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ABSTRACT

Organocatalysis is going to be an art in Synth&ieen Chemistry and Synthesis manly stated to bd f&
accelerating the rate of chemical reaction withubstoichiometric amount of an organic compoundscividoes
not contain a metal atom [1,2]. It has developetbia practical synthetic paradigm. The area of ak-Rroline
organocatalysis has been one of the most dynandcrapidly growing fields in organic synthesis oube last
decade, largely due to its great potential for iemg highly complex, effective , selective asymimet
transformations and amine derivatives also usedviious reactions such as asymmetric Aldol condéns ,
asymmetric Michael reaction, organocatalytic H aation, asymmetric anti 1,2 diol, epoxide formation
transamination, Mannich reactions, asymmetic hydroxyamination, polymerization, One pot Multirgponent
reactions and in synthesis of some class of flaammlecules. This review article provides updat®imation on
recent reports and explains usefulness of L-Protirganocatalysis and its efficiency for this apprbaand scope.
The data on the methods of synthesis, chemicatiog&c and work on this in various publications otee last
decade are reviewed here.
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INTRODUCTION

In organic synthesis when small organic molecules ased as catalyst then the reaction is said to be
organocatalysis. It is a relatively modern fieldhin the province of chiral catalyst for synthesisganocatalysts
have been documented at irregular intervals ovemptst 20 years, which was seen from the earlyohggnthetic
chemistry. Indeed, the credits the discovery ddtfmrganocatalytic reaction goes to J. Von Lielifpo found
accidently the transformation of dicyan onto oxaeniidl the presence of aqueous solution of acetattie[8)}. In the
resent ten years it was widely accepted that Omgtatysis to be a modern synthetic tool in thetalyais toolbox.

It was Bredig and Fiske who first reported exammgésn asymmetric Organocatalysis by almost 100syago
using yeast shown ischeme-14]. In the observation their used catalytic amouahtthe enantiopure cinchona
alkaloids, quinidines or quinines, which facilitdtéhe addition of HCN to benzaldehyde and finabiye an enantio
selective enriched reaction product.
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o

Petrolium ether 78%
OEt

Scheme-1: Yeast catalyzed
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In last ten years, the organocatalytic mediatednasgtric Michael type reaction have emerged as dnthe
important C-C bond forming reactions in organicthgsis.[5] This synthetic chemistry covers the nitro and keto
grous[6-7]development of efficient amine-based lgata of thioureas, primary,[8] and secondary,[9hich
improvethe selectivity[10] and also thienportance of multifunctional chiral organocatatyfl1-12]

The advent of Organocatalysis brought the prospeet complementary mode of catalysis with the pibérfior
saving in cost, time and energy, an easier expeatahprocedures, and reduction in chemical was?g [1

Advantages

The advantage of organocatalysis over metal casailythat organocatalysts easily form Lewis adhiss, organic
catalysts are more prominent to form heteroatonterad Lewis bases and the most studied catalystsdban

Nitrogen and Phosphorus forms, with amine catalgstag more easily available than their phosphaargaining

counterparts, mainly due to the natural abundaPemontaining chiral is not available in nature the substrate is
being used for catalytic, and consequently allhekst catalysts are synthesized in laboratory[18h@wcatalysis is
an important area of research in recent decadeubeca provides a strong tool for catalyzing reawdi in the

absence of transition metals and a way to mimicreain the enzyme catalysis. Many organocatalystssanple

small and large organic molecules that is importanexcellent selectivity in asymmetric reactiogsse good yield
and easy to work up. Organocatalysts have sevdsandages. They are usually reused, recycled irhamgsm,

inexpensive, readily available and non-toxic fotuna [14-17] Many organocatalysts are inert towandssture and
oxygen, this advantage gives its importance fohsdemanding reaction conditions over inert atmosphlew

temperature, absolute solvents etc. are in martgrinss, not required and it can be used in phawutiaaés [18-

19]also. These catalysts activate both the dondraaoeptor because of their bifunctional naturbaee commonly
a Lewis base and Bronsted acid center [20-21].

Asymmetric Catalysis

The current wave of interest in organocatalysis dwmw, is centered on asymmetric catalysis. Even tha
development is older than most of us recognize »xa@smplified by Hajos-Parrish reaction using L-Prelifor
asymmetric aldol condensations that was first reggbn 1970s. In the past decade there is appraisable growth
which has been seen regarding these types of obspa].

Scope and Importance

The organocatalyst chemistry is popular due tovéssatility for synthetic importance. This Chemysincludes
different types of catalysts. Some of them areathlt-Proline )showing Symmetric and Asymmetric #asis and
contains NHC catalyst[23], Thiamine Hydrochloridé]2 Guanidine Hydrochloride[25]Urea, Thio(urea)J6éd its
derivatives and some other organic Molecules whiehinvolved in this type of synthesis.

Applications of Organcatalysts

In era of green chemistry were dimension of evéngths going to be environment friendly with thé&nproved
property. The catalysts as organic molecule witBid@ature are also used in several chemical pseseand
valuable for society. In this paper we have coéldcall literature information on application of argpcatalysts
reported in the last decade.

L-Proline

B. List and coworkers have reported the first exengb the asymmetric Mannich reaction using L-prelin year
2000 and its function as an organocatalyst.[27)Mélgen acetone (excespynitrobenzaldehyde, an@anisidine are
treated with L-proline (35 mol%) gave the targedeiduct in 50% yield with 94% ee nature of procagshown in
scheme 1. The B. List and W. Notz have developedsimpleanti 1,2 diol reaction[28hs shown in reaction
scheme 2.
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50 % yield, 94 % ee

Scheme 2: Asymmetric Mannich reactions catalyzed bly-Proline

Q O (L)-Proline o) OH
(30 mol %)
H DMSO

OH rt, 2d 60 %

Scheme 3 : Asymmetric Diol Formation

The L-Proline is very versatile reagent for AsymrigeSynthesis in Organic Chemistry and using sugie tof
nature of L-proline we can perform self aldol conskgtion reactions.
Increase in yields is also reported [29].

OH OH

o O] O 0]
| | | aldolase enzyme \/'\/'\)
+ + >

2 weaks

13 % yield

Scheme 4. Aldolase-catalyzed self-aldolization ofgpionaldehyde

The reaction shown in scheme 3 is an simple endgmadction but when it is performed with L-Prolitteen it
goes fast with moderate yield[30].

0 @) HO o)
| | (|) \\\\\\\\\\ HO 0o an
L-Proline 10 Mole % W \
* * » +
DMF 3 Days
’/,///
OH
OH
1:8
53 % yield

Scheme 5:. Proline-catalyzed self-aldolization retion of propionaldehyde

The product of scheme-5 showed Pyranoses four asymiencenters when catalyzed under proline catalydiich

is excellent diastereoselectivity catalyst and @naalectivity (47% ee) from three aldehyde molesulThe identity
of each aldehyde component can potentially beyfreatied providing access to a wide range of mdéssuAbove
method is a simple one-pot procedure giving digemtess to carbohydrates and polyketides that adiitmally

prepared by using multi-step reaction procedures.

