N L
e el ) ] 321
Alne iyl doile

el gl | 2 il
2019 duintd




il Al (el A0 el () (et | el | i 2 g
ated i o | b | 92l 1§

(AalS 150) 4 aladV) Aallly o 4 el 2allly (adlall

AUl Jadii 5 cAeiall

(Ja2e) Al Al & suia ga (he 3200

Al A

Al Aaad

Al Calaal

Aol ) (8 il alel) xgiall

(a5l - Gl il aaf) Aadlal)

2 el s jaliadl) 4l

,@\)A\J laall 448 &M\M&a(zs)& B 1Y Gall Cladia e

il | J ol o bt | 251 9l
Ay da g i) Led 8l g5 Al ¢h 5alaiW) 5 A yal) el & ganll i Alsall) Jus

dagiall g dalall Jpa) o adinall el Canll Tyl 4 i 505 Sl dndl o &
WDl 5 (35 5ll 5 Aamgriall 5 () 4 yrall ALY 5 elaliin]  Alay) s (e lgdde o jladiall
il 333 5 4a1))

Agele Aa g5kl 5 Al ) o Jinse 5f 5 30 Ten (ol (3 0 08 15585 G 28 Canll (S Y
s cale o le gdang - Caay o - JKEY 5 o gl 483 5 Janzall ae ) 8 el ye danall o S5
Times New ) b (12) ball aasy dn =)l 421 (Arial 'Body') baaus (14) ball aaa
Ay sy 43l (Roman

Agaliay Y1 il 5 oo shiad) Jaii () 5 cagmaall LSl b da jae JISEY) 5 Jglaall o 5S5 f
il s Cudiiy (APA) A e il ale dumen dal s G5l 48y La ke Gand) 6K 0
(Y sl e Gl Al A aal pall s sobiad) s dadiall i Canlll
cJMAS\QU.'\cﬂh&g}cdﬁﬁhwﬁ)ﬁejuyﬁécdﬂ\y\)S'Jg@\)d\&'_:xﬁd\
:\A&ms‘eﬂJ)‘;F\é)}‘ﬂd‘u&}$ﬂ‘)b}‘Pﬂ\j\éﬁ;d\yhb)ﬁa&

aal SN Gl aal e Lhia s (sl ddpalall Gl jaigall ccDlaall) @l eall aladiul aie
A Al dAlaall anl HS3 3 AlEdl Glsie & oo pala ol b S Sl i) calba
_M\é)jc)ﬂ\o&‘jc)iﬂ\J\J}(JM\@JH&‘M\

sl ll Al (panaly Gy (Al 150) 250 8 4 SalasV g Ay el cpiallly (adle Caalill iy

Ales (A Al LSl auzmg s Al all il cdad jall dpagia s ol Hall i ) Caagll
(GllS Gaed) Gaalall

Benghazi Modern University
info.jmbush@bmu.edu.ly Dr.salahshalufi@bmu.edu.ly :
Mobile +218945429096 A

1 1
N

K/
0%*

K/ K/ K/ K/
L X X I I X 4



i) i Al il ) 58] bl (B L ol (5 i Raels Aone Jaind 3

oieied| il 5] g}

P IS 8 g Apaadl (5 ey Aralas Alaally Galadl (g STV 2 ) ue ) sall aven s

42 5l info.jmbush@bmu.edu.ly &sall o) sie 3 (Word + Pdf ) L s il i) Jus
Al 5 cilae S 5 o alall 4l 5 Caaldl and Sl 8 jeday Cumy CD e

8 opell D 50 3 ISy (Anall pisa o 292 50) S5l Afing 48 )5 @ 3 50 Sl e (391
L Sl Calll 40

Aaal) 5 5l daala Ao Dle 585 Ja g iy W Agalall 48 ) 1) WD) Jiy Y

syl Jlae (b pabaia¥) (553 (e peSad o A e o Line Gl Jo Al B
Aal a0 Jon agdl )l el cllyy cilily of Cnl) an) agide (e Vg dali 4y aa Lal
20 paad aSaall (e bl g clgale (o jlatiall dngiall Galill o)l (s cApalall dlad y (Caal)
Lgade (e dlaall & ] Gall da Bl

22 gary eCamall WSV )l e Crogd IS Lgwae (o iill Al 3aBla 6 daald) lad)
ol b i gall 2aell 6B ) 5 ¢ )

300 L) o) jaY Cald) U claadtall elli Jus 5 cpadaall (e cillaadle 35,5 Alls
bl 3 e laliadl sae A dlaall alas o) o clgan sa

ofialll ) alas Y s s e 38) sall o35l 3l GilagY)

