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Abstract=- The preparation and utility of cyancacetamide and

cyanothicacetamide in heterocyclic synthesis are reviewed.

INTRODUCTION

The chemistry of crganic cyano compounds is now very rapidly developing1. Plenty
of papers dealing with the synthesis and utilities of organic cyano compounds
have been published in the last decade. Several new reacticns for this class of
compounds were also reported1. In order to update chemists kncwledge in cyanc
group chemistry, several hook52-4 and review ax:ticle:ss_B have been recently
reported. In conjunction to the previous effort aimed at exploring the rapidly
expanding knowledge on the utility of organic cyano compounds in heterocyclic
synthesisS_B, we report the literature scanning the utility of cyanoacetic acid

derivatives (1) in heterocycle synthesis. We hope that such review article will

be of value for both researchers and instructors of heterocyclic chemistry.

PREPARATION
The most commonly utilised derivatives of {1) are cyancacetamide (la; X=0} and

cyanothicacetamide (1k; X = 8). Cyancacetamide is easily obtainable via routes
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outlined in equaticns 1-3 (cf. Eg. 1-3)

E{OH
NC—CHZCOZR + NH3 _'-O—:(‘:—"NC-CHZCONHz Eq.(1)
CLCH,CO,R 4 NHy ————» CI1CH,CONH, KN, ye ey conm, Eqqp)

Na2C03

4

CICH,CO,H NC-CH,CO,H

H,0 /NaOH 7

Eq(3}
Na CN NH,OH|BuOH / TsOH

NG-CH,CONH,

On the other hand, the synthetic approaches for cyanothicacetamide are outlined

in Scheme 1 (cf. Scheme 1}14-17.

HEL /O NH2 g

3\ PSg

TN ——— 1 — -
C,H0 CN Ib NC-C H,C ONH,

H,S
H.C CN
3 \C__C/ CH3C(0C 5Hy )4

VRN — CH,(CN

CHS0 CN Ac50 2'EN);

Scheme 1

UTILITY IN HETEROCYCLIC SYNTHESIS:

A variety of functionally substituted heterocycles, not readily accessible, are
reported utilising (1; X = 0 or 5) as a starting material. In the following,
reactions leading to heterocycles are categorised,

i) Synthesis of Five-Membered Heterocycles:

1. Synthesis of Five-Membered Rings with one Hetero—-Atom:

a. Synthesis of Thiophenes and Fused Thiophenes:

The Gewald thiophene synthesis utilising {la; X = 0) as a starting material has

enabled synthesis of several 2-amino-3-carboxamidothiophene derivatives (2)18—20
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(cf. Eg.4). The latter were usually utilised for the synthesis of thiencpyrimi-

dines utilising the Rckein pyrimidine synthesis21

Ar CON
Ar\ 5 HZ
C=0 + 1la —=—— o
Me/ ~  Piperidine l | Eq{4)
5 NHZ
2

another approach for the synthesis of aminothiophene (4) is the reaction of

mercaptoacetaldehyde (3) with ({la). The reaction is believed to proceed as shown

below (cf. Eg. 5)°%%.

CHO

LH 1a HZC/SH CONH

| 2 = H(|: cen | — | Eq(s)
= H

SH *(f’ S 2

CONH,
3 &

Also thiophene derivatives are synthesised via the reaction cof cyanothicacetamide

23
(1b) with ethyl 3-chloro-3,4-dicxopentanoate

and the reaction ¢f (lb) with ethyl

3-bromo-2-oxopropancate in acetic acid-pyridine mixture (cf. Scheme 2)24.

0 o]
Br-C H=C- ¢
5C-COLoH, - CHLC-CHCOC0,C,He
AcOH/[Pyridine ™ —Hel
- H,0
ey nE
2 NN COCOCoH,
Scheme 2
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b. Synthesis of Pyrroles

The reaction of cyancthicacetamide (ib) with maleic anhydride and N-({o-chloro-
phenyl)malimide has afforded the pyrrole derivative (5} and the pyrrolo[3,2-b}-

pyrrole derivative (6) respectively (cf. Scheme 3)25.

