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mole) was stirred and heatcd a t  175-210' for one hour. I t  
u-as poured into water, filtered and dried; wt. 66.8 g. A 
portion of this crude product was extracted with hot ace- 
tone. Recrystallization of the acetone-soluble portion from 
chloroform showed the crude product to  b- 36% hexadecyl- 
urea, m.p. 106.7-107.0". The literature gives 106-107°5 
and 108.5°.s 

i lnal.  Calcd. for C17H36S20: C ,  71.75; H, 12.75; S,  
9.85. Found: C, 72.17; H,  12.36; S, 10.30. 

Recrystallization of another portion of crude reaction 
mixture from chloroform showed it to be 42yo 1,3-dihexa- 
dccylurea, m.p. 110.7-112.2". 

Anal .  Calcd. for CsaHs~S20: C, 77.90; H ,  13.47; S, 
5.51. Found: C, 78.40; H, 13.25; S, 5.93. 

1,3-Dioctadecylurea.-A mixture of octadecylamine (59.2 
y , ,  0.22 mole) and urea (6.0 g., 0.10 mole) was stirred and 
heated for 3 hours at 160-165". It became homogeneous 
within :in hour and noticeable evolution of ammonia had 
ceased after 2 hours. The product was recrystallized 
several times from chloroforni to yield 1,3-dioctadecylurea 
:L, white flakes, m.p. 113.X~ l1-l.io, having an annoying 
tcndency to  develop electrostatic charges. The  literatureQ 
gives the m.p. 112.0-112.5". The ).icld of once-recrystal- 
lizetl product was 67%. 

. Ina l .  Calcd. for C ~ ~ H ~ ~ S A O :  C,  78.65; H,  13.56; SP 
4.96. Found: C, 79.00; H,  12.61; S,  5.21. 

1,3-Didodecylurea and Butyl Dodecy1carbamate.-A mix- 
ture of dodecylamine (37.0 g., 0.20 mole), urea (24.0 g., 
0.40 mole) and n-butyl alcohol (44.4 g., 0.60 mole) was re- 
fluxed for 31.5 hours, the temperature rising to 154'. Re- 
crystallization from acetone gave 29.2 g. (74Yo) of 1,3-di- 
dodecylurea, m.p. 100.3-102.5°; m.p . ,  after further re- 
crystallization, 103.3 - 105 ..5 O .  

A n d .  Calcd. for C~jH52X20: C, 75.69; H ,  13.21; K, 
7.06; mol. wt., 397. Found: C,  75.91; H ,  13.00; S ,  7.32; 
mol. wt. (benzene b.p.), 112. 

The acetone filtrate contained butyl dodecylcarbamate, 
111.p. 35.2-36.2". In a subsequent experiment, where 
equimolar amounts of amine, urea and alcohol were heated 
:it 200', this compound was obtained in 84% yield. 

Anal .  Calcd. for CliHsiNO2: C, 71.52; H ,  12.36; S, 
4.91; mol. wt., 285. Found: C, 71.67; H, 12.30; N, 5.37; 
mol. wt. (benzene b.p.) ,  292. 
~- ____ 
(8) S. P. >lassie, Zown Sliilr roll. J S i i . ,  21 ,  41 (194Ij).  
(9) R'. I. Harber,  ibzd. ,  15, 13 (1940). 

1 ,1-Dioctadecy1urea.-A mixture of dioctadecylatniiic 
(.i2.1 g., 0.10 mole) and urea (12.0 g., 0.20 mole) was stirred 
and heated at 160-165' for 5 hours. The molten, two- 
phase mixture was poured onto ice, filtered, mashed with 
water, and dried; wt. 58.2 g., m.p. 57-61.5". The litera- 
tureg gives the m.p. 65.0-65.5'. Attempts to shorten thc 
m.p. range by recrystallization from various solvents were 
not successful. Nevertheless, according to analysis, it 11 a \  
relatively pure. 

Anal. Calcd. for CJiH7BK20: C, 78.65; H, 13.56; S ,  
4.95. Found: C, 78.50; H ,  13.97; S, 5.38. 

1-Dodecy1biuret.-A mixture of dodecylamine (37.U g., 
0.20 mole) and urea (24.0 g., 0.40 mole) was stirred and 
heated at 170-175" for 4 hours; mt .  of crude product 54.5 g. 
Recrystallization from chloroform showed that this con- 
sisted largely of dodecylurea. By recrystallization from 
ethyl acetate, 1.6 g. of crude 1-dodecylbiuret, m.p. 111.5-- 
120°, was isolated. 
chloroform raised the m.p. to  129-130.5". 

