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Abstract - New apprecaches for synthesis of different mono and polyheter-
ocyclic derivatives utilising o,B-unsaturated nitriles are surveyed.
The scope and limitation of the most important of these approaches are

demonstrated.

INTRCDUCTION:
@,8-Unsaturated nitriles (1) are versatile reagents which have been extensively
utilised in heterocyclic synthesis. 1In spite of enormous number of reports on
the utility of these compounds in synthesis of heterocycles, up to our knowledge,
this subject has never been surveyed. The utility of acrylonitrile in hetero-
cyclic synthesis has been surveyed by Bruson1 in a chapter on cyancethylation.
However, this survey 15 now obsolete. The utility of tetracyancethylene in hetero-
cyelic synthesis has been reported previously by Meyers and Sircar’ and as a part
of a book on chemistry eof cyano group. It was thus decided to demonstrate in this
review only reactions of tetracyanoethylene that have not been surveyed in this
reference. Reactions of o,B-unsaturated nitriles affording heterccyclic derivatives

that have been recently reviewed by Freeman® will not be further discussed here.

R CN

I- FIVE-MEMBERED RINGS FROM o,B8-UNSATURATED NITRILES:

(A) Five-membered rings with one hetero-atom:
a,B-Unsaturated nitriles were thiclated into thiophen der:vatives. For example,
the arylidene derivative of cyclohexanone {2) was converted into the enaminothic-

phen derivative (3) on treatment with elemental sulphur.4 The enamines can also
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be formed on heating mixtures of the ketone, the activated nitrile and elemental

sulphur in the presence of a basic catalyst (cf. Eq. 1].
CN CN
O ey QL e
EtOH/ N (Et ’
Nen (Et); s nh,

Recently, the fermation of thiophens {rom the reaction of a,f-unsaturated nitriles

with thioglycollic acid has been reported.5’6 The reaction may be thus considered

as an extension of the Fiesselmann7 thiophen synthesis (cf. Eq. 2).

CN Ph CN

PhCH=C/ HSCHZCOZH X £q. 2
Nx 5: :\EO

X=-CN

X = -C02C2 Hs

X=-COPh

Tetracyanoethylene (4) has been reported to react with hydrogen sulphide to yield

the thiophen derivative (é)?’g
NC CN NC CN NC CN
S e oy {
NC CN NC CN HZ ) NHZ
4 5

Several syntheses of pyrrole derivatives from a,B-unsaturated nitriles have

recently been reported and are shown in equations 3 and 410_12

o]

H
3
.
H4C P(OEY), Haly CHy  HC p
o :
MeO,C CN ROC CN ROC CN
L |
J NHz-NHz-Hzo
HaC / H3C /
O N NH 0 N s
H H

—520—

b bt B catbataf it it




Ry

R
TS oa

KCN /DMSO

HETERQCYCLES, Yol 20, No 3,

CN  NHR; Ry
Y —_—
120°C U I‘ :|\I
/
R CN N CN
1 _H2N Rz
Eq. 4

Recently an interesting pyrrole synthesis from the reaction of oximinenitriles

{6) with enaminocesters (7) has been rcported. The reaction is assumed to proceed

via intermediacy of the acyclic (3) which then cyclise inte the final isolable

product (9317

2
H,N” TNR
7
= CO, Et
2
NR”= NH,

R'N CO,Et

N~OTos NEY N NR?
\r NC
EH3CN
CN NH2
s

8

R'N CO,Et

HN

Jo TZ

Nucleocides pyrrole derivative has alse been synthesised utilising a,B-unsaturated

nitriles}4

Example 1s shown in chart 1.
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(B) Five-membered rings with two hetero-atoms:
It has been shown that ethyl B-trichleromethyl-g-aminomethylenecyanocacetate
(10, X=CCl;), reacts with hydrazine hydrate tc yield the aminopyrazole derivative

