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Due to their versatility and diversity, catalytiaiti-component isocyanide-based reactions (IMCR],\&ery interesting and
important. Isocyano group is a unique functionaugr due to its reactivity toward electerophiles andleophiles at the same
atom. It participates in many multi-component rearg along with various catalysts which dramaticathprove reaction
conditions for the achievement of better yieldsden and benign reaction condition and in some castter stereoselectivities.
In this review, we wish to disclose the recent agpions of metal, basic, acidic and many othealgtt systems in the IMCRs.
In supplementary section we also updated our rewighvall related publications in 2010.
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INTRODUCTION

The great potential of isocyanides for the devedept of
multicomponent reactions lies in the diversity ohd forming
processes available, their functional group tolegarand the
high levels of chemo-, regio-, and stereoselegtiviften
observed. The outstanding position of isocyanideeda
reactions can be traced back to the exceptionativig of the
functional group of the isocyanide. No other fuaotl group
reacts with nucleophiles and electrophiles at tmes atom,
leading to the so calledi-adduct. Other major primary
reaction pathways of isocyanides are radical remastio-
acidity, and an intrinsic high affinity toward mali organic
reagents and their subsequent reactions [1].

The rate of chemical reaction, in the presenceatdlyst is
faster and unlike other reagents, is not consumgdhb
reaction itself. Catalysts can be either heterogeseand
homogenous depending on whether a catalyst existhea
same phase as the substrate or not.
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In line with the tremendous renewed activity wised in
recent years in the field of isocyanide-based reast
remarkable new strategies have been developed based
catalyst processes. Advances in this area takentatya of the
myriad of bond-forming processes that can be aelievith
catalysts.

On the basis of the rapid growing number of imaort
communications in the area of catalytic isocyarbhdsed
reactions, we felt that it is appropriate and beirsgful to
review the work since 2006, when the last comprsiven
review, Recent Development in Isocyanide Based
Multicomponent Reactions in Applied Chemistry, was
Appeared [1]. Here, we wish to summarize currengpess in
catalytic isocyanide-based chemistry.

STEREOSELECTIVE IMCR

Although the great utility of isocyanide-based
multicomponent  reaction in  assembling  complex
pharmacologically important structures in a smalinber of
steps and with the possibility of several diveisputs widely
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recognized, the stereochemical issues still reptesa
challenge. In Passerini and Ugi reactions a newestenic
center is generated but most reactions reportefarssuffer
from low or absence of stereoselectivity [2].

Enantioselective Passerini Reaction

In the classic Passerini reaction (P-3CR), caacyloxy
carboxamide is formed from the reaction of an isoége, an
aldehyde, and a carboxylic acid. The mechanismlvwegoan
initial nucleophilic addition of the isocyanide tme aldehyde
followed by an acyl rearrangement.

Although this reaction has been known since 19#1 ia
widely applied in natural product dyesis and drug

discovery, but catalytic asymmetric variants are.ra

Denmarket al. described the first asymmetric Lewis base
catalyzed enantioselective Passerini-type rea¢Scheme 1).
The vyields were good to excellent and s ranged from
70/30 to 99/1. In this reaction water is actingths acid
component [3].

Domlinget al. identified the first enantioselective Passerini
MCR. They screened several hundreds of combinatafns
Lewis acid-chiral ligands and found that a stoichébric
amount of Ti(-OPr),in combination with TADDOL9 turned
out to give the besee's (Scheme 2). This system was capable
of promoting reaction to afford product in low tooderate
enantioselectivity [4].
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It has been demonstrated that an indane-pybdx-Ciperform P-3CR. Sixteen examples were describedaie h
complex12 (pybox = pyridinebis(oxazoline)) could catalyze between 63 and 99%e and 51-70% chemical yields (Scheme

the P-3CR (Scheme 3). Sixteen examples were deskctit
have between 60 and 98%and 75-98% chemical yield [5].

The development of a truly catalytic enantiosélecthree-
component Passerini reaction of wide applicatiompsc
remains a significant challenge, in sharp contrastthe
formidable progress made in the field of asymmetyitthesis
in general. A chiral Lewis acid catalyst with orsocdination
site is essential for the development of enantexdile
Passerini- and Ugi-type reactions.

Wang et al. described, whenN,N-bis (3,5-ditert-
butylsalicylidene)-R R)-cyclohexane-1,2-diamine 14 was
used as the supporting ligand in associationh Vi@tAICI to

CO,H
O. _CHO

@/ TSN e

1 10 7

catalyst [

catalyst 20mol%

DCMJ[0.15M]
AW-300MS

4). Increasing the temperature decregesealues [6].

The Passerini adduct itself is also a bidentajankdl and
can therefore compete with the substrate to coatdito the
catalyst. Wang explored to use a chiral catalysh i single
coordination site. As the carboxylic acid itselfalgzed the P-
3CR, they designed a protocol involving the slovdiidn
over 1 h of the carboxylic acid to the solutiortloé catalyst.

The three-component Passerini reaction has seloken
used for the preparation of tetrazoles. Yue andvookers
developed the first catalytic enantioselective sgais of 5-(1-
hydroxyalkyl)tetrazoles18 by a [(salen)Al'Me]-catalyzed
three-component Passerini reaction of aldehydss;yanides,
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and hydrazoic acid7 (Scheme 5). The reaction is applicable

to a wide range of aliphatic aldehyde and to botimatic and <cheme 6

aliphatic isocyanides [7].he complex most probably acts as a

pre catalyst in this transformation as it is knaat this react

rapidly with hydrazoic acid to afford the correspgorg azide well recognized ever since the discovery of thessila

complex. Passerini and the Ugi multicomponent reactionshdlgh
Salen-Al complexes are known to catalyze the roptidic ~ various diastereoselective-addition of isocyanides using

addition of azides toa,f-unsaturated imides and tef-  chiral substrates and chiral auxiliaries have hegorted, the

unsaturated ketones. By using acrol@has a substrate, a number of catalytic asymmetric method is limiteddan

tandem Michael addition/enantioselective P-3CRraid 1- development of new catalytic system is desirable.

(4’-methoxyphenyl)-5-(hydroxy-3-azidopropyl)tetrazol@2 Wang et al. reported an efficient chiral (salen)HI()

in 80% vyield with 80%ee (Scheme 6). complex catalyzed enantioselective additionasisocyano-
acetamides26 to aldehydes, to afford 2-(1-hydroxyalkyl)-5-

Enantioselective a-Addition aminooxazoles28 in good vyields and enantioselectivity

The pronounced ability ofi-isocyanide to underga.- (Scheme 7). Aluminium chloride is able to catalyeaction
addition with both electrophiles and nucledgdhihas been leading to the racemic oxazole in good yield [8].

OH
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The absolute configuration of oxazole was deteenhiimn  condensation betweea-isocyanoacetamides and aldehydes
this way. Hydrolysis of oxazole under acidic comit using an enantioselective version [f)-Ph-PyBox](OTf}34
furnished amide, that Sf-amide can be synthesized by leading to the corresponding 5-amino-2-(1-hydrokyl
coupling of §-2-hydroxy-3-methyl butanoic acid with the oxazole33 with ee values of up to 80% [10]. The reaction
glycine amide under classic conditions. Comparisbrthe  between 31 and 32 at -40 °C afforded the desireda®r33
sign of optical rotation allowed to assign oxazolein 63% yield and 80%e (Scheme 9). It is interesting to note
configuration. that a catalyst formech situ from a combination 084 and

An efficient phosphoric acid-Al complex-catalyzed Cu(OTf), was capable of catalyzing the P-3CR with simple
addition of a-isocyanoacetamide26 to aldehydes for the isocyanides to give the-acyloxyamide with excellente
synthesis of enantio-enriched 2-(1-hydroxyalkyldBino-  values. These results illustrated the significaiffedence
oxazoles28 has been reported (Scheme 8). Eleven exampldsetween simple isocyanide amdisocyanoacetamides in the
were described to have between 50-8#&tand 75-97% development of chiral catalysts. The presence efamide
chemical yield [9]. function in a-isocyanoacetamide might interfere with the

Wang also reported another Lewisdacatalyzed metal coordination sphere, consequently leadirey thifferent

e}

cat (0.1 equiv) ?H
CN Et,AICI (0.05 equiv’ :
%NRZ& + RCHO ;{)q») RWO NRR
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cat
Scheme 8
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o] -
CN N Sn(OTf),+chiral ligand  BnO 0 /\
rno. ST E T TN o
Bn bo H N/ N\
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31 33
X
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N
/ \
N N
Ph Ph
34
Scheme 9
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chiral environment.

Mihara [11] developed a new heterobimetallic Ga#P©)a/
Yb(OTf)4/Schiff base complex for catalytic asymmetrie
addition of a-isocyanoacetamide$6 to aryl, heteroaryl,
alkenyl and alkyl aldehydes (88-988) (Scheme 10).

Asymmetric Condensation

Chiral-pincer complexes represent a promising tewin
asymmetric catalysis. These species are charasteriyy
strong metal to
stoichiometry, which allows an efficient fine-tugirof the
catalytic properties and rational ligand design.

The asymmetric condensation of isocyanoacei8tand

sulfonimines40 using chiral BINOL and biphenantrol-based

isocyanoacetate39 could easily be performed at room
temperature in the presence of catalytic amountad®s) of
palladium pincer complexes affording 2-imidazoline
derivatives [13]. The reaction proceeds rapidly 28t °C
without addition of base or other additives. The
stereoselectivity of the condensation reaction ftiongly
dependent on the applied princer ligand. Using eleeton-
deficient and relatively bulky PCP compled the major
product is thesyn form; however the diastereoselectivity is

ligand bonding and a well-definedreversed on applying SeCSe-based cataly& The

condensation reaction proceeds with a poor regoteity
using common palladium salts such as Pd(@Agjoviding
mainly theanti product (Scheme 12).

palladium-pincer complex was studied by Aydin and ¢ LEWISACIDS

workers [12].
substituent pattern and chirality of the BINOL/bgpiantrol
ligands on the stereo- and enantioselectivity ef rsactions.
The chiral palladium catalysts remained
unchanged in the reaction studied. This suggestsctitalyst
can be completely recycled after the completed lytata
process. Changing chiral pincer complexes leadgreduce
each enantiomer predominantly. Usingl the major
enantiomer is (839-syn and 42 produce (R 3R)-syn The
formed imidazoline products can be readily hydretyzo the
corresponding,B-diaminoacid derivatives (Scheme 11).
The condensation reaction between variouisids and

0 o)

They have investigated the role ofe th

Ga(O-iPr)3/Yb(OTf)3
I(S,8)27=1:0,95:1
10mol%

Lewis acid-mediated reactions can be classified two
groups. In the first the complex between substaaid Lewis

completelyacid reagent produces the product (typel). Someploms

formed between Lewis acids and substrates are, \ewe
stable enough to react with a variety of reagemsifoutside
the system to generate the product (type2) [14].
Isocyanides could serve as an electrophile aratder to
broadening the range of nucleophiles used in dkasidition
reaction should further increase the synthetic itutilof
isocyanides. A simple strategy toward achievings tpoal
would be enhancing the electrophilicity sbdyanides by

nmQ

lekH + CN 2p3
NRZ2R
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36
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H,N
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Lewis acid compelxation.

Group(I) Lewis Acids
Li(I) Lewis acids.
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type 1

type 2

_ =

reagent
- .

Ph

[
.

OH
+ R,CHO
toluene 1100C
or
Ry without solvent
46 47 1400C
Ry
Rz
o
HN—R;3

Compared with

—

representative,
conventional Lewis Acids such as TiChlkali metal Lewis
Acids are relative newcomers to the group of Lefsds
used for synthetic organic chemistry, and have eend to
be interesting catalysts with inherent and mildewls acidity.
Perchlorates are potentially explosive and shdagd handled

Fig. 1
R3NC 2equiv
OH R, e
2
N/\ equiv
Br
LN .
D LiCIO, 10mol%
toluene
R Ph 1100C
48
Scheme 13

wit special care [15].

El kaim and co-workers reported a new and efficieree-
component one-pot coupling of phend&with aldehydes and
[4+1] cycloaddition of isocyanide with transientquinone
methide48 in the presence of lithium per chlorate as a gatal
to produce aminobenzofuranes [1&he lithium salt could
catalyze both generation and trapping ofdfginonemethide
(Scheme 13).

They also synthesized amidophosphonégetwo step
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Mannich/Ugi one-pot procedure under solvent freediion
[17]. Amidophosphonate2 are prepared from primary

Dai et al. examined Lewis acid catalysis and found Ti(O-
Pr),in protic solvent, MeOH, produce phenol-U-4CR produ

aminesbl, dialkyl phosphates and carbonyl compounds undeb8. They find out that the reaction took place byngsilO

LiClO,4 catalysis. After completion, addition of an isocigke,
an aldehyde and acetic acid give access to phogphdsgi
type adduct in good to moderate yield (Scheme Lifhium
perchlorate in combination with carboxylic acid$oal the
Ugi reaction to proceed.

Group (1V) Lewis Acid

Titanium(IV) Lewis acids. The utility of titanium
compounds as Lewis acids has been widely accepted
organic synthesis. Compounds of the type jTéaXe usually
used as titaniunty/) Lewis acids; the Lewis acidity is changed
from mild to strong by changing the anionic groupnXTiX,.
The Lewis acidity is changed from mild to strongdiyanging
X from alkoxide to halide to OTf [18].

From the reaction d3, 54 and55 in MeOH at 60C, Dai
obtained an inseparable mixture of the phenol-P-p&Rluct
56 with a minor byproducb7 (Scheme 15).

In searching for conditions for selective forioat of 57,

mol% i-PrLNEt in MeCN at 80C for 20 h to furnish phenol-
P-3CR59 (Scheme 16). In conclusion, the presence of as.ewi
acid, the phenol-Passerini three-component reaslystem is
found to deliver a product of the phenol-Ugi foamtponent
reaction.

In continue, Die and his group tried to reportformation
of the carboxylic acid-derived U-4CR products frahe P-
3CR system without an added amine. The reactiooega in
MeOH at 40°C in the presence of 5 mol% Ti(@Rr), and
obtained the U-4CR product. It is the first demaatsdn of an
isocyanide as an amine equivalent in isocyanidedamsulti
component reaction (Scheme 17). The U-4CR pro6letas
formed in 60% vyield. An inseparable mixture of twonor
products P-3CR62, mandelic acid methyl este83 were
obtained [19].

