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Abstract: This review article represents a survey covering the synthetic strategies leading to 5-membered heterocycles.
The reactions are subdivided into groups that cover the synthetic methods of those heterocycles, i.e. pyrroles, furans,
thiophenes, pyrazoles, isoxazoles, thiazoles, and others, utilizing benzoylacetonitriles as starting precursor from 1985 up
to the present. The reactions are subdivided into groups that cover the synthetic methods for those heterocycles from

benzoylacetonitriles.
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1. Introduction

Benzoylacetonitrile derivatives are easily available and have high chemical reactivity due to the presence of 3 ac-
tive moieties: nitrile, carbonyl, and active methylene functions. Benzoylacetonitrile, known as phenacylcyanide
or w-cyanoacetophenone, was named as 3-oxo-3-phenylpropanenitrile using the [IUPAC system. Benzoylacetoni-
triles are versatile and convenient intermediates in organic synthesis and have attracted a great deal of interest. !
Benzoylacetonitriles opened up an important area of heterocyclic chemistry on account of the fact that many

1,23 antineoplastic,*°

and anti-inflammatory agents;®? as inhibitors of poly(adp-ribose) polymerase (PARP);!%!! as

of them are subunits of natural products and pharmaceutical agents, e.g., antimicrobia
antiviral, %7
GABAB allosteric enhancers for treating CNS disorders!'? and pain;'® and as allosteric enhancers at the hu-
man A1 adenosine receptor. '*~16 Despite this important versatility, and in connection with our previous review
articles,!” the utility of benzoylacetonitrile in the synthesis of 5-membered heterocycles has not been previously
reviewed. The present review aims to demonstrate the synthetic applications of benzoylacetonitrile in the syn-
thesis of 5-membered heterocycles from 1985 up to the end of 2011 and provide useful and up-to-date data for

organic and medicinal chemists.

2. Synthesis of 5-membered rings with 1 heteroatom

2.1. Pyrroles and their fused derivatives

Synthesis of 4-cyanopyrroles via mild Knorr reactions with -ketonitriles was achieved. Ethyl 3-(4-bromophenyl)-
4-cyano-5-phenyl-1 H -pyrrole-2-carboxylate 3 was prepared by reaction of ethyl 3-(4-bromophenyl)-2-(hydroxyi-
mino)-3-oxopropanoate 2 with compound 1.8 Azoalkenes 4 were reacted with 1 to afford methyl 1-amino-4-

cyano-5-phenyl-1 H -pyrrole-3-carboxylates 5.1 1-Cyanoformanilide 6 was reacted with 1 in refluxed ethanol in

*Correspondence: rizkarein@yahoo.com
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the presence of triethylamine to give 3-amino-4-benzoyl-5-imino-1-phenyl-1 H -pyrrol-2(5 H)-one 7.2 Regiose-
lective synthesis of 2,3,4-trisubstituted pyrrole 10 has been achieved via [3,3] sigmatropic rearrangements of

O-vinyl oximes 9. O-allyl oximes 8 enable rapid access to O-vinyl oximes (Scheme 1).2!
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Scheme 1.

Three-component 1-pot condensation reactions of ethyl glycinate 11, 3-hydroxybutan-2-one 12, and 1
yielded ethyl 2-(3-cyano-4,5-dimethyl-2-phenyl-1 H -pyrrol-1-yl)acetate 13, which was consequently hydrolyzed
to produce the corresponding carboxylic acid 14 (Scheme 2).9
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Scheme 2.

2-Formyl-1,4-dihydropyridines 15 underwent the tandem Knoevenagel condensation/aminonitrile cycliza-
tion with 1 to afford methyl 2-cyano-5-methyl-3-phenylindolizine-8-carboxylate 17 in 65%—-93% yields (Scheme
3).22

2.2. Furans and their fused derivatives

2.2.1. Michael addition reaction

4-Cyano-2,3-dihydrofuran-3-carboxamides 19 were obtained in moderate yields by the oxidative cyclization of
1 with unsaturated amides using manganese(III) acetate. Treatment of 3-oxopropanenitriles 1 with (2 F)-3-(5-

methyl-2-furyl)acrylamide 18 gave dihydrofuran-3-carboxamides 19 in moderate yields (Scheme 4). 2324

686



KHIDRE and ABDELWAHAB/Turk J Chem
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Scheme 4.

4,5-Dihydro-3-furancarbonitrile derivatives 21 were obtained through radical cyclization of 1, mediated
either by manganese(Ill) acetate in acetic acid?2>26 or by cerium(IV) ammonium nitrate in THF 27 with
substituted ethylene 20. Cerium(IV)/THF radical cyclization was compared with that performed with man-
ganese(III) acetate/AcOH; the cerium(IV)/THF system turned out to be much more efficient. The synthesized
compounds showed better results against test bacteria than some known antibiotics.? Similarly 1-pot synthesis
of tetrasubstituted furan derivatives 23, catalyzed by acidic alumina and in the absence of solvent, was reported

from the reaction between compound 1 and ethyl 3-nitrooct-2-enoate 22 (Scheme 5).28

R
NO» -
\ / 5111 22 511 20 \
< R )J\/CN > Rs
NC CO,Et Al,O3, 3 h, 1t,3h,60°C ! 1 aorb NC R,
23 Ry =Ph 21

a) Mn(OAc)3, AcOH, 80 °C; R4 = Ph; R, = Ph, 2-thienyl; Ry = Me, Ph, n-Pr, H; R4 = Et, Ph, H (40-83%)

b) Ce(NH4)>(NO3)g, NaHCO3, THF, 10 - 30 min, 60°C; Ry = R, = R3 = Ph, R4 =H(97%);R1 = R, =R3=Ph, R,
=Et (83%); R4 = Ph, R, = R3=4-FCgHy4, R4 =H (86%); R4 = 2-furanyl, R, = R3 = Ph, R4 = H (90%); Ry = 1-
benzofuran-2-yl, R = R3 =Ph, R4 = H (96%); R1 =R2=Ph,R3=Rs4=H (42%); R1= R2 =Ph,R3=H, R4 =
Me (75%); Ry =R, =Ph,R3=Me, R4 = H (80%)

Scheme 5.
Propargyl bromide 24 was reacted with 1 in the presence of copper iodide and 2,3,4,6,7,8,9,10-octahydropy-
rimido[1,2-alazepine (DBU) in toluene to give 5-methyl-2-phenyl-3-furancarbonitrile 25 in 55% yield (Scheme
6).%°
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Scheme 6.

