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GENERAL REMARKS

Nuclear Magnetic Resonance spectra were recorded @&nuker-300 MHz
instrument using tetramethylsilane (TMS) as therimal standard. Chemical
shifts have been expressedsippm units downfield from TMS. Selected data
are reported as follows. Chemical shift, multigiidis = singlet, d = doublet, t =
triplet, g = quartet, m = multiplet, br. s. = brasidglet, dd = doublet by doublet,
dt = doublet by triplet and skewd t = skewd triplebupling constantl(in Hz),
relative proton ratio and assignments. NMR speegtee obtained in deuterated
chloroform unless otherwise stated. Multiplicitied carbon signals were
obtained from DEPT experiment.

High Resolution Mass spectra (HRMS) were recordedaoMicroMass ES-
QTOF Mass spectrometer.

IR spectra were recorded on a Shimadzu FT-IR spaabtometer, (solids-KBr
pellet/liquid-neat).

All melting and boiling points were measured bymal Thiels tube method and
are uncorrected.

Distilled solvents used in all cases.

Commercial reagents were used without further atibn.

All reagents were prepared using literature methods

Hexanes or pet ether refers to petroleum fractmling between 60-86C.

All solvents and reagents were purified and drigdtandard techniques.

All the reactions were monitored by thin layer ahedgography (TLC) on silica
gel (13% CaSQas binder).

Column chromatography was performed on silica §el B0 mesh size.

Room temperature = 25-27 °C.



General Abbreviations

anhyd.
b.p.
cat.
Equiv.
Expt.
Fig.
FGI

g
glac.
lit.
mins.
mmol
m.p.
R.T./rt.
sat.
TLC
%

°C

MW/M.W.

mL

0

m

p
conc.
hr/hrs
MPa
aqg.
dil.

et al.

mmHg

ABBREVIATIONS

anhydrous
boiling point
catalytic
Equivalent
Experiment

Figure

Functional group interconversion

gram
Glacial

literature

minutes

millimole

melting point
room temperature

saturated

Thin layer chromatography

percentage
degree celcius
Microwave
milliliter

Ortho

Meta

Para
concentrated
hour/hours
Megapascals
aqueous
dilute

Et alia (and others)

Millimeters of mercury

8



Eentegegen (opposite)

Zissamen (together)

Compound abbreviations

Ac,0O
AcOH
9-BBN
DBU
BIMs
Boc,O
n-BuLi
t-BuLi
CAN
m-CPBA
DCE
DCM
DIBAL-H
DMAP
DMF
DMS
DMSO
EDC
Et
Et,O
EtOAc
EtOH
HCI
HNO3
H.SO,
KoCOs
LAH
LDA
Me

Acetic anhydride

Acetic acid
9-Borabicyclo[3.3.1]Jnonane
Diazabicycloundecene
Bis(indolyl)methanes
Di-tert-butyl dicarbonate
n-Butyl lithium

tert-Butyl lithium

Cerric ammonium nitrate
m-Chloroperbenzoic acid
Dichloroethane
Dichloromethane
Diisobutylaluminium hydride
4-Dimethyl amino pyridine
N,N-Dimethylformamide
Dimethyl sulphate
Dimethyl sulfoxide
Ethylene dichloride

Ethyl

Diethyl ether

Ethyl acetate

Ethanol

Hydrochloric acid

Nitric acid

Sulphuric acid

Potassium carbonate
Lithium aluminium hydride
Lithium diisopropylamide
Methyl



MeCN
MeOH
NaOAc
NaOH
NaOMe
NaSO,
NBS
PBr;
PCC
PCy
Pet ether
Ph,O
PMA
PPA
PPh
PTSA
TBAB
TFA
THF

Acetonitrile

Methanol

Sodium acetate

Sodium hydroxide

Sodium methoxide

Sodium sulphate

N-Bromosuccinimide

Phosphorous tribromide
Pyridinium chlorochromate

Tricyclohexylphosphine
Petroleum ether

Diphenyl ether

Phosphomolybdic acid
Polyphosphoric acid

Triphenyl phosphine

p-Toluenesulfonic acid

Tetra butyl ammonium bromide

Trifluoro acetic acid

Tetrahydrofuran

Spectroscopic abbreviations

IR

PMR (H-NMR)

Calcd
CDClg

CMR (**C-NMR)

cm?t

)

DEPT
DMSO-d;
GC-MS
Hz

Infra Red

Proton Magnetic Resonance

Calculated

Deuterated chloroform

Carbon-13 Magnetic Resonance
Frequency in wavenumber

Delta (Chemical shift in ppm)
Distortionless Enhancement by Polarisalicansfer
Deuterated dimethyl sulfoxide

Gas chromatography-Mass spectrometry
Hertz

Coupling constant
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MHz

ppm
br.s

o]

dd

m/z

Megahertz

Parts per million
Broad singlet
Doublet

Triplet

Quartet

Multiplet

Doublet of doublet
Molecular ion

Mass to charge ratio
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CHAPTER 1
Synthesis ofa-(alkylidene)-5,5-dimethyl-o-lactones

Introduction

A lactone is a cyclic ester which can be seen @astimdensation product of an
alcohol group —OH and a carboxylic acid group —CO@Hthe same molecule. The
most stable structure for lactones is the 5-mentblx@ones (gamma lactones) and 6-
membered lactones (delta-lactones) because of thenal angle strain in such
structures. A large number of naturally occurriregngna lactones and delta lactones
contain an exocyclic double bond with substitution it, and are known as-
(alkylidene substituted)y lactones1 and a-(alkylidene substituted) lactones

2 respectively Fig. 1).

e) O
R’ \\[ :o R/\ijo
1 2
Fig. 1

Thesea-(alkylidene substituted) lactones constitute ampadrtant group of natural
products’ especially as insect pheromoridiavor components, and essential Sils.
addition, these molecules have been used as synpinetursors for cyclopentanones,
butenolides, furansand natural lignans®

The representative members shown below exempliéystinuctural diversity found

within this class of natural productsig. 2).
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Tulipalin A Alantolactone

3 4

Elephantopin Euparotin

5 6

Vernolepin

7

Fig. 2

These includex-methyleney-butyrolactone, tulipalin A3,” the simplest member of
this class of natural products and alantolactdfievernolepin7,’ a sesquiterpene
tumor inhibitor, possesses in addition to thmethyleney-lactone structural feature,
an a-methylenes-lactone function. Further structural diversity exemplified by
euparotin 6'° which possesses an-methyleney-lactone unit trans-fused to a
cycloheptane ring and by elephantopitt which possesses the same structural unit
trans-fused to a ten membered ring.
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These compounds have received much attention duthetobiological activities
associated with them, such as cytotoxitftyantitumor™ antibacterial* plant
growth inhibition® antifungal® and antiallergic propertié¢$.These activities are
mainly attributed to the presence of unsaturatidnckv acts as (Michael acceptor)
alkylating agent.
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Literature Review
a-(Alkylidene substituted)-lactones are a target feveloping synthetic
methodologies due to their widespread occurrence variety of biologically active

natural products.

Although there are various methdd® available for the synthesis af(alkylidene
substituted)y-lactones, for the correspondidgactones there are only a few reports.
One of the earliest synthesesoanethylene lactone is reported by Joreal?’ They
have reacted acetate of but-3-yn-1-ol in ethaneltaining glacial acetic acid in
presence of water with nickel carbonyl to get thmethyleney-lactone. The same
strategy was also extended for the preparation h&f d-methylenes-lactone
(Scheme).

ACO 7z Ni(CO) -~ AcO COOH
EtOH, glacial AcOH,Water \/\ﬂ/
(0] (0]
\;\
Ni(CO),
A0~ EtOH, glacial ACOH,Water ACO\/\/U\
COOH
(0] (e}
Scheme |

Some of the recent methods for the synthesis(@lkylidene) lactones are mentioned
below —

Rajgopalaret al?® reported the synthesis gfmethyl-a-methylene butyrolactone via
alkylation of phosphonate, followed by Wittig-Horneaction, hydration, reduction

and lactonisationScheme ).
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o]

1] .
EtO-P-CH,COOEt _ NaH/THF Et0-P—CHCoOEt _30% Formalin
OEt _—CHZBF

'OEt\—\\\ ag. K,CO,

—CCOOEt Hg(OAc),/pyridine/C,H,OH =CCOOEt ‘NaBH,/C,H;OH

N\ ;
O

—CCOOEt a)NaOH, H,O Q
L b) dil. HCI, H,0 /

HO

Scheme Il

Junjappaet al?® describes the synthesis ef(alkylidene)y-butyrolactones which
involves reduction of keto group of dithioacetadsatcohol with sodium borohydride
in refluxing ethanol, followed by methanolysis wiborontrifluoride etherate, and
heating with a mixture of phosphoric and formicda(:1) Scheme IlI).

R Ry

R R,
O)f\]/ NaBH, Ho)j]\)\% BF,.Et,0
EtOH, heat Ry MeOH, heat
MeS SM%Z MeS SMe
R R,
HW H,PO, Me. _O.__O
> R2
07 > oMR2 HCO,H, heat . N
1
R
Scheme I

Smallridgeet al *° have carried out hydrocyanation of protedeaydroxyalkenes to
give unsaturated nitriles which on treatment wit@lHinderwent cyclization ta-

alkylideney-lactones $cheme I\).
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OCH,0Me

R
N OCH,0Me HCN )12(_< R, CN
R _— > R
fV\R( NIPOPh)J, H CN + H)=<_<OCFbOMe
2
R,
HCl
MeOH
O H
o: ]4 "R,
Ry
Scheme IV

Jianget al *! have reported a synthesis of taalkylideney-butyrolactones from
acyclic ester precursor, 2’-alkenyl 2-alkynoatem@sCuCh or CuBg in presence of
PdCL(PhCNY) in acetonitrile or Pgdbay.CHCL in acetic acid and LiCl or LiBr at

room temperatureScheme V.

Rq
I Ry R, X
J ’yﬁ
Catalyst

LiX, rt

ZorE
R,=H, alkyl; R,=H, alkyl; X=ClI, Br
Catalyst- PdCI,(PhCN), in acetonitrile (X=CI)

Pd,(dba),.CHCI, in acetic acid (X=Br)

Scheme V

Ballini et al®?

have developed a simple methodology for the swmhaf various y-
substituteds-(alkylmethylene)y-butyrolactones. In this method the steps involae
Michael addition of nitroalkanes to enones, baseéiated elimination, reduction of

keto function, and followed by acid mediated lactation. Selective addition of

22



Grignard reagent to keto group of the unsaturastdr €urnishedy,y-disubstituted

lactones $cheme V).

1) CeCl;, R,MgBr
THF, -70°C
2) AcOH, 10%
R, O
R2

R = C4Hj, CgHyCH,, CH,
R, = H, CH,
R, = CgHy, CgHyCH,, CH,

Scheme VI

Grigg et al’s®® synthesis involves preparation of appropriate ritomates from
homopropargylic alcohols with CO£h toluene followed by cyclisation in presence
of NaBPh as the anion capture reagent in THF at 65Q0in the presence of
Pd(OAc) (10 mol %) and PRH20 mol %), to give the-methyleney-butyrolactones
(Scheme ViI).
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o] % 7
)J\ + = Br  Zn-THF cocl, Cl
R; H / Toluene /&

R1 R, ~07 Yo
R OH
NaBPh,
Pd(OAc),
PPh,, THF
H
(0] R, R,
)\/
S +
R, O o
R, =H, CH3
R,=CH,, H
Scheme VII

Patricket al** have developed a method for the synthesis of paihds- alkylidene
lactones by intramolecular cyclisation@facetylenic acids catalysed by AuCl in

acetonitrile at room temperatur@gheme VIlI).

= © AuCl 10% RL_oo
) K,CO, 10 % )
2 MeCN n
2
n=1or2
Scheme VIII

Sweeneyet al ** have synthesizeg-lactones via a Passerni-like three component
condensation. The first step is the combinationanfaryl glyoxal with an aryl
isonitrile and a 2-substituted —2-(diethoxyphosphaacetic acid. The product of this
reaction 2-[2-(phosphoryl) acetoxy]ketoamide isntheyclised by H.W.E. reaction
upon exposure to LiBr and NEh THF, to givea-alkylidene lactonesScheme 1X).
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O

R
QR Et,0 or THF EtO, o
E0-P— >  EtO—P Ar
% 'cooH R,NC, ArCOCHO f

O 9 0P NHR,

LiBr, NEt,, THF

Ar NHR,

Scheme IX

Krawczyk et al*® have developed methodology for the synthesis-afkylideney-
and d-lactones. For this purpose they prepa@©esilylated lactones from the
appropriate lactones using LDA, THF and {81, followed by thiophosphorylation
with O,0O-diethyl chlorothiophosphonate. Next, the thiophadp anions were
generated by the action of sodium hydride and weaeted with various aldehydes to

get thea-alkylidene lactonesScheme X.

SPO(OEY),
(] toaree_ (] Eorose, (P
R >0 Yo  MesSiCl R 07 T 0SiMe,
NaH, -10 °C
n=12 R,CHO, -70°C to r.t.

R, = CH,, C,Hg, CHyy, CoHyg
MM
(6]

Scheme X
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Albrecht et al®’ reported the synthesis afmethylene butyrolactone from 3-aryl-2-
diethoxyphosphoryl-4-nitroalkanoic acid. The fiss¢p was the Nef reaction followed
by esterification. Further, they reduced this egterafford the corresponding-
hydroxyalkanoates which spontaneously got lactahiwea-diethoxyphosphoryl~

lactone. This lactone was then converted-toethylene butyrolactone using Horner-
Wadsworth-Emmons olefinatios¢heme X).

o) -+
O EtO.
EtO,P// COOH  a)H,0, reflux ~P___COONH,c-Hex,
EtO” - EtO
Ar NO, b)cHex,NH, DCM, r.t, Ar
O
DOWEX 50W,
acetone/water
O
EtO. .
B4 Coome EO.° oo S
EtO” < R0 CH, Et0” Fto o
acetone, r.t. 4 days
Ar Ar Ar OH
O O
KBH,, MeOH, 0 °C, 65 mins.
O O O 0O
EtO\ ! EtO 7
“P__COOMe e at-BuOK, THF, rt.
EtO ; e} > 0
Ar Af b)(HCHO),, THF, r.t. 5/
OH
Scheme Xl
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Present Work

From above literature survey it is evident thatréhare number of methods
available for the synthesis afalkylideney-butyrolactones. However, there are few
methods available for the synthesis of correspapdifactones. So, we were
interested in synthesizingtlactones havingi-alkylidene groups. Our retrosynthesis
for sucha-(alkylidene)-5,5-dimethyb-lactones is shown belov¢heme XII).

O O
XX 0 A OEt
| — =
A o 7
R R
8

9

o)
. |/ : CHo + PhsP OEt
R Z
10 11
Scheme XII

Thus phosphorangl could react with aldehyded @) to give unsaturated ester®) (
which then could be cyclized to give targeted coumuisS.

The prenyl phosphorarel was prepared by literature metfidihvolving two steps.
In the first step triphenyl phosphin&2) was reacted with ethylbromoacetai@)(to
get a salt, which after basic workup furnishedablst carboethoxymethylenetriphenyl
phosphoraneld) (Scheme XIlll).
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Br
Benzene

+ 2N NaOH
PhsP 4 BrCH,COOEt ————— > Ph,P—CH,COOEt -

12 13

Ph;P=CHCOOEt
14

Scheme XllI

Prenyl bromide was prepared by reaction of 3-me2hlylten-1-ol with PBy in
presence of pyridine in petroleum eth8cljeme XI\).

Y\/OH PBr, . Y\/Br
Pyridine, pet ether

15

Scheme XIV

In the next step alkylation of stable phosphordadewas carried out with prenyl
bromide (5) to get a salt, which after the usual basic worape the required prenyl
phosphoranél (Scheme XV,.
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B + Br
r CHCI
PhsP=CHCOOEt  + W s Ph,P—CHCOOE!

reflux

14 15 )

2N NaOH

Ph;P=CCOOEt

\

11
Scheme XV

Our next step was to condense this prenyl phospkedrawith benzaldehydel(Qa),
(Scheme XV)).

o o)
©/CHO N PhsP OEt CHCl,, reflux X “OEt
= =
10a 11 9a
Scheme XVI

This was accomplished by refluxing benzaldehyi@a]} with prenyl phosphorangl

in chloroform for 3.0 hours. TLC of the reactionxtoire showed disappearence of the

starting benzaldehydd.)a) and appearence of a new spot along with therlewet

of triphenyl phosphine oxide. The solvent was evaigal and the crude product was

purified by column chromatography over silica gsing hexanes: EtOAc (9:1) as an

eluent to obtain a pleasant smelling viscous liquid

lts IR spectrum exhibited a strong band at 1709 evhich indicated the presence of

a conjugated ester carbonyl bond.
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The'H-NMR spectrum (CDG| 300 MHz,5 ppm) €ig. ) showed signal &t 1.35 (t,

J =6.9 Hz, 3H) and 4.30 (q,J = 6.9 Hz, 2H) which was attributed to —O&HH;
group of ester moiety. The peaks observed Ai67 (s, 3H) and 1.75 (s, 3H) were
assigned to the protons on allylic methyl groudse peaks seen at3.24 (d,J = 6.3
Hz, 2H) and 5.18 (m, 1H) was due to the methylene protons@raf prenyl group
(-CH,CH=C<). The signal observed at7.38 (m, 5H) was attributed to aromatic
protons of phenyl ring while the peak seendal.71 (s, 1H) was assigned to the
benzylic proton. The downfield shift of this protamdicated it to becis to the —
COOCH.CHg group E geometry).

7.5 7.0 8.5 6.0 55 5.0 4.5 40 35 3.0 2.5 2.0 15 1.0 0.5 ppm

n
]

Fig. | : *H-NMR spectrum of Compour@a

The **C-NMR spectrum (CDG| 75 MHz,8 ppm) €ig. Il) showed peaks @t 14.29
(CHy), 17.95 (CH), 25.74 (CH), 26.84 (CH), 60.77 (OCH), 121.68 (CH), 128.26
(CH), 128.36 (2 X CH), 129.35 (2 X CH), 132.62 (CHB2.93 (C), 135.81 (C),
138.74 (CH), 168.34 (C=0).

The multiplicities of the carbon signals mentiorsmbve were obtained from DEPT

experiments.
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40

170 160 150 140 130 12!] 110 100 10 ppm

Fig. Il : *C-NMR spectrum of Compourgha

The GC-MS of this compound showed peak#t244 (M).

The boiling point of this compound was 134°890.06 mmHg (Bath temperature).

Hence, based on the mode of formation and spedatd, the ester should have

structureQa. The yield of the product ester fral@awas found to be 92%.

N OEt

9a

Our next aim was to carry out the cyclisation @& dtB-unsaturated este®d), and we

thought to explore sulphuric acid catalysed cytliga for this purpose Scheme

XVII ).
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(@] (@]
N OEt Ice-cold N o)
R ———
= Conc.H,SO,

9a 8a

Scheme XVII

The pleasant smelling viscous edarwas subjected to conc. sulphuric acid in an ice-
cold condition for one hour, after which there wseen a new spot on TLC and
absence of the reactant spot. The crude liquidirddaafter workup was purified by
column chromatography over silica gel using hexat@Ac (9:1) as an eluent to
obtain a viscous liquid.

The IR spectrum of this compound showed strong ben@703 crit which was

attributed to the carbonyl group @f-unsaturated six membered lactone.

The'H-NMR spectrum (CDG| 300 MHz,8 ppm) showed peaks &t1.46 (s, 6H)p
1.90 (t,J = 6.9 Hz, 2H) and 2.92 (dt,J = 6.9 Hz & 2.1 Hz, 2H) which were
attributed to the two methyl groups and two methglgroups (-CHCH,-) of the six
membered lactone respectively. The peaks obsernveéd/&8¢ 7.51 (m, 5H) were
assigned to aromatic ring protons. While the signal7.96 (br.s, 1H) was attributed

to the benzylic proton.

The *C-NMR spectrum (CDG| 75 MHz, 8 ppm) showed peaks &t22.69 (CH),
27.80 (2 X CH), 33.16 (CH), 80.19 (C), 124.42 (C), 128.55 (2 X CH), 129.CH],
130.33 (2 X CH), 135.13 (C), 141.51 (CH), 167.16Q0.

The multiplicities of the carbon signals mentioradzbve were obtained from DEPT

experiments.

The high resolution mass spectrum of the compousplayed strong peak am/z
239.1049 presumably due to [M+Napseudo ions. The elemental composition of
which was determined to be 1£:60,. HRMS m/z calculated for
C1sH160-Na[(M+Na)'] was 239.1048, found : 239.1049.
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The boiling point of this compound was found to b#-45°C/0.09 mmHg (Bath

temperature).

Based on the above spectral data and mode of fammatructureBa was assigned to
the expected lactone havinlg geometry indicating that there is no change in
stereochemistry occurred during cyclisation. Tredyof the product was found to be
57%.

(0]

O

8a

Thus, successfully we were able to get the expettiedtone8a, but we were not
satisfied with the yield obtained in the final dgeltion step. Hence, more efforts were
put to improve the yield in this step.

Our second attempt was to use polyphosphoric axid ayclising agentScheme
XVII ).

o o)
X VOEt PPA w
=
ga 83
Scheme XVIII

Accordingly, thea,B-unsaturated est@&a was subjected to PPA cyclisation, where it
was warmed with PPA for 5 minutes to get the prodle progress of the reaction
was monitored by TLC. The crude product obtainedrahe workup was purified by
column chromatography over silica gel using hexat@Ac (9:1) as an eluent to

furnish a viscous liquid.
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This viscous liquid was found to be the samkactone8a which was obtained in
previous sulphuric acid cyclisation protocol asicated by its appearence on TLC

and other spectroscopic analysis. The yield optiegluct was found to be 96%.

Hence, gratifyingly we succeeded in increasingyibt from 57% to 96%.

After this success, we thought to generalise thi®ogol to prepare series of
lactones which could be tested for their biologiaetivities. Hence, the strategy was
extended for the aromatic aldehydes having batkten withdrawing as well as

electron donating groups as showrSrheme XIX

o o)
R3
RﬁCHO PhP OEt  CHCIj, reflux o~ OEt
+ _—
R R i
R; Ry Z 2 !
10b-e 11 9b-e
lPPA
Rl RZ R3
o]
b cl H R
c H cl H 8 o)
d H OMe H R3 R,
e H —OCH,0—
8b-e
Scheme XIX

The Wittig reaction ofo-chlorobenzaldehydelQb) which has electron withdrawing
group atortho position was done in refluxing chloroform for Zhand 45 mins. The
progress of the reaction was monitored by TLC. Afte reaction was complete the
column chromatographic purification of the crudeoguct over silica gel using

hexanes-EtOAc (9:1) as eluent gave a pleasantiagn&lscous liquid.