(12) via intermediate formation of the amidrazone (11) which could be
isolated.ls"l9 This is in contrast to the reported formation of 3-amino-4-cyano-5-
trifluoromethylpyrazole (14) on treatment of 8-trifluoromethyl-g-aminomethyl-

enemalonenitriie (13, X=CF3) with hydrazine hydrate%9

similar routes has been recently reported?o_21

Synthesis of pyrazeles via
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HpN - COEt (19, X=CCl3) 4y n-HN CoyEt
X CN HoN CN
(13, Xx=CF3) l
NC )’\ N
e ,N ,NH
HoN™ TN
14 12

Ethoxymethylencmalononitrile reacted with hydrazine hydrate to yield the pyrazole

derivatives (15) and (lg)%z

EtQ N NC NC
NH,-NH,-H, 0 = — CN
=\ — «. NH I\ ,N—CH=<C
15 16

In an attempt to synthesis 3-amino-4-ethoxycarbonylpyrazele (19} via reucting (17)
with hydrazine hydrate in a manner similar to that reported for its reaction with
phenylhydrazine which is established to afford pyrazole derivatives, Midorikawna
et al%%2% have obtaincd instead of the expocted pyrazole derivative(19)the
pyrazolo[1,5~a]pyrimidine derivative (20). The formetion of this product is

expected to proceed via intermediate formation of (18).

H H
EtQ  COgEt NG N-N  COgEt
>__.——< NHz-NHz-HZO >=< >—'——_‘<
H cN £t0,C H H  CN

CN
7
XA 2 NH-CH
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D
0 Sy OEt 2.
Et0 /L‘:——l NHy O )‘ﬁ\—(
HoN = N1 20 N CH:<

CO Et
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4-{4~Phenyl-3-pyrazolyl)-4H-1,2,4-triazole (21) was recently prepared by the

action of formylhydrazine on a-phenyl-o- cyanoacetaldehyde25
9 Ph o Ph NH
Ph H-C-NH-NH HH O
>=CHOH —— 4 CH-N-N-C-H — l
NC N,N-CHO
H
=N -
bh . l Ph /=N Ph l l NH-CHO
_ W I
« _NH =N i % \= N NN
N N~ H
21 H

g-Dimethylamino-a-{2-ribosyl} acrylonitrile (Z2) reacted with hydrazine hydrate
to yield the aminopyrazole devivative (23) This opencd a new route for the synth-

esis of formycone and formycine analogues

NH-NH,
0- 0
CN
w NH -NH»-Hp0
N(Me), MeOH/HC!
o><o

N\
o o S NH
Nliz CFES:N
o} 0
>

A variety of new pyrazole derivatives have been synthesed utilising the same idea

of reacting «,B-unsaturated nitriles with hydrazine or acylated hydrazines

Examples for the most interesting of these syntheses are shown below27 >0
NG SCH3 2 ,
"NH—
R R’ : ~ " l l
N
0 HN™
R
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3,4-Dicyano-5-aminopyrazoles arc synthesised by taking the advantage of the

propensity of tetracyanoethylene (4) for Michael additicn. Thus, aryl- and alkyl-
hydrazones as well as hydrazides, semicarbazides and thiosemicarbazides have been
reported to react with tetracyancethylene (4) to afford 1-substituted 4,5-dicyano-
3-amin0pyrazoles?6 The structure assigned for the reaction product of tetracyano-

7

ethvlene (4) with methylhydrazine was reinvestigated by tlecht et a1*7 and Burl et

3148 in two separate contributions. It has been shown by llecht et a14?

that
consideration of the mechanistic routcs suggested in literaturc for this reaction
11llustrates the source of structural ambiguity in the formation of thesc products
from methylhydrazine and tetracyanocthylene (4)., Thus, one might for example,
envision formation of the l-methyl-4,5-dicyano-3-aminopyrazole (24} by conjugate
addition of the more nucleophilic substituted nitrogen of methylhydrazine to
tetracyanoethylene (4) followed by addition of unsubstituted hydrazine nitropen

of the hydrazine to a cyano group, affording the observed product according to the

following scheme:

LAl Ty
N=C c=N .. N=C CN ,NH
\ O NH-NH \ /N2
;:c( 3 TR, §¥#<M+H
N=C C=N NC Kgy CH3
: |
NC CN NC CN NG f“
:I:T_—T/ it —-— /CCZ:C\
TR HNIE’N"CW (}EC*—_._‘/N‘~CH3
H,oN
24 )
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Alternatively, as has been previously suggested, addition of the substituted

nitrogen of methylhydrazine to the cyano group might eccur first aad the reaction

then proceeds as shown in the scheme below:

N=C CN NzC CN N
™y
Nz CN ——=  HN= ] CN ‘ +NI HCN
™~ S HN PN
H3C-N-NH; HaC-N—RH, CHy
NC CN NC CN I
| L == I ,N]H
HoN §’ HN™ N
CHa CH3

Both zuthors on reconducting the above reaction have shown that it affords a

miXture of two isomeric pyrazoles (53% and 27%47, 47% and 8%48

have shown on the basis of chemical evidences as well as IR, UV and 13C NMR

). These authors

spectra that the major product for which the 3-amino-4,5-dicyanc-Ii-methylpyrazole

structure was formally assigned is really l-methyl-3,4-dicyano-5-aminopyrazcle.
Z2,3-Diaminefumaronitrile has recently been utilised for the synthesis of
imidazole derivativesso (cf. Chart 2},
NC NH, NC NH-CH=NH
I HN=CH‘NH2 l _HCN N [ N I //NH
HN7 T CN HaN~" ~CN 2 H CH
“NH,
| NHz
NH AcOH., //NH
H
AcOH 3. NH; OAc, N
H20 1-BuQH NHy L~ )
NC NC NC N
N N
iy LJ I Jo L)
N HoN
+
adenine
Chart 2
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¢,B-Unsaturated nitriles have been extensively utilised for the synthesis of

amino—l,Z-oxazolesE’l"S3 (cf. Egs. 5 and 6).
i} NH,OH - i) NH,0H
ArNH-N=C(CN)YCOR -
it)NaQAc f1)NaCMe
iii)H2504 l
HoN N=NAr R N=NAr
] b
N\O R ~0 NHZ
Eqg. 5
NH,
NH, OH-HCl ——
R-C=C-CN —_— - < 0
RN Eq. 6

When the salt of dimercaptomethylenemalononitriles4 {25) is treated with sulphur
in refluxing methanol, the isothiazole derivative {28) was obtained in a good
vield. The existance of intermediates (26) and (27) has been envisioned. The
former arises {rom nucleephilic attack by mercaptide ion on suiphur, whereas the
latter 1nvolves a sccond nucleophilic attack on the nitrile with expulsion of the
sulphur moiety by the nitrogen. Another example of this reaction involving the
menonitrile derivative (29) has been described, which presumably procecds through

the same path, leading to the isothiazole derivative 30 (cf. Chart 3).

S S S s _ S. .S~

O G B I G
NG NCN NC” ScEN N ~czN
"~ 52 5-5
X g x-1
25 26 27
MeS 5.
7 2 Mel > Saxd
Neo SN N NN
SMe s
28
/PR cs Ph S . HS Ph
H,C e 2 >=< X NI I
CN NC &= ~S” "SH
29 30
Chart 3
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(C) Five-membered rings with three hetero-atoms
55

Tetracyanoethylene (4) reacts with ethyl diazoaCetate to yield 1,2,3-triazoles

NC CN
NC CN . HN CN
2=< + N:N=CH—C02Et —_— HN\
N=—
N CN CO,Et
hd
Cyanamide derivatives have been extensively utilised for the synthesis of 1,2,4-
triazoles>® Y one interesting example for the utility of these reactions is
shown below:
SMe
MeS p.Cl-CgH, NH, .
N-CN - Cl NH-C=N-CN 4 CHySH
MeS
l-\gNO3 .
N(Et)3

