueous fraction (5.5 c.c.) and unchanged nitrile (0.8 c.c.) distilled over. The mixture in the flask, after cooling, 
crystallised and was washed well with water, the residual solid being separated into a basic and a neutral fraction by 
thorough partition between 2~-hydrochloric acid (total 550 c.c.) and ether. From the ethereal solution, unchanged 
nitrile was recovered (b. p. 144-146"/11 mm., 5.85 g., 32%). The acid extract was cooled in ice, and 4-amino-5-p- 
?nethoxyplaenylpyrirnidine hydvochloride separated as plates (6.9 g . ,  23-2%), m. p. 246-250" raised t o  268-370" by 
recrystallisation from N-hydrochloric acid. Titration showed this t o  be a monohydrochloride (Found : HCI, 15.1. 
C,,Hl10N3,HC1 requires HCI, 15-40/). 

The hydrochloride, together wyth its acid mother-liquors, was made alkaline to Clay ton-yellow with sodium 
hydroxide, and the precipitated base (11; R = p-OMeC,H,) collected and washed (38.3% or 56.1% after allowance 
for recovered nitrile). The base crystallised from methyl alcohol (carbon) in colourless plates, m. p. 16.1-165" 
(Found : C, 

(ii) With p-chlovopJ~enylacetonitde. The nitrile (19.4 g.) was heated with formamide (26 g.) for 7 hours: 3.0 C.C. 
of aqueous distillate and 1.0 C.C. of oil (unchanged nitrile) were collected. On cooling, the mixture crpstallised com- 
pletely to a pale yellow cake, which was thoroughly washed with water (3 x 50 c.c.). The solid was dissolved in 
2x-hydrochloric acid (300 c.c.), the solution clarified by repeated treatment with carbon, and made alkaline to Clayton- 
yellow indicator with sodium hydroxide. The precipitated 4-arnino-5-p-chlo~~opJ~eaylpyrimidine (I1 ; R = p-ClC ,H,) 
was separated, washed, and crystallised from methyl alcohol, forming colourless plates (13.4 g., 51.1 %), m. p. 203-204" 
(Found : C, 57.95; H, 3-8; N, 20-0; C1, 17.3. 

The nitrile (30.5 g.) was heated with formamide (40 g.) for 6 hours, 8.0 C.C. 
of an aqueous distillate containing hydrogen cyanide being obtained. On cooling overnight, the black residue which 
had partly crystallised was thoroughly washed with water (3 x 50 c.c.), and the residue dissolved in N-hydrochloric 
acid (200 c.c.). The boiling acid solution was clarified by repeated treatment with carbon, and on cooling in ice the 
crude hydrochloride of the base was precipitated. Crystallisation from N-hydrochloric acid together with further 
clarification by carbon gave 4-amino-5-p-J~ydroxyphenylpyvzmidine hydrochloride (5.5 g.) , as colourless prisms, m. p. 
300-301" (Found : HC1, 16.75. Cl,H,0X3,HC1 requires HCl, 16-35y0), soluble in cold water but only sparingly- 
soluble in cold N-hydrochloric acid. The combined filtrates from the hydrochloride were made just alkaline to brilliant- 
yellow indicator; the precipitated crude base (I1 ; R = p-OHC,H,) (7.45 g.) was washed and dried. Crystallisation 
from methyl alcohol (carbon) yielded i t  as colourless plates (6.0 g.), m. p. 289-291" (Found : C, 63-75; H, 44: h-, 
22-15. The overall yield (pure base + pure hydrochloride) was 24.7%. 

The nitrile (18.4 g.) was heated with formamide (25 g.) for 34 hours and 
gave an aqueous distillate (12.2 c.c.) and an oil (4.8 c.c.) which readily solidified (unchanged nitrile). More formamide 
(25 g.) was then added, and the heating continued for 1 hour; an additional 7.1 C.C. of aqueous distillate and 1.0 g. of 
nitrile were collected. Xfter 
cooling, the reaction mixture was dissolved in ether (200 c.c.) and washed with 2~-hydrochloric acid (3 x 50 c.c.) and 
with aqueous sodium hydrogen carbonate. From the ethereal solution, unchanged nitrile was recovered (3.1 g., 17y0 ; 
b. p. 138-142"/13 mm.). The acid extract was clarified (carbon) and addition of sodium hydroxide precipitated 
4-amino-5-o-methoxypJzenylpyrimidiae (I1 ; R = o-OMe.C,H,) (0.95 g., 3.8% ; or, after allowance for recovered nitrile, 
'7.3%), which crystallised from methyl alcohol as colourless plates, m. p. 176-177" (Found : C, 66.05; H, 5.65; N, 
20.45. 

(b) p-Chloro-a-iminomethylphenylacetonitrile (\'I ; R = p-ClC,H,). 

C l o H 1 2 0 , ~ ,  requires N, 14.6%). 
(b) p-Methoxy-a-iminomethylphenylacetonitrile (VI  ; R = p-OMeC,H,). 

