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ABSTRACT

Synthetic organic chemistry continues to plays a key role in several exciting and useful
discoveries in chemistry, biology and medicine. Construction of C-C bonds is one of the
most fundamental reactions in organic synthesis. Although the present day synthetic
organic chemistry is well equipped to deal with most of the aspects of organic synthesis
once considered to be difficult, the ever changing requirements in drug discovery and
biomedical applications demand the continuous evolution of novel and sophisticated
synthetic tools involving most important concepts like atom economy, selectivity (chemo-,
regio- and stereo-) and organo-catalytic processes. Baylis-Hillman reaction, one such novel
emerging C-C bond forming reaction possessing most of these requirements (atom
economy, selectivity and organo-catalytic process), provides a unique class of

multifunctional molecules having enormous synthetic potential.

This thesis deals with the studies towards development of novel methodologies for
synthesis of heterocycles and stercoselective transformations using the Baylis-Hillman
adducts and consists of three chapters, that is, 1. Introduction 2. Objectives, Results &
Discussion and 3. Experimental. The first chapter, i.e., Introduction presents a brief
literature survey on the recent developments in the Baylis—Hillman reaction and also on

applications of the Baylis-Hillman adducts in the organic synthesis.
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The second chapter deals with the objectives, results and discussion. With a view to

expand the scope of the Baylis-Hillman adducts as valuable source for various organic

transformations and also for synthesis of heterocyclic molecules, we have undertaken

major research program with the following objectives.

1)

2)

3)

4)

5)

To develop a novel and facile methodology for the synthesis of functionalized [4.4.3]
and [4.4.4]propellano-bislactones using acetates of the Baylis-Hillman adducts.

To develop a facile methodology for one-pot conversion of the acetates of Baylis-
Hillman adducts into substituted fused pyrimidones in aqueous medium.

To develop a novel methodology for tandem construction of C-N and C-C bonds
leading to facile one-pot transformation of the Baylis-Hillman adducts into 2-
benzazepines.

To understand the influence of substituents on the stereochemical outcome in the
Johnson-Claisen rearrangement of Baylis-Hillman adducts.

To develop a novel one-pot multi-reaction strategy for facile transformation of the
Baylis-Hillman adducts into substituted (1H)-quinolin-2-ones and substituted

quinolines.

A novel and facile synthesis of functionalized [4.4.3] and [4.4.4]propellano-bislactones

using acetates of the Baylis-Hillman adducts

Carbocyclic and heterocyclic propellanes occupy a special place in synthetic organic

chemistry because of their aesthetically appealing structural architecture and enormous



X
synthetic potential due to their high strain energy. Also, several natural products and
biologically active molecules were found to possess this fascinating structural feature.
Similarly, polycyclic polylactone framework is an important structural feature present in

various biologically active natural products. Also, polylactone framework with a-exo

alkene functionality is present in many biologically active molecules.

We have successfully developed a novel synthetic methodology for convenient
transformation of the Baylis-Hillman adducts into functionalized [4.4.3] and
[4.4.4]pr0pellano-bislactones.(130a-g, 134) in very high yields (Schemes 50-52, Eq. 30

and Table 1,2).

One-pot facile conversion of the acetates of Baylis-Hillman adducts into substituted

fused pyrimidones in aqueous media

The pyrimidine framework is an important structural moiety present in various biologically
active molecules including DNA and RNA. Also, fused pyrimidine derivatives possess
important and interesting physiological properties. Hence, the development of simple
methodology for the synthesis of pyrimidine derivatives represents an attractive area in
organic synthesis. We have developed a facile and environment-friendly methodology for
one-pot transformation of Baylis-Hillman adducts into substituted fused pyrimidone
derivatives (156a-i) via the treatment with 2-aminopyridine in aqueous media (Egs. 34-36

and Table 5).



A novel, tandem construction of C-N and C-C bonds: facile and one-pot

transformation of the Baylis-Hillman adducts into 2-benzazepines

2-Benzazepine moiety is present in many pharmaceutically active naturally occurring
molecules and several synthetic 2-benzazepines have been found to exhibit important
physiological properties. We have developed a novel reaction involving tandem
construction of C-N and C-C bonds via the simultaneous Ritter and Houben—Hoesch
reactions on Baylis-Hillman adducts, derived from alkoxy substituted benzaldehydes and
alkyl acrylates, leading to a convenient, one-pot synthesis of 2-benzazepine derivatives
(184-194) (Eq. 47,48,50 and Table 7). During these studies, we have found that Baylis-
Hillman adducts, derived from benzaldehyde / alkyl substituted benzaldehydes and alkyl
acrylates, provided, stereoselectively, alkyl (2E)-2-alkanoylaminomethyl-3-arylprop-2-
enoate (177a-c, 179-181) when treated with alkyl nitriles in the presence of CH3SO;H
(Scheme 65, Egs. 39-41 and Table 6).We have also found that Baylis-Hillman adducts
derived from acrylonitrile provided, stereoselectively, the (2Z)-2-acetylaminomethyl-3-

arylprop-2-enenitrile (183a-c) under similar conditions (Eqs. 43,44 and Table 7).

A novel substitution dependant stereochemical control in the Johnson-Claisen
rearrangement of Baylis-Hillman adducts: An interesting competition between [1,3]

and [1,2] interactions in the transition state

Our research group has examined the Johnson-Claisen rearrangement of methyl 3-

hydroxy-2-methylenealkanoates, the Baylis-Hillman adducts obtained via the reaction of
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representative aromatic and aliphatic aldehydes with methyl acrylate. During these studies,
our research group noticed an interesting unprecedented stereochemical reversal from alkyl
to aryl substituents. However, our research group did not examine the Johnson-Claisen
rearrangement of Baylis-Hillman adducts derived from ortho substituted benzaldehydes.
With a view to understand the effect of ortho substitution on the aromatic ring of Baylis-
Hillman adducts, we have prepared various Baylis-Hillman adducts (126g, 126n-s, 126w-
y, 178f-i, 233a,b), derived from 2-substituted benzaldehydes, and examined the Johnson-
Claisen rearrangement of these products (126g, 126n-s, 126w-y, 178f-i, 233a,b) with
various orthoalkanoates (Schemes 73-81, Egs. 53,56,57,59 and Tables 11-14). We have
also examined the Johnson-Claisen rearrangement of the Baylis-Hillman adducts (126t-v,
126f), derived from meta chloro / meta bromo / para chloro / para bromo benzaldydes (Eq.
56 and Table 12). These results have revealed a novel substituent dependant
stereochemical control in the Johnson-Claisen rearrangement of Baylis-Hillman adducts.
These stereochemical selectivities are explained by the possible transition state models

involving an interesting competition between [1,3] and [1,2] interactions.

Facile transformation of the Baylis-Hillman adducts into substituted (1H)-quinolin-2-

ones and substituted quinolines via a novel one-pot multi-reaction strategy

(1H)-Quinolin-2-one and quinoline are important structural features present in several

natural products Also, several synthetic molecules possessing these important structural
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framework are found to exhibit some interesting pharmacological properties. We have
developed a facile and convenient methodology for the transformation of the Baylis-
Hillman adducts into ethyl 3-(2-oxo-1,2-dihydro-3-quinolinyl)propanoates (257-263)
[substituted (1H)-quinolin-2-ones] (Eqs. 62-64, Scheme 94 and Table 15) and ethyl 3-(2-
methyl-3-quinolinyl)propanoates (264-265) [substituted quinolines] (Eqgs. 65,67 and Table
17) via a novel one-pot multi-reaction strategy involving Johnson-Claisen rearrangement,

reduction and cyclization.

The third chapter deals with the detailed experimental procedures, IR, 'H NMR, "°C NMR,

mass spectral data, microanalyses and physical constants (Mp, Bp).



INTRODUCTION

Synthetic organic chemistry continues to plays a key role in several exciting and useful
discoverics in chemistry, biology and medicine."™ Construction of C-C bonds is onc of
the most fundamental reactions in organic synthesis.”'® Important and successfully
explored C-C bond forming reactions include aldol reaction,'”® Reformatsky
reaction,”” Claisen rc:arrangcments,20 Friedel-Crafts rc:action,”‘22 Grignard reac:tion,23
Diels-Alder reaction,**** Wittig reaction,”® Heck reaction,”” Suzuki coupling,®® Grubb’s
ring closing metathesis®*" etc., whose applications in developing various stereosele-
ctive transformations leading to the synthesis of natural products, carbocycles,

heterocycles, and medicinally important compounds have been well documented.

Although the present day synthetic organic chemistry is well equipped to deal with
most of the aspects of organic synthesis once considered to be difficult, the ever
changing requirements in drug discovery and biomedical applications demand the
continuous evolution of novel and sophisticated synthetic tools involving most
important concepts like atom economy, selectivity (chemo-, regio- and stereo-) and

organo-catalytic proceses.'*'®!

Baylis-Hillman reaction is one such novel emerging
C-C bond forming reaction possessing most of these requirements (atom economy,

selectivity and organo-catalytic process). The origin of this reaction dates back to a

German patent filed in 1972 by A. B. Baylis and M. E. D. Hillman.*? This is essentially

a three component atom economy reaction involving the coupling of a-position of an



activated alkene with an electrophile under the catalytic influence of a tertiary amine
leading to the formation of densely functionalized molecules (Eq. 1).**” DABCO (1) is

the most commonly employed tertiary amine catalyst in this novel coupling reaction.

X XH

)_L rEWG tert. amine R' EWG Eq. 1
R Rt | T R %

R = aryl, alkyl, heteroaryl; R' = H, COOR, alkyl

X =0, NCOOR, NTs, NSO2Ph

EWG = Electron Withdrawing Group : COR, CHO, CN, COOR,
PO(OE1);, SO,Ph, SO3Ph, SOPh

MECHANISM:

The most generally accepted mechanism®**

of the amine-catalyzed reaction is depicted
pictorially in the Scheme 1 taking the reaction between methyl vinyl ketone (as an
activated olefin) and benzaldehyde (as an electrophile) under the catalytic influence of
DABCO (1) (as a catalyst), as a model case. This reaction is believed to proceed
through the Michael initiated addition-elimination sequence. The first step in this
catalytic cycle involves the Michael type nucleophilic addition of the tertiary amine to
the activated alkene (methyl vinyl ketone) to produce a zwitterionic enolate A, which
makes a nucleophilic attack onto the aldehyde (benzaldehyde) in aldol fashion to
generate zwitterion B. Subsequent proton migration followed by the release of catalyst
Icads to the formation of highly functionalized molccules which are familiarly known
as Baylis-Hillman adducts (Path I). In the case of reactive activated alkenes (such as

alkyl vinyl ketones), Michael type dimers are formed as side products because these

activated alkenes them selves act as electrophiles (Scheme 1; Path II).



Scheme 1

[NJ
1D\j\Me
Path Il ,(1 Path | ﬂﬂ\

(o e | -
GRS JC A ;g i
. eMe t| . Me H
HO—P " %./ c ' w = O‘S Ph *OH
Me * Me l
l 0 ﬂ\l l@? 5 Ph)o;_‘,COMe
Me’u\/\H\Me * KNJ X

1 major

During the last fifteen years, the Baylis-Hillman reaction has seen a tremendous
progress with respective to all the three essential components, i.e., activated alkene,
electrophile and catalyst as evidenced by large number of research publications and

333537 Also, applications of the Baylis-Hillman adducts in various

four major reviews.
organic transformations have been well documented in the literature. ™"’ Since there is
a vast literature available on various aspects of this fascinating reaction, it will not be
possible to present all the information in this section. However, few recent, relevant

and important developments, both in the reaction development and in the applications

of the Baylis-Hillman adducts, are either presented or cited in this section.

ACTIVATED ALKENES:

In addition to the most commonly used activated alkenes [alkyl vinyl ketones,*' ™ alkyl

40,44,45 42,46

(aryl) acrylates, and acrylonitrile™™] variety of other activated alkenes such as



47 49,50

vinyl sulphones,’’” acrylamides,” allenic esters, vinyl sulphonates,”’  vinyl
phosphonate552 and acrolien™* have also been effectively employed in the Baylis-
Hillman coupling with a number of carbon electrophiles to provide the desired densely
functionalized molecules (Scheme 2). However, the activated alkenes having -

N ¥ i 55 . v 55 .
substituents such as crotononitrile,” crotonic acid esters® and less reactive alkenes

like phenyl vinyl sulfoxide’ require high pressure to participate in this reaction

(Scheme 2).
Scheme 2
OH OH
Me/b,CN ke )jcoonne
| |
OH

OH
EWG = COOR? R COOR?

r—

R/HTPO(OEt)g EWG = PO(OEY),

EWG=CN EWG = COOMe
OH '
EWG = SOPh i oH
R SOPh 9-10 Kbar R=R =it EWG = COR? COR?
9-10 Kbar - R
OH [
OH
R~ S0Ph  EWG=50,Ph \R'=H BWG IR =H| veeon -
- RCHO +1/Jr + e % R
R
OH
R SOsPh - EWG = SO4Ph DABCO (1) (cat.) OH
EWG = CHO )j(c:Ho
f——— R
OH
" COOMe _ ~COOMe OH
Ewe =[] EWG = CONH, R,HTCONH:;
C———
MW

Recently, Aggarwal and co-workers™ have used various less reactive activated olefins
such as acrylamides, and B-substituted o,-unsaturated esters for coupling with various

aldehydes using quinuclidine (2) as a catalyst in methanol. Representative examples are



described in the Scheme 3. They have also used vinyl sulfones as an activated alkene

for coupling with benzaldehyde under these conditions (Eq. 2).

Scheme 3
0
. ﬁOMe OH O
Me 8 I OMe
3 . '
LA i, 21days XN Me
> Ar = pyrid-2-yl 25%
83%

\\/,
t, 24 h

63%

i 5
+
Y -
!
Y

Cyclic activated alkenes such as 8-butyrolactone (3) (Eq. 3)°” and 5,6-dihydro-(2H)-
pyran-2-one (5) (Eq. 4)™ were successfully employed in the Baylis-Hillman reaction.
In fact, racemic acaterin (4) (a natural product) has been prepared in one step via the

coupling of &-butyrolactone (3) with octanal under the catalytic influence of DABCO

(Eq. 3).%?

0

d ] octanal, DABCO .

dioxane/H,0 (1:1) Eq. 3
3 m,17h 11%
rac-acaterin (4
41% 0
o |

3%
OH



OH O
MeOH
t, 72 h 70%

Very recently, our research group,®” for the first time, used 1-benzopyran-4(4 H)-one
derivatives (6) as activated alkenes in the Baylis-Hillman reaction with various
electrophiles such as heteroaromatic aldehydes, nitrobezaldehydes and isatin
derivatives under the influence of methanolic trimethylamine to provide the respective
Baylis-Hillman adducts in good yields (Scheme 4).

Scheme 4

<17

N 0 O OH
R? R R'CHO R 1

- | - | R

- . o MesN in methanal 0

Me3sN in methanol

rt, 2-5 days —
78-85% CHsOH, rt, 12 h R =H, CHs 60-87%
R' = pyrid-2-yl, pyrid-3-yl,
= CHg, CH,Ph, H pyrid-4-yl fur-2-yl,
X=H, NO; thiophen-2-yl, 2-(NO5)Ph

4-(NO,)Ph

CHIRAL ACTIVATED ALKENES:

A variety of chiral acrylate esters (7-19) derived from various chiral auxiliaries such as
cyclohexanol derivatives (7-11), (R)-(+)-pentolactone (12), camphor (13-16), L
and sugar derivatives (17-19)72 (Figure 1) have been employed in the Baylis-Hillman

reaction as chiral activated alkenes to provide the resulting adducts in low to moderate

diastereoselectivities.
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Leahy and co-workers™"* have successfully employed enantiopure acrylamide 20,
derived from camphorsulphonic acid, for asymmetric Baylis-Hillman reaction (Scheme
5) and subsequently applied this strategy to the synthesis of (-)-tulipalin B (21), a

biologically important natural product (Scheme 6).”*

Scheme 5

0
0
J_- RcHo, paBco OH
N 0
2 CHCR,0C 0O MeOH, CSA COOMe
i 33-98% RJ\O R 85%
(+)

20 >89% ee R = Et

R = Me, Et, Pr, Pr', PhCH,CHb,
AcOCH,, Bu!



Scheme 6
flk/ AcOCH,CHO
DABCO _MeOH, EtN_ J.Ll/\
—
OS~0 CH,Clp, 0°C Aco\)\ T 75% . MeoOC r OAc
68%
20 > 99% ee
JCSA‘ PhH
0 0
Oé: + é:
6H 6Ac
(25%) (-) (65%)

(--tulipalin B (21)
Quite recently, Yang and Chen’” have used optically pure acryloylhydrazide 22 for
Baylis-Hillman coupling with various aldehydes under the influence of DABCO. The
resulting Baylis-Hillman adducts were obtained in very high diastereoselectivities.
They have also observed reversal in stereoselectivity by changing solvent system from

DMSO to THF/H;0. One representative example is described in Eq. 5.

| PhCH,CH;CHO P Ph
/N\H DABCO, rt /NN * /NN Eq.5
Y Eh 0 solvent o gh O OH 0 Eh O OH
22 DMSO, 4 days : 89:1
THF/H,0, 3days - 1:99
ELECTROPHILES:

Aldehydes (aliphatic, aromatic, hetero-aromatic) are the most commonly used
electrophiles in this reaction and in fact are considered as the primary source of

electrophiles for Baylis-Hillman coupling.***7 In addition to these, other electrophiles
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such as o-keto esters, non-enolizable 1,2-diketones,* aldimine derivatives,”'

fluoro kc:tones,82 activated alkenes®®® and isatin derivatives®’” have also been

successfully employed in this reaction (Scheme 7). However, simple ketones, such as
acetone and 2-butanone, which are usually less reactive, were also brought into the

. . . . - EY5E oy
scope of Baylis-Hillman reaction under high pressure conditions™ " (Scheme 7).

Scheme 7
R’ P
1 0 Q
R N 0] o
HO EWG A R OHEWG
EWG = CN, COOEt ft
2 N d
R R (@]
o OH
EWG = CN RN , R _EWG
NC CN _ - 3 COOR 1 ﬁ(
\/\n, - e . R'o0C
ﬂ + DABCO NZ R,R'= aryl, alkyl
EWG Ewe Ve SR |Ewe =COOR, COR, By
‘/j]’ - CN, CHO R™"H _ NHZ
R= b - EWG
eyl alky Z=Ts, COOMe, SO,Ph R’H]’
R =aryl
1
R1>T”,EWG - R7TR DABCO,5Kbar _ rUQH _
R2 R' & R? = polyfluorinated 1o Me
Ll R1)I\Me R'= Me, Et

Recently, fluoro imines,” azodicarboxylates,”” N-tritylaziridine-2-(S)-carboxaldeh-
yde,” 5-isoxazolecarboxaldehydes,”’ fluorinated aldehj,rdf:s,92 fluorinated ketones,” and
N-arylidenediphenylphosphinamides™ have been successfully employed as

electrophiles in Baylis-Hillman reaction (Scheme 8).
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Scheme 8
R = Ph, thiophen-2-yl,
EWG = COOEt, CN
OH
I FsC EWG FiaC._-CF3
PPy i R#\“/ 1/ r.c. CFs
— =N-— ’ 3
. on  Ph—CH=N-PPh, &l R‘HNXWCOOR
DABCO i DABCO
EWG = CN F,C” “R| DABCO EWG = COOR R!= PBhCO%O
t-Bu
I
PhyP< 0 R OH
NH 1 W~CHO
_ AH=N— \ 1
A _ewe  RecHeN-Pen, -_— . R MEWG
R =aryl W DABCO i
EWG = COMe (PhaP), R' = aryl EWG = COMe, CN, COOR
COOMe (Ph,PMe) 5
OH
1 P S W/LLH
0 unCOR" EwG=cor FiC” ~H | DABCO N W/KFEWG
\ DABCO
R)HFN'COOW T N
R'0OC. OH DABCO Trt
R = alkyl, cinnamy! N F.C EWG EWG = COMe, CN,
R'ooc 3 COOR, 80,Ph

R'=Et, Bu

EWG = COOEt, CHO, COMe

Kaye and Nocanda successfully employed 2,2'-dithiobenzaldehyde (23) as an
electrophile for Baylis-Hillman coupling with activated alkenes under the influence of
DBU, to provide benzothiopyran derivatives. One representative example is presented

in the Scheme 9.”

Scheme 9
CHO
0
QS‘S + ﬁ/ _DBU, CHCl3, 1t

48 h

B7%

2 ol A

OH
L 0 _
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3-Trifluoromethylprop-2-enamide (24) was successfully used as electrophile in the
Baylis-Hillman reaction with activated alkenes by Kitazume and coworkers”® under the

influence of DABCO in ionic liquids (Eq. 6).

EW cF, 0 O
7 5 Fac/\)\ JL DABCO 3 N

—— = EWG
L-/ ionic liquid \[ N O Eq. 6
24 ——-\ 23-46% P

ionic liquid = [emim][OT{], [bmim][BF4], [bmim][PFg]
EWG = CN, COOMe, COMe

dr=50:50 to 55:45

Our research group””® has elegantly demonstrated, for the first time, that allyl
halides (25) (allyl bromides/allyl chlorides), derived from the corresponding Baylis-
Hillman adducts (which in turn were prepared from methyl acrylate and MVK
respectively) act as electrophiles in the Baylis-Hillman coupling with acrylonitrile
under the influence of DABCO thus leading to the formation of 3-substituted
functionalized 1,4-pentadienes following reaction sequence as described in Scheme 10.
Subsequently, our research group also developed a simple synthesis of a variety of 2,4-
functionalized 1,4-pentadienes via the Baylis-Hillman reaction of the allyl bromides
(26). derived from alkyl 3-hydroxy-2-methylenepropanoates, as electrophiles, with
alkyl acrylates, alkyl vinyl ketones and acrylonitrile (Scheme 11).”

Scheme 10

CN DABCO X
m ) M
CN NCWEWG Ar
-DABCO NChEWG
e
EWG pasco ( it, 7 days (‘E -DABCO.HX
e/

EWG PRy
= e 679
Ar/}x | A"F{'&KN/:\,\N | N 36-67%
vl Ar = Ph, 2-CIPh, 4-CIPh, 2-MePh,
EWG = COOMe, X = Br 4-MePh, 4-EtPh, 4-(i-Pr)Ph

EWG=COMe, Xx=cCl
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Scheme 11

0
COOR? 1 0
RZOOCWCOOR i |HL R R‘)H]/\H/COOR
| DABCO, rt, 15 min

"DABCO, t, 7days |

R? = Me, Et 78-85% 77-84% R' = Me, Et
R =Me, Et, Bu BrWCOOR R =Me, Et, Bu
N 2 o
NCWCO?R 1 [ DBU, , 1h, 80% COOR
DABCO, 1t 4 h -

- 81-85%
R = Me, Et, Bu R =Bu

Azizi and Saidi” have successfully utilized in situ generated iminium salts (27),
obtained via the treatment of aldehydes with (trimethylsilyl)dialkylamines, as
electrophiles in the Baylis-Hillman reaction with methyl acrylate in the presence of
DBU as the catalyst. The Baylis-Hillman adducts, thus formed, in situ, further react
with (trimethylsilyl)dialkylamines to produce the 1,3-diamine derivatives as final

products. A selective example is presented in the Scheme 12.

Scheme 12

0
® Hj\
o OMe NEt
LiCIO, NEtz f 2 9

Et;,NSiM
Wo+ SR —re | —————— OMe
(2.5eq.) DBU (10 mol%),
i, 5h z

27
NEt O 90% | Et;NSiMe,

NEt,
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CHIRAL ELECTROPHILES:

Applications of various enantiopure electrophiles such as (S)-O-protected lactaldehyde
(28),100 enantiopure ortho substituted benzaldehyde tricarbonylchromium complex

(29),"1%  (8)-3-benzyloxybutyraldehyde (30).,'” a-dialkylamino and  a-(N-

104,105
)

acylamino)aldehydes (31), N-phenylsulfonyl-(L)-prolinal (32),'” (R)-myrtenal

66

(33),%® isopropylidene (R)-glyceraldehyde (34)°° and various sugar derived chiral
aldehydes (35-37)'06 etc., (Figure 2) have been studied in Baylis-Hillman reaction. The

resulting products were obtained in low to good diastereoselectivities.

Figure 2

OPG 0 OCH,Ph NRR" &CHO OHC\@

. ~~-CHO AN
“cHo ome 45 R GHO SOzPh
28 Cr(CO); 29 31
PG = protecting
group

OHC._,0

OHC O ..|\0Me OHC |\CJ
O -lllo X
CHO , )\_
0% Meo” O o_ 0
H -
0
. X —3(
37

36

Recently, Alcaide and co-workers'”’ have examined the application of enantiopure 1-
alkenyl(alkynyl)-4-oxoazetidine-2-carbaldehydes (38) as chiral electrophiles in the
Baylis-Hillman reaction with MVK which provided resulting adducts with very high
diastereoselectivities (Eq. 7). Subsequently, they have also successfully employed

optically pure 3-oxo-2-azetidinones (39) for coupling with activated alkenes under the
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influence of DABCO to provide the resulting Baylis-Hillman adducts in high

diastereoselectivities (Eq. 8).'%

@)

\— O HO/
PhO, =0 DABCO (100 mol%)  PhO, ~—€\
N - | = . . Eq.T

=il
o \(‘“)ER MeCN, -20 °C OHWR
38 60-80% "

n=1,2 3 de = 92-97%
R = vinyl, ethynyl

S, S,
0 0 DABCO (10-100 mol%) O HO jL
N rEWG CH3CN, -20°C, 1-72h “EWG Eq.8
N | N

R (@] 68-90% R’ [o)

39 EWG = COMe, COOMe; dr =100:0
R = 4-(OMe)Ph, allyl, propargyl EWG = CN; dr = 97:3

EWG = COMe, COOMe, CN

AMINE CATALYZED BAYLIS-HILLMAN REACTIONS:

Although, DABCO (1) has been used as the catalyst of choice in this reaction, various
other tertiary amine catalysts such as quinuclidine (2), 3-hydroxyquinuclide (3-HQD)
(40), 3-quinuclidinone (41) and indolizine (42) have also been employed to perform the
Baylis-Hillman reaction (Figure 3).”*7 Recently, DBU (43),'” DMAP (44),"'*!"" aq.
Me;N (45),''? methanolic-MesN (46)'" (Figure 3) were also found to promote Baylis-

Hillman reaction.
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Figure 3
o -
= N=
é o A D
[NJ [Nﬂy [N [N > N /
1 2 " L 41 42
e\N,Me
N
& | N ag. MesN  methanolic-Me3N
N z a5
43 44 N 46

Leadbeater er. al. have, for the first time, used tetramethylguanidine (TMG) (47) as a

novel catalyst to perform the coupling of various aldehydes with methyl acrylate to

provide the Baylis-Hillman adducts in good yields (Eq. 9).'"*

NH
Me\NJLN,Me
0 P OH O
j\ Me WY
R"~H * | OMe (5-25 mol%) R OMe Eq.9
CH.Cl, it 6h
g2 50-69%

R = Ph, 4-CIPh, Me, Et, PhCH,CH,, trans-cinnamyl|

Shi and co-workers' "

have observed that imidazole catalyzes Baylis—Hillman reaction
of various aldehydes with MVK in the presence of proline. Although the yields of the

reaction were satisfactory, the enantioselectivities were found to be very low (Eq. 10).

N
0 QCOzH * QN‘\)
H OH

" Eq. 10
0 0 q.
RJ\H i | Me (30 mol%) (30 mol%) R/K”)L”e

DMF, rt, 24-80 h
R = aryl, heteroaryl, trans-cinnamy! 30-91% 5-10% ee
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Very recently, Cheng and co-workers' ' and later Gatri and El Gaied''” have employed
imidazole as the catalyst for performing the Baylis—Hillman coupling of

cycloalkenones with various aldehydes (Scheme 13).

Scheme 13
r?"\> 0
R = H, i-Bu, aryl, fur-2-yl, trans-cinnamyl kN (100 mol%) HO
H = R ( ]
rt, 1-6 days
n=1 27-91%

0] ref. 116

RCHO + é ]
" THF-HO| \
ref. 117 (} (5-20 mol%) HO O
. - R)\é
rt or 50 °C, 2-65 days .

R = Ph, 4"'(N02)Ph, H, Me, S-BU 35_9370 n=s 1 2

Very recently, Corma and co-workers''® have used 4-(N-benzyl-N-
methylamino)pyridine bound to an insoluble polystyrene scaffold (PAP) (48) as
suitable and reusable heterogeneous catalyst for the Baylis-Hillman coupling of

aromatic aldehydes with unsaturated ketones (Eq. 11).

—¢ CH,CH-Ixt CHyCH-Iyt- CHyCH-I7
H4C
X
| | 48
N
0 3 OH O
ru\ 48 (1 equiv)
H - Eq. 11
T DMF, 48 h b
O:N 1.5 equiv 93% OoN

1 equiv
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Hayashi and co-workers''’ have observed remarkable rate acceleration in the
Baylis—Hillman coupling of benzaldehyde with various activated olefins in the
presence of 3-HQD (40) under high pressure induced by freezing water in a sealed

autoclave. Representative examples are described in Eq. 12.

(pressure induced
by freezing water) OH

CHO
) , EWG
rEWG 3-HQD (40) (10 mol%) m Eq. 12
+ MeOH, ~20 °C to 23 °C

EWG  Pressure (MPa) Time(h)  Yield (%)

COOMe 0.1 24 40
200 24 78
cooBu! 0.1 52 52
200 52 71

Recently, Aggarwal and co-workers'*’ have examined the application of protic solvents
such as water, formamide in accelerating the Baylis-Hillman reaction and
demonstrated the importance of hydrogen bonding for faster reaction. They found that
the presence of 5 equivalents of formamide gave better results. Further acceleration was
observed when they add catalytic amount of metal salts such as Yb(OTf)s.
Representative examples are presented in Scheme 14.

Scheme 14

o]
OH 0O |
_ 24 h e EWG OH
70% © 'r EWG
—
Q 3.75-14 h

OH 0O 3-HQD (40) (1 eq.) 74-96%
O Yb(OTf);3 (5 mol%) EWG = COOMe, COOEt,
~———— H,NCHO (5 eq.), 1t COOBuU', CN
63% AR 3
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Recently, Cheng and co-workers'?! have observed that the presence of basic water
solution along with imidazole as catalyst significantly accelerated the Baylis-Hillman
reaction of cyclic enones with various aldehydes. They attributed the enhanced
reactivities in alkaline solutions to the apparent enhanced basicity of imidazoles.
Bicarbonate solution was found to be the optimal reaction medium in this case. A

representative example is presented in the Eq. 13.

.
O 0
N (100 moi%) HO
PhCHO + - Ph)\é Eq. 13
rt
1 M NaHCO3,14 h 83%
H,O/THF (viv=1:1),96 h 74%

Maher and Connon'? found that catalytic amounts of bis-aryl (thio)ureas (49) (Figure
4) accelerate the DABCO-promoted Baylis—Hillman reaction between aromatic
aldehydes and methy! acrylate in the absence of solvent (Eq. 14). Enhancements in the
reaction rates were attributed to the possible double H-bonding of the urea with

zwitterionic intermediate (50, 51) (Figure 4). Representative example is presented in

Eq. 14.
Figure 4
CF, CFs |
X
CF, CF, I CN
X F3C r:«l .N CFg L CFG
: H H
AN Phe_-ioay—0"-
FsC II\IJLP;J CFy ©0O e N H'N
H H | MeC  N— CF,
49 50 @ £.C X
(o [N y 51
L - “\) CFs
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CHO COOMe OH
W COOMe
i Eq. 14
DABCO, rt, neat
time yield
with 49 (X=0) (20mol%) 20h 88%
without 49 20h  32%

VARIOUS NON-AMINE CATALYSTS / CATALYTIC SYSTEMS
EMPLOYED IN BAYLIS-HILLMAN REACTIONS:

IR triaryl phosphines,'% and

Several non-amine catalysts such as trialkyl phosphines,
metal complexes like I{hl-I(I’PI13).4.'27'128 RUHQ(PPlU)q,Iz&IN have been found to
promote coupling of activated alkenes with aldehydes to provide the desired adducts.
Recently, RyS=TiCly, %1% RyS—BF;, > 3+ TiC1,-NR4X (X = halide),””"*"** TiCl,-
NR3,"* TiCls'* and EL A" were also successfully employed as catalysts/catalytic

systems in Baylis-Hillman-type coupling. Some of the recent developments in this

direction are discussed in the following.

Recently, Shi and Xu'* have examined the application of Ph,PMe as catalyst to
promote the Baylis-Hillman coupling between various activated alkenes and imines.
Best results were obtained when the coupling was carried between aryl acrylates and

imines. One representative example is presented in the Eq. 15.

NTS 0 TS\\H o
l HLO Ph,PMe (10 mol%)
H > O
|l THF, 20 °C, 30 min £q.15

94%
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Kataoka et al.**"' have developed an interesting Baylis-Hillman coupling of vinyl
ketones with various aldehydes catalyzed by sulfides or selinides (Me,S, PhSMe) in the

presence of TiCly as a Lewis acid. Selinide 52 and Me;S were proved to be the best

catalysts for this reaction (Eq. 16).

Se>
Se

52
0 0 Ch (chalkcogenide) OH ©
TiCly o
o« -y Eq. 16
R™ H CH,Cly, rt or reflux
n . n
T 10 min-1h
R = Ph, 4-CIPh, 4-MePh, 4-(NO,)Ph, Ch = Me,S : 13-68%
PhCH,CH, Ch =52 : 24-70%

Kataoka has further extended chalcogeno-Baylis-Hillman reaction to activated alkynes.
Thus, the reaction between activated alkynes with aldehydes under the influence of

Me,S in the presence of TiX4 provided an interesting a-halomethylene aldols ie., B-

halo Baylis-Hillman adducts (Eq. 17)."*

P MeOC Negs OH O
hi \ TiXs, CHoCly
Aar” cH T ( | Ar | Me Eq. 17
X = Cl, Br
Ar = 4-(NO,)Ph, 4-(CF4)Ph, 0 °C-rt X
4-CIPh, 4-FPh 73-89%

Li and co-workers'*" have reported an interesting TiCls;-mediated coupling of
cycloalkenones with various aldehydes (without the direct use of Lewis base) to

provide the Baylis-Hillman adducts (Eq. 18).
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0 i . OH O
/lL i TiCla, CH,Cl,
R™ "H i 2h rt R Eq. 18
hi= 4,2 n

R = Pr, Pr, Hept,
4-(NO,)Ph, 4-(CF3)Ph

47-68%

Our research group'® has recently described TiCly-promoted Baylis-Hillman coupling
of a-keto esters and trifluoromethyl phenyl ketone with alkyl vinyl ketones to provide
the desired adducts in moderate to good yields (Scheme 15). Similar reaction with
aldehydes provided (£)-allyl chlorides (Scheme 15).

Scheme 15

Z=COOEt _ gioocy §
50-85% Rwal
0
g 9 R = Ph, 4-BrPh, 4-(OMe)Ph,
A+ R' 4-MePh, naphth-1-yl
RN R 2| R' = Me, Et
& TiCla, CH,Cly, 1h, t

OH

0
- FaC
R = Ph, 2-MePh, 4-MePh, 4-EtPh, \__£=CFs ;h>]\”)k

4-CIPh, naphth-1-yl, Pr, Hept R'= Me
R =Ph 35%

CHIRAL CATALYSTS:

Attempts were also directed towards the application of chiral tertiary amines in

33-37

achieving asymmetric version of Baylis-Hillman reaction. Quinidine 53,*'* the

first catalyst examined in this direction, provided poor enantioselectivities (maximum

upto 20% ee). Later on, various other chiral tertiary amines such as chiral DABCO

149 150

(54),""' enantiopure pyrrolizidine (55)'* and chiral bicyclic azetidine (56),

(Figure 5) have also been employed in this reaction which provided lower to moderate
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enantioselectivities.

