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Several N-cyanoamidines were prepared by the reaction of imidates with cyanamide or of amidine hydro- 
Various methods were examined for the conversion of simple N-cyano- 

Some related reactions of N-carbamoylamidines are 
chlorides with monosodium cyanamide. 
amidines to  s-triazines and other heterocyclic products. 
reported also. 

N-Cyanoamidines (I) rarely have been examined as 
synthetic intermediates, despite their close structural 
similarity to cyanoguanidine (I. R = KHz), a com- 
pound which has been extensively studied for over a 
century.] The reaction of K-cyanoformamidine with 
guanidine to give a good yield of 2,4-diamino-s-triazine 
is apparentIy the only reported direct conversion of an 
S-cyanoamidine to a heterocyclic product. The 
present paper contains the results of an exploratory 
survey of the preparation of these compounds and their 
utility as intermediates for the synthesis of nitrogen 
heterocycles. 

Compounds of structure I have been obtained pre- 
viously from the action of cyanide ion upon E-halo- 
amidines3 or by treatment of an aniidine with cyanogen 
b r ~ m i d e . ~  S-Cyanoformamidine has been prepared 
in high yield from the reaction of cyanamide with 
formamidine2 or s-triazine.4 

We have prepared several N-cyanoamidines in good 
yields by the reaction of imidates with cyanamide, a 
method which has heretofore been reported only for 
isolated examples of N’-substituted-S-cya~ioamidines.~~~ 
Simplification of this procedure was possible when R 
contained an appropriately situated electron-with- 
drawing group, in that the imidate could then be pre- 
pared from the corresponding nitrile by base-catalyzed 
addition of alcoh01.~ Addition of cyanamide to this 
solution produced the K-cyanoaniidine directly. In  

S H  N-CY 

RCN + R-C-OR’ -+ It-C-XHz 
R‘OH Ij HzNCN ) I  

I 

addition to the simple K-cyanoamidines (I. R = 
CHI, CaH6) employed in the synthetic studies, several 
other compounds were obtained by this procedure, as 
shown in Table I. 

K-Cyanoacetamidine and N-cyanobenzamidine were 
also prepared in good yields by the interaction of mono- 
sodium cyanamide with the corresponding amidine 
hydrochloride in aqueous solution. This appears to 
he an equally good preparative method, notably for 
cases in which the first procedure would require prep- 
aration and isolation of an imidate by the Pinner 
method.8 

The N-cyanoamidines were characterized by analyses 
and infrared absorption spectra. The products showed 

( 1 )  See “The  Chemistry of Dicyandismide,” American Cyanamid Com- 

(2) K. Shirai, K. Odo, and  K. Sugino. J. Org. Chem.. 23, 100 (1958). 
(3) J. Goerdeler and D. Loevenich, Ber., 86, 890 (1953). 
(4) Unpublished results obtained i n  this laboratory b y  I. Hechenbleikner. 
c.5) W. J. Comstock and H. L. Wheeler, Am.  Chem. J., 18, 514 (1891). 
(fi) 0. Pellizzari, Gorx. rhim. i t a . .  41, 93 (1911). 
(7) p. c. Schaefer and G. A. Peters, J .  O r g .  Chem., 26, 412 (1961). 
(8) A. Pinner, “Die Inlidofither u n d  ilire Derivate,” Robert Oppenhein> 

pany, New York, N. Y., 1949. 

((:unt;rv Scliriiidt), Rrd in ,  1892. 

three strong bands attributed to the amino group at  
2.9-3.0, 3.1-3.2, and near 6.0 p ;  carbon-nitrogen 
double bond absorption a t  6.3-6.5 p ;  and strong nitrile 
absorption, usually in the form of a doublet centered 
near 4.55 p .  

A convenient route to 2,4-diamino-s-triazines involves 
the reaction of cyanoguanidine with nitriles or amidine 
salts. By analogy, it appeared that K-cyanoamidines 
might similarly function as useful intermediates for 
the preparation of monoamino-s-triazines. These re- 
actions did occur as anticipated, although isolation of 
pure products was sometimes difficult. 

R‘ 

I1 NH 1 1  N A N  
N-CN 

R-C-NHz + R’C-NHz (.HCl) ,/I 
R NH2 

-_  
NH I N-CN 

R-C-NHz I1 + R’C-NHz 1 1  (.HCl) N-N ,/I 
R NH2 

IIa. R = 
I ) .  R = 
c. R = 
d. R = 
e. R = 
f. R = 

2-Amino-4,6-diphenyl-s-triazine (I Ia) was obtained 
by treating N-cyanobenzamidine with benzonitrile 
in the presence of sodium hydroxide in refluxing 1- 
butanol, benzamidine in hot ethanol, or benzamidine 
hydrochloride a t  175’ in the absence of solvent, but 
yields in all three cases were around 15%. Compounds 
IIb, IIc, and IId were obtained in better yields (25- 
40%) from reactions using the appropriate combination 
of an N-cyanoamidine with an amidine hydrochloride 
at  150-175’. This procedure was found to be the 
most generally applicable for the conversion of I to 
monoamine-s-triazines, whereas diamino-s-triazines (IIe 
and IIf) were obtained conveniently from K-cyano- 
amidines with free guanidine in alcoholic solution. 

