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GENERAL REMARKS

1) The compound numbers, figure numbers, scheme numbers and reference numbers 

given in each chapter refer to that particular chapter only.

2) All melting points and boiling points were recorded using Thiele's tube and are 

uncorrected.

3) Commercial reagents were used without further purification.

4) All solvents were distilled prior to use and then dried using standard procedure.

5) Petroleum ether refers to the hydrocarbon fraction collected in the boiling range 60 - 

80 °C.

6) All reagents were prepared using literature methods.

7) Chromatographic purification was conducted by column chromatography using silica 

gel (60 -  120 mesh size) or by flash chromatography using silica gel (200-400 mesh 

size).

8) Thin layer chromatography (TLC) were carried out on silica gel 60 F254 aluminium 

plates purchased from Merck.

9) The IR spectra were recorded on Shimadzu FT-IR spectrophotometer.

10) 'H NMR (400 MHz) and 13C NMR (100 MHz) spectra were recorded on a Brucker 

AVANCE 400 instrument and the multiplicities of carbon signals were obtained from 

DEPT experiment. Chemical shifts are expressed in S relative to tetramethylsilane (TMS) 

which is expressed in ppm. Chemical shifts are represented in the round brackets.

11) HPLC data for chiral samples were recorded on JASCO- PU 2080, UV 2075 system.

12) The high resolution mass spectra (HRMS) were recorded on MicroMass ES- QTOF 

mass spectrometer.
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DEFINITION OF ABBREVIATIONS
1) General Abbreviations

aq. Aqueous Equiv. Equivalent
b.p. Boiling point cat. Catalytic

cone. Concentrated Z Zussamen (together)

d Day/s T L C /tlc Thin layer chromatography

dil. Dilute E Eentegegen (opposite)

Eq. Equation/s atm. Atmospheric

fig- Figure RT/rt Room temperature

g Gram/s 0 Ortho

h Hour/s sat. Saturated

hv Irradiation MW/pW Microwave

lit. Literature et al. Et alia (and others)

m.p. Melting point psi Pounds per square inch

mg Milligram/s m Meta

mL Millilitre MS Molecular sieves

mmol Millimol P Para

Min. Minute/s Expt. Experiment

% Percentage Temp. Temperature

R Rectus anhyd. Anhydrous

sec Second/s Calcd. Calculated

5 Sinister °C Degree Celcius

2) Compound Abbreviations

Ac Acetyl Ph Phenyl
Ac20 Acetic anhydride PMB p-Methoxybenzyl

BBr3 Boron tribrommide TBDMS tert-Butyl dimethylsilyl

PhNO nitrosobenzene TPAP T etrapropylammonium 

perruthenate

NaHMDS Sodium bis(trimethylsilyl) 
amide

TEMPO (2,2,6,6-T etramethylpiperidin-1 - 

yl)oxyl

HC104 Perchloric acid PIFA Phenyliodine bis(trifluoroacetate)

HWE Homer-Wadsworth - 

Emmons

PIDA phenyliodine diacetate

TBHP tert-QuXyl

hydroperoxide

PPh3 T riphenylphosphine

Et3SiH triethylsilylhydride Pt02 Platinum dioxidde

CH3CN Acetonitrile Raney-Ni Raney-nickel

Page ii



Ph Phenyl THF Tetrahydrofuran
Boc tert-Butyl carbonyl Ms Methane sulfonyl
Bn Benzyl TMS Trimethylsilyl
Bz Benzoyl TMSCN Cyanotrimethyl silane

t-Bu tert-Butyl Ts /^-Toluene sulfonyl
TFA Trifluoro acetic acid Py Pyridine

TFAA Trifluoro acetic anhydride NMO A-Methyl morpholine oxide

Et3N Triethyl amine DCM Dichloromethane
AcOH Acetic acid DCE 1,2-Dichloroethane

MeOH Methanol PCC Pyridinium chlorochromate

EtOH Ethanol LDA Lithium diisopropylamide

m-CPBA w-Chloroperbenzoic acid HOBt Hydroxybenzotri azole

/7-TsOH//7-TSA p-Toluene sulfonic acid CAN Cerric ammonium nitrate

DMSO Dimethyl sulfoxide TsCl Tosyl chloride

DMF /V, TV-Dimethyl form amide DMAP 4-Dimethyl amino pyridine

TBAF T etrabutylammonium 

fluoride

HMPA Hexamethylphosphoramide

Et Ethyl TBSOTf /-Butyldimethylsilyltrifloro- 

methane sulphonate

ee Enantiomeric excess TsCl p-Toluene sulfonyl chloride

Me Methyl DCC Dicyclohexyl cabodiimide

DDQ 2,3-Dichloro-5,6-

dicyanobenzoquinone

EDC1 1 -Ethyl-3 -(3 dimethy lamino- 

propyl)-carbodiimide

LAH Lithium aluminium hydride DBU l,8-Diazabicyclo-[5.4.0]undec-7-

ene

NBS iV-Bromosuccinimide DMP Dess-Martin periodinane

EtOAc Ethyl acetate DIBAL-H Diisobutyl aluminium hydride

n-BuLi «-Butyl lithium MOM Methoxymethyl ether

t-BuLi t-Butyl lithium B oc20 tert-Butyl dicarbonate

Pd/C Palladium on activated 

charcoal

/-PrOH Zvo-propanol

Pet ether Petroleum ether NaBH4 Sodium borohydride

3) Spectroscopic Abbreviations

8 Delta (Chemical shift in ppm) m/z Mass to charge ratio

CDC13 Deuterated chloroform dd Doublet of doublet

DMSO-d6 Deuterated dimethyl sulfoxide td Triplet of a doublet

DEPT Distortionless Enhancement by 

Polarization Transfer

FIRMS High Resolution Mass 

Spectrum
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cm'1 Frequency in wavenumber t Triplet

V Frequency maximum d Doublet

Hz Hertz br Broad

HPLC High Performance Liquid 

Chromatography

Cq Quaternary carbon

IR Infrared s Singlet

MHz Megahertz J Coupling constant

NMR Nuclear magnetic resonance m Multiplet

ppm Parts per million M+ Molecular ion

UV Ultra violet q Quartet
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ABSTRACT OF THESIS

> TITLE: SYNTHETIC STUDIES OF CHIRAL BIOACTIVE 
MOLECULES AND THEIR K E Y  INTERMEDIATES

Currently a majority of clinical drugs are chiral and it is expected that close to 95% of all 

pharmaceutical drugs will be chiral by 2020. Most enantiomers of racemic drugs exhibits 

marked differences in their biological responses such as pharmacology, toxicology, 

pharmacokinetic properties; metabolism etc. Chirality is now also a top priority subject 

for the academic research as well as for pharmaceutical industries and agricultural 

research to find an optimised treatment and therapeutic control.

Our main objective is to study asymmetric catalysis and develop methodologies for the 

synthesis of chiral bioactive molecules and their key intermediates.

The First chapter discusses our attempts to understand the efficacy of late stage 

organocatalytic a- aminoxylation reaction, a C-0 bond forming reaction to access a 

bioactive natural compound, kurasoin A (figure 1).

Second section of this chapter explains the usage of Sharpless dihydroxylation reaction 

followed by a simple, effective and regioselective C-O bond breaking method for the 

synthesis of P-hydroxy phenyl propanoid containing various chiral bioactive natural 

products like Kurasoin A and Virolongin B.

Derivatives of enantiopure hydroxy phenyl propanoids and a-hydroxy Weinreb amides 

were synthesized to provide a newer route for the syntheses of five different bioactive 

natural compounds in a concise and efficient manner.

Developments in the field of enantioselective synthesis as well as demand for 

enantiopure compounds are expected to continue and grow exponentially. Looking at the 

scope of the field a Second chapter is dedicated to design study and operate atom

O

Kurasoin A Virolongin B

Figure 1: bioactive natural products
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economic reaction like hydroxymethylation on tailored phenyl acetaldehyde derivative to 

generate a quaternary stereocentre. Enantioselective optimisation for the present reaction 

using various chiral amine based organocatalysts and bifunctional Bronsted catalysts is 

studied in second section of this chapter. Reactivity of novel hydroxymethylated centre 

was also studied for its application in natural product synthesis (figure 2).

C0-C02B was reported from our laboratory as an effective magnetic catalyst for the 

generation of hydrogen by hydrolysis of NaBffr. Third chapter includes this novel cobalt 

based magnetic catalyst along with NaBHU and hydrazine as hydrogen sources studied for 

the reduction of nitro group to amino functionality, an important reaction for the 

preparation of key intermediates in organic synthesis (figure 3).

Studies in syntheses of natural products

Figure 2: Novel hydroxymethylated stereocentre.

C0-C02B nanocomposites 
Hydrogen source

23 examples
Figure 3: Chemoselective aromatic nitro group reduction.

This chapter describes novel C0-C02B nanocomposites in order to develop a 

chemoselective method for the reduction of aromatic nitro compounds.



LIST OF PUBLICATIONS

1. Concise access towards chiral hydroxy phenylpropanoids: Formal synthesis of 

Virolongin B; Kigelin; Kurasoin A; 4-Hydroxysattabacin and 

Actinopolymorphol A, Sagar N. Patil, Santosh G. Tilve, Tetrahedron Letters, 
2016, 57, 3371- 3375.

2. Magnetically rcoverable catalytic C0-C02B nanocomposites for the 

chemoselective reduction of aromatic nitro compounds Amit A. Vemekar, 

Sagar N. Patil, Chinmay Bhat and Santosh G. Tilve RSC Adv., 2013, 3, 

13243-13250.

3. Organocatalytic hydroxymethylation reaction of a phenylacetaldehyde 

derivative: Novel quaternary centre with natural product applications. Sagar 

N. Patil, Santosh G. Tilve {Manuscript under preparation)

Posters presented at National/ International conferences

1. Presented poster entitled “Atom economy and application of organocatalytic 

hydroxymethylation reaction for the synthesis of quaternary chiral scaffolds” 

at Transcending Frontiers in Organic Chemistry (TFOC) conference, 

CSIR- National Institute for Interdisciplinary Science and Technology 

(NIIST), Thiruvananthapuram, 695 019, Kerala, INDIA (9th -11th October 

2014).

2. Presented poster entitled “C0-C02B nanocomposites for the chemoselective 

reduction of aromatic nitro compounds” at International Conference on 

Green Chemistry: Catalysis, Energy and Environment (ICGC), Chemistry 

Seminar Hall, Faculty Block E, Goa University, 403206,Goa, INDIA (22nd- 

25th January 2015)
3. Participated in 8th National Organic Symposium Trust, Conference for 

Research Scholars J-NOST, 2014, IIT Guwahati, India (15th - 17th 

December 2012)
4. Participated in the 3-day conference on Chemical (Industrial) Disaster

Management {CIDM): Chemical, Pharmaceutical and hydrocarbon 
Industry, held at Cidade De Goa, Goa (16th- 18th April, 2013).

Page vii



CHAPTER 1

Synthetic studies of chiral bioactive compounds containing 

hydroxyl phenyl propanoid motifs



CHAPTER 1

1.1 Introduction

Numerous plants derived natural products possess three carbon chain attached to the 

aromatic scaffold forming a different class of bioactive compounds termed as phenyl 

propanoids or phenyl ethanoids \  Such functional units dimerised or linked together 

through different carbon of the C-3 propanoid side chain to give rise to lignans, 

neolignans etc. (Figure 1)

Figure 1

For example, dimerisation through (3,(3’ linkage gives rise to lignans whereas any 

other linkage of dimerisation to this propanoid side chain results in assembling 

structure of different neolignans. Phenylpropanoids are vast, biologically impressive 

and forms a diverse family of organic compounds.2 Their derivatives are widely seen 

in various natural compounds and are vital secondary metabolites derived from 

shikimic acid, a central molecule in plant metabolism participating in biosynthetic 

pathway.3 Polyhydroxy Phenylpropanoids polymerises to various forms 

of biopolymers, and bioplastics like lignins, one of the most abundant natural 

polymers, along with cellulose and chitins. Suberins are also known to be formed 

which are used as a basic structural unit/ component for the formation of plant cell 

walls. These are important class of compounds in plant physiology one involved in 

key biological functions in the plant kingdom. Phenyl propanoids and their

Sagar N. Patil, Ph. D. Thesis, Goa University. Page 1



CHAPTER 1

derivatives are involved in the biosynthesis of important lignans and neolignans. The 

schematic overview of their biogenetic pathway is displayed in the scheme 1 .

"SHIKIMIC ACID PATHWAY"
Glutamate

transaminase

HO£ n r
COO-

-C02

L-antranilate, L-tryptophan 
*
: *

HO' T  OH 
OH

Shikimic acid

Shikimate
kinase

coo-

0  chorismate

mutase

OH
Prephenate

COO-

f x j i .  -, -P043- n  J - n
'-r '^ > v ^ X O O - o-

OH
Chorismate

coo-

coo-
OH

Scheme 1 Biosynthetic pathway

Examples of few (3-hydroxy phenyl derived natural products are shown in Figure 2 & 

Figure 3.

Sagar N. Patil, Ph. D. Thesis, Goa University. Page 2



CHAPTER 1

Ente relactone

Figure 2 Phenyl propanoids units in natural products

Kigelin 4-Hydroxy Sattabacin Pseudodeflectucin

Figure 3 Natural products with (3-hydroxy phenylpropanoid unit

Sagar N. Patil, Ph. D. Thesis, Goa University. Page 3



CHAPTER 1

Section I: Organocatlaytic aminoxylation approach towards synthesis o f

kurasoin A.

1.1A Introduction

Kurasoin A and B (Figure 4) are chiral hydroxyl phenylpropanoid derived 

biomolecules and were isolated by Omura and co-workers during a search for protein 

famesyltransferase (PFTase) inhibitors from the soil fungus; Paecilomyces sp.4 

These acyloin compounds have a chiral a-hydroxy ketone core which is believed to 

be the key pharmacophore unit found to be potent antitumor compounds.

Figure 4

a-Hydroxy carbonyl compounds or chiral acyloin frameworks are not only widely 

seen in natural products but also used as building blocks for the syntheses of 

compounds of pharmaceutical interest. Chiral a-hydroxylation of carbonyl 

compounds is a typical reaction studied by many synthetic chemists for the synthesis 

of such scaffolds.5 The direct hydroxylation of Csp3 -H bond with reactive oxidants 

like Pff A, H2O2, TBHP, P1DA, Oxone etc. most of the times accompanies problems 

related to substrate scope, functional group tolerance, enantioselective conversion 

and the reaction selectivity.6®'6*1 From an asymmetric synthetic perspective, synthesis

Sagar N. Patil, Ph. D. Thesis, Goa University. Page 4



CHAPTER 1

of such important motifs under mild conditions and in asymmetric manner is very 

much desirable.

1.2 A Literature methods for the synthesis o f natural products kurasoin A and 
kurasoin B

Andrus et al.7 reported an organocatalytic enantioselective phase transfer alkylation 

method to accomplish the total synthesis of an antitumor molecule, kurasoin A 

(Scheme 2). Quinine based chiral organocatalyst was used to access the important 

intermediate, chiral a-hydroxy carbonyl compounds in an enantioselective manner.

OMe

i. NaOMe, 94%

ii. AIMe3, HN(OMe)Me.HCI pivC). 
76%

O
O

OH OMe

Scheme 2

Baeyer-Villiger oxidation using Shibasaki- Noyori condition and final Grignard 

addition on Weinreb amide were some of the key steps utilized for the total synthesis

Sagar N. Patil, Ph. D. Thesis, Goa University. Page 5



CHAPTER 1

of the natural product.

Omura and co-workers also disclosed an enantioselective route for the synthesis of 

bioactive natural compound kurasoin A (Scheme 3). Chiral epoxidation followed by 

copper mediated regioselective epoxide opening were some of the key steps studied.

Scheme 3

Omura and co-workers9 also reported a general strategy which gave a racemic route 

for the syntheses of both the natural compounds kurasoin A and kurasoin B in a 

concise manner (Scheme 4).

Scheme 4

Sagar N. Patil, Ph. D. Thesis, Goa University. Page 6



CHAPTER 1

A short enantioselective synthesis of natural compound kurasoin B is achieved by 

Fernandes.10 Yb(OTf)3 catalysed selective C-3 coupling of indole with epoxide is 

studied to accomplish the total synthesis in five steps and with 25% overall yield 

(Scheme 5).

Scheme 5

Fransisco et al.n disclosed a formal synthesis of the chiral natural product (+) 

kurasoin B. The key synthetic step involved in the process is the diastereoselective 

reduction of the (3-keto sulfoxide (Scheme 6).

DIBAH, ZnBr2

THF, 85%
OH 6-

Scheme 6

SagarN. Patil, Ph. D. Thesis, Goa University. Page 7



CHAPTER 1

We wanted to study the late stage organocatalytic a- aminoxylation reaction a C-0 

bond forming reaction to access a bioactive natural compound, kurasoin A (Scheme 

7).12

Retrosynthetic plan was proposed as depicted in the scheme 7. Accordingly we 

planned to synthesize the compound 14 via Seebach coupling and then followed by 

L-proline catalysed aminoxylation reaction to get hydroxy-keto compound 13 which 

would eventually undergo concomitant hydrogenolysis under reductive conditions to 

accomplish the total synthesis of antitumor molecule, kurasoin A.

16a; X= NMe(OMe)/ 16b; X= OEt/ 1 6c; X= Cl 
P= CH2Ph

Scheme 7

1.2 A1 Literature methods {Asymmetric C-0 bond forming reactions)

Some of the recently developed asymmetric C-0 bond forming reactions is discussed 

below.

Sibi et a lna and Bui et al.7b have independently studied a conceptually new C-0 

bond forming approach to aminoxylate aldehydes using the stable radical TEMPO. 

In this case, a free radical intermediate was generated from a chiral secondary amine

Sagar N. Patil, Ph. D. Thesis, Goa University. Page 8



CHAPTER 1

derived enamine through SOMO catalysis using an appropriate single electron 

transfer (SET) reagent (Table 1). This radical trapped with stoichiometric

Ni
O*

Conditions
R

OH

NaBH4 CX
N

Catalyst Conditions Results

H2

A

A (20 mol%), FeCI3(10 mol%) 
N aN02 (30 mol%), 0 2, DMF, rt

49- 80%; 32- 90% ee 
0% ee for R= 'Pr

W hph
H O TM S  

B

B (50 mol%); electrooxidation 
TPAP, CH2CI2, rt

23- 57%; 60- 70% ee 
3 examples

Table 1

oxidant TEMPO, resulting in an overall a-aminoxylation of the carbonyl compounds.

Catalytic combination of FeCE and NaN02 was found to be the best SET reagent. 

Mcmillan’s catalyst A was found superior over diphenylprolinol silyl ether catalyst B 

for the present reaction.

Direct organocatalytic asymmetric a-oxybenzoylations of carbonyl compounds by 

benzoyl peroxide have been independently reported by many authors. Gotoh and 

Hayashi14 showed that the diphenylprolinol silyl ether B was an effective catalyst for 

such transformations (Table 2). Tomkinson's group15 employed a MacMillan's 

imidazolinone catalyst A and the Maruoka's group16 used a hindered catalyst C.

Sagar N. Patil, Ph. D. Thesis, Goa University. Page 9
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o
A ^ o^ P h

T
o

Ph O Conditions

O

OBz
----- ► r Y ^ oh
NaBH4 OBz

Catalyst Conditions Results

Or.-H2 BF4 

A

A (2 0  mol%),
p-nitrobenzoic acid (20  mol%) 

THF, rt

40- 72%; 90- 94% ee 
60% ee for R= Bn

H OTMS
B (20 mol%); THF, rt

54- 78%; 90- 94% ee 
5 examples

B

H Ph

C (10 mol%), 
hydroquinone (10 mol%) 

THF, rt

62- 73%; 92- 94% ee 
8 examples

C

Table 2

To obtain directly the chiral a-hydroxy aldehydes and diols (after reduction) in good 

enantioselectivity using singlet oxygen is explored by Cordova et a/17 using 

diphenylprolinol, a secondary chiral amine (scheme 8). The singlet oxygen was 

photochemically generated from oxygen or air in the presence of a catalytic amount 

of tetraphenylporphyrin (TPP).

1 mol% TPP 
CHCI3, 0 °C, 6 h 

rt

hv

----- -  r ^ oh
NaBH4 OH

50-76%; 74- 98% ee

Scheme 8
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Jorgensen and co-workers18 reported a organocatalyzed oxidation of cyclic 0- 

ketoesters with hydroperoxides in an enantioselective manner. Quinine based catalyst 

was used to achieve decent enantioselective conversions (scheme 9).

Scheme 9

Cyclohexanones and their derivatives underwent organocatalytic asymmetric a- 

oxidation with iodosobenzene and 7V-sulfonyloxaziridines. Cordova and co-workers 

studied the oxidation reactions using the said oxidants as oxygen source in the 

presence of L-proline or its derivatives as chiral catalysts to yield a-hydroxyketones 

in moderate enantioselectivity.19 Similar results were also obtained with the well 

tailored proline based diamine catalyst (scheme 10).

COOH

H
(30 mol%)

PhIO, DMSO, rt

O
,sOH

R

27-29% Yield; 34-63% ee R = H, Me, Et 21 - 48% Yield; 65- 77% ee

Scheme 10
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Organocatalytic asymmetric a-oxidation of a-unbranched aldehydes with N- 

sulfonyloxaziridines to the corresponding a-hydroxy-aldehydes catalysed by a- 

methylproline or its tetrazole analogue as chiral catalysts is reported by Tong et a l}{) 

(scheme 11)

0

H

r " V Me
I ^ / ^ c o o h

„N
H H H N -N

4 examples; 23-67% 4 examples; 58-64%
12- 45% ee 20- 37% ee

Schem e 11

In 2003, different groups independently reported the novel method of organocatalytic 

asymmetric aminoxylation reaction of various carbonyl compounds. Methods 

involved usage of reactive nitrosobenzene as oxidant and L-proline as the 

organocatalyst (Table 3). Enantioselectivity of the aminoxylated product, and its 

regioisomer obtained (O: N selectivity) upon aminoxylation of the a-branched 

aldehydes were some of the the key issues along with the problem of 

diaminoxylations associated with the present reaction were highlighted.

Hayashi, Mcmillan and Zhong groups21 a'c successfully disclosed such elegant 

methods to construct a-hydroxy carbonyl compounds in a chiral manner.
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+ P h "N' 0  
R

XoOO6
- 0

X  ^ 0 .  ,P h
OH
L .n

' N ' Ph
H"Conditions"

H N

k H

---------- ►
NaBH4 | 

R

R Conditions Yield ( % ) ee ( % )

Me, Et, *Pr, nPr, Ph, Bn 30 mol%, MeCN, -20 °C, 24 h 62- 99 95- 99

Me,'Pr, nBu, Ph, Bn, 
ally! TIPSO(CH2)3

5 mol%, CHC13, 0 °C, 4 h 60- 88 97- 99

Me,‘Pr, nPr,nBu, Ph, Bn, 20 mol%, DMSO, rt, 20 min 54- 86 94- 99
allvl BnOCH?, BocNH(CH?)4__________________

Table 3

O')Hayashi et al. applied this a-aminoxylation strategy successfully not only to a 

variety of aldehydes and cyclohexanone derivatives affording a-aminoxylated 

products with very high enantioselectivities. It is also noteworthy in the report that 

the basic tertiary amine moiety in 4-piperidinone had no detrimental effect on the 

reaction outcome and also the oxidatively labile thioether remained intact 

demonstrating the broader scope of the protocol (scheme 12)

O
C VN ,

COOH O

+ Dh'"'N„Ph 'O

X = 0 ;  NMe; NBn; NBoc;S

i-j (30 mol%)

DMF, 0 °C

,\OH

41-69%; 96- 99% ee

Scheme 12

Organocatalytic process for the synthesis of optically active, highly substituted a- 

hydroxyketones was achieved by Ramachari and Barbas. L-proline mediated 

catalytic tandem asymmetric desymmetrization followed by in situ N-0 bond
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hydrogenolysis to access chiral cyclohexanones with good yields and excellent 

enantiomeric excesses was realised (scheme 13)

55- 76%; 98- 99% ee

One of the most successful and cost effective amino acid organocatalyst is L- 

proline. This small molecule has wide range of applicability and can catalyze

• . 94numerous organic reactions.

Proline catalysed a-aminoxylation reaction for the synthesis o f biologically active 

compounds

Pradeep Kumar and co-workers25 explored L-proline catalysed aminoxylation 

reaction strategy (Scheme 14) to assemble bioactive lactone molecule isolated from 

Ravensara crassifolia.
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Ph

COOH

H
i. PhNO (aminoxylation) 
--------------------------- ► Ph COOMe
ii. HWE, H2-P d /C

TBSCI

OTBS

COOMe
i. DIBAL-H

ii. L-proline, PhNO (aminoxylation)
iii. NaBH}
iv. H2-P d /C

OTBS OH

OH O'

Ph

(S)-6-( (/?)-2-hyd roxy -6-phe nyl hexyl )- 
5,6-dihydro-2H-pyran-2-one

Scheme 14

a-Aminoxylation reaction was also successfully traversed using D-proline and 

similar synthetic sequence was followed to generate the required stereocenters 

followed by Wittig olefination and ring-closing metathesis sequence to accomplish 

the synthesis of bioactive ravensara lactones26 (Scheme 15).

Scheme 15

Lipstatin and esterastin are p-lactone derivatives were isolated from Streptomyces 

species.27 Nature of the amino acid linked to the C-4 side chain is known to have 

considerable effect on the pharmacological properties.
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9

OMOMOH

9
via aminoxylation - 
Wittig homologation

OMOM OBn

COOMe
9

Tetrahydrolipstatin 

Scheme 16

28Tripathy and Kumar developed proline catalysed sequential aminoxylation reaction 

(Scheme 16). Present synthetic sequence for the asymmetric synthesis of the target 

molecules as depicted in the sequence above.

Organocatalytic aminoxylation reaction is also demonstrated for the syntheses of 

sugar based complex polycyclic molecules. Macmillan and co-workers established a

OBn
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synthetic route to the natural compounds (-) littoralisone, which is an active agent for 

increased NGF induced neurite out growth in PCI 2D cells and it’s structurally close 

biosynthetic precursor (-) brasoside (Scheme 17).29

Cytotrienin A is a microbial antitumor secondary metabolite that was isolated from 

the fermentation broth of Streptomyces sp. RK95-74. Hayashi et. al.30 studied proline 

catalysed a- aminoxylation reaction sequence which also involved olefination using 

Homer-Wadsworth-Emmons (HWE) reaction and late stage coupling reaction to 

finally disclose a total synthesis of an anticancer drug (-)-cytotrienin A (Scheme 18).

o ‘
(+) Cytotrienin A

Scheme 18
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Maier and Varseev31 recently applied MacMillan’s one-pot three-step protocol 

involving 1. a-hydroxylation, 2. (HWE) olefmation, 3. N-0 bond cleavage to 

accomplish the first total synthesis of (+) neosymbioimine, a minor amphoteric 

metabolite of the symbiotic marine species dinoflagellate Symbiodinium sp. (Scheme 

19).

The functional conversion of the (S)-citronellol-derived aldehyde to u-hydroxy-a,P- 

unsaturated ester utilising proline catalysed aminoxylation strategy was key step in 

the total synthesis of natural compound (+) neosymbioimine.

CHO

i. L-proline, PhNO

OTBS (40 mol%)
ii. HWE
iii. Cu(OAc)2

COOEt

Scheme 19

An illustrative example to demonstrate the efficacy of the proline catalysed 

aminoxylation strategy was reported by Kim et al?2 who used L-proline as catalyst 

for the a-oxidation of aliphatic aldehyde. Asymmetric syntheses of the bark beetle 

pheromones (+)-exo- and (-)-e«c/o-brevicomin were achieved in a concise manner 

(Scheme 20).

CHO +
N' L-proline

Ph
HhL

(20 mol%)
CHO

98% ee

’O

exo
(+) Brevicomin

'vO'''

Scheme 20
endo
(-) Brevicomin
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Panepophenanthnn is a potent inhibitor of the ubiquitin-activating enzyme (El) that 

plays an important role in activating the ubiquitin-proteasome pathway. Hayashi and 

co-workers used L and D-proline as catalysts for the asymmetric a-oxidation of the 

cyclohexanone derivative (Scheme 21).

Both enantiomers of proline were efficiently utilized to selectively get the requisite 

chiral intermediates (upon reductive hydrogenolysis of the N-0 bond), which were 

further converted to the natural anti-angiogenesis agent RK-805 and also bioactive 

product (+)-panepophenanthrin.

OH

O '.
0 (0
\__/

67%; 99% ee

i. D -proline (10 mol%)

PhNO
ii. K-selectride
iii. Hr  Pd/C

i. L-proline (10 mol%)

PhNO

ii. H2- Pd/C

sOH

84%; 99% ee

OH

(+) Panepophenanthrin

Scheme 21

The synthesis of (+) disparlure represents yet another example for the display of the 

impact and vast potential of proline catalyzed a-functionalizations of carbonyl 

compounds, especially aminoxylation reactions with aldehydes (Scheme 22).
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Kim34 reported a proline-catalyzed approach towards synthesis of the chiral 

enantiomer of natural compound (+)-disparlure, a sex pheromone of the female

35gypsy moth, Porthetria dispar.

Direct aminoxylation reaction followed by indium mediated allylation is studied to 

get the chiral allyl alcohol in a very good yield and diastereoselectivity (Scheme 22). 

Synthesis of the bioactive natural compound, (+)-disparlure is accomplished in a 

concise manner with 30% overall yield.

Ci0H2i CHO
i. L-proline (10 mol%) 

PhNO

ONHPh

C10H
OH

ii. In, allyl bromide
(67% overall) 

99% ee, dr= 4:1

Scheme 22
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1.4 A Results and discussion (present work)

We were interested in some of the selected naturally occurring bioactive molecules 

having hydroxyl phenyl propanoid unit (fig. 3b). Total synthesis of the natural 

product, kurasoin A by utilising a small organomolecule, L-proline catalysed late 

stage aminoxylation reaction is discussed.

OH O

4-Hydroxy Sattabacin Actinopolymorphol A

Figure 3b Natural products of our interest

Based on our retro synthetic approach we planned to synthesise the natural product, 

kurasoin A as shown below (scheme 7b).

X= OEt/ 16c; X= Cl 
P= CH2Ph

(Alpha
aminoxylation)
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We commenced with preparation of p-coumaric acid 18. 4-Hydorxy benzaldehyde 17 

and malonic acid in the presence of catalytic amount of pyrrolidine and pyridine at 

80- 90 °C under Knoevenagel condensation (Doebner modification) followed by 

acidic work-up afforded quantitative yield of />coumaric acid (Scheme 23). Once the 

compound was in hand we thought of hydrogenating the same under pressure 

hydrogenation condition.

a
CHO

r i
SH SH 

15a

S Ior
Scheme 23

Reactions and conditions: a) malonic acid (1.2 equiv), pyridine (4 equiv), pyrrolidine (0.1 equiv), 85 

“C, 4 h, 98%; b) 5% w/w; Pd/C (5%), H2 (3 atm), ethanol, 3 h, rt, 100%.; c) Benzylbromide (2.1 

equiv), NaOH (5 equiv), EtOH-H20  (1:1), reflux, 24 h, followed by acidic-work-up, 95%. d) MeOH, 

acet yl chloride, 0°C to rt, 2 h, 85%.

Pd/C (5%) was utilized as the catalyst and further hydrogenation in the parr 

hydrogenator at 2 -3 atm. pressure of H2 gas resulted in smooth reduction of a,P~ 

unsaturated acid to give us the requisite compound 19 in very good yield. Although 

the hydrogenated compound 19 and the p-coumaric acid 18 had same Rf factor the 

melting point and the 'H NMR spectrum was very much different.

Hydrogenation reaction afforded the crystalline pale yellow compound 19 (5 g, 

100%); M. P.: 124 °C; Lit. M.P.: 122- 124 °C. 3H NMR (400 MHz, DMSO): 5 12.1

(brs, 1H), 9.2 (brs, 1H), 7.01 (d, 2H, J  = 8 Hz), 6.67 (d, 

2H, J  = 8 Hz), 2.7 (t, 2H), 2.5 (t, 2H); IR (u in cm'1) 

(KBr): 2934, 1696, 1407, 1217. Clear *H NMR pattern
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involved distinct triplets for the two CH2 groups which was also supported from 

DEPT experiments and was in well accordance with the reported values.

Having synthesized phenolic acid compound 19 our next aim was to protect the 

phenolic hydroxyl group with a suitable protecting agent which could easily be 

cleaved at the end of the procedure without affecting the functionalities and also 

under reductive conditions which we intended to use for the cleavage of C-S and N- 

0 bond as already discussed in retrosynthetic scheme 7. We decided to protect the 

phenolic hydroxyl group with the benzyl group to get 20 which fulfilled all of our 

requirements noted above. Next step was to synthesize different electrophiles such as 

acid chloride, ester, Weinreb amide etc. to obtain thio-keto comound via Seebach 

coupling reaction.

First, Weinreb amide 16a (Scheme 7) was studied as it is well known to give the keto 

compounds as the final coupled product (Table 4). We tried different solvent, 

stoichiometry of the reactants, additives, low temperature studies and also tried 

varying work-up of the present crucial reaction at low temperatures. Reaction was 

also tried in refluxing conditions in order to obtain the required compound. However, 

in none of the cases we could end up in the expected compound 14. Simultaneously 

we have explored the reactivity of other coupling partners such as ester 16b and acid 

chloride 16c. In case of coupling reaction with acid chloride we always noticed 

mixture of spots upon TLC monitoring. Finally with ethyl ester 16b which was also 

studied and it was satisfying to see that we could finally get the expected thio-keto 

compound 14 albeit in less yield (15- 24%).
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Table 4 Reaction conditions for Seebach dithiane coupling reaction

Entry Conditions studied Result obtained
1 16a, n-BuLi, THF, argon, -78 °C to rt s.m. recovered a,c

2 16a , n-BuLi, ether, argon, -95 °C to rt s.m. recovered

3 16a , n-BuLi, ether, TMEDA, argon, -100 °C to rt s.m. recovered

4 16a , NaHMDS, THF, argon, -78 °C to rt trace

5 16a , n-BuLi, HMPA, THF, argon, -78 °C to rt trace

6 16a , 4BuLi/ n-BuLi/ KOlBu, THF, argon, 0 °C to rt s.m recovered

7 16b , n-BuLi, THF, argon, 0 °C to - 45 °C to rt 15- 24 % b

8 16c , n-BuLi, THF, argon, -78 °C to rt Mixture (TLC)

WA: Weinreb amide; AC: Acid chloride a: Starting material (s. m.) b: Isolated yield after 
column chromatography.c: reflux condition

Pale yellow puff-solid compound (M.P. = 105 °C) was characterised using 'H NMR, 

13C and DEPT experiments.

Synthesis of 3-(4-(benzeloxy)phenyl)-l-(2-phenyl-l,3- 

dithiane-2-yl)propane-l-one (14) as pale yellow solid 

compound (0.4 g, 15%). Melting point = 105 °C; 'H NMR 

(400 MHz, CDC13): 5 7.3- 7.43 (m, 10H), 6.96-6.98 (d, 2H, J  = 8.4 Hz), 6.8- 6.82 (d, 

2H, J = 8.4 Hz), 5.01 (s, 2H), 3- 3.09 (m, 2H), 2.78- 2.81 (m, 2H), 2.62- 2.69 (m, 

4H); 2.02- 2.08 (m, 1H), 1.82- 1.88 (m, 1H); 13C NMR (100 MHz, CDC13): 8 201.5 

(Cq), 157.1 (Cq), 137.2 (Cq), 133.1 (Cq), 129.5 (CH), 129 (CH), 128.7 (CH), 128.6 

(CH), 127.9 (Cq), 127.4 (CH), 127.2 (CH), 114.7 (CH), 69.7 (CH2), 64.5 (Cq), 39.6 

(CH2), 30.6 (CH2), 28.5 (CH2), 24.1 (CH2); IR (u in cm'1) (film): 1988, 1721, 1240, 

1016. ESIMS: 435.1374 [M+ H]+ (calculated), 435.1374 (found).
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Disappearance of the one proton 8 5.17 (s, 1H) flanked between two sulphur atom in 

'H NMR spectrum of 14 when compared with the compound 15 and shift of IR 

streching frequency value for the carbonyl from 1614 cm' 1 to 1721 cm'1 were some 

of the first indications to support the formation of thio-keto compound 14. Five 

distict CH2’s obtained from the DEPT experiments well supported the formation of 

the compound and C NMR also was in accordance with the compound 14. 

Different optimisation conditions were also tried to put the reaction at very low 

temperature using liquid nitrogen in solvents, quenching the reaction mixture at low 

temperature, also varied the reaction time for the anion generation using different 

bases. However in none of the cases we could further optimise the yield of the 

coupling reaction. Practically a-hydroxylation products are more reactive toward the 

oxidant than the substrates and the problem of over oxidation is always a competitive 

reaction in the direct synthetic sequence.36 Asymmetric aminoxylation of less 

reactive substituted keto compounds to selectively get a-hydroxy keto compounds 

for natural product syntheses is a challenging proposal.