Figure 5
OMe e (‘
N O,N
OH £ N\%\OR H
7R N 54 OR H
N~ HO N
53 H ’ 55
N 7
56 OSiMe,Bu’

Hatakeyama and coworkers'®'"** have successfully employed tertiary amine 57 (Figure
5) derived from cinchona alkaloids as a catalyst for Baylis-Hillman coupling. Thus, the
reaction between 1,1,1,3.3,3-hexafluoroisopropy! acrylate and various aldehydes under
the catalytic influence of 57 provided the desired adducts in upto 99% enantiomeric

purity (Eq. 19).

R
j’\ . H?\OE::& s7(10mol%)  OH O /(l:\Fa 0o
R™7H ] DMF,-65°C, 1-72h R 07 CFy + R o
R = 4-(NO;)Ph, Ph, trans-cinnamyl, Et, (R) (S)
Pr, Bu', c-Hex 818832 ee ggg:ﬁ; ee

Recently, Shi and Chen'*® have described an interesting asymmetric Baylis—Hillman
reaction employing (R)-2'-diphenylphosphinyl-| 1,1 |binaphthalenyl-2-0l [(R)-58] as a
chiral phosphine catalyst. Thus, the coupling of N-sulfonated imines with methyl vinyl
ketone and phenyl acrylate in presence of (R)-58 provided the corresponding Baylis—

Hillman adducts in high enantioselectivities (Scheme 16).



23

Scheme 16
).
(R)-58
™
o 0
TSHN O (R)-58 HLOPh Me (R)-58 Tshi o
(10 mol%) l NTs i (10 mol%) :
R OPh iy - Rg Me
CH,Cl,,40°C,12h R* 'H THF, -30°C
52-77% ee 60-97% Reayl MS 42° 82-96%
24-36 h 79-92% ee

Recently, Schaus and McDougal'*® reported a highly enantioselective Baylis-Hillman
coupling of cyclohexenone with various aliphatic aldehydes under the influence of Et;P
in presence of various chiral tetrahydro-BINOL-derived Bronsted acids (59). One of the

best results is described in the Eq. 20.

OH 0
EtsP, 59 (10 mol%)
Eq. 20
THF, -10 °C
5 days 71%
96% ee

Kataoka and co-workers'”” have reported an interesting asymmetric chalcogeno-Baylis-
Hillman reaction with enantiopure hydroxy chalcogenides as catalysts. One
representative reaction between hydrocinnamaldehyde and MVK in the presence of 10-

methylthioisoborneol (60) is presented in Eq. 21
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o B o OH O
60 (1 eq.
- ru\Me SMe ( Q)p € " Eq. 21
| TiCl, (1 eq.), CH,Cl, (R)
-78 °C, 1h
74% ee

INTRAMOLECULAR BAYLIS-HILLMAN REACTIONS:

Though the Baylis-Hillman reaction has seen a tremendous development with
respective to all the three essential components i.e., activated alkene, electrophile and
catalyst, intramolecular version of Baylis-Hillman reaction, yet another interesting
aspect of this reaction, has not been studied systematically.”>***” Some of the recent

and interesting developments in this direction are presented in the following.

Krische and co-workers reported an interesting intramolecular coupling of various bis-
enones, under the influence of BusP, to provide the cyclic compounds. Representative

examples are presented in Eq. 22.'%*

0
o) . .
| \ BuyP, 25-56 °C
X / Eq. 22
\ = I solvent
X=0: EtOAc 90%
= S: EtOAc 82%
X = NCHg: acetone 88%

Recently, Keck and Welch'™ examined intramolecular Baylis-Hillman reaction of o, -

unsaturated esters / thioesters containing aldehyde group using DMAP (44) and
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DMAP-HCI in EtOH (at 78 °C for 1h) or MesP in CH,Cl, (at room temperature for

15h) as catalyst. Representative example is described in the Eq. 23.

o DMAP (44) (1 eq.) OH
Mw DMAP.HCI (0.25 eq.) Me>®/l_ci Eq. 23
EtOH, 78 °C, 1h Mo o=

88%

Our research group, for the first time, described an electrophile induced intramolecular
Baylis—Hillman reaction between activated alkenes and pyridine-2-carboxldehyde
under the influence of trimethylsilyl trifluoromethanesulfonate (TMSOTY), leading to a
novel synthesis of indolizine derivatives in one-pot operation. Representative examples
are presented in the Scheme 177,50

Scheme 17

O

? o
% 1. TMSOTf (1 eq.) OHcﬁ TMSOTf (1 eq.) '
- : \
O ENF CHACON, 0°Ct, 12h 7 CHiCN, 0°C-t, 12 b

56%

49% 2. Silicagel,6h

Very recently, Methot and Roush'®' have reported an interesting intramolecular Baylis-

Hillman reaction of 61 under the influence of Me;P (Eq. 24).

CO,Et

MesP (10 equiv)

[
'

CF3CH,OH (0.03 M)
1h, 78%

only diastereomer




26

APPLICATIONS OF THE BAYLIS-HILLMAN ADDUCTS:

Baylis-Hillman adducts play an important role in organic synthesis as these adducts
possess a minimum of three functional groups, such as electron withdrawing group,
methylene and hydroxyl groups in a very close proximity which make them valuable
substrates for various organic reactions like Friedel-Crafts reaction, isomerization,
Heck reaction, Johnson-Claisen rearrangement, hydrogenation, hydride addition,
photochemical reactions and ete.*37 These adducts have been elegantly employed as
valuable synthons in the synthesis of various trisubstituted olefins and several
important heterocycles, carbocycles, natural products and biologically active
molecules. ™ 7 Some of the important and recent developments in the application of
these adducts are presented in this section so as to provide a glimpse of the importance

of Baylis-Hillman adducts.

Our research group has developed a simple stereoselective synthesis of (2F)-2-
methylalk-2-en-1-0ls and (22)-2-methylalk-2-¢nenitriles via the treatment of the
corresponding acetates of Baylis-Hillman adducts, obtained respectively from methyl
acrylate and acrylonitrile, with LAH:EtOH (Scheme 18). Subsequently, this
methodology has been successfully applied for  the synthesis of  (£)-nuciferol (62). a

biologically active terpene and 63, a precursor for (Z)-nuciferol (Figure 6).'*
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Scheme 18
EWG = CO,Me
OAc gt RMOH
LAH:EtOH 60-84% Me
R EWG |
-78°C-rt =
EWG CNAf R /\\r Me
62-77% CN
Figure 6
Me Me
= OH
Me Me = Me
{+)-Nuciferol (62) 63

The diacetate (65) obtained from the Baylis—Hillman adduct (64) (which in turn, was
prepared from terephthaldehyde and methyl acrylate) has been transformed into a novel

cryptand-type molecule (66) by Bauchat and Foucaud following the reaction sequence

as described in Scheme 19.'%

Scheme 19
H_o
HO, OH
MeO,C AcO OAc
DABCO ACCIEtsN
+ \” —» Me0,C COMe ———» MeD,C CO,Me
64 97% 65
H "0
aq. NH; | 550,
=z MeOH-THF
g 40 min
COOM
MeOOC 8 N €
7\ X
65 MeQOC / \ COOMe
CHaCN
s HN NH
reflux, 9C h
- > 95% MeQOC \ / COOMe
Meood Q' COOMe
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Our research group'® has described a simple and convenient synthesis of (£)-o-

methylcinnamic acids (67) via the nucleophilic addition of hydride ion from NaBH4 to

the acetates of the Baylis—Hillman adducts, followed by hydrolysis and crystallization

(Scheme 20). This methodology has been successfully applied for the synthesis (£)-p-

(myristyloxy)-a.-methylcinnamic acid (68a), a hypolipidemic active agent [which is

also a precursor for another active hypolipidemic agent LK-903 (69a)] and [E]-p-

(carbomethoxy)-a-methylcinnamic acid (68b) which is valuable synthon for orally

active serine protease inhibitor (69b) (Figure 7).

164

Scheme 20
1) KOH/
OAc NaBH, ) 20:' r'tV'EOH
t-BUuOH COOMe ' -
Ar COOMe —/—— }:<M 2) crystallization
15 min, 1t 9 70-75% (overall)
93-98% (E)
H COOQOH
Ar= Ph, 4-CIPh, 4-(i-Pr)Ph, 4-MePh, 2,4-(Cl),Ph, A =<
naphth-1-yl, 4-(tetradecyloxy)Ph J - Me
100% (E)
Figure 7
s ")
H 0 OH
H COOH
Me OH
68 C14H290 e
Cy4H200 A 69a
0 f
H N
H  COOH Me kCOOH
== H,N
W
68b HN
| Me0OC MesoH O O
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Chamakh and Amri'®

have reported a facile one pot synthesis of (£)-4-alkylidene-2-
cyclohexen-1-ones (70) from acetates of the Baylis-Hillman adducts via a treatment

with aliphatic 1,3-diketones (Scheme 21).

Scheme 21
OAc O Q 0 3 i
R3 EtOH, reflux cyclization L
1 i 3 1-12h 47-71% () |
N ) =H, Me
R'= Me, Et; R¥ 70

R2= Me, Et, Pr, Ph

Amri and co-workers'®®'®" have also successfully described the synthesis of 1,4-
diketones (71) from the acetates of the Baylis-Hillman adducts following a reaction

sequence as described in Schemes 22.

Scheme 22
OAc O R
. RZCH,NO, / NaOH (0.6 N) 0 NaOMe/MeOH
R R - R1 — R2 e =
THF, 0-20 °C, 3h - 4 days E H*, -50 °C
NO _769,
R= Me, Et 64-78% 2 50-75%
R'= Et, Pr, Pr, c-Hex R%= Me, Et "
0
R ==
& R?
71 O

Very recently, our research group has reported a convenient one-pot synthesis of (£)-5-
alkyl-3-arylidenepyrrolidin-2-ones (72), y-lactam derivatives vig the treatment of
acetates of Baylis-Hillman adducts with nitroalkanes in the presence of a base,

followed by reductive cyclization, using Fe / AcOH (Eq. 25).'%
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i) KoCO3 / THF / H,0 0

Phe © t, 12 h
' 1
RV%OMe + R¥NO, R /\d(”” Eq. 25
i) Fe / AcOH, reflux, 2 h R2
R' = Ph, 4-MePh, 4-EtPh, 4-CIPh, 72 R? = Me, Et
4-(MeO)Ph, 2-CIPh, naphth-1-yl, n-Pr, n-Hex 49-68%

Reiser and co-workers'®”!'" have reported a facile combinatorial liquid phase synthesis
of [1,4)oxazepine-7-ones (73) (which can serve as important building blocks),
employing the Baylis-Hillman adducts (Scheme 23).

Scheme 23

0 Qo
T
o oL o

(0] 1) Baylis-Hillman it i i
\/OW/\\\ . condltions 1) split into 6 portions . 0 - R
RCHO —— OAc  2) amino alcohols, 0 °C
0 2) acetylation K,COa, CH,Cl,

R = Ph, 4-(NO,)Ph, Et, 3) combine 2
Pr, Pent, PhCH,CH, R <
OH

H H
R
amino - Ph fUON =
alcohols L ‘R
OH o
OH  H,N“ O HN 73 ©

H,N
Fujimoto and co-workers'"'"? have subjected the acetates of Baylis-Hillman adducts to
tandem Michael-intramolecular Corey-Chaykovsky reaction with five membered cyclic
oxosulfonium ylide in the presence of base to provide cycloheptene oxide derivatives,
74a, as a single stereoisomer. They also observed that a six membered oxosulfonium
ylide under similar conditions resulted in the formation of cyclooctane oxide

derivatives, 74b, as mixture of stereoisomers in moderate yields (Scheme 24).
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Scheme 24

OAc O Ref. 170

n=1 R’ R
% =
P ph 19-77%
t-BuOLi (2 eq.)

THF /'rt, 1h OAc O

‘ R’ R 0 0
R'= H, Me, Et, Pr, Ph; n=2 . - K SPh
R= Me, Et, P, Pent O//S‘Ph 7-46% / ' 74b
Ref. 171 "

ratio of isomers: 4-9/1

Kim and co-workers'”® have reported an interesting methodology for the synthesis of
1,3-disubstituted naphthalenes (75) from the acetates of Baylis-Hillman adducts

according to Scheme 25 (One representative example is presented).

Scheme 25
OA COOEt
’ cooet  KeCOs =
COOEt % < ——— COOEt
NO, CHiCN e
Me NOZ
Mn(OAc),
EtOH l reflux , 48 h
COOEt
DO NNy ¢ eui
Me 80% Me I H
75  COOEt EtOOC @Oz

Our research group'™ has described a facile transformation of the allyl bromides
derived from Baylis—Hillman adducts into 3-arylidene(alkylidene)chroman-4-ones,
following the reaction sequence as described in Scheme 26. This methodology was
successfully employed in synthesis of important natural products, bonducellin methyl

ether (76) and antifungal agent (77) (Figure 8).'™
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Scheme 26

0 PhOH o)
K,CO KOH, H,0
R/\\ELOMG —Elise R/\ﬁorwe —— R TFAA, CH,Cl
acetone, acetone,
Br reflux, 3 h OPh i, 14 h raﬂux °1 h
65-90% 78-93% 80-94%
R = Ph,4-MePh, 4-EtPh, 4-(i-Pr)Ph, R™ ™S
4-(OMe)Ph, 2-MePh, Pr
(0]

0 0
e0 0 OMe MeO o)

(bonducellin methyl ether) (antifungal agent)

Figure 8

(2Z)-1-Bromo-2-(phenylsulphonyl)but-2-ene (78), obtained from the corresponding
Baylis—Hillman adduct, was successfully employed in the diastereoselective allylation
of aldehydes in the presence of zinc or chromium (II) to provide syn-homoallyl

alcohols which were subsequently transformed into diastereopure 2,3,4-trisubstituted

tetrahydrofurans (79). One representative example is presented in Scheme 27.'7°

Scheme 27

SO,Ph

OH
O “/ /k”/502ph NBS ~ Me  SO,Ph Zn, THF

)L —  Me 25-40°C

\_& + PhCHO
Me” "H DABCO vg EF ‘W‘l

0 PhO,S

. KH (cat.) O
PhO,S™ Ph — Ph
THF, 25 °C

¢ Me
80%, 0.5 h syn- only
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Bermejo er. al,'’® have synthesized a biological active compound 80, possessing
apoptosis-inducing ability in HL-60 cells, using the methyl 2-bromomethylbut-2-

enoate, derived from the corresponding Baylis-Hillman adduct, according to Eq. 26.

H
CHO ok o
COOMe Sn, Et,0, AcOH, p-TsOH 0
/=<_ + > z Eq. 26
Me Br benzene, reflux, 9 h
Q,
OMe 0% OMe 80

Paquette and Mendez-Andino'”” have described an interesting synthesis of cis- or
trans-lactones (81) starting from the Baylis-Hillman adducts following the reaction
sequence as shown in the Scheme 28. These lactones were further transformed into

larger rings using ring closing metathesis (RCM) (Scheme 28).

Scheme 28
0
OMe @]
\/\)?\ KL 4 Bra. Phap
- H N OMe
DABCO CHZCIz.O °c
61% 68%

column H,0, THFl \/\)k

chromatography

seperation H 0 PPTS
/\\//V\’tﬁ benzene, A /
Grubbs - CO;Me
catalyst 65% trans 81 74% 5

cisfrans: 3/2

178

Our research group ™ has developed a convenient synthesis of 2-methylenealkanoates

via the treatment of DABCO salt of the allyl bromide (derived from Baylis-Hillman
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alcohol i.e., 3-hydroxy-2-methylenealkanoates) with NaBH;4 in aqueous media (Scheme
30). This methodology has been successfully applied for the synthesis of two
hypoglycemic agents, etomoxir (82a) and methyl palmoxirate (82b) (Scheme 29).
Similar treatment of allyl bromides, derived from 3-hydroxy-2-methylenealkanenitriles,
with DABCO followed by reaction with NaBH4 in aqueous media provided 2-
178

methylenealkanenitriles (Scheme 30).

Scheme 29

O\/\/\
H  COOR' R = /@’
>;<_B cl COOE
R r R1 - Et. 50% " /@O\N\/\éo
Cl

DABCO | H20/THF (1/1) etomoxir (82a)
rt, 15 min mCPBA | CICH2CHZCI
reflux
H  COOR' N mCPBA
%_(_Jr —\ NaBH, COOR' | CICH,CH,Cl Cqus\E%OOME
R - N/l/N i, 15 min R/Tl, rifiiss .
B S 72-87% 73%
R=CisHaz  methyl palmoxirate (82b)
R = aryl, alkyl R' = Me
Scheme 30
H gP
H}_(_ Br DABCO }z(_-ar\__./ NaBH, R/\frCN
— > .
R CN H,O/THF (1/1) R CN rt, 15 min
rt, 15 min 74-90%

R = Ph, 4-CIPh, 4-MePh,
2-CIPh, 2-MePh, Pent, tridecyl

Mikami and co-workers'” have reported an elegant transformation of the Baylis-
Hillman adducts, derived from alkyl vinyl ketones, into 1,4-dicarbonyl compounds (83)

under photochemical conditions as described in Scheme 31.
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Scheme 31
high-pressure .
O OH mercury lamp O H OH OH OH OH
hu, 100W OH .
R R2 i 1 1,4- H abstraction 2 1 2
/L"rL benzene (0.01 M) R Mz K RO R
2-6h
R' = Me, Ph
R?= Ph, 4-(MeO)Ph, 4-CIPh, Me, Et l
(@) M
1)K/\N,R2 52-87% oH 9
R -
.
ol R‘/bx R
83

Genet and co-workers'® have reported an interesting synthesis of trisubstituted alkenes
via the reaction of Baylis-Hillman adducts with arylboronic acids in the presence of

rhodium catalyst [Rh(cod)Cl]2] (Eq. 27).

OH O

(e}
5 [Rh(cod)Cll2] (0.5 mol%)
R Ols + BRBOHE e e e 3% OMe
MeOH, 50-55% " ]

aerobic R

Eq. 27

E/Z:90-99/10-1
R' = Me, i-Bu, nonyl, c-hex, 00-00

4-NO,Ph, 4-CIPh, naphth-1-yl

R' = Ph, 4-CF3Ph, 4-(MeO)Ph, 3-CF3Ph,
2-MePh, 4-MePh, naphth-1-yl,
naphth-2-yl

Grundke and Hoffman have reported an interesting synthesis of 2,3-dimethoxy-
carbonyl-1,3-butadiene from the Baylis-Hillman adduct derived from methyl acrylate

and methyl pyruvate. This diene was subjected to Diels-Alder cycloaddition with

pyrrolidinoisobutene to provide adduct 84 (Scheme 32) 78
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Scheme 32
(0] OH
COOMe MeOOC MsCl - DABCO
DABCO
Me/lLCOOMe + W i MESWCOOMGJ
DMAP (cat.)

MeOOC NO /<\—N<] ;f;“e
MeOOC@ [4+2] COOMe

84 it

Racemic frontalin (85), an interesting biologically active molecule, was elegantly
synthesized by Weichert and Hoffmann starting from the Baylis—Hillman adduct,
phenyl 2-hydroxy-1-methylenepropylsulphonate following the reaction sequence as

described in the Scheme 33.'®!

Scheme 33
OH 0 —_ Ho/w/ PhO,S
Me SOzph CFO3, HzSO4 MEJ\[T 2 |
acetone/water THF, 7 h 0
-78°C HO
PhO,S J

Hal H
/fj\ _‘______Na =¥ " PhOS
: 0% 78% o7
s B ? 207
O~ b_:'

(1)-frontalin (85)

Our research group'®

has demonstrated a facile enantioselective synthesis of mikanecic
acid (87), a terpene dicarboxylic acid, from the Baylis-Hillman adduct derived from the

chiral acrylate 86 following the reaction sequence as described in Scheme 34.
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Scheme 34
o) OH
CH4CHO MsCl | *ROOC
P . LT — \ﬂ/\
o~ DABCO T(J\CHS EtsN
SOsN(c-hex)s
. |
COOH
= KOH COOR*
HOOC g, " CH30H =
R* = . _ 74%ee  *ROOC

mikanecic acid

SO,N(c-hex)s
(after crystallization 92% ee)

Weichert and Hoffmann'* have reported an interesting synthesis of the eudesmane (an
important natural product) precursor (89) using the Baylis—Hillman adduct (88)
according to Scheme 35.

Scheme 35

/~80,Ph
2 Me 'OH MsCl, (-Pr),NEt
CHO SO,Ph >
DABCO -20°C, 20 h
Diels-Ald :
Me OMs Py, 170°C 'e[4+2] o :
SOzPh Me —_—
toluene S SO.Ph
sealed tube 2
Me

MeH 89

eudesmane precursor
Ogasawara and co-workers'**'®* have reported an elegant synthesis of cyclopentanoid
antibiotic (—)-pentenomyecin I (91) and angular triquinane sesquiterpene (+)-arnicenone
(92) isolated from Armica plants, using the Baylis—Hillman adducts obtained by the

coupling of chiral bicyclic enones (+)- & (-)-90 with formalin under the influence of

DMAP (Scheme 36).
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Scheme 36
o]
m (+)-KDP (90) ’
THF, it = S &'
DMAP (44) 3.5 days, 67% (+)

ST (- )—pentenomycmt(91

o 7/

: o —— ; L.
m (-)-KDP (80) '(_) d
(+)-arnicenone (92)

(6]

Kim and co-workers'*® have reported a facile synthesis of tetrasubsituted pyrazoles via
the treatment of Baylis-Hillman adducts derived from cyclic / acyclic enones with
phenylhydrazine hydrochloride in moderate to high yields. One representative example

is presented in the Scheme 37.

Scheme 37

H
o0 QNHNHZ'HCI OH N‘N‘@ Q
OO | g
oo e —
CICH,CH,CI O _
50-80 °C, 8h
53% l

Marson and co-workers'®’

have reported an interesting synthesis of aza analogues (93)
of the phorbol (94) and related 5-6-7 tricylic fused frameworks starting from the

Baylis-Hillman adducts. One representative example is presented in the Scheme 38.
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Scheme 38
MeQ OH
MeO,C
o} 2 MeO. M M
N CO,Me 48% HBr (aq.) eO %, ~CO:Me
H  3-HQD (0.2 eq) 16 h, 20 °C Br
MeO 91% OMe 87% OMe
O il ACQII O K2003
& kf:H;1 \\(NH [?)mF
- CHa O
MeO MeQ OMe
Q AcO
__NaBH, 7 o
g MeOH N/
MeO G\:@ Me duantitative
AcO, }j‘ \,\c,\q 0z CO;Me

Qlu

COMe

0O o3

Mazdiyasni and co-workers'®® have reported a simple synthesis of optically pure p-
sulfonamidopropionic acids (95), which is an useful synthon for the preparation of P-3
site modified renin inhibitors (96) following the reaction sequence as described in the
Scheme 39.

Scheme 39

OH

BO4EH; DABGE mcozm HBr / HS04
|r e ————————
90% 100%

HaC.
HyC. N7
s

NK, com Nego CO,Me
N‘SO;?/\‘_/ £ ’

Alcalase 1) PC]5
- e

> 93% ee ©/ acetone / H,0
80%

2) HacN

H;,C
'\,N /\)L H 4
renin inhibitor (96) ©/ Cs

| T—

O

mCO;;MG
Br

1) Na,SO;,

2)Ho, Ni-R| 88%

CO,Me
N303S
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Recently, (—)-acaterin [(-)-4], a biologically important natural product, was synthesized

by Singh and co-workers utilizing the Baylis-Hillman adduct derived from octanal and

methyl acrylate following the reaction sequence presented in Scheme 40. '*
Scheme 40
& MEMCI OMEM
COOMe  qjinuclidine (2) cooMe _(FPT2NEL C?H15)WCOOME
_— =
C7H1sCHO + ﬂ 28 h 72% CrH1s CH,Cly, 6 h
83% 24 h| aq. LIOH (1N)
o% | THE 1 H,0 (2:4
OH 98% 20 (2:1)
Grubb's

o 2 catalyst g
4 o O (30 mol%) 7M1 \[/\..(_R)(—_ CHs /KH’COOH

CHLCly DCC, DMAP
TiClg, CH,Cls
8 h, 93%

reflux, 48 h 73%

54% CHCly, 24 h
TiCl
| © | © L. B
CrHis~ * Cibs CHzclz
H 0,
MEMC—) (o] MEMO 0 8 h, 92%

Very recently, Almeida and Coelho synthesized N-Boc-dolaproine (97), an amino acid

residue of the antineoplastic pentapeptide, Dolastatin-10, using Baylis—Hillman

reaction as the key step according to reaction sequence described in the Scheme 41.'"

Scheme 41

0
K‘\ol\)‘le * &CHO DABCO ,MoMe - ’MOMB
N CHCl B¢ 5% Boc" I

Boc t, 7 days
70% minor 1:3 major

Hz, PdIC | major isomer was
EtOAc, rt chromatographically
91% seperated

a) MEaOBF4, CHQCiz,

proton sponge, _
N OH rt, 18 h, 70% :
Boc’ - N OMe | + N OMe
MeO 0O b) LIOHITHF Boc Boc

5 1, 16 h, 87% HO o HO ©
. major

N-Boc-Dolaproine o isomer was seperated by 83:17
flash column chromatography (79% yield)

minor
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OBJECTIVES, RESULTS AND DISCUSSION

I'rom the preceding chapter it is quite clear that the Baylis-Hillman reaction is one of
the useful carbon-carbon bond forming reactions providing an unique class of
multifunctional — molecules  having  enormous  synthetic  potential.'™ These
multifunctional molecules. usually known as Baylis-Hillman adducts. have been
clegantly emploved in a variety of stereoselective transformation methodologies and in
the synthesis of several important heterocycles. carbocycles. natural products and
biologically active molecules. ™% During the last nineteen years. our research group
has been working on various aspects of this fascinating reaction with the main goal of
developing this reaction into a valuable source for various stereoselective organic
transformations and has in fact contributed significantly to this effect. ™7 With a
view to further expand the scope of this fascinating reaction in synthetic organic

chemistry. we have undertaken the research project with the following objectives:

OBJECTIVES

1) To develop a novel and facile methodology for the synthesis of functionalized
[4.4.3] and |4.4.4]propellano-bislactones using acetates of the Baylis-Hillman
adducts.

-

2) To develop a facile methodology for one-pot conversion of the acetates of Baylis-

Hillman adducts into substituted fused pyrimidones in aqueous media.
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3) To develop a novel methodology for tandem construction of C-N and C-C bonds
leading to facile one-pot transformation of the Baylis-Hillman adducts into 2-
benzazepines.

4) To understand the influence of substituents on the stereochemical outcome in the
Johnson-Claisen rearrangement of Baylis-Hillman adducts.

5) To develop a novel one-pot multi-reaction strategy for facile transformation of the

Baylis-Hillman adducts into substituted (1//)-quinolin-2-ones and substituted

quinolines.

RESULTS AND DISCUSSION

A novel and facile synthesis of functionalized [4.4.3| and |4.4.4|propel-

lano-bislactones using acetates of the Baylis-Hillman adducts:

Carbocyclic and heterocyclic propellanes, the tricyclic compounds conjoined in a
carbon-carbon single bond, occupy a special place in synthetic organic chemistry
because of their aesthetically appealing structural architecture and enormous synthetic

191-196

potential due to their high strain energy. Also, several natural products and

biologically active molecules such as modhephene (98),""” kopsane (99).'”* marasmic

200,201

acid (100).""" merrilactone A (101) and merrilactone B (102)™" (Figure 9) cre.,
were found to -possess this fascinating structural feature. Due to the biological

importance of propellanes and also due to their fascinating structural organization,

development of novel methodologies for the facile synthesis of these fascinating
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structural scaffolds is a challenging endeavor in organic synthesis. Some of the
important methods for the synthesis of propellanes are presented in the following

Schemes 42-45.

Figure 9
[ CHO ]

OH

: %
0]

N 0

H 3

kopsane (99)'% marasmic acid (100)'%°

200,201 202

merrilactone A (101)

merrilactone B (102)

Dave and co-workers’” have reported a facile synthesis of 3,7,10-heterocyclic
[3.3.3]propellane (104) via an unusual transannular reaction of 3,7-bismethylene-1,5-

diazacyclooctane (103) as described in the Scheme 42,

Scheme 42
CH,Br S
TR P WS e NCJQN—TS
Ts=N CHCl, DMSO
CHBr 104
80%
103

Rajamannar and Balasubramanian have employed an intramolecular radical addition to

enone olefin for the synthesis of [4.4.4]propellane ring systems. However, they also
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noticed the formation of angularly fused carbocycles due to competitive intramolecular
radical addition to ketone functionality. One representative example is presented in
Scheme 43,2

Scheme 43

Br

0 Br i 4¢~H“/ * BusSnH
, o . Triton B AIBN
- = o benzene
iio @ i.  pryrrolidine 0 reflux, 5-6 h

benzene, reflux
B5%

65 : 35

Bailey and Rossi have reported an interesting synthesis of [4.3.3]propellanes (105) via
the strategy involving tandem anion cyclization. One representative example is

described in the Scheme 44.%%

Scheme 44
| Li Li
t-BuLi TMEDA
P e . o ""_"“o
butane / Et,0 -78 °C
-78°C =

0 l
HO )k
80 %

105
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Recently, Harvey and co-workers®” have reported that treatment of 6-methylene-7-
octen-1-yne derivatives (106) (which was obtained starting from 2-bromomethylbut-
1,3-diene) with molybdenum Fischer carbene complex (107) provided the
[4.3.1]propellanes (108). A representative example is given in the Scheme 45.

Scheme 45

= “XH +KH

1. SO,, MeOH Br Br
2 5 atm, 4 h C—{ 180 °C
\ . -

2.NBS,CH,Cl, s
hu, 3 h o’ Yo 4

wr fecos 27 Y

Bu  Bu” “OCH, 106
MBOQC
X = C(CO,Me), (87%)

MeO,C 40 °C, benzene
108 54%

Polycyclic polylactone framework is an important structural feature present in various

biologically active natural products such as 100-102, bilobalide (109),272%

ginkgolide
A (110:1),208‘209 ginkgolide B (Iltlb),m‘209 ginkgolide C (110¢),”**%  anislactone A
(1112)*? and anislactone B (111b)** (Figure 10). Also, polylactone frame work with
a-exo alkene functionality is present in many biologically active molecules such as
avenociolide (112),>'® vernolepin (113),*'' and vernomenin (114)*'" (Figure 10).
Because of the biological importance of the molecules containing polylactone

framework, development of simple methodologies for the synthesis of polylactone

framework represents an interesting synthetic endeavor in organic chemistry. Organic
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methodologies are presented in the Schemes 46, 47 and Eqs. 27, 28.

Figure 10

bilobalide (109)

ginkgolide A [X = Y = H] (110a)
ginkgolide B [X = H; Y = OH] (110b)
ginkgolide C [X =Y = OH](110¢)

OH &

anislactone A (111a) (R1 =H R?= OH)
anislactone B (111b) (R" = OH, R? = H)

0]

Z H

O
H H

CeHi?” 0”0

o]
vernomenin (114)

avenociolide (112) vernolepin (113)

Liu and co-workers'" have reported the total synthesis of naturally occurring bicyclic-

bislactone [avenociolide, (112)] following the reaction sequence described in Scheme

46.
Scheme 46
¢ W—CO  OH 0
NBuli G PH  NaCpW(CO)y = silica gel Q
e - — CO,Bu
Il ~2) cHoco,Bu "c0,8u e Wté%zau e 2
= CoW(CO) CPWI(CO),
0
Ko 1) NOBF, | 3) CgHy7CHO
H OH 3;,-,?3' Etoy 0 i 2) LiCl 62%
LD '8
BuO,C—  CoHyy ,U_‘O DEAD, PhP i Cﬁ
e BzOH, -78 ) S o S
o %H ._iogt;e/_C i OH p-TSA(91%) = "0
P'TSA'H:»OI 150 °C, 4h il TN * BuO,C CaHrr N
% 177
0 e BzOH = p-nitro benzoic acid = bH CO,Bu
(6]
H H major isomer
CgHq7 0 (0]

112
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wilson and co-workers®'® have reported an interesting synthesis of bislactones (117)
from the bis(Meldrum’s acid) coupling product (116). derived from urazolyl acetyl
acetone (115) and Meldrum’s acid. following a reaction sequence as described in
Scheme 47.

Scheme 47

Ph o _o
i an A A x .
> ok ¥ A 1 +-BuOCI H <
1l JCJ) s Pl i NPy Vel -l I

" { e TN, o Ee————a—
f % 2 base O:\’ N ELN
2 5

PR O
> ]
o o o o
0-4‘]' : )HO .
O~4,.Q + H,0 0 o N ' l
O:l< \/:O . - A e TS @) o]
g o SIS Y VX
5 .:;-‘;O *(CHQ);CO O,;:.r S (9] 0. .0 OXO
17 0.0 | e
a |
L £ -
116

[nteresting spiro bicyclic-bislactones (119) were prepared by Cossy er.al. via Baever-
Villiger oxidation of spiro cyclic diketones (118). A representative example is

presented 1in Eq. oy 213

O 0 O (@]
' CH,Clp, 24 h \ Eq. 28
118 90% 119

Ashkenazi and co-workers”"* reported that a mixture of propellano-lactone (121) and
propellano-bislactones (122. 123) were formed along with dispiro-bislactone 124. when

[4.3.3]propellane-8.11-dione (120) was subjected to Baeyer-Villiger oxidation (Eq. 29).
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NaHCO, O
m -CPBA O

0 “CH,Clp \f CE Eq. 29
o)

25 days
120 121 122 123 124
0, 0,
12% 26% 20% 11% ©

The beautiful structural architecture of propellanes and important biological propertics
of polylactones have attracted our attention. We envisioned that combination of these
two important features i.e., propellane scaffold with polylactone framework will be of
importance. Therefore, we have undertaken a research program on the application of
Baylis-Hillman adducts for the synthesis of functionalized propellano-bislactones.
Thus, we have envisaged that the bisalkylation at 2-position of 1-indanone (125) with
methyl 3-acetoxy-3-aryl-2-methylenepropanoates (127) [the acetates of Baylis-Hillman
adducts (126)] followed by hydrolysis of resulting biscinnamic ester (128) would lead
to the formation of 2,2-bis[(2E)-3-aryl-2-carboxyprop-2-en-1-yl]indan-1-ones (129).
Subsequent lactonization under appropriate conditions might provide the desired

propellano-bislactones (130). The possible retrosynthetic route is given in Scheme 48.

Scheme 48

D HESR MeOOC

0 )=
0.0 O Ar
bislactonization hydrolysis
ey e
4 k>
e 130 A HOOC™ —Ar == Ar

MeOOC
129 128
“ dialkylations
OH
COOM acetylation Phe P
Ar e e———— AF/]\{'(COOME " &
126

127 125
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Accordingly, we have first planned synthesis of 11,16-di[(E)-benzylidene]-13,14-
dioxatetracyclo[7.4.4.0."°0%"|heptadeca-2,4,6-triene-12,15-dione  (130a) ie 2,10-
dioxa[4.4.3]propellane-3,9-dione. Thus, the required acetate, methyl 3-acetoxy-2-
methylene-3-phenylpropanoate (127a), was prepared from corresponding Baylis-

Hillman adduct (126a) according to Scheme 49.