Lelaal ol )l e uad (g e 5 Sisan s il 53 (e iy Lasd 83 1) IS8Y)

AT B0 Aadll 5 el ol sall (ha g) 3 s Y

($200) 5 b JIs o iald) S 1) (ad Sl (J.2 400) 8 flae ing 35 & 2l by
- Ll — g olady) e il G Wi (b Lide Lad 2518 e Zall) IS 1Y (S5 el Y 5
e £Ma) and) ,0011-225540-001 a8 ¢ s s - (ruai N £ oAl cApalill g 5 lail) i jucaa
(2 dlas

Alaall 4y jSall 4 SLall (3 g i8] puadd Alaall 33 ) siall o gall aen

info.jmbush@bmu.edu.ly

00218913262838

Alae el a2
Aaall g jlaiy daals Aae pja Gt
Dr.salahshalufi@bmu.edu.ly

Benghazi Modern University

info.jmbush@bmu.edu.ly Dr.salahshalufi@bmu.edu.ly
Mobile +218945429096 .

v

<

RN RN


https://ws01.server.ly:8443/smb/email-address/edit/id/985
https://ws01.server.ly:8443/smb/email-address/edit/id/985
https://ws01.server.ly:8443/smb/email-address/edit/id/986

MALONONITRIL REACTION

Omelhana O. Hamad

( Chemistry department. Benghazi, university Benghazi, faculty of arts and science,
Elmarj. Libya)

Abstract.

The role of malononitrile title in the development of the Knoevenagel condensation
and the addition reaction of the nucleus Organic synthesis and new discoveries are
explored in this review. The active methylene group of malononitriles is a very
important part of the attack in heterogeneous transformations and has a significant
force towards some microbial and biological systems.

Keywords: Malononitrile, Active methylene group.
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1. Introduction.

Active methylene carbon reaction with carbonyl compounds is a classical synthetic
route to make carbon—carbon bond. Knoevenagel' condensation is one of the most
important methods for the synthesis of substituted alkenes and have many
applications in an elegant Synthesis of fine chemicals that are valuable precursors for
a wide range of target molecules in pharmaceutical industry. May be transported
either in a homogenous or heterogeneous phase. Ammonium® salts (primary,
secondary, and tertiary) generally catalyzed these reactions. These reactions are
generally catalysed using bases or Lewis acids in the liquid phase system!®. Recently,
use of inorganic solid supports as catalysts, resulting in higher selectivity, milder
conditions and Simplest work-up, has ra?idly increased and has been reported as a
useful condition for Knoevenagel reaction”!

Condensation Reactions with Aldehydes and Ketones.

Malononitrile pass by it the Knoevenagel condensation with aldehydes and ketones.
Effective catalysts to condensation include glycine and B-alanine.>® Benzaldehyde
condenses with malononitrile in the presence of a catalytic amount of glycine to give
benzalmalononitrile, which is valuable in heterocyclic synthesis, in quantitative yield
(eq 1) The condensation of 1,4-cyclohexanedione with malononitrile proceeds
approximate quantitatively to 1,4-bis(dicyanomethylene)cyclohexane by catalysis by
B-alanine (eq 2).¥! 1,4-Bis(dicyanomethylene)cyclohexane is user to prepare the
quinomethane electron acceptor 7,7,8,8-tetracyanoquinonedimethane (TCNQ)X
generally, the Knoevenagel condensation of malononitrile with ketones or esters is
efficiently catalyzed by weak bases (B-alanine, ammonium acetate) while more
powerful bases (KF, KOAc, NaOAc) encourages telomerization of malononitrile.™*"!
Dimethylformamide (DMF) is a useful solvent for a wide variety of Knoevenagel
reactions.'). Dialkylidenemalononitriles existence cyclic and terpenoid groups are
possible cytostatic and pesticides agents that may be useful in regulating insect ev

CHO
X

glycine C(CN), 1
+ CH2CN), 5

1
NC CN
o C(CN),
CH,(CN) B-alanine
+
272 TR0 94% —> 2
NC CN

o C(CN),

2

2,3- Butanedione reacts with malononitrile to produce 4,5-dimethyl-5-hydroxy-2-o0xo-
3-pyrroline-3-carbonitrile, 1,5-dimethyl-3,7-dioxo-2,6-diaza-cis-bicyclo[3.3.0]octane-
Bazatetracyclo[6.3.0.0*'1.0°°Jundecane-4,8-dicarbonitrile (eq 3), and the isomeric
bislactam1,5-dimethyl-3,7-dioxo-2,8-diaza-cis-bicyclo[3.3.0]octane-4,6-dicarbonitrile
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(eq 4).["* Benzil reacts with malononitrile to give the Knoevenagel product or the

y-lactam (4-cyano-2,3-diphenyl-5-oxo-3-pyrrolin-2-yImalononitrile) (eq 5).>*"
0
. NC
CSHllN \ NH CHZ(CN)2
+ CHz(CN)Z —_—
CH,CL,
0 HO
3
0
* CN
o 0
3
4 (32%) HN NH
CN
5
0
1-NaOEt,EtOH
+ CH,CN),
2-HCl 4