Cl,H,,ON, requires N, 16.1y0). 

The nitrile (18.4 g.) and formamide (25 g.) were heated for 7 hours; 

65.6; H, 5-45; N, 20.7. C,,H,,ON, requires C, 65.8; H, 5 . 5 ;  N, 20.9%). 

C,,H,N,CI requires C, 58.3; H, 3.9; N, 20.5; C1, 17.3%). 
(iii) Wzlh p-hydvoxyplrenylacetonitvile. 

CloHgON3 requires C, 64.2; H, 4.8; N, 226%).  
(iv) W i t h  o-methoxyphenylacetonitrile. 

(The combined aqueous distillates gave a strong positive test for hydrogen cyanide.) 

C,,H,,ON, requires C, 65.5: H, 5.5; N, 20.9%). 
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(v) With p-nitrophenylacetonitrile. The nitrile (10 g.) and formamide (20 c.c.) were heated for 10 hours, approsi- 

mately 1 C.C. of distillate being obtained. After cooling, the residual thick oil was treated with water, and the sticky 
solid filtered off and ground with alcohol (20 c.c.) : on drying at 40-60', the dark brown powder melted to a black 
resin (6.0 g,), This was repeatedly extracted with 2~-hydrochloric acid, the acid solution clarified (carbon), and 
basified to give a yellow amorphous precipitate, m. p. 205-238" (0.5 g., 4.6%). Repeated crystallisation from 
benzene and from alcohol raised the m. p. of this 4-amino-5-p-nitrophenylpyrimidine (I1 : R = p-NO,*C,H,) to 
234-239' (sintering at 231") and gave no depression with the material obtained by the diphenylformamidine route. 
Further purification was not possible with the small amount of material available. 

C. Reactions of Formamide with Nztclear-substituted a-Iminomethyl~hsnylacetonitriles.-The mixture of the nitrile 
and formamide was heated with stirring a t  180" in a stream of dry ammonia gas in a flask fitted with a short still-head. 

(i) With p-methoxy-a-iminomethylphenylacetonitrile. The nitrile (0.15 g.) and formamide (4 c.c.) were heated for 
3 hours. The filtrate 
was separated into a basic and a heutral fraction by partition between 2~-sulphuric acid and ether. The precipitate 
(A) was dissolved in the acid fraction, the solution clarified (carbon) and made alkaline to  Clayton-yellow with sodium 
hydroxide. The precipitated 4-amino-5-p-methoduyphenylpyrimidine crystallised from water (10 c.c.) as colourless 
plates (0.085 g. ; 49%), m. p. (alone and mixed with the product obtained in Section B) 164-166'. 

(ii) With p-chloro-a-i~inomet~~ylp~~enylacetonitriZe. The nitrile (0.065 g.) and formamide (4 c.c.) were heated for 3 
hours, and the product treated as in the above experiment to yield 4-amino-5-~-chlorophenylpyrimidine (0.04 g.) , 
m. p. (alone and mixed with the product obtained in Section B) 202-204". 

(iii) With p-nitro-a-phenyliminornetlzyl~henylacetonitrile. The nitrile (34 6.) (m. p. 274-276" : Grothaus and Dains, 
206. cit., do not record a m. p.) and formamide (45 c.c.) were heated for 7 hours, most of the distillate (4.2 C.C. and some 
white solid) coming over in the first 3 hours. The product was poured into water (about 100 c.c.), heated to boiling, 
and made strongly acid to Congo-red with 36% hydrochloric acid, sufficient being added to hydrolyse the excess of 
formamide. The hot solution was twice treated with kieselguhr to remove tar and then with carbon, and the hot 
orange-yellow filtrate made alkaline with sodium hydroxide. The crude pyrimidine was filtered off, and purified as its 
hydrochloride by repeated crystallisation (carbon) from 2~-hydrochloric acid (about 50 c.c.) to give the hydrochloride 
of 4-amino-5-p-nitrophenyIpyrimidine (6.6 g., 20yo), m. p. 302-304" (decomp.) (Found : HC1, 14.6. CIoH,O,N,,HCl 
requires HC1, 14.5y0). The hydrochloride, dissolved in hot water (100 c.c.), was treated with excess of iv-sodium 
hydroxide (35 c.c.) , The yellow precipitate was collected, washed, and crystallised successively from alcohol (about 
400 c.c.) and dioxan to  give 4-amino-5-p-nitro$henylpyrimidine (I1 ; K = p-N02*C,H,) as fine deep yellow needles 
(4.6 g.), m, p. 241-243" (Found : C, 55.6; H, 4-05; N, 25.6. C,,H,O,N, requires C, 55.55; H, 3.7; N, 25-9%), 
which did not depress the m. p. of the crude product obtained as in Section B (v). This substance had the curious 
property that its solution in hot dioxan was practically colourless, but on cooling, the yellow colour reappeared and 
yellow crystals separated. 

The mixture, after cooling, was poured into water, and the precipitated solid (A) collected. 
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