Kalinski et al. reported synthesis of anticancer drRg-
bicalutamide66 from commercially available material with a
good overall yield. 1-(4-Fluorophenylsulfonyl)peme-2-one

Ph

CHO 1.HPO(OEY), 60°C o ﬁ o]
LiClO,4 (20mol%) EtO— g N
. P . NHt-Bu
Ph NH, 2. tBUNC, i-BUCHO Eo
CH3CO,H, 0.5 eq
OMe r.t. 5d
50 51 52 OMe yield=15-70%
Scheme 14
NO, Cy NO;
HO 2 !
MeOH , 60°C c N
PhCHO + CyNC + V\H
Ph
COOMe COOMe
57
53 54 55 +
o NO,
Cy\NJJ\]/O
H
Ph
COOMe
56
Scheme 15
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0 33
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Scheme 17

O

o @ \\//O OH o
O\\S//\)K CN CFs  17icl, SQLWN CF
+ - - o
NC 2H0 N
E C

64 65

66

Scheme 18

64 was prepared by oxidation of 4-fluorophenylthidace
with 3-chloroperoxybenzoic acid, the reaction pexed
smoothly with a yield of 92% (Scheme 18). The rigarctvith
4-cyano-3-(triflouromethyl)phenyl isocyanidé5 can be
promoted by titanium tetrachloride. It has beenvahdhat
isocyanide was combined with titanium tetrachloide€form
the initial adduct then the carbonyl was added.[20]

A reaction in which ketones7 was condensed with
allylamine 68 in the presence of Tighnd triethyl amine has
been conducted, and the resultant imine was alldwedact
with the carboxylic acid and the isocyanide to jdevthe
allylic amine 69 in 65% yield (Scheme 19). Their goal was
getting the participation of ketones in either stige or one-
pot Ugi MCR to give good to excellent yieldf adducts
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N
NH, ZrCl,(10mol%) Het ™ A
Hel  “+ ACHO + tBuNC Ar ~ Yl
Ar N PEG-400,MW
73 2 140°C, 7 min 74 NHtBu
Scheme 21

having a number of different functional groups [21]

Radha Krishna introduced TosMIC for the first time a
novel isonitrile component in diastereoselectivesdeaini
reaction [22]. A two-component Passerini reactiomsw
performed between 1Q-isopropylidene-3-methyl-u-p-
xylo-pentodialdo-1,4-furanos€’0 and TosMIC 71 under
Seebach reaction condition to produce anf@éScheme 20).

Zr(IV) Lewis acids. The number of articles on Zirconium
Lewis acids is much smaller than that on Titaniamelement
in the same group. Zirconium Lewis acids are ofteitd,
which enables to get the reaction done with moda@good
selectivity [23].

its regioselective efficiency. Very interestingl@-amino-

pyrimidine in this method catalyzed by Z;Gh PEG-400
afforded the highly regioselective formation of tePt

butylaminoimidazo[1,2]pyrimidines over 3-amino regio-
isomeric products in almost 8:1 ratio with highlgi® The

reason for regioselective formation of products da@

speculated that PEG-400, being polar solvent, I&tabi
preferentially the ionic iminium intermediate andCZ, acting

as Lewis acid of high cationic charge potential andes the
formation of pyrimidine-2(H)-imine tautomeric form of 2-
aminopyrimidine [24].

Guchhaitet al. described a microwave-promoted Ugi-type Group (VI11) Lewis Acids

multi component synthesis dbFfused imidazoles catalyzed by
ZrCl, (Scheme 21). The optimized protocol was then tiefste
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amount of FeGlunder mild reaction condition with highr  Group (11) Lewis Acids

selectivity has been described [25]. This is thst fieport on Copper, one of the earliest metals known to mahkin
carbon-Ferrier rearrangement using isonitrile asleaphiles forms a variety of compounds with hydrogens, oxygen
(Scheme 22). nitrogen, phosphorus, and sulfur donors. Copperoap 11

The reaction of 3,4,6-tri-O-acetyl-D-glucalS with  metal, can generally exist in three oxidation stat@u(0),
TosMIC in the presence of 10 mol% of Fe@las complete Cu(l) and Cull). The Lewis acidity of copper depends on its
within 30 min, and the desired product was obtaiime82%  oxidation state and on the counter ion [27].
yield as a mixture ofu-76, p-77 anomers in a 9:1 ratio Cu(I) Lewis acids. Fujiwaraet al. developed simple and
favoringa-76 anomers [25]. practical method for the synthesis of 1,3-benzosedeles33

The three-component condensation of cyclohexylnd 1,3-benzotellurazolé&s having a heteroatom substituent
isocyanide54, an aromatic aldehyd&9 and o-phenylene- at the 2-position by the coppel)-tatalyzed reaction of 2-
diamine 78 in the presence of a catalytic amount of ferricbromophenyl or 2-iodo phenyl isocyanid@2 with selenium
perchlorate in acetonitrile to affordN-cyclohexyl-3-aryl-  and heteroatom nucleophiles (Scheme 24). The rfoRubis
quinoxaline-2-amine80 in good yield have been developed innot clear but Cu may stabilize intermediate or facilitate
our laboratory (Scheme 23). In the last step catadxidation  elimination of the halogen atom fron84 [28]. 1,3-
was performed by ferric perchlorate [26]. Benzotellurazoles 85 could be prepared according this

O
AcO ‘ . 10 mol% FeCI3 /\QJ NHCHZTS
. + CNCH, Ts
S CH Cly, rit.
8 2Cla, S
AcO Aco NF

OAc
75 71
o
Aco/\[;jJ\NHCHzTS
Aco™ =
77
Scheme 22
/R
7
NC CHO |
N
Cr @ TR I
+ + | R T =
reflux
NH, 7 acetonitrile N HN@
80
78 54 79 yield=91-93%
Scheme 23
NC N
Cul(1mol%)
+ Se +RRINH — H—NRR!
DBU,THF, it A
X
82
X=Br,| 83
81 ©
-N @
“U)—NRR! | Cu
Se
X
84
Scheme 24
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Bu
N CuBr, Cs,COg3

AN
1.nBuLi, HMPA N CN COOEt H———Bu S @COOE'{
THF.-78°C, 30min C[ V—NRR? DMF, 120°C
Te

2.Te, -78°C,then rt,1h

3. NC cul rt,12h 86
@i 85
I

Scheme 25

Iz

RRINH
87 88

Scheme 26

amines.Although the ligand effect was not as sigaift as
one would have imagined.

Yoo et al. reportedo-aryl p-hydroxy imidates99 by the
four-component reaction of ethyl glyoxolat®5, aryl
acetylenes96, sulfonyl azides97 and alcohols98 using a
copper catalyst (Scheme 29). Copper would catalyzed
cycloaddition of 1-alkyne and sulfonyl azide (firstep of
proposed mechanism) and produce triazole spedd@gshat
loss N and after addition of nucleophile the resultamdurct
would obtainedp-Hydroxy imidates are amenable to perform
Pd-catalyzed [3,3]-sigmatropic rearrangement undstd
condition to giveN-allyl-N-sulfonamide in a good yield [31].

A catalytic system for synthesis Bfaryl imidazoles103
through cross cycloaddition between two isocyanm#ained
from ethyl N-formylglycine esters01 andN-arylformamides
102 has been designed. Phosphorus oxychloride aethy

procedure (Scheme 25).

The reaction between 1-hexyi®¥ and ethyl isocyano-
acetate86 at 120 °C produce ethyl 3-butylpyrrolcarboxylate
88 in 29% yield in the precence of CuBr and cesiunbcaate
as a base (Scheme 26). The reactior3®f 89 providing
pyrroles 90 in 89% yield within 2 h in the presence of
CpCuP(PMe) as a catalyst (Scheme 27) [29].

A novel copper-catalyzed synthesis of benzimidez68
from o-bromoaryl isocyanide81 and primary amine82 has
been described (Scheme 28). In this reaction copgatyzed
addition of an amine onto an isocyano group produce
intermediated4 that followed by intramolecular arylation. 2-
Bromo-3-isocyanothiophene also can be employedhis t
reaction [30].

Ligands are employed in copper-catalyzedation of

MeOOC
CuSPh,DMF
VAN '
cN” ‘coome * %coom —>900c o /
; N
N" “coome
39 89 %
Scheme 27

CuBr(5mol%)
1,10-phen(10mol%)

NC Cs,CO3 (2mol) N
+ RNH, ————— \>
DMF,20-90°C N

Br 16h X
91 92 B Jield=38-70%
via N\
L, e
94
Scheme 28
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'S

i Cul(cat)
Et;N
+ Ar + RISO,N; + R?OH 3
Eooc H THF,25°C
95 96 97 98
_N
\
N—SO,R?
-
Rl
Cu
100
Scheme 29
R 1.POCl5,EtzN
EtO Xy~ NHCHO DCM |
WANHCHO +
o _ 2.Cu0,THF
proline
101 102
Scheme 30
R
R\ NG Cu,O \
X 1,10-phenanthroline
\ * oN T EWG o
P THF,80°C
104 105
Scheme 31
amine as dehydrating agent to produce isocyanideblean
used (Scheme 30). This literature also reportedhsgis of Rt

new imidazole glycomimetcs by this procedure [B].using
ligand assisted to decrease the ogacti

proline as a

temperature without affecting the reaction yields.

Kanzawa et al.

reported copper-catalyzed

Cross-

107

cycloaddition between two different isocyanidesptoduce
the 1,4-disubstituted imidazole$06 in very high yields

(Scheme 31) [33].

The isocyanobenzylalcohal®7 undergo cyclization to the
corresponding H-3,1-benzoxazine$08 under CgO catalysis
in high yields (Scheme 32). Isocyanoalcoht0® after two
type of rearrangement can produce isobenzofuraBid)d(

R! R2
@%"”
NC
109

imine (iminophthalanes) 110 or indolin-2-oridd, depending
on the reaction condition and substitution patt¢s43.

[:::I:TL\OH
NC

OH NSO,R!
EtOOC OR?
Ar 99
X
=
N7\, COOEt
=N
103
N
L
N EWG

106

Cu,O

yield=88-98%

Rl
Cu,O
(5mol%) X o)
benzene,reflux = N)
1h

108

Rl R? Rl R2
O +
o
N
NH H
110 111
Scheme 32
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Ag(I) Lewis acids. Silver(l) salts have mild Lewis acidity
and have been used as promoters and catalystsganior
synthesis. Among these, salts AghQAgCIO,, AgBF,,
AgOTf are the most popular reagents [35].

Chen and co workers reported an efficient tandem 1o

reactions of 2-alkynylbenzadoximé&42 with isocyanides co-
catalyzed by silver triflate and bismuth triflate produceN-
(isoquinolin-1-yl)Yformamided14 in good to excellent yields
(Scheme 33).

Silver triflate was the best one for the generatiof
isoquinoline N-oxides 115 and bismuth triflate was not
effective for this transformation and used for thext step
(Scheme 34) [36].

El kaim described for the first time that isocy@mican be
synthesized and used without further purificatioraione-pot
four-component process to afford Ugi-type adductse
isocyanide formation was catalyzed by silver cyanaghd the

resulting mixture was directly used in Ugi-smilesupling
reaction (Scheme 35). However, it is worth noticitigat
similar results were obtained using irtin(cyanide inN-
methyl pyrrolidone at 110 °C [37].

reaction between amin®&l, ketone 121 and
isocyanoamidé22 in methanol at room temperature in the
presence of a catalytic amount of AQOAc mainlpefed 2-
imidazoline 123 (Scheme 36). The increasing amount of
catalyst had a negative effect on the 2-imidazoforenation
[38].

A multicomponent reaction betweeracidic isocyanides
126, primary amined25, and carbonyl compound24 under
14 different solvents to producéi2-Imidazolinel27 in good
yields, has been studied. AgOAc is an efficienalyat for this
reaction (Scheme 37). However, most of the reastion
performed very well without this catalyst [39].

o
RS,
NJLH
1 AgOTf(5mol%) 1
~ R
T N/OH Bi(OTf)3(2mol%) N Y
\ +  RNC \
Z % 1,4-dioxane PNF R2
112 R2 113 114
Scheme 33
o
. \c | PMP\NJLH
X, OH  AgOTH ® .0 Bi(OTf);
@Q 5mol% @Cl\[ 10 mol% N
+ N
= 2
X . R Zpmp
112 115 OMe 116 117
Scheme 34
OH
\ /—No2 NO,
AgCN R 77
KCN R2CHO ¥ |
RIBr — {RlNC} Rl NN
MeCN, 80°C R3NH, '
118 119 MeCN, 80°C o R
120
Scheme 35
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MgSO, ( i
o] NC O AgOAc N
NH
@/\ 2, )k + R)ﬁ}/N\) MeOH W
R N
o]
2 equiv 1.5 equiv Ezgt N o
R=Ph Q 123
51 121 122 o
Scheme 36
AgOAC 2 R NC 53
o Na,S0, , 4 126 rRZ
J o+ ronm, _DEM.rt2h RE N R leiNH
1 2
ROR H0 R R/ NC
R
124 125
R*=COOMe,R°=H P NO, \
R*=COOMe,R%=Ph RI=H,R>=
R%=H,R5=CHCH, 2 .
R2 /R
R4=R5= y Ri N
:
RS A N
R 107
Scheme 37
Group (12) LewisAcids NH, RICHO
b (12) o . : N RN ZNEN
Zn(Il) Lewis acids. Roussea described the use of zinc | N /
. ; z ZnCl, N
chloride, a cheap catalyst, to catalyze one-popgragion of iNeR? 128
imidazo[1,2a]pyridines129 using either conventional heating 128
or microwave irradiation (Scheme 38). This reactigith Scheme 38
most aldehydes was catalyzed successfully but some
aldehydes such as nicotinaldehyde did not go topbetion
and the only product isolated from the reaction wWas and the resulting imidoyl chloride was prepared.eTh

intermediate. Attempts to convert the imine isalaft®m this
reaction to the desired product using a varietycafalyst
afforded only low yield of the product, suggestitngt zinc
chloride forms a stable complex with this imine ent is
formed. In order to solve this problem Montmoriltenclay

following Huisgen step was performed in 0.5 M tolaeand
zinc chloride was introduced as a molar solutionTHF.
Conversion to the final triazole was achieved bytimg
overnight at 80 °C (Scheme 39).

