
REACTION OF TRICHLOROACETONITRILE WITH PRIMARY AND 
SECONDARY AMINES 

PART I. PREPARATION O F  SOME TRICHLOROACETAMIDINES1 

ABSTRACT 
Trichloroacetonitrile reacts with primary and secondary aliphatic and primary aromatic 

amines to give N-substituted trichloroacetamidines. A series of N-mono- and N-di-substituted - 
N H  NRlRz 

trichloroaceta~nidines, C C I ~ - C ~  and CCI~-C/ , was prepared by carrying 
\NHR \NH 

out the reaction in water, in water-methanol solutions, or in the absence of solvents. 

INTRODUCTION 

Although acetonitrile forms N-substituted acetamidines by the addition of amines 
onl)' in the presence of anhydrous alumiilum chloride (I), trichloroacetoilitrile reacts 
with amines more easily. The German Patent No. 671,785 (2) reported the preparation 
of some trichloroacetamidines by the direct interaction of trichloroacetoilitrile with 
aliphatic primary amiiles a t  low temperature, without giving ally details. Oxley (3) 
prepared trichloroacetamidine and N,N-ethylene-bis-trichloroacetamidine in benzene 
solution. Backer and Wailmalier (4) isolated N-methyl- and N-piperidyl-trichloro- 
acetamidine only in the form of picrates. They found that the addition of aromatic amines 
to trichloroacetonitrile proceeded only in the presence of methanol or acetone. The role 
of methail01 in the reaction was explained by assuming that methail01 first adds to 
trichloroacetonitrile to form an iminoether as an intermediate which subsequently reacts 
with aniline to give the amidine. 

The objective of the present work was the iilvestigatioil of the preparatioil of tri- 
chloroacetanlidiiles by the direct addition of amiiles to trichloroacetoilitrile without 
using ally catalysts. In the next part, a kinetic study of the reaction will be presented, 
follo~rrecl by the investigation of the correlation between the infrared spectra and the 
structure of amidines. 

DISCUSSION 

The prepai-atioil of the N-substituted trichloroacetamidines involved three general 
procedures: (a)  the lower primary and secoildary aliphatic amiiles were treated with 
trichloroacetonitrile in water solutions; (b) the reactions of the higher aliphatic and 
cyclic amines \yere carried out in the absence of solvents; and (c)  the aromatic primary 
amines were allowed to react with trichloroacetonitrile in water-methanol solution. The 
results are summarized in Table I. The three procedures are characterized by their 
simplicity, the absence of catalysts, and the high yields of the reaction products. 

The lo\ver aliphatic N-substituted trichloroacetamidines are colorless liquids possessing 
an unpleasant smell. They can be distilled a t  low pressure in a dry nitrogen atmosphere, 
whereas they clecompose vigorously on being heated a t  normal pressure. I t  was found 

' J lanz~scrzpt  received October 9 ,  1957. 
Contriblitio,~ fro112 the Departlirent of Che~izistry, McGill University, Adotztreal, Que., with Jinattcial assisla?zce 

from the ivatiotzal Research Cozr?zcil, Of tawa,  Canada. 
2Abstracted fro111 n t l~cs i s  szlbii~ittrd by J .  C. Grivas to tlze Faculty of Gradzrale Studies atzd Research, iklcGill 

University, ~ l lo~z t rca l ,  Q I L ~ . ,  in partic~l J~~IJillnzent of tlze reql~irenlezls for the 1Zf.Sc. degree, M a y ,  1.967. 
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TABLE I 

B.p.  Nitrogen, yo 
Trichloro- Empirical 

No. acetamidine Proceciure \'ield. % C. trim. HE formula Calc. Found' 

"ililellinf poi7zts ( O  C.) ,  corrected. 
bPlcratr,  112.p. 163'-164'. Reported i n  tlzp lilcratzlre ( 4 ) :  I I L . ~ .  163°-16j0. 
cHydrocllloride, ?n.p, 221,"-225' (decol l~p.) .  
"The yields can be ,i?zcrec~sed by vlgorozls stirring for n lo?zger period of tinte. Picrclle, 111.p. 162°-1690. 
T ~ i c r a t e .  711.b. 153'. 
II'icrcltr; rtt.>. 140"-140.5". Raporlcd i?z the literatzlre (4 ) :  ?rt.p. 139.5'-140'. 
YTlze liqzlid ~ r l i s t ~ ~ r c  solidifLrd i ? ~  2 ?t l i i~z~tes .  T h e  1~7~rec~ctrd .szrbrtn?zces were maporated in n vacz~z~~t z  nnd the 

solid iV-isopropyl-8,2,2-t1ic111oronceta~1i~idi11e was pllrified by s1rb!iilrc~tion at 2 ? I Z T I I .  presst~re. 
"Reported i 7 z  the literatlire ( 8 )  but n o  a?zaIysis has beelz given. The  sz~bsta7zce was cryslnlliecd f rom a nletliartol- 

zvater ??I ixlz~re. 
iThe  slrbslance has bren prepared b y  other az~thors ( 4 ,  5 )  us ing  dl:ffrrent n~etlzods. Hydrochloride, n ~ . p  18O0- 

183'. 
ill/licroana%yses by M r .  VV. lltansrr (Herrliberg, Switzer land) .  

tha t  the salts of the primary and secondary amines do  not react with trichloroacetonitrile 
in water solution. 