6 (30%)

o
c

(o]
CN
O
Ph Ph
PhNRR 5
)‘\'(Ph + CHy(CN); — Ph CHACN). -
Ph
Ph (0]

NC” on N
N H
CN 4

2- Acetylcyclohexanones react with malononitrile to give a mixture of products
including polyhydrobenzo[c]pyridines (isoquinolines) and tetrahydronaphthalenes (eq
6)."%! The reaction with 2-acetylcyclopentanone proceeds similarly. Enolizable
aliphatic and aromatic 1,4-diketones (e.g. 2,5-hexanedione) react with malononitrile
in benzene in the presence of ammonium acetate or piperidinium acetate to give an
array of products including double Knoevenagel adducts, cyclopentadiene derivatives,
and 1-pyrindine derivatives (eq 7).1?***
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o o N NG
NH,OAC CN
ij)& + CHy(CN)2 /222 \OH " CN
ACOH, C¢Hg | + + 6
N N o NH2
CN CN

O

NC
X
)W + CH,(CN), M, | ;
ACOH , CgHs _

o]
H,N N
CN
Synthesized the arylidene (a-c) malononitrile analogs by uniform mixture of

substituted ketones (a-c) and dicyanomethane catalyzed by ammonium acetate or
silica gel under the microwave assisted solvent free synthesis. 2!

Ry Ry CN
Silica or NH,OAC
O + CHz(CN)Z > —_— 8
Solvent free
Ra  ac R2 CN

a-Rq,R, =fluorenyl
b-R]_:Ph,R2 =CH3
c-R{,R, =Ph

Synthesized the different substituted tetracyanopropanes by the elctrolysis of
malononitrile and carbonyl groups (ketones / aldehydes) in presence of sodium
bromide undivided electrolytic cell reaction.

Ry
R, R
electrolysis NC
O + CH,(CN), > 9
NaBr CN
R2
a-h NC
CN

a'Rl = Me 'RZ =Et e- Rl =Pr ,R2 =Pr
b-R;=Me , R, =Pr f-Ry,R, = (CH2),
C'Rl = Me 'RZ =Bu g_RlvRZ = (CH2)6
d-Ri=me(cHo)s h-R; =me Rz =Ph

Synthesized arylidene malononitrile derivatives by parable mixture of
substituted aromatic aldehydes and malononitrile by catalytic amount of ammonium
acetate under microwave irradiation.! %!

Ar CN

Ar CN
NH,OAc
o . ‘ — 10
MWI
H CN

H CN

|

In case of reaction, counterpart mixture of the substituted aldehydes and nitrile
groups she was carried out under ethanol-aqueous media in presence of KOH or
NaOH catalyst at 50-60°C temperature enabled the productive derivatives.”
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Ar CN Ar CN

H,O /C,Hs;OH -
o) + > + H,0 11
KOH/NaOH
R

H R 50-60C° H

R =CN, COOEt

Has been reported as simple effective and rapid Knoevenagel condensation
synthesis by using ionic liquid media. The mixture of aromatic aldehyde and
dicyanomethane. They were equally carried out in pyridinium salicylate ionic liquid
refluxed on 40°C for few minutes occupied the malononitrile derivatives. %!

CN
IL
_—
ArCHO + CH,(CN), 1-5 min — 12
Ar
CN

Reaction by using fruit juice accelerators. The Parallel mixture of different
substituted aldehydes and malonic nitrile by tamarind juice catalyst in an aqueous
media in presence visible light for few minutes enabled the malononitrile similar.[ 2

ag. tamarind juice  Ar CN
hv,2-7 min
o + > — 13
80-98%

H CN H CN

In case of reaction, the substituted aldehyde and nitriles uniformly mixed with
Na,CO3 catalyst under grindstone method enable aryl-methylidene. B!