Having compound 14 in hand we attempted L-proline catalysed aminoxylation 

reaction for the a-oxidative functionalisation of thio-keto compound (Scheme 24).

4
Kurasoin A

Scheme 24
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We first, subjected aminoxylation reaction in CHC13 as solvent but failing to notice 

any change on TLC we then added Bronsted acids namely, pivalic acid and benzoic 

acid as catalytic additives (Table 5) which are known to enhance the results of such 

reaction.

Table 5 Reaction conditions for aminoxylation reaction

Entry Organocatalyst Additive Reaction
condition

Results
obtained

1 L- Proline (0.2-0.4 
equiv)

Pivalic acida CHCI3, rt, 48 h s. m.b

2 L- Proline (0.2 - 0.4 
equiv)

Pivalic acid DMSO, rt, 48 h s. m.

3 L- Proline (0.2 - 0.4 
equiv)

“ DMF, rt, 48 h s. m.

a: benzoic acid was also tried.b: Starting material (s. m.)

We also tried the reaction with slow addition of nitrosobenzene. Slow addition 

minimises the chances of dimerization of nitrosobenzene which otherwise leads to 

unwanted outcome of the aminoxylation reactions. Reaction is also known to be 

monitored based on colour change however we did not notice any colour change or 

conversion based on TLC. Finally we tried polar aprotic solvents like DMSO and 

DMF but again failed to get the expected aminoxylated compound 13 in our hand.

We prolonged the reaction time to two days anticipating for the less reactivity of our 

scaffold for aminoxylation reaction, a keto compound 14 but disappointingly in none 

of the attempts we could get the product and in all cases starting material was 

recovered.
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o

L- Proline 
nitrosobenzene
------ X------- *

Ph

C
Ph Ph Ph

Scheme 25 Mechanistic approach

We were unable to develop a successful L-proline catalysed aminoxylation reaction. 

Mechanistically selective a-oxidation of the thio-keto compound was intended via 

enamine catalysis with nitrosobenzene as oxidant. Co-ordination of stochiometric 

oxidant to the acidic proton of carboxylic acid of catalyst, L-proline via hydrogen 

bonding was critical for the enantioselective outcome of the aminoxylation reaction 

(Scheme 25).

We believe the lack of substrate reactivity and steric factors (a-disubstitution with 

the bulky sulphur groups) are some of the key issues as far as L-proline catalysed a- 

aminoxylation of keto compounds are concerned and in our case such factors may be 

responsible for the observed results.

Having unable to access the requisite aminoxylated compound from L-proline 

catalysed enamine catalysis the efforts in the direction of the tailoring of the proline 

based catalyst or the Bronsted activation for the present aminoxylation reaction can 

provide a positive outcome.
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1.5 A Conclusion

We devised a route towards the total synthesis of the natural product, kurasoin A by 

utilising a small organomolecule, L-proline catalysed late stage aminoxylation 

reaction. Appropriately substituted keto compound 14, required for the present 

aminoxylation reaction was successfully synthesised in 6 steps. It was obtained in 

low yield in the final step. However, our efforts in aminoxylation did not provide us 

the expected product. This could be because of the unreactivity of the alpha- 

substituted keto group flanked by dithiane moiety.
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Section II: Sharpless dihydroxylation route towards chiral hydroxy 

phenylpropanoids: Formal synthesis o f Virolongin B; Kigelin; Kurasoin 

A; 4-Hydroxy-Sattabacin and Actinopolymorphol A.

1.2 B Literature methods for the syntheses of selected bioactive natural

Compo unds

Syntheses of some of the targeted natural compounds are discussed in this section. 

Asymmetric dihydroxylation (AD) followed by a regioselective C-0 bond breaking 

strategy is utilised for the syntheses of natural products. First, literature methods for 

the natural compounds of our interest are discussed.

1.2 B1 Literature reports for the synthesis o f kigelin

Saeed and co-workers37 disclosed an efficient synthesis of bioactive natural 

compound kigelin in a racemic manner. 3, 4, 5- Trimethoxy dihydrocinnamic acid 

was converted to 3, 4, 5- trimethoxy-6-(2-oxopropyl) benzoic acid and then reduced 

to get hydroxy benzoic acid derivative. Cyclisation and finally BBr3 mediated 

selective demethylation furnished dihydroisocoumarin, kigelin (Scheme 26).

MeO.

MeO' 7
OMe OMe

BBr3, DCM 

75%

Scheme 26

CH3
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Govindchari et al.x  have reported the total synthesis o f (±) kigelin (Scheme 27). 

Reduction of l-(3, 4, 5-trimethoxyphenyl)propane-2-one to obtain corresponding 

alcohol which on acetylation followed by Vilsmeier Haack reaction, oxidation, 

esterification and cyclisation furnished the isocoumarin framework which was finally 

demethylated selectively using aluminium chloride completing the synthesis of 

bioactive natural product.

Scheme 27

Chatteijea et a/.39 developed a concise access towards the natural compound (±) 

kigelin. The alcohol mentioned in scheme 28 on oxa-Pictet-Spengler reaction 

provided the isochroman framework which was then selectively oxidised to get the 

isocoumarin derivative. Final demethylation provided the (±) kigelin (Scheme 29).

OMe OMe OMe
MeO. fS N NaBH4

MeO. ( f ^ l  OH HCHO, HCI

-

MeO.

MeO^ M eO ^ MeO^

o

MeO.

MeO
(+/-) Kigelin

Scheme 28
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1.2 B2 Literature reports fo r the synthesis o f 4-hydroxysattabacin and
actinopolymorphol A

Enantioselective reduction of lactic acid derivative derived from phenyl alanine to 

obtain the chiral a-hydroxy acid compound was the key reaction studied by Aronoff 

et al. 40,61 for the enantioselective total synthesis of potent antiviral compound a 

natural product (+) 4-hydroxysattabacin (Scheme 29). The enantioselective 

reduction was carried out using a chiral organoborane reagent,

chlorodiisopinocampheylborane to get the enantiopure a-hydroxy acid which was 

converted to Weinreb amide followed by reaction with isobutyl lithium to provide 

(+) 4-hydroxysattabacin.

Scheme 29

The discovery and structural elucidation of new natural product, actinopolymorphol

62A that implicated in cancer chemoprevention is disclosed by Shen and co-workers 

(Scheme 30). They also carried out synthesis of actinopolymorphol A by a similar 

strategy to scheme 30 wherein the improvement of yield of the product was obtained 

by protecting the hydroxyl groups as their silyl ether (TBDMS). (+) 

Actinopolymorphol A was obtained by selective acetylation of (+) 4- 

hydroxysattabacin.
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o

H O'

OMe
OH

i./L^MgBr ;67%

ii. TBAF, 68%
(+) 4-Hydroxysattabacin

Ac20 , pyridine, rt 

Pyrrolidine
(48% over two steps)

(+) Actinopolymorphol A

Scheme 30

1.2 B3 Literature reports for the synthesis o f virolongin B

Xinfeng et al.4X reported the first enantioselective synthesis of a neolignan, 

virolongin B. Sharpless dihydroxylation followed by selective removal of hydroxyl 

group and Mitsunobu reaction were some of the key reactions studied to complete 

the total synthesis of natural product (-) virolongin B (Scheme 31)

MeO r / AD-M ix-p M e O ^

HO.

r V

^ O H

i. TsCI MeO^

HO,

MeO^Y MeO^ ii. LAH
MeO YOMe OMe OMe

PPh3, NaHMDS, THF

Scheme 31
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1.3 B Proposed synthetic plan

Chiral epoxidation and asymmetric dihydroxylation (AD) are the well-documented 

methods for natural product synthesis. Hence, we chose the AD to obtain enantiopure 

diols and further regioselective C-0 bond breaking strategy for the synthesis of 

natural products. Planned retrosynthetic analysis and the natural product application 

of the same are described as below (Scheme 32).

A r " ^ R
E-select ive

OH
Sharpless asymmetric -  

-------------A r ^ ^ Rdihydroxylation 1

OH

Pd/C; MeOH;H2 
[Reductive hydrogenolysisj 

regioselective 
C-O bond
breaking \__

A r ^ Y R
OH j

OMe

l
(-JVirolongin B

j c r f r * 'H C T ^  OH 1

(+)Kurasoin A; (+)4-hydroxysattabacin 
(+)Actinopolymorpho IA

Scheme 32 Synthetic plan

Accordingly, we decided to prepare newer scaffolds like chiral a-hydroxy Weinreb 

amides and substituted chiral (3-hydoxy phenyl propanoid derivatives which would 

intern facilitate the asymmetric synthesis of key bioactive molecules in a concise 

manner as depicted in scheme 32.

Regioselective C-O bond breaking methodologies have recently gained much of 

attention in synthetic organic chemistry for example, selective hydrogenolysis of C- 

0 bonds of lignin (a polymeric material/ biomass derived from plants) to get smaller 

fragments/ molecules having tremendous demands in their usage as lignocellulosic 

biofuels.52 Novel synthesis of chemical frameworks via targeted C-O bond scission is 

yet another recently explored topic in the field of synthetic organic chemistry.42
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1.4 B Literature reports for the synthetic utility o f C-O bond breaking strategies

Literature methods suggest limited examples of C-O bond breaking strategies for 

syntheses of chiral bioactive molecules. Some of the C-O bond breaking methods are 

utilised effectively to target bioactive molecules of practical benefits like drugs, 

biofuels, fragrances etc. are discussed here.

An enantioselective baker’s yeast mediated approach to the pharmacologically active 

(-)- tamsulosin hydrochloride is reported by Acetti et al,43 Tamsulosin is a beta 

adrenergic receptor antagonist used in treatment of difficult urination. Concise 

approach to (-) tamsulosin hydrochloride involved synthesis of optically active key 

intermediate diol synthesised by Baker’s yeast-mediated reaction followed by 

regioselective hydrogenolysis of the chiral diol in ethanol as solvent and catalytic 

perchloric acid (Scheme 33).

The cryptophycins are potent tumour selective cytotoxins, isolated from the blue 

green algae Nostoc sp. ATCC 53,789 and Nostoc sp. GSV 224.44 

Cryptophycin-24 was isolated from an Okinawan marine sponge, Dysidea arnaria. It 

was found to be extremely potent against KB cells (ED50 = 5 pm).

OH

99% ee

(-) Tamsulosin

Scheme 33
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Phukan and co-workers successfully developed an asymmetric synthetic pathway 

(Scheme 34) for the synthesis of unit-B of cryptophycin-24 using Sharpless 

asymmetric dihydroxylation and regioselective C-0 bond cleavage as the key steps.

Cryptophycin- 24

Scheme 34

C-0 bond breaking catalytic strategies are constantly being developed for 

establishing more sustainable synthetic applications of the organic chemistry. Lignin 

depolymerisation is one of the most significant topics bearing good amount of 

potential of developing lignocellulosic biofuels as fossil fuel replacements.

Ellmann and co-workers46 studied C-O bond breaking strategy to convert lignin 

polymers into the small molecular fragments that can be used as fuel (Scheme 35).

J m
m = 4288 - 7045

RuH2(CO)(PPh3)3 (5 mol%)

Ph-Xantphos (5 mol%) 
1,4-dioxane, 175 °C, 3 h

HO

CH,

99% isolated

Scheme 35
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The ruthenium complex RuH2(CO)(PPh3)3 is a known catalyst to be efficient for both 

dehydrogenation and C-0 bond activation chemistry. Ruthenium-catalyzed, redox C- 

0 bond cleavage of 2-aryloxy-l-arylethanols was developed that yields final 

products in good to excellent isolated yield.

This reaction is applicable for breaking the key etheral bond found in lignin-related 

polymers to selectively target key feedstock chemicals of interests. The bond 

transformation proceeds by a redox reaction followed by reductive ether cleavage 

and depolymerisation process and require no added promoters or reagent.

Abate et al.A1 describes an enzyme-mediated preparation of chiral scaffolds followed 

by selective C-O bond cleavage for the studies of key ingredients of commercial 

fragrance blend (Scheme 36). The synthetic preparation of the single stereoisomer of 

the commercial odorants Muguesia and Pamplefleur is discussed.

<-) syn

| Mugaesia odorants]

0 OH OH OH OH
H2- Pd/C, Ethanol

(-) anti

Scheme 36

Sagar N. Patil, Ph. D. Thesis, Goa University. Page 36



CHAPTER 1

1.5 B Present work

> Synthesis of the key intermediate l-(3,4,5-trimethoxyphenyl)propan-2-ol, 26 

which constitutes a formal syntheses o f natural compounds, kigelin and 

virolongin B.

To realize the synthesis of natural compound, kigelin 5 we targeted synthesis of key 

chiral intermediate 26 and for the synthesis of key compound 26 we needed to 

synthesise woelemicine 24 which was synthesized as reported in the literature.48

Reagents and conditions: a) K2CO3, acetone reflux, 6  h, 98%; b) DCB, reflux,16 h, 8 8 %; c) i. PdCl2 

(0.1 equiv), MeOH, rt, argon, 24 h, 85%; ii. (CH3)2S 04, K2C 03, acetonitrile, 8  h, rt, 98%; d) EtMgBr, 
0"C to rt, 2 h then PTSA toluene, heat, 55%; e) Upjohn conditions, acetone -H20  (1:1), 0 s 0 4 (0.02 
equiv), NMO (3 equiv), 18 h, rt, 95%; f) 10% Pd/C (60%), H2 (4.5 atm), MeOH, 72 h, rt, 85%.

Scheme 37

Synthetic procedure commenced with the allylation of phenol 21a to get the 

compound 22 which on Claisen rearrangement gave 4-allyl-2,6-dimethoxyphenol 

(23) as a viscous colourless oil (7.92 g, 88%). Multiplet at 5.9- 

5.98 (m, 1H) in its 'H NMR spectrum supported the formation 

of the terminal double bond as required and was also supported
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by the presence of benzylic protons at 5.06- 5.12 (m, 2H) in its ‘H NMR spectrum. 

DEPT and 13C NMR experiments were also in well agreement with the compound 

23. ‘H NMR (400 MHz, CDC13): 8 6.41 (s, 2H), 5.9- 5.98 (m, 1H), 5.06- 5.12 (m, 

2H), 3.86 (s, 6H,), 3.27 (d, 2H, J  = 6.4 Hz); 13C NMR (100 MHz, CDC13): 8 147 

(Cq), 137.6 (CH), 133 (Cq), 131 (Cq), 115.7 (CH), 105.2 (CH), 56.2 (OCH3), 40.3 

(CH2); IR (u in cm'1) (neat): 3524, 2956, 1217, 1113, 756.

PdCh mediated isomerisation of 23 was effectively carried out to obtain an 

isomerised product (£)-2,6,-dimethoxy-4-(prop-l-en-l-yl)phenol 

(23a) as a viscous pale yellow oil (3.25 g, 85%). Disappearance 

of the benzylic protons and 5.9- 5.98 (m, 1H), in its ^  NMR 

spectrum from starting material and a new pattern of peaks in !H NMR, 6.3- 6.34 (d, 

1H, J = 16 Hz) and 6.13- 6.14 (m, 2H) supported the formation of the expected 

compound 23a. DEPT and 13C NMR experiments were also in well accordance with 

the compound 23a. !H NMR (400 MHz, CDC13): 8 6.81 (s, 2H), 6.32 (d, 1H, J  = 16 

Hz), 6.12- 6.14 (m, 1H), 5.53 (brs, 1H), 3.9 (s, 6H,), 1.88 (d, 3H, J = 6.4 Hz); 13C 

NMR (100 MHz, CDC13): 8 147.1 (Cq), 134 (Cq), 130.9 (CH),129.6 (Cq), 123.8 

(CH), 102.6 (CH), 56.2 (OCH3), 18.3 (CH3); IR (t> in cm'1) (neat): 3324, 2939, 1597, 

1111,731.

The compound 23a was found unstable upon isolation and hence it was decided to 

directly methylate the phenolic compound 23a in order to get the required iso- 

elemicin 24. Compound 24 was also synthesized by Grignard

addition of ethyl magnesium bromide to 3,4,5-trimethoxy 

benzaldehyde followed by dehydration in two steps. (E)-1,2,3- 

trimethoxy-5 -(prop-1 -en-1 -yl)benzene (24) was obtained as a
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viscous colourless oil. *H NMR (400 MHz, CDC13): 8 6.47 (s, 2H), 6.23 (d, 1H, J  = 

16 Hz), 6.07- 6.09 (m, 1H), 3.77 (s, 9H), 1.78 (d, 3H, J  = 6.8 Hz); 13C NMR (100 

MHz, CDCI3): 5 152.2 (Cq), 136.1 (Cq), 132.8 (Cq),129.9 (CH), 124.2 (CH), 101.8 

(CH), 59.8 (OCH3), 55 (OCH3); IR (u in cm'1) (neat): 2995, 2835, 1581, 1126, 1010.

Subsequently under the Upjohn dihydroxylation conditions the compound 24 

afforded the racemic diol 25. Pure compound l-(3,4,5-trimethoxyphenyl)propane-

1,2-diol (25) obtained as a thick colourless oil (2.76 g, 95%). 

Disappearance of the olefinic protons in its 'H NMR spectrum 

and the new peaks in aliphatic region at 4.19- 4.21 (d, 1H, J  = 

12 Hz) supported the formation of the diol compound 25. The 'U NMR also showed 

the shift of methyl protons to 1.01 (d, 3H, J  = 6.4 Hz) relative to the starting 

material. Hydoxyl group -OH streching in IR spectrum also accounted for the 

formation of the requisite compound 25. *H NMR (400 MHz, CDC13): 8 6.47 (s, 2H),

4.2 (d, 1H, J  = 7.2Hz), 3.75 (s, 3H), 3.77 (s, 6H), 2.7 (3H, brs), 1.01 (d, 3H, J  = 6.4 

Hz); 13CNMR (100 MHz, CDC13): 8 153.2 (Cq), 137.4 (Cq), 136.9 (Cq),103.6 (CH),

79.5 (CH), 72.1 (CH), 60.8 (OCH3), 56.1 (OCH3); 18.9 (CH3); IR (u in cm'1) (neat): 

3369,2960,1589, 1124, 798.

Having synthesized diol compound 25 the stage was set to study the regioselective 

cleavage of benzylic hydroxyl group and obtain hydroxyphenyl propanoids of further

Table 6. Regioselective C-0 bond breaking and optimization studies of model structure (25)

Entry Reaction conditions Remarks

1 Microwave; Ammonium 
formate

10% Pd/C (W/W); ethylene 
glycol

mix. of compounds3

2 LAH, THF/Dioxane reflux a
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3 Pd(OH)2/C; EtOH, H2 (4 atm) a

4 EtOH, HCIO4, Pd/C, H2 (4 
atm)

mix. of compounds'5

5 MeOH, Pd/C (0.2 W/W), H2 
(4.5 atm)

50% of 26a

6 MeOH, Pd/C (0.6 W/W), H2 
(4.5 atm)

85% of 26

7 MeOH, Pd/C (1 equiv W/W), 
H2 (4.5-6 atm)

? 1 ___ _  _ ___ J  b  T~>j f~ \  A . T"*» A

85% of 26

aThe starting material was recovered. b EtO Ac, Dioxane, Acetic acid as solvents were also tried.

synthetic application. Hydrogenolysis is always a tricky reaction and selectivity 

depends on the substrate reactivity hence different combination of catalysts and 

conditions are reported.49 Initially we studied racemic compound 25 to study the 

regioselective C-O bond breaking under different conditions (Table 6). First we tried 

microwave assisted hydrogenolysis using Pd(OH)2/C (Pearlman’s catalyst) and 

ammonium formate in ethylene glycol.50 This always gave a complex mixture. 

Refluxing the reaction mixture with a strong hydride donor, lithium aluminium

hydride (LAH) also failed to deliver the product (entry 2, Table 6). Pressure

hydrogenation conditions using different supported palladium catalysts such as 

Pd(0H)2/C; Pd/C (10%) their combinations in ethanol failed to break regioselective 

C-0 bond.51 Acidic additives such as perchloric acid and acetic acid etc. also failed

to give promising results (entry 4, Table 6). Finally changing the solvent to dry

a, c

b, c

Reagents and conditions: a) (DHQ)2PHAL (0.05 equiv), 0 s0 4 (0.02 equiv; 2% aq.), K3Fe(CN) 6 (3 
equiv), K2C03 (3 equiv), lButanol-H20  (1:1), 18 h, it, 90%.; b) (DHQD)2PHAL (0.05 equiv), Os04 

(0.02 equiv), K3Fe(CN) 6 (3 equiv), K2C 0 3 (3 equiv), ‘Butanol-H20  (1:1), 18 h, rt, 90%; c) 10% Pd/C 
(60%), H2 (4.5 atm), MeOH, 72 h, rt, 85%.

Scheme 38
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methanol and under pressure hydrogenation condition (4.5 atm), in the presence of 

Pd/C as a catalyst could dramatically improve the outcome 

without usage of strong acidic conditions giving us 50% of the 

expected compound.NMR data of the compound obtained after 

purification was exactly matching with the literature reports.52 Compound 1-(3,4,5- 

trimethoxyphenyl)propan-2-ol (26) obtained as a thick colourless oil (0.94 g, 85%). 

Aliphatic peaks at 2.62 (1H, m), 2.56 (m, 1H), and the methyl protons at 1.17 (d, 3H, 

J = 6.4Hz) indicated the formation of the comopund 26. DEPT and 13C NMR 

experiments also supported and data was in complete accordance with the reported 

compound. ‘H NMR (400 MHz, CDC13): 5 6.35 (s, 2H), 3.93(m, 1H), 3.9(s, 6H), 

3.73 (s, 3H), 2.62 (m, 1H), 2.56 (m, 1H), 2.2 (brs, 1H); 1.17 (d, 3H, J  = 6.4Hz); 13C 

NMR (100 MHz, CDC13): 8 153.1 (Cq), 136.4 (Cq), 134.4 (Cq), 106.2 CH), 68.7 

(CH), 60.8 (OCH3), 56 (OCH3); 46.1 (CH2), 22.8 (CH3); IR (u in cm'1) (neat): 3482, 

2921,2814,1584, 1466, 1120.

With these initial results we further optimised the conditions and noted that 

increasing loading of the catalyst to 60% increased the yield to 80- 85%. Further 

increasing the catalyst loading neither could accelerate the reaction nor improve the 

yield of the expected compound (entry 7, Table 6). With these encouraging results 

for the regioselective C-0 bond breaking method, we decided to complete the 

asymmetric version of the same sequence. Simply traversing the dihydroxylation 

reaction under Sharpless asymmetric conditions yielded both alpha, [a]267= +11.47 

(C 1.9, CHCI3); 90% ee and beta, [a]26 6= -12.09 (C 1.8, CHC13) as chiral dihydroxy 

compounds using Sharpless ligands (DHQ)2PHAL and (DHQD)2PHAL respectively 

(Scheme 38). Regioselective C-O bond breaking of chiral diols under optimized 

conditions resulted in synthesis of both the enantiomers of hydroxy phenyl propanoid
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derivative 26a, 84% ee, [a] = +11.38 (C 0.9, CHCI3); matching with the reported

optical rotation [a]20= +20.8 (C 0.8, CHC13) and 26b, 84% ee, [a]26 6= -11.14 (C 0.8, 

CHCI3). ‘H, 13C NMR and optical rotations were in well accordance to the compound 

reported in literature. Compound 26 constitutes a formal access to synthesis of 

dihydroisocoumarin based natural compound kigelin, an active ingredient of skin 

creams and lotions. Asymmetric synthesis of the same can be accomplished using 

chiral intermediate 26b and from chiral compound 26a synthesis of a neolignan, 

virolongin B 2 a natural compound exhibiting wide range of bioactivity and other 

pharmaco-properties can also be achieved. Scope of the method was then 

successfully extended to a,P unsaturated Weinreb amide derivatives.

> Synthesis o f the key intermediate 2-((3-ditert-butyldimethylsilyl)oxy)-3-(4- 

((tert-butyldimethylsilyl)oxy)phenyl)-N-methoxy-N-methylpropanamide, 30 

which constitutes a formal syntheses of natural compounds, kurasoin A, 4- 

Hydroxy sattabacin, actinopolymorphol A

Scope of the method was extended to more challenging and tricky scaffolds, a,p 

unsaturated Weinreb amide derivatives to synthesize chiral a-hydroxy Weinreb 

amides (Scheme 39). Synthesis commenced with commercially available p-coumaric 

acid which was converted to Weinreb amide 27 by EDC coupling. New peaks at 

3.75(s, 3H) and 3.23 (s, 3H) indicated the formation of corresponding Weinreb 

amide and the shift in olefinic protons 7.54 (d, 1H, J — 16 Hz) and 6.95 (d, 1H, J  = 

16 Hz) along with the data from 13C NMR and DEPT experiments supported
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Reagents and condition: a) EDC.HC1 (1.1 equiv), N,0-dimethyl hydrochloride (1.3 equiv), Hunig’s 
base (3.5 equiv), HOBT (1.1 equiv), DMF, 48 h, rt, 70%; b) Upjohn conditions, acetone-H20  (1:1), 
0s04 (0.02 equiv), NMO (3 equiv), 72 h, rt, 80%; c) 10% Pd/C (60%), H2 (4.5 atm), MeOH, 110 h, rt, 
65%.; d) TBDMSC1 (2.1 equiv), imidazole (2.5 equiv), DMF, 18 h, rt, 90% ; e) Benzyl bromide (2.1 
equiv), NaOH (5 equiv), EtOH-H20  (1:1), reflux, 36 h, followed by acidic-work-up, 95%; f) 
EDC.HC1 (1.1 equiv), N,0-dimethylhydroxylamine hydrochloride (1.3 equiv), Hunig’s base (3.5 
equiv), HOBT (1.1 equiv), DMF, 56 h, rt, 85%; g) Upjohn conditions, acetone -H20  (1:1), Os04 (0.02 
equiv), NMO (3 equiv), 48 h, rt, 90%; h) 10% Pd/C (60%), H2 (4.5 atm), MeOH, 110 h, rt, 75%.

Scheme 39

the compound (E)-3-(4-hydroxyphenyl)-N-methoxy-N-methylacrylamide 27. 'H 

NMR(400 MHz, CDC13): 5 10.25 (brs, 1H), 7.57 (d, 2H, J  = 8.8 Hz), 7.52 (d, 1H, J

= 16 Hz), 6.95 (d, 1H, J = 16 Hz), 6.87 (d, 1H, J  = 8.8 

Hz), 3.75 (s, 3H), 3.23 (s, 3H), 13C NMR (100 MHz, 

CDCI3): 6 166.5 (Cq), 159.2 (Cq), 142.7 (Cq), 129.9 CH),

125.7 (CH), 115.7 (CH), 112.4 (CH), 61.6 (OCH3), 32.2 (N-CH3); IR (u in cm'1) 

(KBr): 3072,1643, 1570, 1506, 1455, 824.

Once the compound 27 was in hand we subjected it to the Upjohn dihydroxylation to 

get a phenolic dihydroxy compounnd 28 which was found to be a water soluble and 

white coloured, solid compound 2,3-dihydroxy-3-(4-hydroxyphenyl)-N-methoxy-N- 

methypropanamide 28 (0.93 g, 80%). M.P.: 183 °C. NMR (400 MHz, CDC13): 5
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9.37 (s, 1H), 7.1 (d, 2H, J  8.4 Hz), 6.8 (d, 1H, J  — 8 Hz), 5.23 (m, 1H), 5.0 (brs, 

1H), 4.64 (m, 1H), 4.3 (brs, 1H), 3.5(s, 3H), 2.99 (s, 3H), 13C NMR (100 MHz,

CDC13): 8 171.9 (Cq), 156.2 (Cq), 132.1 (Cq), 127.7 CH),

114.4 (CH), 73 (CH), 72.4 (CH), 60.8 (OCH3), 31.6 (N- 

CH3); m  (u in cm '1) (KBr): 3300-3230, 1657, 3187, 1524, 

1448,1376. ESIMS: 264.0848 [M+Na]+ (calculated), 264.08.

Continuing with the aim of selective hydrogenation we then subjected the compound 

28 for the reduction using previously optimised regioselective C-0 bond breaking 

method to get the compound 29 in a racemic form. However, our main aim was to 

synthesize the compound 29a and 29b in a chiral manner and upon hydroxylation it 

was found that phenolic Weinreb amide 27 failed to give us the corresponding chiral 

diols under Sharpless conditions. We attributed this outcome may be the result of 

phenolic core of the compound which can follow unwanted oxidation reactions in the 

presence of K3Fe(CN)6 which is used as an oxidising agent in the reaction. Therefore 

we decided to protect the phenolic hydroxyl of Weinreb amide compound 27 by a 

benzyl group which could be later knocked under the optimized late stage

hydrogenolysis step (C-0 bond breaking) along with the 

targeted benzylic hydroxyl group to give compound 29 in 

one step (Scheme 41). After protection and EDC mediated 

coupling the a,p unsaturated Weinreb amide, (£)-3-(4-(benzyloxy)phenyl)-iV- 

methoxy-jV-methylacrylamide, 32 was obtained as a solid compound (2.98 g, 85%), 

M.P.: 156- 158 °C; Lit. M.P.: 158 °C. ‘H NMR (400 MHz, CDC13): 8 7.71 (d, 1H, J  

= 16 Hz), 7.53 (d, 2H, J  = 8.4 Hz), 7.3-7.4 (m, 5H), 6.96 (d, 2H, J  = 8.4 Hz), 6.93 

(d, 1H, J  = 16 Hz), 5.1 (s, 2H), 3.76 (s, 3H), 3.3 (s, 3H); 13C NMR (100 MHz, 

CDCI3): 5 167.4 (Cq), 160.2 (Cq), 143.1 (CH), 136.6 (Cq), 129.7 (CH), 128.7 (CH),
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128.5 (CH), 128.2 (CH), 127.8 (Cq), 127.5 (CH), 115.1 (CH), 113.5 (CH), 70.1 

(CH2), 61.9 (OCH3), 32.6 (N-CH3); IR (u in cm'1) (KBr): 3057, 2974, 1884, 1614, 

1387. ESIMS: 298.1433 (calculated) [M+ H]+ 298.143 (found).

The compound 32 on dihydroxylation under Upjohn conditions as well as the 

Sharpless asymmetric conditions afforded the corresponding diol compound 33 in a 

smooth manner. 'H NMR, 13C NMR and DEPT data was in accourdance with the 

compound 3-(4-(benzyloxy)phenyl)-2,3-dihydroxy-Af-methoxy-iV-methyl propanami

de, 33 (1.45 g, 90%). M.P.: 176- 178 °C; *H NMR (400 MHz, CDC13): 8 7.43 (m, 

3H), 7.31 (m, 4H), 6.96 (m, 2H), 5.06 (s, 2H), 4.9 (brs, 1H), 

4.57 (brs, 1H), 3.6 (s, 3H), 3.24 (s, 3H); ,3C NMR (100 MHz, 

CDC13): 8 172.5 (Cq), 158.4 (Cq), 136.9 (Cq), 132.95 (Cq),

132.3 (CH), 128.6 (CH), 127.95 (CH), 127.5 (CH), 114.8 (CH), 75.6 (CH), 72.3 

(CH), 69.9 (CH2), 61.2 (OCH3), 32.4 (N-CH3); HI (u in cm'1) (KBr): 3475, 3352, 

1657,1513,1246. ESIMS: 314.1383 [M- OH2]+ (calculated), 314.138 (found).

Chiral alpha diol, 98% ee, [a]25

o a' c

-1.8 (C 0.8, MeOH) and beta diol 98% ee, [a]25.4

N-0 ^  TBDMSO
30a

90%ee

HO

N'°^ d
OH

29b
TBDMSO

30b

N'°- \
OTBDMS

94%ee

Reagents and conditions: a) (DHQ)2PHAL (0.05 equiv), Os04 (0.02 equiv), K3Fe(CN)6 (3 equiv), 
K2C03(3 equiv), THF- ‘Butanol- H20  (1:2:2), 18 h, rt, 90% ; b) (DHQD)2PHAL (0.05 equiv), Os04 
(0.02 equiv), K3Fe(CN)6 (3 equiv), K2C 03 (3 equiv), THF- ‘Butanol-H20  (1:2:2), 18 h, rt, 90%; c) 
10% Pd/C (60%), H2 (4.5 atm), MeOH, 110 h, rt, 75%.; d) TBDMSC1 (2.1 equiv), imidazole (2.5 
equiv), DMF, 18 h, rt, 90%.

Scheme 40

SagarN. Patil, Ph. D. Thesis, Goa University. Page 45



CHAPTER 1

+1.89 (C 0.74, MeOH) conveniently underwent regioselective C-0 bond breaking 

slowly (110 h) under the optimised conditions. Interestingly, when we performed

TBDMSO'

HPLC studies it showed no loss of enantioselectivity

N\ v  | during this hydrogenation step. As a result we obtained 
OTBDMS

both the enantiomers of a-hydroxy Weireb amide 29a

and 29b, which were characterized as their silyl ethers 30a, (R)-2-((3-ditert- 

butyldimethylsilyl)oxy)-3-(4-((tert-butyldimethylsilyl)oxy)phenyl)-N-methoxy-N- 

methylpropanamide obtained as a colourless thick oil (0.38 g, 68% over two steps). 

90% ee, [a]245=+1.25 (C 2.0, CHC13); *H NMR (400 MHz, CDC13): 6 6.92 (d, 2H, J  

=8 Hz), 6.60 (d, 2H, J  = 8.4 Hz), 4.46 (brs, 1H), 3.47 (s, 3H), 3.04 (s, 3H), 2.7-2.88 

(m, 1H), 2.56-2.62 (m, 1H), 0.8 (s, 9H), 0.6 (s, 9H), 0.0 (s, 6H) -0.3 (s, 6H); 13C 

NMR (100 MHz, CDC13): 8173.5 (Cq), 153.3 (Cq), 129.8 (Cq), 129.7 (CH), 118.97 

(CH), 71 (CH), 60 (OCH3), 39.4 (CH), 28.9 (N-CH3), 24.7 (Si-C-CH3), 17.3 (Si-Cq),

17.2 (Si-Cq); IR (u in cm’1) ( neat): 3435, 3035, 2938,2829.

And 30b,(5)-2-((3-ditert-butyldimethylsilyl)oxy)-3-(4-((tert-butyldimethylsilyl)oxy) 

phenyl)-N-methoxy-N-methylpropanamide obtained as a colourless thick oil (0.38 g, 

68% over two steps). 94% ee, [a]24= -1.33 (C 0.9, CHC13); 1H NMR (400 MHz,

CDC13): 5 6.92 (d, 2H, J  =8 Hz), 6.60 (d, 2H, J  = 8.4 

Hz), 4.46 (brs, 1H), 3.47 (s, 3H), 3.04 (s, 3H), 2.7-2.88 

(m, 1H), 2.56-2.62 (m, 1H), 0.8 (s, 9H), 0.6 (s, 9H), 0.0 

(s, 6H) -0.3 (s, 6H); 13C NMR (100 MHz, CDC13): 8173.5 (Cq), 153.3 (Cq), 129.8 

(Cq), 129.7 (CH), 118.97 (CH), 71 (CH), 60 (OCH3), 39.4 (CH), 28. 9 (N-CH3), 24.7 

(Si-C-CH3), 17.27 (Si-Cq), 17.22 (Si-Cq); IR (u in cm-1) (neat): 3435, 3035, 2938, 

2829.
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Selective hydrogenolysis of diols of Weinreb amides is not known in the literature 

and this is the first report wherein such derivatives are utilized in order to access 

chiral enantiomers of a-hydroxy Weinreb amide. Corresponding beta enantiomer, 

30b of a-hydroxy Weinreb amide gives formal access to three key bioactive natural 

products such as potent antialzeimer compound, kurasoin A 4,30 antiviral compound 

4- Hydroxy sattabacin 6 (HSV 1 and HSV 2)53; and also recently isolated 

actinopolymorphol A 8, a new class of natural product not previously known to 

modulate estrogen receptor function and hence implicated in cancer 

chemoprevention.54

1.6 B Conclusion

A simple and effective regioselective C -0 bond breaking method is studied and the 

present two step strategy consisting of Sharpless asymmetric dihydroxylation 

followed by regioselective breaking of C-O bond has potential to be utilized in the 

formal enantioselective syntheses of kurasoin A and four other chiral natural 

products, virolongin B, kigelin, 4-hydroxy-sattabacin and actinopolymorphol A.

Derivatives of enantiopure hydroxy phenyl propanoids and a-hydroxy Weinreb 

amides were synthesized to provide a newer route for the syntheses of bioactive 

natural compounds in a concise and efficient manner.