Furo[2,3-b]indole-3-carboxylate 27 was synthesized from the reaction between 1 and ethyl 2-cyano-2-(2-

oxoindolin-3-ylidene)acetate 26 in ethanol at reflux (Scheme 7).3°

H
N N\
fe) + 1 O
_—
\ con PhOC— 7 i,
t
e’ CO2E CN CO,Et
26 27,67%

Scheme 7.

2.2.2. [3+42]Cycloaddition

Reagent-controlled [3+2] annulation of ~y-functionalized 2-butynoates and 1C, 30-bisnucleophiles is reported,
which leads to 3 distinct furan skeletons. A PPhjs catalyst preferentially attached to the B-position of
AcOCH,C=CCO4,Me, facilitating «a-addition to furnish type I annulations. With the assistance of AgsO,
type II annulations were achieved via selective y-substitution. In the absence of the PPhj catalyst, the reagent

Cs2CO3 promoted B-addition to realize type I1I annulations (Scheme 8).3!

aCOZMe
1a: LG = OAc NC
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Type |
CO,Me 29a
_
LG\/Y
o [3 28 NC Y
DMSO| 1d: LG=Br Mcone
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o 20mol % PPh;  Ph~ 0 «
)J\/ 1 equiv Ag,0O 30b
Ph CN Type Il
o
1 NC. p/ COMe
1aor1d [\

- Y
1 equiv CsCO3 Ph 0
Type Il 30c

Scheme 8.

Polysubstituted furans 29 were synthesized by the reaction between methyl 4-acetoxybut-2-ynoate 28
and derivatives of compound 1 using type I annulations (Scheme 9).3!

The mechanism of the above reaction is proposed. Addition of catalyst to 28 generates zwitterionic

intermediate A. In the presence of 1, A works as a base to initiate H-transfer, leading to the formation of
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intermediate B and a nucleophile. Then addition and elimination of acetate produce intermediate C, which is
converted to intermediate F via double continuous steps of H-transfer and isomerization. Finally, the addition—

elimination process takes place to regenerate the catalyst and give product 29 (Scheme 10).

_COMe ol % PPh3 NE eoale
jVCN Rz\/ i > I\g\/RZ
R1 * R O
] OAc 28 DMSO, 80 °C, 3 h 29
R1 = Ph, R2 =H (91%), R1 = 4-MeOC6H4, R2 =H (62%),
R4 =4-BrCgHy, Ry = H (92%); R4 = 4-CICgH,, Ry = H (94%);
R4 = 2-furanyl,, R, = H (71%); Ry = 2-thienyl , R, = H (82%);
Ry = Ph, R, = Ph (56%); Ry = Ph, R, = 2-thienyl (65%);
R1 = Ph, R2 =Bu (32%)
Scheme 9.
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Scheme 10.

2.2.3. Miscellaneous methods

Alkylation of 1 with either ethyl 2-chloro-3-oxobutanoate 30 or ethyl 3-bromo-2-oxopropanoate 32 in the
presence of ethyldiisopropyl amine and MgCl, gave furan derivatives 31 and 32, respectively.?? 6a-Amino-
2,5-diphenyl-3a,6a-dihydrofuro[2,3-b]furan-3,3a,4-tricarbonitrile 35 was synthesized from the reaction of 1 with
2-bromomalononitrile 34 in refluxed ethanol containing sodium ethoxide.?* Furo[2,3-c|pyrazole 37 was prepared
in 83% yields by treating 4-bromo-3-methyl-2-pyrazolin-5-one 36 with 1 in EtOH in the presence of piperidine
at reflux temperature (Scheme 11).34

5-Aryl-3-aminofuran-2-carboxylate esters 39, key intermediates in pathways for synthesis of the amine
substituted furan-2-carbonylguanidines, were prepared from the reaction of 1 with methyl glycolate under
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Mitsunobu conditions to afford the vinyl ethers 38, which upon treatment with sodium hydride cyclized to the
3-aminofurans 39 in 40%-60% yield (Scheme 12).35
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37, 83%
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Me~ O EtN(Pr), EtN(Pr),
31 MgCl, Br MgCl;
NC” en 34
EtONa, EtOH
NH,
o-l-0
Ph Ph
NC CNcn
35,30%
Scheme 11.

2.3. Thiophenes and their fused derivatives

2.3.1. Gewald reaction

The synthesis of m-conjugated thiophenes starting from substituted 3-oxopropanenitriles via the Gewald reaction
has been reported. Thus treatment of 1 with methyl cyanoacetate and elemental sulfur gave thiophene derivative
40 in 72% yields.3¢ Similarly, 2-(5-acetyl-4-methylthiazol-2-yl)acetonitrile 41 was reacted with 1 in dioxane in
the presence of sulfur to yield the 5-(5-acetyl-4-methylthiazol-2-yl)-4-amino-2-phenylthiophene-3-carbonitrile 42
(Scheme 13).37

CN CN
PhsP, DEAD, methyl glycolat | OMe 74 NH
N 5P, , methyl glycolate NaH, rt
xZ 0 © > | x oYy T | e ° | OMe
N THF, 0°C—rt 0
1 o}
38 39, 40%-60%

X =H, 2-F, 2-Me, 2-OMe, 3-F, 3-Cl, 3-Me, 2,5-F,, 2,5-Cl,, 2,5-Me,, 2-MeO-5-Cl, 2-MeO-5-F
Scheme 12.
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42, 56% 4 h, reflux it) MeOH / 20-45°C 40, 72%
Scheme 13.