CN Grindstone method 4, CN
solvent-free _
ArCHO + —>
Na,COj3,1-5 min 14
X X
X= COOEt,CN

Synthesized the malononitrile derivatives in presence of modified form of
polyacrylamide catalyst heated under water by using equimolar mixture of aromatic
aldehyde and nitrile analogs. !

o CN  cat/ solvent-free/60%  Ar CN
N - _ 15
or Cat/water /80C°
H Ar R

CN

R=CN, CONH,and CO2Et

Condensation between napthaldeh%/de with mlononitrile heated at 90°C from 2
hrs inaqueous media by green synthesis.?!
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/O
CH,(CN),
H20, " H20,90C°

Substituted aryl aldehydes reacts with malononitrile in presence of ZnO
catalyst in an agueous case at ambient temperature that gives finished products %!

\ \O CN \ CN
| < _zmo .
s OR 22\, CN
R

R= CI,OCH3,NO,

Has created a new indole derivatives promoted by L-proline catalyst. Indole
aldehydes mixed evenly with active methylene nitrile groups under Knoevenagel
condensation reaction catalyzed by L-proline refluxed on 60°C in ethanol. B

CHO CH=C(CN),

L-Proline
CN R
Ra C,HsOH ' \
N+ — -
60% 18
N CN T
R2 RZ

Benzylidene malononitrile groups. It is manufactured by mixture of
substituted aromatic aldehydes and malononitrile in presence of highly alkaline
catalyst like piperidine refluxed in cyclohexane solvent. They are bio-significant riot-
control agents. 1!

CN /CN
H Piperidine 19
R, CHO | < P R, CH:C\
CN CN

R1=H, Cl, Br ,NO2,CH3,0CH;,COOH
R2:H,F,CI,Br,NOz,CH3,OCH3VOH,N(CH3)2

Synthesis of malononitrile derivatives in an aqueous media. In the
Knoevenagel condensation synthesis of aromatic aldehydes and malononitrile They
were mixed equallg/ using lithium hydroxide monohydrate catalyst which acts as dual-
activator nature. 1!
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CN

Ar-CHO :

LiOH.H20 (0.05equi) Ar CcN
N
c 20
< | CHO
OH CN
- ©/ ©f\/\(
LiOH.H20 O NH

Have configured the differernt substituted isatins. were enabled by suitable
quantity of substituted indole-1,3-diketone reacts with malononitrile in presence of
piperidinium acetate catalyst heated at 100°C for 30 min in aqueous media. B!

Plperldlnlum
H20 30 min
X 100C?

X=CN,COOEt,COOH

R=H,CL,Br,FI
R1=H,F

Synthesized isatins by the parallel mixture of indoles and nitriles refluxed in
presence of silica based sulphonic acid (SBA-Pr-SO3H) catalyst under water. 2!

X

CN
. /
SBA-Pr- so3
o 22
H20 / Reflux

X=CN,COOEt

Iz

R=H,CL,Br,NO,

The isatin refluxed with alkyl halides and DMF which gave N-alkylisatins ,
in addition to refluxed with malononltrlle under DMSO easily turn into corresponding
1-alkyl-3cyanomethylideneindol-2-ones %!

NC
/ CN
CHZ(CN)Z
N
R

R=H, CH3, n-Pr,n-hexyl ,PhCH; PhCHCHg, 1-(benzotriazole)CH,

Synthesized 6,6-dicyanofulvenes derived from monomeric and dimeric forms
of cyclopentadienones with malononitrile by using TiCl4 and pyridine catalyst stirred
from 0°C to room temperature in the methylene dichloride solvent. [*°!
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NC CN

CH,(CN),TiCl4.Py Ph Ph

CH2CL2, 0 C%o rt 45%

Ph Ph PH Ph

24

NC CN

Ph Ph |
s S O
CH,(CN),TiCl4.Py m

O CH2CL2, 0 C%o rt 50% '

The quinoxalines derivatives it was synthesized by the mixture of ninhydrin
and napthalen-2,3-diamine counterparts of malononitrile with litle drops of DMSO
in solvent free microwave conditions. %

CN
NC
OH H: N CH2(CN)2 \ N
_DbMmso 7
MV_V(125-130) 25
OH HN 3min \N

Synthesized the bis-methine dyes from chalcones and malononitrile. A
solution of enabeld chalcones were refluxed with malononitrile catalyzed by
ammonium acetate and acetic acid under benzne, the 2,5-bis-arylidene-1-
dicyanomethylene-cyclopentane  are produced. The enable  compounds find
committed antifungal activities. [*Z

\/
CH2(CN)2
Me\ Me ACOH ACONH4

IS
OO

Pyrrolo[2,3-f]indole-3,7-dicarbonitrile derivatives. These are obtained by the
reaction mixture chloranils and malononitrile  (1:2) ration in presence of
triethylamine catalyst refluxed in ethanolic conditions. The choose compunds
possesess the significant antimicrobial activities. **!
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EtOH /EtaN
reflux 30 min 27