Substitution of benzamidine acetate for benzamidine 
hydrochloride in the reaction with Y-cyanoacetamidine 
resulted in formation of 2-amino-4,6-diphenyl-s-triazine 
(IIa), rather than the expected 4-methyl-6-phenyl 
analog. Although there are several possible mecha- 
nisms for this transformation, it is evident that the 
elements of cyanamide must have been lost from the 
starting K-cyanoamidine a t  some point. 

CBHS 

N-CN N H  N A N  IJ II *HOAC 
NH2 CHaC-NHZ + C&IOC-NHz 

IIa 

(9) (a) E. MI. Sinolin and L. Rapoport, “s-Triazines and Derivatives,” 
Interscience Publishers, Inc., New York, N. Y., 19.59, p. 229; (b) E. J. 
Alodest, “Heterocyclic Compounds,’’ Vol. 7 ,  R. C .  Elderfield, Ed.. John  
L7iley and S m s ,  Inc., New York, X. Y., 19131, 1). O X .  
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Time 
at 25' 

15 min. 
12 hr. 
30 min. 

4 hr. 
3 hr. 

15 min.' 
16 hr. 

TABLE I 
PREPAR~TION OF N-CYANOAMIDINES FROM IMIDATES A N D  CYAKAYIDE 

R&-OCH, + HtNCN + R -NHz --- Calcd.--- ----Found-- 
C H N C H N  

rCN NH 

Yield, f."., Recrystallisation 
% C. solrent Formula 

7 2  135-137 CzHsOH C3HbS3 13.36 6.07 50.57 43.59 5.96 50.59 

53 78.5-80 CJI~OAC C4H7S3 49.46 7 . 2 i  43.27 49.27 7.50 42.88 
72 142-142.5" CZHSOH/HZO CaH7N3 

5gb 110.5-111.5 CH$X CSHaN3C1 30.65 3.43 35.75 31.11 3.40 35.99 
43' 166.5168 CHsCPr' CaH&3C13 19.33 1.08 22.54  19.44 1.38 22.94 
5zb 233-234 dec.d . . .  CaHeS402 
83* 224-226 CHIOH C7Hes4 57.52 4.14 38.34 5 7 . 5 2  4.04 38.38 

a Ref. 3 gives m.p. 142.5'. Yield calculated on basis of nitrile. 
dec . 

Reaction of N-cyanoacetamidine with methyl aceti- 
midate in refluxing methanol gave a product, CsH13N7, 
which upon treatment with hydrochloric acid and subse- 
quent neutralization afforded 2-amino-4,G-dimethyl-s- 
triazine (IIb). This same material was formed in high 
yield upon recrystallization of an equimolar mixture of 
S-cyanoacetamidine and 2-amino-4,G-dimethyl-s-tria- 
xine, thus establishing the structure as IIIa. The re- 
action of N-cyanoacetamidine with methyl propionimi- 
date gave the homolog IIIb containing one ethyl 
group in the ring. 

Since the K-cyanoamidines were originally prepared 
by treatment of imidates with cyanamide, it appeared 
that interaction of cyanamide with an excess of an 
imidate under more strenuous conditions would convert 
the initially formed 5-cyanoamidine to the aniino- 
triazine. 

N-CN 
I I  NH 

I1 
R-C-OCHZ + HZNCN- R-C-NHz 

R '  
I 

IIIa. R = R ' =  CH3 I1 
b. R=CHu, R'=C,H; IIg. R=R'=CC13 

This reaction sequence occurred as predicted with 
methyl acetimidate and a 42y0 yield of IIIa was ob- 
tained. With methyl benzimidate, however, the 
reaction did not proceed beyond the first step, since K- 
cyanobenzamidine was the only product found. On 
the other hand, when methyl trichloroacetimidate was 
used as the starting material, the reaction proceeded 
to give a 29% yield of 2-amino-4,6-bis(trichloromethyl)- 
s-triazine (IIg). Apparently, the amino group in this 
compound is not basic enough to form a salt with the S- 
cyanoamidine. It should be pointed out that this 
synthesis of IIg is essentially a cotrimerization of cyan- 
amide with trichloroacetonitrile as the imidate was pre- 
pared and used in situ. 