DMF,
N(Et)y, cx-@mcw-m + CH4SH

P-CFC6H4NHNH2
ipCLCGHANHNHZ

Ol O
n~(

N‘_{iNri Cl

?O For

Cyanamide derivatives have been utilised for the synthesis of oxadiazoles

example, benzouyldicyandiamide (31) affords a mixture of the urido-1,Z,4-oxadiazole
derivatives (32) and (33) on treatment with hydroxylamine, the first predomina-

t1ng57 50
0
N-CN NH-C- NH,
Ph-CO- NH</ _NHgOH-HACL OH-HCl /L ] + /L I
Hy  HpN-C-HA
0
3 3z 33
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Similarly, the iminoether (34) affords the amino-oxadiazole derivative (35) on

. . 61
reaction with hydroxylamine.

- N"'CN N R
R %N N wHgoW g 4</ —— )|\ |
_N
OR’ NH- OH N~ 0
34 35

Also the cyanamide (36) reacted with hydroxylamine o yield 1,2,4-0xadiazole

derivative (éz)?z

SMe N SMe
NC—N=< + NH,0H.HCl Base )[\ I
HoN

SMe o-N
36 37

1-Substituted-3-cyano-isothioureas (38), gave mixture of the S-amino S-substituted-
amino-1,2,4-oxadiazeles (39} and the isomeric 3-amino-S5-substitutedamino-1,2,4-

oxadiazoles (40) on reaction with hydroxylamine, compound {39) usually predomina-

ted?3
Riy SIMe RT\N
NH, OH HoN
N-C=N-CN 2 \‘—N 2 j-———N
/ Rz/ | + | J\ Ry
R, Nvg NH, Neg N
38 39 w0 R

II- SIX-MEMBERED RINGS FROM o, B-UNSATURATED NITRILES:
Synthesis of vast number of heterocyclic six membered derivatives utilising o,B-
unsaturated nitriles as starting materials has been Teportcd?d"gﬁ Many of these
synthctic approaches were surveycd by ‘l‘nylor,ﬁ4 Frceman3 and Meyers and Sircar?
These routes are not going to be discussed further and we are going to repert only
recent contributions in this area or contributions so related to our area of
interest that its ignorance seems unlikely.

(A) Six-membeved rings with one hetero-atom:
The spontaneous cyclization of the d-cyancketone (43), resulting from the additien
of malenonitrile {41} te benzylidenedeoxibenzoine {42), affords a Z-amino-4H-pyran

ring 44?8
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Al’1 ArT Ar.I
NC &Arz NC Arz NC ‘ 1 Ary
4 — y
NC

41 42 43 b

The reaction of a series of substituted benzylideneoxibenzoines with malononitrile
in ethanol at room temperature with a trace of a basic catalyst has allowed the
preparation of a series of Z-amino-3-cyano-4,5,6-triaryl-4H-pyrans (44) in high
vields (70 50%).

It must be pointed out that the presence of the aryl group at pesition 5 in the
resulting adduct is important for the cyclization. When malononitrile reacts with
the chalkene (45, X=H), the cyclization does not take place and the adduct

(46, X=H)} 1s the product isolated from the reaction. On the other hand, the
reaction of malononitrile with a-benzoylicinnamonitrile {45, X=CWN) or ethyl

a-benzoylcinnamate (45, X=COZEt} leads to pyrans (47).

_X=H _ nNo cyclization

Ar Ar
NC AN X NC x X,
> L~

NC 0 Ar NC 0 Ar Ar
NC X

45 46 X=CN ]
or CO, Et HZNAO Ar

47

Junek87 has reported that salicylaldehyde reacts with 2-amino-1,1,3-tricyano-
pent-2-ene (48] te yield the benzopyrane-[3,4-clpyridine derivative {50). Substit-
uted salicylaldehyde have been reporteds7 to afford the iminocoumarin derivative
(49). In a recent paper?8 however, salicylaldehyde reacted with {48) to yield (51)-
Similarly, diethyl 3-aminc-2-cyanopent-2-ene 1,5-dicarboxylate (52) has been
Teported to react with salicylaldehyde to yield (53). The same compound has been
claimed to be obtained directly from veaction of salicylaldehyde with ethyl