Scheme-6a showed- hydroxyaldehydes are optically active and verypamant in intermediates for organic
synthesis. Thus, many methods are recently devéldpe this utility and their preparation[31, 3&]r fast,
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transformation from chiral natural sources. eg.raacids, sugars, and chital hydroxy acids. Such a need arises
for development of direct catalytic enantioseleetiv aminooxylation of aldehydes using nitrosobenzand L-

proline as catalyst[33].
o] o)

ONHPh
R

Cat. L-Proline 3

+ PhN=O >

oC

79 %,>99% ee
Scheme 6 a. Direct asymmetria-aminooxylation of cyclohexanone

Due to L-proline as catalyst and nitroso benzenexégant the above reaction was carried at low eaoire. In
this reaction the side reaction and dimer formatibnitroso benzene as well as aldol reactionsigpressed [34].

The small organic molecule can perform a betteaogatalytic reactions thus, L-proline also playpartant role
in aldol intramolecular condensation and also asgtnma-hydroxyamination ofa-branched Aldehydes[35].The
reaction is aqueous aldol condensation in whichomeereacts with 4-nitrobenzaldehyde in absericsudace
active agent. The reaction is carried by mixingtaee (20 mmol), 4-nitrobenzaldehyde (4 mmol) angroline
(0.126 mmol, 40 mol%) in pure water (15 ml). Theate@n was kept for five days at 40°C, the antiogohaldol
product was obtained with yield up to 15%. Hencedneiised to increase the yield of product.

o OH
+ Proline 40 mol % |
O,N CHO - > O,N C——CH,COCH3
Micelles \ / H

Scheme 6b

In this modification anionic surface active agesdism dodecyl sulfate (20 mol% SDS), was addedhénreaction,
which gave 87% yield of aldol condensation prodaaty in 24 hr this yield is comparatively highah that of the
corresponding reaction which was performed in oigaolvents (68 %$cheme6c.

i 0N/ SDS 20 mol % Q oH NO,
) /\ \ Proline 40 mol % / \/
RZ + CHO > \
R? HO0

R? —_—

R2
Scheme 6¢: Aldol reactions of ketones with nitrobezaldehydes in SDS micelle

In the above reaction it was found that only thergidine ring (in L-proline) was useful in micefleand the
carboxylic acid group (in L-proline) did not takarp in reaction mechanism. The L-proline methyeestnd L-
hydroxyproline can catalyze the same aldol reactiocelles, giving the aldol product with yields &ad 70%,
respectively when acetone reacts with P-Nitro bleleteyde in above mentioned conditions. The L-angnd some
D-amino acids are also used as catalyst but praglastobtained in trace amount. The above resutt& shat the
reaction mechanism in micelle may be different frdrat in organic solvents. On this basis, an ancet@lyzed
mechanism is proposed for the aldol reaction ireftés [35].

The S. Chandrasekhat al performed the Asymmetric aldol reaction in polizéene glycol) L-proline as catalyst.
It is a rapid and direct aldol reaction. L-prolioatalyzed the PEG as solvent with comparable eyseidctivitie
product. It was achieved by reacting various aldelsyand acetone. One can include most powerful len@l
formation by the asymmetric aldol reaction of atehllyde and a modified or unmodified ketones[36jc&isome
amide derivatives of L-Proline can also be usedfdol condensation [37, 38cheme7).
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o OH )
L-Proline (10 mol %)
H Acetone (4 eq)
PEG r.t. 30 min
O2N O,N

Yields up to 94% (10 runs)
ee's up to 71% (10 runs)

Scheme 7 : L-Proline catalyzed asymmetric aldol extions in PEG

The efficiency of the conversion of product wasrakeed by subjecting various aldehydes to an aldattion in
poly(ethylene glycol). All the examples studied gasimilar results to those reported using conveatigolvents
and other methods (The 2- and 3-nitrobenzaldehydies)L-proline catalyzed asymmetric aldol reaefidy using
poly(ethylene glycol) as recyclable solvent, ihsulO time faster without loss of activity of eitithe catalyst or
solvent[39].

The another type of enantioselective direct intdecualar aldol reactions [39] by using L-proline agred reactions
of tetrahydro-#-thiopyran-4-one with different types of aldehyd&fe reaction which is directed aldol reaction
[40] has performed enol(ate) derivatives with variowehldes is among the most powerful and useful nistfar
stereochemically controlled C-C bond formation[42]-4

The tetrahydro-4H-thiopyranone under goes aldattieas with different types of Aldehydes which axatalyzed

by proline effectively. The wet DMF or DMSO gaveetanti adducts in excellent enantioselectivitydygield as
well. By performing desulfurization of these addudhey converted to products having applications in
polypropionate synthesis [43].

C-C bond Forming Reactions
The higher reactivity and diastereoselectivity wéoend by sequential investigation of two-directibraldol
reactions of tetrahydro-4H-thiopyranoinethe context of a thiopyran-based
synthetic path way to polypropionates[44, 45].
o o OH
o |
L-Proline
)k DMF or DMSO
.
r.t 0.5 - 4 days

H R

RaLNi 70-85 %
- o4 0 Et,BOM
70-94 % RaBH,

Ra-Ni
————

-94 9
R 70-94 %

Scheme 8: Proline-catalyzed aldol reactions

The desulfurization of enantioenriched aldol pradweas achieved by using Raney Ni and the relatfayn—anti
isomerization were studied. The aldols and thenivddves are useful in polypropionate synthesisl ame of
commercial importance.

Flavanoid Class

The research activity in the flavanoid[46] classvaflecules is important due to their excellent dgiatal activities.
The new synthetic method development for the swishef substituted flavanones[47] and chalcones48%
catalyzed by L-proline.[ 49].
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o 0
R o R
L-Proline
+
R’ H DMF, 80°C
R OH

R (6) R"

Scheme 9: L-Proline catalyzed synthesis of flavanes

Spiroflavanone

Another type of flavanones is spiroflavanones. Thegre synthesized from ketones and substituted 2-
hydroxyacetophenones using L-proline (30 mol %)atalyst in solvent DMF. The isolation is done @se of
aldehydes, mixtures of flavanones and chalcones wise. The exclusive products are ketones spiiocyc
flavanones.

o 0
R
L-Proline
+
DMF, 80°C 10 h
R OH
X
Ketone

X =CH,, NBn ,NBoc X =CH,, NBn ,NBoc
Scheme 10: L-Proline catalyzed synthesis of spiraffanones

Spirocyclizationstudy was done on nature of reactivity in flavaneyethesis by using unsubstituted cyclohexanone
and disubstituted pyridine-4-one. The results shibthat the disubsitituted cylcohexanones (pyridireae) under

go very easy spirocyclization as compared to urgittest and the yield was also very high. Finallye various
substituted flavanones and chalcones were syn#itediy using an L-proline as efficient Organocatalysthe
synthesis. [50]. It is shown in scheme-10.