In the same fashion, compound 1 was reacted with 1l-acetylpiperidin-4-one 43a to give 1-(2-amino-3-
benzoyl-4,5-dihydrothieno[2,3- ¢]pyridin-6(7 H)-yl)ethanone 44a, which was evaluated for its abilities to inhibit
lipopolysaccharide (LPS)-stimulated production of TNF-a in rat whole blood.?® On the other hand, the
microwave-assisted aromatization method has been used for the synthesis of compound 44b. The synthesized
molecule has been evaluated as a potential new series of allosteric enhancers acting at the adenosine Al

receptor. '* Thienofuran derivatives, as CB2 cannabinoid receptor ligands, were prepared by heterocyclization

of compound 1 with 2-methyltetrahydrofuran-3-one.3? The Gewald reaction of 1 with cyclopentanone,”'?

40 or cyclooctanone?! and sulfur in ethanol in the presence of morpholine yielded thiophen-2-

cyclohexanone,
amines 47. The latter compounds were evaluated as potential allosteric modulators of the A1 adenosine receptor

(AR) (Scheme 14).41

0 Me
Ph
/NP
HoN S
46
o-_Me
S + morpholine, 60°C
R &45 P
N O 0
R4 =Ph
R 7S
< S O H-C)
N n(H2
| )—NH, 0 43 oN (CHy), _ 2 NH,
-« R =
a 1 b 0~ ph
44 COPh R, = Ph 1 R4 = Ph; 3,4-Cl,CgH3 47
a) Reaction conditions: b) Reaction conditions:
R =Ac; S, EtsN, DMF (93%) S, morpholine,EtOH, 2 h, 90°C,
R =t-BuOCO; Morpholine, S, EtOH, 1 h, 70°C n=1(98%),n=2(78%)
()TiCly, CH,CI,, cooled
(i) S, EtoNH, THF, 1 h, rt ; n =4 (12%)
Scheme 14.

Preparation of thiophene derivatives 49 as PPAR{§ agonists was reported. Cyclocondensation of 1 with
butyraldehyde and sulfur was followed by acylation with thiodiglycolic anhydride 48.42 Similarly, 2-amino-3-
benzoylthiophenes 51 and 53, which have been widely reported to act as allosteric enhancers (AEs) at the
A1 adenosine receptor (A1AR), were prepared from the reaction of 1 with substituted 1-Indanone 50 or 1,4-

dithiane-2,5-diol 52, respectively, as described in Scheme 15.1%:43
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Et

(0] S N\
HOZC\/S\)J\N S
H

49 0o
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5 @é HO- S o
R2 R1 R2 (@) SZ\ESJ\OH R1
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a: i)TiCly, pyridine; ii) Sg, EtbNH, THF or i) f-ala, PhnCO,H, 110-120 °C; ii) Sg, morpholine, EtOH
R4 = Ph, 4-CICgHy; R, = H, 4-CF3, 6-CF3
Scheme 15.

Compound 1 was reacted with 2-bromo-1-(3-(trifluoromethyl)phenyl)ethanone 54 and sulfur in ethanol in
the presence of diethylamine to afford (2-amino-5-bromo-4-(3-(trifluoromethyl)phenyl)thiophen-3-yl) (phenyl)met-
hanone 55 in 48% yield (Scheme 16).44

HoN~ S~ —Br
S, Et,NH, EtOH \
+ 1 >
FsC Br 5 h,rt PhOC
o CFs
54 55, 48%

Scheme 16.

2.3.2. Miscellaneous methods
Ethyl 3-amino-4-benzoyl-5-(phenylamino)thiophene-2-carboxylate 57 was synthesized in 2 steps. The first step
consisted of the formation of the N -phenyl S-methyl ketene- N, S-acetals 56, obtained in a 1-pot reaction from
1, phenyl isothiocyanate, and methyl iodide under basic conditions (Ko CO 3 /DMF) in 90% yield. In the second
step, ketene- IV, S-acetals 56 were reacted with ethyl thioglycolate in ethanol containing potassium carbonate
(Scheme 17).4°

2,3,4-Trimethyl-5-phenylthiophene 60 and (2-amino-4-methyl-5-phenylthiophen-3-y1)(phenyl)methanone
59 were prepared in ratio 95:5 by regioselective Knoevenagel condensation of 1 with 3-chlorobutan-2-one 58 fol-
lowed by intermolecular addition in pyridine and then the Gewald reaction.*® Aminobenzoylthiophene 61, as al-
losteric modulator of the adenosine A1 receptor, was prepared in 60% yield by alkylation of 1 with phenacyl bro-

mide followed by cyclocondensation with sodium hydrosulfide. ¢ 2-Amino-3-benzoyl-4-phenylthiophene deriva-
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tives 62 as A1 adenosine receptor allosteric enhancers were prepared from the reaction of 1 with 3-trifluromethyl

aceteophenone (Scheme 18).13

PhOC NH;
i) K,.COs, DMF, 1h,rt ~ MeS_ CN  HSCH,CO,Et I\g\
1 e —_—
i) PANCS, 2 h, rt PhHN  COPh K,COgEtOH PhHN™ g~ COzEt
iii) Mel, 4 h, rt ]
56, 80% 57 309%
Scheme 17.
o)
o)
PhS< o PPS\n Me o NH,
\S\/Z/ e ) 2 58 o 1 i) TiCly, CHoClp \
+ - >
o i, Ph
Me Me Ph i) TiCly CH.CI ii) CsH5N Ph
Me K ii))C5H45N 22 ii) NaSH / EtOH g
60 59 iii) NaSH/ EtOH iv) HCI/H,0 61, 60%
o)
R™ “CHj
i) TiCl, / CH,Cl,
ii) CsHsN
iii) NaSH/ EtOH
ST\
e
HoN R = 4-F3CCgHg4
pr~ ©
62, 33%
Scheme 18.

