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l. INTRODUCTION

Heterocyclic compounds have wide range of appbeeatithey are used in the
preparations pharmaceuticals, agrochemicals anerinaty products .They are important
part of many drugs, agrochemicals and veterinaogyocts.

Synthesis of new heterocycles is challenging ésearch’s but due to wide range of
applications of nanotechnology numerous metal pariles were used for the synthesis of
heterocyclic moieties .The metal nanoparticles uselde synthesis involves Ag, Au, Co, Cu,
Fe, Ni, Pd, Pt, Rh, Ru, Si, Ti and Zn. Among thable metallic nanoparticles are AuNPs,
AgNPs PtNPs, which are commonly used in synthesieterocyclic scaffold? as it offers
high stability. Metallic nanoparticles have metatec having inorganic metal or metal oxide
which is covered with a shell made of inorganioaganic metal oxide.

Types of MINP:

Metallic Nano particles Metal oxideNano  Metal sulphide nano particles ~ Biometalic
eg A AL Cu, Pt N eg Cu0,Zn0, CeOZ, Tio e.g. CuS, AgS FeS FePt, FeCO, FeNi, CuNi

MNP used in organic synthesis are safest as itkelgan reaction and do not affect
the environment .Number of organic transformatiares brought by Nano particles but here
we will discuss few synthesis of heterocycles hpgisanoparticles.

1. AgNP-Catalyzed synthesis of heterocyclesSynthesis of pyrimido [1,2-blimidazole
derivatives was carried by Balwea ef.@ding silver nanoparticles (AgNPs) extracted
from plantRadixpueraiae

CH
IIf

NH. ¢

AN AgNP 0.5mol%

N + RCHOH +

NG Theats0C, 1.

| 1.2h

H R,

R=CsHs, 2-OMe-GHg, 4-OMe-GH,, 2-OET-GH4, 4-Bu-GHg, 2,5-(Me), 2-CIFGHs,
4-Cl-CHy, 4-F-GHy, 3-CI-GsHa, 4-BrGsHas, 3-F-GHa, 2-F-GsHa, 2-Cl-CsHa, 3-BrCsHa,
2-thienyl, 2-furanyl,2-naphthy-l,2-cyclohexyl R1zMe
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Scheme 1: Synthesis of pyrimido [1,2-b]imidazoléerivatives
The synthesis of pyrimido [1,2-b]imidazole derivas was carried using 3-
aminoimidazole aldehyde which may be aryl, hetéraalylic and substituted phenyl
acetate using AgNPs in 0.5mol%. The reaction wasechat 80°Cfor 1 hr.in solvent free
condition. Yield of reaction is 90%. The catalystrecovered after the reaction, washed
with water and used for three consecutive reactions

Synthesis of Pyrrolo[2,3,kHacridin-lones was reported by Dandia ét abing
silver nanoparticles decorated reduced graphemedeox{AgNP/rGO) involves
simultaneous reduction of graphene oxide (GO). Sthecture of these nanoparticles were
confirmed by using TEM, XRD, SEM, XPS, EDX, UV-VISpectroscopy, cyclic
voltammetry, Raman and FTIR spectroscopy. Syntheki®yrrolo[2,3,4kl]acridin-1-
ones was carried by treating substituted isatiflin@s and dimedones in ethanol under
microwave reduction at 70°Cfor 2 minutes in 89-988td; Ethanol is suitable solvent
among all due to higher dispersion of catalyst msattants. The catalyst recovered from
reaction was used for seven catalytic cycles withmss of product yield.

N—n
AgNP/rGO 4%wt
2
C2H50H 70°C,2 Rir
min. P\ P
Microwave N

R.=H, Br, F, NO, Me R=H, F, CI,Br, Me

R.

Scheme 2: Synthesis of Pyrrolo[2,3,kHacridin-1ones

Synthesis of Pyrano [2,3-c6,5c]dipyrazol-2-ones vemorted by Dandia et’aby
using AgNP decorated GO(grapheme oxide) as catatystater in excellent yield. Here
AgNPs role is as Lewis acid which is able to pracdeough Knoevenagel than Michael
addition and further cyclization. The catalyst nem@d from reaction was found to be as
effective for seven catalytic cycles.

o) Q ,L
AN AgNPs/rGO
+ N composite 10%
/ -
~--" H,0,at r.t.
90 minutes

84-96%.