The  additon of the primary and secondary amines to  the carbon-nitrogen triple bond 
seems to  be an ionic reaction, which is facilitated b l ~  polar solvents, such as water and 
methanol. In the absence of kinetic d a t a  no proof of the mechanism is possible; however, 
the information obtained in this work may suggest the followi~lg scheme: 

The  chlorine atoms in the position a to  the nitrile group increase the positive charge 
of the carbon atom of the nitrile group by the inductive (-1s) effect. The  at tack of  the 
unshared electron pair of the amine nitrogen on the positive carbon is followed by the 
formation of a bolld between these atoms, the liberation of a proton, and the subsequent 
addition of the proton to  the negatively charged nitrogen atom. This scheme may explain 
the failure of the reaction between the amine salts and trichloroaceto~litrile, and also the 
lower reactivity of the aromatic amines in which the mobility of the unshared electron 
pair of the nitrogen atom is decreased by the resonance effect. The  ionic intermediate 
also explains the activating influence of water and methanol in the reaction of tri- 
chloroacetonitrile with amines. 
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As has been mentioned above, it has been suggested (4) that methanol is essential 
in the reaction of trichloroacetonitrile with aniline by forming the intermediate amidine 
methyl ether. Our experiments indicated that this view cannot stand, for the following 
reasons: (a) aniline reacts with trichloroacetonitrile even in the absence of methailol or 
other solvents; (b) the reaction occurs also in ethanol, which, contrary to methanol, does 
not react with trichloroacetonitrile. 

EXPERIMENTAL 

The following procedures were applied for the synthesis of N-s~~bst i tuted trichloro- 
acetamidines. 

Procedure A-I?z Water Solzbtions 
This procedure is useful for commercial aqueous solutions of primary and secondary 

aliphatic amines. 
N-~Iethyl-2,2,2-trichloroacetanzidine.-Trichloroacetonitrile (8 ml.) was added dropwise 

with stirring over a period of 10 minutes to 15 ml. of 25y0 aqueous solution of methyl- 
amine. The reaction was exothermic and the flask containing the reaction mixture was 
cooled in an ice-water bath. The lower layer was separated, dried, and distilled. B.p. 129" 
a t  60 min. pressure. Yield 11.5 g.,  867; of the theoretical. 
N,N-Dimetkyl-2,2,2-trichloroacetamidine.-Tricllorocetoiitrile (7.2 g., 0.05 A!.) was 

added to 4 nzl. of an aqueous solution of dimethylamine contai~zing 2.25 g. of the pure 
amine. The mixture was shaken for half an hour. The lower layer was separated, dried, 
and distilled. B.p. 51"-52" a t  2 mm. pressure. Yield 6.45 g., 68Yo of the theoretical. 

Procedure B-In the , I  bselzce of Solvents 
This proceclure can be applied successfully to the reactions of higher aliphatic primary 

and secolidary arnines, alicl also to piperidine ancl morpholine. Tlze reaction time was 8 
hours a t  least, and the reactions \irere carried out a t  room temperature. 
N-n-Bz~tyl-2,2,2-trichloroacetomldzne.-Trichorocetoiitrile (7.2 g.) was added drop- 

wise to 3.65 g. (0.03 11.) of pure n-butylamine. The temperature rose considerably and 
the mixture turned 5 ello~v. The distillation of the reaction product gave a colorless liquid. 
B.p. 71"-72" a t  2 mm. pressure. Yield 9.92 g., 92% of the theoretical. 

Procedzrre C-IH I.l/nter-iLI~tlzo?zoI O Y  Metha?zol SoZz~tio?zs at Room Tenzperature 
This methocl was applied to the reactions of primary aromatic amines with trichloro- 

acetonitrile. After a period of :3 days the reaction products were precipitated by the 
addition of water in almost quantitative yields. They were recrystallized from petroleum 
ether or water-methanol mixtures. 

Reaction of Aniline and Trichloroacetonitrile 
(a) I ? z  the absence oj' solvc9zts.-Trichloroacetonitrile (1.44 g., 0.01 RII.) was mixed with 

0.93 g. of aniline (0.01 A!.) and left a t  room temperature for 5 days. The mixture turned 
red, brown, and finally black, ancl after 48 hours crl~stals started to  precipitate in small 
quantity. The mixture was diluted with 7 ml. of methanol. The reactio~z product was 
precipitated by addition of water, filtered, and crystallized from a methanol-water 
mixture, m.p. 101"-102". The g~ield was 1.27 g. (54y0 of the theoretical). 

(b) I n  ethanol so1z~tion.-Equimolar q~iantities of the reactants mentioned in (a) were 
dissolved in 5 ml. of ethanol and left a t  room temperature for 5 days. Addition of water, 
a t  the end of this period, caused the precipitation of N-plzei~yltrichloroacetamidine which 
melted a t  101°-1020 after crystallization from water-methanol. Yield 1.8 g. (76%). 
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Preparation of Picrates and Hydrochlorides 
The picrates of trichloroacetamidines were obtained by the addition of equimolar 

quantities of the amidines and picric acid in benzene solution. The precipitated picrates 
were crystallized from water. Hydrochlorides of amidines were prepared by passing of a 
hydrogen chloride gas through solutions of amidines in dry ether. 
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