Disclosed are thiophene compounds of formula 63, which are useful as therapeutics, especially in an-
tineoplastic therapy and in other therapeutic regimes where cysteine protease inhibition is implicated. Com-
pound 63 was prepared from the reaction of 1, carbon disulfide, ethyl 2-chloroacetate, and methyl iodide.*
Benzo[b]thiophene 65a was prepared in 84% yield by sulfanylation—acylation of active methylene in compound

1 with 2-(chlorosulfanyl)benzoyl chloride 64a in the presence of triethylamine (Scheme 19).47

S<
0

cl
e AL cl 0

MeS S CO-Et OEt Ph

\ 2=1 CS,, CHyl 64a 0 S
/ -2 > CN
K,CO3, DMF : :
NC Ph 23 ’ i) EtsN / CH,Cl, / 30 min, rt, 2 h
10 min, rt ii) HCI / H,0 ©
63, 56% 65a, 84%
Scheme 19.
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2.4. Selenophene derivatives

Selenation—acylation of 1 with 2-(chloroseleno)benzoyl chloride 64b afforded 2-benzoyl-3-oxo-2,3-dihydrobenzo[b]
selenophene-2-carbonitrile 65b in 78% yield (Scheme 20).48

Se ?
a + 1 5 S¢ “~pn
O BN AcOE CN
e} O
64b 65b, 78%
Scheme 20.

3. Synthesis of 5-membered rings with 2 heteroatoms
3.1. Pyrazoles and their fused derivatives
3.1.1. Reaction with hydrazines

5-Phenyl-1 H -pyrazol-3-amine 66 was synthesized by the reaction of 1 with hydrazine in ethanol at reflux

49-54 Moreover, compound 66 was prepared in excellent yield using several conditions such as

55

temperature.

p-toluene sulfonic acid as catalyst in polyethylene glycol-400 as an efficient and recyclable reaction medium,

56 57,58 (

using p-toluene sulfonic acid at 100 ° C under microwave conditions,°® or using diimidazolyl ketone Scheme

21).

o HN-N
N NoHg H0 < D—NH,

C

a-d

X 1 X

66, 59-78%
a: EtOH, 2 h, 85 °C; b: 4-MeCgH4SO3H, HOCH,CH,OH polymer;
c: 4-MeCgH4SOzH, MW; d: diimidazolyl ketone
X =H; 2-Br; 2-OMe; 4-Cl; 4-Br; 4-OMe; 3-ClI; 3-Br;
3-OMe; 2,5-Cly; 3-Br; 3-1; 3-OMe; 3-CO,Me, Pyridine

Scheme 21.
1-Substituted 5-aminopyrazole 67 was obtained in excellent yield by the reaction of 1 with substituted

hydrazine such as t-butyl hydrazine hydrochloride,®® 2-hydrazinylethanol hydrochloride, % and o-tolylhydrazine

hydrochloride®! either by the traditional method or using microwave irradiation (Scheme 22).

0] i)NaOH /EtOH, rt ,1h Ph N
)J\/CN NHZ . HCI i) EtOH, 12 h, reflux . N-R
Ph * __NH =~
R or
NH
1 MW 67 2
R = t-Bu (80%); HOCH,CH, (79%); 2-MeCgH, (81 %)
Scheme 22.
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Several aryl hydrazines 6266

or heterocycle hydrazines such as 1,4-dioxo-3-(phenylamino)-1,4-dihydro-
naphthalene-2-sulfonohydrazide, 57 4-hydrazinyl-1-p-tolyl-2,5-dihydro-1 H -pyrrole-3-carbonitrile, % 8-hydrazinyl-
1,3-dimethyl-1 H -purine-2,6(3 H ,7 H)-dione, % 2-hydrazinyl-3-phenylquinoxaline,® 3-hydrazono-2,3-dihydroch-
romeno|[2,3-c|pyrazole, or 4-chloro- N -(2-(hydrazinylmethyl)-5-(trifluoromethyl)phenyl)benzenesulfonamide 7
were reacted with 1 either by traditional methods or using microwave irradiation!:"2? to give 5-aminopyrazole
in excellent yield (Scheme 23). The latter compound used as CCR2 chemokine receptor antagonists,”® and as

anti-HIV-1 and antimicrobial agent%® (Scheme 23).

NH,
0 AcOH, EtOH
5 h, reflux N=
CN +  RNHNH, > Y
Ph or -N
R
1 dioxane Et3N 68 Ph

R =Ph 78 % 4- MeC6H4, 4- MeC6H4SOZCH2CH2 (50%) 4- NH2802C6H4 (56 A))

\\ NC CF
/Ph \©\ ye

o 4- t0| Me
(53%) 77% (44%) (64%)
el
7%
Scheme 23.
R4
N HoN. /Z\
Ri = S—NHNH, o )\ NC
N N S R
NS 71 _N
R R e s
S 1 EtOH/ HCI = o g
HoN reflux, 4 h NH, !
H
79 O,N-_-S
R = Ph, 4-CIC¢Hy4, 4-OMeCgH, N 2 R = Ph, Ry = H, Me

R1 = 4-C|C6H4, 4—MeC6H4, 4—OMeCGH4

N=
ON-_-S__\/
Ly
N HoN
R 74 2
R4 =H, Me; R=Ph, 4-MeCgH,, 4-MeOCgH,, 4-CICgH4

Scheme 24.
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Similarly, 5-hydrazino-4-oxazolecarbonitriles 69,7 2-hydrazinylbenzo[d|thiazole 71,% and 2-hydrazino-5-
nitrothiazoles 717 were reacted with 1 to give 1-substituted-1H -pyrazol-5-amines 70, 72, and 74, respectively.
Some of the synthesized compounds show high antifungal activity ™ (Scheme 24).

