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ABSTRACT
The amide functional group is an important and ubiquitous in nature as well as synthetic organic chemicals. N-Aryl
amides are valuable compounds that are widely present in pharmaceutically active compounds, agrochemicals,
polymers, important organic functional materials and a vast number of naturally occurring and artificial molecules
with biological activity [1]. In the present review gives overall scenario and opportunities amidation reactions.
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l. INTRODUCTION

Amide bond plays a major role in the elaboration and composition of biological systems as the backbone of proteins,
i.e. to make peptide linkages in proteins. Amides are very important class of compounds in chemistry as well as in
biology, which also found in the synthesis of advanced materials such as supported catalysts, fine chemicals, nylon,
artificial silks, intensifiers of perfumes, colour pigments for inks, photographic products, hydrogels and
biocompatible matrices for cell growth, indicators in chemical laboratories and as biological stains [2].

In past, few synthetic strategies have been developed for the preparation of amides, which can be achieved by the
classical method for the synthesis of amides. It is the condensation reaction of carboxylic acids [3] or activated
carboxylic acid derivatives (ester [4], acyl chloride [5], anhydride [6]) with amines or amine surrogates at high
temperature and in presence of stoichiometric amount of catalyst, resulting in poor atom-efficiency and formation of
a significant amount of chemical waste are major drawbacks of this approach. Subsequently other techniques also
reported which includes Pd or Cu-catalyzed method using isonitrile with aryl halides or boronic acids. Some
selected literature reports for amide synthesis by using isonitrile are as follows.
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1) Y. Lietal. (2016) [7]

Y. Li et al. have reported the homogeneous copper catalysed cross-coupling reaction for preparation of
arylcarboxyamides from aryl diazonium salts and isocyanides with moderate to good yield under mild conditions
(Scheme 1).

Cul (0.1 mol %)

® 9 K,CO O
Ar—N,BF, + C=N-R 223 )L .R
DMF-H,0 Ar H
Ar= aryl R=alkyl O0°CtoRT

Scheme 1

2) Z. Xia and Q. Zhu(2013) [8]

Z. Xia and Q. Zhu reported the transition metal and ligand free Cs,CQO3 (1.1equiv.) as base catalysed amidation
reaction using diazonium tetrafluoroborate and isocyanides in mixture of acetone and water under mild condition,
through aryl radical intermediate initiated by base and solvent induced SET reductive dediazotisation of aryl
diazonium tetrafluoroborate, provides good yields of carboxyamides (Scheme 2).

Cs,CO3 (1.1 equiv.) O
Ar—N,BF, + C=N-R -R
Acetone-H,0 Ar H
Ar= aryl R=alkyl 0°C, 20min.
Scheme 2

3) F. Zhouet al.(2011) [9]

F. Zhou et al.have reported the new method for amidation reaction using N-tosylhydrazones with isocyanides via
ketenimine intermediate in presence of [Pd(PPhs)4] (2 mol%) homogeneous catalyst and Cs,COs3 (2.0 equiv.) as base
in acetonitrile at 60°C for 10h, gave good yields (Scheme 3).

Ry ) [PA(PPhg),] (2 mol%) R, O
Rl)\\N’N‘Ts + C=N-R Cs,CO;3 (2.0 equiv.) 2 HN-R
CH5CN 1
R/ R1/R, = alkyl 60°C, 10h.
Scheme 3

4) H. Jiang et al.(2011) [10]

H. Jiang et al.have reported the synthesis of amide via PdCI, (5 mol%)/ PPh; (10mol%) as homogeneous catalysed
C-C coupling of aryl halides with isocyanides in presence of CsF as base (1.0 equiv.) in DMSO:water (9:1 v/v) as
solvent system at 90°C for 12h, provides good yields (Scheme 4).