IR (KBr) : 1713 cntt
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'H-NMR (CDCk, 300 MHz,5 ppm):

51.28 t 3HE@=7.2Hz) - OCH,CH;
51.54 S 3H - CH;
51.64 S 3H - CH;
53.03 d 2H J=6.6 Hz) -CH,-CH =
54.23 q 2H@=7.2Hz) - OCH,CH;
3 5.07 m 1H -CH,CH=
87.23 m 3H ArH
57.36 m 1H ArH

0 7.68 S 1H Ar-CH=C

13C-NMR (CDCE, 75 MHz,8 ppm) :

§ 14.24 (CH), 17.79 (CH), 25.70 (CH), 27.04 (CH), 60.88 (OCH), 121.32 (CH),
126.44 (CH), 129.35 (CH), 129.45 (CH), 130.33 (CH}2.87 (C), 134.02 (C),
134.35 (C), 134.51 (C), 135.79 (CH), 163.73 (C=0).

The multiplicities of the carbon signals mentioradazbve were obtained from DEPT

experiments.

GC-MS:m/z278 (M.
The boiling point of the compound was found to 88-85°C/0.07 mmHg (Bath

temperature).

Based on the mode of formation and above specital dtructur®b was assigned to

the product. The yield of the product ester frbdb was found to be 93%.

N OEt
Cl =

9b
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This a,p-unsaturated esté&b was then subjected to PPA cyclisation for 5 migute
after which the reaction was found to be complstmdicated by TLC technique. The
usual workup followed by column chromatographicifoeation over silica gel using
hexanes-EtOAc (9:1) as an eluent afforded a wioiid.s

IR (KBr) : 1691 cntt

'H-NMR (CDCl;, 300 MHz,8 ppm) :

5 1.41 s 6 H 2 X - CHs

5 1.80 t 2 H(J=6.9 Hz) = C-CH-CH,-
5 2.66 dt 2H(J=6.9&2.4 Hz) = C-CH-CH,-
57.24 m 3H ArH
57.38 m 1H ArH

5 8.00 br.s. 1H CH=C-

3C-NMR (CDCEk, 75 MHz,8 ppm) :
§ 21.98 (CH), 27.93 (2 X CH), 33.24 (CH), 80.60 (C), 126.31 (CH), 126.98 (C),
129.79 (2 X CH), 129.82 (CH), 133.62 (C), 134.48, (38.31 (CH), 166.12 (C=0).

The multiplicities of carbon signals mentioned abowere obtained from DEPT
experiments.

HRMS :m/zfound 251.0821. Calcd for;@H150.Cl, (M+H)" 251.0839.
The melting point of the compound was found to ©4-09°C.

Based on the mode of formation and above specital structur8b was assigned to
the product. The yield of the product was founteé®B3%.
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sae?
Cl

8b
Similarly, the Wittig olefination reaction gf-chlorobenzaldehydelQ¢ was carried
out with prenyl phosphorartl in refluxing chloroform for 2 hrs and 30 mins. &ift
the reaction was complete as indicated by TLC, ¢tumn chromatographic

purification of the product was done over silicd ggng hexanes-EtOAc (9:1) as an

eluent to afford the viscous liquid.
IR (KBr) : 1725 cnit

'H-NMR (CDCk, 300 MHz,5 ppm) :

51.35 t 3H@=7.2Hz) -~ OCH,CHs
§1.62 s 3H - CH,
§1.72 s 3H - CH,
§3.18 d 2H (J=6.6 Hz) - CH,-CH =
§4.23 q 2H@=7.2Hz) - OCH,CHs
§5.12 t 1H@=7.2Hz) - CHy-CH =
§7.34 m 4H ArH
§7.61 s 1H Ar-CH =C

13C-NMR (CDCE, 75 MHz,8 ppm) :

§ 14.26 (CH), 17.97 (CH), 25.70 (CH), 26.81 (CH), 60.87 (OCH), 121.33 (CH),
128.60 (2 X CH), 130.41 (C), 130.64 (2 X CH), 13B(Z), 134.21 (C), 136.87 (C),
137.35 (CH), 168.03 (C=0).

The multiplicities of the carbon signals mentiorsmbve were obtained from DEPT

experiments.

GC-MS :m/z278 (M).

37



The boiling point of the compound was found to 15-20°C/0.11 mmHg (Bath

temperature).

Based on the mode of formation and above spedital dtructur®c was assigned to

the product. The yield of the product ester frbbecwas found to be 90%.
o)

N OEt
Cl =

9c

This a,p-unsaturated est®c was then subjected to PPA cyclisation. After 5utes,
when the reaction was complete as indicated by Tddbnique, workup of reaction
mixture was carried out, and the crude product wan purified by column
chromatography over silica gel using hexanes-Et(®At) as an eluent to get a white
solid.

IR (KBr) : 1698 cntt

'H-NMR (CDCl;, 300 MHz,8 ppm) :

5 1.40 s 6 H 2 X -CHs
51.84 t 2H@@=6.9 Hz) = C-CH-CH,-
52.81 dt 2H(@@=6.9&2.1Hz) = C-CH-CH,-
5 7.30 s 4 H ArH
57.83 br.s 1H -CH=C-

3C-NMR (CDCE, 75 MHz,8 ppm) :

§ 22.62 (CH), 27.72 (2 X CH), 33.02 (CH), 80.11 (C), 124.95 (C), 128.77 (2 X
CH), 131.43 (2 X CH), 133.50 (C), 135.07 (C), 139(T), 139.97 (CH), 166.62
(C=0).

The multiplicities of carbon signals mentioned abowere obtained from DEPT

experiments.
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HRMS :m/zfound 273.0673. Calcd for;gH:50.Cl, (M+Na)" 273.0658.
The melting point of the compound was found to ©8-Q7°C.

Hence, based on the mode of formation and abovetrspelata structur&c was
assigned to the product. The yield of the produas Wound to be 79%.

@A\@
Cl

8c

Our next aim was to condense benzaldehyde havewreh donating group on the
benzene ring. Hence, anisaldehyd®d) was condensed with phosphorahk in
refluxing chloroform for 3.0 hrs. When the reactisas complete, as indicated by
TLC technique, the column chromatographic purifaatof the product was carried
out over silica gel using hexanes-EtOAc (9:1) aselrent to furnish the viscous
liquid.

IR (KBr) : 1711 cntt

'H-NMR (CDCl, 300 MHz,8 ppm) :

5 1.30 t 3H@=7.2Hz) - OCH,CHs
51.64 s 3H - CH,
51.68 s 3H - CH,
53.19 d 2H(@=6.3Hz) - CH,-CH =
53.78 s 3H - OCH,
54.21 q 2H@=7.2Hz) - OCH,CH;
§5.1 m 1H - CH,-CH =
5 6.84 d 2H (@=8.7 Hz) ArH
57.31 d 2H (@=8.7 Hz) ArH

5 7.59 s 1H Ar-CH=C
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13C-NMR (CDCE, 75 MHz,8 ppm) :

6 14.31 (CH), 18.01 (CH), 25.73 (CH), 26.80 (CH), 55.26 (OCH), 60.65 (OCH),
113.86 (2 X CH), 121.84 (CH), 128.30 (C), 130.4}, (30.51 (C), 131.16 (2 X CH),
132.90 (C), 138.50 (CH), 159.73 (C), 168.58 (C=0).

The multiplicities of the carbon signals mentiorsszbve were obtained from DEPT

experiments.

GC-MS :m/z278 (M).

The boiling point of the compound was found to I88-85°C/0.07 mmHg (Bath

temperature).

Based on the mode of formation and above specital dtructur®d was assigned to

the product. The yield of the product ester frbdad was found to be 88%.

X OEt
MeO =
ad

The resultinga,p-unsaturated estédd was then subjected to PPA cyclisation for 5
minutes. The progress of the reaction was monitbge@LC. When the reaction was
complete, the usual workup was carried out, folldvily column chromatographic
purification over silica gel using hexanes-EtOAclj%s an eluent to afford a white

solid.

IR (KBr) -1695 cni
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'H-NMR (CDCk, 300 MHz,5 ppm) €ig. 111 ):

5 1.39 s 6H 2X-Ch
51.84 t 2H @=6.9 Hz) = C-CH,-CH,-
52.83 dt 2H(J=6.98&2.4Hz) = C-CH,-CH,-
5 3.79 s 3H -OCH;

5 6.89 d 2 H (=9 Hz) ArH
57.41 d 2H (=9 Hz) ArH
57.84 br.s 1H -CH=C -

Fig. lll : *H-NMR spectrum of Compourt

13C-NMR (CDCE, 75 MHz,8 ppm) €ig. IV):

§ 22.78 (CH), 27.67 (2 X CH), 33.08 (CH), 55.27 (OCH), 79.71 (C), 113.99 (2 X
CH), 121.72 (C), 127.87 (C), 132.26 (2 X CH), 141(CH), 160.27 (C), 167.32
(C=0).

The multiplicities of the carbon signals mentioradzbve were obtained from DEPT

experiments.
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Fig. IV : **C-NMR spectrum of Compourt

HRMS (Fig. V) : m/zfound 269.1146. Calcd for;gH140s, (M+Na)* 269.1154.

(0.077) AM (Top.4. Ar,5343.0,556.28,0.40.LS 10); Sm (SG. 2x4.00). Cm (25 1: TOF MS ES#
269.1146

100 3.05e3

Calcd Mass = 260.1154 (M+Na)

Weae!

1810
247.1340
568
02 1581
11127
53 303 0088 4132714
389.1465
0 miz

100 125 150 175 200 226 250 27§ 300 325 350 3T 400 425 450 475 S00 525 S50 575 600

Fig. V : HRMS of Compoundd
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The melting point of the compound was found to 5&79°C.

Hence, based on the above spectral data and moftenadtion, structure8d was
assigned to the product. The yield of the produed found to be 91%.

O

O
MeO

8d

Similarly,  Wittig  olefination reaction was  perforthe on  3,4-
methylenedioxybenzaldehyde having electron donagngup @0€ in refluxing
chloroform for 3.0 hrs. After the reaction was céete, as indicated by the TLC
technique, the column chromatographic purificatainthe product was performed

over silica gel using hexanes-EtOAc (9:1) as aemlto furnish a viscous liquid.
IR (KBr) : 1705 cnit

'H-NMR (CDCk, 300 MHz,5 ppm) :

51.33 t 3H@=7.2Hz) -~ OCH,CH;
51.70 s 3H - CH;
51.75 s 3H - CH;
53.23 br.d 2H @=6.0 Hz) - CH,-CH =
54.27 q 2H@=7.2Hz) - OCH,CH;
5 5.15 m 1H - CH,CH =
5 6.00 s 2 H -OCH,0-
$ 6.81-6.92 m 3H ArH
5 7.60 s 1H Ar-CH=C

13C-NMR (CDCE, 75 MHz,8 ppm) :

§ 14.29 (CH), 17.98 (CH), 25.71 (CH), 26.84 (CH), 60.72 (OCH), 101.24 (CH)),
108.31 (CH), 109.4 (CH), 121.67 (CH), 124.34 (CH)9.77 (C), 131.01 (C), 132.97
(C), 147.72 (2 X C), 168.43 (C=0).
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The multiplicities of the carbon signals mentioremzbve were obtained from DEPT

experiments.
GC-MS :m/z288 (M).

The boiling point of the compound was found to B&-80°C/0.06 mmHg (Bath

temperature).

Based on the mode of formation and above specatal structur®e was assigned to
the product formed. The yield of the product eft@m 10ewas found to be 84%.

O
o=
o} =
9e
In the next stepg,p-unsaturated estede was subjected to PPA cyclisation for 5
minutes. The progress of the reaction was monitbye@LC. After completion of the
reaction, the usual workup was carried out, folldw®y column chromatographic

purification over silica gel using hexanes-EtOAclj%s an eluent to afford a white

solid.
IR (KBr) : 1686 cnt

'H-NMR (CDCl;, 300 MHz,8 ppm) :

5 1.46 s 6H 2X-CHy

51.91 t 2H (@=6.6 Hz) = C-CH,-CH,-

52.88 dt 2H(@=6.6&2.1Hz)| =C-CH-CH,-

5 6.02 s 2H -OCH,0-

5 6.88 d 1H @ =8.4Hz) ArH
§7.03-7.09 m 2H ArH

57.87 br.s. 1H CH=C -
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13C-NMR (CDCE, 75 MHz,8 ppm) :

§ 22.86 (CH), 27.76 (2 X CH), 33.13 (CH), 79.85 (C), 101.5 (OCi®), 108.53
(CH), 109.87 (CH), 126.17 (CH), 141.29 (CH), 122(89, 129.39 (C), 147.88 (C),
148.45 (C), 167.25 (C=0).

The multiplicities of the carbon signals mentiorsmbve were obtained from DEPT

experiments.
HRMS :m/zfound 283.0945. Calcd for;€H1604, (M+Na)" 283.0946.
The melting point of the compound was found to @-33°C.

Hence, on the basis of spectral data and moderwfation, structur&e was assigned

to the product. The yield of the product was fotmtie 78%.

{M‘;

8e

After successfully synthesising varioasbenzylidenes-dimethyl--lactones 8a-e),
we thought to check the feasibility of this metHodthe synthesis ad-alkylidenes-

dimethyl--lactones.
To make our scheme more concise, it was visualisegkplore domino oxidation-

Wittig reaction approacfi reported from our laboratory on aliphatic alcotaigd the

aliphatic alcohol selected for this purpose wdseptanol as depicted Bcheme XX

45



e} (@]

CH,OH PhsP OEt PCC-NaOAc n-CeH1z " “OEt
. —_—
n-CgH1s + / CH,CI, =

16 11 of

\PPA
o}

8f
Scheme XX

It was planned to treat the alcohi® with PCC in presence of sodium acetate and
prenyl phosphorangl in dichloromethane to get theB-unsaturated ester, which can

inturn be converted td-lactone using PPA.

So as per planned procedure, we took PCC and saalietate in anhyd. GEl,. To
this thenn-heptanoll6 and phosphorankl were added, and the reaction mixture was
allowed to stir under normal PCC oxidation condaiio After 3.0 hrs TLC showed
dissappearence of starting materials and appeadnaenew spot. To the reaction
mixture then ether was added and it was filtereatelite. The residue obtained was
purified by column chromatography over silica gsing hexanes-EtOAc (9:1) as an

eluent to afford a thick viscous liquid.
IR (KBr) : 1715 cntt

'H-NMR (CDCl;, 300 MHz,8 ppm) :

§0.91 Skewd t 3H@=7.1Hz) ~OCH,CHs
§1.28-1.71 m 17 H - (CH,)4CHs, 2XCHs
§2.21 m 2H - CH-CH,-CH,-

§3.02 d 2H (J=6.6 Hz) - CH,-CH =
$ 4.20 q 2H@=7.1Hz) - OCH,CH;
§5.03 m 1H - CH,-CH =

$6.76 t 1H@=75Hz2) CH=C
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13C-NMR (CDCE, 75 MHz,8 ppm) :

§ 14.01 (2XCH), 14.23 (CH), 22.53 (CH), 23.98 (CH), 28.59 (CH), 28.71 (CH),
28.78 (CH), 28.97 (CH), 31.62 (CH), 60.35 (OCH), 121.95 (CH), 131.58 (C),
131.79(C), 142.63 (CH), 168.05 (C=0).

The multiplicities of the carbon signals mentiorsmbve were obtained from DEPT

experiments.
GC-MS :m/z252 (M).

The boiling point of the compound was found to 8-85°C/0.07 mmHg (Bath

temperature).

On the basis of above spectral data and mode ofafiion structur®f was assigned
to the product formed. The yield of the product Wasd to be 95%.

O

“'CGHE\&
=z

of

In the next stepg,p-unsaturated estedf was subjected to PPA cyclisation for 5
minutes. After completion of the reaction, whichswadicated by TLC technique, the
usual workup was carried out. Finally, the crudedpict was purified by column

chromatography over silica gel using hexanes-EtQ#t) as an eluent to afford a

thick colourless viscous liquid.

IR (KBr) : 1722 cnt
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'H-NMR (CDCk, 300 MHz,5 ppm) :

5 0.90 Sckewd t 3H@J=6.6 Hz) - CH,CH;
§1.31-1.58 m 14 H - (CHy)4-, 2XCH;
51.85 t 2H (@=6.9 Hz) -CH,-CH,-
5217 q 2H@=7.2Hz) = CH-CH-

5 2.54 br.t. 2H (@=6.9 Hz) -CH,-CH,-

$7.00 t 1H@=75Hz) ‘CH=C

3C-NMR (CDCE, 75 MHz,8 ppm) :

§ 13.98 (CH), 22.42 (CH), 24.63 (CH), 27.58 (CH), 27.71 (CH), 28.69 (CH),
29.37 (CH), 30.28 (CH), 33.80 (CH), 34.66 (CH), 80.4 (C), 126 (C), 138 (CH),
178.61 (C=0).

The multiplicities of the carbon signals mentiorembve were obtained from DEPT

experiments.
HRMS :m/zfound 225.1850. Calcd for;gH240,, (M+H)" 225.1854.

The boiling point of the compound was found to d&®-22 °C/0.07 mmHg (Bath

temperature).

Based on the mode of formation and above spedctal dtructur&f was assigned to

the product. The yield of the product was founteé®B1%.

O

8f

After utilizing the reaction sequence for aliphatidehyde, we thought of checking
the feasibility of this method with ketones. Thedmes tried were acetone, ethyl
methyl ketone and acetophenone. In none of thesaasecould get the condensation
product. With acetophenone the reaction was attedngittits boiling point also, all we

could get in this case was triphenyl phosphinel@@énd acetophenone.
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Conclusion

A convenient and efficient method has been develameng Wittig reaction
for the synthesis ofi-(alkylidene)-5,5-dimethyb-lactones. The reaction works well
with alkyl as well as aryl aldehydes. The presemteelectron donating or
withdrawing groups on aromatic ring did not afféoe¢ Wittig product yields. In situ
oxidation of primary alcohol Wittig reaction metraddgy developed in our laboratory
worked well for the preparation of the intermediester. PPA cyclisation process was
found to be better yielding compared te3@, cyclisation. However, the present

method could not be extended to ketones tagetlisubstituted alkylidene lactones.
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Experimental

1.1 Preparation of Triphenyd-ethoxycarbonyl methylene-phosphorahé)(

Br
Benzene + 2N NaOH
PhsP 4+ BrCH,COOEt —— PhsP—CH,COOEt ———>

12 13

PhsP=CHCOOEt

14

To the solution of triphenyl phosphing2j (15.0 g, 57 mmol) in dry benzene (25 mL)
was added a solution of ethylbromoacetat® (9.55 g, 57 mmol) in dry benzene (10
mL). The reaction mixture was vigorously shaken deff overnight at room
temperature. The solid observed in the reactiorturexwas filtered, washed with dry
benzene and dried. This solid was then dissolvedater (150 mL) and benzene (100
mL) was added to it. It was neutralised with 2N isod hydroxide using
phenolphthalein as indicator. The benzene layer segmarated, dried over anhyd.
sodium sulphate and concentrated under reducedyseesAddition of hexanes (40-
60 °C) resulted in the separation of the crystallinedpict, which was filtered and
dried to afford triphenyl--ethoxycarbonyl methylene phosphoraté) ((16.49, 82%,
m.p. 125-126C)

1.2 Preparation of 1-Bromo-3-methyl-but-2-ene (premngrbide) (L5)

Y\/OH PBr, . Y\/Br
Pyridine, pet ether

15
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A solution of phosphorus tribromide (15.4 g, 57 ntymo light petroleum (20 mL)
was added slowly to a stirred mixture of 3-metmptzen-1-ol (12.94 g, 0.15 mol)
and dry pyridine (2.04 g, 26 mmol) in light petnate (50 mL) at @C. After 1 hr, ice
water was added and the organic layer was separBtedorganic layer was washed
first with sodium bicarbonate solution and thenhmtater. Drying over anhyd.
sodium sulphate and evaporation of solvent undduaed pressure afforded a
colourless prenyl bromidd %) (13.15g, 59%).

1.3 Preparation of Carboethoxy-prenyl)-methylenetriphenyl phosphoradd)(

Br

Br CHCI +
Ph,P=CHCOOEt = I B
3 + ﬁ/\/ Ph3P—CHCOOEY
reflux
14 15 \
2N NaOH

Ph;P=CCOOEt

\

11

A mixture of prenyl bromide 165 (3.5 mL, 0.028 mol) and
carboethoxymethylenetriphenyl phosphoratd) (5 g, 0.014 mol) was refluxed in
chloroform (25 mL) for 5 hrs and kept overnightrabm temperature. Removal of
chloroform resulted in a thick transparent semisehich was taken in water (60
mL) and washed twice with benzene (2 X 10 mL). Beez(30 mL) was added to it,
followed by addition of two drops of phenolphthalendicator. Sodium hydroxide
solution (2N) was added to it with stirring tilln colour persisted. The benzene
layer was separated and washings were given tagheous layer with benzene (2 X
10 mL). The combined benzene layer was dried onby@ sodium sulphate and the
solvent was removed under reduced pressure tosfurnarboethoxyef-prenyl)-
methylenetriphenyl phosphorarkly (3.9 g, 65%).
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1.4 Preparation off)-Ethyl-(a-prenyl)cinnamate9a)

0 o
CHO PhgP OEt  CHCI,, reflux Ny~ OEt
©/ + a =
10a 11 9a

A solution of benzaldehydd.Qq (0.106 g, 1 mmol), prenyl phosphorandd)((0.417
g, 1 mmol) in chloroform (10 mL) was refluxed folO3rs. The TLC of the reaction
mixture showed appearance of a new spot. The solvas removed under reduced
pressure to give a residue that was purified byrool chromatography over silica gel
using hexanes:EtOAc (9:1) as an eluent to furnigiick viscous liquid 9a) (0.225g,
92%) b.p. 134-139C/0.06 mmHg (Bath temperature).

1.5Preparation ofE)-a-Benzylidenes-dimethyl--lactone 8a) using sulphuric acid

o (@]
X OEt Ice-cold ©/\é<
—_—
Conc.H,SO,

9a 8a

To a flask containing ice cold est&a[ (0.245g, 1 mmol) was added ice cold conc.
sulphuric acid (2 mL) and the reaction mixture veéisred in an ice bath for 1 hr.
After the completion of reaction, sufficient crughee was added to the reaction
mixture, and was extracted in diethyl ether (2 MB). The combined organic extract
was dried over anhyd. sodium sulphate and the sbwas evaporated to dryness.
The crude product obtained was purified by colurhromatography over silica gel
using hexanes:EtOAc (9:1) as an eluent to yieldick tcolourless viscous liquidB8)
(0.123g, 57%), b.p. 140-148/0.09 mmHg (Bath temperature).
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1.6 Preparation ol)-a-Benzylidenes-dimethyl-s-lactone 8a) using PPA

(0]

O
—_—

9a 8a

To a flask containing este®d) (0.245g, 1 mmol) was added polyphosphoric acid (2
mL). The reaction mixture was warmed on water Bathb mins. Chilled water (15
mL) was added to the reaction mixture and it wdsssquently extracted with diethyl
ether (3 X 10 mL). The diethyl ether layer was wekhwice with sat. sodium
bicarbonate solution and dried over anhyd. sodiuiphsite. The solvent was
removed and the residue was purified by columnrolatography over silica gel using
hexanes:EtOAc (9:1) as an eluent to give a thid&wrtess viscous liquiddga) (0.208

g, 96%), b.p. 140-14%/0.09 mmHg (Bath temperature).

