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w-Cyanoacetophenone (1a) and its derivatives Th-c react with morpholine (or piperidine) to
give mainly 2.4-diaryl-3-cyano-6-morpholino- (or piperidino-) pyridine derivatives (5); relative

B-aminocinnamonitriles 6 and very small amounts of amidines 4 are also obtained.

When

pyrrolidine is used compounds 6 cannot be detected and enamines 6 are the main product.

A mechanism involving the intermediate formation of enamines 6 (as electrophiles) and of

carbanions 11 (as nucleophiles) is proposed to explain this new synthes

derivatives.

Literature reports (1,2) that w-cyanoacetophenone
(1a) and its ring-substituted derivatives react with second-
ary amines, such as morpholine (2) or piperidine (3b) in
refluxing ethanol

OC4HgNH (CHy)yNH
2 3a,n=4; 3b,n=5

to give amidines 4; salicylaldehyde is used as catalyst:

C,HsOH, refl H
I. Ar-CO-CH,-CN + RyNH 22572 TN A+ .CO-CH, .(::’N
(0.HOC4H4-CHO) NR,
1 4

We found that compounds 1, when refluxed for 2-3
hours with 2 or 3b without solvent and catalyst, gave
chiefly 2 4-diaryl-3-cyano-6-morpholino- (or piperidino-)
pyridines (5a-f).
and, occasionally, very small amounts of amidines 4 were

The relative S-aminocinnamonitriles 6

also obtained in these conditions:

.

Ar
CN
R,NH =
2. Ar-CO-CH,-CN — 5 + .‘\r-(ll'(lll-(IN +a
RpN~ Sy~ ar NR,
1
5 6
4.6
a, Ar -Cglls- a, Ars Ar=CgH- a, Ar=Cgllg-; BoN-OCHN
b, Ar=p-CH3CeH,- R,N=OCHgN- b, Ar=CoHg—; RyN=CoI1N-
o, Ar=p-CIC 1l ,- b, Ar=Ar'=C - o0 ArCgllg-2 RyN=C HN-
RyN=CgHloN- A Arp-CHLC -

e, Ar=Ar'sp-CHLColHy
R,N=0C,HyN-

RoN=0CHgN-
e, Arip-CHLCHg-

s of aminopyridine

4y Ar A p-CHLCGH -
RoN=CghtoN-
e A A peCle H-

RoN=CH,oN-
{, Ar=p-CHLCH,-
RN CallgN-

RaN-OC HN- a  Are -Gl -
LA A p-ClCH,- RN =OCHEN-
RyN CelloN- ho Ar=p-ClCH,-
u, Ar pCHGCH,- RoN -Gl oN-

Ar CoHs-
RN OC,HN-
I Ar pCIGIL-
G H-
R,N -OC H,N-

1, Arp-ClC H,-
R,N- CoH N

In order Lo confirm the assigned structure, compound
5a was obtained also starting from 2 4-diphenyl-3-cyano-
6-chloropyridine (7):

1. Get's
CcN
| ~ OGN
—_——— 5a
~
"N Gt
7

To our knowledge this is the first report on a reaction
of compounds 1 which gives pyridine derivatives.

Many examples, on the contrary, are reported about
pyridine syntheses starting from B-aminocinnamonitrile
(8) (3-5) and from other compounds such as 9 (6) or
10 (7,8). In fact compounds 8-10 give self-condensation
in various conditions (but generally in acidic medium) to
pyridine derivatives (equation 4) (9).

R
. I XN

' RCCILCN -
\H; X SNFOR

8. R C.He-: 9. R CH,-.
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This possible pathway, however, must be discarded for
the production of compounds 5 because when enamines
6 or 8 were refluxed for 2-3 hours with amines 2-3a,b
only trace amounts of pyridine derivatives were obtained.

Morcover, compound 8 by prolonged reflux (40 hours)
with 2-3a,b gave, in part, the relative enamines 6a,c. On
the other hand, compound 8 itsell reacted rather quickly
in refluxing morpholine with the w-cyanoacetophenones
1a-c to give compound Sa or the mixed compounds 5gh,
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respectively (equation 6). Tle showed that in the last two
cases only trace amounts of compounds 5e¢.e, deriving
{from the reaction of the only 1b,¢, were formed.

