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Abstract-A general synthesis of substituted amidines has been worked out starting from a nitrile 
compound, an alkyl halide, a Lewis acid and an amine. 

The method involves 4 steps: 
(1) formation of a nitrile-Lewis acid complex 2; 
(2) N-Alkylation of this complex 2 with an alkyl halide and formation of a nitrilium salt 3; 
(3) aminolysis of the nitrilium salt 3 with ammonia, a primary or a secondary aliphatic or aromatic 

amine to get the amidinium salt 4; 
(4) neutralization of the amidinium salt with a base yielding the substituted amidine 5. 
In practice, the amidine 5 is obtained in a one-pot synthesis and none of the intermediates 2,3 or 4 

needs to be isolated. Overall yields of 40-8095 based on the nitrile 1 are obtained. Mote than twenty 
new mono-, di or trisubstituted amidines have been prepared by this procedure. 

INTRODUCTION 

It is well known that nitriles complexed with Lewis 
acids react with alkyl halides to form nitrilium 
salts.’ There is little known about their chemistry, 
although they have already been isolated and 
characterized in 1955.2*3 They are strong electro- 
philes, and easily converted to amides with water,2 
to imidates with alcohol,4*5 to amidines with 
amines,s and to tetrazole with sodium azide.6 So far 
the formation of amidines has, however, been 
carried out only in the two following examples with 
the intention to characterize the nitrilium function:” 

- RC// 
NR 

‘NHPh 
R=Me,Ph 

In view of the interest of amidines’ and the fact 
that there are only a few methods to prepare N,N’- 
substituted amidines, we have studied the generality 
of this reaction as a convenient preparative method 
for the synthesis of mono-, di- or trisubstituted 
amidines via the following steps: (a) N-alkylation 
of a nitrile-Lewis acid complexW by the Meerwein’s 
method* with an alkyl halide to from the correspond- 
ing nitrilium salt. (b) Aminolysis with an amine and 
isolation of the amidine via its salt. 

RESULTS 

Acetonitrile and benzonitrile (1) have been used 
resp. as typical aliphatic and aromatic nitriles. 

‘New address: Universite Libre de Bruxelles, Chimie 
Genetale I, 50, Av. Franklin Roosevelt, B-1050 Bruxelles. 
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Ferric chloride has been chosen as one of the most 
common and effective Lewis acids in the formation 
of the nitrilium salt 3. The N-alkylation of the com- 
plex 2 with t-butyl chloride was completed within 
30 min, whereas with isopropyl chloride it took a 
few hours2 The aminolysis of 3 with ammonia, a 
primary or a secondary aliphatic or aromatic 
amine was very exothetmic. AU steps were carried 
out between -10” and room temperature. It was 
not necessary to isolate the intermediates 2,3 or 4. 
The overall yields of this one-pot synthesis ranged 
from 60-8095 when isopropyl chloride was used 
in the N-alkylation and from 30-50% yield with 
t-butyl chloride (Table 1). 

The nitrilium salt 3 with R* = t-butyl seems to 
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Table I. Overall yields in N-substituted amidines 5 obtained from the 
nitriles 1 

5.N” R R’ R’ RS 
m.p. WI 

b.p. (TITorr) Yield % 

I Me CHMe, 
2 Me CHMc, 
3 Me CHM& 
4 Me CHMe, 
5 Me CHMi 
6 Me CHM& 
7 Me CHMe. 
8 Me CHM< 
9 Ph CHMe, 

IO Ph CHMe, 
11 Ph CHMe, 
12 Me CMe, - 
13 Me CMe, 
14 Me CM4 
I5 Me CM& 
16 Me CMe, 
17 Me CM4 
18 Me CMe, 
19 Me CMe, 
20 Me CMe, 
21 Ph CMe, 
22 Ph CMe, 

W-M, 95-100/0~1 78 
H Ph 86 57-67 
H C&H,-PC1 87 71 
H C&la-m.p. diCl 94 70 
H CbH,-oMe-pC1 120 62-70 
H C,H,-pOMe 97 a 
H CsH,-&OH 156 20-30 
H H 25-34 30 
Et Et loo/O- 1 80 
(CH,), 160/12 70 

H Ph 87 77 
Et Et 8oJ12 34 
C&h 110117 30 
CHzh IlO-115112 40 
CHJ,OCH,X 118119 38 

H H 72-74 30 
H Ph 138/16 37 
H CeH,-pC1 
H C,H,iMe-pCI 

160/16 40 
104/O-l 53-65 

H C,H.-oCOOMe 
Et Ei . 

54-55 50 
90/O-l 52 

O-M, 30-3 1 50 

be unstable under basic conditions since already at 
the beginning of the aminolysis the reaction mixture 
becomes dark, whereas with R’ = isopropyl it re- 
mains clean (yellow-brown) during the whole addi- 
tion of the amine. 

The nitriles 1 (R = CH, or C,H,) form with ferric 
chloride 1: l- and 2 : l-addu~ts.~~ To reach the 
optimum yield of Table 1 it is, however, necessary 
to pass via the 1: I-adduct. In one experiment, in 
which half of the ferric chloride was used (consider- 
ing a 2 : I-adduct of nitrile-ferric chloride) only 
half of the yield in amidine was obtained. 

The nitrilium salt 3 can be isolated,2 and e.g. the 
aminolysis of 3 (R = CH3, R’ = CHMq) with 
piperidine provided pure N-isopropyl-N’N’- 
pentamethylene acetamidine 5 R = Me; RI = 
CHMq; RZR3 = (CH,), in 88% yield. This means 

that the &ilium salt may be prepared independ- 
ently by any other method’+ in order to carry out 
its aminolysis to the amidine. 