Aldehyde QH5, 4-Me-Q;H4, 4-OMG-QH4, 3,4,5-(0Me3 C6H2, 3-OPh-@H4, 4-
FeGHa, 4-CIGH4, 4-NO,CgHg4, Indole -3-yl, thiophene-2-yl , Ketones 1,2-
Acenaphthoquinones, isatin
Scheme 3: Synthesis of Pyrano [2,3-c6,5c]|dipyrdz@-ones
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Diels-Alder [4+2] cycloaddition reaction by usinggNPs was reported by Porco
et af. The reaction was carried by using chalcone aededio give cycloadduct which
gives endo and exo diasteroisomers in 2:1 ratie AgNPs were prepared via the

reduction of silver tetrafluroborate (AgFB4) witiica gel in dichloromethane.
OAc

AcO
OMOM
@f\)‘\ AgNPs@SlOZOlmoI% O ‘
OMOM OAc  DCM 50°C, 48hrs
OH O 0,0MOM
MOMO

Chemo selective reduction of tetrazoles contaimigparenes was reported by
Lykakis’ by using AgNP-supported mesoporous silica (Ag/HMS)

Endo :Exo=2:1 90%
Scheme 4: Diels-Alder reaction

/R3 R3
N—N yd
Il NHR, N—N
o2 I NHR;
SN Ag/HMS0.4mol% N\N/

= NaBH4(equi.)MeOH- =
- | THF
©N '\/\ ri-shrs HoN T
'\/\\

Ri=ipr, cyclopentyl, cyclohexyl, C(Me)-2-COOMe, GEH,COOMe,CHMeCOOMe
CH(CH,iPr)COOMe, CH(iPr)COOMe, 4-OMel,4-CH,, 4-MeGH,
R.=H, 2-Me, 4-CI, R = t-Bu, CH(Me}, CH,t-Bu, OMe

Scheme 5: Chemo-selective reduction of tetrazole

Catalytic use of bio-assisted AgNPs supported on S&8A-15/cyclodextrin
nanosponge adduct was reported by Heravi &. dhe reaction was carried under
ultrasonicationHere benzopyranopyrimidine was synthesized fronydrdxycoumarins,
substituted benzaldehydes and urea or thioureae Elglodextrin plays important key
role it brings reagents in close proximity of AgNA$e catalyst was used again four

times with the same catalytic activity
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X
HNJLNH

R CHO
N X' Ag@CDNS-SBA-15 40 mg
Y L AAAA
0" “OH HN™ NH, | R

water 55°C))))),
25-50min o0

80-95%

\

X=0, S; RH, 2-OH, 4-OMe, 4-NMg 2-Cl, 4-Cl, 3-NQ
Scheme 6: Synthesis of benzopyranopyrimidine

2. AuNPs catalyzed synthesis of heterocycle®Naeimi et al. reported the synthesis of
tetrahydro -4H-chromones by using gold nanopasislgpported on thiol functionalized
reduced grapheme oxideAUNPs@RGO-SHThese nanoparticles are treated to
benzaldehyde, malono nitrile in aqueous medium unelkux.The catalytic activity of
catalyst remains even after sixth catalytic rueJding 90% of the product.

0] 0 1
(AUNPs@RGO-SH).
CN
+ R1CHO+ /\CN H,0, reflux
NC 25-160 min.
o o] NH,

R:= nPr, n-Bu ,@"5,4-N(MG)2-CGH4,2C|-C6H4, 4-C|-C5H4 ,2,
4-(Cl) GeH3, 3-Br-GsH, 4-Br-GsHa, 4-F-GHa,
4-(OMe)-GHg4, 3-(OMe)-GHg, 2-OH-5-Br-GHs, thiophenel-2-yl

Scheme 7: Synthesis of tetrahydro-4H-chromens

Polysubstituted Quinolines were synthesized by @hel® from substituted
anilines and aryl/alkyl aldehydes by using Sio2 psufed AuNPsunder oxygenated

environment. The structure of synthesized nanapestiwere characterized by XRD,
XPS, TEM, SAED analysis EDX And ICPMS

NH O
r 1 X éz\)j\ AuNPs/SiO2(Au5mol% XX R
1 _ + y  O2bubbling, toluene |
6,hrs,110°C R/ Z N
1 I/\
R2

Ri= H, 2-Me, 3-Me, 4-Me, 2,3-(Mg), 2,4-(Me} 2,5-(Me), 4-ipr, 3-OMe, 4-OMe
3,4,5-trimethoxy4-Cl-2Ph  R=ethyl, n-butyl, n-decoyl

Scheme 8: Synthesis of polysubstituted Quinolines

Synthesis of poly substituted benzimidazolyl quime$ from o-phenelyne
diamine, glycerol and glycealdehyde was carried@inent et at* by using gold
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nanoparticles immobilized on Nano particulate CeQ&talytic amount in the presence

of air.
NH
7N N\ N /
f A Glycerol Au catalystR NH2 R A~ N
Rll_/ T40°C,02,22 Hirs N
NH, NH, Texamples 71-80%
S
Glyceraldehyde,Au catalyst N Y/
(I %Q SOR
140°C,02,24 Hrs 1 R
V N/