Cyanoacetategg (cf. Chart 4).
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NHZ NH
& NH
NH, (NC)ZC
RWCN C(CN)Z
CN
0 NH 0] NH
48 50
R@CHD
oH ?H NH» .
HoN CN S Sy N
>:_—< Salicylaldehyde P
NH
N CH,C N 07N 2
48 51
NC COzEt
HoN CN = NHo
>__< Salicylaldehyde
0 0]
EtOZCHZC Co,Et
52 53
Chart 4
The reactien of acrylonitrile with «,B-unsaturated thicketones has been recently
reported to afford thiopyrans. An example 1s shown below: NRZ
W CHy = CHR i
Ar-C-CH=CH-NR, 2=~
{ R=CN) S Ar

. . 91
Midorikawa et al have shown that the reaction of substituted amines with yiid-

enemalononitriles affords pyridine derivatives (cf. Chart 5).

SH
CN N{Et)q / CoHgOH
Ph~CH:< + ~

NG X Ll 2 -h kA
NH> CN
30% NaoH | NS on
NC N
NH,
Chart 5
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Conversion of #4-acetyloxazoles into pyridine derivatives via reaction with
malonenitrile has been reported. The reaction proceeds via formation of the

yiledenemalononitrile derivative éigz {(cf. Chart 0).

H+
W) R
= NHCOR
R Me . LO Me Sy Me
N-—{__
Me - fi I N
%~ C NC c=N NC &
0 Me (_ CH(CN),
CH(CN),
54
NH, NH>
Me N Me Me N Me
e NH NC N
C{CN), CH{CN),
Chart 6

Several other pyridine syntheses from activated «,f-unsaturated nitriles aze
already available in literature, a very old example is the reaction of Z-amino-

crotononitrile with aromatic aldehyde to yield a pyridine derivativeg3 (cf. Eq. 7).
NC H NC H R
:H:j _Egii] :][: NC CN
NH H3C NHy
Z CHO

H3C~ >N~ ~CHg
3 H

HaC

Eq. 7

Cther interesting cxamples for the application of similar ideas have appeared in

recent literature. For example, Z-amino-1,1,3-tricyanopent-2-ene (48} has been
reported to react with benzalmalononitrile to vield pyridines?4 Similarly, diethyl
3-amino-Z-cyanopent-2-ene 1,5-dicarboxylate (5Z) has been reported to yicld

pyridines utilising almest the same idea69 (cf. Egs. 8 and 9).
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NH7 Ar
+ HCClL-THF THF
CN CN CN N 2 N
HZN(R)Z CN Y
HZN(R)Z
e
Ar
NC e CN
| o
H,N S
H
CN Eq 8
NH,
HoN CN CN NC R -C0ZEL
H -+ Ph—CH:< —t—
2
EtOZCCHz COzEt CN Ph N {IIHCOZEt
i CN
Ph
NC COZEt
S
HoN N C‘IHCOZEQ
CN Eq. 9
Z-Amino-1,1,3-tricyanopent-2-cne {48) has been rcported to condense with B-di-
ketones and B-aminoenones to yield pyridine derlvatlvegs 7 {cfF. Bgs. 10,11).
CH3
: 9 H2 CN RZ .~ CN
CH3—C—C‘H—C—R1 + — _— /CN
NCH R N C
Eq. 10
0 CN CN
7 NH, HZN CN NP NN
NCH,C TN Sy NH
Eq. N
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(B) Six-membered rings with two hetero-atoms:
o,B-Unsaturated nitriles have been extensively utilised for the synthesls of

64,98 have summarised all literature in this area in

pyrimidines. Taylor et al
more than one reference. One of the interesting recent examples of the utility of
¢,R-unsaturated nitriles for pyrimidine synthesis is the reported reaction of

Z-aminomethylenemalononitrile with acetamidine to yield pyrlmidineg8 {cf. Eq. 12)}.