Further recrystallization from Skelly B 

.4naZ. Calcd. for Cl lHZLS30~:  C, 61.96; H ,  10.77; X, 
15.49. Found: C, 61.82; H ,  10.79; N ,  15.24. 

1,3-Dioctadecylbiuret.-A mixture of octadecylariiinc 
(53.8 g., 0.20 mole) and urea (12.0 g., 0.20 mole) \vas heated 
at 15G-160" for 1 hours. Then, over a period of 2 hours, 
the temperature was raised to  193-200". The mixture 
was heated at 195-200'' for 6 hours; a t  the end of this time 
the evolution of ammonia had ceased. The weight of crude 
product was 59.2 g., consisting mostly of 1,3-dioctadecyl- 
urea. However, recrystallization from chloroform yielded 
16.1 g. of crude 1,3-dioctadecylbiuret, m.p. 90-91". Fur- 
ther recrystallization from Skelly B and pyridine --acetoni- 
trile raised the m.p. to  96.5-98.5'. The material shobvs a 
strong tendency to develop electrostatic charges. 

Anal. Calcd. for C38H7iS302: C, 75.06; H ,  12.77; K ,  
6.91. Found: C, 75.07; H ,  12.29; S,  6.80. 

1,5-Dioctadecylbiuret .-A mixture of octadccl-laniine 
(53.8 g . ,  0.20 mole), urea (12.0 g., 0.20 mole) and ethylene 
glycol (6.5 g., 0.105 mole) was stirred and heated at 120- 
130" for 6 hours. It was homogeneous after the first 2 hours. 
Recrystallization from chloroform-acetone gave 47.3 g. of 
crude product, m.p.  98-101". Further recrystallization 
from chloroform raised the m.p. to 104.5-105.5'. 

.4naZ. Calcd. for CaSH77N302: C, 75.06; H, 12.77; S, 
6.91. Found: C, 75.05; H,  12.61; N, 7.33. 

This compound was also obtained in good yield by heat- 
ing octadecylaniiiie and urea for 3 hours a t  162-172". 
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The Conversion of Formamides into Formamidines' 
BY H. GEORGE MANDEL~ AND ARTHUR J. HILL 
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N,N'-Diarylformamidines have been prepared by the interaction of substituted formanilides with ariilines in the presence 
of phosphorus pentachloride, in chloroform medium. The homodisubstituted amidines were obtained in yields up to 70%. 
Heterosubstituted amidines could be prepared by two different routes but usually were contaminated with the corresponding 
homodisubstituted compounds. Ethoxy-, carbethoxy-, amino- and nitro derivatives of diphenylformamidine were prepared. 
The nitroamidines could be reduced to the corresponding amino compounds. Trisubstituted formamidines were synthesized 
by different routes and alkyl-aryl atnidines were ohtained. Seither dialkyl nor alkyl-aryl disubstituted forinamidincj 
could be prepared. 

The structural relationship of formamidines to 
the imidazole ring, which forms a portion of the 
histamine molecule, suggested that these coni- 
pounds might possess antihistaminic or other bio- 
logical activity. The synthesis of a number of sub- 
stituted derivatives of these compounds was there- 
fore investigated. 

(1) From the  dissertation presented by H .  George >landel in partial 
fulfillment of the requirements for the degree of Doctor of Philosophy, 
Yale IJniversitv. 1940. 

The application of the phosphorus halide method 
for the synthesis of amidines from amines and ani- 
ides has been previously reported by Hill and Rabi- 
now it^.^ In their study of homologs of phena- 

caine, C H ~ C N  , these investigators pre- 

pared several amidines in which the methyl group 
had been replaced with other alkyl radicals. The 
method was extended by Hill and Cox4 to hetero- 

NCGHPOC~H~ 

\ N H C ~ H ~ O C ~ H ,  

( 2 )  Department of Pharmacology. T h e  George Washingtun Uni- ( 3 )  b. J .  Hill and I .  Rabinorvitz, Ttixs J O U R X A ~ . ,  48, 732 (1926) 
versity School of Medicine, Washington, U. C. (1) A.  .I. Hill and >I. V.  Cox, i b i d . ,  48, 3214 (192ti). 
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X 
H 
p-CO2CyHj 
P-OCsHj 

H 

P-OCyH j 

p-so:! 
m-NO2 
0-NO2 
H 
H 
P-CO:!C?Hj 

Y 
H 
p-COgCyH, 
P-OCyHj 

p-COyC?Hj 

p-C0:!C2Hj 

p-xo2 
m-IiO2 
O-KOz 
p-SOP 
m-NO:! 
m-SO? 