Although we initially failed to synthesize the natural product kurasoin A via 

aminoxylation strategy we now have a C-O bond breaking strategy which can be 

utilized for the formal enantioselective synthesis of kurasoin A.
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1.7 Experimental

Synthesis of 2-phenyI-l,3-dithiane (151

To the chilled methanol (50 mL) was slowly added acetyl chloride (8 mL, 40 mmol) 

and the mixture was stirred for five minutes at 0 °C. Addition of 

benzaldehyde (3.36 mL, 33 mmol) was followed by drop wise 

addition of 1,3-dithiane 15a and the reaction mixture was allowed 

to stir at room temperature. TLC monitoring after 2 h showed completion of the 

reaction. Reaction was quenched with ice- and precipitated solid compound was 

filtered, washed with methanol and dried under vacuum to afford a white crystalline 

compound 7 (6 g, 85%). M.P.: 69 °C; Lit. M.P.: 69 °C. ‘H NMR (400 MHz, CDC13): 

§7.45- 7.48 (m, 2H), 7.26- 7.36 (m, 3H), 5.17 (s, 2H), 3.0- 3.1 (m, 2H,), 2.89- 2.94 

(m, 2H), 2.15- 2.22 (m, 1H), 1.9- 1.98 (m, 1H); 13C NMR (100 MHz, CDC13): 5

139.1 l(Cq), 128.75(CH), 128.46(CH), 127.77(CH), 51.5(CH), 32.13(CH2),

25.13(CH2); IR (u in cm'1) (KBr): 2897, 1416, 1277, 1073, 906.

Synthesis of 3-(4-hvdroxyphenvl)propanoic acid (19)

p-Coumaric acid 18 (5 g, 27.2 mmol) was dissolved in ethanol (30 mL) and was 

added palladium catalyst, Pd/C (0.25 g, 5% W/W). The suspension was

hydrogenated using Parr hydrogenator instrument (2 atm. 

Pressure of H2) for 3 h. The reaction was mixture was 

filtered through a celite pad, washed with ethanol and the

combined organic part was concentrated to get a crystalline pale yellow compound 

19 (5 g> 100%) and was used without further purification. M.P.: 124 C; Lit. M.P. 

:122- 124 °C. ‘H NMR (400 MHz, DMSO): 5 12.1 (brs, 1H), 9.2 (brs, 1H), 7.01 (d,
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2H, /  -  8 Hz), 6.67 (d, 2H, J  8 Hz), 2.7 (t, 2H), 2.5 (t, 2H); IR (u in cm"1) (KBr): 

2934,16963 1407,12 1 7.

Synthesis of 3-(4-(benzeloxy)phenyl)propanoic acid t20t

Acid 19 (25 g, 150 mmol) was dissolved in 100 mL of ethanol and to the clear 

solution was added benzyl bromide (54 g, 38 mL, 315.7 mmol) dropwise followed 

by addition of an aqueous solution of KOH (24 g, 428.5 mmol, in 100 mL of distilled 

water). Reaction mixture was then refluxed for 24 h. Reaction 

mixture was concentrated to remove excess of ethanol and 

poured on crushed ice containing cone. HC1 to get an off- 

white solid compound 20 which was washed with water and dried in a vacuum 

desiccator (25.8 g, 95%). M.P.: 112 °C; Lit. M.P.: 114 °C. *H NMR (400 MHz, 

CDCI3): 8 728- 7.48 (m, 5H), 7.16 (d, 2H, J  = 8.4 Hz), 6.95 (d, 2H, J  = 8.8 Hz), 5.08 

(s, 2H), 2.94 (t, 2H, J  =7.6Hz ), 2.68 (t, 2H, J  = 8Hz ); 13C NMR (100 MHz, 

CDCI3): 5 179.18(Cq), 157.41(Cq), 137.12(Cq), 132.55(Cq), 129.29(CH),

128.61(CH), 127.96(CH) 127.50(CH), 114.96(CH), 70.07(CH2), 35.9(CH2),

29.78(CH2) ; IR (u in cm"1) (KBr): 2931, 1698, 1426, 1217.

Synthesis of ethvl 3-(4-benzeloxyphenvBpropanoate (16b)

Compound 20 (1 g, 3.9 mmol) was charged with absolute ethanol (10 mL) and then 

added slowly cone. H2S04 (0.5 mL). Reaction mixture was 

refluxed for 6 h. Upon completion the reaction mixture was 

concentrated on a rotavap to remove the excess of ethanol 

followed by extraction with ethylacetate (10 mL x 4). The 

combined organic layer was washed with NaHCCL, brine solution, dried over 

Na2S04 and finally concentrated to get the crude compound 16b which was purified
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by column chromatography over silica gel using EtOAc/pet ether (0:100 to 10:90) as 

eluent to get pure ethyl 3-(4-hydroxyphenyl)propanoate 16b as a viscous colourless 

oil (0.9 g, 88%). *H NMR (400 MHz, CDC13): 8 7.25- 7.4 (m, 5H), 6.9 (d, 2H, J  =

6.8 Hz), 6.7 (d, 2H, J  = 6.8 Hz), 5.03 (s, 2H), 4.09- 4.14 (q, 2H), 2.88- 2.9 (t, 2H), 

2.5-2.66 (t, 2H), 1.2- 1.24 (t, 3H); IR (u in cm '1) (KBr): 3028-2920, 1738 1455.

Synthesis of 3-(4-(benzeIoxv)phenyl)-iV-methoxv-iV-methvlpronan amide (T6al

3-(4-(benzeloxy)phenyl)propanoic acid, 20 (3 g, 11.8 mmol); HOBT (1.8 g, 13.3 

mmol) and N,O-Dimethyl hydroxylamine hydrochloride (1.55 g, 15.88 mmol) were

dissolved in dry DMF (15 mL) in an round bottom flask 

(100 mL) attached to a CaCH guard tube. To this clear 

solution was added EDC-Chloride (2.6 g, 13.56 mmol) and 

followed by dropwise addition of Hunig’s base (7 g, 10 

mL, 54.1 mmol). Reaction was stirred vigorously to obtain a clear solution and 

continued stirring for 24 h at room temperature. On completion of reaction, crude 

reaction mixture was concentrated on rotavap at 70- 80°C and extracted with 

chloroform (25 mL X4). The combined organic layer was washed with NaHC03, 

brine solution and dried over Na2S04 which was concentrated to get the crude 

compound 16a which was directly loaded for column purification and was eluted 

with ethyl acetate: pet ether (50: 50) followed by ethylacetate: acetone (90:10) 

solvent combination to get 3-(4-(benzeloxy)phenyl)-iV-methoxy-A- 

methylpropanamide 16a, as a viscous oil (2.98 g, 85%). 'H  NMR (400 MHz, 

CDC13): 8 7.25- 7.43 (m, 5H), 7.19 (d, 2H, J  = 8.4 Hz), 6.89 (d, 2H, J  = 8 Hz), 5.03 

(s, 2H), 3.59 (s, 3H, NCH3), 3.17 (s, 3H, OCH3), 2.9 (t, 2H), 2.7 (t, 2H); 13C NMR 

(100 MHz, CDC13): 8 173.8 (Cq), 157.2 (Cq), 137.2 (Cq), 133.7 (Cq), 129.4 (CH),
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128.6 (CH), 127.9 (CH), 127.5 (CH), 114.8(CH), 70 (CH2), 61.2 (0-CH3), 34 (CH2),

32.2 (N-CH3), 29.9 (CH2); IR (d in cm'1 * 3 * * *) (film): 2938, 1664, 1496, 698.

Synthesis of 3-(4-(benzeloxv)phenvfi-l -(2-phenvM.3-dithiane-2-vf>DroDane 

one (14)

1,3-Dithiane 15 (1.5 g, 7.64 mmol) was dissolved in dry THF (8 mL) and the 

solution was degassed using argon gas (X3). Solution was cooled to 0°C using ice- 

salt bath and n-BuLi solution (4.9 mL, 1.6 M solution, 8 mmol) was added slowly by

a syringe under the inert atmosphere of argon gas balloon. 

Reaction mixture was stirred for 1 h and the reaction was 

cooled to - 45 °C. Slow addition of ethyl ester 16b (2.6 g,

9.17 mmol, in 3 mL of dry THF) to the above solution was done and the reaction 

mixture was allowed to come to room temperature and was further stirred for 2 h. 

The crude reaction mixture was concentrated on rotavap, water was added (15 mL) 

and extracted with chloroform (15 mL X 4). The combined chloroform layer was 

washed with NH4C1 (aq.), brine solution and dried over Na2S04 which was then 

concentrated on rotavap. The crude compound obtained was purified by column 

chromatography using ethyl acetate: pet ether (5: 95) as eluent to get the 3-(4- 

(benzeloxy)phenyl)-1 -(2-phenyl-l,3-dithiane-2-yl)propane-l-one, 14 as a pale 

yellow solid compound (0.4 g, 15%). M.P.: 105 C; H NMR (400 MHz, CDCI3). 8

7.3- 7.43 (m, 10H), 6.97 (d, 2H, J  = 8.4 Hz), 6.81 (d, 2H, J  = 8.4 Hz), 5.01 (s, 2H),

3- 3.09 (m, 2H), 2.78- 2.81 (m, 2H), 2.62- 2.69 (m, 4H); 2.02- 2.08 (m, 1H), 1.82-

1.88 (m, 1H); 13C NMR (100 MHz, CDCI3): 5 201.5 (Cq), 157.1 (Cq), 137.2 (Cq),

133.1 (Cq), 129.5 (CH), 129 (CH), 128.7 (CH), 128.6 (CH), 127.9 (Cq), 127.4 (CH),

127.2 (CH), 114.7 (CH), 69.7 (CH2), 64.5 (Cq), 39.6 (CH2), 30.6 (CH2), 28.5 (CH2),

807
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24.1 (CH2); IR (u in cm '1) (film); 1988, 1721, 1240, 1016. ESIMS: 435.1374 [M+ 

H]+ (calculated), 435.1374 (found).

Synthesis of 4-allyI-2,6-dimethoxvphenol m )

To a stirred suspension of K2C 03 (8.2 g, 59 mmol) in dry acetone (30 mL) was 

added the solution of commercially available phenol 21a (4.2 

g, 27 mmol) in dry acetone (15 mL) at 0 °C. The reaction 

mixture was stirred at same temperature for 5 min. followed 

by drop wise addition of allylbromide (3.77 g, 2.64mL, 32 mmol). The reaction 

mixture was then refluxed for 6 h. Upon completion (TLC monitoring) reaction 

mixture was filtered, washed with ether and concentrated to get the compound, 2- 

(allyoxy)-l,3-dimethoxybenzene (22) as a viscous oil (5.56 g, 98%). The compound 

22 obtained was used for the next reaction without further purification.

To the compound, 2-(allyoxy)-l,3-dimethoxybenzene (22) (9 g, 43.2 mmol) was 

added 30 mL of dichlorobenzene (DCB) and refluxed continuously for 6 h. The 

reaction mixture was cooled and directly loaded over silica column and eluted using 

EtOAc/pet ether (0:100 to 10:90) as an eluent to get the pure Claisen rearranged 

phenolic compound 4-allyl-2,6-dimethoxyphenol (23) as a viscous colourless oil 

(7.92 g, 88%); 'H NMR (400 MHz, CDC13): 5 6.41 (s, 2H), 5.9- 5.98 (m, 1H), 5.06-

5.12 (m, 2H), 3.86 (s, 6H,), 3.27 (d, 2H, J  = 6.4 Hz); 13C NMR (100 MHz, CDC13): 5 

147 (Cq), 137.6 (CH), 133 (Cq), 131 (Cq), 115.7 (CH), 105.2 (CH), 56.2 (OCH3),

40.3 (CH2); IR (u in cm '1) (neat): 3524, 2956, 1217, 1113, 756.

Synthesis of fEh-2.6.-dimethoxv-4-(pron-l-en-l-yl)phenol (23a)
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To weighed terminal alkene compound, 4-allyl-2,6-dimethoxyphenol, (23) (3.83 g, 

19.7mmol ) was added 25 mL of dry methanol and the reaction mixture was 

degassed with argon gas balloon (x 3). Catalytic amount of PdCl2 (0.26 g, 1.46

mmol) was then quickly added as a solid and the reaction 

mixture was again degassed and further stirred at room 

temperature for 24 h. Once reaction was complete the 

reaction mixture was filtered through a celite pad washed 

with ethyl acetate. The solvent was evaporated under vacuum to obtain a crude 

compound which was purified by column chromatography over silica gel using 

EtOAc/pet ether (20:80) as an eluent to get pure compound (is)-2,6,-dimethoxy-4- 

(prop-l-en-l-yl)phenol (23a) as a viscous pale yellow oil (3.25 g, 85%); JH NMR 

(400 MHz, CDCfi): 8 6.81 (s, 2H), 6.32 (d, 1H, J  = 16 Hz), 6.12- 6.14 (m, 1H), 5.53 

(brs, 1H), 3.9 (s, 6H,), 1.88 (d, 3H, J  = 6.4 Hz); 13C NMR (100 MHz, CDC13): 8

147.1 (Cq), 134 (Cq), 130.9 (CH),129.6 (Cq), 123.8 (CH), 102.6 (CH), 56.2 (OCH3),

18.3 (CH3); IR (u in cm '1) (neat): 3324, 2939, 1597, 1111,731.

Synthesis of (ID-l^^-triinethoxv-S-tprop-l-en-l-yDbenzene (24)

To a stirred suspension o f K2CO3 (12 g, 38.6 mmol) in dry acetonitrile (30 mL) was 

added solution of compound, (E)-2,6,-dimethoxy-4-(prop-l-en-l-yl)phenol (23a) 

(7.5 g, 36 mmol) in dry acetonitrile (15 mL) at 0 °C. The reaction mixture was

stirred at the same temperature for 5 min. followed by drop 

wise addition of dimethylsulphate (5.83 g, 4.4mL, 46.1 

mmol) and stirred at room temperature for 8 h. Reaction 

with CH2CI2 (30 mL) and extracted with CH2C12 (25 mL x 3). 

The combined organic layer was washed with water (30 mL), brine (30 mL) and

mixture was diluted
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dried over Na2S04. The solvent was evaporated under vacuum and purified by 

column chromatography over silica gel using EtOAc/pet ether (10:90) as an eluent to 

get the pure compound (£)-l,2,3-trimethoxy-5-(prop-l-en-l-yl)benzene (24) as a 

viscous colourless oil (7.88 g, 88%); NMR (400 MHz, CDC13): 8 6.47 (s, 2H), 

6.22 (d, 1H, J  = 16Hz), 6.07- 6.09 (m, 1H), 3.77 (s, 9H), 1.78 (d, 3H, J  = 6.8 Hz); 

13C NMR (100 MHz, CDC13): 5 152.2 (Cq), 136.1 (Cq), 132.8 (Cq),129.9 (CH),

124.2 (CH), 101.8 (CH), 59.8 (OCH3), 55 (OCH3); IR (u in cm'1) (neat): 2995, 2835, 

1581, 1126, 1010.

Synthesis of l-(3,4,5-trimethoxvphenvnDrooane-1.2-diol 1251

Weighed compound, (E)-1,2,3-trimethoxy-5-(prop-1 -en-1 -yl)benzene, 24 (2.5 g, 

12mmol) was added 10 mL of acetone followed by addition of Os04 (0.06 g, 0.2

mmol, 6 mL of 1% aqueous solution) and NMO (2.1 g, 17.9 

mmol, 4.1 mL of 50% aqueous solution) at room 

temperature and the reaction mixture was allowed to stir for 

18 h. The solvent was evaporated under vacuum, water (20 

mL) was added and the reaction mixture was extracted with ethyl acetate (20 mL x 

4), washed with NaHS03 (aq.), NaCl (brine), dried over Na2S04, concentrated and 

purified by passing over short pad of silica gel column using EtOAc/pet ether (80:20) 

as an eluent to get a pure compound l-(3,4,5-trimethoxyphenyl)propane-l,2-diol (25) 

as a thick colourless oil (2.76 g, 95%); *H NMR (400 MHz, CDC13): 5 6.47 (s, 2H),

4.2 (d, 1H,7 = 7.2Hz), 3.75 (s, 3H), 3.77 (s, 6H), 2.7 (3H, brs), 1.01 (d, 3 H ,/=  6.4 

Hz); 13C NMR (100 MHz, CDC13): 8 153.2 (Cq), 137.4 (Cq), 136.9 (Cq),103.6 (CH), 

79.5 (CH), 72.1 (CH), 60.8 (OCH3), 56.1 (OCH3); 18.9 (CH3); IR (u in cm ’) (neat): 

3369, 2960, 1589, 1124, 798.
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Synthesis of l-(3,4,5-trimethoxyphenvl)pronan-2-ol (26)

l-(3,4,5-Trimethoxyphenyl)propane-l,2-diol, 25 (1.2 g, 4.9 mmol) was dissolved in 

10 mL of dry methanol. To the methanolic solution was added 10% Pd/C catalyst 

(0.72 g, 60/oW/W) and the reaction mixture was hydrogenated using Parr

hydrogenator instrument at 4.5 (atm.) pressure of H2 for 3 

days. Reaction mixture was filtered through a celite pad 

washed with methanol. Solvent was evaporated under 

vacuum and the crude compound was purified by column 

chromatography using short pad of silica gel column eluting with EtOAc/pet ether 

(50:50) as an eluent to get the l-(3,4,5-trimethoxyphenyl)propan-2-ol (26) as a thick 

colourless oil (0.94 g, 85%); 'H NMR (400 MHz, CDC13): 8 6.35 (s, 2H), 3.93(m, 

1H), 3.9(s, 6H), 3.73 (s, 3H), 2.62 (m, 1H), 2.56 (m, 1H), 2.2 (brs, 1H); 1.17 (d, 3H, 

J = 6.4Hz); 13C NMR (100 MHz, CDCI3): 8 153.1 (Cq), 136.4 (Cq), 134.4 (Cq),

106.2 CH), 68.7 (CH), 60.8 (OCH3), 56 (OCH3); 46.1 (CH2), 22.8 (CH3); IR (0 in 

cm'1) (neat): 3482, 2921,2814, 1584, 1466, 1120.

Synthesis of (5Vl-(3.4.5-trimethoxvphenvI)propan-2-oI (26a)

Weighed oxidant, K3Fe(CN)6 (1.8 g, 5.46 mmol) and base, K2C 03 (0.8 g, 5.78

mmol) were dissolved in 10 mL of distilled water. Solution 

of compound (E)-l,2,3-trimethoxy-5-(prop-l-en-l- 

| yl)benzene 24 (0.35 g, 1.69 mmol) in 12 mL of fer/-butanol 

above solution followed by addition of Sharpless ligand, 

(DHQ)2PHAL (0.07 g, 0.089 mmol) and the reaction mixture was chilled to 0 C 

using ice bath followed by drop wise addition of Os04 (0.06 g, 0.2 mmol, 6 mL of 

1% aqueous solution). Reaction was then allowed to stir at room temperature for 18

was added to the
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h. Upon completion of the reaction it was diluted with ethyl acetate 10 mL followed 

by extraction with ethyl acetate (15 mL x 4), washed with NaHS03 (aq.), NaCl 

(brine), dried over Na2SC>4, and then concentrated on a rotavap. The chiral diol, (151, 

2<S)-1 -(3,4,5-trimethoxyphenyl)propane-1,2-diol (0.18 g, 0.74 mmol) obtained was 

dissolved in 10 mL of dry methanol. To the methanolic solution was added 10% 

Pd/C catalyst (0.108 g, 60%W/W) and the reaction mixture was hydrogenated using 

Parr hydrogenator instrument at 4.5 atm. pressure of H2 for 3 days. Reaction mixture 

was filtered through a celite pad and washed with methanol. Solvent was evaporated 

under vacuum and the crude compound was purified by column chromatography 

over short pad of silica gel column using EtOAc/pet ether (50:50) as an eluent to get 

a pure compound (S)-l-(3,4,5-trimethoxyphenyl)propan-2-ol 26a, as a thick 

colourless oil (0.143 g, 77% ;over two steps). 84%ee, [a]244=+l 1.38 (C 0.9, CHCI3); 

]H NMR (400 MHz, CDCI3): 5 6.35 (s, 2H), 3.93 (m, 1H), 3.9 (s, 6H), 3.73 (s, 3H), 

2.62 (m, 1H), 2.56 (m, 1H), 2.2 (brs, 1H); 1.17 (d, 3H, J  = 6.4Hz); ,3C NMR (100 

MHz, CDCI3): 8 153.1 (Cq), 136.4 (Cq), 134.4 (Cq), 106.2 (CH), 68.7 (CH), 60.7 

(OCH3), 56 (OCH3); 46.1 (CH2), 22.8 (CH3); IR (u in cm'1) (neat): 3482, 2921, 2814, 

1584, 1466, 1120.

Synthesis of t/?l-l-f3.4.5-trimethoxvphcnvl)pi onan-2-ol (26b)

The compound 26b was prepared over two steps using Sharpless asymmetric 

dihydroxylation using DHQD)2PHAL as a chiral ligand followed by regioselective

hydrogenolysis as described above to get the pure compound 

(/?)-1 -(3,4,5-trimethoxyphenyl)propan-2-ol 26b, as a thick 

colourless oil (0.143 g, 77%; over two steps). 84%ee, [a]26'6 

-11 14 (C 0.8 CHCI3); *H NMR (400 MHz, CDC13): 8 6.35 (s, 2H), 3.93 (m, 1H),
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3.9 (s, 6H), 3.73 (s, 3H), 2.62 (m,lH), 2.56 (m, 1H), 2.2 (brs, 1H); 1.17 (d, 3H, J  = 

6.4Hz); 13C NMR (100 MHz, CDC13): 5 153.1 (Cq), 136.4 (Cq), 134.4 (Cq), 106.2 

CH), 68.7 (CH), 60.7 (OCH3), 56 (OCH3); 46.1 (CH2), 22.8 (CH3); IR (o in cm'1) 

(neat): 3482,2921,2814, 1584, 1466, 1120.

Synthesis_of (E)-3-(4-hydroxvphenyl)-N-methoxv-N-methvlacrvlamide t2T>

To a well stirred and a clear mixture of p-coumaric acid (3 g, 18.3 mmol); HOBT 

(2.96 g, 21.9 mmol) and N,0-dimethyl hydroxylamine hydrochloride (2.7 g, 27.6

mmol) in dry DMF (25 mL) in a round bottom flask 

(100 mL) attached to a CaCl2 guard tube was added 

EDC-Chloride (4.2 g, 21.9 mmol) followed by drop 

wise addition of Hunig’s base (8 mL, 77.3 mmol). Reaction was exothermic and a 

clear solution obtained was further stirred for 48 h at room temperature. On 

completion of reaction, crude reaction mixture was concentrated on a rotavap at 70- 

80°C and directly loaded for column purification without aqueous workup (NOTE: 

with work-up the yield obtained of the Weinreb amide product 27 was poor and 

hence optimized procedure for purification was followed) on a short pad of silica gel 

and was eluted with ethyl acetate: acetone (1:1) solvent combination to get the pure 

(E)-3-(4-hydroxyphenyl)-N-methoxy-N-methylacrylamide 27, as a light-brown solid 

compound (2.65 g, 70-80%); M.P.: 166 °C. !H NMR (400 MHz, CDC13): 8 10.25 

(brs, 1H), 7.57 (d, 2H, J  = 8.8 Hz), 7.52 (d, 1H, J  = 16 Hz), 6.95 (d, 1H, J  = 16 Hz), 

6.87 (d, 1H, J  = 8.8 Hz), 3.75 (s, 3H), 3.23 (s, 3H), I3C NMR (100 MHz, CDC13): 5 

166.5 (Cq), 159.2 (Cq), 142.7 (Cq), 129.9 CH), 125.7 (CH), 115.7 (CH), 112.4 (CH),

61.6 (OCH3), 32.2 (N-CH3); IR (u in cm'1) (KBr): 3072, 1643, 1570, 1506, 1455,

824.
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Synthesis of 2,3-dihvdroxv-3-(4-hvdrnxVPhenvlu v - m ^ h » v ., A/ 

m ethvlpropanam ide (28)

The compound, (E)-3-(4-hydroxyphenyl)-N-methoxy-N-ethylacrylamide, 27 (lg,

4.8 mmol) was dissolved in acetone (10 mL) and to this was added distilled water

(7.5 mL) followed by addition of 0 s 0 4 (0.025 g, 0.09 

mmol, 2.5 mL of 2% aqueous solution), NMO (1.69 g,

14.4 mmol, 3.4 mL of 50% aqueous solution) and the 

reaction mixture was stirred at room temperature for 72 h. Upon completion the 

aqueous reaction mixture was concentrated on a rotavap and then directly loaded 

over a silica gel short pad column and eluted with ethyl acetate to get a white 

coloured, crystalline, solid compound 2,3-dihydroxy-3-(4-hydroxyphenyl)-N- 

methoxy-N-methypropanamide 28 (0.93 g, 80%). M.P.: 183 °C. ’H NMR (400 MHz, 

CDC13): 8 9.37 (s, 1H), 7.1 (d, 2H, J  = 8.4 Hz), 6.8 (d, 1H, J = 8 Hz), 5.23 (m, 1H), 

5.0 (brs, 1H), 4.64 (m, 1H), 4.3 (brs, 1H), 3.5(s, 3H), 2.99 (s, 3H), 13C NMR (100 

MHz, CDCI3): 5 171.9 (Cq), 156.2 (Cq), 132.1 (Cq), 127.7 CH), 114.4 (CH), 73 

(CH), 72.4 (CH), 60.8 (OCH3), 31.6 (N-CH3); IR (u in cm'1) (KBr): 3300-3230, 

1657, 3187, 1524, 1448, 1376. ESIMS: 264.0848 [M+ Na]+ (calculated), 264.0848 

(found). (NOTE: Compound 28 was found to be water soluble solid and hence 

extractive techniques were avoided and optimized procedure for purification was 

followed).

Synthesis o f  2-(Yfgr?-butvldirnethvlsH vl)oxy)-3 -(4-((fert-butyldim ethylsilyl)oxy) 

p h en v l)-N -m eth oxv -N -m eth v lp rop an am id e  (30)

Compound 30 was prepared over two steps. First regioselective hydrogenolysis 

followed by protection as its ferf-butyldimethylsilyl (TBDMS) ether. 2,3-Dihydroxy-

Page 58Sagar N. Patil, Ph. D. Thesis, Goa University.
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3-(4-hydroxyphenyl)-N-methoxy-N-methypropanamide 28 (0.16 g, 0.66 mmol) was

dissolved in 10 mL of dry methanol. To the methanolic solution was added 10% 

Pd/C catalyst (0.096 g, 60%W/W) and reaction mixture was hydrogenated using Parr 

hydrogenator instrument at 4.5 (atm.) pressure of H2 for 110 h. Reaction mixture was 

then filtered through a celite pad, washed with methanol and the combined washings 

were concentrated on a rotavap to get the crude compound 29 which was found to be

unstable (NOTE: impurities were seen at the base 

of TLC upon storage) and hence was decided to be 

protected as its silyl ether 30. To the crude 

compound a-hydroxy Weinreb amide, 29 (0.083 g, 0.36 mmol) was added dry DMF 

(2 mL), imidazole as base (0.085 g, 1.2 mmol) and the reaction mixture was chilled 

to 0°C. After 10 minutes the reaction flask was charged with TBDMS chloride (0.167

g, 1.1 mmol) and the reaction mixture was allowed to stir at room temperature for 18

h. Reaction mixture was diluted with ice cold water (15 mL) and stirred for 15 

minutes followed by addition of ether (20 mL) and extraction (10 mL X 4). The 

combined etheral layer was then washed with NaCl (brine), dried on Na2SC>4 and 

concentrated on rotavap. The crude compound was purified by column 

chromatography using a short pad of silica gel and eluting it with EtOAc/pet ether 

(10:90). The pure compound, 2-((3-ditert-butyldimethylsilyl)oxy)-3-(4-((tert-butyl

dimethyIsilyl)oxy)phenyl)-N-methoxy-N-methylpropanamide 30 obtained as a thick

colourless oil (0.15 g, 90%). ’H NMR (400 MHz, CDCI3): 8 6.92 (d, 2H, J  =8 Hz), 

6.60 (d, 2H, J = 8.4 Hz), 4.46 (brs, 1H), 3.47 (s, 3H), 3.04 (s, 3H), 2.7-2.88 (m, 1H), 

2.56-2.62 (m, 1H), 0.8 (s, 9H), 0.6 (s, 9H), 0.00 (s, 6H) -0.3 (s, 6H); 13C NMR (100 

MHz, CDCI3): 5 173.5 (Cq), 153.3 (Cq), 129.8 (Cq), 129.7 (CH), 118.97 (CH), 71
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(CH), 60 (OCH3), 39.4 (CH), 28.9 (N-CH3), 24.7 (Si-C-CH3), 17.3 (Si-Cq), 17.2 (Si-

Cq); IR(u in cm'1) (neat): 2935, 1689, 1509, 1257, 731.

Synthesis of (E)-3-(4-(benzvIoxv)Dhenvnacrvlic acid (311

To weighed/7-coumaric acid (7 g, 42.6 mmol) was added absolute ethanol (40 mL) 

to get a clear solution. Followed by addition of benzyl bromide (15 g, 10.6 mL, 87.7

complete conversion the excess ethanol was distilled off and the reaction mixture 

was allowed to cool and then poured in a beaker (1 Ltr.) containing crushed ice 

subsequently quenched using HC1 (5N) to get the precipitate of a solid compound. 

The compound was filtered, washed with water, dried to get a off-white solid 

compound, (£)-3-(4-(benzyloxy)phenyl)acrylic acid 31 (10.3 g, 95% ) M.P.: 210-213 

°C; Lit. M.P. = 210- 213 °C. 'H NMR (400 MHz, CDC13): 8 7.63 (d, 2H, J  = 8.8 

Hz), 7.51 (d, 1H, J  = 8 Hz), 7.45 (d, 2H, J  = 6.4 Hz), 7.4 (d, 1H, J =  7.2 Hz), 7.33- 

7.39 (m, 1H), 7.04 (d, 2H, J  = 6.4 Hz), 6.39 (d, 2H, J  = 16 Hz), 5.15 (s, 2H); 13C

NMR (100 MHz, CDC13): 8 167.9 (Cq), 159.8 (Cq), 143 (CH), 136.6 (Cq), 129.7 

(CH), 128.4 (CH), 127.8 (CH), 127.6 (CH), 127.1 (Cq), 117.2 (CH), 115.1 (CH),

Synthesis of (El-3-t4-tbenzvloxvlphenvn-^-methoxy-7V-methylacryIamide (32)

To a well stirred and the clear mixture of (£)-3-(4-(benzyloxy)phenyl)acrylic acid 31 

(3 g, 11.8 mmol); HOBT (1.8 g, 13.3 mmol) and N,O-Dimethyl hydroxylamine 

hydrochloride (1.55 g, 15.88 mmol) in dry DMF (15 mL) in a round bottom flask 

(100 mL) attached to a CaCl2 guard tube was added EDC-Chloride (2.6 g, 13.56

O'

mmol), aqueous solution of base, NaOH (8.5 g, 212 mmol, in 

40 mL of distilled water) and stirred for 5 minutes to get a 

clear solution and then the reaction was refluxed for 36 h. On

69.19 (CH2); IR (d in cm '1) (KBr): 3028, 2900, 2863, 1628, 1852, 1250, 828.
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mmol) and followed by dropwise addition of Hunig’s base (7 g, 10 mL, 54.1 mmol). 

Reaction was stirred vigorously to obtain a clear solution which was further stirred 

for 56 h at room temperature. On completion of the reaction the crude reaction 

mixture was concentrated on a rotavap at 70- 80°C, diluted with water (25 mL) and

extracted with chloroform (25 mL X 4). The combined 

organic layer was washed with water (30 mL), brine (30 

mL) and dried over Na2S04. The solvent was evaporated 

under vacuum and purified by column chromatography. Crude compound was 

directly loaded for column purification and was eluted with ethyl acetate: pet ether 

(50: 50) followed by ethylacetate: acetone (90:10) solvent combination to get (E)-3- 

(4-(benzyloxy)phenyl)-Af-methoxy-7V-methylacrylamide, 32, as a solid compound 

(2.98 g, 85%), M.P: 156- 158 °C; Lit. M.P. = 158 °C. *H NMR (400 MHz, CDC13): 

8 7.71 (d, 1H, J  = 16 Hz), 7.53 (d, 2H, J  = 8.4 Hz), 7.3-7.4 (m, 5H), 6.96 (d, 2H, J  

= 8.4 Hz), 6.93 (d, 1H, J  = 16 Hz), 5.1 (s, 2H), 3.76 (s, 3H), 3.3 (s, 3H); 13C NMR 

(100 MHz, CDC13): 8 167.4 (Cq), 160.2 (Cq), 143.1 (CH), 136.6 (Cq), 129.7 (CH),

128.7 (CH), 128.5 (CH), 128.2 (CH), 127.8 (Cq), 127.5 (CH), 115.1 (CH), 113.5 

(CH), 70.1 (CH2), 61.9 (OCH3), 32.6 (N-CH3); IR (u in cm'1) (KBr): 3057, 2974, 

1884, 1614, 1387. ESIMS: 298.1433 (calculated) [M+ H]+ 298.143 (found).

Synthesis of 3-(4-thenzvloxv)phenvl)-2,3-dihydroxv-7V-methoxy-jV-methyl

propanamide (331 The Compound (£)-3-(4-(benzyloxy)phenyl)-iV-methoxy-7V- 

methylacrylamide, 32 (1.43 g, 4.8 mmol) was dissolved in acetone (10 mL) and was 

added distilled water (7.5 mL) followed by the addition of Os04 (0.025 g, 0.09 

mmol, 2.5 mL of 2% aqueous solution), NMO (1.69 g, 14.4 mmol, 3.4 mL of 50% 

aqueous solution) and the reaction mixture was stirred at room temperature for 48 h. 

The reaction was concentrated as such on a rotavap and then extracted (15mL X 4)
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with ethyl acetate. The combined organic layer was washed with NaHS03 (aq.), 

NaCl (brine), dried on Na2S 04 and concentrated on rotavap. The cude compound was

loaded over short pad of silica gel and eluted with ethyl 

acetate: pet ether (50: 50) to get a pure white coloured, 

solid compound 3-(4-(benzyloxy)phenyl)-2,3-dihydroxy- 

iV-methoxy-iV-methylpropanamide 33 (1.45 g, 90%). M.P.:

176- 178 °C; ’H NMR (400 MHz, CDC13): 8 7.43 (m, 3H), 7.31 (m, 4H), 6.96 (m, 

2H), 5.06 (s, 2H), 4.9 (brs, 1H), 4.57 (brs, 1H), 3.6 (s, 3H), 3.24 (s, 3H); 13C NMR 

(100 MHz, CDC13): 8 172.5 (Cq), 158.4 (Cq), 136.9 (Cq), 132.95 (Cq), 132.3 (CH),

128.6 (CH), 127.95 (CH), 127.5 (CH), 114.8 (CH), 75.6 (CH), 72.3 (CH), 69.9 

(CH2), 61.2 (OCH3), 32.4 (N-CH3); IR (r in cm '1) (KBr): 3475, 3352, 1657, 1513,

1246. ESIMS: 314.1383 [M- OH2]+ (calculated), 314.1383 (found).

Synthesis of (7?)-2-(7g/-/-butvIdimethylsilvl)oxv)-3-(4-((7grt-butvldimethvIsilvD 

oxv)phenvD-N-methoxv-N-methylpropanamide (30a)

Compound 30a and 30b were prepared over three steps utilizing asymmetric 

Sharpless dihydroxylation followed by regioselective hydrogenolysis and final 

protection of the respective compounds as silyl ether. Weighed oxidant, K3Fe(CN)6 

(2.56 g, 7.7 mmol) and base, K2C 03 (1.0 g, 7.23 mmol) were dissolved in 15 mL of 

distilled water. Solution o f the compound (^)-3-(4-(benzyloxy)phenyl)-7V-methoxy- 

jV-methylacrylamide 32 (0.8 g, 2.7 mmol) in 15 mL of tert-Butanol and 5 mL of THF 

(NOTE: compound 32 was not soluble in tert-butanol therefore was added THF to 

get a clear solution) was added to the above solution followed by the addition of 

Sharpless ligand, (DHQ)2PHAL (0.1 g, 0.12 mmol) and the reaction was chilled to 

0°C using an ice bath before drop wise addition of Os04 (0.013 g, 0.05 mmol, 0.65
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mL of 1% aqueous solution). Reaction was then allowed to stir at room temperature 

for 18 h (NOTE, solid compound precipitated).Upon completion of reaction it was 

diluted with ethyl acetate 15 mL followed by extraction (15mL X 4). The combined 

organic layer was washed with NaHS03 (aq.), NaCl (brine), dried on Na2S04 and 

concentrated on rotavap. Pure chiral diol compound was obtained by triturating the 

thick, crude mixture using ether: ethyl acetate (10:1) as a solvent combination. Chiral 

diol (0.38 g, 1.14 mmol) obtained was then dissolved in 10 mL of dry methanol. To 

the methanolic solution was added 10% Pd/C catalyst (0.228 g, 60%W/W) and the 

reaction mixture was hydrogenated using Parr hydrogenator instrument at 4.5 atm. 

pressure of H2 for 110 h. Reaction mixture was filtered through a celite pad, washed 

with methanol. Solvent was evaporated under vacuum and to the crude hydrogenated 

compound (0.28 g, 1.1 mmol) was added dry DMF (4 mL), imidazole as base (0.22g,

3.2 mmol) and the reaction mixture was chilled to 0°C after 10 minutes reaction flask 

was charged with TBDMS chloride (0.49 g, 3.3 mmol) and allowed to stir at room 

temperature for 18 h. On completion of the reaction it was diluted with ether (10 mL) 

and added ice cold water (15 mL). Stirred for 15 minutes and followed by extraction 

with ether (10 mL X 4), NaCl (brine), dried .on Na2S04 and concentrated on rotavap. 