Other methods of ring closure to form the s-triazine 
bystem were investigated briefly using K-cyanobenzanii- 
dine as the cyanoamidine component and acetic an- 

110) Cj. E. C. T t ~ y l u r  and J. A. Zoltewioa, J .  Am. Chem. SOC., 88, 248 
C l U C j l ) .  

Imidate was not  isolated. At 50'. Ref. 3 reports m.p. 243" 

HCI 

hydride, formamide, and thioacetamide'o as cyclizing 
agents. 

Although the expected product was obtained in each 
cace, yields were again rather low ( <20y0). 2-Methyl- 
4,B-diphenyl-s-triazine was the major product from N- 
cyanobenzamidine and acetic anhydride, again demon- 
strating loss of cyanamide from an N-cyanoamidine 
during the course of a reaction. This tendency to lose 
cyanamide, either through dissociation or displace- 
ment, together with the somewhat lower reactivity of 
tlie nitrile groups i n  the S-cyanoamidines, may account 
for the inferior yields in many of these reactions when 
compared to the corresponding reactions of cyano- 
guanidine. 

A qtriking example of this difference in reactivity was 
oberved in the attempted reaction of K-cyanoamidines 
with aniline hydrochloride in hot aqueous solution. 
Although cyanoguanidine readily affords phenyl- 
biguanide in high yield,ll X-cyanobenzamidine did 
not react under these conditions, while K-cyano- 
acetamidine gave only a small yield of X-cyano-S'- 
phenylacetamidine (1'11) rather than undergoing ad- 
dition at  the nitrile group. 

N-CN N-CS 
/ I  I '  

CH3C-SHZ + C,€I,SHp.HCI + CH,&-SHCeH, 

These are shown in Chart 1. 

1'11 

As is the cab? I\ itli cyanoguanidine, the nitrile 
groups of S-cyanoamidines are readily hydrolyzed 
under strongly acidic ~ondi t ionr .~  l 2  In  the present 
work, K-carbamoylamidine hydrochlorides (VIJI) were 
isolated in good yields upon addition of S-cyanoami- 

(11) G. Cotin. J .  prak t .  Chem [2]  84, 394 (1911) 
LIZ) G. P d a 7 a o  and G. strani, G o a  clizrn itol 91, 216 (1U16) 
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dines to cold concentrated hydrochloric acid or treat- 
ment of the cyano compounds with excess dry hydrogen 
chloride in ethanol. The latter conditions presumably 
involve formation of an intermediate such as IX, which 
then loses ethyl chloride to give VIII. 

N-CK N-CONHz. HCl 
1 1  HC1. HzO 

R-C--NHz -+R- 

[ ,, TH.HC1 ] 
R-C-NHZ.HC1 

I X  

N-C-OCzH5 

Attempts to convert X-carbamoylbenzamidine 
(VIIIa) to 2-hydroxy-s-triazines by various methods 
were unsuccessful. The only products isolated were 
those from which the carbamoyl group had been lost 
(Chart 2 ) .  Presumably, the manner of decomposition 
of these compounds is similar to, but easier than, that 
occasionally found with the N-cyanoamidines, al- 
though mechanisms have not been established for t,hese 
reactions. 

Recently, the preparation of X-carbainoylbenzami- 
dine and its reaction with benzoyl chloride to give 2- 
hydroxy-4,6-diphenyl-s-triazine was reported.'* 

The use of X-cyanoamidines for the synthesis of five- 
membered heterocycles was demonstrated by forma- 
tion of compounds XI1 and XI11 from X-cyanobenz- 
amidine with hydrazine dihydrochloride and hydroxyl- 
amine hydrochloride, respectively. 

HN (I CfiH5 
N-cN Hzh"H2.2 HCI II 

CsHsC-NHZ Hz0 
XII 

HzNOH HC1 \ pyridine 

. .  

XI11 

Reagents.-Crystalline cyanamide was obtained by evapora- 
tion of the commercially available 50% aqueous solution. It was 
purified before each reaction by dissolution in ether, filtration of 
the insoluble cyanoguanidine, and evaporation of the filtrate. 

All imidates and amidines were prepared by standard meth- 

Reaction of Imidates with Cyanamide. General.-S-Cyano- 
aniidines listed in Table I were prepared by the following general 
procedure. To 0.1 mole of imidate was added slowly with swirl- 
ing a solution of 0.1 mole of freshly purified cyanamide in 20 ml. 
of methanol. The reaction mixture was cooled in an ice bath if 
necessary to keep the temperature below 50". After the specified 
length of time, the product was isolated by filtration or by evapo- 
ration of the methanol and crystallization of the residue from the 
appropriate solvent. 