TABLE I 
SCeH4X 

~ ,~ ' -DIARYLFORMAMIDINES HC/ 
\SHCsHdY 

Substituent 
on amine 

M.P. ,  oc. reactant Yield, % Formula 

140-141 x 66 C13H12N2 
CisHioNiOa 

114-115 5 s 62 CiiHroKiO? 

ClflH*J-?O. 112-114" 

192-193 x 69 

CiaHioSaOa 
CiaHioN404 
C1aHioNaO4 
C13Hil~302 
C13H11~302 
CiaHi5~3O4 

239-240 x 10 
201-203 x 65 
160-161* x 70 
185-186 Y 6 
138-139 Y 56 
208-209 Y 14 

Nitrogen, Yo 
Calcd. Found 

14.29 14.10 
8.24 8.12 
9.86 9.72 

10.44 10.25 

8.92 9.02 

19.59 19.84 
19.59 19.77 
19.59 19.33 
17,42 17.47 
17.42 17.39 
13.41 13.17 

Identical m.p.'s for either route of preparation, no depression on admixture. * Zwingenberger and von WaltherG have 
reported 124-125". It is likely that  their product had decomposed to o-nitroformanilide, m.p. 122-123'. 

substituted amidines, where the N-substituents, 
usually ester-containing groups such as CeH4- 
C02C2H5, differed from each other. Segoo1,j using 
a similar procedure, has prepared various homologs 
of phenacaine in which the alpha carbon was terti- 
ary. 

For the present investigations, the applicability 
of the phosphorus halide method for the synthesis 
of formamidines was examined 

PClS NR 
HCONHR f R'NH2 HC/ 

\NHR' 

Results and Discussion 
The formamides were prepared directly by 

the condensation of formic acid and the corre- 
sponding amine. Previous methods of synthesis, 
where available, were employed. 

Disubstituted Formamidines.-Various N,N'- 
diarylformamidines (Table I) were then prepared 
by the interaction of phosphorus pentachloride in a 
chloroform medium upon an R-substituted form- 
amide and an R'-substituted amine. 

Dialiphatic or aliphatic-aromatic N,N'-disubsti- 
tuted formamidines were not formed during the re- 
action, as indicated by (1) the failure of the reaction 
products upon hydrolysis to reduce mercuric chlo- 
ride to the insoluble mercurous chloride, whereas 
formamidines upon hydrolysis readily effect this 
reduction; and ( 2 )  the formation of the picrate and 
chloroplatinate of the starting aliphatic amine in- 
stead of the usual formation of the insoluble salts 
of a formamidine with these reagents. 

Synthesis.-As a general procedure for the syn- 
thesis of formamidines, the formanilide was slowly 
added to a solution of phosphorus pentachloride in 
chloroform, cooled to 0". The aniline derivative 
was then introduced. After refluxing the resulting 
mixture, the formamidine hydrochloride was ob- 
tained by filtration and was converted to the base. 

In order to obtain maximum yields in the conver- 
sion of formamides into formamidines, the reaction 
between aniline and formanilide in the presence of a 
chlorinating agent was studied in detail. Phos- 

(R)  H. I) Segoul, Dissertation, Yale University, 1Y38. 

phorus pentachloride consistently gave a higher 
yield of the desired amidine than did thionyl chlo- 
ride or phosphorus trichloride. The substitution of 
chloroform for benzene, which had been used as 
solvent by previous  worker^,^-^ was found to be 
most advantageous. The formamidine was pro- 
duced with fewer by-products and in a higher yield. 
The lower reflux temperature of chloroform solu- 
tions diminished the formation of undesirable by- 
products. 

Treatment of the formamidine hydrochloride 
with aqueous ammonia converted any excess ani- 
line hydrochloride into the water-insoluble oily 
base which coated the solid amidine hydrochloride. 
Complete neutralization was therefore prevented, 
and the aqueous medium slowly decomposed the 
water-unstable amidine hydrochloride. On the 
other hand, during neutralization in an anhydrous 
medium, as with sodium ethylate in alcohol, the 
excess aniline remained in the alcohol solution, al- 
lowing for better contact between the amidine hy- 
drochloride and the neutralizing solution. A quan- 
titative conversion of the hydrochloride to the free 
base was achieved by this procedui e. 