Use of ionic liquids

The ionic liquids also play an important role inngyesis. Asymmetric reactions catalyzed by smadjanic
molecules have become very attractive in recentsyf®d]Asymmetric aldol synthesis was successfully don®&en
terminal prolyl-dipeptide derivatives as chiral @ngcatalyst[52] and it was also used in asymmeteeoselective
tetrahydroxanthenones synthesis[53]. The applioatiof L-proline as organocatalyst in Mannich andedt
aldol[54-56]and it could efficiently synthesize various derivas of benzimidazoles. The synthesis of 2-aryl-1-
arylmethyl-1H-benzimidazoles was studied with preliefficacy (20 mol %) after model reactions setompo-
phenylenediamine with benzaldehyde[57].

N
I>i LProllne (10 mol %) I>i\>_®Rz R N\ / )R
\
/\ CHCI3 RT " y —/ o+ o
RY N
H

R, R=H; R=CH,, Ri=H; | 4w
R=CH,, R'=CH,; R=Cl, R=H; G
R=Cl, R=Cl

Not formed

Major Product
Scheme 11: L-Proline catalyzed selective synthesit2-aryl-1-arylmethyl-1H-benzimidazoles

The above (Scheme-11) selectivity will be useful sgnthesizing derivatives of 2-aryl-1-arylmethyl-1H

benzimidazoles with good yields. The above methquagned by Ravi Varala, Aayesha Nasreen was rmdrted
earlier carried out by using L-proline catalyzedeaganocatalyst for the preparation of benzimideg/&8].
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The L-Proline and L-Serine[59-60] can also be uskd reductive purposes ofy-N-benzylaminog-
ketophosphonates[61]. In this initial syntheticdstwf (S)-N-benzylO-benzylpyrrolidine-2-carboxylate was carried
out by treating of L-proline with benzyl bromide daiK,CO; and refluxed with ethanol[62], but poor yield was
obtained in this method. Hence for improving yigid yield method was modified and developed byr@aas and
co-workers. It was more efficient for synthesisGifmpoundA (Scheme 12)Thus, Benzyl bromide and NaHGO
in N,N-dimethylformamide (DMF) on treatment with L-prolinat 100 °C provided the correspondidpenzyl O-
benzyl prolineA in 83% yield. Nevertheless, with ti@benzyl esteA as synthesized and goes for transformation
to B-ketophosphonatB (scheme:12)75]. The reaction oA with the lithium salt of dimethyl methylphosphonate
three equivalents at -78 °C in THF gave corresmgidibenzylamino[% ketophosphonatB in yield up to 80%

(0]

P(OMe)z
OH  BnBr, NaHCQ Bn Me— P(OMe)2
NH DMF, 100 6C BuLi THF
L-Proline 83 % -78 0°C

A 80 % B

Scheme 12: Preparation of &-ketophosphonate(i)

B-ketophosphonatd8 under goes reduction with NaBHin methanol to form a mixture of thg-aminof-
hydroxyphosphonates isynA and anti-A in a 69:31 ratio. The good yield was reported imofaof syn
A(scheme'13

OH ﬁ (:)H ”
P(OMe H
( )2 P(OMe), P(OMe),
Hydride C(\/
= N
™~
B Bn
Hydride = NaBH Syn A Anti A
LiBH
DIBAL-H
CB

Scheme 13: Diastereoselective reduction of B-ketapsphonate(ii)

The following are key advantages of this methodgl@pit smoothly proceeds at room temperature tedefore is
able to sustain various functional groups (i))hdis mild reaction conditions, can perform easy wgrkand clean
reaction (ii). The reaction time is short and widage of substrate applicability.

Silica-supported L-proline Organocatalyst:

Alexandra Zamboulis et al [63] studied silica-bas&djanocatalyst which are prepared via sol-gel ggsdrom

silylated derivatives of L-proline, features eithercarbamate or an ether linker. Co-gelificatiothwiariable

amounts of TEOS was performed with and without geroto yield high surface area solids. Hybride opiga
/inorganic silicas with combined properties of tbeganic compounds and the solid structure of tHieasi
network,[64-65] obtained from organosilanes areyvgromising material for applications . Over thespawvo

decades, several orgaosilyl with specific organictif® have been designed and used to confer saftght-
properties such as solid phase extraction.[66-@8}t¢tumininescence [70] or catalysis[71-72] to tesulting

hybride silica. In the latter field the sol-gel pess has been used to produce covalently bondetyt@aspecies.
Alexandra Zamboulis and others [73] have developeth solid catalysts for different kinds of reastiancluding

metathesis, coupling and asymmetric reactions.

One Pot L-Proline Catalyzed Synthesis

S. Chandrasekhaat al [74] used L-proline as Organocatalyst in one-puitisesis and they worked on synthesis of
substituted 2-aryl-2,3-dihydroquinolin-4(1H)-onegth good yields. 2-hydroxyacetophenones and adétaydes
undergo a smooth one-pot condensation cyclizationhe presence of L-proline as organocatatgsfurnish
flavanones in high yieldsThey have described a general strategy for thehegig of aza-analogs of flavanones
starting from o-aminoacetopheno8efieme-14.
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. | X L-Proline 30 mol %
rt, 48 h, MeOH
Vst
R H / \
R= H, CH, OCH,, CI, F, CR
/
R/

Scheme -14: Synthesis of aza-analogs of flavanomstarting from o-aminoacetophenone

NH,

S. Chandrasekhat al have reported that the equal molar quantities-aminoacetophenone and benzaldehyde on
stirring together in the presence of L-proline (86l %) and methanol (5 jnandwork-up furnished 2-phenyl 2, 3-
dihydroquinolin- 4(1H)-one in 85% yield. They clatimt in this mechanism the catalyst can be reealvat the end

of reaction [74]. Asymmetric synthesis using L-jmelwas also reviewed by Hiyoshizo Kotsuki condiufgrarious
reactions such as Mannich reactions, Michael amiteactionsp-oxidation, a-amination and some C-C bond
forming reactions [75].

Multicomponent Reactions:

Due to synthetic efficiency of multicomponent réais [76] in intrinsic atom-economy and high reatyi, and

procedural simplicity (MCRSs)[77-79Chhanda Mukhopadhyay and his co-workers have wodte synthesis of
various highly substituted pyridines at room terapare. This is reported for the first time. Thiddrand simple
expeditious synthesis was catalyzed by L-prolirte rfibl%) and it gave highly substituted productthveixcellent
yields of pyridines at ambient temperature.

o CcHO
L-Proline 15 mol %6
\ ethanol 2 ml
+ | + R-COOCH; + NH4OAC
/\/ Room temp.
R1 Stirring 2.5-4 h
o

Scheme 15: Synthesis of highly substituted pyridirze

The authors finally conclude that, this facile amel one-pot multicomponent methodology catalylagd -Proline
15 mol% gave the substituted pyridines [80] as pctsl

E. Rajanarendaet al [80] have proposed as the L-Proline catalyst ie pot synthesis Hantzsch condensation of
isoxazolyl polyhydroquinolinesSgcheme: 16

CHO o
o O EtOH / L-Proline
Z + RLNH, >
| + Reflux OCH3Hs
S OCH,Hs |
. 0
N
HsC HsC H
R= / \ / \ / \
N\ CHy N N CH=CH -A
o 3 \O CHs | \O =CH -Ar

Scheme 16: Synthesis isoxazolyl polyhydroquinolise

+

In above synthesis the product is obtained by iaesjve organocatalyst L-Proline. It shows the altive and
efficient catalyst for one pot synthesis [81-82].
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L-Proline Catalyzed Three-Component reactions

Ali Reza Karimi and coworkers have developed syith®ut to excellent diastereoselectivities. @sejuinolonic
acids[156] which is catalyzed by L-Proline in ors phree-component which gave excellent yieldss Thethod
consists of the reaction between aromatic aldehya@ines, and homophthalic anhydride catalyzed Broline
(10 mol %) as organocatalyst

L Proline
+ RL-NH, *
2 h r.t.