Crude compound was purified by column chromatography using a short pad of silica 

gel and eluting with EtOAc/pet ether (10:90) to get the pure compound, (R)-2-((tert-

butyldimethylsilyl)oxy)-3-(4-((tert-butyldimethylsilyl)oxy)phenyl)-N-methoxy-N-

methylpropanamide 30a as a colourless thick oil (0.38 

g, 68% over two steps). 90%ee, [a]24'5=+1.25 (C 2.0, 

CHC13); !H NMR (400 MHz, CDCI3): 5 6.92 (d, 2H, J  

=8 Hz), 6.60 (d, 2H, J  = 8.4 Hz), 4.46 (brs, 1H), 3.47 (s, 3H), 3.04 (s, 3H), 2.7-2.88 

(m, 1H), 2.56-2.62 (m, 1H), 0.8 (s, 9H), 0.6 (s, 9H), 0.0 (s, 6H) -0.3 (s, 6H); ,3C
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NMR (100 MHz, CDC13): 8173.5 (Cq), 153.3 (Cq), 129.8 (Cq), 129.7 (CH), 118.97 

(CH), 71 (CH), 60 (OCH3), 39.4 (CH), 28.9 (N-CH3), 24.7 (Si-C-CH3), 17.3 (Si-Cq),

17.2 (Si-Cq); IR (u in cm '1) ( neat): 3435, 3035, 2938, 2829.

Synthesis of (‘Sr)~2-((/g/'f-butvldimethylsilvl)oxvV3-f4-f(fe/‘̂ -butvldimethvlsiIyl) 

oxv)phenvl)-N-methoxy-N-methvlpropanamide GOhl

Compound 30b was prepared over three steps. Asymmetric Sharpless 

dihydroxylation using (DHQD^PHAL as a chiral ligand followed by regioselective 

hydrogenolysis and final protection of the compound as its silyl ether as discussed 

for the compound 30a.

The pure compound, (A)-2-((/er/-butyldimethylsilyl)oxy)-3-(4-((tert-butyldimethyl 

silyl)oxy)phenyl)-N-methoxy-N-methylpropanamide, 30b was obtained as a thick

colourless oil (0.38 g, 68% over two steps). 94% ee, 

[a]24= -1.33 (C 0.9, CHCI3); *H NMR (400 MHz, 

CDCI3): 5 6.92 (d, 2H, J  =8 Hz), 6.60 (d, 2H, J  = 8.4

Hz), 4.46 (brs, 1H), 3.47 (s, 3H), 3.04 (s, 3H), 2.7-2.88 (m, 1H), 2.56-2.62 (m, 1H), 

0.8 (s, 9H), 0.6 (s, 9H), 0.0 (s, 6H) -0.3 (s, 6H); 13C NMR (100 MHz, CDC13): 8173.5 

(Cq), 153.3 (Cq), 129.8 (Cq), 129.7 (CH), 118.97 (CH), 71 (CH), 60 (OCH3), 39.4 

(CH), 28. 9 (N-CH3), 24.7 (Si-C-CH3), 17.27 (Si-Cq), 17.22 (Si-Cq); IR (d m cm !)

(neat): 3435, 3035, 2938, 2829.
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1.8 Spectral Data

NMR DATA:
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SP-15-SAD-C7 CMR CDCL3 MeOv.
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SP-15-SAD-11 DEPT CDCL3

ISO 14$ 140 135 130 128 120 115 110 106 100 95 90 85 BO 75 70 65 SO 55 50 45 40 3S 30 25 20 IS  10 ppm

HPLC DATA:

Compound: l-(3,4,5-trimethoxyphenyl)propan-2-ol (26) 
Programme: Flow rate: 0.9 mL/min.

Solvent: 10% ethanol in hexane 
Pressure: 2.7MPa constant pressure 
Column: CHIRALPAK- IC COLUMN 

Control Method
Entry RT Area[pV.Sec]

1 20.783 2292355.250
2 22.675 2302140.250
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Compound: (S)-1 -(3,4,5-trimethoxyphenyl)propan-2-ol (26a) 
Programme: Flow rate: 0.9 mL/min.

Solvent: 10% ethanol in hexane 
Pressure: 2.7MPa constant pressure 
Column: CHIRALPAK- IC COLUMN 

Control Method
Entry RT AreafpV.Sec]

1 20.758 1095462.000
2 22.567 12333819.750

Compound: (R)-1 -(3,4,5-trimethoxyphenyl)propan-2-ol (26b) 
Programme: Flow rate: 0.9 mL/min.

Solvent: 10% ethanol in hexane 
Pressure: 2.7MPa constant pressure 
Column: CHIRALPAK- IC COLUMN 

Control Method
Entry RT Area[pV.Sec]

1 20.742 2761689.000
2 22.633 252549.500
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Compound: 2-((3-dihert-butyldimethylsilyl)oxy)-3-(4-((tert- 
butyldimethylsilyl)oxy)phenyl)-N-methoxy-N-methylpropanamide (30)
Programme: Flow rate: 0.75 mL/min.

Solvent: 1.5% ethanol in hexane 
Pressure: 2.2MPa constant pressure 
Column: CHIRALPAK- IC COLUMN 

Control Method
Entry RT Area[pV.Sec|

1 9.292 976150.500
2 11.575 996378.500

Compound: (S)-2-((3-dihert-butyldimethylsilyl)oxy)-3-(4-(Ucrt- 
butyldimethylsilyl)oxy)phenyl)-N-methoxy-N-methylpropanamidc (30) 
Programme: Flow rate: 0.75 mL/min.

Solvent: 1.5% ethanol in hexane 
Pressure: 2.2MPa constant pressure 
Column: CHIRALPAK- 1C COLUMN 

Control Method
Entry RT Area[pV.Sec|

1 9.225 352056.750
2 11.350 14120418.000

HBBHi
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Compound: (i?)-2-((3-dihert-butyldimethylsilyl)oxy)-3-(4-((tert- 
butyldimethylsilyl)oxy)phenyl)-N-methoxy-N-methylpropanamide (30) 
Programme: Flowrate: 0.75 mL/min.

Solvent: 1.5% ethanol in hexane 
Pressure: 2.2MPa constant pressure 
Column: CHIRALPAK- IC COLUMN 

Control Method
Entry RT Area[pV.Sec]

1 9.167 4028955.849
2 11.350 305925.250

Compound: l-(3,4,5-trimethoxyphenyl)propane-l,2-diol (25) 
Programme: Flow rate: 0.9 mL/min.

Solvent: 12% ethanol in hexane 
Pressure: 2.9MPa constant pressure 
Column: CHIRALPAK- IC COLUMN 

Control Method
Entry RT Area[pV.Sec]

1 18.500 11218521.601
2 20.317 10735082.500
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Compound: (S, S)-1 -(3,4,5-trimethoxyphenyl)propane-1,2-diol (25) 
Programme: Flow rate: 0.9 mL/min.

Solvent: 12% ethanol in hexane 
Pressure: 2.9MPa constant pressure 
Column: CHIRALPAK- IC COLUMN 

Control Method
Entry RT Area[pV.Sec]

1 18.567 988466.363
2 20.383 17576066.724
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Section I: Synthesis o f (±) hydroxymethylated core and further exploration of it 

towards synthesis o f bioactive natural products bearing quaternary centre.

2.1 Introduction

Quaternary asymmetric centre and its construction through a metal free 

organocatalytic approach have emerged as one of the important strategies in natural 

product synthesis.1 Syntheses of such functionally dense units strictly following the 

guidelines of green chemistry are demanding. A sustainable, small organic molecule 

catalysed method which could be recyclable and can be worked out at ambient 

conditions in an aqueous medium is highly desirable. Our focus was on exploring 

one of the atom economic reaction namely, hydroxymethylation reaction for the 

construction of the quaternary centre.

Hydroxymethylation is one of the atom economic C-C bond forming aldol reactions 

operated with the simplest Cl (single carbon) unit, formaldehyde as an electrophile. 

Quaternary hydroxymethyl functional group/unit consists of a primary hydroxyl 

group attached to an all substituted carbon atom and the process by which one can 

frame such a unit is called quaternary hydroxymethylation reaction (Figure 1).

[Activating group]| catalyst [Activating group])

Ri r2 H formaldehyde R i r 2

Quaternary hydroxymethylation

Figure 1
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Developing a concise organic method to assemble a quaternary centre bearing 

hydroxymethyl group in an asymmetric fashion is a synthetically formidable topic of 

research. Such a quaternary hydroxyl group is found embedded in diverse class of 

natural compounds like sugars, steroids, polycyclic terpenoids, lactones etc? 

Quaternary hydroxymethyl groups are also interestingly seen in many other 

important bioactive organic frameworks hence designing the synthesis of such novel 

hydroxymethylated quaternary core an interesting aspect in the field of synthetic 

organic chemistry. Inspired from naturally occurring scaffolds we realised that once 

hydroxymethyl group is fused in a quaternary fashion with organic frameworks they 

can be interesting structures not only for exploring natural product synthesis but also 

for studying bioactivity, developing targeted therapeutic leads and structure - activity 

relationship (SAR) studies.

2.2 A Literature methods

Although quaternary hydroxymethyl groups are highly functionalisable and yet small 

unit there are very few asymmetric methods to synthesize it efficiently and substrate 

scope is also limited. Recent reports follow different asymmetric pathways such as 

co-operative catalysis4 (Lewis acid + chiral organic frameworks) with activated 

nucleophiles like 1,3-diketo compounds, silyl enolates, amine catalysis5 and 

bifunctional Bronsted acid6 catalysis for 2- oxindole scaffolds but direct asymmetric 

organocatalytic hydroxymethylation of aldehydes is a real challenge. Recently 

explored methods by chemists in an attempt to get such a quaternary a- 

hydroxymethylated centre lacks in efficient yield, selectivity and also display poor 

enantioselective conversions.
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Very recently, Py and co-workers8 innovatively designed C8a position of a 

polyhydroxy indolizidine framework with a quaternary hydoxymethyl group and 

synthesized a novel indolizidine aza-sugar from readily available L-sorbose 

derivative. One of these aza-sugar compounds was shown to be a potent lead 

compound for the selective glucosidase inhibitor (Scheme 1).

a  - Glucosidase 
selective inhibitor

Scheme 1

Baran and co-workers9 have developed novel analogues of corticosteroid drugs 

bearing quaternary hydroxymethyl group at C19 position of corticosteroids for 

example, oubagenin and also went on to demonstrate the synthesis of some of the

challenging and selectively oxygenated skeleton of cardiotonic steroids (Scheme 2).

Scheme 2
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Developing newer and efficient methodologies to construct such asymmetric 

hydroxymethylated quaternary centre selectively in a concise manner is highly 

demanding and tailoring suitable scaffolds for the natural product syntheses is of 

current interest worldwide

Recent methods demonstrate hydroxymethylation reaction onto diverse organic 

scaffolds. For example, Shunpei et a/.10 achieved successful catalytic asymmetric 

hydroxymethylation of silicon enolates using a chiral scandium complex as a 

catalyst. In this reaction, aqueous solution of formaldehyde was used. This new 

catalytic system provides not only a useful method to synthesize optically active 

hydroxymethylated carbonyl compounds but also constitutes a newer catalytic and 

asymmetric route to C-C bond-forming reactions in an aqueous media (scheme 3).

The active catalyst is a complex which adopts a pentagonal bipyramidal structure and 

the authors suggest formation of this type of the structure holds the key for obtaining 

an optimum efficiency of the present reaction.

A homodinuclear Ni2-Schiff base complex (0.1-1 mol %) promoted direct catalytic 

asymmetric hydroxymethylation reaction of (3-keto esters with formaldehyde, giving

(12 mol %)

DME:H20  (9:1) 
1- 67 h, rt

Scheme 3
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hydroxymethylated product in excellent enantioselectivity is reported by Shinsuke et 

a ln High turn-over number (TON = 940 ) for the catalyst was observed which 

demonstrates the utility of the present chiral Lewis acid catalyst (Scheme 4).

(R)-Ni2- Complex

(/?)-Ni2- Complex (0.1 mol %)

HCHO (1 -10  equiv)
(/Pr)20 , 40 °c, 1 -120 h

2 2 -94 % ; 66- 94 % ee

Scheme 4

Enantioselective hydroxymethylation of aldehydes utilizing a,a-diphenylprolinol 

trimethylsilyl ether as an chiral amine organocatalyst is also described. Methodology 

developed by Miller and co-workers12 was then successfully applied for the total 

synthesis of the natural product (-)-rasfonin (scheme 5). The intermediate 

hydroxymethylated aldehydes were not isolated but converted to the more readily 

isolable derivatives.
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i_i  v  i i»yis
Y ' CH0 aq. HCHO (30 mol %)_______j

r2 (3 ec|^ Toulene, pH 7 buffer,r.t.
12-15 h

.0 H D

Y
Pinnick
oxidation

.OH

Ro 1 2 OH

5 0-94% ; 90- 99 % ee

Scheme 5

Yuan and co-workers13 developed a bifunctional thiourea based tertiary amine 

catalysed asymmetric hydroxymethylation of 3-substituted oxindoles. The significant

features of this approach were broad substrate scope and high enantioselectivities 

obtained for the construction of quaternary carbon centres through 

hydroxymethylation of 2-oxindole derivatives (scheme 6).

Subhadip de et al.14 reported first enantioselective total syntheses of pyrroloindole 

alkaloids, (-)-pseudophrynamines 272A  and 270.

R? P H

O

5- 99%; up to 99%  ee

Scheme 6
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up to 95 %; 99% ee

R = CHO; Pseudophrynamine 2 7 0  R = H; C oerlesc in e
R = CH2OH; Pseudophrynamine 272 A R = OMe; Horsfiline

Scheme 7

The prenylated 2-oxindoles having all carbon quaternary stereocenters are 

synthesized in an efficient manner (Scheme 7). A strategy involving bitunctional 

thiourea catalysed hydroxymethylation reaction is applied for the total synthesis of 

both spiro(pyrrolidinyl-oxindole) and hexahydropyrrolo[2,3-Z>]indole alkaloids.

2.2 A1 Reports on synthesis of some o f the selected natural products containing 

furanoindoline andpyrroloindoline frameworks

Many of the naturally occurring compounds contains hexahydropyrrolo[2,3- 6] indole 

(HPI) or hexahydrofurano[2,3-h] indole (HFI) unit as their core organic 

framework.15 For example, (+)-alline, with a hydroxyl group at C-3 position while a 

methyl group in case of natural products, (-)-physostigmine and (-)-physovenine 

obtained from the seeds of a calabar bean plant physostigma venenosum.16 These
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compounds are cholinesterase inhibitors and known to treat myasthenia gravis, 

glaucoma, Alzheimers disease, delayed gastric emptying, and also recently been 

employed for orthostatic hypotension.17 Biosynthetically, these compounds are 

synthesized from amino acid, tryptophan. '8 More examples of these compounds 

alkylated at C3a include the flustramines A-M, family of alkaloids isolated from the 

marine organism Flustra foliacea} 9 Debromoflustramines B and H are recently 

discovered alkaloids isolated from the plant Selaginella moellendorfii. The 

flustraminols A and B, both part of the flustramines family and (-)- 

pseudophrynaminol, extracted from the Australian frog Pseudophryne coriacea.20 

Biosynthesis can be perceived to arise through electrophilic attack on a tryptophan 

unit at the indole C-3 position (scheme 8), followed by trapping of the resulting C-2 

iminium ion by nucleophilic centre present already in the side-chain.

X = O; Furanoindolines 
X = NH; Pyrroloindolines

Scheme 8 Biomimetic pathway

Unique quaternary structural features are also present in numerous other alkaloids 

and their versatile biological activities make them very special synthetic targets for 

the organic chemists. Recently many methods have been reported for the 

construction of hexahydropyrrolo[2,3-b]indoline ring systems.

Tsukasa et a l 2X disclosed an intramolecular carbamoylketene- alkene [2+2] 

cycloaddition for the construction of the furanoindolines and pyrroloindolines which
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constitutes basic carbon framework of the target alkaloids physovenine and 

debromoflustramines B & E respectively.

Scheme 9

Total syntheses of the alkaloids are achieved using platinum-catalyzed annulations as 

the key step (scheme 9).

Trost and co-workers22 have reported the first example of molybdenum catalyzed 

asymmetric allylic alkylation (AAA) of 2-oxindoles. The reaction is successful with 

the variety of alkyl derivatives and its utility is demonstrated for the synthesis of (-)- 

physostigmine and (-)-esermethole (scheme 10).
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LiOfBu (2 equiv) 
THF, rt

R2
92- 99%; 74- 95% ee18 examples

Scheme 10

An efficient synthesis of 3-substituted-3-cyanomethyl-2-oxindoles by using a 

palladium-catalyzed domino intramolecular Heck-cyanation sequence has been 

disclosed by Pinto et al.23

The process generates quaternary stereocentre which is applicable to a wide range of 

substrates with different substituents. In addition the method has provided new way 

to construct pyrroloindoline framework. Concise synthesis of natural product 

physostigmine is accomplished. An enantioselective version of this domino process 

has also been attempted by using (S)-difluorophos as a chiral ligand (scheme 11).
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MeO. 0

Me

K2C 0 3, THF, rt 78%; 72% ee

(44%, 2 steps)

Scheme 11

Diasuke et al.24 developed a simple and general procedure for the preparation of 

pyrrolo[2,3-6]indol-2-ones. Co2(CO)g-catalyzed aza-PKTR (Pauson-Khand type 

reaction) of alkyne-carbodiimides and their conversion to the corresponding 

hexahydropyrrolo[2,3-h] indole alkaloids is realised. Synthesis of the eight different 

hexahydropyrrolo[2,3-b]indole alkaloids is accomplished in this study (scheme 12).

Scheme 12
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25Nakagawa and co-workers recently reported a concise synthesis of bioactive 

natural compounds namely, desoxyeseroline and physostigmine from skatole and 

aziridine via Sc(OTf)3 mediated alkylative cyclization approach. Method constitutes 

a concise synthetic route to pyrrolo [2,3-b] indole. Novel method extends the scope 

for the construction of optically active physostigmine and variety of related natural 

products (scheme 13).

Me
(2 equiv)

Y7
N
Cbz

(1.0 equiv)

Sc(OTf)2 (2 equiv) 
TMSCI (1 equiv)

CH2CI2, -30 °C, 9 h 
90%

o NCbz
N
Me

H

Red-AI, toluene 

reflux, 95%

Scheme 13

Kulkami and co-workers26 successfully described a new and efficient synthesis of 

natural products utilizing Wittig olefination—Claisen rearrangement protocol.

'PPh3+ Cr 
i. KOfBu, THF

ii. Xylene reflux

CHO
OH

PTSA, THF:H20  reflux 

89%

MeHNOCO. O
N
\

(+/-)-Physovenine

Scheme 14

Sagar N. Patil, Ph. D. Thesis, Goa University. Page 105



CHAPTER 2

Method is studied for the total synthesis of fiiranoindoline natural product (±)- 

physovenine (Scheme 14). This work also gives insights for the syntheses of other 

bioactive natural compounds containing quaternary centres.

2.3 A Result and Discussion

Substrate scope of the hydroxymethylation reaction is considerably limited and in 

general phenyl acetaldehyde A and derivatives of aldehydes B, C with a-hetero atom 

lacks in the reactivity (Fig. 2).12 There are no methods in literature for the successful 

hydroxymethylation of phenylacetaldehyde derivative to its corresponding (3-hydroxy 

phenylacetaldehyde as a quaternary stereocentre. We were particularly interested in

A r ^ C H O  R H N '"‘x CHO Pg O ^ C H O
R: Boc Pg : PMB, TBS etc

A B C

Figure 2

studying the unexplored reactivity of phenyl acetaldehyde derivatives with a focus on 

its enantioselective development and further application in natural product syntheses. 

Hydroxymethylation reaction recently disclosed by Miller and co-workers12 not only 

highlights the limited substrate scope of the reaction but also suggests the sensitivity 

of the present reaction. Several factors like intrinsic reactivity of the starting scaffold, 

solvent combination, pH of the reaction mixture etc. are crucial for the selective 

transformation and optimum yield of the expected compound. For example, studies 

proves to give several other products beside hydroxymethylated product indicating 

that a suitable and selective method development for the hydroxymethaylation 

reaction of aldehydes is a demanding yet a challenging field (scheme 15). Tailoring 

of the starting material was an important issue in order to suppress the elimination or
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condensation products. Also, increasing the reactivity of phenyl acetaldehyde 

derivative effectively was one of the important factors so that the starting material 

does not form a strong imine which is known to stop the turnover of the catalytic 

process.

i. HCHO
R^CHO -----------

ii. NaBH4

expected dehydration (major)

condensation
OH

cyclic hemiketa! 
( isolated)

Scheme 15

The idea was simply to develop such a scaffold which would give us the optimum 

results in a sustained manner avoiding all other unwanted possibilities. Initially we 

decided to synthesize an alpha substituted phenyl acetaldehyde derivative so that 

upon hydroxymethylation reaction it would give us the densely functionalised 

quaternary centre (being quaternary it would avoid the dehydration). We also 

proposed that an electron withdrawing group like aromatic nitro group placed ortho 

with respect to the substitution not only should tune-up the reactivity of the phenyl 

acetaldehyde scaffold but also upon selective reduction of nitro group can open an 

access towards synthesis of some of the key nitrogen containing bioactive natural 

compounds.

Physostigmine and physovenine are natural products bearing pyrroindoline and 

furoindoline fused systems which also possess C-3 quaternary chiral centre and 

exhibits potent anti-Alzheimer activity.27 These bioactive compounds are made up of
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single, hexahydropyrrolo[2,3-Z>]indole (HPI) or hexahydrofurano[2,3-6]indole (HFI) 

unit with various functionalities embellished around such core structure. We 

proposed a scheme for synthetic studies of such bioactive natural products (Scheme 

16). Our retro-synthesis identified the densely functionalized hydroxyl phenyl 

acetaldehyde 7 as the key intermediate for the synthesis of such molecules. Novel 

hydroxymethylated core 7 could potentially be synthesised from a well-tailored 

scaffold a derivative of phenyl acetaldehyde 8 and the compound 8 was found to be 

already reported in the literature.25

Retrosynthetic approach

OPG O P g OPG

Scheme 16

The key steps involved in the scheme were preparation of starting material 8 an u,8 

unsaturated phenyl acetaldehyde utilizing Wittig reaction followed by Claisen 

rearrangement protocol. Hydroxymethylation of 8 would end up giving highly 

functionalised hydroxymethylated quaternary core 7 which was planned to be
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selectively protected using suitable protecting groups. Protection of hydroxyl group 

followed by aldehyde protection in its ketal form 5 later involved in oxidative 

cleavage of terminal double bond were some of the key steps proposed in the present 

scheme (Scheme 16).

Final functionalization followed by annulation to assemble the pyrroloindoline or 

furanoindoline frameworks 2 was of prime focus. With further interest we 

commenced the synthesis of the required aldehyde and the development of 

hydroxymethylation reaction for its application in the field of synthesis of some of 

the selected bioactive natural products bearing quaternary centres (Scheme 16).

However, use of such a densely functionalized P-hydroxyphenyl acetaldehyde to our 

knowledge has not been exploited for the synthesis of natural products. Hence 

synthesis of 7 was targeted in both achiral and chiral mode and its further synthetic 

manoeuvring for natural products in order to access some of the important core 

structure and intermediates of the natural products.

Scheme 17

Reagents and conditions: a) Wittig salt (1.1 equiv), Potassium fcrt-butoxide (1.2 equiv), THF, -78 °C 
to rt, 75%. b) Xylene, reflux, 12 h, 70%.
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The execution of the synthetic plan was commenced with the large scale preparation 

of Wittig salt 10. Allyl alcohol was chilled at -20 °C and reaction was continuously 

passed with dry HC1 gas followed by addition of 

paraformaldehyde in portions. After six hours of continuous 

stirring a white milky layer was separated on top from the 

lower layer of suspension of solid paraformaldehyde and allyl alcohol. Upper layer 

was then collected in a flask, dried over CaCl2(s), filtered and distilled to get pure 

colourless liquid compound (B.P. 105- 107 °C). Wittig salt 10 was then prepared by 

simply refluxing the freshly distilled chloride compound (scheme 17) with triphenyl 

phosphine to get white solid which was washed, dried and characterised using NMR 

techniques (Scheme 17). IR (o in cm '1) (KBr): 1996, 1442, 3022, 1079. *H NMR 

(400 MHz, CDC13): 5 7.68- 7.85 (m, 15H), 5.89 (s, 2H), 5.79 (m, 1H), 5.25- 5.32 (m, 

2H), 4.3 (d, 2H, J  = 1.2 Hz); 13C NMR (100 MHz, CDCI3): 8 135.3 (Cq), 135.3 

(CH), 135.2 (CH), 135.2 (CH), 134.2 (CH), 134.1 (CH), 133.9 (CH), 133.8 (CH), 

132.5 (CH), 130.5 (CH), 130.4 (CH), 130.3 (CH), 130.3 (CH), 119.6 (CH2), 117.1 

(CH), 75.2 (CH2), 63.8 (CH2).

Synthesis of the required phenyl acetaldehyde 8 was then accomplished following 

the literature procedure25 and once the required phenyl acetaldehyde precursor 8 was 

in hand it was a ready scaffold to be hydroxymethylated to get the targeted 

compound 7 (Scheme 18). IR (u in cm ) (thin film). 3022, 

1728, 1534, 1347, 1501. NMR (400 MHz, CDCI3): 8 9.38 

(d, 1H), 7.93 (d, 1H, J  = 8.4 Hz), 7.54- 7.58 (m, 1H), 7.38- 7.42 

(m, 1H), 7.24 (d, 1H, J  = 7.6 Hz), 5.59- 5.69 (m, 1H), 4.93- 4.98 (m, 2H), 4.24 (t, 

2H), 2.85- 2.92 (m, 1H), 2.45- 2.53 (m, 1H). 13C NMR (100 MHz, CDC13): 5 198.6
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(CHO) 149.95 (Cq), 134.1 (CH), 133.3 (CH), 131.3 (Cq), 131.1 (CH), 129 (CH),

128.8 (CH), 128.6 (CH), 125.2 (CH), 118.1 (CH2), 53.3 (CH), 33.8 (CH2).

It may be noted here that in literature12 it is mentioned that such a reaction is not 

feasible. Though hydroxymethylation is one of the atom economic C-C bond 

forming aldol reaction operated with the smallest Cl unit, formaldehyde as an 

electrophile, it has only recently emerged as a challenging topic in organic 

asymmetric synthesis. At first, solvent studies were pursued (Table 1) utilizing 

different solvents in the presence of the readily available bases, triethylamine and 

pyrrolidine as catalysts but surprisingly reaction did not proceed with the solvents 

like ether, toluene, ethyl acetate, and chloroform. Polar protic solvents like tert- 

butanol, methanol, and ethanol were also unable to give the expected conversion. 

THF, acetonitrile, dichloroethane (DCE), dioxane were also tried for the present 

reaction. Having failed to get the hydroxymethylated product we then decided to 

utilise some

Organocatalytic
hydroxymethylation

CHO HCHO (2- 3 equiv) 

Pyrrolidine (0.1- 0.3 equiv),

DMF/ DMSO, 3- 4 days, rt, 80- 95 %.

CHO

Scheme 18

of the Bronsted additives (entries 1- 9, table 1) like benzoic acid, acetic acid, 

trifluoroacetic acid etc,29’5 which also could not give us the positive results. Polar 

aprotic solvents like DMSO and DMF were then tried.
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Table 1 Solvent optimisation (pyrrolidine catalysed hydroxymethylation reaction)0
Entry Solvent Yield (%T

1 Ether n.r.

2 Toluene n.r.

3 Ethyl acetate n.r

4 Chloroform n.r.

5 Dichloromethane n.r.

6 tert-butanol n.r.

7 Methanol n.r.

8 Tetrahydrofuran (THF) n.r.

9 Acetonitrile traces b

1 0 Water n.r.

1 1 DMF 81%

1 2 DMSO 87%

a Isolated yield;b reflux;c aldehyde (1 mmol), pyrrolidine (0.3 mmol), paraformaldehyde (3 mmol), 3 

days, rt.; prolonged time ( 1 0  days), excess catalyst and additives were also tried for entries 1-9; n.r. = 

no reaction.

Optimisation of the loading of the catalyst, pyrrolidine was studied (Table 2). 

Amount of pyrrolidine required was crucial for the yield and the turnover of the 

reaction. Optimum loading was found to be 30 mol% (Table 2) and further increment 

in the loading did not show any prominent effect on the yield or the rate of the 

conversion of the hydroxymethylation reaction.

Table 2 Optimisation of loading of pyrrolidine catalystb

Entry Loading (mol %) Yield (%)a
1 1 0 60

2 2 0 72

3 30 87

4 40 85
a Isolated yield;b aldehyde ( 1  mmol), paraformaldehyde (3 mmol), 3 days, rt.,

To our delight, usage of the pyrrolidine as catalyst (30 mol %) we could get the 

complete conversion albeit in a prolonged reaction time (3- 4 days). Although the 

reaction was slow it could give us very good conversion without any additives and 

reaction was carried at room temperature. Present reaction could also be worked out
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with commercial formalin (34% aqueous formaldehyde solution). On complete 

conversion the reaction mixture was diluted with brine solution and extracted with 

ether. The combined organic layer was washed with brine, 

dried over Na2S 0 4 and then concentrated to get the crude 

hydroxymethylated compound 7 as a thick liquid which was 

subjected for column purification and characterised by *H NMR, 13C and DEPT 

experiments. IR (u in cm'1) (thin film): 2926- 3300, 1724, 1527, 1358, 1024. 

NMR (400 MHz, CDC13): 8 9.63 (s, 1H), 7.88 (d, 1H, J  = 8 Hz), 7.58 (m, 1H), 7.4- 

7.46 (m, 2H), 5.45- 5.52 (m, 1H), 5- 5.07 (m, 2H), 4.02 (d, 1H, J  = 11.6 Hz), 4.19 (d, 

1H, J=  11.6 Hz), 2.86 (d, 1H, J  = 7.6 Hz), 2- 2.2 (brs, 1H). 13C NMR (100 MHz, 

CDC13): 8201.7 (CHO) 149.7 (Cq), 133.3 (CH), 132.5 (Cq), 131.6 (Cq), 131.1 (CH),

128.6 (CH), 128.6 (CH), 125.9 (CH), 119.9 (CH2), 64.8 (CH2), 57.3 (Cq), 36.6 

(CH2). Clear-cut disappearance of benzylic hydrogens from *H NMR of the starting 

material at 4.24 (t, 2H) indicated the formation of quaternary centre. Also the new 

CH2 peak in hydroxymethylated sample at 2.86 (d, 2H, J  = 7.6 Hz) and IR streching 

for hydroxyl 2926 - 3300 cm' 1 along with broad OH peak at 2.00 - 2.20 (br. s, 1H) 

supported the formation of the desired hydroxymethylated compound.

These solvent studies indicated the nature of the present amine catalysed 

hydroxymethylation reaction to be very selective for the polar aprotic solvents like 

DMF and DMSO. As a part of further understanding the mechanism and progress of 

the present reaction we did some control experiments. When both the reactants were 

just mixed and stirred in absence of any amine based catalyst in solvents like DMSO 

or DMF (4-15 days), it failed to give us the hydroxymethylated product. Moreover, 

when the reaction was performed with just Bronsted acids like formic acid, 

trifluoroacetic acid (TFA) or acetic acid it again failed to give us the expected
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conversion. These results showed the important role of the amine based catalyst, 

pyrrolidine required for the efficient turnover of the present reaction.

After successful synthesis of hydroxymethylated compound 7 further two systematic 

approaches were followed. First one was to explore the applicability of (±) 

hydroxymethylated core 7 for the syntheses of natural products and the second 

approach consisted of dedicated efforts for the introduction of such hydroxymethyl 

group in a chiral fashion (discussed in the second section of this chapter).

Having optimised conditions in hand for an efficient synthesis of compound 7 in a 

straight forward manner (Scheme 18) our next step was to protect the aldehyde 

group.

Protection of aldehyde group:

CHO
J ^ - O H

HO OH

^ N 0 2 H+

Scheme 19

The classical methods utilizing dehydration by Dean-Stark failed to give the

I__ expected protected aldehyde compound 15 which was very much
0 0

I crucial for the further synthetic study and the results obtained

suggested the probable acid catalyzed formation of 8 a retro-aldol 

product followed by protection of this in situ generated aldehyde to finally give 16. 

IR (u in cm’1) (KBr):l 175, 1527, 1354, 1603. No aldehyde peak in IR and *H NMR 

(400 MHz, CDC13): 5 7.66 (d, 1H, J  = 8 Hz), 7.45- 7.68 (m, 2H), 7.26- 7.3 (m, 1H), 

5.59- 5.64 (m, 1H), 4.87- 4.97 (m, 2H), 3.71- 3.79 (m, 4H), 3.63- 3.7 (m, 1H), 2.49-
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2.69 (m, 2H). 13C NMR (100 MHz, CDC13): 5 151.7 (Cq), 135.2 (CH), 133.4 (Cq),

131.9 (CH), 129.99 (CH), 127.3 (CH), 123.9 (CH), 117.1 (CH), 105.4 (CH2), 65.3 

(CH2), 64.96 (O-CH-O), 42.3 (CH), 33.7 (CH2). ESIMS: 249.1001 (calculated);

249.10 (found).

Studies indicated that the hydroxymethylated core was sensitive for the acidic 

conditions. In the presence of PTSA as a catalyst hydroxymethyalted compound 7 

followed an acid catalyzed retro-aldol pathway to completely give us ketal 16 of the 

starting aldehyde 8 in ethylene glycol (Scheme 19). Having failed to protect the 

aldehyde group it was then decided to protect the hydroxymethyl group of the core 7 

to prevent the unwanted retro-aldol reaction always leading to the unwanted 

products. Benzyl group being stable in both acid and basic conditions we first 

decided to protect the hydroxyl group of hydroxymethylated core as its benzyl ether 

as shown in scheme 20.

Different solvents like THF, chloroform, acetonitrile were used in the presence of 

common bases like triethylamine, DBU, Hunig’s base etc. (Table 3) but the major 

product obtained was an retro-aldol product which was isolated as its ether 12a (O- 

alkylation product). Heterogeneous bases like sodium hydride, K2C03, and NaOH 

were also tried in different solvents (entries 2, 5- 7, table 3) which also failed to give 

the expected product 12. Wide range of polar to non-polar solvents was tried 

underdifferent conditions but it could not selectively protect the hydroxyl group of P- 

hydroxy phenyl acetaldehyde derivative 7. Hydroxymethylated quaternary core was 

found to be very much sensitive for the basic conditions. It underwent facile reaction 

in the presence of different bases to give retro-aldol product 8.
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12a 8 12c

Scheme 20

Table 3 conditions for protection of hydroxymethyl core.

Entry Conditions Product3 Remarks
1 Benzyl bromide, DBU, 

CHC13/THF/CH3CN, 0°c to rt, 1 h
12a (70%) + 

mixtures
Retro-aldol and O- 

alkylation
2 Benzyl bromide, THF 

N2 atm., NaH, 0°c to rt, 3 h
12a (60-70%) + 

mixtures
Retro-aldol and O- 

alkylation
3 Benzyl bromide, DMF 

Imidazole, rt, 3 h
12a + starting+ 

mixtures
Retro- aldol and O- 

alkylation
4 Benzyl bromide, DMF 

Et3N, rt, 3 h
Starting

recovered
No reaction

5 Benzyl bromide, K2C03, toluene, 
rt to reflux

8 (85%) Just retro-aldol in 
non polar solvent

6 Benzyl bromide, K2C03, acetone, 
rt to reflux

12a (90%) Polar solvent 
favoured retro-aldol

7 Benzyl bromide, DMSO, NaOH, 
rt, 6 h

12a + 8+starting Super basic 
conditions

8 DCM, Hunig’s base, Benzyl triflate, 
-78°c to rt, 4 h

8 (78%) Retro-aldol

9 DMF, Hunig’s base, Benzyl 
bromide, -78°c, 3 h

12a (80%)+ 8 Retro-aldol and O- 
alkylation

“isolated yield is given in parenthesis.

Low temperature studies were also performed in order to avoid (or minimise) the 

retro-aldol pathway and selectively obtain the expected compound but in all the cases 

we got mixture of products. Outcome of all the reaction conditions were dominated 

by retro-aldol products 12a and 8. IR  (u in cm ) (thin film): 1523, 1346, 1402, 1123, 

752. *H NMR (400 MHz, CDC13): 5 9.63 (s, 1H), 7.81 (d, 1H, J  = 6.8 Hz), 7.44-
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7.52 (m, 1H), 7.34- 7.44 (m, 6H), 7.27- 7.35 (m, 2H), 6.24 (s, 1H), 5.72- 5.8 (m, 1H), 

4.95 (s, 1H), 4.95- 5.03 (m, 2H), 3.24- 3.26 (d, 2H, J = 6.8 Hz). 