NC CH, COOM NH
s;:u/: :OH 0PSNNSS
Ar (N
2

Scheme 3

c. Synthesis of Indeles:

The reaction of the substituted benzoguinone {7) with cyancacetamide is reported

to afford 3-cyanoindoxyl derivative (8) in good yield (cf., Eq. 6)26’27.
Me Me
0 LCN HO N
+ CHy - . Eq(6)
Mé 0 CONH, ME N0
Me Me H
7 B

2, Synthesis of Five-Membered Rings with Two Hetero—Atoms:

a, Synthesis of Fused Oxazoles:

Te cur knowledge, only one report on the utility of cyanoacetamide (1a) for the
synthesis of the oxazole derivative (9} is appeared (cf. Eq. 7)28. The formation

¢f the reaction product is assumed to proceed via addition of the phenolic group

to the cyanc functicn in (la) and cyclization via ammenia elimipation.
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NH; 1a N

OH 170 € 0~ “CH,CONH,

9

o~

b. Synthesis of Iscthiazoles, Thiazoles and Fused Thiazoles:
3,5-Dimercaptoisothiazole (10) is prepared utilizing cyancacetamide (la) as a

starting material following the procedure outlined in the Scheme below (cf.

Scheme 4)29.

Ccs K5, LCN M I3 S N
2 » C=C Mel es\ _ ,CN ‘
~ KOH Kg ‘EONH E.-q 5 S SH
2 MeS CONH, H
CONH,
10
Scheme 4

Also 3-methyl-4-cyano-5-amincisothiazole (12) can be synthesised via the reacticn

of cyanothicacetamide {1b) with (11) following the sequence outlined below (cf.

Scheme 5)30.

s EtOK /EtOH ¢y
b+ CH3C-S-CHy K-§-C=C—CSNH,
1 CN
HCY/C Hl
HC CN \NH CHy
3] L CHs5-C=C—CSNH,
| R 3 CN
N\S NH2 “) H20
12

Scheme 5

The reaction of cyancacetamide (1a) with thioglycollic acid or thicglyecollic acid
esters affords Z-carboxamidomethyl-4-oxo-2-thiazolone (13) which is also formula-

ted as the tautomeric (14) (cf. Scheme 6)31'32.

The thiazolone (13} is also synthesised via the reaction of cyanothioacetamide

{(1b) with ethyl chloroacetateaa. Similar thiazole derivatives are reported utili-

zing (1b) as a starting material (cf. Eq. 3'9)34-37.
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0 O
,C_NH2 “C"NHZ
C}42 H
i HSCH,CO,R . —N Cﬁ—NH
13 14
CICH,CO,EL
lb 2-¥2
Scheme 6
Obons
~CH e —
R " owmf/Poci; R 0 Ea(e)
X=Cl or Br S,/LCH2CN

pmr  GHOL N £q.(9)
1b4 BrCH,COCOL Hy — | 1 9
2 2 25
S CHZCN

The reaction of cyanoacetamide (la) with crganic isothiocyanates in presence of

elemental sulphur affords the correspending 2-thiazolin-2-thione derivatives (15}
(cf. Eg. 10)38.

NH,

fa+ RNCS + 5 —» 5=C £q- (10)

N
-~ A
R CONH,
15

2Z2-Cyanomethylbenzothiazole (17} is obtainad in good yield via the reaction of (1a)

with 2-mercaptoaniline (16) (cf. Eq. 11)39.
NH, 12 N
= - i Eq-(11)
SH 5 CH,CONH,
16 17

—
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¢, Synthesis of Pyrazocles:

The only reported pyrazole synthesis utilizing (la) and (18) as a starting materi-

als is shown below (cf, Eg. 12)40.

o 1a Ph CONH,
Ph-C = N-NH-Ph = - [ Eq. (12)
N
18 SN NHy

— t

Ph 19

d. Synthesis of Imidazcles and Fused Imidazoles:

The reaction of cyancacetamide (la) with o-phenylenediamine affords 2-cyancmethyl-
benzimidazole (20) in good yield41. However, the 2-nitrophenylhydrazo derivative
of (la) affords the hydrazone (231) when reacts with c-phenylenediamine under
similar conditions42. When o-phenylenediamine and (la) are condensed at 40-50°¢

in presence of conc, H2504, the carbamidec derivative (22) is isolated most likely

via hydrolysis of 2-cyanomethylbenzimidazole (20} (cf. Scheme 7)43'44-

NH
NH?2 1a 29
———— "
N /C“‘CHQCN
NH-2 H
/H
CN N
Q- NH-N=C” )\
NG “CONR2 N¥~ TCH,CN
2 20
- lConc. K50,
Y
H
N N
| .
N/l\c’CONHZ N/ CH2C0NH2
H n
N.
N
21 H 22
- 02N
Scheme 7
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3. synthesis of Five-Membered Rings with Three Hetero-Atoms:

Alkyl, aromatic and heterocyclic azides react with (la) in presence of a catalytic
amount of bhase to afford 1,2,3-triazoles (23) via attack at the active methylene
group and subsequent addition to the cyano group (cf. Eq. 13)45_48. To cur
knowledge, this type of reactions is the only reported synthesis of five membered

heterocycles with more than two hetero-atoms utilizing (Jla,b) as a starting comp-

onents.
NC, ,CONH HN CONH H,N CONH,
Rfﬂ3 CH 2 Qr———w‘ 2 T:::‘r
13 —— 1 r— — — R'N\ N Eq.(13)
base X RN 2N N#
R-N-N*
23

ii} Synthesis of Six-Membered Heterocycles:

1. Synthesis of Six-Membered Rings with One Hetero-~Atom:

a. Synthesis of Pyrans, Thiopyrans and Selenopyrans:

The pyrylium salt (25) is synthesised via refluxing cyancacetamide (la) with the
aldehyde {14} (cf. Eq. 14)49. The so-formed pyrylium salt rearranges into pyridine

derivative upon treatment with strong acid49.

CONH
NaQ, 1a EtOH = l ZCIO—
C=CH-CHO + -
Ph/ - S minyreflux Ph X NH “ Ea (14)
. o) 2
S 70% HClO, 0
25

Conflecting results are reported for the reaction c¢f cyanothioacetamide (1b) with
cinnamonitrile derivatives (26a,b). Thus, Dabcoun and Riad50 reported that the

dihydropyridines (27a) are isolated from the reaction of (ibk) with {(26a). On the
other hand Scto et .311.5‘I reported that the pyridines (28bk) are the iscolable pro-

ducts from the reacticn of (26b} with (1b). (cf., Scheme 8)52’53.
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on/ey M) P
. 2 _
a A Y Ar Y
CN
?’Za,y=NH2 ?—~810,V =NH2
by =Ph by =Ph

Ar
/CN NCl X CN
Ar-CH= +1b
¢ C\x - HS"™>N"T0
Z‘QG,X:CN 3}
hX:COPh 1

Ar

Al NCY NN

y H
ab.EtOH, E1‘3N N NC ‘ | CN aq. E£OH

cold 'HZN g NHZ—"—A——*S N~ OH
H

29 30

— —

Scheme 8
Recently it could be shown that the thicpyrans (29) are the products of the
kinetically controlled reactions of (26a) with (1b) ({(cf. Scheme 8)54. These pro-
ducts rearrange on heating in aqueous ethanol into the thermodynamically stable
dihydropyridines (22)54. Observed dependency of the products of reactions cof
active methylene reagents with cinnamonitrile derivatives on the nature of reac-

tants and reaction conditions has been reported55_64.
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Another route for the synthesis of thiopyranone derivatives (33) is the reaction

of ecyanothiocacetamide (1b) with (32) (cf. Eq. 15)65.
\ Hg(OAc) A
& CN 9 d
S—5§ 8 lb ~ 2 CN
I L0 — -] o 1s)
R Ph PR~ g% Ph-~g- 0
32 33

The selencpyran derivative (35) is isolated on heating cyancacetamide (1a) with

the enamine (34) (cf. Eq. 16)66.

o _N_CONH,
" H =]
PhC_CH=CH-N + 1a 1) NasElOH clo,
i) HC[OL Ph \Se NH2
o E
34 s(e)

35

—

b. Synthesis of Coumarins and Thiocoumarins:

Coumarins (36) are synthesised via condensation of phenols with cyancacetamide

(1a) in presence of ethyl crthoformate and nitroanilines {cf. Eq. 17)67

OH

. CONH
HZN-CGHQ NOZ R, ?
12 + + CH(OEt)3

0

1 R 0

2 Ea-(17)
36

—r

Generally, coumarin derivatives (37,38) are synthesised on condensing cyanoaceta-

mide (la) or cyanothicacetamide (1b) with o-hydroxyaldehydes. Examples are shown
68-71
below {cf. Eg. 18,19} .

