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ABSTRACT

New approaches for synthesis of different mono and polyheterocyclic derivatives utilising
a—substituted nitriles are surveyed. The reaction mechanism is considered as Micheael addition
followed by cyclization on the cyano group of ¢-susbstituted cinnamonitrile or via dipolar cyc-
loaddition reaction followed by elimination of hydrogen cyanide of the intermediate. The
scope and limitation of the most important of these approachers are demonstrated.

INTRODUCTION

, B-Unsaturated nitriles (1) are versatile reagents which have been
extensively utilised in heterocyclic synthesis. In spite of enormous num-
ber of reports on the utility of these compounds in synthesis of hete-
rocycles, up to our knowledge, the utility of a-substituted cinnamonit-
rile (2 a-h) in heterocyclic synthesis has never been surveyed. The uti-
lity of acryloniirile in heterocyclic synthesis was surveyedl3 in a chap-
ter on cyncethylation, Also, the utility of tetracyanoethylene in hete-
rocyclic synthesis was reported previously®® in a part of a book on
chemistry of cyano group. Recently, the reactions of o,3-unsaturated
nitriles in heterocyclic synthesis were reported5232. The reactivities
of a-substituted cinnamonitriles (2 a~h) and their use as starting mate-
rial for a wide variety of reactions have been studied. Recently, in my
laboratory good results have been obtained in this subject.
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In the following, the general reactions of «-substituted cinnamonit-
riles (2 a~h) which have been reported are outlined.

I) Reaction with amino derivatives as:
A) Thiourea and S-methylthiourea:

Thiourea reacts with «-cyapocinnamonitrile derivatives (2 a) in
ethanol [piperidine to yield the corresponding pyrimidine derivative
(3)59:57. The reaction mechanism was considered as Michael addition
followed by cyclization on the cyano group of o-cyanccinnamonitrile.
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Similarly, the reaction of S-methylthiourea with «-carbethoxy-
cinnamonitrile {2 b) in pyridine, 2-methyimercaptopyrimidinones (4)
were obtained. This reaction proceeds via Michael addition then the loss
of ethanol followed by autoxidation!d, as the following.
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B) Benzamidine and acetamidine:

It has been shown that, benzamidine hydrochloride reacts with
u-benzoyleinnamonitrile (2 ¢) in pyridine to give the fully aromatized
arylpyrimidine derivative (5)1, as the following.

o »/COPh HH NC COPh
T
N Ar” N7 Ph

H
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Ph
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Similarly to the behaviour of the (2 c¢), -carbethoxycinnamon-
itrie (2 b) reacts with benzamidine hydrochloride to give 4-aryl-5-
cyano-6-oxo-2-phenyl-1,6-dihydropyrimidine derivative (6)1.

In contrast to the behaviour of (2 b, ¢) toward benzamidine hyd-
rochloride, a~cyanocinnamonitrile (2 a) reacts with benzamidine hyd-
rochloride under the same reaction conditions to give 4-amino-6-aryl-5-
cyano-2-phenyl-1,6-dihydropyrimidine derivative (7)1. The latter could
be dehydrogenated to the fully aromatized analogues (8) by treatment
with bromine in acetic acid46°10. The reaction of guanidine with unsa-
turated nitrile was reportedss,4.
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Several synthesis of pyrimidine derivative from the reaction of un-
saturated nitriles (1-2) with acetamidine were reporteds6:85, Synthesis
of vast number of heterocyclic six membered derivatives utilising

unsaturated nitriles (1-2) as starting materials has been repor-
ted5—7,11,14-16,50,64:68,71,73,79,84,35,89

C) Hydrazine derivatives:

It has been shown that, «-substituted cinnamonitriles (2 a~h) reacts
with hydrazine hydrate to yield the aminopyrazole derivative, such as
a-ethylmercaptocinnamonitrile (2 g) afforded aminopyrazole derivative
(9) via reaction with hydrazine hydrate32 as the following.