The 5,5’-(arylalkene-1,1-diyl) bis(1Htetrazoles) derived fro
(arylalkene)malononitrile intermediates. The (arylalkene) malononitriles were
prepared by substituted ketones and propane-di-nitrile with piperidine refluxed in
the presence of ethanolic condition. Then beyond cyclization by using sodiumazide
with ammonium chloride catalyst heated in DMF solvent acquired the final products
are reveals the significant antibacterial activities. 1**!

o) CN R, Ry
+ Piperidine NaN3/ NH4CI \
ethanol H 28
Ry R, oN N
l \
R;=methyl, R,=phenyl \\ _N N\N/
R;=phenyl, R,=phenyl N

Synthesized some novel pyrazolo[3’,4’:4,5]thieno[2,3-d] pyrimidine-8- ones
by malononitrile intermediates by three-step Gewald reaction. (5-methyl-2,4-dihydro-
3H-pyrazol-3-ylide-ne) malononitrile were enabled from and with help of piperidyl
acetate catalyst, then complated with sulphur morphine at 60°C for 6 min . By closing
the last step, glacial acetic acid was catalyzed by the mixture of substituted aldehydes
and furnishes the novel pyrazolo-pyrimidine synthons are positive antimicrobial
agents. [*°]

sulfur

/H CN H CN morphine
N . 6hrs
\ o < piperdyl acetate
—»
CN
H3C HsC

29

RCOCH3
Glacial acetic acid

—_——
conc. HySO4
6hr's

NH,

R= phenyl,2-hydroxy phenyl,4-fluoropenyl,4-chlorophenyl,4-bromo phenyl , 4-nitro phenyl
4-methyl phenyl, 4-methoxy phenyl

The new reformer 2-amino-3-carbonitrile-spiro[(indeno-1,2,b)pyran-4(5H),3-
(3,H)indole]2¢,5(1’H)-diones done by 3dicyano/carboethoxycyanomethylene-2H-
indol-2-ones  intermediates from malononitrile derivatives  and substituted
indoles. [
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X CH,CN,
| ° lid
/ = N solid state
X H R.T.

The diaminopyridone of nitrogen substituted fused heterocyclic compounds
derived from malononitrile and [(6-methyl-4-0x0-4H-chromene-3-yl)methylene]
starting components. intermediates in presence of piperidine catalyst refluxed in

Ftr]]anol. The synthesized products emphasized the substantial antimicrobial activities.
47

O

HsC CHO
| CHZ(CN)Z
0 H

EtO

p|per|d|nelNH2NHCOCH2CN 31

EtOH l NH,NHCOCH,CN
o}

e < NH CH,(CN), HsC
CN——— >
| EtOH
0] piperidine

o

Synthesis of 2-amino-4H-pyran-3-carbonitrile series reaction of a,0‘-bis
(arylidene) cycloalkanones and malononitrile were refluxed underethanol condition
by using K2CO3 catalyst. 1

(@]
~ oo
mo (]
R J z / N F "EtOH reflux —~ z / \
> R reflux R
CN / R

Z =CH2, CHZCHZ’ CH(CH3)CH2

Synthesis of polysubstituted pyridines by using the equivalent combination of
substituted ketones, malononitrile and aromatic aldehydes in presence of alcoholic
sodium hydroxide stirred for 10-60 min. Then the configured compounds were check
up their anti-tubercular activities on mycobactrium tuberculosis. These compounds
were found more potent activities than the standards. %!

30

32
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Ar N OR

o
0
Pz
/

NaOH / ROH 33
Ar)J\/S\R + < +Ar\CHO —_— | /
CN r.t. 10-60 min S CN
R Ar

Synthesis of 2-amino-cyanopyridines by method with help of microwave
assisted. The substituted aromatic aldehydes, ketones and malononitrile are uniformly
mixed with the addition of ammonium acetate catalyst was irradiated in one
component system intended the final products. %

Ar
ArCHO N NHioAc  NC AN
- 34
RCOCH3 oy W _
H,N N R

Synthesis the polysubstituted dicyanoaniline under thermal condition.
Reaction of the malononitrile, substituted ketones and aromatic aldehydes were
heated with iodized K2CO3 catalyst, done in a very short time.!