Adduct 134 might be trapped by nucleophiles. Due to the

K10 was used as the catalyst in the reaction wittpoor nucleophilic behavior of neutural tetrazdlg3 and to

nicotinaldehde [40].

increase the electrophilicity of the Nef adduct endewis

El kaim et al. also reported a new three-componentacid activation appeared to be the best approachrder to

reaction involving Nef-Huisgen cascade. The fitsfpsis the
a-addition of acyl chlorides onto isocyanidegef reaction)

achieve that zinc chloride was used to producetdr®zoles
134 as a product [41].
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H 3
N R
O N\\ W/ O 1
Jk . neat N—N 133 /R
re” g FORINC o 2 cl — 2 N
60°C R ‘ toluene(0.5M) R | />fR3
N, ZnCl,(10 mol%) N—N
R? 80°C
134
130 131 132
Scheme 39
O R2
R? R3NC(1.1 eq) O
- OH
o BF; OEt,(leq) RY N R®
CH,Cl, 1it, 8_16 h O )
NH, N
135 136
Scheme 40

o

BF; BFs

o ) ® Ph. O /

1 H H
o Y N
C= N R
NH “§7R
./ 137
o
FsB—OH

Group (13) Lewis Acids

B(III) Lewis acids. The classical boron Lewis acids, BX
are now popular tools in organic synthesidiB(can act as a
Lewis acid because there is an empty p-orbitalhenkoron.

139
Scheme 41

good to excellent yields (Scheme 40) [43].

The mechanism requires an initial three-centerp tw
component Passerini-type reaction with subsequkeletal
rearrangement (Scheme 41). The overall processisgied

The BR and BC} complexes of diethyl ether are less stableefficiently by the strong Lewis acidic boron trifitide, the

than those of dimethyl ethers [42].

Krasavin described a novel BBEbL-promoted reaction of
o-aminobenzophenone435 with aliphatic isocyanides to
produce 4-Aryl-4-hydroxy-3,4-dihydroquinazolinek36 in
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oxophilic character of which is required for therrfal
dehydration of137. Milder Lewis acids (especially Bronsted
acids) do not promote this process efficiently,badoly due to
their inability to trigger the skeletal reargement of137.
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1 (@) Rl [
R CHO R®  seph 1.MeOH
U + RINH, + = T RN N—R?
COoH 2.BF4-OFt,
R 140 141 2 143  CHLlp 144 NH
R2=Alkyl,Aryl °© R
R3=H,Alkyl,Aryl
R*=Alkyl,Aryl R3=H
B S o
PhSe LA\8 PhSe LA-0O
g pe N—R2 N—R?
o NH o \H o NT
w S i
L 145 _
Scheme 42
Relieving strain inl38 could be a substantial driving force for H\C:NR
the proposed skeletal rearrangement. Me Al
A one-pot synthesis of substituted isoindolinoié$from CE) * T ’ N
2-furaldehydel40, aminesl4l, 2-(phenylselanyl)acrylic acids N toluene Ne
142, and isocyanide&43 has been developed (Scheme 42). %
The tandem process involves the Ugi four-component 146 147 148
condensation/Diels-Alder Cycloaddition, and subsequ Scheme 43

deselenization-aromatization promoted byBHt. The Ugi/
Diels-Alder reaction was performed in methanol &t°Z to

afford 145. Traditional methods applied to deselenization didDanishefsky diene [46].

not give desired product. Then Huang useds-BEt, to
perform deselenization/aromatization steps [44].
AI(IIT) Lewis acids. Because of their availability and low

A novel synthesis of 5-amino-2-cyanopyrrolés by way
of sequential MCR/Cycloaddition strategy has besported.
Heating a toluene solution aff-unsaturated imidoyl cyanides

cost, aluminum Lewis acids have been widely used irl52 (2-cyano-1-azadienes) and isocyanides in the poesef

academia and industry [45].

Tobisuet al. reported that Lewis acid promote the addition
of weak nucleophiles, specifically, electron-richoraatic
compounds such as 1-methyl indd46, onto isocyanides to
produce iminel48 (Scheme 43). This reaction promoted by
inexpensive Lewis acids, such as AICThe method can
provide a direct and practical access to a widayasf imines
via aromatic C-H bond functionalization. The reactt@am be
extended to other electron-rich aromatics, inclgdiyrroles
and thiophenes, which furnish the desired prodiive. imines
are amenable to undergo [4+2] aydbition with

10 mol% AlCkat 90°C. [4+1] cycloaddition betweetb2 and
isocyanide occurred with good to excellent yieldfie a-
iminonitriles 152 were prepared from the respectiug3-
unsaturated aldehydé&d9, aminesl50, and TMSCN151. The
use of IBX and TBAB was crucial for the successtlod
oxidative Strecker reaction (Scheme 44) [47].

Winkler and co-worker synthesized novel heteracycl
structuresvia the reaction ofStrans enonel54 bearing an
internal nucleophilic moiety,i.e.,, furan or pyrrole with
isocyanides. Products formally result from eithér1] or
[4+1+1] cycloaddition products (Scheme 45). Thedfbf the
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R3
0 RNH,  IBX,TBAB NC.__NR®  AICl5 RNC N
+ 150 —_— —— NC NHR*
XM MeCN ~_H toluene,90°C \ /
R R2
) TMSCN R? Rt
R 151 R
149 152 153 10 examples
60-88% vyield
Scheme 44
)
O X7\ O X7\ o) —
- RNC S AN 5
ELAICI —_—
®
A\ NHR
— 1 N\
X=0O,NR R NHR
154 X=O.NR! X=0 155
o]
H =
+ \ _NR!
H NR
X=NH 156
Scheme 45
alkyl substituent of the isocyanide was examinedrdasing o ol GaCls SEt
. . t
the steric effect of the alkyl group R could digfavthe + ANC cat TiCly RHSB
addition of a second equivalent of isocyanide thetuld RRl SEt RY NAr
promote the formation of monoaddition prod@66. In one of 157 158 159
derivatives replacement of diethyl aluminium chd@riwith
stoichiometric or catalytic gallium chloride affed 155 and Scheme 46
none of the monoaddition product was observed [48].
Ga(Ill) Lewis acids. Tobisu et al. demonstrated TiGl
and GaCcatalyzed insertion reaction of isocyanides int8§ C- SEt aq. HCl et
bonds in dithioacetalsl57 to produce thiocimidatesl59 Ph K SEt i-ProH Ph#\rSEt
(Scheme 46). They envisioned that dithioacetalshinige NAr 90°C 48h Hoo
promising candidates in view of the fact that cheg of the 160 161
C-S bond in dithioacetals is promoted by the Leadisl. Scheme 47

In this reaction isocyanide behave as a C1 comypote
this reaction double-insertion product might beduwed and
to suppress it slow addition of isocyanide is neags TiCL  47) [49]. GaC{ can be used for insertion reaction into the C-O
also proved to be an active catalyst for the seledormation  bond in cyclic acetals (Scheme 48) [50].
of monoinsertion product. In(IIT) Lewis acids. Indium(III) are known as mild, soft,
The resultant thioimidates60 can be converted into the and chemically stable Lewis acids and applied innyna
corresponding Thioestet§1 under acidic conditions (Scheme organic reactions. Krishna have developed aiciefft InCk
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NAr ArN

NAr
OJ( 10 mol% GaCl %o W
+ ANC ——— + O

\\/O toluene, 80°C O\) o/

162 158 163 164
Scheme 48
o o
o 9 INCla(5 mol%)
M o——
TosMIC, MeCN |
80°C Hl\H R=t-Bu
R R=c-CgH3
165 166 R=CH,Tos
Scheme 49
o _N_ T
j\H InCls (5mol%) ~Tos
R Ort T TOSMIC oy ens0oC
R R?
167 71 168
@,/ o
N Tos ™ Clgin--OH
R R -
R I O ’ %N*\ [ N/\Tos
%g—mcg RO Ve Rl
RU \&
OH
169 InCls 170 171
Scheme 50

C-C coupling reaction between 1,3-dicarbonyl cormutsuiand The interesting reactivity of isonitrile serving thoas an
TosMIC as a new electrophile for the synthesig-&&to-(E)- electrophile and nucleophile is exploited here. Thwis acid
enamino esterd66 in good to excellent yields (Scheme 49). coordinates with the alcoholl69 due to its greater
The choice of Lewis acid was important in this te&at  nucleophilicity, thereby generating carbocation,fagilitate
because p-toluenesulfonylmethyl isocyanide decomposesnucleophilic attack of TosMIC ontol69 resulting in
under strong Lewis acid condition [51]. intermediate 170. Next the alcohol adds to the more
While B-diketones or keto esters displayed good reactivityelectrophile isonitrile carbon to generate the esponding\-
under these reaction conditions, the diesters mdai substituted acetimidic acid71 which tautomerises to the
unreacted probably due to lower acidity and enbliig. stableN-substituted amide with regeneration of cataly{.[5
TosMIC was the only isonitrile to have reacted urtie said A direct alkylation P-3C reaction of aldehydesciganides
reaction condition due to the multiple reactivifylTmsMIC. and free aliphatic alcohols in the presence ofundiriflate as
A novel synthetic protocol is reported which leadshe a Lewis acid catalyst to produce-alkoxy amide 174
formation of amide468 from the corresponding aryl alcohols derivatives has been developed (Scheme 51).
167 and TosMIC in the presence of Lewis acidalysis. This is the first example of the Passenpiet reaction
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NCHO
R!

172 173 2

NH,
e
“NH, ¢
178 o) 179

using free aliphatic alcohols instead of carboxyhcid
component [53].

CAN catalyzed reaction. The
phenylenediamines175, ketones and
efficiently catalyzed by CAN at room temperatureatiford
highly substituted 3,4-dihydroquinoxaline-2-amirexidatives
177. The carbonyl

reaction betweero-

+ R?0OH + t-BuNC

In(OTf)3 o
5mol%

Scheme 51

N R
[ fw
N~ N-R

177

CAN(5mol%)
EtOH, r.t.

+ R*NC

176
Scheme 52

62-96%

\P LA ©/\N H
_— = N
X -
HN N
180 #\
2
Scheme 53

Kysil reported a novel TMSCI-promoted multicompaohe
reaction of trans-cyclohexane-1,2-diamitiég8 with 1-benzyl
1-piperidonel79 andtert-butyl isocyanide? that leads to the

isocyanides were variety of unique highly functionalized scaffold#thv3,4,5,6-

tetrahydropyrazine-2-amind80 core. These scaffolds are
open for further transformation due to an alreadistang

group could be activated by thesecondary amino-group in their structure (SchemeS&8con

coordination of the oxygen atom with CAN, thus abul Lewis acids have ability to activate carbonyl amdnie bonds

facilitate the formation of iminium cation (Sche®2).
Although Ce(IV) derivatives are generally employasl

single electron transfer (SET) oxidants, we beligvAN

serves as Lewis acid in the above processes the aamin

for an interaction with C-nucleophiles [55].

When Kysil used 1,3-diaminepropan&3l, carbonyl
compoundl82 and isocyanides, which allows the synthesis of
highly substituted 1,4-diazepine-2-amines includiegiro

other carbon-carbon and carbon-heteroatom bond irfigrm heterocycle484 (Scheme 54). Acidic catalysis is required for

reactions [54].

o]
. . H
Metal Free Lewis Acids NH, N
TMSCI. The applicability of TMSCI as an efficient + + RINC R/ NH
equimolar promoter of isocyanide-based multicompbne NH, N Rl

reaction and reagent, which often appears to bgwoikable

metal free Lewis acid alternative to traditionabBsted acid

catalysts.
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successful IMCRs. Various Bronsted and Lewis aaigsable
to promote reaction and TMSCI has been found tthbenost
efficient among them.

Side reactions could be minimized when TMSCI wsesdu
in equimolar ratio. This improved the reaction aute in
yield and purity of target compound and alloweddtion of
target material employing chromatography free sempbrk-
up and purification procedure [56].

METAL CATALYSTS

Metal-mediated  intermolecular  reaction  cascades
proceedingvia non-isolable intermediates such as catalytic
organometallic species, are well suited for theigtesof
“ideal” multi component reactions, those allowinthe
simultaneous addition of all reactants, reageaty] catalysts
at the onset of the reaction with all reactants loing in a

Krasavin and co-workers tried to run the Groebke-unique ordered manner under the same reaction toomsli

Blackburn reaction with a representative startingterial.

The 1,1-insertion of isocyanides into the C-H baofd

Simple mixing of the three components in methanotl a terminal alkynes is a straightforward, atom ecorwahioute

adding a methanolic solution of a mineral acid Heslin
complex reaction mixtures with a target materiahteat of
less than 10%. They decided to run reaction usihgwis
acid as promoter instead, to produce 2-piperazihitidazo

to conjugated 1l-aza-1,3-enynes, which are compothadsare

bifunctional and are useful synthons in organidisgsis.
Zhanget al. reported that half-sandwich rare earth metal
complexes can also serve as excellent catalyshéorcross-

[2,1-b][1,3,4]thiadiazolesl86 (Scheme 55). Because TMSCI coupling of isocyanides with terminal alkynes tovegian

produces HCI in methanolic solution, they use dpretlvent
as reaction medium [57].
Krasavin also use TMSCI as

a promoter for

unprecedented selective formation of)-(-aza-1,3-enynes
188 (Scheme 56).
Among the rare earth metal complexes surveyed, The

aminoquinoxaline synthesis, which have best resufts yttrium trimethylsilyl methyl complex showed the nsa

comparison of other Lewis acid [58].

activity as that of the aminobenzyl analogue, gesting that

1.1 eq. RZCHO,MeCN, reflux,2h

3.R3NC

2.TMSCI(1eq.), MeCN/DCM, 30 min

HN—R?

/7N Ney
RN N

N SANHz
185

N\N/\giRz

/N
RN N—
N

186

Scheme 55

187 54

cat
=——H + CyNC ——
rt
S :
Na:
Si .
<\ CH,SiMe3

/Y/
Ph

189

AN
N (thf),

H
A N
/
188 Cy
/s??&i
\
N /Ln
(thy

N
N\

190

Scheme 56
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the activity of the present catalyst system is sighificantly
affected by the initial alkyl group If alkynes hasestrongly
electron-donating substituent yttrium complex wasssl
efficient and they used larger lanthanium instez].[

The synthesis of Quinoline-2)-thiones194 by treating
a-substituted 2-isocyanostyrenek92 with sulfur in the
presence of a catalytic amount of Selenium has bgeorted

treatment with sulfur in the presence of a catalginount of
selenium in tetrahydrofuran at room temperatureenrh
isothiocyanate were treated with two equivalentsotlium
hydride and then alkyl halides to give the desiiedole
derivativesl98 via a one-pot process (Scheme 58) [61].
Reactions between isocyanidigsand primary amine$99
to give formamides are sometimes catalyzed by niets.