12 examples 63-79%
R1, R=H, Me, 4-OMe, 4-Cl, 4-N@ 4-CN,-(CH,)»

Scheme 9: Synthesis of poly substituted benzimiddgbquinolines
Renet af carried chemoselective reductions of substitutethiines by using

AuNPs supported on high surface area of TiO2 (AUBHRO2) at 25-28°C synthesized
nanoparticles were were charactarised by XPS, DRJXIANES, yield of reactions was

100%
= @(\\_ AU/HSA-TIO2
270
FZ N) Aul mol%,25- 28°

3-24 hrs

12 examples71-100%
Ri1=2-Me, 4-Me, B=6-OMe, 8-NH, 8-OH, 5-CI-8-OH, 6-F, 6-Cl, 6-COMe, 7-CH=GH

Scheme 10: Hydrogenation of Quinilines catalyzedybAuNPs
Synthesis of Quinoxalines was reported by Iborr'&fThese authors condensed
a pheylene diamide with biomass derived substitgtgebl or Vicinol diols using AUNPs

supported on CeO2 catalyst and dimethyl glyoxmischgent at 140 °C without base.The
catalytic activity of catalyst remais same uptbcgcle.

NH2 HO R,
Au/ e02(2. 4vvt%)
Dlglyme 140°C,24
14 examples 35-91%

R:= H, Me, OMe, CI, CN, N@ R=H, Me, Ph B’ H, Me, Et, nPr, n-Bu

Scheme 11 Synthesis of Quinoxalines
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Silver nano particles AUNPs supported on 3-amnopyl functionalized silica
(AUNPs/NH2/3-SBA- s) as catalyst in anhydrous DMFdrmic acid*was shown to be
effective for hydrogenation of N- heterocyclic camupds such as isoquinolines,
guinolines quinoxalines and quinazoline.

oo
\ ......

" 1.AUNPS/NH2. SB
/151 mol%

’
)
HCOOH(30—60eqS)E,2.1rr)oI
l

‘. DMF,130°3 hrs
. 2. NaOH/HO /EtOH

.

-, _100°C,3 hrs_’

R, TosT H
N

/\l T = NH

Ram— —_
NH "L~ M )
N N N
H H H
91%
91-98% 95%

91-98%
2 examples

RH, 3-Me, 8-Ph, R=H, 2-Me, R=H, 6-OMe, 7-CE, 8-F, 8-Me

2 examples

Scheme 12: Hydrogenation of N-heterocyclic compouds

The same reaction was also showed for the reduatbracridine, 1,10-
phenanthroline, phenanthridine and benzo quinolifiee reaction proceeds via
protonation using formic acid which underwent 1g¢@lition followed by dis propitiation
to give the hydrogenated product.

Synthesis of 3-alkylidene 1,2,5-oxadisilolanes wegorted by Stratakis et'al
from AuNPs supported TiO2(Au/TiO2) catalyzed reglective dehydrogenative 1,2-
desilyation from allenesand diethyl dihydrosilane.

Et Et
A%

Rl\ 1)EtSiH2 (2.5equivalent) R, SI\O

R Au/TiO2(1mol),dry benzene R >=</é ~ Et
2 room temp.1, hr,250 2 I\

Et
12 examples

53-73%

R;=H, Me, Bn, R=Me, OMe, cyclohexyl, Ph, 4-Me#8,, 4-CI-GHg,, Bn, 2-naphthyl

Scheme 13 Synthesis of 3-alkylidene 1,2,5-oxadidines

Copyright © 2022 Authors Page$18



Futuristic Trends irChemical, Material Sciences & Nano Technology
ISBN: 978-93-95632-66-9
IIP Proceedings, Volume 2, Book 12, Part 2, Chapter
APPLICATIONS OF Au & Ag NANOPARTICLES
IN THE SYNTHESIS OF HETEROCYCLIC COMPOUNDS

II. CONCLUSION

Synthesis of heterocyclic compounds with nitrogen oxygen using metal Nano
catalyst plays a vital role by increasing the stefarea of catalyst, bringing the electrophiles
and nucleophiles in vicinity, reducing the ener@p dpetween reactant and product. Metal
nano particles have been used for the synthedisegfsix or seven membered monocyclic,
bicyclic tricyclic and tetracyclic heteroaromaticaffolds. AuNPs are generally used for the
synthesis of substituted Quinolines, and QuinoxslinAgNPs are generally used for the
synthesis of imidazole derivatives, Pyrrolo[2,3|fa&ridin-1ones, Chemo selective reduction
of tetrazole and various reactions. The use of nmaaoparticles such as Au and Ag led to
significant advancement in the synthesis of hetaiacmoieties.
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