As it was to be expected, attempts to prepare the 
N-propylamidine derivative via N-alkylation with 
propyl chloride gave 43% yield of a mixture con- 
taining 80% of the N-isopropyl amidine (7) and 
only 20% of the N-propyl amidine (6), estimated by 
NMR. 

The N-alkylation with n-butyl chloride afforded 
25% pure N-set-butyl derivative 8. Attempts to 
prepare the same amidine 8 with set-butyl chloride 
led to its decomposition under the reaction condi- 
tions (steam bath temp). 

A dialkylation has been carried out with adiponi- 
trile. The dinitrilium salt 9 was identified by its 
hydrolysis to bis N-isopropyladipamide 10. 

n 

MeCN + n-P&II + FeCI* 

(1) UH NPr 

(2) HPIOHe 
b Me@ 

‘N 

13 

6 (20% 

/,NCHMe 
+ MeC 

0 
7 wm 
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(1) 
C 

NH 

MeCN + Me(CH&CI + FeCl, Me 
I 

MeCN + EtCHC1-t FeCls 

die 

NC(CH,),CN + 2 . MqCHCl+ 2FeCL - 

M~CHE = C(CH,),C = &H(CH,X .2~eCl, 
QH.O/OHQ 

9 

-I: 9 
Me,CHNH (CH,,,CHo 

‘NHCHMe, 

10 

The reaction of t-butyl alcohol with a nitrile in 
the presence of BFS gives the amide 11 in good 
yield.R We have obtained similar results with ferric 
chloride as the Lewis acid in much lower yield 
however. 

8 

ing FeC!, (16.4g; 0.101 M) in 40 ml i-PrCI and MeCN 
(4.5 P: 0.101 MI keut at 0” for 3 hr. The excess of i-PrCl 
was &porn&l todryness and 3 was taken up in 20 ml 
CH,Clz, and the amine (Od95 M) in 10 to 50 ml CHaClp 
was added dropwise to the suspension. The mixture was 
kept 2 hr at room temp. The CH,CI, was thenevaporated 
to dryness and the residue, salt 4 was taken up in water. 
To the mixture at 0” 30% NaOH (45 mole equiv) was 
added and the mixture extracted with ether. The ethereal 
extracts were dried, concentrated and distilled in a 3-bulb 
tube under high vacuum. The b.ps or m.ps are indicated in 
Table 1 and analyt.icaJ data in Table 2. The amidines 5 No. 
2,3 and 4 wete crystallized from light petroleum 40-60; 
No. 5 and 6 from a mixtute of ether-light petroleum 40- 
60 and No. 7 from MeOH. 

General method for benzamidines with isopropyl 
chloride (5 No. 9, 10 and II cf. Tables 1 and 2). N-Ho 
propyl-benzonitrilium tettachloroferratc was prepared 

MeCN + Me&OH + FeCI, - MeC&Mq. FeCl_,OHe 

I 
BP 

CONCLUSION 

The number of examples (Table 1) of aliphatic 
or aromatic mono-, di- or tri-substituted amidines 
containing aliphatic, cycloaliphatic or aromatic 
substituents show the generality of the method. The 
very mild reaction conditions make this process 
particularly useful for the synthesis of thermal 
sensitive amidines. This will be demonstrated in the 
next paper of this series in which N-substituted 
acrylamidines have been prepared for the first 
time by this method. 

JXPERIMENTAL 
Technical assistance of Mr. M. A. Hartemink and Mrs. 

E. Szalai. M.ps and bps are uncorrected. IR spectra 
were taken as KBr pellets with a Perkin-Elmer model 21 
double-beam instrument, NMR spectra on a Varian A-60 
instrument, using TMS as an internal standard. Analytical 
data ate given in Table 2. Elemental analyses carried out 
by Mr. F. Goes of this laboratory. 

General method for acetamidines with isopropyl chlor- 
ide (5 No. 1 to 8 of Tabks 1 and 2). A suspension contain- 

TEIRA-VOL. W NO. 14-P 

following the method described by Meerwein’ and the 
aminolysis was as above in ether as solvent. The amidine 
No. 1 I was recrystalbzed from ether. 

General method for acetamidines with t-butyl chloride 
(5 No. 12 to 20 cf Tables I and 2). To FeCI, (23. I g; O-145 
M) in 40 ml CHtCll at 0” MeCN (5.85 g; O-145 M) was 
added. After 15 mitt, t-BuCl(13.4g; 0.145 M) was added 
and the mixture kept 30 min at O”, during which time the 
salt 3 was formed. Then the amine (0.136M) in IO to 
100 ml CH,CI,, &pending on the solAbility. &IS added 
dropwise to the mixture (temp below 0” for 1 to 2 hr). The 
solvent was then evaporated to dryness, the residue 4 was 
taken up in water and 30% NaOH (4.5 moles equiv) was 
added under ice water cooling. The amid& 5 was then 
extracted with ether. The owe extracts were dried, 
conccnaated and distilled in a 3-bulb tube under high 
vacuum. The compounds No. 16 and 20 were recrystalliz- 
ed from pentane. 

General method for benzamidines with t-b& chloride 
(5 No. 21 and 22). N-t-butyl-benzonitrilium tetrachloro- 
ferrate was prepared from benzonitrile and t-BuCl follow- 
ing the method described by Meerwein.* The aminolysis 
was carried out directly in Ccl, as soivent by adding the 





N-alkylation of nitriles - I 2151 

0.1 M) was added. The soln hecame. red. Then t-BuOH 
(7g) was added and the mixture kept 3 days at room 
temp. The organic phase was washed with water, dried 
with NatSO, and evaporated leaving ll(l.7 g; 15% yield), 
m.p. and mixed m.p. 82“. 
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