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Ahhrevistion

EDCI
EDC
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Chz
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DMF

HATU

TBTU
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THF
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NMR
HRMS (ESD)
ClLs
MaBF,

MNaBH.

N

(57
N-(3-Dimethylaminopropy-N-cthyl carbodiimide hy drochloride

N=(3-Dimethylaminopropy =N -cthyl carbodiimide

D-tert-butyl dicarbomate

M carbomyloxy carboxy anhydrde

2-(YH-Fluoren-Y-y Imethoxyvoarbonyiamino iocetic ocid

Potassium bisi iomethy lz:lylDamide

I, l-carbonyl dumidazole

N M-Dimethy lformamade

I-[Bisidimethyi minmﬁ:ﬂwlﬂmi-lﬂ-l.m-u‘i&mm{tﬁl Pyridium 3-

oxide hexalluorophosphaie

F|
2= IH=-Benzotriazole=1=y1)=1_1,3 3tciramethy laminium

tetrafluoroborate

N N-Diisopropy lethy laming

J-Methoxy-2-todopheny horonic acid

Tetrahvdrofuran

Dichloromethane

Circular Dichroism

Muclear Magnetsc Besonance

High Resolution Mass Spectrometer (electron spray jomzstion )
Chiral tonic hqueds

Sodium tetraflluoroborate

Sodium borohydride
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LiAIH,
Ma:zBly
MaHC{(k
CuSOy,
ErAc
AgBF,
LiNTH:
SOCH
BFi
BF+.ED
TsCl
HC1
HMO)
Ha50,
MellH
MP
HPLC
GO
TLC
ATH
CBS
i-PrOH

TON

Litham alywminum hydride
Sodium sullae

Sodium hvdrogen carbonaic
Copper sulfate

Ethyl| scednie

Silver tearalluorobornte
Lithium tnfluere methane sullonomide
Thiony] chloride
Tewaflueoro boraie

Boron trifluoro etherate
Tosvl chloride
Hydrochloric acid

Mitric acid

Sulfuric acid

Methanol

Melting Point

(7 4]
High performance liquid chromatography

(zns chromatography

Thin laver chromatoemaphy
Asymmetric transler hydrosenation
Corey Bakshi and Cibata

Izopropy] alcohaol

Turn over namber
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Abbreviation

ANDY-Pri Aluminum iri isopropoxide

TzDPEN N-ip-toluene sulfony])-1, 2-diphenylethylenediamine )
[PA lzopropyv] alcohal
FA Formic acid
EisM Trethyl aming
PRMP Phosphorous nitrogen nitrogen phosphorous
MADH Micounamide adenine dinucleotide
NHC M- hetero cvelhic
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GENERAL REMARRKS

AN snlvents were distilled and dived before wse.
PFetrnlewin ether relers 1o the faciqon collecied in the ailing mange G0-#07C
- Drganic lovers after cvery extraction ware driad over anhydrous sodivm sulfnee.
Coalwisn Clhromsatographes punfications were performed ever silica ael (60-13H &
?ﬁl [ mmesh
TLC was performed on E-Merck pre-coated o0 Fwsy plotcs and the spots wore
remdered visible by cxposueg 1w UV light iedine, p-anisaldehyde (in ethannlh,
bromocresed sreen On sthanell, phesphomelvbdes acad (o ethanof) and ninhydrin
ﬂ cthoncl).
R Spectra were recorded onoa Perkin-Elmer mode] 682 B or 1603 FT-IR and
absorplions wers exprassed iﬂn".

7. 'H and "CNME and DEPT spectra were recorded on Bruckar FT AC-200 MHz,

|

1
1

Brucker Advance HF PMHz 200 MHz and JEQOL ECX 404 insruments wsing TS
|.1rﬂ|w:nl. ressdue as annternal siandand. The Tollewimp ablreviabions were used: 5
= ginglet. d = doublet, 1 = implet. g = guanel m = muoliples. brs = broad singlet. dd
= daublet of doulilet, v = wipler of doublze, dt = deabler of wiplet dg = douklet of
canrlel ond app = appirent

. Dptical rotpbons wers carmied out on JASCO-18] digain) polarimeter ot 259 using
sodiain D ik,

- Lnantipmene exgess weas determined on Agilent HIPLC mstnunent eguipped with o
chiral columin

(0. HEMS data were teeorded on o Thermo Scieatific O-Exactive, Accela 1250

FII.IE
1. Al melting points are wneorvected and the tempernbares arc in centigrade seale.

2. The compounds, scheme and reference nembers given in cach chaplonsceion

refirs i that particubar chaplersesion caly




Abstracts

Title of Thesis: Synthesis of aming acid amide bascd ionic liguids: Their uiilizstion in
asymmetric transfer hvdrsgenation

The thesis iz mamly focused on the development of chiral sonic liquids of amino acid amides as
organccatalvst for asymmetnc transfer bvdrogenation (ATH). This thesis s divided inte three
pariz, The chapler Nirst describes the protecting group free syathesis of K oaryl (R) and {5) @
amino acid amides from aliphatic natural ammo acids and weakly nucleophilic substituted aryl
amines 05 amine source using dichlorodialky] silanes as simultaneous protecting and an
activating agent. In the second chapter, we mainly focus on synthesis and charsclerization of
ClLs prepared from W aryl (R} and (5) @ amino acid amides, For the synihesis of Clls of aming
acid amides, perchlonc acid was used as o protenabing reagent, This work also described the
simple and straightforsard iwo-step atom cconmnic synihelic methodology 1o the syothesis of
ClLs, And the third chapter consists of a svathesiz of ClLs of amino acid amides as asymmiginc

organocatalyst used in asvmmetrnic transfer hydrogenation of ketones.

Chapter I3 One step synthesis of N arvl (R) and {5} chiral amino acid amides from
unprotecied  aliphatic  natorsl  amine  acids  and  weakly  nucleophilic
suhstituted arvl amines.

The amide bond 15 the significant building block of pharmeceutcals. agrochemicals, and

bicdogically active natural products. Maost of the biclogically active natural products. chiral Ting

chemicals, pharmaccuiicals as well as agrochemical compounds have mmportant amide moiciy

such ms endoderm. YVvvanse, Atlace, Cefproail. Apart from these, amide bond serves as a

synthetically important intenmediate in organic synthesis!™), as well as organo catalvst'"! and

Ml for siereoselective formation, There 15 a number of methods

chiral bedeniate ligands
existing in the lemsture. myvolving three steps tection. coupling. and deprodection) for the
syithesis of the amino acid amides. However, problem iz that, the epimerization occcurs in
product, There 15 one report in which, amme acid amides were synthesized v one siep by using
dichlorodimethyl silanc as simultancous protecting and activating agent from a free aming acid
such as phenvlalanine and strong nucleophilic bensylamine™. It was also reported that
dichlorodimethyl silane 15 highly effective reagent to the synthesis of the amides. However, it 15
applicable only to phenylalanine and strongly nocleophilic beney lamines.

Therefore, n this chopier, we wsed series of noturally occurring amino acds (alamne. valine,

lewcing ¢tc.) and weakly nuclcophilic substmied aryl amings as aming 1o svnthesis of amides

Vi




Abstiracts

We also proved that why dichlorodimethyl silane 1= highly efficient reageni in amide synthesis

among the other dichlorodialkyl silanc reagent.

This work one step
WH
o ILH‘ 2 Q l@){
I e 1 =
HYJ‘GH RYJLH
NH; (CH,}:SiCl, WM
O
A | Protection HH;
RO Y L
G
o ' ra
%/'J\r.”m R - "ET j H
' & ;I_f: Coupling s acih i

Existing Method (three step)

1 Deprotection

Scheme of present work:
Weakly Mucleophilic atack a] I--"-""H“]-I ’
o hH; HL?JLN"'%;’:
R " . H
o f MH,
NH; Pyridine R.. 4 43-72% Yiclds
0 ————— o
HU _ HM oo , -
= I:CH]_"JlEICll _,.-'I /II L] J il ®
w 1
H.!,:,_- A a8 H:'D' HCL g -'\.'F.I-'""'\- N -\"'T'\'h"_-"'l
FiH; - M
Intermedinie  Elimimated by prodict .
R = «CHy, sCHECH, )y, <CHyCHECH, ), scavange by (CHy),S1C1, 42-T0% Yickds
X = OCHy, -CHy, -Cl, Br, -F, -Niy

Chapter 11:
amino acid amides,

Synthesis and characterization chiral fonic liguids of N aryl (R) and (%) a

The chiral 1omic hgumds hove wide applications in o chemical process for exaomple as a solvent.

catalvstl, bio-catalyst, in svathetic chemistry, in electrochemistry, in separation and as extracling

Vi




Abstracts

agent, In litgrature, there are number of the repors available for the synthesis of chiral ionic
liguids, Among the litcrature, ong of the reporied work reporis synthesis of Clls wsing natural
amino acids and aldehyde 1o from chiral imidazole as intermedintes™. These ClLs are used ns
chiral shill reagent for chiral discrimination of enantiomenc carboxylate salis in NME. These
Clls are uwsed ps chiral addittves o transition metal catalyzed asvmmelrnic  orgamc
transformation, n-heletrocyvelic carbene hvdndo chiral ligonds i wansition metal based Schull
complexes, and in the dyvnamic Kinete resolufion of racemic natural producis and bioactive
DrEanic compounds,

In thes chapler, we report iwo-sicp svothesis of novel chiral onic Liguds synthesized from
naturally occurtng aming acids and arv] amines. In Nirst siep, enaniopure o amine scid amides
arc synthezized from unprolecicd natural amino acids, The second step, ammo aoid amides are
protonmated by using perchlonc acid to give chiral some bguids. Perchlonie acid 15 used for
protonation becausze chlorae anion of perchloric acid coordinates with amides and therefore, it
docs not affect the epimerization of chiral center of jomic liguid,

The synthesized chiral ionic liquids of the amino acid amides have melting point between 45-640
T We report the confirmation of stereochemiziry of stereo genic center of synthegized ClLs of
aming ackd amides using CD spectroscopy and aptical rotation, The mass of CILs was confimmed

by HR-MS. We also confirm that epimerization dose not occurs in final produsct.

Scheme of present worl:
Weakly Hucleophific
Step-1 wrtack g Ay i o r'";h?:.;
| © - RJ%L-‘-\N . e agh e
B MH
| ‘L?JJ\GH - : xﬁ - NHp NH, H oo,
W i | R _JEG R Vel
OH BRos
o H‘I- : it e = R
{CHy S50 - - 0 3 0 Fa
0 2 1 o TH =M
sl we 0| Rall el
=" T0OH Intermedinte A L o |
2 - HHs HHy ooy
MH; Elimimated by-produoct 43 M% Yield o
: T g FYeld
R CH CRICH b -G, T e B (CH 1R
X = oCHy, A0, €1, F, B, By, <0H
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Chapter 111: Enantio pure CILs of aming acid amides as stercosclective organs-catalyst
for axvmmetnc transfer hvdrogenation of ketones ol room temperaiune.

Optically pure sccondary alcohols are the important building block for preparation of chiral fine
chemicals, pharmaceuticals. agrochemicals and bioactive natural products. For the synthesis of
opically pure secomdary alcohols, there are several catalvtic methods are available in the
literature. This was typically synthesized by hyvdrogenation of ketone by using transition metal
catalysl and by using molecular hyvdrogen as well as different hyvdrogen donor viz, IPA. Formic
ackd, Hantzsch esters ete. The existing process has several drawbacks suech as o hazardous
chemical required in synthesis. difficulty in the separation of product, and requires claborated set
up which 1z not easy 1o handle.

Transfer hvdrogenation reactions are divided according 1o catalyst tvpe in Meerwein-Ponndrof-
Werlay (MPYV) reduction, late transition metal-catalveed reacfions, organo-catalveed. enzyme-
catalyzed. thermal, base-catalvzed and catalvic process. Herein, in this chapler, we show Clls
of amino acid amides as stereaselective organc-catalyst for asvmmetnic transfer kydrogenation of
ketone al room temperature!’| These ClILs are recyclable in ATH of ketones. We have
synthesized both (R) & (5) aliphatic as well as aromatic secondary alcohols with moderate to
eood vield and with excellent enantic-selectivity using amimo acid amade based (R) & (5) charal
ionic liquids as organo-catalyst, This also shows good activity and cxcellent enantioselectivity in
ATH of Ketones after three recveles, We described the metal free ATH of ketone by using Clls
of amine acid amade in IPA as hvdrogen donor as well as solvent. This 1= the first report of metal
Iree catalveed ATH of ketone with moderate 1o excellent vield and ennatic-selectivity, It may be

atiractive alicrnatives method of ATH of ketone used without metal,

Scheme of present work.
0 OH ClILs CH u
Ft-"'J"‘u_ + T e HP-I'EIW' t __J.I._L
Nald-rBu, RT e
B-EH%, Yield
R = -CHyCH;, -CHCHICH ), -OCHC T, WG58 ro
FIC,Hy, -Bric 1,

Vi
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Chapter 1

1.1 Introduction

The wmide bonds are very important to every form of life, protein cannal be form without this,
and hife os we know 1t couldn't exists withoul protein based eneymes. Pepude bonds are fommed
by amino acids and amide bonds and these are the basic building blocks of prodein!'*l Amino
acid amide bond widely occurs in both natural and synthetic organic compounds™, There are
many pharmaccuticals and medicinally relevant orgamc compounds contammng amide bond with
chiralig ™% Alsy the amide functionality is an imponant decorative design in polymers.
natural products and agrochemicals' ™, The chiral amide bond is the key functional group in
orgamic  and biclogical chomisiry, The drugs bike Adovasartatm, Valsarim, Lismoprime,
Boscainide. Tocnimde, Polocaine. Lindocatine are the top selling agrochemicoels and medicinal
drugs involving N- hetero aryl amide bond as an active ingredient™), Tocainide is the amide
dervatives of {-alanine used as antarrhythmec agent"!. Denagliptin drug is used for reaiment
for diabetes™! Cefprozil drug 15 an antibiotic called as antibacterinl drug. which is used in the
treatment and prevention of bacterial infection!®! All these are the representative examples of
chiral ammo scid amide bond functionalives, Further, the compounds ke Vyvanse, Altace and
cefprozil are the example of biological actuve compounds contaiming amme scid amide bond
functionalin®. The compounds like sitaglimplin, Ramipril and Lucosamide are DPP IV
inhihitor, ACE inhibitor and anti-eliptic!™ having amino acid amide bond functionality,

Apart from these molocules, low molecular weight amino acid anudes are wsed as salvents and
intermediates in organic svnthesis!""1MUEL argano-catalvsis!'™ and as well as chiral bi<dentate

ligands in metal complexes for stergo-selective arganic ransformations! !

1.2 Review of Literature

Mumerons approsches have been reponmed Tor the svathesis of amides. The common method ised
for amide svinithesis uses protecied amines or amino acids and sis deprotection. The Beckmann
rearringement 15 alse used lor preparation of jdes. The most recosnieed method for
preparation of amides is the reaction of amines with carboxyvlic acid dervatives like acid halides,
acid anhvdrides and esters. However, all these methods have limitations associated with the use
of acid halide. acid anhvdride and ester, Limitations are mostly due o stability o many acid

chlorides and acid anhydrides, and reaction of esters required strong basic or acidic catalvsl Also
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all these conventional methods of amide synihesis osually requires relatively high temperature
and large amount of strongly acidic and dehydrating meden (H250k, polvphosphanc acid, PoOs-
methanesulfome acid). The use of strong acwdic media leads o large amount of waste products

and not applcable 1o acid sensitive amide compounds.

L2101 Multistep syntfresis of amino goid aefde bond,

In 2000 Shu Kobavashi and coworkers!'™), reported multistep synthesis of amino acid amides. In
this method mitally - aldchvde was condensed with aming phenol to form aldimineg. Then
aldimine was reacted with cvamde in presence of chiral Zr-catalyst to form chiral aminonitrile.
Further aminonitrile was protected with iodomethane in acetone under basic condition at room
temperature followed by oxidaton of aminonitrile using H:0n to form protected aming pcid
amide. The prodected amino scid amide was then deprotected by Ce (N R O0s in methanol 1o
form aming acid amide. In 2003 Hyunik Shin and coworkers!', reported the efMicient synthesis
of the HIV-I protcase nbubitor LB71350 contanimg aming acid amide bond. In therr muliistep
synthesis of HIY =1 protease mhibitor, mitally &-Che protected phenvlalanine was reacted with
ortho ester phosphoniam salts in presence of KHMDS. followed by hydrolysis to form N-Che
protected wnsaturated acid, This unsatrated acid further reacted with chiral amine hydrochloride
using vanous conpling reagents 1o form N-Che- protected amino amide bond. Which s
epoxidised followed by deprotection 1o form amino acid amide bond containing HIV-T inhibitor.
In 2003 Ormerod and coworkers!'”, reported the synihesis of amide bond containing Gastrozole
{JB9500%) for the treatment of pancreatic cancer, In the multi-sicp synthesis of Castrozole, frst
Z-Mlurophenyialanine was protecied by Boc anbyvdride 1o form  AM-Boc prodecied  2-
Murophenylalanine. That was reacted with substituted aniling in presence of conpling reagent 1o
form N-Boc protecied amino acid amide and simultancously deprotected to obtamned amino scid
amide product. Further dipepiides and inpeptides were formed by reacting wath amines o
obtained Gastrozole (JBOSO0K). In 2005 Richmond and coworkers!™, reporied diamine
contaming modular ligands and dunng these synthesis aming acid amsde bond 15 formed by
protecting amine acid with N-Boc anhvdnde, this was then reacted with amine in presence of
coupling reagent 1o form protected amino acid amide. In 2006 Vinod K. Singh and coworkers! ™,
reporicd chirel compound as asvmmctric cregano-cadalyst for cnanto-sclective aldol reaction, The
profineamide was synthesised by mulu-steps: i this synthesis mitally proline 15 prodected with
Balasaheh K& favie Fape 3
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N-Boc anhydride and reacted with ethyl chloroformate and wicthylaming, Further optically pure
aming alcohal reacied to form protected profincamide followed by deprotection, [n 2008 Yugang
Liu and coworkers™, reported the synthesis of peptide defomylase inhibitor LCD320 containing
aminge acid amide bond, In this svnthesis they reported an eMicient amidation of peoline
denvatives with weakly nucleophilic 3-pyridizamine. The proline derrvatives were synthesized by
reacting proling with i-Boc anhyvdnde o form &= Boc protected proline. During amidation of M-
protecied proline derivatives they observed epimerization of the C-2 center of Boc protecied
prolme dervatives. To munimaze the epimenzaton the reaction was further carmied owt a1 Low
temperature in DMFE. In 2009 Gerald A Wiesenberger and coworkers™'!, reporied the avp3
integrin antagonist svisthesis by carbonyl ditmidazole (CDI) mediating peplide coupling, In ihe
svnihesiz of peptide coupling, initsally glveine reacted with /-Boc anhydride followed by addition
of 1: 2 N-methyl pyrrolidine and CDI o generate activaled glyeine dermvative containing aming
acid amide bonds. That compound was uged for Durither synihesis of inlegrin antagonist, In 200%
Paul I} Shea and coworkers™, reporied the mulii-steps svnthesis of amide bond containing
Cathepsin K inhibitor odanacatib. In the multistep synthesis of Cathepsin K ihibitor the amide
bond waz formed as follows, mitially (S)-Nuro-lewcine ethy] esier was reacted with chiral
triflugromethylphenyl wiflate to generate the N-protected (5) Fluro-levcime ethy] ester, Then N
protected leucine ethyl ester was reacted with cvclopropylamine in presence of HATU and /-
PrzMEL as coupling reagent to obtamed corresponding Cathepin K inhabator contamming aming
acid amide, Tn 2009 Danigl Patterson and coworkers™, reported the large scale synthesis of
amide bond contaming Denagliptin drag molecule, In mulii-syvnthesis method ficst A-Boc
protected proline was reacted with Boc anhyvdride (o oblamed double protecied proline followed
by reaction with MH4OH (o form N-Boc protected prolinamide. The tosviated N-Boc profecied
prolmamide and (8 difluropheny]l amino acid reacied wsing coupling reagent in cthyvlaceiate
followed by deprotection of Boc group to obtmin denaghptin drogs molecule contmming aming
acid amide, In 2009 Haun Wang and coworkers™', reperted the stereo-selective synthesis of SB-
462795, a highly poteni cathepsin K mhibiicr with amide bond, In multi-synthesis of SB4627T95,
L-leucine was reacted with heterocvelic carboxylic acid to form & protecied L-lencine. Then M-
protected L-lencane was further reacted with meepane amino alcohol i presence of coupling
reagent EDCT 1o produced N protecied aming acid amide bond coniaining SB-462793. The

racemizntion of product was observed during use of EDCI as coupling reagent. In 2012 Harald
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Grroger and coworkers™, reported the multi-siep procedure for the preparation of Singh catalvst
contaming amide bond. In the svnthesis of Singh cpalyst, first Boc protected proline reacted
with cthvlchloroformmate 0 foom mixed anhvdnde, Then probine mixed anhyvdnde was
wondensed with L-dipheny] aming alcohol 1o form & —Boc prowcted prolinamide. That was then
deprotected to obtammed amino acid amide, In 2005 Michael A Schmidt and coworkers!®'),
reporied the two siep enanbw-selective synthesis of amino alcohol drugs molecule containimg
amide. In Drst route, initially hyvdroxyl amno acid was protecied with Boc anhyvdride thar was
then conpled wath pyrrolidine to from Boc protecied [ hydroxyl aming acid amide. Then
protected & hydroxyl amino acid amede was deprotected o obtamed § hydroxyl omino acid
amide. In second roule chiral § hydroxv] amine acid was synihesized by eneymatic aldol reaction
of pyriding aldehvde and glyeine m presence of [2 threonine abdolase, Then [ hydroxyl aming
aced was rescted with dichlorodimethyl silane and pymrolidine 1o obtaun the § hydroxyl amino

acid amide,
.22 e step spnthesis of amine acid amide compounds.