When the imidate could be prepared zn sztu, the following pro- 
cedure was effective. A solution of 0.1 mole of the nitrile in 
25 ml. of methanol was treated with 0.005 mole of sodium meth- 
().tide using the previously described conditions.7 After imidate 
formation was essentially complete, the solution was neutralized 
with 0.005 mole of acetic acid and then treated with cyanamide 
and worked up as before. 

N-Cyanobenzamidine .-A mixture of 25.0 g. of benzamidine 
hydrochloride dihydrate (0.13 mole) and 11.0 g. of 7570 mono- 
sodium cyanamide" (0.13 mole) in 75 ml. of water was stirred 
until the starting materials had dissolved and the product began 
t o  crystallize. After 2 hr. it  was filtered to  give 11.6 g. of white 
crystalline product, m.p. 135-137.5'. Another 2.2 g., m.p. 
139-141 ', crystallized from the filtrate after several more hours, 
for a total of 13.8 g. (74%). Recrystallization from ethanol- 
water raised the m.p. to 141-142" (lit.3 m.p. 142.5'). 
N-Cyan0acetamidine.-Acetamidine hydrochloride, 94.5 g., 1 .O 

mole, was mixed with 69.5 g. of 92% monosodium cyanamide 
(1.0 mole) in 100 ml. of water. Bfter 2 hr., the mixture was 
chilled and filtered, and the resulting white solid was extracted 
with hot acetone. Sodium chloride was removed by filtration 
and the acetone solution m-as concentrated and chilled to give 
38.5 g. of white crystals, m.p. 134-136", and a second 
crop of 6.0 g., m.p. 125-133'. The original aqueous filtrate was 
evaporated and worked up as before to give another 7.7 g., m.p. 
125-130°, for a total of 52.2 g. (63y0). This material was identi- 
cal with that  described in Table I .  

A.-A mixture of 1.05 
g. (0.0072 mole) of N-cyanobenzamidine and 1.15 g. (0.0074mole) 
of benzamidine hydrochloride was fused a t  175' for 2.5 hr. Crys- 
tallization of the resulting mixture from ethanol-water afforded 
0.30g. (17%) of the triazine, m.p. 167-169'(lit."1'8m.p. 172Oand 
168-170". 

B.-A solution of 0.016 mole of benzamidine, prepared from 
2.50 g. of benzamidine hydrochloride and 0.85 g. of sodium 
methoxide in 10 ml. of ethanol, was filterpd and mixed with 2.30 
g. (0.016 mole) of N-cyanobenzamidine. The resulting solution 
was refluxed for 2 hr. and stored overnight. The product was 
collected by filtration. The yield was 0.60 g. (15'%), m.p. 

C.-A solution of 2.0 g. (0.014 mole) of K-cyanobenzamidine, 
1.4 g. (0.014 mole) of benzonitrile, and 20 mg. of powdered 
sodium hydroxide in 10 ml. of 1-butanol was refluxed for 4 hr. 
The mixture was filtered t o  remove traces of solid and evaporated 
to an oily residue which was crystallized from ethanol-water 
vielding 0.60 g. (17%) of crude IIa ,  m.p. 135-160'. Two re- 
crystallizations from ethanol afforded pure material, m.p. 167- 
170". 

D.-Fusion of a mixture of 1.0 g. of N-cyanoacetamidine 
(0.012 mole) and 2.2 g. of benzamidine acetate (0.012 mole) 
xt 160-165" for 3.5 hr. yielded an oil which was partially crystal- 
lized from water. Several recrystallizations from aqueous 
Pthanol gave pure IIa ,  m.p. 169-171", identical with the samples 
described previously. 

ods,7,8,16 

Z-Amino-4,6-diphenyl-s-triazine (IIa). 

168-170". 

It is interesting that the reaction of hydroxylamine 
with the related methyl N-cyanobenzimidate leads to 
the isomer of XI11 in which the positions of the amino 
and phenyl groups are revemed.lR 

( 1 3 )  I< I < .  Ff l l fTt t l i r r l  J I I ~ ~  1 . C .  S ~ l ~ n c f e i ,  ./. Oiy.  C h r r n ,  26, 181h (1963). 

(14) Melting points are uncorrected. N, B. Colthup aided in i n t e r  

(15) F. C. Schaefer and G. A. Peters, J .  Org. Chem., 26, 2778 (1961). 
(16) R. A. Vingee and L. J. Christmann, U. A. Patent 2.656.256 (Octo- 

(17) J. Ephraim, B e y . .  26, 2226 (1893). 
(18) P. R. Ruasell and C. H. Hitchings, ./. A m .  Chctn. Yoc.,  12,  ,1922 

pretation of the  infrared spectra. 

ber 20, 1953); C h e n .  Abatr., 46, 2996 (1954). 