RoNH
€ ——
40 hours

Ta-¢; RyNH
—_—

2 hours

6. ba,gh

The somewhat rapid decrease of compound 8 when it
was refluxed in morpholine together with compounds 1
and the following production of mixed compounds 5g,h
point out that hoth 1 and 8 take part in the cyclisation
process.

The results suggest that the reaction of compounds 1
with morpholine or piperidine to give 5 begins by a
nucleophilic attack of carbanions 11 to enamines 6 (11)

Compound

FRYIL9LERER

7.93 (2H,m) (b)
7.90 (2H,m) (b)
7.80 (2H,m) (b)
7.78 (2H,m) (b)
7.89 (2H,m) (b)
7.73 (2H,m) (b)
7.88 (2H,m) (b)
7.69 (2H,m) (b)
7.91 (21,m) (b)
8.13 (4H,m)(b)
8.11 (2H,m)(b)

TABLE I

Nmr Values for Substituted Pyridines (a)

7.55 (8H,m)(¢)
7.51 (8H,m) (¢)
7.31 (6H.m)(¢)
7.36 (6H,m) (¢)
7.25 (6H.m) (¢)
7.28 (61, m) (¢)
7.45 (THm) (¢)
7.29 (7Hm) (¢)
7.40 (3H,m) (¢)
7.82 (Hs) (d)

7.69 (11,5) (d)

6.57 (H,3) (d)
6.52 (Hs) (d)
6.50 (H,5) (d)
6.41 (H,s) (d)
6.39 (H.s) (d)
6.41 (H,s) (d)
6.56 (Hs) (d)
6.42 (H,;5) (d)
6.46 (H5) (d)
7.44 (11H,m) (¢)
7.35 (8H,m) (¢)

3.80 (811.,bp) (¢)
3.76 (4H.,bp) (F)
3.75 (8H.bp) (¢)
3.72 (411,bp) (F)
3.71 (8H.bp) (e)
3.65 (4H.,bp) (f)
3.76 (81.bp) (¢)
3.72 (8H,bp) (¢)
3.75 (8H.bp) (¢)

2.91 (311,5) (h)

1.70 (6H.bp) (g)
2.39 (61,5) (h)
2.43 (6H.) (h) 1.67 (6H,bp) (2)
1.68 (6H,bp)(g)

2.40 (3H.5) (h)

2.50 (3H.5) (h)

(a) S - singlet, m =

multiplet, b.p. = broad peak. (b) o-Hydrogens on the Co-phenyls. (¢) Other aromatic protons. (d) Hs. (e) Mor-

pholine ring protons. (f) -CH,-N-CH;-piperidine ring protons. (g) -CH,-CH4-CH, -piperidine ring protons. (h) -CHj3 protons on an aro-

matic ring.

TABLE 1

Infrared and Ultraviolet Spectra Data of Compounds 5 and 6.

Infrared Spectra, v max, cm™1

Compound

No. C¢-H C=N C=Cand C-N
ba 2865-2809 2183 1626, 1584, 1562
5b 20322840 2197 1600, 1584, 1564
be 2949-2849 2207 1613, 1587, 1562
b5d 2067-2849 2178 1597, 1587, 1562
5e 2076-2865 2202 1597, 1569

5f 2032.2865 2188 1597, 1560

59 2041-2840 2192 1602, 1582, 1560
5h 2915-2849 2202 1602, 1594, 1569
5i 2941.2777 2212 1602, 1582, 1545

C=C and aromat. C=C

6b 2032 28440 2183 1626, 1597 -1569
6¢ 2932 2873 2174 1033, 1584-1550
of 2949 2832 2178 1610, 1579-1545
6h 2023 2824 2174 1607, 1584-1550
6i 2959 2832 2174 1618, 1594-1540

U.V. (ethanol)

(1-1}1-(3 Cc-0-C A max log €), mu
C

1123 1116 229 (4.30) 253 (4.43)
1123 302 (4.33) 242 (4.43)
1123 1113 296 (4.17) 259 (4.37)
1125 303 (4.18) 252 (4.44)
1121 1112 303 (4.28) 255 (4.49)
1118 306 (4.23) 254 (4.48)
1118 1112 208 (4.25) 256 (4.40)
1122 1113 298 (4.22) 252 (4.41)
19 1111 290 (4.35) 241 (4.25)
1116 273 (4.16) 223 (4.14)
1116 280 (4.06) 225 (3.98)
1L16 277 (4.12) 230 (4.06)
1112 284 (3.99) 236 (4.22)
1113 284 (3.87) 220 (4.02)
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which are formed competitively to them.