13C NMR (100 MHz, CDC13): 6 149.7 (Cq), 144.5 (CH), 137.2 

(Cq), 135.96 (CH), 134.4 (Cq), 133.2 (CH), 132.53 (CH), 131.2 

(CH), 128.6 (CH), 128.04 (CH), 127.4 (CH), 124.2 (CH), 116.6 (CH2), 115.5 (Cq), 

74.2 (CH2), 33.4 (CH2). ESIMS: 295.1208 (calculated); 295.12 (found).

Table 4 Studies with silver salts for the protection of the hydroxymethyl core.

Entry Conditions Product3 Note
1 Ag20/AgBr (0.1 equiv), benzyl 

bromide, DMF,
-15 °C, 3h

12a (60%) + 8 
(traces) + 12c (15%)

1 (1:4£:Z ratio)” 
3 (C-alkylation)

2 Ag20 /AgBr (0.1 equiv), benzyl 
bromide, TBAI, DMF,

-15 °C, 3 h

12a + 8 + 12c mix. of spots

3 AgBr, DMF, Hunig’s base, 
benzyl bromide, -78 °C, 3h

12a (80%) + 8 + 12c O-alkylation
(major)

4 Ag20  /AgBr (0.1 equiv), benzyl 
bromide, CHC13,
-78 °C to rt, 3 h

12a + 8 + 12c mix. of spots

a isolated yield is given in parenthesis;b based on 'H NMR analysis.

Often silver additives or its salts are preferred for some of the key alkylation 

reactions30 and have been found promising in activating the electrophiles. With this 

idea we also attempted the present reaction of selective protection of hydroxyl group 

using some of the silver additives. Some reactions were performed in the presence of 

silver additives at low temperature also (Table 4) but none of the cases had any 

positive effect on the outcome of the results.

Interestingly, we could isolate a-benzylated aldehyde 12c along with mixture of 

other products. Several attempts were made in order to selectively get the expected 

compound. Catalytic TBAI, known to soften the electrophile , was used in 

conjugation with silver salts. However, in all the conditions studied it always
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predominantly gave mixture of retro-aldol followed by O-alkylation product and in 

some cases (silver additives mediated reactions) C-alkylation product (a-benzylation, 

12c) was also isolated. IR (u in cm'1) (thin film): 3022, 1728, 1534, 1347, 1501. 

NMR (400 MHz, CDC13): 5 9.53 (s, 1H), 7.87- 7.88 (m, 1H), 7.34- 7.38 (m, 2H), 

7.1- 7.13 (m, 3H), 6.88- 6.89 (m, 1H), 5.02- 5.07 (m, 2H), 3.56 (d, 1H, J  = 13.6 Hz), 

3.35 (d, 1H, J  = 13.6 Hz), 2.75- 2.8 (m, 1H), 2.62- 2.67 (m, 1H). 13C NMR (100 

MHz, CDC13): 5 200.7 (CHO) 148.8 (Cq), 134.2 (Cq), 132.4 (Cq), 131.3 (CH), 130.5 

(CH), 129.9 (CH), 127.3 (CH), 126.99 (CH), 125.9 (CH), 124.7 (CH), 119.3 (CH2),

55.6 (Cq), 40.1 (CH2), 37 (CH2). ESIMS: 295.1208 (calculated); 295.12 (found).

Similar were the results when other protecting groups like /‘-butyldimethylsilyl 

chloride, acetic anhydride and acetyl chloride were utilized for protection studies.

Figure 3 Acid and base catalyzed retro-aldol reaction.

Quaternary center was highly fimctionalisable but the protecting group studies of the 

same under different conditions revealed its delicate nature of the reactivity (Figure 

3). By now we had made enough studies to highlight the fact that the 

hydroxmethylated core was surprisingly unstable under both basic as well as acidic 

conditions. After continuous efforts and rigorous studies we could finally optimise 

the condition for the selective protection of hydroxymethyl group by reverse 

addition protocol.
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CHO "Reverse addition"

TBDMSCI, imidazole 
DMF, DMAP (0 .1 equiv)

-10 °C tort, 3 h, 80%

Ac20 , ; imidazole 
DMF, DMAP (0.1 equiv)

-10 °C to rt, 3 h, 70-80%  

"Reverse addition"

Scheme 21

Accordingly, the hydroxymethylated alcohol was then slowly added drop wise at 

lower temperature to the mixture of electrophile in the presence of the base (so as to 

avoid direct contact of hydroxymethylated core with the base). 

Catalytic DMAP was used later to improve the efficiency of 

the optimized reverse addition conditions and get the 

selectively hydroxyl group protected silyl compound, 13 IR (u in cm'1) (KBr): 2928, 

1856, 1726, 1527, 1358, 793. *H NMR (400 MHz, CDC13): 8 9.69 (s, 1H), 7.93 (d, 

lH,y = 10 Hz), 7.6- 7.65 (m, 1H), 7.45- 7.49 (m, 2H), 5.49 (m, 1H), 5.07 (m, 2H), 

4.1- 4.28 (m, 2H), 2.89- 3.05 (m, 2H), 0.86 (s, 9H), 0.46 (s, 3H), 0.00 (s, 3H). 13C 

NMR (100 MHz, CDC13): 8 200.6 (CHO) 148.5 (Cq), 133.4 (Cq), 131.8 (CH), 130.9 

(CH), 130 (CH), 127.3 (CH), 124.7 (CH), 118.5 (CH2), 65.6 (CH2), 55.9 (Cq), 35.1 

(CH2), 24.6 (CH3), 17.1 (Cq). ESIMS: 349.1709 (calculated); 349.17 (found).

Acetyl 14 was also synthesized utilizing the similar protocol 

and both these compounds were very much crucial for further 

synthetic studies (Scheme 18). IR (u in cm'1) (KBr): 1721,
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1655, 1523, 1372, 1130. *H NMR (400 MHz, CDC13): 8 9.68 (s, 1H), 7.98- 7.99 (m, 

1H), 7.65- 7.67 (m, 1H), 7.5- 7.54 (m, 1H), 7.42- 7.44 (m, 1H), 5.47- 5.55 (m, 1H), 

5.09- 5.13 (m, 2H), 4.64- 4.7 (d, 2H), 2.95- 2.97 (d, 2H, J  = 6.4 Hz), 2.03 (s, 3H). 

ESIMS: 277.0950 (calculated); 277.09 (found).

Next step, after selective protection of hydroxymethyl group by reverse addition 

protocol was aldehyde protection of the acetyl and silyl protected hydroxymethylated 

core.

Protecting group studies revealed that under the conditions operated even protected 

form of hydroxymethylated core 13 and 14 were unable to give us the expected

compound 17 and 18 respectively (Scheme 22).

CHO Ethyleneglycol, o o
° pG PTSA (0.1 equiv),

Toluene, Reflux x

^ n o 2 Dean Stark i|
^ ^ N 0 2

Pg: TBDMS (13); OAc (14) Expected compound

Pg : TBDMS (17); OAc (18)

Scheme 22

Having failed to get the desired intermediate 6 (Scheme 16) and with no options left 

at that stage we finally decided to improvise the planned synthesis and hence a newer

CHO Ethyleneglycol,
r ~ \

O O

— 0PG PTSA (0.1 equiv),
Toluene, Reflux

CMOz
“i Dean Stark UL A^ ^ n o 2

Pg: TBDMS (13); OAc (14)
Expected compound

Pg : TBDMS (17); OAc (18)

Scheme 23
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retrosynthetic analysis was proposed (Scheme 23). This newly planned scheme 

required no protection of aldehyde group but it involved an oxidative cleavage 

followed by amination and chemoselective aromatic nitro group reduction as some of 

the key steps for the syntheses of cyclised core structure of bioactive compounds.

Pg: H (7); TBDMS (13); 
OAc (14)

OPg

Pg : H (19a); TBDMS (19b); 
OAc (19c)

Scheme 24

After successfully synthesising the selectively hydroxyl group protected hydroxy- 

methylated core 13 & 14 our next step in the projected synthetic route was the 

oxidative cleavage of terminal double bond. First the oxidative cleavage of the 

terminal double bond was studied32 (Scheme 24). We could see the completion of the 

reaction involving oxidative cleavage (tic) in a quantitative manner. However, in 

order to characterise the compound 19a when we tried to isolate and purify the same 

derivative it was found unstable. In our hand, we failed to characterise the 

compounds 19a, 19b, or 19c the 1, 4-dialdehyde derivatives. After various attempts 

we also realised that the acetyl protected hydroxymethylated core was relatively less 

stable and NMR analysis also supported the labile nature of 19b and hence we 

decided to use the intermediate 13 for further studies. In order to gain insights into 

the intermediates which are getting formed in the reaction mixture at oxidative 

cleavage stage (Lemieux- Johnson oxidation) we carried out the reaction sequence 

in a stepwise manner with compound 13-(Scheme 25). Upjohn dihydroxylation 

provided very good yield of the diol compound 24 in its hemiketal form 23. Absence
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of aldehyde carbonyl stretching in infra-red spectrum and !H NMR supported the 

formation of the said compound. IR (o in cm'1) (KBr): 1526, 1362, 1024. ‘H NMR 

(400 MHz, CDCI3): 8 7.78- 7.82 (m, 1H), 8 7.65- 7.68 (m, 1H), 

8 7.54- 7.59 (m, 2H), 5.6- 5.8 (m, 1H), 4.6- 4.7 (m, 1H), 4.3-

4.4 (m, 1H), 4.0- 4.2 (brs, 2H), 3.9- 4.0 (m, 2H), 3.7- 3.9 (m, 

2H), 2.3- 2.5 (m, 1H), 1.04 (s, 9H), 0.08 (s, 3H), 0.00 (s, 3H). 13C NMR (100 MHz, 

CDCI3): 5 149.3 (Cq), 135 (Cq), 133.4 (CH), 129.8 (CH), 126.2 (CH), 122.9 (CH),

97.1 (CH), 77.95 (CH), 65.96 (CH2), 64.3 (CH2), 63.01 (CH2), 58.7 (Cq), 24.8 (CH3),

17.2 (Cq). ESIMS: 383.1764 (calculated); 383.17 (found).

However, further cleavage using NaIC>4 conditions33 could not give the expected 1,4- 

dialdehyde product 19c. Anticipating that the intermediate may be reactive and 

unstable we tried to functionalize the intermediate 24 in situ. One of the first 

reactions we studied was the direct catalytic hydrogenation of intermediate 24 using 

Pd/C catalyst which failed to deliver the anticipated furanoindoline framework 25. 

Different conditions for the chemoselective reduction of aromatic nitro group were 

tried. Pd/C catalysts and internal pressure of hydrogen gas (1- 3 atm.) was the 

condition utilized for reduction of nitro compound. Also, recently developed method 

by our group for chemoselective aromatic nitro group reduction was tried but the 

mixtures of compounds were obtained. Based on *H NMR analysis of the crude 

sample it was found that rather than formation of the expected framework 25 we 

ended up getting deprotection of silyl protected hydroxyl group upon hydrogenation. 

Since the expected intermediate 1,4-dialdehyde 19c could not be obtained in hand 

based on TLC monitoring and judging the conversion that it was formed, further 

reactions were attempted (Scheme 26). Amination and chemoselective reduction of
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Scheme 25

OTBDMS
OH

H

25

(expected framework)

aromatic nitro group to get in situ cyclised final product were some of the key steps 

we wanted to study. Every time we freshly conducted oxidative cleavage experiment 

in order to avoid any decomposition and related complexities. Anticipated aldehyde 

19c was obtained as a thick oil after a usual work up procedure involving extraction 

with solvents like ether, chloroform or ethyl acetate etc. followed by concentration 

under vacuum using rotavap (at low temperature). Once the crude compound 19c 

was in hand we conducted amination reactions followed by aromatic nitro group 

reduction. Amination using methylamine (Scheme 26) as well as methylamine 

hydrochloride (trietylamine base was used to neutralize) were carried out in series of 

different solvents. At first, normal solvents like chloroform, ether, polar protic 

solvents like methanol and (erf-butanol were used to notice no change on TLC even 

after stirring for 3- 4 days.

We also tried desiccants like magnesium sulphate, removal of water using Dean- 

Stark apparatus to notice no progress in reaction and then finally, upon reflux it 

always gave us complex mixture o f the compounds. Same was the case when dry 

solvents like THF, acetonitrile and toluene were used (Table 4).
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Scheme 26

Surprisingly reactions with excess o f methylamine or ammonia also did not show 

any change in the conversion only suggesting the probable instability &/or 

decomposition of dialdehyde 19c and the other intermediates. We attempted 

different conditions to synthesize furanoindoline and pyrroloindoline frameworks 

crucial for natural product

Table 4 Amination conditions.
Entry Reaction conditions Results

1 Methanol, methylamine, rt, 48 h No reaction
2 THF, methylaminehydrochloride, Et3N, 

rt to reflux
Complex mixture

3 THF/acetonitrile/chloroform 
methylaminehydrochloride or 

ammonia, reflux

Complex mixture

4 Toluene, methylamine, Dean-Stark Complex mixture
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Acetic acid, methylamine, rt. 48 h Complex mixture

synthesis. In all cases though we were not able to notice any change in the starting 

material (TLC) we deliberately conducted further reduction under hydrogenation 

conditions assuming that the product may have same retention factor. However, 

disappointingly in none of the cases we could obtain the expected compound. 

Continuing with the interest in the natural product synthesis we identified the 

potential of 1,4 dialdehyde 19c to be used for the formation of pyrrolidine ring upon 

reductive amination. We wanted to investigate whether we can successfully carry out 

amination reaction to frame pyrrolidine ring structure 26 which may further facilitate 

the synthesis of some spirocyclic chiral bioactive compounds namely, coerulescine 

and horsfilline34 (figure 4).

Unique spirocyclic structure bearing quaternary spirooxoindole ring is an interesting 

synthetic problem and such systems are widely found in natural products35 which 

inspires to develop methodologies for the synthesis of such bioactive alkaloids.

Two systematic approaches were planned. First, involving pyrrolidine ring formation 

utilizing the reductive amination strategy (Scheme 27) and second was the selective 

oxidation of aldehyde to corresponding acid and then cyclisation to synthesisze the

2-oxindole moiety of the said natural compounds (Scheme 28). Reductive amination 

reaction were studied using mild reducing agents namely sodium cyanoborohydride,
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(NaCNBH3) and sodium triacetoxyborohydride, (NaBH(OAc)3). These two mild 

reducing agents aimed at pyrrolidine ring formation in our case. Different dry 

solvents were tried in case of NaBH(OAc)3 since this is not a compatible reducing 

agent in a methanolic or aqueous conditions.36

Scheme 27

Preferred solvents are dry DCE or THF so we tried reaction in the presence of 

methylamine hydrochloride and />-methoxybenzylamine mine counterpart to get the 

compound 26 and 27 respectively. However, we were unable to access the 

pyrrrolidine ring structure of the natural products utilizing the late stage reductive 

amination- cyclisation approach (Table 5).

Table 5 Reductive amination conditions for pyrrolidine ring formation.

Entry Reaction conditions Results
1 DCM, methylamine hydrochloride, Et3N, NaCNBH3, rt,

48 h
No reactiona

2 Methanol/ CHC13, methylamine, NaCNBH3, rt, 48 h No reactiona

3 _ CHC13/ Acetonitrile/THF, methylamine hydrochloride, 
Et3N, NaBH(OAc)3, rt, 48 h

Complex mixture

4
---- -----

Acetic acid, methylamine hydrochloride, NaBH(OAc)3,
rt, 48 h

Complex mixture
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5 Dry DCE/THF/DCM, p- methoxybenzylamine, No reactiona’b
NaCNBH3, rt, 48 h

reflux conditions in CH3CN, DCM were also tried; b NaBH(OAc) 3 also failed.

In none of the cases we could get the final organic pyrrolidine frameworks as 

expected in the synthetic plan. Continuing with the hope to contribute in natural 

product synthesis spirocyclic natural products coerulescine and horsfiline were 

targeted again from the intermediate 13 (Scheme 28). Accordingly, our second 

approach was to oxidize the aldehyde group to the corresponding acid 29 and then 

selective aromatic nitro group reduction 30 followed by cyclization to form 2- 

oxindole core structure 31 which can further be functionalized in an efficient manner 

utilising the known reactions to accomplish total synthesis of natural product (-) 

coerulescine or similar natural product (-) horsfiline.

28 31
(-) - Coerulescine

Scheme 28

Pinnick oxidation37 is a well-known and accepted method for oxidation studies of the

aldehydes and moreover, silyl protection is also very much compatible under such

conditions. Upon oxidation with sodium chlorite (NaCICh) in the presence o f

hydrogen peroxide as scavenger reaction mixture repeatedly lead to complex mixture
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of compounds (tic). Probably the mild acidity of the Pinnick oxidation was the 

reason for the observed results (entry 1, table 6).

Table 6. Conditions studied for the oxidation of aldehyde 13.

Entry Reaction conditions Results
1 NaC102, 'BuOH, NaH2P04, H20 2, 0 °C to rt mixture

2 Oxone, NaHC03/ NaOH buffer DMF, rt n.r

3 CuBr, TBHP, acetonitrile, rt mixture3

4 Oxone, DMF, rt, 16 h mixture

5 Ag20, DMF, rt n.r

6 NFLjOAc, TBHP, FeCl3 (0.lequiv.), dioxane, rt mixture3

reflux condition; n.r. = no reaction.

More acidic oxidants like oxone38 also gave us the mixture ('H NMR studies 

indicated cleavage of O-silyl group) and upon using the buffered conditions reaction 

did not take place. Silver oxide39 was found ineffective and copper salt40 or iron41 

mediated oxidation reaction again lead to mixture of compound. In none of the cases 

we could effectively carry out the oxidation of the aldehyde group selectively to an

9 H 0  n r a n u c  1- O X O N E , D M F  ( le q u iv  ; 0 .2M )  
b ^ 0TBDMS rt, 8  h

(oxidation)_________ ^

^ ^ N 0 2
13

2. C o -B , N a B H 4 , rt (reduction)

3. D M A P , M e O H , rt, 2  days
(coupling)

Scheme 29

(Expected com pound)

acid derivative 29. Encountering the repeated failures in functionalising the very 

labile hydroxymethylated core 13 we then decided to at least isolate and study the 

final compound obtained upon oxidation-reduction studies.

In order to study and isolate some of the intermediates we attempted one pot strategy. 

Anticipating that partly acid 29 is formed in the reaction a one pot oxidation, 

reduction of aromatic nitro group was utilized (scheme 29). However, this gave 3-
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propyl-indole 32 IR (u in cm'1) (KBr): 3570, 3100, 1450, 1358, 753. *H NMR (400 

MHz, CDC13): 5 7.85 (s, 1H), 7.54 (d, 1H, J  = 8 Hz), 8 7.29 (d, 1H, J = 9.6 Hz), 6

7.12 (t, 1H), 7.1 (t, 1H), 6.91 (s, 1H), 2.67 (t, 2H), 1.64- 1.7 (m, 2H), 

0.94 (t, 3H). 13C NMR (100 MHz, CDC13): 8 136.3 (Cq), 127.7 (Cq), 

121.1 (CH), 121.8 (CH), 119 (CH), 117 (Cq), 110.99 (CH), 27.3 

(CH2), 23.3 (CH2), 14.2 (CH3). ESIMS: 159.1048 (calculated);

159.10 (found).

First, silyl group cleavage under acidic condition occurred which was then followed 

by retro-aldol reaction and finally non selective reduction of the aromatic nitro group 

along with the terminal olefin functionality to obtain the compound 32. The expected 

silyl protected, allylated compound 33, a 2-oxindole derivative could not be isolated 

and characterized. We failed in successfully establishing the synthetic applicability 

of the present method of hydroxymethylation reaction of phenyl acetaldehyde 

derivative. All these results in hand suggest the labile nature of hydroxymethylated 

core 13 and its derivatives towards acidic or basic conditions.
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2.4 A Conclusion

In conclusion, we have successfully studied an atom economic hydroxymethylation 

reaction of a phenyl acetaldehyde derivative. However, could not lead the obtained 

compound to any natural product synthesis.
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Section II: Different modes o f the asymmetric induction and the organocatalysts 
screening for the hydroxymethylation reaction.

2.1 B Introduction

Enantioselective development of a particular reaction is a very important aspect of 

the modem organic chemistry42 and is particularly important in studies of chiral 

bioactive molecules and pharmaceutical research. Studying the documented methods 

for hydroxymethylation reaction (Section I) points out its limited substrate scope and 

it was a challenge to execute hydroxymethylation on phenyl acetaldehyde 

derivatives. Tailoring the scaffold was one of the important developments towards 

exploration of the present method. Having successfully carrying out the 

hydroxymethylation reaction in a racemic manner now the aim was to optimise the 

same reaction in an enantioselective manner (Scheme 30). Development of the 

selective organocatalytic method to get the chiral derivatives of |3-hydroxy phenyl 

acetaldehydes under placid conditions was desirable.

"Organocatalyst"

CHIRAL
hydroxymethylation

Quaternary chiral centre

S ch em e 30

There are different modes of the hydroxymethylation reactions and depending on the 

nature of functionality present in the substrates and mode of activation these methods 

can be systematically categorised. Hydroxymethylation reaction operated under
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different conditions can be broadly classified under three basic catalytic modes 

namely enamine catalysis,43 bifunctional Bronsted acid catalysis,44 and metal-organic 

cooperative activation catalysis45 (Figure 5).

Organocatalytic methods have recently gained tremendous attention worldwide 

especially in designing chiral methods for not just demonstrating the method but also 

its applicability for natural products is explored. Our aim was to study and find an 

organocatalytic chiral route to the novel method of hydroxymethylation of phenyl 

acetaldehyde derivative already optimised in our laboratory.

The different catalysts we were interested for the present hydroxymethylation 

reaction involve HOMO raising enamine catalysis, bifunctional Bronsted acid 

catalysis and also the co-operative catalysis involving chiral organic frameworks.

2.2 B Literature

The fundamental of enamine catalysis is the generation of enamines from 

corresponding imines which can initially be formed with a carbonyl compound and 

an amine catalyst. LUMO lowering effect (imines) followed by tautomerisation and

Enamine catalysis
(HOMO activation)

Bifunctional Bronsted acid catalysis
(Dual activation)

Co- operative catalysis
(Metal- Organic framework)

Figure 5
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then facile enamine formation (HOMO)46’28 is a crucial reversible progress towards 

development of hydroxymethylation reaction using amine catalysed processes. These 

enamine catalysed reactions involves HOMO raising strategies resulting in dramatic 

effect on the performance of the given reactions as compared with the reaction 

without any catalyst. Conceptually, chiral amines should give the chiral enamines 

and eventually the functionalized final products in an asymmetric manner.

S ch em e 31

Amine catalysed predominant enamine formation (reversible reaction) and then 

sustained catalytic turnover forms the backbone of the amine catalysed modem 

asymmetric synthesis (Scheme 31).
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On the other hand, bifunctional catalyst is embedded with two different types of 

catalytic sites and hence offers an opportunity to carry out two different types of 

activations or reactions using single bifunctional catalyst.6,47

Different types of chiral organic frameworks are reported as bifunctional catalysts 

(Scheme 32) involving Lewis acid as basic site and Bronsted acid as acidic site. Such 

dual functional catalysts are promising in number of organic transformation and we 

were interested in utilizing such catalysts for the hydroxymethyation reaction.

S ch em e 32

Next in class o f  catalytic pathway reported for the hydroxymethylation reaction was 

co-operative catalysis and as the term suggests it works m close co-operation 

between the partners. The co-operative partners can be totally organic (organic +
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organic) or organic scaffold as catalyst may be involved along with Lewis acid like 

metal salts, metallic complex etc. (Scheme 33).4 Method highlights the chiral 

homodinulear complex utilised for hydroxymethyaltion reaction.

These are kind of synergistic catalysis often involved in effectively raising HOMO 

and lowering of LUMO for carrying out the synthetic process.

2.3 B Result and Discussion

Present work describes our efforts in enantioselective optimization of the newly 

developed hydroxymethyation reaction. Organocatalytic approach towards 

development of hydroxymethylation reaction was of our prime interest.

Inspired from the method proposed by Cordova and co-workers which involves a 

small organocatalyst, L-proline catalyzed hydroxymethylation reaction of keto 

compounds in an enantioselective manner we also wanted to study the similar 

procedure for the tailored scaffold 8, an derivative of phenyl acetaldehyde. Having 

known the selective nature of the present hydroxymethylation reaction under study 
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(discussed in I section) we hud to develop the amine catalysed enantioselective 

version of same reaction in solvents like DMF and DMSO. The reaction of phenyl 

acetaldehyde and formalin initially was carried out in the presence of catalytic 

pyrrolidine. Having well characterized and pure racemic sample in hand we could 

also develop the HPLC program for the separation of its enantiomers using chiral 

stationary phase (Figure 6). Meanwhile we studied L-proline catalysed 

hydroxymethylation utilizing commercially available formalin at room temperature 

and to our delight the reaction could give us very good conversion and the reaction 

was complete in 4 days. However, HPLC results showed poor enantioselectivity for 

the present reaction (Figure 7).

Fig. 6 Racemic sample', Programme: 0.85mL/min./10% IP A in n-hexane/2.0MPa 
on IC column

Control Method:
Entry RT Area [pV.Sec]
1 20.02 4463767.000
2 23.04 4512571.000

Result o f  HPLC: racemic sample

We decided to use paraformaldehyde which is a solid material and known to 

gradually release the formaldehyde. Formaldehyde being small and highly 

electrophilic in nature its gradual release from paraformaldehyde controls the
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concentration and hence may impact the total enantioselective outcome of the 

reaction.

Fig. 7 Proline catalysed sample; Programme: 0.85mL/min./10% IPA in n-hexane/ 
2.0MPa on IC column

Control Method:
Entry RT

1 18.61
2 21.96

Area [pV.Sec]
4464767.000
4512671.000

Result o f HPLC: 0% ee

Fig. 8 Prolinol catalysed sample; Programme. 0.85mL/min./ 10% IPA m n-hexane/ 
2.0MPa on IC column 
Control Method:

Entry RT
1 20.25
2 23.93 

Result o f  HPLC:

Area [jiV.Sec]
4464757.000
4612681.000 

2% ee
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Moreover, it is a substituent for the aqueous formalin solution and avoids any 

interference from the water (aqueous conditions) in the reaction which also may 

impact the enantioselectivity of the reaction. With this intention we performed a 

reaction with solid paraformaldehyde under the similar conditions followed in case 

of formalin. As expected the reaction was again quantitatively converted in DMF as 

well DMSO solvents. Reaction mixture was diluted with excess ether and followed 

by usual work-up and purification procedures we could get pale yellow thick liquid 

compound. Again we noticed that the HPLC results showed 0 % enantiomeric excess 

(ee) which clearly indicates that the L-proline as a chiral catalyst was ineffective for 

the present hydroxymethylation reaction. Avoiding aqueous conditions also did not 

improve the enantioselective outcome of the present reaction. Various chiral amine 

(A- H) as organocatalysts were then screened for the present hydroxymethylation 

reaction.

CHIRAL AMINE CATALYSTS STUDIED

Q -co o n  0 Q -
H H

'N  
H

(S)-pyrrolidine-2- 
carboxylic acid

I COOH

(S)-indoline-2- 
carboxylic acid

B

(2S,5R)-5-benzyl-2-(fe/T-butyl)-3- 
methylimidazolidin-4-one

.COOH

NH

(S)-1,2,3,4-tetrahydroisoquinoline- 
3-carboxylic acid

PhCVc
m  r \

Ph

OH

(S)-diphenyl(pyrrolidin-2-yl)
methanol

COOH

D H

-C O O H

(R)-thiazolidine-4- 
carboxylic acid

F3C

(R)-2-oxothiazolidine- 
4-carboxylic acid

E

(S)-2-(bis(3,5-bis(trifluoromethyl)phenyl)
((trimethylsilyl)oxy)methyl)pyrro!idine

Figure 9

Initially, we decided to study some of the chiral amino acids as organocatalysts (B- 

E). However, all these four catalysts (Figure 9) failed to show the much expected
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conversion in both the solvents DMF as well as DMSO. Catalyst B and D showed 

traces of conversion but again with 0% ee based on HPLC studies performed. Widely 

accepted Mcmillan’s catalyst and other chiral prolinol derivatives as catalysts were 

then studied (Figure 10).

Fig. 10 Mcmillan’s catalyst sample; Programme: 0.85mL/min./ 10% EPA in n- 
hexane/ 2.0MPa on IC column 
Control Method:

Entry RT Area [jiV.Sec]
1 20.21 4264867.000
2 24.01 4712961.000

Result o f HPLC: 5% ee

With Mcmillan’s catalyst F we could get an average conversion and studies showed 

sample with very low enantioselective conversion of 5% ee. Diphenyl prolinol 

catalyst G also gave decent conversion of 70% yield but with very low 

enantioselectivity of 2% ee (Figure 8). Trimethylsilyl protected chiral prolinol 

derivative H was also tried but found inefficient and no conversion was noticed for 

the present reaction.

Table 7. Screening of chiral amines as catalysts

Entry Organocatalyst Yield (%)a ee (%)b

1 A 95 0

2 B -

'
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1 isolated

3 C 30 0
4 D - -
5 E - -
6 F 60 5
7 G 70 2
8 H - -

With these results in hand we then screened some of the chiral bifunctional Bronsted 

acid catalysts. Bifunctional chiral Bronsted acid catalysts based on guanidine, 

thiourea and other functional motifs are very much promising in various asymmetric 

organic transformations.6 We screened bifunctional thioureas (I- L), squaramide 

based bifunctional catalyst (M), and phosphoric acid (N) as chiral organocatalysts for 

the present reaction (Figure 11).

With not much promising results in case of chiral amine as catalysts for the present 

hydroxymethylation reaction we decided to utilize some of the thiourea based 

biunctional chiral organocatalysts. Solvents like acetonitrile and dichloroethane 

(DCE) are some of the most preferred aprotic anhydrous solvents practiced with such

CHIRAL BIFUNCTIONAL BRONSTED ACID CATALYSTS STUDIED

Figure 11
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bifbnctional catalysts (Figure 11). Such solvents do not interfere with the 

coordination with catalysts and allows full scope for the substrates to efficiently 

interact with the nucleophile and the electrofile ensuring optimum dual activation for 

the better results. Hence all the reactions with the Bronsted catalysts were studied in 

DCE and acetonitrile as solvents. HPLC programme was also finely tuned in the 

presence of ethanol as solvent (less viscous than IP A) and detail of chromatogram is 

given (Figure 12). Quinine based chiral thioureas like I and J  failed to show the 

conversion of the hydroxymethylation reaction under the study in solvents like DCE 

and acetonitrile. Bronsted acid catalyst K also was found to be inefficient. 

Takemoto’s catalyst L however afforded us satisfactory conversion and 40% of 

hydroxymethyalted compound which was isolated but upon HPLC studies it 

disappointingly indicated enantioselectivity to be as low as 3% ee in DCE and 

traversing the same reaction with the acetonitrile as solvent it gave 11% ee (Figure

13).

Fig. 12 RACEMIC; Programme: 0.85 mL/min./7.5% ethanol in n-hexane/ IC 
column
Control Method:

Entry RT Area [pV.Sec]
1 18.392 3463067.000
2 21.992 3512771.000

Result o f  HPLC: racemic sample
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Fig. 13 ACT; Programme: 0.85 mL/min./7.5% ethanol in n-hexane/ IC column
Control Method:

Entry RT Area [jiV.Sec]
1 17.675 3656829.134
2 21.100 2944020.500

Result o f  HPLC: 11 % ee

Fig. 14 DCSQ; Programme. 0.85 mL/min./7.5% ethanol in n-hexane/ IC column; 
Control Method:

Entry RT Area [pV.Sec]
1 17.808 2098383.000
2 21.133 1364653.250

Result o f HPLC: 21 % ee

Squaramide based catalysts looked promising with the higher acidity of Bronsted 

centers which would tune the asymmetric outcome of the present reaction.
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Fig. 15 ACSQ; Programme: 0.85 mL/min./7.5% ethanol in n-hexane/ IC column; 
Control Method:

Entry RT Area [jiV.Sec]
1 17.808 3693220.000
2 21.133 2122797.250

Result o f HPLC: 27% ee

Fig. 16 phosphate and pyrrolidine; Programme: 0.85 mL/min./7.5% ethanol in n- 
hexane/ IC column;
Control Method:

Entry RT Area [pV.Sec]
1 18.392 3517958.417
2 21.992 3463716.000

Result o f  HPLC: 0% ee

To our delight squaramide based bifunctional catalyst M gave 60 ̂  of the isolated 

yield of the hydroxymethylated compound which showed 21% ee in DCE (Figure
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14) and in acetonitrile as solvent it was found to improve the result up to 27% ee of 

final hydroxymethylated quaternary core (Figure 15).

Table 8. Screening of chiral bifunctional Bronsted acid catalysts'1

Entry Organocatalyst Yield (%)a ee (%)b
1 I - 0
2 J - -

3 K - 0

4 L 40 11

5 M 60 27

6 N 60 0°
"isolated yield; b HPLC studies c in the presence of catalytic pyrrolidine dDCE and acetonitri le 
were used as solvents.

Chiral phoshoric acid catalyst N without any additives was ineffective. We tried to 

study it in cooperation with catalytic pyrrolidine to study whether such synergistic 

effect would improve the chirality o f the hydroxymethylation (entry 6; Table 8) 

reaction however HPLC results did not show any enantioselective conversion (0% 

ee; Figure 16) which shows chiral BINOL phosphate catalyst N was ineffective in 

transforming hydroxymethylation reaction in a chiral manner.

Figure 17 a-Amino acid, L-prolinefor the hydroxymethylation reaction

Several chiral bifimctional acid catalysts showed varied response (Table 8) towards



CHAPTER 2

the present hydroxymethylation reaction as far as yield and the total enantioselective 

conversion was concerned. Mechanistic insights of some of the organocatalysts of 

the interest are also proposed for the present asymmetric hydroxymethylation 

reaction (Figure 17 and Figure 18).

Figure 18 Plausible mechanistic approach for the squaramide catalyst

HPLC results showed chiral bifunctional squaramide catalyst (M ) to give the best 

results among all the catalyst studied. Understanding the mechanism of the present 

reaction suggests the outcome of the reaction can possibly be improved by utilizing 

different derivatives of the squaramide based bifunctional catalysts.

Modes of dual activation and the studies for the present reaction are discussed which 

definitely gives us the better idea about enantioselective approach of the present 

reaction.

no2
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2.4 B Conclusion

Organocatalytic approach towards development of enantioselective method for the 

hydroxymethylation reaction of a well tailored phenyl acetaldehyde derivative is 

studied.

Enantioselective development of the present reaction includes studies involving 

screening of various chiral amines and chiral bifunctional Bronsted acid catalysts. 

Quinine based chiral thiourea organocatalysts were ineffective whereas squaramide 

based catalyst was found to give the most satisfying result under the conditions 

studied. Takemoto catalyst also showed good response for the hydroxymethylation 

reaction under study.

Final product of the present novel reaction gives opportunity to synthesize chiral f3- 

hydroxy phenyl acetaldehyde derivatives.

In conclusion, we have successfully demonstrated the efficacy of chiral bifunctional 

acid catalysts for the hydroxymethylation reaction of phenyl acetaldehyde derivative. 

Hydroxymethylated aldehyde embedded in a quaternary fashion is selectively 

synthesized and present studies shows potential of such chiral centre for the synthesis 

of chiral bioactive natural compounds.
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1.5 Experimental

Allyloxymethyltriphenylphosphonium chloride t10)

The procedure was divided into two parts. First is to prepare 

corresponding allyloxy methyl chloride compound. To the 

chilled allyl alcohol (25 mL, 366 mmol, 1 eq.) in an 500 mL 

RB flask placed in cryostat was slowly bubbled dry HC1 gas (caution: separate setup 

in efficient fumehood was placed in a cryostat which involved usage of concentrated 

sulphuric acid and rock salt for the generation of drv HC1 gas ) for an hour followed 

by addition of paraformaldehyde in three portions (lOg, 111 mmol, 0.3 eq.). Reaction 

mixture was stirred vigorously and maintained at -20 °C for the continuous bubbling 

of dry HC1 gas for 3- 4 hours till two clear layers were seen in the reaction flask 

(note: top layer is of the requisite chloride compound and the bottom layer is of more 

dense aqueous solution!. After 6 hours of bubbling reaction was stopped and 

suspension was allowed to settle. Top layer was carefully collected and filtered from 

Buchner funnel followed by drying with CaCf. Pink coloured solution was finally 

distilled and pure fraction with constant boiling point 110 °C was collected to get 

pure allyloxymethylchloride as fruity smelling liquid compound.

To the pure liquid compound (8.5 g, 10 mL, 79 mmol) was added 100 ml of dry 

toluene followed by addition of triphenylphosphine (35 g, 133 mmol). An 

endothermic dissolution was noted. Reaction mixture was refluxed for 3 h to get 

quantitative solid compound corresponding to the phosphonium salt. Reaction was 

then stopped, cooled and solid compound was filtered through Buchner funnel to get 

white salt 10 as the compound was washed with dry ether, dried in vacuum desicator. 