Scheme 17: Synthesis of cis-isoquinolonic acids

(o]

They have reported a simple and convenient methiothé multicomponent synthesis of cis-isoquinatoatids. L-
Proline as the organocatalyst and proline has ngiateto catalyze efficiently. This reaction produis
diastereoselective and vyield is high thus, chenmaffeutics potential may be shown in the new dewszlop
products[82].

The another one pot synthesis was done by Sonblei[@5]using L-Proline as organocatalyst for thathgsis of
Pyrano[3,2¢]quinolin-2,5-dione derivatives. They have workea synthesis of derivatives of series of 4-aryl-6-
methyl-3,4-dihydro-BI-pyrano[3,2€]quinolin-2,5(6H)-diones. This is three component reactions in Wwiaiomatic
aldehydes, 4-hydroxy-1-methylquinolin-2(}-one, and Meldrum’s acid and L-proline in catalyéimount formed
the desired product[83]. The reaction is as shaw8cheme 18.

><CH3 Reflux, Catalyst
CHg Solvent , 1-5 hr

Scheme 18 : The typical reaction

When the reaction was conducted in the presendembline (10 mol%) in ethanol, the target compoumds
obtained in 91% yield and when other solvents wsetl for this reaction then the results showetetianol gave
much better results compared to acetonitrile, cfitom, acetic acidN,N-dimethylformamide (DMF), and water.
The optimized condition was then used for the sgsighof different derivatives of estimated product.

E. Rajanarendagt al have used L-Proline[81] in 2012 and PTSA in ye@t3{85] in one-pot three-component aza-
Diels—Alder reaction. They applied the role of argeatalyst for the synthesis of aryl or isoxazaténis in situ
using aromatic or isoxazoleamines and aromatichgllies with nitrostyrylisoxazoles to afford the iaaglyl
tetrahydroquinolines or isoxazolo[2,3- a]pyrimidénes end products.

The reaction was first started by stirring an equblar mixture of aniline, benzaldehyde, and niyodisoxazole
with of L-Proline(10 mol %) at ambient temperatirecetonitrile as solvent by stirring up to 3d¢tfeme:19.

NH,
O,N CHs
X / \ L-Proline (10 % mole)
.l + Ar-CHO + \
| - CH4CN
Z \ ¢ r.t. 3h
Ar?t

Trans Isomer Cis Isomer
Scheme 19: One-pot synthesis of isoxazolyl tetratiypquinolines
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NH,
\ L-Proline (10 % mole)
+ Ar-CHO
HaC N CH4CN
O r.t. 3h

H3C HsC
Trans Isomer Cis Isomer
Major Minor
Scheme 20:0ne-pot synthesis of isoxazolyl tetrahyatjuinolines

The aza-Diels—Alder reaction can be also employgeddfaza butadienes, They investigated the threepoment
reaction of 3-aminoisoxazole and benzaldehyde mittlostyrylisoxazole in acetonitrile with of L-piiak(10 mol %)
at room temperature. The reaction afforded isoxd2@-a]pyrimidines[90] as major and minor in exert yields
as shown irscheme: 20

Noha M. Hilmy Elnagdiet al have done work on multicomponent reaction (MCR)aodmatic aldehydesand
malononitrile with various active methylenes in theesence of iproline which produced pyran and thiopyran
derivatives stereospecifically and afforded goaads.

NG NH,
o)
o Ph ¥ O
)k . <CN . L-Proline (10 % mol )
N NH g / \
Ph H CN Hae N/ EtOH Reflux4 h N
H.C -
3 N
H
81 % vyield

Scheme 21: Synthesis of 6-amino-3,4-dimethyl-4-phgfR,4-dihydropyrano[2,3-c]pyrazole-5-carbonitrile
Benzaldehyde malononitrile and 3-oxo-3-phenylpregpétnile were reacted with of -proline(10% mol) as a

catalyst, to form 2-amino-4,6-diphenyH4yran-3,5-dicarbonitrile as final product with %3yield and 70% ee
[84]. It is shown irscheme 22

(e} (@]
. CN . L-Proline (10 % mol) CN
< )K/CN o
P~ H CN by

EtOH Reflux 4 h

Ph

CN

Ph (@)

ee=70%
Scheme 22: Synthesis of 2-amino-4, 6-diphenyl-4H4@n-3,5-dicarbonitrile

The usefulness of proline is well known fact arsdviersatile nature too. In some cases the useRdfline is done
by making its different useful derivatives or pnalibased organocatalyst which may function as @sahéctive in
aldol reaction and it is recognized as one of thstpowerful C-C bond making reaction in organicerg synthesis
[84]. Prashant B. Thoratt al has synthesized the new organocatalyst using hgdrépnd based concept and
efficiently catalyzed asymmetric aldol reaction agdve high yield with excellent diastereoselegfivdnd
enantioselectivity[85]%cheme-23.
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o O
\ Pyrrolidine base organocatal
| H o+ DMF-H,0
R

Scheme 23 A: Reaction of cyclohexanone and aromatitdehydese

Ts

R=H, CH;, CI ,F
Pyrrolidine based organocatalysts.

Pyrrolidine based molecule is a new type of (ndutoaganocatalyst. The aldol product can be acliebg
catalyzing it as organocataly@cheme:23 A).

Prolinamide Organocatalyst:

Liu-Zhu Gong and coworkers have developed appraHch-proline based catalyst in peptide for diretdoh
reaction[86] and water in silica-supported[®rplinamide organocatalysts. They have explainggifitance in
reaction solvent which is catalyzed by organocatalpy the use of water[88-90] as well as organic
solvent[91].Water is easily available solvent ituna and makes the reaction safer to hold. Theg ki@veloped an
efficient water-compatible reactions of great diigaince in green chemistry, From the literatureytfaund that L-

proline amides resultarifScheme: 23 B)from chiral amino alcohols which acted as profitieatalysts for some
aldol reaction in aqueous medium [92-93].