In 1993 Roskamp and coworkers". reported the direct conversion of ester to secondary amide
using Tin(I1) reagent, The two synthetic routes were reporied for direct conversion of esters to
sccondary anmide. In the first route secondary amide was formed by the reaction between glveol
ester and primary amine using SnfMN{TMSk]: vie Tin (00 alkoxy amide as mermedinte. In the
second svmthetic roule reagent based approach was used. in this a phenylacetate and primary
aming was reacted m presence of N, N- dimethylethanolamine and SnfM{TMS1z)2. The tm (113
alkoxy amude was formed m-siu durng amdaton: In 2004 Anne-Marne Foaucher and
coworkers” |, reported the svnthezis of amide bond containing BILN 2061 as HCV NS3 protease
inhibitor. In this synthesis of HCV NS3 protcase inhibitor invelving amine acid amide bond, it
was synthesized from resction of (2R 35-3-viny]=2-amino-2-cyclopropy lcarboxyhe acid micthyl
ezter and trans-(25 4R)-Boc profecied hvdroxy]l proline in presence of TETU and DIEPA as
coupling teagent in DMF, In 2005 Liskamp and coworkers'™!, reported amino acid amide
synthesis procedure using boron mifleoride dicthyl ctherate as protecting and activaling agent. In
this procedure additional step wag required o Tom the lithivm salt of c-phenvialanine. The
lithium salt of phenylalnine was then reacted with BFuERO to form cyvelic intermediate, 2,2-

difluoro-1.3, 2-oxazaborchidin-5-one, which reacts with an amune o vield omimno acid amide, The
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method was suitable for only primary amines. In 2011 Matthias Beller and coworkers!™, reported
the synthesis of @ amino acid amades by reacing hyvdroxyl amide and arvl amine catalvzed by
ruthenium. In 2012 Li and coworkers™™, showed amidation of 1- and p-proling with p-anisidine.
however, significanl macemization was observed. This procedure requires anhivdrous conditions.
In 2011 Tom D Sheppard and coworkers*"/1HI2I5] repaned the amidation reaction of
unprotected mming acid wsing borate ester BOOCHCF . Borate ester as cffectve promoter for
amide bond Tosmation with variety of carboxyvlic acid and amine. Trans-amidation was alzo
reporicd  for the synthesis of pnmary and secondary amodes, In 20013, they reporicd the
BiOCH-CF - mediated synthesis of amano scid amide compound with Che or Bog protected
aming acid and bemevl aming in solid phase. In 20035, they reporied svnihesis of amide
compounds by reachion with benzylic acid and benzylamine wsing B{OCH2CFa): coupling
reagent Lo obtained the amide, In 20058, they reporied the amidotion of anprotected smino acid
using vanely of clazsical coupling reagents and using group {IV) metal salts ag a catalval In
2012 Hans Adolfsson and coworkers'™|, reported the direct amide formation from N-Boc
protected amimne acid and carboxviic acid with pmine catalveed by Zirconmum (1Y) chlonde. In
2013 Shouxin Lin and coworkers'™!, reported the direct amidation of amino acid derivatives
catalvzed by arviboronic acid. The direct amidation reaction of N-Boc prodected proline and
strongly nucleophilic benzvlamine in presence of catalviic amount of arylboronic acid was
carned ool 1o obtain N-Boc protected amimne scid amide denivatives. They also synthespoed
dipepetide by reaction of & or O prodected amino ackd and aming in presence of NMurobenzenc
solvent to avoid racemization, In 2015 Dennis G Hall and coworkers™™, reporied preparation of
amide usimng borome acid as catalyst under ambient conditions i prevent eprmercsation of chiral
aming acid derivatives, They camied oul coupling reaction of M-Boc or Fmoc protected amino
aced with strongly nucleophilic benevlamine mn presence of MIBA catalvst to obtuined N-Boc or
Fmoc protected amino acid amide compounds. In 20015 Shinya Furukawa and coworkerst’),
reporied the reaction of aming agid ¢ster hvdrochlondes with terabuiyl phosphonium aming acid
ionic liguids o obfained the comespemding dipeptides and tripeptides, In 2017 Berl and
coworkers™!, reported & arvlaming acid amide as tocainide drug and it was synthesized by one
step usingV-feri-Balyl-N-2_o-dimethy ipheny]-S-pheny heothiourea ircated with ¥-Boo protected
f)- alaning in presence of iron acetate (Fe(acach as catalyst, In 2005 George A Olah and

coworkers ™ reported the gallivm (111} triflate catalyzed Beckmann rearrangement for synthesis
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of amide, They reporied reamangement reaction of oxime using t.:mzﬁic amount of Ca{CTT to
obtained amide. In 2005 Youguan Deng and coworkers™, reported Beckmann rearrangement of
vanety of ketoxime i the presence of chlorosullionic acid to obtaned amides. In 2006 Y ougquan
Deng and coworkers™, reported the Beckmann rearrangement of cyelohexanone oxime in
presence of Broasted ascidic wnic hguids to synthesized amides. In 2001 Yamaguchi and
coworkers'', reported the Backman rearrangement of oximes catalveed by [RhClicod):].
trilueromethanesullonic acid and tris (p=toly T} phosphine 1o oained corresponding amades. In
2004 Robert H Crabiree and coworkers'™, reported Beckmann rearrangement of aldoxime using
TerPvRu(PPh:Cl-as catalvst 1o obtained amide. In 2009 Anxin Wu and coworkers™*, reported
Beckmann rearrangement in which the direct transformation of methy] ketone, or carbinol 1o
primary amide by aqueous ammonia The K Burger and coworkers in 19951 reported the
hexafluoroacetone as simulioneouws protectung and sclivating reagent in pepide synthesis. In this
synthesis method asparte acid was reated with hexalluoroacetone o Torm reactive cvelic bis
{rriflyoromethy]y substtiuted oxazolidin-S-one as an ntermediaie, which further reacted with L-
phenylatanine methyl ester o generate the dipepiide. However, hexafluoroacetone is a very toxic
gas and much care has o be taken during handling. In 2002 Liskamp and coworkers! "™, reported
a simpltancous protection and activation method for the synthesis of amime acid amides, This
procedure utihized dichlorodialkyl silanes as a protecting group and coupling reagent. The
unprotected phenylalaning and benzy lomine i presence of dichlorodimethyl silane was reacted
ai rogm iemperature i presence of pyriding (o produced amimg acid amide. This procedurs 13

limited to primary amines with stronger nucleophiles,

1.3 Present work

All above literamre shows, the amidation reacticn regquires protection and deprolection of
functional groups cither from amino acids or amines to prevent any undesired side reaction
(Scheme 1), Therefore, the protecuon and deprotecton of either the mmine or amino acsd adds at
least two exira steps in svnthetic procedure. However, there are few reports that use stmulianeous

protecting and activating agents for amino acids in one step svnthesis of amide,
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However, onc step  synthetic  method ™" (Scheme 2) reported in  Titeratre  uses

Projection / Activation

Scheme 1: One step synthetic amidation methods for unprotected aming acids,

hexafluoroacetone as a simultoneous protecting and poctivating agent, which 15 a verv oxic pas

and requires extra care @ handke i

0
o r H\rJ: ?
R, [ Mub R.. (L
ﬁ:LDH ' F,c“ﬂ““::ﬁ —= HN L . [ M
HH o A MH,
14

Scheme 2: Ome step amidation reaction of aming acid with  hexafluoroacetone a5
simultanedus profecting and activating agent.

The other method™! (Scheme 3) reported uses AlMe: a5 a simultaneous protecting and

activating agend. however during this significant racemization in product was observed.

=
Dy Eoluees, My
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Scheme 3: One step amidation reaction of amino acid with AlMes as simualtancous
protecting and sclivating apent.

The another synthetic method!! (Scheme 4) uses dichlorodialkyl silancs as o simuliancous
proteciing and activaling agent. however, this procedure is limited (o primary amines wilh

stronger nucleophiles.

_--L)|
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" _ -
. . , C
P e gy (RiRISIC], (22 equiv) ; RH fﬂ BrNH;, (3 equiv) ol e
N.Hg Pyradine, i, Ms M 16h, Ny =2 H
' NHI
Phi
K =Me Ey= e
By =i-Bu Fy= t-Bu = ik B I6a = 9%
REy=Me R;=H b = 0%
RI = b R.: = Ph Inlermedials 16e = B0%
L 17 16d = 75%
R, =Et B;=Et e = 5%
Scheme 4:  One step amidation reaction of aming acid with dichlorodialkyvl silane as

simultaneous profecting and activating agent.
Therefore, there is scope 10 develop a one-step syvithesis method for amidation resclion using
amincs (Aliphatic and aromatic) with weaker nuclcophiles. We, therefore, report hercin a
synthete method for amidaiion of wnprotected aming acids with weaker nucleophalic amines
{Aliphatic and aromaticy by wsing dichlorodialky]l zilanes az o simulianecus protecting and
activating ageni as shown i Figure 1,

Weakly Nocksopliilic
mck

- NH;
xEﬁj
[ —

TJJ‘ th ent
e -
F‘. B.5iCHL,
i, 16k
Eavepred Inlemszdiale Aqueaus .:|I ;
Sodvent = Pyridse or N-pseibhy] pyralidme wuek i :,-_-IT.L
Ro= aCHy, SCH{CH )y, SCHYCHICH b I:I:-rll.:'rllumu
X = Electron donatieg & withdrawing group on mryf amims choematogrpy

Figure 1: Proposed svilhesis scheme,

131 Optimization of synthetic method for one step amidation of aliphatic unprotected
arnine goid wsirg (O80T ax prodecting and activating agent,

[nitially., one siep svnihesis of amino acid amide was carmed oud by reacting commercially

available wnprodected L-alaning (aliphatic natwral amino acid) with chloroaniline {weakly

nuclcophilic arvlamine) for optimization studv. In literature, 1t was found that epimenzation of

amine acid amide product was observed in many synthetic methods. Here alse we observed
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epimerization of amide product and thizs may be due o formation of HCOL during reaction of
aming acid and dichlorodimicthyl silane. This reacion 15 highly exothermic and due (o formation
of HCL and heat penerated during reaction, sctve methylens group of amine scid forms
enolates. Because of formation of enolates the active methylene carbon becomes sp’ hybridized
and hence chirality disappears and the cpimenzed amine soid amide product was obtamed. This

was conlirmed by CD spectrophotometer ns shown in Figure 2.

Wrakly Muclorpinbs sk

=y Py
& o ,-[I-:d:;:} '.'.l I_cpf‘:ﬂ,.tl
\?‘u\l:u_I prridias \T'-q}.: il sl e

: - HF - . = H

BT T | Sl HH
M e - HOl = X
1B = ilirmmeiion of sod 3

rrmedons
1%

LY spascinm ol l..||||'|II\.II|.'|.'1u|] L-olonine (I8} CT¥ speein of e 1 ) i

andie {21}

mar macaed
Al iU

Ml
[N N

Z N\

16 200 TH0 330 230 20 $E0
Areuien e

-l

Figure X: CD spectral data of N arvl amine acid amide product with epimerization,

To avord epmmenzation, we carned oul controlled expenment by first disselving L-alanine
completely in pyvrding and then dichorodimethy] silane was sdded drop by drop {1 ml/min)
followed by addition of chlorsaniline. Becauze of slow addition of dichoredimethyl silane, heat
gencraied during this step 15 dissipated and HCL Tormmed during reaction was quenched in weak
basic media. Thus enclate formavon of active methvlens group wias avouded and ihe product
obained dogs nol epimerise sereo-genic center of svathegived aming acid amide as shown in
Figure 3 Thercfore, for further all reactions were carmied owl using above producer to avoid

cpimerization of final amide product
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Weakly Macleopheiic sitack
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Figure 3: CD speciral data of A arvl amino acid amide product without epimerization.

Further optimization was caried out by using different solvents and differemt dichlorodimethyl
silanc ratios. The reaction was camicd out using (1:1.2:4:2.5) equivalent ratio of L-alanine,
dichlorodimethyl silane, 4-chloroaniline, and l.nr:lJ'.lg.'Iammr:ﬂ different solvents (acetonilrile,
THF, DCM, DMF, toluene, 1. 4-dicxane, and pyverolidine) al room temperature for 48 b, The
desired aming acid amide product was not obtamed (Table 1 entry 1-T). We observed that the
deswed product was not obimned because tniethylomine reacts with dichlorodimethyl silane (o
Form sall. Then amidation reaction with (1:0.5:4) equivalent ratio of L-alanine, dichlorodimethy]
silane and 4-chloroaniling, was carried out at room iemperature m pyndine as solvent as well as
base for 48 h. The excepled desired produect of amine seid amide was obtamed {Table 1, entry
B). Further we carried oul reaction by varving difTerent ratio of dichlorodimethv] silane and
obazrved that an excellent vield of amino acid amide prodact was obiained at 1:1.2:4 rafios in 16
h. (Table 1, entry %9-12). From above date we observed that (1:0.2) equivalent rabie of aming
ackd and dicklorodimethy] silane was ideal Tor one step amidation reaction of unprotecied
aliphatic amino acid and weakly nocleophilic arvl amine, Therefore, for further study we used

same ratio of L-alamine and dichlorodimethy] silane
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Table 1: Optimization of amidation reaction by varving L-alanine & dichlorodimethyl

silane ratio and by using different solvents.

Weakly Mucleophilic ntinck

o i ?
%) Pyriding \T/( { 20
o —————= 0 -

£

NH,  (CHosicl RT | PP s = NH;
18 e g Elimination of acid E)
18
Entry L= Dichlorodimethy | Choro Solvent Base Time Yield
Mo alaning silanc {equiv) aniling (i [ %)
(equivy {cquiyy
1 1 L2 + AN EtaN 45 -
2. 1 1.2 & THF EtiN 45 -
3 1 1.2 4 DM Et:N 48 -
4 1 | 74 + DMF EiaN 45 -
5 | [.2 4 Toluene EiiN 45 -
i I 1.2 : | 4-dioxane  EGN 48
i 1 1.2 + Pyrrolidine EiaN 45 -
. 1 0.5 & Pyridine  Pyridine 48 35
3 I | 4 Pyridine Pyridine 48 k1)
Y] ] 12 4 Pyridine Pyrdine 16 72
11 1 1.5 & Pyridine  Pyridine 16 72
i2 I z 4 Pyridine Pyridine & T

Then for further oplimization study we change the concentration of arvl amine (d-chloroaniline).

[nitally, amadation reaction was carried out with {1:1.2:1) eguivalent rato of f-alaning,

dichlorodimethyl silane and 4-chloroaniine at room temperature in pyodme for 16k, No product

was obzerved (Table 2, entry 1), Forther, we change the d=chioroaniling concentration from 1.3

io 5 equivalent of L-alaning and it was observed that at 1.3 fo 3 equivalent ratios of L-alanine and

dchloroambine, excepted desired amino acid amide product was obluned with lower vield
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(Table 2, entry 2-5). Then we change ratios of L-alaning o 4-chloroamiling from 3 1o 3

cquivalent, desired sming acid amide product was obtaned with excellent vield {Table 2, entry

7=}, From above screeming data of amidation reaction, we observed that 4 or excess e of L-

alanine and 4-chloroaniling gave excellent vield of amino acid amide product. Tt was hen

concloded that excess amount of 4-chloroaniling 15 required for amidation reaction. From above

optimization  study

of amidation reaction we found thot the 1:0.2:4 ratio of L-alamine,

dichlorodimethyl silane and 4-chloroaniling, respectively, iz the ideal ranio, Therefore, for all the

further amidation resctions were carnicd out wsing above optimized condition,

Table 2: Optimieation of amidation reaction by varyving arylamine concenteation.

Weakhy Mucloophilic attack

c
o ———————=
NH,  (CHpSiCh, BT ”‘SIH e MH:
L] T Eliminaticn of s
18
Entry No.  L-alonine  Dichlorodimethy Isilane Chloroanihine Taume (hy  Yield (%)
1, 1 1.2 | L1y -
2. 1 1.2 1.5 I I
3 1 1.2 2 16 20
4, 1 1.2 25 L1y 4
- 3 1 1.2 3 16 all
6, 1 1.2 35 16 55
7. | 12 4 l& 72
1 1.2 4.5 16 72
1 1.2 - I 72

132 Effect of different silawes on one step amidation reaction.

To see effect of different silanes, we carned oul onc sicp amidabon reactton of £-alanine,

dichlorodimethylsilane and 4-chloroaniling with 1:1.2:4 ratiog at room wemperature for 16h by
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varving different silancs (Vie, dichlorg-methvl-vinyl silang, dichloro-methvl-phenvl silang,
dichloro-diphenyl silane, dichloro-methyl-octadecyl silane, and dicthoxy-dimethy] salanc). It was
obszerved that wsing dichlorodimethy] silane gave comesponding amino acid amade product with
excellent vield as compare 10 other silangs (Table 3, entry 1), The wse of other silang in
amidation reaction gave moderate to good vield {Table 3, entry 2-6), From above screening of
dichlorodialky]l silane as protcctung and sctivaling reagent in one step mmidation reaction of
unprotecied L-alamine and 4-chloroamiling it was observed that, by increase in the bulky moiely
on s1lanc, the rate of reaction decreased, This may be duc to steric hindrance on silane. Screcnimg
of varous dichlorodialky] silane, we observed thet dichlorodimethy] silane 15 highly effectve

reageni for one step amdation reaclion,

Table 3. Effect of different silane reagents on one step amidation reaction.

Wenkly Mucleophilic aitack
HH?

. I 5 el
\‘?j\ Pridine \.-ﬂ"":iu C cl 3 \Li‘ﬂ\ /@l

o —————————= I - ﬁ
e HM -
B8l BT Siw M
HH; LS 1H, R ; 1ot __3‘ Hz
18 Ehmunabion of scid 21
Igrmcdaate:
13
Entry {RiR2)8iCl Timec (h) Yicld (%)
Mo,
N -
i
I "" I6 72
Ci,
:E-i"
2 = L6 02
CI,_E___i;I
i
3 % @ I 35
(- T+

4, @ i:} I 30
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clol
EIW
5. 4 I 10
"‘-.E_-"'
e M
s L 16 .

133 Effect of differens substituted arpl amines with eleciron dovating & withidrawing gronp
an aemidafion reactiog,

Uging above efTective optimization study, furher scope and elMiciency of this method was
explored for synthesis of different amino acid amides by using substimted arvl amines with
clectron donating and withdrawing group at ortho and para position, Initially, amidation reaction
of unprotected L-alanime was carmed out using eleciron donating substituted group of arvl amines
ai para posiion, The good to excellent vield of comesponding amine acid amide product was
obtained (Table 4, entry 1-2) except hydroxyl group substituted arvl mine (Table 4, entry 3).
This may be becanse hydroxy]l proup in amine phenol has hagh affimy o resct with
dichlorodimethyl silane o form salt. Decreased in amine acid amide product was observed when
chloroamline, Murcamiling, bromeanitine and nitrosmiline was used {Table 4, entry 4-6). As the
rabe of reaction was decreased with :intrr:miuﬁ eleciron withdrawing strength of substatuted
group on ary] amine excepl nitro group. The milro group is strong electron withdrawing group
which withdraw the nucleophilic ability of aryl amine and thus reaction does not occur
However. when electron donating and withdrawing substituted group ol orthe posibon of aryl
aming was reacted with unprotecied L-alanine. slight decreased vield of amide product was
observed (Table 4, entry B-10). Thiz may be becanse of sicric hindrances 1o nucleophilic sife of

aryl amine,
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Tahle 4:  Effect of different substituted clectron donating & withdrawing group of arvl
amine on amidation reaction.
Weakly Mucleophilic aitack
-~ MH-
I ci
- Pyridine \[,JQO C 20 %%L)I‘N di
EH" —_— = | e H
NH,  cmpsici Rt | PNosi o _:,' HH;
18 Eliminabon of acwd Fa
Intermediale
19
Eniry Mo, Aryl amine Products Time (hy  Yield ()
L ~5 LA In 72
MH; H
MH; 0o /@/
2. /@ N L Fit}
Nty
o™ oo
3. HO \L?J‘\[j I -
i
o g "
-+ & i L6 12
neH;
HH F
o L
5 . \‘?)Lm 6 i)
Hy
4 fd
B Br N 5] i
Ny
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T,
‘Bl
10, & \LI/H\H b6 55
HH; C

.34  The amidation reaction nsing differens D and L-amine acids and different aryl amines,

The different unprotecied aliphatic L-amine acids like alanine, valing, and leucing was reacted
with weakly nucleophilic substitmied aryl amines like amisadine, chloroaniling, toludine,
[Murcaniline, and bromoeantline vsing dichlorodimethy] silane at reom temperature for 16 h, The
curmspujnl:lirﬁ N oarvl 5 pmine ackd amide product with good to excellent yvield was obtained
(Table %) All products were characterized by 'H &""C NMR (200MHz 400MHz, and
S00MH2), HRMS, and optical rotation. The CD spectrum was recorded by JASCO-H20
spectrophotometer and the daga 15 shown i Figare 4.

Simalarly, N aryl B amino acid amides were synthesized using unprodected aliphatic 1Y amino
acsds (alanine, valine, and leucine) and weakly nucleophilic arvl amines (amisadine, toluding,
chloroaniline, Muroaniline. bromoamifine). The pood to excellent vield of & aryl & amino scid
amide was obtained (Table 6). All the products were confirmed by 'H &"C NMR (200He,
4MHz, and 500 MHz), HREMS, and optical rotation. The CDd spectrum was recorded by
JASCO-R20 spectrophotometer and the dat is shown in Figure 4.
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Table 5: One step synthesis of & arvl 8 amino acid amide.

Weakly Nucleophilic atiack

MM
. 21 ey
Pyriding \r-J{ C}'i R /
H?‘L . 27 o N
Hz

DH—F .

(TR S k- B =z _:J NH;
25 e g Elimination of acid 24
26
“Entry No R X Amide products (22) Configuration  Yield (%)
I -CHa -CCHs 284 5 72
2 - Ha -’Ha 28h N 70
a -CHs -] Lt 5 ]
4 -CHa -F 284 5 il
5 -CHa -Br 2 b &0
b Elﬂ:ﬂ:.]: OCTH 2RF 5 Ti
7 CH(CH:): Cl Mg 5 6
B -CH{CH32 -F 28h N (]
] -CH{CH:)z -Br .4 5 62
1 -[__:]'[::'I::]'I['EE'|:1I-~m -OCH: I8j 5 0
11 CHACHICHa ks -1 25k Y 67
12 -CH:CHICH:) F 28 5 63
13 CH:CH{CHa): -Br XMm 5 il
14 -CH; 2,6 -CH; 28 5 58
15 -CHx 2-0CH; Mo 5 60
16 -CHs 2-Cl 28p 5 55
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Table 6: One step synthesis of & arvl B amino acid amide.

Weakly Nucleophilic atiack

MM
X
o . a f /©, 2 Q/
Rl Pridin \I’-Jg‘u CH w  radl
z HN-g/ . H
NH;

gy —

A, (M, )80, RT B == -_)
29 e g Elimination of acid 12
30
Entry M R X Amide products  Configuration  Yield (%)
(32)
I CH: -DCHs 32a R 71
2 “LHs -CH- 3Ib R (]
3 -CH: -1 3l I iH
4 CH: -F 32d R 64
5 m—-l."_'l [+ -Br 326 R Bl
i -CHICH )2 - H ¥ § R Tl
7 -CH(CH1):z -7 3lg R i
8 -CH{CH3)2 -F 32h I i
9 -CH{CH -Br 3 I i
10 CHCH(CHy)gy -OCH; 32 R 72
11 LCH:CH(CH:)2 - 33k R (i
12 “CHaCH{CH3)2 -F 34 R il
13 -CH:CH{CHz): -Br 32m " 03
14 CHs 2.6-CH, 3 I il
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n“?ﬂ“m Weeakly Muctoophilie anack E:f
FIH, NHy
=6 S _IEJ | 7 "'\-\.:ﬂf“"
CHil I—-— T | 'l-—",;-:fL
{CH 3y 510, KT M- 5-- I : L "
€ dropaise ackdlibon | HOl = e -ﬂﬂ"‘“"
| . 'R i
H%H | L irmmnaiine of scid REIJL"%
AH; 28 or 30 ray H
28 E-S

By, -CHICE yJ, -CHCHICH,
¥ = 0 H L, ~C1-F, -Be. 10,

Fig (a® CD specim of M andiSlasimoduil amila  Figdbl U0 spednm ol M am 10 g skl amil
e L P96 £ T iXJa-JEmmk

i

By 1 bare

R W

Figure 4: CD spectra of & aryl R and 5 amino acid amides prodoecis using unprotected D
& I oaming scids,

L3S Proposed reaction mrechamine of one step amidation peaciion,

In proposed mechamsm, mitially carboxylote amen of L-planime 15 formed in basic media, Thas
carboxvlate anion reacts with reactive dichlorodimethy]l silane 1w form linear silane as

intermediate (1) in situ. Then by simultancous abstraction of proton from intermediate (1) under
basic media followed by imiramelecular evelhization to form reactive cvelic salane miermediate
(2). Thiz reactive cvelic silane activate carbonyl carbon of Le-alanine and reacts with 4-

chlorpanilinne to form amine acid amide product as shown in Scheme 5,

_---
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O 5,
i 8 oo - B T =
= q ; T
o M MH; HH
1
umaevivaied binesr smermedinie

i o
5i-0H NH; !

a gﬂl 5 -
] UGI ‘\rJ'I\ x\T"FI':\
j‘)\“‘ - HM.
Hy 2

Reactive avclic imetrmediale

Scheme 5: Postulated mechanism of amidation reaction wsing dichlorodimethyl silane
under weakly hasic media.