HoN
CHO NG CN
CN
AN 0 I,/ K2CO3 35
—_—
| + + /”\ heat 10 min | AN CHa
/
R/ CN //

The combination mixture of methylenedinitrile, aromatic aldehydesand 1-
napthol were catalysed by p-dimethylaminopyridine which produces 2-amino-2-
chromenes derivatives. °%

NH,
OH o Xx CN
CN
ArCHO +< + OO Conditions OO O 36
D ——
CN

The novel was presented DABCO catalyst in one pot multicomponent
synthesis of pyridine dicarbonitrile by the reaction mixture of paramethyl thiophenol,
malonicnitrile and substituted aromatic aldehydes. °*
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Me

N 37
ArCHO + < + DABCO ]@:
: O

SH

Synthesized 2-amino-4-H-chromene derivatives and in presence methane
sulfonic acid catalyst refluxing with the mixture of aryl aldehydes ,malononitrile and
o, B-disubstituted napthols in one a step. 4

CN vy CH3CN X NH2
reflux 07
ArCH20 + 38
ethane sulfonlc
acid

Alumina supported recyclable potassium fluoride catalyst they were created
and used to synthesis of benzopyran by using the uniform mixture malononitrile
,Substituted cyclohexane-1,3-dione and aromatic aldehydes were refluxed under
ethanolic condition. !

(0] Ar
CN
supported KF
ArCH20 + | 39
solvent o
R NH>

Synthesized 2-amino-4-hydroxy-1H pyrrole-3-carbonitrile 108 by mixture of
glycine and malononitrile accelerated by piperidine under the microwave efficient
conditions. (Scheme — 37)°!

NC OH
e} CN
N - / \
EtOJ]\/ NH < 40
CN H,N N
H

Synthesized pyrano[2,3-d]-pyrimidine by reaction the barbituric acid,
malononitrile and substituted aldehydes carried out with SBA-Pr-SO3H nanocatalyst
under the solvent free conditions. The end compounds great urea inhibition activities
were held. 7]

(0] Ar
CN
CN RZ\NJ\N,Rl SBA-Pr-SOzH RoN | | a1
—_—
ArCH20 +< + M solvent free OJ\N o
CN o) 0 R; NH;

Reaction of the substituted ketones and malononitrile produced enaminonitriles
intermediate by the solvent free microwave method with help. The final compounds
Synthesized 2-amino-3-cyanopyridines °®
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NHR,

0
& NC o R2NH2 NC X
+< —_— DMFDMA I/\ | N 42
CH
R{ 3 oN Ry CH R 5

Synthesized 3-amino-5-arylpyridazine-4-carbonitril by reaction arylglyoxal
and malononitrile in presence of hydrazine hP/drate stirred for 30 min at room
temperature under ethanol and water (1:1) ratio.

CN
o) CN
NH2NH2H20 Ar o VH2
~° 7 > |
Ar rt./1n/72-88% N 43
CN EtOH N

Pyranopyrazoles were synthesis by mixture of aromatic aldehydes,
hydrazines, ehtyl acetoacetate and malononitrile by using sodium acetoacetate
catalyst stirred under water at room temperature. %!

HoN CN
sodium benzoate I
15 mol % o Ar 44
)L + RNH- NH2+ Water rt —
—N 4
R \N

Synthesiszed 3-cyano-5,6-dihydro-2-ethoxy-4-phenylpyrido[2,3-a] carbazoles
from  the reaction  mixture of  2-benzylidene-8-methyl-1-oxo0-1,2,3,4-
tetrahydracarbazoles and malononitrile with anhydrous ethanol in presence of sodium
hydride catalyst refluxed under dryer benzene. !

CH,(CN),

NaH.EtOH
CsHe

OCH,CHs

Synthesized 2-amino-4H-chromenes from the reaction mixture of resorcinol,
substituted aldehydes and malononitrile were evenly condensed in propanol by using
NaBr electrolytes %

OH
CN CN
Propanol .NaBr
+ RCHO +< 50mA 46
CN HO o] NH,
OH
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Synthesiszed 7-hydroxy-3-carboxy coumarins in one pot reaction in aqueous
media by equimolar equal mixture of 2, 4, dihydroxy benzaldehyde and propane-
dinitrile were carried out under water in heterogeneous conditions. There are four
types of fundamental reaction are stepwise carried out such as Knoevenagel, aldol
condensation, Pinner reaction, acid catalyst, base catalyst and acid-base equilibrium
synthesis simultaneously monitoring pH scales from starting medium to the final
coumarins. 3