20 mol % catalyst " X
)k/ oy THF/ HZO 1/1
Mlnor

84-96% ee

||IIIO

T
=

Ph
(o]
EH
H

Scheme: 23 B The arrangement and direction of funiinal groups, within the Catalyst plays main role m selectivity
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Catalyst 1-4
Mole % 1-10

(e}
QO
T
o

HO
O,N O,N

Scheme 24 :Various L-Proline amide derivative catgized direct aldol reaction of cyclohexanone with-nitrobenzaldehyde
The reaction show trans-4-Hydroxy-prolinamide gatatl direct asymmetric aldol reactions of cyclomexee with

various aldehydes using water as solvent. It géda products.
0]

1 mol %trans-4-Hydroxy-prolinamide
)k + -

R H H20, 25°C

(0] OH

Scheme 25 : Adol Reaction Catalyzed by trans-4-Hydxy-prolinamide

Jun-Feng Zhaet al have revealed and developed a highly efficienanogatalyzed direct aldol reactions of acyclic
ketones and cyclic ketones substrate and theneckdictvith various aromatic aldehydes in water.tii¢ end of
reaction the yield of product was high and tremexsdwith diastereo and also enantioselective[94].

Symmetric Epoxidation

The application of L-Proline based catalyst is tmtkesizes asymmetric epoxidation and it is welbwn
fundamental reaction in organic synthesis [95-98hena,B-unsaturated aldehydes react with peroxides omusodi

percarbonate in existence of Chiral pyrrolidineidives, proline and amino acid resulting imidadimlone which
acts as a organocatalyst and is called as asymreptyxidation.

Catalyst
(10-30 moI %)
+ HOOH

Scheme 26: Direct catalytic asymmetric epoxidation

N N N
HooO9%  § N H N H Ny
HN <\ HN |
Ny=N
N o n=N
o
N N‘> O
OEt
Q\ N N
© H H
OH OTMS

Fig-Various L-Proline based Organocatalysst for reation optimization

Armando Cordova et al have explained the probatdehanism of direct organocatalytical asymmetricxégagion.

a variety ofa,B-unsaturated aldehydes which start activity witmimum by the chiral pyrrolidine derivative it is
then followed by stereoselective nucleophilic &taonjugatively on th@-carbon which resulted in the formation
of chiral enamine derivative. Thus, it is in aqueanedia, hydrogen peroxide and non —toxic meta-freoline
based organocatalyst makes this process enviroathesafe and friendly[97].
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Casimir J Ret al reported thap-Acetamide ketone and ester has important funa®inter-mediates in organic
synthesis due to several bioactivity and polyfumiio nature of compounds using modified Dakin-West
Reaction.[98] and Neeta Sieg al have alsaeportedsynthesis off-acetomindo ketones and esters (Scheme: 27) by
using one pot four-component reaction pathway ga¢al by L-Proline[99].

o) X/\/

6 %@
| R NH O
AN 0 L-Proline (15 mol %) \[ol/

RCN o
| N + )k * RT, 2-3 h
z v Cl

Q Q O  HN Jk
A «
.
o o /\x

Scheme 27 : Synthesis of B-amino carbonyl compounds

In this reaction authors performed reaction with ttew advantages methodology with easy work ugmals
process and give efficient synthesigohicetoamido carbonyl compounds by using L-Prdis@rganocatalyst.

Spirocyclic:

The Alireza Hasaninejadb and co workers have deeela novel method for the synthesis of spiro camge by
multi component reaction and L-Proline as bifunttiborganocatalyst. Spirocyclic structures showed bne sp3
carbon atom is common between two rings henceputdcshow biological properties. Due to this chdmiare
interested in such compounds in organic chemisbi@{101].

H>N NHz
NC )\
> g L-Proline
N OH
(@)

Scheme 28 : One-pot, four-component synthesis of vel spiro

By using this scheme the various derivatives ofodq@Enzo[c]pyr-ano[3,2-a]Jphenazine were synthesizethe

presence of L-proline and highly efficient withoeomically inexpensive organocatalyst and produith Wwigh

yields[102]. In the nature system amide bond is ohthe most important linkages. It is present iosinpeptides
and proteins [103-104].

The transamonation is also of importance in formangde linkages and it was efficiently catalyzedLbyroline as

shown inScheme 29.
Q‘COOH (0]
Q R> H
R N

Rs neat,A\ R1 N

Scheme 29: L-Proline Catalyzed Transamidation

569



A.P. Rajput and Deepak V. Nagarale J. Chem. Pharm. Res,, 2016, 8(7):557-575

Sadu Nageswara Ra al have reported the development of a novel L-protiatalyzed selective transamidation
reaction by comparing with previously known trangation catalysts. They have claimed that it carapplied
effectively to wide range of benzylic, aromaticiphhtic, propargylic, and heteroaromatic amine geamidation
products with good to excellent yields [105].

Bronsted Acid-Type Organocatalysis:

According to Torsten Weit al the synthesis of poly (vinyl alcohol)- and poly(yiralcohol-co-ethylene)- can be
cooperatively catalyzed by organocatalysts and &ssh acids[106]. This is a direct aldol polymeii@at of
acetaldehyde in new approach. Acetaldehyde, the fkein of vinyl alcohol [107] polymerization by-O bond
formation forms polyacetals[108ply- (vinyl alcohol) by consecutive C-C bond fotioa.

C-0 /@\
formation . }
Acedic = 0" /n
OH
C-C formation
: > TP 2
Basic n -HO n

actealdehyde OH

H

\j

polyvinyl alcohol

Scheme 30 : Synthesis of poly(vinyl alcohol)- andfy(vinyl alcohol-co-ethylene

Aldol polymerization:
Shuhei Kusumoto and its co-workers [109] explaia direct aldol polymerization[110] of acetaldehydalyzed

by organocatalysis and it gives poly(vinyl alcohdp3c]and poly(vinyl alcohol-coethylene)[ 111 Jigimers. It
contains a substantial amount of main-chain 1,3dwyggroups.

0
0 catalyst acid 0 oJ\o OJ\O M
Hz ) _ + + + +
)k /\)kH M )\ )\ n H
OH

H neatRT,7d
actealdehyde

O CF3
o Ar HO,
N ,
Ar = \N OH
N

These are different types of organocatalyst maoe f-proline which is useful for various synthegiarpose and
multi-step enzyme-organocatalysi) (112]. From this 1,3-hydroxy groups oligomers e@repared in substantial
amount and present in main-chain of oligomers.ofding to Yun Xu and co-workers showed catalytiicafncy
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is influenced not only by the anion-mediated affitietween the catalyst and the substrate, butkaisihe anion
tunable stability of the transition state [114].

Haritz Sardon et al also gave the tool for polyregnthesis, they drew interest to new trends inyisate-free
polyurethane synthesis and the key role that orgmtatysis is playing in these novel polymerizatimocesses,
guanidine[115] amidines, N-heterocyclic carbene8{117] and organic strong Bronsted acid to cataliee
synthesis of metal free polyurethanes [118-119] .

Decarboxylation
Recently Shuichi Nakamura have reported that tteeafidecarboxylation di-ketoacids goes via Mannich reaction
with ketimines by using saccharide based thiouegalysts [120].