1.7 Preparation offf)-Ethyl-(a-prenyl)-2-chlorocinnamateéb)

0
@CHO PhsP OEt  CHCI, reflux Xy COEt
+ —_—
cl Z o~
10b 11 9b

Followed the same procedure as in Expt. 1.4. Cpudduct obtained was purified by
column chromatography over silica gel using hex&t€Ac (9:1) as an eluent to
give a thick viscous liquid 9p) (93%), b.p. 180-185°C/0.07 mmHg (Bath

temperature).

1.8 Preparation off)-a-(2-Chlorobenzylideneg-dimethyl-s-lactone 8b)

o) O
X OEt PPA w
cl N\F Cl
9b 8b
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Followed the same procedure as in Expt. 1.6. Cpudduct obtained was purified by
column chromatography over silica gel using hex@ft€Ac (9:1) as an eluent to
yield a white solid §b) (83%), m.p. 104-108C.

1.9 Preparation ol)-Ethyl-(a-prenyl)-4-chlorocinnamate¢)

o)
PhgP
O/CHO 3 OEt  CHCI, reflux Ny OEt
—_— =
cl + = cl 7
10c 11 9c

Followed the same procedure as in Expt. 1.4. Cpudduct obtained was purified by
column chromatography over silica gel using hex&t€Ac (9:1) as an eluent to
give a thick viscous liquid 9¢) (90%), b.p. 205-210°C/0.11 mmHg (Bath

temperature).
1.10 Preparation oE)-a-(4-Chlorobenzylideney-dimethyl--lactone 8c)

(0] O
X OEt PPA m
—_— >
Cl

Cl =

9c 8c

Followed the same procedure as in Expt. 1.6. Cpudduct obtained was purified by
column chromatography over silica gel using hex@tt€Ac (9:1) as an eluent to
yield a white solid §c) (79%), m.p. 103-107C.

1.11 Preparation oE)-Ethyl-(a-prenyl)-4-methoxycinnamat®d)

0
Ph,P
/©/ o : OFEt CHCI,, reflux Xy COEt
—_—
MeO + = MeO =
10d 11 9d
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Followed the same procedure as in Expt. 1.4. Cpudduct obtained was purified by
column chromatography over silica gel using hex@t€Ac (9:1) as eluent to
furnish a thick viscous liquid9¢)) (88%), b.p. 188-195C/0.07 mmHg (Bath

temperature).
1.12 Preparation oH)-a-(4-Methoxybenzylidenej-dimethyl-s-lactone 8d)

(0] (0]
B
MeO

MeO =z

9d 8d

Followed the same procedure as in Expt. 1.6. Cpudduct obtained was purified by
column chromatography over silica gel using hexa&tt€¥Ac (9:1) as an eluent to
yield a white solid §d) (91%), m.p. 75-78C.

1.13 Preparation o)-Ethyl-(a-prenyl)-3,4-methylenedioxycinnamat@ef

0 o]
Ph,P o
<O©/CHO : OFEt CHCI,, reflux < | X" TOEt
—_—
e} + = (@] 7
10e 11 9e

Followed the same procedure as in Expt. 1.4. Cpudduct obtained was purified by
column chromatography over silica gel using hex&t€Ac (9:1) as an eluent to
furnish a thick viscous liquid9€) (84%), b.p. 175-180°C/0.06 mmHg (Bath

temperature).

1.14 Preparation oE)-a-(3,4-Methylenedioxybenzylidené)ydimethyls-lactone 8¢)

(0] (@]
<O | X OEt PPA <O©/\i;o<
(@]

o =

9e 8e
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Followed the same procedure as in Expt. 1.6. Cpudduct obtained was purified by
column chromatography over silica gel using hex@tt€Ac (9:1) as an eluent to
yield a white solid§e) (78%), m.p. 129-13%C.

1.15 Preparation oH)-Ethyl-2-(3-methylbut-2-enyl)non-2-enoat@f)

) 0
CH,0oH  PhsP
,LHy OEt PCC-NaOAc n-C6H13\ OEt
n-CeHi3 + CH,Cl,
= =
16 11 of

To a magnetically stirred suspension of PCC (0,32.5 mmol) and NaOAc (0.12 g,
1.5 mmol) in anhyd. dichloromethane (10 mL), aldofit®) (0.12 g, 1 mmol) in
anhyd. dichloromethane (5 mL) was added followedpbgnyl phosphoranel()
(0.42 g, 1 mmol) in one portion. After 3.0 hrs,ttid ether (5 mL) was added and the
supernatant solution was decanted from the blaanwar solid. The combined
organic layers were filtered through a short padalite. The residue obtained after
evaporation of the solvent was further purifieddmjumn chromatography over silica
gel using hexanes:EtOAc (9:1) as an eluent to @fforthick viscous liquid, 9f)
(0.247 g, 95%), b.p. 178-1868/0.07 mmHg (Bath temperature).

1.14 Preparation oH)-a-Heptylidenes-dimethyl-o-lactone 8f)

0 0
n-ceHﬁ& oPA n-Cng\i;O<
— =
7
of 8f

Followed the same procedure as in Expt. 1.6. Cpudduct obtained was purified by
column chromatography over silica gel using hexd&ft€¥c (9:1) as eluent to
furnish a thick colourless viscous liquidf (81%), b.p. 210-212C/0.07 mmHg

(Bath temperature).
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CHAPTER 2
Synthesis of 2, 2-Dimethyl-3,4-dihydro-B-pyrano
[2,3-b]quinolines

Introduction

Quinoline derivatives represent the major claskaiérocycles and a number
of preparations have been known since the late sl80bese are important
compounds for synthetic and biological chemisthe quinoline ring system occurs
in various natural products especially in alkalpidsd its skeleton is often used for
the design of many synthetic compounds with divgasarmacological properties,
being used as anti-malarial, anti-inflammatory, iasthamatic, antibacterial,
antihypertensive and tyrosine kinase inhibitingrag® In addition, quinolines are
valuable synthons used for the preparation of reamtbmesostructures with enhanced
electronic and photonic propertis.

Alkaloids containing the pyranoquinoline and furomline core constitute a
significant group of the quinoline alkaloids. Inetltase of furo[2,®]quinoline
alkaloids, the furan ring is fused bdbond of quinolinel() and in case of pyrano[2,3-
b]quinoline alkaloids, pyran ring is fused to thbond of quinolinel() (Fig.1).

NZ O SN0

Fig. 1

The plant familyrutaceaeespeciallyBalfourodendron riedelianura small Brazilian
tree is knowfr® to be a prolific source of pyranoquinoline andbfyuinoline alkaloids.
These class of natural products have been refidrteche associate with interesting
pharmacological as well as biological activitiesclsuas antiallergic, anti-
inflammatory, antipyretic, analgesic, antiplatelgisychotropic and estrogenic

activity
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Some examples of natural products containing tmarmguinoline and furoquinoline

core structurésare shown irFig. 2:-

OCHj

N~ O

OH

=

NS
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N~ O
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OCHg,

TN
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o) N~ O
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The development of efficient synthesis of pyranagilines and furoquinolines has
been the focus of much research for several de@uksontinues to be an active and
rewarding research area.

In this section, we have directed our efforts ta¥gagdeveloping a general synthesis of
2,2-dimethyl pyranoquinoline skeletdd (Fig. 3).

R, P
|

R; N~ ~O
11
Fig. 3
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Literature Review

Owing to the potent biological activities of theggranoquinoline and
furoquinoline alkaloids, numerous methods have lok@loped for their synthesis.
The synthetic method for the preparation of pyramogjine system is based on either
oxidative cyclization of 4-hydroxy-3-(3'-methylblit-enyl)-2-quinolinonesl2 with
DDQ' or the Prevost reaction of 3-prenyl-2-quinolo&s® (Fig. 4). Though these
methods have proven to be fairly satisfactory, dlaerall yield of the alkaloids was
only 15-35 % because the routes to obtain the pgeciprenylquinolines gave low
yields (21-35 %Y 2 and often were attended by undesired side reacmrch as the

formation of unwanted 3-(3'-methylbut-1'-enyl)-2hoplinones as the major

product)*
OH R,
TN jeoqt
R N” 0 H O
Ry |
12 13
Fig. 4

Corral et al'® have reacted\-methyl aniline with diethyl-(3-methybut-2-enyl)-
malonate to obtain the prenylquinoline which thegvén further treated with
peroxylauric acid to give furoquinolone. They haeo prepared pyranoquinolone

from furoquinolone using acetic anhydride and &xdeme ).
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EtOOC

+ Diphenyl ether
NH EtO00C Reflux

Me

Peroxylauric acid
CHCl,, R.T.

o 1) Ac,0 / Pyridine Q
N e 2) 0.25 N NaOH N 0]

| MeOH:H,O (1:1) |

J

Scheme |

Grundonet al'® have treated 2,4-dimethoxyaniline with diethyling@thylbut-2-enyl)
malonate in boiling diphenyl ether to get 4-hydrde®yquinolone. Subsequently they
treated this 4-hydroxy-2-quinolone with etherealluson of diazomethane in
methanol followed by oxidation witim-chloroperoxybenzoic acid in chloroform at

0 °C to give a mixture of pyranoquinoline and furogpline products$cheme I).
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OH

H,CO
H3CO Diethyl (3-methylbut-2-enyl) malonate 3 N
Diphenyl! ether o
NH, Reflux H o
OCH, OCH/
Diazomethane
Methanol
OCH, o QCHs
H3CO X OH B m-CPBA 3 X
0°C X
~
N © OCH H °
OCHj,4 s
+
OCHj
H4CO N
OH
N O
OCHj
Scheme Il

Rajendra Prasae@t al'’ have synthesized pyranoquinolines by treating marb

derivative of the 2-quinolinone with polyphosphoaicid at 140C (Scheme 1).

R, R; COO R, R,

Rs NN PPA Rs A
N X0 140°C/ 4 hr X0

R4 H Rs H

R, Ry

Rs N

—
N~ "0

R4
Scheme Il
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Kametani et al®

reported indium chloride catalysed cycloadditioh abddimines
with various enol ethers to afford the correspogdpyranoquinoline derivatives

(Scheme V).

HO
)n
+ H
N Ar

H

Scheme IV

Yadav et al*® have described that ionic liquids are found talgae efficiently the
three component-coupling reactions of aldehydesnesmand cyclic enol ethers such
as 3,4-dihydro-B-pyran and 2,3-dihydrofuran under mild and convenhiondition

to afford corresponding pyranoquinolin&cheme V.

o)
H
V@\ + ACHO + @ _[bmim]BF, + H
NH, o) RT. N™ “Ar
H

Scheme V

Maiti & Kundu?® have reported the synthesis of substituted pyasmbfuroquinolines
via an imino Diels-Alder reaction using antimonychitoride (SbCi) as a catalyst
(Scheme V).

o] )
H n
0,
R/@ + ArCHO + [{A)j SbCl, (10 mol/o)R + g H
NH, o~ CHCNRT. N SAr
H

(n=0,1)
Scheme VI
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Kalita et al** have prepared tetrahydroisoxazolo-, dihydroisolazo and
dihydropyrazolo-pyrano[2-B}quinolines from acetanilides via intramoleculaB-1,
dipolar cycloaddition reactions involving nitronestrile oxides and nitrile imines as
1,3-dipoles $cheme VII).

Rq
Rq CHO R, CHQ
©\ J\ o \©\/\I A”yl eloono \©5\I f
N POCI ~
NH "o 3 NS NaOH, TBAB o

o)
R, R, 7 R,NHOH
‘N—O N
R H., R I
1 AN ’ 1 X =z
‘H Heat J/ NH,OH
~ - ~
N (@] N o)
_OH
N—O NI
R / Ry S =
1 X NaOCI
- 7
~
N0 Et,N N“ o

Scheme VII

Wei-Min and co-workefé have reported the aza-Diels Alder reaction of 2-
aminophenol in combination with substituted benehidie and electron rich cyclic
alkenes under controlled microwave heating in preseof catalytic amount of
CFRCOOH to afford corresponding pyranoquinoling€stieme VIll).

@OH | CF,COOH, CH,CN
+ AICHO + —_— +
NH, o MW, 60-100 °C
Scheme VI

Akiyama et al®®

have reported enantioselective aza Diels-Aldecti@as by using
chiral phosphoric acid derived from chiral BINOL canlemonstrated its catalytic

activity as chiral bronsted acid catalyStheme 1X.
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+ @ 10 mol %, (R)-1
Toluene o 3
NZ > Ph 0 N™ “Ph

OH oH H

404
(ONg ',O
/P\
SO
Ar
R)-1 Ar = 9 anthryl

Scheme IX

Lin et al*® have developed highly efficient method for the thesis of
pyranoquinoline and furoquinoline derivatives vian®lecular iodine catalyzed
domino reactions of anilines with cyclic enol ethesuch as 2,3-dihydrofuran and
3,4-dihydro-H-pyran Scheme X.

o—)n
J l,, DCM
D+ G QX o«
H
n=1,2 OH
cis
Scheme X

Various other reagents are also reported for teigusnce. Yadawet al®® have
reported montmorillonite-clay as a catalyst. Lakiétamtham et al®® reported
polyaniline supported indium trichloride as a renleaatalyst, Zangt al,>’® Chenet
al.?™® extensively studied cycloaddition reaction of aeis with various enol ethers

to afford corresponding pyranoquinolines.

Yadavet al?® have described a synthesis of pyrano and furotjnederivatives via
aza-Diels Alder reaction using 1 mol % of phosphiytodic acid (PMA, F.W.:
HsPMO,040) as a catalysiScheme X).
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o
PMA@mol g ( ) AP
PMA (1 mol %
R@\ + ACHO + </ })n "CH,CN,RT, + R H
NH, o N" Ar
H

n=1,2
Scheme Xl

Marco-Contelleset al?®, have described synthesis of pyranoquinolines f®m
pyridine carboxaldehydes. They treated 3-pyridin@rboxaldehydes with
malononitrile and ethyl acetoacetate in presenceipdridine to get H-pyran units,

which were further reacted with cyclohexanone iespnce of aluminium trichloride

to afford the corresponding pyranoquinolin8sifeme XilI).

o]
1) CNCH.CN N N i
N| AN piperidine (cat.) X Pz AICI,, DCE
N7 2 CHCOCH,COEL giooc CN Reflux, 6-8 hr
piperidine (cat.) | |
o 'H 07 "NH,
X = OMe, Br, Cl
Scheme XII
Zhang et al®* have prepared pyranoquinolines from  1-achigryl

cyclopentanecarboxamides via tandem cyclizatiog/opening/recyclization reaction

using sulphuric acid at 5 (Scheme XIII).
R
O O 3 R
O, e S
R St B
NH R2 50 OC O N/ R2

Scheme XllI
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Majumdaret al®! have carried out alkylation of hydroxylquinolineith substituted
benzyl bromide followed by palladium-catalyzed @ation to give benzannulated

pyranoquinolines§cheme XIV).

Br

Br K,CO, R N
—
X + RA;et0n6eh N
N/ R eriux, r 0
OH Br

R =H or OMe Pd(OAc),, Cs,CO,
TBAB, DMF

Scheme XIV
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Present Work

Retrosynthesis

In view of the importance of pyranoquinoline ringseem for various
biological activities and very few synthetic metBobdeing available we found it
interesting to use our experience in phsophoraeendiry to develop a convenient
method for the synthesis of pyranoquinolines. Qmpte four step disconnection

approach towards pyranoquinoline is showSameme XV

X
— ) —
NSO NH,0™0
A

B

O 0o

N0 FGI N 0
— —

C D

Q o
Xy~ “OEt X0 PhgP Et

— +
R N02 — N02

0]
E F G

Scheme XV

The pyranoquinolineX) could be obtained from the corresponding amirciolze
(B). The amino lactoneB) has aZ geometry which is difficult to obtain but if the
correspondind= compound C) is obtained during cyclization, it can be conedrto
(B). The compound@) can be obtained from corresponding nitro compo(Idd
which inturn can be obtained from uncyclisdf).(Compound E) could easily be
prepared frono-nitrobenzaldehydeH) by condensing it with Wittig reager®].
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Synthetic plan

The synthetic plan envisaged by us is depicte8lcinleme XVI We envisaged
that o-nitrobenzaldehydeld) on condensation with Wittig reagebb will give the
key intermediate estet6. It was thought that the-nitrocinnamate estei6 on
lactonisation followed by reduction could for® via intermediatel 7 which on acid
cyclisation should provid0. The other slightly shorter route was esiérto be

reduced first to givd8 which then on acid cyclisation would provide dire@0.

Ph3 OEt CHCl, Ny oE
—_—
Reflux NO, ~—
16

Reductlon
route B

\ PPA route A
‘y
Qc/
az,OO

Scheme XVI
The first step in our projected synthesis was Wittaction for which we required the
corresponding prenyl phosphorab® The preparation of this is already described in

the first chapter.

To start with we tooko-nitrobenzaldehydeléda) and it was refluxed with prenyl
phosphorané5 in chloroform for 3.0 hrs§cheme XVII).
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O
@CHO s Ph3PﬁO<Et CHCI,, reflux ~ OEt
NO, = NO, =
14a 15 16a

Scheme XVII

TLC of the reaction mixture showed the disappearavicthe starting aldehyde and
appearance of a new spot along with triphenylphiogpbxide. The crude product
was purified by column chromatography over siliehgsing hexanes-EtOAc (9:1) as

an eluent to obtain a pleasant smelling viscousdiq

As expected the IR spectrum of the compound exddbstrong band at 1713 &rdue

to the carbonyl bond af,3-unsaturated ester group.

The*H-NMR spectrum (CDG| 300 MHz,5 ppm) showed peaks at1.35 (t, 3H,J =

7.2 Hz) 6 4.30 (g, 2H,J = 7.2 Hz) which were attributed to the ester grqup
OCH,CHg) while the signal ad 1.42 (s, 3H) an@® 1.64 (s, 3H) were assigned to the
two methyl groups of the prenyl moiety. The peaksesved ab 2.98 (d, 2HJ = 6.3
Hz) and at 6 5.03 (m, 1H) were assigned to the prenyl moieGH;CH=C<). The
peaks observed at7.37 (d,J=7.5 Hz, 1H)$ 7.51 (t,J = 7.5 Hz, 1H) 7.65 (t,J =

7.8 Hz, 1H) and abd 8.13 (d,J = 8.1 Hz, 1H) were attributed to aromatic protons,

while the signal a® 7.9 (s, 1H) was assigned to the benzylic proton.

The *C-NMR spectrum (CDG| 75 MHz,§ ppm) showed peaks &t14.23 (CH), &
17.64 (CH), 3 25.66 (CH), & 27.06 (CH), & 61.04 (OCH), & 120.97 (CH)d 124.72
(CH), 5 128.90 (CH), 131.18 (CH),5 132.07 (C)5 132.81 (C),5 133.28 (CH)5
133.91 (C),5135.59 (CH)S 147.71 (C)5 167.28 (C=0).

The multiplicities of the carbon signals mentiorembve were obtained from DEPT

experiments.

In GC/MS molecular ion peak was showmdz289.
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Thus on the basis of mode of formation and aboeetsgl analysis, structutdéba (E-
isomer) was assigned to the product formed. The wikthe product was found to be
90 %.

~N OEt

NO,NF

16a

We thought to exploit first route A from our projed synthesis. Accordingly, the
pleasant smelling,3-unsaturated est@é6awas subjected to the PPA cyclization for 5

minutes to furnisid lactone Scheme XVIII).

o) o)
X COEt PPA Qf\dc;
—_— >
NO,NF NO,
16a 17a

Scheme XVIII

The progress of the reaction was monitored by TLi& crude product obtained after
workup was then purified by column chromatographkigrosilica gel using hexanes-

EtOAc (9:1) as an eluent to obtain a white solid.

The IR spectrum of this compound showed strong kend774 crt which was

attributed to the carbonyl group @f3-unsaturated six membered lactone.

The *H-NMR spectrum (CDG| 300 MHz,5 ppm) showed peaks &t1.46 (s, 6H)5
1.85 (t,J = 6.9 Hz, 2H) and 2.56 (dt,J = 6.9 Hz & 2.4 Hz, 2H) were attributed to the
two methyl groups (2 X C¥ and two methylene groups (-G¥&H,-) of the six
membered lactone respectively. The peaks obsetved 89 (d,J = 7.5 Hz, 1H),0
7.55 (t,J = 7.5 Hz, 1H)3 7.69 (t,J = 7.5 Hz, 1H) and ab 8.17 (d,J = 8.1 Hz, 1H)

75



were assigned to aromatic ring protons. While tigead ato 8.11 (br.s, 1H) was

attributed to the benzylic proton.

The *C-NMR spectrum (CDG| 75 MHz,§ ppm) showed peaks &t21.66 (CH), &
27.96 (2 X CH), & 33.13 (CH), 3 80.94 (C),5 125 (CH),5 127.04 (C),d 129.41
(CH), & 130.66 (CH), 131.21 (C) 133.43 (CH)3 138.15 (CH)J 147.72 (C)d
165.79 (C=0).

The multiplicities of the carbon signals mentioremzbve were obtained from DEPT

experiments.

The high resolution mass spectrum of the compousplayed strong peak am/z
284.0893 presumably due to [M+Napseudo ions. The elemental composition of
which was determined to be 1£:1sNO,. HRMS m/z calculated for
C14H15sNOsNa[(M+Na)'] was284.0899found :284.0893

The melting point of the compound was found to 6£98°C.

Based on the above spectral data and mode of fimstructurel 7awas assigned to
the expected lactone haviiggeometry. The yield of the product was found to be
85%.

(@]
@(\fi
NO,

17a
Since reduction and cyclisation are the next twamsecutive steps leading to
pyranoquinoline core structure, we thought to exglomino approach wherein both

reduction and cyclisation can take place in one pot

In this regard we planned to use a mefhoshich was published by our group

wherein Fe and conc. HCI were used for reductivdigation. The nitrolacton&7a
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was treated with Fe and conc. HCl and was refluxedvater bath, till the starting

material disappeared as indicated by TSCHeme XIX).

O
X (o) Fe/conc. HCI _ X
Reflux o —
NO, N~ "0
17a 20a
Scheme XIX

The usual basic workup followed by column chromedpgic purification over silica

gel using hexanes-EtOAc (8:2) as an eluent affoedethite solid.
The IR spectrum of this compound showed bands 22,1562, 1492 and 1415 ¢m

The'H-NMR spectrum (CDG| 300 MHz,5 ppm) €ig. 1) showed peaks &t1.50 (s,
6H), 6 1.96 (t,J = 6.6 Hz, 2H) and 3.04 (t,J = 6.3 Hz, 2H) which were attributed to
the two methyl groups (2 X GHand two methylene groups (-&&H,-) of the pyran
ring respectively. The peaks @f7.36 (t,J =7.8 & 7.2 Hz, 1H)p 7.58 (tJ=8.1 &
7.2 Hz, 1H),6 7.68 (d,J = 7.5 Hz, 1H) 7.85 (d,J = 8.7 Hz, 1H) an® 7.88 (s, 1H)

were assigned to the five aromatic protons of duieaing.
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Fig. | : *H-NMR spectrum of Compour2Da

The **C-NMR spectrum (CDG| 75 MHz,8 ppm) €ig. 1) showed peaks & 22.62
(CHy), 527.36 (2 X CH), 532.41 (CH), 5 77.08 (C) 117.66 (C) 123.88 (CH)S
125.19 (C),3 126.56 (CH)3 127.22 (CH),3 129.02 (CH)3 137.51 (CH)5 146.42
(C), 3 159.72 (C).

