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للعلوم  الحديثة مجلة جامعة بنغازيشروط كتابة البحث العلمي في 
 والدراسات الإنسانية

 

 كهًخ(. 051انًهخض ثبنهغخ انؼشثٛخ ٔثبنهغخ الاَغهٛضٚخ ) -1

 انًمذيخ، ٔرشًم انزبنٙ: -2

 .)َجزح ػٍ يٕػٕع انذساسخ )يذخم 

 .يشكهخ انذساسخ 

  .أًْٛخ انذساسخ 

 ذساسخ. أْذاف ان 

  .انًُٓظ انؼهًٙ انًزجغ فٙ انذساسخ 

 انزٕطٛبد(. -انخبرًخ. )أْى َزبئظ انجحش  -3

 لبئًخ انًظبدس ٔانًشاعغ. -4

 .انًشاعغانًظبدس ٔ( طفحخ يزؼًُخ انًلاحك ٔلبئًخ 55ػذد طفحبد انجحش لا رضٚذ ػٍ ) -5

 القواعد العامة لقبول النشر
 ب انششٔؽ اٜرٛخ:الاَغهٛضٚخ؛ ٔانزٙ رزٕافش فٛٓرمجم انًغهخ َشش انجحٕس ثبنهغزٍٛ انؼشثٛخ ٔ    .0

 ،ًٔرزٕافش فّٛ ششٔؽ انجحش انؼهًٙ انًؼزًذ ػهٗ الأطٕل انؼهًٛخ ٔانًُٓغٛخ  أٌ ٚكٌٕ انجحش أطٛلا

يٍ حٛش الإحبؽخ ٔالاسزمظبء ٔالإػبفخ انًؼشفٛخ )انُزبئظ( ٔانًُٓغٛخ ٔانزٕصٛك ٔسلايخ انًزؼبسف ػهٛٓب 

 .انهغخ ٔدلخ انزؼجٛش

 ٕأٔ يسزم يٍ سسبنخ أٔ اؽشٔحخ ػهًٛخ ٌ انجحش لذ سجك َششح أٔ لذٌو نهُشش فٙ أ٘ عٓخ أخشٖألا ٚك. 

 ٌٔيطجٕػبَ ػهٗ يهف ٔٔسد،  -إٌ ٔعذد  - ٚكٌٕ انجحش يشاػٛبً نمٕاػذ انؼجؾ ٔدلخ انشسٕو ٔالأشكبل أ

 Times New( ثخؾ )05( نهغخ انؼشثٛخ. ٔحغى انخؾ )'Arial 'Body( ٔثخؾ )01حغى  انخؾ )

Roman.نهغخ الإَغهٛضٚخ ) 

 أٌ ركٌٕ انغذأل ٔالأشكبل يذسعخ فٙ أيبكُٓب انظحٛحخ، ٔأٌ رشًم انؼُبٍٔٚ ٔانجٛبَبد الإٚؼبحٛخ.  

 أٌ ٚكٌٕ انجحش يهزضيب ثذلخ انزٕصٛك حست دنٛم عًؼٛخ ػهى انُفس الأيشٚكٛخ APA))  ٔرضجٛذ ْٕايش

 انُحٕ اٜرٙ: انًشاعغ فٙ َٓبٚخ انجحش ػهٗانًظبدس ٔانجحش فٙ َفس انظفحخ ٔ

 ٌانًظذس،  أٌ رضُجذ انًشاعغ ثزكش اسى انًؤنف، صى ٕٚػغ ربسٚخ َششح ثٍٛ حبطشرٍٛ، ٔٚهٙ رنك ػُٕا

 .انظفحخ ٔسلىٔسلى انغضء، يزجٕػبً ثبسى انًحمك أٔ انًزشعى، ٔداس انُشش، ٔيكبٌ انُشش، 

 ٚزُكش اسى  نهجحش: ػُذ اسزخذاو انذٔسٚبد )انًغلاد، انًؤرًشاد انؼهًٛخ، انُذٔاد( ثٕطفٓب يشاعغ

طبحت انًمبنخ كبيلاً، صى ربسٚخ انُشش ثٍٛ حبطشرٍٛ، صى ػُٕاٌ انًمبنخ، صى ركش اسى انًغهخ، صى سلى 