FsC
/SOZPMP
NSO,PMP o o oo N HN Q
)k + - /:\)k
Ar H HO R EtzO,l't,th - HO R
Carboxylation:

Zhang and coworkers achieved the NHC [121] catalysediated C@reduction of the aromatic aldehydes as

oxygen acceptors [121].
0

o NHC / base catalyst JL
)k * Co > R on' CO
R H Solvant
_N N

\ NN
NH® N_ Mes Mes
Mes Mes \ }
N N ®) R
/ ~
™~ Mes J/\ Mes

L-Proline supported on Magnetic Nanostructures

As resent study progresses we came to know thalysaiplay main role in resent scientific developinas they
promise to improve product yields, reduce reactiomperature and produce required selectivity inrasgtric
synthesis related to name reactions for eg. Fr€tlalfts[123-124], Olefin isomerisation [125], Macimaldol[126-
127, Henry[128-130], Diels—Alder[131], cycloaddiio[132-133], transamination [134-135] and Michael
addition,[136-137] Morita—Baylis—Hillman,[138-139There were two types of Homogenious catalysis and
Heterogeneous catalysis that should be in samephas

Organocatalysts , a metal free organic compoundslafively low molecular weight and simple strueticapable
of promoting a reaction in a substoichimetric antphave received paramount interest in the last. y&ecording
to Radoslaw Mrowczynkét al there is a considerable interest in the immoHiliraof organic catalyst molecules
onto heterogeneous substrate. Another way recytfiagatalyst is a valuable concept in green cheynier this
several methods have been applied to solve the.iFhere after the concept of magnetism was usesefraration
of Organocatalyst (L-proline) supported on mettheme 2Y [140]. In this case nanopartical MNP’S)[141-144]
showed many advantages for recycling and recovddiad. These catalysts are having great promisimgtion to
aldol condensation [146],
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Scheme 27 : L-Proline supported on F©; Nanoparticals

Nasseri and co-workers have bound methylene dipgitb silica shell on the surface of,Bg nanoparticals[147]
with the help of triethoxysilane[148] derivativas a linker as shown &heme 28.

Br
\/—/ ) COB-~
H
O‘ Br” ""NH, .HBr N .
N OO T CIco2E EBN, THE, N "
BOC Reflux 24 h boc ©
1.Toluene, N, reflux,
12h o
2.TFA, DCM
N
Bre{ _7
© N
OH A~—~N O
SiI(OH,CHSC)3 LN ™~ .\/\N/\ S
OH > o—"5! LN %)
Dry toluene, reflux 24 h / \
0 | /\

Si0,-Fe,0, @O

Scheme 28: MDP to silica shell on the surface of && Nanoparticals

Ciarn Dlaigh et al developed MNP’s supported on DM&nalogue[149] and most of reaction are one puhsgis
of a target compounds in a same reaction pot[1&ldpl is a carbon-carbon bond forming reaction [H%P] or it
may be metal free catalytic condition [153] andezsplly the applicationof the organocatalytic réacto constant
the alkaloid scaffolds[154]. Alexandra Zambouligdasthers have made efforts to synthesized a sefieslated
new hybrid silicas immobilized the L-proline mokive been prepared using the sol-gel processngtdiriim two
kinds of silylated L-proline derivatives A and BH]5

o

>
\/\/
o N
= =
A B
CONCLUSION

In summery, the development and use of L-Prolireldecome most popular catalyst among all the ogdatysts.
In last five year’s literature and publications wfedl its fast growing importance towards organicdisgsis due to its
ability to perform a variety of transformationsidtalso complimented by their readily availabilihature friendly,
stability, tolerance to moisture and water, easgydling. Various derivatives of organocatalysts edso show
versatile application in sol-gel process, polyusets, L-Proline immobilized nanoparticals, NHC hestis and

Homogenious as well as heterogeneous in asymnuetiatysis.

572



A.P. Rajput and Deepak V. Nagarale J. Chem. Pharm. Res,, 2016, 8(7):557-575

Acknowledgements
We acknowledge The Principal JET's Z.B. Patil CgdleDhule for providing the lab facilities and theonstant
encouragement and useful suggestions.

REFERENCES

[1] PI Dalko, L Moisan,Angew. Chem. Int. EQ004 43, 5138

[2] GC Fu,Acc. ChemRes.2006 34,853—-860.

[3]1LY Ayasingh, AJ Smallridge, MA Trewhell&etrahedron Lett 199334(24),3949

[4] P | Dalko, L MoisanAngew. Chem. Int. E.@001, 40, 3726

[5] A Berkessel, H GroegeAsymmetric OrganocatalysiBrom Biomimetic Concepts to Applications in
Asymmetric Synthesis Chapter 8Viley-VCH, 2005DOI: 10.1002/3527604677.ch8.

[6] D SeebachAngew. Chem. Int. Edn Engl 99029, 1320-1367.

[7]1 ZG Hajos, D R ParristGerman patent1971DE 2102623.

[8] D SeebachAngew. Chem. Int. Edn Engl99029, 1320-1367.

[9] ZG Hajos, DR Parrishl. Org. Chem 197439, 1615-1621.

[10] Y Tu, Z Wang, Y An ShiJ. Am. Chem. Sqd 996118, 9806—9807.

[11] SE Denmark, Z Wu, C Crudden, H Matsuhaklrg. Chem199762, 8288-8289.

[12] WC David, MacMillanNature, 2008V 0l-455.

[13] JL Methot, WR RoushAdv. Synth. CatgP004346, 1035-1050.

[14] J Seayad, B LisDrg. Biomol. Chem2005 3, 719.

[15] PI Dalko, L MoisanAngew. Chem. Int. ERD0Z, 40, 3726

[16] MT Reetz, B List, S Jaroch,. H Eds Weinmar@pringer Verlag: Berlin Heidelber@008
[17] A Berkessel, H GrogerAsymmetric OrganocatalysigViley-VCH:Weinheim2005

[18] | P. Dalko M. Lionel “Enantioselective Organocaty/ Angew.Chem. Int. EQR001, 40, 37263748
[19] RS PeteChem. Soc. Rex2003 32, 289-296.

[20] H Bernard, G Bulow, UEW Lange, H Mack, T Pfeiff& Schafer, W Seitz, T Zierk&ynthesis2004 2367—
2375.

[21] M Breuer, K Ditrich, T Habicher, B Hauer, M KesselR Sturmer, T Zelinskihlngew. Chem. Int. EQ2004
43, 788-824.

[22] Claude Agamet al, J. Chem.,Soc.,Chem.Comni985441-442.

[23] N Marion,Angew. Chem. Int. EQ007, 46, 2988 — 3000.

[24] M Lei, L Ma, L Hu Tetrahedron Letters50 009 6393-6397.

[25] Akbar Heydariet al Journal of Molecular Catalysis A: Chemi@il Q007 142-144

[26] Gergely Jakalet al Org. Lett.Vol. 14, No. 72012 1724-1727

[27] B List,J. Am. Chem. Sq00Q 122, 9336.

[28] W Notz, B List,J. Am. Chem. Sq00Q 122, 7386.