Total isolated yield of the colourless salt 10 was 28g, 90- 95%. IR (u in cm ) (KBr).
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1996, 1442, 3022, 1079. ‘H NMR (400 MHz, CDC13): 5 7.68- 7.85 (m, 15H), 5.89 

(s, 2H), 5.79 (m, 1H), 5.25- 5.32 (m, 2H), 4.3 (d, 2H, J  = 1.2 Hz); 13C NMR (100 

MHz, CDC13): 5 135.3 (Cq), 135.3 (CH), 135.2 (CH), 135.2 (CH), 134.2 (CH), 134.1 

(CH), 133.9 (CH), 133.8 (CH), 132.5 (CH), 130.5 (CH), 130.4 (CH), 130.3 (CH),

130.3 (CH), 119.6 (CH2), 117.1 (CH), 75.2 (CH2), 63.8 (CH2).

Synthesis of l-(2-(aHvloxvlvinvll-2-nitrobenzene 191

To the weighed Wittig salt allyloxymethyltriphenylphosphonium 

chloride 10 (11 g, 32.97 mmol) was added 50 mL of dry THF. 

Reaction mixture was degassed with N2 (X 3) and to this mixture 

was added K-'BuO (8 g, 71 mmol) at 0 °C under inert atmosphere of nitrogen gas 

balloon followed by addition of 2-nitro benzaldehyde (4 g, 26.5 mmol). Reaction 

mixture turned dark yellow after 30 min. upon stirring at 0 °C. Reaction mixture was 

brought to room temperature and then quenched with cold brine solution. Extraction 

with ether or ethyl acetate (20 mL X 4), combined organic layer was washed with 

brine 20 mL followed by drying over sodium sulphate and concentration afforded a 

thick yellow liquid compound 9. Purification of the compound was done by column 

chromatography with 5 % ethyl acetate in pet ether as the eluent (Note: excess 

triphenvl phosphine is sometimes generated which can be crystallised with ethanol 

and subsequently removed bv column purification) to get pure compound l-(2- 

(allyloxy)vinyl)-2-nitrobenzene (9) as a yellow liquid (4 g, 75%). IR (u in cm ) (thin 

film): 1713, 1526, 1438, 1354, 1178. *H NMR (400 MHz, CDC13): (E and Z ratio) 8

7.85- 8.1 (m, 1H), 8 7.38- 7.4 (m, 2H), 7.16- 7.22 (m, 2H), 6.93 (d, 1H, J  -  12.8 Hz),

6.3- 6.4 (m, 1H), 5.85- 5.98 (m, 1H), 5.21- 5.36 (m, 2H), 4.36- 4.4 (m, 2H).
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Synthesis of 2-(2-(nitrophenvD oent-4-enal (8)

To the pure compound 9 (3.5 g, 17.1 mmol) was added 15 mL xylene and clear 

solution was refluxed for 18 h (TLC). Reaction was directly 

concentrated on vacuum rotavap and directly loaded over short 

pad of silica gel for purification. Compound was eluted with 10 

% ethyl acetate in pet ether as the eluent to get a light brown coloured thick liquid 2- 

(2-(nitrophenyl) pent-4-enal 8 (2.75 g, 79 %). IR (u in cm'1) (thin film): 3022, 1728, 

1534, 1347, 1501. 1HNM R(400 MHz, CDC13): 8 9.375 (d, 1H), 7.93 (d, 1H, J =  8.4 

Hz), 7.54- 7.58 (m, 1H), 7.38- 7.42 (m, 1H), 7.24 (d, 1H, J  = 7.6 Hz), 5.59- 5.69 (m, 

1H), 4.93- 4.98 (m, 2H), 4.24 (t, 2H), 2.85- 2.92 (m, 1H), 2.45- 2.53 (m, 1H). ,3C 

NMR (100 MHz, CDCh): 8 198.6 (CHO) 149.95 (Cq), 134.1 (CH), 133.3 (CH),

131.3 (Cq), 131.1 (CH), 129 (CH), 128.8 (CH), 128.6 (CH), 125.2 (CH), 118.1 

(CH2), 53.3 (CH), 33.8 (CH2).

Synthesis of 2-hvdroxvmethvl-2-(2-(nitrophenvl)pent-4-enai (7)

2-(2-(Nitrophenyl) pent-4-enal 8 (60 mg, 0.293 mmol) was added 3 mL of DMSO/ 

DMF and followed by addition of pyrrolidine (6.5 mg, 0.091 

mmol) and paraformaldehyde (24 mg, 0.266 mmol). Reaction 

was stirred for 3- 4 days (TLC) and on completion reaction 

mixture was extracted with ether (5 mL X 4) and combined organic layer was 

washed with brine 20 mL followed by drying over sodium sulphate, concentrated to

get the crude compound 7. Passed over short pad of silica gel and eluted with 30 /o 

ethyl acetate in pet ether as the eluent to afford a pale yellow liquid compound 2- 

hydroxymethyl-2-(2-(nitrophenyl)pent-4-enal 7 (57 mg, 87%) (Note: reaction_can 

also be traversed by aqueous solution formalin and could be scaled up to 3.5_g). IR
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(o in cm-1) (thin film): 2926- 3300, 1724, 1527, 1358, 1024. *H NMR (400 MHz, 

CDCI3): 5 9.63 (s, 1H), 7.88 (d, 1H, J  = 8 Hz), 7.58 (m, 1H), 7.4- 7.46 (m, 2H), 5.45- 

5.52 (m, 1H), 5- 5.07 (m, 2H), 4.02 (d, 1H, J  = 11.6 Hz), 4.19 (d, 1H, J  = 11.6 Hz), 

2.86 (d, 1H, J  = 7.6 Hz), 2- 2.2 (brs, 1H). 13C NMR (100 MHz, CDC13): 5 201.7 

(CHO) 149.7 (Cq), 133.3 (CH), 132.5 (Cq), 131.6 (Cq), 131.1 (CH), 128.6 (CH),

128.6 (CH), 125.9 (CH), 119.9 (CH2), 64.8 (CH2), 57.3 (Cq), 36.6 (CH2).

Procedure A: General procedure for amine catalysed hvdroxvmethvlation

To the weighed aldehyde, 2-(2-(Nitrophenyl) pent-4-enal 8 (56 mg, 0.273 mmol) was 

added 3 mL of DMSO followed by addition of chiral amine catalysts A- H (30 

mol%, 0.091 mmol) and paraformaldehyde (24 mg, 0.266 mmol). Reaction was 

stirred for 3- 4 days (TLC) and on completion reaction mixture was extracted with 

ether (5 mL X 4) and combined organic layer was washed with brine 20 mL followed 

by drying over sodium sulphate, concentrated to get the crude compound 7. Passed 

over short pad of silica gel and eluted with 30% ethyl acetate in pet ether as the 

eluent to afford a pale yellow liquid compound 2-hydroxymethyl-2-(2- 

(nitrophenyl)pent-4-enal 7.

B: General procedure for hvdroxvmethvlation using bifunctional catalysts.

To the weighed aldehyde, 2-(2-(Nitrophenyl) pent-4-enal 8 (30 mg, 0.147 mmol) was 

added 2 mL of DCE/ acetonitrile followed by addition of chiral bifunctional catalyst 

catalysts I- N (15 mol%, 0.022 mmol) and paraformaldehyde (12 mg, 0.133 mmol). 

Reaction mixture was stirred for 3 -4  days (TLC). Reaction mixture was diluted with 

ether 5 mL, filtered, washed with ether and the combined organic layer was 

concentrated to get the crude compound 7. Purification was done by passing over a 

short pad of silica gel and eluting it with 30% ethyl acetate in pet ether as the eluent
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to afford a pale yellow liquid compound 2-hydroxymethyl-2-(2-(nitrophenyl)pent-4- 

enal 7.

Attempted studies for the protection of hydroxyl group of compound 7 bv a 

benzyl group:

no2

DIFFERENT
CONDITIONS

Ph Br
Expected compound

12C

Different conditions were utilised for the present study as mentioned in this section 

(Table 2). Generally for all reactions usual work-up procedures were followed and 

the details of the procedure are as follows.

Protection of hydroxyl group in the presence of K2CO3 as base and acetone as 

solvent resulted in total conversion to product 12a. IR (d in cm'1) (thin film): 1523, 

1346, 1402, 1123, 752. lH NMR (400 MHz, CDCI3): 5 9.63 (s, 

1H), 7.81 (d, 1H, J  = 6.8 Hz), 7.44- 7.52 (m, 1H), 7.34- 7.44 

(m, 6H), 7.27- 7.35 (m, 2H), 6.24 (s, 1H), 5.72- 5.8 (m, 1H), 

4.95 (s, 1H), 4.95- 5.03 (m, 2H), 3.24- 3.26 (d, 2H, J  = 6.8 Hz). 13C NMR (100 

MHz, CDCI3): 8 149.7 (Cq), 144.5 (CH), 137.2 (Cq), 135.96 (CH), 134.4 (Cq), 133.2 

(CH), 132.53 (CH), 131.2 (CH), 128.6 (CH), 128.04 (CH), 127.4 (CH), 124.2 (CH),

116.6 (CH2), 115.5 (Cq), 74.2 (CH2), 33.4 (CH2). ESIMS: 295.1208 (calculated);

295.12 (found).

To the compound 7 (2.5 g, 10.5 mmol) in 50 mL of acetone was added K2C03 (4.5 g,

32.6 mmol) followed by addition of benzyl bromide (1.97 g, 1.4 mL, 11.5 mmol) at 

room temperature. Upon completion reaction mixture was filtered and concentrated
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to obtain compound 12a in quantitative yields. Whereas, under similar conditions in 

the presence of the toluene as solvent resulted in the formation of compound 8. To 

the compound 7 (0.25 g, 1.05 mmol) in 10 mL of toluene was added K2C 03 (0.45 g, 

3.26 mmol) followed by addition of benzyl bromide (0.197 g, 0.14 mL, 1.15 mmol) 

at room temperature and Upon completion the reaction mixture was filtered, 

concentrated to obtain the compound 12a in quantitative yields. Protection of 

hydroxyl group by benzyl group in the presence of DBU as base involved addition of 

benzyl bromide (0.017 g, 0.12 mL, 0.994 mmol) followed by base DBU (0.19 g, 1.26 

mmol) at 0 °C in the reaction mixture containing solution of compound 7 (0.2 g, 0.84 

mmol) in 5 mL of THF. NOTE: reaction was also tried in different solvents such as 

acetonitrile, toluene and chloroform. Reaction mixture was then allowed to stir at 

ambient temperature and monitored by TLC on regular intervals. Major compound 

12a was isolated (2.2 g, 70%) as E: Z (4: 1) mixture.

Reaction was also studied with the adddition of sodium hydride (0.04 g, 1.66 mmol) 

as base under the inert atmosphere of N2 gas at 0 °C. Further stirring the reaction 

mixture containing benzyl bromide (0.17 g, 0.994 mmol) and hydroxymethylated 

compound 7 (0.2 g, 0.84 mmol) in 5 mL of THF at room temperature also resulted in 

formation of product 12a (retro-aldol followed by O-benzylation). Reaction was also 

studied in DMF as solvent in the presence of bases like imidazole and triethylamine.

To the stirred solution of the compound 7 (0.18 g, 0.84 mmol) in 5 mL of DMF was 

added imidazole (0.17 g, 2.5 mmol) or triethylamine (0.255 g, 2.52 mmol) followed 

by addition of benzyl bromide (0.17 g, 0.994 mmol) and reaction was stirred at room 

temperature (TLC). Starting material hydroxymethylated compound 7 underwent

retro-aldol reaction to give back the aldehyde 8. Disappointingly similar were the 

results even when we performed low temperature protection studies with similar 
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procedure. To the stirred solution of the compound 7 (0.18 g, 0.756 mmol) in 5 mL 

of dry DMF was added Hunig’s base (0.19 g, 1.47 mmol ) at -78 °C followed by 

addition of benzyl bromide (0.194 g, 1.13 mmol) and reaction was 

allowed to stirr at room temperature (TLC) to isolate the 

compound 12a ( 0.18, 80%). Interestingly, reaction in the

CHO
------ *

8

presence of benzyl triflate (272.14 g, 1.13 mmol ) in the DCM as solvent gave the 

compound 8 (0.12 g , 78%). IR (u in cm '1) (thin frlm): 3022, 1728, 1534, 1347, 1501. 

*H NMR (400 MHz, CDC13): 5 9.38 (d, 1H), 7.94 (d, 1H, J  = 8.4 Hz), 7.54- 7.58 (m, 

1H), 7.38- 7.42 (m, 1H), 7.24 (d, 1H, J  = 7.6 Hz), 5.59- 5.69 (m, 1H), 4.93- 4.98 (m, 

2H), 4.24 (t, 2H), 2.85- 2.92 (m, 1H), 2.45- 2.53 (m, 1H). 13C NMR (100 MHz, 

CDCI3): 5 198.6 (CHO) 149.95 (Cq), 134.1 (CH), 133.3 (CH), 131.3 (Cq), 131.1 

(CH), 129 (CH), 128.8 (CH), 128.6 (CH), 125.2 (CH), 118.1 (CH2), 53.3 (CH), 33.8 

(CH2).

Procedures involving usage of silver additives were as follows: To the stirred 

solution of the compound 7 (0.155 g, 0.651 mmol) in 3 mL of dry DMF at -15 °C 

was added Ag20  (0.022 g, 0.095 mmol) or AgBr (0.018 g, 0.095 mmol) NOTE: 

reaction was also performed with the stoichiometric quantities of 

the silver additives which also resulted in the similar outcome. 

Followed by addition of benzyl bromide (0.14 g, 0.82 mmol) and 

reaction was allowed to stirr at same temperature for 2 h (TLC). Reaction yielded 

mixture of products 12a (0.11, 60%), traces of 8 and 12c (0.03 g, 15%) IR (u m cm *) 

(thin film); 3022, 1728, 1534, 1347, 1501. 'H  NMR (400 MHz, CDC13): 5 9.53 (s, 

1H), 7.87- 7.88 (m, 1H), 7.34- 7.38 (m, 2H), 7.1- 7.13 (m, 3H), 6.88- 6.89 (m, 1H), 

5.02- 5.07 (m, 2H), 3.56 (d, 1H, J  = 13.6 Hz), 3.34 (d, 1H, J  = 13.6 Hz), 2.75- 2.8 

(m, 1H), 2.62- 2.67 (m, 1H). 13C NM R (100 MHz, CDC13): 5 200.7 (CHO) 148.8 
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(Cq), 134.2 (Cq), 132.4 (Cq), 131.3 (CH), 130.5 (CH), 129.9 (CH), 127.3 (CH), 

126.99 (CH), 125.9 (CH), 124.7 (CH), 119.3 (CH2), 55.6 (Cq), 40.1 (CH2), 37 (CH2). 

ESIMS: 295.1208 (calculated); 295.12 (found).

Procedure .involving usage of TBAI as additive was as fo llow s: To the stirred 

solution of the compound 7 (0.155 g, 0.651 mmol) in 3 mL of dry DMF at -15 °C 

was added Ag20  (0.022 g, 0.095 mmol) or AgBr (0.018 g, 0.095 mmol) NOTE: 

reaction was also performed with the stoichiometric quantities of the silver additives 

which also resulted in the similar outcome and TBAI (0.072 g, 0.195 mmol) 

followed by addition of benzyl bromide (0.14 g, 0.82 mmol) and reaction was 

allowed to stirr at same temperature for 2 h (TLC). Reaction yielded mixture of 

products 12a, 8 and 12c. Procedure involving usage of Hunig’s base was as follows: 

To the stirred solution of the compound 7 (0.155 g, 0.651 mmol) in 3 mL of dry 

DMF at -78 °C was added AgBr (0.018 g, 0.095 mmol) NOTE: reaction was also 

performed with the stoichiometric quantities of the silver bromide which also 

resulted in the similar outcome and Hunig’s base (0.168 g, 1.3 mmol) followed by 

addition of benzyl bromide (0.14 g, 0.82 mmol) and reaction was allowed to stirr at 

same temperature for 1.5 h (TLC). Reaction yielded mixture of products 12a (0.15 g, 

80%) and traces of 8 ,12c.

NOTE: Usual work-up by adding water followed by the extraction with ethyl 

acetate/ DCM and combined organic layer was washed with brine, drying on sodium 

sulphate and then concentration of organic layer to get the crude compound which 

was purified by the column chromatography using 10% ethyl acetate in pet ether as 

eluent. This procedure was followed in general for all of the above experiments.
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Synthesis of 2-[fffeK-bulyldimethvlsilvnnxv)roethvl>-2-(2-.iifrni.hpnvlln.nt^i-

enal (13)

Procedure A. To the stirred solution of hydroxymethylated aldehyde compound 7 

(0.5 g, 2.1 mmol) in 10 mL of DMF at 0 °C was added imidazole (0.57 g, 8.37 

mmol) followed by tert-butyldimethylsilylchloride (0.65 g, 4.31 mmol) and reaction 

mixture was allowed to stir at room temperature for 3 h (TLC). NOTE: reaction was 

also performed at low temperature - 45 °C and -78 °C. On completion of the reaction 

mixture it was extracted with ether (5 mL X 4) and combined organic layer was 

washed with brine 20 mL followed by drying over sodium sulphate and concentrated 

to get the crude compound 7. Passed over short pad of silica gel and eluted with 10% 

ethyl acetate in pet ether as the eluent to afford a major compound which was the 

undesired O-silylated compound, (E)-tert-butyldimethyl((2-(2-nitrophenyl)penta-1,4- 

diene-l-yl)oxy)silane. Procedure B: (reverse addition) Solution of imidazole (0.17 

g, 2.49 mmol) as base and the tert-butyldimethylsilylchloride (0.377 g, 2.5 mmol) 

was well stirred in 3 mL of DMF at -10 °C for 15 minutes followed by addition of 

catalytic DMAP ( 0.012 g, 0.0983 mmol) and then slow drop 

wise addition of 2 mL solution of hydroxymethylated 

aldehyde compound 7 (0.23 g, 0.983 mmol) in DMF and 

reaction mixture was allowed to stir at room temperature for 2 h (TLC). On 

completion of the reaction mixture it was extracted with ether (10 mL X 4) and 

combined organic layer was washed with brine 20 mL followed by drying over 

sodium sulphate and concentrated to get the crude compound 7. Passed over short 

pad of silica gel and eluted with 30% ethyl acetate in pet ether as the eluent to afford 

pure compound, a colourless liquid compound, 13 (0.27 g, 80%). JR (p m c m ') 

(KBr): 2928, 1856, 1726, 1527, 1358, 793. *H NMR (400 MHz, CDC13): 5 9.69 (s,
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1H), 7.93 (d, 1H, J =  10 Hz), 7.6- 7.65 (m, 1H), 7.45- 7.49 (m, 2H), 5.49 (m, 1H), 

5.07 (m, 2H), 4.1- 4.28 (m, 2H), 2.89- 3.05 (m, 2H), 0.86 (s, 9H), 0.46 (s, 3H), 0.00 

(s, 3H). 13C NMR (100 MHz, CDC13): 8 200.6 (CHO) 148.5 (Cq), 133.4 (Cq), 131.8 

(CH), 130.9 (CH), 130 (CH), 127.3 (CH), 124.7 (CH), 118.5 (CH2), 65.6 (CH2), 55.9 

(Cq), 35.1 (CH2), 24.6 (CH3), 17.1 (Cq). ESIMS: 349.17 (calculated); 349.1709 

(found).

Synthesis o f  2-form vl-2-f2 -n itrop h en vr> p en t-4-en -l-v l acetate  f14t

Following the optimised procedure the solution of imidazole (1.43 g, 21 mmol) as 

base and acetic anhydride (1.6 g, 15.68 mmol) was well stirred in 3 mL of DMF at - 

10 °C for 15 minutes followed by addition of catalytic DMAP ( 

0.12 g, 0.983 mmol) and then slow drop wise addition of 2 mL 

solution of hydroxymethylated aldehyde compound 7 (2.5 g,

10.5 mmol) in DMF and reaction mixture was allowed to stir at room temperature for 

2 h (TLC). On completion of the reaction mixture it was extracted with ether (15 mL 

X 4) and combined organic layer was washed with brine 20 mL followed by drying 

over sodium sulphate and concentrated to get the crude compound 7. Passed over 

short pad of silica gel and eluted with 30% ethyl acetate in pet ether as the eluent to 

afford pure compound, a colourless liquid compound, 14 ( 2 g, 80%). IR (u in cm ) 

(KBr): 1721, 1655, 1523, 1372, 1130. XH NMR (400 MHz, CDC13): 5 9.68 (s, 1H), 

7.98- 7.99 (m, 1H), 7.65- 7.67 (m, 1H), 7.5- 7.54 (m, 1H), 7.42- 7.44 (m, 1H), 5.47- 

5-55 (m, 1H), 5.09- 5.13 (m, 2H), 4.67 (s, 2H), 2.96 (d, 2H, J =  6.4 Hz), 2.03 (s, 3H). 

ESIMS: 277.0950 (calculated); 277.09 (found).

Attempted protection of aldehyde group as ketal group in case of 1 3 ,1 4 , and.7
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Synthesis of_2-(l-(2-nitrophenyl)but-3-en-1 -vll-l (16) In an attempt to

protect the aldehyde 13 and 14 as their ketal forms 17 & 18 respectively we followed 

the procedure as follows: To the compound 13 (0.35 g, 1 mmol) 

was added 15 mL of dry toluene and ethylene glycol (0.5mL, 

0.48 g, 7.73 mmol) followed by addition of catalytic PTSA 

(0.057 g, 0.299 mmol) and the reaction mixture was refluxed (NOTE: azeotropic 

removal of the water utilizing Dean-Starck apparatus! Reaction was complete in 22 

h (TLC). Reaction mixture it was extracted with ethyl acetate (10 mL X 4) and 

combined organic layer was washed with brine 20 mL followed by drying over 

sodium sulphate and concentrated to get the crude compound 7. Passed over short 

pad of silica gel and eluted with 10% ethyl acetate in pet ether as the eluent to afford 

pure compound, a pale yellow liquid compound, 16 (0.29 g, 78%). IR (u in cm'1) 

(KBr):1175, 1527, 1354, 1603. *H NMR (400 MHz, CDC13): 5 7.66 (d, 1H, J  = 8

Hz), 7.45- 7.68 (m, 2H), 7.26- 7.3 (m, 1H), 5.59- 5.64 (m, 1H), 4.87- 4.97 (m, 2H), 

3.71- 3.79 (m, 4H), 3.63- 3.7 (m, 1H), 2.49- 2.69 (m, 2H). 13C NMR (100 MHz, 

CDC13): 8 151.7 (Cq), 135.2 (CH), 133.4 (Cq), 131.9 (CH), 129.99 (CH), 127.3 

(CH), 123.9 (CH), 117.1 (CH), 105.4 (CH2), 65.3 (CH2), 64.96 (O-CH-O), 42.3 

(CH), 33.7 (CH2). ESIMS: 249.1001 (calculated); 249.10 (found).

To the compound 14 (0.525 g, 1.87 mmol) was added 10 mL of dry toluene and 

ethylene glycol (0.2 mL, 0.2 g, 3.22 mmol) followed by addition of catalytic PTSA 

(0.036 g, 0.189 mmol) and the reaction mixture was refluxed (NOTE: azeotropic 

removal o f the water utilizing Dean-Starck apparatus). Reaction was complete in 3 h 

(TLC). Reaction mixture it was extracted with ethyl acetate (10 mL X 4) and 

combined organic layer was washed with brine 20 mL followed by drying over 

sodium sulphate and concentrated to get the crude compound 7. Passed over short
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pad of silica gel and eluted with 10% ethyl acetate in pet ether as the eluent to afford 

pure compound, a pale yellow liquid compound, 16 (0.37 g, 78%).

To the compound 7 (0.34 g, 1.428 mmol) was added 10 mL of dry toluene and 

ethylene glycol (0.3 mL, 0.3 g, 4.83 mmol) followed by addition of catalytic PTSA 

(0.081 g, 0.426 mmol) and the reaction mixture was refluxed (NOTE: azeotropic 

removal of the water utilizing Dean-Starck apparatus L Reaction was complete in 3 h 

(TLC) followed by work-up procedure mentioned above afforded the undesired 

compound 16 (0.302 g, 70%).

Upjohn dihydroxylation

Synthesis of 3-[((fert-butvldimethvlsilvI)oxv)methvf)-5-(hvdroxvmethvO-3-(2- 

nitrophenvIltetrahvdrofuran-2-ol (241:

To the compound 13 (0.234 g, 1 mmol) was added 3mL of THF or acetone followed 

by aqueous suspension of catalytic OsC>4 solution dropwise at 0 °C (0.2 mL of 2% 

solution, 0.02 mmol) and finally addition of 50% aqueous solution of NMO (0.5 mL, 

3 mmol). Reaction was allowed to stir at room temperature 

till starting material was consumed (TLC). Reaction mixture 

was diluted with water and extracted with ethyl acetate (10 

mL X 4), washed with brine solution, dried using Na2S04 and concentrated on 

rotavap to obtain crude compound which was purified by column chromatography 

(30% PE:EA as eluent) to afford hemiketal 24 (0.24 g, 90%) an thick viscous liquid 

as the major compound, ffi. (o in cm'1) (KBr): 1526, 1362, 1024. H NMR (400
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MHz, CDCI3): 8 7.78- 7.82 (m, 1H), 8 7.65- 7.68 (m, 1H), 8 7.54- 7.59 (m, 2H), 5.6-

5.8 (m, 1H), 4.6- 4.7 (m, 1H), 4.3- 4.4 (m, 1H), 4.0- 4.2 (brs, 2H), 3.9- 4.0 (m, 2H), 

3.7- 3.9 (m, 2H), 2.3- 2.5 (m, 1H), 1.04 (s, 9H), 0.08 (s, 3H), 0.00 (s, 3H). 13C NMR 

(100 MHz, CDCI3): 8 149.3 (Cq), 135 (Cq), 133.4 (CH), 129.8 (CH), 126.2 (CH), 

122.9 (CH), 97.1 (CH), 77.95 (CH), 65.96 (CH2), 64.3 (CH2), 63.01 (CH2), 58.7 

(Cq), 24.8 (CH3), 17.2 (Cq). ESIMS: 383.1764 (calculated); 383.17 (found).

Procgdure followed for Lemieux- Johnson oxidation (oxidative cleavage and 

subsequent functionalization!

To the compound 13 (0.2g, 0.574 mmol) was added 5 mL of THF and solution was 

chilled before the addition of DABCO (0.4 g, 3.56 mmol), NaI04 (0.49 g, 2.3 mmol) 

and finally aqueous suspension of catalytic Os04 solution dropwise at 0 °C (0.73 mL 

of 1% solution, 0.029 mmol). Reaction was allowed to stir at room temperature till 

starting material was consumed (TLC). Reaction mixture was diluted with water and 

extracted with ethyl acetate (10 mL X 4), washed with brine solution, dried using 

Na2S04 and concentrated on rotavap to obtain crude compound as thick viscous 

colourless oil which was used as it is for further reductive amination studies (NOTE: 

The compound was found unstable in our attempts for its isolation and purification).

Reductive amination using NaCNBHs (general procedure): To the crude compound 

19c was added 5 mL of dry solvent (different solvents like MeOH, acetonitrile, THF, 

DCM, DCE, chloroform is studied) methylamine hydrochloride (0.8 g, 1.184 mmol) 

triethylamine (0.3 mL, 1.15 mmol) tNOTE: aqueous methylamine, 40% was_al_so
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toed) followed by portion-wise addition of NaCNBH3 (0.1 g, 1.59 mmol) and 

reaction mixture was stirred at room temperature. Reaction was also traversed with 

addition of acetic acid and usage of molecular sieves or using Dean- Stark apparatus 

for the removal of water. All the attempts for the formation of required framework 

failed and could not give us the expected compound 26.

Reductive animation using NaBH(OAc)3 (general procedure): To the crude 

compound 19c was added 5 mL of dry solvent (different solvents like acetonitrile, 

THF, DCM, DCE, chloroform is studied) methylamine hydrochloride (0.8 g, 1.184 

mmol) triethylamine (0.6 mL, 2.3 mmol) followed by portion-wise addition of 

NaBH(OAc)3 (0.49 g, 2.29 mmol) and reaction mixture was stirred at room 

temperature. Reaction was also traversed with addition of acetic acid and usage of 

molecular sieves or using Dean- Stark apparatus for the removal of water. All the 

attempts for the formation of required framework failed and could not give us the 

expected compound 26.

In an attempt towards synthesis of pyrrolidine motif 27 we simply attempted the 

reaction conditions with the usage of/?-methoxybenzylamine (PMB) (0.18 g, 1.36 

mmol) followed by general procedure but again lead only to disappointing results.
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Direct hydrogenation of the aromatic nitro group of the anticipated compound 20 

was also studied weather such intermediates could be transformed to the 

pyrroloindoline frameworks 21 .

To the crude compound 19c (0.12 g, 0.34 mmol) was added 10 mL of ethanol 

followed by Pd/C catalyst (0.012g, 10% W/W) and subjected for hydrogenation in 

parr hydrogenator. Reaction gave mixture of compounds (NOTE: crude ]H NMR 

analysis showed cleavage of TBDMS group).

Hydrogenation of the aromatic nitro group using recently developed protocol from 

our group using nano composites C0-C02B freshly prepared from catalytic cobalt 

chloride (0.01 g, 0.077 mmol) and excess ammonia-borane (0.25 g) in methanol also 

could not assemble the requisite framework..

Procedure for organocatalytic hydroxymethylation reaction:

General procedure for chiral amine catalysed hvdroxvmethylation reaction:

To the weighed aldehyde, 2-(2-(Nitrophenyl) pent-4-enal 8 (0.035 g, 0.17 mmol) was 

added 2 mL of dry DMSO followed by organocatalysts A- H (20 mol%; 4- 7 mg; 

table 7) and reaction mixture was stirred at room temperature (TLC) (NOTE. 

additive effect of water, catalytic acids like benzoic acid and TFA were also studied). 

Upon completion the reaction mixture was diluted with water 5 mL and extracted 

with ether (6 mL X 4), washed with brine, drying with Na2S04 followed by 

concentration on rotavap to afford the crude compound which was purified by
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column chromatography (30 % PE: EA as eluent) to obtain the compound 7 which 

was analysed by HPLC for chirality.

General— procedure---for-----chiral__ bifunctional Bronsted acid catalysed

hvdroxvmethvlation reaction:

To the weighed aldehyde, 2-(2-(Nitrophenyl) pent-4-enal 8 (0.017 g, 0.085 mmol) 

was added 2 mL of dry DCE and another batch with 2 mL of dry acetonitrile as the 

solvent was set followed by addition of organocatalysts I- N (10 mol%; 3.5- 6 mg; 

table 8) and the reaction mixture was stirred at room temperature (TLC). Upon 

completion reaction mixture was filtered, washed with ethyl acetate and washings 

were concentrated on rotavap to afford the crude compound which was purified by 

column chromatography (30 % PE: EA as eluent) to obtain the compound 7 which 

was further analysed by HPLC for the chirality.

Procedure for the oxidation of aldehyde group of the compound (13) for the 

synthesis of 2-f((tert-butvldimethvlsilvl)oxv)methvll-2-f2-nitrophenyIlpent-4- 

enoic acid (291:

Pinnick oxidation: To the compound 13 (0.28 g, 0.8 mmol) was added lmL of THF,

2.5 mL of tert-butmo\ and 0.5 mL of water and solution was chiled with ice bath and 

to this stirred solution was added NaH2PC>4 (0.88 g, 6.37 mmol), H2O2 (2.5 mL, 30% 

aqueous, 24 mmol) followed by NaC102 (0.58 g, 6.41 mmol) and reaction mixture 

was stirred at room temperature (4 h, mixture, TLC). Reaction mixture was diluted 

with water 10 mL and extracted with ethyl acetate (10 mL X 4), washed with brine, 

drying with Na2S04 followed by concentration on rotavap to afford the crude 

compound which was purified by column chromatography did not yield the requisite 

compound.
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Oxme mediated oxidation: To the compound 13 (0.2 g, 0.574 mmol) was added 3 

mL of dry DMF (0.2 M solution) followed by addition of oxone (0.176 g, 0.574 

mmol) and reaction mixture was stirred at room temperature (8 h, mixture, TLC). 

Followed by usual work-up procedure did not yield the requisite compound. (NOTE: 

same reaction was also performed with the sodium carbonate buffer which resulted  

in no conversion!.

Copper mediated oxidation: To the compound 13 (0.5 g, 1.43 mmol) was added 10 

mL of dry acetonitrile as solvent followed by addition of CuBr (0.03 g, 0.215 mmol) 

and TBHP (0.7 mL, 6M in decane, 43 mmol) and the reaction mixture was stirred at 

room temperature (mixture, TLC). Followed by usual work-up procedure did not 

yield the requisite compound.

Silver oxide mediated oxidation: To the compound 13 (0.28 g, 0.8 mmol) was added 

2 mL of DMF followed by addition NaOH (2mL, 2N solution) and Ag20 (0.197g,

0.85 mmol) and reaction was stirred at room temperature.

metal catalysed oxidative amidation: To the compound 13 (0.1 g, 0.287 mmol) was 

added 3mL of DMF: water (1:1) followed by addition of ammonium acetate (0.025 

g, 0.33 mmol) and FeCl3 (0.005 g, 0.029 mmol) or hydroxylamine hydrochloride 

(0.022 g, 0.33 mmol) and copper sulphate (0.004 g, 0.014 mmol) and reaction 

mixture was stirred at room temperature (NOTE: solvent optimisation,_oxjdant like 

TBHP was also studied and reaction lead to complex mixture ugonheating),

In an attempt to obtain the required compound 33 we also tried an approach 

involving subsequent reduction of nitro group and followed by amidation. To the
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compound 13 (0.2 g, 0.574 mmol) was added 3 mL of dry methanol or DMF (0.2 M 

solution) followed by addition of oxone (0.176 g, 0.574 mmol) and reaction mixture

was stirred at room temperature. Crude reaction mixture obtained 

after aqueous work-up was further used for reduction of aromatic 

nitro group using freshly prepared CoB from catalytic cobalt chloride 

(0.01 g, 0.077 mmol) and excess NaBFh (0.16 g) in methanol as 

solvent. Finally followed by extractive work-up and coupling of anticipated amine in 

the presence of DMAP in methanol to give us the compound 32 as thick colourless 

oil (0.05 g, 50 %) and could not assemble the requisite framework 33. IR (u in cm'1) 

(KBr): 3570, 3100, 1450, 1358, 753. *H NMR (400 MHz, CDC13): 5 7.85 (s, 1H),

7.54 (d, 1H, J  = 8 Hz), 7.29 (d, 1H, J  = 9.6 Hz), 7.12 (t, 1H), 7.1 (t, 1H), 6.91 (s, 

1H), 2.67 (t, 2H), 1.64- 1.7 (m, 2H), 0.94 (t, 3H). 13C NMR (100 MHz, CDC13): 5

136.3 (Cq), 127.7 (Cq), 121.1 (CH), 121.8 (CH), 119 (CH), 117 (Cq), 110.99 (CH),

27.3 (CH2), 23.3 (CH2), 14.2 (CH3). ESIMS: 159.1048 (calculated); 159.10 (found).
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2.6 Spectral Data

NMR DATA:
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OT-13-W-01 PNR CDCL3

SagarN. Pati], Ph. D. Thesis, Goa University. Page 169



C
/3

CHAPTER 2

SP-13-BK-07 PMR CDCL3
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SP-13-KH-04 CMR CDCL3

« * H Q ( d O «
r- o  m  r«- ^ 5! N 1-4

w n n t i M N HH  H  H  r( H  H r l 40 40 tO
r- r*

V

■iMlt l,i l,

aio 200 190 180 170 160 150 140 130 120 110 100 7 0  60 5 0  40 0 ppm

SP-13-HM-Q4 DEPT CDCL3

« « M n n  oo ot o <n r-'
NHH00K)nnciNM

\ \ / t l

Cvt OV 40 40 4© m » n
lO ij'jv40 40 *0 40

w /

1 I .........i ' ----" *T ~
150 140 130 120

■ ■ r ■ " “I “110 100 90

■•I"'....U'""~...-f
20 10 ppn

SagarN. Patil, Ph. D. Thesis, Goa University. Page 172



CHAPTER 2
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3.1 Introduction

Aromatic amines are widely used as starting materials and important intermediates 

for the syntheses of drug molecules and bioactive natural products (Fig l ).1 

Manufacturing of variety of other chemicals also involves chemoselective reduction 

of aromatic nitro compounds as important step such as agrochemicals, dye stuffs, 

pharmaceuticals, polymers surfactants, photographic rubber chemicals and chelating 

agents.2 Reduction of corresponding nitroaromatics is a common and most efficient 

route followed for their preparation.

Figure 1 Functionalized aniline frameworks in natural compounds.