 .انظفحخ انًغهذ، صى سلى انؼذد، ٔداس انُشش، ٔيكبٌ انُشش، ٔسلى

هخ انذساسخ، يشك كهًخ( ثحٛش ٚزؼًٍ 051ٚمذو انجبحش يهخض ثبنهغزٍٛ انؼشثٛخ ٔالاَغهٛضٚخ فٙ حذٔد )   .2

فٙ َٓبٚخ  انشئٛسٛخٔٔػغ انكهًبد  .انذساسخ ، َٔزبئظانذساسخ يُٓغٛخٔانٓذف انشئٛسٙ نهذساسخ، ٔ

 ). انًهخض )خًس كهًبد
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 ثحمٓب فٙ أسهٕة إخشاط انجحش انُٓبئٙ ػُذ انُشش.عبيؼخ ثُغبص٘ انحذٚضخ  رحزفظ يغهخ  .3

 النشر إجراءات
 كبنزبنٙ:  ْٕٔعبيؼخ ثُغبص٘ انحذٚضخ  ٙ انخبص ثبنًغهخانًٕاد ػجش انجشٚذ الانكزشَٔ عًٛغ رشسم

 ( ُٚشسم انجحش انكزشَٔٛب Pdf  +Word )  إنٗ ػُٕاٌ انًغهخinfo.jmbush@bmu.edu.ly  أ َسخخ

 ٚظٓش فٙ انجحش اسى انجبحش ٔنمجخ انؼهًٙ، ٔيكبٌ ػًهخ، ٔيغبنّ. ثحٛش CDػهٗ 

 ػهٗ يٕلغ انًغهخ( ٔكزنك اسفبق يٕعض نهسٛشح  ٚشفك يغ انجحش ًَٕرط رمذٚى ٔسلخ ثحضٛخ نهُشش )يٕعٕد

 انزارٛخ نهجبحش إنكزشَٔٛبً.

  .لا ٚمجم اسزلاو انٕسلخ انؼهًٛخ الا ثششٔؽ ٔفٕسيبد يغهخ عبيؼخ ثُغبص٘ انحذٚضخ 

  فٙ حبنخ لجٕل انجحش يجذئٛبً ٚزى ػشػخ ػهٗ يُحكًٍُٛ يٍ رٔ٘ الاخزظبص فٙ يغبل انجحش، ٔٚزى

ؼشع ػهٛٓى اسى انجبحش أٔ ثٛبَبرّ، ٔرنك لإثذاء آسائٓى حٕل يذٖ أطبنخ اخزٛبسْى ثسشٚخ ربيخ، ٔلا ُٚ 

انجحش، ٔلًٛزّ انؼهًٛخ، ٔيذٖ انزضاو انجبحش ثبنًُٓغٛخ انًزؼبسف ػهٛٓب، ٔٚطهت يٍ انًحكى رحذٚذ يذٖ 

 طلاحٛخ انجحش نهُشش فٙ انًغهخ يٍ ػذيٓب.

 ٍٚيٍ ربسٚخ الاسزلاو نهجحش، ٔثًٕػذ  ٚخُطش انجبحش ثمشاس طلاحٛخ ثحضّ نهُشش يٍ ػذيٓب خلال شٓش

 انُشش، ٔسلى انؼذد انز٘ سُٛشش فّٛ انجحش.

  فٙ حبنخ ٔسٔد يلاحظبد يٍ انًحكًٍُٛ، رشُسم رهك انًلاحظبد إنٗ انجبحش لإعشاء انزؼذٚلاد انلاصيخ

 .ػششح أٚبوثًٕعجٓب، ػهٗ أٌ رؼبد نهًغهخ خلال يذح ألظبْب 

 ْب لا رؼبد إنٗ انجبحضٍٛ.الأثحبس انزٙ نى رزى انًٕافمخ ػهٗ َشش 

 فًٛب ُٚشش يٍ دساسبد ٔثحٕس ٔػشٔع رؼجش ػٍ أساء أطحبثٓب. الأفكبس انٕاسدح 

 يٍ انًٕاد انًُشٕسح فٙ انًغهخ يشح أخشٖ. إ٘ َشش لا ٚغٕص 

 ( ِ511( دُٚبس نٛجٙ إرا كبٌ انجبحش يٍ داخم نٛجٛب، ٔ )د.ل 111ٚذفغ انشاغت فٙ َشش ثحضّ يجهغ لذس $ )