Scheme 49
0 OH CH3COCI OAc
J . rCOOM“‘ DABCO COOMe pyridine i COOMe
Ar H i ——— Ar _— = r
CH,Cl,
126a-g 127ag
Ar = Ph (126a), 4-MePh (126b), Ar = Ph (127a), 4-MePh (127b),
4-EtPh (128¢), 4-(/-Pr)Ph (126d), 4-EtPh (127c¢), 4-(i-Pr)Ph (127d),
4-(OMe)Ph (126e), 4-CIPh (126f), 4-(OMe)Ph (127e), 4-CIPh (127f),
2-CIPh (126g) 2-CIPh (127g)

The allyl acetate, 127a, was treated with l-indanone (125) for bisalkylation at 2-
position under various conditions. The best results were achieved when the
bisalkylation of 1-indanone (125) (2 mmol) was carried out with methyl 3-acetoxy-2-
methylene-3-phenylpropanoate (127a) (5 mmol) in the presence of NaH (10 mmol)
(excess) in benzene as solvent at reflux, thus providing the desired biscinnamic ester
(128a) in 75% yield with high (E)-stereoselectivity'! after column chromatography
(silica gel, 15% EtOAc in hexanes) (Scheme 50). The structure of the biscinnamic ester
was in agreement with IR, '"H NMR, '°C NMR spectral data. This compound was cont-

aminated with (Z)-isomer (~ 12%) and other unidentified impurities (= 5%).]!

In the '"H NMR spectra of trisubstituted alkenes (with ester group at o position), the B-vinylic proton
cis to the ester group appears downfield while the B-vinylic proton frans to ester group appears
upfield ***'* 'H NMR spectra of the biscinnamic ester (128a) indicated the presence of & 12%
minor (Z)-isomer. The E/Z selectivity was determined by the integration ratio of isomeric B-vinylic
protons [In the 'H NMR spectra of 128a, B-vinylic proton cis to ester group (E-isomer) appeared as
singlet at § 7.59 while the same proton trans to ester group (Z-isomer) appeared as singlet at 8 6.58].
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However, subsequent hydrolysis of this biscinnamic ester (128a) as such, with KOH /
MeOH, followed by crystallization from a mixture of EtOAc and hexanes (1:2),
furnished the desired biscinnamic acid (129a) with 100% chemical purity and exclusive
(E)-stercochcmistryq' in 71% yield (Scheme 50). The structure was established by IR,
'H NMR (Spectrum 1), 3C NMR (Spectrum 2) spectral data. Bislactonization of this
biscinnamic acid (129a) was accomplished via the treatment with trifluoroacetic
anhydride (TFAA) in CH,Cl, at room temperature for 1.5 h to provide the desired
11,16-di[(E)-benzylidene]-13,14-dioxatetracyclo[7.4.4.0"* 0" |heptadeca-2.4,6-trienc-

12,15-dione (130a) i.c., 2,10-dioxa[4.4.3]propellane-3,9-dione (130a) in 92% yield as a
crystalline solid (Scheme 50). Structure of the product (130a) was in full agreement

Scheme 50

MeOOC

m COOMe @:g NaH /benzene
0°C 30h
127a 125 75% o i) KOH / MeOH
i 1 equiv. MeOQOC rn,3h

2.5 equiv.
128a ii) crystallization
45 E:Z=88:12 7%

TFAA /CH,Cl,

i, 1.5h
92%

130a
100% E

100% E

¥ (E)-stereochemistry was assigned on the basis of the 'H NMR spectral analysis. '"H NMR
spectrum of the biscinnamic acid (129a) (Spectrum 3) showed the singlet at & 7.76 and
there was no proton signal observed in the range 6 6.55-7.00 which clearly indicates 100%
E-stereochemistry in the case of biscinnamic acid (129a). See foot note. ‘]’ in page no: 49
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with the spectral data [IR, '"H NMR (Spectrum 3)**, '*C NMR (Spectrum 4), mass] and

elemental analysis.

This result was indeed very encouraging. We have then prepared a representative class
of Baylis-Hillman adducts (126b-g) via the coupling of various aldehydes with methyl
acrylate in the presence of DABCO and transformed them into the corresponding allyl
acetates (127b-g) by the treatment with acetyl chloride and pyridine in CH,Cl; (Scheme
49). We have, then, successfully employed these allyl acetates (127b-g) for
bisalkylation at 2-position of 1-indanone (125) which provided corresponding
biscinnamic esters (128b-g) in 66-81% yield. Hydrolysis of biscinnamic esters (128b-
g) followed by crystallization furnished the desired biscinnamic acids (129b-g) with
exclusive (E)-stereochemistry in 70-75% yields (Scheme 51, Table 1). All the
biscinnamic esters (128b-g) and biscinnamic acids (129b-g) were characterized by IR,
'"H NMR (Spectrum 5, for molecule 128e), *C NMR (Spectrum 6, for molecule 128¢)
spectral data. (E)-stereochemistry in the case of biscinnamic esters (128b-g) and bisci-

Scheme 51
MeOOC Hooc

e NaH
/'j],coorwe Ej:g s “ar KOH/MeOH
ao°c 30h
127b-g 66-81% crystalhzanon
70-75% == _-Ar

MeOOC HOOC
128b-g

Ar = 4-MePh (128b), 4-EtPh (128c), £ %= 8595:15:5

4-(--Pr)Ph (128d), 4-(OMe)Ph (128e), Ar = 4-MePh (129b), 4-EtPh (129c), 4-(i-Pr)Ph (129d),
4-CIPh (128f), 2-CIPh (128g) 4-(OMe)Ph (129e),4-CIPh (129f), 2-CIPh (129g)

129b-g (100% E)

** It looks that both the all g»hc CH, protons (four protons) (at C-10 & C-17) appear as AB
part of ABX system (doublet of ABp guarter I. e. Iwo dd) and the down field douglet (of this

s stem) is merged with singlet at 6 3.02 of benzylic CH, protons (at C-8). This is confirmed
I)'t e very clear ap pear;ance of AB quartet for the allylic CH, protons (four protons) (at C-

0 & C-17) when the '"H NMR spectrum ‘was recorded in the presence of shifi reagent
Eu(fod); (Spectrum 3).
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nnamic acids (129b-g) were assigned on the basis of chemical shift value (§) of

olefinic proton in 'H NMR spectra.’

Table.1: Synthesis of biscinnamic esters (128a-g) and biscinnamic acids (129a-g)
(127°>128"—>129):

Allyl - Product® | Yield® | Product® | Yield" Mp
acetate (%) (%) (OC)
127a Ph 1282 75 129a 71 161
127b 4-MePh 128b 74 129b 70 215
127¢ 4-EtPh 128¢ 70 129¢ 75 163-164
127d 4-(i-Pr)Ph 128d 77 129d 72 169-171
127¢ | 4<(MeO)Ph | 128e 81 129¢ 72 191
127f 4-CIPh 128f 66 1291 73 234-236
127g 2-CIPh 128g 74 129g 70 213

a) All the reactions were carried out on 2 mmol scale of 1-indanone (125) with 5 mmol of the
allyl acetate (127a-g) in the presence of excess NaH (10 mM) in benzene at reflux for 30 h
in N, atm.

b) Hydrolysis was carried out on 1 mmol scale of biscinnamic ester (128a-g) with KOH /
MeOH (1 g in 4 mL) at room temperature for 3 h.

c¢) All the biscinnamic esters (128a-g) were obtained as colorless viscous liquids. 'H NMR
and ""C NMR spectral data of compounds 128a-g indicated the presence of minor Z-isomer
(= 5-15%) and unidentified impurity (= 5%).

d) Yields of the biscinnamates (128a-g) [with impurities as mentioned in the above (c)
footnote] after column chromatography (silica gel, 15% ethyl acetate in hexanes).

¢) All the the biscinnamic acids (129a-g) were obtained as colorless solids in chemically pure
form with 100% (E)-stereochemistry and gave satisfactory IR, '"H NMR. and *C NMR
spectral data.

) Yiclds of the pure biscinnamic acids (129a-g) after crystallization from mixtures of EtOAc
and hexanes,

*+ In the 'H NMR spectra of trisubstituted alkenes (with ester group at a- position). the B-vinylic proton
cis to the ester group appears downfield while the B-vinylic proton trans to ester group appears
upfield.”"*"* '"H NMR spectra of the biscinnamic esters (128b-g) indicated the presence of 5-15%
minor (Z)-isomer. The E/Z selectivity was determined by the integration ratio of isomeric B-vinylic
protons [the B-vinylic proton cis to ester group (E-isomer) appeared at & 7.76-7.82 while the same
proton trans to ester group (Z-isomer) appeared at & 6.55-6.94]. Similarly, '"H NMR spectra of the
biscinnamic acids (129b-g) indicated the presence of peaks in the range of & 7.50-7.77 and there were
no proton signal observed at & 6.55-7.00 which clearly indicates 100% £-stereochemistry in the case of
biscinnamic acids (129b-g).
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The desired propellano-bislactones (130b-g) were obtained in 84-91% yields via
bislactonization of biscinnamic acids (129b-g) by the treatment with trifluoroacetic
anhydride (TFAA) in CHyCl; at room temperature for 1.5 h (Eq. 30, Table 2). All the
propellano-bislactones (130b-g) were characterized by IR, 'H NMR (Spectrum 7, for
the compound 130e), °C NMR (Spectrum 8, for the compound 130e), mass spectral
data, and elemental analyses. Also, to ensure the formation of propellano-bislactones,
we have obtained the single crystal in the case of 130d and established the structure by

X-ray crystallography data (Fig. X1, Table 3).

‘N ()
Q0 )= TFAA

Ar
CHoCly, 1, 1.5h SN ﬁ 0
Eq. 30
. 84-91% y N
S
HOOC f Al 100%E  Ar
130bg

129b
9 Ar = 4-MePh (130b), 4-EtPh (130¢), 4-(--Pr)Ph (130d),
4-(OMe)Ph (130e), 4-CIPh (130f), 2-CIPh (130g)

C(25)

&> c(26)
cm:;&@ﬁ

Fig. X1
ORTEP diagram of the compound 130d
(Hydrogen atoms were omitted jfor clarity)
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Table.2: Synthesis of propellano-bislactones (129—>130) *:

Diacid Ar Product” Yield" Mp

(%) (°C)
129a Ph 130a* 92 200-201
129b 4-MePh 130b* 91 229-230
129¢ 4-EtPh 130¢° 84 164-165
129d 4-(i-Pr)Ph 1304%* 89 192-193
129 4-(MeO)Ph 130¢" 85 179-180
129f 4-CIPh 130f 90 250-251
129g 2-CIPh 130g* 86 157-158

a)

b)

c)

d)

Bislactonization was carried out on 0.5 mmol scale of biscinnamic acid (129a-g) with

TFAA (1 mmol) in CH,Cl, (5 mL) at room temperature for 1.5 h in N, atm.

All the bislactones (130a-g) were obtained as colorless crystalline solids and gave the

satisfactory IR, 'H NMR, "*C NMR spectral data, and elemental analyses.

Yields of the pure bislactones (130a-g) after crystallization from mixtures of EtOAc and

hexanes.
Compounds 130a-e and 130g were also characterized by mass spectral data.

Structure of this compound (130d) was further confirmed by single crystal X-ray data (Fig.
X1, Table 3).
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Table 3 : Crystal data and structure refinement for 130d

Identification code
Empirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 24.98
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [1>2sigma(l)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

1 130d

: C3sH3404

:518.62

12932)K

:0.71073 A

: P2y/n (International Table No = 14)
:a=16.377(2) A; =90 deg.
b=10.404(3) A; P=94.106(11) deg.
:c=16.5952) A; v=90 deg.

: 2820.4(9) A’

:4,1.221 Mg/m’

:0.079 mm™

: 1104

:0.7x 0.6 x 0.6 mm

: 1.69 to 24.98 deg.
:0<h<19,0<k<12,-19<1<19
: 4966 / 4966 [R(int) = 0.0000]
199.9 %

: None

: Full-matrix least-squares on F
14966 /0/357

:0.986

: R1=0.0600, wR2 =0.1262
:R1=0.1353, wR2 = 0.1657
:0.0053(6)

:0.359 and -0.219 e. A”
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With a view to understand the generality of the reaction, we have also extended this
strategy for the synthesis of [4.4.4]propellane 134 starting from 1-tetralone. Thus, the
treatment of 1-tetralone ( 131)’? (2 mmol) with methyl 3-acetoxy-2-methylene-3-
phenylpropanoate (127a) (5 mmol) in the presence of NaH (10 mmol) (excess) in
benzene at reflux provided the desired biscinnamic ester (132)° in 59% yield with high
(E)-stereoselectivity" after column chromatography (silica gel, 15% EtOAc in hexanes)
(Scheme 52). This compound (132)6 is contaminated with minor (Z)-isomer (= 18%)
and other unidentified impurities (= 5-7%)." Subsequent hydrolysis of this biscinnamic
ester (132) with KOH/MeOH furnished the desired biscinnamic acid (133)° with major
('E)-Stereochemistryv in 81% vyield (Scheme 52). (Z)-Isomer (= 15%) and other
unidentified impurities (= 5%) were also present along with major (E)-isomer."
Structure of products 132 and 133 were in agreement with the spectral data (IR. 'H
NMR. °C NMR). Bislactonization of this biscinnamic acid (133) via treatment with
triflouroacetic anhydride (TFAA) in CH,Cl, at room temperature for 1.5 h provided the
desired 12.17-di[(E)-benzylidene]-14,15-dioxatetracyclo[8.4.4.0"'".0* "Joctadeca-2.4.6-

triene-13.16-dione (134)° i.e., 2.10-dioxa-[4.4.4]propellane-3.9-dione (134) in 68%

V It is well documented in the literature that 'H NMR spectra of trisubstituted alkenes (with ester
groulp at a-position), the B-vinylic proton cis to the gster.efoup appears downfield while the f3-
vinylic proton frans to ester group appears upfield.” "™ "H NMR spectra of the biscinnamic
ester (132) indicated the presence of 18% minor (Z)-isomer. Similarly, 'H NMR spectra of
biscinnamic acid (133) indicated the presence of 15% (Z)-isomer as impurity. The £/Z ratios
were calculated from the integration ratio of isomeric B-vinylic protons [In the case of 132, the
B-vinylic proton cis to ester group (E-isomer) preared at 5 7.58 while the same proton trans to
ester group (Z-isomer) appeared at & 6.44 and in the case of 133, the B-vinylic proton cis to
ester group (E-isomer) appeared at & 7.79 while the same proton frans to ester group (Z-isomer)
appeared at 6 6.59].

¢ For continuity and better understanding, tetralone and tetralone-derived diester. diacid &
propellane have been numbered as 131, 132, 133 and 134. e e
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yield (Scheme 52). Structure of product (134) was confirmed by IR, 'H NMR (Spectr-
um 9), 13C NMR (Spectrum 10), mass spectral data, and elemental analysis. Structure

of 134 was further established using X-ray crystallography data (Fig. X2 and Table 4).

Scheme 52
MeOQOC,
COOMe O
NaH / benzene
0°C 30h O‘
127a 59%
MeOOC
132
E/Z:B2/18
KOH / MeOH,
rt, 3h, 81%
HOOC

TFAA o = O
e
CH,Cl;
s L)
——

HOOC 133
100% E EIZ:85/15
o(26). -
C(zsg ) /cgi #0(27)
C(24) () C(28)
o -
o o0 S
cﬁ}»(‘ [ </c¢:m)
l °‘2?J\( y
CO (A, o\, ¢
cna)} I (22} 4 (e (4)
) M e
- - 3
c(15) 7 oy  ©10) 0(2))\\. g B
) C(14) N\ c@)
G ! c(6
‘*—\ [ c(;}k . .*”'J ()
COTY. ) c(1) U e

Fig. X2
ORTEP diagram of the compound 134
(Hydrogen atoms were omitted for clarity)



Table 4. Crystal data and structure refinement for 134

Identification code
Empirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 24.97
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F*

Final R indices [[>2sigma(l)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

1134

: C30H2404

:448.49

1293(2) K

:0.71073 A

: P2)/c (International Table No = 14)
:a=28.9137(10) A; o = 90 deg.
:b=11.806(4) A; B=93.556(9) deg.
:c=21.405(3) A; y=90 deg.

: 2248.3(8) A°

: 4, 1.325 Mg/m’

:0.087 mm"

: 944

:0.96 x 0.36 x 0.28 mm

: 1.91 to 24.97 deg.
:0<h<10,0<k<14,-25<1<25
: 3944 / 3944 [R(int) = 0.0000]
:100.0 %

: None

: Full-matrix least-squares on F
:3944/0/308

1 1.107

:R1=0.0579, wR2 = 0.1528
:R1=0.1187, wR2 = 0.2012
:0.010(2)

: 0.455 and -0.247 e. A™
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A plausible mechanism for the formation of propellano-bislactone from the diacid is

presented in the Scheme 53.

Scheme 53
HOOC
P = Ar
TFAA
HOOC™ S—Ar

TFAA = (CF3C0),0
- CF;COOH

O

O

Ar

° A\

Ar

Thus, we have successfully developed a novel synthetic methodology for the
convenient transformation of acetates of the Baylis-Hillman adducts into functionalized
[4.4.3] and [4.4.4]propellano-bislactones (130a-g, 134) in very high yield. These results
clearly demonstrate the importance of Baylis-Hillman acetates in synthetic organic

chemistry.
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One-pot facile conversion of the acetates of Baylis-Hillman adducts

into substituted fused pyrimidones in aqueous media:

The pyrimidine framework?'*?*' is an important structural moiety present in various

222

biologically active molecules such as trimethoprim (135)"*“ (antigonococcal agent),

136" (herbicidal activity) and DABOs (1372)* & S-DABOs (137b)*** (inhibitors of
anti-HIV-1) (Figure 11) including DNA and RNA. Also, in recent years, there has been
increasing interest in fused pyrimidine molecules®'*** because of their useful and

225,226

important physiological properties”® such as analgetic (138), antipsychotics

(139),”5%" nonselective 5-HT/D2 antagonists (140, 141),%*?%822 and platelet aggrega-

Figure 11
e
m :
Q/l\ Me)\
trimethoprim (135)222 Cl 1.'56223
: 224 g 224
(antigonococcal agent) (exhibited herbicidal activity) RABRS (1IN FOABOS (137h)

(inhibitors of anti-HIV-1)

e
N* MeSO, }g ON Me n
=~ N N
N COOEt Q)K/(\' %
Ve P:renperone R 47 465 (140)%28 F

Me 227

226

R(maafoggg (138) Oca.pendong (139) (5-HT antagonists)
9 (antipsychotics)

O
N Me
N
|
O, EtzN° N
X
Respandone R 64 766 (1 411)229 142230 143230

(nonselective 5-HT/D2 antagonists) (exhibited pIatelet aggregation inhibitory properties)
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tion inhibitory properties (142, 143).*° Therefore development of simple and
convenient methodologies for the synthesis of such molecules represents an attractive
and interesting area of research in synthetic organic and medicinal chemistry.??'"
Some recent and relevant literature methods for the synthesis of pyrimidine derivatives

are described in the following.

Roma and co-workers™" have recently synthesized fused pyrimidone derivatives (144)
via the reaction of aminoquinoline with acid chlorides (derived by the treatment of N, N-
dialkylmalonomic acid with PCls) or with imine chloride derived from ethyl

malonamide. One representative example for each method is presented in Scheme

Scheme 54
" N
io [ Sl
~
90 1) PCl Y PoCh < Y
P .. S N CH —— N:~CH,
Et;N OH N )\ j&
2)@ 07 NEt, CI”NE,
N NH, OPOCI,
NEts L J
-Hopom,l
“OPOCI, N
+
EtoN EtoN A A~ N0 A~ N0
O pocy, cl N™ “NH; i - HCl N, KH
0 HCI " (I h
O -
EtQ EtC - HOPOCI, NEt, NEL
- C,HsOH

Yale has reported the synthesis of fused pyrimidone (145) via the reaction of 2-amino-

3-picoline with excess diethyl malonate (Eq. 31).*
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CH 165 °C CHs
-~ 3 N
I U 100 min = N o
X + - Eq. 31
N™ "NH, EtO OEt  (distillation of EtOH) N
87% o 145

Stanovnik and co-workers™’ have reported an interesting one-step transformation of
(S)-3-[(dimethylamino)methylene]-5-(methoxycarbonyl)tetrahydrofuran-2-one  (146)
into fused pyrimidones (147) by the treatment with various 2-aminopyridines.

However, the yields of products were very low (Scheme 55).

Scheme 55
0.__0 R o)
MeOOC h AGOH, ACONa MeOOC \Od s
+ :
A\ S | reflux N\ | A
N NH, N R
|
MEzN H
146
OH
MeOOC 0
B
R=H:19% y
R = Me : 15% N° NF R
147

Stanovnik and co-workers*** have also employed diethyl N,N-dimethylaminomethy-
lenemalonate (148) for the synthesis of fused pyrimidones (149) in moderate to good

yields via the reaction with 2-aminopyridines (Scheme 56).

Scheme 56
R
H R
MezN @r& ACOH / A N
1 N 1 x NTJ\
(0]
R =H, 3-Me,
4-Me 149
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Scheinmann and co-workers have described the synthesis of fused pyrimidine
derivative (151) via the reaction of dimethyl allene-13-dicarboxylate with 2-

aminopyridine (150) (Eq. 32) 234

=
rcozme dry MeOH @

(|: . @\ gﬂrgon atmosphere NTEN Eq. 32
| S i, 14 h NNy
MeO,C N" "NH,
2 150 73% MeO,C 151

It was interesting to note that as early as 1956, Lappin™® reported that reaction of 2-
aminopyridine (150) with alkyl acrylates provided 1,5-diazabicyclo(4.4.0)deca-5,7,9-
trien-4-one (fused pyrimidone) (152) via the Michael attack of ring nitrogen onto the
acrylate (Scheme 57). Also, they noticed the formation of N-(pyridin-2-yl)-f-alanine

(153) via the Michael attack of an amino group onto the acrylate (Scheme 57).

Scheme 57
) o
—= | “N“SNH — N Y
CO,Me
= | CO?ME I\/ 2
Ny + W 2,5-di-tert-butylhydroquinone 152 ©
NH; J : .
150 reflux - major product
=
| IS |

\N u/\\/COEMe

153
minor product

Subsequently Lappin2, also reported that reaction of 2-aminopyridine (150) with
methyl propiolate provided fused pyrimidone derivative (154) in 24% yield. In this

reaction, di-Michael addition product (155) was also isolated (Eq. 33).
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X
MeO,C X O
= ether | X, Xy -COMe

(T | ——— Ny ¢ NN Eq. 33
-~ 5
N 30 min I\\l\
i NH, LA B
(154) 24% Ste

(155) 29%
It occurred to us that the reaction of 2-aminopyridine (150) with the acetates of Baylis-
Hillman adducts (127) would provide desired substituted fused pyrimidine derivatives
(156) in a one-pot operation. In this direction we first carried out the reaction of methyl
3-acetoxy-2-methylene-3-phenylpropanoate (127a) with 2-aminopyridine (150) under
various conditions. The best results were obtained when the allyl acetate 127a was
treated with 2-aminopyridine (150) in H,O / MeOH (1:1) at room temperature for 6
hours thus providing the desired fused pyimidone (156a) ie., 3-benzyl-1,5-
diazabicyclo(4.4.0)deca-2,5,7,9-tetraen-4-one (156a) in 77 % yield after the usual
workup, column chromatography and followed by crystallization (Eq. 34, Table 5).
Structure of product (156a) was in full agreement with IR, '"H NMR (Spectrum 11), e

NMR (Spectrum 12), mass spectral data, and elemental analysis.’

0
OAc O 34 .
X H,O/MeOH (1:1) N
ome + | P - 2l Is Eq. 34
N” NH, 6h,rt TN | 7
127a 150 77 % 10~ 8
9
156a

This was indeed an encouraging result in the sense that the reaction was carried in
aqueous media. We have then extended this strategy to a representative methyl 3-

acetoxy-2-methylene-3-arylpropanoates 127b-h. Thus the treatment of these allyl
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acetates (127b-h) with 2-aminopyridine (150) in the aqueous media provided the
desired substituted fused pyrimidones (156b-h) in 56-83% yield (Eq. 35 and Table 5).
Structures of the products (156b-h)? were characterized by IR, '"H NMR, “C NMR
(Spectrum 13 for molecule 156b) spectral data and elemental analyses. The required
allyl acetate 127h was prepared from corresponding Baylis-Hillman adduct 126h

derived from 3-methoxybenzaldehyde and methyl acrylate,according to Scheme 58.

0 Actually we considered the possibility of the formation of two products i.e. 156 and A. Mo-
lecules with similar skeletons to A are known in literature (for example B, C, D, E). % 1t
is observed in the 'H NMR spectra (in CDCl; or DMSO-Dg) that the H-10 proton of
compounds B, C, D, E appears at =~ 5 8.96-9.22 (see below). In the 'H NMR spectra (28.5%
CD;0D in CDCI;) of our molecules, 156a-i, the H-10 proton appears as a doublet at =~ &
7.73-7.91 and no peak was observed at ~ & 8.00-9.30. [Also in the 'H NMR spectra (in
CDCl;) of the crude products (156a-h) no peak was observed at ~ & 8.00-9.30. However, in
the case of 156i, the 'H NMR spectrum (in CDCls) of the crude product showed some peaks
at & 8.00-8.30. In fact, we have also isolated as unidentified more polar compound in = 20%
yield and in its "H NMR spectrum (in CDCls) no peak was observed at ~ & 8.50-9.30]. To
confirm the structures, we have also recorded the "H NMR spectrum of 156a (R = Phenyl) in
DMSO-Dg and it was noticed that the H-10 proton appeared as doublet at 6 8.17 and no
peak was observed at =~ & 8.30-9.30. Therefore we have assigned the structure 156 for all
these fused pyrimidones, It is also worth mentioning here that the H-10 proton in the
compound F (in CDCl3-DMSO-Dy) appears at & 8.13 (ref. No. 235). Our assignment is in
close agreement with that of F.

£ 233
O 11 (6896inDMSO-DE™™ 0 g 20 i cDCI,)™

3 14 1
3
/XLG N Y\ﬁ} Et0,C TN P
aMGOzc = /a 41 P
N s

8 ) :
¢ CHa
i
0 H (69.221in CDCI;,)ZM o) H (B 8.97 in CDCly)? \}?(‘L'qs
4 t;] 8 7/ 8 CHy Phc r N 6 C;: 8 (6813 in CDCly-DMSO-Dg/2* H™ " 8
3

D E F
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Scheme 58
i OH
MeO. COOMe DABCO
\O)LH + ”/ MeO COOMe CH,COCI
pyridine
126h CH,Cl,
OAc
MeO COOMe
127h
0
OAc O 3 | 4 5
= H,O/MeOH (1:1) Ar N
Ar oMe + || - 2l e Eq. 35
N~ “NH, 6h,rt TN | 7
127b-h 150 56-83 % 10~ B
9
Ar = 4-MePh, 4-EtPh, 4-(i-Pr)Ph, 156b-h

4-(OMe)Ph, 4-CIPh, 2-CIPh, 3-(OMe)Ph

With a view to understand the generality of the methodology, we have also subjected
methyl 3-acetoxy-2-methylene-3-octanoate (127i) to the reaction with 2-aminopyridine
(150). The desired product, 3-hexyl-1,5-diazabicyclo(4.4.0)deca-2,5,7,9-tetraen-4-one
(156i) was obtained in 37% yield (Eq. 36, Table 5) after silica gel column
chromatography. Structure of the product (156i) was in full agreement with the spectral
data [IR, 'H NMR, *C NMR (Spectrum 14)] and elemental analysis. However, in this
case, the reaction was not clean. We have noticed that ~ 25% of starting material was
intact as evidenced by '"H NMR spectral analysis of the crude product. We have also

isolated ~ 20% unidentified more polar product.

OAc O
/\/\/‘\[(LOME + @\ HZO’MEOH“ 1) /\/\/\ﬁ\
N “NH,  20ht é Eq. 36

127i 150 37 %
156
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The required starting material (127i) was obtained via the acetylation of Baylis-Hillman
alcohol (126i) derived from hexanal and methyl acrylate (Scheme 59). A plausible
mechanism for the formation of 3-substituted-1,5-diazabicyclo(4.4.0)deca-2,5,7,9-

tetraen-4-ones (156) is shown in Scheme 60.

Table 5: Synthesis of substituted fused pyrimidones (156a-i) *

Acetates R Time | product®® | Yield® m.p
(h) (%0) (°C)
127a Phenyl 6 156a° 77 218-220 (dec.)
127b p-Methylphenyl 6 156b° 74 230-233 (dec.)
127¢ p-Ethylphenyl 6 156¢ 83 210-212
127d | p-(iso-Propyl)phenyl 6 156d 75 214-216 (dec.)
127e p-Methoxyphenyl 6 156e 56 219-222 (dec.)
127f p-Chlorophenyl 6 156f 74 212-214 (dec.)
127g o-Chlorophenyl 6 156¢g 79 186-188 (dec.)
127h m-Methoxyphenyl 6 156h 58 207-208
127 n-Pentyl 20 156i 37 100

a) All the reactions were carried out on 1 mmol scale of the acetates of Baylis-Hillman
adducts 127a-i with 1 mmol of 2-aminopyridine (150) in H,O / MeOH (1:1, 10mL) at
room temperature. ‘

b) All the fused pyrimidones 156a-i were obtained as colorless solids and gave satisfactory
IR, 'H, ""C NMR spectral data and elemental analyses.

¢) 'H NMR spectra of the crude products indicated the presence of ~ 2-5% starting materials
in the case of 156a-h.

d) Yields of the pure fused pyrimidones (156a-i) obtained after column chromatography
(silica gel, 15 % MeOH in EtOAc) followed by crystallization (EtOAc).

€) These compounds were also characterized by mass spectral data.

f) The '"H NMR spectrum of the crude product indicated the presence of ~ 25% of starting
material. We have also isolated an unidentified more polar compound in = 20% yield.
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Scheme 59
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Thus, this methodology describes a simple and facile transformation of Baylis-Hillman
acetates, particularly, methyl 3-acetoxy-2-methylene-3-arylpropanoates (127a-h), into a
useful and important class of fused pyrimidones (156a-h) in an environment-friendly

aqueous media. Also these results clearly demonstrate the efficacy of Baylis-Hillman

adducts in synthesis of heterocycles.
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A novel, tandem construction of C-N and C-C bonds: facile and one-
pot transformation of the Baylis-Hillman adducts into 2-benzazepines

2-Benzazepine moiety is present in many pharmaceutically active naturally occurring

molecules such as galanthamine (157)*®

(one of the most effective current drug for

Alzheimer’s disease), lycoramine (158),2** narwedine (159),”*® montanine (160a),****

coccinine (160b), "% pancracine (160¢),****" brunsvigine (160d),*** ribasine

(161),2‘” communesin A (162a),** communesin B (162b)** etc., (Figure 12) and in

fact, several synthetic 2-benzazepines®**** (163-167, Figure 12) have also been found

Figure 12
OH OH
i P R [, Ko )
»H:’CO "-|> ': :,HSCO .,,J} ‘--:
N - N
T Sy CH
(-)-galanthamine (157) T Sl )

D N : \
Lt e . (160) : A
montanine (160a) (R?=0CHj, R*=0H, R’ & R*=H) 0 N H,

coccinine (160b) (R'=0CH;, R*=0H, R? & R*=H) D CHy ™

(anti-hypertensive)
N ——

pancracine (160c) (R' & R*= H, R? & R%=0H) L a ccg::U::zl: g (:gg;) R=CHj
brunsvigine (160d) (R' & R*= H, R? & R*=0H) ribasine (161) ’ lCH L=
3
(R )
! R OCH Ph
HyCO R™ hHyco 8
CH
chom HaCO NH o w o / o
Ar Ph N'COCH R
(163) (164) | c;'N (166) 3 (167)
R=CO,Et, COzH, CONH,, R = CHaNHz, CONH, ™ _ inarri R = CH,CH,NH,
ESNE CM;r? .S%ff#\ez. COHN-BU' (1165). {Imp":;::ilny?ammg (for treatment of
L Ar=pPn, i
(anti-hypertensive) {anmgeng) mental disorder

and hypoxia)
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to exhibit hypotensive, analgesic, antiarrhythmic activity and also found useful for
treatment of mental disorder and hypoxia. Therefore, development of simple and
convenient procedures for synthesis of 2-benzazepine derivatives has been and
continues to be a challenging endeavor in synthetic organic chemistry.?**%? Several
synthetic strategies have been reported for synthesis of 2-benzazepine systems and
some of the recent and important methods for the construction of 2-benzazepines are

discussed in the following.

Recently, Kamimura and co-workers®® have reported an interesting synthesis of 2-
benzazepines (169) involving a 7-endo radical cyclization of N-(o-bromobenzyl)acry-

lamides (168) as the key step (Scheme 61).
Scheme 61

R’ CHO  R2gH,NH N“SR2  NEtyDMAP o R?
B kil WO o
Br NaBHyCN COCI B \E:(B}O
: s 77-81%
77-87% R -

3
R'=OCH3, H B
= CF3, Ph, C3H; u-SnH | benzene
= CH,CO4Et, CHy A | 8o °C 15h
18-64% ,
R
R’ N/—
0
RS
169

Nyerges et al. have developed an interesting synthesis of fused 2-benzazepine (172)
from isoquinolinium salt (170) according to Scheme 62. The key step involved in this

reaction is 1,7-electrocyclization of azomethine ylide (171). One representative

example is presented in Scheme 62.2
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Scheme 62

HSCOD/\\ H3CO _ H5CO
- Br~  EtsN, EtOH
— i N.__Ph
H3CO Nhts HsCO #NPh t HaCO g

170 N\ N

Tourwe and co-workers®' have reported an unprecedented sigmatropic rearrangement
of 173, derived from cis-2,3-methanophenylalanine hydrochloride, leading to a 2-

benzazepine derivative as described in Scheme 63.

Scheme 63
CH,0 S
_INHCI 2, [1 J
HCL.H,N T + S +N *N
2% COOH COOH H COOH H2 COOH Hz ‘cooH
173 quantitative

A novel photochemical reaction of N-phthaloyl a-aminoacid esters 174 leading to the

synthesis of dihydrobenzazepinedione 175 has been reported by Griesbeck and Mauder

(Bq. 37)%
0
0 P
hvl13°C H "
—— DT T % N—{-ui i
@;(N‘(HTH/ benzene NH CO,CH3 G(JJHCH e 3
CO,CHz  Nj /A =300nm 0 e
- 75% d 80 : 20
175 '

174 - CH,=CH,
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Due to the importance of 2-benzazepine derivatives, we have undertaken a research
project with the main aim of developing novel methodology for the synthesis of these
molecules (i.e., 2-benzazepines) from the Baylis-Hillman adducts. We have envisioned
that 2-benzazepine derivatives (176) can in principle be obtained from the Baylis-
Hillman adducts (126) via the construction of C-N bond through the Ritter reaction™
*** followed by simultaneous construction of C-C bond through the Houben-Hoesch

6-262

reaction” as there would be a nitrilium ion intermediate Il (Scheme 64).