1306 Isolafien of reaciive infermediote of anidation reaction.

For solating the reactive infermediate, the controlled ¢xperiment using  L-valing and
dichloromethy lvinyl silane \\'J::Em:ﬂ oul under solvent free condition ol room icmperature, In
controlled experimental set-up oven dred 530 ml two neck round bottom Qask cqupped with
magnetic stirrer was  charged with {11 mmoley of L-valing and (11 mmole) of
dichloromethylvinyl silane and stimed ot room emperature under continuous flow of nitrogen
gazs, The contimuious Bow of nitrogen gas was used for removal of HCL gviich was continuously
guenched in aqueous MNHy solution. Alter reaction |0 ml satrated solution of KaHCOs was
added for removing the unreacied [-valine and silang, The product i3 isolated in DCM, The
product was confirmed by 'H, "C and ™81 NMR spectroscopy. lsolated reactive cyclic silane
intermediate under solvent free method 15 shown in Scheme 6.

(o] 9]
ol .l Solveni free
/L?)J\ oH T S = - NP +  2HCI
MHa i Cantineoas flow of W, ;Sl,ﬂ__s-;:'-r
2 24

Scheme 6: Isolation of reactive cyclic intermediate of amidation reaction.

Balasaheh K& favie Page 21




Chapter 1

1.4 Conclusion

In canclision, we have successively synihesized & arvl B & 5 amino acid amide in one slep by
wsing dichlorodimethy] silane as protecting and scbvatmg reagent by reacting unprotecied
aliphatie 1 & L amine acids with weakly nucleophilic aryvl amines. We have shown that
dichlorodimethyl sitane is highly effective prodccting and activating reagenl for ong skep
amidation reaction. By using thes mecthod the stereo-menic conicr of amide product docs not
cpimerized and this was confirmed by CD spectrophotometer. Thiz is one step method for
svhihesis of amino scid amide and in this method carlier three steps (viz. protection, coupling
and deprotection) wis reduced and also minimized toxic and hazardons byproducts Tommation.
This method uses o simple reaction se4 up and it does oot require speciahized equipment. By
using this method the amidation reaction is carmed out 8l mild reaction condition and high vield
of product 15 obimned

1.5 Experimental Section

LET  General informarion of chemicals and instrument.

All the purilied and drv distlled chemicals were purchased from reapent and solvent grode
chemical company. All the 99% pure amino acid both L and D alanine, valine, leucine were
purchased Trom sigma Aldrich chemical limited, aryl amine such as chloraniline, 4-
methoxvaniline, 4-Murcaniling, 4-nitroaniline, pyrding, MaoS0y, NaHCO:, CuSCOy etc sere
recerved Mrom Aves Pyl Chemical himited. The solvenis for chromatography and extrachion were
purchased from commercial supplicrs and used without Turther purification, All reacltions were
performed in gln&mﬂcmr cauipped with a magnetic stirrer at an atmosphere pressure, unless
otherwise stued. Thin laver chromatography (TLC) analysis was nsed to check reachion progress
usinﬁMnt‘ck TLC planes (silica gel 6GF-2354, 0.25mm) and visualized by using UV (254 nm).
The products were purified by column chromatography on silica gel 60 { Merck, 230400 mesh),
Products were confirmed by 'H &YC NMR (200MHz, 400MHz, 500MHz) Bruker NMR
spectroscopy with solvent CDCly, MeQD-y, DaO, DMEO-ds as intermal standarcﬁn chemical
shift & (7.26ppm, 77,16 ppm. 331 ppm, 49 ppm, 4.79 ppm, 2,50 ppm, 39.52 ppm), Multiplicitics
are mpm'ltd_ﬁmg following abbreviations - s= singlet, d= doublet, t= triplet, m= multiplcts and
br = broad, dd = doublet of doublel. di = doublet of nplel elc. Optical rotation of product s
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confirmed by JASCO Polarmerer and stercochemisiry of product s confirmed by JASCO-820
gerics of crculer dichroism Speciro photometer, Mass of the product 15 conflimmed by HEMS.
Elemental onalvsis woas carmed out by Thermo Finmigan EALLLZ senes Flash Elemental

Analyzer
1.5.2  General experimental procedure for synthesis of amino acid amide.

In oven dned 30ml roond bottom flask equipped with magnetc stirrer. 11 mmele of amino acid
in pyridine was charged and reaction was sir al room :ﬁﬁpr:ratum to dissolved amino acid
compleicly. Then 12,4 mmole of dichiorodimethy| silane was added and reaction was further
stirred for 15 mn 1o DI:IEuEd clear solution at room temperature. Then corresponding amount of
44 mmole of aryl amine was added and reaction was continucuszly stirred al rocin lemperatuns,
The progress of reaction was monitored by TLC. The products were confirmed by 'H &"'C
MME. Mass 15 confirmed by HEMS. The optical properiy 15 confirmed by ophical rotation and
C D zgpectropholometer.

1.3  Experimental procednre for synthesis af N aryd 78) amino acid amide.
28 (8)-2-arimo-Nefd=marthoxyprlhenyl) propomamide:

Reaction:
Wiakly Nucleophilic amack
MM
-
[ ]
i Pyradine \r,i C 27 N \L?L"
NH (CH:RSICL BT | sl ] __} NHy
z drop-wise sddition HCL
25 Elminsion of acid 28
Inbermedesie
26
Procedure:

fn oven dried 30mi round boliom Mask equipped with magnetic stirmer | lmmales of L-alanine in
pyriding was charged and reaction was stirred at room lemperaung &I complete dissalved L-
alaning i pyridine. Then 13.5 mmole of dichlorodimethyl silane was added drop-wisc and
reaction was conhnuously stirred at 23°C-307C untl complete EIEaﬁllutiun 15 obtamed. Then 44

mmales of amzadime was added and reaction was further stirred af room lemperature for 160
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The progress of reaction was monitored by TLC. Aficr the reaction 23m saturated solution of
MaHC Ok was added to quench the pyndine as well as silanc and then 25ml ufﬂuyl ncciate was
added. Two laver was formed. Both aguecns & orpamie laver were separated & ﬁmi: layer was
washed three time by saturated solution of KaHCO: and dried over NaxS0y and concentrated
under reduced pressure. Product was punificd by silica gel column chromatogeaphy, Product was
confirmed by "H &"C NMR (2000MHz. 200MHz, 500MHz) spectroscopy. mass is confirmed by
HEMS, stereochemsiry 16 confirmed by JASCO-820 series of CD spectrophotometer and oplical

activity 15 confirmed by 1ASCO polanmeter. Similar procedure was used for synathesis of other &N
arvl i & 5 amine acid smides {280-28p, 320-32m).

1.6 Speciral data
Lol Spectral dava of N arnd X aming acid awide,
28, (8)-2-aminmo-N-fd-methoxyphenyl) propoanamide:

< |
Solid products; Yield 72 %: 'H NMR (400 MHz, CDCl) & ppm 1.43

o
JU NO h H.J‘=E-?h[—l1.3 H)257 (br.s, 2 H)3.67 (g J=6.51 Hz, 1 H) 3,79 (5. 3
H H) 6.85 (d,.J=8.55 Hz, 2 H) 7.51 (d, J=8.55 Ha, 2 H) 9.40 (br. 5., | H):
BC NMR (100 MHz, CDClL) & ppm 2138, 5101, 5548, 114.10,
la]s = — 1460

My

121,09 13108, 136,18, 173,14, c =ﬂ] CHCL:), HEMS (ESID calculated
CoHyaNz00 - 194.1055 found: 194 0995; Anal. Calculated C, 61 84, H. 727 N, 14 42; found C.
G586 H. 6.%6: W, 14.84;

28b. (5)-2-anmino-N-{p-todyll propunamide;

[ ]
u Solid products: Yield 70%:: 'HNMR tiﬂﬂﬁ]—iz. CDCLyy & ppon 144 id,
\E?J'I\H ,@/ ,.F=ﬁ.f.‘ﬁT—Ez. 3IH) 227 (5. 3H)3.0% (br. 5. 2H)}3.79 (g, /=657 Hz, | H)
NH; H 707 id, J=#08 He 2 H) 746 (d. /=%.21 Hz 2 H) 954 (br, 5., 1 H}; ¥C
NMR (50 MHz. CDClL) 8 ppin 20,09, 20.84. 50.83, 11980, 12942

; B [a]5 = - 1260 .
129,79, 133,84, 135,10, 17152, %o (C 41 CHCI). HRMS (ES) calculated
F

CmHuab =0 1781106 found: 178.2350; Anal calculated C, 61.84; H, 7.27; N, 14 42, found C,
GLAE H, 690 M, 14 84,
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28e, (5 2-aemmin = N fd-chloraplienyd] propasaride:

& PG

NH;

173.6

g lalf = - 1660

Sohd products; Y 'u:&ms Ho; ﬁ-l MMER {500 MHz, CDClL 6 'FIF 142 -
147 (m. 3 H) 1.94 (be. 8. 2 H) 3.63 (g, J=6.87 Hz, | H) 730 (d J=§.77
Hz. 2 H) 7.57 (d, J=8.77 Hz, 2 H) 9.57 (br. 5, 1 Hx "“C NMR (125
MHz, CDCh); & ppm 2149, 5110, 120,59, [28.90, 12896, 13844,

E = | CHCL), HRMS (EST) calculated CoHpCINOn 1980560, found:

198,153 Anal calculated C, 54.42; H, 5.58; N, 14.10; found C, 34.10; H, 5.25; N, 14.58;

28l (8)-2-amine-N-{4-fluroroph eyl propanamiide:

MHs

CoHp FHa0: 182 0kl

a
Solid products: Yield 64 % 'H NMR (500 MHz, CDCli) & pggn 1.41 -

144 (d, 3 H) 2.38 (br, 5., 2 H) 3.58 (g J=6.87 Hz, | H) 7.24 (d, J=8.77
Hz. 2 H) 7.53 (d. J=B.77 Hz. 2 H) 9.58 (br. 5. 1 H): C NMR (125
MHz, CDCh). & ppm 21.4% 51100 12059, 12890, 12896, 136544,

o
173.68; o= -1560 - cpen, HRYS (ESD calculaied

found: 182.153; Anal calcalated CoHy F™.0 ;0 C. 54.42: H. 5.58: M.

14.10: found C, 34.10: H. 3.25: N. 14.58;

28, (N)-2-amime-N-f4-bromaophenyl) propanamide:

NH,

Solid products, Yield nid b ‘EH NME (500 MHz, CDCl:) 6 ppm | -I--H
.45 (d. 3 H) 1.4 (br. 5., 2 H) 3.63-3.67 (q, /=687 Hz, 1 H) 7.29 (d.
J=8.77He, 2 H)y 7.57 (d, J=8.77 Hz, 2 H) 957 (br. 5., 1 Hy, "*C NMR
(125 MHz, CDClx). & ppm 21.49. 3110, 12059, 12890, 12896

13844, 17368, W= 1600 o cHopy, HEMS (ESD

calculated CsH iBrNz0: 1820960k found; 182.153; Anal calculated CoH iBrM20: C. 54.42; H,
EAg- M, 1410 found C. 54.10: H, 5.25: M, 14 58
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28f, (5 )= 2-amvizg - Nof 4= methoxy plienpl)-3-npeth plbutnanide:

Salid pmdﬁti‘. Yickd 71%; 'EH KMR (500 MHz, CDCl3) & ppm
o lgﬂ“ 0.72-0.88 (d.J=6.87 Hz. 3 H) 0.91 (4. J=6.87 He. 3 H) 1.51 (br. 5.
)\‘ﬂﬁ 2 Hy 2.19 (1d, d=ﬁ 87,3.8] He, 1 Hy 3.19 (d, /=343 Hz, 1 H) 3.63

= {5. 3 H) 6,70 (d, J=8.77 Hz, 2 H) 7.36 (d, J=9.16 Hz, 2 H) 9.2% (br.
5. 1 Hi: C NMR (125 MHz. CDCly) d.ppm 16.04, 1979, 30,79,

55.49, 60.33, 114,11, 121,99, 121,12, 131.06.156.17, 172.26; [€lp = - 16.600 [I:E | CHCL);

HREMS (E5D of CzHaN0p calculated 222 1386 found 222.1296; Anal calcolated © 2 H ahz00:
C. 64,84 H. B016; W, 1260 found C, 62530, H, 7408, 1310

28, (5= 2ectniinr b=l =l fenraaprle i )= F-meretle ylb e avnialee

- |
Solid products: Yield 68 % 'H NMR (200 MHz. C[)‘Clg}&ppm (h.86

5 O | (0. 4=6.95 Ha. 3 H) 104 (. J<Z07 Hz. 3 H) 168 (br. 5. 2H) 232 -
)\J{J\N,@/ 256 (m, 1 HY 338 (d, /=354 He 1 H) 7.25 - 732 (d. 2 H) 7.53 -
NH, 7.60 (d, 2 H) 9.60 (br. 5. | H): “C NMR (50 MHz, CDCl3) & ppm

15393, 1982 3068 6034, 120063, 12896, 13638, 172.66;

2 _ =
[l = - 1445 o _ | CHCLY, HRMS (ESD calgylated CuHiCIN:O : 2260873 found

2260974; Anal calculaied Oy HisCIND ;. C, 3828 H, 6.67; N, 12.36; found C, 5% 10; H, 6.24:
M. 12.94;

288, (5)-2-ganing- == e roropenpl)=-3-methyibamemide:

a8
Solid products; Yield 61 %: 'H NMR (200 MHz, CDCly) & ppm 0.85

F
0
/LL?)L g (8,46.95 Hz. 3 H) 1.0 (4. JS7.07 Hr, 3 H 237 (br. . 2 H) 239 -
N

NH, H Zioim, 1 Hy337{d. /=354 Hz, 1 H1 726 - 730 {d, 2 H) 7.53 - 7.59
(d. 2 H) 960 (br. s.. 1 H): "C NMR (50 MMz CDCly) & ppm 15,95,

15.45

182, 3068, 6034, 120063, 12886, 12896, 136038, 72606 [y gy = (C = | CHCI:);
HEMS cESEalculmm CoHpsFNaOy 2100, 1283 found ; 210.0974, Anal calculated CoHisFMN20
CC, 5828 H o 6.67 N, 12.30; found C. 58.10: H, 6.20: N, 12.96;
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28L (- 2eprnninni= - -hromapfienplp=3-methpihainamide:
Solid products; Yield 62 %; 'H NMR (20 MHz CDCls) Eﬁm
o ‘O/EF (.85 {d, J=6.95 He, 3 H) 1.02 {d, J-f-?é? Hi, 3 Hy 184 (br, 5., 2 H)
/LI%’LM T (2,39 - 2,49 (m, | Hy 3.37 (d. J=3.54 He, | H) 7.26 - 7.30 (d, 2 H)
MH; 3 7.54-759 (d, 2 H) 959 (br. 5., 1 Hy; "'C NMR (30 MHz, CDCl3)
-6 ppm 1593, 1982, 3068, 6034, 120063, 12880, 12896, 136,38,

55
172,66, 14lB 11450 e = | CHCL): HRMS (ESD calgalated C1iHisBrN:O - 270.0473
found - 270.0974: Anal calculated Ci i HisBrN=0 ; C, 58.28; H, 6.67; N, 12.36; found C, 58, 10;
H. 6.20: N. 12.96:

285, () 2-amnin g - f-pre il acpplenplp-d -meriov e ranamide

5 Solid Eduﬂs; Yield ?1:’.!-{1;#!'-1 NMR (500 MHz, CDCl3) & ppm
o O = | 098 (d, =649 Hz. 3 H) I.Ul&..f-ﬁ 10 He. 3 H) 1.39 - 1.45
\‘/\lﬁ\n {m, 2H) 181 -1 :-_iqm. 3H) 350 (dd, J=973, 362 He 1 H)
- 381 (s, 3H) 687 (d,S=E.77He, 2ZH) 752 (d, J=8.77 Hz. Z H)
9.3% {br. 5., 1 H); "C NMR (125 MHe. CDCls) & ppm 21.37,
23442500, 4392, 5386, 5548, 114.12, 114,65, 12095 130,10, 131,23, 153611, 173.30;

25 _
[alp= -107 o~ _ CHC1:. HRMS (ESI) of CisHsN:0: calculaied 2361525 found
236.1498: Anal calculated CaHnN:0x: . 66.07: H, B.53. N, 11.85: found C, 65.84: H.8.10: N,
12.30;

28E. (8i-I-anino-N-{4-chlorophenyil-4-methvipentamamide:

Salid ﬁJﬂutlh‘L Yield &7 E—I NMRE (300 MHz, CDCls) & ppm

o | 6,98 (d, J=6.10 Hz. 3 HY1.01 (/=649 He 3H) 139 - 1.47 (g
\r\t?)LH = 2H) 176 - 186 (m, 3 H) 3.52 (dd. S=9.92, 343 He, 1 H) 7.29(d,
NH, J=R.77 Hz, 2 H) 7.57 (d. J=8.77 Hz, 2 H) 2.61 (br. 6. 1 H): C

MMR (125 MHz, CDCls} & ppm 21,31, 23,41, 24.94.43,82, 33 86,

I _
1162112055, 12878, 12894, 130006, 15654, 17374, 8l g = -147 iC = 1| CHCL);
HEMS(ESI) tﬁuhmxl CozHppCIN=0 & 24001029 found @ 2401100 Anal  colouloted
CizHpyCIN;O: € 5987, H, 712 N, 11.64; found C, 52.20, H, 6.96; N, 12,10,
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28 (8- 2eamiin == - fTaroplvenyl)-d-meth plpentamamide:

Solid products; Yicld 63%; ’EH NMR {500 MHz, CDCl:) & ppm
0 /@fF 0.94 (dd, 56,10 Hz. 6 H) 139 - 146 (1, 2 Hl.73 - 183 (. 3
\(“?’Lu H) 3473 57 (dd, 4=9.92, 343 Ha, | H) 7.29 (d, J=8.77 Ha, 2 H)

NH " 7.53 (d. J=8.77 Hz, 2 H) 9.60 (br. 5., 1 H), "C NMR (125 MHz,
CDChy 6 ppm 2130, 2341, 2494 43 82, 5386, 116.2],120.55,

25 _ .-
12887, 12694, 130,06, 136,54, 17374, (@0 = =127 e _ | epeny HRIGS (EST) of
CizH 2 F20 caloulated 224 1329 found 22410109 Annl calculated C2H2FM20: ) 50087 H.
TA2H 116 found C, 5920 H. 696 K. 12.10:

28, (5 )=2-cmitro=N-fi-lrimmopltenyl)--meih plpeniaanride:

o, | Solid products: Yicld ﬁﬂ%;'ﬂt-l NMR (500 MHez, CDCly) & ppm
i U 0,951 00 m,,r-Ef:u Hz 3 H) 1.39 - 1.47 (m. 2 H) tﬁ-i - 1.90 {m.
\f{?)Lﬁ 3 H) 3.64-3.70 (dd../=9.92, 3.43 Hz, 1 H} 7.25-7.30 (d../=8.77 Hz.
Nz | 2 H) 7.53-7.56 (d, J=8.77 Ha 2 H) 2.59 (br. 5. 1 H): “C NMR

(125 MHz. CDChL) & ppmi 21.31, 23.41, 24.99. 4382, 54.86,

23 — -
1621120055, 12878, 128494, 130,06, 136,34, 17374, lﬂ]f-r_ 13.54 (=1 CHCl):

HRMS (E5D ﬁ CizH-BriNz0 calouloted 2241329 found 224 1105 Anal colculpted
CizHppBreaD: C, 5987 H, 7.12: M. 1164 found C. 59200 H. 6.96: W. 1 2.1

28, (5)-2-amino-N-{ 2 0-dinrerhplphenylipeapan gl

a
'"H NMR (CDCl, 200MHz, 3 ppm = 8.48 (br. 5. 1 H). 681 @473 H

o FH), 635 -0659(m, 1 H), 382 -4, 18 (m, 1 H), 3.34 (br. 5. 2H). 205 (5. 6
Hy, 0.99 - 1.21 (d. 3 H); “C NMR (CDCE, SOMHz): 6 ppm = 173.0, 136.2,

B _
1288, 1234 12006, 508, 2008, 20.4; |'5f|r,- - 5210 {C =1 CHCLy,

H S (ESD caloulated CioHpaM00 - 1921263 foond: 1921 1495%; Anal caleulated CpHpp 2200 -
C, 6872 H. 832 M, 1457 [ound C, 67 88 H. 7.9%; M, 14.84:

_--- -
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28, (5)-2-antirti=N-{2-mrerhoxy eyl propanamide

H), 3.71 (5. 3H), 333 -365(m. 3 H), 1.06-1.19 ppm (d, 3 H); "C NMRE
NH; 0. | (CDCly. 50MHz): § ppm = 1 74,6, 1473, 136,0, 1210, 1184, 115.0, 1104,
553, 296, 14.1; [e] = —12.23 rruu | CHCLy): HRMS (ESI) calculated
CHyNz0z : 194.1055 found: 1940995 Anal calculated C, 61.84; H, 7.27; N, 14.42; found C,
61.5%; H, 6.96; N, 14.84;

'Y NMR (CDCL, 200MHz): & =R 45 {br. 5., | H}, 6.55 - 6.8 {m, 20
W]l i o

28, (8)-2-amino-N-{2-chloraphenyd) propoanamide

[F|
'H NMR (CDCls. 200MHz): & ppm = 8.43 (d, /=43 Hz, | H), 745 - 7.71
O

/@ OB, 1 B0 G- .28 (D, 6.86 - .01 (ag H), 6.38 - 6.67 (m. 1 H),
\ﬁﬁ Lo 369449 (m 3 H) 106 - 1.24 ppm (d, 3 H): "'C NMR (CDClL, S0MHz):
& ppm = 1712, 1490, 1363, 1289, 1238, 1188 1161, 293, 14.0;
[a]d = —9.25 E = 1 CHCls), HRMS (ESI) calenlated CoHyprCING: 198,0560; found; 198153
Anal calculated C, 3442, H, 3580 N, 14.10; found C, 34.10; H, 525, N, 14,58,

a2 Spectral dove of N aryl R amino acotd amides,
Ao, (R)-Z-amino-Nofd-methoxyphenyl) propanamide:

a8
o Solid products: Yicld 71%:; '*H NME (400 MHz, EH(&;J] i ppm 140
Ty
@i /@ (d, J=6.87 He. 3 H) 2.53 (br. 5., 2 H) 3.62-3.67 (g, J=6.87 Hz. | H)
i 3.76 (s, 3H) 681 (d, =916 He. 2 H) 7.47 (d, J=5.70 Ha. 2 H) 9.37 (s,
1 Hy “C NMR (100 MHz, CDCla-ay 2138, 51.01, 5546, 11410,
4 la)y = + 14.600

L2100 130, 15608, 1711 iE‘ I CHCl:Y:
F
HEMS (ES1) calculated Cok MOy o 1941035 found; 1940995 Anal calculated CHjaN0s
C,61.84; H, 7,27, N, 14.42; found C, &61,58; H, 6,96; M, 14 84;
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A 2B, (R)-2-armino-N-fjp-tolpl) propanamide:

» Solid products, Yield 69%; 'NMR ﬁ‘iu MHz, CHCls) gppm 1.43 (d.
“@j‘m’@/ Jﬁﬁ.ﬁ? Hz, 3 Hy 2.27 (5, 3 H) 3.20 (br. 5.2 H} 3.73 -3.87 (m. 1 H) 7.07

firg, (d, J=8.21 Hz. 2 H) 746 (d. /=8 34 Hz, 2 H)} 9.54 {br. 5., 1 Hx "C NMR
(50 MHz, CDCly) 20,87, 29.72, 5098, 119.61, 12944, 133,73, 135.20,

17258 e = #1310 e oy caoyy HRMS (ESI) calculated CHiN:0; © 194,105
found; 194 09%5; Anal caleulated CuH N ;. C, 6184 H, 727 M, 1442; found C, 61,58 H.