 -ليبيا  –بٌغازي (: ػهًبً ثأٌ حسبثُب انمبثم نهزحٕٚم ْٕ .إرا كبٌ انجبحش يٍ خبسط نٛجٛبدٔلاس أيشٚكٙ 

. الاسن )صلاح الأهيي 0000-445520-000 ، رقنبٌغازي -الرئيسي فرع الهصرف التجارة والتٌويت، 

 .عبدالله هحود(

 عًٛغ انًٕاد انًُشٕسح فٙ انًغهخ رخؼغ نمبٌَٕ حمٕق انًهكٛخ انفكشٚخ نهًغهخ. 

 

info.jmbush@bmu.edu.ly 

00218913262838 

 

 د. طلاػ الأيٍٛ ػجذالله                                                                           

 سئٛس رحشٚش يغهخ عبيؼخ ثُغبص٘ انحذٚضخ                                                               

                 Dr.salahshalufi@bmu.edu.ly 
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MALONONITRIL REACTION 
 

Omelhana O. Hamad    
( Chemistry department. Benghazi, university Benghazi, faculty of arts and science, 

Elmarj. Libya ) 

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  

 

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. 

 

 

 

 تفاعلاث الولىًىًيتريل

 

 أم الهٌاء عثواى حودأ. 

 ( نٛجٛب –عبيؼخ ثُغبص٘  - كهٛخ اٜداة ٔانؼهٕو انًشط - مسى انكًٛٛبء) ػؼٕ ْٛئخ انزذسٚس ث

 

  :صخلوال

 Knoevenagelفٙ رطٕٚش ركبصف  malononitrileَجزح يخزظشح: ٚزى اسزكشبف دٔس 

شبفبد عذٚذح فٙ ْزا الاسزؼشاع. رؼذ يغًٕػخ ٔسد انفؼم الإػبفٙ نهزخهٛك انؼؼٕ٘ نهُٕاح ٔاكز

ب نهغبٚخ يٍ انٓغٕو ػهٗ انزحٕلاد غٛش انًزغبَسخ  ًً انًٛضٛهٍٛ انُشطخ يٍ انًهََٕٕٛزشٚم عضءا يٓ

 ٔنذٚٓب أٚؼًب لٕح يًٓخ رغبِ ثؼغ الأَظًخ انًٛكشٔثٛخ ٔانجٕٛنٕعٛخ.

 ، يغًٕػخ انًٛضٛهٍٛ انُشطخ Malononitrile الكلواث الأساسيت:
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1. Introduction. 

Active methylene carbon reaction with carbonyl compounds is a classical synthetic 

route to make carbon–carbon bond. Knoevenagel
[1]

 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
[2] 

salts (primary, 

secondary, and tertiary) generally catalyzed these reactions. These reactions are 

generally catalysed using bases or Lewis acids in the liquid phase system
[3]

. Recently, 

use of inorganic solid supports as catalysts, resulting in higher selectivity, milder 

conditions and Simplest work-up, has rapidly increased and has been reported as a 

useful condition for Knoevenagel reaction
[4]

 

Condensation Reactions with Aldehydes and Ketones. 

Malononitrile pass by it the Knoevenagel condensation with aldehydes and ketones. 

Effective catalysts to condensation include glycine and β-alanine.
[5,6]

 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)
[7] 

The condensation of 1,4-cyclohexanedione with malononitrile proceeds 

approximate  quantitatively to 1,4-bis(dicyanomethylene)cyclohexane by catalysis by 

β-alanine (eq 2).
[8]

 1,4-Bis(dicyanomethylene)cyclohexane is user to prepare the 

quinomethane electron acceptor 7,7,8,8-tetracyanoquinonedimethane (TCNQ)
[9]

 

generally, the Knoevenagel condensation of malononitrile with ketones or esters is 

efficiently catalyzed by weak bases (β-alanine, ammonium acetate) while more 

powerful  bases (KF, KOAc, NaOAc) encourages telomerization of malononitrile.
[10]

 

Dimethylformamide (DMF) is a useful solvent for a wide variety of Knoevenagel 

reactions.
[11]