Synthesis of fluorinated pyrazoles, a class of compounds with potential in medicinal chemistry, was
described. The treatment of 2,2-difluoro-3-oxo-3-phenylpropanenitrile 75 with hydrazine hydrate yielded the
expected 3-amino-4-fluoropyrazole 76 in 99% yield, while the analogous reaction of compound 75 with hydrazine

hydrate in refluxing isopropanol surprisingly gave rise to 3-unsubstituted 4-fluoropyrazole 77 (Scheme 25).75

o ]

2.2 equiv NaH )J\ﬁ NH,NH, . H,O HN”N\ "
g > 2
Ph)J\/CN Ph CN  Me,CHOH Ph#ﬁzi

2.2 equiv Selectfluor® F
THF, 2 h, rt F 1 h, reflux HO F

0,
1 75, 35% 76, 99%

NH,NH, . H,O
Meo,CHOH
2 h, reflux

H
-N

N
| /—Ph

F
77, 45%
Scheme 25.

(35,105,13.5)-10,13-Dimethyl-17-oxohexadecahydro-1 H -cyclopentaa |phenanthren-3-yl acetate 78 was
reacted readily with 1 in refluxing ethanol to afford the Knoevenagel condensed product 17-(2/-benzoylacetonitrile-
2/-ylideno)androstane 79. Compound 79 was reacted with hydrazine in refluxing ethanol/piperidine solution

to afford the corresponding 17-(5/-aminopyrazol-4/-ylideno)-androstane derivatives 80 (Scheme 26). 7

.R
NC. P NN
o M Ph
(i e/ P Me/  NH,
+ Me RNHNH
Me —1) —2) Me
EtOH, reflux, 3 h EtOH, pip., reflux
AcO
AcO ¢ AcO
78 79, 76% 80, R = Ph, H
Scheme 26.

Compound 1 was reacted in basic medium (LiOH/H,O) with iodoacetic acid or ethyl iodoacetate to
give the corresponding acid 81a and ester 81b, respectively. 1,4-Dicarbonyl compounds 81a,b were reacted
in ethanol at reflux with hydrazine hydrate, in the presence of acetic acid, to give the corresponding 3-amino
pyrazoles 82a,b in good yield and purity. The condensation of the latter compounds with 2,4-pentanedione
was carried out, which led to the closure of the pyrimidine ring, resulting in the intermediate 83a and the final
compound 83b. Subsequently, the acid 83a was converted into a mixed anhydride with ethyl chloroformate,
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and this intermediate reacted with a large number of amines affording the corresponding amides 84 in good

yields and in a short time (Scheme 27).77

H
-N
o ICH,CO,R; Q N
| Ph
)J\/CN = OR; NpH, . H0 /
Ph ) Ph — > H,N
thallium ethylate/tol
y OR;
1 81a,b, 32% 82a,b (41%-38%)
2,4-pentanedione
Me EtOH
Me
= N’N
S—ph ZNN
X Ph
Me N NEt; / CICO,Et/ THF X A
<z Me N
o]
RoR3NH O
N-
R3/ R2 OR1
84a,b (22%-54%) 83a,b (83%-25%)

R4 = H, Et; R, =R3 = Me, n-Pr, i-Pr, n-But., n-Pentyl, n-hexyl, n-octyl, Bz, Et, Ph
Scheme 27.

The heterocyclization of 1 with a-hydrazino acids 85 was reported to give 5-aminopyrazoles 86, which
underwent intramolecular cyclodehydration to give the corresponding imidazo[1,2-b]pyrazol-2-ones 87 (Scheme
28).78

Ph >/\/\
| : N
HOLC. NHNHBoo , 4 )TFACHCh Tt nNH NN

7:1 ii) MeOH, 18 h, rt JN\ 2 H

R' > CO,H R" o
85 86 87 (55%-84%)
R4 = i-Bu, Et, H

Scheme 28.

The 1-pot synthesis of 2-phenylpyrazolo[1,5-a]quinazolin-5(4 H)-one 89 in good yield was reported
by condensation of 1 with 2-hydrazino-benzoic acid 88 in acetic acid using microwave irradiation (Scheme
29).10:11.79 The synthesized compound is used as inhibitor of the enzyme poly (ADP-ribose)polymerase
(PARP).10:11

697



KHIDRE and ABDELWAHAB/Turk J Chem

0
Q NHNH, MW NH
Ph + >
COLH AcOH, H,0 N, _
5 min, 150 °C N" "Ph
1 88 89
Scheme 29.

The pyrazolyl ketone, which exhibits good oral bioavailability and high selectivity for p38 MAPK, i.e.
RK protein phosphorylating kinase over other kinases, is a key pharmacophore that could find application in
the treatment of Werner syndrome. Microwave irradiation promoted the Knoevenagel condensation of 1 and
N, N'-diphenylformimidamide 90, to give B-aminovinyl ketones 91, and their subsequent cyclocondensation

with hydrazines provided pyrazolyl ketones 92 (Scheme 30).%°

H (@] N,R
- Xylene CN RNHNH N~
PhNaN. 1 y - Ph)k[ 2 > [/ NH
Ph i °
30 min, 180°C EtsN, EtOH, 1 h, 140°C
NHPh COPh
90 91 92

R = Ph, 4-FCGH4; 4-BrC6H4; 2,6-C|2C6H3; 2,4-F206H3; 4-C|CBH4; C6F5; 2-F06H4; 2,5-C|2C6H3; 4-|C6H4
Scheme 30.

3.1.2. Reaction with hydrazides

Condensation of compound 1 with hydrazides such as 2-(1-oxo-4-phenylphthalazin-2(1 H)-yl)acetohydrazide
93a,%! 1-(4-methoxybenzyl)-1 H -indole-3-carbohydrazide 93b, 82 1,4-diphenyl-1 H -pyrrole-3-carbohydrazide 93c, %
and N -phenylhydrazinecarboxamide 93d®? in either acetic acid or ethanol at reflux temperature gave 1-aroyl-

3-amino-5-phenyl-1 H -pyrazoles 94. The latter compounds were tested in vitro for tumor cell-growth inhibition
(Scheme 31).

O N\ NH2
j\ \H , _EtOH.5h, reflux };N’
- ’ —
o7 N2 F R
H Ph
93a-d 94

Ph o) Qj/
e SRS
P;/N J o (14 %), —N  (70%), (75 %) » PhNH (90%)
Ph
OMe

Scheme 31.