. . - - . 64
Other important contribution in this area is shown in equation 13.° Recently,

CN NH L
Hy N/\\l/ + HaC </ amidine
NH, exchange‘

CN Eq. 12
| —_— /ﬂ\ ~
= ~=C=N
H3C7 >N NH, H3C ik,

JNH HNS N N CH-NH
NC-CH»CN + HC\ — amidine exchangel

NH,
N CN
HN=CH-NHp NfIc NSy
amidine exchange k\ L‘ﬁCEN
N~ "NH, NH,
C%"N NHy
N/I o N =N
L Iz — |
SN N) K‘N N/l Eq. 13

cyanoethylation of guanidine has been reported to afford pyrimldines?g Thus,
cyanoethylation of cyanoguanidine in presence of lithium hydride has been
reported to yield pyrimidines (cf. Chart 7).

Several interesting pyridazine syntheses utilising «,3-unsaturated nitriles as
starting materials have been reported. Thus, compound {55) readily cyclised in

protic media to yield the pyridazine derivative 56100 {cf. Eq. 14).

CN CN
NC.__~ CHjy o NC~_~# CHy
l cyclization i
NC N
N -
H,\I,/ HN rlxxh
P
Ph Eq. 14
55 56

— 534 —




HETERQCYCLES, Vol 20, No 3, 1983

PN NeN NH CHCHCN N (CH,CHyCN),
CHy=CH-CN %/—H“‘* >=N—CN _— N-CN
' NH, KH,
1 CHaCHyCN
N HpO/H* N "
N>=N-(:N -2 >=N-CN . >:N_CN
H =N oY
o H N 2
+
T H20[|4
CH,CHHCN
HoN 22
= NCN N
HN CHy=CHC O N-CN
LiH{HY
Q" H
Chart 7

A very similar synthesis of pyridazines has been reported via coupling of Z-amino-
1,1,3-tricyancpent-2-cne (48) with aryldiszonum salts and subsequent cyclization
of the coupling products. The same pyridazine derivatives could be alternatively

synthesised via treatment of arylhydrazono-methoxazolonstrile derivatives with

milononitrile, a reaction that proceeds almost certainly via the intermediacy of

the hydraczone 57101

(c¢f. Charvt 8},

M2 NC NH
H NC N 2
Ar-NH-N=C(CN), CHaitN)p W_&f_'f\t'\'_c‘ >=<
NC _-N NC CH,CN
CH,(CN) HN Z
2 2 Ar
NH, 37
NC = CN |
| -
HN N’N
Ar Chart 8

Similar synthesis of pyridazine derivatives utilising diethyl 3-amine-2 cyano-

pent-Z-ene 1,5-dicarboxylate has been rcported}oz
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Acenaphthenoquinenes readily condense with malononitrile to yield the correspond-

ing yiledenemalononitrile which reacts readily with hydrazine hydrate to yield

103

aminopyridazine derivative (cf. EBEq. 15).

CN

0
GNY
' NH,-NH, - H,0

The utilization of o-tosylisonitroso-malononitrile or analegous derivatives for

Eg. 15

the synthesis of pyrazines is briefly descrivbed, following the geperal

101,104

scheme (cf. Eq. 163.