The Heterodisubstituted Formamidines.-The 
phosphorus halide method of synthesis of amidines 
possessed the advantage that in addition to the 
homodisubstituted amidines, heterodisubstituted 
amidines could be prepared. These latter com- 
pounds were synthesized by two routes, depending 
on whether (1) HCONHR and R'NH2 or ( 2 )  
HCONHR' and RNHz were the reactants. In 
either case the identical product was obtained, con- 
firming the tautomerism 

Frequently in these reactions the homodisubsti- 
tuted formamidines 

H d N R  and/or HC, "R' 
\NHR \SHR' 

wese isolated from the reaction mixture, together 
with the desired heterodisubstituted formamidine, 
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TABLE I I  
SGjH4X 

~ , N ’ - T ) I A R ~ I , A M I N O P O R ~ A M I D I S E  HYI>ROCHLORIDES H e @  .ZHCI 

Z ?.lethod 

3 A 
3 A 
3 A 
2 A 
2 A 
2 B 
2 B 

NNR . Zwingenberger and von IValther6 

had concluded that the heterosubstituted formanii- 
dines produced by the interaction of formanilide 
and $-toluidine, or $-methylforrnanilide and ani- 
line, in the presence of a chlorinating agent, were 
isomers. The demonstration by Wheeler’ that 
these products were identical but were contanii- 
nated with other amidines to different extents are 
confirmed by the present results. The contaniina- 
tion with the homodisubstituted derivatives has 
also been observed independently by Roberts,* who 
used the ortho-ester procedure for amidine synthe- 
sis. 

In the preparation of heterosubstituted diaryl- 
formamidines as presented in this work, several ob- 
s:rvations were made from which certain generaliza- 
tions could be drawn. When R or R’ represented 
p-carbethoxyphenyl, the relatively insoluble iY,N’- 
di-p-carbethoxyphenylformamidine (I) was al- 
ways produced. When R represented p-carbeth- 
oxyphenyl, and R’ represented 0- or p-nitrophenyl, 
only I could be isolated (yields of 20-30%) whereas 
with R’ = m-nitrophenyl, under similar conditions, 
the desired heterosubstituted amidine N-p-car- 
betlioxyphenyl-N’-m-nitrophenylformamidine, re- 
sulted. The reaction between formanilide and p- 
nitroaniline produced the expected heterosubsti- 
tuted amidine together with N,N’-di-$-nitrophen- 
ylformamidine. With the o-isomer, however, the 
only compound isolated was the K,N’-di-o-nitro- 
phenylformamidine (35rh yield). Diphenylform- 
amidine was not isolated as a by-product. In the 
cas? of the reaction of m-nitroaniline with forman- 
ilid- the heterosubstituted amidine r\; ’++nitro- 
phenyl-N ’-phenylformamidine was formed in good 
yield. When an aliphatic amine was reacted with 
p-carbethoxyformanilide, I was formed exclusively. 
The aliphatic amines used in these reactions were 
benq-1-, cyclohcsyl-, iz-butyl-, ?z-octyl- and wocta- 
decylainine. 

The separation of the heterosubstituted amidine 
from the contaminating homosubstituted deriva- 
tives by the usual procedures such as recrystalliza- 
tion, adsorption chroniatography and vacuum sub- 
limation was unsuccessful. Fractional precipita- 
tion, however, was highly effective in separating 
the formaniidiiics. For thiy procedure, the inix- 
ture was dissolved i i i  wctoiie a t  ruoni tcmper,i- 
ture, and water was added dropwise until a precip- 

XH R ’ 

( 6 )  0 Zwingenberger and R von N’dther, J p r o k r  C h e m  , [1] 67, 

( 7 )  H L Wheeler, A m  Chem J , 19, 307 (1897) 
(8) R hI Roberts, THIS J o U R h A l  72, 3b03 (l93J) 

209 (1898) 

\ N H C ~ H ~ Y  
Xitrogen, 

Calcd. Found 

16.71 16.61 
16.71 16.54 
16.71 16.02 
14.80 14.88 
11.85 11.68 
14.80 15.00 
12.35 12.48 
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Chlorine, c/o 

31.75 31.50 
31.75 31.56 
31.76 31.54 
25.00 24.82 
19.91 19.61 
25.00 25.01 
20.90 21.00 

Cdlcd Found  

tate formed. The alternate removal of the pre- 
cipitate by centrifugation and the addition of more 
water to the supernatant solution provided vari- 
ous fractions of precipitates which could be easily 
grouped and combined according to their melting 
points. The pooled products were further sub- 
iected to repeated fractional precipitations until 
hiaterial of constant melting point was obtained. 
The analytical data showed that good s-parations 
had been effected. 
Dkry1aminoformamidines.-Some of the nitro- 

amidines prepared by these methods were reduced 
catalytically to yield the corresponding amino- 
formamidines (method A, Table 11). These amino- 
l‘orinamidines could be prepared also by the direct 
interaction of phosphorus pentachloride upon 
formanilide and a phenylenediamine derivative 
iinethod B, Table 11) indicating that only one of 
the amino groups of the diamine had reacted in the 
synthesis. 