(1950). 
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2-Amino-4,6-dimethyl-s-triazhe (IIb).-A mixture of 4.15 g. 
(0.050 mole) of N-cyanoacetamidine and 4.8 g. (0.051 mole) of 
acetamidine hydrochloride in 6 ml. of 2-methoxyethanol was 
heated a t  a bath temperature of 155' for 4 hr. The solid which 
separated on cooling was filtered and recrystallized from water to 
give 2.55 g.  (41%) of IIb,  m.p. 160-166'. After one additional 
recrystallization from acetonitrile the m.p. was 167-169" 
(lit.'Q+ m.p. 170' and 171'. 
2-Amino-4-methyl-6-phenyl-s-triazine (IIc).-A mixture of 1.6 

g. of benzamidine hydrochloride dihydrate (0.0083 mole) and 
0.85 g. of N-cyanoacetamidine (0.010 mole) was fused at 150" 
for 3 hr. The resulting oil was cooled and treated with 10 ml. of 
water which caused crystallization of a tan solid, 0.40 g. (26y0), 
m.p. 148-152'. This crude material was identified by infrared 
comparison with pure IIc, m.p. 155156", obtained as described 
in the following paper.I3 

A.-A solution of 2.0 g. 
of N-cyanobenzamidine in 5 ml. of formamide was heated at  180" 
for 2 hr. It was recrystal- 
lized from ethanol to give 0.35 g. (15%) of crude material, 
m.p. 187-195". Two additional recrystallizations afforded white 
flakes, m.p. 203-204'. 

Anal. Calcd. for CgHsNp: C, 62.77; H, 4.68; N ,  32.54. 
Found: C, 62.39; H, 4.63; N, 32.44. 

B.-A mixture of 1.0 g. (0.0145 mole) of N-cyanoform- 
amidine2 and 2.3 g. of benzamidine hydrochloride (0.015 mole) 
was fused at  160" for 30 min. The resulting solid was triturated 
successively with water and hot ethanol to give 0.70 g. of IId as 
tan crystals, m.p. 201-204'. The ethanol solution yielded 
another 0.07 g., m.p. 195-198', for a total of 0.77 g. (31%). 
2,4-Diamino-6-methyl-s-triazine (IIe).-A solution of guani- 

dine was prepared from 3.1 g. of guanidine hydrochloride and 
1.75 g. of sodium methoxide in 20 ml. of methanol. This was 
filtered and 2.5 g. of N-cyanoacetamidine was added. After 
refluxing for 6 hr., the solution was chilled and filtered to give 
2.0 g. (53%), m.p. 275276", identical with an authentic sample. 
2,4-Diamino-6-phenyl-s-triazine (IIf).-Application of the 

above procedure to N-cyanobenzamidine afforded a 19% yield of 
IIf, m.p. 219-223', compared with an authentic sample. 

Z-Amino-4,6-dimethyl-s-triazine, N-Cyanoacetamidine Salt 
(IIIa). A.-A solution of 2.1 g. (0.050 mole) of cyanamide in 
10 ml. of ethanol was added slowly with swirling to 7.4 g. (0.10 
mole) of methyl acetimidate. The resulting warm solution was 
refluxed for 6 hr. and stored a t  room temperature overnight, 
during which time the product crystallized. The yield was 2.2 g. 
(42%), m.p. 179-182'. Two recrystallizations from methanol 
gave an analytical sample, m.p. 182-183.5'. 

Anal. Calcd. for C ~ H I ~ N ~ :  C, 46.36; H, 6.32; N, 47.32. 
Found: C, 46.68; H, 5.90; N, 47.38. 

This compound was converted to the hydrochloride of 2-amino- 
4,6-dimethyl-s-triazine by treatment with excess dry hydrogen 
chloride in ethanol. Addition of the salt to aqueous bicarbonate 
gave the free base, m.p. 166-167', identical with the sample pre- 
pared earlier. 

B.-A solution of 1.65 g. (0.020 mole) of N-cyanoacetamidine 
and 1.50 g. (0.020 mole) of methyl acetimidate in 5 ml. of meth- 
anol was refluxed for 6 hr. and chilled. The crystalline II Ia  was 
filtered; yield, 1.05 g. (51%), m.p. 182-184". 

C.-Recrystallization of a mixture of 0.30 g. (0.0024 mole) 
of 2-amino-4,6-dimethyl-s-triazine and 0.20 g. (0.0024 mole) of 
N-cyanoacetamidine from methanol afforded 0.35 g. (70%) of 
pure IIIa,  m.p. 183-184.5", identical with the samples described 
previously. 