SEt NH

SEt B Br  SEtnNH.NH; 2
Ar-CH=¢( — Ar- ¢ =C M |1
“CN N R~y

N
29 H
3

A variety of new pyrazole derivatives have been synthesed util-
ising the same idea of reacting unsaturated nitriles (1-2) with hydrazine
derivatives3® 9> 120 20 — 23» 295 335 535 55— 565 62 — 635 66— 67> 72» 74 — 76> 80 — 81>
83287, Also pyrazole derivatives were obtained via reaction of (1-2)
with hydrazides, semicarbazides and thiosemicarbazides?0. The for-
mation of aminopyrazole was assumed as Michael addition of the hydro-
gen of hydrazine derivative to C=C group of unsaturated nitriles, fol-
lowed by the addition of unsubstituted hydrazine nitrogen of the hydra-
zine to the cyano group of the unsaturated nitrile.

D) Hydroxylamine:

Unsaturated nitriles (1-2) have been extensively utilised for the
synthesis of amino-1,2-oxazoles34.65, Such as, a-methylmercaptocinna-
monitrile (2 g) reacts with hydroxylamine hydrochloride in sodium
acetate to give amino-1,2-oxazole derivatives (10) as the following.

Br SEt SEt NH
SEt 2
Ve | / .
Ar-CH=C Br2 Ar-C=C NH20H-HCl —

“CN “CN sod. acetate Ar \N,O

E) Amino-heterocyclic compounds:

Several syntheses of azolopyrimidine derivative from «-substituted
cinnamonitriles (2 a-g) have recently been reporteds7-24, It has been
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found that, a-cyanocinnamonitrile (2 a) reacts with 3,5-diamino-4-
penylazopyrazole (11), 3-amino-4-(p-Cl-phenylazo)5--pyrazolone (12),
2-aminobenzimidazole and 3-amino-1,2,4-triazole in ethanol /piperidine
solution. The reaction products are pyrazolo-[1,5-b] pyrimidine (13),
pyrazolo [1,5-b] oxazine (14), benzimidazolo-[1,2-b] pyrimidine (15)
and (pyrimidino [1,2-b] triazole (16) respectivelyS7. (cf. Scheme 1).

CoHsN =N NH, p-Cl-C¢HiN=N NH

H,N7 SN | HO” SN~

On the other hand, 5-aminoF3-phenylpyrazole reacts with a-substi-
tuted cinnamonitriles (2 a-c) to give the corresponding pyrazolo [1,5-a]
pyrimidine derivatives (17-19)11 respectively.

H H H

N NH2 N. 20 N| Ph
Hs Cg \N’N\’ICN H O SN SN Hg SN N

Ar Ar Ar

17 18 19

Aminopyrazole and aminoisoxazole derivatives have -also been
reported to react with ¢-unsaturated nitrile to yield fused pyrimidine3l,
36-40, 42-45> 48, The formation of sufed pyrimidine is considered as the
Michael addition of the hydrogen of the nitrogen ring to the C=C of
a-unsaturated nitrile to give an intermediate, which readily cyclized to
fused pyrimidines, through addition of the hydrogen of the amino-
heterocyeclic group to the cyano group of a-unsaturated nitrile.

In contrast to the previous results, o-substituted cinnamonitr-
iles (2 a-c) react with 3-amino-2-pyrazolin-5-one and 3-amino-1-ph-
enyl-2-pyrazolin-5-one to give the corresponding pyrano [2,3-¢] pyra-
zole derivatives (20-25)24 respectively.
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II) Reaction with mercaptance:

A) Thioglycollic acid:

Recently, the formation of thiophens (26) from the reaction of
a-substituted cinnamonitriles (2 a-g) with thioglycollic acid has been
reported35:30, The reaction may be thus considered as an extension of
the thiophen synthesisSi.