Trisubstituted Formamidines.-Two routes of 
synthesis were possible for the synthesis of tri- 
substituted formamidines, as shown in the trans- 
formations 

HCONHR + R’R”S€I  SR ( A )  7- rrcy \SR’R” (B)  
HCONR’R‘’ + RKHz 

Reaction (B) provided the better yield of the de- 
sired amidine. A tendency toward the formation 
of homodiarylformamidines was observed during 
the preparation of trisubstituted formamidines 
when route (A) was employed. This by-product 
formation has been noted also during the synthesis 
of heterodisubstituted formamidines. 

With formanilide and N-methylaniline as react- 
ants in the phosphorus pentachloride reaction (re- 
action A) some diphenylformamidine (11), together 
with the desired N,N’-diphenyl-N ’-methylformami- 
dine (111), was detected among the products. I n  
the converse procedure in which N-methylforman- 
ilide was treated with aniline (reaction B), the 
resulting trisubstituted amidine (111) was not con- 
taminated with by-product 1 I. Similarly, with 
formanilide and di-n-butylainine as reactants 
(route A), 11 was again produced as a by-product, 
whereas di-n-butylformamide with aniline (route 
13 j gave only the desired trisubstituted amidinc, 
N-~~heiiyl-N’,N’-di-n-butylforn~a~iiidine ( IV) 

I t  is probable that, in  the syiithesis of the livtcro- 
disubstituted and the trisubstituted forniami- 
clines, the direct formation of a formamidine from 
:I. formanilide, which niay occur even in the ab- 
bciicc of an added amine, is reponsiblc for the for- 
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mation of the homodisubstituted derivatives in the 
reaction mixture. The presence of diphenylform- 
amidine, 11, as a by-product in the above synthesis 
of a trisubstituted product might be explained as a 
product of the interaction of formanilide with phos- 
phorus pentachloride. This reaction has been 
shown to take place, with the concomitant release 
of carbon monoxide. 

Prototypes of the synthetic methods employed 
for each of the above reactions are described in 
the Experimental Part. The preparation of diali- 
phatic formamidines by amine interchange with 
diarylformamidines in a sealed tube resulted in 
very low yields. 

Formamidines hydrolyze slowly in the presence 
of moisture, and organic solvents containing even 
traces of water are unsuitable as recrystallization 
media. A t  100" the amidine in aqueous solution is 
easily degraded into formanilide and aniline. In 
hot dilute acid or base the formanilide is further 
broken down to aniline and formic acid. The hy- 
drochlorides of formamidines, which may be easily 
prepared, are more stable than the bases and, when 
dry, may be stored indefinitely in a desiccator. 

Experimentalg 
Formamides.-The formamides used in these investiga- 

tions were prepared as previously reported.'o-l7 
n-0ctylformamide.-A mixture of 6.0 ml. (0.14 mole) 

of 90% formic acid and 5.0 ml. (0.031 mole) of n-octylamine 
was refluxed for 30 minutes. Water and excess formic acid 
were removed by distillation, and the residual n-octylfor- 
mamide was distilled; yield 3.4 g. ,  70%, b.p. 289-291", 
[ n I z 5 ~  1.4475, d26 0.90. 

Anal. Calcd. for CoHlpNO: N, 8.91. Found: N, 8.76. 
Di-n-buty1formamide.-A mixture of 12 ml. (0.29 mole) 

of 90% formic acid and 34 ml. (0.20 mole) of freshly dis- 
tilled di-n-butylamine was refluxed for 45 minutes. Water 
and excess formic acid were removed by distillation, and the 
residual di-n-butylformamide was distilled; yield 24.1 g., 

A n d .  Calcd. for C o H d O :  N, 8.91. Found: X, 8.82. 
N,N'-Dipheny1formamidine.-Formanilide (2.4 g. ,  0.020 

mole) was added in small portions to a cooled solution of 
phosphorus pentachloride (4.8 g., 0.023 mole) in 20 ml. of 
chloroform. On cessation of the reaction a chloroform 
solution of 1.9 ml. (0.020 mole) of freshly distilled aniline 
was added. A precipitate formed immediately. The mix- 
ture was refluxed with agitation for 2.5 hours, then cooled 
in an ice-bath and filtered. The solid material was washed 
with cold acetone and dried in vacuo. The product was 
converted to the free amidine base by adding it to a solution 
of sodium ethylate in ethanol. The reaction mixture was 
cooled in an ice-bath, filtered,'* and the precipitated amidine 
washed with cold ethanol and dried. The precipitate, con- 
taining inorganic salts, was extracted with acetone, and the 
combined acetone extracts were poured into water. The 
white amidine which precipitated a t  once was collected by 
filtration, washed with cold water and dried. I t  was purified 

77%, b.p. 244-246', 7 2 ' 5 ~  1.4416, d260.88. 