The multiplicities of the carbon signals mentionere obtained from DEPT

experiments.
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Fig. Il : *C-NMR spectrum of CompouriDa

The high resolution mass spectrum (HRMS) of the maund showed strong peak at
m/z236.1049 presumably due to [M+Naeudo ions. The elemental composition of
which was determined to be;£;sNO. HRMS, m/z calculated for &H;sNONa
[(M+Na)'] was 236.1051, found : 236.1049.

Melting point of the compound was found to be 105°C.

Based on the spectral data and mode of formatiuctste20a was assigned to the

pyranoquinoline core structure. The yield of theduct was found to be 54%.
A

—

N~ ~O

20a

Here, the reduction of nitro to amino, isomerisatad E to Z lactone and cyclisation
took place in one pot in a domino fashion. Thus,sueceeded in getting the 3,4-

dihydro-pyranoquinoline compound in good vyield.
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Furthermore, in order to make our synthesis moreise an alternate method i.e.
route B was attempted, wherein Wittig produd6td) was directly subjected to
reductive cyclisation employing Fe and conc. HCI det the corresponding
dihydropyranoquinoline20a) without isolating the lactone intermediate.

Thus, then,p-unsaturated esté6awas subjected to Fe and conc. HCI and was heated
on boiling water bath till the starting materiataippeared as indicated by TLC. The
usual basic workup followed by column chromatogregdurification over silica gel

using hexanes:EtOAc (8:2) as an eluent affordethitevgolid.

The appearance of this compound on TLC and itstsgleanalysis such as IRH-
NMR, C-NMR and HRMS were matching with that of the 3,4-
dihydropyranoquinoline20a) prepared by the previous route A. Hence formatibn

it was confirmed.

However, the yield of isolated product during tluse-pot concurrent reduction/

isomerisation/ cyclisation was found to be only 19%

Once establishing a protocol for the synthesisypéipoquinoline20a we decided to
generalize the method to make more such analoguggranoquinolines. For this
purpose, we selected three nitrobenzaldehydes gam@&substituted-2-
nitrobenzaldehyde 1@b), 3,4-dimethoxy-6-nitrobenzaldehydel4¢ and 3,4-
methylenedioxy-6-nitrobenzaldehydk4€l) as depicted ischeme XX
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14b-d
R, N
~
R; N0
20b-d
I:21 RZ
b  OCOOEt H
c OCH, OCH,
d — OCH,0 —

e} O

OEt CHCl, Xy~ “OEt
EEEE—
= Reflux R; NO,
15 route B 16b-d
Fe/Conc. HCI route A
Reflux PPA
O
‘Fe/Conc. HCI Rq AN 10
Reflux
R NO,
17b-d
Scheme XX

We thought to start with 5-substituted-2-nitrobddehyde {4b). It was prepared by
referring literature method from 3-hydroxy benzalgide @1).

Thus, hydroxyl group protection of 3-hydroxybenzddgde 21) was carried out with

ethylchloroformate in presence of pyridine as jegorted proceduré&s¢heme XXI)

The spectral data of the product was found to batidal with that of the reported in

literature™

HO\©/CHO

21

EtOOCO CHO
CICOOEt \©/
Pyridine -

22
Scheme XXI
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The nitration onO-protected benzaldehyd@2) was carried out by subjecting it to
sulphuric acid/ nitric acid mixture. After usual tkap the crude product was
recrystallized from hexanes to get pale yellow heedof ethyl-3-formyl-4-
nitrophenylcarbonatel@b). The crystallized product was melted af61(Lit.>** m.p.-
60-61°C) (Scheme XXII)

EtOOCO\©/CHO HNO,/H, SO, EtOOCO\@CHO
NO,

22 14b

Scheme XXII
The Wittig olefination reaction of this 5-substedt2-nitrobenzaldehydel4b) with
prenyl phosphoranelf) was done in refluxing chloroform for 3.0 hrs. Tpeduct
was obtained as a pleasant smelling viscous ligdiedr column chromatographic
purification.

IR (KBr): 1770 cm' (C=0 of carbonate group), 1712 ¢r{C=0 of ester group)

'H-NMR (CDCl;, 300 MHz,8 ppm) :

51.26-1.43 m 6 H 2 X - OCHCHs
51.64 s 6 H 2 X- CH
52.93 d 2H(=6.6 Hz) - CH-CH =

54.19-4.33 m 4H 2 X - OCHCHs
54.95 br. s. 1H - CH-CH =
57.15 d 1H{=2.4Hz) ArH
58.14 d 1H@=9.0Hz) ArH
57.29 dd 1H(@=9.0&2.4Hz) ArH
57.79 s 1H Ar-CH=C
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13C-NMR (CDCE, 75 MHz,8 ppm) :

514.11 (CH), 5 14.20 (CH), 3 17.54 (CH), 5 25.61 (CH), 5 26.99 (CH), 5 61.11
(OCH,), 3 65.56 (OCH), 5 120.65 (CH),d 121.23 (CH), 123.52 (CH),5 126.56
(CH), 3 133 (C),5 134.11 (C)3 134.40 (C)5 134.72 (CH)> 144.71 (C)5 152.32
(C), 5 154.06 (C)p 167.03 (C=0).

The multiplicities of the carbon signals mentioneere obtained from DEPT

experiments.

In GC/MS molecular ion peak was showndz377.

Thus, on the basis of mode of formation and sped#ia structurd6b was assigned
to the product formed. The yield of the product Wasd to be 82%.

EtOOCO
X OEt

NO,
16b

This a,B-unsaturated estek6b was then subjected to PPA cyclisation followed by
usual workup. After column chromatographic purifica over silica gel using
hexanes:EtOAc (9:1) as an eluent, a white solid eidgined.

IR (KBr): 1774 cm' (C=0 of carbonate group), 1717 ¢rC=0 of lactone group)
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'H-NMR (CDCk, 300 MHz,5 ppm) :

51.34 t 3HQJ=7.2 Hz) - OCHCHs
51.40 s 6 H 2 X- CH
51.78 t 2 H(J=6.9 Hz) -CH-CHy-
52.53 t 2 H(=6.9 Hz) -CH-C(CHy)>
5 4.30 q 2HQ=7.2Hz) - OCHCHs
57.18 d 1H{=2.4Hz) ArH
58.17 d 1H@=9.0Hz) ArH
57.32 dd 1H(@=9.0&2.4Hz) ArH
58.03 S 1H Ar-CH=C

3C-NMR (CDCk, 75 MHz,8 ppm):

5 14.11 (CH), 5 21.60 (CH), 5 27.95 (2 X CH), & 33.08 (CH), d 65.68 (CH), 5
81.00 (C),5 121.56 (CH) 123.08 (CH)d 126.89 (CH)J 127.63 (C)J 133.22 (C),
5137.22 (CH)p 144.66 (C) 152.31 (C)d 154.10 (C)H 165.48 (C=0).

The multiplicities of the carbon signals mentionere obtained from DEPT

experiments.
HRMS: m/z[M + Na]" Calcd for G-H10NO;Na: 372.1059; found: 372.1059.
The melting point of the compound was found to ©4-106°C.

Based on the mode of formation and spectral datactare17b was assigned to the
product formed. The yield of the product was fotmthe 95%.

O

Etoocow
NO

2
17b
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Final step was reductive cyclisation. Here, bothrbutes of reductive cyclisation i.e.
from d&-lactones as well as from,3-unsaturated ester were attempted to get 3,4-

dihydropyranoquinoline.

Route A

In this method lactone 17b) was subjected to Fe and conc. HCI reflux. Usualda
workup followed by column chromatographic purificat over silica gel using
hexanes:EtOAc (8:2) as an eluent furnished a vgaliel product in 85 % yield.

Route B

In this method the correspondingB-unsaturated estdi6b was subjected to Fe and
conc. HCI reflux. Usual basic workup followed by lwon chromatographic
purification over silica gel using hexanes:EtOA2j8as an eluent furnished a white

solid product in 36 % vyield.

The two compounds obtained by these two methods feeind to be identical which

was indicated by TLC and other spectroscopic amalys

IR (KBr): 3300 (OH), 1612, 1517, 1434, 1367 tm

'H-NMR (CDCk, 300 MHz,5 ppm) €ig. 111 ):

5 1.46 s 6 H 2 X-CH
51.93 t 2H@=6.9Hz) -CH-CH,-
52.99 t 2H@=6.9Hz) -CH-C(CHy),
55.58 br.s. 1H Ar-OH
57.03 d 1H Q=27 Hz) ArH
57.21 dd 1H(@=9.08&2.7Hz) ArH
57.73 s 1H ArH
57.76 s 1H ArH
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Fig. Il : *H-NMR spectrum of CompouriDb
13C-NMR (CDCk, 75 MHz,5 ppm) :
0 22.59 (CH), 6 27.28 (2 X CH), 6 32.39 (CH), 5 70.19 (C),5 108.46 (CH),5
118.06 (CH)p 120.69 (CH)p 125.83 (CH)p 128.52 (C)p 136.16 (C)p 141.62 (C),
6 152.02 (C)p 158.20 (C).

The multiplicities of the carbon signals mentionere obtained from DEPT
experiments.

HRMS: m/z[M + Na]" Calcd for G4H1sNO,Na: 252.1; found: 252.0999.
The melting point of the compound was found to p8-225°C.
Based on the mode of formation and spectral datactare20b was assigned to the

product formed.
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20b

Interestingly during the reductive cyclisation tegbonate group was also cleaved.

Third aromatic nitroaldehyde which was used was -ddydethoxy-6-

nitrobenzaldehyde 1409. 3,4-dimethoxy-6-nitrobenzaldehydd4¢) was prepared
from 3,4-dimethoxybenzaldehyd@3) by treating it with nitric acid. After usual
workup, the crude product was recrystallized frothaeol to afford pale yellow
needles of 3,4-dimethoxy-6-nitrobenzaldehyddd. The crystallized product was
melted at 132C (Lit.>** m.p. 138C) (Scheme XXIII).

Y

H3COj©/CHO HNO HSCOJCECHO
3

23 14c

Scheme XXIII

Condensation of this 3,4-dimethoxy-6-nitrobenzajdkeh(14c¢) with phosphoranéd5
was carried out in refluxing chloroform for 3.0 hifter column chromatographic
purification over silica gel using hexanes:EtOAclj9as an eluent, the product was
obtained as a thick viscous yellow liquid.

IR (KBr): 1709 cm' (C=0).
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'H-NMR (CDCl, 300 MHz,8 ppm) €ig. IV):

01.37 t 3H J=7.2 Hz) - OCHCHs
01.49 S 3H -CH
01.67 S 3H -CH
3 3.00 d 2 H (=6.0 HZ) -CH-CH =
03.92 S 3H - OCH
04.00 S 3H - OCH
04.31 q 2HJ=7.2Hz) - OCHCH;3
05.1 m 1H -ChH-CH=
06.77 S 1H ArH
07.75 S 1H ArH
07.94 S 1H Ar-CH=C
J.
I
o= I/
16c i | |
| i

1.02
147
60

Fig. IV : '"H-NMR spectrum of Compountbc

9.
2.03
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3C-NMR (CDCE, 75 MHz,5 ppm) €ig. V):

§ 14.24 (CH), 8 17.85 (CH), 5 25.62 (CH), § 27.28 (CH), 5 56.33 (OCH), 5 56.40
(OCH;), 5 60.99 (OCH), § 107.70 (CH)p 112.42 (CH)p 121.77 (CH)$ 126.66 (C),
§ 132.75 (C)p 132.83 (C)p 136.82 (CH)5 140.15 (C)5 148.55 (C)H 152.97 (C)p
167.41 (C=0).

The multiplicities of the carbon signals mentionagre obtained from DEPT

experiments.

Fig. V : **C-NMR spectrum of Compountbc

In GC/MS, molecular ion peak was shownrs 349.

On the basis of mode of formation and spectral,daitacturel6¢cwas assigned to the

product formed. The yield of the product was fotmthe 66%.
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H,CO

X OEt
H5;CO NO, >~
16¢c

The a,B-unsaturated estel6c was further subjected to PPA cyclisation. The lbsua
work up followed by column chromatographic purifioa over silica gel using

hexanes:EtOAc (9:1) as an eluent gave a yellovdsoli

IR (KBr): 1692 cm' (C=0).

'H-NMR (CDClL, 300 MHz,8 ppm) €ig. VI)

51.46 s 6 H 2 X-CH
51.85 t 2H(@=6.9Hz) -CH-CH;-
52.55 dt 2H(=6.6&2.1Hz) -CH,-C(CH)2
53.98 s 3H - OCH
5 4.00 s 3H - OCH
56.73 s 1H ArH
57.76 s 1H ArH
08.11 br.s. 1H Ar-CH=C
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Fig. VI : *H-NMR spectrum of Compounti7c

13C-NMR (CDCE, 75 MHz,5 ppm) €ig. VIl ):

§ 21.75 (CH), 5 27.98 (2 X CH), 5 33.20 (CH), 8 56.47 (OCH), § 56.62 (OCH), &
80.83 (C),5 107.97 (CH)5 111.63 (CH)$ 125.75 (C)5 126.16 (C)5 139.17 (CH),
§ 140.33 (C)p 148.88 (C)p 153.14 (C)p 166.02 (C=0).
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Fig. VIl : *C-NMR spectrum of Compourtd7c

HRMS: m/z[M + Na]" Calcd for GeH1oNOgNa: 344.1110; found:344.1113.
The melting point of the compound was found to 8&-182°C.

Based on the spectral data and mode of formatietstel7c was assigned to the

product. The yield of the product was found to B&oc8

0
H,CO NO,

17c

For further reductive cyclisation both routes wattempted.
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Route A
Corresponding lactonel7c was subjected to Fe and conc. HCI reflux. Usualda
workup followed by column chromatographic purificat over silica gel using

hexanes:EtOAc (8:2) as an eluent gave a white golié % yield.

Route B
The a,3-unsaturated estdi6c was subjected to Fe and conc. HCI reflux. Usualda

workup followed by column chromatographic purificat over silica gel using
hexanes:EtOAc (8:2) as an eluent furnished a vdailiel in 25 % yield.

The two compounds obtained by both these routes ¥oemd to be identical which

was indicated by TLC and other spectroscopic amalys
IR (KBr): 1612, 1496, 1458, 1381 ¢m

'H-NMR (CDCk, 300 MHz,5 ppm) €ig. VIII ):

51.47 s 6 H 2 X- CH
51.93 t 2 H(=6.6 Hz) -CH-CH,-
52.97 t 2H(=6.6 Hz) -CH-C(CHy),
53.98 s 3H - OCH
53.99 s 3H - OCH
56.95 s 1H ArH
57.2 s 1H ArH
57.7 s 1H ArH
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Fig. VIII : *H-NMR spectrum of Compoun20c

3C-NMR (CDCE, 75 MHz,5 ppm) €ig. I1X):

§ 22.43 (CH), § 27.28 (2 X CH), § 32.51 (CH), 5 55.87 (2 X CH), 5 76.53 (C)5
104.69 (CH) 106.62 (CH)35 114.85 (C)3 119.92 (C)5 136 (CH),5 143.05 (C)
147.81 (C)p 152.07 (C)$ 158.66 (C).

The multiplicities of the carbon signals mentioneere obtained from DEPT

experiments.
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Fig. IX : *C-NMR spectrum of CompourzDc
HRMS: m/z[M + Na]" Calcd for GgH1gNOsNa: 296.1263; found: 296.1263.
The melting point of the compound was found to 58-158°C.

Based on the mode of formation and spectral datatste20c was assigned to the

product formed.

H3CO N
~

H3CO Ne)
20c

Another nitrobenzaldehyde chosen for this purposes \8,4-methylenedioxy-6-
nitrobenzaldehyde 14d). 3,4-methylenedioxy-6-nitrobenzaldehydelddq) was
obtained from 3,4-methylenedioxybenzaldehy@d) (by treating it with nitric acid.

After usual workup the crude product was recrygtadl from ethanol to furnish pale
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yellow needles of 3,4-methylenedioxy-6-nitrobenehlglle {4d). The crystallised
product was melted at &2 (lit.3* m.p. 88°C) (Scheme XXIV).

Y

CHO
o CHO HNO,
| |
24 14d
Scheme XXIV

The Wittig olefination reaction of 3,4-methylenexiye6-nitrobenzaldehyde14d)
with phosphorané&5 was performed in refluxing chloroform for 3.0 hidter column
chromatographic purification over silica gel usimgxanes:EtOAc (9:1) as an eluent
the product was obtained as a yellow viscous liquid

IR (KBr): 1713 cm'* (C=0).

'H-NMR (CDCk, 300 MHz,5 ppm) :

51.35 t 3H (=7.2 Hz) ~OCHCHs
5151 s 3H -CH
51.67 s 3H -CH
&3.00 d 2H(=6.6 Hz) - CH-CH =
54.29 q 2H(=72Hz) - OCHCH;
55.06 m 1H - CH-CH=
56.17 s 2 H - OCHO-
56.74 s 1H ArH
57.65 s 1H ArH
57.83 s 1H Ar-CH=C
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13C-NMR (CDCE, 75 MHz,8 ppm) :

§ 14.21 (CH), & 17.68 (CH), 5 25.66 (CH), 5 27.15 (CH), 5 60.99 (OCH), &
103.20 (CH), § 105.50 (CH)$ 109.74 (CH)$ 121.02 (CH)5 128.74 (C)5 132.74
(C), 5 133.05 (C)$ 136.22 (CH)p 141.87 (C)p 147.78 (C)p 151.77 (C)p 167.30
(C=0).

The multiplicities of the carbon signals mentionagre obtained from DEPT

experiments.
GC/MS:m/z333 [M].

On the basis of mode of formation and spectral, dditacturel6d was assigned to the
product formed. The yield of the product was fotmtbe 68%.

0]
)
< | S OEt
6) NO, >~

The resultinga,B-unsaturated estdi6d was then subjected to PPA cyclisation. The
usual workup followed by column chromatographicifoieation over silica gel using

hexanes:EtOAc (9:1) as an eluent gave a yellovd soli
IR (KBr): 1697 cm' (C=0).

'H-NMR (CDCk, 300 MHz,5 ppm) :

31.45 S 6 H 2 X-CH
31.85 t 2H@=6.9 Hz) -CH-CH,-
32.56 dt 2HJ=6.9& 2.4 Hz)| -CH,-C(CHy),
56.18 s 2H - OCHO-
06.73 S 1H ArH
07.67 S 1H ArH
08.04 br.s. 1H Ar-CH=C
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13C-NMR (CDCE, 75 MHz,8 ppm) :

§ 21.65 (CH), § 27.94 (2 X CH), § 33.11 (CH), 5 80.83 (C),5 103.38 (OCHO), &
105.79 (CH)$ 109.00 (CH)$ 126.14 (C)5 127.84 (C)5 138.91 (CH)S 142 (C),8
148.13 (C)$ 151.94 (C)p 165.9 (C=0).

The multiplicities of the carbon signals mentioneere obtained from DEPT

experiments.

HRMS: m/z[M + Na]" Calcd for GsH1sN OgNa: 328.0797; found 328.0800.

The melting point of the compound was found to B8-177°C.

Based on the mode of formation and spectral datatste17d was assigned to the

product. The yield of the product was found to B&o8

Further reductive cyclisation was done using bbérbutes.

Route A
In this method theé lactonel7d was subjected to Fe and conc. HCI reflux. Usual
basic workup followed by column chromatographicifocation over silica gel using

hexanes:EtOAc (8:2) as an eluent gave a white soB3% yield.

Route B

In this method the correspondingB-unsaturated estd6d was subjected to Fe and
conc. HCI reflux. Usual basic workup followed by lwon chromatographic
purification over silica gel using hexanes:EtOAj8s an eluent furnished a white
solid in 33% yield.
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The two compounds obtained by both these routes ¥oemd to be identical which

was indicated by TLC and other spectroscopic amalys
IR (KBr): 1620, 1480, 1465, 1388 ¢m

'H-NMR (CDCL, 300 MHz,5 ppm) Fig. X):

51.44 s 6 H 2 X-CH
51.89 t 2H(J=6.6 Hz) -CH-CHy-
52.92 t 2H(J=6.6 Hz) -CH-C(CHg)2
5 6.02 s 2 H - OCHO-
56.91 s 1H ArH
57.15 s 1H ArH
57.65 s 1H ArH
L
|
|
&,
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Fig. X : *H-NMR spectrum of Compour20dd
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3C-NMR (CDCE, 75 MHz,5 ppm) €ig. XI):

§ 22.32 (CH), & 27.26 (2 X CH), & 32.44 (CH), 5 76.65 (C),5 101.26 (CH), &
102.08 (CH)5 104.40 (CH)p 114.78 (C)5 121.10 (C)p 136.57 (CH)p 144.24 (C),
§ 145.83 (C)p 150.21 (C)p 158.60 (C).

The multiplicities of the carbon signals mentioneere obtained from DEPT

experiments.
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Fig. XI : *C-NMR spectrum of CompourDd

HRMS: m/z[M + Na]" Calcd for GsH1sN OsNa: 280.0950; found: 280.0958.
The melting point of the compound was found to Bé-179°C.

Based on the mode of formation and spectral datatsre20d was assigned to the

L
TS
(@] N (@]

20d

100

product formed.



Thus, we have successfully completed the synthesis four 3,4-

dihydropyranoquinoline molecule2qad).

Some of the chlorinated compounds containing quneoking structure, such as
chloroquine and quinine exhibit good antimalarietivaty. Owing to the importance
of these compounds, we thought to chlorinate out-d&yydropyranoquinoline

compounds in order to study the biological actigityany) associated with it.

At this point the literature search on the chlotimg agents was performed and we
found out that the acetyl chloride in presence &fNCin acetonitrile acts as an

efficient chlorinating agent for activated aromatystent>

The 3,4-dihydropyranoquinoline compound selected tlus purpose was 7,8-
dimethoxy-2,2-dimethyl-3,4-dihydroF2pyrano[2,3b]quinoline 09. The substrate
20cwas treated with acetyl chloride in acetonitrilgoresence of CAN for 8.0 hrs, till
the disappearance of the starting material (mogstdry TLC) SGcheme XX\).

Cl
H3CO X CH,coCl H3CO X
_ CAN, CH.CN ~
H,CO N~ o RT. H3CO N~ 0
Cl
20c 25
Scheme XXV

After workup the residue was purified by column arhatography over silica gel

using hexanes:EtOAc (7:3) to furnish a pale yelsmid.