CN
(NC)ZC-'—'N‘O—TS +R2N\/\H RZN\/\N’//KC

N\ NH J
[NICNZ

(C) Six-membered rings with three hetero-atoms:

N

Eqg. 16

Several triazine syntheses starting from o,B-unsaturated nitriles have appeared

in recent literature. An interesting recent example of thesc svntheses is shown

. : 101,105
in equation 17:7°%*
r e
NC_ Cs -COR
HN
RCO-NCS \F
Ar-NH-N=C{CN) —_— e
]
Ar
NH, NH

a,Ar: CSHS
b, Ar = CgH,-Cl-p

Eq. 17
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III- FUSED HETERQCYCLIC RINGS FROM o, B8-UNSATURATED NITRILES:
Cyancethylation has been extensively utilised to build up fused heterocycles,
This is usually accomplished via cyanoethylation of a heterocyclic compound in a
position zdjacent to which a reactive center 1is suitably located to perm:t
further reaction of the functional group in the cobtained alkylated derivative to
condense further with such reactive center to form either a new cyclic or hetero-
cyclic ring. For example, phenoxazine (58a) or itssulphur analogue (58b) reacted
smeothly and rapidly with acrylonitrile to yield the corresponding N-B-cyanocethy-
lated products. These were readily hydrolysed into the corresponding acids which
an treatment with phosphorus pentoxide afforded a mixture of 2,3-dihydro-3-keto-
1H-pyrido[2,1-glphenoxazine (5%a) and 1ts dehydro derivative (60a) or their

06

thiocanalogues (59b) and (60b) reSpectivelyl (cf. Chart 9}.

X X
(0 e (010
N # Y N

H

|

X=0
X=°5

X
P,0g @ :O hydrolysis
N

1
CHy-CH,-CO,H

X X
I . I
N N

o S0
59 60

a
b

]

Chart S
Quite similar to this 1s the reported cyanocethylation of 7-hydroxycoumarin (6l)
to yield the corresponding o-cyanocthylated derivative (62) which could be hydro-
lysed to the corresponding acid (63). The latter on cyclization with polyphosphoric
acid has afforded a mixture of {(64) and (65). In analogy with the hehaviour of
(61}, 6-amineo-7-methylcoumarin (66) reacted with acrylonitrile to yield (67) which

readily c¢ycliscd into the pyridocoumarin derivative (68) on hydrolysiSLOT’]OS

{cf.
Chart 107V,
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HO 0] o NCCH,CH,0 0 0
CH, = CHCN 25N ’
e R =

61 62

My C’O
HZC\

0
54 85
H-C 0 0
P
HoN A NC CH,CHoHN
66 57
H4C 0~_-0 ‘
H #
0

Chart 10

Aminopyrazele and aminecisoxazole derivatives have also been reported to react
with acrylonitrile to yield either fused pyrimidines o1 ring N-cyancethylated

products, which readily cyclised to fused pyrimidineslog*llg {cf. Chart 11).
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R NH, R

NHy
Ph 0’N R \N’NH

— CH,=CHCN -
[ pyridine pyridine }

R | 2N R’ NH
Ph IO’N P R I\N,N-CHZCHZCN
NHo
guanidine /
EtOH

-

N NH2

H
R’ N. O R
m = ]Tr\j
R SyN R Sy-N

R’ NH
ridine
PY R \N/NH
Chart 1

A recent interesting pyrimidine synthesis has been reported from our laborateries

and 1s shown in Chart 12. The utility of the resulting cyanopyrimidines for build-

ing up fused heterocycles has also been reported?o
/CN CigC CN elen Cl33/NH2
CCi4CN + CHy  —— = 3 J 0
COPh H, CQPh N _ Fh
Ci3¢  CN
l i
Cl5C e

Y—N
>_’{ Cl3C NHp-NHp-HCL

7 \ NaQAc N )-Ph —
N NH, — HN - 7—NH,
5 Cl3C CN Ny
Chart 12
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Recently, the enaminonitrile (69) was utilised for synthesis of several new fused
, 22

pyrimidine derlvativeslzo (cf. Chart 13).