PdCl, (5 mol%)

(@]
_ PPh; (10 mol%)
Ar=x + C=N-R ) Ar)J\N'R
CsF (1.0 equiv.) H
Ar=Aryl  R=alkyl DMSO:H,0 (9:1)
X=1, Br, CI 90°C, 12h.
Scheme 4

5) A. Shaabani et al. (2007) [11]
A. Shaabani et al.have developed the new method for the synthesis of arylcarboxyamides from carboxylic acids with
isocyanides in methanol at ambient temperature to afford good yields (Scheme 5).
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MeOH Q
.R

Ar—COOH + C=N-R
t,24h. AT N
Ar= Aryl R = alkyl

Scheme 5

6) P. Sharma and N. Jain (2018) [12]

P. Sharma and N. Jain reports new method for the synthesis of N-aryl/alkyl substituted amides from Isocyanides
coupling with styrene or benzyl amine in presence of Cu(OAc), (20mol%) as catalyst and TBHP (5 equiv.) as
oxidant in chlorobenzene at 120°C for 8h. TBHP serves as a promoter and oxygen source. Both the pathway are
believed to proceed through an initial oxidative C-C bond cleavage of styrene or benzyl amine. In this method
styrene or benzyl amine are used as aryl surrogate of carboxylate group (Scheme 6).

Cu(OAc), (20 mol %)
TBHP (5 equiv.) o
XN o AT + C=N-R
o A NF2 Chlorobenzene Ar)J\H'R
Ar= Aryl R = aryl/alkyl 120°C, 8h

Scheme 6

7) R. S. Pathare et al. (2016) [13]

R. S. Pathare et al. have reports the use of isocyanide as an amide surrogate for the synthesis and isoindolin-1-one
derivatives (Scheme 7). They exploited to generate 2-alkynylbenzamide in situ from 2-haloarylalkyens with
isocyanides in presence of Pd(OAc): (3 mol %) as catalyst, Xantphos as ligand (3mol%) with base Cs,COs3
(2equiv.) in DMF/H,0 at 100°C for 4h.

Pd(OAc), (3 mol %)

Ar o Ar 0O

= Xantphos (3 mol%) =
Cs,CO3 (2 equiv)

+ C=N-R 2 H - NTR

Br DMF/water N. R \
100°C, 4h 0]
_ Ar
Ar= Aryl R = alkyl
Scheme 7

8) X. He etal. (2017) [14]

X. He et al.have developed the new strategy for the synthesis of 2-hydroxy-6-oxocyclohex-1-ene carboxamides
through a Rhz(OACc). (5mol%) catalyzed C-C-bond forming amidation reaction of cyclic 2-diazo-1,3-diketones with
isonitrile in presence of water (3 equiv.) in acetone at 60°C for 6h gives 62-74% yield (Scheme 8).

(O] OH O

N Rh,(OACc)4 (5 mol %) S R
2 . N’
Rzﬁ + C=N-R H,O (3 equiv.) R, N
o Acetone o
Rl Rl
60°C, 6h

R/R1/R2 = alkyl

Scheme 8

9) F. Luet al. (2017) [15]
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F Lu et al. have reports an alternative oxidative cross coupling C-C bond forming strategy for the synthesis of
amides by using arylboronic acid couples with isocyanides in presence of PdCl, (10mol%) and Cu(OH), (40mol%)
without base in toulene at 100°C under air for 16h obtained in good yields (Scheme 9).

PdCl,(10 mol %) o
C 0,
u(OH),(40 mol %) )j\ R
. Ar N
Toulene, air H
Ar= Aryl R = alkyl 100°C,16h

Ar—B(OH), * C=N-R

Scheme 9

10) S. Sarkar et al. (2015) [16]

S. Sarkar et al.reported an ultrasound assisted Cu,O nano catalysed C-C bond forming amidation reaction by using
aryl halide coupled with isocyanide in presence of a Lutidine (5 equiv) as a base in aqueous medium under
sonication at 80°C for 1h in aerobic condition to obtained good yields (Scheme 10).

Cu,0 Nano.(10 mol %)
- . O
Ar—X + C=N-R Lutidine (5 equiv.) )J\ R
M) Art N
Ar= Aryl H
X=1, Br R = alkyl Water, 80°C,1h
Scheme 10

11) M. Chen et al. (2017) [17]

M. Chen et al.developed the TBAI (10 mol%) catalysed synthesis of aryl carboxyamides from acyl peroxide and
isocyanides in DCE/H,O at 120°C for 12h under aerobic condition to obtained good yields. In this study, an
oxygen-centered radical addition between arylcarboxy radicals and isocyanides; finally of carbon dioxide affords to
byproduct via an intramolecular rearrangement (Scheme 11).