 Dialkylidenemalononitriles existence cyclic and terpenoid groups are 

possible  cytostatic and pesticides  agents that may be useful in regulating insect ev
CHO

+   CH2(CN)2

glycine

100%

C(CN)2

1

1

 

O

O

+ CH2(CN)2
H20 94%

C(CN)2

C(CN)2

CNNC

NC CN

-alanine

2

2



 

2,3- Butanedione reacts with malononitrile to produce 4,5-dimethyl-5-hydroxy-2-oxo-

3-pyrroline-3-carbonitrile, 1,5-dimethyl-3,7-dioxo-2,6-diaza-cis-bicyclo[3.3.0]octane-

βazatetracyclo[6.3.0.0
4,11

.0
5,9

]undecane-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).[
13,14]

 Benzil reacts with malononitrile to give the Knoevenagel product or the 

γ-lactam (4-cyano-2,3-diphenyl-5-oxo-3-pyrrolin-2-ylmalononitrile) (eq 5).
[15-17]

 

O

O

+   CH2(CN)2

C5H11N

CH2CL2

NH

O

NC

HO

3

CH2(CN)2

N

N O

O

CN

NC

4

+

O

NH

CN

O
O

HN

CN

H

H

5

(32%)

3

 

O

O

+   CH2(CN)2

1-NaOEt,EtOH

2-HCl

N

N

O

O

NC

6

H

H

NC

(30%)

4

 

Ph

Ph

O

O

+   CH2(CN)2

PhNRR
Ph

NC CN

O

Ph
CH2(CN)2

7
N

CN

Ph

NC

CN

Ph

O

H

8

5

 

2- Acetylcyclohexanones react with malononitrile to give a mixture of products 

including polyhydrobenzo[c]pyridines (isoquinolines) and tetrahydronaphthalenes (eq 

6).
[18-20]

 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).
[21-23]
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OO

+  CH2(CN)2
NH4OAC

ACOH, C6H6

N

CN

OH
+

NH

O

CN

NC

CN

+

CN

NH2

CN

6

 

O

O

+  CH2(CN)2

C5H11N

ACOH , C6H6

N

CN

H2N

NC

7

 

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. 
[24]

 

R1

R2

O +    CH2(CN)2

Silica or  NH4OAC

Solvent free

R1

R2 CN

CN

 a-R1,R2 =fluorenyl

 b-R1=Ph,R2 =CH3

 c-R1,R2 =Ph

8

a-c

 

Synthesized the different substituted tetracyanopropanes by the elctrolysis of 

malononitrile and carbonyl groups (ketones / aldehydes) in presence of sodium 

bromide undivided electrolytic cell reaction. 

R1

R2

O +    CH2(CN)2

 a-R1 = Me ,R2 =Et             e-  R1 =Pr ,R2 =Pr           

 b-R1=Me , R2 =Pr            f -R1,R2 = (CH2)4

 c-R1 = Me ,R2 =Bu             g-R1,R2 = (CH2)6

d-R1=Me(CH2)5                           h-R1 =M e ,R2 =Ph

9
electrolysis

NaBr

R1

R2

CN

CN

NC

NCa-h

 

Synthesized arylidene malononitrile derivatives by parable mixture of 

substituted aromatic aldehydes and malononitrile by catalytic amount of ammonium 

acetate under microwave irradiation.
[
 
26]

 

Ar

H

CN

CN

+
NH4OAc

MWI

CN

CN

Ar

H

10O

 

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 50-60ºC temperature enabled the productive derivatives.
[27]
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Ar

H

CN

R

+
H2O /C2H5OH

KOH/NaOH

CN

R

Ar

H

O +  H2O

R =CN , COOEt

11

50-60C0

 

 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 40ºC for few minutes occupied the malononitrile derivatives.
 [28]

 

ArCHO +  CH2(CN)2

IL

1-5 min

CN

CN
Ar

12

 

 

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.
[
 
29]

 

 

Ar

H

CN

CN

+

CN

CN

Ar

H

O

aq. tamarind juice
hv,2-7 min

80-98%
13

 

In case of reaction, the substituted aldehyde and nitriles uniformly mixed with 

Na2CO3 catalyst under grindstone method enable aryl-methylidene. 
[30]