2-Amino-4-ethyl-6-methyl-s-triazine, N-Cyanoacetamidine 
Salt (IIIb).-A solution of 2.5 g. of N-cyanoacetamidine (0.030 
mole) and 2.85 g. of 94% methyl propionimidate (0.031 mole) in 
5 ml. of ethanol was refluxed for 5.5 hr. and chilled to give 1.50 g. 
(45%) of white solid, m.p. 148-155". An analytical sample, 
m.p. 158-15ga, was obtained after three recrystallizations from 
methanol. 

Anal. Calcd. for C ~ H I ~ N ~ :  C, 48.85; H, 6.83; K ,  44.32. 
Found: C, 48.97; H, 6.72; N,44.08.  
2-Amino-4,6-bis(trichloromethyl)-s-triazine (IIg) .-A cold SO- 

lution of 7.4 g. (0.051 mole) of trichloroacetonitrile in 20 ml. of 
methanol was treated with 0.15 g. of sodium methoxide and kept 
a t  room temperature for 30 min. It was then treated succes- 
sively with 0.20 g. of acetic acid and 1.05 g. (0.025 mole) of 

2-Amino-4-phenyl-s-triazine (IId). 

Upon cooling, a tan solid separated. 

(19) N. Tsoherven-Iwanoff, J .  prakt. Chem., [21 46, 142 (1892). 
(20) H.  Sohroeder and C. Grundmann, J .  Am. Chem. Soc. ,  78, 2447 

(1956) .  

cyanamide and then refluxed for 4.5 hr. The resulting solution 
was evaporated to a dark oil from which there was obtained, by 
crystallization and recrystallization from ethanol-water, 2.4 g. 
(29%) of the triazine as dirty white prisms, m.p. 163-165.5'. 
Further recrystallization raised the m.p. to 165-1637' (lit.21 m.p. 
165-166'). A mixture melting point with N-cyano-Z,Z,Z-tri- 
chloroacetamidine, m.p. 166.5168", was strongly depressed. 
No nitrile band was apparent in the infrared spectrum. 

Reaction of N-Cyanobenzamidine with Acetic Anhydride.-A 
solution of 1.0 g. of N-cyanobenzamidine in 4 ml. of acetic an- 
hydride was refluxed for an hour. The resulting yellow solid was 
recrystallized from acetonitrile to give 0.18 g. (14%) of 2- 
hydroxy-4-methyl-6-phenyl-s-triazine (IV), m.p. 239-241 '. An- 
other recrystallization afforded material, m.p. 243-245". 

Anal. Calcd. for CloHsNaO: C, 64.16; H, 4.85; N, 22.45. 
Found: C, 64.13; H, 4.58; N, 22.79. 

The acetic anhydride solution was then distilled and the oily 
residue was crystallized from water and recrystallized from 
ethanol-water yielding 0.25 g. (29%) of 2-methyl-4,6-diphenyl-s- 
triazine (V), m.p. 94-102". After another recrystallization the 
m.p. was 107-108". The structure was confirmed by comparison 
with an authentic 

2-Mercapto-4-methyl-6-phenyl-s-triazine (VI).-A solution of 
0.75 g. (0.0052 mole) of N-cyanobenzamidine and 0.40 g. (0.0053 
mole) of thioacetamide in 5 ml. of acetone was treated with excess 
dry hydrogen chloride. An orange gum was quickly formed. 
The acetone was decanted and 5 ml. of water was added, causing 
crystallization of a bright yellow solid. The yield was 0.20 g. 
(19%), m.p. 208-213'. Two recrystallizations from ethanol 
raised the m.p. to 230.5233'. 

Anal. Calcd. for CloH9N&3: C, 59.09; H, 4.46; N, 20.68; 
S, 15.77. Found: 

N-Cyano-"-phenylacetamidine (VII) .-A solution of 0.85 g. 
(0.010 mole) of X-cyanoacetamidine and 1.3 g. (0.010 mole) of 
aniline hydrochloride in 5 ml. of water was heated on the steam 
bath for 3 hr. Addition of dilute sodium hydroxide to the cooled 
solution caused separation of an oil which partially crystallized 
on standing. Recrystallization from ethanol gave 0.08 g. of 
VII, m.p. 190-192" (lit.6m.p. 193'). 

N-Carbamoylbenzamidine Hydrochloride (VIIIa).-Addition 
of excess dry hydrogen chloride to 1 .O g. of N-cyanobenzamidine 
in 10 ml. of absolute ethanol, while cooling in an ice bath, 
produced a white crystalline solid which was filtered and washe! 
with ether. The yield of VIIIa was 1.2 g. (87ojC), m.p. 192-194 , 
in agreement with the lit.12 m.p. 192-194'. 

N-Carbamoylacetamidine Hydrochloride (VIIIb). A.-Appli- 
cation of the previous procedure to  0.40 g. of N-cyanoacetamidine 
gave 0.40 g. (60%) of VIIIb, m.p. 167-170'. The melting 
point was raised to 170-1 72" by recrystallization from ethanol. 