Scheme 64: Schematic representation of synthetic strategy for 2-benzazepine

derivatives

OH
COOR!

126

Accordingly. we have first selected methyl 3-hydroxy-2-methylene-3-phenylpropano-
ate (126a) as substrate for performing the Ritter and the Houben-Hoesch reactions with
acetonitrile in the presence of methanesulfonic acid at various conditions. However.
this reaction did not proceed to the formation of the desired 2-benzazepine derivative
(176) but stopped at the stage of allyl amide only (177a) (Scheme 65). The best result.
in this direction. was obtained when methyl 3-hydroxy-2-methylene-3-phenylpropan-
oate (126a) (1 mmol) in acetonitrile (5 mL) was treated with methanesulfonic acid (3
mL) at 110 "C for 5 hours. thus providing the resulting product, methyl (2£)-2-acetyla-

minomethyl-3-phenylprop-2-enoate (177a). in 72% yield with (E)-stereochemistry”
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(after silica gel column chromatography). Structure of the molecule was established by
[R. '"H NMR (Spectrum 15), >C NMR (Spectrum 16), mass spectral data and elemental
analysis. Stereochemical assignment was based on chemical shift value (&) of B-vinylic
proton in 'H NMR."

Scheme 65

COOMe
OH %’

—=N
COOMe / CH-SO-H
110-150 °C, 5-6 h

126a . COOMe
' > (E)
72% NHCOMe
177a

We have then prepared representative (£)-allyl amides (177b. 177¢ and 179%) via
treatment of various Baylis-Hillman adducts [126b. 126¢ and 178a* (obtained via the
reaction of benzaldehyde with ethyl acrylate according to the Eq. 38)] with acetonitrile
in the presence of methanesulfonic acid (Eq. 39. Table 6). Structures of all the products
(177b. 177¢ and 179) were determined by IR, 'H NMR, "’C NMR spectral data and
clemental analyses. (E)-Stereochemistry in all the cases was established by '"H NMR

spectral analysis.”

In the '"H NMR spectra of trisubstituted alkenes (with ester group at a-position) the B-vinylic
proton cis to the ester %roup appears downfield while the 3-vinylic proton trans to ester group
appears upfield.”'”*"" 'H NMR spectra of the crude samples of 177a-c, 179-181 indicated the
presence of 5-12% minor (Z)-isomer. The £/Z selectivity was determined by the integration ratio
of isomeric B-vinylic protons [the B-vinylic proton cis to ester group (E-isomer) appeared at &
7.77-7.82 while the same proton trans to ester group (Z-isomer) appeared at 8 6.35-7.03].

* For better understanding and continuity, the Baylis-Hillman alcohol derived from benzaldehyde
and ethyl acrylate is numbered as 178a and the corresponding allyl amide is numbered as 179.
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0 OH
COOEt
DABCO
@H . lf mcooa _—
178a
OH MeCN / CH3SO3H A COOR
COOR - Ar /\[ Eq. 39

Ar 110°C, 5 h, 72-77% E) “NHCOMe
126b (Ar = 4-MePh, R = Me), 177b,177¢,179 4771 (Ar = 4-MePh, R = Me),
126¢ (Ar = 4-EtPh, R = Me), 177c (Ar = 4-EtPh, R = Me),
178a (Ar = Ph, R = Et) 179 (Ar=Ph, R = Et)

With a view to understand the application of other nitriles in the Ritter reaction of
Baylis-Hillman adducts, we also employed propionitrile in this reaction. Thus, the
reaction of methyl 3-hydroxy-2-methylene-3-phenylpropanoate (126a) with
propionitrile in the presence of methanesulfonic acid provided the expected methyl
(2E)-3-phenyl-2-propanoylaminomethylprop-2-enoate (180)" in 83% yield (Eq. 40,
Table 6). Structure of the product was in full agreement with the spectral data (IR, 'H

NMR, C NMR) and elemental analysis. (E)-Stereochemistry was established by 'H

NMR spectral analysis."”

OH &
mCOOMe CH3CH,CN / CH3SO4H mcoom e w
- q. 4
0
Ne"GEah NHCOCH,CHs
126a 83% o

We have also used acrylonitrile for Ritter reaction with Baylis-Hillman alcohol (126a).
Thus, the reaction of methyl 3-hydroxy-2-methylene-3-phenylpropanoate (126a) with

acrylonitrile in the presence of methanesulfonic acid provided the expected methyl

For better understanding and continuity, the allyl amide derived from 126a and propionitrile
is numbered as 180 and allyl amide derived from 126a and acrylonitrile is numbered as 181.



e

(2E)-2-acryloylaminomethyl-3-phenylprop-2-enoate (181)" 1 74% yield (Eq. 41, Table
6)." Structure of product was in full agreement with the spectral data (IR, 'H NMR, “C

NMR) and elemental analysis.

CN

OH
COOMe W X, COOMe
- (E) 0 Eq. 41
CH3SO03H N4/§
o o H
126a 110°C, 5 h, 74% _ P

Table 6: Stereoselective transformation of Baylis-Hillman adducts (126a-c, 178a)
into (E)-allyl amides (177a-c, 179-181) under Ritter conditions.™”

Alcohol Alkanonitrile Product* Y(if/:;‘d (ﬁ’l(g
126a acetonitrile 177a° 72 112-114
126b acetonitrile 177b 75 115-116
126¢ acetonitrile 177¢ 72 78-80
178a acetonitrile 179 77 66
126a propionitrile 180 83 93-94
126a acrylonitrile 181 74 90

a) All the reactions were carried out on 1 mmol scale of the Baylis-Hillman alcohols (126a-c,
178a) in alkanonitriles (SmL) in the presence of methanesulphonic acid at 110 °C for 5
hours.

b) All the allyl amides (177a-c, 179-181) were obtained as colorless solids and gave
satisfactory IR, 'H NMR, ">C NMR spectral data and elemental analyses.

¢) 'H NMR spectra of the crude products indicated the presence of = 5-10% minor Z-isomer
along with major E-isomer.

d) Yields of the pure allyl amides (177a-c, 179-181) obtained after column chromatography
(silica gel, 30 % EtOAc in hexanes).

¢) This compound was also characterized by mass spectral data.
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With a view to understand stereochemical directive effects of cyano group, we have
examined the reaction of 3-hydroxy-2-methylene-3-phenylpropanenitrile (182a),®
which was prepared via the treatment of benzaldehyde with acrylonitrile in the presence
of DABCO (Eq. 42), with the acetonitrile under similar conditions. The resulting
product, (2Z)-2-acetylaminomethyl-3-phenylprop-2-enenitrile (183a),® was obtained in
82% isolated yield with exclusively (Z)-selectivity® (Eq. 43, Table 6). Structure of the

molecule was established by IR, 'H NMR (Spectrum 17), *C NMR (Spectrum 18),

mass spectral data and elemental analysis. Stereochemical assignment was based on

chemical shift values (8) of allylic methylene carbon in ¥ NMR spectrum.”
5 OH
CN  DABCO CN  Ar=Ph (182a)
N i — AF/HT 4MePh (182b),  Ea.42
_ 4-(i-Pr)Ph (182c)
Ar = Ph, 4-MePh, 4-(i-Pr)Ph 182a-c

®  For better understanding and continuity, the Baylis-Hillman alcohols derived from
acrylonitrile and aldehydes are numbered as 182a-c¢ and the corresponding allyl amides are
numbered as 183a-c.

®  'HNMR spectra of the crude products of 183a-c showed at least 95% (Z)-selectivity [in
the case of 183a, 'H NMR spectrum of the crude sample showed the isomeric ailylic
protons doublet at & 4.14 (Z-isomer) & & 4.29 (E-isomer) in the ratio of 96/4].
The (Z)-stereochemistry of compounds 183a-c was assigned on the basis of *C NMR
chemical shift values of allylic methylene carbons (&6 43.42, 43.38 and 43.28) in
comparison with that of allylic methylene carbons of 177a-¢, 179-181 (having E-
stereochemistry) (8 36.61-36.79) [In the C NMR spectra of trisubstituted alkenes, allylic
carbon cis to aryl group appears ugﬁeld while same carbon frans to aryl group appears
downfield ****"We and others™"?®” observed that the allylic methylene carbons of G and
H derived from (m)ethyl 3-hydroxy(or acclﬂxy)-.?-aryl-2-mclhylcncpropanoatcs and 3-
hydroxy(or acetoxy)-3-aryl-2-methylenepropanenitriles have similar 'C NMR chemical
shifts while allylic methylene carbons of 1 and J derived from (m)ethyl 3-hydroxy(or
acetoxy)-3-aryl-2-methylenePropanoates and 3-hydroxy(or acetoxy)-3-aryl-2-methylene-
propanenitriles have similar °C NMR chemical shifts].

R' = Me, Et

AR COOR T CN Af/%]/\R AF/‘\[/\R
COOR' CN

c N g ® | R'=Me, Et J
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OH
mm Me—CN / CH3SO3H WNHCOME
- (Z)
110°C, 5 h CN R
182a 82% 183a

We have then prepared representative class of Baylis-1lillman adducts (182b, 182¢)
(Eq. 42) and successfully transformed into corresponding (Z)-allyl amides (183b, 183¢)
via the treatment with acetonitrile in the presence of methanesulfonic acid (Eg. 44.
Table 7). The structures of these products (183b. 183¢) (obtained after silica gel
column chromatography) were in full agreement with IR. '"H NMR. "C NMR spectral
data and elemental analyses. Stereochemical assignments were based on chemical shift
values (&) of allvlic methylene carbon in '3C NMR spcctrum.i-

Table 7: Stereoselective transformation of Baylis-Hillman adducts (182a-c) into

(Z)-allyl amides (183a-c) under Ritter conditions™"

Alcohol " Product* Yield Mp
. (182a-¢) ! (183a-c) (%) °C)
( 182a Ph 183a 82 98-100
182b 4-MePh 183b 85 108-110
182c¢ 4-(i-Pr)Ph 183¢ 83 76-78

a) All the reactions were carried out on | mmol scale of the Baylis-Hillman alcohols (182a-c)
in acetonitriles (5mL) in the presence of methanesulphonic acid at 110 °C for 5 hours.
b) All the allyl amides (183a-c) were obtained as colorless solids and gave satisfactory IR, 'H

NMR, ""C NMR spectral data and elemental analyses.

¢) 'HNMR spectrum of the crude products did not show the indication of any (£)-isomer.
d) Yields of the pure allyl amides (183a-c) obtained after column chromatography (silica gel.

30 % EtOAc in hexanes).
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OH
CN Me—CN / CH3SO3H N
Ar)\’r ~  AZY  NHCOMe
182b, 182¢c 183b, 183c

Ar=4-MePh (183b): 85%
4-(j-Pr)Ph (183c): 83%

Transition state models for explaining the stereoselectivity:

These stereochemical directive effects of ester and cyano group are in consistent with
our earlier reports in various stereoselective transformations of the Baylis-Hillman

264,266,268

adducts. (E)-Stercoselectivity in the case of ester group and (Z2)-

stereoselectivity in case of cyano group can possibly be explained based on the
transition state models TS-1 & TS-II and TS-III & TS-IV (Scheme 66). In the case of
methyl 3-hydroxy-2-methylene-3-arylpropanoates (126a-c, 178a), ester group has a
greater steric effect than the nitroliummethyl (CH;N'=C-R') group thus favoring

transition state model TS-II over TS-I (Scheme 66). While in the case of 3-hydroxy-2-

ROOC@ ROOC/®<N l
; H *C\ e .

Scheme 66

OH,* H
TS TSI
disfavored favored ‘
(Z)-selectivity (E)-selectivity

B

OH"HN"C 5! "HN‘

TS-ll TS-V
favored disfavored
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methylene-3-arylpropanenitrile (182a-c). cyano group offers very less steric effect than
the nitroliummethy] (CH,N"=C-R') group thus favoring transition state model TS-III

over TS-IV leading to (Z)-stereoselectivity (Scheme 66).

Synthesis of 2-benzazepines :

At this stage it occurred to us that the presence of electron donating group(s) on the
aromatic ring might help in the construction of C-C bond (via the Houben-Hoesch
reaction) after construction of C-N bond (via the Ritter reaction) thus leading to the
formation of 2-benzazepine derivatives in the case of Baylis-Hillman adducts derived

from alkyl acrylates (Eq. 45).

Y

\.—":-NE‘;:- =N
R/’\J" Y
X = electron donating group R

Eqg. 45

Accordingly, we have first treated ethyl 3-hydroxy-3-(3-methoxyphenyl)-2-methylene-
propanoate (178b), the Baylis-Hillman adduct obtained from ethyl acrylate and 3-
methoxybenzaldehyde (Eq. 46), with acetonitrile in the presence of methanesulfonic
acid under various conditions. We were indeed pleased to isolate the expected 3-aza-5-
ethoxycarbonyl-9-methoxy-2-methylbicyclo[5.4.0]undeca-1(7).2,5.8,10-pentaene (184)

in 55% yield, when 178b (2 mmol) in acetonitrile (5 mL) was treated with methanesulf-

“ For better understanding and continuity, we have numbered the Baylis-Hillman alcohols derived
from ethyl acrylate and 3-methoxybenzaldehyde, 3-propoxybenzaldehyde, 3.5-dimethoxy-
benzaldehyde, piperanal as 178b, 178¢, 178d, 178e (i.e., as 178 series) respectively. Similarly,
Baylis-Hillman alcohols derived from methyl acrylate and 3-methoxybenzaldehyde, 3-
propoxybenzaldehyde, 3,5-dimethoxybenzaldehyde, 3.,4,5-trimethoxybenzaldehyde, piperanal as
126h, 126§, 126k, 1261, 126m (i.e., as 126 series).
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onic acid (3 mL) at 150 °C for 6 hours (Eq. 47, Table 8). Structure of the molecule
(184) was established by IR, 'H NMR (Spectrum 19), '*C NMR (Spectrum 20), mass
spectral data and elemental analysis.

OH O

0
1 R2
rCOOR H DABCO R? -
| + —_—
R? R3 Eq. 46
R4
R2
"X
R4

R' (178b-e, 126h, 126)-m)"

3-methoxyphenyl [R! = Et (178b); R' = Me (126h)]
3-propoxyphenyl [R' = Et (178c); R' = Me (126])]
3,5-dimethoxypheny! [R' = Et (178d); R' = Me (126k)]
3,4,5-trimethoxypheny! [R' = Me (1261)]
3,4-methylenedioxyphenyl [R' = Et (178e); R' = Me (126m))

OH O
CH5SO3H
M0 OEt + Me—CN . N
150°C, 6 h
55%
178b

With a view to understand the generality of this strategy, we have examined the
reaction between ethyl 3-hydroxy-3-(3-methoxyphenyl)-2-methylenepropanoate (178b)
with propionitrile in the presence of methanesulfonic acid (Eq. 48). The reaction
worked equally well, thus, providing the desired 3-aza-2-ethyl-5-ethoxycarbonyl-9-

methoxybicyclo[5.4.0]undeca-1(7),2,5,8,10-pentaene (185) in 67% yield (Eq. 48, Table
OH O

CH3S0H
et OEt + CHaCH,CN .
150 °C, 6 h

[+]
178b 67%

o For easy understanding and continuity, we have numbered all the 2-benzazepine molecules,
derived from both 178b-e ang 126h, j-m, continuously from 184 to 194,
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8). Structure of the molecule (185) was in full agreement with spectral data [IR, 'H
NMR (Spectrum 21), 3C NMR ( Spectrum 22), mass] and elemental analysis. We have
then extended this strategy to representative Baylis-Hillman adducts (178c-e, 126h,
126j-m) prepared via the coupling of various alkoxybenzaldehydes and methyl (or
ethyl) acrylates in the presence of DABCO (Eq. 46). The required 3-propoxyben-
zaldehyde (195a)* was prepared from 3-hydroxybenzaldehyde according to the Eq. 49.
The desired 2-benzazepine derivatives (186-194) were obtained in moderate to good
yields via the reaction of Baylis-Hillman adducts (178c-e, 126h. 126j-m) with aceto-
and propionitriles in the presence of methanesulfonic acid (Eq. 50, Table 8). Structures
of all products (186-194)$ were in full agreement with IR, 'H NMR (Spectrum 23, for
molecule 192), 3C NMR (Spectrum 24, for molecule 192) spectral data and elemental
analyses. Structures of compounds 192 and 194 were also established by single crystal

X-ray crystallographic data (192 : Fig. X3. Table 9: 194 : Fig. X4. Table 10).

o]

o]
i o
HO K,CO4 / acetonitrile AN H
H o, ~UBr - Eq. 49
reflux, 3h

195a

It is interesting to note that in the case of compounds 189-192 (having methoxy group at 11
position), one of the ring-allylic methylene protons in 'H NMR spectrum appears as a
doublet at 6 2.84-2.97 while the other proton appears as a doublet at 6 4.70-4.88. We have in
fact confirmed this assignment in one case (compound 192) by hydrogen-carbon (hetero)
COSY NMR experiment (Spectrum 25) and also by single crystal X-ray data (Fig. X3). In
the case of all the remaining 2-benzazepine derivatives 184-188, 193, 194 (without the
methoxy group at 11-position) both the ring allylic methylene protons appear as a singlet at
0 3.84-3.92,

3-Propoxybenzaldehyde is given number 195a so as to maintain the continuity and easy
understanding.
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OH O 0
R2 N CH3S04H _ R —/OR!
i 150 °C, 6 h . ~ 5 55
R R'=Me Bt  OoTA% R T P
R =Me, Et % R

178c-e, 126h, 126j-m
186-194

R =Et; R' = Me; R? = OMe; R® = R* = H (186)
R=Et R'=Et;R?=0Pr; R®*=R*=H (187)
R=EtR'=Me; R°=0Pr;R*=R*=H (188)

R = Me; R' = Et; R? = OMe; R* = OMe, R® = H (189)
R = Et; R' = Et; R? = OMe; R* = OMe, R® = H (190)
R = Me R' = Me; R? = OMe; R* = OMe, R® = H (191)
R=Et; R' = Me; R*=R* = R® = OMe (192)

R' = Et; R = Et; R? & R®* = OCH,0; R* = H (193)

R' = Me; R = Et; R? & R® = OCH,0; R* = H (194)

Fig. X3
ORTEP diagram of the compound 192

(Hydrogen atoms were omitted for clarity)
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Table 8: Synthesis of 2-benzazepines (184-194)*"

Alcohol R? R R Product | Yield® Mp
R3Q/ (of COOR') | (of R-CN) (%) (°C)
R

178b 3-(MeO)Ph Et Me 184 55 86-88
178b 3-(MeO)Ph Et Et 185 67 89-90
126h 3-(MeO)Ph Me Et 186 44 .
178¢ 3-(PrO)Ph Et Et 187° 58 .
126] 3-(PrO)Ph Me Et 188 65 -
178d 3,5-(MeO),Ph Et Me 189° 70 .
178d 3,5-(MeO),Ph Et Et 190¢ 74 -
126k 3,5-(MeO),Ph Me Me 191¢ 72 108
1261 | 3,4,5-(OMe);Ph Me Et 192°¢ 33 | 140-141
178¢ | 3,4-(OCH,0)Ph Et Et 193¢ 48 78-79
126m | 3,4-(OCH,0)Ph Me Et 194° 46 | 126-127

a) All the reactions were carried out on 2 mmol scale of Baylis-Hillman alcohols (178b-e,
126h, j-m) in alkane nitriles (SmL) in the presence of the methanesulphonic acid at 150 °C
for 6 hours.

b) All the pure 2-benzazepines (184, 185, 191-194) were obtained as solids and gave
satisfactory IR, 'H NMR, "*C NMR spectral data and elemental analyses.

¢) All the pure 2-benzazepines (186-190) were obtained as viscous liquids and gave
satisfactory IR, '"H NMR, "*C NMR spectral data and elemental analyses.

¢) Yields of the pure 2-benzazepines (184-194) obtained after column chromatography (30 %
EtOAc in hexanes).

d) These molecules were also characterized by mass spectral data.

¢) Structures of the compounds 192 and 194 were further confirmed by single crystal X-ray
data (Fig. X3 and Fig. X4).




Table 9. Crystal data and structure refinement for 192,

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 28.74
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [I>2sigma(I)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

1192

: C17H21NOs
319,35
:293(2) K
:0.71073 A
: Monoclinic
: P21/a:b3 (International Table No.14)
:a=10.669(6) A; a =90 deg.
:b=13.041(8) A; B=93.18(5) deg.
¢ =12.062(9) A; y=90 deg.

: 1675.6(18) A®

: 4, 1.266 Mg/m®

: 0.093 mm’"

: 680

:0.5x0.48 x 0.24 mm

: 1.69 to 28.74 deg.
:0<h<13,0<k<16,-15<1<15
3791 /3791 [R(int) = 0.0000]
:87.2%

: Full-matrix least-squares on F*
:3791/0/209

:0.854

:R1=10.0569, wR2 = 0.1845
:R1=0.1198, wR2 = 0.2709
:0.010(4)

:0.310 and -0.225 ¢. A™
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A plausible mechanism for the formation of 2-benzazepines as well as for allyl amides

is presented in the Scheme 67.

Scheme 67:
X
\&‘j\ woRi
\©/%i 150 °c ”\ )
|
R
RZO _ X=OR?. or? | X .~ COOR’
T X
Q
R
CH X=H | HO
mcooﬂ; mcoom
NHCOR '\(}:_"OH
R

o(3)
’; c(15)

_C(14)
e ) C(B) \/J
e ng""* A}
\ \ 0(4)

) CO)
cua) IR o /
‘/ﬁ:m\é/ SN N
0@ ce) J c(10)
c1f,
\q;) c(12)
Fig. X4

ORTEP diagram of the compound 194
(Hydrogen atoms were omitted for clarity)



Table 10. Crystal data and structure refinement for 194

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 29.96
Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F*

Final R indices [[>2sigma(I)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

1194

: CysH sNOy
: 273.28

1 293(2) K
:0.71073 A
: Monoclinic
: P21/a:b3 (International Table No. 14)
:a=28.096(5) A; o =90 deg.
:b=16.436(8) A P =98.73(5) deg.
:c=10.159(8) A y =90 deg.

£ 1336.1(15) A?

1 4,1.359 Mg/m’

:0.099 mm”

1576

:0.47 x 0.42 x 0.40 mm

: 2.03 to 29.96 deg.
:0<h<11,0<k<23,-14<1<14
: 3881 /3881 [R(int) = 0.0000]

: 100.0 %

:0.9521 and 0.9293

: Full-matrix least-squares on F*
:3881/0/182

: 1.026

:R1=0.0441, wR2 =0.1081
:R1=10.0795, wR2 =0.1254
:0.037(3)

:0.254 and -0.168 ¢. A™
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Thus, we have developed a novel reaction involving tandem construction of C-N and
C-C bonds via the simultaneous Ritter and Houben-Hoesch reactions on Baylis-Hillman
adducts, derived from alkoxy substituted benzaldehydes and alkyl acrylates, leading to
a convenient, one-pot synthesis of 2-benzazepine derivatives. We have successfully de-
scribed stercoscelective transformation of the Baylis-Hillman adducts, derived from ben-
zaldehyde / alkyl substituted benzaldehydes and alkyl acrylates into (£)-allyl amides.
We have also described transformation of Baylis-Hillman adducts, derived from
benzaldehyde / alkyl substituted benzaldehydes and acrylonitrile, into (Z)-allyl amides,
thus demonstrating the efficacy of the Baylis-Hillman adducts as an important source
for exploration of new reactions and stereoselective transformation methodologies.

A novel substitution dependant stereochemical control in the Johnson-

Claisen rearrangement of Baylis-Hillman adducts: An interesting
competition between [1,3] and [1,2] interactions in the transition state:

Control of the stereochemistry is an essential requirement for any useful synthetic
reaction. Claisen rearrangement, with its variety of variants, represents one such useful

synthetic reaction whose steteochemical applications have been well documented in the

20,270-274 20,270-274,275

literature. Johnson-Claisen rearrangement, an important variant of

Claisen rearrangement involves the reaction of allylic alcohols with orthoesters in the
presence of catalytic amount of acid to provide the y,6-unsaturated esters. This reaction
has been successfully employed in synthesis of various natural products and

20,270-274

biologically ~active compounds. Some interesting, recent and relevant

applications have been described in the following.
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Jacobi and Li*’® have reported the synthesis of porphobilinogen lactam methyl ester

(196) which involved tandem Johnson-Claisen rearrangement and Diels-Alder reaction

as key steps (Scheme 68).
Scheme 68:
OH Johnson-Claisen MeOOC
0 R rearrangement 0
| N CHyC(OMe); = WR 4 =
O —_— —_—
H,+ reflux o A 0
N/ \ /) Diels-Alder NH
MeOOC
196

Srikrishna and co-workers have successfully employed Johnson-Claisen rearrangement

as key step in the synthesis of (+)-valerane (197) (Scheme 69).2”

Scheme 69

Johnson-Claisen

QH rearrangement
: 10 steps
CH3C(OE!)3 \v'q/COZEt —l W
Y T — |

E H
- 197

278

Stork and Raucher”® have employed Johnson-Claisen rearrangement twice as the key

step, once for creating trans geometry and second time for transferring chirality, in
chiral synthesis of (S)-prostaglandin A, (198) (Scheme 70).

Scheme 70

OH
\WOH M80;Cn__ 'HO MeO,C Johnson-Clalsen
& OH CH;C(OMe)s HH rearrangement

OH~o
H s &
0 Rt =8 co 08 0. .0 ——k, =
X EtCOZH X HHOT0 T
Johnson-Claisen C(OMe);
o]

rearrangement CO;Me
H MeQ,C—  —=—
“\\\_"—':/\‘/\COZH 2 L 002Me

e e MeO,C :

N
198 J W\ o]
H 5 H
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Suzuki and co-workers have described the synthesis of (-)-chokol A (200) employing
the Johnson-Claisen rearrangement of the allylic alcohol (199) as the key step. The
allylic alcohol (199). in turn. was synthesized from (R)-2,3-O-isopropylideneglyceral-
dehyde (34) (Scheme 71).*"

Scheme 71

/~CH° _ CHaC(OCH)3
O\, 0 —= propanoic acid
il xylene, 145-150 °C
- 15h

Johnson-Claisen
rearrangement

Baylis-Hillman reaction provides an interesting class of functionalized allyl alcohols
which can in principle be used as valuable substrates for Johnson-Claisen
rearrangement. Drewes and co-workers have reported Johnson-Claisen rearrangement
of various alkyl 3-hydroxy-2-methylenebutanoates. derived from acetaldehyde and
alkyl acrylates. with triethyl orthopropanoate producing isomeric mixture of
corresponding products with (Z)-isomer predominating. However. they did not report
the Z / F ratios (Eq. 51).**
OH Me COOEt Me” S COOR
Me/KWCOOR CHacHzc(OEt)3= e /‘\rj/ . /\[(cooa Eq. 51
propanoic acid

COOR Me
major (Z)-selectivity minor (E)-selectivity

Our research group described an interesting Johnson-Claisen rearrangement of 3-
hydroxy-2-methylenealkanenitriles obtained via the reaction of various aldehydes with

acrylonitrile, providing a general and simple synthesis of (4Z)-4-cyanoalk-4-enoates
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(Eq. 52).**' Exclusive (Z)-selectivity was explained on the basis of severe classical

[1.3]-interactions in the transition state TS-V (Figure 135.4%

OH
COOEt
c CH3C(OEt)5 X
R)\”/ N = R/\(l:?\/ o 52
propanoic acid
182 _ ‘ 100% Z-selectivity
R o ary] or a|ky| Ar- Ph‘ 4-MePh‘ 4-C|ph

alk = Pr, i-Pr, Hex

Figure 13
t § R
. O\\N_, - R= alkyl, aryl
TSV Tsvi H

Our research group has also examined the Johnson-Claisen rearrangement of methyl 3-
hydroxy-2-methylenealkanoates, the Baylis-Hillman adducts obtained via the reaction
of various aldehydes with methyl acrylate. with triethy] orthoacetate (Scheme 72).*'°
During these studies, our research group noticed an interesting unprecedented
stereochemical reversal from alkyl to aryl substituents.”'® Thus. methyl 3-hydroxy-3-
aryl-2-methylenepropanoates (the Baylis-Hillman adducts derived from aromatic
aldehydes) provided the resulting Johnson-Claisen products ie., ethyl 4-
methoxycarbonyl-5-(aryl)pent-4-cnoates. with high (£)-selectivity. while methyl 3-
hydroxy-2-methylenealkanoates (the Baylis-Hillman adduct derived from aliphatic
aldehydes) provided the resulting Johnson-Claisen products ie., ethyl 4-
methoxycarbonyl-4-alkenoates. in high (Z)-selectivity (Scheme 72). The reversal of

stereoselectivity from alkyl to aryl substituent is attributed to the competition between
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usual [1,3]-interactions (in TS-VII) and unusual [1.2]-interactions in the transition state

TS-IX (Figure 14).2'°

Scheme 72
R = Ph, 4-MePh, 4-CIPh, naphth-1-yl
R = aryl . -COOMe
Ar
COOEt
OH 201
COOMe CH3C(OEt)3 major E-selectivity
R
propanoic acid
126 R = COOEt
alkyl alk/\(\/
‘ COOMe
R = Pr, -Pr, Bu,
r, i-Pr, Bu, Hex 202

major Z-selectivity

Figure 14
severe [1,3]-interaction ]
ﬁ R COOMe
EtO\ J\ R = alkyl } -
'\‘. : -:\ —— ;J/O.,_ ’,“
H ~cooMe EtO
TS-VII TS-vil H

COOMe

P R = aryl EtO R
H

O-
Lsevere [1,2]-interaction ]

EtO COOMe

Ts4x H TS.X

However, our research group did not examine the Johnson-Claisen rearrangement of
Baylis-Hillman adducts derived from ortho substituted benzaldehydes. With a view to
understand the effect of ortho substitution on the aromatic ring of Baylis-Hillman

adducts derived from 2-substituted benzaldehydes and alkyl acrylates, we have first
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selected methyl 3-(2-chlorophenyl)-3-hydroxy-2-methylenepropanoate (126g), the
Baylis-Hillman alcohol derived from 2-chlorobenzaldehyde as a substrate for the
Johnson-Claisen rearrangement (Eq. 53). Thus, the reaction of methyl 3-(2-
chlorophenyl)-3-hydroxy-2-methylenepropanoate (126g) with triethyl orthoacetate in
the presence of catalytic amount of propanoic acid at reflux temperature for 3 hours
provided the resulting product, ethyl 5-(2-chlorophenyl)-4-methoxycarbonylpent-4-
enoate (203), with high Z-selectivity (Z / £ : 70 / 30) as evidenced by the 'H NMR
spectral analysis of the crude as well pure product.* Silica gel column chromatography
of crude product provided the pure product (203) in 87% yield as mixture of Z- and
E-isomers with (Z)-isomer predominating (Eq. 53, Table 11). Structure of the product
(203, isomer mixture) was in full agreement with IR, 'H NMR (Spectrum 26), "*C

NMR (Spectrum 27) spectral data and elemental analysis.

cl OH ol COOEt ¢
[5/ TCOOMe CHiC(OEl); N i mj} oMe Eq. 53
propanoic acid (cal.— z COOMe E COOEt '
1269 reflux, 3 h major -
87% 203
Z:E=70:30

& Stereochemical assignments (Z- and E-stereochemistry) and stereochemical yields (Z / E)
were made on the basis of chemical shift values and integration values of the isomeric p-
vinylic proton signals in '"H NMR spectra of the crude products. It is well documented in the
literature that in the '"H NMR spectra of trisubstituted alkenes (with ester group at -
position), the B-vinylic proton cis to the ester group appears downfield while the B-vinylic
proton trans to ester group-appears upfield.*'**'* 'H NMR spectra of the crude as well as
purified sample of 203 indicated the presence of 30% minor (E)-isomer. The E/Z selectivity
was determined by the integration ratio of isomeric B-vinylic proton [the B-vinylic proton
cis to ester group (E-isomer) appeared at 6 7.77 with low intensity (30%) while the same
proton trans to ester group (Z-isomer) appears at 8 6.89 with high intensity (70%)]
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This was, indeed, a pleasant surprise as this result was opposite to that observed for
Baylis-Hillman adducts derived from non ortho substituted b*::nzaldeh;,/clc:sz'6 (Scheme
72). Then we have examined Johnson-Claisen rearrangement of methyl 3-(2-
bromophenyl)-3-hydroxy-2-methylenepropancate  (126n), Baylis-Hillman adduct
derived from ortho bromobenzaldehyde and methyl acrylate (Scheme 73), with triethyl
orthoacetate. The resulting product (204) was also obtained with high Z-selectivity (Z /
E : 76 / 24) as evidenced by 'H NMR spectral analysis™ of the crude as well pure
product (Scheme 73, Table 11). Structure of this product (204) was in full agreement

with spectral data (IR, 'H NMR, "*C NMR) and elemental analysis.

Scheme 73
r @ COOMe
o
l DABCO
Br OH By COOEt g,
COOMe OM
m CHiC(OEt); B : M e
propanoic acid (cat. z COOMe COOEt
126n reflux, 3 h major ——
70% 204

Z:E=76:24
Similar Johnson-Claisen rearrangement of methyl 3-hydroxy-2-methylene-3-(2-nitro-

phenyl)propanoate (1260), the Baylis-Hillman adduct derived from ortho nitrobenzald-

n The E/Z selectivity was determined by the integration ratio of isomeric -vinylic protons®'*
*¥ [the B-vinylic proton cis to ester group (E-isomer) appeared at & 7.71with low intensity
while the same proton frans to ester group (Z-isomer) appeared at & 6.84 with high
intensity]. Also, see the foot note ‘%’ in page 92.
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chyde and methyl acrylate (Scheme 74), with triethyl orthoacetate, also provided the
resulting product (205) with high Z-selectivity (Z/ E : 77 / 23) (Scheme 74, Table 11),
as evidenced by 'H NMR spectral analysis” of the crude as well as pure product.
Structure of this product (205) [obtained as mixture of Z- and E-isomers (after silica gel
column chromatography) with (Z)-isomer predominating], was in full agreement with

IR, 'H NMR (Spectrum 28), *C NMR (Spectrum 29) spectral data and elemental

analysis.
Scheme 74
NO, O NO, OH
CH3C(OEt)
I/COOME DABCO COOMe  propanoic acid (cat.)
—_—— — — T
¥ reflux, 12 h, 77% ¢
1260 NO, NO,
N COOEt . . ~COO0Me
Z CooMe E COOEt
major 205 minor
Z:E=77:23

With a view to understanding the generality of the reaction, we have examined
Johnson-Claisen rearrangement of Baylis-Hillman adducts (126g, 126n-q, 178f—h),®
derived from various alkyl acrylates and ortho chloro, ortho bromo and ortho nitro
benzaldehydes (Scheme 75), with various orthoesters (triethyl orthoacetate, triethyl
orthopropanoate and trimethyl orthoacetate) (Scheme 75). In all the cases, the resulting

products (206- 218)" were obtained with high Z-sclectivity (Z/E : 64-89/36-11)

Y The E/Z selectivity was determined by the integration ratio of isometic B-vinylic protons®'**'® [the p-
vinylic proton cis to ester group (E-isomer) appeared at § 7.97 with low intensity while the same
proton trans to ester group (Z<isomer) appeared at 6 7.21 with high intensity]. Also see the foot note
‘4’ in page 92.