NCH,G  CN HCHzC: f“
) : CCLlyCN CN

HoN CN ————— N
L ey,
OH CCly CCly

P

f ACOHIHZSOE l Ph=-N=NC1 ; c
A = N
H,N HZN/KH\C H,CN HZN’W

C NC N
07~ N0 N HN/
H
Ph~NsNCL lzph—Ncs IA:DHIH 50,
OH cCly S CCly

N’é*N N¢;\N’H\N—Ph N’4*N
=

0 |
- - 1] P CN
N-NH-PHh HZN/l§ﬁ//L\T/i§S H3C-C-HN l

H 0 Ph
Chart 13

Synthesis of several new Ting system derived from pyrazolo[1,5-a]pyrimidines and
1.2,4-triazolo3,4-alpyrimidines has been recently reported via the reaction of

enaminonitrile (70) with cyclic amidines. The mechanism of the reaction involved

was discussedlzl (cf. Chart 14).
. NHZ NH2
R P R, TA\N,N\ Ph
- -
R o] \N/kN’NH R 07Ty
Chart 14
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Several other syntheses of fused pyrimidines from enaminonitriies zre shown

122-127

below (cf. Egqs. 18-20).

N _CN M ON N NH, N .
L o2 T T - ()
H,N CN NC™ TNH, ~ TN
Eq. 18
N
cN N | j
@ Ry @: H,N(CH,)pNH, N
TSOH
NH, NH NH
i
R R

N N
t |
N CH,0 N CH3CHO
“HCL
HCL
>
R

CN CN
@ OCN-Y @: {(Y=CH,CO.ER)
NH, NHCONHY o

0
'\Il NH
/NL -EtOH ICHZCOZH
N-0 N0
H H

Eq. 20

The arylidene Jderivatives of isorhodanine and thiothodanine have been reported to
underge 1,d-cycloaddition reaction with acrylonitrile, ethyl acrylate, a-nitro-
styrene, styrylethyl ketone and N-aryl-maleimides, leading to substituted tetra-
hydrothiopyrano-7H[2,3-d] thiazol-2~ones and Z-thiones. The reaction products with

acrvlonitrile or with ethyl acrylate ave shown in equation 21}28—1Jl

—541—




Ar
Ar-HC s CHy =CHZ >
X\W,N‘R X _-N-R
v M
X =5 or NH Eq 21
Y=5%or0
Almost simultancously and independantly, Elnagdi ot arlse and Midorikawa et algj

have reported a novel synthesis of thiazolo[2,3-a]pyridines. Elnagdi et 31132
have utilised 2Z-substitutedmethyl-2-thiazolin-4-ones and cinnamonitriles as

1 . .
utilised cinnamonitriles

starting materials, whereas Midorikawa and his group9
and ethyl thioglycollate as starting materials. However, the latter authors91
have acknowledged the intermediacy of substitutedmethyl-2-thiazolin-4-ones in

their reaction sequence {(cf. Chart 15).

x! x2  ph X
: CN CH-CH-tH
CH -CH-
2}:::N 7===N
\V/J* * Ph_CH=i< 2 Nd/ 5
S G X NC\ 0
ﬂ = CN x:: CN 2/ CHCH-Ph
X' = CO-CgHg X%z CO-CgHg
2
X
Ph x? —HZC/
\
CN
x S \ NH,
N
s%o
CH-Ph
Chart 15

Several new syntheses of azolopyranes and pyrazoloazoles from yiledenemalono-

133,134

nitrile derivatives have been recently reported tcf. Charts 16 and 17).
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X
I/O
HyC \:N/N‘R‘
1X:C02Et X=CN lx COPh
0 0 N-R’ HyN 0 N- R’ Ph_ .O N-R’
I N [
NC = NC & NC
R CH3 R CHy R CHj
R/j_{ ‘JCHZ(CN)Z
H3C
Chart 16

NPh

[z
o :Lo
¥
{

H  CN
CHo(CN), ) ( CHZ(CN)y

Ph/ \|—( NC N-Ph
A . P PR
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o-Nitrobenzaldehyde reacted with 2Z-amino-1,1,3-tricyanopent-2-ene (48} to yield

the condensation product (zl) which could be readily cyclised into 2??7

HaN CN
CHO >H_4
+ = — ‘oN
ncCh, CN NO,
ﬂ_
NH2
mm |
=
NT NP NH,
ZZ‘
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