Resin-bound Boc protected a-hydrazino esters 95 were deprotected under standard conditions (50% TFA

in dichloromethane) and were treated with 1 in ethanol in the presence of 10% acetic acid at 70 °C to provide
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the requisite amino pyrazoles 96 on solid support. Treatment of the resin with 25% acetic acid solution in
toluene at 110 °C provided the desired cyclized product 97 in good yield (Scheme 32).34

Ph
Q. HN-NH .1 WNHz} AcOH (25%), toluene PhWNH
>—§_\Boc > N=N O N—N\C
0

o
(o]
o )50% TFA-CH,Cly, 1t 1h 5 110 ° C, 24-48 h
ii) 10% AcOH-EtOH, Ph
95 70°C,15h Ph 96 97,70%
Scheme 32.

3.1.3. Reaction with hydrazonoyl halides

Hydrazonoyl halides, such as ethyl 4-(2-bromo-2-(2-(4-chlorophenyl)hydrazono)acetyl)-5-methyl-1-p-tolyl-1 H -
pyrazole-3-carboxylate, % N ’-aryl-2-(4-methyl-2-phenylthiazol-5-yl)-2-oxoacetohydrazonoyl bromide,3¢ 2-oxo-
N’-m-tolylpropanehydrazonoyl chloride, " 2-oxo- N -phenyl-2-(thiophen-2-yl)acetohydrazonoyl bromide, 2-oxo-
N ’-aryl-2-(phenylamino)acetohydrazonoyl bromide, ethyl 2-(2-(2-bromophenyl)hydrazono)-2-chloroacetate,®
2-(benzofuran-2-yl)-2-oxo- N -phenylacetohydrazonoyl bromide,® N’-(aryl)-2-oxopropanehydrazonoyl bromi-
de,”® 1-bromo-2-(5-chlorobenzofuranyl)ethanedione-1-phenylhydrazone, 192 2-oxo- N’ -phenyl-2-(phenylamino)
acetohydrazonoyl chloride,”® and ethyl 2-(2-(2-bromophenyl)hydrazono)-2-chloroacetate,** were reacted with

1 in either ethanolic sodium ethoxide or EtN(Pr-i)5 in acetonitrile at reflux to give substituted pyrazole-4-
carbonitriles 99 (Scheme 33).

NC R

X
f O§/4\ H EtONa / EtOH 0 B
J\/CN . NEL A tONa - N N

R R Ry ora R N 2

1 98 Y

R =Ph, R1 =Me, Ra = 3-MeCgHg, X = Cl (70%); R1 = 2-thienyl, R2 = Ph, X = Br (78%)
R =Ph, Ry =2-benzofuryl, Ry = Ph,4-CICgH4,4-MelCgH,4, X = Br

R = Ph, Ry = 5-chloro-2-benzofuryl, R, = Ph, X = Br (67%)

R =Ph, R; = PhNH, R, = Ph, 4-MeCgHy,, 4-CICgH,4, 4-BrCgHy, X=CI (~ 70%)

Ph— N\ _Me
R=Ph, Ry = s—z/ , Ry = Ph,4-CICgH,,4-MeCgHy, X = Br (~ 70%)
Me

R =Ph, Ry :f\'NOMe R 5 =4-CICgH,, X = Br (76%)
N

EtO,C
R =Ph, 4-OMeCgH,4, R1 = OEt, R, = 2-BrCgHy4, X = CI; a: EtN(Pr-i),, MeCN, 16 h,
reflux (12%)

Scheme 33.

The reaction between compound 1 with either N -arylthiophene-2-carbohydrazonoyl chloride 100°°° or

4-fluoro-N’-(4-nitrophenyl)benzohydrazonoyl bromide 102°7

101 and 103, respectively (Scheme 34).

in sodium ethoxide gave pyrazole-4-carbonitriles
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Br
F cl
N S H /]
' X -N-R
N, HN. \ N S N,
~ 'N-R F 102 R 100 _ NR
= - 1 > G
NC Ph NaOEt/EtOH, rt EtONa, EtOH 101 Ph
103, 48%
R = Ph, 4-N0206H4
R = 4-N0206H4
Scheme 34.

3.1.4. Miscellaneous methods

Compound 1 was reacted with either 3-nitro-1,5-diphenylformazan 104 or 2-nitro-1-phenyl-2-(2-phenylhydrazono)
ethanone 106 in ethanol in the presence of sodium ethoxide to yield 1,5-diphenyl-3-(phenyldiazenyl)-1H -
pyrazole-4-carbonitrile 105%® and 3-benzoyl-1,5-diphenyl-4,5-dihydro-1 H -pyrazole-4-carbonitrile 107,% re-
spectively (Scheme 35).

N<_Ph Ph” N H
) N N
M - 104 il 1 106 NO> _ Ph\g——\Z/COPh

= CN
Ph,N N EtONa, EtOH EtOH, EtONa PH CN
107

Scheme 35.

3-Phenyl-4,5-diaminopyrazole 110 was prepared by nitrosation of 1 followed by condensation of the result-
ing N -hydroxy-2-oxo-2-phenylacetimidoyl cyanide 108 with methyl hydrazine to form 5-amino-4-nitrosopyrazole

109 followed by catalytic hydrogenation (Scheme 36). 1
5 NO NH,
Q NaNO, CN  MeNHNH, HzN\%YPh HZN\%YPh
Ph)J\/CN [ Ph e 9 '(l )
AcOH, H,O N N—N
2 NOH Me/ Me’
1 108, 57% 109 110
Scheme 36.