The conjugation in compounds 6 of the vinyl group
with the electron withdrawing nitrile group and the
decreased assistance of the lone pair of the morpholino
or piperidino nitrogen owing to same steric hindrance, as
shown by models, make possible this attack.

The reaction proceeds by a subsequent nucleophilic
attack of the nitrogen of the nitrile group (13) (Scheme).

In agreement with all that, compounds 1a and 9 reacted
in refluxing morpholine to give the 2-phenyl-4-methyl-
pyridine derivative 5i; in this case only trace amounts
(tle) of 5a also was detectible.

SCHEME ZNH
COGH,-C
v TOSNR, 4
o
- R,NH ArG-CH-CN .
Ar-COCH,CN el
1 R,
i
ArC CHAON "
|
Ar o)
|
/C\
HC™ "CH-CN R,NH
6 + N e [ \ 5
Ca b
N
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Structure 5i rather 51 was assigned to the compound
on the basis of a comparison ol ils nmr spectrum with
the ones of 5a-h, 13 and 14 (Table 1) (16).

A useful feature of the nmr spectra of these compounds,
in fact, is the multiplet centered at about § 8 ppm which
is due to o.hydrogens on the Cq-phenyls. In fact this
multiplet integrates for four protons in the case of 13 and
for two protons in the case of compounds 8a-h, 14 and
also in the case of phenyl methyl derivative, whose
structure then is 5i and not 5l (17).

CHy CeHs
72 CN = CN
4 |
OC4HgN" Sy~ CHg OCgHgN™ >N~ "CH3
Si 51
CeHs CeMs
NN N CN
CgHg™ N~ CgHg CgHg~ ~N-7 CH3z
13 14

TABLE I

Pyridine Derivatives

Compound

No.

Starting
Compounds

1c

1b+8
1c+8
1a+9

QAPAFLLIT

(a) E=ethanol, E-W = ethanol-water, B = benzene. (b) Caled. 17.28. Found, 17.46. (c) Cl Caled

9.43. Found, 9.67.

Compound Starting Yield
No. Compound Amine %
6b 1a 3b 15
6¢c 1a 3a 24
6f 1b 3a 18
6h 1c 3b 12
6i 1c 3a 22

(a) The compound 68 has been already known (ref. 13). °

Amine

Yield

%

32
28
25
12
40
36
38
44
26

M.p. °C Formula Caled. %

(Recryst. C H N C

solvent) (a)
215-216 (E) Ca2Hi N30 7739 561 1231 77.51
201-202 (E-W) C,3H, (N3 81.39 6.23 1238 81.24
175176 (E-W)  Cy4H,3N30 78.02 6.27 11.38 78.23
175177 (E-W)  Cy5Ha5N3 8170 686 11.44 81.47
264-265 (B) Ca2Hi7Cp N3O 64.40 418 1024  64.32
202-204 (E-W)  Cy3H{ClpN; 67.65 4.69 10.29 67.84
196-197 (E-W) C,y3H; (N3O 7772 596 1182 7797
236-237 (B) Cyo HygCIN3 O 7030 483 11.18 70.04
189-190 (E) Cy7H, N30 73.09 6.14 15.04 73.41

TABLE 1V

B- (N,N-Disubstituted) aminocrotononitriles (a)

Caled. %
M.p. °C Formula C H N C
86-87 CiqH16N2 79.20 7.60 13.20 79.54
103-105 Cy3HigN,y 78.75 712 14.13 7891
92.94 C1aHy 6N, 7920 760 1320  79.04
125-127 C14H;5CIN, 68.15 6.13 11.35 68.32
78-79 C13H;3CIN, 67.09 5.63 12.04 67.42