 

 

ArCHO +

Grindstone method 
solvent-free

Na2CO3,1-5 min

CN

X

Ar

14

CN

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. 
[31]

 

ArH

CN

R

+

CN

CN

ArO Cat/ solvent-free/60%

or Cat/water /80C0
15

R= CN, CONH2and CO2Et

 Condensation between napthaldehyde with mlononitrile heated at 90°C from 2 

hrs inaqueous media by green synthesis.
[32]
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O

CH2(CN)2

H2O , 90C0

CN

H

CN

16

 

 

Substituted aryl aldehydes reacts with malononitrile in presence of ZnO 

catalyst in an aqueous case at ambient temperature that gives finished products
 [33]

 

O

R

OR O

+

CN

CN

ZnO

CN

CN

17

R= Cl,OCH3,NO2  

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 60ºC in ethanol. 
 [34]

 

N

R1

CHO

R2

+

CN

CN

L-Proline

C2H5OH

60%

N

R1

CH=C(CN)2

R2

18

 
 

 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.
 [35]

 
 

CHO

R1

R2 +

CN

CN

Piperidine
CH=C

R1

R2

CN

CN

19

 R1= H, Cl, Br ,NO2,CH3,OCH3,COOH

R2=H,F,Cl,Br,NO2,CH3,OCH3,OH,N(CH3)2  

 Synthesis of malononitrile derivatives in an aqueous media. In the 

Knoevenagel condensation synthesis of aromatic aldehydes and malononitrile They 

were mixed equally using lithium hydroxide monohydrate catalyst which acts as dual-

activator nature. 
[36]
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CN

CN

OH

CHO

LiOH.H20

Ar-CHO

LiOH.H20 (0.05equi)
CN

CN

Ar

O

CN

NH

20

 

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 100ºC for 30 min in aqueous media. 
[37]

 

N
H

O

O

R

R1

+

X

CN

Piperidinium

H2O,30 min

100C0 N
H

O

R

R1

X

CN

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

X=CN,COOEt,COOH

21

 

Synthesized isatins  by the parallel mixture of indoles and nitriles refluxed in 

presence of silica based sulphonic acid (SBA-Pr-SO3H) catalyst under water.
 [38]

 

N
H

O

O

R

+

X

CN

N
H

O

R

X

CN

R=H,CL,Br,NO2

X=CN,COOEt

22
SBA-Pr-SO3H

H2O / Reflux

 
 

 The isatin refluxed with alkyl halides and DMF which gave N-alkylisatins , 

in addition to refluxed with malononitrile under DMSO easily turn into corresponding 

1-alkyl-3cyanomethylideneindol-2-ones
 [39]

 

N
H

O

O

N
R

O

NC

CN

R=H, CH3, n-Pr,n-hexyl ,PhCH2, PhCHCH3, 1-(benzotriazole)CH2

23

RX

NaH,DMF
N
R

O

O CH2(CN)2

DMSO

 

Synthesized 6,6-dicyanofulvenes derived from monomeric and dimeric forms 

of cyclopentadienones with malononitrile  by using TiCl4 and pyridine catalyst stirred 

from 0ºC to room temperature in the methylene dichloride solvent.
 [40]
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PhPh

PhPh

CH2(CN)2

CH2CL2, 0 C0to rt 45%

TiCl4.Py PhPh

PhPh

O
NC CN

CH2(CN)2

CH2CL2, 0 C0to rt 5o%

TiCl4.Py

O

PhPh

PhPh

CNNC

24

 

 

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.
 [41]

 

 

O

O

OH

OH

+

H2N

H2N

CH2(CN)2
DMSO

MW(125-130)
3min

N

CN

NC

N

25

 

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. 
[42]

 
 

N

N

O

Me

Me

Me

Me

CH2(CN)2

AcOH-AcONH4
C6H6

N

N
Me

Me

Me

Me

NC CN

26

 

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. 
43]
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Cl

Cl

Cl

Cl Cl

Cl

Cl

Cl

CN

CN

+
EtOH /Et3N

reflux.30 min

O

O

Cl

ClO

O

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.
 [44]

 
 