AF_CH:C/CN HSCH.CO0H /i”
~x s
Za-c 26 . X=CN
X= COOE
X= C OPh

In contrast to the above results, it has been found that, thioglycol-
lic acid reacts with a-substituted cinnamonitriles (2 a-c) in ethanol/

piperidine solution to give thiazolo [2,3-a] pyridine derivatives (27)27,
as following.

Ar X

AN HSCH,CO0H
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The same result could be obtained via reaction of «-substituted
cinnamonitriles (2 a-c) with ethyl thioglycollate!. Also the reaction of
thioglycollic acid and a-substituted cinnamonitriles (2 b,c) was repor-
ted!! to give 2-substituted thiazolin-4-one derivative (28), as following.

ArCH
T

CN C
AI"—CH:C/ HSCH,COOH > X ﬁN
X S\/l§0

28,X=CO0Et
X = COPh

The formation of thiazolo [2,3-a] pyridine derivative (27) proceeds
in two steps. The first molecule of x-substituted cinnamonitrile reacts
with thioglycollic acid to give 2-substituted thiazolin-4-one derivative
(28). The latter reacts with second molecule of a-substituted cinnamonit-
rile immediately under the same reaction conditions to give (27).

Also a-mercaptocinnamic acid reacts with malononitrile to give
2-substituted thiazolin-4-one (29), then the latter reacts with «-substi-
tuted cinnamonitrile to give the corresponding thiazolo-[2,3-a]-pyridi-
ne derivative (27)27, as following.

Ar
_LCOOH CHalCN_ ,CHz X< D—NH,
C HsCH=C Z Ng _23-c N
N NS
SH \ﬁ)\o
CH-CeHs
—2—? C
27

B) Hydrogen sulphide:

«, B-unsaturated, nitrile (1) has been reported to react with hydro-
gen sulphide to yield the thiophen derivative (30)70, as following.

Ar CN
Ar CN AT LN
Se=¢? T B, Ny 2 jI—]:
N 4 N HoN“ S >NH

CN NC CN 2

30
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C) Aminothiophenol:

Several synthesis of pyridine derivatives from «-substituted cin-
namonitriles (2 a-g) have recently been reported®i. For example, the
reaction of substituted amines as o-aminothiophenol with «-cyanocin-
namonitrile (2 a) affords pyridine derivatives (31), as the following equ-
ation:

NH
_CN SH ArCH=C-C-S$
Ar-fH:C\ + @ N{Et)s/ éN
: CN NH, EtOH
. H,N
G
Ar
“ 3
NH
NC >N 2
NH2
31

IIT) Reaction with active methylene reagents:

Several synthesis of pyran and pyridine derivatives from a-substi-
tuted cinnamonitrile and active methylene reagent as starting materi-
als has been reported, as following:

A) Malononitrile and acetonitrile derivatives:

It has been found that, malononitrile reacts with «-benzoylcinna-
monitrile (2 ¢) to give the corresponding pyran derivative (32)34.

Ar Ar
RO ————ch\im
CN CH2l CN)2
Ar- CH=C] ST | ol Ph
“coPh 07 ~Ph HaN
32

Recently, malononitrile reacts with a-phenylcarbamoylcinnam-
onitrile (2 d) to give pyridine derivative (33)25.
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Uther interesting examples for the application of similar ideas
have appeared in recent literature. For example, x-(l-amino-2,2-di-
cyanoethylenyl) cinnamonitrile {2 h) has been reported to react with
malononitrile and ethyl cyanoacetate to vield pyridine derivatives
(34" and 35)34 49 respectively.