(Scheme 57)o-Substituted 2-isocyanostyrenes was prepare@ut when this reaction proceed in the presencewpdwder
from 2-aminophenyl aryl ketone%9l after three step. 2- and oxygen molecules, produces carbodiimigek (Scheme
Isothiocyanatestyrend®3 underwent electrocyclic reaction to 59) [62].

produce product in one-pot with moderate to go@tdg [60].
Fukamachi reported that
ketones 195 or ethyl

Palladium-catalyzed decarboxylative [4+1] cycliaat of

(2-1socyanophenyl)methygamma-methylidene-delta-valerolacto2@ with isocyanides
2-(2-isocyanophenyl)acetates were203 to afford conjugated cyclopentenimines [63] hagrbe

converted into the corresponding isothiocyasal96 by developed.
3 3 R3
R R R4 Sulfur R4
. 1 S —
RL RL ~ cat selenium R
0 -
— Et;N, THF )
R2 NH, R? NC reflux R NCS
191 192 193
R3
1 R*
R? N S
H
194
Scheme 57
sulfur
R: CH,COR®  Catselenium R CH,COR® 2NaH, r.t.
EtsN, THFI.L.
R? NC R? NCS
195 196
. COR® . COR?
R 4 R
N\ sna LR*X, rt. N\ sré
2.H;0*
2 N 3
R Na R N
197 198
Scheme 58

n-BuNC + n-BuNH, + O,
10 199 200
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1)ArX(1.2eq)
R R n-BugSnH Pd(PPhy), R
’ (1.2eq) Cul(0.5eq)
Op© Pg§07$3)4 \N FC cat AIBN 80°C,DMF ka/@
0
T Re coMe 80°C,1h 2)DBU(1.1eq) A SN
CO,Me toluene Ar CN 208
40°C, 24h
Me 206
Scheme 60 Scheme 61

When isocyanid®05 was treated with tributyltin hydride diamines207, a linear or cyclic ketone®08, an isocyanide
(1.2 equiv.) and a catalytic amount of AIBN in tehe al80 209, and water in the presence of a catalytic amotinp-o
°C, 2-stannyl-3,4-dihydroquinoline was observed. Wetoluenesulfonic acid at ambient temperature in &-pot
envisaged that the radical cyclization @fp-difluoro-o-  manner afforded 2,3,4,5-tetrahydrb-1,5-benzodiazepine-2-
isocyanostyrenes would proceed in a normally leserable  carboxamide derivative&l1 in good yield (Scheme 62) [65].
6-endo trig fashion because of the polarization of their C-C  They also used this catalytic system to synthesize
double bond, giving rise to the construction of wingline  substituted cyanophenylamino-acetamide derivat®es in
framework. The coupling was conducted using a crudexcellent yields from three-component condensatéattion
reaction mixture in DMF immediately after the coetign of ~ between 2-aminobenzamid@l2, an aldehyde, and an
the radical cyclization and palladium-catalyzed glowg  isocyanide at room temperature in ethanol as angresdium
reaction occured to prepare 2,4-disubstituted 8tflu  (Scheme 63) [66]. This novel reaction can be reggas an

quinolines [64]. efficient approach for the conversion of primaryides to the
corresponding nitriles.

ACIDIC CATALYST INIMCR 4,5,6,7-Tetrahydro#-1,4-diazepine-5-carboxamide
derivatives 219 synthesis by a new one-pot pseudo-five

Sulfonic Acid Catalysis component condensation was described by Shaabahi A

Shaabanét al. reported a novel reaction between aromatidiovel IMCR of readily available inputsicluding 2,3-

RS—NH
H o
RL NH 3
2 o p-TSOH,CH;OHR" N—R
+ 2 Il R+ RNC+ HO ————— 4
R2 NH R r.t.,24h
2 2
210 R N
207 208 209 H g3
211 R
R!,R?=H,CI,NO,,COOH yield=75-90%
R3and R*=acetone and cyclohexanone
R®=aliphatic, alicyclic and aromatic
Scheme 62
O CN o)
H
N _R?
NH, . ) p-TsOH.H,0, EtOH, r.t. N
+ RICHO + R2NC H
NH 12-24 h, 80-92% R
2
212 213 214 215
yield=80-92%
Scheme 63
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diaminomaleonitrile 216, a cyclic or acyclic ketone, an 1,6-dihydropyrazine-2,3-dicarbonitrile derivativa®2 in good
isocyanide, and water in the presence of a catadytiount of yields. These products can be employed as one ef th
p-toluenesulfonic acid in aqueous medium at ambientomponents in the reaction with an isocyanate or
temperature (Scheme 64) [67]. isothiocyanate leading to imidazo[lafpyrazine derivatives
The reaction of diaminomalononitrigd6, a ketone and an 224 (Scheme 66) [69].
isocyanide in the presence of catalytic amountpafa- An efficient synthesis of bis-3-aminoimidazo[JlaR-
toluenesulfonic acid produced spiro 1,6-dihydropyte-2,3-  pyridines, pyrimidines and pyrazineé®8 as extended pi-
dicarbonitrile222 in good yields (Scheme 65) [68]. conjugated systems via novel pseudo five-component
A tandem 3-CR/2-CR reaction sequence using DAMNcondensation of terephtalaldehy26, 2-aminoazine25 and
216, a ketone, and an isocyanide component, whigvigles isocyanide227 usingp-toluene sulfonic acid as a catalyst in

R? R?
RL RL

r.t. HN NH

218 R o N —

219 n¢ ON
yield=80-92%

p-TsOH.H,O

NC. NH, o
I . RllK/R2 + R3NC + H;0
NC” NH,
216 217

RY,R? R3= alkyl, aryl and alicyclic
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Scheme 64
NC_ NH; o pTSOHH0 . N g
I + 1)& + R3NC 5mol% R?
NCT ONH, N R? EtOH, r.t. NC —N-R®
H
216 220 221 222 .
yield=80-98%
R1,R2,R3= alkyl, aryl and alicyclic
Scheme 65
H 1
(e} R
NC N
NC.__NH; ) p-TSOH.H,0
\ * o7 Npe v RNC \ R2 + RNCX
R R EtOH, r.t,1.5 h A ~NH
NC NH, 80-98% NC N \3
R
223
216 220 221 222
Et3N
R,R? and R*= alkyl and ary! (c?.|3)2co
R3=alkyl and alicyclic reflux
X=0 and S 70-82%
CN NH
N
5 | N—R*
R3_ N
N
H Rz Rt x
70-82%
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CHO
2
Rl Y. /R
X ) PTSA v7 =N HN
| L[ e wee )
> ¢ =
N NH, \CHO rt.3h, MeOH s N N \
NH N= R!
225 226 227 R2 228 X=Y
Scheme 67
R! R! H
\Xxy—NH; N Ar
| + RNNC + AcHo PTSA ‘\ ‘
# ~SH EtOH /
reflux S NHR?
229 230 231 232 87-91%
Scheme 68
HN—R?
SN
\ + RICHO + RNC — 77NN a1
Z "NH, o NG
233 234 235 N—OH, TSOH 236
o]
Scheme 69
high yield at room temperature (Scheme 67) [70]. [73].
We also used PTSA as a catalyst for the synthefsi A novel multi component condensation between an

aryl-4H-benzo[1,4]thiazine-2-amine derivativ@82 in three- oxazilidine 237, an isocyanide, and a carboxylic acid in the
component condensation of aromatic aldel3&le isocyanide precense of catalytic amount @fTsOH in acetonitrile afford
230, ando-amino thiophenol229 (Scheme 68). The first step N-acyloxyethylamino acid derivative238. Without addition

of this reaction is similar to the Ugi reaction.eTfirst step, of an acid catalyst, the reaction was extremelysfroviding
similar to the Ugi reaction involves reaction oethromatic low yields (Scheme 70) [74].

aldehyde with the-aminothiophenol followed by isocyanide 2-Isocyanopheny keton@89 is treated with a vinyl ether
attack on the resulting intermediate followed by240, at 0°C in dichloromethane containing a catalytic amount
intramolecular trapping by the sulfur nucleophitegive the  of camphor-10-sulfonic acid to give the correspagd2-(1-

desired product [71]. alkoxyalkyl)-4-alkylidene-#-3,1-benzoxazines 241 after
Our group also used-aminophenols instead o0b-

aminothiophenols to prepare 3-aryi<benzo[1,4]oxazine-2- RNC,R°COH,
. P prep YD [1.4] TsOH(0.1 eqzuiv) R3\N/\/O R®

amines [72]. N/ \o J
Three-component condensation of aromatic isocganid R°™ MeCN,24 h,reflux RliRz

235, aldehyde®34 and 2-aminopyridin@33 can be catalyzed Rt R? HN™ ~0

by N-hydroxysuccinimide andp-toluenesulfonic acid to 037 R4238 20-82%

prepare imidazo[1,2}pyridine derivatives236 (Scheme 69) <h 70
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aqueous workup (Scheme 71).

Isocyanides are rather unstable and must be freshl

prepared for satisfactory production of t4l. This reaction
with cyclic vinyl ethers, under this condition réted in the
formation of intractable mixtures of products whiuh traces
of 241 could be isolated [75].

Microwave-assisted three-component reaction betwke
aminopyridines, isocyanides, and 2-carboxy benigide
under acidic condition (methane sulfonic acid peEu
pyrido[2,1:2,3]imidazo[4,5¢e]isoquinoline-5(64)-ones 245 in
good yield (Scheme 72). The acid protonated Sdiziffe and
facilitated [4+1] cycloaddition reaction [76].

Shaabani and his co-workers also used celluloBarisu
acid as an efficient and environmentally friendlyo-b
supported proton source catalyst in one-pot thmeponent
condensation reaction between 2-aminoaZidé, aldehyde
246 and isocyanid@48 to prepare imidazoazin@49 in good

yields (Scheme 73) [77].

Isocyanides represent promising candidate as sartion
molecule, and can be inserted into a variety ofrdhal bonds.
Tobisu was screening a variety of catalysts forrdetion of
acyclic acetal50 with isocyanides and proved that TfOH is
the best. The product isalkoxy imidate and the reaction is
applicable to a diverse array of acyclic aceta ttontain a
wide range of functional groups (Scheme 74).

The preferential formation of double-insertionanmajor
reaction pathway was observed when 2 equiv. ofyesude
were treated with a catalytic amount of TfOH in »dioe.
Isocyanide structure also affect on moradl and double-
insertion 252 products. Electron-deficient isocyanide
selectively formed mono-insertion product and weesa. The
imidate functionality in the mono-insertion prodsiatan be
hydrolyzed into an est@53 (Scheme 75).

The new Bronsted acid catalyst system can al$ectethe

R3
i |
Rl R3 R4 CSA Rl o
- =
R2 NC OR® CH,CL0C N)\FORS
R4
Me
yield=48-85%
Scheme 71
R R MsOH(0.2equiv)
o NH2 s toluene
W + | MW(300W)
/N oue N 7min, 160°C
Rl
COH 35-68%
242 243 0
R2NC
244
Scheme 72
o NH, G osoH =N
RICHO + | + RBNC ———— )R
N rt,2h R2 N
RN 5
246 247 248 249 HN—R
Scheme 73

332



Heravi & Moghimi

cat. TfOH

. NAr NAr
Ph OMe ArNC(1equiv)
Y Ph\HLOMe L Ph OMe
OMe toluene
30°C, 2h OMe OMe NAr
250 251 252
Scheme 74
NAr Q
HCl ag.
R OMe —— d R OMe + ANH,
Svte soC OMe
251 253
R=2-naphtyl
R=benzyl
Scheme 75
2
R R R? NAr
o 10 mol% TfOH Rlﬁ)k
(@]
+
\\/O ANC toluene, 80°C O\)
254 158

Ar=2,6-dichlorophenyl

R1=Me, R?=Me

R!=t-Bu, R*>=Me
R=(E)-PhCHCH, R?=Me

R'=Ph, R>=H

insertion of an isocyanide into a cyclic acetafpafing the
corresponding cyclic imidates in yields comparatuethose
obtained when Gagls used as a catalyst [50].

Mineral Acids

74%

96%
69%
49%

Scheme 76

biological lead molecules. The tandem Biginelli-UgICR
allowed the synthesis of the library members irguence of
only two one-pot reactions [78].

The reaction betweemphenylenediamine with equimolar
amounts of an aldehyde and an isonitrile leadsg¢ddrmation

Werneret al. synthesized tetrahydroprimidnone scaffoldof 1,4-dihydroquinoxaline267. The reaction proceeds in

from the Biginelli reaction of benzyl acetoactatddehyde,
and 6-ureidohexanoic acid in THF in the presencefoa
catalytic amount of HCI. The product of Biginelgaction
then used as a bifunctional building block thatvedras the
urea component in the Biginelli reaction and as #Huid
component in the subsequent Ugi condensation (Seh&h
Tetrahydroprimidineone based on the structure ofLBH01
that was previously found to block the ability ofp¥0 co

methanol at room temperature using equimolar amolHCI
(conc.) as a catalyst (Scheme 78). The 1,4-dihydmq
oxalines are unstable under reaction condition.oBupe of
267 to air led to the formation of variable amountstbé
respective quinoxalines Efficient conversion of theduct
mixture into a single isolable product was achietgdorief
exposure of crude reaction mixtures to DDQ/benzarstem
at room temperature furnish quinoxalin268 as a stable

chaperones to enhance Hsp70 ATPase activity withouytroduct [79].If monoalkylated diamines tested in the same

affecting the Igar for
demonstrates the

ATP hydrolysis. This
utility of TMCRs inARS studies of

library multicomponent reaction 1,4-dihydroquinoxalines Idobe

isolated irmoderate yields.
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o /RL o R
(@]
BnoJ:\L Ho oo HCl(cat) Bnoﬁkﬁ
o THF r.t., 4d N o
e BBl U
256 /& Biginelli Reaction COOH
HN o 259
\/\/\COOH
258
o R?

BnO%NH
N/&o

WCOOH

= H R?
S
o

Ug
259

o R
MeOH,reflux,1d BnO)iL/IE
i reaction N

263

NC
260 261 262
Scheme 77
NC 265
= concnd HCl(1equiv) &
N™ TNH, MeOH, rt. NONON
under Ar
264 267
DDQ(1equiv)
benzene, r.t.
3h
L 0
4 =
N N N
H
33-54%
268
Scheme 78

Huang and co workers were synthesizétlithidazo[1,2
b]-1,2,4-triazole-6-amines by treatment of aminatol@s269,

isocyanides271 and aldehyde in the presence of HCI®

methanol at room temperature (Scheme 79) [80].

334

The Ugi reaction involves the 4,5,6,7-tetrahydierio[3,
2 Clpyridine 273, which is commercially available,
chlorobenzaldehyde274 and 1-isocyanocyclohexen@75
(Armstrrong isocyanide) as acid labile cleavabteyanide.