R1 R2 CN

CNO

+
Piperidine

ethanol

CN

CNR2

R1

NaN3 / NH4Cl

DMF

N

N
N

H
N

N N

N

H
N

R1R2

R1=methyl, R2=phenyl

R1=phenyl, R2=phenyl

28

 

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 60ºC 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.
 [45]

 
 

H
N

N

H3C

O
+

CN

CN

piperdyl acetate

H
N

N

H3C

CN

CN

sulfur

morphine

6hr,s

N

H
N

S

CN

NH2

H3C

RCOCH3
Glacial acetic acid

conc. H2SO4

6hr
,
s

N

H
N

S

H3C

N
H

NH

O

R

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

29

 
 

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.  
[46] 
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N
H

O

O

X

CH2CN2

solid state
R.T.

N
H

O

X

NC
CN

O

O

30

N
H

O
O

NH2

CNO

O

X
 

The diaminopyridone  of nitrogen substituted fused heterocyclic compounds 

derived from malononitrile and [(6-methyl-4-oxo-4H-chromene-3-yl)methylene] 

starting components. intermediates in presence of piperidine catalyst refluxed in 

ethanol. The synthesized products emphasized the substantial antimicrobial activities. 
[47]

 

O

CHOH3C

O

CH2(CN)2

H2O

O

H3C

O

CN

CN

O

H3C

O

N NH
CN

O

EtOH NH2NHCOCH2CN

CH2(CN)2

EtOH
piperidine O

H3C

O

O

NH2

NH2

CN

NC

NH2NHCOCH2CN
31

EtOH
piperidine

 

Synthesis of 2-amino-4H-pyran-3-carbonitrile series reaction of α,α‘-bis 

(arylidene) cycloalkanones and malononitrile  were refluxed underethanol condition 

by using K2CO3 catalyst. 
[48]

 

 

Z

R

R

O

+

CN

CN

Z

R

R

O

K2CO

5mol %

EtOH,reflux

Z =CH2, CH2CH2, CH(CH3)CH2

32

 

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.
 [49]
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Ar
S

R

O

+

CN

CN

+ Ar`CHO
NaOH / ROH

r.t. 10-60 min

N OR

CN

Ar`

S

Ar

R

33

 

 

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.
 [50]

 

 

ArCHO

RCOCH3

+

CN

CN

NH4OAC

MWI

N

Ar

RH2N

NC

34

 

 

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.
[51]

 

 

CHO

R

+

CN

CN

+

O I2 / K2CO3

R

H2N

CN

CH3

NC

35

heat 10 min

 

 

The combination mixture of methylenedinitrile, aromatic aldehydesand 1-

napthol were catalysed by p-dimethylaminopyridine which produces 2-amino-2-

chromenes derivatives.
 [52]

 
 

+

CN

CN

ArCHO

OH

+ Conditions

O
CN

NH2

36

 

  

 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.
 [53]
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+

CN

CN

ArCHO +

Me

SH

DABCO

r.t.

Ar

NC

H2N

CN

S Me

37

 
 

Synthesized 2-amino-4-H-chromene derivatives and in presence methane 

sulfonic acid catalyst refluxing with the mixture of aryl aldehydes ,malononitrile  and 

α,β-disubstituted napthols  in one a step. 
[54]

 
 

+

CN

CN

ArCH2O + 38

X

Y CH3CN
reflux

methane sulfonic
 acid

O

NH2

CN

Ar
o

CN

NH2Ar

+

 

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.
 [55]

 

+

CN

CN

ArCH2O +
39

O

O

R

R

supported - KF

solvent
O

Ar

CN

NH2

R

R

O

 
 

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)
[56]

 

CN

CN
EtO

NH2

O

+

N
H

OHNC

H2N

40

 

 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.
 [57]

 

+

CN

CN

ArCH2O +
41

solvent free

R2N

N
R1

O

Ar

CN

NH2

O

N N

OO

O

R1R2 SBA-Pr-SO3H

O

 

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
 [58]
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R1
CH3

CN

CNO

+

NC CN

CH3R1

DMFDMA
NC CN

R1 N

R2NH2 N

NHR2

NC

R1

42

 

Synthesized 3-amino-5-arylpyridazine-4-carbonitril  by reaction  arylglyoxal  

and malononitrile in presence of hydrazine hydrate stirred  for 30 min at room 

temperature under ethanol and water (1:1) ratio.
 [59]

 

CN

CN
Ar

O

O

+
43

NH2NH2H20

r.t. / 1h / 72-88%
EtOH

N
N

NH2

CN

Ar

 

Pyranopyrazoles were synthesis  by mixture of aromatic aldehydes, 

hydrazines, ehtyl acetoacetate  and malononitrile  by using sodium acetoacetate 

catalyst stirred under water at room temperature. 
[60]

 

Ar H

O

+ RNH-NH2 +
O O

O

+

CN

CN sodium benzoate
15 mol %

Water r.t.