[29] HJIM Gijsen, CH WongJ. Am. Chem. So&995 117, 7585.

[30] N S Chowdari et alTetrahedron Letter43 002 pp9591-9595.

[31] D EndersU Reinhold,Liebigs Ann, 1996 11;

[32] D Enders, U Reinholdsynlett.,1994 792

[33] Y Hayashi et alTetrahedron Letterd4 2003 pp8293—-8296

[34] SG Kim, TH Park Tetrahedron Letterd7 2006 pp 9067—9071.

[35] YY Penget al, Tetrahedron Letterd4 2003 3871-3875.

[36] C Palomo, M Oiarbide, JM Garci&hem. Eur. J 2002 8, 36.

[37] Zhuo Tanget al, J.Am.Chem.S9R005127(25), pp 9285-9289.

[38] L Benjamin, AL Richard, FB CarlokAm.Chem.S02000122(10) 2395-2396.

[39] S Chandrasekhar et dletrahedron Letter.,45 2004 4581-4582

[40] T Mukaiyama,Org. React, 1982 28, 203-331.

[41] SG Nelson,Tetrahedron: Asymmet4998 9, 357-389;

[42] R Mahrwald,Chem. Rey1999 99, 1095- 1120.

[43] DE Ward, V Jheenguf,etrahedron LettersA5, 004,8347-8350.

[44] DE Ward, M Sales, PK Sasmadl,Org. Chem 2004 69,4808-4815.

[45] DE Ward, OT Akinnusi, IQ Alarcon, V Jheengut, J Sh#V Quail Tetrahedron: Asymmetr2004 15,
pp2425-2430.

[46] S. Kumar, AK Pandeylhe Scientific World Journabol. 2013 Article ID 162750, 16 pages,
doi:10.1155/2013/162750.

[47] K Tanaka, T Sugindzreen Chemistry2001,3,133-134.

[48] S Raja, B Bhupathi, Rama Devi, P.K. DubE};B., Vol,52B2012855-859.

[49] S Chandrasekhar et aletrahedron Letters}6 20056991-6993

573



A.P. Rajput and Deepak V. Nagarale J. Chem. Pharm. Res,, 2016, 8(7):557-575

[50] S Chandrasekhar et athem. commuyr2004 2450-2451

[51] P Kotrusz;, S. Tomaviolecules2006 11,197-205.

[52] JF Zheng et alletrahedron LettersA7, 006 7793—-7796.

[53] R Rios et al.Tetrahedron Letterd8 20072181-2184.

[54] W F Tanaka, CF Barbas, , IAcc. Chem. Rex2004 37,580-591;

[55] PI Dalko, L MoisanAngew. Chem., Int. E®?004 43, 5138-5175.

[56] E Lacoste,Synlett, 2006 12,1973-1974.

[57] R Varala et al.Tetrahedron LettersA8, 007)69—72.

[58] R Varala, A Nasreeretrahedron LettersA8 ,2007)69—72.

[59] DM Mateus, SS Alves, MM Da FonsedaBiosci Bioeng 200497(5):289-93.

[60] PP Bora, M Bihania, G BezRSC Ady; 20155, 50597-50603.

[61] M Ordonez, S Lagunas-Rivera, E Hernandez-Nune2/anabastida-Galvanylolecules201Q 15, 1291-130.
[62] S Chandrasekhar etB¢trahedron Letter'é8, 007),4935-4937.

[63] A Zambouli,Tetrahedron: Asymmet30(2009)2880-2885.

[64] CJSanchezMater ChenR00515,3541-3988.

[65] M Jaroniec, F SchuthChem. Mater, 2008 20,599-1190.

[66] G Romero,P Sanchez, Functional Hybrids Materi&ds;Wiley-VCH:Weinhen2004.

[67] CJ SancheZVater, Chem?2005, 15, 354B988.

[68] M Jaroniec, F SchutiGhem. Mater2008 20,599-1190.

[69] Functional Hybrids Materials; Gomez-Romero,P., SaacEds; Wiley-VCH:Weinhen#p04
[70] LD Carlos RAS Ferreira, V de Zea Bermudez, SJleRih. Avt. matter.200921,509-534.

[71] S Benyahya, F Monnier, M Taillefer, Chi Man Wong,@/Bied, F OuazzanAdv.Synth. Cata|
2008350,2205-2208.

[72] A Corma, H GarciaAdv. Synth Catak006348,1391-1412.

[73] A Zamboulis,Tetraherdron; Asymmetr2020092880-2885

[74] S Chandrasekhagt al Tetrahedron Lettes 48, 2007)4935—-4937.

[75] M Ordonez, et aimoleculg201015,1291-1301

[76] H Kotsuki., HETEROCYCLESVol. 75, No. 42008 757 — 797.

[77] J Zhu, H Bienayme (Eds.), Multicomponent reactididey-VCH, Weinheim 2005 Reviews.
[78] A Domling, Chem. Rey2006 106, 17. 2.

[79] C Kalinski, H Lemoine, J Schmidt, C Burdack, J Kdb Umkehrer, G Ros§ynlett, 2008 4007.
[80] S Samai, GC Nandi, P Singh, MS Sing@ktrahedron2009 65, 10155.

[81] C Mukhopadhyay, P Kumar, Tapaswi, Ray, J. Butchetrahedron Letters51 @010 1797-1802.
[82] E Rajanarendaat al Indian J.Chem,Sd®, May2011,751-755.

[83] E Rajanarendafreen and Sustainable Chemist2@15 5, 107-114

[84] AR Karimi, RMRP HamidTetrahedron Letter§3,20123440-3443.

[85] Z Songlei, J Wang, Z Xu, J LMolecules2012 17,13856-13863.

[86] C Palomo, M Oiarbide, JM Garci&hem. Eur. J.2002 8, 36.

[87] TD Machajewski, CH WongAngew. Chem., Int. EQ200Q 39, pp1352.

[88] PB Thorat, SV Goswami, BC Khade, SR Bhusdetrahedron Letter$532012 6083—6086.
[89] Z Tang, ZH Yang, LF Cun, LZ Gong, QA Mi, YZ Jiarmgrg. Lett, 2004 6,2285.

[90] A Monge-Marcet, X Cattoen,, DA Alonso, C Najera, Wbng Chi Man, R Pleixat&reen Chem 2012
14,1601-1610.

[91] S Luo, X Mi, L Zhang, S Liu, H Xu, JP Chengngew. Chem., Int. E2006 45, 3093

[92] C Palomo, S Vera, A Mielgo, BE Gomeangew.Chem., Int. Ed 2006 45, 5984.

[93] N Mase, K Watanabe, H Yoda, K Takabe, F TanakaB@ibas,., I1lJ. Am. Chem. So2006, 128, 4966.
[94] S Samanta, Z Cong-Guigtrahedron Letters}7,2006, 33833386.

[95] A Zamboulis, et alTetrahedron: Asymmetr202009 2880-2885

[96] Jun-Feng Zhao,Long He, Jun Jiang , Zhuo Tang LimgReun, Liu-Zhu Gong;Tetrahedron Letters}92008,
3372-3375.