2-
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H NHR?
N—N MeOH RL_ N~y
AN + RICHO + RONC S \</Q\ ,
R N7 TNH, HCIO(cat) N=x R
H
269 210 an 272 28TT%
Scheme 79
HO
method A (6]
o NC
s \ 1.MeOH,HCOOH, N
O,
\ N, . 60°C, MW m
cl 2.THF-HClyg cl
rt. S
273 274 275 276
MeOH,H,S0,
heat
MeQ
o]
N
A\ ol
S
218 1.MeOH,HCOOH,
60°C,MW
2.K Ot-Bu, THF
method B
o]
s \ O
cl
Scheme 80
The reaction was performed in methanol under miex@ Thompsoret al. reported the Microwave assisted, solvent

irradiation and formic acid catalysis (method AhiSreaction free condensation of 2-aminopyrimidi@Z9 with aldehydes
can be operated with a base labile isocyanideditmbthyl-2- 280 and isonitriles 281 to produce 3-aminoimidazo[l,2-
isocyanoethyl methyl carbona®¥7 under same condition to ajpyrimidines 282 regioselectively in the presence of
produce RS-clopidogrel 278. The Ugi reaction was hydrogen zeolite (Scheme 81) [82].

performed at 60 °C under microwave irradiation e t

presence of an equimolar amount of formic acidpfeéd by Bronsred Acid Catalysis

the cleavage of the isocyanide moiety by treatmeith The reaction of isocyanoamid@3, amine49 and acetone
potassiumtert-butoxide in tetrahydrofuran (method B). This 122 in methanol at room temperature and in the presefic
reaction can be a powerful tool for generic synthesf Bronsted acid produce oxazole derivati288. EtLN.HCI can
marketed drugs [81]. be used as Bronsted acid [38].
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s
X Zeolite HY Z N AN
| N + AICHO + s Ar
N/)\ NC SN

MW
NH,

280 281 282

Scheme 81

279

2 equiv 1.5 equiv

Ezgt o
49 122 123 R=Ph 283
Scheme 82
An efficient and potentially useful new reactiothe Q Phenyl NHPMP

ic aci r M4 pupNm, + Ring Phosponic acid NHRS
phosphonic acid catalyzed three-component Ugi i@madtas ph™ “H 2 toluene, 80°C Ph
been developed. The reaction was performed betweeng; 284 285 O 28
benzaldehydey-anisidine and different isocyanides to achieve Scheme 83
a-amino amides in good yield. The reaction doespmoteed
in the absence of catalyst [83].

Phenyl phosphonic acid can be considered a Brorastie EDG\ 11eqBronsted acid  EDG HN—R?!
and, in the form of phenylphosphonous acid tautomé&ewis | A 1.5 eq RINC | N\ o
base. It is tempting to speculate that both progennay be N 0.05M CH,Cl, N
required for effective catalysis. m 2hirt H

Reaction between imineg&87 and isocyanides can be 287 R 288
achieved under strong Bronsted acid condition tepbrted Scheme 84
recently and its presence is critical to obtairhhyield under
mild condition. This is a replacement of the cadiexacid
component of the Ugi reaction with a Lewis acidstrong EDG a)Bronsted acid 1.1eq 0
Bronsted acid. An imine synthesis by pre condeosati e BN EPAN R
markedly improved the chemical yield of product.general | P 6)K,COx | AN R
aldimines were prepared by condensation in toluenthe ‘N THF/MeOH/H,0 H
presence of molecular sieves and used withoutipatibn to Rl)\ 55°C, 4h
synthesize indoxyls290 and 3-amino indoles288. This 289 290
reaction is a mild transformation combining mecktai
elements of the Ugi reaction and the Houben-Hoesch g QL
cyclization. Two new carbon-carbon bonds and arbeyelic Bronsted acid= Phg;éP\H/S\CFS
ring are formed in a single operation [84]. Scheme 85
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BASE CATALYZED REACTIONS

Jieet al. described a reaction between nitro olefi$ and

Krishna reported DABCO-catalyzed reaction betwten
Baylis-Hillman acetat®294 and TosMIC in dichloromethane
at room temperature (Scheme 88).The products wateenad

TOSMIC 71 in the presence of simple base such as KOH anih excellent yield (80-92%) and in moderate diasper

ionic liquids to produce 4(3)-substituted 3(4)-aititH-pyrrols
292 (Scheme 86) [85].

In this paper ILs could efficiently stabilize botthne
reactants and polar intermediates as solvent tayblzation
process. The reactions were carried out at roonpeeature to
afford the desired products in good yields in arstime.

The synthesis of 4,5-disubstituted oxazd?®8 could be
achieved in one-pot from TosMITL, aliphatic halides and
aldehydes in ionic liquids as recyclable green esalyand in
the presence of base has been reported. This méthad
improvement of van Leuson oxazle synthesis. Thizgiure
was not suitable for tertiary alkyl or aryl halid&§].

selectivity (66-80%) in favor of thgyn-isomer [87].

A three-component reaction betwesphenylenediamine
296, aldehyde297 and TosMIC71 in the presence of DBU or
DABCO as base, using toluene as solvent at roorpeesture
for eight hours to afford Quinoxalines [88].

4,5-Disubstituted potassium oxazoline trifluorcdes300
via the condensation of formyl-substituted aryl- aetehoaryl
trifluoroborates299 with tosyl methyl isocyanide has been
prepared. The reaction proceeds in the presence of
commercially available polystyrene bound DBU (DBS)PIt
could be conveniently removed from the produetfiltration
and reused indefinitely after washing with metiiam NaOH

R NO,
H NO, o
_ [bmimi]Br, KOH / \
> < + SO,CH,NC ————
R H r.t,2h H
38-64%
»o1 - 292
Scheme 86
. RZ
[bmim]Br, K,COj O
TsCH,NC I />
1.RX 2.R?CHO RN
71
293 75-90%
Scheme 87
Tos NCO
OAc O
DABCO(30mol%
.+ TosMic  DABCOE0MOR F>hI’(L o™
Ph o CH,Cly, 1.t
71 295
294 82-92%
Scheme 88

1

71
296 297

R=H, Me
R?=H, Me,Cl

R NH,
j@i + AICHO + TosCH,NC
R2 NH,

1
DBU or DABCO R Oi'\‘j/ Ar
=
R2 N

298

toluene
80°C, 4h

Scheme 89
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DBU PS KF3B ArBr

KF;B—a®—CHO + TosMIC KF4B 1mol% Pd(OAc),
2mol% DavePhos

CH3CN it 7 / Ar
- = Aryl 299 n 3-12h 0> 3 equiv NEt3 o
Hetaryl Tos / \ >
N methanol, 100°C N

56-97% Tos 12h
Scheme 90 301 302 44-73%
Scheme 91
without lowering the yield [89]. due to the formation of tetraphenyl porphyrin [91].
Then they achieved the Suzuki-Miyaura cross-cogptif Both G and G-symmetric oxazole derivativegia the

the oxazolinyl-substituted aryltriflouroborates tearious  Suzuki-Miyaura cross-coupling and van Leusen oxazol
electrophiles using 1 mol% of Pd(OA) mol% of DavePhos Synthesis have been prepared. Trialdehyde deresgM was

and triethylamine as the base in refluxing methgScheme treated with TosMIC in the presence ofGG; in refluxing
91). methanol, the correspondings-€ymmetric trisoxazole315

Terzidis and co-workers were allowed chromene-3-der'vat'ves' The €symmetric bisoxazole derivativé€d7 can

carboxaldehydes303 to react with equimolar amounts of be synthezlzled aC(I:or((jllng this pro((;edure [92].
TosMIC 71 in the presence of the mild base 1,8- dlazab|cycl(% Btaxenl azet a | emonstrat;eth a nhew way tto pre||oare
[5.4.0Jundecane in the aprotic nonpolar solvent T@tiFroom uhctionalized pyrrolesia one-pot three-component coupling

temperature for 2 h the 2-tosvi-4-(2-hvdroxvben roles between tosyl isocyanides and ethyl chloroformated a
P u . b yl-4-(2-hydroxyben oyl nitrostyrene to afford nitro-substituted pyrrol8%8 in the
304 were isolated in good yields [90].

) ) presence ofi-butyl lithium as a strong base (Scheme 96) [93].
5-Substituted oxazol@07 through the reaction of aldehyde = . - ion of Methyl-3-aryl-2Earylethenesulfonyl)
and toluenesulphonylmethyl isocyanide in the presenf

acrylate with TosMIC and sodium hydride in a migusf
sodium methoxide in refluxing methanol has beernt®gized.  oiher and DMSO has been reported. The solid oltaine
The a,p-unsaturated este808 with TosMIC and potassium jngicated two spots in TLC which are identified rasthyl-3-
tert-butoxide in THF vyielded the paramagnetic 3,4-(4-aryl-1H-pyrrol-3-ylsulfonyl)-4-aryl-3H-pyrrole-3-
disubstituted  pyrroles 309. Then condensation of carboxylate and methyl-4-aryl-3-(arylethenesulfg+8H-
benzaldehyde, pyrrole and aldehydieto give after DDQ pyrrole-3-carboxylate in  minor and major amounts,
oxidation, the paramagnetic porphyrines, allieitiow yield respectively. Repetition of reaction wigkcess TosMIC

R? o DBUTHE N
‘ + TosCH,NC ————
Rl CHO

O
303 n
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NaOMe, MeOH
TosMIC, reflux,4h

N\
o\N
><I<q

CHO
ﬂ
Q 306
Q=0,0Ac

oEt

|
307 ©

CO
— tBuOK, TosMIC
N THF,-78 to reflux

|
O 308

HN

CHO —
>(§< + T COOEt + pncHO
N

)

|
Q 306 o 309

HNT N
— COOEt
N

|
309 O

BF3 OEt,, CH,Cl,

DDQ, EtsN
51
R=Ph, >®<
N
310 Q 311
Scheme 93

resulted in320 one. In the next steps 1,3-dipolar cycloadditionheterocycles326, aldehydes327 and isocyanide$2 in the
reaction achieve compounds with greater antimieiobi presence of catalytic amount (10%) of diaza(l,3)dé&

activity [94].

[5,4,0]lundecane (DBU) to prepare substituted irmiliod 328

The reaction between TosMIC, cinnamic or aromatiovas reported by Bedjeguelal (Scheme 100) [97].

aldehyde322 can be catalyzed with triethyl amine to produce

trans-5-styryl- or 5-aryl-4-tosyl-4,5-dihydrooxaesl 323 in
quantitative yields [95].
The synthesis of various 3-indolylpyrroles has baehieved
involving a 1,3-dipolar cycloaddition of TosMIC gent with
different types of N-protected indole-2/3-vinylerj6§].

Three component condensation between 2-suletia

Three-component reaction between aromatic aldefh)\&ie
cyanoacetyl indole329 and isocyanide in the presence of
ammonium acetate as a catalyst, produce 3-(2-f)rargole
derivatives332 in good yields. In the absence of any catalyst,
332 would obtain in poor yield [98].

Fukamachiet al. reported the cyclization of ethyl 2-(2-
isocyanophenyl)acetat883 using sodium hydride at room
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CHO

B(OH),
Pd(PPh);
ag Na,CO3
THF-toluene(1:1)
reflux
76%
OHC CHO
314
K,CO3,MeOH
O TosMIC
60%
/=N
o~ 4 TosMIC/NaH/Et,0+DMSO
CHO
TosMIC
K2CO3, MeOH
reflux o 2 TosMIC/NaH/
CHO o O\\// ELO+DMSO AT
SN A
N= Ar %Ar
316 317 COOMe
319
TosMIC/NaH/
Scheme 95 EL,O+DMSO
CO,Me
0 f
O,N Rl A S N
o 1.base ~
[~ N
Os NC 2.R20cOC! /) OR?
I N 321
o) NO, H
3./~ O 318
71 R?
Scheme 97
Scheme 96
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TosMIC
_ poE tBUOK/dry DMF EtO,C— “NH
11,2.5h.75% _
EtgN -
o\/\/© + TosMIC  —————» A cHy
@ !
SOzPh SO,Ph
322 71 305
Scheme 99
Scheme 98
A
X CHO NC  10%DBU \ on
‘ = CN * @ + n-butanol NTN
N F 100°C —
69% QNH F
326 327 52
328
Scheme 100
HN—Rs
o)
CN 07N R2
R o) CH3COONH, —
(20 mol%)
N + R)LH + RNC ——————  Z | oN
2 EtOH, reflux Ri—/ ‘
N N N
" H 61-90%
- 0
329 330 331 332
Scheme 101

temperature was followed by 1-arylation of the Hésg ethyl
1-sodioindole-3-carboxylate&d34 with fluoro(di)nitrobenzenes
335 to give ethyl 1-(di)-nitropenylindole-3-carboxyed36 in
good yields (Scheme 102) [99].

A three-component one-pot reaction between cycighe
isocyanide, aldehyde, and 1,3-dicarbonyl compoviadveak
base catalyzed such as piperidine reaction tochfienydroxy-
2H-pyrrol-2-one derivative839 (Scheme 103) [100].

into 4H-1,4-benzothiazine-2-carbonitrilehas been attempyed
Kobayashi group. The probable pathway is deprotonabf

the hydrogen adjacent to the sulfur atom with sodhydride
generates carbanion intermediate, then carbanidackat
intramolecularly on the isocyano carbon. After prot
migration, the stable carbanion is trapped witlelactrophiles
[101].

Alkylation of a-isocyano acetamide can be achieved in the

This reaction could not be used for malonates. Whepresence of alkyl halide and cesium hydroxide iet@uitrile

diethylmalonate or ethyl 2-cyanoacetate was employ®
cyclization product was detected due to the difficin the
enolization step of the carbonyl group during tleaction
process.