N

N

O Ar

CNH2N

R

44

 Synthesiszed 3-cyano-5,6-dihydro-2-ethoxy-4-phenylpyrido[2,3-a] carbazoles 

from the reaction mixture of 2-benzylidene-8-methyl-1-oxo-1,2,3,4-

tetrahydracarbazoles and malononitrile  with anhydrous ethanol in presence of sodium 

hydride catalyst refluxed under dryer benzene. 
[61]

 
 

N
H

R1

R2

R3 O

CH2(CN)2

NaH.EtOH

C6H6

N
H

R1

R2

R3 N
CN

OCH2CH3

45

 

Synthesized 2-amino-4H-chromenes from the reaction  mixture of resorcinol, 

substituted aldehydes and malononitrile  were evenly condensed in propanol by using 

NaBr electrolytes 
 [62]

 
 

OH

OH

+

CN

CN

RCHO+
Propanol .NaBr

50m.A
O

CN

NH2

R

HO

46
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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. 
[63]

 

CHO

OHHO

+

CN

CN

PH 8.3
NaHCO3

R.T CN

CN

OHHO OHO

CN

NH

47

OHO

CN

OOHO

COONa

OOHO

COOH

O

PH 1.0
HCl90C

0

90C
0

PH8. 3
NaHCO3

PH2
HCl

R.T.
 

 

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 

Al2O3 catalyst.
 [64]

 

 

O

O

O

+
CH2(CN)2

HN
N

O

O

Ph

+

OO

CNNC

OO

N NH

OO

Ph

MW

3min

OO

O

CN

CN

HN

N

O

Ph

48

 

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.
 [65]
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OO

Cl

CHO

R

CH2(CN)2

Piperidine / C2H5OH

CH3-CHO

Piperidine / C2H5OH
CH2(CN)2

N

CN

NH2

NC

H2N

R
R

Cl

N

CN

NH2

NC

H2N

CH3 CH3

Cl

49

 

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 with malononitrile by 

used of catalytic amount of morpholine Submit the required product.
[66]

 
 

OHHO

CH3

O
+

R3
R1

O

R2

Montmorilonite K10

Microwave

Montmorilonite K10

Microwave

OHHO R1

R2

R3

O

CH2(CN)2

CN

NH2

NC

R2

R3R1OHHO

Morpholine

50

 

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.
[9,67]

Ethoxycarbonyl-1-cyclohexanone reacts with 

malononitrile to give the Knoevenagel condensation product, which rearranges to the 

tetrahydroisoquinoline.
[18-20-,68 ,69]
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CO2Et

O

+ CH2(CN)2

B-alanine

H20,EtOH 80%

CN

CNEtO2C

51

 

O

CO2Et

+ CH2(CN)2

NH4OAc, AcOH

EtOH,C6H6 80%

NC CN

CO2Et
N

OH

CN

OEt

52

 

 

Reactions with alkyl halides. 

The mono-alkyl-malononitrile  and di-alkyl-malononitriles by using tetra-butyl 

ammonium bromide catalyst in solvent free basic medium.
 [70] 

 

CNCH2CN   +R-X
Base

TBAB
R2C(CN)2

RCH(CN)2  +      R`-X

Base

TBAB
RR` C(CN)2

53

54

 

 

Reactions with α,β-Unsaturated Carbonyl Compounds. 