%? %Hz
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33
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On the other hand, 2-(cysnomethyl) thizaclin-d-one (36) reacts
with w-substituted ciunamonitrile in ethanol /piperidine solation to give
the corresponding thiazolo [2.3-2] pyridine derivative (27) as follo-

wingds-27
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B) B-Cyanoesters and B-ketonitriles:

The reaction of ethyl cyanoacetate with -henzoyleinnamonitrile
(2 ¢} leads to ihe formation of pyran derivative {37) via Michzael addi-
tion, as the following equalion?8:
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AreCHe 07 CNCHLO0EE  © N
~COPH ! )
Ar~CH=CH-COPh
2¢c ]
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NH,
E+00C Et00C. _CN
7 0 H
s emcomsreso :
Ar Ph Ar 2N\ Ph
CN CN
37

In contrast to this resalt, ethyl cyanoacetate reacts with «-phenyl-
carbamoylcinnamonitrile (2 d) to give the acyclic product (38)25, as fol-
lowing.

ArCH NH2
CN r Qr/L\T/CN
Ar- CH=C" CNCH2C00Et SN
SCONHPh s COOEt
PhHN™ "0
2d
38

Recently, reaction of w-substituted ecinnamonitriles (2 a-d) with
cyanoacetanilide was reported?s. It has been found that, a-cyanocinna-
monitrile (2 a) reacts with cyanoacetanilide to give pyridine derivative
(39), several other theoretically possible isomeric structures were con-
sidered. The formation of pyridine derivative (39) is asumed as two
pathyway. (ef. Scheme 2).

In contrast to the above result, it was found that cyanoaeetanilide
reacts with w-carbethoxycinnamonitrile (2 b) and «-benzoyl-cinnamo-
nitrile (2 ¢) in ethanol triethylamine solution to give the acyelic pro-
ducts (40} and (41) respectively. The last two compounds were conver-
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12

in acetic acid25. (cf. Scheme 2).
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On the other hand, o-carboxycyanoacetanilide (44) reacts with
a-substituted cinnamonitriles (2 a-c) to give quinoxalinopyridine deri-

vatives (45)%0. (cf. Scheme 3).

Ar CN . COOH
\ e
(=cC + @
pd N
H X NHC-CHyCN

2_ COOH
3, Ar= C4Hs ; X=CN b

, Ar= CeHa-OCH3(p}; X=CN
€, Ar=CeHy-OCHs{p); X=CO CeHoCl(p) X l
b, Ar = C¢Hs-0CHs(p); X=C Q202Hs H
NC N -
2N =0
0

Scheme (3)



Similarly, it was recently veported26 that, 2-cyanoethanioc acid
hydrazide (46) reacts with w-carbethoxycinnamonitrile (2 b) to yield
the corresponding 2-pyridone derivative (47). The formation of pyridone
derivative {47) is assumed as the Michael addition of the active methy-
lene group of {(46) to the C=C group of the (2 b) to give the acyclic pro-
duet. The latter undergos intramolecular cyelization, via the addition
of the hydrogen atom of the substituted nitrogen of the acyclic inter-
mediate to the cyano group, leads to pyridone derivative (47) under the

same reaction conditions. (ef. Scheme 4)26.
Ar
Ntﬁcu
0=™N I OH

|
NH,

Ar )
Ntfiw
0~ fr o]
NH 2
_NHNH;
0=C CN
\EHZ + Ar-(H=¢( —— Ooff
N COOE¢ l
2c L NHz
Ar Alf
NC y COOEt NC COO0Et
| —~— |
02> N7 NH, 07N
NH 2 '
L_)_'Z
a, Ar=CgHg-

b, Ar=4-Cl- Ce¢H4-
C, Al‘:k'NOz‘CgHr

Scheme (4)
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€) Active methylene enamino nitrile:

Other interesting examples for the application of similar ideas have
appeared in recent literature. For example, o-substituted cinnamonit-
rile reacts with active methylene enamino nitriles (48-49). It has been
reported that, 2-amino-1,1,3-tricyanoprop-2-ene (48) reacts with o-
cyanocinnamonitrile (2 a) to yield pyridine derivative (50)54:49, Simi-
larly, diethyl 3-amino-2-cyanopent-2-ene 1,5-dicarboxylate (49) was
reacted with (2 a) to yield pyridine derivative (51)49:78:47, as following.