Noble metals are frequently used as heterogeneous catalysts for the direct 

hydrogenation of nitroarenes.3 Aromatic nitro compounds can be reduced by 

numerous methods. However, some methods lack the desired chemoselectivity and 

selective reduction of aromatic nitro compounds most of the times stops at an 

intermediate stages such as hydroxyl amines,4 hydrazines,5 azoarenes, or 

azoxyarenes.7 Commercially available Ni or Pt catalysts are well accepted but due to 

their missing chemoselectivity, or lower functional group tolerance these catalysts 

cannot be applied for hydrogenation of substituted nitrobenzenes particularly having 

other functional groups.8 Although remarkable advancements have been achieved m 

the selective catalytic hydrogenation of nitroarenes still the development of novel 

heterogenous catalysts with broad functional group tolerance and optimum activity
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represents an important challenge. A wide variety of methods have been documented 

and employed for the direct and selective reduction of nitro group to amine. 

Catalytic hydrogenation9 employing molecular hydrogen and metal catalyst is one of 

the most used methods in industrial processes where no side product except water is 

formed. The major drawback of catalytic hydrogenation is difficulty in reducing 

selectively nitro group in the presence of other functional groups. In such cases, 

stoichiometric reducing agents such as iron, 10 tin, 11 zinc in ammonium hydroxide, 12 

sodium hydrosulfite are to be used. These processes produce large amounts of 

waste that is not environmentally sustainable in view of green chemistry 

perspectives. The successful approaches to address the problem of selectivity are the 

modification or tailoring 14 of the classical heterogeneous catalyst. Nickel and cobalt 

boride catalysts also show good selectivity in conversion of nitro to amine along with 

Raney nickel and Raney cobalt. 15

Metal nanoparticles, owing to their quantum effect and high surface to volume ratio 

have generated tremendous interest in the field of organic synthesis, fuel cells and 

pollution treatment. Metal nanoparticles, also due to their high Fermi potential can 

function as catalysts by lowering the reduction potential. Reduction of nitro to amine 

has been effected by metal nanoparticles 16 (Au, Ag, Pt, Pd, Ni and Cu) either 

directly or on a supported matrix. However, recovery of noble metal nanoparticles 

for stabilizer containing system is difficult. Use of magnetic nanoparticles has 

emerged as a promising alternative due to eliminating requirements of either solvent 

swelling before or catalyst filtration after the reaction. However, most of the work 

relates to precious metals on magnetic materials, but, direct reduction using bio- 

mlevant metals such as iron, copper and cobalt in its nanoform is rare. In this respect, 

the use of heterogeneous catalysts based on inexpensive biorelevant metals which
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also could be magnetically recovered can definitely offer interesting opportunities 

especially for more challenging substrates.

Selective aromatic nitro group reduction has always been of great importance and 

such key transformation to arylamines is pivotal for the synthesis of important 

intermediates of drug molecules and bioactive natural products.

3.2 Literature review

3.2.1 Applications o f  ch em oselective  a r o m a tic  n itro  grou p  red u ction  for the  

syntheses of drug m olecu les and  b ioactive  n a tu ra l products.

Zhu and co-workers17 disclosed a novel one pot multiple bond formation sequence 

using an integrated-oxidation-reduction-cyclization (10RC) protocol. Total synthesis 

of a monoterpene in dole alkaloid (±) goniomitine which is isolated from root bark of 

gonioma Malagasy'*is studied. Palladium catalysed decarboxylative coupling 

reaction followed by chemoselective reduction of nitro group and cyclization were 

some of the key steps to give a reorganized skeleton of tetracyclic structure of natural 

product goniomitine (scheme 1).

Scheme 1
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Zhu and co-workers also developed a divergent approach to target structurally 

distinct family of aspidosperma alkaloids. Protecting group free total synthesis of 

library of complex natural compounds was achieved utilizing chemoselective 

aromatic nitro group reduction as one of important reaction followed by annulations

i. Pd/C; H2, ethanol

ii. Ac20, 3h, rt,
92%

AcHN

(-) Mersicarpine

75%
(+) M elodinine E

H2SO4, THF-H2O 
70%

Scheme 2
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byannulations as depicted in scheme 2.

Wagmeres et ol. successfully revealed a method for the conversion of cyclopentene 

derivative to the pentacyclic structure of some of the bioactive alkaloids. Titanium 

chloride mediated chemoselective aromatic nitro group reduction followed by in situ 

assembly of requisite framework of target molecules is accomplished (scheme 3).

i. O3 , CS2 CO3

ii.TiCI3, NH4 OAc 
51%

NaBH4

50%

n-BuLi
CNCOOMe

55%

''

(±) Vincadiffomine 

Scheme 3

This method is also applied for the synthesis of kopsia alkaloids (Scheme 4). 

Spirocyclic cyclopentene derivative is utilized to target the indole based tetracyclic 

core structure in an efficient manner to accomplish the total synthesis of (±) 

Kopsihainanine A.21
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(±) Kopsihainanine A

Scheme 4

Geisler et al. developed an efficient method for synthesis of 19-norsteroid 

derivative exhibiting progesterone antagonist activity. Iron mediated chemoselective 

reduction of aromatic nitro group was utilized to synthesize the steroidal framework 

as depicted in scheme 5.

Scheme 5

Kumar23 utilized L-proline catalysed aminoxylation reaction to get functionalized 

alpha hydroxyl aldehyde followed by selective aromatic nitro group reduction using 

palladium catalyzed pressure hydrogenation condition.
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Scheme 6

Buyck et al,24 completed total synthesis o f trigonoliimine A, an alkaloid belonging to 

a family of oxidatively rearranged Zusindoles. It was isolated, along with 

trigonoliimines B and C, by Hao and co-workers in 2010 from the leaves of 

Trigonostemon lii collected in the Yunnan Province of China.25 Trigonoliimine A 

showed anti-HIV activity (EC50= 0.95 pg/mL, TI = 7.9). Their unusual structures, in 

particular the complexity of the unsaturated polycyclic systems, and the interesting 

bioactive properties, attracted the attention of several synthetic research groups 

worldwide.

Some of the key reactions studied in the present study includes Bischler-Napieralski 

reaction and aromatic nitro group reduction to synthesize the fascinating chemical 

framework of bioactive natural compound trigonoliimine A (scheme 7).
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Scheme 7

Hashimoto et al.26 disclosed a concise synthesis of a prodrug, candesartan known to 

be an angiotensin II receptor antagonist used mainly for the treatment of 

hypertension.27 This prodrug synthesized is also marketed by Astrazeneca and 

Takeda Pharmaceuticals. Aromatic nitro group reduction followed by 

functionalization displayed the very important application of chemoselective nitro 

group reduction in drug development and industrial synthesis of benzimidazole core 

structure of prodrug candesartan (scheme 8).

Similarly, Reis et al. ^synthesized telmisartan, angiotensin II receptor antagonist 

used in treatment of bladder diseases and hypertension related disorders.
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Candesartan

Scheme 8

Palladium catalyzed pressure hydrogenation for reductive annulation is used for the 

total synthesis of drug molecule telmisartan (Scheme 9).

Scheme 9
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NO,

68%

SnCI2, HCI

EtOH

DMSO
heat

/
N

Olanzapine

Scheme 10

I. K. Chakrabarti et al.29 synthesized antipsychotic drug olanzapine which is an 

established top selling pharmaceutical drug. It is structurally similar to clozapine and 

quetipine drugs. Olanzapine is a dopamine antagonist and classified as an 

athienobenzodiazepine. Tin chloride mediated chemoselective aromatic nitro group 

reduction to get fused tricyclic, seven membered azepine structure of drug 

olanzapine is a key reaction in this process (Scheme 10).
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Tyrosine kinase inhibitor drug molecule, imatinib is used for the treatment of chronic 

myeloid leukemia, gastrointestinal stromal tumors and many malignancies.30 

Imatinib was approved for the use after the surgical removal of KIT -positive tumors 

to help prevent recurrence. The drug is also approved in unresectable KIT-positive 

GISTs.31 Having given the vast spectrum of pharmaceutical importance of the drug 

molecule imatinib a n d  its demand the synthetic procedure to synthesize such 

molecules should be efficient and selective.

Raney nickel-hydrazine combination was efficiently utilized in order to 

chemoselectively reduce aromatic nitro group to synthesize the key intermediate for 

the synthesis of targeted drug molecule (Scheme 11).

Imatinib

Scheme 11
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Dunn P. J. successfully carried out synthesis o f the drug sildenafil, one of top selling 

pharmaceutical drug.32 Sildenafil is found to be potent PDE 5 inhibitor and known to

control blood flow in selected areas o f human body hence used in treatment of 

erectile disfunctioning.33 Industrial process involves tin mediated initial selective 

reduction of aromatic nitro group and followed by synthesis of pyrazolopyrimidone

structure of drug sildenafil as depicted in scheme 12.

Sidenafil

Scheme 12

Tan et al. ^demonstrated the synthetic importance of chemoselective reduction of 

aromatic nitro compound for the synthesis of 1-acetylaspidoalbidine and 

limaspermidine which are the parent members of the aspidoalbine family of 

alkaloids. These natural compounds are isolated from the Venezuelan tree 

Aspidosperma fendleri and from the bark of the Venezuelan tree Aspidosperma 

rhombeosignatumP Raney cobalt mediated nitro reduction is elegantly utilized to

SagarN. Patil, Ph. D. Thesis, Goa university.
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selectively obtain the tetracyclic core structure of natural compounds in a tandem 

reductive cyclization manner is shown in scheme 13.

CN

(±) Acetylaspidoalbidine

Scheme 13

Gualtierotti et al.36 reported the first total synthesis of bioactive natural compound 

leuconidine B. These natural compounds have attracted considerable attention in 

both the biological and synthetic chemistry .communities. Method is also utilized to 

synthesize the potent anticancer compound rhazinilam. Similar to taxol, rhazinilam 

was also found to interfere with tubulin polymerization dynamics. Present method 

highlights the importance of the chemoselective synthetic operations utilized in the 

field of development of anticancer agents and is depicted in scheme 14.
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DMF, Ag2CQ3 

heat, 60%

(-) Luecomidine B

Scheme 14

Somatic nitro group reduction plays an important role not only in asymmetric 

ynthesis of structurally complex bioactive frameworks and drug molecules but also 

S ves an efficient entry into various aryalmines and related key intermediates for

valuable bulk chemicals.37
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3.2.2 Methods for the chemoselective reduction of aromatic nitro group

Beller and co-workers38 developed a general and selective iron catalyzed transfer 

hydrogenation a first well-defined iron-based catalyst system for the reduction of

nitroarenes to anilines.

R N° 2 Fe(BF4)2 ,6H20  

p r 3, HCOOH

18 Examples

PR3 = 2

Scheme 15

Formic acid is used as reducing agent. A broad range of substrates including other 

reducible functional groups were studied and selectively converted to the 

corresponding anilines in excellent yields at mild conditions. Notably, the process 

constitutes a rare example of base-free transfer hydrogenations as shown in scheme 

15.

Chengzhi Yu et al. 39developed a mild and efficient electron-transfer method for the 

chemoselective reduction of aromatic nitro groups using samarium (0) metal and 

catalytic amount of l,r-dioctyl-4,4 ’-bipyridinium dibromide. The major active 

reducing agent responsible for the reduction is believed to be the radical cation 

species formed from l , l ’-dioctyl-4,4’-bipyridinium dibromide (scheme 16)
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14 Examples

Additive = C8H17-N ,n- c8h17
2 B r "

Scheme 16

Plietker and co-workers40 also disclosed a chemoselective method for the reduction 

of alkyne, ketones, and nitro groups using ruthenium based catalyst and Zn/water as 

a stoichiometric reductant. Depending on the nature o f the additive and the 

temperature, good chemoselectivities were observed for the selective reduction of a 

nitro group in the presence of a ketone or an alkyne (scheme 17)

R
N 0 2 RuCI2(PPh3)3(2.5 mol%),

KOH, Zn (3 equiv), 
H20 (8  equiv) 1 ,4-dioxane

NH2

Scheme 17

Rahaim and Maleczka41 described a method for room-temperature reduction of 

aromatic nitro groups to amines and such transformation was achieved high yield, 

^  wide functional group tolerance. Short reaction times using a combination of
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palladiumfll) acetate, aqueous potassium fluoride, and polymethylhydrosiloxane 

(PMHS) for the reduction was observed. Replacing PMHS/KF with triethylsilane 

also allows aliphatic nitro groups to be reduced to their hydroxylamines which is 

utilised to synthesize organic scaffolds o f synthetic importance (scheme 18)

Chandrasekhar et al.42 have demonstrated that the very expensive PtC>2 (Adam s 

catalyst) can be recycled several times in PEG (400). PEG (400) has been found to 

be a superior solvent over the ionic liquids in promoting the hydrogenation of various 

functional groups. Both the catalyst and PEG were recycled efficiently (10 runs) 

without any loss of activity (scheme 19)

Pd(OAc)2(5 mol%), NH2
R

PMHS (4equiv), KF (2equiv), 
THF, rt 26 exam pes

N02
Pd(OAc)2(5mol%),

N H -O H
alphatic alphatic

Et3SiH (6equiv)
KF (2equiv), THF, rt

O Ph O

Et3SiH (6equiv)
KF (2equiv), THF, rt Ph

4h, 77%

Scheme 18
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no2

Pto2, nh2

N3 PEG 400, H2, rt

Scheme 19

Herrmann et al. studied43 two-phase system using water soluble ligands such as

TPPTS and BINAS for the selective reduction of nitro aromatics. The unique, two- 

phase catalysis with water soluble catalysts offers good scope for the catalyst 

recycling in homogeneous catalysis. As ligand, trisulfonated triphenylphosphine 

TPPTS and also a mixture of tetra-, penta-, and hexasulfonated binaphthyl called 

BINAS were used. Azoxy compound as a byproduct, were found to be formed in 

significant amounts, if the temperature and pressure conditions were lowered 

(scheme 20)

O

,S03Na

BINAS =

R= meta Sulphonated Benzene TPPTS

Scheme 20
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TheRh6(CO)i6/TMPDA catalyst system exhibited a highly chemoselective reduction

of aromatic nitro group to the aromatic amino even in the presence of various 

substituted double bonds. Kaneda et al. 44realised the chemoselective reduction of 

a,p-unsaturated nitrostyrene derivatives and nitrocinnamates derivatives in an

efficient manner with yields in the range of 85-97% (scheme 21)

Rh6(CO)16,CO

TMPDA, 80 °C

TMPDA =

Scheme 21

Industries have been focussing on new catalyst systems to synnthesize symmetric 

and the more challenging unsymmetric ureas which forms crucial intermediates and 

are of great synthetic importance45

Sang and co workers46 devised a phosgene free and efficient method for high 

conversion and high yield of diarylurea involving aromatic nitro group reduction and 

the use of excess of aniline as the solvent. Using excess aniline, nitrobenzene, 

palladium acetate, triphenylphosphine, and tetraethylammonium chloride as the

Scheme 22
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co-catalyst in the presence of carbon monoxide atmosphere the desired N,N’~ 

diarylurea was obtained in excellent practical yields (scheme 22) Various transition 

metal based catalytic systems are developed for more selective reductions and to 

achieve optimum results to display efficacy of the catalytic methods.47 Ruthenium 

based catalyst are tailored for chemoselective nitro group reduction to process some 

of the key intermediates in organic synthesis (scheme 23)

Substituent Yield

H 88%
c h 3 24%
F 52%

CN 60%
c o 2c h 3 70%

Scheme 23

The water gas shift reaction (WGSR)48 has drawn considerable attention from the 

view point of carbon monoxide utilization in the chemical industry and continues to 

represents very important industrial exploitation of CO in aromatic nitro group 

reductive studies (scheme 24)

R

N 0 2 R u 3(C O )12. HN('Pr)2 ^

Diglyme/HaO, CO,120 °C

NH2

Scheme 24
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The WGSR was pioneered by Reppe more than 40 years ago49 and still continue to 

be one of the best methods for the reduction. One application related to WGSR is the 

utilization of a metal complex under CO/H2O conditions in reactions such as 

chemoselective aromatic nitro group reduction (scheme 25) under mild conditions 

and most importantly method is industrially demanding being highly scalable.

Scheme 25

Intramolecular nitro goup reduction followed by cyclisation is a very important 

transformation in the field of synthetic organic chemistry.

Cenini and co-workers50disclosed such cyclisation protocol for aromatic nitro 

compounds with a hydroxyalkyl group in the ortho position. Presence of a 

Pd(TMB)2/TMphen/TMBA or a Ru3-(CO)i2/NEt4Cl as catalysts, cyclic carbamates 

were obtained in high yields. The palladium catalyst has been shown to be far 

superior to the ruthenium catalyst in this reaction as far as selectivity is concerned 

and can be used under much milder reaction conditions. The Ru catalyst only works 

properly using o-dichlorobenzene as solvent due to the solubility of the 

alkylammonium salt.
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Catalyst (1 m o l% ) n

P

(b a r )

T

(°C)

%

selectiv ity

Ru3(CO)12/Et4N C la 1 60 170 51

Pd(TMB)2/TM phen/TM B A  b 1 40 140 99

Pd(TMB)2/TM phen/TM B A  b 2 40 140 60

a solvent, Dichlorobenzene; b Solvent, Toluene.

Scheme 25

Very recently, one-step, catalytic synthesis of N-arylsulfonamides is achieved from 

the reduction of aromatic nitro group followed by construction of N-S bonds. 

Meiming Luo and co workers51 demonstrated the direct coupling of sodium 

arylsulfinates with nitroarenes in the presence of FeCl2 and NaHSCh under mild 

conditions (scheme 25). In this process, stable and readily available NaHSCh acted as 

a reductant to provide N-arylsulfonamides in good to excellent yields. A broad range 

of functional groups were very well-tolerated in this reaction system. Authors noted 

that the combination of FeCl2 and trans-N,N'-dimethyl-1,2-diaminocyclohexane 

(DMDACH) gives the best results.

FeCI2 (10 mol%), / R'

NaHS03, DMDACH O O
DMSO, 60 °C

30 examples

Scheme 26
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A robust and green protocol for the reduction of functionalized nitroarenes to the 

corresponding primary amines developed by Kelly and Lipshutz52 relies on the 

inexpensive zinc dust in water containing nanomicelles derived from the 

commercially available designer surfactant TPGS-750-M. This mild method operates 

at room temperature and tolerates a wide range of functionalities. Chemoselective 

reduction nitroaromatics in water as medium is realised displaying the much needed 

aspects of green chemistry for the present method (scheme 27)

R-0 NO, Zn (10 equiv)

NH4CI (2 equiv)TPGS-750-M/ H20  
rt, 6h

R-
NH,

Metal free transfer hydrogenation of nitroarenes in water with vasicine is discussed 

by Kumar and co workers.53 Alkaloid vasicine is an abundantly available quinazoline 

alkaloid and it has been successfully employed for metal- and base-free reduction of 

nitroarenes to the corresponding arylamines in water (scheme 28). The method is 

chemoselective and has wide range of functional groups tolerence such as ketones, 

nitriles, esters, halogens, and heterocyclic rings. Dinitroarenes are also reduced 

selectively to the corresponding nitroanilines using this system. The alkaloid acts as 

hydrogen source as well as an organocatalyst during the reduction of nitroarenes.
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A robust, cost-effective, and environmentally friendly method for chemoselective 

reductions of nitroaromatic compounds in the presence of a wide range of functional 

groups is always desirable. Placid and environmentally friendly conditions operating 

at room temperature are some of the salient features of green methodologies 

designed for chemoseelective reduction of aromatic nitro group. Compatibility with 

protecting groups and less active organic scaffolds like anthracene and naphthalene 

derived aromatic nitro compounds, heteroaromatic substrates is an important aspect 

towards highlighting the potential utility of a particular method for multistep 

synthesis of a bioactive molecules.

3.3 Result and Discussions

Our Group’s contribution in hydrogen economy and development o f reductive 

methods for aromatic nitro group reduction:

Recently, Hari Kadam54disclosed an efficient method for the reduction of nitroarenes 

to anilines using copper (II) bromide as a procatalyst. Active Cu nano was prepared 

using sodium borohydride and copper (II) bromide as a procatalyst. Easy and 

scalability for the reduction of nitroarenes in a chemoselective manner was the
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highlight of the method (scheme 29). Very recently our group has also compiled 

review for different methods for the selective reduction of nitro compounds.55

R
no2 CuBr2 (5 mol%)

NaBH4(2 equiv), MeOH, rt 

"Cu nano" 20 examples; 78- 96% yield

Scheme 29

From our group, Amit Vemekar56 reported Co-Co2B and Ni-Ni3B nanocomposites as 

catalyst for hydrogen generation from alkaline sodium borohydride. The catalytic 

activity of Co~Co2B was found to be much higher than that of Ni-Ni3B as inferred 

from the activation energy studies. C0-C02B nanocomposites were found to be more 

magnetic then Ni-Ni3B and also showed superior recyclability supporting the 

principles of sustainability of a catalytic system. C0-C02B and Ni-Ni3B 

nanocomposites can be prepared by the reduction of corresponding salts in methanol 

by ammonia borane.

Inspired by the observed efficiency of hydrogen economy of the magnetic, C0-C02B 

and Ni-Ni3B nanocomposites we wanted to explore applications of these novel 

catalytic systems for the hydrogen generation in the reduction studies. Reduction of 

nitro to amine using biorelevant metal cobalt was of our interest. First we thought of 

the applications of C0-C02B nanocomposites for the selective organic 

transformations. Knowing the importance of selective formation of amines in 

synthetic chemistry we focused on developing an environmentally benign, cost 

effective and selective route for the reduction of aromatic nitro compounds at 

ambient temperature. We commenced with a simple experiment of reduction of nitro 

benzene to aniline (scheme 30)
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Co-Co2B as catalyst
Reducing agent; Solvent R 

Temparature 
"conditions"

Scheme 30

Co-Co2B nanocomposites were prepared from anhydrous cobalt(II)chloride by 

reduction with ammonia borane in dried methanol without the use of any surfactants 

(Fig. 2)."

I

Figure 2 . Magnetic attractability of Co-Co2B nanocomposites towards external magnet.

These magnetic nanocomposites (figure 2) were characterized by Transmission 

Electron Microscopy (TEM), X-Ray Diffraction (XRD) and surface area 

measurement. The TEM image reveals the size of nanocomposite to be in the range 

of 20-30 nm (Fig. 3). As the prepared C0-C02B nanocomposites are amorphous in 

nature, we annealed these nanocomposites at 350 °C for 12 h in nitrogen atmosphere 

and then XRD was recorded. The XRD shows the peaks corresponding to metallic 

Co and Co2B forms (Fig. 5). The surface area of the as prepared Co-Co2B 

nanocomposites material was found to be 89 m2/g.

A interesting aspect of the reduction method using two different hydrogen sources 

were envisioned namely, sodium borohydride and hydrazine. Intriguing the nature of 

these two different hydride sources for the present cataltic system and their effect on
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chemoselectivity of aromatic nitro group reduction was also of our prime interest. 

The experimental procedure initailly followed for the reduction of nitrobenzene 

using C0-C02B nanocomposites and reducing agent was very simple. To the freshly 

prepared and washed (with methanol) catalytic Co-Co2B nanocomposites, 10 mL

water and/or water/THF mixture was added. After about 5 minutes of magnetic

stirring, nitro compound was added and then sodium borohydride was charged in 

small portions. In the case of hydrazine this reaction was traversed by the addition of 

hydrazine in place of sodium borohydride as a reducing agent using methanol or 

methanol/THF as solvent combinations.

Interestingly we could get very good yield of aniline upon reduction of nitrobenzene 

using hydrazine in methanol and satisfying conversion with the sodium borohydride 

as reducing agent was also achieved at ambient conditions. As a part of optimization 

studies next plan was to study solvent optimization for both the reducing agents and 

the results obtained are depicted in (Table land 2). Due to the solubility problems of

Table 1. Reduction ofp-nitrotoluene in different solvent systems using sodium borohydride.3

Entry Solvent
system

Time
(min)

Yieldb
(%)

1 MeOH 60 42
2 EtOH 90 30
3 80% MeOH/H20 60 48
4 80% Et0H/H20 80 34
5 50% Dioxane/H20 45 51
6 50% THF/H20 2 0 82

‘/niitrotoluene (2 mmol), Co-Co2B nanocomposites (20 mol%), NaBH4 (4mmol ); isolated yield

solid nitro compounds in water, other solvent systems were also investigated. In 

methanol, ethanol, methanol-water, ethanol-water mixture complete reduction could 

not be effected. This could be due to the deposition of precipitated NaB02 on the 

surface of catalyst, and thereby, preventing the availability of active sites for the
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reduction of nitro compounds. When water, dioxane solvent system was employed, 

using sodium borohydride the reduction was quite satisfactory. The best solvent for 

the sodium borohydride mediated reaction was found to be aqueous THF and for the 

hydrazine mediated reaction distilled methanol was found to be giving the optimum 

results as mentioned in (Table 2)

Table 2. Reduction of nitrobenzene in different solvent systems using hydrazine.a

Entry Solvent
system

Time
(min)

Yield b 
(%)

1 MeOH 30 94
2 EtOH 30 90
3 H20 30 75
4 50% MeOH/H20 30 78
5 50% THF/H20 30 85

* nitrobenzene (2 mmol), Co-Co2B nanocomposites (20 mol%), N2H4 (4m m ol); b isolated yield

Loading studies of magnetic nanocomposite catalyst C0-C02B was then studied 

(Table 3). And the amount of the active catalyst required was found to be optimum 

at 20 mol% at ambient conditions. Further increasing loading of the catalyst did not 

have marked difference in yields or time for the conversion of the nitrobenzene. 

Same amount of loading was followed for all the studies done herein.

Table 3. Reduction of nitrobenzene with different loadings of catalyst using hydrazine.a

Entry Catalyst loading 
(mol %)

Time
(min)

Yield
(%)

1 5 30 60

2 15 30 80

3 20 30 94

* nitrobenzene (2 mmol), Co-Co2B nanocomposites (20 mol%), N2H4(4m m ol); 0 isolated yield

With these preliminary studies we also investigated the role of other reducing agents 

like hydrogen gas and other easily available inorganic salts such as ammonium
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formate, sodium formate etc. but in none of the cases beside hydrazine and sodium 

borohydride we could get the expected results at ambient conditions (Table 4)

Table 4. Reduction o f nitrobenzene with different sources.a

Entry [HI source Time
(hr)

Yield b 
(%)

1 Sodium borohydride 3 64
2 Hydrazine 3 94
3C Hydrogenation 3 0

4 Sodium formate 3 0

5 Ammonium formate 3 0

1 nitrobenzene (2 mmol), C0 -C0 2B nanocomposites (20 mol%); b isolated yield;c 4atm.H2

Characterization of the catalyst after the completion of the reduction involved the 

separation of the catalyst using an external magnet followed by the repeated 

washings with suitable solvent.

We also studied the leaching to examine the extent to which cobalt metal may get 

leach into the product sample and the ICPMS and AAS studies revealed almost 

negligible amount of remnant metal source.
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Fig 3. TEM image of as prepared Co-Co2B nanocomposites (scale bar shows 200 nm).
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10 20 30 40 50 60 70
2e

Fig 5. X -ray diffraction (XRD) pattern of Co-Co2B nanocomposites after annealing at 350°C
for 12h in N2 atmosphere.

4000 3500 3000 2500 2000 1500 1000 500
W avenumber (cm'1)

Fig 6 . IR spectra of Co-Co2B nanocomposite before and after reduction process.
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With the optimized conditions for the nitro group reduction studies and well 

characterized catalyst in hand the stage was nicely set for the realization of functional

group tolerance and generality of the present reduction method.

Scheme 31

A variety of substituted aromatic nitro compounds were subjected to these 

procedures to obtain corresponding amines in good to excellent yields (scheme 31). 

Reduction of nitro-benzene la and electron rich nitro toluenes lb, lc, Id smoothly 

and cleanly resulted in the corresponding anilines 2a, 2b, 2c, 2d in good yield. 

(Table 5) 4-chloronitrobenzene le  and 4-iodonitrobenzene I f  were easily reduced to 

the respective halo anilines 2e, 2f without any dehalogenation, which is often a 

problem when other procedures of reduction are employed especially the procedures 

utilizing noble metal based catalysts.58 4- Nitrobenzoic acid lg  was made soluble in 

water by adding small quantity of Na2C03 to yield a soluble salt of 4-nitrobenzoic 

acid, which was further reduced to 4-aminobenzoic acid 2g without affecting the 

carboxylic acid group. Methyl ester in lh  remained intact during the reduction 

process of the corresponding nitrobenzene. Similarly, nitrophenol li  could be 

reduced to aminophenol 2i in water system using sodium borohydride. Nitrophenols
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Table 5 Reduction of the nitro compounds by sodium borohydride using Co-Co2B 
nanocomposites in aqueous medium and by hydrazine hydrate in methanola

Substrate Product

NaBH4method n 2h 4method

Entry Time
(min.)

Yield
(% )

Time
(min.)

Yield
(% )

1

O '  " a NH2 23

15 64 10
-------

94

2

a "  ,b a " 2b

10 68 12 95

3 1c

u
2c

U

15 69 20 92

4 Id

X T / a NH!2d

20 82 25 88

5

x r ,e c , j a NH22e

15 87 25 94

6

s x 2f

10 78 10 Q

7 ^ ^ no2 lg  

H O O C ^ ^ r r 28
H O O C ^ ^

15 75 10 76

8 ■So0
o8§

2h

f ^ T NH2
M e O O C ^ ^

20 65 10 70

9 ^ ^ no2 l i

ho^ O t j O t NH2 21H c r ' ^

15 80 10 85

10 02N _ ^ , N O 2 !j

U

2j
h2n^ ^ nh2

15 86 15 92

11 o

o

Ph r Y NH22k
20 90 15 Q

12 no2 n NH2 21 45 75 45 72

13 no2 lm nh2 2m 45 45 45 50

o i o o i o
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14

(XV0H
In ^  2niX - 2 0 81 1 2 8 8

15 a CNlo
0 ^ n h 22°

2 0 85 0

16 (X“ lp 2 0 91 0

17 ^s^COOMeu
lq 0 0

18

^ n o 2

lr 0 0

1 All the reactions were carried out with 1 (2 mmol), Co-Co2B nanocomposites (20mol%) and an 
appropriate reducing agent at ambient temperature (26 °C). Q = quantitative. b isolated yield

are the major organic pollutants found in waste waters from industrial and 

agricultural origin. Hence, our method of employing C0-C02B nanocomposites in 

combination with sodium borohydride in water system can be a potential alternative 

for waste water treatment. In the case of m-dinitrobenzene lj , direct formation of 

diamine 2j was observed and selective reduction to amino nitrobenzene was not 

observed on TLC analysis. The reduction of l-(benzyloxy)-4-nitro benzene lk  (entry 

11) quantitatively resulted in 4-(benzyloxy)aniline 2k in just few minutes with both 

the procedures without any hydrogenolysis which is usually observed in catalytic 

hydrogenation. The electron deficient nitroaromatic systems such as 1-nitro 

naphthalene, 11 and 9-nitro anthracene, lm  (entries 12, 13) were also reduced 

successfully. Oxime of benzaldehyde In, benzonitrile lo  and benzyl cyanide lp  were 

smoothly reduced to benzyl amine 2n using sodium borohydride method.
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Table 6 Comparison of the reduction of substituted nitro aromatics with other 
functionalities and possible reduction products

NaBH4 method N2H4 method

Entry Substrate

N 02

It

Product T b y c yb Y c

2r 10 90 2p 95

O' 2p

(2p:2q = 92:8)d

“Product.bTime.c Yield. d Ratio given is based on IH  NMR spectra,e Not attempted
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and homobenzyl amine 2o by sodium borohydride. Interestingly, benzonitrile lo  and 

benzyl cyanide lp  did not get reduce to corresponding amines with hydrazine while 

oxime of benzaldehyde did. This observation led us to demonstrate the 

chemoselectivity of nitro reduction over nitrile group in some aromatic ring system 

using hydrazine. Methyl benzoate lq , (nitromethyl)benzene lr  and 2-nitropropane Is 

failed to reduce by any of the two reduction procedures. However, when the 

substrates It, lu, lv , lw  were subjected to the reduction, they resulted in differing 

selectivities (Table 6). Reduction of 1 -(allyloxy)-4-nitrobenzene I t  using sodium 

borohydride yielded 4-propyloxynitrobenzene 2r along with starting in 9:1 ratio. 

Whereas, hydrazine mediated reduction resulted in two products, 4-(allyIoxy)aniline 

2p being major and 4-propoxyaniline 2q as minor with selectivity ratio 92:8 as 

determined from 'H NMR studies. No selectivity was obtained for reduction of p- 

nitroacetophenone lu , which resulted in 1 -(4-aminophenyl)-ethanol 2t as the only 

reduced product by sodium borohydride. In contrast, hydrazine mediated reduction 

gave a mixture of 1 -(4-aminophenyl)ethanone 2s and 4-(l-hydrazonoethyl)aniline 2u 

with the ratio 2:1. As expected, 2-nitrobenzaldehyde lv  was completely reduced to 

2- (aminophenyl)methanol 2v with the use of sodium borohydride. With hydrazine, 

compound lv formed an imine adduct 2w which was isoated in 90% yield. No 

reduction of carbonyl group was observed by hydrazine method. Finally, a 

remarkable selectivity was achieved on reduction of 4-nitrobenzonitrile lw  with 

hydrazine that resulted only in nitro reduction product 2y in the presence of nitrile 

group.

In literature,59 CoCl2/NaBH4 (2:10) mixture is reported for the reduction of aromatic 

nitro compounds. In order to check whether our protocol is similar to this reported 

method, we attempted reduction using catalytic amount of CoCl2. However, m none
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Of the cases tried we could observe complete reduction of nitro compounds unless 

more than stoichometric amount of CoCl2 was added. Also the CoB formed in situ 

was found to be difficult to separate magnetically. We also separately prepared CoB 

and then used for reduction studies.60 In both the cases, ie. NaBH4 and N2H4, we 

were able to achieve complete reduction but again more than stoichiometric amount 

of CoB was required and also the workup procedures were cumbersome.

The present nanocatalyst Co-Co2B was found to be very active and chemoselective 

in the reduction of nitro compounds with no accumulation of hydroxyl amine even at 

the lower temperatures. Moreover, present procedures require no addition of any 

promoter. In view of sustainable chemistry, a good catalyst can be recycled number 

of times for a particular reaction. Excellent recyclability can be achieved by the use 

of magnetic nanoparticles which have been successfully demonstrated as efficient 

catalysts and catalysts support in the plethora of reactions.61

Table 7. Recyclability o f  catalyst for the reduction o f  nitrobezene using sodium borohydride 
and hydrazine[al

Cycle Time[b]
(min)

Yield [b] Timefc]
(min)

Yield[cJ

1 15 64 1 0 94
2 2 0 60 15 90
3 2 0 62 2 0 85
4 40 58 30 82

[a] All the reactions were carried out with Nitrobenzene (2 mmol), C0 -C0 2 B nanocomposites 
prepared from CoCl2 (20 mg), NaBH4 (4 mmol) in H20  (10 mL) or N2H4 in MeOH (10 mL) at room 
temperature (26 °C), [b] Yield and time required for the reduction using sodium borohyride, [c] Yield 
and time required for the reduction using hydrazine.

In the present case, Co-Co2B showed the magnetic attractability and this property of

the catalyst enabled an easy work up procedures and also lead us to recycle the 

catalyst for several catalytic cycles in the reduction of nitrobenzene (Table 7). The 

leaching test carried out by AAS analysis also confirmed that there is no remnant

Co2+ ions that could be detected in the products after the magnetic separation. 
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Interestingly, it was possible to isolate the azobenzene as an intermediate ('H NMR 

and LCMS is shown in supporting the formation of the same) involved in the 

reduction process during the later cycles in case of hydrazine mediated reaction. It 

appears that the accumulation of azobenzene occurs when the the catalyst is not 

active enough for further transformation. However, in none of the cases we were able 

to observe the accumulation of hydroxyl amine (TLC). We did find the appearance 

of the peaks in LCMS accounting for corresponding azoxy intermediate and 

naphthalen-1-amine (21) during the reduction of 1-nitronaphthalene (11).

Interesting part in the elucudation of the mechanism of the present chemoselective 

aromatic mtro group reduction method was the reduction of some of the well 

known intermediates like nitrosobenzene and azobenzene. The smooth reduction of 

the nitrosobenzene and azobenzene under study showed their plausible role in the 

mechanism of the nitro reduction strategy.

The mechanism (Scheme 32) for reduction of nitrobenzenes is probably following 

both the reduction pathways via directly from hydroxyl amine and via azobenzene 

intermediate. The reduction is possibly taking place on the active surface of Co-Co2B 

nanocomposites by the liberated hydrogen formed by decomposition of
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sodiumborohydride or hydrazine. Interestingly, we observed an unusual formation of

assembled chain aggregates (Fig. 4) of C0-C02B nanocomposites with the growth of

Ar— N02
H,

Co-Co2B
Ar—N=0

H,

Co-Co2B

H,
Ar-NHOH

Co-Co, B
Ar— NH,

-H20 Co-Co2B H,

Ar—N=N(Q)Ar]
H,

Co-Co2B
Ar—N=N-Ar

H,

Co-Co2B

H H 1 

A r-N -N -A r

Scheme 33

particles upon reductive usage (Scheme 33). The reason for the formation of chain 

aggregates is unclear at this moment. A detailed investigation has to be addressed in 

this respect that may stimulate and attract further interest in this area. Chain 

assembly of magnetic nanoparticles may show usefulness in the field of electronics 

and may find application in various nanoelectronic devices. Our nitro reduction 

procedures may also be potentially considered as a method for the preparation of 

assembled nano-structured materials in aqueous media through a chemical route.
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3.4 Conclusion

In conclusion, we could develop a cost effective, efficient reduction procedure to 

convert aromatic nitro group to amine using simple first row transition metal Co- 

C02B nanocomposites. The reaction proceeds under mild conditions employing 

sodium borohydride in aqueous medium or hydrazine without affecting other 

functionalities.