(9) All melting points are corrected. 
(10) F. K.  Kleine, 2. ghysiol. Chem., 22, 327 (1897). 
(11) S. E. Cairncross and M. T. Bogert, Colleclion Csech. Chem. 

(10) E. A'edekind and E. Froehlich, Be?., 40, 1002 (1907). 
(13) W. J. Comstock and H. L. Wheeler, A m .  Chem. J., 13, 516 

(1801). 
(14) H. Huebner, A n n . ,  209, 369 (1881). 
(15) 0. C. Dermer and J.  King, J .  Org. Chcm., 8 ,  168 (1943). 
(16) B. A. Hunter, Zowa Stale Coil. J. Sci., 16, 223 (1941). 
(17) G .  T. Morgan and W. R. Grist, J .  Chcm. SOL, 119, 690 

(1 918). 
(18) For the more alcohol-soluble amidines, the alcohol solution was 

diluted directly with acetone. After removal of the inorganic material 
by centrifugation the supernatant solution containing the amidine was 
precipitated with water, and the amidine was filtered off, 

Communs. ,  8, 57 (193G). 

by fractional precipitation from acetone-water mixtures; 
yield 2.6 g., 66%, m.p. 140-141'. 

N,Nf-Diphenylformamidine Hydrochloride.-Diphenyl- 
formamidine was dissolved in acetone, and a solution of dry 
hydrogen chloride gas in anhydrous acetone was added 
dropwise to precipitate the amidine hydrochloride. When 
the reaction was complete the solid was filtered off and was 
washed with anhydrous acetone. The amidine hydro- 
chloride was formed in 96% yield and was analytically pure, 
m.p.  256-258'. 

A n d .  Calcd. for C13H13S2Cl: N, 12.08. Found: N, 
11.88. 

N,N'-Di-p-aminophenylformamidine Trihydrochloride. 
(Method A).-Di-p-nitrophenylformamidine (2.1 9.)  sus- 
pended in 100 ml. of purified dioxane was hydrogenated in a 
shaker hydrogenator in the presence of Adams platinum 
oxide catalyst under a pressure of four atmospheres of hy- 
drogen. After four hours of hydrogenation the catalyst 
was filtered off and the filtrate was diluted with acetone. 
A solution of hydrogen chloride in acetone was added drop- 
wise until precipitation was complete. The amidine hy- 
drochloride was filtered off, washed with dry acetone, and 
allowed to dry in vacuo; yield 2.4 g., 98%. I t  was extremely 
hygroscopic and readily oxidizable. I t  was stored in sealed 
ampules under an atmosphere of dry nitrogen. Neither (I 
picrate nor a chloroplatinate could be prepared from this 
amidine. 

N-Phenyl-N'-m-aminophenylformamidine Dihydrochlo- 
ride (Method B).-A solution of phosphorus pentachloride 
(2.5 g., 0.012 mole), formanilide (1.2 g., 0.010 mole) and 
m-phenylenediamine (1.1 g., 0.010 mole) in 40 ml. of chloro- 
form was refluxed for three hours. The amidine hydro- 
chloride was collected by filtration, washed with cold anhy- 
drous acetone and dried in vacuo; yield 1.5 g., 53%. The 
light tan powder was stored in sealed ampules under an at- 
mosphere of dry nitrogen. Neither a picrate nor a chloro- 
platinate could be isolated. 

Attempted Preparation of N,N '-Di-n-octy1formamidine.- 
A solution of N-n-octylformamide (1.6 g., 0.010 mole), n- 
octylamine (1.3 g., 0.010 mole) and phosphorus pentachlo- 
ride (2.5 g., 0.012 mole) in 50 ml. of chloroform was refluxed 
for two hours. No precipitate formed, and the yellow- 
colored solution had become deep red. On removal of the 
chloroform the brown residue was diluted with acetone. A 
white, acetone-insoluble material was obtained which was 
identified as n-octylamine hydrochloride. I t  melted a t  
198", and the mixed m.p. with an authentic sample of n- 
octylamine hydrochloride was not depressed. The test for 
the formyl group was negative. Chloroplatinates were 
prepared from the acetone solution of the original reaction 
mixture and from alcohol solutions of the isolated solid 
and of n-octylamine. All three derivatives melted a t  215- 
220' with decomposition and showed no depression of the 
m.p. on admixture. 