The transformation of (2-isocyanophenylthio)aoétile

at 0°C to afford the monoalkylated Homologues [102].
Shibahara and co-workers discovered that the TGsMI
adduct was coupled with 3,5-bis(chloromethyl)piyréd in
the presence of sodium hydrideNkN-dimethyl formamide at
room temperature for 24 h under nitrqggfatlowed by
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52 337 338

1.NaH, DMF.0°C

Scheme 102
R3
(@] R;
piperidine =
HO
toluene R, N o
100°C |
Cy
339 53.86%
Scheme 103

: jSCHzY
R NC

340

F3, Y=CN

TeA7
ITIOT

, Y=CN
3
,Y=S(0)Ph
, Y=p-NO,CgH,4

R

12 CsOH,H,0O,RX
CN/\FNR R —0> CN NRIR2
MeCN,0~C
o o)
343
342

28-88%

Scheme 105

342

2.Electrophile,0°C

S Y
/@i ]/
R N
E
341

31-85%

Scheme 104

hydrolysis of the cyclic adduct with concentratgddochloric
acid to give the two-layered diorg&6 in 35% yield. Wolff-
Kishner reduction 0846 afforded the two-layered Py827 in
93% vyield.
1,2,4,5-Tetrakis(boromomethyl)benzene and 5,7,14,16

tetrakis (bromomethyl)[3.3]MCP was coupled in siamivay.
[3.3] MCP and its dione adopt differesyin andanti geometry

as stable conformers in solution. Similar to thacture of the
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multilayered [3.3] MCPs in solution, multilayered.3](3,5) 358 favored intramolecular cyclization by heating thaction
PyPs 1-3 take the afin conformation, while the [3.3](3,5) mixture or use an equimolar amount of triethylamiag
PyP-dione moieties i, 349 and 352 assume anti geometry catalyst. In the case of gem-dicyano olefins contgi alkyl

[103]. substituents, the target compour®ieere not isolated due to
Mironov, discovered a novel MCR leading to rapid cyclization to substituted succinimides (SubkelQ7)
propionamides and succinimides. The  zwitterionic[104].

intermediate formed as a result of the reversil@action
between isocyanide and activated olefin for8% by the
addition of 4-nitrophenol as an external nucleaghiThis
reaction is supported by a basic catalyst, thecefié& which
results in activation of the phenol as well as ohefin. The
presence of an activated cyano group and anmagnient in

The development of a three-component synthesi$-of
methoxy oxazoles364 and a four-component synthesis of
furopyrrolones365 on the basis of the unique reactivity of
methyl a-(p-nitrophenyl)e-isocyanoacetate361 has been
developed. The latter was performed in basic réflyixoluene
solution.

w  on OH NC.g CN
Py/Etz;N , 20°C
\ + R2NC + _ Rl ?
Rl
N\R2
354 355 NO, 356 357
NO,
NC._ _CN
o)
RlI( \Ar
\ NC—|-CN
N\R2 H
R! “R?
358 359 (e}
NO,
NC [e)
Rl
) —NH
N\
R2 360
Scheme 107
3
RZ\N/R o OMe
CN COOMe toluene H ]
1 364
R3RZNH 362 R N
+ — 4
o] R
RICHO 363 toluene NO,
EtzN \
NO, RN OMe 35
cloc———~r* o
361 111 R!
Scheme 108
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The first reaction was conducted in toluene, asiibs
mechanism is Condensation of the aldehyde withathime to
afford the iminium ion. The hydroxide counteriorthfurnish
the enolate. This
potassium hydroxide led to exclusive formationhs enolate.
The treatment of enolate with the hydrochloridet saf
dimethylamine and cyclo hexanal afforded the c@wesling
oxazole (Scheme 109).

When a toluene solution of amine, aldehyde, anthyhe-

reaction also proceed with agsieou

carbon and heteroatom
participate in the Ugi
reaction [106].

Treatment of thé\-benzyl salt with cyclohexyl isocyanide
in MeOH with 2 equiv. of AcONa nicely yielded the
carbamoylate@-cyano-1,4-dihydropyridine  regioselectively
373. This is the best way of addition of isocyanideoin
pyridinium salt. The reaction fails to yield anydadt in the
absence of base. The regioselectivity of the pmydasoring

framework, could successfully
4-center-3-component cydloa

(p-nitrophenyl)e-isocyanoacetate was stirred for 4 h, afterthe 1,4-isomer (Scheme 111) [107].

which time the acyl chloride and triethyl amine wexdded,
and the resulting mixture was heated at refluxif@min, the
corresponding furopyrrolone was obtained [105].

In the first step of total synthesis of (-)-Dydidiee371, a
reaction of368 and convertible isocyanid#69 was perfomed
under basic condition. HFIP, however, is a non-aoghilic
solvent. A key to the success of this synthesis tes

The reaction of 5-OTBDMS-deoxy-4-phenyl-
sulfinimine-avermectine B375 with a mixture of pyridine (4
equiv.), trifluoroacetic acid (2 equiv.) and isopyb
isocyanide (1 equiv.) in dichloromethane gave 5-OWES-4 -
(S)-4-deoxy-4-trifluoroacetylamino-4trifluoro-acetylamino-
4 -isopropylcarbamoyl-avermectin.  This  substance
prepared through diastereoselective Ugi reactiompttenyl-

was

discovery that the activated esB&8, containing the necessary sulfinimide intermediate.

CN COOMe
CN
a
NO,
361 366 NO2

a)KOH, THF/H,0; b)Me,NH.HCI, c-CgH,,CHO, toluene

N3
JO\(Y
CN
o . +
§ OMe
(6]
Cl3C OMe
1 equiv 1 equiv
368 369
. o  H _NMm
—NMe.
I N $ s
9
HO" 0
371

oK <
N
Z “OMe
b 0
- . \
N / OMe

367
NO,
Scheme 109
N
HY O
HMDS(6 eq) OXN})L N
HFIP, rt, 18h J H OMe
HO
370 OMe
Scheme 110
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o R They isolated compour@V6 only with the S configuration

x R N in 4 -position. One of the side products identified whe

| NS RlL. L compound resulting from the Passerini reaction [108
HzN\’p QZ%';'_'E‘(:;)Z”W) Ne El kaimet al. [109] reported a simple one-pot synthesis of

o 372 ' H\'}‘l o 2,5-disubstituted oxazole379, starting from benzyl halides

o R 373 and acyl chloride. In this reaction isocyanidesppredin situ

B R by AgCN. Addition of an acyl chloride in the presenof a

H) N base (2,6-lutidine) leads to desired product in dggeeld

o || (Scheme 113). This group also reported that thastien in

Via N\ the presence of isocyanide directly can be perfdr(seheme

o N;N 114) [110].

Cyr and co-workers demonstrated a new isocyanide-
374 mediated synthesis of pyrrols from imines, acicdbdlles and
Scheme 111 alkynes in the presence of base and in the absefce
palladium catalyst.
This reaction also proceeds in the presence dagiam
P /L catalyst and CO, but in this work, isocyanide digpsimilar
o) }Nc o 57 . . . ) .
PN reactivity to carbon monoxide, albeit with a higher
nucleophilicity [111].

R CHyCl
tt overnight o} IONIC LIQUIDS
375 376
Scheme 112 In recent times, ionic liquids have attesctincreasing
AgCN, KCN Rl
RI— TEBAC cat - R?cocl \W}Rz
Br  MeCN, 80°C jNC 2,6-lutidine N/
379 32-709
377 378 32-70%
Scheme 113

2,6-lutidine (1equiv)

o R2
R
Rl/\ NC + k j/
R?" "Cl  toluene, 80°C \<N /

378 380 379 40-81%
Scheme 114
I‘Ql
1 5 N 2
N/R o W 5 RNC R \ / R
Lo, "=
) NEtiPr, RS
RS” TH R® Cl CH2CNi.t. R*
381 382 383 384
Scheme 115
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interest in the context of green synthesis. Althougnic
liquids were initially introduced as alternativeegn reaction
media because of their unique chemical
properties of nonvolatility, non flammability, threal stability,
and controlled miscibility. Today they have marchfmt
beyond this border, showing their significant rola
controlling reaction as catalyst.

Potewar et al. developed [112] a mild and efficient
protocol for the synthesis of 1-substitutedH-1,2,3,4-

and physical

NaN; R
100°C n-N
RNH, + CH(OE); —— I />
[Hbim]BF,4 N<y
385 15-35 min
386 387
85-93%
Scheme 116

Recently basic ionic liquids offering a new podgiofor

tetrazoles387 via the one-pot condensation of substituteddeveloping environmentally friendly basic catalydte to the

amines385, triethyl orthoformate386 and sodium azide in
stoichiometric portions in a f-butyl-imidazolium tetrafluoro
borate at 100 °C to afford1-(4-isopropylpheny-1,2,3,4-

tetrazole (Scheme 116).

In this reaction, inherent Bronsted acidity of ttomic
liquid play an important role for the breakdown tokthyl
orthoformate, and the significantly high polaritfytbe ionic
liquid serves to stabilize sodium azide and faaiiéis the [3+2]
cycloaddition.

Shaabani and his co-worker, introduced an efficemd
environmentally friendly approach for the synthesif 3-
aminoimidazo[1,2a]pyridines via condensation of an
aldehyde, 2-amino-5-methylpyridine and an isocyaniging
[bmim]Br in good to excellent yields at room temgteire
(Scheme 117). In this reaction ionic liquid was dises a
promoter [113].

combination of the advantages of inorganic bagebjlgy in
water and air, easy separation and reusability.

Yavari et al. has reported a simple and fast one-pot three
component reaction of acid chlorid8382, amino acids393,
and dialkyl acetylene dicarboxylat894 by BIL in water to
afford tetrasubstituted pyrro895.

In all cases, the basic IL-catalyzed one-pot fieact
proceeded smoothly and gave the corresponding ptedn
excellent yield [114].

DMF CATALYZED REACTIONS

The one-pot three-component reaction of alkyl oyl a
isocyanides with\,N'-dimethyl barbituric acid in the presence
of terephthaldialdehyde in DMF at room temperatime
shaking provide a facile and efficiemethod for the

o - VH2 [bmim]Br Z N = 1
+ + RSNC Yy, R
R H e _N rt. 3h R2 N
HN—R®
388 389 390 391
R'=Ph,4-Cl CqH, R2=Br Me R3=cyclohexyl, 70-99%
3-N02C6H4’ tert-Butyl,
4'CH3 C6H4 2,6-(Me)2C5H3
Scheme 117
° COR? R200C COOR?
(0] 2
+ R OH+ ‘ ‘ Rl N R
R Cl In aqueous media H
NH,
CO,R?
392 393 304 395

Scheme 118
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preparation of 1,4-bis(6-alkyl or aryl amino-1,3vdithyl furo
[2,3-d]pyrimidine-2,4-(H,3H)-dione-5-yl)benzene derivatives

Catalytic Multicomponent Reactions Based on Isoes

Claisen rearrangement, IMCR for the synthesis ofnyna
heterocyclic compounds.

398 in good yields have been revealed (Scheme 119). The three-component reaction of,a-disubstituted o-

High rates of reactions at r.t. have made to éstala
significant catalytic role for DMF as urea in Knonagle

isocyanoacetamides with heptad@D and morpholine399 in
toluene in the presence of ammonium chloride affiwel 5-

condensation reaction of dimethyl barbituric acichda iminooxazolined02. The resulting product transformed to

aldehydes [115].

AMMONIUM CHLORIDE
REACTIONS

Ammonium chloride as an inexpensive and

PROMOTED

Macrocyclodepsipeptide [116].

Shaabaniet al. have developed the synthesis of 3-
aminoimidazo[1,2a]pyridines and 3-aminoimidazo[14)-
pyrazinesvia the condensation of an aldehyde, 2-amino-5-
methyl pyridine or 2-amino-5-bromopyridine or 2-

readilyaminopyrazine, and alkyl or aryl isocyanide in piesence of

available reagent has been use in various reactitns ammonium chloride as an inexpensive catalyst angaotant

effectively promotes the Ugi reaction, Bigjli reaction,

396

o H NH,CI [ j
I N
[ j T mCeLCHO ey M -coome toluene MeQoC
N J\(
H

399

Y 403

X= CH.N Rl=cyclohexyl,
Y=CH,,Br,H t-Bu

348

o]
ve. L we
N N
2RNC + ZM +
l¢) [¢]

400

in methanol [117].

CHO

DMF
r.t. 30min

398
85-93%

Scheme 119

o

N
Scheme 120
N
NH,Cl/CH50H Q ﬁA
rt/3h \ | /
Z  NH
\Rl
406 58-96%

0 CeHy3 0 >
60°C | —N
402
— Ny
N\/L
7 Y

Scheme 121
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An easy and efficient one-pot synthesis of 3-antianzo  silica gel the yields were onla., 20% at room temperature
[2,1-b]thiazoles by the reaction of 2-aminobenzothiazoleafter 24 h and in each case several by-products vleserved
aldehydes and isocyanide in the presence of ammoni [119].

chloride as a promoter has been disclosed (Scheajd 118]. A convenient preparation of densely functionaliaéécenes
using a simple one-pot four-component reaction betw
dialkylacetylene dicarboxylates and isocyanidedwitinium
SILICA GEL PROMOTED REACTIONS yiace y 4

ions generated from aromatic aldehydes and dietimjhe in
the presence of silica gel. The reaction occursoshtpin the

The one-pot  three-component  reaction betwee?)resence of silica gel at ambient temperature, radyce
isocyanides, ~secondary amines and electron  poQfigikyl-2-[(alkylamino)carbonyl]-3-[2)-1-(diethylamino)-1-
salicylaldehdes in the presence of silica gel a#dr aryimethylidene] succinate4l7 in 48-80% yields has been
benzop]furans in good to excellent yields. In the afmse of developed [120].

%C’z

HN
NH,Cl/Toluene
\>fNH2 + NC THTTOTERE >/N
reflux
407 408 2 409 54-79%
Scheme 122
e} silica gel
H X 1.CH,Cly, r.t. 30 min solvent free condition
No + H :
R™ "Bn 2.RINC,-10°C5min 1t 24h
OH
410 411
R
N~ Bn

412 80-94%

Scheme 123
O
— CH,Cl,
RNC + R!O,C—=——CO,R' + L . H
N/\ -10°C, 5min
413 414 o H 415 R? 416 '
silica gel powder RHN CO,R*
solvent free
rt, 24h
= CO,R!
N
2
R r T 417
Scheme 124
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RNHOH.HCI  +
418

CgH13CHO  +
400

R.
N/OAc

RJ
Nn—OH

MeOH, r.t.
BnNC + AcOH
5 219 NaHCO;
o

NHBn
CeHi3

NHBn
NHBn  c )ﬁ(
ceHla)ﬁ( o o)

o)
420 (6] 421 422
R=Me,tBu
Scheme 125
o) NC o A Q
R@ + ACHO + © + NH,OAC CH,CN N\
R o reflux R N H
42 424 52 425  KHSO. R H 426
83-91%
R=H
R=CHj
Scheme 126
o
PhCH,CH,OH + PhCH,NC + PhCOOH — B o
. s ; th‘\rNHBn
428 49-93%
Scheme 127
MOLECULAR SIEVE PROMOTED  cyclohexyl isocyanide, aldehyde and dimedone and
REACTION ammonium acetate in the presence of Kij8©a catalyst in

acetonitrile. KHSQ is one of the components of a triple salt

Grassott al. examine the Ugi four-component reaction of with the formula 2KHS@ KHSG,, K,SO, which is known as

N-methylhydroxylamine, heptanal, benzyl isocyanided a
acetic acid in methanol at room temperature. THetained
Ugi adduct 420 and the non acylated addi2dt However the
unexpected produdtl-benzyl-2-oxooctanamidé22 was also
obtained in low yield. The yield of this was incsed when
they used 4A molecular sieves. This reaction performes
formal oxidative coupling of an aldehyde and isatga. Both
N-methylhydroxylamine and acetic acid are mediafb24].