2-Amino-4-phenyl-6-(trichloromethyl)nicotinonitrile 111 was reacted with 1 in pyridine to give 2-amino-6-
(1-cyano-2-oxo-2-phenylethyl)-4-phenylnicotinonitrile 112, which was cyclized with hydrazine to afford aminopy-
razolylpyridine 113. The latter compound was cyclocondensed with acetylacetone to give 2-amino-6-(5,7-

dimethyl-2-phenylpyrazolo[1,5- a |pyrimidin-3-yl)-4-phenylnicotinonitrile 114 (Scheme 37).101
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Me
7 N
N Me
HoN<_Ng_-CCls /N\
| NH2NH2 Me HaN N 2
=
NC C5H5 l/ Ph
Ph NC
Ph
11 112, 80% 114

Scheme 37.

3-Methyl-7-phenylpyrazolo[5,1-d][1,2,3,5]tetrazin-4(3 H)-one 118 was formed by cycloaddition of com-
pound 1 with NV-methylhydrazinecarboxamide 115 to afford 5-amino- N -methyl-3-phenyl-1 H -pyrazole-1-carbo-
xamide 116 followed by diazotization of the latter compound and subsequent intramolecular coupling (Scheme
38) . 102

0 Me Me

(0] ! (0] Me
0 YNH $-NH SN
JUNH, 1 -N NaNO, / HCI -N _ B )
Me~N"" N — MNHZ — 2 N Lol |—= NN N
H H EtOH M 2 MN

Ph Ph Ph
115 116, 90% 17 118

Scheme 38.

The synthesis of pyrazoles linked to pyrazolo[3,4-d|pyrimidine 120 incorporating benzenesulfonamide

moiety as antimicrobial reagent was reported. 4-(4-Hydrazono-4,5-dihydro-1 H -pyrazolo[3,4-d]pyrimidin-1-

yl)benzenesulfonamide 119 was reacted with 1 to give the target molecule (Scheme 39).1%3
HoN-
)
HN N =
S P Y@ AN
N N
N N
Q AcOH / EtOH | ,§ NH,
NN
0 ~&
119 .S 120, 63%
O NH,
Scheme 39.

Pyrazolopyrimidine 122 was prepared, as orally bioavailable inhibitors of herpes simplex viruses, by 4-
component reaction of 1, ethyl 3-oxopropanoate, cyclopentanamine, and 2-fluoropyridin-4-ylboronic acid 121
(Scheme 40).104

(R)-tert-Butyl 1-hydrazinylpropan-2-ylcarbamate 123 was reacted with (1R ,5 R)-2-isopropyl-5-methyl-
cyclohexanecarbonyl chloride 124 and 1 in the presence of triflouroacetic acid to afford (1R,5R)-N-(1-((R)-
2-aminopropyl)-3-phenyl-1 H -pyrazol-5-yl)-2-isopropyl-5-methylcyclohexanecarboxamide 12 5, which acts as

modulator of Trp-p8 (transient receptor potential-p8) activity (Scheme 41).105
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Ph
NH ~ N
HO- N L @
* EtO)K/CHO + B F a O/ LN HN
OH 421 122

a: i) NHoNH2 . HoO / EtOH / reflux; ii) Na / EtOH / rt ; iii) POCl3 / 100°C
iv) N-bromosuccinimide / CH,Cl,; v) Na,CO3 / PdCly(PPh3),

Scheme 40.

@) )< //\
HNJ\O 1 4 CF3COZH Me
H |
N + - .Gl )\)*
H2N \/F\’\Me Me n/ a @ CF3COzH

123 124 ° 125O

Scheme 41.

Condensation of compound 1 with ethyl 3-ethoxy-3-iminopropanoate 126 gave ethyl ( E')-ethyl 3-amino-
4-cyano-5-oxo-5-phenylpent-3-enoate 127. Then the latter compound was coupled with aryldiazonium chloride
to give hydrazones 128, which on treatment with NoH, gave hydrazides 129. Compounds 129 were converted
to pyrazolo[3,4-b]pyridines 130 by refluxing with AcOH-HCI (Scheme 42).1%6

N
NH,
HHCI R— N2 CI _ CO,Et N,H, Ph | NH,
—)
EtO2C OEt coet —— > Ph | —_— CONHNH,
EtsN / CHCl, CN N. H2N
127, 85% 128 HNR 129 \NHR

—>

NNHR

R = Ph, 4-MeCgH,, 4-CICgH,
Scheme 42.

3.2. Imidazoles and their fused derivatives

2-phenylimidazo[1,2- a]pyridine-3-carbonitrile 132 was prepared directly from the reaction of 1 with 2-aminopyri-
dine 131 using bis(acetyloxy)(phenyl)- A\3-iodane as an oxidant and boron trifluoride etherate as a catalyst
(Scheme 43).107

3.3. Isoxazoles and their fused derivatives

Either 2-thenoylcarbohydroximoyl chloride 133a'%® or benzofuroylhydroxamoly chloride 133b 1% was reacted
with 1 in ethanol in the presence of sodium ethoxide at reflux temperature to afford 5-phenylisoxazole-4-

carbonitriles 134a,b, respectively (Scheme 44).
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NC Ph
~

N NH, +1 N

| AN - N~
= PhI(OAc),, BF3-Et,0, U

THF, overnight, 7°C

131 132, 25%
Scheme 43.
o 1 _
=N > R Ph
Cl OH EtONa, EtOH NC
133 134a, R = 2-thienyl (77%)

134b, R = 2-benzofuryl (68%)
Scheme 44.

Base-promoted cyclocondensation of ortho-disubstituted benzonitrile oxide 135 with 1 afforded highly

functionalized isoxazole 136 (Scheme 45).11°

)
j N + 1
@) >
© Me,CHOH /rt

135 136, 84%
Scheme 45.