N,N'-Diphenyl-N'-methylformamidine (III).-A solution 
of formanilide (7.2 g., 0.060 mole), N-methylaniline (6.4 
ml., 0.060 mole) and phosphorus pentachloride (15 g., 
0.072 mole) in 70 ml. of chloroform was refluxed for 3 hours. 
No precipitate formed. Upon cooling, the solution was di- 
luted with anhydrous ether and the precipitated amidine 
hydrochloride was removed by filtration, washed with 
ether, and neutralized with sodium hydroxide. The base 
was extracted with ether, and the ether solution was dried 
over sodium sulfate and was evaporated. The residual 
yellow oil distilled a t  213-217" (17 mm.). The residue ex- 
hibited a strong odor of isonitrile. Upon cooling, the par- 
tially solidified distillate was treated with ligroin and the 
mixture was centrifuged. The solid phase, upon crystalli- 
zation from hot ligroin, weighed 1.2 g.  (20%), m.p. 139- 
140°, and on admixture with an authentic sample of di- 
phenylformamidine showed no depression of the melting 
point. The supernatant solution was distilled to remove 
the ligroin. Redistillation of the residue a t  215-217' (17 
mm.) provided the trisubstituted amidinel@; yield 5.3 g., 
36%, Z * ~ D  1.6469. 

In  the converse reaction, the interaction of N-methyl- 
formanilide, freshly distilled aniline and phosphorus penta- 
chloride in chloroform solution produced the desired 
amidine in 74% yield using the procedure as described 
for IV below. 

(19) H. L. Wheeler and T. B. Johnson, Ant. Chcm. J. ,  20, 853 
(1898). 
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The amidine hydrochloride was prepared by the dropwis- Amine Interchange.-A mixture of diphenylformamidine 
addition of a solution of hydrogen chloride in dry acetone (3.6 g., 0.018 mole), n-butylamine hydrobromide (2.8 g., 
to an acetone smlution of the base. The hydrochloride 0.018 mole) and n-butylamine (7.2 nil., 0.074 mole) was 
melted at 228-230". heated in a sealed tube a t  105" for 45 hours. After coolinn, 

Anal. Calcd. for CI+I-IlaSd2I: CI, 14.45; N ,  11.35. 
Found: CI, 14.46; S, 11.48. 

The chloroplatinate derivative was prepared by the ad- 
dition of an alcohol solution of chloroplatinic acid to  an 
aqueous solution of the amidine hydrochloride. Golden- 
yellow crystals with a characteristic double melting point 
were isolated, m.p. 139-141°, 196-198". 

Anal. Calcd. for C?8H30N4PtCl+j.3HaO: Pt ,  22.10; 
ITYO, 6.12. Found: P t ,  22.00; HzO, 5.84. 
N-Phenyl-N',N'-di-n-butylformamidine (IVj.-A solution 

of 8.9 ml. (0.050 mole) of N-di-n-butylformamide, 4.7 ml. 
(0.050 mole) of freshly distilled aniline and 15 g. (0.072 
mole) of phosphorus pentachloride in 50 ml. of chloroform 
was refluxed for three hours. Upon cooling ether was 
added until two phases separated. The mixture was ex- 
tracted with several portions of water until the aqueous 
extract was free of chloride. The combined aqueous 
extracts, containing the amidine hydrochloride, were then 
made alkaline with sodium hydroxide, and the amidine was 
extracted with ether. After drying the ether solution over 
sodium sulfate and removing the ether, the residual oil dis- 
tilled at 190-192" (16 mm.); yield 6.2 g., 04%, n z 5 ~  1.5364. 

A n d .  Calcd. for ClSH?4N?: N, 12.06. Found: N, 11.87. 
In  the converse procedure, the interaction of di-n-butyl- 

amine, formanilide and phosphorus pentachloride in chloro- 
form solution produced the desired amidine in 8% yield. 
N,N'-Diphenylformamidine (11) was isolated from the re- 
action product in 8% yield. 

The amidine hydrochloride was prepared by the addition 
of a solution of hydrogen chlaride ;n anhydrous ether to an 
ether solution of the amidine. A colorless sirup was ob- 
tained which could not be crystallized. 

Anal. Calcd. for CljH2jN?CI: N, 10.45; CI, 13.26. 
Found: S, 10.13; C1, 12.65. 

The chloroplatinate derivative was obtained by the addi- 
tion of chloroplatinic acid to an alcohol solution of the ami; 
dine. 
dec. 