The compounds 6d, e.g., were not isolated
7.41 (5H, m, aromatic protons), 4.19 (H, s vinyl proton), 3.03 (4H, broad peak. -CH2-I}J-CH2-piperidine ring protons) 1.57 (6H,broad
peak, {CH,)3-piperidine ring protons). (c¢) nmr (deuteriochloroform) 7.39 (5H, m, aromatic protons), 3.87 (H, s, vinyl proton), 3.13
(4H, broad peak, -CH,-N-CH,-pyrrolidine ring protons), 1.92 (4H, broad peak, {CH,),-pyrrolidine ring protons). (d) Ci Caled. 14.37.
Found, 14.54. (e) Cl Caled. 15.24. Found, 15.42.

Found, %

H

5.84
6.45
6.37
6.75
4.40
4.80
6.18
4.64
6.42

Found,

H

7.81
7.30
7.88
6.38
5.81

N

12.62
12.48
11.52
11.26
10.49 (b)
10.35 (¢)
11.96
11.04 (d)
15.32

.17.37. Found, 17.24. (d) Cl Caled.

%
N

13.42 (b)
14.02 (¢)
13.42

11.47 (d)
12.20 (e)

. (b) nmr (deuteriochloroform)
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TABLE V

Aroylaceto (NV,N-disubstituted) amidines (a)

Compound Starting Amine M.p. °C Formula
No. Compound
4c 1a 3a 188-189 Cy13H16N20
de 1b 3b 148-149 Ci1s5sH9N2 0O
4f 1b 3a 212-214 C14H18N20

Vol. 11
Caled. % Found, %

C H N C H N
72.19 7.46 12.95 72.44 7.60 13.14 (b)
73.73 8.25 11.47 73.41 8.12 11.30(¢)
73.01 7.88 12.16 73.24 7.75 12.34 (d)

(a) The compounds 4a, g has been already know (ref. 2 and 21, respectively). The compounds 4b, d, h i were not isolated. (b) A max
(ethanol) (log £), mu 323 (4.20), 236 (4.16). (c) A max (ethanol) (log £), mu 323 (4.16), 242 (4.11). (d) A max (ethanol) (log &), mu

323 (4.27), 240 (4.17).

Structures 5g,h were assigned by analogy.

When pyrrolidine (3a) was allowed to react with Ta-c
enamines 6¢,f,i were obtained but no trace amounts of
relative pyridine derivatives.

The different behaviour of pyrrolidine is not surprising
because literature reports other examples of this, relative
cither to the formation of enamines or to their reactions
(18).

[n this case a possible reason for this differcnce could
be the lesser electrophilicity of the pyrrolidine enamines
as the result of a greater conjugation of the lone pair of
the nitrogen with the o electrons of the cinnamonitrile
system. This is made possible by a lesser steric hindrance
of the five-membered pyrrolidine ring (19).

In agreement with all that and with the suggested
mechanism relative to the eyclisation process (Scheme),
enamines 6a,b reacted with 1b,¢; on the contrary 6¢ had
no reaction with 1b,c.

EXPERIMENTAL

Nmr specira were determined for deuteriochloroform solutions
at 60 MHz and the chemical shifts are expressed in 6 values
(ppm) with TMS as the internal standard. Ir spectra were
determined using potassium bromide discs and uv spectra were
recorded in ethanol. Melting points are uncorrected. Tle were
carried out with silica gel F-254 plates and developing solvents
were petroleum etherbenzene (20:80), benzene-ethyl acetate
(90:10 and 70:30) and ethyl acetate. Merck silica gel (0.050.2
mm) was used for chromatographic separations.

General Procedure for the Reaction of Compounds T with

Amines 2-3.

A solution of compounds 1 (0.01 mole) in 0.01 mole of
amine (20) was refluxed for 2 hours. In the case of 1b, pyridine
(3 ml.) was added to reduce the production of gums; the solvent
was then removed in vacuo. The reaction mixtures were dissolved
in chloroform; the solutions were washed with water, dried and
evaporated. The residues crystallized from the specified solvent
(Table II1) to provide compounds 5 (analytical data are recorded
in Tables 1-I11). The solutions were concentrated and chilled to
remove 5 as much as possible and then evaporated in vacuo; the
residues were repeatedly extracted with hot ligroin; the solutions
were decanted several times from some oily residues and at last

compounds 6 crystallized. Data relative to compounds 6 are
given in Tables 1l and IV.