IR spectrum of this compound showed absorption$588.20 crit, 1556.55 crit,
1485.19 crit, 1454.33 crif and 1263.37 cih

The'H-NMR (CDCk, 300 MHz,5 ppm) Fig. XIl) showed strong peak &t1.48 (s,
6H) which was assigned to the two methyl groups @CHs) on the pyran ring. The
signal atd 1.94 (t,J = 6.6 Hz, 2H) and ai 3.04 (t,J = 6.6 Hz, 2H) was attributed to -
CH>-CH>- group of pyran ring moiety. Whereas the signd 3197 (s, 3H) and 4.00
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(s, 3H) was assigned to the two methyl groups 2CH§) of two methoxy moieties
on the benzene ring. The signal due to one arorpatiton was observed t8.20
(s, 1H).

85 80 75 70 65 60 55 50 45 40 35 0 25 20 15 10 05 ppm

@ -

Fig. XIl : *H-NMR spectrum of Compourib

The **C-NMR spectrum (CDG| 75 MHz, & ppm) Fig. Xl ) showed peaks ai
22.64 (CH), 5 27.28 (2 X CH), & 32.32 (CH), & 61.27 (CH), 5 61.38 (CH), &
77.96 (C),5 118.58 (C)5 120.58 (C)5 121.32 (C) 122.79 (C) 134.76 (CH)
140.82 (C)3 147.50 (C)3 152.02 (C)3 160.46 (C).

The multiplicities of the carbon signals mentioradzbve were obtained from DEPT

experiments.
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XX
HyCO ™7 N 0"

| | ‘{; | .
i St rapd Tj‘.'.ihu“ WMM

160 150 140 130 120 110 100 90 80 70 GO 50 40 30 20 10 ppm

Fig. Xlll : **C-NMR spectrum of Compourzb

The high resolution mass spectrufig; XIV) of the compound displayed strong
peak atm/z 342.0662 presumably due to [M+Hpseudo ions. The elemental
composition of which was determined to bgH;/NOs;Cl,. HRMS m/z calculated for
C14H17NOsCIH[(M+H) "] was342.0663found :342.0662
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| 3840535

200 3 400 ot 600

Fig. XIV : HRMS spectrum of Compourith

The melting point of the compound was found to 8100°C.

Thus on the basis of mode of formation and spedti@i the formation of

dichlorinated compound5 was confirmed. The yield of the product was fotmdbe
73%.

cl
H,CO N
Z
H,CO N~ o
Cl
25

Thus, we have prepared chlorinated 3,4-dihydropygamoline molecule25) which

could be tested for its biological activity.
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Conclusion

We have developed a convenient synthesis of iy2ttlyl-3,4-dihydro-#-
pyrano[2,3b]quinolines fromo-nitrobenzaldehydes using Wittig reaction as a key
reaction. The Wittig condensation product was cameek to 2,2-dimethyl-3,4-
dihydro-H-pyrano[2,3b]quinolines by two routes. The first route involve
lactonisation using PPA followed by reductive cgation of the lactone. The overall
yield of this two step approach was found to bedgd&hile the direct reductive
cyclisation to target compounds gave low overadlldi We also demonstrated the
chlorination of pyranoquinoline2(Qc) takes place in the benzene nucleus of the

quinoline ring which could be useful to make biotadly active molecules.
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Experimental

2.1 Preparation of Ethyl B)-5-Methyl-2[(2-nitrophenyl)methylidene)hex-4-eneat
(169)

0]
0]
@CHO Phspﬁoét CHCI,, reflux Ny OEt
+
NO, _ NO, N7
14a 15 16a

A solution ofo-nitrobenzaldehydel@a) (0.151 g, 1 mmol), phosphorah®(0.417 g,
1.0 mmol) in chloroform (10 mL) was refluxed forh8s. The solvent was removed
under reduced pressure to give a residue that wafgeg by column chromatography
over silica gel using hexanes:EtOAc (9:1) as arerdluto furnish a thick viscous
yellow liquid (16d) (0.260 g, 90%).

2.2 Preparation of 8-6,6-Dimethyl-3-[(2-nitrophenyl)methylidene]tetradro-2H-
pyran-2-one17a)

0 0]

X OEt PPA m
_—
NO, 7 NO,
16a 17a

To a flask containing compouritba (0.289 g, 1 mmol) was added polyphosphoric
acid (2 mL). The reaction mixture was warmed onewatth for 5 min. Chilled water
(15 mL) was added to the reaction mixture and is wabsequently extracted with
diethyl ether (3 X 10 mL). The diethyl ether layeas washed twice with sat.
NaHCQ; solution and then dried over anhyd. sodium suphdhe solvent was
removed under vacuum pump and the residue was iguuriby column
chromatography over silica gel using hexanes:Et@#&) as an eluent to give a
white solid (73) (0.222 g, 85%), m.p. 96-98.
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2.3 Preparation of 2,2-Dimethyl-3,4-dihydrélpyrano[2,3b]quinoline €0a)

0]
~ OEt
NO,NF ]
16a Fe / conc. HCI ~
o Reflux N/ o
o TS
NO

Concentrated HCI (8 mL) was added to a magneticdllyed mixture of esters6a
(0.289 g, 1 mmol) oi7a(0.261 g, 1 mmol) and Fe powder (0.838 g, 15 mmidig
reaction mixture was allowed to stir for 15 minsdavas subsequently refluxed on a
water bath. After completion of the reaction (theogress of the reaction was
monitored by thin TLC), the reaction mixture wdgefied and the residue was washed
with water (3 X 5 mL). This combined filtrate wasshed with diethyl ether (2 X 10
mL) and filtered on celite. The filtrate was basifiwith solid NaOH pellets and the
compound was subsequently extracted in diethylrgheX 15 mL). The combined
organic extracts were dried over anhyd.,®&. The solvent was removed under
reduced pressure and the residue was purified lyncochromatography over silica
gel using hexanes:EtOAc (8:2) as an eluent to giwdite solid 20a) [0.040 g, (19 %
from 164, 0.115 g, (54 % from 78] m.p. 103-105C.

2.4 Preparation of Ethyl-3-Formylphenyl carbon&3 (

HO CHO EtOOCO CHO
\©/ CICOOEt \©/
Pyridine -

21 22
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3-Hydroxybenzaldehyde() (15.0 g, 0.123 mol) was dissolved in dry pyrid{d€0
mL). The solution was cooled in an ice bath and/lethloroformate (20 mL) was
added dropwise over a period of 30 mins. The rieguftolution was stirred for 2 hrs
at room temperature. The product was extracteddrthyl ether (3 X 25 mL), and
the ether extract was washed consecutively witlen&% HCI, 5% cold NaOH and
again with water. The dried organic extract waspevated to give the produ@32) as

yellow syrup (23 g, 97%) which was directly nitréte

2.5 Preparation of Ethyl 3-Formyl 4-nitrophenyllwamate {4b)

EtOOCO\©/CHO HNO,/H,SO, EtOOCO\@CHO
NO,

22 14b

Ethyl 3-formyl phenyl carbonate2?) (14.0 g, 0.0072 mol) was dissolved in conc.
H,SQO; (135 m L). The solution was cooled to°G and a solution 67.5 mL of fuming
nitric acid (3.44 ml, sp.g. 1.49, 0.0814 mol) in @& of conc. HSO, was added
dropwise over 15 mins. at -5 t0°Q. Stirring was continued at -5 to°G for 1 hr.
Water (500 mL) was added dropwise at °@0and the product was extracted into
chloroform (3 X 50 mL). Evaporation of the driedvant gave a gum which was
crystallized from hexanes to give produt#lp) as pale yellow needles (13 g, 76%,
m.p. 60-61°C).

2.6 Preparation of Ethyl B-2-({5-[(ethoxycarbonyl)oxy]-2-nitrophenyl}
methylidene)-5-methylhex-4-enoatk6p)

o o)
EtOOC
Etoocq@c:Ho PhgP OEt CHCl,, reflux Xy~ TOEt
+ —_—

14b 15 16b
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Followed the same procedure as in Expt. 2.1. Cpudduct obtained was purified by
column chromatography over silica gel using hex@ft€Ac (9:1) as an eluent to

furnish a thick viscous yellow liquidL6b) (82%).

2.7 Preparation of 34H)-(6,6-Dimethyl-2-oxodihydro-B-pyran-3(4)-ylidene)
methyl]-4-nitrophenyl ethyl carbonat&7b)

@) O
EtOOCO\E:(\ik/O<Et oPA Etoocow
NO, > NO,
16b 17b

Followed the same procedure as in Expt. 2.2. Cpudduct obtained was purified by
column chromatography over silica gel using hex&tt€Ac (9:1) as an eluent to
give a white solid{7b) (95%) m.p. 104-108C.

2.8 Preparation of 2,2-Dimethyl-3,4-dihydrétpyrano[2,3b]quinolin-7-ol (20b)

(@)
EtOOCO S OEt
NO,NF
16b Fe / conc. HCI HO A
o Reflux N/ o
EtOOCO
oo
NO

2

17b

Followed the same procedure as in Expt. 2.3, exttepbasification was carried out
using liquid ammonia instead of solid NaOH pellefsude product obtained was
purified by column chromatography over silica gsing hexanes:EtOAc (8:2) as an
eluent to give a white soli®Qb) (36% from16b, 85% from17b) m.p. 223-225C.
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2.9 Preparation of 3,4-Dimethoxy-6-nitrobenzaldeh{idic

HaCO CHO
H3COD/CHO HNO, 3 ji:[
HaCO NO,

H,CO

Y

23 1l4c

Nitric acid (35 mL, 1.4 d) was cooled td®0 and 3,4-dimethoxybenzaldehy®s) (5

g) was added to it in lots with constant stirrifidie addition was complete in about
10 mins. During the addition the temperature ofrénection mixture was kept below
0°C. The ice bath was removed and the reaction n@xtas stirred for 5 mins. It was
then warmed on water bath to get a clear reddistvibbrsolution. This solution was
kept in ice bath and stirred vigorously till thdidgroduct separated out. The reaction
mixture was then poured into ice cold water. Thie gallow solid thus obtained was
filtered, washed with water and dried. It was rstailized from ethanol to furnish
3,4-dimethoxy-6-nitrobenzaldehyd®4@) (5.2 g, 82%) m.p. 13%C.

2.10 Preparation of Ethyl B)-2-[(4,5-dimethoxy-2-nitrophenyl)methylidene]-5-
methylhex-4-enoatel 60

O O
H,CO CHO Ph,P HsCO
j@ + 3 OEt  CHCl,, reflux 3 N OEt
N
H,CO NO, % 7

HaCO NO,

14c 15 16¢

Followed the same procedure as in Expt. 2.1. Cpudduct obtained was purified by
column chromatography over silica gel using hex&t€Ac (9:1) as an eluent to

give a thick viscous yellow liquidLeg) (66%).
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2.11 Preparation of B-3-[(4,5-Dimethoxy-2-nitrophenyl)methylidene]-6,6-
dimethyltetrahydro-&1-pyran-2-one 17¢)

O O
H NO, 7 HyCO NO,
16¢ 17c

3CO

Followed the same procedure as in Expt. 2.2. Cpudduct obtained was purified by
column chromatography over silica gel using hex&t€Ac (9:1) as an eluent to
give a yellow solid 170 (80%) m.p. 181-182C.

2.12 Preparation of 7,8-Dimethoxy-2,2-dimethyl-8jydro-2H-pyrano[2,3-
blquinoline 0¢

(0]
H4;CO
3 Xy~ “OEt
H3;CO NO, >~
HL,CO
16¢ Fe / conc. HCI 3 X
Reflux pZ
o H5CO N~ "0
H5;CO
ool
H5;CO NO,

17c
Followed the same procedure as in Expt. 2.3. Cpudduct obtained was purified by
column chromatography over silica gel using hex@ft€¥Ac (8:2) as an eluent to
give a white solidZ0¢) (25% from16¢, 76% from17c), m.p. 156-158C.
2.13 Preparation of 3,4-Methylenedioxy-6-nitrobddehyde (4d)

<OI>/CHO HNO o) CHO
3
|
o ¢} NO,

24 14d

Y
N\
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Nitric acid (35 mL, 1.4 d) was cooled to°G and 3,4-methylenedioxybenzaldehyde
(29) (5 g) was added to it in lots with constant stgr The addition was complete in
about 10 mins. During the addition the temperatirthe reaction mixture was kept
below 0°C. The ice bath was removed and the reaction ngixtuas stirred for 5
mins. It was then warmed on water bath to get araleddish brown solution. This
solution was kept in ice bath and stirred vigorgu#l the solid product separated out.
The reaction mixture was then poured into ice eudder. The pale yellow solid thus
obtained was filtered, washed with water and driedias recrystallized from ethanol
to furnish 3,4-methylenedioxy-6-nitrobenzaldehytiéd) (5.5 g, 97%) m.p. 87C.

2.14 Preparation of Ethyl B-5-methyl-2-[(6-nitro-1,3-benzodioxol-5-yl)
methylidene]hex-4-enoaté§d)

o} 0
O CHO  pnp o)
< | 3 OEt  CHCI,, reflux X OEt
+ — |
0 NO, =z o} NO, >
14d 15 16d

Followed the same procedure as in Expt. 2.1. Cpudduct obtained was purified by
column chromatography over silica gel using hex&t€Ac (9:1) as an eluent to

give a thick viscous yellow liquidLed) (68%).

2.15 Preparation of B-6,6-Dimethyl-3-[(6-nitro-1,3-benzodioxol-5-yl)
methylidene]tetrahydro$2-pyran-2-one 17d)

(0] 0]
<O | X OEt PPA <OK;(\©O<
o NO,F o NO,
17d

16d

Followed the same procedure as in Expt. 2.2. Cpudduct obtained was purified by
column chromatography over silica gel using hex@tt€¥Ac (9:1) as an eluent to
give a yellow solid17d) (82%) m.p. 176-177C.
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2.16 Preparation of 7,8-Methylenedioxy-2,2-dimetByl-dihydro-2-pyrano|[2,3-
b]quinoline R0d)

<O | X OEt

o) NO, N

16d Fe / conc. HCI <O N
Reflux 7

) 0 N~ O
| 20d

4000
o) NO,
17d

Followed the same procedure as in Expt. 2.3. Cpudduct obtained was purified by
column chromatography over silica gel using hex&t€Ac (8:2) as an eluent to
give a white solidZ0d) (33% from16d, 83% from17d) m.p. 177-179C.

2.17 Preparation of 6,9-Dichloro-7,8-dimethoxy-8j&ethyl-3,4-dihydro-#§i-
pyrano[2,3b] quinoline @5)

cl
HCO
3 N CH,COCI H3CO N
—
H5CO N o CAN'RCTH3CN H5CO N o
o Cl
20c 25

To a stirred mixture of the 7,8-dimethoxy-2,2-dimgt3,4-dihydro-2-pyranol[2,3-
b]quinoline 0¢ (0.200 g, 0.73 mmol) and freshly distilled acekybride (0.056 g,
0.73 mmol) in acetonitrile (5 mL) was added cenm@onium nitrate (0.040 g, 0.073
mmol) in one portion under Nat room temperature. The reaction mixture was
allowed to stir for 8 hrs. After completion of theaction (the progress of the reaction
was monitored by TLC), the reaction mixture wasit@itl with diethyl ether (15 mL)
and washed thoroughly with sat. aqueous Naki€®ution (3 X 5 mL), brine (3 X 5
mL) and dried over anhyd. Ma0O,. The solvent was removed under reduced pressure
and the residue was purified by column chromatdyapver silica gel using
hexanes:EtOAc (7:3) as an eluent to give a pal®wesolid 25) (0.180 g, 73%),
m.p. 98-10C°C.
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CHAPTER 3
SECTION A

Synthesis of Mukonine

Introduction

Carbazoles are a series of natural products whiehwadely distributed in
higher plants. Although carbazol®) ((Fig. 1) itself is a natural product isolated from
coal tar in 1872 by Graebe and Glaser, the firspk carbazole from plant sources

was not discovered until the 1960s.

Fig. 1

A large number of biologically active carbazole atkds have been isolated from
natural source$'° Many of these natural products display biologimalperties such
as antitumor, psychotropic, anti-inflammatory, dmstaminic, antibiotic and
antioxidative activities*®As synthetic materials, many carbazole derivatiasesbit
photoreactive, photo conductive and light emittprgpperties>*° Carbazoles have
also been recognized as useful scaffold in aniowibg studie$’ Their useful
bioactivities and their interesting structural feas attracted the attention of synthetic
chemists and led to the development of many diffiesgnthetic stategies. Since 1979,
new highly substituted carbazole alkaloids havenbieind by several groups in

different terrestrial plants.

The first carbazole alkaloid to be isolated fronarl source was murrayaning) (
extracted from the stembark of the small tree Mearioenigii Fam. Rutacegé” an

Indian medicinal plant commonly known as “curryfléeee” and used externally to
cure eruptiond® Since then, the field has expanded enormouslyelahge to the

promising biological activities of many of the cadole alkaloids.
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The carbazole alkaloids have primarily been isdlab®m plants of the genus
Murraya, Glycosmis and Clausena from the famRytaceae particularly 1-
oxygenated carbazole alkaloids like murrayanR)e iukoeic acid3) and mukonine
(6). Extracts of the leaves and bark of this treech#een used as a folk medicine for
analgesia and local anesthesia, as well as fdrehément of eczema, rheumatism and
dropsy. The shrulblausenaexcavatais traditionally used in China for the treatment
of snakebites, abdominal pain and as a detoxiinatigent. Extensive studies of the
clausenagenus have resulted in several compounds withrestieg biological

activities.

The isolation of several 3-methyl carbazole deiest from higher plantsand of
carbazole 1) from Glycosmis pentaphyftashows that the aromatic methyl group can
be eliminated oxidatively from the key intermedi8tenethyl carbazole via -GiOH,
-CHO and -COOH functionalities. The isolation of 3-methyl carbazole from the
genus clauseng® the co-occurrence of murrayaning),( mukoeic acid 3),
murrayafoline A 4§), koenoline §) in M.Koenigii, as well as the subsequent isolation
of mukonine 6) (Fig. 2) support the hypothesis of biomimetic hydroxylatiohn3-
methyl carbazolé® Congeners that differ in the oxidation state & -3 methyl
group, i.e -CHOH, -CHO, -COOH and -COOMe, were found for variallsaloids, a
fact which indicates am vivo oxidation of carbazole alkaloids.

H OMe

2.  Murrayanine 3.  Mukoeic acid

R =CHO R = COOH
4. Murrayafoline A 5. Koenoline

R = Me R = GBH
6. Mukonine

R = COOMe

Fig. 2
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Thus a systematic classification of tricyclic carble alkaloids has been suggested

based on their oxygenation pattéfn.

Bringmannet al?® have successfully transformed mukon@efo seven further 1-
oxygenated carbazole alkaloids like murrayan®)erfiukoeic acidg), murrayafoline
A (4), koenoline ), clausine E %), o-demethyl murrayanine8] and 1-hydroxy-3-
methyl carbazole9) (Scheme ). Some of them show antibiofit antifungaf® and
cytotoxic™ properties and neoplasm inhibitory effects on nisfdsas well as a good
activity against the malaria parasite Plasmodiulnigarum also exhibited by some

dimeric carbazole¥

W,
O
]
5,

N
H H
4 9
a |80 %
COOH COOCH, COOCH,
() —e O _a d ()
O N OCH 99 % O N 97 % N OH
H H H
3 6 7
b (90 %
CHO
O O O OCH
J ock, 84 % N ;
H 2
5
d |90 %

aLAH, Et,O/CHCL, rt. 2 h

2 2
b DIBAL, Et,0, -78°C, 3.5 h
¢ MnO,, CCl,, r.t. 6 h Scheme | .
d BBr,, CH,Cl,, 0°C, 3 h N
e KOH, EtOH/H,0, 78° C, 4 h

I,
T
(@]

H
8
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A Literature Review

Given the biological importance of natural carbazalkaloids, an intensive
effort has been directed towards their total sysitheWidely used methods for
synthesis of 1-oxygenated carbazoles include tassidal Fischer indolisation with
appropriate phenylhydrazon&sntramolecular cyclisation of indolé3 and oxidative
cyclisation of diarylamine¥ Increasingly important are transition metal-mestiat

and -catalyzed processes for preparation of cateso

Literature methods for the synthesis of mukonB)eafe mentioned below-

Knolker et al®’

have prepared mukonine based on iron-mediatedroatisn of the
carbazole ring system. They carried out electraplsiibstitution of the commercial
arylamine using iron-complex cation in acetonitderoom temperature to get the
corresponding iron complex regio and stereoselelgtiin 36% vyield. Oxidative
cyclisation of this complex with very active mangaa dioxide (v.a. Mn£) at room

temperature in toluene afforded mukonine in 54%dyi@cheme l).

(CO)5F

&
+ COOMe O COOM
(OC),F X, e
MeCN /Q/
25 °C, 36% H2N

OMe OMe
BF, NH,

v.a. MnO,, Toluene
25 °C, 25 hr, 54%

COOMe
O N OMe

H

Scheme I
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Brennaet al>*° reported the synthesis of mukonine starting froforghylindole via a
base promoted cyclization. They carried out reactib3-formylindole with dimethyl
succinate and sodium methylate in methanol to aféarresponding product through
a Stobbe condensation. In a one-pot operationpifuiduct was then transformed to
the aromatic derivative by reacting with ethyl cbformate in the presence of
triethylamine. After deacetylation of the aromatierivative, the corresponding

hydroxy derivative was methylated to give mukonj8eheme IlI).

e} O
H
— OMe
N\ 1) Dimethyl succinate, NaOMe= Q OH
N 2) 5% HCI N j
H H
1)CICOOEt, Et;N
2)NaOH, MeOH
COOMe COOMe
O O CH,N,, CH,CI, O
N OMe - N OH
H H
Scheme I

Bringmannet al?® started the synthesis from N-protected indole+®a@ldehyde. The
key steps in their synthesis are Horner-Emmonstioggccyclization with sodium
acetate in acetic anhydride followed by methanslgsid o-methylation with dimethyl

sulphate in acetone to yield mukonirgeleme I\).
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o o
Et(ét_ép OEt
o4 o OtBu o
H
(o) — OEt

\ BOC,0, DMAP, DCM N _ S OtBU
N RT.1hr N NaH, THF, 0-50 °C, 18 hr N

\ \ o)
H BOC BOC

1)TFA,DCM,/H,0,R.T.
2)NaOAc,Ac,0,140 °C,24 hr
3)K,CO,,MeOH,65 °C,4.5 hr
4)DMS,K,CO,,acetone,

56 °C, 7 hr

COOMe
O N OMe
H
Scheme IV

Zempoaltecat al®

have described synthesis of mukonine based ogiasedective
Diels-Alder reaction ofN-phenyl-4,5-dimethylidene-2-oxazolidinone with mgdth
propiolate. Successive transformation of the cyddo&Et in one step to the
corresponding phenyl aryl amine and palladium praaacyclisation of the latter

provided mukonine§cheme V.

o) o COOMe

©\ )}\o H%COOMe= O:a\/ I@/

N MeOH/H,0, 1:9 N
M 25°C, 12 hr. Ph

1) KOH, MeOH/H,O (1:9)

65 °C, 12 hr
2) Me,SO,/K,CO,, acetone
65 °C, 3 hr
COOMe COOMe
O Pd(OAc),/AcOH Q
N, OmMe  160°C,12hr NH OMe
H

Scheme V
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Knolker et al®® started synthesis of mukonine from arylamine. Reaf the iron
complex cation with the arylamine by refluxing icetonitrile gave the corresponding
iron complex. The iron complex is subjected to sthooyclodehydrogenation by
reacting with air in trifluoroacetic acid to afforthe 4a, 9a-dihydro+9-carbazole
complex. Aromatization of this complex with concdamit demetalation by using
ferricenium hexafluorophosphate in the presencesadium carbonate provided
mukonine in 50% vyield (route A: three steps, 15%rall yield). An alternative
method was also attempted wherein they carrieddeuatetalation and subsequent
catalytic dehydrogenation to get mukonine (routettBee steps, 17% overall yield)
(Scheme V).