CHO
1a,-b 0 NH
e
Eq (18
O =N C=NH (8)
n 2
37 X
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C—NH,
~3

CHO
HO

5

38
~ Eq(19)

Otto and E,ri.a.n—"‘2 reported the synthesis of the thiocoumarin (39) via the route

outlined in the Scheme below.

NO
i y) OME S (Mey
+ Me,C-5H . »
N 100 ¢
la
CN M
~ B PPA sC 83
CH
5 Y CH=€
39 CONH,
Scheme 9

¢. Synthesis of Pyridines:

Both cyanocacetanmide (Jla) and cyanothicacetamide (lb) are extensively utilized for
the synthesis of pyridine derivatives, Literature reports before 1970 on pyridines
synthesis has been efficiently reviewed by Meyers and Sircar73, thus these reports
will be neglected in cur review,

Pyridines are synthesised via the reaction of (la) or (1b) with of,p-unsaturated
ketones or their functional derivative574_so. The reaction proceeds via a pri-
mary Michael addition foliowed by cyclization into pyridines via water elimination.

Simple cyclic and heterocyclic af-unsaturated ketones were utilized and the

intermediate Michael adducts are isclated in several cases (cf. Egq. 20).
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CN
: IC|) Laib CN Cr03 ™~
PhC-CH=CH —_ l - 2,
R X
Ph N X Ph N
H H Eq.(20)

The condensation of P—diketonesso_sz, ﬁ-ketcwestersas_86 and.mﬁ—unsaturated
ester587-91

with cyanoacetamide (la) and cyanothiacetamide {1b) afferds the

pyridines (40-42) in good yields (ef. Eg. 21-23).

F3C\ FBC \
C=0 1a3b -
s - »- X Eq. 21)
Hzc\ . Q(
C=0
F. CN
Fyc” 3
40
O
0 tas;b £q.(22)
Ph.C-CH,COOE! PR M
NC X
41
R
o CN
1 lﬁ;b . EQ‘(ZB)
R-CH=CH-C-0QE!\
X N OH
H
42

Similar to the well known pyridine synthesis from the reaction of aldehydes with

active methylenes in presence of ammonium acetategz, the aromatic and heterocyclic

aldehydes react with cyanocacetamide (la) to yield the hydroxypyridinone (43)
(cf. Eq. 24)°3,

R
CH,COONH,,Stand Sh (24
1a 4+ RCHO 3 4 r>tAng N Eq(24)
~ at 0-30¢C ,acidify HO >\ N-"YC
H
43
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Quite similar to the above mentioned approach is the synthesis of the pyridinone

(45) from (la) and alkyl propiolate (44) (cf. Eq. 25)94.

NC
HC=C~-CO,R la RH
=T Eq.
2 ~ q-(25)

Y

4 ¢, 49

Pyridine derivatives (47-49, 51 and 52) are successfully synthesised via ccndensa-

tion of cyanothicacetamide (1b) with the cinnameonitrile derivatives (46) or the

acrylonitrile derivatives (50) (cf. Scheme 10, 11)°%7%5,

R
R=Ar; X = CO,Et . NC = CN
EtOH/E{?N/A SN OH
H
47

R
_ /N b |R=Phox=com o NGy CHPh
R-CH= C\X ~ | EtOH/EtN/a

SANNZ NH2
46 48
~a, R=Ar, x= CO,Et
b, R=Ph i x=COPh
c, R=fl \, x=CO,Et
[yk 2
NH»
A\
R [YL’X‘COQE'_ @—CH N CN
(y-0,5) O NS
H
49

Scheme 10
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X=CN
c=c +1b
ClyC \x
r‘.:;? \ y=C OzEt N
Scheme 11

HZN\ NH,

CN

g

/
Clyc
HaN
51

NC NHZ

Ci3C  COOEt

52

ey

Allan et al.96 reported synthesis of the pyrido[3,4-clpyridine (54) via the reac-

tion of 3,5-dicxo-ester (53) with cyancacetamide

(cf, Scheme 12}.