Anal. Calcd. for C3H7N30 HCL: C, 26.18; H ,  5.S6; X,  
30.54. Found: C, 26.41; H, 5.83; N, 30.79. 

B.-When 0.50 g. of N-cyanoacetamidine was mixed with 3 
ml. of cold concentrated hydrochloric acid a vigorous reaction 
occurred with formation of a clear solution. Evaporation to 
dryness and crystallization from ethanol afforded 0.65 g. (78%) 
of VIIIb, m.p. 163-165" dec. Further recrystallization gave a 
sample identical with that described earlier. 

Reaction of N-carbamoylbenzamidie with Acetic Anhydride. 
-A mixture of 1.0 g. of VIIIa and 0.41 g. of sodium acetate in 
5 ml. of acetic anhydride was refluxed for an hour. The cooled 
solution was poured into water and neutralized with sodium 
bicarbonate. Extraction with ether gave a dark oil which slowly 
crystallized on drying under vacuum. Recrystallization from 
ethanol-water gave 0.30 g. (48%) of 2-methyl-4,6-diphenyl-s- 
triazine (V), m.p. > loo', in two crops. Further recrystalliza- 
tion from ethanol gave pure material, m.p. 108-108.5", identical 
with an authentic sample.22 

2-Phenyl-s-triazine (X).-A solution of 1 .O g. of N-carbamoyl- 
benzamidine hydrochloride (0.0050 mole) and 0.43 g. of s-tri- 
azine16 (0.0053 mole) in 10 ml. of absolute ethanol was refluxed for 
2.5 hr. Removal of the ethanol left a colorless oil which was 
partially crystallized from methanol-acetonitrile to give 0.25 g .  
of an unidentified hydrochloride, m.p. 77-79'. The mother 
liquor was evaporated to dryness leaving an oil which crystal- 
lized upon addition of water. This material, 0.47 g., m.p. 62- 
63', was identified as 2-phenyl-s-triazine (X) by comparison 
with an authentic sample23; yield, 590/,. 

C, .59.46; H ,  4.54; K, 20.75; S, 16.07. 

(21) A. Weddige, J .  prakt. Chem., 121 33, 76 (1886). 
(22) A. Pinner, Ber., 25, 1824 (1892). 
(23) F. C. Sohaefer and G. A. Peters, J .  Am. Chem. Sor 81, 1470 (1RBU). 
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2,4-Diphenyl-s-triazine (XI).-A solution of 1.1 g. of N-car- 
bamoylbenzamidine,lz m.p. 130-132', in 3 ml. of formamide 
was heated a t  180-185" for an hour. The white solid which crystal- 
lized on cooling was extracted into petroleum ether. This solu- 
tion was decanted from some insoluble oil and evaporated to give 
0.10 g. (13%) of XI,  m.p. 68-72'. Recryatallization from aque- 
ous ethanol gave a sample which had m.p. 73-75' and an infra- 
red spectrum identical with that of an authentic sample.28 
J-Phenyl-1,2,4-triazolin-5-one (XII).-A mixture of 1 .O g. 

(0.007 mole) of N-cyanobenzamidine and 0.75 g. (0.007 mole) of 
hydrazine dihydrochloride in 15 ml. of 50y0 aqueous methanol 
and was refluxed for 3 hr. Most of the methanol waR distilled. 
Upon cooling 0.30 g. (30y0) of the starting material crystallized. 
A little sodium bicarbonate was added to the aqueous filtrate, 
from which XI1 s!owly crystallized during 24 hr. The yield was 
0.25 g. (23YG), m.p. > 300". It was recrystallized from 50Yc 
aqueous ethanol; m.p. 32%-325' (lit.24925 m.p. 321" and 324'). 

In another run, under slightly more strenuous conditions, a 
15% yield of benzoylurea,a m.p. 210-212', was isolated in addi- 
tion to a lesser amount of XII .  
3-Amho-5-phenyl-l,2,4-oxadiazole (XIII).-A solution com- 

posed of 1.0 g. of N-cyanobenzamidine, 0.50 g. of hydroxylamine 
hydrochloride, 3 ml. of ethanol, and 2 ml. of pyridine was re- 
fluxed for 30 min. and filtered hot to remove ammonium chloride. 
The filtrate was chilled t o  give 0.35 g. (31%) of XII I ,  m.p. 
156-160'. One recrystallization from ethanol raised the m.p. 
to 164-165.5' (lit.2*327 m.p. 164" and 164-165"). 