+ CO).Fe
(OC),F COOMe (CO)3 &
" MeCN X, COOMe
gn 0 0
) oMe 2582 °C, 61% .
BF, NH, 2 OMe
route A route B
TFA, Toluene, air 1. toluene, TFA, air, 25°C
25 °C, 50% 2. Me,NO, acetone, 25 °C
3. 10% Pd/C, toluene, 110°C
17%
COOMe COOMe
Fe(OC),

~ CICH,CH,CI, 83°C N OMe
50% H

6 O Cp,Fe'PF,, Na,CO, O O
N OMe
H

Scheme VI

Kuwaharaet al*®

synthesized mukonine via the doulNearylation starting from

methyl vanillate and the pinacol ester of 2-hydhsnylboronic acid. Bromination
of methyl vanillate followed by the Suzuki-Miyautaupling with the pinacol ester of
2-hydroxyphenylboronic acid gave biphenyldiol. Bypolyldiol was converted to the
corresponding ditriflate, which was subjected te ttoubleN-arylation with o-tert-

butyl carbamate. Using xantphos as the ligand,démred product was obtained in
70% vyield, which was then deprotected using TFAgéd mukonine quantitatively

(Scheme VI).
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o. .0
B
OMe OMe @/OH
MeOOCO—OH Brp NaOAe — eooc OH _
AcOH, r.t. Pd(PPh,),, K,PO,,
Br DMF, 120 °C

MeOOC OMe MeOOC OMe MeOOC OMe
O H,N-Boc
yZ (Boc=CCO,'Bu) oTf TF,0, Pyridine OH
N N-Boc Double N-Arylation OTf DCM, R.T. OH
O (Pd,(dba),, CHCI,, Xantphos
K,PO,, Xylene, 100 °C)
TFA
DCM
0°C-R.T.
COOMe
O N OMe
H
Scheme VII
Liu et al*! prepared mukonine in three steps from commercéibilable 4-amino-3-

methoxybenzoic acid. 3-Methoxy-4-amino benzoic aeas$ reacted with methanol to
afford methyl 3-methoxy-4-aminobenzoate in 98% dielodination using ICl in
dichloromethane afforded methyl 4-amino-3-iodo-S4m&ybenzoate in 82% yield.
Methyl 4-amino-3-iodo-5- methoxybenzoate was alldwe react with silylaryltriflate
and CsF at room temperature in acetonitrile. ThelfORc), and PCy were
added and the reaction was heated to®@@r 12 hr under argon to get mukonine
(Scheme ViIII).
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COOH COOMe COOMe
H,SO,, MeOH, 65°C ICI, NaHCO,, 30 min.

OMe H2N OMe OMe

T™MS
s (X
OoTf

1.3.0 CsF, MeCN, R.T., 6 hr
2.5% Pd(OAc),, 10% PCy,
"10006, 12 hr

COOMe

O N OMe

H

Scheme VI
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Present Work

Our continued interest in the application of Wittigaction prompted us to
investigate the usage of phosphorane chemistryrttsvte synthesis of carbazole
alkaloid mukonines. The essential elements of our simple approatchganukonine

ring system is shown i8cheme IX

o OEt
/
N
\ PPh,
N\ Toluene N\
PhsP=CHCOOEt + N N, N
H Reflux H
10 11 12
CHO-COOH
13
MeOH
Reflux
o OEt
COOH COOEt
O NaOH Ac,0 N
O MeOH O  NaOAc \y COOH
-
H OH Reflux N OCOCH, Reflux N
COCH, H
| 16 ] 15 14
DMS
K,CO,
acetone
COOCH,;
O N OCH,
H
Mukonine
6
Scheme IX

As depicted inScheme IX first is preparation of homoskatolidene phospherk2.
This preparation of homoskatolidene phosphordr®e by alkylation of stable
carboethoxymethylenetriphenyl phosphorafes reported in literatur&In the next
step, glyoxylic acid 13) on condensation with homoskatolidene phosphorbhe
could give the producii4 having both the acid and the ester group. Subs¢que

cyclisation of this product4 with sodium acetate in acetic anhydride could dghe

127



carbazole frameworklb). Subsequent methanolysis and o-methylation witiethyl

sulphate in acetone could give the target moleculkonine 6).

Accordingly, we started with the synthesis. The bskatolidene phosphoraaé was
prepared in two steps. The first step was premaratiof stable
carboethoxymethylenetriphenyl phosphordiewhich is already been discussed in
chapter 1. In the second step, this stable phoapkd0 was alkylated with gramine
(11 in toluene under nitrogen atmosphere to get whdkd of homoskatolidene
phosphorané?2in 93% yield Echeme X.

OEt

/
N
\ PPhg
N\ Toluene
PhsP=CHCOOEt + N N,

H Reflux
10 11

Y

IZ

1

N

Scheme X

The homoskatolidene phosphoratewas then refluxed with 50% aqueous solution
of glyoxylic acid (L3) in methanol for 10.0 hrsScheme X).

O o}
N\ OFt \_OFEt
N\
PPh 4 N
MeOH
N + ¢Ho  _MeOH N COOH
N COOH Reflux N
H H
12 13 14

Scheme Xl

TLC of the reaction mixture showed appearence oW ngpot along with
triphenylphosphine oxide spot. The solvent was exatpd followed by the
corresponding workup for acid. The crude produdaimied was purified by column
chromatography over silica gel using hexanes:EtQ#2) as an eluent to obtain a

white solid.
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lts IR spectrum showed two strong bands on& #$81 cnt and another a 1724
cm* indicating the presence of two carbonyl groups Btoad band due to hydroxyl
group of acid was observed at 3053crim addition to this, the absorption due to N-

H bond of indole ring was observed at 3394'cm

The *H-NMR spectrum (CDG| 300 MHz, & ppm) €ig. 1) showed signals &t 1.24
(t, J=7.2 Hz, 3H) and 4.20 (q,J = 7.2 Hz, 2H) which was attributed to -O&EH;3

group of ester moiety. The peak observed 4138 (s, 2H) was due to -GHattached
to the third position of indole ring. The vinylicgion was observed at7.05 (s, 1H).
The downfield shift of this proton indicated ithe cis to the -COOCHCH; group €

geometry). Peaks due to aromatic protons were vbdeté 6.82 (s, 1H)p 7.12 (t,J

=7.2Hz, 1H)p 7.19 (tJ=6.9 Hz, 1H)p 7.33 (dJ=7.8 Hz, 1H)$ 7.72 (dJ=7.5
Hz, 1H) and proton attached to nitrogen was obskaté 8.03 (br.s., 1H).

|
| i
L | |
A p a V"—-‘._ '_|

|
il “

85 B0 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 ppm
g = g elg e s 1A 5 o

Fig. | : "H-NMR spectrum of Compount#
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The'*C-NMR spectrum (CDG| 75 MHz,5 ppm) €ig. I1) spectrum showed peaks at
5 13.96 (CH), 6 29.66 (CH), 6 61.74 (OCH), 6 109.96 (C)p 113.57 (CH)p 119.68
(CH), 3 120.47 (CH)p 122.63 (CH)p 124.76 (2 X CH)p 128.70 (C)p 136.03 (C),

0 148.62 (C)p 166.60 (C=0)p 166.98 (C=0).

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10  ppm

Fig. Il : *C-NMR spectrum of Compourit

The high resolution mass spectrum of the compousplayed strong peak am/z
296.0887 presumably due to [M+Napseudo ions. The elemental composition of
which was determined to be;4E;sNO,. HRMS m/z calculated for GH1sNO4 Na
[(M+Na)'] was 296.0899, found : 296.0887. The melting poirthis compound was
found to be 108-113C.

OEt

COCH

Iz
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Hence, based on the mode of formation and spedatd, compoundl4 was

confirmed to be the predicted one. The yield ofgheduct was found to be 80%.

Our next aim was to carry out the cyclisation totge carbazole framewof&cheme
XIl .

o

OEt COOEt

\ NaOAc
Ac,O
N\, COOH ——2 » O

0
N 140 °C, 24 hr N 0COCH,
H COCHj,4
14 15
Scheme Xl

To achieve this we refluxed compoubdiwith sodium acetate in acetic anhydride for
24 hrs, after which there was seen disappearantieeo$tarting materials on TLC.
Evaporation of the solvent followed by column chetagraphic purification over

silica gel using hexanes:ethyl acetate(7:3) adwmnefurnished a white solid.

The IR spectrum of this compound showed absenbarud due to N-H stretching and
presence of three bands at 1712'cm718 crit and 1774 cm indicating the
presence of three carbonyl groups.

The'H-NMR spectrum (CDG| 300 MHz, & ppm) ig. Il ) showed signals &t1.38
(t, J=7.2 Hz3H) ands 4.40 (g,J = 7.2 Hz, 2H) which was due to -O@EH; group
of ester moeity. The peak observed &t 38 (s, 3H) was attributed to -Glgroup of -
OAc moeity, and another peaka®.80 (s, 3H) was attributed to -Ggroup of -NAc
moeity. The signals due to remaining aromatic preteere observed &t7.46 (t,J =
7.2 Hz, 1H, H-6)$ 7.60 (t,J = 7.2 Hz, 1H, H-7)p 7.85 (s, 1H, H-2)§ 8.00 (d,J =
8.4 Hz, 1H, H-8)5 8.38 (d,J = 7.8 Hz, 1H, H-5)5 8.70 (s, 1H, H-4).
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85 80 76 70 65 60 53 50 45 4.0 35 30 25 20 15 1.0

? Ei K -E = 2 e =

Fig. Il : *H-NMR spectrum of Compountb

The *C-NMR spectrum (DMSO-d6, 75 MH3, ppm) spectrumHig. 1V)) showed
peaks ab 14.67,6 21.16,6 27.15,6 61.51,6 114.84,6 119.38,6 121.55,6 122.99,6
124.16,6 124.74,6 126.32,6 128.92,6 129.07,0 133.20,6 137.87,6 139.27,56
165.46,6 168.670 170.91.
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Fig. IV : *C-NMR spectrum of Compouritb

The high resolution mass spectrum of this compaodisglayed strong peak at/z
362.1003 presumably due to [M+Nagjseudo ions. The elemental composition of
which was determined to bedEi;/NOs. HRMS m/zcalculated for GH1/NOsNa[( M

+ Na)'] was 362.1004, found : 362.1003.

The melting point of the compound was found to b8-121°C.

Hence, based on the mode of formation and spetatal structurel®) was assigned

to the compound. The yield of the product was fotmbe 65%.

COOEt

O N OCOCH;

COCH,
15
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Now, as we obtained the required moeity in hanerethvas a need to knock off both
the acetyl groups followed by hydrolysis of esterget the acid which is our next
target compound. Hence, the compodldvas refluxed with NaOH in methanol for
2 hrs Gcheme XIll).

COOEt COOCH

O O NaOH, MeOH O O

Y

Reflux, 2 hrs
N OCOCH, H OH
|
COCH
8 16
15
NaOH, MeOH
Reflux, 2 hrs
COOEt
O N OH
H
17
Scheme XIlII

TLC indicated disappearance of starting material appearance of a new spot. The
reaction was neutralized with 1:1 HCI solutionwhis then extracted in diethyl ether.
The solvent was evaporated followed by column clatoigraphic purification over

silica gel using hexanes:ethyl acetate (8:2) asl@ent to obtain a white solid.

This solid in its IR spectrum showed strong peak3350 cni and 3300 ciidue to
N-H stretching and O-H stretching, and peak at 1653 indicating the presence of

carbonyl group.

The'H-NMR spectrum (CDG| 300 MHz, § ppm) Fig. V) showed signals & 1.48

(t, J = 7.2 Hz, 3H) and 4.47 (q,J = 7.2 Hz, 2H) which was due to presence of -
CH.CHs; group of ester moiety, which indicated that thieegroup did not hydrolyse
to acid. Another broad signal was observedd .17 (br.s., 1H) indicating the
presence of -OH group. The aromatic protons wesemed at 7.30 (t,J = 7.8 Hz,
1H, H-6),6 7.469 7.50 (m, 2H, H-7 & H-8)p 7.72 (s, 1H, H-2)$ 8.13 (d,J=7.8
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Hz, 1H, H-5),6 8.47 (s, 1H, H-4) and signal due to proton onogién was observed
atd 8.54 (br.s., 1H, NH).

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5  ppm
L

g 213 5[ )=

Fig. V : *H-NMR spectrum of Compounti7
The high resolution mass spectrum of this compalisdlayed a strong peak at m/z
278.0792 presumably due to [M+Najseudo ions. The elemental composition of
which was determined to be 1413NO;. HRMS m/z calculated for
C1sH13NOsNa[(M+Na) ] was 278.0793, found:278.0792.

The melting point of the compound was found to 68-167°C.

Hence, based on the mode of formation and spetital the compound should have

structurel?. The yield of the product was found to be 98%.
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COOEt

|\| OH
H

17

Hence, we succeeded to knock off both the acetylgs but failed to hydrolyse the
ester. In order to achieve both our aims, i.entock off the acetyl groups as well as
to hydrolyse the ester we thought to reflux thetiea mixture for longer duration
(Scheme XIV).

COOEt COOH

O O NaOH, MeOH O O

Reflux, 4 hrs

N OCOCH,4 N OH
COCH, H
15 — 16 -
Scheme XIV

The compound5 was refluxed with NaOH in methanol for 4 hrs. Tafxthe reaction
mixture showed disappearence of both, the statimgppoundl5 as well as the
compoundl?, and there was seen one new spot on TLC. Theiweagas neutralized
with 1:1 HCI solution. It was then extracted in tt@ ether. The solvent was
evaporated and the residue obtained was analyz#g $yectroscopic technique, as it

was difficult to purify this residue.

The IR spectrum of this residue showed strong b&n#i703 crit due to carbonyl
group of acid moiety. The broad band was obserte8280 cni due to hydroxyl

group.

The high resolution mass spectrum of this residisplayed strong peak ah/z
250.0454 presumably due to [M+Napseudo ions. The elemental composition of
which was determined to be 1#:NO;. HRMS m/z calculated for

C1aH1gNOsNa[(M+Na)'] was 250.0480, found:250.0454.
136



Hence, based on the mode of formation and abovetrapedata formation of

compoundl6 was confirmed.

COOH
O N OH
H
16

To get our target molecule mukonine, the crude aamgd 16 without further
purification (as it was difficult to purify) was dated with KCO; and dimethyl
sulphate in dry acetor{&cheme XV.

COCH COOCH;4
DMS
Q|
O Acetone - O
N OH N OCHj,
H H
DMS
K,CO,
Acetone
COOCH,
O N OCH3,
\
11
Scheme XV

The reaction mixture was refluxed for 8 hrs, aftich there was seen appearance of
a new spot on TLC. The solvent was evaporated hadrésidue was purified by
column chromatography over silica gel using hex&t€Ac (7:3) as an eluent to

obtain a white solid.
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The IR spectrum of this compound showed presence tiind at 1697 ch which
was attributed to the presence of the carbonyl groti ester. There was seen

dissappearence of N-H and O-H peaks.

The'H-NMR spectrum (CDG| 300 MHz, § ppm) €ig. VI) showed signals &@t3.99
(s, 3H),0 4.07 (s, 3H) and 4.22 (s, 3H) which were attributed to -NgHOCH; and
-COOCH; group. Aromatic protons were observed &306 7.57 (m, 3H, H-6, H-7,
H-8),8 7.61 (s, 1H, H-2)5 8.12 (dJ = 8.1 Hz, 1H, H-5)§ 8.49 (s, 1H, H-4).

) | gl " |
ende o M ] L ") I

85 80 75 70 65 6.0 5.5 50 45 40 35 3.0 25 20 15 1.0 05 ppm

g |5 3 2 =
s b

Fig. VI : '"H-NMR spectrum of Compount
The high resolution mass spectrum of this compaodisglayed strong peak at/z
292.0947, presumably due to [M+Najseudo ions. The elemental composition of
which was determined to be 18:sNO;; HRMS m/z calculated for

Ci6H1sNOsNa[(M+Na)'T: 292.0950, found: 292.0947.

The melting point of the compound was found to p2-125°C.
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Hence, based on the mode of formation and abowerapelata the formation df-
methylated compound8 was confirmed. The yield of the product was fouade
58%.

COOCH,

\
18

Since, we did not succeed to get the mukonine mi#en hand, we thought of an
alternate approach for it. The crude compoadvas refluxed with a few drops of
sulphuric acid in methanol for 10.0 h&cheme XV|).

COOH COOCH;
MeOH
P - —< 4
N OH O N OH
H H
L 16 . 17
MeOH
H+
COOCH,
O N  OCHj
H
6
Scheme XVI

The solvent was evaporated and the residue obtaiasdlissolved in ether. The ether
layer was dried over sodium sulphate, ether wapaated and the residue was
purified by column chromatography over silica gsing hexanes:ethyl acetate (9:1)
as an eluent to get a white solid. In IR spectnfrthis compound there was seen a
strong band at 1703 ¢hindicating the presence of carbonyl group of estéere

was also seen a strong band at 3392 doe to N-H stretching.
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The *H-NMR spectrum (CDG| 300 MHz, & ppm) Fig. VII) showed signals &t
3.51 (s, 3H) an@d 3.98 (s, 3H) which was attributed to -OgC&hd -COOCHGgroup.
Aromatic protons were observed&a?.28-7.50 (m, 3H, H-6, H-7 & H-8}) 7.62 (s,
1H, H-2 ),s 8.11 (d,J = 7.5 Hz, 1H, H-5)p 8.45 (s, 1H, H-4) and signal due to
proton on nitrogen was observed&.68 (br.s., 1H, NH).

NN NNV T N \w \_
- .- — . S S S
8.5 8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.6 1.0 0.5 ppm

2 |8 2 2lle 2 8
= a :

Fig. VIl : *H-NMR spectrum of Compourg!
The melting point of the compound was found to 8&8-200°C.

Hence, based on the above spectral data, strugtnes assigned to the product. The
yield of the product was found to be 41%.

COOCH;,
O N OCH3,
H
6
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This completed the synthesis of carbazole alkalmidkonine €), which also
constitute the formal synthesis of alkaloids muardge @), mukoeic acid J),

murrayafoline A 4) and koenoliney).
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Conclusion

We have developed a convenient synthesis of caadkaloid mukonine
using Wittig reaction and cyclisation with sodiuetate in acetic anhydride as key

steps.
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Experimental
3.1 Preparation of Triphenyl-ethoxycarbonylhomoskatolidene phosphorati® (

OEt

/
N
N PPh,
N\ Toluene A\
PhsP=CHCOOEt + N N, N

H Reflux H
10 11 12

Y

A solution of gramineX1) (2.5 g, 0.014 moles) in toluene (20 mL) was adtted
solution of carboethoxymethylenetriphenyl phospherd0) (5.0 g ,0.014 moles) in
toluene (50 mL). The reaction mixture was refluxied 12 hrs under nitrogen
atmosphere. The mixture was chilled, the precipitatas filtered off and
consecutively washed with cold toluene and petroleather. It was recrystallized
from ethyl acetate to get the white solid of tripheo-
ethoxycarbonylhomoskatolidene phosphordpé6.37 g, 93% ); m.p. 189-19C.

3.2Preparation of (2)-4-Ethoxy-3-(H-indol-3-ylmethyl)-4-oxobut-2-enoic acid4)

OEt OEt
PPh 4 AN
N 4 GHO _MeOH N COOH
N COOH  Reflux N
H H
12 13 14

A mixture of glyoxylic acid (50% solution in waterj3.19 g, 0.022 moles),
homoskatolidene phosphorane (6.85 g, 0.014 moles) nefluxed in methanol (25
mL) for 10.0 hrs. Methanol was evaporated, andrésdue was dissolved in ethyl
acetate (30 mL). The ethyl acetate layer was ebetlawith sat. sodium carbonate (3
X 30 mL). The sodium carbonate extract was therechacidified using 1:1 HCI
solution to pH- 2-3 and extracted with diethyl etli®@ X 30 mL). The diethyl ether
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layer was dried over anhydrous sodium sulphatesdiheent was evaporated and the
residue obtained was purified by column chromaftolgyaover silica gel using
hexanes:EtOAc (8:2) as an eluent to furnish a wéated (14) (3.13 g, 80%); m.p.
108-111°C.

3.3 Preparation of 1-Acetoxy-9-acetyl-3-ethoxycarboay@zole 15)

COOEt
NaOAc
\\ COOH L S
140 °C, 24 hr
N OCOCH3

COCH3

14 15

The compound4 (2.5 g, 9.15 mmol) was refluxed with sodium acetdt.62 g 20
mmol) in acetianhydride (33 mL) for 24.0 hrs. The acetic anhyaneas removed
under vacuum pump and purification of the remainirgsidue by column
chromatography over silica gel using hexanes:EtQ/AB) as an eluent gave a white
solid (15) (2.0 g, 65% ); m.p. 118-12C.

3.4 Preparation of Ethyl 1-hydroxyrBcarbazole-3-carboxylatd §)

COOEt COOEt

O NaOH, MeOH _ O
O Reflux, 2 hrs -

N'  OCOCH, N~ OH
|

COCH;, H
15 17

A mixture of compound5 (0.64 g1.89 mmol) in methanol (8 mL) was refluxed with
solution of sodium hydroxide (0.15 g, 3.75 mmol)water (7 mL) for 2 hrs. The
reaction mixture was cooled to room temperaturiglifeed with 1:1 HCI solution and
extracted in diethyl ether (3 X 10 mL). The diettather layer was dried over
anhydrous sodium sulphate, and the solvent wasoeatul to dryness. The residue

obtained was purified by column chromatography owvalica gel using
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hexanes:EtOAc (8:2) as an eluent to get a whitel $d¥) (0.47 g, 98%); m.p. 165-
167°C.