CHO CN pH33 CN N
OO — X
CN
R.T
HO OH CN HO OH HO (0] NH

ol PH10
90C*|  Hcl 47

COOH
PH2 COONa
HCI
PH8 3
NaHCO3 HO

Put the novel Spiro-fused pyran derivatives by solvent less microwave assisted
synthesis. These pyran derivatives were made by the cyclization mixture of ninhydrin,
malononitrile and phenyl pyrazoline-3, 5-dione irradiated in presence of the neutral
Al,O3 catalyst

O
—
(e}
0
+
CH(CN); MW 0o o
o - — CN 48
+ 3min HN
\
m v oo
HN ¢)
\T Ph
Ph o] ©)
Lo
(6] (e}
N—NH

Ph

The malononitrile derivatives azoflurorenes, furnished by the mixture of 4-
chlorophenyl-succinimides, substituted aromatic aldehydes and acetaldehyde with
malononitrile by using piperidine catalyst refluxed under ethanolic conditions. !
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CHO

X

|
e
/\R NC

o
'

CH,(CNy,
Piperidine / Co;HsOH H,N

ol 49

Plperldlne )Cz H;OH HoN NH,

i ~cl
CHs CHj
CH3-CHO NC CN
CH,(CNy, N
i ~cl

Synthesized malononitrile analogous by the mixture of substituted aromatic
aldehydes and 2,4-dihydroxy-acetophenone  under microwave in presence of
montmorilonite K10 the catalyst forms chalk. More treatment W|th malonomtrlle by
used of catalytic amount of morpholine Submit the required product.[®

R2
OH R
U
Montmorilonite Ky, 50
Mlcrowave
\)5/ CHA(CN)2 | Montmorilonite Kio
Microwave
Morpholine
Condensation Reactions with Esters.
Ethyl pyruvate condenses with  malononitrile to give ethyl 2-

dicyanomethylenepropanoate, a useful dienophile in the Diels-Alder reaction and in
natural  products  synthesis.”®”Ethoxycarbonyl-1-cyclohexanone  reacts  with
malononitrile to give the Knoevenagel condensation product, which rearranges to the

tetrahydroisoquinoline, 182068 &1
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O CN

B-alanine
)k + CH,(CN), H20,EtOH 80% o1
CO,Et

EtO,C CN
CN
o)
NC CN M
CO,Et
NH40AC, ACOH
CO,Et N 52
+ CHz(CN)z —_—
EtOH,C6H6 80% OEt

Reactions with alkyl halides.

The mono-alkyl-malononitrile  and di-alkyl-malononitriles by using tetra-butyl
ammonium bromide catalyst in solvent free basic medium. /%

Base

R,C(CN 53
CNCH2CN +R-X —=g7e> 2C(CN);

Base

: RR C(CN), 54
RCH(CN)2 + R-X—"TgaB

Reactions with a,p-Unsaturated Carbonyl Compounds.

The Knoevenagel reaction of aliphatic methyl ketones with malononitrile produces 6-
alkyl-2,4-diamino-3,5-dicyanopyridines in moderate yield.!"™ The Michael reaction
between aliphatic o,f3-unsaturated ketones and malononitrile gives 2-amino-3-cyano-
4,6-dialkylpyridines."!Conjugated aromatic ketones react with malononitrile by used
of ammonium acetate to give 2-amino-4,6-diarylnicotinonitriles’?The Michael
addition of malononitrile to a-acetylcinnamamides and chiral a-acylacrylates to form
2-amino-4H-pyrans and polyfunctionalized carbocycles, "™ and the first asymmetric
synthesis of poIP/functionaIized 4H-pyrans via Michael addition of malononitrile to 2-
acyl acrylates. ® Polyfunctionalized 4H-pyrans are a common structural unit in a
number of natural products.

Reaction with Allene.

Malononitrile reacts with allene in the presence of catalytic Pd° complexes, such as
(Maleicanhydride)bis&tr']phenylphosphine)palIadium, to bear a 2-(1,1-dicyanoethyl)-3-
methyl-1,3-butadiene.!®

0
2 —— fr— + CHZ(CN)Z L )\‘(
55
CH(CN),
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Reaction with Tetracyanoethylene.

Tetramethylammonium 1,1,2,3,3-pentacyanopropenide, It is useful for preparing
pentacyanopropenide salts of other metals and quaternary ammonium Positive ions by
the situation changed, is prepared from malononitrile and tetracyanoethylene.[’”

NC CN 1-CH,(CN),
— ~ [C(CN)2=C(CN)C(CN)2][NMe4]* 56
2-NME,CI
NC CN

Reactions with Alkyl- and Cycloalkylureas.