® For continuity and easy understanding, the Baylis-Hillman adducts derived from various 2-substit-
uted benzaldehydes and methyl acrylate / t-butyl acrylate were numbered as 126 series (i.e., 126g,
126n-q) and Baylis-Hillman adducts derived from various 2-substituted benzaldehydes and ethyl
acrylate have been numbered 178 series (i.e., 178f-h). Also, see the foot note ‘@’ in page no: 79.
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as evidenced by 'H NMR spectral analysis® of the crude as well as pure products (206-
218)° (Scheme 75, Table 11). Structures of all the products (206-218) were in full

agreement with IR, 'H NMR, "°C NMR spectral data and elemental analyses.

Scheme 75
Rl 206 (R' = CI; R? = H; R® = R* = Me; R® = Et),
o . 207 (R' = CI; R? = R* = H; R®= R® = Me),
H COOR 208 (R' = C; R? = R* = H; R®= Bu'; R® = EY),
+ 3= f =Br; =H, =R"=Me;R" =
W R? = Me, Et, Bu 209 (R = Br; R? = H; R® = R*= Me; R® = Et)
1. 210 (R'=8Br, R =H,R*=Et, R*=H, R® = Et),
- 211 (R'=Br, R?= H, R*= Et, R* = Me, R® = Et),
22 ; Sl.cBlr, NOg DABCO 212 (R1 = Br, R2 =H, R3 = Et. R4 = H. R5= MB).
R' OH gl R“_COOR® R’ .
3 COOR
COOR R“CHECH(ORs)Q R " E\ 5
= - R
propanoic acid (cat. 2 CooR? coo
R2 reg;xg.go-; 2 R2 ' R? R
o major
126g, 126n-q, 178f-h ’ ’ 206218  Minor
Z:E=64-89:36-11
126p (R'=Cl, R? = H; R%= Bu), 4 3
178f (R'=Br, R? = H; R = Et), 213 (R'= NOz, R = H, R®= Me, R*=Me, R°=Et),
178g (R'=NO,, R® = H; R® = Et), 214 (R'=NO, R?=H,R’= Et, R*=H,R*= EY),
126q (R'=NO,, R? = CI; R® = Me), 215 (R' = NO,, R?= CI, R® = Me, R*=H, R®= Et),
178h (R'=NO,, R?= Cl; R® = Et) 216 (R = NO,, R? = CI, R*= Me, R*=Me, R°=Et)

217 (R'=NO,, R®=CI, R¥*= Et, R*=H, R®= Et),
218 (R' = NO,, R?=Cl, R¥= Et, R*=Me, R°=Et)

The required 5-chloro-2-nitrobenzaldehyde (195b) was prepared from 3-chlorobenza-

Idehyde according to the literature procedure (Eq. 54) 2,

O c 8}
Cl HNO
\©)LH i \©\,le Eq. 54
195b i

§ For continuity and easy understanding, the Johnson-Claisen rearrangement products of the Baylis-
Hillman alcohols, derived from alkyl acrylates (126g, 126n-q and 178f-h), have been given
continuous numbers from 203 to 218.

In the '"H NMR spectra of the crude as well pure products, the B-vinylic proton cis to ester group (E~
isomer) appeared at § 7.66-7.96 with low intensity while the same proton trans to ester group (Z-
isomer) appeared at § 6.94-7.03 with high intensity]. In each case, the E/Z selectivity was determined
by the integration ratio of these isomeric B-vinylic singlets.”"**'*
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With a view to understand the effect of 2-methyl group, we prepared the Baylis-
Hillman alcohols (126r, 126s) from 2-methylbenzaladehyde and alkyl acrylates
(Scheme 76) and subjected these alcohols to Johnson-Claisen rearrangement with
triethyl orthoacetate. We had an interesting observation. The resulting products (219,
220) were obtained with major E-selectivity (in the case of 219; Z/ E : 38 / 62 and in
the case of 220; Z / E : 42 / 58) (Scheme 76, Table 12) as evidenced by 'H NMR
spectral analysis™ of the crude as well as pure products. Structures of pure products
(219, 220) (obtained after silica gel column chromatography) were in full agreement

with IR, "H NMR (Spectrum 30), BC NMR (Spectrum 31) spectral data.

Scheme 76
Me O
COOR
sall
j DABCO
COOEt
Me OH Me Me
COOR CH3C(OEt), N OOR "
propanoic acid (cat.)r E COOEt Z COOR
reflux, 3 h ) minor
126r (R = Me) 83-91% majer N—
126s (R= Bu) 1

219 (R=Me)[E; Z =62 : 38
220 (R=Bu) [E; Z=58:42)

“ I the case of 219, the f-vinylic proton ¢is (o ester group (£-isomer) appeared at & 7.78 with
high intensity while the same proton rans 10 ester group (Z-isomer) appeared at & 6.88 with
low intensity. Similarly, in the case of 220, the B-vinylic proton cis to ester group (E-
isomer) appeared at 8 7.68 with high intensity while the same proton trans to ester group (Z-
isomer) appeared at & 6.78 with low intensity. The £/Z selectivities were determined by the
integration ratio of these isomeric (B-vinylic proton singlets observed in the 'H NMR
spectrum of the crude as well as column purified samples.”*”"® Also, see the foot note &,
in page 52.



97

Table 11: Stereochemical studies in the Johnson-Claisen rearrangement of Baylis-
Hillman adducts derived from 2-substituted benzaldehydes.*

R' OH gt R4 -COOR® R
Q)Wcoona R‘CHz'CH(OR"’);, " . @/E\\.Q‘foﬂ’ s
propanoic acid (cat.) Z Loord COOR
0 2 major R? R minor
Alcohol R', R%, R, RY, R® Product® |  Z:E° Y*f/:dd
126g R'=Cl; R* =R*=H; R’ = Me; R* = Et 203¢ 70:30 87
126n R'=Br;R*=R*=H; R*=Me; R* = Et 204° 76 : 24 70
1260 R' =NO,; R? = R* = H; R? = Me; R* = Et 205° 17323 77
126g R'=Cl; R? = H; R’ = R* = Me; R* = Et 206 69 : 31 85
126g R'=CLR*=R'=H;R'=R*=Me 207 70:30 83
126p R'=Cl; R?=R*=H; R’ = Bu; R® = Et 208° 80:20 86
126n R'=Br;R*=H; R*=R*=Me; R* = Et 209 73427 90
178f R'=Br,R?=H,R*=Et, R*=H, R*=Et 210° 79:21 83
178 R'=Br, R?=H, R’ = Et, R* = Me, Ry = [t 211 77123 80
178 R'=Br,R*=H,R'=Et, R'=H,R*=M¢ 212° 7822 65
1260 R'=NO,, R*=H, R’ =Me, R'=Me, R’=Et 213° 80:20 75
178¢g R'=NO, R*=H,R*=Et, R*=H,R*=Et 214° 84:16 80
126q R'=NO,, R*=Cl, R*=Me, R;=H,R*=Et 215° 86: 14 72
126q R'=NO,, R?=Cl, R’ = Me, R*=Me, R® = Et 216° 82:18 73
178h R'=NO,, R*=Cl, R*=Et, R*=H,R*=Et 217° 85:15 71
178h R' = NO,, R?=Cl, R* = Et, R*=Me, R*= Et 218° 85:15 71

a) Al the reactions were carried out on 2 mmol scale of the alcohol (126g, 126n-q, 178f-h) with 2 mL
of orthoesters in presence of catalytic amount of propanoic acid (5-6 drops) at reflux temperature for
3-12h.

b) In the case of (203-218) products were obtained as colorless liquids and are characterized by IR, 'H
NMR, "C NMR spectroscopy.

¢) Stereochemical assignments and the Z/E ratios were based on the chemical shift values and
integration ratios of isomeric olefin proton signals in '"H NMR of the crude products as well as pure
products (203-218).

d) Yields are of the pure products (203-218) obtained as a mixture of (2)- and (E)-isomers after silica
gel column chromatography (5-6% EtOAc in hexanes).

¢) These compounds were also characterized by elemental analyses.
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With a view to understand the effect of meta chloro / meta bromo / para chloro / para
bromo substitution, we have examined Johnson-Claisen rearrangement of the Baylis-
Hillman alcohols (126t-v®, 126f) obtained from meta chloro / meta bromo / para
chloro / para bromo benzaldydes and methyl acryalate (Eq. 55). The resulting products
(221-224) were obtained with high (E)-selectivity (Z/ E : 32-39 / 61-68) (Eq 56, Table
12) which was evident from 'H NMR spectral analyses® of the crude as well as pure
products. Structures of these products (221-224) were in full agreement with IR, 'H
NMR (Spectrum 32, for molecule 222), *C NMR (Spectrum 33, for molecule 222)

spectral data.
o] OH

1 1
R H rCOOMe DABCO R COOMe

2 ' | 2 Eq. 55
R R

126t-v
126t (R' = CI; R?=H), 126u (R' = Br; R*= H), 126v (R* = Br; R' = H)

i COOE!
1
R2 propanoic acid (cat.) R2 COOEt COOM
126t-v, 126f Wius A midlor minor
80-89% 221-224

E,Z=61-68:32-39

221 (R' = CI; R? = H; R* = Me), 222 (R' = Br; R?= H; R®= H),
223 (R'=H;R?=CI;R*=H), 224 (R'=H;R?=Br;R*=H)

€ E/Z selectivity was determined by the integration ratio of isomeric B-vinylic proton signals (singlets)
observed in the 'H NMR spectrum of the crude as well as column purified sample. [the B-vinylic
proton cis to ester group (E-isomer) appeared at 6 7.66-7.64 with high intensity while the same proton
trans to ester group (Z-lsomer) appeared at & 6.64-6.69 with low intensity]. It is well documented in
the literature that in the 'H NMR spectra of trisubstituted alkenes (with ester group at a.-position), the
B-vinylic proton cis to the ester group appears downfield while the B-vinylic proton trans to ester
group appears upfi ield.”!

For continuity and easy understanding, the Baylis-Hillman adducts derived from meta chloro / meta
bromo / para bromo benzaldydes and methyl acryalate were numbered as 126t, 126u and 126v
respectively.
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With a view to understand the effect of 2-methoxy and 2-fluoro groups, we have also
examined the Johnson-Claisen rearrangement of the Baylis-Hillman alcohols obtained
from 2-methoxybenzaldehyde (126w) and 2-flourobenzaldehyde (126x) (Scheme 77)
with triethyl orthoacetate. The resulting products (225, 226) were obtained with major
(Z)-selectivity [225, Z/ E : 55/ 45 (2-OMe) and 226, Z/ E : 54 / 46 (2-F)] (Scheme 77)
as evidenced by 'H NMR spectral analysis® of the crude as well as pure products.
Structures of these products (225, 226) (obtained as isomeric mixture) were in full

agreement with 'H NMR, "C NMR, IR spectral data.

Scheme 77
X 0
COOMe
T
X=0Me, F
DABCO
X OH X R._-COOEt X
propanoic acid (cat.) N * =
—_ E
reflux, 3 h Z COOMe COOE!
X = OMe (126w), F (126x) 90-92% R

225, 226

X =0OMe and R = Me (225) [Z/ E : 55/ 45]
X=F and R = H (226) [Z1E :54] 48]

Q In both the cases (225, 226), the B-vinylic proton cis to ester group (E-isomer) appeared at 3
7.69 with high intensity while the same proton trans to ester group (Z-isomer) appeared at &
6.78 with low intensity]. The E/Z selectivities were determined by the integration ratio of
these isomeric B-vinylic proton peaks observed in the 'H NMR spectrum of the crude as

well as column purified sample.”**'*
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Table 12: Stereochemical studies in the Johnson-Claisen rearrangement of Baylis-
Hillman adducts derived from 2-Me / 3-Cl / 3-Br / 4-Cl / 4-Br substituted
benzaldehydes."

rR' OH R' R! R%.__COOEt
R? COOR'  RiCHcOENy K- - COOR! R2 .
R propanoic acid (cat.) g3 & cooet * . Z Loort
major R’ 8 minor
: d
Alcohol R.EERF Product® Z: F Yl;,]d
0
126r R'=Me;R*=R*=R*=H;R*=Me 219 38:62 9]
126s R'=Me; R?=R*=R*=H;R*=Bu' 220° 42 : 58 83
126t R'=H;R*=CLR'=H;R'=R*=Me 221 39:61 80
126u R'=H;R*=Br;R*=R*=H; R*=Me 222 32:68 87
126f =H; R*=CIl; R*=Me; R* = 223 35:65 89
126v R'=R’=H;R*=Br;R*=Me;R*=H 224 38:62 82

a) All the reactions were carried out on 2 mmol scale of the alcohol (126r-v, 126f) with 2 mL
of orthoalkanoate in presence of catalytic amount of propanoic acid (5-6 drops) at reflux
temperature for 3 h,

b) All the products (219-224) were obtained as colorless liquids and are characterized by IR,
'H NMR, "C NMR spectroscopy.

c) Stereochemical assignment and the Z/E ratios were based on the chemical shift values and
integration ratios of isomeric olefin proton signals in 'H NMR of the crude as well as pure
products (219-224) (See foot note ‘e’ in page no: 98).

d) Yields are of the pure product (219-224) obtained as a mixture of (Z)- and (E)-isomers after
silica gel column chromatography (5-6% EtOAc in hexanes)

e) This molecule was also characterized by elemental analysis.

With a view to examine the effect of 2,6-dichloro substitution (both in ortho position),
we have prepared methyl 3-(2,6-dichlorophenyl)-3-hydroxy-2-methylenepropanoate
(126y), Baylis-Hillman alcohol via the reaction between 2,6-dichlorobenzaldehyde and
methyl acrylate (Scheme 78). We have then carried out the Johnson-Claisen
rearrangement of 126y with triethyl orthoacetate at reflux temperature for 3 hours in the
presence of catalytic amount of propanoic acid. The resulting product (227) was

obtained with exclusively Z-selectivity (Z / E : 100 / 0) (Scheme 78, Table 13) as
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evidenced by 'H NMR spectral analysise of the crude as well as pure product. Structure
of pure (Z)-product (227) was in full agreement with IR, 'H NMR (Spectrum 34), be

NMR (Spectrum 35) spectral data and elemental analysis.

Scheme 78
cl O
COOMe
Ho, [
Cl
DABCO
Cl OH CH-C Cl
3C(OEt); co0
COOMe propanoic acid (cat.) Cﬁ(\/ OOEt
reflux, 3 h cl COOMe
Cl -
126y T77% 227

100% (Z)-selectivity
This was indeed an encouraging result. We have then subjected this alcohol (126y) to
Johnson-Claisen rearrangement with other orthoesters i.¢., triethyl orthopropanoate and
trimethyl orthoacetate. In both the cases, the resulting products (228, 229)° were
obtained with exclusively Z-stereochemistry as evidenced by 'H NMR spectral ana-

lysis? of the crude as well as pure products (Eq. 57, Table 13). Structures of the pure

© (Z)-Stereochemistry was assigned on the basis of chemical shift value (8) of the B-vinylic proton
signals in '"H NMR spectra of the crude as well as pure products. It is well documented in the
literature that in the 'H NMR spectra of trisubstituted alkenes (with ester group at a-position), the f-
vinylic proton cis to the ester group appears downfield while the B-vinylic proton trans to ester group
appears uPﬁeld.z's'm The 100% (Z)-selectivity was determined by the absence of E-olefinic proton
signal in "H NMR spectrum of crude as well as pure product. [in the 'H NMR spectrum of the crude
as well as column purified sample, the B-vinylic proton signal appeared at & 6.70-6.72 (i.e., Z-olefinic
proton) and there was no peak observed in the range 6 7.60-8.00 (i.e., E-olefinic proton)].

For continuity and easy understanding, the Baylis-Hillman adducts derived from 2.6-
dlcf}lorobenzaldehyde and methyl acrylate was numbered as 126y and Baylis-Hillman adducts
derived from 2,6-dichlorobenzaldehyde and ethyl acrylate was numbered as 178i

For continuity and easy understanding, the Johnson-Claisen rearrangement products of the Baylis-
Hillman alcohols, derived from 126y, and 178i with various orthoesters, have been given continuous
humbers from 227 to 232.
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products (228, 229)° (obtained after silica gel column chromatography) were in full

agreement with all spectral data (IR, '"H NMR, *C NMR) and elemental analyses.

Cl  OH - R'.__COOR?
COOMe o1 2
R'CH,C(OR")3 N X Eq. 57
Cl propanoic acid (cat.) cl COOMe
» P 0,
126y reflux, 3-10 h, 62-86% 228, 229

228 (R'=Me; R®=Et)  100% (Z)-isomer
229 (R1 = H; R2 = Me)

Table 13: Substituent directed stereoselective synthesis of alkyl (4Z)-4-alkoxycar-
bonyl-5-(2,6-dichlorophenyl)pent-4-enoate (227-232)."

Cl OH Cl R' COOR?
COOR R'CH,C(OR?), - N
A propanoic acid (cat.) o COOR
Alcohol R,R! R? Product” Z:E Yield®

%
126y R =Me; R' = H; R* = Et 227 100:0 77
126y R =Me; R' = Me; R? = Et 228 100: 0 86
126y R=Me;R' =H; R*=Me 229 100: 0 62
178i R=Me; R' =H; R* = Et 230 100:0 77
178i R = Me; R' = Me; R? = Et 231 100: 0 80
178i R=Me; R'=H; R*=Me 232 100:0 74

a) All the reactions were carried out on 2 mmol scale of the alcohols (126y, 178i) with 2 mL
of orthoesters in presence of catalytic amount of propanoic acid (5-6 drops) at reflux
temperature for 3-10 h.

b) All the products (227-232) were obtained as colorless liquids with 100% (2)-
stereochemisrty and gave satisfactory IR, 'H NMR, "C NMR spectral data and elemental
analyses.

c¢) Yields are of pure (Z)-products (227-232) obtained after silica gel column chromatography
(5-6% EtOAc in hexanes).
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with a view to understand the influence of ester group, we have also prepared ethyl 3-
(2,6-dichlorophenyl)-3-hydroxy-2-methylenepropanoate (178i)¥ from 2,6-dichloroben-
zaldehyde and ethyl acrylate (catalyzed by DABCO in silica gel solid phase medium)
(Scheme 79). Then we have examined the Johnson-Claisen rearrangement of this
alcohol (178i) with various orthoesters i.e., triethyl orthoacetate, triethyl
orthopropanoate and trimethyl orthoacetate. In all the cases, the resulting products
(230-232) were obtained with exclusively Z-stereochemistry as evidenced by 'H NMR
spectral analysis” of the crude as well as pure products (Scheme 79, Table 13).
Structures of these molecules (230-232) were in full agreement with the spectral data

(IR, 'H NMR, °C NMR) and elemental analyses.

Scheme 79
Cl O
COOEt
dkH ' W 1 2 1 2
cl 230 (R' = H; R? = Et), 231 (R = Me; R? = Et),
1o p2 =
j RS 232 (R' = H; R? = Me)
= R'.__COOR?
Cl OH
COOEt R'CH,C(OR?)3 E
propanoic acid (cat.) Cl COOEt
cl
s reflux, 3-10 h, 74-80% 230-232

100% (Z)-isomer

# It is well documented in the literature that in the '"H NMR spectra of trisubstituted alkenes
(with ester group at a-position), the B-vinylic proton cis to the ester group appears
downfield while the B-vinylic proton trans to ester group appears upfield.?**'* 100% (2)-
Selectivity was determined by the absence of E-olefinic proton signal in 'H NMR spectrum
of crude as well as pure product [in the 'H NMR spectrum of the crude as well as column
purified sample, the B-vinylic proton signal appeared at  6.70-6.72 (i.e., Z-olefinic proton)
and there was no peak observed in the range of & 7.60-8.00 (i.e., E-olefinic proton)].
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Fascinated by these results, and also to understand mechanistic details of the Johnson-
Claisen rearrangement, our attention was directed towards the Baylis-Hillman adducts
obtained from methyl vinyl ketones. Earlier work in our laboratory™ revealed that
Johnson-Claisen rearrangement of Baylis-Hillman adducts, derived from methyl vinyl
ketone and variety of benzaldehydes (without ortho-substitution on aryl ring), with

triethyl orthoacetate provided the resulting products with high E-selelctivity (Eq. 58).

o)
OH O Il
é':‘M CH4C(OEt); ~CMe . /@/Zj\/\/COOEt
5 _
2 propanoi:acid (cat.)R;, E COOEt R2 0% “Me Eq. 58
re "
R? = H, Me, Cl, (CH),CH . b minor
= H, Me, Cl, (CHa) E:2Z=80-85:15-20

The (E)-selectivity was explained by the possible transition state models XI and XII
involving severe [1,2]-interactions (Figure 15)

Figure 15

EtO R [ severe [1,2]-interaction

- 0.
Me EtO

TSXI O TSXIl H

R = Ph, 4-CIPh, 4-(i-Pr)Ph, 4-MePh
Since our research group did not earlier examine the Johnson-Claisen rearrangement of
the Baylis-Hillman adducts derived from 2-chloro / 2-nitrobenzaldehydes and methyl
vinyl ketone, we have now undertaken the work in this direction. Thus, we have
examined the Johnson-Claisen rearrangement of 4-hydroxy-3-methylene-4-(2-
nitrophenyl)butan-2-one (233a), derived from 2-nitrobenzaldehyde and methyl vinyl

ketone (Scheme 80), with triethyl orthoacetate. The resulting product (234) was
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obtained with high (2)-stereoselectivity (Z / E : 56 / 44) as evidenced by 'H NMR
spectral z:tnalysis‘iJ of crude (Scheme. 80, Table 14). Careful column chromatography of
the crude product provided the pure Z- isomer in 48% isolated yield and E-isomer in
37% isolated yield. Structures of both the isomers were in full agreement with all the
spectral data [IR '"H NMR (Spectrum 36, for 234-Z and Spectrum 38, for 234-E) and

BC NMR (Spectrum 37, for 234-Z and Spectrum 39, for 234-E)] and elemental

analysis.
Scheme 80
NO; O 0
©/‘L H 5 | C“Me
DABCO

NO, OH O  1.CHgC(OEt), NO,

COOEt i 'o'
1] " '
C‘Me propanoic acid (cat._l_ z\ . X c"'Me
reflux, 12 h /,C“‘Me E COOEt
2. silica gel column o

233a chromatography 234-2 234-E
48% (isolated yield) 37% (isolated yield)

ZIE : 56/44

With a view to examine the effect of 2,6-dichloro substitution (both ortho) in this case,
we have subjected 4-(2,6-dichlorophenyl)-4-hydroxy-3-methylenebutan-2-one (233b),
the Baylis-Hillman alcohol obtained via the reaction of 2,6-dichlorobenzaldehyde with

methyl vinyl ketone (Scheme 81), to Johnson-Claisen rearrngement with triethyl ortho-

e

¥ The E/Z selectlwty was determined by the integration ratio of isomeric B-vinylic protons
observed in '"H NMR spectrum of the crude product [the B-vinylic proton cis to acetyl (E-
isomer) appeared at 8 7.84 with lower intensity while the same proton trans to acetyl group
(Z-lsomcr) appeared at § 7.08 with high intensity]. It is well documented in the literature
that in the "H NMR spectra of trisubstituted alkenes (with carbonyl group at a-position), the
B-vinylic proton cis to the carbonyl groug appears downfield while the B-vinylic proton
trans to carbonyl group appears upfield.?®
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acetate. The resulting Johnson-Claisen product, ethyl (4Z)-4-acetyl-5-(2,6-dichloroph-
enyl)pent-4-enoate (235). was obtained in 84% isolated yield with exclusively (£)-
stereochemistry as evidenced by '"H NMR spectral analysis of crude as well as pure
product’ (Scheme 81. Table 14). Structure of product (235) was in full agreement with

the spectral data [IR, '"H NMR (Spectrum 40). *C NMR (Spectrum 41)] and elemental

analyses.
Scheme 81
Cl O 0 cl OH O
; DABCO e.
Ho C‘Me Me
| CH,C(OEt),
G Cl propanoic acid (cat.)
233b reflux, 3 h, 84%
Cl
COOQEt
c-Me
¢l 0
235

100% (2)-selectivity
We have then subjected this alcohol (233b) to Johnson- Claisen rearrngement with
trimethyl orthoacetate and triethyl orthopropanoate. The resulting products in thesc
cases were obtained with exclusively (Z)-stereochemistry as evidenced by 'H NMR
spectral analysis' of crude as well as pure products ( Eq. 59. Table 14). Structures of
products (236. 237) were in agreement with IR, '"H NMR. ®C NMR spectral data and

elemental analyses.

" This 100% (Z)-selectivity was determined by the absence of E-olefinic proton signal in 'H NMR
spectrum of crude as well as pure product. It is well documented in the literature that in the 'H NMR
spectra of trisubstituted alkenes (with carbony! group at a-position), the B-vinylic proton cis to the
carbonyl group appears downfield while the B-vinylic proton trans to carbonyl group appears
upfield. " *** [In the "H NMR spectrum of the crude as well as column purified sample, the B-vinylic
proton signal appeared at 8 6.72 (i.e. Z-olefinic proton) and there was no peak observed in the range &
7.60-8.00 (i.e., E-olefinic proton)).



cl OH O
P Cupg R'CH,C(OR?); _
pr propanoic acid (cat.)
Cl reflux, 3-10 h
233b 70-83%
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Cl

R1

COOR?

S

C-Me

cl O
236, 237

100% (2)-selectivity

236 (R' = H, R = Me)
237 (R' = Me, R? = EY)

arylpent-4-enoate (234-237) with major (Z)-selectivity

Eq. 59

Table 14: Substitution controlled stereosclective synthesis of alkyl 4-acetyl-5-

r 1
|
" Alcohols Orthoesters Product” ZiE Yield
1 %
233a CH;C(OE)s 234" 56 : 44 85
233b CH;C(OEt); 235" 100: 0 84
|
233b CH;C(OMe); 236" 100: 0 70 7
-
! 233b CH;CH>C(OE); 237" 100 : 0 83 ‘
‘ 1
a) All the reactions were carried out on 1 mmol scale of the Baylis-Hillman alcohols (233a,
233b) with 1 mL of orthoesters in presence of catalvtic amount of propanoic acid (3 drops)
at reflux temperature for 3-12 h.
b) All the pure products were obtained as colorless liquids and gave satisfactory 'HNMR, "'C
NMR, IR spectral data.
¢) Stereochemical assignments and yields were based on differences in chemical shifts and
integration ratios of isomeric olefinic proton signals observed in 'H NMR spectra of the
crude as well as pure products. (See the foot note *I"" in page no: 106).
d) Pure (Z)-isomer (234-Z) and (E)-isomer (234-E) were isolated after a careful silica gel

€)

column chromatography (3-5% EtOAc in hexanes).
Combined yield of the isolated pure (Z)-isomer (234-Z) (48%) and (E)-isomer (234-E)

(37%).

) These molecules were also characterized by elemental analyses
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With a view to understand the effect of ortho substitution on the aromatic ring of
Baylis-Hillman adducts, derived from 2-substituted benzaldehydes and acrylonitrile, we
have examined the Johnson-Claisen rearrangement of Baylis-Hillman alcohol (182d,
182e) derived from 2-chloro / 2-bromo benzaldehydes and acrylonitrile (Scheme 82)
with triethyl orthoacetate. The resulting products (238, 239) were obtained with
exclusively Z-selectivity as evidenced by the '"H NMR spectral analysis® (Scheme 82)

281 These results, thus, demonstrate that

which is in consistent with our earlier reports.
ortho substitution on aryl group of Baylis-Hillman adducts derived from acrylonitrile
(182d, 182e) has no effect on stereoselectivity in the Johnson-Claisen rearrangement.

Structures of the products (238, 239) were in full agreement with IR, 'H NMR and *C

NMR spectral data.
Scheme 82
X 0 rCN o - CH3C(OEt) X
@AH | m propanoic acid (cat.) X COOH
DABCO T Z ¢N
X = Cl, Br X =Cl (182d) 238, 239

nmBriiale) 100% (Z)-selectivity

X = Cl(238) 71%
X = Br (239) 88%

A In the *C NMR spectra of trisubstituted alkenes, allylic carbon cis to aryl group appears
upfield while same carbon frans to aryl group appears downfield.”*** The (2)-
stereochemistry of compounds 238 and 239 was assigned on the basis of '*C NMR chemical
shift values of allylic methylene carbons (8 31.08 and 30.73) in comparison with that of
allylic methylene carbons of 203 and 204 [5 29.99 and 29.93 (Z-isomer) & 23.03 and 23.09
(of E-isomer))****%. Also, see the note ‘€’ in page no: 36 for detailed explanation. The 'H
NMR spectrum of crude as well as pure products did not show any indication of the
presence of (E)-isomer.
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Brief summary of the all results in Johnson-Claisen rearrangement of
the Baylis-Hillman alcohols:

All the results are summarized in the following five points and are also presented

pictorially in Scheme 83.

)

3)

5)

Johnson-Claisen rearrangement of the Baylis-Hillman alcohols (126g, 126n-q,
178f-h, 233a) derived from ortho chloro, ortho bromo and ortho nitro
benzaldehyedes provide the resulting products (203-218, 234) with high (2)-

selectivity (Eq. 51, Schemes 73-75, 80; Table 11).

Johnson-Claisen rearrangement of the Baylis-Hillman alcohols (126y, 178i, 233b)
derived from, 2,6-dichlorbenzaldehyede provide the resulting products (227-232,

235-237) with total (Z)-selectivity (Eq. 57, Scheme 78, 79; Table 13, 14).

Johnson-Claisen rearrangement of the Baylis-Hillman alcohols (126r, 126s) derived
from, ortho-methylbenzaldehyede provide the resulting products (219, 220) with

bigh (E)-selectivity (Scheme 76, Table 12).

Johnson-Claisen rearrangement of the Baylis-Hillman alcohols (126t-v, 126f) deri-
ved from meta chloro / meta bromo / para chloro / para bromo benzaldydes provide

the resulting products (221-224) with high (£)-selectivity (Eq. 56, Table 12).

Johnson-Claisen rearrangement of the Baylis-Hillman alcohols (126w, 126x)
derived from, ortho-methoxybenzaldehyede and ortho-flourobenzaldehyede

provide the resulting products (225, 226) with reduced (Z)-selectivity (Scheme 77).
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ortho methoxy
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Transition state models for explaining the stereochemical results:

All the above results can be possibly explained using transition state models TS-XIII
and TS-XIV for ortho chloro / ortho bromo (Scheme 84), TS-XV and TS-XVI for
ortho nitro, TS-XVII, TS-XVIII for ortho dichloro (Figure 16) TS-XIX, TS-XX for
ortho methyl (Figure 17) and TS-XXI, TS-XXII for meta chloro / meta bromo (Figure

18) substituted Baylis-Hillman adducts.

Scheme 84: Severe [1,3]-interaction due to electronic repulsions

QOO Qo
/—“ saver l1.l3]-lnlaraclllunnl l _R (; 8) 1
bet; I tr

etween lone pair electrons . b D )LOOSR

=0, OR T

ol L AP 0 o }‘0

— OOb th-o -
H
Qo X o0 A
R' TS-XIV-B
o) TS-XIV-A ; g
avore
sxm 0O 5 1
disfavored l
| :
X X COOR
. ~COOR' z\
E |__coor? COOR'
minar isomer major isomer
X =Cl, Br, NOp X =Cl, Br, NO;
1 | |
Q/—_\ s 1,3)4nteractions|
?‘OOO“ON Sete lone p:I.rc lo QOO QOO
2, } A
" \ 2\ QO ...iz s So-N L g-R
ol O<pi 0
TS-XV djb I
disfavored
TS-XVI-B

TS-XVI-A

favored

1) High (Z)-selectivity in the case of Baylis-Hillman adducts (126g, 126n-q, 126y,
178f-i, 233a, 233b) derived from 2-chloro / 2-bromo / 2-nitro benzaldehyedes

might be attributed to severe [l,3]-interaction due to electronic repulsions
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between lone pairs of electrons present on ‘O’ of ethoxy group and lone pairs of
electrons present on Cl / Br / NO; (substituted at ortho position of aryl ring) as
depicted in TS-XIII (for CI, Br) and TS-XV (for NO;) (Scheme. 84) {i.e. [1,3]-
interaction in TS-XIII probably dominates the [1,2]-interaction in TS-X1V-A /
TS-X1V-B and [1,3]-interaction in TS-XV probably dominates the [1,2]-
interaction in TS-XVI-A / TS-XVI-B }. In the case of Baylis-Hillman adducts
derived from 2,6-dichlorobenzaldehyede (126y, 178i, 233b) [1,3]-interaction
(TS-XVII) totally dominates the [1,2]-interaction (TS-XVIII) (due to two ortho
chloro groups, free rotation around single bond also gives the same [1.3]-
electronic repulsions in TS-XVII) to provide exclusively (Z)-selectivity (Figure
16).

Figure 16: Severe [1,3]-interaction due to electronic repulsions

sever [1,3]-interactions
between lone pair electrons

Q

o
\
m—l

C

TS-XVII

highly disfavored Oob TS-XViIl Ob

favored

2) (E)-Selectivity in the case of Baylis-Hillman adducts (126r, 126s) derived from 2-
methylbenzaldehyede might be attributed to dominant [1,2]-interaction due to
steric repulsions between aryl and ester groups as depicted in the TS-XX (Figure
17) {i.e. [1,2]-interaction (TS-XX) probably dominates [1,3]-interaction (TS-
XIX)}.

Figure 17: Severe [1,2]-interaction due to steric repulsions between aryl and
ester groups

g Y
N— 2 sever [1,2]-trans
interaction between
ortho tolyl and ester
0 groups

TS-XIX TS-XX
favored disfavored
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3) Similarly, high (£)-selectivity in the case of Baylis-Hillman adducts (126t-v, 126f)
derived from meta chloro / meta bromo / para chloro / para bromo benzaldydes
might be attributed to the dominance of [1,2]-interaction due to steric repulsions
between aryl and ester groups over [1,3]-interactions as depicted in TS-XXII
(Figure 16). In this case, lone pair of electrons present on Cl / Br / (substituted at
meta or para position of aryl ring) are far from lone pairs of electrons present on
‘O’ of ethoxy group, thus resulting in less degree of [1,3] electronic repulsions as
shown in TS-XXI. Thus, TS-XXI is favored over TS-XXII (Figure 18) as [1,2]-
interaction probably dominates the [1,3]-interaction leading to (E)-selectivity.

Figure 18: Severe [1,2]-interaction due to steric repulsions between aryl and ester
groups

R'=cl, Br;R'=H (or) 0
R
Etgo R'=HR"=Cl,Br . //LOMG 7~ | sever [1,2)-trans
. ol — 5’0 > interaction between
X phenyl and ester
e OMe EtO | R@ group :
TS-XXI 0 TS-XXiI RN
favored disfavored 0

4) Lower levels of (Z)-selectivity in the case of Baylis-Hillman adducts (126w, 126x)
derived from 2-methoxybenzaldehyde and 2-flourobenzaldehyde might be
attributed to reduced [1,3]-interaction (caused due to electronic repulsions between
lone pair of electrons) because of the increased distance between lone pair electrons
of ‘O’ of ethoxy group and lone pair electrons of F / O (of OMe) as sizes of oxygen
and fluorine atoms are smaller than bulky Cl, Br and NO,. This may be also
evident, to some extent, from increasing trend of (Z)-selectivity in the order of F (Z
[ E : 54 / 46 for 226), O (of OMe) (Z / E : 55/ 45 for 225), C1 (Z/ E : 70 / 30 for
203), Br (Z/ E : 76 / 24 for 204) and NO, (Z/ E : 77/ 23 for 205).
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In conclusion, we have revealed a novel substituent dependant stereochemical control
in Johnson-Claisen rearrangement of Baylis-Hillman adducts involving an interesting
competition between [1,3]- and [l,2]-interactions in the transition states, thus
demonstrating the importance of Baylis-Hillman alcohols as possible probes in
understanding the stereochemical path way and mechanism of the Johnson-Claisen
rearrangement. These studies also helped in developing a simple synthesis of alkyl
(42)-4-alkoxycarbonyl-5-(2,6-dichlorophenyl)pent-4-enoates (227-232) and alkyl (42)-

4-acetyl-5-(2,6-dichlorophenyl)pent-4-enoates (234-237) in 100% Z-selectivity.

