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Abstract—The amidinoethylation of amino compounds takes place by the addition of amines to the C=C double
bond of a variety of N,N'-substituted-propenamidines 1. The most nucleophilic amines such as piperidine,
morpholine and pyrrolidine add under very smooth conditions: 1hr reflux in acetonitrile as solvent and without
catalyst. Aliphatic amines such as cyclohexylamine and diisopropylamine require more drastic conditions, higher
heating temperature and longer reaction time. Aromatic amines add in the presence of acetic acid; however under
these conditions transamidination side reactions are observed. These results illustrate the activation of the C=C
double bond of propenamidines by the conjugated amidine function thus providing a new class of Michaél
acceptors for amino compounds. Furthermore the amidinoethylation makes available 3-aminosubstituted-N,N'-
substituted-propanamidines 3 not easily accessible by other classical synthetic methods.

We have previously published the amidinoethylation
reaction of thiols’ and of compounds with active
methylene' by their Michaél addition to propenamidines.
To further illustrate this new reaction, we now report on
the nucleophilic addition of amino compounds to pro-
penamidines.

It is well known that non-aromatic heterocyclic or
simple aliphatic amines add easily to the C=C double
bond of propenenitrile,>* propenoate,*’ propenamide,®®
vinylketones'® or vinylsulfones'' with or without cata-
lyst. We have found that such amines add also to N,N'-
substituted-propenamidines 1'*'* forming the 3-amino-
substituted-N,N'-substituted-propanamidines 3 without
catalyst. As models of vinylamidines 1 we have chosen
the easily accessible N-t-butylpropenamidine derivatives
recently described.'> However, this reaction should work
just as well whatever be the N-substituents (e.g. iso-
propyl™).

NH Bu'

CH2=CH-c§

Q

R

With piperidine, morpholine or pyrrolidine as’ the
amine 2, high yields have been obtained on heating
equimolar amounts of 1 and 2 in acetonitrile at reflux
during 1 hr (Table 1 products 3a-h). The reaction with
less nucleophilic amines such as cyclohexylamine or
diisopropylamine requires longer heating time at higher
temperature, neat or in 50% aqueous dimethylfor-
mamide; yields are lower (Table 1, products 3i-p).

Usually the addition of aromatic amines to activated
olefins is acid catalysed'*'® (acetic acid or lewis acid)
although it has been once shown'® that the aromatic

+ R'RENH — R‘RzNCHQCH?C\

amine itself can play the role as the basic catalyst. We
have observed that the non-catalysed addition of aroma-
tic amines to propenamidines 1 requires much more
drastic conditions than with aliphatic amines; e.g. heating
at reflux (208°) the propenamidine Ir (Table 1) with
2-chloroaniline as solvent during 18 hr leads to 3r in 23%
yield. The use of SnCl, as catalyst facilitates consider-
ably the reaction by refluxing 2 hr in o-dichlorobenzene
as solvent Ir and 2r. The addition product 3r was
isolated in 39% vyield. The highest yields have been
gained by heating a mixture containing 1 equiv of 1; 1.5
equiv of the aromatic amine 2 and 1,5 equivs of acetic
acid. The amidine 4 being a stronger base than the
aromatic amine 2, 1 would be completely protonated with
one equivalent of acetic acid, the remaining half would
protonate part of the amine 2. The protonated pro-
penamidine § was more activated towards nucleophiles
than the free base 4 (no charge separation in the

1
/NH Bu

N

resonance form §'; cf. to the charge separation in the
resonance form 4'), thus the S-carbon in propenami-
dinium acetate 5 would be more electrophilic than in 4.
Thus the first (probably the rate-determining) step is the
addition of anilines to § and acetic acid catalyses the
proton-transfer from the acid to the a-carbon perhaps
via a complex®*'*?° such as 7 leading to the acetate 8 of the
final product 3.

Good vyields in propanamidines were obtained only
when Ar' and Ar? were identical (Table 1 compounds
3q-v). Indeed, when Ar' and Ar® were, a transamidination
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different reaction took place leading to a mixture of
amidines and thus lowering the yield (Table 1 compounds
3w-y). These transamidination reactions are favored under
acidic conditions.'*

/NHAr

bond of propenamidines 1 illustrates the activation by
the conjugated amidine function. This provides, with
propenamidines, a new class of Michaél acceptors for
amino compounds. Furthermore, this reaction makes

®
ArNH; - § — ArNH.CH,CH=C{ ACO®  _FCHiCO0H o
NMBU'
NHAT
1
/;ét'—“e“
chemen. NHAr
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H o “K\HBUY: >
- 7
0=( 8
“CH;
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N Af‘ N Al"
CH—CH—CZ + APNH, ——3= APPNHCH,CH, CZ +
NH Bu' NH Bu'
u
N Ar?
Y
AP*NHCH;CH, c< S
NH Bu*

The major interest of the amidinoethylation reaction of
amines depend on the preparation of 3 - amino sub-
stituted - N,N’ - substituted - propanamidines 3 by other
methods e.g. starting from the 3-amino substituted-pro-
panenitrile then building-up the amidine function. We
have failed in such attempts.