The Knoevenagel reaction of aliphatic methyl ketones with malononitrile produces 6-

alkyl-2,4-diamino-3,5-dicyanopyridines in moderate yield.
[71]

 The Michael reaction 

between aliphatic α,β-unsaturated ketones and malononitrile gives 2-amino-3-cyano-

4,6-dialkylpyridines.
[71]

Conjugated aromatic ketones react with malononitrile by used  

of ammonium acetate to give 2-amino-4,6-diarylnicotinonitriles
[72]

The Michael 

addition of malononitrile to α-acetylcinnamamides and chiral α-acylacrylates to form 

2-amino-4H-pyrans and polyfunctionalized carbocycles,
[73,74]

 and the first asymmetric 

synthesis of polyfunctionalized 4H-pyrans via Michael addition of malononitrile to 2-

acyl acrylates. 
[75]

 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
0
 complexes, such as 

(Maleicanhydride)bis(triphenylphosphine)palladium, to bear a 2-(1,1-dicyanoethyl)-3-

methyl-1,3-butadiene.
[76]

 

2 +  CH2(CN)2
Pd0

CH(CN)2
55
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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.
[77]

 
 

CN

CNNC

NC 1-CH2(CN)2

2-NME4Cl

[C(CN)2=C(CN)C(CN)2]-[NMe4]+ 56

 
 

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).
[78] 

The reaction is effective for preparing 3-alkyl- and 3-cycloalkyl-5-

cyanocytosines, but not for 3- and 5-cyanocytosines from arylureas. 
 

C7H15NHCONH2

CH2(CN)2

HC(OEt)3
C7H15NHCONHCH=C(CN)2

1-NaOMe

2-AcOH HN

NHO

CN

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.
[79]

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.
[80]

 2-Amino-3-cyano-4,5-dialkylthiophenes are obtained 

from malononitrile, ketones, and sulfur.
[81]

 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).
[82]

 

CS2 + CH2(CN)2

NH4OH

62%

S

CN

NH2

NC

H2N S

58

 

O

+ CH2(CN)2

S8 , EtOH

HN O

54%

S

H2N

CN

59

 

Nucleophilic addition reaction with diazonium salt. 

Treatment of the produced diazonium salt with some activated methylene compounds, 

malononitrile  and yielded the corresponding azo 

Derivatives
[83]
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N
N

COOEt

NH2

H

NaNO2

HCl N
N

COOEt

H

CN

CN N
N

COOEt

H

NHN C

X

CN

KOH/EtOH N
N

NH2

CN

N
N

EtOOC

N NCl
60

 

           The reaction starts by diazotization of substituted anilines and reaction of the 

corresponding diazonium salts with malononitrile to give arylazomalononitrile 

 (a-c)
[84,85]

 

R1 N

H2C

CN

CNNCl

a-R1= Br

b-R1 = COMe

c-R1= NO2

R1

HN
N

CN

CN

61

 

 

           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)
[86]

 

 

R N

 a,R= H

 b,R = NO2

 C,R=O CH3

H2C

CN

CN
NCl R NH

N

CN

CN

(18a-c)

62

 

               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 
o 

C in an ice bath .The diazotized products were 

then coupled with malononitrile  to give the desired products (a-b ) followed by reflux 

with hydrazine hydrate in ethanol ,  the cyclized compound (a-b) was obtained   under 

reflux
[87,88]

 

Ar-NH2
NaNO2/HCl

0-5o C

NCCH2CN

CH3COONa

0-5 o C

19a: Ar=p-ClC6H4

19b: Ar = p-NO2C6H4

H
2NNH

2.H
2O

ArN NCl

Ar N

N

CN

CN Ar N

N

N

NH

NH2

H2N

63

 

            The reaction starts by diazotization of aminobenzoic acid and reaction of the 

corresponding diazonium salts with malononitrile to give arylazomalononitriles.
[89]
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R

NH2

R1

NaNO2/HCl

CNCH2CN

R

HN

R1
CN

CN

N

R= CO2H 

a: R1= H   b R1=Me 

c: R1=CL d R1=OMe

R1=H 

 R= Br , b: R=CN

c: R= OMe

R= CO2H 

a: R1= H   b R1=Me 

c: R1=CL d R1=OMe

R1=H 

a: R= Br ,  b:R=CN

c: R= OMe

64

 

            When p-amino benzoic acid was  reacted with  sodium nitrite and hydrochloric 

acid at 0 
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 (I)
[90]

 

 

NaOAc/EtOH

CN

CN

COOH

HN

N

CN

CN

HOOC N N
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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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