6.96; W, 14 84

Ao, (Rp-2-amino-N-fd-chloroplen i) propanamide;

[ 1]
o Solid products: Yield 68%; '"H NMR (200 MHz, CDCl~d) & ppm 131
1{& /@’ (d. gg6.95 He. 3 HY 1.76 (br. 5.2 H) 3.47 (0. J=6.99 Hz. 1 H) 7.16.-7.20
0
=N (d, 2 H) 7.44 (d, J=8.72 Hz, 2 H) 9.28 (br. 5., 1 H). "'C NMR (50 MHz,
FIH,

CDCl~d) 2138, S1.0O1,114.10, 121,09, 128940, 131.06, 156,18, 173.14;

laly =+ 16600 _ | cHCL): HEMS (ESI) calculated CoHi CIN:O.
198.0560; found: 198.153: Anal calculated CuHy CIN:O | C, 54.42: H. 5.58; N. 14.10; found C.
5410, H, 5.25, M, 14.55;

I3 (R)-2-amina-N-j4-fTuraplrenyl) propanamide:

]
Solid products; Yicld 64%; "HNMR (200 MHz CDCl) & ppm | 44 (d,

F
“" ,U J=v;ﬁ5 Hz 3 H) 1.94 (br. 5., 2 H) 3.63 (q, J=6.99 Hz. | H) 7.29 - 7.30
; ﬁ id, 2ZH) 757 (d. J=8.72 He. 2 H) 9.57 (br. &.. | H). "C NMR (50 MHz.
NH;

CDClL) & ppm 21,49, 51,10, 120,59, 12890, 12896, 136,44, 17368,

2
[ofp = + 15600 _ | cucw: HRMS (ESH) calculated Csby FN:O:
182 000, found; 182,153 Anal calculated ColFR0 - C. 5442 H, 3.538: M. 14.10; found C,
S4.010: H, 525 M. 14.58;
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32, (R}=2-ammina-N-j4-bromopdenpl) ;rmpc.mmujde.'ﬂ
Sobd products; Yicld 61%:; 'H NMR (200 MHz, CDCl:~) 6 ppm 1.41
o /@’BT (d, J—lﬁ.‘ﬂ Hz 3 H) 2.38 (br. 5., 2 H) 3.68 {g. /=699 Hz, | H) 7.24 -
@k” T.29 (d. 2 H) 7.53 (d. =872 He. 2 H}9.58 (br. &, 1| HE ¢ NMR (50
NH, MHz, CDCl:-of) & ppm 2138, 51,00, 11410, 1201.05% 131,06, 156,18,

e

13g.44. 173.04: (¥ =+ 13800 ooy HRMS (ESI) calculated
CoHyBN:0: 242.0160; found: 242,153 Anal calculated CoHy BiN:O - C, 54.42: H. S 58 N,
14 10; found C, 54 10; H_ 525 M. [4.58;

I2F (R)-2-amine-N-fd-nrethoxyphenyl) 2-methvibatanamnde:

7]
Solid products; Yield 71%; "H NMR (300 MHz, CDCls-a) &

0

,l@j\. @’ =1 0.89 (d, J=6.%7 Hz, 3 H) 1.05 (d, J=6.87 Hz, 3 H) l.fi'ih:l:lhs.. 2 H)
e i 242 - 2.46 (m, 1 H) 3.39 (be. 5. | H}3.80 (3. 3 H) 6.87 (d. J=8.77
HH;

Hz 2 H)Y7.51 (d, J=8 77 Hz, 2 H) 239 (br, &, 1 H); ""C NMR (125
MHz, CDCl-d) & ppm 16,02, 19,79, 30,79, 55,49, 60,33, 114.11,

25 _ -
121.12, 131,06, 136.17, 1722. [®lp = +17.60 (C 1 CHCL): HRMS (ESD) of CizHisN:0;
calcualated 2221386 found 232,129 Anal calenlated CpaHeNaOy: C, 64,84 H, Bl 6; N, 12.640;
found C, o500 H, 740 W, 13.10;

F2g. (R)-2-anmime-Nojd-clilorophenyl} I-meth yiludan amioe!

|
Solid products; Yield 66%; 'H NMR (200 MHz, E‘Dcl‘ﬂ) & ppm

| @ @’m 085 (@./=6.95 Hz. 3 H) 102 (@ 4-7.07 g, 3 B) 188 €Rs. 4 )
“"k“u’ﬂ" b 2.49 (du, J=1043, 6.96, 6.96, 349, 349 He | H) 3.37 (d. J=3.41
H’ Hz, | H) 7.26 (d, J=8.97 Hz, 2 H) 7.54 (d, /=884 Hz, 2 H} 92.59 {(br
5. 1 Hy; “C NMR (50 MHz, CDCli-) & ppm 1797, 1898, 31.74,

=

Pt KR

60,50, 116.22, 122.67,130.04.130.86, 157.73, 168.03; (@0 = + 1845 = _ | oncny: HRNS
(ESI) calculated Oy HisCINO: 2260873 found: 2260974 Anal caleulated )\ HsCINz:
SH 28 H, 667 N, 12.36; foond C, 58.10; H, 6.20; N, 12.596:
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A2, (Rj-2-amine N {(4-fluroph n'n_p.f_j-j-mﬂﬁr_rfﬁurunnnﬂie.'
5 Solid products; Yicld 62%:; 'H NMR (200 MHz, CDCL) & ppm (.85
’i@ﬁ\ /@, (d, =695 He, 3 H) 1.03 (d. J=‘T".U'.H‘Iz. 3 H) L.70 (br. 5., 2 H) 2.38-
E H 250 (dud, S=13.88, 6.92, 692, 300 He | Hy 336 0d, Jﬁ"'.ﬁﬁ He, 1 H)
H; 726 (d J=5 54 Ha 3H) 754 (4 Jo8 24 Hz 2 H) 9.57 (br s, | By B¢
HME (CDCly, 50 MHz) & ppm 1397, 1978 30073, 6038, 11623,

2 -
120.67, 12887, 12895, 13640, 17267 115 =+ 1180 (r 4 ooy HRMS (ES) calculated

CuHsFRa0: 20001273 found - 210.2574 Anal. Calculated CpHsFNLO: ©, 6284 H, 715 W,
13.32. Found: C. 62.57: H. 7.28: N. 13.50;

AN, (Rp-2-amine-N-{-hromaplrenyl) I-methplbutananide:

a
i hid products; Yicld 60%; '"H NMR (200 MHz CDCL:) 6 ppm .71
/L@i Q’ (75695 Hz, 3 H) 088 @ S<70TH2 3H) 174 or 5. 4 H) 222
e (dut, J2J0.43, 6.96, 6.96, 3,49, 349 Hz, | H) 3.23 (@, /=341 Ha 1 H)
NH
= 7010 ¢, J=R97 Hz, 2 H) 740 (d, J=8.84 He, 2 H) 9.45 (br. 5., | H):
S0 NME (30 MHz, CDClij & ppm 15,93, 19.82, 3068, 6034, 116.22,

25
120,63, 12886, 12896, 13638, 17266 18I0 = + 18450 o _ © cpepe HRMS (ESD

culated C HisBria0: 2700473 found; 2700974 Anal caleulnted C HpsBrida0: ©, 5828
H. 6.67: N, 12.36; found C. 58.10: H. 6.20: M, 12 %

A5 (R}-2=amsine- N -{d-methoxyplreny (i -F-meeh yipenian amide;

5 G Solid products: giﬁl-ﬂ 72%: '"H NMR (200 MHz. CDCL) & ppm
g 25 (L JS=5.T3 _He & H) 137 - L4l (m, | HY L7 (be. 2., 2

Y\ﬁi\ﬁ Hil.78 - 1,39 (m, ?d-lj&].-ﬂ (dd, =002 360 He, | H} 3.7 (5.3

Hy 684 (d. /=909 Hz, 2 H) 748 (d, J=4.0% He, 2ZH) 937 (br. 5.,

| Hy. ""C NMR (50 MHz. CDCls) 6 ppm 1821, 1838 30.40,

25 _
55.67, 74,86, 114.60, 121,65, 131.29, 15636, 166,68 @10 = + 107

= IéHL'h‘.l: HREMS
{ESD of CpHaM0: coloulated 236.1525 found  236.149%; Annl calculated CaHaMNa0:

66,07 H, B.53: N, 11.85; found C. 65.84: H. B.10: N, 1230
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I (R)-2-anuippo-N-{4=-cltloraph n'n_H,l---.r-m.:'rﬁ_rQMMmmmiﬁ.'
Solid products; Yield 65%:; 'H NMR (200 MHz, CDCl:) & ppm

Gl
2T
094 (m, J=5 68 Ha. 6 H} 1.37 - 1.46 {m, 2 HY 1.73-1.588 (m, 4H
\K\@LN 5 J (m, 2 Hy )
Fik 1

F47-3.63 (dd, =283, 3.03 He, 1 H) 7.25 (d. /=B84 Hz, 2 H)
753 (d, J=8.72 Hz,; 2 H) 9.60 {br. 5, 1 H); "C NMR (50 MHz
CDCl 6 ppm 22,24 2303, 24144904, 5228 |21 .68, [28.78, (28306, 12939, |37235 16842

2=
[l = + 127 ooy ClCLY HRMS ESI) of CoHPCIN:O  caleulated  240.1029 found
240, 1109 Anal calculated C:H-CINaO: C, S08F H, 712 N, 11.64; found C, 55.20: H, 6.94%;
N, 12.10;

A2 (Rp-2-amine- - -finrophenpll-4-methplpentonanzide:

- id products; Yicld m"f-:.-.‘.i-l NME (500 MHz, CDCls) & ppm (r.82

o /@/ (d, J=6.10 Hz. 3 H) 0,85 H..r-ﬁ.am He 3 Hy 1.26 - I.EJﬁn. 2 H)
Mﬁ 176 - 1.86 (m. 3 H) 3,35 (dd, J=0.92, 3.43 Hz. | H) 7.13 (d. /=877
Hz, 2 H) 7.41 (d, J=8.77 Hz, 2 H)} 946 (br 5., 1 Hy; “C NMR (125
MHz. CDCly & ppm 2137, 2344, 2509, 4392 5386,

FiH;

25
114,121 14.65, 120,95, 130,10, 130,23, 15611, 173.30; 1515 = + 157\ 1 L) HR

{ESD) of CiaH7FM20 calculated 224, 1320 found 224, 110%; Anal calculated C2H2FN20; €,
SO087-H VI N 1164 found C. 3220 H, 6.9 N 12.10:

A2, (R}-2-amipe-N-fd-bromophepyll-4-methpipentumaneide:

]
Solid products; Yield 63%:"H NMR (500 MHez CDCls) & ppm

M /@’& 095 (g 456,10 Hi. 6 H) 1.39 - 147 (g 2 H) 165 - 196 (m. 3 H)
=N 364 (dd, J=9.92, 343 Hz, | H) 7.25 (. J=8.77 Hz, 2 H) 7.53 (@,
NH; J=8.77 Ha 2 H) 9.59 (be 5, 1 HY: "C NMR (125 MEz, CDCh) §
ppin 2131, 23.41, 2499, 4382, 5386, 116.21,120.55, 12678,

128,94, 129.60. 13006 13654, 17374 [@lp = +147

(C = 1 CHCl3), HRMEES]] of
CizHiBrNz0O calculated 2241329 found 2241109 Anal calculated CuaHi-Brik:0: €, 59.87;

H 7120 N 1164 found C. 59.20: H. 6.96: N, 12.10;
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32, (R)-2-amipe-N-f 2 f-dimerlyiple cnydipropanamide

" 'H NMR (CDCl. 200MHzg 5 ppim = 8.48 (Er &. L Hi. 6.81 (d,J=7.3 Hz,
\@,JLN i 635 - 6:59 (. 1 H), 382 - 4.18 (m, 1 HI. 334 (br.s. 2 H), 205 (s,

ft 6 H), 099 - 1.21 d, 3 Hi; BC NMR (CDCl, 50MHz): & ppm = 173.0,
1362 128.8 1234 1206, 50.8 208 204 . [«]F = +32.10 {C = |
CHCla); HRMS-&S[] cabeulaed CioHaN20: - 1921263 found: 1921195 Anal calculated
CryHuMNa0: C 6872 H B3% M. 1457 found C. 67 88, H, 796, N, 14 84

B,

163 Experimental procednre for tsolation oyelic silame intermediare.

Eeaction:

0 /Lfi]

Selven! freg
] R |
)\?LGH T - i O 4 ZHCI

Contineous flow af Ny Bl

WH; 9% - #

22 24

Procedure: =

Oven dry 30 ml two neck round botmom Oazk equipped with magnetic stirrer was charged with
[T mmaoles of L-valing and 11 mmoles of dichloromethylvinylsilanc and reaction was stir at
room temperature under solvent free conditon, One neck of round bottom flask was conmected
to continuous flow of nirogen gas line and another neck wass connected to pipe which was deep
into the agqueows NH: soluiion, Wen white fume was staried in aquecus solution of MHa;
formation of reactive cyvclic silanc mtcrmediate 15 started then reaction was stoped. Reactive

evelic imtermediate was isolated in DCM and was confirmed by 'H, V'C & *Si NMR

d-ivaproppd-2emetleyl=-2-vin pl=-1,.3, 2-axagasilofidin-S-pne:

1] a
o |/HONMR (400 Mz, MeOH-cl) & ppm 017 (b 5. 2 H) 157 (8, J6.71 Ha, 6 H)
o k]

wg?, |229-237 (0. J=732 Ha. | H) 3.8 (d, J=8 55 Ha, 1 H) 6.00 (dd, J=6.10 Hz, 3 H).
g ”C MME {100 MHz, MeCOH-ai} & ppm 2,09 15002, 132,81, 132,82, 135,90, 136,51,
170.10; Si NMR (s, -32.44);

Boalasaheh K& favie Page 34




Chapter 1

2, 2 d-trivmietleyd= 1 3, Peonvn posidfoliolier - F-itre ﬂ
'H NMRE {DMSO-ds. .ELHFMHHZ O=360-388(m, I H), 132 (d. /=72 Hz 3
Hj. <0.10 ppm (br. 5. 6 Hy "C NMR (50 MHz. DMSO-d:) & ppm 0.6, (L6,

HN'P'; 235 613, 179.10:

_---_---
Page 35

Balasaleh £ Javle




Chapter 1

1.6 'H & "*C NMR spectra of N aryl § amino acid amides

28, "H & 'O NMR §8)-2-mmino-N-(4-meth ocepfrenyd) propanomide:

= [ I =] - 00 OO0 e W0 P aF I

- i 0 F~F-@OO@oin %

! N e
:

.82 2,00 1.64 300 1.11 27 3.36
i L d L | |

12 11 10 g | i & B 4 3 z 1 L+
Chemical Shift {ppm)

i+ L] ]
s B pr3 582 25 5
e Fr ek B B EEZ EEE 8= i
- [ ] I° 4 N

220 200 180 160 140 120 100 B0 &b 40 M 0
Chemical Shil {pam)
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280 'H & SO NMR () -D-atemine-N-fp-todvd) pripan aneide
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b= = 40 i o
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i
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el e
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iy
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i
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1.00 23228 131 56 3135 3.04
L U b 1, I}
T T T T T T T T f f f T i 1 1

4 1 42 11 1w @ 8 7 & 5 4 3 2 T o0 -

Chemical Shil [pom)

E: E;Eﬁ g £ 20 1] o &
Ll uE S it oy b
- eI e = [~ B = = B3
- e P P P e el
| Sy | ! | |
y
R T
I I
H],-Ln
HHjy
I
i
4

200 1860 160 140 T T an 20 a
Chemical Shift |gomi

Balasaheh K& favie Page 37




Chaprer T

2R TH & O NWR (N

00 b= 3

wiri e N - clilowopleenl) propuiamide

|l - o i }

[ = b =
o] W} W o Oy 0 D D D L
I I S Sl iy
T UNH
u-ll'
|
|
i ! i
- L L
1,00 201 218 1.08 215318
il u i Ll T |
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e ' H & O NMRS)-2-amminci-N- fd-hromophenyl) prapanamide:
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28, TH & P50 NMR §8 )= 2-dmin- -4 -brimnopifien plj-d-retlplpenfanamide:
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Tn. 'H & VO NMR of (8)=2-minc-N-(2, 6-divccth yiph enylipropesamide
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e 'H & SO NMR () Jeatpriinet e - 2-mretfo oo en el s e e
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280, TH & "C NMR §8)-2-wivina-N-{ 2-chloroph enviipropamanide
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1.6,5 '"H & "CNMR spectra of NV aryl R amino acid amide

3la 'H & YO NMR (R)-2-amino-N-{4-methoxyplienvl) propanamide:
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32h TH & O NMR (R)- 2-amino-{p-todyl)propamamide:
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32 'H & YO NMR (R)-2-amime- Nefd-chiloraphenyd) propamamide;
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IMH & YO NMR(R)-2-amino-N-{4-fluraphenyl) propanamide:;
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320 H & C NMR{R)-2-amino-N-{4-hromophenyl) propanamide:
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INOH & O NMR(R)-2-amino-N- (4 -methocyplen pl) 3-merh pihatonamide:
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32 H & YO NMR (R)-2-amvint o Nefd-cliloraphenyl) 3-methydbutanamide;
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I H & O NMR{R)-Z-aming N ({-fiurophenyip-Z-methylhutanamide:
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3 H & O NMR(R)-2-wmine-N-fd-hromaphenyd) S-methyihatanamide:
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33 TH & "C NMR (R)-2-amime-N-fd-merhoxypleenyl) - -meth yipentamamide:
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INCTH & YO NMR (R)-2-amimo-Nefd-chilorophenyl)-A-methyipentanamide:
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3N H & YO NMR (R)-2-amino- N-f4-fTuroplenyl) -4 -methyipentanamide;
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32m. H & C NMR (R)-2-amino-N-gd-hromoplhenyi)-d-methy(pentanamide;
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Chapter 1

32m H & C NMR of (8)=2-amino-Nef2, f-dimethyiplenyf) propanamide
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TH, OO & PR NMR 2 A-dimerhyl-2-vinpl- 1,3, 2 avazasilolidin -3-omne;
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Chapiter 2

2.1 Introduction

The term lome lquid 15 now commonly known for the salts with meltng poant below 373K or
below the boiling point of water (100°C), lonic liquids (ILs) panses either cations. anions or
both, They have, pencrally, insignificant vapor pressure, high thermal and chemical stability.
wide ligumd range and pood solvabon behavior. They are polential environmenial friendly
altermatives to conventional volatile organic selvents. One of their notable Teatures is the wide
variation in their physicochemical propentics, including viscosity, polarity, density, melting point
and stability. These benefits make ILs as an attractive choice in the arca of solvents!'!P!,
catalystsP I big-catalvais™,  electrochemistey! " PP chemical  separations!''l  solid
supporis !, chemical fixation of carbon dioxide™ ete. Over the pasi few decades, catalysis by
womic hguids (ILs) has gamed much attention due o clean media for green chemasiny, especially
in synthetic and catalviic ransfommations. 1Ls have several advantages. one of the advaniage is

they are vsed as allemative solvents in catalviic reactions as they have lower vapor pressure