(1a)

H,COLEl —— —
PRCOCHCOCH,CD2 Piperidine
53
NC.__CONH
o C Z
l | Piperidine T
| — | |
PR ™0 Ph Ph ™0 Ph
Scheme 12

Similarly, rearrangement of the pyrone (55) on

reacting with (la) in presence of

amine into the pyrido[1,2-a]pyridine derivative (56) is repcrted {cf. Scheme 13)97.

Formation of (56) from (55) is believed to proceed via sequence shown in Scheme

13.
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0 0 o
‘ ‘ CiHgNH7 1 ‘ la 0 ‘ \
D —_— v CONH
HsC C HyNC ; 2
H3e™™ 077 CHy BigC,HN .«:Hc:m'h_:,3 HC CH
NG HC CHy N
55
, CONH; \
NC CHy TN AN AN
-—!| 0 n HN G ~ N CN
\}
[ % &, ©
NC -y
\ / B
CHB Scheme 13

d. Synthesis of Quinolines and Isoguinolines:

The reaction of cyancacetamide {la) with o-nitrocaldehydes and o-aminocaldehydes is
extensively utilised for the synthesis of guinolines. For example, ccondensation
of o-pnitrobenzaldehyde (57) with (la) affords the ylidene derivative (58) which
on reduction with Fe/HAc gives 2-amino-3-carboxamidoquinoline derivative (ég)gg.
The latter could be directly prepared via condensation of o-aminobenzaldehyde

(60) with (Ja) (cf. Scheme 14)98.

CHO 1a CH:Q‘CN
NO
2 NO2
57 58
- Fe/AcOH -
CHO
la N CONHz
NH
2 NZ “NH,
60 59
Scheme 14
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Sen et al.99 reported that condensaticn of 2-acetylcyclchexanone (61) and {(la) in

presence of diethylamine results in the formaticn of a mixture of the iscguincline

derjivative {62) and the guinoline derivative (63) (cf. Eg. 26).

CN CH3
0 Lla . Xy~ OH 2 -EN
c.o (EUIgNH N F | Eq(26)
- N OH
CH4 CH3
6 52 63
100,101

Later Freeman et al. have concluded, on the basis of spectral data and

degradation studies, that the above condensation reaction results in the exclusive

fomation of the isoquinoline derivative {62). Whereas Sen et al.99 used equimole-

cular guantities of 2-acetylcyclohexanone and cyancacetamide, Freeman et al.mo’101
have used only half mole of cyancacetamide for one mele of 2-acetylcyclohexanone.
However, Kasturi et al.102 have been able to show conclusively that under both

conditions a mixture of the isoquinoline derivative (62) (major product) and the

quinoline derivative (63) (minor product) is indeed formed.

In a similar manner Z-formylcyclohexanone (64) condensed with (la) to yield only

quinolin-2-one derivatives (65} (cf. Eq. 27) 1037105,
0 N\C 0 N
J_a | - ’420 \‘C= 0
. !
. . CHCN| ——>
R cuon Olc /piperidine R ?H R CH ~CHCN
OH
65 Eq
64 6° a(27)
—
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2. Synthesis of Six-Membered Rings with Two Hetero-Atons:

a. Synthesis of Thiazines and Bithiazines:

The reaction of cyanocacetamide {la) with thiosalicyclic acid (EE) in refluxing
pyridine affords the thiazine derivative (87) (cf. Scheme 15)106. Moreover, the
bithiazine derivative (68) is isclated when only half mole of cyanoacetamide

106. The hydrogen

reacts with one mole of thiosalicyclic acid (c¢f. Scheme 15)
bonding proposed by the authors in (68) seems least likely since bond distances

and bond angles make such bonding quite difficult.