(24) H. Gehlen, Ann., 568, 185 (1949). 
(25 )  E. Hoggarth, J .  Chem. Soc., 1918 (1949). 
(26) H. Wieland and H. Bauer, Ber., 40, 1680 (1907). 
(27) P. Adams, D. W. Kaiser, and G. A. Peters, J .  Org. Chem., 18, 834 

(1953). 
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Alkyl N-cyanoimidates, a new class of reactive intermediates, have been prepared by reaction of cyanamide 
with ortho esters or imidate hydrochlorides. The S-cyanoimidates react with amidines to give 2-amino-s- 
triazines, with amidoximes t o  give 2-amino-s-triazine 1-oxides, with hydroxylamine to give 5-amino-1,2,4- 
nadiazoles, and with hydrazine to give 3-amino-1,2,4-triazoles. Interaction of monosodium cyanamide with 

N-cyanoimidates gives S,X '-dicyanoamidine salts. which cyclize to 2-amino-s-triazines upon treatment with dry 
hydrogen chloride. 

As an extension of the work reported in the pre- 
vious paper' concerning the use of K-cyanoamidines 
as intermediates for the synthesis of certain nitrogen 
heterocycles, we have investigated the chemistry of the 
related S-cyanoimidates (I), with the expectation that 
the more easily displaceable alkoxy group would allow 
more efficient reactions with nucleophilic reagents. Al- 
though l;-cyanoimidates have apparently not been re- 
ported in the literature, various 5-carbamoylimidates2 
and X-a~yl imidates~,~ are known. JIoreover, they have 
been reported to react well with aniiiies to give S-acyla- 
midinesS2,5 An N-cyanopseudourea (I. R = NH2) has 
also been prepared16 but its reactions were apparently 
not investigated. 

We first obtain ethyl N-cyanoacetimidate as an 
unexpected product from attempted cotrimerization'" 
of ethyl acetimidate with thiodiformamidine dihydro- 
chloride (11). Consideration of the probable mecha- 

NH NH XH 

H1N8--S-&-NHn-2 HC1 + CH, & -O& --+ 
I1 

NH.HC1 

s 
I' 

CH3 E -0CzHs 

.1 
(+ H~NL-NH~.Hc!) + HzNCN 

N-CN 
II 

CHsC-OCzHs + NHdCl 

(1) K. R. Huffman and F. C. Schaefer, J .  Org. Chem., a8, 1812 (1983). 
(2) C. W. Whitehead and J. J. Traverso, J .  Am. Chem. Soc., 77,  5872 

(19.55). 
(3) H. L. Wheeler and P. T. Kalden, 4m. Chem. .I., 19, 129 (1897). 
(4) H. L. Wheeler, P. T. Walden, and H. F. Jletcalf, i b i d . ,  20, 64 (1898). 
( 5 )  H. L. Wheeler and P. T. Walden, ihid. .  20, 568 (1898). 
I f \ )  M'. hIadelnng and E. Kcrn,  A n , ( . ,  427, 1 (1922). 

nism of this reaction suggested that this N-cyanoimi- 
date resulted from reaction of the imidate hydrochlo- 
ride with cyanamide, the latter arising from dissocia- 
tion of the starting material. Although imidates gen- 
erally react with amino compounds with displacement 
of alcohol to give amidines, in many cases use of the 
imidate hydrochloride shifts the reaction to  give 
formation of the N-substituted imidate by loss of am- 
monium chloride.8 Thus, while reaction of cyanamide 
with imidates rapidly gave N-cyanoamidines, it ap- 
peared that the corresponding reaction of the imidate 
salt might lead to X-cyanoimidates. 

KH*HCl N-CN 
II R'OH 1 1  

RC-OR' + H2NCN + RC-OR' + NHiCl 
I 

The first results were immediately encouraging when 
it was found that ethyl and methyl N-cyanoacetimidates 
(I. R = CH3, R' = CzHb or CH,) could be prepared 
in 60-65OjO yields according to the equation shown. 
The procedure consisted simply of mixing the imidate 
hydrochloride with cyanamide in alcoholic solution, 
filtering the ammonium chloride after a few hours, and 
isolating the product by distillation. The somewhat 
slower reaction of imidate hydrochlorides with alco- 
hols to give ortho esters* did not appear to be interfering 
to any appreciable extent. 

Unfortunately, this method failed to give pure isolable 
N-cyanoirnidates when the group R was made more 
complex than alkyl. The use in this reaction of alkyl 
imidates containing a- or @-chloro, a-hydroxy, or a-cy- 
ano groups led to complex mixtures or different products. 

(7) (a) F. C. Schaefer, .I. Org.  Chem.. 27 ,  3603 (1962); (b) F. C. Sohaefer 
a n d  G. A. Peters, zbzd., 26, 2778 (1961). 
(8) For examples, see R. Roger and D. G .  Neilson, Chem. Reu., 61, 179 

(1961). 