0 TBAI(10 mol %) O
A O. + C=N-R R
r\n/ OJ\Ar DCE/Water, AN
o) R = Aryl/alkyl 120°C,12h air
Scheme 11

12) A. T. Biju et al. (2014) [18]

A.T. Biju et al.have reported the transition metal free C-C bond forming amidation reaction involving arynes and
isocyanide with H»O in presence of KF (3.0 equiv) as base and 18-crown-6 ether (3.0 equiv) in THF at 30°C for 16h
resulted in the formation of aromatic amides in moderate to good yields (Scheme 12).

N

KF(3 equiv.) O
X TMS ; R
| _ 18-Crown-6 (3 equiv.) A N’
X4 *  C=EN-R X - H
> 0Tt Water, THF =
R = aryl/alkyl 30°C,16h
Scheme 12

13) J-Q. Liu et al.(2017) [19]
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J-Q. Liu et al. reports a copper catalysed oxidative amidation via C-N coupling reaction of aromatic aldehyde as
acid surrogate with isocyanide. The isocyano group acted as an N1 synthon rather than exhibiting the carbene-like
reactivity (Scheme 13).

Cul (10 mol %)
O KBr (2 equiv.) o)
+ =N-— TBHP (3 equiv.
Ar)J\H C=N-R (3 equiv.) Ar)J\N'R
Toulene H
Ar= Aryl R = alkyl 100°C,12h
Scheme 13

14) 1. Yavari et al. (2014) [20]

I. Yavari et al.have developed a Cu,O (10 mol%) catalysed C-C cross coupling amidation reaction between aryl
halide and isonitrile in presence of 4,7-dimethoxy-1,10-phenantroline (20 mol%) as ligand with Cs,COs (1.5 equiv.)
in aqueous DMSO at 85°C for 5h under argon atmosphere gave the moderate to good yields (Scheme 14).

Cu,0 (10 mol %) MeO Ome
Ar—x Ligand (20 mol%) O — N
r—-X o+ =N-
C=N-R Cs,CO5 (1.5 equiv.) Ar N’R N
H N N=
Ar= Ayl R = alkyl 80% ag. DMSO
X= 1, Br 85°C,5h Ligand

Scheme 14

15) B. M. Bhanageand B. J. Khairnar (2014) [21]

B. M. Bhanage and B. J. Khairnar developed a PS-Pd-NHC (1mol%) catalysed C-C cross coupling reaction between
aryl halide and isonitrile in the presence of base CsF (1.0 equiv.) in DMSO/H,0 at 90°C for 9h gave the good yields
of corresponding amides (Scheme 15).

PS-Pd-NHC (1.0 mol %)
Ar—X + C=N-R CsF (1.0 equiv.) )J\ R
DMSO/H,0 Ar H
Ar= Aryl R = alkyl gooclgh
X=1, Br
Scheme 15
1. CONCLUSION

In this review was emphasized the chemistry, which deals with synthetic applications of amide products and various
methods from it could be synthesized and used as precursor in organic synthesis.

1.  ACKNOWLEDGEMENTS

The author is thankful to Hon’ble Principal and Head, Department of Chemistry, JET’s Z. B. Patil College, Dhule
for providing the laboratory facilities and S.S.V.P.S’s Arts Commerce and Science College, Shindkheda, Dist:
Dhule.

REFERENCES

1. (a) J. M.Humphrey,A. R.Chamberlin, Chem. Rev.1997, 97, 2243.(b) V. R. Pattabiraman, J. W. Bode,
Nature2011, 480, 471.(c) E. Valeur, M. Bradley, Chem. Soc. Rev.2009, 38, 606.(d) A. Ojeda-Porras, D.
Gamba-Sanchez, J. Org. Chem.2016, 81, 11548.(e) C. Yu, K. Mosbach, J. Org. Chem.1997, 62, 4057. (f) S.
Vishnoi, V. Agrawal, V. K. Kasana, J. Agric. Food Chem.2009, 57, 3261. (g) A. Sood, R. Panchagnula, Chem.

Volume 16, No 11, 2025 5 https://aaseresearch.com/



Advances in Aeronautical Science and Engineering
ISSN: 1674-8190

Rev.2001, 101, 3275. (h) A. Punkvang, P. Saparpakorn, S. Hannongbua, P. Wolschann, H. Berner, P. Pungpo,
Monatsh. Chem.2010, 141, 1029. (i) S. Son, B. A. Lewis, J. Agric. Food Chem.2002, 50, 468.