Ar
HaN - CN _CN NC OV
o=t + Ar-CH=C — | ,,
NC-CH,  NCN ~CN HN7 N 7SN
H NN
48 23 50
HaN_ CN CN COOEt
/C::C\ + Ar«-CH:E\ —_— o ,EOOEf
Et00C-CH, 'COOEt CN
49 2a
- - 5_1

Also, ethyl 3-amino-2,4-dicyanobut-2-ene 1-carboxylate (52) reacts
with a-substituted cinnamonitriles (2 a, b) to give the corresponding
pyridine derivatives (53) and (54)4° respectively.

Ar Ar
NC CN Et00C CN
| |
~CN CN
HN N HN- SN el
H o ookt H  “cooet
53 54

D) 8 Ketoester:

Recently, the reaction of ax-cyanocinnamonitrile (2 a) with ethyl
acetoacetate was reported?5, which leads to pyran derivative (55)25.
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In contrast the behaviour of « cyanocinnamonitrile (2 a) with ethyl
acetoacetate, o-benzoylcinnamonitrile (2 ¢) reacts with ethyl acetoace-
tate to afford the acyclic produet (56)25.

I E+OC COCH
3
EtO0C 20 ~CH™
[ AN
Ph Z~NH; Ph-CH—-Qﬁ
COPh
CN
55 56

E) Active methylene of heterocyclic compounds:

The reaction of several heterocyclic active methylene with o-substi-
tuted cinnamonitrile was reported??. Such as «-(2-thiazolin-4-onyl)
acetamide (57) reacts with a-substituted cinnamonitriles (2 a-c) to give
the corresponding 3-(-thiazolin-4-onyl) pyridine derivatives (58-60)77
respectively.

ArCH HO

0 AN NHZ
S 1
)= CHy=C -NH, _ >—\-r\'):
N
0 57
24
2c
HO~ N CsHs HO_ _N-_OH
IS » IS ||
'l L= ><ow
HO o Ces HO= 0 H CeHs

Recently, it was found that, o-carbethoxycinnamonitrile (2 b)
reacts with «-(2-thiazolin-4-only)-a~phenylhydrazonoacetamide (61) to
give the corresponding pyrano |2,3-d] thiazole derivative (62), as
following.



Also, a-substituted cinnamonitriles (2 a, b) react with other thi-
azolin-4-one derivatives (63) to give the corresponding pyrano-[2,3-d]

thiazole derivatives (64) and (65) respectively3s.

N-HN CONH

1
HNCO-C | .
N 2a.b =N

il

=0, S
63 =
- 64, X=CN ] ] NHz
65, X=COO0Et

Similarly, a-cyanocinnamonitrile (2 a) reacts with (2 e) and 2-
thiazolin-4-onylbenzoylbromomethane (66) to give the corresponding
thiazolo [3,2-a] pyridine derivative (67) and pyrano [2,3-d] thiazole
derivative (68) respectivelys?, as following.

0 ?f
”Ph—’c-—CH
0 B N )
N
Phtl_tu I , K
S CN
§§ Ar
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Recently, the reactions of o-substituted cinnamoniiriles (2 a-c)
with thiohydantoin derivatives were reporiedis. It was found that,
3-phenyl-2-thiohydantoin (69) reacts with o-substituted cinnamoni-
triles (2 a, ¢) to give the corresponding pyrolo [1,2-¢c] imidazole (70)
and (71) respectiively!8, as the following equation:

Ar Ar
H 0 2¢ =0 2a H =
N'CGHS HN N f(,Hs N N'EQHS
N -
NC \n/ \“/ NC \ﬁ'
Ce¢Hs S S NH2 S
1 69 70

But 1,3-diphenylthiohydantoin (72) reacts with o-benzoylcinna-
monitrile (2 ¢) to give the corresponding pyrano [2,3-d} imidazole de-
rivative (73)18, as following.