COOH la C~0oH -H50 N
- ) — )

CHACONH
2 2
66 I ] &7
+ 68 M9
L.
H
s/l\c s
68
Scheme 15

Similarly, cyanothioacetamide (J1b) reacts with thiocsalicyclic acid in refluxing

pyridine to yield the bithiazine derivative (70) (cf. Eq. 28) °%. This is

assumed to be formed via self condensation of the intermediate thiazine deriva-

tive (§2)106.
0
COOH N
2 +2 CHy 2 N
SH \CSN JCH-ENH
Ha S 2~
66
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b. Synthesis of Pyrimidines and Fused Pyrimidines:

Several pyrimidine derivatives are synthesised utilising cyanoacetamide (la) as a
precurscr, Two synthetic procedures seem to be of brcad spectrum. The first one
is the condensation of (la) with cyclic imincethers (71) to yield the ylidenes of

general formula (72). These react readily with orthcesters to yield the bridgehead

pyrimidines (73} (cf. Eq. 29)107,108.
(CH.))
(CHylp {CH,)n 2n
1a CHN(Me),
) N LN (MebNGﬂOEUz o
C - AN
e "CONH, N
" k Eq-(29)
= 22 73 N 0

The other which implies the reaction of (la) with o-azidonitriles (74), althcugh

interesting, leads either to fused pyrimidines or other products. An example for

this apprcach is shown below (cf. Eqg. 30)109'110.

N—
|
N
3 13 N conn,
> Eq(30)
CN N
74 NH

N-Acylaminopyrimidines (75) are synthesised from cyancacetamide (l1a) and triethyl

orthoformate utilizing the route outlined in the equation below (cf. Eq. 31)111.

ACNHNH, CHR
13+ CH(OEL), TZO%—»— Ac NH.NHCH = NCG-C-CN
AcOH
0]
Eg-(31
NC G7)
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Cyancacetamide (1a} reacts with hexaflurcacetone (76} to yield the pyrimidine

derivative (77) {cf. Eq. 32)112'113.

The uracil derivative (78) is rearranged cn treatments with cyanocacetamide {la}

into the pyrimidine derivative (78) (cf. Scheme 16)114.

0 0
HiGon A 1a i
§
J\ o =
Hy CN 79

3C\
o, L Aﬂﬁ

CHy  CONH, CHy

Scheme 16

c. Synthesis of Pyrazines:

The pyrazine derivative (B3} is synthesised via reacting cyanocacetamide {(la) with
ethanol/dry HCl to vield the iminoether {80} which couples with benzenediazonium
chloride to yield the corresponding arylhydrazone derivative (81). The latter an
reduction affords (82) which condense with glyoxal to yield 2-amino-3-carboxamido-

pyrazine (83) (cf. Scheme 17)115-
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E1OH/ NH NH

la-—D—ry-Tc-r_,.. ElO«E—CHZCONHZ PhiN=N-Cl — EIO-E—C-C"-CONHZ
gip . N-NHPH
Reduction f:fH ({'HO HZN-C"O N\
e EiO-C—(in-CONHZ LHO > ]I:‘
%3 NH2 HZN N/’ §§
Scheme 17

3. Synthesis of Six-Membered Rings with Three Hetero-Atoms:
a. Synthesis of Triazines:

Slouka and Budkiora116

reported synthesis of the triazine (86) via condensing the
arylhydrazones (84} with ethyl chloroformate and subsequent cyclization of the

resulting product (cf. Egqg. 33}.

CN
NH-N=C” CICOEY .o NH—u:c’\CN
R CONHMe R CON-CO£1
84 85 Me
N -
N—
/ Eq(33
_— K 5 q-(33)
R N
;b—“- ~Me %jé

The pyrazolo[3,2-c]triazine derivative (89) is synthesised via coupling 3-methyl-
pyrazolo-5-diazonium chloride ({87) with cyancacetamide (la) and cyclization of the

117. This approach seems to be of value

coupling product (88) (cf. Scheme 18}
since it can be extended for synthesis of other azolotriazines by utilising the

appropriate diazonium sailt.

N=N- Ciﬁ

—— ———
CONH -~ \\r//LCONH
Me \N/NH ) SN 2
NH2
87 88 89
Scheme 18
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