Golden-yellow needles were isolated, m.p. 216-218 

Anal. Calcd. for C&j0N4PtC16: P t ,  22.30. Found: 
Pt ,  22.42. 
N-Phenyl-N-methyl-N'-n-buty1formamidine.-A solution 

of 7.9 ml. (0.060 mole) of N-methylformanilide, 6.0 ml. 
(0.060 mole) of freshly distilled n-butylamine and 15 g. 
(0.072 mole) of phosphorus pentachloride in 50 ml. of 
chloroform was refluxed for three hours. The amidine was 
isolated by the procedure described for IV and distilled a t  
149-151' (18 mm.);  yield 6.5 g., 5695, n% 1.5490. 

The amidine hydrochloride, prepared from ether solution 
by the usual procedure, yielded white needles, m.p. 123- 
1 2 4 O .  

Anal.  Calcd. for C1?HIQN?Cl: S, 12 40; C1, 15.72. 
Found: S, 12.30; C1, 15.79. 

The chloroplatinate derivative obtained from aqueous 
solution by the usual procedure, yielded yellow needles, 
ni 11 179-181" 

Anal. Cdcd for C ~ ~ H ~ 8 S ~ P t C l s :  P t ,  24.70. Found: 
P t ,  24.50. 

the reaction mixture was removed and shaken with 100 mi. 
of anhydrous ether. The brown oil which separated from 
the solutioii was washed with anhydrous ether and treated 
with sodium ethylate in ethanol in order to convert the 
oily hydrobromide into the free base. The insoluble inor- 
ganic constituents of the mixture mere removed by centrifu- 
gation. Ethanol and butylamine were removed by dis- 
tillation a t  20 mm. N,X"-Di-n-butylformamidine was iyo- 
lated from the residue by distillation at 85-95" (1 .5  mm.) ;  
yield 0.15 g. ,  5%. 

The chloroplatinate derivative was prepared in the usual 
procedure, m.p. 118-1 19". 

Anal. Calcd. for C I ~ H O ? ; ~ P ~ C I ~ :  P t ,  27.03. Found: 
P t ,  27.25. 

Qualitative Test for Formamidines.-Approximately 
1 g. of formamidine was refluxed with 10 ml. of an 8% solu- 
tion of sodium hydroxide for 10 hours. When cool, the 
mixture was extracted with ether, and the water phase, 
after acidification with dilute hydrochloric acid, was filtered 
to remove any silica. It was then neutralized by the addi- 
tion of a few crystals of sodium carbonate and heated to 
boiling with 3 ml. of a 5% solution of mercuric chloride. 
The formation of a heavy white precipitate of mercurous 
chloride, insoluble in mineral acid, served as a test for the 
detection of the formyl group. A negative test precluded 
the presence of formamidines in the material examiner!. 

Detection of Carbon Monoxide.-The synthesis of rli- 
phenylformamidine was carried out in the usual manner 
except that  no aniline was added prior to refluxing the re- 
action mixture. After 15 minutes of refluxing, the system 
was evacuated and the gases from the reaction vessel were 
bubbled through a solution of sodium hydroxide to  trap 
hydrogen chloride. Carbon monoxide was absorbed by an 
iodine pentoxide preparation (Carbon Monoxide Detector, 
Mine Safety Appliance Co., Pittsburgh, Pa.). A green 
color, characteristically produced by carbon monoxide, was 
persistently obtained. 

Hydrolysis of Formamidines.-A suspension of 1.0 g. of 
S, N'-diphenylformamidine in water or in a dilute hydro- 
chloric acid solution was refluxed on the steam-bath for 18 
hours. The chilled reaction mixture was neutralized with 
sodium bicarbonate, extracted with ether and the combined 
ether extracts dried over sodium sulfate. The ether was 
evaporated, and the residue treated with a slight excess 
of acetic anhydride. The product, acetanilide, was crystal- 
1,ized from boiling water, collected by filtration and dried 
i n  vacuo. 

I n  water diphenylformamidine under the above condi- 
tions yielded 33 % of acetanilide although formanilide gave 
no acetanilide. In dilute hydrochloride acid diphenylform- 
arnidine yielded 65% and formanilide 71% of acetanilide, 
while under the same conditions aniline gave 69%. 

Formanilide, the other product of hydrolysis of diphenyl- 
formamidine, was obtained by first removing the aniline by 
steam distillation, and then seeding the residual red oil with 
crystals of formanilide. The compound crystallized and  
melted without depression with an authentic .;ample of 
formanilide, m .p. 47-48 O .  

S E \ V  H A V E S ,  C O S N .  