MISCELLANEOUSCATALYST SYSTEMS
We have recently reported a mild and practicatrsssis of

2-(cyclohexylimino)-6,7-dihydro-3-arylH-indole-4(5H)-
ones426 via a one-pot multi component reactioh

350

oxone, and is used as a highly efficient oxidantmany
organic reagents [122].

Ngouansavankt al. examined IBX as the oxidant in one-
pot domino oxidation/P-3CR process relative to thessic
two-step sequence. They used nonactivated alchleolzoic
acid and isocyanide as a substrate to produaeyloxy
carboxamides [123].

CATALYTIC SYSTEMS BASED ON UPON
UGI ADDUCT

Ugi-Heck Combination
Umekehrer and co-workers developed a novel one-pot
synthesis of the indole-2-one core structure byliomg Ugi-
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Heck reaction. The reaction between 2-bromoanil#28sand

Synthesis of various types of 1,3-disubstitutedoir-2-

acrylic aldeydes431 as starting material in Ugi reaction ones can be synthesized by reaction of aldehydebnes,

produces acyclic intermedia#33 and the final ring-closing
performed by classical Heck reaction (Scheme 128).

They also found a new route to the synthesis béuted
1H-indoles by involving cinnamaldehydi®5 and formic acid
430 in one-pot procedure. Under the conditions of lteek
reaction, the resulting formic group was partiatieaved
under Heck reaction condition [124]. If they usedn&trong
isocyanide, the cleavage of isocyanid87 under acidic
condition produce the corresponding carboxylic aoid ester
(Scheme 129).

isocyanides and acrylic acid$38. The formation of the
acyclic products was originally reported by Wgial. and the
final ring-closing was performed by a classicaramiolecular
Heck reaction. This two steps were combined inva olee-pot
synthesis [125].

A new one-pot two-step procedure Ugi-Smiles/Heck
Coupling/lsomerization reaction between allyl ami@8,
iodophenols 443 and various isocyanides and carbonyl
derivatives coupled to produce 4CC adduktd [126]. After
completion of the Ugi-Smiles coupling, additiaf 0.2-0.3

R2
= NH, RL Br
U CHO a.U-4CR AN
\ + RSCOOH + _ + RNC | H
7 9—/ = N.
Br R? 432 N R
429 430 431 !
RL:H R3.CH, R2.CgHs R%C(CHs)3 Nt
RL4-F R¥CgHg R3.CH; R*:CH,CgHs
' R3=H R*CH,CO,CH, 433
o
R2
4
Heck X N H
\ o
7
3
434 R
Scheme 128
R{ NH R? S
A i S e a.U-4CR
\ + RSCOOH + | + RING
=
7 Br b.Heck
430 435
R3=H
Scheme 129
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equiv. of trifluoroacetic acid at room temperatatbows the
hydrolysis of the remaining isocyanide. The follagiHeck
coupling was carried out in the presence of Pd(@Aa)d
triethylamine and triphenylphosphine in toluenept@duce
poly substituted indole#45.

Metal Catalyzed Reaction Upon Ugi Adducts

When propargylamine and chloroacetic acid wereddd
aldehydes and isocyanide in MeOH, the Ugi addistt was
efficiently formed after several hours at room temgpure.
After purification of the amide, the pyridinium s&d52 was
formed under heating with pyridine in ethanol. Ewegtion of

ethanol and washing of the salt with ether-petnoleether
followed by Sonogashira coupling with
derivatives gave the new indolizine. In the lastpstthe
mechanism probably
followed by a [3+2] cycloaddition of the more reaaet

arylalkyne. The indolizine is finally obtained bypontaneous
oxidation to aromatic indolizines [127].

Kalinski and co-workers performed four componergi U
reaction and in the next step palladium assistedrmlecular
N-aryl amidation to produce indole-2-0488, quinoxaline-2-
ones46l and benzodiazepine-2,5-dion#83 [128] with final
products containing four points of potentialedsity and a

Rl Rl
N Tk COOH aU-4CR NS i
| + RXCHO + + RINC ——— | ||
= B = M
' RS N R3
438 H
R2 N\R4
(o]
439
R@
_R4
N
Heck Ry N H
N
O
7
R3
440
Scheme 130
RZ
|
/\/NHZ HN (e]
RICHO f CF3CO,H
441 + oH 68 NH,CI Rl N/\/ then
R2NC | toluene:H,0 | Pd(OAc),
PPh
442 Et3N3
R? toluene
| NO, NO,
HN.__O 443
f 444
R "N
\
NO,
445
yied=51-75%
Scheme 131
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involves a Sonogashira coupling
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facile and rapid production protocol, access taufamds of one of the four inputs in the Ugi MCR isocyanideritused,
compounds containing the outlined important phaopaoric  together with a variety of carbonyl compounds, @iy
scaffolds. With the use of 2-bromobenzaldehyde #%dole- amines, and carboxylic acids, in the presenceifbidroacetic
2-ones are obtained with acceptable yields (ScHe8 acid for preparing in excellent yield a small litraof Ugi
High substituted quinoxaline-2-ond$1 are obtained by derivatives 465. The Ugi product (R = COMe), in the
the use of 2-bromoaniline4s9. Both aldehydes and ketones presence of Pd(PEh and dppe in acetonitrile at 60C
could be employed in this reaction. Involving 24ma@benzoic  produces466 in quantitative yields. After hydrolysis of the
acid derivatives in the Udilaryl amidation reaction resulted carbonate with agouese methanol in the presenk@©#sf, and
to producebenzodiazepine-2,5-diones. an intramolecular Pdi)-mediated (R = H) S2 cyclization
Banfi, et al. first synthesized the special isocyanits, lead to give highly functionalizedll-acyl-2-vinylpyrrolidines

AN /; @ /
o = X
. ) 448 )k'/N N/ 451 o /@/
RICHO + R2NC 2 T(\—>
RZHN cl N
0 EtOH RZHN)K]/ Té\
R O .

446 447 )K/CI R0 g

HO

450

452
449

Ar,
X

Arl, PA(0) =N
—_— o \
i-Pr,NH-THF \ N F
RZHN
RL (o]
453
Scheme 132
N
Ri,
R N~ "Rg
R2 O 2
A cHO )k 1.U-4CR U
R;NH, + \ * R on * R'NC —— o
Z~Br 3 2.N-amidation Z =N
\
Ry
454 455 456 457 458
Scheme 133
Ry
o
R o o) 1.U-4CR Ry A R
‘1\\ NH, . )L . )k + RSNC 42"\‘ » - X R,
.N-amidation
s R, R3 R4 OH = N o
Rs
459 460 456 457 461
Scheme 134
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Ry !
Ry COOH o] 1.U-4CR X N g
» D R A | 2
g Ry Rs 2.N-amidation = N R;
/ [e)
462 460 457 454 463 Rs
Scheme 135
RNH,
o _ o FR°0 ‘
MeO,CO | Jk Ugi JL Rl
R2” "R? R* N7
5 H
RS N
CN R4CO2H R
O 465
464
MeOH:H,0 1:1
KOH 0.51M,0°C
1.2-4.5h
Pd(2) N
RZ
RBﬁ/AO
4
R N\Rl
T 466
0
Scheme 136

466 (Scheme 136). This protocol represents a furtkemgle
of how secondary transformation can expand the esaafp
isocyanide-based multicomponent reaction [129].
Gold-catalyzed reactions have emerged as powaridl
highly selective tools for organic synthesis inemyears.
Obviously gold complexes exhibit a high reactivity rather
soft Lewis acids. Kadzimirsz used L-vali®7 as chiral
amine component and benzaldehyd@88 and isocyanides
afford highly functionalized amined69. In the next step
hydroamination succeeded with just 3 mol% gold Ghk as
catalyst in acetonitrile at 80 °C produces dihyidamuinolines
470 as a result of @1do dig procedure. Whereas the
isoindoles471 derive from 5exo dig products which of course
isomerizes under aromatization under the acidictiea
conditions. Absolutely they combine Ugi reactiond agold-
catalyzed cyclization to produce chiral dihydsmquinolines

354

and isoindoles [130].

Ugi-4CR with a copper-catalyzed cyclization haweet
combined. The Ugi-four component reaction betwemima,
aldehyde, carboxylic acid72 and isocyanid&73 proceed to
afford peptide-like structurel74. The subsequent copper-
catalyzed cyclization a catalyst combination of QU0
mol%), 1,10-phenanthroline (20 mol%) and,C®; (2 equiv.)
in DME produce highly substituted benzoxazoles and
benzothiazoles [131].

Base-Catalyzed Upon Ugi Adducts

Banfi group has reported the products of an Udgr4C
employing locate derivedD-protonated a-hydroxycarbonyl
derivatives underwent, during the subsequ@stteprotection
reaction, an unexpected acyl migration from nitrog®
oxygen. After ester saponification, treatmenthef resulting
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o
OH
I H
o)\w" + RNC + MeOH +
NH, N
467 N 468 R
o}
%\M\\\\L
e
NH
R\N R
H Z
469

R=phenyl, n-butyl

80°C 3 mol% AuCly
6h CH3CN

(¢}

\0 L

W
%\ \\\L OO
o _ \ )
o) 5-ex0-dig  g.endo-dig R_ ) i, N R
N

N s,
R-n R!
N

470

a71
Scheme 137
NC
(0] o) X
R, Rs
RyNH, + )kR3 +RAYH + > y U-4CR )k N = p,
4 P RN \ >
Y=0,5 X=Br,ClF Rs Y x
474
472 473
10 mol% Cul
20 mol% Ligand
Cs,CO;
DME
85°C, reflux
s
R ’}‘fo
Ry, Y— N\
_ X
Rs
475
Scheme 138
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a. R'=BOM
1—
OR? i o b. R=TBDMS
S _R? + R%CO,H + RONC 2 HN CR=THP
/W Ugi-4CR )
o) R
R-N  OR!
}=o
R O R® f 0
HN d R 0O e HN
R? /0 HN R? A
RS—NH /o% R2 RS-NH OMs
R® RS-NH OH
R* O
\
HN
- . R?
N
R5

a) H,, Pd/C, EtOH/AcOH 96:4, rt; b) camphorsulfonic acid, MeOH,rt; c) HCO,H/THF/H,0O 3:2:1 or
HCO,H/NeOH/H,0 3:1:1, 45°C; d) KOH, MeOH, rt; e)MsCl, EtzN , CH,Cl,, -30°—rt.

Scheme 139
NH, Uai ?‘CeHls
gl
O:< e 92 reaction HN EtONa
HsC NH + H +  c-CgHNC Me o
—N OH
N Ph Me N O
HaC -
476 477 52 HN \j\
OZ( o7 “Ph 478
CeH NH
§ers ?C6H13 2
HN 5 o
Mef CH,N, Me>2:0
Me
Me
N0 N_ O
A X
=
HO™ N° Ph Meo” N~ “Ph
Scheme 140

a-aminoalcohol with mesyl chloride gave rise to afor 12 h to give 3-hydroxy-6-oxo[1,2,4]triazin-1-yl
regioselective and stereospecific cyclization teg series of alaninamidegt79. If 479 treated with diazomethane for 12 h,
highly functionalized aziridines in good yield [1]32 O-methyl derivative80 were obtained [133].

The Ugi reaction between cyclohexyl or benzyl i&otdde The Ugi four-component one-pot condensation betwee
52, benzoyl-or 4-methoxybenzoyl formic acid77 and anilines483, aromatic aldehyde432, isocyanide#181 anda-
semicarbazonegl76 in methanol for 3 days to give Ugi oxo acids484, produces the normal adduet85 that then
adducts, which were stirred with sodium ethoxideethanol cleaved under alkaline hydrolysis and prep2N-diaryl
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glycines 486 in good yields and purity from the reaction Trifilenkov, have shown that 3-oxoisoindoline-1-
mixture and converted into the correspondirgmino acids carboxamides can be efficiently prepared by a novel
487. modification of four component Ugi reaction. Thelsa
The reaction did not afford-amino acid salts when Ugi- attempted to use 2-chloro-5-nitrobenzoic acid a® th
4CC adducts arising from aliphatic aldehydes, kesprand carboxylic acid component in the Ugi reaction. When
alkylamines [134]. When 489 was treated with theeba bifunctional reagent was used, the reaction leadstandard
cyclzation to 2,5-dioxo-1,3-diphenyl-3-hydroxy-ldfzaspiro  U-4CC products that can undergo intramolecul@iN-

[5,5]undecand90 was produced (Scheme 142). arylation under elevated temperature in the presefidases
Methyl o-formyl benzoates491 as bireactive carbonyl to give the corresponding heterocyclic products.
component, isocyanides and trimethyl silyl aziddipigate in The reaction of 2-chloro-5-nitrobenzoic acid, dlgde,

the Ugi four component condensation. The Ugi reactook  acid, isonitrile resulted in formation of the cless U-4CC
place by simple stirring the reaction in methamwl2 days at product. This compound can undergo intramolecular
room temperature. When anilines were employed, UWlge cyclization at elevated temperature in DMF in thesgnce of
adduct were isolated and cyclised easily. The Whyluats EtN to the corresponding 3-oxoisoindoline-1-carbo@asi
were cyclised to the corresponding isoindolinon@3 i very  [136].

good yields upon treatment with sodium ethoxidetimanol. Xing et al. envisaged that 2-aminophenols could be used in
Thus they have developed a method for assemblimy twU-4CR as the amine component without protectionthef
interesting heterocyclic systems by means of coatlwn U-  phenolic hydroxyl group. The reaction of 2-aminopbis,

4CR/intramolecular amidation [135]. aromatic aldehydes;bromoalkanoic acids, and isocyanides
CHO
RINC + Ar )
© MeoH KO i " o
481 MeOH
2d,rt N © HN Q @
NH cl O 2h,rt >7C02K + ©
2 482 oliN=gt? Ar NH
R2__CO,H R 486 Rl
+ T 2 485
HCOZH
o] H,0
cl
483 484 ol
Ar OH
o
H
O 487
Scheme 141

Ph

-

111,112 O\
\ MeOH NH
2d 1t 0 Ph
d N it <:>2LN Ph
ro
Nj€<0H
O" “ph
489

488

Scheme 142
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(U-4CR) was carried out in MeOH and then withowatiasion
of the acyclic product, an aqueous solution gfCR; was

Catalytic Multicomponent Reactions Based on Isoes

X
491
N=N
/ \
RZ’N\7N
NHR?!
o
X
X  OMe

492

O,N

497

NaOEt, EtOH,heat

2
RHN N R 1,5-dipolar

4 cyclization
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They used controlled microwave heating for
intramolecular amidationN-arylation) of 3,4-dihydro-3-oxo-

the

added for promoting the intramolecularalkylation produces 2H-1,4-benzoxazines in the presence of 10 mol% Cué as

highly functionalized 3,4-dihydro-3-oxo-21,4-benzoxazines catalyst and 2 equiv. of R0,.3H,O in DMF at 150°C for

in 61-95% vyields. To accelerate the one-pot U-4GRlI a 35-50 min [137]. The expected 2-oxindo&®! were obtained

subsequent procedure they used microwave

(Scheme 145).
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1 R 2
R\\ OH Br._ _R? 3 U-4CR - OH RBr
\ + ACHO + + R3NC Ton \ P
Z NH, HO™ O rt or MW N" O
o]
500
499 Ar
HN~p3
501
aq K,CO3 RSXOIRZ
rt. or MW ZSNT o
Ar 0o
HN~Rs
502
Scheme 145
temperature readily led to the formation of a éate of the
R! 2 10 mol% Cul R: i -
N o._ R 2equ23POO493HZO O expect_ed Ugi fou.r componer_1t adQUct. Subsequerthll@ﬁ of
| P \ P 513 with potassium hydroxide imethanol resulted in the
N0 DMF,150°C,35-50 min N0 immediate formation of an orange precipitate. Thaseb
AFJ\(O MW o promoted an intramolecular addition-elimination atézn of
HN~ s N the methylene alpha to the nitrile group onto theomone
503 Bn endocyclic double bond. Consequently the six-mepiber
504 pyranone ring was opened and a new pyridone ring wa
Scheme 146

2-alkynylbenzaldehyde, 2-chloro-5-nitro-benzoic dacand

benzyl isocyanide in methanol at 8D in closed vials under
microwave heating for 20 min to form the acyclioguct.