Heating pure compound 3d during several hours at
about 150° resulted in the recovery of some starting
propenamidine 1d thus showing that the amidinoethyl-
ation is reversible as other Michaél reactions.

All compounds 3 described are new, their analytical
and spectral data confirm the assigned structure 3. The
molecular formulae have been confirmed by elementary
analysis and mass spectra (Table 1). The 'H-NMR spec-
tra have been recorded and all signals attributed (Table
2). Their IR spectra display a characteristic strong ab-
sorption of the amidine function in the 1625-1640 cm™
region, some other characteristic bands for each com-
pounds are also tabulated (Table 3).

In conclusion, the amidinoethylation of amino com-
pounds by the addition of amines to the C=C double

easily available 3-amino substituted-N,N'-substituted
propanamidines not easily accessible by other classical
methods. These have shown an interesting phar-
macological activity.”

EXPERIMENTAL

M.ps were determined on a kofler hot-stage apparatus. B.ps are
uncorrected, IR spectra were measured on a Perkin-Elmer 177
spectrophotometer as KBr pellets or when liquid on film over
NaCl plates. '"H-NMR were recorded on a Varian T-60 or Jeol
JNM-MH 100 instrument using TMS as internal standard. Mass
spectra were recorded on a Hitachi Perkin-Elmer RMU-6D
instrument. The synthesis of N,N'-substituted propenamidines 1
has been reported earlier.'2'?

General procedures

Method A: Compounds 3a-b. The amine 2 (0.0l mol) was
added to 1 (0.0 mol) in acetonitrile (20ml) and the mixture
heated at reflux during 1 hr. The soln was cooled and the end-
product 3 usually crystallised spontaneously; it was then recrys-
tallised from the appropriate solvent (Table 1).

Method B: Compounds 3i-. A mixture of I equiv of 1and 1
equiv of cyclohexylamine was heated 3 hr at 120°. It was then
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Table 2. "H-NMR data for compounds 3a-y

Product
.\!'.

S (ppm) in CDC1

or DMSO - d (a){b)

3

w
»

7,2(1 NM); 6,4 - 6,9 (4 m, Ar H); 3,70 (39, A:ocng);
1,9 - 2,6 (8 m, :x>u - CHy - CHy )5 1,2 - 1,8 (99 (1,4) C Hgbamel b,

O

6.6 - 8,3 (4m, ArH + 4NH (7,95)); 2,1 - 2,7 (B m, C"z>u - CHy - Qi)
1,3 - 1,9[95 (1,0) Cybgt amel em (TH] . %

oty
7,56 (ANH); 6,62 - 7,36 (4 m, ArH); 2,2 - 2,48 (6 m, CHy = N

thy
1,92 - 2,16 @ m, ~Cry - ¢ 35 1,9 = 1,8 (95 (1,96) Cyhy-k ovnd b (e 7.
N
CH,

6,2 =~ 7,3 (4w, At + LRH); 3,4 —c3.8 e, d )

Tead it
1,8 - 2,5 (35, ArCHy (2,00, 8w, ZN[EM), T2 51,6 (93 ,C NG k),

-cH

2

CH2
6,4 = 7,3 (4w, ArH + INH); 3,5 - 3,8 (4@, Q] ~);2,0-2,7 (8=
Cﬂz\ C“z

cupo ¥ 7 Oy =GB L4 8, CyHy-£) .

2
;M2

6,28 - 7,28 (4 m, ArH, + INH (6,86)); 3,6 - 3,8 (4 m, 0] )i

_CHy ;N .
2,32 - 2,6 (6m, CH, - N ); 2,08 - 2,18 (2 m, CH, - C Yo 1,44 (95,C Hyts
M 2 \Cﬂ 1 ~N

2 City
AN

6,9 (4NH); 6,7 - 7,6 (4 m, ArH); 2,0 - 2,9 (8 m, ”,p N -chy ~ cn.z);

1,6 - 2,0 (b, [ )i 1,6 (95, Culgt ). 2

6,6 = 7,9 (6 m, ArH + TNH); 2,3 - 2,8 (6 m; CH, - N:ml ¥ 2,0 = 2,25 (2¢, CRy
CHy
1,5 - 1,9 (4 m.‘ N )5 1,3 (95, CHg € T,
e

2N .
7,6 - 6,6 (Sm, ATH + 1 NK); 2,65 Qe -CH, - € £, 2,5 = 0,6( 23 m, CH, NHCH,;
1,4 (8, CBy - ),

N
/ .
7,3 - 6,4 (5 m, Ar B+ 1 NH); 2,7 (3t, —CH, - c(u ¥i 2,5 - 0,8{ 26 w, CM, WHCH—;
2,1 { s, ArCH); 1,45 (3, CHg - O],
N
7,60 28y 7.2-6,5 (3o, ArW; 2,65 (2, ~CH, -~ CZ 1)

SNH
2,6 - 0,8] 23 m, CH \NH ~ CH, | 1,45 (s, cpug-t].