[L= having chiral center s called as Chiral lonic Liquids (CILs). A Lot of efTorls are made o
develop ClLz and linding their suitable applicatiens. The successlul application of CILs as
solvents in enantio-selective synthesis is recently reporied, Wasserscheid and coworkers.!"!! and
Warner and coworkers.!! showed that CILs can be enantiomeric recognition as shift reagents in
solution NMRE spectrozeopy. In both the references it was showed that the center of chirality was
located within the IL cation, The another application shows the amson-directed chirality
transfer "], In this it was showed that the hydrogenation of an L composed of a prochiral cation
and a chiral anion gave hydrogenated cation with Bifege, Recently. the development of chiral
1omie ligueds and their applications in asvmmetnic synthesis has atiracted much attention as these
reactions have widespread applications in pharmaccutical mdusines. This chapter focus on

synthesis and charscterization of Clls.
2.2 Literature Review

Mumerons synthesis methods for ClLs are reported in literoture. Many synthesis methods uses
aming acid as swarting material. This is mainly dee to their easy availabality, low cost and
excellent enantiomeric purity. Amino acid derived Clls are considered bio-rencwable and

greener class of solvents as compare to midnaolium and quaternary ammonium salts, which arc
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derived from fossil feedstock!'") In 2002 Wassercheid and coworker!", reported the CIL having
oxazolimuom catian derived rom amano acid. In their syothesis iepally oxazclinmm catton was
synthesieed by reduchion of valine methv] ester using NaBH.i- H:500 in THF to obtained amino
aleoho] followed by cvclizalion of amino alcohol o oxaeoling i presence of propionic acid,
Then oxaroline was alkyvlated usimg alky] holide to obtained salis. The zalt anion was metatheses
using HPF: to obtained oxazolinium coation based ClLs. In 2003 Bao and coworkers!"™. reported
chiral imidazolivm onic liguids, In their synthesis L-alaning was reacted with formaldehyde,
ghvoxal, and pgueows ammonia under basic condion 4o form amidarole rnng followed by
estenification o obtuned mudaeoviakomic ester. The ester was further reduced wsing LiAlH,
followed by alkylation 1o obiained imidazole based CILs, In 2003 Gaumont and coworker!™,
reporied the thiczoliumium based Clls, In their synthesis dithioesier was reactod with amino
alcoho] followed by cvelisabion m presence of nethyvlamine and mesyl chlonde o obtained
thiceoline, Further, thiozoline was alkylated using alky] halide followed by anion exchange wilh
LiNTfz, HPFs, BF4 1o thiozoling based CILs, In 2004 Jean Claude Guillemin and coworkers™"!,
reporicd the mmidazoliom derived ClLs, In their synthesis of chirol madazolium salts, M- Boc
protected Valine was reacied with substitued aniling followed by hydrolysis 1o oblained
commesponding amino acid amide.  This was then reduced by wsing LiAlHy o obtamed chiral
diamine, Further chiral diamine was condensed with trimethyl orthofonmate o toluene o
obfamed chiral imsdazoline. The madazoline was then reacted with alky]l halide followed by
anion exchange to obtained chiral imidazole based ClLs, In 2004 Vo-Thanh and coworkers!?'!,
reporied the ephedrinium based ClLs having varsable alkvl chain fength on nitrogen group. In
thewr svnthesis amstially  ephednne was reduced by wsing Eschwenler—Clarck  procedure (o
obained (IR 25) N-methylephedring salt. Then the salt was alkvlated wsing dilfereni chain
length of alkyl halide followed by anion metathesis to obtwned corresponding Clls, The
alkylotion and metmbesis step was cormed out under sobvent free conditon using microwave
activation. Tn 2004 Guillemin and coworker™, reporied the imidasole based CILs. In their
synthesis, iniially, protecied valine was reacted with t-butylamiling followed by deprotection
under acidic condition io aming acid amsde. Funther amino acid amide was reduced by usimg
LiAlH, to diamme. Then o acidic condiion diamine was reacted with tnethy] orthoformate o
imidazole ring. Further, alkylanon of imidazole ring using alkyl halide followed by anion
exchonge with rifluromethane sulfonomede hithum byvdroxide to madarole based Clls, In 2004
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Jodry 1 and coworkers'™, reponied the imidazole based CILs, In their synthesis (5) ethy] lactate
was reacted with I-methylimidazole i presence of tnflic acid anhvdnde and 2.6-lntadine in
dicthvl cther to obdmned cormesponding salt. Then salt was further anion exchanged with
triflucromethanesulfonic amide lithium hydroxide to ClLs, In 20035 Ohne and coworkers™,
reporicd seres of Clls using ammo acid and 1 ethyl-3-methy] midazoliom, A similar synthobic
route was followed in 2006 by the same group™ and they intreduced CILs with tetra butyl
phosplonium (aminge sid reacted with [TEPIIOH]Y a8 common cation and deprotwnated amino
acid anions. In 2005 Weiliang Bao and coworker'™ ! reported synthesis of ClLs by usmg enantio-
gelective Michoel addition reaction. In their svnthesis D tarirate was reacted with bemeeyl bromade
1w fodm beneyl protecied tarirate which was then  reduced osing LiAlHs o produced beneyl
protected aleohol. Then this was reacted with tosyl chlonde followed by N-methylimidazole
brooude to form sale sall was then refluxed m acetone o form Clls, In 200% Yuan Kow and
coworkers ™, reported easy synthegis of CILs. In their svnthesis procedure, amino acid was
protonated using acid to obiained Clls, Also amino acid csier hvdrochloride was reacted with
bis {rifluromethane sulfonamide) to obtained ClLs, In 2006 Jin Pei Cheng and coworkersi®!,
repotied Tunctionaliced ClLs and which was used as organo catalyst for Michael addition
reaction to nirooleting In their synthesis prolime was reduced using LiAIH in THF 10 obtamed
profmal, which was further reacicd with Boc anhvdnde Tollowed by tozv] chlonde (o obiaimed M-
Boc protected tosyvlied proline. Thes was then reacted with imidazole under basic condition o
obtamed M-Boc protected proline smudasole, This was further reacted with alkyl halide 1o
obtained Boc deprotected ClLs, In 2006 Zhen-Yuan Xu and cowanrker 2! reported the synthesis
of ClLs. In their synthesis procedure. imballyv, chiral ammo acid was reduced usimg NaBHa 1o
formed chiral amino aleohol. Then chiral amino alcobol was reacied with HBr followed by M-
methyl midazole to form imidazole zaliz, This sall was then anion exchanged using AgBFi o
obinined CILs. In 2006 Baltes M and coworkers . reported the imidazole based ClILs. In their
svnihesis procedure, imidacole was condensed with chiral phenylethvlamine, formaldehyde,
glvoxal aqueous ammonia o chiral imidazole, Then it was alkvlated by using alkyl halide
followed by omion metathesis using NaBFs to ebiammed Clls, In 2007 Ciancarlo Francio and
coworkerd™! reported the amino acid based Clls. In their synthesis procedure. proline was
esterified in pregence of SO followed by amion exchange with LiNTT: o obiained amino acid
based ClLs, In 2007 Allen D Headley and coworkers™l, reporied the pyrrolidine based ClLs
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which was used as organc caalvst i asvmmetric Michael addition of nitrostyrenes, In their
synthesis chloropropylsulfony] chiomde was reacted with {5)-2-aming-1-K-Boc pyrolidine 1o
obtaned N-Boc pyrreliding sulfonamide which was then converted o mmidaeoliom iodide using
Mal in acetone. Then alkvlation of pyrolidine sullonamide with  -methyhimidazole in
acctontinle te obimmed Boc deprotecied Clls followed by amion exchange with N1z, In 2007
Jin Pei Cheng and coworkers!™!, reported the FILs incorporated with chiral pymrolidine unit and
which was used as reusable organo-catalvais for direct Aldol reaction. In their synthesis initially
prolmal was reacied with Boc anhyvdnde fellowed by tosylation to obtain Boc protecied tosylated
prolinal, This was reacting with imidmeole to obtuned pyoroliding imidarole. This was then
Turther guaternate with alkyl halide lollowed by amion exchange with BF. 1o oblained
Functionalized CILs, In 2007 Lei Wang and coworker”™, reponted the CILs containing proling
In their svothesss procedure, MN-meothv] imidazole was reacted with 1,2-dibromoethane o 2-
bromo cthane N-methvlimidazole, Thiz was then reacted with proline derivative o form
comesponding sall which was reduced wsing Hz, PdiC in methanaol 1o ClLs, In 2007 Allan D.
Headley and coworkers'™!, reported the fused ring ClLs. In their synthesis procedure, N-methyl-
2-carbaldehyde imidazole was reacted with chiral amine aleohol o imidazobe mine, This was
reduced using NaBHy 1o chiral amine imidazole followed by intramolecular cyclisanon of amine
imidazole to fused ring ClLs, In 2008 Chicy D. Tran and coworkers!™! reported the ClLs based
on imidazchium.  In their synthesis procedure. hydroxyl acid was reacted with bone aced and
lithium carbonate to lithiated borate salt, This was then reacted with chiral imidazolinium cation
to chiral imidazole bascd borate ion with spiral structure and chiral substitnent, In 2008 Guanwu
Wang and coworkers™, reported silica supported CILs. In their svathesis procedure, imitially,
silica gel was reacted with 3-chloropropy] inmetoxysilane o oblain zilica gl supponed 3-
chloropropvlsitane, Then sccondlv Boc protected proline was reduced wsing KaBH, in BF: ERD
to oblon Boc prodected prolinol. This was reacted with TsCl in pyndine and  imadazole o
obained Boc prodected proling imidarzole. Thiz Boc protecied proline imidazole was reacted
with silica gel supported 3-chloropropy] silane to obained silica supporied ClLs, In 2060 (riang
Vo-Thanh and coworkers'’!, reported imidazole based Clls. ClLs was synthesized using
isosarbude as starlmg matenals. In ther synthesis procedure, mnitially, sosorbide wis rescted
with phenyisulfony] chloride 10 obtained phenylsulfonaied isosorbide, This was further reacted

with amine to obiammed sminaicd isosorbide, which was then reacted with formaldchyde in
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formic acid to obfained M-alkylated izosorbide, This was reacied with methy] iodide o obtained
isosorbide salt The salt was anson exchanged with miflic acid and trifluromethansulfonamide o
obtained CILs, In 2009 Giang Vo-Thanh and coworker'™, reported the imidazole based ClLs
obained [rom isosorbide which waz used in asvmmetric Dial Alder reaction. In their svnilesis
procedure, sosorbide was reacted with acetsc anhvdnde to acyvlaicd 1zosorbide, This was treated
with tiflc anhyvdride followed by reaction with ¥-methy] imidazole o obtaned imidazcle based
isosorbide wiffate salis, The sall was then reflluxed in methanol w oblained imidoeole based
ClLs. In 2009 Isiah M. Warner and coworkers™! reported the synthesis of magnetic ClLs, in
their synthesss amine aced ester hydrochlonde was reacted with fermic chlonde hexa-hvdrated in
methanel 1o obtained magnetic ClLs In 2012 Shantiago and coworkers™™, reported the
mmedazole base ClLs. In their svnthesis procedurs, imibially, imidasole was formed by
condensation resction between aming scid omide, formaldehyde, plyoxal and agueous ammonia
This chiral imidazole waz alkylated by alkyl halide followed by anion metathesis with
triflugromethane sulfony| amide lithiem hvdroxide 1o obamed ClLs In 2013 Kathanna Bica and
coworkers™', reported the coordinating ClLs based on amino alcohol. In their synthesis
procedure, clural amino aleohol (prolino] or valinel) was reacted with pyridine carbaldehyde 1o
obtamed pynidine prolinol, Thiz was then alkylated by using alkyl hahide followed by anton
exchange with influoromethane sulfonamide to obtamed pyridinium based ClLs. In 2013 lan Li
and coworker™ | reported the svathesis of CILs which was used for asymmetric Michael
addiion, In their svnthesis procedure, initially, Boc profecied amino methy] pyrmolidine was
rencted with para tolyl sufonyl chloride imidazole salts to form Boc protected amino methyl
prrrobdine mmadazole salt. This salt was then treated wath nifluoro acetc scid 1o oblammed ClLs.
In 26014 Yuki Yammamate ", reporied pyrrolidine based CILs. In their synthesis procedure,
profmal was repct with tosyvl chloride in excess of pyrrolidine followed by alkylation with alkyl
halide to obtumed chiral salt. The charal salt was then snien exchanged with influsrosulfonamide
lithium hydroxide 1o obiained pyrrolidine base CILs. In 2013 Katharina Bica and coworkers™,
repenied the aming alcohol derived CILs which was used as siruciural investigation foward chiral
recognition, In their synthesis procedure, (IR 28) ephedrine, (8) prolinol, {5) phenylalanimol are
wsed @5 chiral starting matenals. Initally, chiral mmno aleohol (1R 25y was reacted with
chloroacetyl chlorde under anhvdrous condition in presence of triethyl amine 0 obiained

corresponding carboxyvamide compound, This was reacied with N-methylimidezole t© obtained

Balasaheh K& favie Page Ta




Chapiter 2

imidazole based salt, The sali was then amion metathesed with inmethy] salfonamade Tithigm
salis to obtaned amino alochol (1R 251 cphedrine based Clls, In 2015 Katharina Bica and
coworker™™, reported the coordinating CILs. In their svnthesis procedure, chiral amino alcohol
was reacted with pyridine aldehvde followed by reduction using MaBH4 1o form tri coordinated
pevridine amino aleohol compound, which was alkvlated using alkyl halide o obimmed ClLs, In
2016 Harish Kumar Chopm and coworkers™™, reported the benzimidoeole based ClLs, in their
synthesis procedure, chloroacetic acid and methanol waz reacted 1o oblained menthol, This was
then reacied with M-methy lbenmiadazole 10 obiaimed zalt which was further anion exchanged
with HBF.: 1o obtained benzimidazole based ClLs. In 2017 lrene W. Kimaru and coworkerst),
repotied the synthesis of CILs and which waz used for gas chromaiography as stationary phase,
In their svnthesis procedure, L-phenyialamine meths] esier hvdrochloride was reacted with
triflucromethy]l solfony] amide lithiom hydroxide o obtained comresponding Clls, In 2007 C.
Hardacre and coworkers™!, reported the CILs a2 additive for asy mmetric induction in Dial Alder
reaction. In their synthesiz procedure, (1R 25} ephedrine was reacted with bromaobutane io form
(1R 251 1-(—)-iphenyihvdroxylethy Dimethyl-butvlamine, This was then alkylated by using
iodomethane 0 obtaingd  cormesponding  sall,. This  salis  was  then  rescled  wilh
bisftrilluoromethane  sufonvly imide o obtaned Clls In 20018 Ghang Vo-Thanh  and
coworkers™, reported the reversible ClLs from amino acid. In their synthests procedure, salt of

chiral ammonium carbamaie was reacted with silyvloled amine at atmosphenc CO: o obtamed

reversible ClLs,
2.3 Present work

23T Synthesis off CTLs of N aedl 8§ amsine actd amide by wsing different protonating agenis.

The synthesis of ClLs of amino acid amide was optimized by changing counter anion. For this
study amino acid amides was protonated using vanouws 1:1 equivalent of acids (HCL, HMOy,
Hz50u Perchloric acid etc) in DCM Tor 5h, The desired product of ClLs was oblained with
excellent vield (Table entry 1-4), However, protonated ClLs obtained by using HUL, H2S0k and
HMNO: were hyvdroscopic compared 1o perchlone scid. Therefore, perchloric acid was used for

Turther 1o synthesiz of all CILs of M arv]l B & & amino acid amides.
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Table 1: Synthesis CILs of ¥ aryl & amine acid amide by changing various acids as

protonating agent.
<, O Ve <X, el
HHE kL NHy T
33
A oaryl & aming acid amide Clls

Eniry noe Amide  Acid (Y  Solvent  Time (h)  Yield (%)

1 28a HCI DCM 5 Qb
2 28a HNOh DM 5 a2
3 Xn Hz 500 B 5 4
4 28a HCIOy DCM 5 o

232 Synthesis of CILs in different solvenis,

In synihesis of Clls, unprofected D-alamine (aliphatic naural amino acid) and chloroaniline
{weakly nucleophilic arvl amine) was protonated by perchioric acid, Here we observed
epimerization of Clls and this may be due to sudden fommation of acidic condition during
addition of perchloric acid and heat generated during this reaction. Because of acidic condition
and heat generaied active methylene group forms enolate and doe o formation of enolate the
active methylene carbon becomes sp® hyvbridized. Therefore. the cpimerized CIL was oblained
This was conlinmed by CD spectrophoiomeler shown in Figore 1.,

To avoid epimerization, we camied oul protonation by firsy disselving amino acid amide
completely in DCM and then perchlonc acid was edded drop by drop. By drop wise addition of
perchlorie sewd heal penerated was dissipated and sudden formation of acidic condition 15
avoided, Thus the prodoct obfained does nol epimenized and stereo-genic cemter of CIL retpined
as per original amine acid amide as shown in Figare 2, Therefore, for further all repctions were
carned oul vsing above prodwscer o avord epimerceation in final CILs.

Furiher in optimization siudy, ihe prolonation was carmed ool using (1:1) egquivaleni ratio of N
aryl & amino acid amides and perchloric acid in different solvents (acetomitrile, THF, DMF,
MeOH DCM) at room temperature for 5h, The corresponding ClLs of ammo acid amides were

obtained with excellent vield (Table 2, entry 1-8). The all CILs excepl protonation carried oul in
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DCM products were purified by silica gel column chromatography using 20 % MeOH in DUM
as solvent As DOUM 15 moderate polar solvent, CIL formed docs nod need punficanon by silica
pel column, it was punlied by decantation wnd deying. All CILs were confirmed by NME.
Therelore Murher all C1Ls were protonated by perchlonic acid and in DOCM carried.

Figure 1: CD spectrum of epimerized OC1Ls of & arvl aming acid amide,
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Figure 2: CD spectirum of withoot epimerized CILs of A aryl § amino acid amide.
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Tahle 1: Synthesis of CILs in different solvents,

B g

HH? m 5h NH; ik
33
N aryl § nmlui acid amide Clls
Eniry Mo Solvenl Time (h) Yield (%)
I ACN 3 70
p: THF 3 &
3 DMF 3 ey
4 MeOH 3 B3
3 Y 5 a5

223 Nenthesis off CTLs sivigr dfifferent N aryl R & § amming dotd amnides,

The corresponding CILs of & aryl & amino acid amides were synthesized by protonating different
amine acid amides (33) by vsing perchlone acid i DCM for 5 h The excellent yield was
obained as shown in Table 3 entry 1-11. The melting point of CILs was measured by MP 1
apparatus. The melting point of CILs was in the range of 45 - 65°C. All ClLs were characterized
by 'H & °C (200MHz, 400MHz, 500MHz) NMR spectroscopy, The mass of ClLs was
conflirmed by HRMS. The chirality was conlirmed by opiical rofation and D Specire-
photometer and shown in Figure 3, The purity of Clls was confirmed by HPLC,
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Tahle 3: Synthesis of CILs of & aryl 5 amino acid amides,

i /@x —-—DEM i ’@lx
HCI i
H{?J\ 3 HJ]&I/JLN
H

NH; N RT, Sh s
28 a3
Noarvl & aming acid amide ClLs
Entry R X Amide CILs MP  Configuration  Yield
M ) (%)
1 -LHs M Ha 2Ha 33a 55 3 b
2 -H; -l 8b 33b 5 g B8
3 -LHs -F 28c 33c fal} 5 Lo
4 -CHy -Hr 28d 33d S0 5 -
5 SCH{CH:): -CHa 28e 33 2 5 g9
i CHCH:): =[] 8 33 44 s gt
T LHICHM: -F 28p 33g 43 5 b
2 “CH{CH =B 28 33h 47 = o
9 {CHaCH{CHy):  =OCHa 28i 33 48 5 99
{0 LCHCH{CH )2 =C1 28 33 41 5 B3
Il -CH:OCHICH -Br 24k 33k 3 5 £

Also the corresponding CILs of & arvl 8 aming acid amides (34) were obtained by protonating
with perchloric acid m DICM for 5he The good 10 excellent vield was obtained (Table 4 entry 1-

11). The melting point of ClLs was measured by MP | apparatus. The melting point of CILs was
in the range of 45 - 63°C. The all ClLs were characterized by 'H & '"C (200MHz, 400MHz,
SN HzYy NME spectroscopy, The mass of Clls was confinmed by HRMS, The chirality was

confimed by opucal rowton and CD Spectro-photometer and shown in Figure 3. The purity of

CTls was confirmed by HPLLC
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Tahle 4: Synthesis of CILs of N arvl R aming acid amide,

HJ_‘ ‘@ !'H:'II.'.F_| H@ﬁkmﬁx

H:'-I Sh . M
ol B
3-2 a4
& aryl & amine acid amide ClILs
Entry R X Amide CILs MP  Confliguration  Yield
Ma ("C) (")
[ I
1 -CHs OCH: 32a 348 32 R R
&
2 -CHs -l 32bh  Hb 63 E 98
3 -'Ha -F 32c 34c S R el
4 -C'Hs -Br 33d 344 48 R L
5 CH(CHy: -OCH: 3% 34 6 R Gy
i
6 CHICH): -C1 33 341 45 R G0
7 -CH{CHz)z -F g Mg M R e
8 CH{CHY:  -Br 32h b 46 R 59
2  SCHCH(CHszk -OCH: 330 34 S0 E o1
I -CHCH(CH:e  -Cl 32 3dj 40 R o8
11 -CH:XCH{CH: -Br 32k MK 6l R o9
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Figure 5: CI} spectrum of CILs of & arvl B & 5 aming acid amide,
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2.4 Coneclusion

In conclusion we successively synthesieed Clls of & aryl B & 5 amino acid amsdes with
excellent vield by protonating corresponding amides using perchloric acid in DCM Tor Sh. By
using above svathesis method CILs formed docs nol epimenized the sterco penic center and at
was conlimmed by CD Speciro-photometer. The syathesized Clls of N oyl & & 8 amono sod
amide have melung point in the range of 43-05"C.

1.5 Experimental section

=

25T General informatien of chearicals, reqgents and instrunents,

All the 99% pure amino acids . and 1) alanine, valine, leucine were purchased from sigma
Aldrich chemical hmuted. Arvl amimes (chloro anilime, 4-meihoxyanmiline, 4-Muroamline), 4-
nitroaniling, pyridine, NagS50s, NaHCOs, and CuSOy 'l.-.-ewun:hasm from Asvra chemical
limited. The solvents for chromatography and extraction were purchased from commercial
supplicrs and used without further punification. All reactions were performed in glass reactor
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&l
cquipped with a magneiic stirrer ai an atmosphere pressure, unless otherwise stajed, Thin laver

chromatography (TLC) analysis was used (o monitor reaction progress uﬁlg Merck TLC plaies
{silica pel GOGF-254, 0.25mm} and visualized under UY {234 nm). The products were purified
by column chromatography on gilica gel o0 (Merck. Z30--400 mesh). Products were confimmed
by 'H & "C NMR (200MHz, 400MHz, S00MHz) using Bruker MMR spectrometer with solvent
(CDC. MeQD-y, DMSO-d:) as intemal stndard in chemacal shift & (7 26ppm, 77,16 ppm, 331
ppr_ind-ﬂ ppm, 2.50 ppm, 3952 ppm). Multiplicities are reponied wsing following abbreviations -
5= smglet, d= doublet, = mplet, m= muluplets and br = broad, dd = doublet of doublet, di =
doublet of riplet ele, Rotation of product 15 confirmed by JASCD, Stercochemistry of product s
wonfimmed by JASCO-820 series of circular dichroism Speciro photometer. Mass of the product
1z confirmed by HEMS, Elemental analysiz was camied cul by Thermo Finnigan EA1112 senes
Flash Elemental Analyzer,

252 Experimental procedire for synflesis CTLs aof N aryl (R} & (5h awrine acid amide.

Reaction:
S pl-In S n
HCI
HQ?JL" B0, _ ra@ly,

H

KT, 5h
MH; H hiH, Cioy
28 33
& arvl § amine acld ambile CllLs

The 50'ml of oven dricd E:md bottom Aask equipped with magnetic stirrer was charged with 1.7
mmales of N aryl (5) aming midﬁide and under stiming in this 1: 1 equivalent perchloric acid
was added drop-wise in DUM af room temperature, Reaction was monitored bW{,‘. The
reaction was stop afier 5h and excess DCM solvent was decanted. The solid product was washed
three times by DEM and DCM was decanted. The remaining DCM was doed on reduced
pressure. Products were confinmed by 'H & C NMR. The mass of product is confirmed by
HRMS. Optical purity is confirmed by JASCO polanmeter.,
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2.6 Spectral Daia

F3a. (8)-T-f{d-methoxyphenyl) aming)-1-oxomopropan-2-amneininm perehlaraie:

< |
Yield 98 %, 'H NMR (500 MHz, DMSO-dk) appm 145 (d, J=7.25 He, 3

a /@ﬁ““ H)3.74 (5.3 H} 3.90 - 399 (m, | H) 64 (d, J=8.77 Hz, 2 H) 7.51 id.
N J=8 77 He 2 H) 8.13 (be. s.. 3 H) 1021 5. 1 H): C NMR (500 MHz
DMSO-ck)y & ppm 1766, 4941, 3567, 12149, 13158, 153625, 168 10;

H
HiH; Cloy

[ = = 1240 s : . 1095
a {C=1 in MeOH) : HRMS (ESI) calculated CoH sNa2Oy [M7]: 1951128 found
195, 1133 & caloulated CHOy [M7] ; 98,9491 found ; 989477,