[97] | Ojima, Comprehensive Asymmetric Catalys/iley-VCH Ed: New Yor000.

[98] EN Jacobsen, A Pfaltz, H Yamamoto, E@pringer-Verlag: Heidelberdgl 999

[99] H Sunden, | Iborahem, A Co’rdovaetrahedron Letters472006 99-103.

[100]M SannigrahiTetrahedronl999 55, 9007-9071. 11.

[101]DM James, HB Kunze, DJ Faulkndr,Nat.Prod, 1991, 54, 1137-1140.

[102]A Hasaninejad , S Firoozi, F Mandegahetrahedron Letter§4,20132791-2794

[103]N Sewald, HD Jakubke, Peptides: Chemistry and BigWiley-VCH: Weinhein2002

[104]BL Bray,.Nat. Rev. Drug Discover003 2,587.

[105]SN Rao, DC Mohan, S Adimurth@rg. Lett,201315(7),1496-1499.

[106]T Weil, M Kotke, CM Kleiner, PR SchreineDrg. Lett, Vol. 10, No. 82008

574



A.P. Rajput and Deepak V. Nagarale J. Chem. Pharm. Res,, 2016, 8(7):557-575

[107]M Eckert, G Fleischmann, R Jira, HM Bolt, K GolkaUlimans Encyclopedia of Industrial Chemistry, Vb
6th ed. Wiley- VCH, Weinhein2003131 —148.

a. Vogl, J. Polym. Sci. Part A200Q 38,2293 —2299.

[108]S Kusumoto, S Ito, and Kyoko Nozaki,Asidn,0Org. Chem2013 2,977-982.

[109]S Seethamraju, PC Ramamurthy, G MadR&C Advancef013 3, 12831.

[110]H Yuijiro,S Tatsunobu, T Junichi, G Hiroaki, U Taya S Mitsury Angew. Cherr?006 118, 972 —975.
[111]A Crdova, W Notz, CF Barbas, I, Org. Chem 2002 67, 301 — 303.

[L12]RM Christoph, R Andreas, PD de Marig@tistain Chem Proceg§153:12

[113]Yun Xu et al Chem. Commu201500,1-3

[114]A Jerome.get al macromolecule®01245,(5)2249-2256.

[115]MN Hopkinson, C Richter, M Schedler, F Gloribdgature.,2014510(7506),485-496.

[116]S Naumann, AP Dové&olyChen015

[117]S Haritz, A Pascual, D Mecerreyes, D Taton, H Cihrdla Hedrick,Macromolecules201548,(10)3153-
3165.

[118]Haritz Sardon et al. Am. Chem. Sq&013 135 (43),16235-16241.

[119]Shuichi NakamuraQrg.Biomol.Chem201412,394-405.

[120]SR Menon, AT Bijub, V NairChem. Soc. Rex201544, 5040-5052.

[121]L Gu, Y ZhangJ. Am. Chem. Sq01Q 132, 914.

[122]S Brandes, M Bella, A Kjoersgaard, K. A. Jorgengargew. Chem., Int. EQ2006 45, 1147.

[123]HM Li, YQ Wang, L DengQrg. Lett, 2006 8, 4063.

[124]XS Xue, X Li, A Yu, C Yang, C Song, JP ChedgAm. ChemSoc.,2013 135, 7462

[125]KS Yang, VH RawalJ. Am. Chem. Sq2014 136, 16148

[126]YL Guo, Y Zhang, LW Qi, F Tian, LX WandRSC Ady, 2014 4, 27286.

[127]A Cochi, TX Metro, DG Pardo, J Coss9rg. Lett, 201Q 12, 3693.

[128]L Liu, SL Zhang, F Xue, GS. Lou, HY. Zhang, SC MéiH Duan, W.Wang, Chem. — Eur., 2011, 17, 7791.
[129]MT Corbett, JS JohnsoAngew. Chem., Int. ER2014 53, 255.

[130]Y Wang, HM. Li, YQ Wang, Y Liu, BM Foxman, L Deng, Am.Chem. Sq2007, 129, 6364.
[131]HB Yang, YC. Yuan, Y Wei, M ShChem. Commun2015 51, 6430.

[132]PF Zheng, Q Ouyang, S.L Niu, L Shuai, Y Yuan, KngiaTY Liu, YC ChenJ.Am. Chem. Sq2015137,
9390.

[133]M Liu, J Li, X Xiao, Y Xie, YA. Shi,Chem. Commun2013 49, 1404.

[134]D. Kowalczyk, L AlbrechtChem. Commun2015 51, 3981.

[135]Y Liu, BF. Sun, BM Wang, M Wakem, L Dend, Am. Chem. Sq@009 131, 418.

[136]T Buyck, Q Wang, JP. Zh#ngew. Chem., Int. ER013 52, 12714.

[137]YL Liu, BL Wang, JJ Cao, L Chen, YX Zhang, C Waddg,hou,J. Am. Chem. Sq&01Q 132, 15176.
[138]F Zhong, GY Chen, YX LuQrg. Lett, 2011, 13, 82.

[139]R Mrowczynki, Alexandrina, J Liebsch&®SC Ady, 2014 4, 5927

[140]J Wan, L Ding, T Wu, X Ma, Q Tan®SC Ady 20144,38333.

[141]K Maaza, A Mumtaza, SK Hasanaina, A Ceylaurnal of Magnetism and Magnetic Materi@882007,
289-295.

[142]AH Lu, W Schmidt, N Matoussevitch, HB PnnermanrSiiethoff, B Tesche, E Bill, W Kiefer, F ScH"Y
Angew. Chen2004 116, 4403.

[143]SC Tsang, V Caps, | Paraskevas, D Chadwick, D Tisethpngew. Chen2004 116, 5763.

[144]S Mondini, et all. Nanopart. Re01315,12.

[145]G Joseph, K Yurii, G kaNanomaterial20144,241.

[146]An-Hui Lu, EL Salabas, F Schiithngew Chem. Int. Ed 2007, 46, 1222 — 1244.

[147]MA Nasseri.Catal. Today2013217,80.

[148]C Dlaigh,Angew. Chen007, 119, 4407-4410.

[149]Y HayashiChem. Sci20167,866-880.

[150]M Henrio, V Ritleng, MJ ChetcutiACS Cata 2015 5,1283

[151]CL Sun ZJ ShiChem Rev., Re2014114,9219.

[152]QY Zhang, XL Cui, L Zhang, SZ Luo, H Wang, YJ WAngew.Chem., Int., ER201554,5210

[153]H Ishikawa, S ShiomiOrg. Biomol.,Chen201614,409-424.

[154]A Zamboulis, NJ Rahier, M Gehringer, X Cattoen, {8INC Bied, JE Joel Moreau, M W Chi Man,
Tetrahedron: Asymmeti2020092880-2885

[155]L Wang, J Liu, H Tian, Q Changtao, J Sdyvanced Synthesis & Catalysisl-347,52005689-694.

575