(@) F. Yun, C. Cheng, J. Zhang, J. Li, X. Liu, R. Xie, P. Tang, Q. Yuan, Synthesis2017, 49, 1583. (b) K.
Yamaguchi, H. Kobayashi, T. Oishi, N. Mizuno,Angew. Chem. Int. Ed.2012, 51, 544. (c) B. Xiong. G. Wang, T.
Xiong, L. Wan, C. Zhou, Y. Liu, P. Zhang, C. Yang, K. Tang,Tetrahedron Lett.2018, 59, 3139. (d) S.E.
Guillotin, J.V. Kampen, P. Boulenguer, H.A. Schols, A.G.J. Voragen, Biopolymers 2006, 82, 29.

(@) X. Xu, H. Feng, L. Huang, X. Liu,J. Org. Chem.2018, 83, 7962. (b) G. L. Beutner, I. S. Young, M. L.
Davies, M. R. Hickey, H. Park, J. M. Stevens, Q. Ye,Org. Lett.2018, 20, 4218. (c) D. C. Braddock, P. D.
Lickiss, B. V. Rowley, D. Pugh, T. Purnomo, G. Santhakumar, S. J. Fussell,Org. Lett.2018, 20, 950.

(@) S. Shi, M. Szostak,Chem. Commun.2017, 53, 10584. (b) A. Mondal, M. Subaramanian, A. Nandakumar, E.
Balaraman. Org. Lett.2018, 20, 3381.

a) A. Leggio, A.Comandé, E. L. Belsito, M. Greco, L. Lo Feudo, A. Liguori, Org. Biomol. Chem.2018,186,
5677.(b) V. V. S. Babu, G.-R. Vasanthakumar, S. J. Tantry, Tetrahedron Lett.2005, 46, 4099.

(a) A. Klapars,K. R. Campos, J. H. Waldman, D. Zewge, P. G. Dormer, C. Chen, J. Org. Chem.2008,73, 4986.
(b) J. R. Dunetz, J. Magano, G. A. Weisenburger,Org. Process Res. Dev.2016, 20, 140.

Y. Li, J. Cao, Q. Zhu, X. Zhang, G. Shi,Russ. J. Gen. Chem.2016, 86(3), 668.

Z. Xia, Q. Zhu,Org. Lett.2013, 15, 4110.

F.Zhou, K. Ding, Q.Cai, Chem.Eur. J.2011, 17(44), 12268.

14.

15.
16.
17.
18.
19.
20.

H. Jiang, B. Liu, Y. Li, A. Wang, H. Huang,Org. Lett.2011, 13, 1028.

A. Shaabani, E. Soleimani, A. H. Rezayan,Tetrahedron Lett.2007,48, 6137.

P. Sharma, N. Jain. Adv. Synth. Catal.2018,360, 1932.

R. S. Pathare, S. Sharma, S. Elagandhula, V. Saini, D. M. Sawant, M. Yadav, A. Sharon, S. Khan, R. T.

Pardasani, Eur. J. Org. Chem.2016, 5579.

X. He, Z. Yu, Y. Zuo, C. Yang, Y. Shang, Org. Biomol. Chem.2017, 15,

7127.[40] F. Lu, Z. Chen, Z. Li, X.

Wang, X. Peng, C. Li, L. Fang, D. Liu, M. Gao, A. Lei. Org. Lett.2017, 19, 3954.
S. Sarkar, R. Pal, M. Roy, N. Chatterjee, S. Sarkar, A. K. Sen. Tetrahedron Lett.2015, 56, 623.
M. Chen, Y. Li, H. Tang, H. Ding, K. Wang, L. Yang, C. Li, M. Gao, A. lei. Org. Lett.2017, 19, 3147.

T. Kaicharla, M. Thangaraj, A. T. Biju. Org. Lett.2014, 16, 1728.

J-Q. Liu, X. Shen, Z. Liu, X.-S. Wang.Org. Biomol. Chem.2017, 15, 6314.
I. Yavari, M. G. Darjani, M. J. Bayat, Tetrahedron Lett.2014, 55, 4981.
B. J. Khairnar, B. M. Bhanage,Synthesis,2014, 46, 1236..

Volume 16, No 11, 2025 6

https://aaseresearch.com/