135, f.ﬂ- .r-ﬂ"-ﬂ-:'{l frm'rjlrr.l'u'.lrlr.r} Jirr.u'h.r.lj- I-rr_rrr..‘_a.l;r.rﬂ;ﬂrm-.’-.l.irm.rr:r'rlff;m JREF fofear e

a
Yield 98.5 %; 'H NME (500 MHz, DMSO-di) & ppm 142 - 1.50 {m, 3 H)
[ |
g ﬂ 3.98 (d, J=5.34 He 1 H) 743 (. J=8.77 He 2 H) 763 (. /=877 He 2 H)
i %16 (br. 5., 3 H) 10.49 (s, 1 Hy "C NMR (500 MHz, DMSO-d) § ppm
— 18,10

H
FH3 Iy

5
17.53, 49.53, 121.50, 128.23, 13748, 168.29. o = (=1 in

MeOH) : HEMS (ESI) calculated Coly CINO [M7]: 199.0633 found : 199.0637 & calculated
ClIOq [M7] - 989491 found @ 989477,

A3c (K)-1-ff4-flaraphemyd) aming)-T-meozoprapan -2-ammiininm percliforate:

a
Yield 9%, ‘Hﬁlh'[ﬂ (300 MHz, DMSO-dh) & ppm 1.42 - 1.50 (m. 3 H)
,@’F 3.98 (d, /=534 Hz, 1 H) 743 (d, J=8 77 Ha, 2 H) 7.63 (d, =R 77T He 2 H)
M
CI0y

4]
“i?J“ %16 (br. 5., 3 H) 10.49 (s 1 H): UC NMR (125 MHz. DMSO-ch) & ppm
HH;

- . T
17.53. 4953, 121,50, 128:23. 13748, 1620 [€lp= 1660 . _ |

MeOH), HRMS (ESD of CoHy FN20Y caloulated 1830633 found 18306037 & ClOycaloulated
98 949 found 98 9477
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A3 (8511 -f{d-Brinmoplen i} amingg- I -oxozopropen-2-amnrininm perchlorate:

a
Yicld 8% 'H NMR (500 MHz, nmma& ppm 1.41 (d, J=6.87 Hz 3
& @’k H) 3.86 - 3.96 (m. | H) 7.34 (d. .J=8.77 He, 2 H) 7.50 - 7.60 (m, 2 H) 8.10
¥ (br. 5. 3 H) 10.35 (5, 1 He: "'C NMR (125 MHz, DMS0-d:) 6 ppm 17.42,

4954, 12163, 127.70, 12930, 13721, 16R.04; le]p = -15.60 C=1

CHCL), HREMS (EST of CoHpCIN-O calculated 1990633 fownd 1990637 & ClOscalcwlated
QR 049 found 28 MTT

A
I3 (S)-I-fd-methosyphenyd] aminel-J-nrethyi-f -axobatun-2-ammininm perchiorate:;

a
Yield 99%: 'H NMR (4gMHz. DMSO-dk) & ppm 089 - 1.03 (m. 6 H)

;L?iﬂﬁn“‘ 308 - 222 (m, | H) 3,65 (br, 5., 1 H1 3,72 (5. 3 H) 6,93 (d, J=8 55 Hz, 2 H)
i 7.50 (d, J=8.54 He 2 H) 8.16 (br. 5. 3 H) 1023 (be. = 1 H): “C NMR
(10 MHz. DMSO=dk) & ppm 1821, 1BER& 3039 5366, 38.73;
= = Z2L.600

H
fiHz Cliy

i, Cloy

25
1458, 120040, 13129, 156,33, 166.6H; kel (L =1 MeldH), HRMS (ESI) of
CrzHppMN0:" caleulated 2231441 found m 2231438 & ClOycalculaied 9849491 [ound
Q8.2 TT

I3 (S)-1-ff-chlorophenyl) aminel-S-methpl-1-axobutan-2-anrminaon perchiorate:

Yield 9 %LFH NMR (400 MHz, DMSO-ch) g pom 0.56 - L03 (m, 6 H)

o f@’m 207 -2.22 (m. | H) 369 (br. 5. 1 H) 740 (d, J=8 54 Hz. 2 H) 7.61 (d,
/lﬁ];krj J=5.54 Hz, 2 H) §.19 (br. 5., 3 H) 10.49 (br. 5., | Hy, “C NMR (100 MHz,
DMS0=d:) & ppm 18,07, [BR5, 3034, 3883, 12003, 128.3%, 12940,

T
137,15, 167.40. 1800 = —TL5D o o | 50 MeOH) : HRMS (EST) calculated  C1 HiCIN:O
|M.j - 227 0540 found - 227.0943 & calculated Cl0y |E".‘!'| U 9491 fonmd - 9894 TT

a
I3 (51-I-fid-finrophenyl) aminol-3-methyl-1-exebuton-2-arvimininm perchiorate;

-
Yield 98%: 'H NMR {400 MHz, Dh'lﬂﬂ*-t-i'a}a];qmn .86 - 1.03 (m, 6 H)

F
)\l?i ’U 207-222(m. 1 Hy 3.69 (br. 5. | H) 7.40 (d, J=§.54 Hz. 2 H} 761 (d,
I
H

J=f 54 He 2 H) 8.19 (br. .. 3 H) 1042 (br. 5. 1 Hy ""C NMR (100
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MHz DMSO-d:) o Ppm [H.O07 1885 3034, 5883, 12163, 12830 12940 13715 164740
[@ln= -18450 o _ | MaOH): HRMS (EST) of CuHiFN:0° calculated  211.0946 found
2110943 & ClOscalculated 98,9491 found 98.9477.

A3k, (Np-T-f{4-bromaphenyl) ﬂml—-"qh?-ma'i'ﬁ'j'i'-f-ﬂmﬁumm_?-ummfﬂjnm perchlorare:;
Yield 99%, 'H NMR (400 ME’_, DMEO-d:) 6 ppm B85 - 112 (dd, 6 H)

B
o Q "12.03 - 232 (m, 1 Hy 369 (d., L H) 7@ - 7.50 (4, 2H)7.53 - 7.70 d. 2
Ak,
NH iy

H)®.19 (br, 5. 3 H) 10,31 - 10.64 {5, 1 H); "C NMR (100 MHz, DMS0-
i} & ppm 1305, 18.E8 30354, 5884, 121.64, 12540, 12942, 13718,

|5 = —1757 4
L6742, & {C = | MecOH); HRMS (ESI) of CiiHCIN:O™ calculated 227 09446
Tound 227 0043 & CIO0 caleulated 98 9491 found 98.9477:

A3L (8-1-fd-methocyphenyl) amivnol—4-methyl--oxepentan-2-ummininm percliforate:

Yield 99%: 'H NMR (500 Mz, DMSO-dk) & ppm 0.8 0.98 (m. 6 H)

v @’u“‘ 147 - 1,73 (m. 3 H) 3.67 - 3.74 (m, 3 H) 3.83 (d, ./=4.96 Hz, 1 H) 6.91 (d,
Wﬂfil\ﬁ o |47 Ha 2 H) 748 (@ 4877 Ha 2H) 817 (br. 5. 3H) 10.25 (5. 1 H):
I1C MMR (125 MHz DMSO-ds) 5 ppm 22.35. 22,99, 24.18. 49.06, 32,18,

55,63, 114,55, 121,71, 137,32, 156.34, 167.66; 1910 = 57 10 _ | McOH), HRMS (EST) of
CraHa M08 caloulated 2371598 found 2371594 & C10y calculated 98 94491 found 989477

.'f.f[ll'. r'.".'j-f-r'fql-r'.lll.l'r.lrrg.lﬂ'ri'r.r:'.l'j errinis enh=f-migtfind-1 -:.l.l'r.'p:'r.rrr.m-_':"-ranrma'nj'unrf.lﬂ.r'.:'.l'].l'r.ln!.h-;

|
Yield 98,5 %; 'H NMR (500 MHz, DMiiMr.} & ppm 0.92 (d, J=2.67

|
\l/\l?'ji ,@ Hz, 6 H)y 1.66{be, 5., 3 H) 388 (d, /=4 20 Hz, | H) 7.42 (d../=8.77T Hz. |
K
MHz o Cin

H) 7.62 (d. J=8.77 Hz, 2 H) £.21 (br. <. 3 H) 10.55 {s. | H ""C NMR
(125 MHz, DMSO-a) & ppm 2227, 230607, 24,15, 4506, 32,30, 121,638,

12839, 12992, 13729, 16846 (M0 = ~1140 r_ | i MeOH). HRMS (ESI) calculated
CioHiCIN:D [M'] : 2411102 found : 241.1097 & calculated C104 [M7] : 98.9491 found
98 0477,
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AIE (81T -f{d=finroplenpl) annin ) —f-methyl- ] -exopentoan - 2-amminiem perchiorate:

= Yield 968 '.}-I NMR (500 MHz. DMEJ—:&.} a ppm (0.92 (d, J=2.67 Hz,
z g @’ 6 H) 166 (b 5., 3 H) 3,88 (. J=4.20 He, | H) 7.42 (&, J=8.77 Ha, | H)

\‘lﬁ\quﬁ | 7.62 (d, =877 Hz, 2 H) 8.21 (br. 5., 3 H) 10,55 (5, 1 Hi "C NMR (125
MHz, DMSO-d) & ppm 2227 2307, 24,15, 4906, 52.30,121.68,
[ = =147

128.3% 12992 13729, 16846 (C =1 MeQOH). HEMS (ESI) of C;HsFMNa0"
calculated 225 10102 found 225 1097 & C1Oy caleulated 989491 found 98,9477,

I, (R)-1-ffmethoxyphenyl) aminol-1-oxozopropan-2-amminiam perchloraie:

7]
Yield 98%; 'H NMR {400 HE DMSO=ch) & ppm 141 (d, J“ﬁ&: He, 3

o]
a@fk /@ ~{H) 3.66 (5. 3 HY3 90 (br. 5., | H)6.77 - 6.94 (m, 2 H) 7.44 (d, J=5.54 Hz,
i FH)YB.11 (br. 5., 3 H) 10.03 br. s, UH): "C NMR (100 Mz DMSO-d)
2 CHoy
Y |5 ppii 17.56, 49.38, 55.96, 11449, 121.64, 12503, 127,71, 13028,

a5 _
156,24, 16803, (o= +1360 o ¢ nieoH) HRMS (ESD of

CowHiysMz0:" calculated 1951128 found 1951133 & CIOy calculated 98.94%1 found 989477

T4, (R)- 13- Chiloraplrenyl) amine) - -ovozeprapan-2-armmiiiiim prereliforate:

a
: o] Yicld 98%: H NMR (500 MHz. DMSO-d5 ppm 141 (d. J=6 87 Haz. 3
. i ﬁ’ H) 3.86 - 3.96 (m. | H) 7.34 (d. J=8.77 Hz. 2 H) 7.50 - 7.60 (m. 2 H) &.10
: M
G Y oo, | (R8s, 3 H) 1035 (s, 1 H) UC NMR (125 MHz DMSO-ds)  ppm 17,42,
BN -
lalf = +1560 .

49,54, 121.63, 12700, 12930, 13721, 168.64; =1
CHCly). HEMS (ESI) of CoHjCIN:O" calculated 1990633 found 1990637 & CHOy” calculated
98049 found 99477

Ao (Rl-1-{id-flurophenyl) aming)-1-oxeoopropen-2-ameininm perchiorafe:

=
: —| Yicld 99%, 'H NMR (200 MHz. DMSOg) 6 ppm 1.49 (d. =695 He. 3 H)
all ,Q’ 385 <420 (m, | H) 743 (d, J=8.84 Hz 2 H) 7,55 - .73 (m, 2 H) 8,18 (br.
,:-m2 i o 5. 3 H) 1046 (5. 1 H): C NMR (50 MHz, DMS0-ck) § ppm 1742, 4954,
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121,63, 127.70, 12930, 13721, 16864, lolo = 1560 o _ 4 eyeiy HRMS (ESH of
CoHyp FM=20 calcplated 1830633 found 1831637 & ClOy caloulnted 98 949 found 98 9477

Jdd. (R)- I-{r’-ﬂ'—.b.rrr.r.lrujrl}.l n‘rJ_r.I'} aptiiri i) .|'-4.l.\'r.l:_'4'.ll|larrl:llrmr-,’-mr:rnl'.lriu.rrrr::-’rr'.l'r.l'-.lru.fr.'

-]
o | Yield 98%: 'H iﬂdk (500 MHz DMSO-di) 6 ppm 1.42 - 1.50 (m, 3 H)
i g 3.98 (d. /=5.34 Ha, | H) 743 (. J=8.77 Ha, 2 H) 7.63 (d J/=8.77 Hz 2 H)
A
H

A M g | S46 (ke s, 3H) 1049 (s, | H): YC NMR (125 MHz. DMSO-d:) & ppm
d

25
1753, 4953, 121.50, 128.23, 13748, 168.2%; Ll L0 (L =1

MeOH). HRMS (ESI) of CoHy FN2O" calculated 183.0633 found 183.0637 & ClOy calculated
98 M9 found 98 9477

Fe, (R)-1-f(d-methaxypfrenyi) wmino)-3-methyl-1-ocobutfan-2-amminizm perchlorate;

B 2]
Yield 99%. "H NMR (400 MHz. DMS0-ds) & ppm 0.90 - 1.03 (dd g H)

O

Mﬁ[ g 208-223(m, 1 H)3.61-3.68(d | H)3 73 (3.3 H) 6,93 (d. J=9.16 Hz, 2
b " oo, | H) 750 (d J=8.54 Hz 2 H) 8.06 (br. 5., 3 H) 10.23 (5. 1 H): UC NMR
(100 MHz. DMSO-dk) & ppm 1821, 1888, 3040, 5567, 5874, 114.60,

25
121,65, 13174, 13636, 16668 10 = + 1820 0 | pponHy: HRMS (EST) of C 2HisNsOn'

calculated 223 1441 found 2231438 & ClOy caleulnted 9894491 found 489477

[
I4F (R)-I-fid-chloraplenyl) aminol-T-methyi-I-oxebufun-2-ammininm perchiorate:

I . Yield ‘..PEJ'J-"n;'ﬂI-! NMER (400 hﬁlx. DMS0-k) & ppm 0.85 - 1,12 (dd, 6 H)
Muﬂ 2.03 - 232 (m, 1 H) 3.69 ¢d., | HH_m- 750(d 2H)7.53-2.704d. 2 H)
| fry N oo, | B9 (b8 3 H) 1031 - 1064 (s, 1 Hy: 'C NMR (100 MHz, DMSO-d) &

ppm 1809, 1888, 30,34, 5884, 121,64, 12840, 129.42, 13718, 167.42;

&= +ATET ) . .
n (C = 1 McOHY, HEMS (ESD) of CiHwCINZD calculated 227 746 found
2270043 & ClOw caloulnted 989491 found 989477

_--—————_"_
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Fdg. (Ri-I=ff4-Turaphenyi) ﬂmInﬂ}J-mﬂ'kﬂ-.! et =2 - cenipninin e pevefilorafe;

r : Yield Y%, IEI-I MME (4041 MHz, DHM} o ppm 0,92 - 103 {m, 6 H)
Mhﬁ 2.05 - 226 (m. | H) 3.69 (br. 5. | H) 742 (. J=8 34 Ha, 2H) 7.62 @,
i, P o, (45793 HE 2 H) 819 (bros., 3 H) 1050 (br.s.. 1 Hy: C NMR (100 MHz,
DMSO-ds) & ppm 1809, 1888 3034, 5884, 12064, 12840, 12942,

lafs = #1757

[37.17. 16742 | (C = 1 MeQH), HRMS (EST) of CHnFN20O" calculated
3090639 found 309,043 & CIOy caleulated 98.949] found 98,9477,

a
Ik, (R-1f-bromaphenyl) aming)-I-metl-F-ooobudan -2-amininm perohiferaie:

a
Yield 98%, 'H NMR (4040 MHz, DIMSO~dh) g bpm 087 - 1.06 (m. 6 H)

| Br

,i-.ﬁi ’[i\f 207 -228 (m, 1 H) 3.69 (br. 5, 1 H) 7.40 (d, J=8.54 Hz, 2 H) 7.61 (d,
s k
fry g

J=K 54 He 2 H) 8.19 (br. .. 3 H) 10.49 (br. 5., 1 H); BC NMR (100 MHz,
DMSO=d) & ppm 1BO7, 18RS, 305H%, SREB3. 12103, 1283% 12940
= 41757

137, 15, 6740, L] (C =1 MeOH), HRMS (ESI) of CoHsBrNzO" calculated
3o 6898 found 368, 7085 & C10y calenlnted 98,9491 found YE.9477;

T4, (S5-I -f-mathaxy eyl anviio)-d-methyl-1-axepenian- 2-amminiam percliforare:

a
Yield 99%: 'H NMR (400 MHz. DMSO-dy) & ppm 084 (d. fH) 147 -
165 (m. 3 H)3.63 (s. 3H) .78 (L | H) 6,85 (4. /=8 54 Hz. 2 H) 7.30 -

Y4
]
ﬁﬂﬂ o |48 2809 (brs., 3 H) 10,10 e, 1 H): UC NMR (100 Mz,
& L]
DM SOk & ppm 22135 22 HI 2412 3094, 5218 5552, 11449

12185, 131,09, 156.35, 16758, (%00 = + 932 0 _ | \cOH). HRMS (ESI) of CyHz N0
calculated 237,1598 found 2371594 & CIO calculated 98.949] found 98 9477,

A5 (Ry-T -fid-chdoraphenyd) aming-4-mathyl-T-ocopentan-2-ammininm perchiforate:

— Yield 98%, 'EH NMR (400 MHz DMSO-dk) 5 ppm 0.90 (dd. 6 H) 1.64

i /@’ (m, 3H) 387 (¢, | H) 739 (4, J=855 1z 2 H) 7.60 (4, /=854 Hz 2 H)
\Fﬁﬂﬁ oo |19 (bn s 3 H) 1051 (be. s 1 H); BC NMR (100 MHz, DMSO-dfs) &
. ppm 22.24. 23,03, 24.13, 49.04, 52.28. 121.68, 128,38, 129.39, 137.25.
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25
168,42, [ln = + 1360 e - | MraOHY HRMS (EST) of C1HixCINO" calculated 2411102
found 2411097 & CHOy calcolated 98,9491 found 98,9477

J4E. (R)- I-.|'|"-|\'-_|I"|ru r.-.lpﬁ el mnrn'rrr.lj-ﬁrn:'rﬁ_w'- |'-u.w:_p:'rr!ru:-.?-ranrrm'niar.lrr}lrﬂf‘r'ﬂ.ll'r.lrr.r.fr“:
. ) Yield 99%; 'H NMR (500 MHz, DM ﬁ:ms.) & ppm 0,92 (d, J=2.67 Hz,
| \r’\{@"ﬁ““ /@j 6 Hy 1.66 (br. s, 3H} 388 (d, =420 He, | H) 742 (d. J=8.77 Hz, | H)
M
- H

i 1o, 7.62 (d, J=8.77 He, 2 Hy 8.21 (br. 5., 3 H) 10.55 (g, | Hj. "C NMR (100
MHz. DMSO-dy) & ppm 22.24, 2303, 24,14, 49.04, 5228, 121.68,

12838, 12939, 137.25. 16842 1@lp= +1360 o _  aoom: HRMS (ESD of
CiaHuFNAD calculsted 323 0816 found 323 0991 & CHOy caleulnted 98 9491 found 989477
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266 'H & “CNMR spectra CIHL of N aryl R & N amine acid amide.

I3a. (8)-1-f{d-methoxyphenyl) aming)-I-cxesopropan-2-amneinium perchlorate:
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Chapter 2

338, (§)-1-f{d-cllorophenpl} amingg- I -oxozopropen-2-amnrinium prerchlorate:

o
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Chapiter 2

A3c (S)=1-ffd-fTaraplerd] aming)- I -ocozoprapan - 2-ammininm perclilorare;
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Chamical Shift {pprm)
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Chapter 2

A3 (S)-I-ffd-methoxyphenpld) .:.rmbm}-j-mﬂiyj-I-ﬂnmrﬂﬂ-;'-ummim'um perchilorafe:
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I3 (5)-d=ffd-chlorophenpl) um&nx.;.l-j-mﬂﬁﬂ-_l-a,r.phu.l!ﬂ'n-.?-.'uumﬁﬁum perchioraie:

&
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Chapiter 2

A3z (S)-I-f{d-finroplenpl) aniinol-3-methyl-1-oxebufan-2-armininm perchilorate;
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Chapiter 2

A3 (8S)-2-fid-methoxypirenyd] amitto)-4d-metfiyd-T-oxopentan-2-anmininm perchilorare:
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Chapter 2

A3E (8)-2-fid-chiorapienyl] anvivo)-d-metiyl-1-oxepentan-2-ammininm perchlorate;
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Chapiter 2

IIE (S)-T-f{d-finroplenpl) aniinol-4-methyl§-oxopentan - 2-amrminiam perchiarate:
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Chapter 2

Fdu. (R)-1-{f4-methoxypplienpl) amino)- 1-oxozopropan-2-ammininm perchiorate:
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Chapter 2

Fdb. (R)-1-ff4-Chiloraphenyl] apvino)-1-oeozoprapan-2-armmininm perelilorare;
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Chapter 2

Fde, (Rp=1-{{d-finrophenyl) aming)-1-oxeoopropun-2-amriininm perchlorare:
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Chapter 2

Fde, (Ri-I-f{d-metfraxyplenyd) i.rml'.u:u-_j-j-maﬁ'_'p,i-f-ﬂ,ra.ﬁul'n.n-.E-c:mminjum perelilorate:
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Chapter 2

a8
Fdf. (R)=I=ffd-clloraplhenyl) uminu}-,i-.rrwﬂy!— F-oxaburan-2-apmininm perchilorate:
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Chapter 2

Fdg. (R)-1-{{4-Taraphenyl) anino)-3-metliyl-l-oxabutan-2-armminiam percliforafe;
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a8
Fdle. (Ri-T-f{d-bramaphemi) i.rmiﬂnjJM#}'I-I-uw.nﬁ.um-j-ummjujnm perchilarare:
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Chapter 2

FAL ()2 -methoxypirenyd] amitto)-4d-metliyl-T-oxopentan-2-anmininm perclilorare;
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Chapter 2

A4, (Rh-1-f{d-cldoropirand] aminoj-L-matliyd-T-oxopepian -2-ammrininm perclilorare:
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FdE. (R)-1-{{4-Taraphenyd) anin o) -4 -metlipl--oxapentan-2-animininme perchiorate:
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Chapter 3

3.1 Introduction

Asymmetnic reduction of unsaturated orgamic compound is a valuable synthetic tool which has
been fundamental imponance in the arca of pharmaccutical, fragrance, flavoning, agrochemical
and chiral [ne chemical mdustees. Therefore, srowing demand for enantio pure chiral
compounds necds more environmentally acceplable process in the chemical indusiry. Most of
these valuable compounds are synthesized by hydrogenation of pro-chiral substrate, The
asymmetnc hydrogenation of pro-chiral substrate s divided in different tvpes depending on
hyvdrogen domor source along with catalvst and the catalvst is either tranzition metal based or
organc-catalyst

Asymmetne ransler hvdrogenation (ATH): Less well known 15 the WESJHI[}' to achieving the
reduction of multiple bomnds with twe support of crganic moelecules as the hydrogen donor in the
presence of chiral catalyst, This process is known as catalviic asvmmetric transfer hydrogenation
in which 13 Hydrogen migration takes place within the molecule, 2} Hvdrogen transfer bebween
identical donor and acceptor wnil, 33 ransfer hyvdrogen between difTerent donor and accepior
unit, Mainly such ATH iz further divided into two tvpes:

# ATH af pro-chiral substraic using transstion metal catalvsis

F ATH of pro-chiral substraie using organo catalysls.