Before the crystallization of enamines 6ef from the ligroin
extracts the relative amidines 4ef separated as greyish dusts.
Amidine 4a instead separated by evaporation to nearly the
dryness of the ethanolic mother liquor of compound 5a and
dilution with water. Amidines 4c¢,g separated from the solutions
in dilute ethanol of the brownish oily residues which were left
when the reaction mixtures of 1a with 38 or of 1c with 2 were
extracted with ligroin. Data relative to some compounds 4 are
reported in Table V.

Separation of reaction compounds could be made better by
column chromatography which allowed, in the case of the
reaction between 1a and morphpline, the obtaining of a white
compound, m.p. 310°, in a very small amount.

The yields of 5 and 6 were not great (Tables III and IV)
because of the fragmentation processes which led to the production
of acetonitrile, aroylamides and arylcarboxylic acids as shown by
tlc and gc; gums were also formed.

Moreover tlc showed the presence of an unidentified yellow
compound.

Reaction of Compounds 1a-¢c with 8 and Morpholine (2).

Compounds 1a-¢ (0.005 mole), 8(0.005 mole) and morpholine
(0.01 mole) were allowed to react as described above; the yield
of 5a was 41.5%, m.p. and mixed m.p. 215-216° (with a sample
obtained starting only from 1a). Data relative to compounds 5g,h
derived, respectively, from 1b, 2 and 8 and from 1c, 2 and 8 are
recorded in Tables I-I.

Reaction of 1a with 9 and Morpholine.

Compound 1a (0.005 mole), 9 (0.005 mole) and morpholine
(0.01 mole) were refluxed for 3 hours and the reaction mixture
was worked-up as above. Data relative to compound 5i are
given in Tables [IlI. Tle showed the presence of a little 5a, 6a
and 9.

Reaction of 1b,c with 6a-c and Amines.

Compound 1b was refluxed with 6a and 2, with 6b and 3b and
with B¢ and 2. Compound 1c¢ was refluxed with 6aand 2. In all
cases the molar ratio 1:1:1 was used and the reactions were
stopped after 5 hours.

All mixtures gave its own relative mixed pyridine derivative
(tle) except that of Tb with Bcand 2.

Reaction of 8-Aminocinnamonitrile (8) with Amines.

Compound 8 (0.01 mole) and morpholine (0.02 mole) were
refluxed and the reaction course was followed by tle; after 40
hours the area of the two spots relative to 6a and 8 was nearly
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equal.

The addition of a crystal of p-toluenesulfonic acid little
affected the rate of the reaction which was completed only after
80 hours. Tlc showed only trace amount of compounds 5a and 8.
The reaction was repeated by using an excess of amine (ratio 1to
amine, 1:3) which did not increase the reaction rate. The reaction
mixture was dissolved in chloroform; the solution was washed
with water, dried and the solvent was removed. The residue
crystallized from ligroin provided 6a (yield 42%) which was
identical with an authentic sample (15).

The reactions with piperidine and with pyrrolidine were carried
out likewise by refluxing the solutions for 28 and 20 hours
respectively. The compounds @ (yield 28.5% and 6¢ (yield
51%) so obtained, were identical with the ones isolated from the
reaction mixtures of Tawith piperidine and pyrrolidine respectively
('Table IV).

2 4-Diphenyl-3-cyano-6-chloropyridine (7).

Compound 7 was prepared as reported (22) starting, however,
from g-aminocinnamonitrile (8) rather than from g-aminocinnam-
amide, m.p. 179-182° (lit. (22) m.p. 178-180°) after crystallization
from ethanol containing a few drops of hydrochloric acid.

Reaction of 7 with Morpholine.

A solution of | g. of 7 and 3 ml. of 2 was refluxed for 2
hours. Following the aforesaid procedure compound 5a (0.7 g.,
yield 52.2%) was obtained, m.p. 215216°. Spectral data and Ry
were identical with those of the compound obtained by reaction
of 1a with morpholine.
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