3
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Table 2 (Contd).

& (ppm) in CDC1, or DMSO - ds(a)(b)

i

.2

7,9 - 6,6 (4 m, ArH); 6,9 (1NH); 4,3 <2*,-o-cn12-); 2,65 (2¢, - CHJ2,5 - 0,7
[_26 ", CgHy NHCH)-, ~0-CH,=CH,; 1,4 (s, c iy 0.

N
7,35 - 6,65 (5w, ArH + 1N8); 2,75 (26, <My = €7 ) 2,45 - 0,65 (23 m, Cgu, NHCry S
1,4 (8, c iy - 0] !

7,4 = 6,6 (6w, ArH + 1 NH); 2,65 (2¢, CH, - CZ} )i 2,5 = 0,8 [23 m , CH  NHCH,
L4 s, cuy - 0)].

8,2 - 6,7 (4 m, ATH); 7,4 (1 NH); 3,2 (2 by CH (CHy) )5 2,7 (26, N - CHy-);
CH3,

2,3 (2t, - €K
cH,

- c(': )i LS (s, Cygmt); 1,1 (124, €7

ZN

6,3-8,1(ArH); 4,35 (2x24,0-CH,-); 3,5 (N-H); 3,3 ¢, N-CH,-); 2,4Qk, <y 7y )i
1,95 (NH); 1,3 - 1,4[(9: vBu); {2 x 3¢, O~CH, - c'b)-]'

6“);

6,2 - 7,5 (8 m, ArH); 4,45 (2 x NB); 3,25 (29, N- Cﬁz-); 2,3 (g, Cﬁz - C\”

1,45 (95, £-Bu)

6,2-7,4 (8w, Arl); 1,35 (4, 2V 2,6 4, amm); 3,2 (2¢, N-CH,);

N ~ NH
2,35 Qu, CHCZ ) 1,4 (95,t-Bu).

6,0 = 7.2 (8 m, AFH); 4,2 (CZ05 3,25 (26, N-CHy » IN); 2,3 (35, Ar'o;

2,2 (35, Ar’cHy ec cn, - ¢ZN); 71,6 (98, b-Bu).
6,1 - 7,7 (8 m, ArH); 4,8 (2 x NH), 3,35 (Zq, N-C!'z); 2,4 Qt,-lez )i 1,45 (95,08u).

6,4 ~ 8,5 (8m, AT); 3,7 (CZys 3,35 (2c, N=CH,-); 2,45 (2, )i 1,8 (ArNH),
1,4 (9s,t-Bu).

6,2 - 8,12 (8 m, ATH); 4,8 (CZN.); 4,28 (24, 0-CK, CM,); 3,52 (ArNH);

3,18 (2¢, N-CH); 2,36 (2¢, ey 2V )5

2,04 (38, ArCHy)i 1,24 - 1,36 [(95,t-Buy; (3, ~OCH,CH,

6,1 - 8,1 (8 m, ArH); 4,35 (29, OCHy~ + 2 NH); 3,2 (2m, NH - C"z"
2Ny, - .
2,35 @t, M2 05 1,1 - 1,4 [(95,¢-Bu ) f3c, —oa&cn_a)],

8) s = singlet; d = doublet; t = triplet; q « quadruplet; h = heptuplet;
® = multiplet,

b) solvent for compound 3»
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Table 3. Infra-red spectra for compounds 3a-y

Product
N.