There are several catalynic mclhﬁs suitable for enantio-selective hyvdrogenation of pro-chial
substrate, but the ATH of ketone is considered particularly useful becanse reaction proceed under
mild conditicn and needs no swhthm cquipment. The operational simphicity and favorable
properties of the reductant!" B Funthermore intensive investigation in the last three decade
has afforded abroad knowledge about ATH reaction mechanism, the useful hvdrogen donor and
development of highly active and enantio-selective catalysts. i-Propyl alcohol is penerally used
a2 hvdrogen donor az il is non-hazardous, cheap, stable and accione is the only byv-product of the
reaction, which can be casily 10 separable,

Thus the objeciive of this chapier 1= o evaluale and study sirengths and weaknesses of
synthesieed chiral amino scid amide based wme bgueds ﬁ organo-catalvsl m potenbal
application of ATH processes al laboratory mlnil' herefore, aim of this chaper i3 o #udy in
details of ATH reaction of ketoncs o completc understanding of how the reaction conditions
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determine catalyst performance and reaction mechanizsm, Also o study efficient recvelability of
catalyiic svsiem,

3.2 Literature Review
AT ATH of pro-chirael snbsirare wsing fransition metal coiolysts,

The biological sctive svnthetic compounds are synthesized from opucally actve alcohols. Theses
opically active alcohols are obtained from asymmetric hydrogenation of ketones, In 1976
Descotes and coworkers'™! reported the first feasibility of chiral transition metal catalyst to
achieve asvmmetric tansfer  hyvdrogenation by combining  [BeCl(PPhoy]  with  chiral
monophosphine ligand. In 1998 E J Corey!"!. reponed the enantio-selective ATH of ketone with
protected proline based CBS catalyst to obtain chiral sloohol with excellent enantio-selectivity.
K Iioh and coworkers'™ and Buchwald and coworkers™, have reported the hydrosilylation of
ketome with high enantio-selectivity uvsing rhodivm and titanium compleses. In 1998 Matzwsda
and coworkers'”l, reported the enzymatic ATH of ketone using /-FrOH as reducing agent with
pood enantio-selectivity. The Meerwein-Pondorff-Verley reduction!™ and the Oppenaver
oxidation''"  were carried out using ANOi-Pr): as catalyst The equilibrium of oxidation and
reduction depend on donor or accepior present in excess. In 1992 5, Giadiali and co-worker! '
reported ATH using Phosphine and pyriding ligands in amalgamation with ruthenium, iridium
and rhodium complexes. However, lower activity and enantio-selectivity was observed and the
also reaction required high temperature. This effect was overcome by C, Bolm and coworkers! '
added base in reaction and found that the activity increases significantly and then lnter addition
of base in resction media become common practice. Plaltz!™!, Lemaire' ! Evans! ™ and Zhang!'™!
wsed inidium, rhodium, samarium and rothenium complexes with chiral nitrogen comaining
ligands and found most remarkable mmpact on actvity and enatio-sclectivity in ATH, Later,
Moyon and co-workers! "1™ made the most important mnovation by wsing [RuCls(arene))s-
complexes grouped with a chiral amine aleohal or menotesviated diamine as ligand o catalyzed
the ATH of aromatic ketongs with excellent enantic-selectivity and reaction rates, They have
wsed different hydrogen donor like o-PrOH and 5.2 Formic acid:iniethylamine arcotrope o oblain
excellent enantio-selectivity and conversion of wide range substrates incleding imines'™! and

acetylenic ketones'™!, This innovation later led to the investigation of catalysts involving of N-H
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ligands with [RuCliarenc)]; complexcs as precursort™ BHIERES]

Then after, many chiral
catalytic svstem have been developed for ATH such as Plaltzs; Ir(l} dibhvdrooxazole complexe™!
and Genets: chiral diphophane Ru(ll) catalyst™®, In 2010 Kelker and coworkers™™!, reported the
chiral amino alcohol based [Ruip-cymeneyCl2] complex for ATH of ketone using IPA as
hydrogen donor to obtain enantio-cnniched alcohol, In 2002 F G Fontame and coworkers!™,
reporied the ATH of ketone using homopgencous ruthenium catalyvst onchor on chitosan for ATH
of ketone. Tn 2013 M Gamsa and coworkers!™'!, reported the chiral Pybox based Osmium (11)
complexes for the ATH of keione to prodoce chiral alcohol with pood ensniio-sclecuvity, In
2015 Bica and coworkers!'™!, reported the chiral ionic liquids (CILs) based ruthenium catalvst for
ATH of ketone 10 oblained chiral alcohol with good enantio-selecuvity. In 2007 John Blacker
and coworkers ™. reported the ATH of bifunctional aromatic ketone wsing transition metal based
molecolar bifunctional catalyst o obtained chimal alcohol with pood ennnbioselectivity. In 2013
Zhou and coworker™, reported the SpiroPAP ligand based chiral Ir complexes for ATH of
ketome and uscd ethancl as hydrogen donor to obtain the chiral aleohol with good enantio-
selectivity, In 2013 Robert H Momis and coworker™, reported the ATH of ketones and imincs
using amine (imine) diphosphing iron catalyst and IPA as byvdrogen dono 1o obtain chiral aleohol
with good selectivity. In 2015 Jing Xing Gao and coworkers'™, reported the ATH of ketones and
kctocsters nsing chiral PRNMP bascd wron, cobali, nickel complexes as catalvsi to oblain chiral
alcohod in good enantiosclectivity. In 2005 Martin Wills and coworker™). reported the ATH of
aromatic ketones using chiral diamine derivative based rutheniom complex as catalyst to olvain
chiral alcohol with good enantio-sclectivity. In 2000 Robert H Mormis and coworkert ¥, reported
the ATH of ketones by using cthylene diamine demmved disminophosphine higand based chiral
iron ¢omplexes to oblained corresponding chiral aleohol with good enantic-selectivity. In 2004
Bobert H Morris and coworkers™ reporied the asymmetric hyvdrogenation using molecolar
hvdrogen and ATH of aromatic and heroaromatic kelones wsing amino{imine) diphosphine
comples as catalvel 1o oblain corresponding chiral aleohol with good enantio-zclectivity, In 2011
Erick M. Carreira and coworker™, reported the ATH of alpha cyano and alpha nitro aromatic
ketones using chirpl diaming based indium catalvst o obtam optically active alcohol with good
enantio-selectivity, In 2016 Robert H Morris and coworker!! reported the iron catalyzed ATH
of aromatic ketones using agqueous biphagic ron complexes o obtain commesponding chiral
alcohol with good crantio-selectivity. In 2007 Jiamliang Xiao and coworkers™, reporied the
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ATH aof ketones by using iransition meial based bidentate phopharous nitrogen ligand in aqueons
phase to obtain chiral alcohol. In 2000 Benjamin List and coworker!™, reported the ATH of
alpha ketoesiers uwsing chiral copper(ll) bisoxneslne complex as catalyst with hantzsch esier as
hvdrogen donor o obiain corresponding chiral aleohol, In X015 Akira Yanagisawa and
coworker'™, reported the ATH of ketones using chiral bicyclic NHC/ widium complexcs as
chiral catalyst to obtain chiral alcohols. In 2018 Qiao-Feng Wang and coworkers!! reported the
ATH of ketones using chiral ferrocene ligand bosed ruthenium complexcs as catalyvst w oblain

chiral aleahols

The above ATH reaction of pro-chiral ketones using transioon metal based chiral complexes as
catalvsl have siic good features. however, il has fow limitations, Usoally, these complexes are
homogencous complexes made up of chiral urg.uﬁligm}ds and these are very difficult o
geparate from reaction mixture. The orgamc higands are cxp:nsiwﬂd many of ransition metals
are loxic. Mowadays. metal-free products are preferred. Also the reuse of the catalvsl iz highly
desired 1o reduce cost and improve the environmental impact on the process. To overcome thesc
gnitations hetcropencous catalvsis arc preferred as hetcrogencous catalvsts can be casily
separated from the reaction mixture by viese of its physical state. However. helereogencous
catalvst has low activity and selectivity as compare to homogencous catalvst, therefore, 6ill
homogencous coatalyst 15 fovorable, To overcome above drawbacks of heterogencons and
homogencous catalyval biphasic stereo-selective organe-cotalvst 15 favorable. This argano-catalyst
has imporant advaniages like easy fo separal Trom product and easily reasable for Turther
reaction without losing their activity as well as selectivity, This oroano-catabyst 1s cheap, non-

toxic and its electron and stereo genic properbes can be modified.
A2 ATH of pro-chived subsieate nsing sterac-selective argan o corfalyss,

[ iz
Therefore, in the last decade, orpano-catalysis has emerged as a powerlful aliermative Tor the
enanlic-selective svnthesis of chiral compounds. The enantio-selective transfer hydrogenation of

[S-unsaturaed _algjclg}-msl"ﬁll-ﬁll'lﬁll-l'.ll

have been carmied out over chiral Bronsted acid organo
catabvst using Hontesch esters as the hydrogen source, Also Jonie liguids have been widely used
as organo-catalysts in organic svathesis and they also can be used as solvents!™ 1) becanse they

are useful and have environmentally benign chemical and physical properties™ However, il
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date, there 15 no report on onig liquid used as ATH caialvst, Therefore, we report in this chapier
aming acid amide based ClLls as organc-catalvst in ATH of ketones,

3.3 Present work

In this chapter we discussed the ATH of aromatic and aliphatic kefones using Clls of Nanl R &
& aming scd amides as stereo-seleciive organo-cotalyst at room lemperpture. The dewodl
synihesis of ClLs of N aryl B & 5 amino acid amides was reporied in chapler 2 is shown in

Figure 1

FAT  Effect of base en ATH of ucetophenane reaction,

Initially, ATH of acciophenong reaction was camied oul in the absence of CIL as catalysi {33h)
under strong basic condition ail room temperature m IPA for 24h, The trace amount of
comesponding racemic alcohol was obtmned (Table 1, entry 1) Then ATH of acctophenone
reaction was carried oul under mﬂng bagic condition in presence of amino acid amide in 1PA for
24h, The cc-m:and'mg alcohol product was not obtained (Table 1, entry 2), And then ATH of
acelophenone reaction was comed ool in presence of CIL of N arnvl § amine sod amede as
catalvsl (33b) and in absence of baze in IPA al room emperature for 24h We did not observe
desired ATH product {Table 1, entry 3). From the above three entrv il is clear that amino acid
amide and CIL of amino acid amide (330) themselves does not have any sctivity in ATH, Then
ATH reaction of acelophenone was carnied oul in presence of CIL as catalvst (33h) and 0.3
cquivalent of base in IPA Tor 16h. The corresponding ATH product was obtained with moderate
vield & excellent enuntio-selectivity (Table 1, entry 4). Then we realized that. for activatron of
CIL of amino acid amide (33b) required base in ATH reaction. Then we exp]nrcdﬂc effect of
base concentration on ATH reaction of acetophenone ATH of acetophenone reaction ﬁ'ﬁ
carned out i presence of CIL as catalvst (33h) & by varving concentration of base m [PA at
room wemperature for 16h. The desired ATH product was obiained with excellent vield &
enantio-sclectivity {Table 1, entry 5-#). From this it is clear that 11 equivalent of acetophenone

o basc 1z requited as sdeal rato for ATH reaction
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Table 1: Effect of hase concentration in ATH of acetophenone reaction,

ol

CllLs=
4] v 0y OH
i B ST 7
@ PART 1h - s

Entry  Acetophenone ClILs Basc Tame Yield e
No {catalyst) (MaO-Bu) () [%a (%}
| I - I 24 irace

2 | amide | 24 - -
3 I (0% - 24 .

4 | (k{5 .5 i 41 RO
5 1 (5 | 16 Hib L
i I (0% i.2 16 Kk OE
7 | 0.03 l.5 16 £ 08
b | (b5 2 16 B L

332 Effect of catalyst concentration on A TH reaction of acefophenone.

L1
The ATH reaction of acclophenone was carmied oul in presence of base and by varving

concentration of CILs as catalyst (33b) at room temperature in [PA for 16h, The comesponding
desired ATH product was obtained with modernie o excellent yield and also excellent enantio-
selectivilty of desived product was obtained (Table 2, entry 1-7). The maximum vield of desired
product (Table 2, entry 5) was obtained when the acetophenone 1o CIL ratio was 1:0.05. Further
increasing ClLs {33b) concentration up to 1:0,2 the yicld of product was not changed (Table 2,
entry 6-7), From this study it is clear thar 10051 eguivalem of acetophenone, Clls and base

ratio 1§ required as ideal ratio for ATH reaction of acetophenone
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Table 2: Effect of CILs concentration on ATH of acetophenone reaction,
a Gl
"Elﬂ\ﬁ
NHy 10, OH

330 ] .
@ - [ J" + _l
IPA, RT, 16h C

Enrly  Acetophenons CILs Base Time Yield e

ClLg=
4]

No {Catalysty (NaDiBu) () L T e
1 [ {105 - 16
2 | {01 1 16 20 G
3 1 .02 | 16 33 o
4 1 003 1 16 45 O
5 [ 0,005 1 16 Rl U
i 1 007 1 16 Rl R
7 1 i1 | 16 20 R
] | (.2 1 16 &0 L

133 ATH of acetoplonone reaciion over different CFLs of N oarpl X anine acid amide,

With optimized ATH reaction conditions. we explored the use of different Clls of & aryl §
aming acid amide as organo catalvst in ATH reaction of acctophenone, Initially, for preparation
of meemic ATH produch reducton of acetophenone reaction was comed out by MaBHy in
methancl for Th. The desired racemic product was obtained with excellent vield {Table 3, eniry
1}, Then ATH meaction of acctophenone was camed oul al ideal reaction conditions using
different Clls of & arvl & amino acid amide at room temperature. The desired ATH product
obained with excellent vield & enantio-selectivity {Table 3, emiry 2-12), Highest vield (81 %)
and highest enantio- selectivity of product (97%) was obtained in above reactions. Product was
confirmed by 'H "C NMR (200MHz, 400MHz and S00MHz) Brucker NMR Spectro-meter
Optcal punty and conligurabion was confirmed by opical rotation (JASCO polanmeler). Mass
of product 15 confinmed by HEMS, Enantiomernic excess is confirmed by GC having CYDEX -

chiral column
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Tahle 3: ATH of sectophenone over different CILs of & aryl § amino acid amide.

ClLs = ﬁiﬂ\
Ha t'bm oM

r
A3 0
[ ) - @4&’\ + M
IBA, BT, 16h

R = -CHy, -CH[CH3)y. ~CHCH{CH, )3
X = .OCH,, FCL Br,

Entry Mo  Clls  Base {NalvBul  Yield (%) Configuration  Enantiomeric excess (7o)
Optical rotation GO

I MNaBH. - 100 -

2 i3a MalkBu Kil b o7 O
3 33h Na(vBu K1 § 97 99
4 I3 NaiBu Bl b 93 96
5 33d MalkBu T b iy O
] 33c MalwBu 78 & 4 o7
T 330 NaiBu Bl b a7 98
# 33g MalkBu Kil b 05 Dy
) 33 NalkBu i hY a7 LUd
I 33 Na(vBu Bl b 96 97
1 33 MalkBu Kil b a4 05
i 33k NalkBu Ei hY iy LUd

124 ATH of poetoplenone reacfion over differeat CRLs of N aryl B i acid amide

The ATH reaction of acetophenong was carried out at ideal reaction conditions using different
ClILs of N arvl B amano acid anude ot room tempersture. The desiwed ATH product ebtaned with
excellent vield & enantio-selectivity (Table 4, emtey 1-11), Highest vield (50 %) and highest
enantio- selectivity of product (97%%) was obained i above reactions, Product was confimmed by
'H "¢ NMR (200MHz 400MHz, and S00MHz) Brucker NMR Spectro-meter. Configuration
wias confirmed by optical rolation (JASCO polammeter). Mass ol product is confiemed by
HEMS. Enantiomenic excess 15 confirmed by GO having CYDEX-§ chiral column,
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Tahle 4: ATH of sectophenone over different ClLs of N aryl B aming acid amide,

I e
H@l”t@
: . H

Cllg= =
NH: oy oM

a4 (o]}
- ]
| £ sdle
= P4, BT, 16h

R = -CHy, -CH{CHs)y, -CHCHICH )
X = -OCH;, FCI, By,

i

Entry No Clls Baze  Yield (%e) Conliguration Enantiomeric excess (Fa)
Optical rotation L

[FF

I HMa  MalwBn bl R e 1
2 34b MNaOiBu ) R iy 97
3 e NaOvBu 82 K &8 a1
4 3d  NaO{Bu Bl R 9 a7
5 e MaliBu 83 R L4 93
s 340 NaOvBu 83 K 89 a1

g HNaOvBu B7 K B BB

34h MaliBu b2l R Ll 491
o 34 NaOvBu B K 95 9
4] i MNaOvBu B2 R 95 u
I 34k NaOiBu Bl [ &4 a2

A5 ATH reaction :.!f d:_{,l"{"rr'ﬂ.f letesray onvar ©FF :{j'-."'h: |ir_|'.|' X rimridinie et anefde r'."l'.i'.frj.

L'sing optimized ATH reaction condition, we explored the different substrate scope of ketones
mvolving aromatic, shphabe acyehic and cvche ketone over CIL of & arv]l 5 amino acid amede
{33b}), The ATH reaction of dilferent ketones (Rmmaoley was carmied oul by using 0.5 mimole of
CIL (33b) as catalyst with 160 mmole of [PA as hvdrogen source and base. The corresponding
ATH product was obtamned with good wield (88%) and excellent enantic-selectivity (99%5)
(Table 5, entry 1-12). The substraie scope sindy shows that the activity of CIL was not affected

by eleciron donating or withdrawing group on aryl ring, 1t states that electronic effect does nod
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influcnce on vield and enantio-selecuivity of ATH product.  All the products were conlinmed by
'H & "C MMRE Spectrometer.  Stercochemistry 15 confirmed by optical rolation. Mass was

confirmed by HEMS. Enantiomenc excoss 15 calculated by optical rotation.

Tahle 5: Substrate scope of ATH of ketone over ClLs (33h).

ClLs =

o HH: ¢10, i
A 134 o
o, - whe, + K
IPA, BT, lihk
R = -CH,, -Ph
Ri = -CHy, -CHiCHy -CHyCH CH, - CHICH D,

Entry | Substrate Product  Yield e¢ | Entry Product  Yield ee
no (*a} (%) | mo May (%)
L 4k :

o o E o T
1 | L) {1 a8 97 | 7 E:f 75 H0
_0
3 T T
2 | [J @41,\/ 8 95 | 8 (:fg’\f 7T
&3

7 i ot

i R4

OH
M T

ik

.-'E"\-\_-r'-"‘x

“QG
q%—?

¢ e r8. 83
s

# b
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336 ATH reaction of different ketowes gver CFLs of N arpl R aming acid omide (345).
Lising optimized ATH reaction condition, we explored the diffcrent subsirate scope of ketones
involving aromatic, aliphatic acyclic and evelic ketone over CIL of & arvl § amino acid amide
(33b). The ATH reaction of dilferent ketones (Smmoled was carried oul by using 0.5 mmole of
CIL {33b) as catalyst with 160 mmole of IPA as hvdrogen source and base, The corresponding
ATH product was obtained with good vield (88%) and excellent enantio-selectivity (99%)
(Table 6, entry 1-12), The substraie scope study shows that the activity of CTL was not afTected
by cleciron donating or withdrawing group on arvl ring. [ states that clectronee effect docs not
influcnce on vield & enonbio- selectivity of ATH produciz,  All the products were conlimmed by
'H & ""C NMR Spectrometer.  Siercochemisiry is confirmed by optical rotation. Mass was
confirmed by HREMS, Enantiomenc excess is caleulated by optical rotation,

Figure 1: CILs of N aryl B & 5 amino acid amide.

. ' &
a D-\-\_ o J[::_:II, L Iﬂ 9:‘)/ il 0 :ﬂ'-""\-\!.ju-'
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s, H | HH b Pty T\
T o oy + M1y
5 3an 15k
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" 1-.I 11 m 4 5 a
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Table 6: Subsirate scope i ATH of ketone over CILs of & aryl B aming acid amide (34b).

«uk@

ClLs = N
0 Hy EIU-
CH
A 34b o
a - e, + A
IPA, KT, 16k

R = -CHy, -Ph
R1 = -CHy, -CHyCH; -CH,CH,CH,-CHICH),,

Entry | Suobsiratc Product Yicld oc | Entr | Substrat  Product  Yeld cc
M (%6) (%) | yno e (%) (%)
) OH o
1 @’ ~ @4‘&.-\ 87 97| 7 @i ﬁ;ﬁ«“ 76 8l

|
O G
OH o o
2 @L @4‘"\’ 83 94 | 8 (:ﬁ\ @w\ o™
u] QH
3 ’@)\ Q’\ 80 90 | 9 C@ @f’j 75 88
S
4 @)\ j;ﬁ s s | 10| S~ 7% 88
Qi JUNB P
5 /f‘“]/\ % 88| 1 = 8 87
o o oM
6 r:j’ (Y moss | | OSSN s s
""wﬁ
A7 Posiulated mechonism of ATH reaciion over CLLs of amine acid amide,

Based on resull oblained we proposed a postulaled mechanism of the reaction as shown in

Scheme 1. In the ATH reaction the

positively charged nitrogen atom lrom CILs of amino acid
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amide (adjusong to chiral carbon) donate proten (o ihe oxygon aiom of carbonyl group of ketone
and carbonyvl carbon becomes highly clectrophilic, simultaneowsly proton [rom 1so propyl
alcohod is abstrocted by base and oxvoen atom. IPA becomes negatively charged and in alkaline
medium hydride anion is ransler o carbonyl carbon 10 form unstable cvclic intermediale in-sifu.
Further stcrecchemusiny of prochiral ketone changes due to partially hyvdrogen bonding betweoon
oxyveen atom of corbonyl group of ketone and mitrogen stom of CILs which 15 adjusting 1o chiral
carbon 1o form chiral secondary aleohol via cvelic intermediate. The stuuctural stereochemisin

of product 15 retained as per sterco-chemistry of ClLgP

Scheme 1: Postulated mechanism of ATH reaction over CTLSs of amino acid amide.