.0

N N
Ve
Hg C¢ r “CeHs

12

In contrast to the behaviour of thiohydantoin derivatives (69 and
72) toward a-substituted cinnamonitrile (2 ¢), thiohydantoin (74) reacts

with «-substituted cinnamonitrile (2 a, b) to yield the 5-arylidene deri-
vatives (75)18,

0 ArC

H
I——/K’ 2a,b> H

.0

HN NH HN NH
' ]
S

h

7

2 vl

[y}

Also, compounds (69 and 72) react with (2 b) to give 5-aryl idene
derivatives (76) and (77) respectivelyl8.
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ArCH 0 | ArCH 0
" Y, N NS o~
H& N _N__N

N7 CeHs HsCs Y7 ~CeHs

S
6 7

On the other hand, it was reported that, 3-methylpyrazol-5-one
derivative (78) reacts with «-substituted cinnamonitrile (2 a-c) to give

the corresponding pyrano [2,3-¢] pyrazole derivatives (79-81) respec-
tively32:54:2, as following.

0

/r)// 2a-c
HyC NN

81 X = CeHs
The reaction of 2-isoxazolin-5-one derivative (82) with «-substitu-
ted cinnamonitrile (2 a-c) was reported® to yield 4-arylidene-2-isoxa-
zolin-5-one (83). The latter was reacted with malononitrile to produce
pyrano [2,3-c] isoxazole derivative (84)8, as the following equation:

~
J:\ 0
R N
8

2

R CHj, CeHs
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Recently, it was found that, thiobarbituric acid (85) reacted with
a-substituted cinnamonitriles (2, a b) to yield the corresponding pyrano
[2,3-d] pyrimidine derivatives (86) and (87) respectively39.

86, X=CN
87, X=COOE¢t

Similarly, it was found that, barbituric acid (88) reacted with «-
cyanocinnamonitrile (2 a) to give the corresponding pyrano-[2,3-d]
pyrimidine derivative (89)9, as following.

0
0 |
M N N

> 0 XY X0

H, N XA
CN
89

The reaction mechanism is considered as Michael addition followed
by cyclization on the cyano group of «-substituted cinnamonitrile.

1V) Reaction with hydrazidoyl halide:

Recently, several pyrazole derivatives (91) were synthesised0,
through the reaction of «-substituted cinnamonitriles (2 a-d) with hydra-
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zidoyl halides (90). The reaction mechanism is assumed as 1,3-dipolar
cycloaddition of nitrile imine (92) (as shown at pathway i), or via Mie-
hael addition followed by cyclization (pathway ii)®, as following.

e f R (N R X
®“ " o(-(N X -HCH —
I #—j:; L O
L) N gﬁ,eC‘H Ny N
| Ar A!\I‘H Ar
Ar
92 N
- X=CN, COCEL, COPh,
R - C"“ CORE
N £ N
er 230 R-C” H-T-X _base
At (i) Ny XAT -HOL
| H
90 Ar

V) Intramolecular reaction:

It has been reported that, several a-substituted cinnamonitriles
[bearing a nitro or hydroxyl groups in ortho position of the phenyl
group ] converted spontaneously after its formation, under the reaction
conditions. Suech as, o-nitrobenzaldehyde reacted with 2-amino-1,1,3-
tricyanoprop-1-ene (48) to yield the condensation product (a-substitu-
ted cinnamonitrile derivative) (93), which readily cyclised into (94)32
as the following equation:

HaN_  CN
(=(
CHeC CN NH,
CHO  HN_ LN cN ey
@I C A, T N ZSNPNH
NO . cHy O NN 2
N 93 9k

Also salicylaldehyde reacts with (48) and (36) to give the benz-
opyrano [3,4-c] pyridine derivative (95) and iminocoumarin derivative
(96) respectively32:60, as following.

CHO

NH

0.~ 36 OH

P — L8
=N
S

A

§¢6

g
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