Facile transformation of the Baylis-Hillman adducts into substituted
(1H)-Quinolin-2-ones and substituted quinolines via a novel one-pot

multi-reaction strategy:

(1H)-Quinolin-2-one and quinoline are important structural features present in several

286-288

natural products such as preskimmianine (240),”** balfourolone (241),° edulitine

(242),%" swietenidine-A (243),%? cinchonine (244), quinidine (245) and subcoccinell-

* (Figure 19). Also, several other synthetic molecules

24-punctat secrete (246)
possessing these structural frameworks are found to exhibit some interesting
pharmacological activities: For example, 247 acts as antiviral (anti-HSV) &
antihypertensive,”* 248 is useful for treatment of Helicobacter pylori-induced peptic

294

ulcer & inflammatory diseases,” 249 is useful for treatment of peptic ulcers and

gastro-esophageal reflux disease”® and 250 showed fungicidal activity”’ (Figure 19).
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MeO H MeO

R = H, cinchonine (244)
R = OMe, quinidine (245)

(antimalarial)

m\rCOOR
N0 NHoO—()—c
248

R =H, Na

(useful for treatment of helicobacter
pylori-induced peptic ulcer and
inflammatory diseases)

Me Me Me H
OH N0 N "0
MeO N0 N "0 ' MeO Me

balfourolone (241) edulitine (242) swietenidine-A (243)

0 H COOH R 247 LF’h
subcoccinell-24-punctat secrete (246) z "
(acts as antifeadant) ::::;ELE::QcEV) %

MeO Me

Me Ac
Sl H }ILHZ Mo =r""0Ac
NN N~ NH;p NS0

@:MB
NH O

=
N/
OR 249 o N 250
- R!=R?=R® = alkyl, haloalkyl
R = H, Me, CH,CHZOH okt

(useful for treatment of peptic
ulcers and gastro-esophageal reflux disease)

Due to biological and medicinal importance of (1H)-quinolin-2-one and quinoline

derivatives, development of convenient and simple methodologies for the synthesis of

(1H)-quinolin-2-one and quinoline derivatives represents an interesting and attractive

endeavor in organic synthesis. Some of the recent and interesting synthetic strategies

are presented in the following.

Kobayashi and co-workers®®® have reported a facile synthesis of (1H)-quinolin-2-ones

(251) through the electrocyclic reaction of o-isocyanostyrenes generated in situ via the

reaction with m-CPBA. One representative example is presented in Scheme 85.
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Scheme 85
(:(l\ m-CPBA (;ﬁ\ , @\)\l
NC CH20|2 70% N (@]
NCO 251 H

Arcadi and co-workers®™’ have reported an interesting synthesis of 3,4-disubstituted
(1H)-quinolin-2-ones (254) via cyclization of 253, obtained by arylation of N-(o-
ethynylphenyl)malonanilide (252) with aryl or vinyl halides in the presence of
palladium catalyst under basic condition. A representative example is described in
Scheme 86.
Scheme 86

COMe MeOC
MeOC—@—I O

A Z NaH, DMSO
0

HN._0 Pd(OAC)(PPha)z, Cul O o 110°C O A\ ~COOEt
O  EtNH, DMF,80°C NMOB 75% NS0
H
EtO s |
252 254

Shim and co-workers®® have synthesized quinolines (255) via RuClyH;0-catalyzed
amine exchange reaction between anilines and various trialkyl amines in presence of
bis(diphenylphosphino)methane together with SnCl;2H;0 and hex-1-ene as hydrogen

acceptors. One representative example is presented in Eq. 60.
NH,
RuClynH,0, dppm RS
+ BusN - Eq. 60
SnCl,2H,0, hex-1-ene N/

51% 255
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Campos and co-workers described an interesting synthesis of substituted quinolines

through the photochemical reaction of 3-amino-2-alkenimines in moderate to good

- 01
yields Eq. 61.°
RZ R1 R4
R~ = hv R1\\ LY
N\ _/ - v Eq. 61
R SNH THF, 30-58 h NP2
32-95%

R' = H, 2-Me, 3-Me, 4-Me; R? = Ph, 4-CIPh

R3 = Me, Et, allyl, propargyl, benzyl

R* = Ph, 4-MePh, 4-CIPh, cyclohexyl
The Baylis-Hillman adducts have also been conveniently transformed into quinoline
derivatives. Kaye and co-workers®”” have described an interesting transformation of the
Baylis-Hillman adducts, derived from 2-nitrobenzaldehyde and acrylates / alkyl vinyl

ketones, into quinoline derivatives under hydrogenation conditions as described in the

Scheme 87,

Scheme 87

R= Me R N MR EtOH
B e g
NO, b NO, O

56% | Hy, Pd-C R= OFt
69 , Pd-
%1 "Bion ’R= OMe
4 Hp, Pd-C *59%
l . EtOH
H

i 0 TsOH

tz toluene R

h"l 'l\‘ 0 reflux

¢ H NSO 70% N~ 0
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Kim and co-workers®” have reported an elegant synthesis of 3-ethoxycarbonyl-4-
hydroxyquinoline N-oxides from the Baylis-Hillman adduct, obtained from 2-
nitrobenzaldehydes and ethyl acrylate, via the treatment with TFA at 60-70 °C.
Subsequently, they have developed a photochemical synthesis of 4-hydroxyquinolines
304

using the Baylis-Hillman adducts (Scheme 88).

Scheme 88

EWG = COOEt OH

W ;. I Xn‘mme EWG = COOEt, CN
L8 0
- ml 60-70 °C, 20 o, "

Ref. 304
X, = H, Cl, OMe, (-0-CH,-0-) EtOH (250 nm)

H 30h

COOEt i v
X, ®\; hy - A | EWG A~ EWG
- +
f}'@ EtOH (250 nm) TR ’Z\ ﬁ@
48-83% O Ref. 304 % 48500 & (race)
™ (]

Kim and co-workers have later developed a convenient synthesis of quinoline
derivatives from the acetates of Baylis-Hillman adducts, derived from o-
halobenzaldehydes and ethyl acrylate, and the Baylis-Hillman adducts, derived from o-
halobenzaldehyde N-tosylimines and ethyl acrylate, following reaction sequence as
g 305-307

described in Scheme 89,

Scheme 89

-—

Y = NHTs R=Ts Cl |
RNH3, K2CO4 SnAr mcooa —TsH %, —COOEt
—_—
I reflux, 1 h -HCI 76% N
(o]
&H’COOB ‘ COOEt

Y = OAc, NHTs ;
R = CH;Ph
I Y = 0Ac =LH, Cﬁ,COOEl workup é:j,COOEI
——- l
RNHy, EtsN SnAr 72% N
reflux, 30 h ~HCl LPh LPh
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Later, Kim et al>® have also employed an alternate method for the synthesis of
quinoline derivatives via the oxidative cyclization of allyl amine derivatives (256)
(obtained from the Baylis-Hillman acetates) using Phi(OAc); in moderate to good

yields (Scheme 90).

Scheme 90
OAc coogt 1) PhI(OAc), 12,
COOEt  TsNH; (5 equiv.) m CICH,CH,CI mcooe:
ol —_—— -
KzCOj (5 eq) y NHTs  80-70°C,2h SN
©
H DMF, 40-50 °C 2) workup 750
76% 256 3) K;CO4 (4 equiv.)

DMF, 120-130°C.4 h

Our research group has successfully transformed the Baylis-Hillman alcohols derived
from o-nitrobenzaldehydes and alkyl acrylates into functionalized (1)-quinolin-2-ones
via the reductive cyclization using Fe/AcOH as reagent (Scheme 91). Our research
group has also developed a simple methodology for synthesis of quinolines from the
Baylis-Hillman adducts, obtained from o-nitrobenzaldehydes and methyl vinyl ketone,

via the reductive cyclization using Fe/AcOH as described in Scheme 91.°"

Scheme 91
OAc
RZ K2003 2 OH
R® = OMe, OEt X chooH R m
—_—
oy 72-89% R N0 b g N0
R o 0 85% H
R? R'= H, OMe, OEt; R' R%=H
1 Fe / AcOH R%= H, OMe; '
R RN |
NO, 110 °C
30min - OH
C KCO3 g2
R? S
R®= Me, Et 5 CHsOH
= ) A, mihp NT “Me
56-83% R N R 80%

1 2_ . pi_
R'= H, OMe: R*= H, OMe; Ry RCe B
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Although there are several methods developed for the synthesis of these quinolinones
and quinolines, due to their importance and wide spread applications, development of
facile and useful synthetic route for substituted (1H)-quinolin-2-one and quinolines
with variety of functionality and substitution pattern still continues to be an interesting

endeavor in the synthetic organic chemistry.

Our results on the Johnson-Claisen rearrangement of the Baylis-Hillman adducts
derived from 2-nitrobenzaldehydes and alkyl acrylates, providing the resulting product
with high (Z)-stereoselectivity (Z / E = 80-86 / 14-20), led us to envision that reductive
cyclization of this major (Z)-isomer under appropriate conditions might provide the
substituted (1H)-quinolin-2-ones (Scheme 92). We have also envisioned that the
resulting substituted quinolinones can be easily separated from reduced (E)-isomer. We
have also envisaged that Johnson-Claisen rearrangement and reductive cyclization can
be carried out in one-pot, to provide the desired quinolinone derivatives, thus leading

Scheme 92: Strategy for multi-step one-pot synthesis of quinolines

Q
OMe
OH O Johnson-Claisen X
rearrangement + S COOE!
i OMe w |
X o # NO;
NO,
major Z-isomer minor E-isomer
Z/E =80-86/14-20

reductive reductive
cyclization cyclization

m\,cooa Oy_0OMe
” 0] ¥ ©f=t"cooa
257 NH;

major product in minor amounts
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to the development of simple methodology for multi-step one-pot synthesis of
quinolines (Scheme 92). In this direction, we have first selected methyl 3-hydroxy-2-
methylene-3-(2-nitrophenyl)propanoate (1260), Baylis-Hillman alcohol obtained via
the reaction between 2-nitrobenzaldehyde and methyl acrylate, for examining the multi-
step one-pot reaction sequence to provide the desired quinoline derivatives. Best result
in this direction was obtained when 1260 (I mmol) was treated with triethyl
orthoacetate (1 mL) in the presence of catalytic amount of propanoic acid (2-3 drops) at
reflux temperature (146 °C) for 12 hours followed by the treatment of the resulting
product (obtained after removal of excess triethyl orthoacetate under reduced pressure)
with Fe (6 equiv) / AcOH (5 mL) at reflux temperature (110 °C) for 1 hour thus
providing the expected ethyl 3-(1,2-dihydro-2-oxo-3-quinolinyl)propanoate (257) in
69% yield (Eq. 62, Table 15) after usual work-up and followed by column
chromatography (30% EtOAc in hexane mixtures). Structure of the product was in full
agreement with IR, "H NMR (Spectrum 42), °C NMR (Spectrum 43) spectral data and

elemental analysis.

OH O 1) CH3C(OEt)3
R propanoic acid (cat.) X COOEt
e -
reflux, 12h Eq. 62
NO N~ ~0
2 2) Fe/AcOH H
1260 reflux, 1h, 69% 257

With a view to understand the application of other orthoesters in this multi-step one-pot
Strategy, we have examined the reaction of 1260 with triethyl orthopropanoate. Thus,

the Johnson-Claisen rearrangement of methyl 3-hydroxy-2-methylene-3-(2-nitro-
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phenyl)propanoate (1260) with triethyl orthopropanoate followed by reductive cycliza-
tion of the resulting product with Fe/AcOH for 1 hour at reflux temperature, provided
the expected ethyl 3-(1,2-dihydro-2-oxo-3-quinolinyl)-2-methylpropanoate (258)° in
70% yield (Eq. 63, Table 15). Structure of the product was in full agreement with IR,

'H NMR (Spectrum 44), ?C NMR (Spectrum 45) spectral data and elemental analysis.

e o 1). CH3CH,C(OEt), COOE
WOME propanoic acid (cat.) m\r
- Eq. 63
reflux, 12h NN Me

NEb 2). Fe / AcOH H
1260 I'BﬂUX. 1h 258 (70%)

With a view to provide the generality of the reaction, we successfully transformed a
representative class of Baylis-Hillman adducts (126q, 126z), derived from 2-
nitrobenzaldehydes with methyl acrylate, into (14)-quinolin-2-ones (259-262)% in 59-
68% yield via Johnson-Claisen rearrangement followed by reductive cyclization in one-
pot operation (Eq. 64, Table 15). Structures of all the products (259-262) were in full

agreement with IR, 'H NMR, ""C NMR spectral data and elemental analyses.

2
T 1). RZCH,C(OEt)

1
&l propanoic acid (cat.) R R COOEL
WOMB T . R2 Eq. 64
NO 2). Fe / AcOH H

2

reflux, 1h 259.262
(126q, 1262) R?=H. Me o
R'=Cl [126q] ; ¢ 1 \
= = H[259); R' = = i
R'=Br [1262) R'=Cl, R = H[259); R' = CI, R* = Me [260];

R'=Br, R® = H[261); R' = Br, R? = Me [262)
The required 5-bromo-2-nitrobenzaldehyde (195¢) was prepared from 3-brombenz-

aldehyde according to the literature procedure® (Schemes 93) and the corresponding

®  For continuity and easy understanding, all the (1H)-quinolin-2-ones were given continuous numbers
ie, 257-263
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Baylis-Hillman adduct (126z) was obtained via the treatment this aldehyde (195¢) with
methyl acrylate in the presence of DABCO (Schemes 93).

Scheme 93

0 0 0 OH 0O
Br H HNO Br H Br.
3 OMe DABCO OMe
NO ' I
2

195¢ NOz2 126,
We have also prepared methyl 3-(4,5-dimethoxy-2-nitrophenyl)-3-hydroxy-2-methyl-
enepropanoate (126A)¥ from 4,5-dimethoxy-2-nitrobenzaldehyde (195d) (which in
turn was prepared according to the literature procedure)’'’ (Schemes 94) and
subsequently transformed into the desired ethyl 3-(1,2-dihydro-7,8-dimethoxy-2-ox0-3-
quinolinyl)propanoate (263)®" via Johnson-Claisen rearrangement followed by
reductive cyclization in one-pot operation (Scheme 94, Table 15). Structure of this
product was in full agreement with IR, 'H NMR, "“C NMR, mass spectral data and
elemental analysis. Structure of this product was also rigorously established by single
crystal X-Ray crystallography data analysis (Fig. X5, Table 16).
Scheme 94

it o O i OoH O ”‘i:ﬁfﬂ?iim (cat)
el
MeO
MeO NO2 pagco  MeO NO» 2). Fe / AcOH
195d 126A S POl 3
MeQ N "0
263 H

N

Since the numbering of Baylis-Hillman alcohols of 126 series is completed with 126z (i.e.,
numbering from 126a to 126z is over) for better understanding and continuity, the Baylis-Hillman
alcohol derived from the aldehyde 195d and methyl acrylate is numbered as 126A (Also, see the foot
note ‘®" in page no: 94). And, for continuity, the (1/)-quinolin-2-one derived from this alcohol (i.e.,
126A) is given 263.
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Table 15: Synthesis of (1H)-quinolin-2-ones (257-263)"

Alcohol Orthoester Product” Y(i;i )d C !?’C%
1260 CH,C(OEt) 257 69 128-130
1260 CH;CH,C(OEt); 258 - 70 126-128
126q CH;3C(OEt)s 259 62 152-154
126q CH,CH,C(OEt); 260 68 158-160
126z CH;3C(OEt); 261 59 168-170
126z CH;CH,C(OEt), 262 62 128-130
126A CH;C(OEt); 263%¢ 64 154-156

a) All the reactions were carried out on 1 mmol scale of Baylis-Hillman adducts (1260, 126q,
126z, 126A) with orthoesters (1 mL) in the presence of propanoic acid (3 drops) followed by
the treatment of the resulting products (after removal of the excess orthoester) with Fe (5 equiv)
and acetic acid (5 mL).

b) All the pure products (257-263) were obtained as colorless solid and gave satisfactory 'H NMR,

C NMR, IR spectral data and elemental analyses.

¢) Yields are of the pure compounds (257-263) obtained after column chromatography (20-30%
EtOAc in hexanes).

d) These compounds were also characterized by mass spectroscopy

e) Structure of this compound was also established by single crystal X-Ray crystallography data
(Figure X5, Table 16).

22 O

% cn T]
' o7\

A
B ‘ 3

K&Q/&“\N{( \A\&.ﬁ 0

cn

Figure X5
ORTEP diagram of the compound 263
(Hydrogen atoms were omitted for clarity)
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From these results (i.e., 59-70% yield of quinolin-2-ones 257-263) it is quite clear that
only Z-isomers, which are formed as major product after Johnson-Claisen
rearrangement in these reactions, are undergoing reductive cyclization to provide the
desired quinolin-2-ones. While the (£)-isomers, which are formed as minpr product,
after the Johnson-Claisen rearrangement in the recaction, might get converted into
aniline derivatives after the treatment with treatment with Fe / AcOH (Scheme 95)
which probably get separated from the desired quinoline derivatives while
work/purification steps. In fact, in one case (1260), we have isolated this aniline
derivative, though in less yields, and the structure was in agreement with 'H NMR
spectrum (however with impurity). A plausible mechanism for the formation (1H)-

quinolin-2-ones (257-263) is presented in the Scheme 95.

Scheme 95
— =
CO,Et = -
=L__OMe CO,Et s
1). CHyC(OEt); _—
oH O propanoic NO (0] 2). Fa ! AcOH
OMe  acid (cat.) 2 reflux = /OMe _—
[ +* - - O +*
NO, reflux, 12h 0 OMe 1h EHZ NH, CO,E
NOz ™co,Et - MaOH
(\:ET\/GOZEt OMe
N0 * -
H
257 NHz “co,Et
major product in minor amounts

(separated)



Table 16: Crystal data and structure refinement for 263

Identification code
Empirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 27.46
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [[>2sigma(I)]
R indices (all data)

Largest diff. peak and hole

: 263

: Ci6H19NOs

: 30532

:293(2) K

:0.71073 A

: Triclinic, P-1 (International Table No: 2)
ta=7.617(2) A; a = 86.957(14) deg.
:b=9.2624(12) A; B = 84.340(18) deg.
1c=11.942(2) A;y =69.774(17) deg.
: 786.6(3) A°

:2, 1.289 Mg/m®

:0.096 mm’'

1324

:0.48x0.34 x 0.16 mm

: 1.71 to 27.46 deg.
:0<h<9,-10sk<12,-15<1<15

: 3590/ 3590 [R(int) = 0.0000]

: 100.0 %

: None

: 0.9848 and 0.9553

: Full-matrix least-squares on F?
:3590/3/398

: 0.981

:R1=0.0751, wR2 =0.1839

: R1=0.2055, wR2 = 0.2689

: 0.898 and -0.249 e. A3
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Since the Johnson-Claisen rearrangement of 4-hydroxy-3-methylene-4-(2-
nitrophenyl)butan-2-one (233a) derived from 2-nitrobenzaldehyde and methyl vinyl
ketone provides the resulting product with substantial (major) (Z)-selectivity, it
occurred to us that reductive cyclization of this mixture might provide, under
appropriate conditions, the desired quinoline derivative  in reasonable yields.
Accordingly, we have treated 4-hydroxy-3-methylene-4-(2-nitrophenyl)butan-2-one
(233a) (1 mmol), with triethyl orthoacetate in the presence of catalytic amount of
propanoic acid (2-3 drops) at reflux temperature (146 "C) for 12 hours. Subsequent
reductive cyclization of the residue (obtained after removal of excess triethyl
orthoacetate) with Fe (6 equiv) / AcOH (5 mL) at reflux temperature (110 °C) for 1
hour provided the desired product (264) in very high yields (79%) after purification
through silica gel column chromatography (Eq. 65, Table 17). Structure of the product
(264) was in full agreement with all spectral data [IR, '"H NMR (Spectrum 46), "*C

NMR (Spectrum 47)] and elemental analysis.

OH O 1). CH3C(OEt);

propanoic acid (cat.), reflux, 12h = COOEt
Me —- i Eq. 65
2). Fe / AcOH, reflux, 1h N~ Me
NOz 264
233a 79%

This result was a pleasant surprise. The very high yield (i.e., 79% yield of the quinoline
derivative 264), despite the presence of ~ 45% of (E)-isomer (234-E) in the reaction
mixture [Johnson-Claisen: rearrangement of 4-hydroxy-3-methylene-4-(2-nitrophenyl)-
butan-2-one (233a) with triethyl orthoacetate provides the resulting products 234-E and

234-Z in 45 / 55 ratio (Scheme 80)] clearly suggests that (E)-isomer (234-E), formed
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in the reaction mixture after Johnson-Claisen rearrangement of 233a might be
isomerizing to corresponding (Z)-isomer (234-Z) under the reductive cyclization
condition (Fe/AcOH). Isomerization of (E)-isomer to corresponding (Z)-isomer can, in
principle, happen in two possible ways i.e., 1). AcOH may cause the isomerization of
(£)-product (234-E) to corresponding to (Z)-product (234-Z) [i. e. 234-E to 234-Z as
depicted in Scheme 96, path a] (OR) 2). Isomerization from E-isomer to Z-isomer
might be occurring after reduction under these conditions (Fe/AcOH) [i.e. 268-E to
268-Z as depicted in Scheme 96, path b] there by providing high yields of the quinoline

derivative 264 (Scheme 96).

Scheme 96

\/  AcOH

l/\ 110°C, 1 h I path a

Et0OC
OH O 1). CH3C(OEY), Os-Me
m)LM o propanoic acid (cat.) —<_ _Me —
- +
reflux, 12h
NO, NO, © NO, “COOE!

233a 234-Z 234-E

2). Fe | AcOH 2). Fe / AcOH
reflux reflux

EtOOC Os-Me
E:(\j\/\,COOEl " @\/%Me Isomerization C‘I\/_{
R S
-
N” Me - Hy0 0 path b NH, “COOEt

NH,
2
&4— 268-Z 268-E

To understand the pathway of the isomerization process, we have first treated the pure
E-isomer, ethyl (4E)-4-acetyl-5-(2-nitrophenyl)pent-4-enoate (234-E) (Please see the
page no: 105 for isolation of pure £ / Z-isomers) with AcOH at 110 °C for 1 hour. 'H

NMR spectral data of the resulting crude product (as well as purified product) clearly
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indicated that E-isomer was intact as evidenced from the absence of any isomeric Z-
olefinic singlet. Thus, this experiment clearly rules out the possibility of isomerization
of E-isomer into the corresponding Z-isomer [i. e. 234-E to 234-Z, path a] under the

influence of AcOH.

To examine the possibility of isomerization of E-isomer into the corresponding Z-
isomer after reduction, we have carried out the reaction of E-isomer with Fe (6 equiv) /
AcOH (5 mL) (Eq. 66) at reflux temperature for 1 hour, We were indeed pleased to
isolate the pure ethyl 3-(2-methyl-3-quinolinyl)propanoate (264) in 85% yield. The
spectral data (IR, 'H & "C NMR) of this molecule (264) was in complete agreement
with that of molecule 264 that was obtained via the one-pot procedure (Eq. 65). This
result clearly demonstrates that E-isomer isomerizes into the corresponding Z-isomer

during reductive cyclization conditions (Fe / AcOH).

Ox-Me
— reflux, 1h x COOEt
+ Fe / AcOH
= Eq. 66
NO, ~COOEt quantitative N~ “Me

234-E (pure E-isomer) vield R
Encouraged by this result and to establish the generality of this one-pot multi reaction
strategy (Johnson-Claisen rearrangement/reduction/isomerization and cyclization) for
the synthesis of quinoline derivatives, we have then successfully transformed the
Baylis-Hillman adducts 233a and 233c, derived from 2-nitrobenzaldehyde and 5-
chloro-2-nitrobenzaldehyde (195b), into desired quinolines (265-267) via the Johnson-

Claisen rearrangement with various orthoesters (triethyl orthoacetate and triethyl

orthopropanoate) and subsequent reductive cyclization with Fe/AcOH. The resulting
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products (265-267) were obtained in high yields (73-83%) (Eq. 67, Table 17).
Structures of the products were in full agreement with the spectral data (IR, '"H NMR,
3C NMR) and elemental analyses. The required Baylis-Hillman adduct, 4-(5-chloro-2-

nitrophenyl)-4-hydroxy-3-methylenebutan-2-one (233¢), was prepared according to

Eq. 68.
OH O 1). RECH,C(OEt);
R ” propanoic acid (cat.), reflux, 12h‘ R! = COOEt
° 2). Fe / AcOH, reflux, 1h N/ MQRE Eq. 67
N R%=H, Me : 2
R« e W e e, e
REegl ] R = Cl, R? = Me [267)
0 o OH O
& H Me DABCO/THF  ClI
+ L — Me Eq. 68
NO, NO,
195b 233¢
Table 17: Synthesis of quinolines (264-267)"
Alcohol Orthoesters Product® Yield®
(%)
233a CH,C(OEt), ' 264 79
233a CH;CH:C(OBt)g 265 83
233¢ CH;C(OEt), 266 73
233c CH3CH,C(OEt), 267 76

a) All the reactions were carried out on 1 mmol scale of Baylis-Hillman adducts (233a, 233¢) with
orthoesters (1 mL) in the presence of propanoic acid (2-3 drops) followed by the treatment with Fe
(6 equiv.) and acetic acid (5 mL) (after removal of the excess orthoester).

b) All the pure products were obtained viscous liquids (264-267) and gave satisfactory 'H NMR, "C
NMR, IR, mass spectral data and elemental analyses.

¢) Yields are of the pure compounds (264-267) obtained after column chromatography (20-30% EtOAc
in hexanes).
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The plausible mechanism for isomerization / cyclization of E-isomer under reductive

cyclization conditions is presented in the Scheme 97.%

Scheme 97
Ox—Me O Me 0 Mo
= + Fe/AcOH +3e == Y C[—Tg\
NO, ~COOE!
2 NH  "COOE! NH TCOOEt
234-E “
COOEt
COOEt COOEt free rotation Me
5 around single .
=4 Me Me bond ==
] f S~ Me o \
T s - o) ; N @ NH “COOEt
Fe / AcOH
i COOEt
COOEL
COOEt
(e x|yl — O
- H0 N” ~Me
0 NH, O
NH 2 264

We have thus developed a facile and convenient methodology for the transformation of
the Baylis-Hillman adducts into ethyl 3-(2-0x0-2,3-dihydro-3-quinolinyl)propanoates
(257-263)  [substituted  (1H)-quinolin-2-ones] and  ethyl  3-(2-methyl-3-
quinolinyl)propanoates (264-267) [substituted quinolines] via a novel one-pot multi-

reaction strategy involving Johnson-Claisen rearrangement, reduction (and also

isomerization in the case of 264-267) and cyclization.

——

& It is very well known in the literature that reduction of ‘NO,’ to ‘NH,’, using Fe / AcOH, proceeds
via the radical mechanism. See the reference 10 and references cited therein for the complete
mechanistic details of ‘NO,’ reduction using this reagent system.
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CONCLUSIONS:

All the objectives mentioned in the beginning of the chapter have been achieved with
considerable success. We have developed a novel methodology for the synthesis of
functionalized [4.4.3] and [4.4.4]propellano-bislactones (130a-g, 134) starting from the
acetates of the Baylis-Hillman adducts in three steps. Also, we have conveniently
transformed the acetates of Baylis-Hillman adducts into useful and important class of

fused pyrimidones (156a-i) in aqueous media in one-pot operation.

We have developed a novel reaction for synthesis of 2-benzazepine derivatives (184-
194) involving tandem construction of C-N and C-C bonds via the simultaneous Ritter
and Houben-Hoesch reactions on Baylis-Hillman adducts derived from alkoxy
substituted benzaldehydes and alkyl acrylates. We have also successfully transformed
the Baylis-Hillman adducts, derived from benzaldehyde / alkyl substituted
benzaldehydes and alkyl acrylates, into alkyl (2E)-2-acetylaminomethyl-3-arylprop-2-
enoate (177a-c, 179-181) and Baylis-Hillman adducts, derived from benzaldehyde /
alkyl substituted benzaldehydes and acrylonitrile, into (2Z)-2-acetylaminomethyl-3-

arylprop-2-enenitrile (183a-c).

Also, we have investigated the substitution effects on stereochemical direction in
Johnson-Claisen rearrangement of the Baylis-Hillman adducts derived from ortho
substituted benzaldehydes and revealed a novel substituent dependant stereochemical
control in Johnson-Claisen rearrangement of the Baylis-Hillman adducts involving an

interesting competition between [1,3]- and [1,2]-interactions in the transition states. We
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have sucessfully used these results in developing a simple stereoselective synthesis of

(Z)-trisubstituted alkenes (203-232, 234-239) .

We have further developed a facile and convenient one-pot multi-reaction strategy for
the transformation of the Baylis-Hillman adducts, derived from various 2-
nitrobenzaldehydes and methyl acrylates, into substituted (1A4)-quinolin-2-ones (i.e.,
substituted carbostyril derivatives) (257-263) and for transformation of the Baylis-
Hillman adducts, derived from various 2-nitrobenzaldehydes and MVK into substituted
quinolines (264-267) involving Johnson-Claisen rearrangement, reduction/isomerizati-

on and cyclization.

We believe that these studies further demonstrate the efficacy of Baylis-Hillman
adducts in synthesis of important heterocycles and also the importance of Baylis-
Hillman adducts in the development of interesting stereoselective transformation

methodologies.
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EXPERIMENTAL

Melting Points: All melting points were recorded on a Superfit (India) capillary
melting point apparatus and are uncorrected.

Boiling Points: Boiling points refer to the temperature measured using short path
distillation units and are uncorrected.

Elemental Analysis: Elemental analyses were performed on a Perkin—-Elmer 240C-
and Thermo Finnigan Flash EA 1112-CHN analyzer.

Infrared Spectra: Infrared spectra were recorded on a JASCO FT/IR-5300
spectrophotometer. All the spectra were calibrated against polystyrene absorption at
1601 cm™'. Solid samples were recorded as KBr wafers and liquid samples as thin film
between NaCl plates or solution spectra in CH,Cl,.

Nuclear Magnetic Resonance Spectra: Proton magnetic resonance spectra and
carbon-13 magnetic resonance spectra were recorded on a BRUKER-AC-200 and
BRUKER-AVANCE-400 spectrometers. 'H NMR (200 MHz/400 MHz) spectra for all
the samples were measured in chloroform-d, unless otherwise mentioned, with TMS (8
= 0 ppm) as internal standard. 13C NMR (50 MHz/100 MHz) spectra for all the samples
were measured in chloroform-d, unless otherwise mentioned, with its middle peak of

the triplet (& = 77.10 ppm) as internal standard. Spectral assignments are as follows: (1)
chemical shifts on the & scale, (2) standard abbreviation for multiplicity, that is, s =
singlet, d = doublet, t = triplet, q = quartet, sept = septet, m = multiplet, dd = doublet of

doublet, td = triplet of doublet, dt = doublet of triplet, b = broad, d of ABq = doublet of
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AB quartet, (3) number of hydrogens integrated for the signal, (4) coupling constant J
in Hertz.

Mass Spectral Analysis: Mass spectra were recorded either on VG7070H mass
spectrometer using EI technique or on Auto spec mass spectrometer using LSIMS

technique (EI) or on shimadzu LCMS 2010A mass spectrometer.,

X-ray Crystallography:

The X- ray diffraction measurements were carried out at 293 K on an automated Enraf-
Nonious MACH 3 diffractometer using graphite monochromated, Mo-Ka (A = 0.71073
A" ) radiation with CAD4 software. The single crystal was fixed to a capillary head by
an appropriate fixing material. Primary unit cell constants were determined with a set of
25 narrow frame scans. Intensity data were collected by the o scan mode. Stability of
the crystal during the measurements was monitored measuring the intensity of the
standard reflections after every one and half hour intervals. No appreciable variation of
the crystal was detected. The data were reduced using XTAL program. No absorption
correction was applied. The structure was resolved by direct methods and refined by
full-matrix least-squares using the SHELXS-86 and SHELXL-93 program packages
respectively.

General: All the solvents were dried and distilled using suitable drying agents before
use. Moisture sensitive reactions were carried out using standard syringe-septum
t‘fchniques under nitrogen atmosphere. All reactions were monitored using Thin Layer

Chromatography (TLC),
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Methyl 3-hydroxy-2-methylene-3-phenylpropanoate (126a):

A mixture of benzaldehyde (100 mmol, 10.612 g), methyl acrylate (150 mmol, 12.912
g) and DABCO (15 mol%, 15 mmol, 1.682 g) was kept at room temperature for 7 days.
The reaction mixture was diluted with ether (50 mL) and washed successively with 2N
HCI, aqueous NaHCOj; solution and water. Organic layer was dried over anhydrous
Na;SO4. Solvent was evaporated and the residue thus obtained was purified by
distillation under reduced pressure to provide the pure product (126a) as colorless

liquid in 78% (15 g).

OH 0O
Wom
Bp : 135-137°C / 4.9mm
IR (neat) 1 v 3452, 1720, 1630 cm™
'HNMR  : 8 3.04 (b, 1H), 3.72 (s, 3H), 5.56 (s, 1H), 5.83 (s, 1H), 5.93 (s, 1H),
7.18-7.52 (m, SH).
13C NMR 8 51.62, 72.55, 12545, 126.56, 127.55, 128.16, 141.38, 142.21,

166.55.

Methyl 3-hydroxy-2-methylene-3-(4-methylphenyl)propanoate (126b):
This molecule was obtained as a colorless solid via the reaction between 4-
methylbenzaldehyde and methyl acrylate catalyzed by DABCO following a similar

procedure described for the molecule 126a.
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ion time : 8 days \
Reaction tim y o o
Yield : 70% MOW
Me
Mp : 44-46 °C
IR (KBr) : v 3501, 1712, 1620 cm
'H NMR : 8 2.34 (s, 3H), 3.45 (b, 1H), 3.66 (s, 3H), 5.50 (s, 1H), 5.89 (s, 1H),

6.31 (s, 1H), 7.13 (d, 2H, J = 8.0 Hz), 7.24 (d, 2H, J = 8.0 Hz).
3C NMR : 82091, 51.61, 72.51, 125.24, 126.51, 128.89, 137.20, 138.44, 142.24,

166.535,

Methyl 3-(4-ethylphenyl)-3-hydroxy-2-methylenepropanoate (126¢):
This compound was prepared via the Baylis-Hillman reaction of 4-ethylbenzaldehyde
with methyl acrylate under the catalytic influence of DABCO, as a colorless viscous

liquid, following a similar procedure described for the molecule 126a.