H
l H
g | - \"T"’ +  Base
L
N 0 OH
H
r:lH" Cly

338 Rececle study of CHLs of N arpl B & 8 amine acid amide in ATH of acetophenone.

The reusability of CIL of aming acid amide was evaluated in ATH of acetophenone and results
are shown in Table 7. After completion of first reaction, 10 ml IN HUL solution was added and

L ml ethy] acelale was added. Two layers are formed. Both lavers were separated. From ethyl
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acctate laver product was recovered by column chromaiography, The aqueous laver was
cvaporaled under reduced pressure to recovered CLL and same 15 wsed for ATH reaction by
adding [resh scetophenone and base, By using this recycle procedure we have evaluated the ClLs
of aming sid amides (334, 33b, and 34b). nitially recvele stedy of CIL (33a) in ATH of
acetophenone reaction was cammed onl with ideal reaction condition. The desired ATH product
was obtamed with good and excellent enantioselectivity | Table 7, entry 1-4). Secondly we have
recvele CIL (33b) in ATH reaction. The excepted ATH product was obtained with excellent
vield andexcellent enantio-sclectivity (Tabbe 7, entry 5-8). Then {inally recycle study of CIL
(34b) in ATH reaction of acetophenone with sdeal condition was camied oul. The desired product
wias oblained with excellent vield and excellent enantio-selectivity (Table 7, entry 912}, From
the recvele study it 15 clear thai, there 1z no significant change in the vield and enanfic-seleciivity
when ClLs were rensed three tmes,

Tahble 7: Recvele study of CILs in ATH of sacetophenime,

CH
CILs EE‘/\
uu.. RT, 16% e

Eniry Mo ClLs Configuration ¥ oeld () oo )
1 33a & =4 a3
2 3i3a & B2 03
3 33a 5 Ry 93
A 33a & TH a3
o 33b & By 97
i 33b 5 B7 97
7 33b & iy a7
o] 33b & By o
G 34b R B3 91
1 3dhb i B2 al
] adh R Bl b
12 34b R Bl 41
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3.4, Conclusion

In conclusion, we successfully used ClLs of & aryl & & & amino acid amide as siereo-selective
organo-catalyst along with bage in ATH reaction of ketones. The excellent enanbo-selectivilty
and excellent vield of corresponding product was obdtained, This is the first example o use Clls
of amimno acid amide as metnl free organo-catalvst in ATH resction. The CIL catalyst is an casy
to recover and reuse withouot losing its actvity and enantio-selectvity. Therefore, these ClLs of
aming acid amides may provide an atractive alerpative 0 conventional asvmmetric melal
catalvzed ATH reaction of ketongs

3.5 Experimental details
A5 1 CGeeneral informatios of chesticaly and Dnstramsns.

Starting materials were purchased from Sigma Aldroch, Across COvpanic. Merck Chem.
Spectrochem, CILHI:II:I- and used as supplied. All solvenis were purified by standard method
prior o nae, .ENMR specira was recorded on a Brucker 200 MHx, 400 MHz and 300 MHz
spectrometer. High resolution mass spectra (HEMS) of compounds was recorded on a Thermao
LT aorbitrap XL (ESI). Optical rotation of compounds was conflirmed on JASCO=T00
Folarimeter. The enantiomene separation of compounds »\ﬂ carned out using Mucon make Cras
Chromuatograph (GO equipped with chiral CYDEX-[ (23 m x 0.22 mm x (.25 pm) column. The

enanhiomenic excess was calculated by GC and also by optical rodation data.
352  Procedure for asymmetric fransfer ivilrogenaion of acetoplienone.

The asyinmetne ransfer hydrogenation was carned oul in 530 ml of pwo neck round bottom Mask
equipped with magnetic stirer. Acctophenone (8 mmole) and iso-propylalcobol (160 mmoles)
was charged in round bottom flask and under stimng catalyst CIL of amino acsd amade (0,5
mimales) and base I.iudlmnﬂl:mr_\ butccade (B mmales) was added and reaction s contiiued at
room emperature (23-353" C) fof 15 b, The completion of reaction was monitor by TLC, Afer
reaction 5 ml IN HCI was added for quenching the basc EIE then 50 ml of ethyl ncclate was
added lor selanon of product. Ethyl scetate exiract was dned over anhvdrous Ma-S0, and
concentrated. Product was purified by silica pel column chromatography (3% petroleum ether &
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ethyl aceiate) as solvent sysiem Tthodw:l was then confirmed by ﬁ-i and "C NMR spectra
recorded on a Brucker spectrometer. High resolution mass specira {HREMS) was recorded on a
Thermo LTC orbarap XL (ESD) to confirm mass of the product. Optical acovity was measured
o JASCO-700 Polaromeler and enantio meric. excess of ihe product was calculated.
Enantiomenc cxcess was also coloulmed from gas chromatogram having CYDEX-B (25m X

0.22mm, X 0.25um) colwmn,
333 Recvcling af CHLx in aspmmetric fransfer hydrogenation of acetophenone.

Afier completion of Tirst reaction, 10 ml IN HCL and 10 ml ethy] acetate was added. Two layer
form was separated. From ethv] acetate Taver product was recovered by column chromatography.
The aqueous laver was evaporated onder reduced pressure o recovered CILs and same is used
for ATH reaction by ndding fresh acetophenone and base, The recvehing study of Clls was
carred out three imes.

3.6 Spectral data

Zut, (Sj-1-phenyl ethanol:

a8
8 O ppm e B i - } & (hE, 5.,
'H NMR (200 MHz, CDCL) & 1.40 (d, J=6.57 Hz. 3 H) 2.95 (b I H)

aH 4,76 (g. J=6.44 Hz, 1 H) 7.15 - 7.34 {m, 5 Hg C NMR (50 MHz, CDCl:} &
| 5] ppm 2519, 7023, 12550, 127.06. 12723 12739 12847 14599
Enantiomeric excess is 97.63% [a] = -42.96, U= 1 in CHCl: Elemental analysis
by HEMS(ESD calculated mass 1220732 and found 1220651

20, (S)-L-Phenyl propan-f-ol:

a B
{200 MHz, 1) & ppm 0.72 (1 J=7.45 Hz, 3 H) 136 1.73 (m, 2
'H NMR MHz, CDCl3) 6 p 72 (1, J=745 Hz t’n— 1

OH Hy 299 (br.s.. | H) 432 (1, J=6.57 Ha. 1 H) .93 - 732 (m. 5 Hy. "C NMR (50
1= MHz CDCL:) & ppm 10.22, 3191, 7585, 126,15, 12737, 12802, 12835,
144 81; Enantiomenic excess is 95% |o] = -44.5. C= 1| in CHCly; Elemental
analysis by HEMS{EST) calculated mass 1360888 and found  [36.0838;
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e g’.\'}-ﬁ--ﬁlﬁnrr}jﬁeﬂ.ru ettt d-cl: a
'H NMR (2i0) MHz, CDCls) 6 ppm 1,28 &J=ﬁ.44 Hz, 3H)3.55{br 5., 1 H)
465 (g J=381 He, | H) 6.74 - 6,99 (d, 2 H) 7.13 (d. J=8.46 Hz, 2 H). "'C
HME (30 MH:z CDCh) @ ppm 2516, o944 11487, 11529, 126
Enantiomeric cxcess 15 89% o] = -44.3, C= 1 in CHClL. Elemental analvsis
by HEMS {ESD) calealaled mass 1400637 and found 1400262,

QH

2o, (3= T =(d=pritrapirenyd) etlian-J-ol;

'H NMR (CDCly, 200MHz): 6 =812 [EJ-B.? Hz, 2 H). 7.52 (d. J=8.6 Hz,
2 H). 500 (g. J=6.4 He | H). 3.73 {br. 5., 1 H). 1.50 ppm (d J=6.6 Hz. 3
H), "C NMR (CDCl, 50MHz): & ppm= 1441, 1326, 1283, 126.6, 69.2,
249, Enantiomeric excess B4 [u] = -42.32, C= 1 in CHCls; Elemenial
analysis by HREMS (ESD) calculated mass 1670582 and found 167,0707;

O:N

2 (8- F-fd-chioropfenpd) etlan-f-ol;

'H NMR (200 MHz, Enc:l_ila ppm 1.24 (d, /=644 Hz, 3 H) 3.1]9&1

J=13.26 He, | H) (g, S=6.44 Hz, | H) 7.08-7.19 (dd. /=8.59 Hx, 4 H); "'C

/Q/AI\ WMR (50 MHz, CDCh) o ppm 2517, 694d, 113,75, 12686, 12848,

s 132 86, 144.34; Enantiomenc excess is 88.40% |o] = 4232 C= 1 in
CHClh: Elemental analvsis by HEMS (ESD calculated mass 1560342 and found 1560807

2f. (5)=1 -fd-meethnxyphenyl) etlam-1-of:

PH NMR (200 MHez, CDCls) & ppm 128 {dﬂ'-ﬁ.q-l He. 3 H) 3.09 (s,
J=13.26 He, 1 H) 3.61 (s, 3 H) 4.61 {g..f=6.44 Hz, 1 H) 6.70 (d. /=8.59 Hz,

/@[/’E“\ 2 H) 7.10 (d. /=859 He. 2 H). "C NMR (50 MHz. CDCl3) & ppm 25.11.
"o 5522 6965, 113,75, 12548 126,73, 128,40, [38.2% 156,78 Enantiomcric

excess 15 B3% |a| = <475, C= | m CHCl: Elemental analysis by HEMS {ESD calculated mass
I52.0837 and Found 1320632
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2g. (S} - F-methvoxyphenyl} etfan-T-of:

%{ NMR (200 MHz, CDCly) appm 1.41 (d. J=6.44 Hz, 3 H) 29 (br. 5.. 1 H)
OH | 374(s3H) 4.7, J=6.36 Hz. 1 H) 6.76 (dd. J=8.65. 2.97 He. 2 H) 6.88 (d.
i) J=4.67 He, 2 H) 7.09 - 7.34 (s, | Hy; ""C NMR (50 MHz, CDCl3) d ppm 25,18,
5517, 70001, 11056, 112,77, 117,79, 12947, 14780, 15969, Enantiomenic
excess 15 B0% Ja] = -44.3, O= | in CTHCLy. Elemental analyvsis by HEMS (EST

calculated mass s 1320837 and found in 1520832,

0.

2, (5)-1-f2-metfroxyplenyl) ethan-1-ol;

[ 1]
'*H NMR (CDChL 200MHz): 6= 7,100 - 7.43 {(m, 2 I-&ﬁ 6% - 703 (m, 2 H). 5.08 (g, J=6.4 Hz, |

H). 382 (s, 3 H), 289 (br. 5., | H), 1.47 ppm (d. J=6.6 Hz, 3 Hx, "C NMR
i (COCEH S0MHz): & ppm= 385, 1380, 1264, 1134, 693, 549 248
r:f Enantiomenc excess is 38% |a] = -40.3, C= 1 in CHCl;; Elemental analysis
by HEMS (ESD) calculated mass 152 0837 and found [52.0832;

2L (8)-1,2, 3 4-tetralydronapthalen- T -of:

2]
'H NMR (CDCls, 200MHz): & = 6.88 - 7.60 (m. 4 H), 467 (dd. J=4.4, 0.6 Ha, |

oH H). 2.25- 293 (m, 3 H), 1.61 - 2,08 ppm (m, 4 H): "'C NMR (CDCls, SOMHz): &

ppm= 1387, 1369, 1288 12835, 1273, 1259 678 321, 291, 187

Enantiomenic excess 15 88.20% o] = -11.41, C=1 m CHCly; Elemcnial analvsis

by HRMS (ESI) calculsted mass 148 0888 and (ound 1480807,

28 (5 =buitarr=2-0l:

[ 141 1]
'H NMR (CDCly, 200MHz): & = 3.66 (sxt. J=6.1 Hz, | H), 198 (br.s.. | H), 1.26
OH 151 (m. 2 Hy 101 (d =62 He 3 Hi 0.75 - 0.98 ppm (m_ 3 H): "C NMR

e {CDCH S0MHz): & ppm = 694, 32.0, 22.8, 9.9, Enantiomeric excess is 88,30%

fu] = =11, {C= 1 in CHC:), Elemental analvsiz by HREMS (ESI) calenlated mass
T4 0732 and found 74,0554
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2k, () et pipernian- 2el:

]
'H NMR (CDClz 200MHz); §=3.6%- 396 (m, 1 H}, 1.59-1.99 (m, 2 H), 1.32

-1.51 ¢m, 2 H), 1.18 (d, J=0.1 Hz, 3 H), 0.91 ppm (d, J=6.6 Hz. 6 H); VC NMR
(CDChH - S30MHe): & ppm= 639, 485, .7, 235 230, 221, Enanticmeric

excess is AR 0% Ja] = =439 C= 1 in CHCl:: Elemental analysiz by HRMS (ESD calculated
mass 85 NRER and found &K 0756,

2L (Sh-pentan-2-ol:

]|

..-"&Hu-““x

BRT0%,

17
'H NMR (CDCls 200MHz): 8 = 3,65 =396 (m. 1 H). 232 (br. 5. | H), 1.30 -
1L.57 (m, 4 H), 1.17 (d. J=6.2 He, 3 H). 0.79 = 1.06 ppm (m, 3 H). “C NMR
(CODCL SOMHz): & ppm= 674, 41,3, 232, 184, 139 Enantigmeric cxcess 15

|} = -1005 C= 1 in CHCly; Elemental analvsis by HRMS (ESI) calculated mass

BB OBSRE and found BE.OURS

fa (R)-1-phenyl ethanel:

G/rm\

a
'H NMR (200 MHz, I:DC&J o ppm 1,40 {d. =657 He. 3 H) 295 (br. 5., 1 H)

489 (g, J=6.4 He, | H) 7.15 - 734 (m, 5 Hy; "C NMR (50 MHz, CDCl3) &
ppm 23 1%, 7023, 125500 12706, 12723, 12739, 12847, 14599
Enantiomenic excess 15 97.63% |u] = +42.96, U= ] in CHCL: Elemental
analysis by HEMS{ESD calculatcd mass 1220732 and found 1220651,

A, (Ry-1-Phannyd propran- 1ol

’ﬂl-l NMR (200 MHz, CDCls) & ppm 0.72 (1, J=7.45 Hz, 3 H) 1.36 - H; [E, 2
?H Hy 299 (br. s 1 H) 432 (L J=6.57 He. | H) 693 - 732 (m. 5 H). ""C NMR
] his (50 MHz, CDCL:) & ppm 10,22, 3191, 75.85, 126,15, 127,37, 128,02, 12835,
144.81; Enantiomeric excess iz ™ 68% (o] = +44.5, C= | in CHCl=: Elemental
anakvsis by HREMS{EST) caleulated mass 1360888 and found [36.0838:;
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e (R)-I-f-4-fluraphenyl)] etlian-[-ol:

g0 [
"H NMR (200 MHz, CDCls) & ppm 128 [H=E 44 Hz. 3 H) 3.55 {br. 5., 1 H) 4.65 (g, J=5.3I
He | H)y 6,74 - 6.99 (d. 2 H) 7.13 (d. J=8.46 He. 2 H)., "'C NMR (50 MHz.

';H"l CDCIx) 6 ppm 2516, 6944, 11487, 11529, 126.01, 141,61, 15958, 164,44
m Enaniiomenc excess 15 90.40% (o] = +44.3, C= | in CHCL; Elemental analvsis
F by HRMS (ESD) calculated mass 1400637 and found 1400262,

i, (Ri-1-{4-nigrophenyl) eehan-f-ol;

'H NMR (CDCI3. 200MHz): & = 812 IE J=8.7 Hz. 2 H). 7.52 (d. S=8.6 He.
2 H). 5.00 {q. J=6.4 He, | H), 3.73 {br. 5., 1 H). 1.50 ppm (d, J=6.6 He 3

,m Hy "'C NMR (CDCls, 50MHz): & ppm= 144.1, 1326, 1283, 1266, 69.2,
s 24.9; Enantiomeric excess 15 838% [o] = +42.32, C= 1 in CHCl3; Elemental
analysis by HEMS (ES]D) caleulated mass 1670582 and found 1670707,

oH

de. (R)=1-f4-chinroplienyl) etan-T-ol;

]

"H NMR {200 MHz.&l:rCLﬂ G ppm 1.28 (d, J=6.44 Hz, 3 H) E'ELI' (s, /=13.26
Hz 1| H) (g, J=6.44 He, | H) 7.08-7.19 (dd. /=8.39 Hz, 4 H). "C NMR (50
MHz, CDCL:) & ppm 23,17, 6944, 113.75, 126,86, 128 48, 132,86, 144.34;

oH
[

= |

Engntiomenic excess is 38.10% |a] = +42.32, C= 1 in CHClx; Elemental
analyss by HEMS (EST) calculated moss  156.0342 and found [ 36,0807

i (R-1-(-methoxppirenyd) ethomn-T-ml:

a
H NME {200 MHz CDCly) & ppm 1.2% id, Jg 44 e 3 1) 309 (s

OH| J=13.26 He 1 H) 3.61 (5. 3 H) 4.61 (q. J=6.44 Hz. 1 H) 6.70 (d, /=859

@ﬁa\ Hz 2 H) 7.10 (d, J=8.59 Hz, 2 H). “C NMR (50 MHz, CDCls) & ppm
™0 2511, 5522 6965, 11375, 12548, 12673 12840, 13829 156.78;
Enantiomeric excess is B %% [a] = #4753 C= 1 in CHCl:: Elemental

annlysis by HEMS (ES]) calculated mags 152 (837 and found 152 0%32;
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dg. (Rp-1-f3-methoxyphenpl) ethamn-T-of:

ﬁ-l NMR {200 MHz, CDCl3) &ppm 141 (d, /=6.44 Hz, 3 H) 2.96 (br. 5., | H)
OHl 374 3H) 47640, J=6.36 He, | H) 6.76 (ad. J=8.65. 2.97 He, 2 H) 6.88 (d.
@45?\ J=4.67 Ha, 2 H) 7.09 - 7.34 (5, 1 H): "C NMR (50 MHz, CDCls) 6 ppm 25.18,

5517, F0000, 1RbEG, LIZ77, L1779 12947, 147 80, 159.6%; Enantiomeric
excess is R1% |a] = +44.3. C= | in CHCls: Elemental analysis by HEMS {ESI)
calculated mass 1520837 and found 152 0832;

A, (R)-1-2-mathexypivemid) etfan-1-of;

[ 1]
———————  'H NMR {CDClz 200MHz): 6 = 7.10 - 7.43 :mﬁi—[] 6,69 - 7.03 (m, 2 H)., 5.08

(=64 Hz, | H), 3.82 (s, 3 H), 2.8% (br. 2. | H), 1.47 ppm {d. J=6.6 Hz, 3 H};
@ﬁt 3C NMR (CDCls. 50MHz): & ppm= 1585, 138.0. 1264, 1134 693, 549

# 24 8; Enantiomeric excess 15 78% [of = +40.3, C= | in CHCls, Elemenial
analysis by HRMS (EST) calculated mass 15320837 and found 1520832,

i, (R)-1,2, 3 4-terrahydronaptivalen-1-oi:

- |
'H NMR (CDCh, 200MHz): & = 6,88 - 7.60 (m. 4 H), 4.67 (¢d. /=4 4, 0.6 Hz, |

Hi 2.25 - 293 im. 3 H). 1.61 - 2.08 ppm (m, 4 H); "'C NMRE (CDClL. 30MHz):
& ppm= 1387, 1369, 1288 1285, 1273, 1259, 678, 321, 291, 187,
Enontiomeric excess 15 88.20%  Ja] = +11.41, C= 1 in CHCly; Elemental
analysis by HEMS (ESD colculated mass 148 0888 and found 1480807,

A (R b=-Ianarisn- 2l

1 | [ 1]
= 'H NMR (CDCls, 200MHz): § = 3.66 (sxt. J=6.1 He 1 Hy, 198 (br. s | H),

A 1.26 - 1.51 (m, 2 H). 111 (d. J=6.2 Hz, 3 H), 0.75 - 0.98 ppm (m, 3 Hy °C
MME (CDCH SOMHZ): & ppm = 694, 32,0, 228, 99 Enanliomeric excess is
BR8.50% [a] =+11, C=1 in CHCly: Elemental analvsis by HRMS (ESI) calculated mass 74,0732
and found 740854

Boalasaheh K& favie Fage 135




Chapier 3

2k, (R4 -merh ylpentan- 2ol

a
'H NMR {CDCly 200MHz): 6 =369 -3.96 (m. | H), 1.59- 199 (m, 2 H), 1.32 -
OH
/_I\‘/]\ 1.51 (m_2 H), 118 (d, J=6.1 Hz. 3 H). 0.91 ppm (d. J=6.6 Hz. 6 H). “C NMR
%
(CDCTy SOMHz): o ppm= 63,9, 48,3, 24,7, 238, 23,0, 222 Enanliomeric excess

is 8% o] = =039, C= | i CHClx: Elemental analvsiz by HEMS (ESD calculated miass
B3 0RRH and found 88.0756;

4L (R)-petniin-2-ol;

1]
'H NMR (CDCls 200MHz: & = 365 - 396 (m, 1 H), 232 (br. 5. 1 H), 1.30 -
OH
,-"!‘-w./-’"‘« .37 {m, 4 H), 1.17 {d, /=62 Hz, 3 H), 0.7% - |06 ppm {m, 3 H); B NMR
i
(CDCl; 50MHz): & ppm= 67.4, 41,3, 232 I8, 139, Enantiomeric cxogss is

88.16% |a] = +10.5, C= 1 in CHCls; Elemental analvsis by HEMS (ESI) calculated mass
B OERE and found BR.O985;

_--
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2b, (=1 =-Phenpl propun=1-ol:
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302 G0 spectra af acfeoplenote

Ol spectra of racemic micinre ( Tafle 3, entry nao T):
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G0 spectra of (A)=-F-phenpl evhanal (Table 3 amiry 3):
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60 spectra of (A)=-1-phenyl evlanal (Table 3, entry 3);
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G0 spectra of (Rj-1-plrenyd ethanad (Table 4, eniry 2):
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60 spectra of (Rj-1-plrenyd ethanod (Table 4, eniry 4):
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Owverall Summery & Outlook of Thesis

In the overall summery of thesis entile “Synthesis of amino acid amide based 1omc higuids:
Their utilization in asymmetne ransfer hydrogenation”™, Initially i chapter | we staried one step
sviithesis of N arvl & and 5 amino agid amides from aliphatic natural amino acids and weakly
nucleophilic aryl amines, The moderate o excellent yvield was obtamed. By using this synthetic
method we have also synthesized & and 5 Tocaimide (Active Pharmaceutical Ingredient) from
paprotecied D & L alanipe and 2.6-dimethy] aniline wsing dichlorodimetly] silang  as
simultaneous protecting and activating agent with good to excellent vield, This method can be
casily scalable for synthesis of Tocainide. The one step synthetic methed used here reduces
multi-steps of amidation reacbon and minmmizes the toxic and hasardous be-products fomation
In secomd chapler we have successlully syvnthesized amino acid amide based ClLs by
protonation of omino aced amide with HCL, HNOs, Ha504, and HC IO, Protonnton of A aryl
aming acwd amide usimg HCIOy as prodomating agent 5 nod hydroscomc compare o other
protonating  acids becouse HCIOy 55 strong ackd and counler anion of HCWy iz weakly
mucleophilic and due to this it 13 not susceptible o hydrolvais of coordinating amion, Therefores,
ssing HCI: as protenating agent we have successlully syntheseed N oarvl 8 and 5 amine acid
amide based Clis with excellent vields, Thiz svnihetic method of Cllz does nol epimerize the
stercogenic cenire of aming ackd amide, which was confirmed by CD Speciro-phatometer

[n third chapter amine acid amide based ClLs are swecessfully used as stereo-selective organa
catalvzl in ATH of ketones with excellent vield and excellent enatio-selectivity. This iz the first
example 1o pse metal free catalvst in ATH of ketones. These Clls of aming acid amide may
provide the attractive alterative to conventional asymmetnic metal catalyst for ATH of ketones.

The catalyst is an easy o recvele and rewse withoul losing ils activity and enantio-selectivily
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