Then 1.2 equivalents of aqueougdQO; at 100°C for another
10 min promote the intramolecular nucleophilic asabit

substitution between the phenolic OH and 4-nitroyhe
chloride moieties. This sequence is microwave-gssione-
pot U-4CR-{Ar synthesis of dibenzblf][1,4]oxazepine-
11(1H)-ones.

The intramolecular 7-endo-dig hydroamidation rigacis
catalyzed by 10 mol% Pd(PhCIQ),(THF, 60°C, 24 h) to
afford 1,3-dihydro-®i-3-benzazepin-2-ones [138].

Neo and his group [139] performed the reactiorwben
3-formyl chromone, aniline, cyclohexyl isocyanidenda
cyanoacetic acid by simply combining the four comgrats in
methanol solution and Stirring the mixture abom

formed.

Convertible isonitrile proved to be well-behaved W-
4CR. Thea-aminoacyl amide derivatives are formed in yields
ranging from 51-90%. Subsequent transformationsthi
indolyl amides 518 with catalytic amounts of PPTS in
refluxing benzene or toluene was performed in qtetite
yields. The saponification &f18 under weak basic conditions
at room temperature afforded the carboxylic acidvaéives
519. After methanolysis 0618 in the presence of catalytic
amounts of BN, the methyl esters20 were obtained in high
yields. The transamidation &fL8 with allyl amine provided
the allyl amide derivativeS21. This reaction is applicable for
Passerini reaction [140].

A general and efficient one-pot synthesis of hjghl
functionalized dibenz Hf][1,4]oxazepinesvia microwave
assisted one-pot U-4CR and intramolec@eaarylation. After
producing Ugi adduct, aqueous solution of potassium
carbonate afford final product has been established

In attempt to produce intramolecular amidatidmeyt used
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Scheme 148

Pd(OAc) and BINAP to produce 3,4-dihdro-3-oxét2L,4-  involved in multicomponent reaction utilizing is@eydes.
benzoxazines [141]. The amines are connected to the imidazolium estiii@ an
Debdashet al. synthesized a series of amines that could bester function that could be cleaved tayck the ionic
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OH
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support. at 40°C. If the Ugi compounds were partially cleavedrthe
Then the Ugi reaction between an amine, aldehydéonic support during the reaction furnished a stat@mpound,
carboxylic acid and an isocyanide was performedniethanol it could be seen that the imidazolium ring was catifye with
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MeOH
50°C to rt.,24h

538

tert-butyl isocyanide under the condition used. To dvoi
partial cleavage during the Ugi reaction, they dedito use a
solvent other than methanol, and performed thetimadn
acetonitrile. The solubility of the amine 530 iretanitrile is
very low, but by using a long reaction time (fivayd), we
could obtain theD-grafted esteb32 in a 56% yield without
observing cleavage or degradation. Subsequent ageav
under the conditions used before, finally affor@ednpound
533 in 80% yield [142].

Acid-Catalyst Upon Ugi Adducts

Two-step, one-purification approach to medicinally
important 5,6-dihydropyrazolo[1,alpyrazine-4,7-diones
using an Ugi 4CR-post-MCR cyclization approachislthe
first time that microwave assists cyclization psxéas been
established [143].

To prepare bisamides, aldehyde, amine, isocyaait®
1H-pyrazole-3-carboxylic acid react in methanol at °&D
Without further purification537 dissolved in acetic acid and
heated under microwave irradiation to produb@8 in
moderate to good yield.

In The Ugi reaction poor results obtained with aonia
and have led chemists to choose convertible primaamnes
such as nitro benzylamine that can be deprotedted dgi
reaction [144]. After completion of the Ugi-smilstep, the
mixture was treated with 1 equiv. pftoluenesulfonic acid
followed by addition of palladium on carbon. Afedditional
heating the expected secondary amines were isol8tdteme
154).

AcOH

; Trj\ J\]/\(NH MW, 20 min,180°C

Scheme 153
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o]
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Scheme 155
1-Isocyano-2-(2,2-dimethoxyethyl)benzene as amain product [147].

convertible isocyanide which readily affords pyrtutgmic

Groebke-Blackburn-Biienyame multicomponent reactio

acidsvia the Ugi reaction. The initial Ugi product, anilide of adenine, guanine and cytosine with aldehydes and

derived from levulinic acid readily converted toeth-acyl
indole under mild conditions [145].

SUPPLEMENTARY

Due to prolongation of peer review of this artjdtdacked
most recent relative reports. Hence we decided a&erthis
review more useful and interesting for the readsrsdoing
another literature survey and create supplemestatjon.

isocyanides in the presence of Zirconium chlorifferded N-
fused aminoimidazolB853-555.

Condensation ofara-substituted benzaldehydes and 5-
carboxy-2-amino pyridine556 with catalytic amount of
Sc(OTfl occurs at room temperature for 45 min and then
phenyl isocyanide were added to yield imidazopyedi557
(Scheme 158).

Then they converted tHs57 structure to oxadiazoles and
phenyl imidazoles to examine their antimicrobiah&aor

Shaabaniet al. have recently published a review article against Gram-positive and Gram-negative bacteda][1

about isocyanides in Iran [146]. The
aryliminophenols with aryl isocyanides catalyzed lmswis
acid produced 2,3-bis(arylamino)-2,3-dihydrobenzaifies
548 and 2,3-bis(arylamino) benzo furan549. Some
derivatives are stable toward oxidation &8 produced as a

reaction of 2-

Condensation between aldehydes, isocyanides and
allylamine in the presence of Sc(OJffas a catalyst and
benzene as a solvent produced 5-amino-oxazole gUsiwis

acid and benzene was necessary to obtain highsyidlfier

this step, addition of maleic anhydridged irradiation
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continued. Finally three portion of BsnH and irradiation
gave in a single one-pot process. This is the wagyhthesis
of tetracyclic lactam systems which are importam tb their
biological activities [150].

Akbarzade [151] reported an efficient procedure tfte
synthesis of ferrocenyl imidazopyridines. The bgstd was
obtained in the presence of indium chloride astalyst.

Bridged imine, phenylglyoxalic acid and homoveratyl

isocyanide was choosen for Ugi reaction and thecteRi
Spengler type cyclization of Ugi product was proeabin the
presence of TMSOTTf as a Lewis acid [152].
Groebke-Blackburn multicomponent reaction is intaot
because imidazo-fused scaffolds have biologicaloitgmce

used trimethyl silyl chloride as a promoter (Schelr6g).

Krasavin investigated the possibility of a new IRI@sing
various aliphatic keto carboxylic acids and Boc- ©bz-
protected hydrazine which was anticipated to yildmino
lactams. In the absence of ammonium chloride tlaetien
was slow and only a trace amount of product wasiobtl
(Scheme 163). This reaction required excess amairisto
acids and the hydrazine to complete. Ammonium dtidoacts
as mildly acidic promoter [154].

The three-component reaction betwe@&hN-dimethyl
aniline isocyanide and carboxylic acid producesmino
amides in moderate yields.

[153]. In order to improve this reaction conditidsirulnikov ~ Copper-catalyzed strategies for the activationspfC-H o to
ArHN
N
@wo " e, C L
N
EtOH 563
Me Me
561
Ar:
Scheme 160
%OH TMSOTY
H
CH,Cl,, 1t, 48h o CHCh
N o N
HN
564 wo
R >
MeO
OMe
565
Scheme 161
: R3NC Re- NH R?
R N R2CHO RY
N ) R N TMSCI
NH, YN
IS MeCN N, >/N
reflux, 2h S R M‘iCN
407 67 70°C, 18-24h
Scheme 162
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withdrawing groups was performed in then preseffitmse to
activate thiols [156].

Kolontsova used S-nucleophiles in the reactionhwit
isocyanides and gem-diactivated olefins to obtain 2
aminopyrroles or thioimidates. The reaction prosegdthe
presence of organic bases such as pyridine. Wateana
additive can enhance the reaction r&#6 can be obtained
when they use l-adamantyl isocyanide because aic ste
hinderance during the cyclization step [157].

One-pot reaction between 3-morpholino-3-thioxoarg
nitrile 578, isocyanides and-halo ketones in the presence of

nitrogen under the promotion of peroxides have beepotassium carbonate afforded trisubstituted thiopee158]

documented [155].

A novel three-component reaction between isocyemid

in moderate yields (Scheme 170).

One-pot two step procedure for the synthesis of

various thiol 573 and gem-dicyano olefins bearing electron2,3,4,5-tetrahydroH-benzop][1,4]diazepine-2-carboxamide

R2 N CuCl 10mol% R2
H o Rré-nc 4 A°MS, TBHP 1.5 equiv @N’ o
+ Rl —
\ R5-COOH @_@ R®  N-R*
(= \ 7N\ RS
R'" 571 N N 572 ﬁ\<o
R2=alkyl, aryl R*=alkyl, aryl 10 mol%
R3:H, aIkyI R5:ary| MeCN, GOOC, 6h
Scheme 167
CN
N ridine
%L N 4 RNC + Sosh
Ar 5 MeCN-H,0
rt
354 573
Scheme 168
RL_ =N NH,
1 R2
Srancat ~ N-R*
NC.__CN Py-H,0 H S RI—=
ﬂ/ + RINC T oo os - S
- HSCgH,R
575 576 Q 577
R3 R3
Scheme 169
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R O
Sﬁ'/\CN 1.cyclohexyl isocyanide, __
H,0, 60°C, 8h S
[ j ~CN
0
o 2. K,COg, 60°C, 6h N
578 3 i [ j 579
'R)K/X o)
Scheme 170

derivatives was investigated by Shaabani and cdxever
(Scheme 171). The reaction was initiated by thetiea of

[160].

One-pot three component condensation reaction of
aromatic amines, carbonyl compounds and isocyaridése
presence of EDTA afforded 3,4-dihydroquinoxalinesfine
derivatives [161].

Three-component reaction of isocyanide, acetylened
carboxylate and 4-hydroxy coumarine in water inghesence
of a phase-transfer catalyst produces pyranafg:@imarines
589 in good yields [162].

Nanoparticles are important catalysis because hefr t
improved efficency under mild and environmentalgnign

diketene an@-phenylene diamine as a limiting reactant. Afterconditions [163]. Ramazamt al. developed one-pot reaction

consumption of o-phenylnediamine78 was reacted with
isocyanide in the precence @fTsOH,HO [159].

Ugi three-component coupling
isocyanide, D-xylose and amidine afforded imidaza{]
pyridines among the catalysts, K-10 clay gave ltlest result

between isocyanides, dibenzylamine and 2-formylzb&n
acid in the presence of silica NP at room tempeeato

reaction of phenylproduce isocoumarine derivatives (Scheme 175).

One-pot tandem Ugi/click strategy for the synthesf
triazolo-modified peptide molecules ithe presence of

o)
NH2 CH4CN N N
e CE @E i
NH2 p-TsOH.H,O N
580 1h, 90% H O
582
Scheme 171
OH
n=3 RX~y
%N ! ., 585
CHO NH K-10 clay HooN O
| ) R2 OH
(CHOH), + Ry~ ~NH, *t RNC —
| n=4 OH
CH,0H — N OH
583 584 ol \ _
D-xylose, n=3 NN " TOH
D-glucose, n=4 H R2 OH
586
Scheme 172
H R
NH, o) EDTA (20 mol%) N/ g2
©: + RNC + 17Np2 H,0, 80°C N N,R3
NH, orrt. H
78 587
Scheme 173
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Cul(OEt) as a catalyst. [10]
Isocyanoazides are promising compounds for the
preparation of chiral isocyanotriazoles by clickeotistry.  [11]

Copper is coordinated to both the isocyanide arel oth
nitrogen of azide group. Complexation of isocyanidith [12]
copper can be used as a protection strategy foisttoyanide
residue [164]. [13]

The Ugi-Smiles adduct can be prepared by reaotibn
ortho iodopyrimidine-4-0l595. Then a one-pot procedure for [14]
the Sonogashira/cyclization step was performed dgingy
DBU in the mixture after the palladium-catalyzedpstUnder
these conditions, botlZ,E isomers of pyrrolopyrimidines [15]
obtained in a 4:3 ratio in a 60% overall yield. Thaction was
also proceeded irtert-butoxide in refluxing tetrahydrofuran

[165]. [16]
CONCLUSIONS [17]
In this review, some applications of catalyticteyss in  [18]

isocyanide-based multi component reaction have been
discussed. As it was shown, a great number of yatal

systems can catalyze this important MCR and we liopas  [19]
in interest of chemists and other readers. [20]
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