3.5 Preparation of Methyl 1-methoxy-9-methy-8arbazole-3-carboxylatd §)

COOE COOH

NaOH
O MeOH O
_—
Reflux, 4 hr O
|\|1 OCOCH4 N OH
COCH;4 H

15 16

K,CO,
DMS
acetone

COOCH,

(L oen,
\

18

A mixture of compound5 (0.5 g, 1.47 mmol) in methanol (6 mL) was refluxeith
solution of sodium hydroxide (0.15 g, 3.75 mmol)water (7 mL) for 4 hrs. The
reaction mixture was cooled to room temperaturiglifeed with 1:1 HCI solution and
extracted in diethyl ether (3 X 10 mL). The diettgther layer was dried over
anhydrous sodium sulphate, and the solvent wasoeatial to dryness. The residue
obtained without further purification was dissolvieddry acetone (6 mL) and to it
K2CGO; (0.2 g, 1.47 mmol) and dimethylsulphate (0319.47 mmol) were added. The
reaction mixture was refluxed for 8.0 h and solweas evaporated to dryness. The
residue obtained was purified by column chromaftolgyaover silica gel using
hexanes:EtOAc (7:3) as an eluent to afford a wdotal (18) (0.22 g, 58%); m.p. 122-
125°C.
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3.6 Preparation of Methyl 1-methoxy4Scarbazole-3-carboxylat®)

COOEt COOH

NaOH
O MeOH O O
— >

N OCOCHS, Reflux, 4 hr

\ N OH
COCHg H
15 B 16 |
MeOH
H+
COOCH,
O N OCH,4
H
6

A mixture of compound5 (0.5 g, 1.47 mmol) in methanol (6 mL) was refluxeith
solution of sodium hydroxide (0.1 3.75 mmol) in water (7 mL) for 4 hrs. The
reaction mixture was cooled to room temperatureifeed with 1:1 HCI solution
and extracted in diethyl ether (3 X 10 mL). Thetliy ether layer was dried over
anhydrous sodium sulphate, and the solvent wasoeatgul to dryness. The residue
obtained without further purification was refluxedth conc. HSQ, (1 mL) in
methanol (10 mL) for 10.0 hrs. The solvent was evated under vacuum, and the
residue obtained was dissolved in ether (10 mL)e €ther layer was dried over
sodium sulphate, ether was evaporated and theusesiitained was purified by
column chromatography over silica gel using hexaB#®Ac (9:1) as an eluent to
get a white solidg) (0.23g, 41%); m.p. 198-20€C.
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CHAPTER 3
SECTION B

An unusual synthesis of indole 2-carboxylates

Introduction

Indoles are known to possess various biologicalpgnties including
antibacterial, cytotoxic, antioxidative and inseittal activities' Some indole
derivatives are used as antibiotics in pharmacaistit The preparation of different
indole compounds and evaluation of their bioacgtivet of great interest. We have
attempted the synthesis of 2-prenyl indole and-Bi(indolyl)methane derivative in
this section which eventually lead to the synthedisthyl indole 2-carboxylates.
These ethyl indole-2-carboxylates are valuabldistamaterials for the synthesis of

various alkaloid$,heterocyclic compoundsind biologically active compounds.

The chemistry of indole is dominated by electraphgubstitution reaction.The
heterocyclic ring of indole is very electron rich tcomparison with its benzene
counterpart, hence, there is a strong preferenceléatrophilic substitution in the 5-
membered ring. Attack on the nitrogen would destr@®yaromaticity of pyrrole ring,
hence the two other positions C-2 and C-3 are th@yalternatives. When considering
the stability of the two generalised catioAsandB, it is realised that the intermediate
B cannot derive further resonance stabilisation euthdisrupting the aromatic ring,
whereasA can derive contribution from the lone pair of ogen Eig. 1). Due to the
higher resonance stabilization of Wheland intermediA the preference for

electrophilic position is at 3-position rather tratr2-position.
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[) An attempt towards the synthesis of 2,3’-bis(indlyl)methane
(BIM):

Introduction
The indole unit forms the basis fogeneral BIM structures. BIMs
are molecules containing two indolyl moieties carted to the same carbon atom

(Fig. 2).
R Ro

indole indole
Fig. 2

Bis(indolyl)methanes and their derivatives are kndaw be important intermediates in
organic synthesis and pharmaceutical chemistry extdbit various physiological
properties. Bis(indolyl)methanes are found in cruciferous pdaand are known to
promote beneficial estrogen metaboliSmnd induce apoptosis in human cancer
cells! Therefore, there is great interest in the synthes$ithese compounds. The
indole ring is more reactive at 3-position, and-¢fi@e the majority of BIMs found in

literature are 3,3'-BIMs.
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A Literature Review

Usually the synthesis of 2,3-BIMs is quite diffitudue to the higher
reactivity of the indole ring at position 3 as dissed before, and controlling this is
not possible. To overcome the lack of nucleophigactivity at position 2 of the

indole ring a completely different mechanism isuieed.
Some of the recent methods for the synthesis 8FBIMs are mentioned below —

Jacksonet al® prepared 2,3-bisindolyl methane derivative fromddline-2,3-dione.

The ring-opening ofsatin undergoing alkaline hydrolysis in DMSO produceé th
amine. Reaction of the amine with 2-chloro-H{ihdol-3-yl)-ethanone followed by
ring closure and ring opening yielded the corresioog methanone. Reduction of this

methanone with LAH produced the 2,3-bisindolyl hreate derivative§cheme ).

o
0 0 H
N0 N O2Na DMSO -
H

2

O

Y
20% ag. NaOH @\_(
Reflux N COzNa

H
o)
| |
N
H

y

N” SO
O
||
N
H

LAH
THF

Scheme |
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Murakami et al? treated indole with PTSA in benzene to afford hiindolyl

methane derivativeScheme ).

| PTSA _ / O
( I ] Benzene g

N NH, *

H HN

Scheme Il

Rossi et al!® have reacted lithium derivative of 3-iodo-1-(phisayphonyl)-1H-
indole with 1-methoxymethylH-indole-3-carbaldehyde to get the corresponding
alcohol which was then oxidised with active manganedioxide to (1-
benzenesulfonyl-3-iodoH-indol-2-yl)(1-methoxymethyl-H-indol-3-yl) methanone
(Scheme IlI).

|
@\—/'( 1. LDA, THF, N,, -60°C
N

PhO,S 2. OHC

MnO,
CH,CI,

Y

Scheme Il
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Harigayaet al'* reacted 3-methylindole witbrtho- or metanitrobenzaldehyde in
presence of Montmorillonite K-10 clay to yield 2,and also 2,2’-bisindolyl methane

derivatives $cheme I\).

NO,

Montmorillonite
| K-10 clay
+ CH.CI >
N OHC 272

H

Scheme IV

Bergmaret al*? have provided three different routes for the sgsit of 2,3"-BIMs as
depicted inScheme V In the first route, Lewis acid-assisted acylatioh the
substituted indoles is used to produce the correfipg ketones, followed by

reduction with LAH to yield corresponding 2,3’-BIM.

In the second approach, position 2 NMprotected indole is lithiated, followed by
reaction with 1-benzenesulfonylindole-3-carboxaldbds to give the alcohol; the

latter in turn was reduced to 2,3’- bisindolyl maatle derivative.
In the third route, the indole derivative was tegatvith LDA in THF followed by

addition of 1-benzenesulfonylindole-3-carboxaldeds/dhe alcohol, obtained was

then reduced with LAH yielding corresponding 2 Bisindolyl methane derivative.
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R, 1. Et,AICl or

Me,AlCI
| CH,CI, _
N

H
LAH, THF
1. BuLi, THF
then CO, R,
2. THF, t-BuLi o
2
7]
N
N H
H
LAH, THF
Ry
N OHC
SO,Ph ) )
/
N
! R =H or SO,Ph
PhO,S

Scheme V

Gianniniet al** have reported the synthesis of 2,3"-bisindolyl Imagie derivative by

treating indole and 5-hydroxy-pentanal in methanbiidrochloric acid$cheme V).

H
N
N CHO oK MeOH HO =

Scheme VI

Gu et all®

condensed indole and aldehyde in presence of @ominacetonitrile at
room temperature to afford 3,3-bisindolyl metharderivative which after

isomerisation gave 2,3’-bisindolyl methane dervatScheme VII).
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Scheme VII
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Present Work
Our aim was to synthesize 2,3'-bisindolyl metharevative having structure
1 which could be tested for its biological activigain we were interested to use

phosphorane chemistry for this purpose.

The methodology envisaged by wWchieme VIl) is based on the literature method
reported to synthesize 2-vinyl indof@sThe steps involved are Wittig reaction

followed by reductive cyclisation.

H
CHO PPhs N CHCl,
—_—
@ + EtOOC Reflux
NO,
2 3
Ph,P (2.0 eq.)
Ph,O, Reflux
COOEt
H
Su@h:
N |
H
1
Scheme VI

The first step in our projected synthesis was \yitgaction ofo-nitrobenzaldehyde

(2) with homoskatolidene phosphorai® (Scheme 1X).
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Scheme IX

The preparation of homoskatolidene phosphor@hes (discussed in section 1 of this
chapter. This homoskatolidene phosphoran8) @was refluxed with o-
nitrobenzaldehyd€?) in chloroform for 2.5 hrs. TLC of the reaction mix¢ showed
the dissappearence of the aldehyde and appearénesvcespot along with triphenyl
phosphine oxide. The crude product was purifiedcbjumn chromatography over

silica gel using hexanes-EtOAc (9:1) as an elueobtain a yellow viscous liquid.

The IR spectrum of the compound exhibited strongpbet 3412 ci which was due
to N-H stretching of indole ring structure. Strohgnd at 1714 cth was due to

carbonyl bond of,B-unsaturated ester moiety.

The'H-NMR spectrum (CDG| 300 MHz,8 ppm) Fig. 1) showed peaks &t1.28 (t,

J =6.9 Hz, 3H) and 4.27 (g,J = 6.9 Hz, 2H) were attributed to the ester group (
OCH,CHs). The peaks observed &t3.83 (s, 2H) was attributed to methylene group
attached to third position of indole ring. Signaléa6.91 (s, 1H) was assigned to
proton on 2-position of indole ring. The remainer@matic protons were observed at
6 7.08 (tJ=6.9 Hz, 1H)$ 7.19 (t,J = 7.2 Hz, 1H)$ 7.34 (d,J = 8.1 Hz, 1H)p 7.42

(t, J= 7.5 Hz, 1H)J 7.44-5 7.56 (m, 3H) and 8.13 (d,J = 7.8 Hz, 1H). The broad
signal até 7.97 (br.s., 1H) was attributed to the proton amogen of indole ring.
While the signal exhibited &t 8.07 (s, 1H) was assigned to the benzylic proidre
downfield shift of this proton indicated it to bas to the —COOEt groupE(

geometry).
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Fig. | : *H-NMR spectrum of Compoundl

3C-NMR spectrum (CDG| 75 MHz, § ppm) €ig. Il) showed peaks &t 14.18
(CHs), 23.52 (CH), 61.19 (OCH), 111.11 (CH), 113.76 (C), 118.62 (CH), 119.23
(CH), 121.76 (CH), 122.07 (CH), 124.82 (CH), 1265, 129.09 (CH), 130.95
(CH), 131.67 (C), 133.34 (C), 133.47 (CH), 136.@Hy], 136.27 (C), 147.68 (C),
167.71 (C=0).
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Fig. Il : *C-NMR spectrum of Compourd

Based on the mode of formation and above specital structurel was assigned to
the product formed. The yield of the product wasiito be 93%.

In the next step compouriwas refluxed with triphenyl phosphine in dipheetther
for 5.0 hrs Scheme X, after which there was seen dissappearence gba@onu4 on
TLC and appearence of a new spot.
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COOEt
Ph,P (2.0 eq.) _ |

Ph,O, Reflux

Z T

\
Iz

Ph,P (2.0 eq.)

Ph,O, Reflux

Scheme X

The crude product was then purified by column clatmgraphy over silica gel using

hexanes-EtOAc (8:2) as an eluent to get a white.sol

The IR spectrum of the compound exhibited strongpbet 3311 ci which was due
to N-H stretching of indole ring moiety. Strong blaat 1693 cnf was due to carbonyl

group of ethyl ester.

The 'H-NMR spectrum (CDG| 300 MHz,s ppm) Fig. Ill ) showed peaks at1.44
(t, J=7.2 Hz, 3H) and 4.44 (q,J = 7.2 Hz, 2H) which was attributed to the ester
group -OCHCHs. The aromatic protons were observed @t18 (t,J = 7.2 Hz, 1H)p
7.26 (s, 1H)p 7.35 (t,J = 7.5 Hz, 1H)5 7.45 (d,J = 8.4 Hz, 1H) and 7.72 (d,= 7.8
Hz, 1H). The peak observed &t8.92 (br.s., 1H) was attributed to the proton on

nitrogen of indole structure.
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Fig. Il : *H-NMR spectrum of Compoursl

Looking at the above spectral data, it is confirnieat we could not synthesize the
expected 3,3-BIM molecule, but the product whiatually we got in our hand was
ethyl indole-2-carboxylate5}. It was further confirmed by its similarity witfit.[

m.p. 110-112C, found 109-112C. The yield of the product was found to be 35%.

<=

COOEt

A probable mechanism is postulated for this unusaahation of ethyl indole-2-
carboxylate is depicted iBcheme Xl.However, we did not isolated 3-methyl indole

probably due to its oligomerisation under the reactonditions.
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Scheme Xl
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Conclusion

An unsuccessful attempt has been made to synthesgd3IM molecule,
actually leading to the synthesis of ethyl indoleaBboxylates. A probable

mechanism for its formation is also postulated.
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Experimental

3.7 Preparation of Compounrtd

H

CHO N
PPhg ] CHCI
+ il
NO, Et00C Reflux

2 3

A solution of o-nitrobenzaldehyde?2j (0.302 g, 2 mmol) and homoskatolidene
phosphorane3) (0.954 g, 2 mmol) in chloroform (15 mL) was refbd for 2.5 hrs.
The TLC of reaction mixture showed appearence oew spot. The solvent was
removed under reduced pressure to give a residatewhs purified by column
chromatography over silica gel using hexanes:EtQ¥At) as an eluent to furnish a
yellow viscous liquid4) (0.651 g, 93%).

3.8 Preparation of Ethyl indole-3-carboxylats) (

COOEt

Ph,P (2.5 eq.) @j\
Ph,O, Reflux N
H

A mixture of compound! (0.350 g, 1 mmol) and triphenyl phosphine (0.522.9
mmol) in diphenyl ether (10 mL) was heated undé@uxefor 5.0 hrs. The progress of
the reaction was monitored by TLC. Diphenyl etheaswemoved under reduced
pressure and the residue obtained was purifiecolwrm chromatography over silica
gel using hexanes:EtOAc (8:2) as an eluent to god&l ethyl indole-2-carboxylate
(5) (0.066 g, 35%), m.p. 109-12C.
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[I) An attempt towards the synthesis of 2-prenyl imole:

Introduction

Prenylated indole alkaloids are hybrid natural picid containing
indole/indoline and isoprenoid moieties or struetuderived thereof. They are widely
distributed in terrestrial and marine organismfeeglly in the gener&enicillium
and Aspergillus of ascomycota, and display broad structure ditsersihese
compounds often carry biological and pharmacoldgicdvities distinct from their

non-prenylated aromatic precursors.
In the structures of prenylated indole alkaloidth& prenyl moieties can be connected

via its C-1 or C-3 to an aromatic nucleus which r@ferred to as regular or reverse

prenyl moieties respectivel¥ig. 1).

Indole/Indoline Regular prenyl moiety Reverse prenyl moiety

Fig. 1

These are some of the prenylated indole alkalo&lsniy y,y-dimethyl allyl anda,o-
dimethyl allyl system attached to C-2 of indolegfifFig. 2).
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Fig. 2

In order to lay groundwork for the synthesis ofsthecomplex prenylated indole

alkaloids, an attempt was made to synthesise-brenyl indole nucleus.
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A Literature Review

Usually the regiospecific metallation df-protected indoles is exploited for
the synthesis of 2-substituted indoles. Nitrogestguted 2-lithioindoles have been
widely used in synthesis since the pioneering wafrlSundberg and Russelyith
phenylsulfonyl protecting grodpFromN-protected indoles, deprotonation (lithiation)
can be effected at C-2, which can result in vari@® substituted indoles that

subsequently act as precursors in the synthe&i®loigical active compounds.

Thus, 1-(phenylsulfonyl)indoldas prepared from indole witm-butyllithium and
benzenesulfonyl chloride. This is then lithiatedCaR with lithium diisopropylamide
(LDA), and the resulting 2-lithiospecies treatedhararious electrophiles to afford C-
2 substituted indolégScheme ).

@j n-BuLi, PhSO,CI @:j i) LDA, THF, -78°C @j\
N N ii) E* N"E

H | |
SO,Ph SO,Ph

Scheme |

Swindellet al® metalatedN-(benzene-sulfonyl) indole with lithium diisopropyhide.
The resultanto-lithio compound was treated with prenyl bromide get the a-
prenylated derivative which was then reduced wabism amalgam to liberate-
prenyl indole Scheme I1)
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/\)\ LDA, THF, -78 °C
+ Br - >

Na(Hg), Na,HPO,, MeOH

Scheme Il

Stanovniket al? modified the procedure of Swindedt al®, wherein instead of
benzene sulfonyl protecting group, they used tpsgtecting group. The protecting
group was knocked off by magnesium powder in meaihander ultrasonic condition
(Scheme IlI).

_— LDA, THF, -78 °C
@U + Br/\)\ ”
N

|
O0=S—0

Mg powder, MeOH
Ultrasound, R.T.

S

treated the solution of 3-chloroindolenine in darbimethane

Scheme Il

Danishefskyet all°

with stannane in presence of 2 equiv. of B&l-78C to get thex-prenylated indole

derivative(Scheme 1\j.
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=
N +

Stanovniket al:

Cl

H coome

=
n—Bu3Sn/\/k

11
|

BCl, (2 eq.), DCM
—_—
-78°C

Scheme IV

|

H coome

NPhth

preparedu-isoprenylindole using 9-BBN. They converted 9-BBN

first to 9-(3-methylbut-2-enyl)-9-borabicyclo[3.3nbnane using 3-methylbuta-1,2-
diene in THF at room temperature. This was thentegbwith 3-chloroindole in THF

in presence of triethyl amine at room temperat8ehéme V)

Cl
BH B N
3-Methylbuta-1,.2-diene H
THF, RT. ELN, THF, RT.
| < “hHa H,B
N X 7\
H 23
Cl
Scheme V
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|12

Prabhakaret al.“ started theie synthesis froNf-acetyltryptamine. They converted

first it to aN*prenylNP-acetyl tryptamine derivative with prenyl bromidepresence
of NaH in DMF. Further, th&®prenylated derivative was treated with 80 at —
4°C for 18 hrs. to yield 2-prenylated tryptamine mus Gcheme V).

COOMe

[ L—/[ NPhth /\)\
| L g NP NaH/DMF @\_—/,(_<NPhth

BF,.Et,0, - 4 °C, 18 hr

COOMe

, NPhth

Scheme VI
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Present Work

Most of the reported methods for the synthesig-pfenyl indole make use of
preformed indoles, however we have attempted théhegis which need not require
preformed indoles. Our intention was to prepanerenyl indole derivative having
structurel which could be further converted to bioactive ptated indole alkaloids

having complex structural framework.

COOEt

The methodology envisaged by ucheme VI is based on the literature method
reported to synthesise 2-vinyl indof&sherein the steps involved are Wittig reaction

and reductive cyclisation.

O COOEt
< + Reflux < —

(0] NO, 2
2 3 4
Ph,P (2.0 eq.)
Ph,0, Reflux
0 COOEt
{ |
o] N X
H
1

Scheme VII

The Wittig reaction of 3,4-methylenedioxy benzalgldd @) with prenyl phosphorane
(3) was performed in refluxing chloroform for 3.0 hosget then,f-unsaturated ester
4 (Scheme VIII). This a,p-unsaturated estef is synthesised and characterised in
Chapter 2.
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0 CHO PPh, cHCl O X COOE
4 + e
NO, 2
2 3 4

Scheme VIII

As per planned methodology compouhdas then refluxed with triphenyl phosphine
in diphenyl ether for 4.0 hrs, after which theresveaen dissappearence of compound
4 on TLC and appearence of new sggati{eme 1X)

. 0 COOEt
< X OOt php (20eq) X < |
o A
o NO, 7 Ph,O, Reflux O H
4 1

Ph,P (2.0 eq.)
Ph,O, Reflux

0
(T ]
O N™ “COOEt
H
5
Scheme IX

The crude product was then purified by column cratmgraphy over silica gel using
hexanes-EtOAc (8:2) as an eluent to get the whiid.s

The IR spectrum of the compound exhibited strongpbet 3307 ci which was due
to N-H stretching of indole ring moiety. Strong biaat 1687 cnf was due to carbonyl

group of ethyl ester.

The'H-NMR spectrum (CDG| 300 MHz,5 ppm) Fig. 1) showed peaks at1.41 (t,
J=7.2 Hz, 3H) and 4.39 (gq,J = 7.2 Hz, 2H) which was attributed to the esteugr
-OCH,CHjs. The signal due to methylene proton was observedsa09 (s, 2H). The
aromatic protons were observedsad.84 (s, 1H)p 7.01 (s, 1H) and 7.12 (s, 1H).
The peak observed at8.79 (br.s., 1H) was attributed to the proton @nogen of

indole ring structure.
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Fig. | : *H-NMR spectrum of Compourfl

Looking at the above spectral data, we can say Weatfailed to synthesize the
expected a-prenyl indole nucleus, but the product formed wathyl-5,6-
methylenedioxyindole-2-carboxylat®)( It was further confirmed by its similarity
with lit.** m.p. 175-178C, found 174-176C. The yield of the product was found to
be 32%.

A probable mechanism is postulated for this unusiaamation of ethyl-5,6-

methylenedioxyindole-2-carboxylatB) (is depicted irScheme X.
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Scheme X
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Experimental
3.9Preparation of Compourtd
o) CHO PPh, CHCI o X COOEt
{ + e~

EtOOC X Reflux o NO,N

(6] NO, 2
2 3 4

Please refer Chapter 2, Expt. No. 2.3.
3.10 Preparation of Ethyl-5,6-methylenedioxyindole-2bmatylate b)

O
<O Xy COOE PhP (20eq) < @j\

2 H
4 5

A mixture of compound} (0.333 g, 1 mmol) and triphenyl phosphine (0.522.9
mmol) in diphenyl ether (10 mL) was heated und#éuxefor 4.0 hrs. The progress of
the reaction was monitored by TLC. Diphenyl ethaaswemoved under reduced
pressure and the residue obtained was purifiecolwr chromatography over silica
gel using hexanes:EtOAc (8:2) as an eluent to gikgl-5,6-methylenedioxyindole-2-
carboxylate %) (0.075 g, 32%), m.p. 174-176.
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Conclusion

An attempt has been made to synthesigerenyl indole nucleus, which

actually lead to the synthesis of ethyl-5,6-methglioxyindole-2-carboxylate.
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CHAPTER 4

Graphite catalyzed conjugate addition of indole and

2-methyl indole to electron deficient olefins

Introduction

Indole and many of its derivatives are present anynsubstances commonly
found in naturé, as well as in many compounds that show pharmaamsbgind
biological activities> Because of this, indoles and their derivatives ehaveat
importance in synthetic organic chemistry. The 8#on of indole is the preferred
site for the electrophillic substitution reactios discussed in chapter 3, section B.
The resultant products 3-alkyl or acyl indoles asrsatile intermediates for the

synthesis of a wide range of indole derivatives.