OH O
Reaction time : 8 days MOM&
Et

Yield : 72%

Bp : 148-152 °C / 4.3 mm

IR (neat) 1 v 3433, 1722, 1630, cm™

'HNMR © 8 1.24 (t, 3H, J = 7.2 Hz), 2.64 (g, 2H, J = 7.2 Hz), 3.15 (b, 1H), 3.68

(s, 3H), 5.52 (s, 1H), 5.58 (s, 1H), 6.31 (s, 1H), 7.16 (d, 2H, J = 8.0 Hz),

7.27 (d, 2H, J = 8.0 Hz).
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3C NMR : & 15.44, 28.53, 51.82, 72.82, 125.54, 126.71, 127.69, 138.79, 142.37,

143.80, 166.78.

Methyl 3-hydroxy-3-(4-isopropylphenyl)-2-methylenepropanoate (126d):
This molecule was obtained as a colorless viscous liquid via the treatment of 4-
isopropylbenzaldehyde with methyl acrylate in the presence of DABCO following a

similar procedure described for the molecule 126a.

OH O
Reaction time : 8 days Wom
Yield : 70% i-Pr
Bp : 163-165 °C / 3.6 mm
IR (neat) - v 3435, 1720, 1631 em™
'H NMR : 8 1.24 (d, 6H, J = 6.8 Hz), 2.79-3.00 (m, 2H), 3.73 (s, 3H), 3.55 (d, 1H,

J=4.8 Hz), 5.86 (s, 1H), 6.34 (s, 1H), 7.20 (d, 2H, J = 7.8 Hz), 7.30 (d,
2H,J=17.8 Hz).
BONMR ;8 23.68, 33.53, 51.48, 72.20, 125.00, 126.12, 126.56, 138.78, 142.25,

148.00, 166.46.

Methyl 3-hydroxy-2-methylene-3-(4-methoxyphenyl)propanoate (126¢):
This compound was prepared via the Baylis-Hillman reaction of 4-
methoxybenzaldehyde with methyl acrylate under the influence of DABCO, as a

colorless solid following a similar procedure described for the molecule 126a.
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tion time : 10 days
Reac Y _—

Yield  71% MOMG
MeO

Mp : 60-62 °C
IR (KBr) :v 3344, 1714, 1620 cm”
'"HNMR 18 2.76 (b, 1H), 3.70 (s, 3H), 3.79 (s, 3H), 5.51 (s, 1H), 5.51 (s, 1H),

5.86 (s, 1H), 6.86 (d, 2H, J = 8.8 Hz), 7.28 (d, 2H, J = 8.8 Hz).
3 NMR : 8 51.75, 55.12, 72.36, 113.72, 125.20, 127.89, 133.57, 142.30, 159.11,

166.65.

Methyl 3-(4-chlorophenyl)-3-hydroxy-2-methylenepropanoate (126f):
This molecule was obtained as a colorless solid via the DABCO catalyzed Baylis-
Hillman reaction of 4-chlorobenzaldehyde with methyl acrylate following a similar

procedure described for the molecule 126a.

OH O
Reaction time : 7 days MOME
cl

Yield : 76%

Mp : 46-48 °C

IR (KBr) 1 v 3339, 1722, 1635 cm”!

HNMR ;5299 (b, 1H), 3.71 (s, 3H), 5.51 (s, 1H), 5.81 (s, 1H), 633 (s, 1H),
7.30 (s, 4H).
"CNMR . g 51.88, 72.02, 125.84, 128.19, 128.47, 133.44, 140.15, 142.02,

166.51.
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Methyl 3-(2-chlorophenyl)-3-hydroxy-2-methylenepropanoate (126g):

This compound was prepared via the DABCO catalyzed Baylis-Hillman reaction
between 2-chlorobenzaldehyde and methyl acrylate, following a similar procedure
described for the molecule 126a. Column chromatography (5% EtOAc in hexanes,
silica gel) of the resulting crude product provided the pure alcohol 126g as a colorless

viscous liquid.

I OH O
Reaction time : 8 days OMe

Yield : 73%

IR (neat) :v 3441, 1722, 1631 cm™

'H NMR : 8 3.77 (b, 1H & s, 3H), 5.18 (s, 1H), 5.98 (s, 1H), 6.33 (s, 1H), 7.12-
7.40 (m, 4H).

BCNMR @ & 51.49, 68.88, 126.69, 126.95, 128.18, 128.92, 129.40, 132.84,

138.65, 141.08, 166.85.

Methyl 3-acetoxy-2-methylene-3-phenylpropanoate (127a):

To a stirred solution of methyl 3-hydroxy-2-methylene-3-phenylpropanoate (126a) (25
mmol, 4.80 g), pyridine (50 mmol, 3.95 g) in dry dichloromethane (25 mL) at °C was
added acetyl chloride (50 mmol, 3.92 g). After stirring at room temperature for 2 hours,
the reaction mixture was diluted with ether (50 mL) and washed successively with 2N
HC] solution water and saturated aqueous Na;HCO; solution. Organic layer was dried

over anhydrous Na;SOy. Solvent was removed and the crude product, thus obtained,
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was purified by column chromatography (3% EtOAc in hexanes, silica gel) to afford
the pure methyl 3-acetoxy-2-methylene-3-phenylpropanoate (127a) as colorless liquid

in 83% (4.855 g) yield.

OAc O
OMe

IR (neat) :v 1743, 1726, 1633 cm’!

'"H NMR : 8 2.07 (s, 3H), 3.67 (s, 3H), 5.86 (s, 1H), 6.39 (s, 1H), 6.69 (s, 1H),
7.22-7.48 (m, 5H).

BCNMR  :520.94, 51.86, 73.11, 125.68, 127.63, 128.35, 128.43, 137.90, 139.83,

165.36, 169.26.

Methyl 3-acetoxy-2-methylene-3-(4-methylphenyl)propanoate (127b):
This molecule was obtained as a colorless viscous liquid via the treatment of 3-
hydroxy-2-methylene-3-(4-methylphenyl)propanoate (126b) with acetyl chloride, in the

presence of pyridine, following a similar procedure described for the molecule 127a.

Reaction time : 2 hours OAc O

i = OMe
Yleld s 82% Me NF
IR (neat) v 1745, 1725, 1633 cm™

HNMR  :§2.08 (s, 3H), 2.33 (s, 3H), 3.70 (s, 3H), 5.85 (s, 1H), 6.38 (s, 1H),

6.65 (s, 1H), 7.14 (d, 2H, J = 7.8 Hz), 7.26 (d, 2H, J = 7.8 Hz).
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C NMR : 6 21.07, 51.86, 73.00, 125.36, 127.62, 129.12, 134.83, 138.17, 139.78,

165.40, 169.33.

Methyl 3-acetoxy-3-(4-ethylphenyl)-2-methylenepropanoate (127¢):
This compound was prepared via the reaction of methyl 3-(4-ethylphenyl)-3-hydroxy-
2-methylenepropanoate (126¢) with acetyl chloride in the presence of pyridine, as a

colorless viscous liquid, following a similar procedure described for the molecule 127a.

Reaction time : 2 hours OAc O
= OMe
Yield : 80% |
Et
IR (neat) : v 1735, 1724, 1633 cm’”
'H NMR : 8 1.22 (t, 3H, J = 7.7 Hz), 2.08 (s, 3H), 2.66 (q, 2H, J = 7.7 Hz), 3.70

(s, 3H), 5.85 (s, 1H), 6.37 (s, 1H), 6.65 (s, 1H), 7.16 (d, 2H, J= 7.9 Hz),
7.28 (d, 2H, J=17.9 Hz).
C NMR : 6 15.19, 20.86, 28.40, 51.72, 72.90, 125.23, 127.58, 127.81, 134.97,

139.78, 144.29, 165.28, 169.18.

Methyl 3-acetoxy-3-(4-isopropylphenyl)-2-methylenepropanoate (127d):
Treatment of methyl 3-hydroxy-3-(4-isopropylphenyl)-2-methylenepropanoate (126d)
with acetyl chloride in the presence of pyridine, following a similar procedure

described for the molecule 127a, provided 127d as a colorless viscous liquid.



Reaction time : 2 hours

Yield
IR (neat)

'HNMR

BC NMR
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Ac
: 83% MOMe
i-Pr

v 1747, 1735, 1633 cm’!

: 6 1.23 (d, 6H, J = 6.8 Hz), 2.09 (s, 3H), 2.88 (sept, 1H, J = 6.8 Hz),
3.71 (s, 3H), 5.85 (s, 1H), 6.38 (s, 1H), 6.66 (s, 1H), 7.18 (d, 2H, J = 7.0
Hz), 7.29(d, 2H, J= 7.0 Hz).

: 6 20.96, 23.79, 33.75, 51.81, 72.95, 125.32, 126.46, 127.60, 135.09,

139.67, 148.95, 165.38, 169.28.

Methyl 3-acetoxy-3-(4-methoxyphenyl)-2-methylenepropanoate (127e¢):

Treatment of methyl 3-hydroxy-3-(4-methoxyphenyl)-2-methylenepropanoate (126e)

with acetyl chloride in the presence of pyridine, following a similar procedure

described for the molecule 127a, provided 127e as a colorless solid.

Reaction time : 2 hours Ac O
Yield - 84%, OMe
MeQ

Mp : 51-53 °C

IR (KBr) :v 1741, 1718, 1633 cm™!

'HNMR £ § 2.09 (s, 3H), 3.70 (s, 3H), 3.79 (s, 3H), 5.87 (s, 1H), 6.37 (s, 1H),
6.64 (s, 1H), 6.86 (d, 2H, J = 8.7 Hz), 7.30 (d, 2H, J = 8.7 Hz).

"CNMR . 52087, 51.72, 55.08, 72.77, 113.80, 124.91, 129.00, 129.86, 139.88,

159.62, 165.32, 169.19.



144

Methyl 3-acetoxy-3-(4-chlorophenyl)-2-methylenepropanoate (127f):
This compound was prepared via the reaction of methyl 3-(4-chlorophenyl)-3-hydroxy-
2-methylenepropanoate (126f) with acetyl chloride in the presence of pyridine, as a

colorless viscous liquid, following a similar procedure described for the molecule 127a.

Reaction time : 2 hours OAc O
=
Yield - 85% ® e
Cl
IR (neat) - v 1745, 1720, 1633 cm”
'H NMR : 8 2.10 (s, 3H), 3.70 (s, 3H), 5.88 (s, 1H), 6.40 (s, 1H), 6.63 (s, 1H),
7.31 (s, 4H).

C NMR :620.93, 51.96, 72.42, 125.79, 128.64, 129.07, 134.24, 136.49, 139.35,

165.16, 169.18.

Methyl 3-acetoxy-3-(2-chlorophenyl)-2-methylenepropanoate (127g):
This molecule was obtained as a colorless viscous liquid via the treatment of methyl 3-
(2-chlorophenyl)-3-hydroxy-2-methylenepropanoate (126g) with acetyl chloride in

the presence of pyridine following a similar procedure described for the molecule 127a.

Cl OAc O
Reaction time : 2 hours OMe

Yield : 81%

IR (neat) : v 1745, 1725, 1639 cm™
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'HNMR 1 82.10 (s, 3H), 3.73 (s, 3H), 5.63 (s, 1H), 6.45 (s, 1H), 7.02 (s, 1H),
7.18-7.47 (m, 4H).
"CNMR  :820.77, 52.03, 70.13, 126.87, 127.73, 128.44, 129.58, 129.86, 133.70,

135.44, 138.32, 165.32, 169.08.

2,2-Bis[(2E)-2-methoxycarbonyl-(3-phenyl)prop-2-en-1-yljindan-1-one (128a):

To oil free NaH (10 mmol, 0.24 g) in dry benzene (15 mL), were added 1-indanone
(125) (2 mmol, 0.264 g) and methyl 3-acetoxy-2-methylene-3-phenylpropanoate (127a)
(5 mmol, 1.17 g) at room temperature and heated at 80°C for 30 hours under N,
atmosphere. Then, the reaction mixture was allowed to come to room temperature and
then cooled to 0°C. Excess NaH was quenched with very slow and careful addition of
acetic acid (1 mL). Reaction mixture was diluted with water (15 mL) and extracted
with ether (3 x 20 mL). Combined organic layer was dried over anhydrous Na;SO.
Solvent was evaporated and the crude product, thus obtained, was purified by column
chromatography (10% ethyl acetate in hexanes) to provide 0.72 g (75%) of 128a as
viscous liquid. This compound is contaminated with (Z)-isomer (= 10-12%) and other

unidentified impurities (= 5%) as evidenced by the spectral analysis.

MeOOC
IR (neat) :v 1709, 1630 cm”’ - O
'HNMR : §2.82-3.62 (m, 12H), 6.58 (s) & 7.01-7.69 - O.
(mé.ior E-along O
Withminor Z)  (m, 16H). MeQOC

Singlet ar & 6.58 (Z-olefinic proton) with low intensity indicates the presence of (2)-
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isomer (= 10-12%). 'H NMR spectrum also indicated the presence other unidentified
impurity (=~ 5%).

3¢ NMR : §33.58, 36.48, 51.62, 53.98, 123.66, 126.08, 127.20, 127.98, 128.45,

(major isomer)
128.62, 129.16, 130.20, 134.60, 135.47, 141.84, 152.58, 168.73, 208.02.

3C NMR spectrum also showed some minor peaks, which arise due the presence minor
Z-isomer (= 7-8%) and unidentified impurity (= 5%).

Since we are converting this diester (128a) to diacid (129b), no attempt was made to
further purify this compound. This molecule, as such, was subjected to hydrolysis to
provide the pure diacid (129a) as described below.
2,2-Bis|[(2E)-2-carboxy-3-phenylprop-2-en-1-yl]indan-1-one (129a):

To a solution of 2,2-bis[(2E)-2-methoxycarbonyl-3-phenylprop-2-en-1-yl]indan-1-one
(128a, obtained as above) (1 mmol, 0.48 g) in MeOH (2 mL), was added a solution of
KOH (85% KOH pellets, | g) in MeOH (4 mL). After stirring for 3 hours at room tem-
perature, MeOH was removed. Then the reaction mixture was diluted with water (15
mL) and washed with ether (2 x 20 mL) to remove any organic impurities. Aqueous
layer was acidified with 2N HCI solution and extracted with ethyl acetate (3 x 20 mL).
Combined organic layer was dried over anhydrous Na,SO4 and concentrated. The crude
product thus obtained, was purified by crystallization [ethyl acetate/hexanes (1 : 2) to

provide biscinnamic acid (129a) as crystalline solid (0.32 g, 71%) with exclusive (E)-

stereochemistry.

Mp :161°C O. O
S

IR (KBr) : v 3350-2300, 1711, 1680, 1628 cm’ HOOC
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'H NMR 18 2.99 & 3.17 (ABq, 4H, J = 14.2 Hz),” 3.13 (s, 2H)," 3.85 (b, 2H),
7.15-7.58 (m, 14H), 7.76 (s, 2H).

* One of the peaks of AB quartet is merged with singlet at & 3.13.

BCNMR  :833.08,37.28, 54.39, 124.29, 126.14, 127.40, 128.75, 128.98, 129.44,

134.87, 135.18, 136.03, 144.09, 153.09, 173.72, 208.96.

2,2-Bis[(2E)-2-methoxycarbonyl-3-(4-methylphenyl)prop-2-en-1-ylJindan-1-one
(128b):

This molecule was obtained as a colorless viscous liquid via the reaction between 1-
indanone (125) and methyl 3-acetoxy-3-(4-methylphenyl)-2-methylenepropanoate
(127b) in the presence of NaH following the similar procedure described for the

molecule 128a.

r Me0OG 1
O
y . O. Me
Reaction time : 30 h
S

Yield : 74% | me00C L )we
IR (neat) :v 1724, 1709, 1625, 1607 cm’™

'"H NMR : §2.38 (s, 6H), 2.82-3.20 (m, 6H), 3.53 (s, 6H), 6.55 (s) & 6.95-7.72

(mgjor E-alon
withminorZ)  (m, 14H).

Singlet at §6.55 (Z-olefinic proton) with low intensity indicates the presence of (Z)-
isomer (~ 7-8%). 'H NMR spectrum also indicated the presence other unidentified
impurity (= 5%).

"C NMR : §21.23, 33.65, 36.37, 51.47, 54.02, 123.55, 126.02, 127.06, 127.96,
(major isomer)
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128.66, 129.30, 132.50, 134.46, 138.49, 141.86, 152.64, 168.81, 208.15.

Bc NMR spectrum also showed some minor peaks, which arise due the presence minor
Z-isomer (~ 7-8%) and unidentified impurity (= 5%).

Since we are converting this diester (128b) to diacid (129b), no attempt was made to
further purify this compound. This molecule was, as such, subjected to hydrolysis to
provide the pure diacid (129b) as described below.
2,2-Bis[(2E)-2-carboxy-3-(4-methylphenyl)prop-2-en-1-yl]indan-1-one (129b):
Hydrolysis of the above mentioned molecule i.e., 2,2-bis[(2E)-2-methoxycarbonyl-3-
(4-methylphenyl)prop-2-en-1-yl]indan-1-one (128b) using KOH / MeOH, following
the similar procedure described for the compound 129a, provided the bisacid 129b as a

colorless solid.

Reaction time : 3 h

Yield : 70%

Mp 1 215°C

IR (KBr) : v 3400-2350, 1710, 1678, 1603 cm'

'H NMR : §2.33 (s, 6H), 2.78 & 2.98 (ABq, 4H, J = 15.0 Hz)," 2.94 (s, 2H),"
(DMSO-Dg)

7.09-7.64 (m, 14H), 12.32 (b, 2H).
* One of the peaks of AB quartet is mixed with singlet at § 2.94.

3C NMR :821.09, 33.03, 36.00, 53.81, 123.62, 126.42, 127.41, 129.45, 129.95,
(DMSO-Dg)
132.56, 134.78, 135.52, 138.38, 140.55, 152.39, 169.65, 207.36
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2,2-Bis[(2E)-3-(4-ethylphenyl)-2-methoxycarbonylprop-2-en-1-yljindan-1-one
(128¢):

This compound was prepared via the treatment of 1-indanone (125) with methyl 3-
acetoxy-3-(4-ethylphenyl)-2-methylenepropanoate (127¢) in the presence of NaH, as a

colorless viscous liquid, following a similar procedure described for the molecule 128a.

MeOOG )
Reaction time : 30 h P a= O
(I "
Yield : 70%
MeOOC = O Et
IR (neat) :v 1712, 1628, 1607 cm’! .

EH NMR  :8 119 & 1.27, (2, 6H, J = 7.8 Hz), 2.61 & 2.68 (2q, 4H, J = 7.8 Hz),
jor E-al
wibmnorZ)  2.80-3.21 (m, 6H), 3.54 & 3.56 (25, 6H), 6.58 (s) & 7.01-7.68 (m, 14H),

with minor Z

The underlined chemical shift values, with low intensity, arise due to minor Z-isomer,
Singlet at & 6.58 with very low intensity indicate the presence of ~ 5-6% minor Z-

isomer. 'H NMR spectrum also indicated the presence of other unidentified impurity (=
5%).

BC NMR + 5 15.26, 28.67, 33.63, 36.33, 51.58, 54.05, 123.60, 126.08, 127.13,
(major isomer)
128.13, 129.20, 129.51, 132.72, 134.57, 142.02, 144.91, 152.73, 168.91,

208.38.

BC NMR spectrum also showed some minor peaks, which arise due to the presence of
minor Z-isomer (=~ 5-6%) and unidentified impurity (= 5%).

Since we are converting this diester (128b) to diacid (129b), no attempt was ma(!e to
further purify this compound. This molecule, as such, was subjected to hydrolysis to
provide the pure diacid (129b) as described below.
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2,2-Bis[(2E)-2-carboxy-3-(4-ethylphenyl)prop-2-en-1-yl}indan-1-one (129c):

This compound was obtained from 2,2-bis[(2E)-2-methoxycarbonyl-3-(4-ethylphenyl)-
prop-2-en-1-yl]indan-1-one (128c) (above obtained product) via the treatment with
KOH / MeOH, following similar procedure described for the compound 129a, as a

colorless solid.

—

Hgoc
Reaction time : 3 h O. O o
Yield 1 75% o O g
Mp : 163-164 °C ‘
IR (KBr) : v 3400-2300, 1716, 1678, 1604 cm™
'H NMR : 8 1.24 (t, 6H, J = 7.6 Hz), 2.68 (q, 4H, J = 7.6 Hz), 3.07 (s, 2H), 2.99

& 3.24 (ABq, 4H, J = 14.2 Hz), 7.08-7.61 (m, 12H), 7.75 (s, 2H), 8.35
(b, 2H).

In addition, the presence of singlet at 6 6.65 with very low intensity indicates the
presence of minor Z-isomer (= 2%,).

BC NMR 8§ 15.21, 28.72, 33.03, 36.80, 54.54, 124.18, 126.02, 127.26, 128.23,
128.32, 129.82, 132.49, 134.64, 136.07, 144.15, 145.53, 152.87, 174.02,

208.86.

2,2-Bis[(2E)-3-(4-isopropylphenyl)-2-methoxycarbonylprop-2-en-1-yljindan-1-one
(128d):

This molecule was obtained as a colorless viscous liquid via the dialkylation of 1-

indanone (125) with methyl 3-acetoxy-3-(4-isopropylphenyl)-2-methylenepropanoate
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(127d) in the presence of NaH following the similar procedure described for the

molecule 128a.

MegOC _ O
Reaction time: 30 h O. pr
Yield : 77% | Me0OC” O P
IR (neat) : v 1710, 1630, 1607 cm™
'H NMR :8 1.11-1.41 (m, 12H), 2.81-3.26 (m, 8H), 3.53 (s, 6H), 6.58 (s) &

(major E-alon
with minor Z%

7.05-7.68 (m, 14H)

Singlet at 8 6.58 (Z-olefinic proton) with low intensity indicates the presence of = 7-8%
(Z)-isomer. 'H NMR spectrum also indicated the presence of other unidentified
impurity (= 5%).
BONMR  :623.81,33.61,33.96, 36.38, 51.58, 54.09, 123.64, 126.10, 126.72,
(major isomer)

127.14, 129.20, 129.59, 132.87, 134.57, 136.09, 142.03, 149.59, 152.77,

168.96, 208.46.

BC NMR spectrum also showed some minor peaks, which arise due to the presence of
minor Z-isomer (~ 10-12%) and unidentified impurity (= 5%).

Since we are converting this diester (128¢) to diacid (129¢) no attempt was made to
further purify this compound. This molecule was, as such, subjected to hydrolysis to
provide the pure diacid (129¢) as described below.
2,2-Bis[(2E)-2-carboxy-3-(4-isopropylphenyl)prop-2-en-1-yl]indan-1-one (129d):
This diacid was prepared via the hydrolysis of 2,2-bis[(2E)-2-methoxycarbonyl-3-(4-
isopropylphenyl)prop-2-en-1-yl]indan-1-one (128d) (above mentioned diester) using
KOH / MeOH, following the similar procedure described for the compound 129a, as a

colorless solid.
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Reaction time :3 h

Yield £ 72%
Mp £ 169-171 °C

IR (KBr)  :v 3350-2400, 1714, 1680, 1606 cm’

'HNMR  :61.27(d, 12H, J = 6.8 Hz), 2.82-3.40 (m, 8H), 4.62 (b, 2H), 7.15-7.65

(m, 12H), 7.77 (s, 2H).

In addition, a doublet at 6 1.18 and a singlet at 6 6.62, with very low intensity, indicate
the presence of ~ 2% (Z)-isomer.

“C NMR : & 23.83, 33.03, 34.03, 36.84, 54.49, 124.21, 126.07, 126.85, 127.29,
128.25, 129.93, 132.56, 134.70, 136.04, 144.24, 150.24, 152.95, 174.14,

209.10.

2,2-Bis[(2E)-2-methoxycarbonyl-3-(4-methoxyphenyl)prop-2-en-1-ylJindan-1one
(128e):

This molecule was obtained as a colorless viscous liquid via the dialkylation of 1-
indanone (125) with methyl 3-acetoxy-3-(4-methoxyphenyl)-2-methylenepropanoate
(127¢) in the presence of NaH following the similar procedure described for the

molecule 128a.

Reaction time : 30 h

Yield : 81% . _

IR (neat) : v 1715, 1603 cm™
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'H NMR 10 2.91-3.29 (m, 6H), 3.54 (s, 6H), 3.84 (s, 6H), 6.57 (s) & 6.75-7.71
(major £-alon
with minor Z)  (m, 14H),

Singlet at & ?.5 7 (Z-olefinic proton) with low intensity indicates the presence of ~ 7-8%
(Z)-isomer. "H NMR spectrum also indicated the presence of other unidentified
impurity (= 5%,).

C NMR 10 33.52, 36.38, 51.47, 54.03, 55.15, 114.04, 123.50, 126.02, 127.05,
(major isomer)

127.66, 127.75, 131.15, 134.51, 135.98, 141.62, 152.71, 159.87, 168.93,

208.48.

C NMR spectrum also showed some minor peaks, which arise due to the presence of
minor Z-isomer (= 7-8%) and unidentified impurity (=~ 5%).

Since we are converting this diester (128d) to diacid (129d), no attempt was made to
further purify this compound. This molecule was, as such, subjected to hydrolysis to
provide the pure diacid (129d) as described below.
2,2-Bis[(2E)-2-carboxy-3-(4-methoxyphenyl)prop-2-en-1-yl)indan-1-one (129e¢):
Treatment  of  2,2-bis[(2E)-2-methoxycarbonyl-3-(4-methoxyphenyl)prop-2-en-1-
ylJindan-1-one (128e) (above mentioned product) with KOH in methanol, following

similar procedure described for 129a, provided the diacid 129e as a colorless solid.

HOOG
Reaction time : 3 h 5 N, W O
Yield 1 72% O. OMe
Mp :191°C Hooe™ S—{_)—ove
R(KBr)  :v3350-2350, 1711, 1678, 1602 cm’™.
H NMR : 5 2.85 & 3.04 (ABq, 4H, J = 15.5 Hz), 2.98 (s, 2H) [merged with one

(DMS0-Dy)
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of the peaks of ABq], 3.80 (s, 6H), 6.95 (d, 4H, J = 8.6 Hz), 7.25-7.65
(m, 10H), 12.25 (b, 2H).

BC NMR : 6 33.01, 35.81, 53.84, 55.43, 114.34, 123.65, 126.48, 127.45, 127.65,
(DMSO-Dy)

128.32, 131.45, 134.85, 135.66, 140.47, 152, 49, 159.77, 169.84, 207.69

2,2-Bis[(2E)-3-(4-chorophenyl)-2-methoxycarbonylprop-2-en-1-yl]Jindan-1-one
(128f):

This molecule was obtained as a colorless viscous liquid via the reaction between 1-
indanone (125) and methyl 3-acetoxy-3-(4-chlorophenyl)-2-methylenepropanoate
(127f) in the presence of NaH following the similar procedure described for the

molecule 128a.

MeOOC
O —
» Crx U
Reaction time :30h
S
MeOOC Cl

Yield £ 66% " Y,
IR (neat) : v 1705, 1630 cm’™.

'H NMR : §2.61-3.10 (m, 6H), 3.50 & 3.55 (2s, 6H), 6.53 (s) & 7.15-7.66 (m,
(major E-alon

with minor z% 14H).

The underlined chemical shift values are attributed to the minor Z-isomer. Singlet at 6
6.53 (Z-ole!ﬁnic proton) with very low intensity clearly indicate presence of ~ 7% minor
Z-isomer. 'H NMR spectrum also indicated the presence of other unidentified impurity
(=~ 5%).

3C NMR : §33.42,36.73, 51. 64, 53.68, 123.57, 125.94, 127.23,128.74, 129.15,
(major isomer)

130.34, 130.54, 133.64, 134.34, 134.63, 140.29, 152.20, 168.26, 207.60.
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3C NMR spectrum also showed some minor peaks, which arise due to the presence of
minor Z-isomer (~7%) and unidentified impurity (~ 5%).

Since we are cox.wening this diester (128e) to diacid (129e), no attempt was made to
further purify this compound. This molecule was, as such, subjected to hydrolysis to
provide the pure diacid (129e) as described below.
2,2-Bis[(2E)-2-carboxy-3-(4-chlorophenyl)prop-2-en-1-yljindan-1-one (129f):

This diacid was obtained via the treatment of 2,2-bis[(2E)-3-(4-chlorophenyl)2-
methoxycarbonylprop-2-en-1-yljindan-1-one (128f) (above mentioned diester) with

KOH in MeOH, following the similar procedure described for the compound 129a, as a

colorless solid.

Reaction time :3 h

Yield 1 73%
Mp : 234-236 °C
IR (KBr) : v 3350-2300, 1720, 1685, 1612 cm’

'HNMR : 82.94 (s, 2H), 2.75 & 2.85 (ABq, 4H, J = 13.8 Hz), 7.23-7.68 (m,
(DMSO0-Dy)

14H), 12.48 (b, 2H).

BC NMR 18 32.99, 36.18, 53.64, 123.65, 126.47, 127.51, 128.81, 131.02, 131.57,
(DMSO-Dy)

133.30, 134.36, 134.90, 135.54, 139.15, 152.10, 169.35, 207.01.

2,2-Bis[(2E)-3-(2-chlorophenyl)-2-methoxycarbonylprop-2-en-1-yllindan-1-one
(128g):

Treatment of 1-indanone (125) with methyl 3-acetoxy-3-(2-chlorophenyl)-2-methylen-
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epropanoate (127g) in the presence of NaH, following the similar procedure described

for the molecule 128a, provided diester 128f as a colorless viscous liquid.

Reaction time : 30 h

Yield : 74%
IR (neat) . v 1716, 1634, 1608 cm’’
'H NMR 1 8 2.69-3.65 (m, 12H), 6.58 (s) & 6.99-7.70 (m, 14H).
(major E-alon
with minor Z

Singlet at § 6.58 (Z-olefinic proton) with very low intensity clearly indicates presence
of ~ 15% minor Z-isomer. '"H NMR spectrum also indicated the presence of other
unidentified impurity (= 5%).
B3C NMR : 8 33.30, 36.37, 51.73, 53.56, 123.57, 126.28, 126.80, 127.14, 128.93,
(major isomer)

129.52 129.99, 131.75, 133.85, 134.07, 134.61, 135.97, 139.12, 152.4,

167.96, 207.60.

B3C NMR spectrum also showed some minor peaks, which arise due to the presence of
minor Z-isomer (= 15%) and unidentified impurity (= 5%).

Since we are converting this diester (128f) to diacid (129f), no attempt was made to
further purify this compound. This molecule, as such, was subjected to hydrolysis to
provide the pure diacid (129f) as described below.

2,2-Bis[(2E)-2-carboxy-3-(2-chlorophenyl)prop-2-en-1-yl]indan-1-one (129g):

Hydrolysis of 2,2-bis[(2E)-3-(2-chlorophenyl)2-methoxycarbonylprop-2-en-1-yl]in-
dan-1-one (128g, above mentioned diester) using KOH in methanol, following the
similar reaction procedure described for the compound 129a, provided the diacid 129

as a colorless solid.
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Reaction time : 3 h ‘
Yield 1 70%

Mp : 213°C

IR (KBr) : v 3350-2400, 1714, 1686, 1614 cm’™.

'H NMR : 8 2.58 & 2.70 (ABq, 4H, J = 13.6Hz), 2.83 (s, 2H), 7.12-7.62 (m,
(DMSO-D)

14H), 12.46 (b, 2H).

BC NMR 1§ 32.73, 35.85, 53.38, 123.68, 126.47, 127.44, 129.58, 130.17, 132.71,
(DMSO-Dg)

133.03, 134.07, 134.82, 135.67, 137.60, 152.17, 168.87, 206.72.

11,16-Di [(E)-benzylidene]-13,14-dioxatetracyclo[7.4.4.0"°.0> | heptadeca-2,4,6-
triene-12,15-dione (130a):

To a stirred solution of 2,2-bis[(2E)-2-carboxy-3-phenylprop-2-en-1-yl]indan-1-one
(129a) (0.5 mmol, 0.226 g) in dry CH,Cl; (5 mL) was added trifluoroacetic anhydride
(TFAA) (1 mmol, 0.21 g). After stirring for 1.5 h at room temperature under N
atmosphere, the reaction mixture was diluted with water (10 mL) and extracted with
CH,Cl, (3 x 20 mL). The combined organic layer was dried over anhydrous Na;SOs.
Solvent was evaporated .;md the crude solid, thus obtained was purified by

crystallization [ethyl acetate: hexanes (2 : 3)] to provide 0.20 g (92%) of propellano-

bislactone (130a).

Mp : 200-201 °C
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IR (KBr) : v 1740, 1623 cm™

'HNMR  :82.75 (dd, 2H, J = 1.8 Hz, and 15.8 Hz)", 2.95 (d, J = 1.8 Hz) & 3.02
(s) [4H]", 7.15-7.49 (m, 13H), 7.69-7.80 (m, 1H), 7.89 (s, 2H).

" It looks that both the allylic CH; protons (four protons) (at C-10 & C-17) appear as
AB part of ABX system (doublet of AB quartet i. e. two dd) and the down field doublet
(of this system) is merged with singlet at & 3.02 of benzylic CH; protons (at C-8). This
is confirmed by the very clear appearance of AB quartet for the allylic CH, protons
(four protons) (at C-10 & C-17) when the '"H NMR spectrum was recorded in the

presence of shift reagent Eu(fod); (Spectrum 3).

3C NMR : 0 33.22, 42,55, 43.14, 111.88, 122.75, 124.28, 125.50, 128.25, 128.76,

129.54, 129.83, 131.02, 134.22, 139.29, 139.64, 143.86, 164.07.

MS(mv/z) 1 434 (M)
Analysis calcd for CaoH32204. :C, 80.17; H, 5.10
Found :C, 80.11; H, 5.14

11,16-Di [(E)-p-methylbenzylidene]-13,14-dioxatetracyclo[7.4.4.0"°.0*"|heptadeca-
2,4,6-triene-12,15-dione (130b):

This compound was obtained as a colorless solid via the bislactonization of 2,2-
bis[(2E)-2-carboxy-3-(4-methylphenyl)prop-2-en-1-yl]indan-1-one  (129b) by the

treatment with TFAA following similar procedure described for the molecule 130a.

Reaction time : 1.5h

Yield :91%
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Mp : 229-230 °C
IR (KBr) ' v 1742, 1623 cm’™
'H NMR : 6 2.38 (s, 6H), 2.73 (dd, 2H, J = 1.6 and 15.7 Hz)", 2.94 (s) & 3.01 (s)

[4H]', 7.08-7.45 (m, 11H), 7.68-7.75 (m, 1H), 7.86 (s, 2H).
"It looks that the both allylic CH, protons (four protons) (at C-10 & C-17) appear as
AB quartet and the down field peak of AB quartet is merged with singlet at & 3.01 of

benzylic CH; protons (at C-8). Also, first doublet (of AB quartet) appears as doublet of
doublet due to allylic coupling (at §2.73).

BC NMR 18 21.46, 33.22, 4241, 43.03, 111.72, 121.71, 124.18, 125.49, 128.16,

129.42, 129.97, 130.90, 131.43, 139.31, 139.76, 139.98, 143.97, 164.21.