A chemoselective switch by using two different sources was realised for the present 

method. The rapid reduction of nitrophenol using sodium borohydride under aqeous 

conditions may find application in developing the waste water treatment processess 

to get rid of nirophenols from industrial and agriculture waste.

The added feature of the present method is the ease of separation of the nanocatalyst 

after use by an external magnet and the recyclability of the catalyst for four cycles.

Sagar N. Patil, Ph. D. Thesis, Goa university.
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3.5 Experimental

3.5.1 Synthesis of C0-C02B nanocomposites

C0-C02B nanocomposites were prepared by following the procedure given in the 

literature: To a 3 mL methanol solution of anhydrous metal salt (CoCl2 20 mg) was 

added a lmL of methanol solution of ammonia borane (100 mg). When H2 evolution 

ceased, black powders settled at the bottom of the test tube. The supernatant was 

syringed out and the nanopowders were washed several times with methanol.

3.5.2 Sodium borohydride mediated reduction of nitrobenzene and other 
nitroarenes

To the freshly prepared and washed (with methanol) catalytic Co-Co2B 

nanocomposites (prepared from 20 mg anhydrous CoCl2), water and/or water/THF 

mixture (10 mL) was added. After about 5 minutes of magnetic stirring, nitro 

compound (2 mmol) was added and then sodium borohydride (151 mg, 4 mmol) was 

charged in small portions. After completion of reaction (monitored by TLC) the 

catalyst was magnetically separated. The remaining aqueous solution was then 

extracted with dichloromethane (3 x 5mL). The organic extract was concentrated 

under vacuo to provide the crude products. Further purification was effected by 

column chromatography using ^-hexanes:ethyl acetate as an eluent. The pure 

compounds were then characterized by comparing (TLC, IR and H NMR and C 

NMR in some cases) with known compounds.

3.5.3 Hydrazine mediated reduction of nitrobenzene and other nitroarenes

To a magnetically stirred mixture of freshly prepared Co-Co2B catalyst (prepared

from 20 mg anhydrous CoCl2) and nitro compound (2 mmol) in methanol (2 mL) 

hydrazine hydrate (99%, 0.5 mL) was slowly added. After completion of reaction 

(monitored by tic) the catalyst was magnetically separated. The catalyst was washed
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with methanol ( 2 X1  mL) and the combined washing on evaporation under reduced 

pressure gave the crude product. Further purification was effected by column 

chromatography using «-hexanes:ethyl acetate as an eluent.

Aniline (2a): Subjection of nitrobenzene (la, 2 mmol, 246 mg) to both the reducing 

methods, using hydrazine hydrate as well as sodium borohydride 

afforded aniline (2a) as a colorless oil (silica gel; hexanes/ethyl 

acetate: 95/5). Isolated yield: 175 mg, (94%, by Hydraz ine method) and 119 mg, 

(64%, by Sodium borohydride method). IR (NaCl): umax 3354, 3034, 1174, cm'1, ’fl 

NMR (400 MHz, CDC13): 8 7.09 (t, J  = 7.6 Hz, 2H), 6.7 (t, J =  8 Hz, 1H), 6.63 (d, J  

= 7.6 Hz, 1H), 2.96 (2H, br). Physical data (GC analysis, TLC, boiling point) and 

spectral data (]H NMR, IR) were in accordance with the authentic sample.

2-Aminotoluene (2b): Subjection of 2-nitrotoluene (lb, 2 mmol, 274.3 mg) to both 

the reducing methods, using hydrazine as well as sodium borohydride afforded 2- 

aminotoluene (2b) as a colorless oil (silica gel; hexanes/ethyl acetate: 

80/20). Isolated yield: 204 mg, (94%, by Hydrazine method) and 

146 mg, (68%, by Sodium borohydride method). IR (NaCl): umax 3369, 3018, 1301, 

1271 cnf’.’H NMR (400 MHz, CDC13): 5 7.16 (t, / =  7.6 Hz, 2H), 6.84 (t, J =  7.6 

Hz, 1H), 6.77 (d, J =  7.6 Hz, 1H), 3.57 (s, 2H), 2.27 (s, 3H). Physical data (boiling 

point, TLC) and spectral data ('H  NMR, IR) were in accordance with the authentic 

sample.
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3- Aminotoluene (2c): Subjection of 3-nitrotoluene (lc, 2 mmol, 274.3 mg) to both 

the reducing methods, using hydrazine as well as sodium borohydride afforded 3-

aminotoluene (2c) as a colorless oil (silica gel; hexanes/ethyl 

acetate: 80/20). Isolated yield: 197 mg, (92%, by Hydrazine 

method) and 148 mg, (69%, by Sodium borohydride method). IR (NaCl): umax 3352, 

3032, 1292, 1170 cm'1. 'H NMR (400 MHz, CDC13): S 7.14 (t, J =  12  Hz, 1H), 6.68 

(d,J= 12  Hz, 1H), 6.57 (d, J  -  8 Hz, 2H), 3.54 (s, 2H), 2.35 (s, 3H). Physical data 

(boiling point, TLC) and spectral data (]H NMR, IR) were in accordance with the 

authentic sample.

4- Aminotoluene (2d)63: Subjection of 4-nitrotoluene (Id, 2 mmol, 274.3 mg) to both 

the reducing methods, using hydrazine as well as sodium borohydride afforded 4- 

  aminotoluene (2d) as a crystalline colorless solid, (silica gel;

hexanes/ethyl acetate: 80/20). Melting range (uncorrected): 43- 

^  45 °C (Lit. M.P.: 43°C) isolated yield: 189 mg, (88%, by 

Hydrazine method) and 176mg, (82%, by Sodium borohydride method). IR (KBr): 

Umax 3352, 3010, 1590, 1269, 813 cm'1. JH NMR (400 MHz, CDC13): S 6.89 (d, J =  8 

Hz, 2H), 6.53 (d, J =  8 Hz, 2H), 3.26 (bs, 2H), 2.16 (s, 3H). Physical data (melting 

point, TLC) and spectral data ('H  NMR, IR) were in accordance with the authentic 

sample.

NH2

Cl

NH,

chloroaniline (2e) as

4-Chloroaniline (2e)64: Subjection of 4-chloro-nitrobenzene 

(le, 2 mmol, 315 mg) to both the reducing methods, using 

hydrazine as well as sodium borohydride afforded 4- 

a off-white solid. (Silica gel; hexanes/ethyl acetate: 50/50).
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Melting range (uncorrected): 68- 70 °C (Lit. M.P.: 72.5 °C). Isolated yield: 240

mg, (94%, by Hydrazine method) and 222 mg, (87%, by Sodium borohydride 

method). IR (KBr): nmax 3479, 2926, 1182, 827 cm '1. *H NMR (400 MHz, CDC13): 8 

7.12- 7.14 (m, 2H), 6.61-6.64 (m, 2H), 3.59 (bs, 2H). Physical data (melting point, 

TLC) and spectral data ('H  NMR, IR) were in accordance with the authentic sample.

4-Aminobenzoic acid (2g)65: Subjection of 4-nitrobenzoic acid (lg, 2 mmol, 334.3 

mg) to both the reducing methods, using hydrazine as well as sodiumborohydride

afforded 4-aminobenzoic acid (2g) as a colorless fluffy 

solid, (silica gel; hexanes/ ethylacetate: 50/50). Melting 

range (uncorrected): 183- 185 °C (Lit. M.P.: 187- 189 °C). 

Isolated yield: 208 mg, (76%, by Hydrazine method) and 206 mg, (75%, by Sodium 

borohydride method). IR (KBr): umax 3363, 2987, 1672, 1174 cm'1. *H NMR (400 

MHz, CDC13): 8 7.74 (d, J = 8.8 Hz, 2H), 6.62 (d, J  = 8.4 Hz, 2H), 4.98 (bs, 2H). 

Physical data (melting point, TLC) and spectral data (lH NMR, IR) were in 

accordance with the authentic sample.

T(Benzyloxy)aniline (2k)66: Subjection of 1 -(benzyloxy)-4-nitrobenzene (lk, 2 

mmol, 485.5 mg) to both the reducing methods, using hydrazine as well as

sodiumborohydride afforded 4-(benzyloxy)aniline (2k) as a 

light brown thick, viscous oil (silica gel; hexanes/ethyl 

acetate: 80/20). Isolated yield: quantitative conversion based 

on TLC, by Hydrazine method and 359 mg, (90%, by Sodium borohydride method). 

IR (film): umax 3563, 2900, 1778, 1250 cm'1. *H NMR (400 MHz, CDCI3): 8 7.33- 

7-43 (m, 5H), 6.81 (d, J =  8.4 Hz, 2H), 6.64 (d, J =  8.4 Hz, 2H), 4.99 (s, 2H), 3.33-
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3.48 (br, 2H). Physical data (TLC) and spectral data (]H NMR, IR) were in 

accordance with the reported authentic sample.

1-nitronapthalene and 9-nitroanthracene compounds were prepared as reported 
in the literature and subjected for the reduction studies.67

Napthalene-l-amine (21)68: Subjection of 1-nitronapthalene (11, 2 mmol, 346.4 mg) 

to both the reducing methods, using hydrazine as well as sodium 

borohydride afforded napthalene-l-amine (21) as a pale yellow 

solid, (silica gel; hexanes/ethyl acetate: 50/50). Melting range 

(uncorrected): 48- 50 °C (Lit. M.P.: 47- 50 °C). Isolated yield: 206 mg, (72%, by 

Hydrazine method) and 215 mg, (75%, by Sodium borohydride method). IR (KBr): 

Umax 3196, 3057, 1182, 827 cm'1. ‘H NMR (400 MHz, CDC13): S 7.79- 7.82 (m, 2H), 

7.44-7.46 (m, 2H), 7.24-7.31 (m, 2H), 6.76-6.78 (m, 1H), 4.09- 4.14 (br, 2H). 

Physical data (melting point, TLC) and spectral data ('H NMR, IR) were in 

accordance with the authentic sample.

9-Aminoanthracene (2m)69: Subjection of 9-nitroanthracene (lm, 2 mmol, 446.3 

mg) to both the reducing methods, using hydrazine as well as sodiumborohydride 

afforded 9-aminoanthracene (2 m) as thick viscous oil (silica 

gel; hexanes/ ethylacetate: 50/50 then chloroform/ethyl 

acetate: 50/50). Isolated yield: 193 mg, (50%, by Hydrazine 

method) and 174 mg, (45%, by Sodium borohydride method). IR (film): umax 3186, 

3067, 827 cm'VH NMR (400 MHz, CDC13): 5 8.66 (d, J =  6.8 Hz, 1H), 7.78- 8.45 

(m, 2H), 7.23-7.39 (m, 6H), 4.02 (s, 2H). Green color solution of sample in CDC13 

was decomposed to yellow in NMR tube itself after 30 min of isolation. Physical

data (TLC) and spectral data (*H NMR, IR) were in accordance with the authentic 

sample.
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4-Aminobenzonitrile (2y)70: Subjection of 4-nitrobenzonitrile (lw , 2 mmol, 296 

mg) to the reducing method, using hydrazine afforded 4-aminobenzonitrile (2y) as a

bright orange crystalline solid, (neutral alumina; 

methanol/chloroform: 20/80). Melting range (uncorrected): 

84- 85 °C (Lit. M.P.: 84- 87 °C). Isolated yield: 165 mg, 

(70%, by Hydrazine method). IR (KBr): umax 3196, 3057, 2260, 1182 cm'1. ' H NMR 

(400 MHz, CDCI3 ): S 7.42 (d, J  = 7.6 Hz, 2H), 6.66 (d, 7.2 Hz, 2H), 4.23 (s, 2H).

Physical data (melting point, TLC) and spectral data (*H NMR, IR) were in 

accordance with the authentic sample.

Reduction of l-nitro-4-(prop-2-ene-l-yloxy) benzene (It) (by sodium borohydride 

method):

Subjection of l-nitro-4-(prop-2-ene-l-yloxy) benzene (It, 2 mmol, 358.3 mg) to 

reduction protocol according to general procedure afforded clear, colorless oil (silica 

gel; hexanes/ethyl acetate: 80/20). Isolated yield: 319 mg, 

(90%, by Sodium borohydride method). Based on *H NMR 

experiment, along with trace of starting nitro compound (It), O-allylated terminal C- 

C double bond reduction took place keeping nitro group intact giving, l-nitro-4- 

propoxybenzene (2r). IR (KBr): umax 1850, 1667, 1558, 1397cm1. }H NMR (400 

MHz, CDCI3 ): 3 8.21 (d,J = 7.6 Hz, 2H), 6.95-7.0 (m, 2H), 4.03 (t, 2H), 1.85-1.9 (m, 

2H), 1.08 (t, 3H).

Reduction of l-nitro-4-(prop-2-ene-l-yloxy) benzene (It) (by hydrazine hydrate

method):
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Subjection of l-nitro-4-(prop-2-ene-l-yloxy) benzene (It, 2 mmol, 358.3 mg) to 

reduction protocol according to general procedure afforded clear, colorless oil and

without further purification 'H NMR was recorded. Yield:
!
| 358 mg, (95% by Hydrazine method). Based on ’H NMR 

■ experiment selectively nitro group was reduced under the 

reaction condition giving 4-(prop-2-en-l-yloxy) aniline (2p) as major product along 

with 4-propoxyaniline (2q) in (92:8) ratio. IR (film): umax 3186, 3067, 1630, 1678, 

cm'n H NMR (400 MHz, CDC13): d 6.79 (d, J  = 8.4 Hz, 2H), 6.66 (d, J  = 8.4 Hz, 

2H), 6.02-6.11 (m, 1H), 5.41 (d,J =  17.2 Hz, 1H), 5.28 (d, J=  10.8 Hz, 1H), 4.48 (d, 

7=4.8 Hz, 2H) 3.47- 3.48 (br, 2H).

Reduction of l-nitro-4-(prop-2-ene-l-yloxy) benzene (It) (by in situ generated 

equivalent amount of CoB/Sodium borohydride method) :

Subjection of l-nitro-4-(prop-2-ene-l-yloxy)benzene (It, 2 mmol, 358.3 mg) to

reduction protocol according to general procedure afforded 

clear, colorless oil and without further purification !H NMR 

was recorded. Based on *H NMR experiment no selectivity in 

reduction of nitro group of It was observed when CoC12/NaBH4 (2:10) mixture was 

employed as reported and yielded only 4-propyloxyaniline (2q) as product. IR 

(film): omax 3186, 3067, 1630, 1678, cm’1. ‘H NMR (400 MHz, CDC13): <S 6.66 (d, J =

3.2 Hz, 2H), 6.59 (d, / =  3.2 Hz, 2H), 3.77 (t, 2H), 3.347- 3.438 (br, 2H), 1.65- 1.74 

(m, 2H), 0.94 (t, 3H)

Reduction of l-nitro-4-(prop-2-ene-l-yloxy)benzene (It) (by equivalent amount 

of CoB/Hydrazine hydrate method)'.
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After separately preparing CoB and washing it with water followed by methanol 

several times, the subjection of l-nitro-4-(prop-2-ene-l-yloxy) benzene (It, 2 

mmol, 358.3 mg) over these CoB particles to reduction protocol according to general 

procedure using hydrazine as a hydrogen source afforded a clear, colorless oil and 

without further purification 'H NMR was recorded. Based on ‘H NMR experiment 

selectively nitro group was reduced under the reaction condition giving 4-(prop-2- 

en-l-yloxy) aniline (2p). IR (film): umax 3186, 3067, 850 cm'MH NMR (400 MHz, 

CDC13): 6 6.76 (d, J = 4.8 Hz, 2H), 6.64 (d, J = 6.8 Hz, 2H), 6- 6.09 (m, 1H), 5.41 (d, 

J= 1.6 Hz, 1H), 5.37 (d, J =  1.2 Hz, 1H), 4.46 (d, J =  5.6 Hz, 2H), 3.44 (br, 2H).

|sj

'H NMR spectrum of isolated azo intermediate, diphenyldiazene.71

During later part of recyclability studies, while carrying out reduction of

nitrobenzene with general procedure we could isolate an azo 

intermediate as orange flakes. Melting range 

(uncorrected): 62-68 °C (Lit. M.P.: 69 °C) (silica gel; 

hexanes/ethyl acetate: 80/20). IR (KBr): omax 3138, 1209, 777, 692, cm'1. 'H NMR 

(400 MHz, CDCI3 ): S 7.95 (d, J  = 7.2 Hz, 2H), 7.49- 7.57 (m, 3H). LC-MS of 

isolated compound showed Peak at m/z 182.9 corresponding to azobenzene. Physical 

data (melting point, TLC) and spectral data (!H NMR, IR) were in accordance with 

the authentic sample.

Reduction of p-nitroacetophenone (lu) (by hydrazine hydrate method):
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Subjection of p-nitroacetophenone (lu, 2 mmol, 230.3 mg) to reduction protocol 

according to general procedure afforded yellow solid. Yield: 205 mg, (74%, by 

Hydrazine method). Without further purification 'H NMR was recorded. Based on 

'H NMR experiment ('H NMR spectrum of 2s and 2u.) under the reaction condition 

we obtained l-(4-aminophenyl)ethanone (2s) along with the adduct formed with the 

hydrazine (2u) in (2:1) ratio respectively. *H NMR (400 MHz, CDC13): <5 7.88 (d, J =

7.6 Hz, 2H), 6.65 (t,J =  1 2  Hz, 2H), 4.24 (bs, 2H), 2.5l(s, 3H).

Reduction of 2-nitrobenzaldehyde (lv) (by hydrazine hydrate method):

Subjection of 2-nitrobenzaldehyde (lv, 2 mmol, 302 mg) to reduction protocol 

according to general procedure afforded solid brown flakes. Yield: 207 mg, (90%, by 

Hydrazine method). Without further purification *H NMR was recorded. Based on 

'H NMR experiment ( lH NMR spectrum of 2w.) under the reaction condition we 

obtained an adduct of hydrazine, 2-(hydrazinylidinemethyl)-aniline (2w). 'H NMR 

(400 MHz, CDC13): 5 8.75 (s, 1H), 12-1.3 (m, 2H), 6.77 (t, J=  4.4 Hz, 2H), 6.25 (s, 

2H); 13C NMR (100 MHz, CDCI3): 8 164.2, 146.2, 133.9, 131.6, 116.6, 115.8, 

115.7.
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3.6 Spectral data

GC Analysis

GC Instrument- Nucon-5765 gas chromatogram 

GC column- HP-5(crosslinked 5% pH ME siloxane)

15m x 0.53mm x 1.5pm film thickness.

Carrier gas- Nitrogen gas (N2)

Detector-FID

Oven temperature- 100 °c 

Injector temperature- 130 °c 

Detector temperature-160 °c
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Aniline 4.03

Nitrobenzene 7.84
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Gas chromatogram of authentic commercially available aniline and nitrobenzene in methanol.
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Data Fite 
Method File :
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Height
%

Peak
T

1 0.5-3 4718 5143 0.08 805 0.14 SF
2 0 56 712 9143 0.01 177 a 03 TT T

3 0.83 2271076.4571 40.60 285262 50.46 PS
4 2.49 8655.4286 0.15 2057 0.36 BB
5 4 .0 4 3303168 1714 59.05 2764H 48.90 BB
a B 87 1446 0857 0.03 te a 003 cB
7 7.66 3825 2000 0.07 389 0.07 SB

5533635.7714 100.09 565291 100.00

SUMMARY 

Total P eaks:

Multiplication Factor t OOCC 

Sample Amount IOC 3300

Dilution Factor : 10003

Sysswt Standards : IP 

ISTD Am ount SO

Gas chromatogram  of reaction m ixture in m ethanol showing quantitative conversion of 
nitrobenzene to aniline with very high purity.
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SPN-16 PNR CDCL3

r~ r- r- r- r* t> so w
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0 .2  0 .4  0 .6  0 8  1 V 2 1^4 1 .6  1 .8  ^2 2 l2  2 >  2^6 2^8 3 3!2 3 '4  3 6  3 8
m A U  vs. Acquisition T im e (m in)

Peak 5 5 3 RT tHa— HelgK't Area Area °/o
1 2.27 2.35 2.42 685.06 2034.12 100

Fragm sntar VMtaga Collision Energy Ionization Mode ESI

TStTr""" Start RT End Height Area Area %
l 2.32 2.4 2.44 60287 180916 100

User Spectra
Pragmntor Voltage

100
Collision Energy

0
Ionization Mode

EsI

x10 4 
1.4 
1.2 

1
0.8
0.6
0.4
0.2

0

♦E S I Scan:1 (2 .3 6 -2 .4 2  min, 7 scans ) F rag = 100 .0V  G J P -R P -1 4 2 7 -4 2 -B .d  Subtract
2 6 2 .0  ,

182.9

12S.9
14 8 .8

20 5 .0 301.1
I | j  3 2 9 .0  38 5 .1.hjfc, lluiU kwjl JuL̂ilLiia I k-M “kkJ an,lll̂LuiLi)iliimpiim.! i .i«■ '"‘rT'TJL. ' ccn" m

125 150 175 200  225  2 5 0  2 7 5  3 0 0  3 2 5  350  3 7 5  4 0 0  4 2 5  4 5 0  4 7 5  50 0  5 2 5  5 5 0  5 7 5
C o u n ts  vs. M ass-to -C h arge (m /z )

LC-MS of azobenzene (reaction intermediate). Peak at m/z 182.9 corresponds to azobenzene.
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100 0 Ea

x10 4

250  300 350 400 4 SO 500
Counts <%) vs. Mass-to-Charoe (m ft)

FratawntorVofcagc CsIBsIm Etisrgr innliatlon Mode
i«  o ea

LC-MS of the reaction mixture during the reduction of 11. The peak at m/z 299.2 accounts for 

the l-hydrox-l,2-di(napthalen-l-yI)diazene an corresponding azoxy intermediate.
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Wavelength (nm)

UV-Vis spectra of time dependent reduction of nitrobenzene in water/THF solvent in the 
presence of catalytic amount of Co-Co2B nanocomposites and sodium borohydride.

The IR spectra were recorded after every 30 sec interval after the addition of sodium 
borohydride to the mixture of nitrobenzene and Co-Co2B nanocomposites in water/THF solvent. 
Note the decrease in the bands due to N=0 stretching and appearance of band due to N-H 
stretching vibration. The control experiment spectra are also shown. The blank was corrected 
using water/THF solvent.

Sagar N. Patil, Ph. D. Thesis, Goa university. Page 242



CHAPTER 3

3.7 References

1. (a) Baumann, M.; Baxendale, I. R. Beilstein J. Org. Chem. 2013, 9, 2265- 

2319. (b) Tafesh, A. M.; Weiguny, 3. Chem. Rev. 1996, 96, 2035-2052.

2. (a) Ono, N. The Nitro Group in Organic Synthesis, Wiley-VCH, New York, 

2001; (b) Dowing, R. S.; Kunkeler, P. J.; Bekkum, H. V. Catal Today, 1997, 

37, 121-136; (c) Schwarz, J. A.; Contescu, C.; Contescu, A. Chem. Rev., 
1995, 95, 477-510.

3. a) J. Pan, J.; Liu, S.; Guo, Z.; Yang Catal Lett. 2009, 131,179-183. b) Lou, 

X. B.; He, L.; Qian, Y.; Liu, Y.; Cao, Y.; Fan, K. N. Adv. Synth. Catal. 2011, 
353, 281-286.

4. (a) Rondestvedt, C. S.; Johnson, T. A. Synthesis, 1977, 850- 851. (b) 

Entwistle, I. D.; Gilkerson, T.; Johnstone, R. A. W.; Telford, R. P. 

Tetrahedron 1978, 34, 213-215. (c) Oxley, P. W.; Adger, B. M.;Sasse, M. J.; 

Forth, M. A. Org. Synth. 1989, 67, 187-192. (d) Yanada, K.;Yamaguchi, H.; 

Meguri, H.; Uchida, S. J. Chem. Soc., Chem.Commun. 1986, 22, 1655-1657. 

(e) Feuer, H.; Bartlett, R. S.; Vincent, B. F.;Anderson R. S. J. Org. Chem. 

1965, 30, 2880-2882.

5. (a) Furst, A.; Moore, R. E. J. Am. Chem. Soc. 1957, 79, 5492-5493. (b) Olah, 

G. A. J. Am. Chem. Soc. 1959, 81, 3165-3166.

6. Hutchins, R. O.; Lamson, D. W.; Rua, L.; Milewski, C.; Maryanoff, B. J. 

Org. Chem. 1971, 36, 803-806.

7. a) Osuka, A.; Shimizu, H.; Suzuki, H. Chem. Lett. 1983, 9, 1373-1374. (b) 

Azoo, J. A.; Grimshaw, J. J. Chem. Soc., 1968, 2403- 2405. (c) Ohe, K.; 

Uemura, S.; Sugita, N.; Masuda, H.; Taga, T. J. Org. Chem. 1989, 54, 4169- 

4174. (d) Ogata, Y.; Mibae, J. J. Org. Chem. 1962, 27, 2048-2052. (e) Hutton, 

J.; Waters, W. A. J. Chem. Soc. 1968, 64, 191-195. (f) Porta, F.; Pizzotti, M.; 

Cenini, S. J. Organomet. Chem. 1981, 222, 279-281.
8. (a) Blaser, H. U.; Siegrist, U.; Steiner, H.; Studer, M. Fine Chemicals 

through Heterogenous Catalysis, Wiley-VCH, Weinheim, 2001, (b) S. 

Nishimura, Handbook o f Heterogeneous Hydrogenation of Organic 

Synthesis, Wiley, New York, 2001.
9. a) Amali, A.; Rana, R. K. Green Chem. 2009, 11, 1781-1786. b) Zhang, R.; 

Liu, J.; Li, F.; Wang, S.; Xia, C.; Sun, W. Chin. J  Chem. 2011, 29, 525-530.

Sagar N. Patil, Ph. D. Thesis, Goa university. Page 243



CHAPTER 3

b) Ji, H.; Long, Q.; He, H.; Yao, X. Science China Chemistry, 2010, 53, 
1520-1524.

10. (a) Macleod, C.; McKieman, G.; Guthrie, E.; Ferrugia, L.; Hamprecht, D.; 

Harteley, R. J. Org. Chem., 2003, 55, 387-401; (b) Y. Liu, Y. Lu, M. 

Prashad, O. Repic and T. Blacklock, Adv. Synth. Catal., 2005, 347, 217-219.
11. J. Butera and J. Bagli, WO Patent 91/09023,1991.

12. (a) Matthews, J.; Greco, M.; Hecker, L.; Hoekstra, W.; Andrade-Gordon, P.; 

De Garavilla, L.; Demarest, K.; Ericson, E.; Gunnet, J.; Hageman,W.; Look, 

R.; Moore J.; Marynoff, B. Bioorg. Med. Chem. Lett., 2003, 13, 753-757; (b) 

Edwards, J.; Zhi, L.; Pooley, C. L. F.; Tegley, C.; West, S.; Wang, M. W.; 

Gottardis, M.; Patharanna, C.; Scharader, W.; Jones, T. J. Med. Chem., 1998, 
41, 2779-2783.

13. F. Kovar and F. Armond, U.S. Pat., 3,1976, 975, 444.

14. (a) Blaser, H. U.; Steiner, H.; Studer, ChemCatChem, 2009, 1, 210-221; (b) 

Hoogenraad, M.; Van der Linden, J.; Smith, A.; Hughes, B.; Derrick, A.; 

Harris, L.; Higginson, P.; Pettmann, A. Org. Process Res. Dev., 2004, 8, 469- 

476.
15. (a) Periasamy, M.; Thirumalaikumar, M. J. Organomet. Chem., 2000, 609, 

137-151; (b) Khurana, J. M.; Gogia, A. Org. Prep. Proced. Int., 1997, 29, 1- 

4; (c) Seltzman, H. H.; Berrang, B. D. Tetrahedron Lett., 1993, 34, 3083- 

3086.
16. (a) Mitsudome, T.; Mikami, Y.; Matoba, M.; Mizugaki, T.; Jitsukawa, K., 

Kaneda, K. Angew. Chem., Int. Ed., 2011, 50, 2986-2989; (b) Pandarus, V., 

Ciriminna, R.; Beland, F.; Pagliaro, M. Adv. Synth. Catal., 2011, 353, 1306- 

1316; (c) Hamdy, 1.; Maksod, A.; Kenaway, S.; Saleh, T.Adv. Synth. Catal.,

2010, 352, 1169-1174.
17. Xu, Z.;Wang, Q.; Zhu, J. Angew. Chem. Int. Ed. 2013, 52, 3272-3276.
18. Randriambola, L , Quirion, J. C.; Kan-Fan, C.; Husson, H. P. Tetrahedron

Lett., 1987, 28, 2123-2126.
19. Xu, Z.;Wang, Q.; Zhu, J. J. Am. Chem. Soc. 2013,135, 19127-19130.

20. Wagnieres, O.; Xu, Z.;Wang, Q.; Zhu, J. J  Am. Chem. Soc. 2014, 136,

15102-15108.



CHAPTER 3

21. Chen, J.; Chen, J.-J.; Yao, X.;Gao, K. Org. Biomol. Chem. 2011, 9, 5334- 
5336.

22. Geisler, J.; Cleve, A.; Harre, M. Tetrahedron 2000, 56, 6489-6492.

23. C. Kumar, Ph. D. Thesis, National Chemical Laboratory, 2007, Pune- 
411008, INDIA.

24. Buyck, T.; Wang, Q.; Zhu, J. Angew. Chem., Int. Ed. 2013, 52, 12714— 
12718.

25. Tan, C.-J.; Di, Y.-T.; Wang, Y.-H.; Zhang, Y.; Si, Y.-K.; Zhang, Q.; Gao, S.; 

Hu, X.-J.; Fang, X.; Li, S.-F.; Hao, X.-J. Org. Lett. 2010,12, 2370.

26. Hashimoto, H.; Hanaoka, T.; Kato, M. Production Method of Aminobenzene 

Compound. Eur. Patent 0881212B1, Dec 2,1998.

27. Ma'rta, P. M.; Tibor, M.; Gyula, S. Org. Process Res. Dev., 2007,11, 490- 

493.

28. Ries, U. J.; Mihm, G.; Narr, B.; Hasselbach, K. M.; Wittneben, H.; Entzeroth, 

M.; van Meel, J. C. A.; Wienen, W.; Hauel, N. H. J. Med. Chem. 1993, 36, 

4040-4051.

29. Chakrabarti, J. K.; Hotten, T. M.; Tupper, D. E. U.S. Patent 5627178, May 6, 

1997.

30. Szczepek, W.; Luniewski, W.; Kaczmarek, L.; Zagrodzki, B.; Samson- 

Lazinska, D.; Szelejewski, W.; Skarzynski, M. Process for the Preparation of 

Imatinib Base. U.S. Patent 767401 B2, March 9, 2010.

31. De Giorgi, U.; Verweij, U. J. Mol. Cancer Ther. 2005, 4, 495—501.

32. Dunn, P. J. Org. Process Res. Dev. 2005, 9, 88—97.

33. Campbell, S. F. Clin. Sci. 2000,99, 255-260.
34. Tan, S. H.; Banwell, M. G.; Willis, A. C.; Reekie, T. A. Org. Lett. 2012, 14, 

5621-5623.
35. J. D. Medina, L. Di Genova Planta Med. 1979, 37(10),165-167.
36. Gualtierotti, J. B.; Pasche, D.; Wang, Q.; Zhu, J. Angew. Chem., Int. Ed. 

2014, 53, 9926-9930.
37. Bing-Feng, S. Tetrahedron Letters, 2015, 56, 2133-2140.
38. Gerrit Wienhofer Sorribes, A.; Boddien, A.; Westerhaus, F., Junge, K., 

Junge, H.; Llusar, R.; Beller. M. J. Am. Chem. Soc. 2011, 133, 12875—

12879.

Sagar N. Patil, Ph. D. Thesis, Goa university. Page 245



CHAPTER 3

39. Chengzhi, Y.; Bin, L.; Longqin, H. J. Org. Chem. 2001, 66, 919-924.

40. Schabel, T.; Belger, C.; Plietker, B. Org. Lett., 2013,15, 2858- 2861.

41. Rahaim, R. J.; Maleczka, R. E. Org. Lett. 2005, 7, 5087- 5090.

42. Srivari, C.; Jaya Prakash, S.; Rao, C. L. J. Org. Chem. 2006, 71, 2196-2199.

43. Herrmann, W.; Albanese, G. P.; Manetsberger, R. B.; Lappe, P.; Bahrmann, 
H. Angew. Chem. Int. Ed. 1993, 32, 1524-1544.

44. Kaneda, K.; Kuwahara, H.; Imanaka, T. J. Mol. Catal. 1994, 88, 267-278.

45. Crotti, C.; Cenini, S.; Bassoli, A.; Rindone, B.; Demartin, F. J. Mol. Catal. 

1991, 70, 175-179.

46. Oh, J. S.; Lee, L.; Sang, M. L. US 5198582,1993.

47. Chaudari, B. M.; Sharma, G. V. M.; Bharathi, P. Angew. Chem., Int. Ed. 

1989, 28, 465-466. (b) Valli, V. L. K.; Alper, H. J. Am. Chem. Soc. 1993, 

115, 3778-3779. (c) Chaudari, B. M.; Koteswara, K.; Pirozhkov, S. D.; 

Lapidus, A. L. J. Mol. Catal. 1994, 88, 23-27.

48. (a) Laine, R. M.; Crawford, E. J . ./. Mol. Catal. 1988, 44, 357-387. (b) Ford, 

P.; Rokicki, A. Adv. Orgmet. Chem. 1988, 28, 139-217.

49. Reppe, W. Justus Liebigs Ann. Chem. 1953, 582, 38-71.

50. Ragaini, F.; Cenini, S.; Fumagalli, A.; Crotti, C. J. Organomet. Chem. 1992, 

428, 401-413.
51. Zhang, W.; Xie, J.; Rao, B.; Meiming, L. J. Org. Chem. 2015, 80, 504-3511.

52. Kelly, S. M.; Lipshutz, B. L. Org. Lett. 2014,16, 98-101.

53. Sharma, S.; Kumar, M.; Kumar, V.; Kumar, N. J. Org. Chem. 2014, 79, 

9433-9439.
54. Kadam, H. K.; Tilve, S. G. RSC Advances, 2012, 2, 6057- 6060.

55. Kadam, H. K.; Tilve, S. G. RSC Advances, 2015, 5, 83391- 83407.

56. Vemekar, A.; Bugde, S.; Tilve, S. Int. J. Hydrogen Energy, 2012, 37, 327- 

334.
57. Kalidindi, S. B.; Vemekar, A. A.; Jagirdar, B. R. Phys. Chem. Chem. Phys., 

2009,11, 770-775.
58. Nutt, M. O.; Hughes, J. B.; Wong, M. S. Environ Sci Technol, 2005, 39, 

1346- 1353.
59. Hargreaves, J. S. J.; Alexander, A. M. Chem. Soc. Rev., 2010, 39, 4388- 

4401.

Sagar N. Patil, Ph. D. Thesis, Goa university. Page 246



CHAPTER 3

60. Satoh, T.; Suzuki, S.; Suzuki, Y.; Miyaji, Y.; Imai, Z. Tetrahedron Lett., 
1969,10, 4555-4558.

61. Polshettiwar, V.; Nadagouda, M. N.; Varma, R. S. Org. Biomol. Chem., 
2009, 7, 37-40.

62. a) Imamura, K.; Hashimoto, K.; Kominami, H. Chem. Comm. 2012, 48, 

4356-4358. b) Saha, A.; Ranu, B. J. Org. Chem. 2008, 73, 6867-6870. c) 

Ahammed, S.; Saha, A.; Ranu, B. C. J. Org. Chem. 2011, 76, 7235-7239.

63. CAS Number [106-49-0]

64. CAS Number [106-47-8]

65. CAS Number [150-13-0]

66. Orlandi, M.; Tosi, F.; Bonsignore, M.; Benaglia, M. Org. Lett. 2015, 17, 

3941-3943.
67. (a) Hirano, H.; Keiichi, K. Org. Lett. 2009, 11, 1019-1022; (b) Hajipour, A.; 

Reza, R.; Arnold, E. Tetrahedron Lett. 2005, 46, 8307-8310.

68. Sharma, U.; Kumar, N.; Verma, P. K-; Kumar, V.; Singh, B. Green Chem., 

2012,14, 2289-2293.
69. Zanardi, Maria M. and Suarez, Alejandra G. Tetrahedron Lett. 2015, 56, 

3762-3765.

70. CAS Number [873-74-5]

71. CAS Number [103-33-3]

Sagar N. Patil, Ph. D. Thesis, Goa university. Page 247