Regioselective reaction of 1 with hydroxylamine followed by treatment of the resulting 3-oxopentaneamido-
xime 137 with either phenyl carbonochloridate or hydrochloride acid gave 5-phenylisoxazol-3-amine 138 and
139, respectively, in poor yields (38%) (Scheme 46). 111

o}
PR Ph_o
Cl” "OPh | /\N
>
CsHsN, THF _
NH,OH . H,SO,4, NaOH )OJ\)NJ\OH 25;1,?)00 13Hg1 CO,Ph
EtOH, rt; 22 h, rt Ph NH, NH,
137 HCI ﬂ
‘ > Ph _N
o}
139, 38%

Scheme 46.
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3.4. Thiazoles and their fused derivatives

Stereoselective base-catalyzed reaction of 1 with either ethyl 2-mercaptoacetate 12

t6113_117

or diethyl 2-mercaptosuccina-
in either ethanol containing potassium carbonate at reflux temperature or under solvent-free condi-
tions and without solid support 118 afforded exclusively ( Z)-2-(2-oxo-2-phenylethylidene)thiazolidin-4-ones 140.
Synthesis of benzothiazole 141 in excellent yield was achieved via microwave irradiation of a 1:1 mixture of

compound 1 and o-aminothiophenol (Scheme 47).119

NH»
; o g
N SH

Ph

= N

Oi&m - R 1 > @[ \>_Ph
MW / 10 min / 200°C S

KoCO3, EtOH, reflux
R 140a,b Zres 141

R = H (58%). CH,CO,Et (68%)
Scheme 47.

2-Amino-4-phenylthiazole-5-carbonitrile 142 was prepared in 62% yield from compound 1 by chlorination

with sulfuryl dichloride followed by treatment with thiourea in refluxing ethanol (Scheme 48).120

S0,Cl, CHscl  § thi EoH NS
212, 3 lourea,
1 - )J\/CN - I )—NH,
5 °C-reflux cl reflux Ph N
142, 62%
Scheme 48.

2-Alkylidene-3-phenylthiazoles were prepared as organic intermediates, useful in the synthesis of biological

active substances. Compound 1 was treated with phenylisothiocyanate in DMF containing NaH to give 143.
The latter was reacted with either 3-bromoprop-1-yne 242! or (Z)-1,4-dichlorobut-2-ene 1?2123 in acetonitrile

containing Ko CO3 at reflux temperature to afford 144 and 145, respectively (Scheme 49).

Ph o
N N
S 0
144, 63%
PhN PhHN._SN :
cs | SNa cO,/ MeCN
R
DMF, NaH CN — Ph cN
o CHC  CHxCl N __
143 > /\<'s Ph
R = Ph, 4-OMeCgH, o)
145, 36%

Scheme 49.
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3.5. Selenazoles and dithiolanes and their fused derivatives

Phenylisoselenocyanate was reacted with 1 and 3-chloroprop-1-yne in DMF in the presence of triethyl amine to
give ( Z)-2-(4-methyl-3-phenyl-1,3-selenazol-2(3 H)-ylidene)-3-oxo-3-phenylpropanenitrile 146 (Scheme 50). 124

Me Ph
o Et;N/DMF, rt </¥N
1 + Ph—N=C=Se * — \ > N N CN
Cl

0~ "Ph
146 (50%)

Scheme 50.

(3-Oxo0-3-phenyl-2-(4-vinyl-1,3-dithiolan-2-ylidene)propanenitrile 148 in 61% yield was prepared by treat-
ing 1 with CSy in stirring Me;SO containing NaH. Then the resulting 147 was cyclocondensed with 1,4-

dichlorobut-2-ene (Scheme 51).125:126

CN
HS. _SNa /=\ S
CS, | CIH,C  CH,CI 4\<' =\__Ph
1 —————> R > 3
DMSO, NaH CN o}
0
147 148 (60%)
Scheme 51.

4. Others 5-membered rings with 3 or 4 heteroatoms

1,3-Dipolar cycloaddition of compound 1 with ethyl 2-(4-(chloro(hydroxyimino)methyl)phenoxy)acetate 149
gave 3,5-disubstituted 1,2,4-oxadiazole 150 (Scheme 52).127

Ph
o
\N/OH + 1 N= o
- _ 0
Eto,Cc~ O PhMe, 2 h, t N
PN
149 EtO,C 0] 150

Scheme 52.

Bis-1,3,4-thiadiazolidine 152 was synthesized via cycloaddition of compound 143, which was prepared
from the reaction of 1 with phenylisothiocyanate with bis-hydrazonoyl chloride 151 in DMF containing potas-

sium hydroxide (Scheme 53). 128129
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1
i) KOH, DMF, 3 h, rt
i) PANCS, 5 h, reflux

Phe AN N Ph
PhHN__SNa v @ —
| PhHN™ \7/(\ —_—> PhOC\%\S S/%/COPh
R + N-NHPh
CN of CN NC
O 143 151 152 (74%)

Scheme 53.

2-Azidobenzaldehyde 153 undergoes base-catalyzed condensation with 1 to yield tetrazolo[1,5-a]quinoline
154 (Scheme 54).130

Y

CC, -
CHO piperidine, EtOH

153 154 (71%)
Scheme 54.

1,4,5-Trisubstituted-1,2,3-triazoles 155 were regioselectively prepared via organocatalytic enamide-azide

cycloaddition reaction of compound 1 with azide (Scheme 55).13!
0] R, -N.
N EtoNH (5 mol%) N N
CN + R73 —
Ph >
DMSO, 70 °C Ph CN
155

R = Ph (92%); 4-CICgH, (96%), 3-CICgH, (94%); 3-
CF3CeHy4 (91%); 4-CF3CqH, (99%);4-O,NCgHy4 (91%); 3-
Me,4-CICgH5 (94%); 4-OMe CgH, (87%); 4-OHCgH,
(98%); 3,5-Me,CgHs (91%):4-PrCgH, (95%); PhCH,
(80%)

Scheme 55.

5. Conclusion

Benzoylacetonitriles are versatile and convenient intermediates for preparation of heterocyclic compounds due
to the presence of 3 active moieties: nitrile, carbonyl, and active methylene functions. This survey attempted to
summarize the synthetic potential of benzoylacetonitriles, as starting precursor, in the synthesis of 5-membered

heterocycles since 1985. The synthetic methods and utility of benzoylacetonitriles in the synthesis of 6-membered

heterocycles were covered in separate review articles. 779
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