Malononitrile condenses with heptylurea and ethyl triorthoformate to form the 3-
heptylureidomethylenemalononitrile, It is an introduction to3-heptyl-5-cyanocytosine
(eq 12)."® The reaction is effective for preparing 3-alkyl- and 3-cycloalkyl-5-
cyanocytosines, but not for 3- and 5-cyanocytosines from arylureas.

o) NH
CoH;:NHCONH, _H2(CN): HeoMe
7V115 2 m C7H15NHCONHCH:C(CN)2 m HN / on 57

Reactions with Carbon Disulfide andor Sulfur.

Malononitrile reacts with carbon disulfide in aqueous ammonia to give 4,6-diamino-
3,5-dicyano-2H-1-thiapyran-2-thione.["Malononitrile reacts with carbon disulfide
and sulfur in the presence of secondary or tertiary amines to produced 4-cyano-5-
amino-1,2-dithiole-3-thione.®® 2-Amino-3-cyano-4,5-dialkylthiophenes are obtained
from malononitrile, ketones, and sulfur.®" Cholestan-3-one reacts with malononitrile
and sulfur in ethanol containing morpholine to produce cholestanothiophene (2-
aminocholest-2-eno[3,2-b]thiophene-4-carbonitrile).[t?

NH,
NH4OH NC N
CS2+CHy(CN), —— >
62% 58
H,N s s
S8 , EtOH s
FCHYCN), —==  HN—X | 59
(0] HN\_/O
54% CN

Nucleophilic addition reaction with diazonium salt.

Treatment of the produced diazonium salt with some activated methylene compounds,
malononitrile and yielded the corresponding azo

Derivatives®!
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COOEt

COOEt COOEt CN / EtOOC N
/ \ NaN02 / \ CN N\ \ , X KOH/EtOH =~ s N
N N N N=NT | % N~ N F
| 2 | H N CN
H H NH,

The reaction starts by diazotization of substituted anilines and reaction of the
corresponding diazonium salts with malononitrile to give arylazomalononitrile

(a_C)[84,85]
/CN R
H,C
®_ o \C
R; N=NCl ___ CR CN 61
HN )\
N CN

a-R=Br

b-R! = COMe

c-R'=NO,

Aniline , p-nitroaniline and p-anisidine were diazotized to afford the diazonium
salts (a-c) which when allow to coupling with malononitril in sodium acetate buffered
solution afforded the 2- arylhydrazonomalononitriles (a-c)®

CN

HZC/
: : ®_ o \CN : :
R N=NC| ——— » R NH CN
\N— 62
N

(18a-c)

a,R=H C

b,R=NO,

C,R=0 CH3

preparation of symmetrical and asymmetrical heterocyclic diazo dyes when

aniline derivatives (a-b) were diazotized using sodium nitrite in hydrochloric acid ,the
temperature was maintained below 5 ° C in an ice bath .The diazotized products were
then coupled with malononitrile to give the desired products (a-b ) followed by reflux
with he/drazine hydrate in ethanol , the cyclized compound (a-b) was obtained under

reflux(":8e]

NH
CN 2

H,NNH.,.H..0 —

@ <) NCCH,CN 2 2
0-5°C H;COONa _
CHs Ar—N CN Ar—N -~ 7/
0-5°C N

19a: Ar=p-CICgH, H2N

19b: Ar = p-NO2CgH,

The reaction starts by diazotization of aminobenzoic acid and reaction of the
corresponding diazonium salts with malononitrile to give arylazomalononitriles.®

Benghazi Modern University
info.jmbush@bmu.edu.ly Dr.salahshalufi@bmu.edu.ly
Mobile +218945429096




NaNO,/HCI
B
CNCH,CN CN
NH, HN—N
64
R* R* CN

R=COH R= CO,H
a:R=H bR!=Me 2 R=H bR:=Me
. pl- 1, .
¢: R*=CL d R"=OMe ¢: R1=CL d R!=OMe
R!=H Rl=H
R=Br,b: R=CN a: R=Br, b:R=CN
¢: R=0OMe ¢: R= OMe

When p-amino benzoic acid was reacted with sodium nitrite and hydrochloric
acid at 0 °C diazonium salts was obtaind which reacted in situ with malononitrile to
afford. The explanation of this reaction is a nuclophilic attack of the active methylene
of malononitrile on the diazonium salt to give 4-[(N' - Dicyano methylene)
hydrazino] benzoic acid (1)

COOH
CN
= NaOACc/EtOH
HOOC N;N + aOAC/Et
65
CN
HN\ CN
N<<
CN
CONCLUSION

This review attempted to summarize the synthetic methods and reactions of
malononitrile groups. Many biologically inactive cyclic compounds were
manufactured from that group. These reactions greatly extended artifical capabilities
in organic chemistry.
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