In recent years, catalytic Michael-type additiorfsimoles to nitro olefins have
emerged as a powerful method for the formation @ivniC-C bonds in organic
synthesis. Nitro olefins are very attractive Michaeceptors because the nitro group
is the strongest electron-withdrawing group knbvamd can serve as a masked
functionality. This synthetic chameleoncan be transformed in to different
functionalities after the Michael addition has takplace> Hence, 2-indolyl-1-
nitroalkanes are the highly versatile intermedfaties the preparation of several
classes of biologically active compounds such &atonin analogue’s,1,2,3,4-
tetrahydroB-carbolines (THBCS$)and triptan$(Fig. ).
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NO,

Ry
NHCOR,

D

/N

R H

Melatonin analogues

Ry
NH,
(D
SN
R H

Triptans

Fig. 1
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A Literature Review

Some literature pertaining to the conjugate addlitdindole to nitrostyrenes
is reviewed below §cheme | and Table 1). However, many of these reported
procedures involve strongly acidic conditions, exgee reagents and laborious
isolation of the target products. Furthermore, amadhlyzed conjugate addition of
indoles requires careful control of the acidity geevent side reactions, such as

dimerization or polymerisation.

Ar
O,N X N\ "oz
©jl\> * \:\Ar i N
H H
Scheme |
Table 1
Sr. No. X Reference
1 Yb(OTf); (2.5 mol%), CHCN 10
2 INCl;, CH,Cl, r.t. 11
3 InBr3 (5 mol%), THF/HO 12
4 Sc(OTf} (5 mol%), 1-Dodecyloxy-4-heptadecafluorooctyl 13
benzene (4g/L), C50°C, 15 MPa
5 Bis-arylureas or bis-arylthiourease, r.t., toluensaventless 14
6 10 mol% Smy, CH;CN, Reflux 15
7 Chiralbis-sulfonamide (2 mol%), CHgI 16
8 10 mol% Smy, M.W., silica gel support 17
9 Chiral [Salen AICI] complex, pyridine, DCM 18
10 [AI(DS);].3H.0, water, r.t. 19
11 CeC}.7H,0O, Nal, SiQ, r.t. 20,21
12 L, ether, r.t. 22
13 Thiourea-based organocatalyst (20 mol%), @l -24°C 23
14 M.W., 800 W, Silica gel 24,25
15 HsPW12040, Water, r.t. 26
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Sr. No. X Reference

16 10 mol% Zn(OTH, 12 mol% §)-Ph-bisoxazoline, Toluene, 27
0°C

17 Basic A}Os, 60°C 28

18 10 mol% sulfamic acid, 61C 29

19 Carbohydrate-Based Tolylsulfonyl Hydrazine (161%6), 30
water, r.t.

20 Silica sulfuric acid, EDC, r.t. 31

21 Water, 106C 32

22 Tetrabutylammonium hydrogen sulphate (TBAHS) (50 33
mol%), water

23 NBS (10 mol %), CkCl, 40°C 34

24 MW, Water 35
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Present work

Although the Michael addition of nucleophilic inéslto nitroalkenes has been
well studied, the area is far from fully exploréthvironmental concerns in research
and industry are increasing with the increasingsguee to reduce the amount of
pollutants produced, including organic solvents séhoecovery is mandated by ever
more strict laws. Hence the challenge for a suatdéenvironment calls for the use

of clean procedures to avoid the use of harmfudeats and solvents.

In recent years graphite has found its use in ocgaansformations. It is found to be
an effective catalyst for Friedel-Craft alkylati8& acylatior?’ reactions, Diels Alder
reaction® and conversion of aldehydes into nitrifesit is also reported for
hydrogenation of olefins using potassium graphitercalated’ Taking into
consideration its ability to act as a catalyst (leacid), we thought to exploit it for
the above Michael-type additions of indoles to etetdeficient olefins.

To start with we first mixed indole and nitrostyeefl:1 mole) in ethanol as a solvent.
Checking (TLC) that no reaction takes place byistirthe reaction mixture we added
100 mg of graphite (flakes, Aldrich chemicals) arwhtinued stirring the reaction
mixture further. However after prolonged stirringe veould not notice (TLC) any
product formation. Next, we tried the reaction otheolvents like dioxane,
dichloromethane, chloroform, toluene, THF and methaln none of these cases we
could observe (TLC) any product formation. Furtheg attempted the reaction in
water (universal solvent) where we found that reactdoes take place (TLC).
However, reaction could not go to completion agtiea mass was sticking to the
stirring needle as reactants and product are iboin the medium. The observation
of formation of product suggested that indeed gtapis acting as a catalyst. To
further confirm this observation one reaction intevavithout graphite was repeated
where after prolonged stirring we could observedramount product formation. This
suggested that for the reaction to take place wateessential and graphite is
accelerating the reaction. So, we tried differehbination in different ratio of water
miscible solvents (THF-water, dioxane-water, mettavater and ethanol-water).
The ideal solvent water combination ratio was foundbe 1:1 where the reaction

mixture remained homogenous and the reaction cgaltb completion (TLC, after
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consumption of nitrostyrene) in a shorter time. @k solvent combination
considering the toxicity and the price we choseuetifitwater combination for further
study. Next, the effect of catalyst loading wasoahvestigated. For 0.67 mmol of
indole and 0.56 mmol of nitrostyrene, when 25 mgmaiphite was used reaction took
15.0 hrs for completion. But when graphite quamitys increased te 50 mg, the

reaction got completed in 12.0 hrs.

In a typical experiment, indole/2-methyl indole §6. mmol) was stirred with
nitrostyrene (0.67 mmol) in presence of graphit®%0g) at room temperature in
water:EtOH (1:1) (6 mL) mixture till completion diie reaction (monitored by TLC
for consumption of nitrostyrene)S¢heme 1l & I1ll). Using this methodology
indole/2-methyl indole Xa-b) and various substituted nitrostyrenes/acetylene
dicarboxylate Za-g) were reacted smoothly to afford the correspondirajkylated
product Ba-n). The structure of these products was confirmeidhR, *H-NMR and
13C-NMR spectra. The results are summarize@iable 2 Overall it is observed that
the 2-methyl indole reacts faster and gives contpaty better yield than the parent

indole.

Ar
NO,
Ar Graphite ‘ N\
©f\>’R + =\ Water:EtOH (1:1) N R
N NO, T
H H
la-b 2a-f 3a-l
R =H, CHl
Scheme I
MeOOC COOMe
COOMe —
©f\>,R + |‘| Graphite g
—_—
N Water:EtOH (1:1) N
H COOMe RT H
la-b 29 3m-n
R=H,CH
Scheme I
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Table 2

Entry Nucleophilel) Electrophile 2) Product3) Time Yield (%)
O,N NO,
o 5 o
N N
a H H 7.0hrs  41%

H4CO

[
- NO,
oD cr
N N
H OCH;, H

b 12.0 hrs 42%
o
O,N NO,
soliin o«
N cl N
C H H 10.0hrs 37%
cl
)
— N02
Coy s
N N
d H cl H 9.0 hrs 62%
™
O,N NO,
solin A >s
N O,N N
e H H 8.0 hrs 40%
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0
NO
N O,N \ 2
D " o
N | | N
f H H 12.0hrs  38%
O,N NO,
SoSiin (O oo
N N
g H H 8.0 hrs 65%
H,CO
O,N
- N02
Coy- CL
N N
h H OCH3; H 40 mins. 54%
"
O,N NO,
- oy G
N Cl N .
| H H 50 min.  59%
Cl
O,N E
— NO,
Coy- CL
N N
j H Cl H 35min.  46%
O,N NO,
Ty O
N O,N N .
k H H 30 min. 42.5%



\

(@]
—
ON NO,
2
0o \
N | | N
H H 30 min. 35%
COOMe
o I )
N N
m H COOMe H 35 min.
51.5%
MeOOC COOMe
COOMe
Co- | )
N N
n H COOMe H 30 min.
90%

The vyield of the product is based on nitrostyremeisamed. The most of the
nitrostyrene probably gets polymerized (a spotathiase of TLC noticed which we
were never able to get in a pure form from columi)e unreacted indole was
recovered in all experiments. Based on recoverddlénthe yields are always above
80%. Nitrostyrene in absence of indole do not géyrperised under the experimental
conditions. This suggest that indole first addsitmstyrene and then the inertmediate
goes on adding in a conjugate manner leading tgnpadization. We have also
recycled the graphite for five cycles. However, b yields of the product makes
our route unattractivevis-a-vis other literature methods though the method is
attractive in terms of green chemistry principlesrther studies are required to know
the exact fate of nitrostyrene and to make theeratiractive. We also tried addition
reaction of indole with other electron deficientrebhiles like methyl vinyl ketone,
chalcone, cinnamaldehyde, coumarin, methyl cinnamaicrylonitrile, phenyl
propynoic acid, methyl®)-3-(2-nitrophenyl)acrylate, &-3-(4-methoxyphenyl)

acrylic acid and diethyl fumarate without any sissce
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Spectral Data

Compounda

NO,
O ; I
N
H
Colourless viscous liquid.

IR (KBr): 3427, 1556, 1379 cih

'H-NMR (300 MHz, CDCY): & = 4.97 (dd,J = 8.1 & 12.3 Hz, 1H), 5.10 (dd,= 7.8
& 12.3 Hz, 1H), 5.22 (dd] = 7.8 & 8.1 Hz, 1H), 7.07-7.48 (m, 10H), 8.12 (riH).

¥C-NMR (75 MHz, CDC)): & = 41.57, 79.54, 111.37, 114.49, 118.93, 119.97,
121.61, 122.70, 126.13, 127.55, 127.76, 128.05,562828.91, 136.53, 139.23.

Compound3b

NO,
N
H

White solid; mp 148-156C.
IR (KBr): 3379, 1546, 1377 ch
'H-NMR (300 MHz, CDC}): 5 = 3.80 (s, 3H), 4.92 (dd,= 7.5 & 12.0 Hz, 1H), 5.07

(dd,J=7.5&12.0 Hz, 1H), 5.16 (dd,= 7.5 & 8.4 Hz, 1H), 6.86-7.47 (m, 9H), 8.11
(br.s., 1H).
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13C-NMR (75 MHz, CDC}): & = 40.45, 55.41, 79.83, 111.92, 114.24, 118.87,0419
121.74,122.52, 126.42, 129.30, 133.02, 136.10,6438.58.56.
Compound3c

NO,

O \
Cl

N

H

Pale pink solid; mp 104-10€.
IR (KBr): 3412, 1541, 1379 cih

'H-NMR (300 MHz, CDCY): § = 4.98-5.08 (m, 2H), 5.77 (dd,= 7.5 Hz, 1H), 7.08-
7.25 (m, 7H), 7.39 (d] = 8.1 Hz, 1H), 7.46 (d] = 8.1 Hz, 1H), 8.15 (br.s., 1H).

¥C-NMR (100 MHz, CDGJ): 6 = 37.97, 77.70, 111.36, 113.28, 118.92, 120.03,
121.94, 122.78, 126.18, 127.26, 128.82, 128.96,1430.33.85, 136.48.

Compound3d

NO,
O \
Cl
N
H

Pale pink solid; mp 102-10¢€.
IR (KBr): 3408, 1543, 1381 cih
'H-NMR (300 MHz, CDCY) (Fig. 1) : 6 = 4.93 (dd,J = 8.4 & 12.45 Hz, 1H), 5.08

(dd,J = 7.5 & 12.45 Hz, 1H), 5.2 (i = 7.8 Hz, 1H), 7.05 (d] = 2.1 Hz, 1H), 7.15 (t,
J=7.8 Hz, 1H), 7.20-7.30 (m, 5H), 7.41Jt= 7.5 Hz, 2H), 8.14 (br.s., 1H).
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Fig. | : "H-NMR spectrum of Compoungd

3C-NMR (100 MHz, CDGJ) (Fig. Il) : & = 40.94, 79.26, 111.46, 113.93, 118.77,
120.08, 121.50, 122.85, 125.88, 129.08, 129.11.403336.49, 137.73.
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Fig. Il : *C-NMR spectrum of Compourgt

Compounde

NO,
O > e
N
H
Pale pink solid; mp 115-11°C.

IR (KBr): 3419, 1556, 1373 cih

'H-NMR (300 MHz, CDCY): § = 5.06-5.20 (m, 2H), 5.90 (dd= 6.6 & 7.8 Hz, 1H),
7.07 (t,J = 7.5 Hz, 1H), 7.18-7.55 (m, 7H), 7.93 (= 7.5 Hz, 1H), 8.19 (br.s., 1H).

13C-NMR (100 MHz, CDGJ): & = 36.42, 78.12, 111.46, 112.74, 118.62, 120.21,
122.04, 122.93, 125.05, 125.86, 128.57, 129.91,173333.72, 136.44, 149.61.
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Compound3f

Yield: 85%; white solid; mp 96-9&C.

IR (KBr): 3417, 1556, 1377 cih

IH-NMR (300 MHz, CDC): § = 4.94 (dd,J = 7.5 & 12.3 Hz, 1H), 5.08 (dd,= 8.1
& 12.6 Hz, 1H), 5.28 (t) = 7.5 Hz, 1H), 6.19 (d] = 3.0 Hz, 1H), 6.33 (m, 1H), 7.13-

7.41 (m, 5H), 7.58 (d] = 7.8 Hz, 1H), 8.23 (br.s., 1H).

¥C-NMR (100 MHz, CDGJ): 6 = 35.75, 77.91, 107.41, 110.49, 111.53, 111.79,
118.75, 120.14, 122.71, 125.76, 136.37, 142.28,2452

Compound3g

NO ,
Sl
N
H

Pale yellow solid; mp 90-9%C.
IR (KBr): 3396, 1546, 1377 ¢
'H-NMR (400 MHz, CDC}) (Fig. Il ) : & = 2.39 (s, 3H), 5.10 (dd,= 6.8 & 10.0 Hz,

1H), 5.17-5.25 (m, 2H), 7.02 (d,= 1.2 & 7.6 Hz, 1H), 7.10 (df] = 1.2 & 8.0 Hz,
1H), 7.22-7.32 (m, 6H), 7.36 (dd= 7.6 & 7.2 Hz, 1H), 7.86 (br.s., 1H).
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Fig. Il : *H-NMR spectrum of Compourigy

3C-NMR (100 MHz, CDGJ) (Fig. IV) : & = 12.03, 40.43, 78.61, 108.95, 110.65,
118.60, 119.76, 121.36, 126.88, 127.06, 127.29,762432.78, 135.41, 139.50.
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Fig. IV : *C-NMR spectrum of Compourgy

Compound3h

NO,

OS5l
N
H

Pale pink solid; mp 114-11€.
IR (KBr): 3425, 1544, 1382 cih

'H-NMR (400 MHz, CDC}): § = 2.37 (s, 3H), 3.75 (s, 3H), 5.07 (dis= 6.8 & 8.8
Hz, 1H), 5.13 (dd, = 6.4 Hz, 1H), 5.18 (dd]) = 5.6 & 8.8 Hz, 1H), 6.80-7.37 (m,
8H), 7.86 (br.s., 1H).

¥C-NMR (100 MHz, CDGJ): & = 11.97, 39.75, 55.20, 78.83, 109.04, 110.63,07,4.
118.60, 119.67, 121.26, 126.81, 128.32, 131.45,663435.36, 158.46, 176.47.
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Compound3i

NO ,
Cl
O \ CH3
N
H

Pale yellow solid; mp 147-14€.
IR (KBr): 3375, 1544, 1377 cih

'H-NMR (400 MHz, CDCY): & = 2.40 (s, 3H), 5.13 (d} = 2.4 Hz, 1H), 5.15 (s, 1H),
5.48-5.52 (m, 1H), 7.04 (df,= 1.2 & 8.0 Hz, 1H), 7.10 (dt] = 1.2 & 8.0 Hz, 1H),
7.16-7.26 (m, 3H), 7.37 (dd,= 1.6 & 7.2 Hz, 1H), 7.49 (d = 8.0 Hz, 1H), 7.53 (dd,
J=2.0&7.2 Hz, 1H), 7.87 (br.s., 1H).

¥C-NMR (100 MHz, CDGJ): & = 12.23, 38.40, 77.13, 106.95, 110.73, 110.78,
118.45, 119.81, 121.26, 127.02, 127.05, 128.60,3P30133.57, 133.99, 135.37,

136.60.

Compound3j

-0
N
H

Pale yellow solid; mp 152-15¢€.
IR (KBr): 3415, 1543, 1386 cih

'H-NMR (400 MHz, CDC}): & = 2.38 (s, 3H), 5.06 (dd,= 7.2 & 10.4 Hz, 1H), 5.14
(d,J=6.8 & 7.2 Hz, 1H), 5.19 (dd] = 6.8 & 10.4 Hz, 1H), 7.03 (df= 1.2 & 7.6

Hz, 1H), 7.11 (dt) = 1.2 & 7.6 Hz, 1H), 7.22-7.28 (m, 5H), 7.31 {d5 8.0 Hz, 1H),

7.91 (br.s., 1H).
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¥C-NMR (100 MHz, CDGJ): & = 11.99, 39.88, 78.39, 108.45, 110.77, 118.38,
119.89, 121.51, 126.62, 128.66, 128.89, 132.84,92341.35.40, 138.03.

Compound3k

Yellow solid; mp 162-165C.
IR (KBr): 3387, 1550, 1369 c(C=0).

'H-NMR (400 MHz, CDCJ): § = 2.38 (s, 3H), 5.10 (g} = 8.8 Hz, 1H), 5.23 (] =
7.2 Hz, 1H), 5.92 (t) = 8.4 Hz, 1H), 6.99-7.79 (m, 8H), 7.90 (br.s., 1H).

¥C-NMR (100 MHz, CDGJ): 6 = 11.91, 36.13, 106.87, 110.85, 117.88, 120.04,
121.49, 125.31, 126.73, 128.28, 128.47, 132.72,913334.04, 135.36, 149.71.

Compound3l

White solid; mp 82-84C.
IR (KBr): 3396, 1546, 1381 ch

'H-NMR (400 MHz, CDCJ): 5 = 2.39 (s, 3H), 4.89-4.96 (m, 1H), 5.16-5.22 (iH),2
6.07-7.37 (m, 7H), 7.88 (br.s., 1H).
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3C-NMR (100 MHz, CDGJ): 6 = 11.79, 35.27, 106.55, 107.24, 110.45, 110.64,
118.55, 119.75, 121.47, 126.60, 133.10, 135.38,974152.28.

Compound3m

OMe

Yellow solid; mp 86-88C.

IR (KBr): 3388, 1732, 1714 cih

'H-NMR (300 MHz, CDC}) (Fig. V) : § = 3.64 (s, 3H), 3.86 (s, 3H), 6.95 (s, 1H),
7.12-7.23 (m, 2H), 7.35 (d,= 8.1 Hz, 2H), 7.56 (d] = 2.7 Hz, 1H), 8.50 (br.s., 1H).

85 BO 75 7O 65 60 55 50 45 40 35 30 25 20 15 10 05 ppm

Fig. V : *H-NMR spectrum of Compourm

200



3C-NMR (100 MHz, CDGJ) (Fig. VI) : & = 51.83, 52.79, 108.82, 111.61, 119.39,
120.44, 122.27, 124.71, 126.32, 127.56, 135.63,773166.48, 167.97.

an

e . cil kol -

Fig. VI : *C-NMR spectrum of Compourm

HRMS (Fig. VII) : m/zfound 282.0744. Calcd fori@:aNO,, (M+Na)" 282.0742.
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3(0.077) AM (Cen,2, 99.00, Ar,5434.0,556.28,0.15,L8 10); Sm (Mn, 4x8.00); Sb {4,45.00 }; Sb (4,45.00 ); Sb (4,45.00 }; Sb (4,45
100 282.0744 3.31e4

Calcd Mass = 282.0742(M+Na)

[
E -
P
01>
e
il
424.1025
2000722
314.0980
(1 ISR N ST I S WY N S ds - - m/z
100 200 300 400 500 600 700 800 900 1000

Fig. VIl : HRMS spectrum of Compour8im

Compound3n

OMe

Yellow solid; mp 116-118C.

IR (KBr): 3371, 1720 cnl.

'H-NMR (400 MHz, CDC}) (Fig. VIl ) : & = 2.12 (s, 3H), 3.61 (s, 3H), 3.78 (s, 3H),
7.02-7.25 (m, 5H), 8.24 (br.s., 1H).
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Fig. VIII : *H-NMR spectrum of Compoun@h

3C-NMR (100 MHz, CDGJ) (Fig. IX) : & = 12.73, 51.80, 52.76, 106.60, 110.65,
118.54, 120.03, 121.38, 127.36, 127.79, 135.10,5r33.38.53, 165.86, 167.86.
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Fig. IX : *C-NMR spectrum of Compourgh
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Conclusion

We have developed a graphite catalysed green mathgdfor the conjugate
addition of indole and 2-methyl indole to nitrosiges in Water:EtOH (1:1) solvent at

room temperature
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Experimental

4.1 General procedure for the preparation of Nitrostgse@a-f)

Ar HsC NaOH . Ar
\—0 + \N02 - \%\

NO,

2a-f

A mixture of aldehyde (0.014 moles), nitrometha@®14 moles) and methanol (3
mL) was cooled to -16C. To this cold NaOH solution (20%, 2 mL) was added
dropwise with vigorous stirring maintaining the tgenature at 10-18C. After 15
mins., a bulky white/pale yellow precipitate wassetved. Temperature of the
reaction mixture was decreased to°® with ice cold water. It was then slowly
poured in 4N HCI (7 mL). The resulting precipitatas filtered, washed with ice cold

water, dried and the product obtained was weighed.

4.2 General procedure for the addition of indoles ax&bn deficient olefins3a-n)

Ar
NO,
\ Ar Graphite : \
R+ =\, ~WaterEtOH (1) R
N 2 RT N
H H
R Ar R Ar
H phenyl Me phenyl
H p-methoxyphenyl Me p-methoxyphenyl
H o-nitrophenyl Me o-nitrophenyl
H o-chlorophenyl Me o-chlorophenyl
H p-chlorophenyl Me p-chlorophenyl
H 2-furyl Me 2-furyl
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COOMe

MeOOC_
COOMe
A\ R + ‘ ‘ Graphite N\
N Water:EtOH (1:1) R
N
H COOMe Rt H

R =H, CH,

A mixture of indole/2-methyl indole1@-b) (0.67 mmol) (in case of acetylene
dicarboxylate 0.56 mmol indole/2-methyl indole wasised) and -
nitrostyrene/acetylene dicarboxylaafg) (0.56 mmol) was dissolved in water:EtOH
(1:1) (6 mL). To this 0.05 g graphite flakes wedsled and the reaction mixture was
stirred at room temperature. The progress of tlaeti@en was monitored by TLC.
After completion of the reaction, water (5 mL) wadded. It was then filtered and
extracted with diethyl ether (3 X 5 mL). The condainorganic layer was dried over
anhydrous sodium sulpate and concentrated to oltkeincrude product. Further
purification was achieved using column chromatolyditash chromatography using
ethyl acetate and petroleum ether as an eluent% yeeld of the products obtained

was found to be in between 35-90%.
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