~ (cn—l}; ke ®

2w

1%

3260(nNH)  3050(m,CH) 2940(S,CH,)  1640(VS C:K) 1580(5,c=x)

3220(m, NH) 3040(m,CH) 294C(3,CH,) 1630(VS,c-N) 1590(VS 0.0} 1550 (VS,NO,) 1330 (VS K0)
3240(a ,NH) 3060(a,CH) 2940(S,CH, ) 1630(Vs, (c=§)1580(VS, (=C)

3230(mNH)  3030(m,CH) 2960(5,CH,)  1630(V5,coK) 13908, C=C)

3240(m,NH)  3060(m.CH) 2960(S,CHy)  1630(VS ey 1580(S | rap)

3260(m, NH) 3050(m CH) 2960(S,CH,)  1630CVS,C-) 155005 c=()

3230(m,NH)  3060(mH) 2970(Seh,)  V625(YSCeN) 159008 =0y 2270 (S,C:N

3240(m NH) 3060 (m, CH)2960(S, CHp)

3260 (w,

3260 (w,

3240 (w,

3240 (m,

3240 {w,

3270 {m,

3220 {w,

NH); 3220 (w,

NH); 1625 (S,

NH); 3180 (w,

NH); 3160 (w,

BH); 1630 (s,

NH); 1625 (S, C = N); 1570 (5, C = C}

C = N); 1560 (8, C = C

NH); 1635 (vs, C = N); 1550 (s, C ~ C)

1630(VS, C=n 180088 c.ry 1560 (VE,M05)1350 (S,NC)

3 760 (m, C~Cl);

NH); 1710 (s, C = 0); 1640 (s, C = K); 1600 (s, C = C)

C = N); 1550 (C=C

: 1120 (va, =CF);

NH); 3240 (w, NH); 1625 (vs, C = N); 1565(9¢C « C)

NH); 1630 (s, € = N); 1580 (s, € = C)

1550 (s, Noznl); 1320 (vs, N02 syw) .

3400 (5,NH); 3390
3430 {w,NH}; 3400
3420 (w,RH); 3400
3440 (m,NH); 1635
3395 (8,NH); 3460

3410 (m,NH); 3395
1320 (vS, S-Noz).

3395 (S,NH}; 1690

3410 (=,NH); 3380

(S,NH}; 1695 (VS, C=0D)j 1640 (VS, C=N}; 1590 (8,CeC)

(m, NH}; 1620 (VS, CeN}; 1585 (m, Ce=C)

(m,NH) ; 1630 (S,CwN); 1600 (m,C=C)

(v8,CeN); 1370 (e, W)

(S, N-H); 2230 (S,CaN); 1630 (vS,C=N); 1590 (5,(s()

(m,NH); 1640 (m,CeN); 1600 (m, C=C); 1530 (S,aI—NOz);

(5,Cu0); 1640 (5,C=N); 1595 (5,0=C);

(S,NH}; 1690 (5,C=0); 1635 (S,CeX); 1590 (5,C=C).

&) ¥e = very strong; # ~ styong; m » sedium; W » wesk.
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kept overnight and the residue recrystallised from the ap-
propriate solvent (Table 1).

Method C: Compounds 3m-n. To a 50% aqueous soln of
DMF (20 mi) 0.01 mol of 1 and 0.01 mol (1,2 ml) of cyclohexyl-
amine were added. The mixture was heated 4 hr under reflux.
The cooled soln was then extracted with CHCI;, the organic
phase washed twice with water, dried and concentrated. The
residue was recrystallised from the appropriate solvent (Table 1).

Method D: Compounds 3p. A mixture containing 2,47¢g
(0,01 mol) of 1p in 20ml diisopropylamine was heated under
reflux during 7 days. The excess amine was then evaporated to
dryness and the residue (3p) recrystallised from EtOH.

Method E: Compounds 3q-y. To a soln containing 0.0135 mol
of 1 (leq) in 30ml ethyleneglycoldimethylether or EtOH,
0.0202 mol (1.5eq) of 2 and 1,15ml (1.5 eq) AcOH was added.
The mixture was heated 15 hr under reflux. It was then cooled,
diluted with CHCl; and thoroughly extracted with 1 M NaOH.
The organic phase was dried over MgSO, and the filtered soln
concentrated to dryness. The solid residue was then recrystal-
lised from the appropriate solvent (Table 1).

Other procedures with aromatic amines

(a) Non catalysed addition. To 30ml o-chloraniline, 2,35¢
(0.01 mol) of 1r was added and the soln heated under reflux
during 18 hr. The excess amine was then vacuum-distilled off and
the solid residue 3r crystallised from EtOH-water or pentane,
yield: 0.84 g (23%); m.p. 70°.

(b) Catalysed by SnCl,. To 25 ml o-dichlorobenzene, 2.4 ml
SnCl, (0.02 mol) was added. Then 4.73 g (0.02 mol) of 1r followed
by 2.1 ml (0.02 mol) o-chloraniline were added and the mixture
heated under reflux during 2 hr. After cooling, the mixture was
extracted with HC] (about 1 M). The aqueous acidic phase was
made strongly alkaline with 30% NaOH aq and then extracted
with CHCl;. The organic phase was dried then evaporated to
dryness. The unreacted o-chloraniline was vacuum distilled off
and the solid 3r recrystallised, yield: 2,84 g (39%).
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