MS(m/z) : 462 (M)
Analysis calcd for C3;H2604 : C, 80.50; H, 5.67
Found : C, 80.25; H, 5.70

11,16-Di [(E)-p-ethylbenzylidene]-13,14-dioxatetracyclo[7.4.4.0"*.0"" | heptadeca-
2,4,6-triene-12,15-dione (130c):

Bislactonization of 2,2-bi§[(2E)-2-carboxy-3-(4-ethylphcnyl)prop-Z-en-l-yl]indan-l-
one (129¢) via the treatment with TFAA, following similar procedure described for the

molecule 130a, provided the desired compound, 130, as colorless solid.

Reaction time : 1.5 h

Yield : 84%
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Mp : 164-165 °C
IR (KBr) :v 1736, 1628 cm’
'H NMR : 8 1.25 (t, 6H, J = 7.8 Hz), 2.61-3.10 (m, 10H), 7.11-7.48 (m, 11H),

7.68-7.76 (m, 1H), 7.89 (s, 2H).
BCNMR  : 8 15.17, 28.72, 33.22, 42.40, 43.01, 111.74, 121.75, 124.12, 125.49,

128.20, 130.03, 130.87, 131.67, 139.34, 139.80, 143.93, 146.16, 164.16.

MS(m/z) : 490 (M")
Analysis calcd for C33H3004 :C, 80.79; H, 6.16
Found :C, 80.98; H, 6.12

11,16-Di [(E)-p-isopropylbenzylidene]-13,14-dioxatetracyclo[7.4.4.0".0* | hepta-
deca-2,4,6-triene-12,15-dione (130d):

This propellano-bislactone was obtained via the treatment of 2,2-bis[(2E)-2-carboxy-3-
(4-isopropylphenyl)prop-2-en-1-yl]indan-1-one (129d) with trifluoroacetic anhydride,

as a colorless solid, following similar procedure described for the molecule 130a.

Reaction time : 1.5h
Yield : 89%

Mp £ 192-193 °C

IR (KBr) - v 1738, 1628 cm™
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'HNMR  : 8 1.26 (d, 12H, J = 6.8 Hz), 2.71-3.09 (m, 8H), 7.12-7.45 (m, 11H),
7.69-7.76 (m, 1H), 7.90 (s, 2H).
BCNMR @8 23.73, 33.18, 34.01, 42.32, 42.94, 111.74, 121.70, 124.12, 125.50,

126.81, 128.11, 130.08, 130.86, 131.82, 139.33, 139.83, 143.98, 150.75,

164.11.
MS(m/z) : 518 (M)
Analysis calcd for C35H3404 €. 81.05: H.6,61
Found :C, 80.72; H, 6.64

11,16-Di [(E)-p-methoxybenzylidene]-13,14-dioxatetracyclo[7.4.4.0".0* | heptade-
ca-2,4,6-triene-12,15-dione (130e):

Treatment of 2,2-bis[(2E)-2-carboxy-3-(4-methoxyphenyl)prop-2-en-1-yl]indan-1-one
(129¢) with TFAA, following similar procedure described for the molecule 130a,

provided the propellane 130e, as a colorless solid.

Reaction time : 1.5 h

Yield - 85%

Mp : 179-180 °C

IR (KBr) v 1714, 1620, cm™

'HNMR : §2.76 (dd, 2H, 1.6 Hz & 15.8 Hz)', 2.96 (s) & 3.02 (s) [4H]", 3.84 (s,

6H), 6.89 (d, 4H, J =8.6 Hz), 7.16-7.46 (m, 7H), 7.69-7.74 (m, 1H), 7.86

(s, 2H).
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* It looks that the both allylic CH; protons (four protons) (at C-10 & C-17) appear as
AB quartet. The first doublet (of AB quartet) appears as dd due to allylic coupling. The
down field peak of (second part of AB quartet) is merged with the singlet at 6 3.02 of
benzylic CH, protons (at C-8).

BC NMR : 8 33.23, 42.29, 42.78, 55.37, 111.51, 114.19, 120.07, 123.99, 125.51,
126.78, 128.04, 130.79, 131.89, 139.34, 139.91, 143.63, 160.72, 164.27

MS(m/z) 1 494 (M)

Analysis calcd for C31H260¢ s C, 75.29; H, 5.30

Found 1 G, 19,33, H, 5.33

11,16-Di [(E)-p-chlorobenzylidene]-13,14-dioxatetracyclo[7.4.4.0'.0%"|heptadeca-
2,4,6-triene-12,15-dione (130f):

This molecule was obtained as a colorless solid via the bislactonization of 2,2-bis[(2E)-
2-carboxy-3-(4-chlorophenyl)prop-2-en-1-yl]indan-1-one (129f) by the treatment with

TFAA following similar procedure described for the molecule 130a.

Reaction time : 1.5h

Yield :90%

Mp : 250-251 °C

IR (KBr) :v 1718, 1624 cm™'.
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'HNMR :62.71(dd. 2H. J=2.2 Hz, 15.6 Hz), 2.92 (d, 2H.J = 15.6 Hz), 3.06 (s,

2H), 7.10 (d, 4H, J = 8.6 Hz), 7.22-7.49 (m, 7H), 7.72 (m, 1H), 7.76 (s,
2H)
The underlined chemical shift values arise due to the allylic CH; protons (four protons)

(at C-10 & C-17). It looks that these protons appear as AB quartet. The first doublet (of
AB quartet) appears (at 6 2.71) as dd due to allylic coupling .

BC NMR : 6 33.46, 43.00, 43.43, 111.78, 123.43, 124.33, 125.40, 128.32, 129.05,
130.99, 132.47, 135.72, 139.16, 142.13, 163.69.
Analysis calcd for Ca9H2004Cly : C, 69.20; H, 4.00

Found +C,69.03;: H, 3.97

11,16-Di [(E)-Z-chlorobenzylidene]-13,14—dioxatctracyclo[7.4.4.0"9.02’7]heptadeca—
2,4,6-triene-12,15-dione (130g):

Bislactonization of 2,2-bis[(2£)-2-carboxy-3-(2-chlorophenyl)prop-2-en-1-yl]indan-1-
one (129g) via the treatment with trifluoroacetic anhydride, following similar procedure

described for the molecule 130a, provided desired molecule (130g) as colorless solid.

Reaction time : 1.5 h
Yield : 86%

Mp :'157-158°C
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IR (KBr) ;v 1732, 1628 cm™

'"H NMR : § 2.60 & 2.79 (ABq, 4H, J = 15.6 Hz), 2.92 (s, 2H), 7.01-7.51 (m,
11H), 7.67-7.76 (m, 1H), 8.03 (s, 2H).

BCNMR  :832.77, 41.58, 42.88, 112.46, 124.39, 125.02, 125.55, 126.76, 128.40,

130.05, 130.22, 130.54, 131.17, 133.01, 134.48, 138.92, 139.70, 141.38,

162.95.
MS(m/z) : 502 (M), 504 (M+2)", 506 (M+4)"
Analysis calcd for C29H2004Cl2 : C, 69.20; H, 4.00
Found :C,69.41; H, 3.98

2,2-Bis[(2E)-2-methoxycarbonyl-3-phenylprop-2-en-1-yl]tetral-1-one (132):

This molecule was prepared via the dialkylation of 1-tetralone (131) with methyl 3-
acetoxy-2-methylene-3-phenylpropanoate (127a) in the presence of NaH, as a colorless

viscous liquid, following the similar procedure described for the molecule 128a.

Reaction time : 30 h. M;OOC — O
Yield 1 59% O‘

IR (neat)  :v 1714, 1680, 1630 cm™. | MeooC o 0
'HNMR  :8 1.75 (t, 2H, J = 6.8), 2.78-3.70 (m, 12H), 6.44 & 7.58 (2s, 2H) 7.08-

(major E-alon

with minor Z)  7.47 (m, 13H), 7.77-7.91 (m, 1H).

Singlet at & 6.44 (Z-olefinic proton) with very low intensity clearly indicate presence of
~ 15% minor Z-isomer. '"H NMR spectrum also indicated the presence of other
unidentified impurity (= 5%).
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BCNMR :825.21,30.81, 32.21, 41.10, 51.75, 126.42, 127.72, 127.92, 128.10,
(major isomer)
128.51, 129.01, 130.76, 132.60, 132.79, 135.82, 141.48, 142.78, 169.35,

199.02.

C NMR spectrum also showed some minor peaks, which arise due to the presence of
minor Z-isomer (= 15%) and unidentified impurity (=~ 5%).

Since we are converting this diester (132) to diacid (133), no attempt was made to
further purify this compound. This molecule was, as such, subjected to hydrolysis to
provide the pure diacid (133) as described below.
2,2-Bis|(2E)-2-carboxy-3-phenylprop-2-en-1-yl]tetral-1-one (133):

This molecule was obtained as a colorless solid on hydrolysis of 2,2-bis[(2E)-2-
carboxy-3-phenylprop-2-en-1-yl]tetral-1-one (132) (above mentioned diester) using

KOH following similar procedure described for the compound 129a.

HOOC,
Reaction time : 3 h

e 0
Yield . 84% O‘ O

Mp :97-102 °C I HOOC
IR (KBr) : v 3500-2350, 1680, 1630 cm”.
'H NMR : 8 1.75-1.99 (m, 2H), 2.70-3.59 (m, 6H), 5.82 (b, 2H), 7.01-7.52 (m,

(major E-alon
with minor Z%

13H), 7.71-7.99 (m, 1H), 6.59 & 7.79 (2s, 2H).

Singlet at 5 6.59 (Z-olefinic proton), with very low intensity, clearly indicates presence
of  15% minor Z-isomer. 'H NMR spectrum also indicated the presence of other
unidentified impurity (= 5%).

"CNMR ;52522 30.72, 31.53, 51.07, 126.54, 128.11, 128.33, 128.56, 129.04,

129.18, 129.76, 132.66, 132.86, 135.56, 142.78, 143.93, 174.03, 199.97.
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“C NMR spectrum also showed some minor peaks which arise due to the presence of
minor Z-isomer (=~ 15 and unidentified impurity (=~ 5%).

Since we are converting this diacid (133) to corresponding propellane (134), no attempt
was made to further purify this compound. This molecule, as such, was subjected to
hydrolysis to provide the pure diacid (134) as described below.

12,17-Di [(E)-benzylidenc]-14,15-dioxatetracyclo[8.4.4.0"".0*7|octadcca-2,4,6-
triene-13,16-dione (134):

This molecule was obtained as a colorless solid via the bislactonization of 2,2-bis[(2E)-
2-carboxy-3-phenylprop-2-en-1-yl]tctral-1-one  (above-mentioned diacid) by the

treatment with trifluoroacetic anhydride following similar procedure described for the

molecule 130a.

Reaction time : 1.5h

Yield : 68%
Mp : 204-205 °C

IR (KBr) : v 1733, 1705, 1652 cm’

'H NMR : 82.04 (1, 2H, J = 6. 8 Hz), 2.78 & 2.93 (d of ABq, 4H, J = 16.8 Hz &

1.6 Hz), 3.09 (t, 2H, J = 6.8 Hz), 7.12-7.51 (m, 13H), 7.82-7.92 (m, 1H),
8.04 (s, 2H).
3C NMR : 8 24.13, 28.49, 32.68, 33.06, 103.82, 121.47, 126.49, 127.21, 128.74,
129.84, 130.08, 130.41, 133.54, 134.27, 134.55, 144.84, 163.73,
Analysis calcd for C30H2404 1 C, 80.34; H, 5.39

Found : C, 80.07; H, 5.42.
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Methyl 3-hydroxy-3-(3-methoxyphenyl)-2-methylenepropanoate (126h):

This molecule was obtained as a colorless viscous liquid via the reaction between 3-
methoxybenzaldehyde and methyl acrylate catalyzed by DABCO following a similar
procedure described for the molecule 126a. The crude product was purified by column

chromatography (10% EtOAc in hexanes, silica gel).

H O
Reaction time : 12 days MBOU?\N/LOMB

Yield : 63%
IR (neat) : v 3474, 1720, 1621 cm™
'H NMR : 8 3.60 (s, 3H), 3.69 (s, 3H), 3.77 (b, 1H), 5.45 (s, 1H), 5.84 (s, 1H),

6.25 (s, 1H), 6.66-6.95 (m, 3H). 7.17 (t, H, J = 7.92 Hz).
BCNMR 185171, 55.10, 72.57, 112.39, 113.29, 119.07, 125.56, 129.30, 142.40,

143.28, 159.69, 166.69.

Methyl 3-acetoxy-3-(3-methoxyphenyl)-2-methylenepropanoate (127h):
This molecule was obtained as a colorless viscous liquid via the treatment of methyl 3-
hydroxy-3-(3-methoxyphenyl)-2-methylenepropanoate (126h) with acetyl chloride in

presence of pyridine following a similar procedure described for the molecule 127a.

; A
Reaction time : 2 h MeO \@/%;i
OMe
Yield : 82%

IR (neat) : v 1745 1724, 1633 cm”
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'H NMR : § 2.08 (s, 3H), 3.69 (s, 3H), 3.76 (s, 3H), 5.83 (s, 1H), 6.37 (s, 1H),
6.65 (s, 1H), 6.76-7.03 (m, 3H), 7.18-7.30 (m, 1H).
PCNMR  :§20.88, 51.83, 55.09, 72.85, 113.31, 113.65, 119.81, 125.82, 129.40,

139.31, 139.63, 159.59, 165.31, 169.22.

3-Benzyl-1,5-diazabicyclo-(4.4.0)deca-2,5,7,9-tetraen-4-one (156a):

To a stirred solution of methyl 3-acetoxy-2-methylene-3-phenypropanoate (127a) (1
mmol, 0.234 g) in H,O / MeOH (1:1, 10mL), was added, 2-aminopyridine (150) (1
mmol, 0.094 g) at room temperature. After stirring for 6 hours at room temperature,
reaction mixture was saturated with NaCl and extracted with ethyl acetate (3 x 10 mL).
Combined organic layer was dried over anhydrous Na;SO;. Solvent was evaporated
and the residue, thus obtained, was purified by column chromatography (silica gel, 15%
MeOH in EtOAc) followed by crystallization (EtOAc) to furnish the pure compound

(156a) in 77 % (0.182 g) yield.

r o
3 5
O
Mp : 218-220 °C (dec.) TN 7
™

IR (KBr) : v 1649, 1602 cm™
'H NMR :83.91 (s, 2H), 6.90-7.02 (m, 1H), 7.22-7.76 (m, 8H), 7.85 (d,
(28.5% CD;0D in CDCl;)
1H, J= 6.8Hz).
3¢ NMR +834.02, 113.53, 123.52, 126.73, 128.68, 129.24, 130.18,

(28.5% CD;0D in CDCly)
132.72, 135.76, 135.85, 137.13, 151.02, 168.57.
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MS (m/z) 1236 (M)
Analysis caled for C;sH12N;O 0C, 76,257 H, 5.12: N, 11.86,
Found :C,76.18; H, 5.10; N, 11.91.

3-(4-Methylbenzyl)-1,5-diazabicyclo(4.4.0)deca-2,5,7,9-tetraen-4-one (156b):

This molecule was obtained as a colorless solid via the treatment of methyl 3-acetoxy-

2-methylene-3-(4-methylphenyl)propanoate  (127b) with 2-aminopyridine (150)

following similar procedure as described for the molecule 156a.

Reaction time
Yield

Mp

IR (KBr)

'H NMR
(28.5% CD;0D in CDCly)

“CNMR
(28.5% CD,0D in CDCl;)

:6h 3I45
A e
: 74% Me N7
0%~ 8

: 230-233 °C (dec.) 9

:v 1649, 1608 cm”

+ 5 2.35 (s, 3H), 3.86 (s, 2H), 6.88-7.02 (m, 1H), 7.17 (s, 4H),
7.34 (d, 1H, J= 9.0 Hz), 7.51 (s, 1H), 7.61-7.72 (m 1H), 7.79 (d,
1H, J = 6.6 Hz).

;8 26.53, 33.46, 113.78, 123.15, 129.04, 129.29, 130.28, 132.83,
133.64, 135.90, 136.14, 136.33, 150.86, 168.71.

MS (m/z) £ 250 (MY
Analysis calcd for CigH 4N2O . C, 76.78; H, 5.64; N, 11.19
Found . C, 76.86; H, 5.68; N, 11.10.
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3-(4-Ethylbenzyl)-1,5-diazabicyclo(4.4.0)deca-2,5,7,9-tetraen-4-one (156¢):
This compound was prepared via the reaction between methyl 3-acetoxy-3-(4-
ethylphenyl)-2-methylenepropanoate (127¢) and 2-aminopyridine (150), as a colorless

solid, following similar procedure as described for the molecule 156a.

Reaction time :6h 35
. ) 1N
Yield 1 83% kil g
9
Mp : 210-214 °C
IR (KBr) : v 1649, 1593 cm™
'H NMR -8 1.25 (t, 3H, J = 7.6 Hz), 2.66 (q, 2H, J = 7.6 Hz), 3.87 (d, 2H,

(28.5% CD;0D in CDCl3)
J =12 Hz), 6.87-7.01 (m, 1H), 7.21 (s, 4H), 7.35 (d, 1H, J = 9.0

Hz), 7.51 (s, 1H), 7.59-7.72 (m, 1H), 7.83 (d, 1H, J = 6.8 Hz)

BC NMR Y 15.07, 28.09, 33.42, 113.67, 123.04, 128.01, 129.00, 130.06,
(28.5% CD30D in CDCl;)
132.84, 133.99, 135.89, 136.03, 142.63, 150.82, 168.63.

Analysis caled for Cy7H;6N20 :C,77.25; H, 6.10; N, 10.60

Found : C, 77.36; H, 6.08; N, 10.55.

3-(4-Isopropylbenzyl)-1,5-diazabicyclo(4.4.0)deca-2,5,7,9-tetraen-4-one (156d):
Treatment of methyl 3-acetoxy-3-(4-isopropylphenyl)-2-methylenepropanocate (127d)
with 2-aminopyridine (150), following similar procedure as described for the molecule

156a, provided required fused pyrimidone (156d) as a colorless solid.
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Reaction time :6h p \

O
Yield : 75% A N
Mp : 214-216 °C (dec.) 0%~ 8
9
IR (KBr) : v 1649, 1597 cm™!
'H NMR : 8 1.24 (d, 6H, J = 6.8 Hz), 2.89 (sept, 1H, J = 6.8 Hz), 3.89 (s,

(28.5% CD;0D in CDCI,)
2H), 6.88-7.02 (m, 1H), 7.23 (s, 4H), 7.35 (d, 1H, J = 9.0 Hz),

7.56 (s, 1H), 7.61-7.72 (m, 1H), 7.81 (d, 1H, J = 6.8 Hz)

“C NMR : 8 24.04, 33.80, 33.95, 112.85, 124.46, 126.99, 129.54, 130.92,
(CDCl3)
132.40, 134.62, 135.07, 147.57, 151.04, 168.40.

Analysis caled for CjgH sN2O :C, 77.67,H, 6.52, N, 10.06.

Found :C, 77,72, H, 6.538, N, 10.12,

3-(4-Methoxybenzyl)-1,5-diazabicyclo(4.4.0)deca-2,5,7,9-tetraen-4-one (156e):
Treatment of methyl 3-acgtoxy-3-(4-methoxyphenyl)-2-methylenepropanoate (127e)
with 2-aminopyridine (150), following similar procedure as described for the molecule

156a, provided the required fused pyrimidine derivative (156e) as a colorless solid.

( )
Reaction time :6h 2 4N ¥
o s
MeO 1N ' i
X 8

Yield - 56%
10

Mp . 214-217°C (dec.) L -

IR (KBr) . v 1655, 1610 cm™

HNMR £ §3.82 (s, 3H), 3.84 (s, 2H), 6.82-6.98 (m, 3H), 7.13-7.29 (m,
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(28.5% CD,0D in CDCl3)
2H), 7.34 (d, 1H, J =9.0 Hz), 7.51 (s, 1H), 7.57-7.77 (m, 1H),
7.80 (d, 1H, J= 6.6 Hz)

BC NMR : §33.05, 54.95, 113.65, 114.05, 123.19, 128.83, 130.17, 130.34,

(28.5% CD;0D in CDCl3)
132.81, 135.77, 135.99, 150.84, 158.33, 168.62.

Analysis calcd for C\H4N2O; :C, 72.15; H, 5.30; N, 10.52

Found :C,72.10: H, 5.33; N, 10.58.

3-(4-Chlorobenzyl)-1,5-diazabicyclo(4.4.0)deca-2,5,7,9-tetraen-4-one (156f):
This fused pyrimidine derivative was prepared via the reaction between 3-acetoxy-3-(4-
chlorophenyl)-2-methylenepropanoate (127f) and 2-aminopyridine (150), as a colorless

solid, following similar procedure as described for the molecule 156a.

Reaction time :6h all4 ¢
A Ne
Yield : 74% cl Y |7
8

10
Mp : 212-214 °C (dec.) . ¥
IR (KBr) : v 1651, 1587cm’”
'H NMR : 8 3.88 (s, 2H), 6.92-7.04 (m, 1H), 7.21-7.41 (m, 5H), 7.66 (d,

(28.5% CD,0D in CDCly)
IH, J=7.6 Hz), 7.72 (s, 1H), 7.91 (d, 1H, J = 6.8 Hz).

BCNMR :833.28, 113.91, 123.09, 128.62, 129.30, 130.45, 132.50,
(28.5% CD;0D in CDCl,)

132.95, 135.65, 136.11, 136.34, 151.00, 168.40.
Analysis caled for CysH;CIN,O : C, 66.55; H, 4.10; N, 10.35

Found . C, 66.65; H, 4.16; N; 10.45.
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3-(2-Chlorobenzyl)-1,5-diazabicyclo(4.4.0)deca-2,5,7,9-tetraen-4-one (156g):
This molecule was obtained as a colorless solid via the treatment of methyl 3-acetoxy-
3.(2-chlorophenyl)-2-methylenepropanoate  (127g) with 2-aminopyridine (150)

following similar procedure as described for the molecule 156a.

|
Reaction time :6h N
2l s
7
| 8

TN
Yield £ 79% 10%s
Mp : 186-188 °C (dec.) b 9
IR (KBr) : v 1655, 1595¢cm™
'H NMR : 8 4.03 (s, 2H), 6.88-7.02 (m, 1H), 7.20-7.51 (m, 6H).7.60-7.71

(28.5% CD;0D in CDCls)
(m, 1H), 7.87 (d, 1H, J = 6.8 Hz)

BC NMR : 8 31.62, 113.75, 122.80, 126.89, 127.60, 128.25, 129.34,
(28.5% CD,0D in CDCls)

131.27, 133.03, 133.90, 134.47, 135.84, 136.23, 150.75, 168.16.
Analysis calcd for Cy5H,;CIN,O = C,66.55; H.4.10; N, 10.35

Found : C, 66.48; H, 4.12; N, 10.44.

3-(3-Methoxybcnzyl)-l,S-diazabicycl0(4.4.0)deca-2,5,7,9—tetraen-4~one (156h):
This fused pyrimidine derivative was obtained as a colorless solid via the treatment of
methyl  3-acetoxy-3-(3-methoxyphenyl)-2-methylenepropanoate  (127h) with  2-

aminopyridine (150) following similar procedure as described for the molecule 156a.
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Reaction time :6h ( o )
MeO 3 4N5
Yield : 58% 2l s
Mp : 207-208 °C 10~ 8
9
IR (KBr) : v 1653, 1604 cm™
'"H NMR . 6 3.80 (s, 3H), 3.87 (s, 2H), 6.78-7.05 (m, 4H), 7.21-7.30 (m,

(28.5% CD40D in CDCls)
1H) 7.34 (d, 1H, J = 8.8 Hz), 7.61 (s, 1H), 7.68 (d, 1H, J = 8.8

Hz), 7.85 (d, 1H, J = 6.8 Hz).

BC NMR : 6 33.96, 54.93, 112.12, 113.81, 114.98, 121.56, 123.28, 129.68,
(28.5% CD,0D in CDCI;)

129.92, 132.87, 135.99, 136.17, 138.53, 150.98, 159.86, 168.67.
Analysis calcd for CgH;4N20, : C, 72.15; H, 5.30; N, 10.52.

Found : G, 72,25, H, 5.28; N, 10.62.

Methyl 3-hydroxy-2-methyleneoctanoate (126i):
This molecule was obtained as a colorless viscous liquid via the reaction between
hexanal and methyl acrylate under the catalytic influence of DABCO following a

similar procedure described for the molecule 126a.

Reaction time : 6 days

H O
Yield 1 65% CsHy 1%1/&0”‘3

Bp : 88-90 °C/1.4 mm
IR (neat) : v 3429, 1720, 1630 cm”
'H NMR : 8 0.88 (t, 3H, J = 6.6 Hz), 1.20-1.78 (m, 8H), 2.16 (b, 1H), 3.78 (s,

3H), 4.38 (t, 1H, J= 6.37 Hz), 5.79 (s, 1H), 6.21 (s, 1H).



175

3¢ NMR : & 13.83, 22,43, 25.32, 31.53, 36.24, 51.62, 71.13, 124.48, 142.94,

166.99.

Methyl 3-acetoxy-2-methylencoctanoate (127i):
This molecule was obtained as a colorless viscous liquid via the treatment of methyl 3-
hydroxy-2-methyleneoctanoate (126i) with acetyl chloride in presence of pyridine

following a similar procedure described for the molecule 127a.

; ; Ac O
Reaction time : 2 h Cobly: p—
Yield : 80%

IR (neat) - v 1745, 1735, 1633 cm’™
'H NMR : 8 0.86 (t, 3H, J = 6.82 Hz), 1.12-1.48 (m, 6H), 1.52-1.87 (m, 2H), 2.06

(s, 3H), 3.76 (s, 3H), 5.53-5.68 (m, 1H), 5.74 (s, 1H), 6.26 (s, 1H).
BC NMR & 13.71, 20.72, 22.27, 24.79, 31.25, 34.10, 51.61, 71.64, 124.58,

140.31, 165.50, 169.55.

3-Hexyl-1,5-diazabicyclo(4.4.0)deca-2,5,7,9-tetraen-4-one (156i):
Treatment of methyl 3-acetoxy-2-methyleneoctanoate (127i) with 2-aminopyridine
(150), following similar procedure as described for the molecule 156a, provided the

required fused pyrimidine derivative (156i) as a colorless solid.
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Reaction time :6h [ )
3 A4 5

Yield 137% “CE’H"/\{W\P‘ 6

Mp £ 100 °C o e

IR (KBr) : v 1657, 1599 cm™

'HNMR (CDCl3)  : 8 0.86 (1, 3H, J = 6.2 Hz), 1.16-1.75 (m, 8H), 2.56 (t, 2H, J =
6.0 Hz), 6.78-6.88 (m, 1H), 7.32 (d, 1H, J = 9.0 Hz), 7.46-7.58
(m, 1H), 7.69 (s, 1H), 7.73 (d, 1H, J = 6.8 Hz).

BCNMR (CDCl3) : & 14.11, 22.65, 27.50, 28.65, 29.22, 31.69, 112.92, 124.45,

130.93, 132.26, 133.96, 135.01, 151.12, 168.59.

MS (m/z) : 230 (MY)
Analysis calcd for C,4H sN2O :C,73.01; H, 7.88; N, 12.16
Found G 71310 B, 285, N, 12.25.

Methyl (2E)-2-acetylaminomethyl-3-phenylprop-2-enoate (177a):

To a stirred solution of methyl 3-hydroxy-2-methylene-3-phenylpropanoate (126a) (1
mmol, 0.192 g) in acetonitrile (5 mL) was added methanesulfonic acid (3 mL) at 60 °C
and immediately temperature was raised to 110 °C. After stirring for 5 h at 110 °C,
reaction mixture was brought to room temperature and diluted with water. Aqueous
K,COj solution was added slowly till the acid was neutralized and extracted with ether
(3 x 15 mL). The combined organic layer was dried over anhydrous Na,SO4. Solvent

was evaporated and the residue, thus obtained, was purified by column chromatography
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(silica gel, 30% EtOAc in hexanes) to furnish the pure compound (177a) in 72 %

(0.166 g) yield.

E/Z:90/ 10 [determined by the integration of isomeric olefinic proton singlets at & 7.80 (E-
isomer) & 8 7.10 (Z-isomer) in the 'H NMR spectrum of the crude sample.

However, the pure E-isomer was obtained on column chromatography (30%
EtOAc in hexancs)]

Mp :112-114°C @/\\[COO““
NHCOMe

IR (KBr) : v 3266, 1707, 1639 cm™

'H NMR : 6 1.98 (s, 3H), 3.86 (s, 3H), 4.35 (d, 2H, J = 5.7 Hz), 6.09 (b, 1H),
7.30-7.60 (m, 5H), 7.80 (s, 1H).

“C NMR : 6 23.06, 36.74, 52.07, 127.85, 128.60, 129.19, 129.53, 134.12, 142.39,
168.15, 169.61.

MS (m/z) 233 (M)

Analysis caled. for C;3H,sNO; 1 C, 66.94; H, 6.48; N, 6.00

Found : C, 66.75; H, 6.51; N, 6.01

Methyl (2E)-2-acetylaminomethyl-3-(4-methylphenyl)prop-2-enoate (177b):

This molecule was obtained as a colorless solid via the reaction between methyl 3-
hydroxy-3-(4-methylphenyl)-2-methylenepropanoate  (126b) and acetonitrile in
presence of methanesulfonic acid following similar procedure described for the

molecule 177a.

ElZ:92/8 [determined by the integration of isomeric olefinic proton singlets at & 7.77 (E-
isomer) & & 6.70 (Z-isomer) in the '"H NMR spectrum of the crude sample.
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However, the pure E-isomer was obtained on column chromatography (30%

EtOAc in hexanes)]
Reaction time : 5 h mcoom
Yield 1 75% Me NHCOMe
Mp :115-116 °C
IR (KBr) :v 3254, 1712, 1639 cm™

'H NMR + 8 1.98 (s, 3H), 2.37 (s, 3H), 3.84 (s, 3H), 4.35 (d, 2H, J = 5.8 Hz), 6.06
(b, 1H), 7.22 (d, 2H, J = 8.2 Hz), 7.42 (d, 2H, J= 8.2 Hz), 7.77 (s, 1H).

BONMR 8 21.15, 22.95, 36.69, 51.92, 126.77, 129.27, 129.59, 131.19, 139.43,
142.48, 168.19, 169.56.

Analysis calcd. for C4Hi7NO; : C, 68.00; H, 6.93; N, 5.66.

Found : C, 67.86; H, 6.95; N, 5.69.

Methyl (2E)-2-acetylaminomethyl-3-(4-ethylphenyl)prop-2-enoate (177c¢):
This was prepared via the Ritter reaction of methyl 3-hydroxy-3-(4-ethylphenyl)-2-
methylenepropanoate (126¢) with acetonitrile in presence of methanesulfonic acid,

following similar procedure described for the molecule 177a, as a colorless solid.

E/Z:87/13 [determined by the integration of isomeric olefinic proton singlets at & 7.80 (E-

isomer) & & 6.94 (Z-isomer) in the 'H NMR spectrum of the crude sample.
However, the pure E-isomer was obtained on column chromatography (30%
EtOAc in hexanes)]



179

Reaction time : S h

X COOMe
Yield : 72% \/©/\[NHCOMG

Mp : 78-80 °C
IR (KBr) © v 3294, 1716, 1649, 1620 cm™
'H NMR : 8 1.24 (t, 3H, J = 7.6 Hz), 1.98 (s, 3H), 2.66 (q, 2H, J = 7.6 Hz), 3.84

(s, 3H), 4.36 (d, 2H, J = 5.5 Hz), 6.10 (b, 1H), 7.24 (d, 2H, J = 8.2 Hz),
7.46 (d, 2H, J = 8.2 Hz), 7.78 (s, 1H).

“C NMR : & 15.09, 23.05, 28.58, 36.79, 52.01, 126.78, 128.14, 129.77, 131.45,
142.59, 145.80, 168.31, 169.63.

Analysis calcd. for CisH;gNO3 : C, 68.94; H, 7.33; N, 5.36

Found :C,69.11; H, 7.28; N, 5.34

Ethyl 3-hydroxy-2-methylene-3-phenylpropanoate (178a):
This molecule was obtained as a colorless viscous liquid via the Baylis-Hillman
reaction between benzaldehyde and ethyl acrylate catalyzed by DABCO following a

similar procedure described for the molecule 126a.

H
Yield : 71% ‘ Qi’ﬁioa

Reaction time : 7 days

Bp © 122-124 °C/1.3 mm

IR (neat) :v 3437, 1714, 1630 cm”
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'HNMR  : 6124 (t, 3H, J = 7.0 Hz), 3.05 (b, 1H), 4.17 (q, 2H, J = 7.0 Hz), 5.56
(s, 1H), 5.82 (s, 1H), 6.34 (s, 1H), 7.20-7.50 (m, SH).
BONMR  : 8 13.98, 60.84, 72.92, 125.43, 126.73, 127.69, 128.32, 141.62, 142.58,

166.31.

Ethyl (2E)-2-acetylaminomethyl-3-phenylprop-2-enoate (179):
Treatment of ethyl 3-hydroxy-3-phenyl-2-methylenepropanoate (178a) with acetonitrile
in the presence of CH3SO;H following similar procedure described for the molecule

177a provided the desired amide, 179, as a colorless solid.

E/Z:92/8 [determined by the integration of isomeric olefinic proton singlets at & 7.79 (E-

isomer) & & 7.00 (Z-isomer) in the '"H NMR spectrum of the crude sample.
However, the pure E-isomer was obtained on column chromatography (30%
EtOAc in hexanes)]

Reaction time : 5 h

.~ COOE!
Yield 7% Q/\[
NHCOMe

Mp 166 °C
IR (KBr) 1 v 3294, 1709, 1649 cm’
'H NMR : 8 1.37 (t, 3H, J = 7.4 Hz), 1.98 (s, 3H), 4.23-4.43 (m, 4H), 6.08 (b,

1H), 7.30-7.61 (m, SH), 7.79 (s, 1H).

PCNMR  : 5 14.10, 22.96, 36.67, 60.98, 128.10, 128.50, 129.04, 129.44, 134.13,
142.01, 167.60, 169.61.

Analysis calcd. for Cj4H;7NO; : C, 68.00; H, 6.93; N, 5.66.

Found ' : C, 68.23; H, 6.88; N, 5.70.
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Methyl (2E)-3-phenyl-2-propionoylaminomethylprop-2-enoate (180):
The Ritter reaction of methyl 3-hydroxy-2-methylene-3-phenylpropanoate (126a) with
propionitrile in the presence of methanesulfonic acid, following similar procedure

described for the molecule 177a, provide desired allyl amide, 180, as a colorless solid.

E/Z:92/8 [determined by the integration of isomeric olefinic proton singlets at & 7.79 (£-
isomer) & & 6.35 (Z-isomer) in the 'H NMR spectrum of the crude sample.
However, the pure E-isomer was obtained on column chromatography (30%

EtOAc in hexanes)]
Reaction time : 5 h - COOMe
Yield : 83% mNHCOE‘
Mp : 93-94 °C
IR (KBr) : v 3294, 1714, 1639 cm™
'H NMR : 0 1.15 (t, 3H, J = 7.6 Hz), 2.21 (q, 2H, J = 7.6 Hz), 3.85 (s, 3H), 4.37

(d, 2H, J = 5.7 Hz), 6.08 (b, 1H), 7.30- 7.58 (m, 5H), 7.79 (s, 1H).
“CNMR : 8 9.75, 29.73, 36.76, 52.14, 128.16, 128.73, 129.27, 129.66, 134.30,
142.34, 168.35, 173.25.
Analysis caled. for C4H;7NO; : C, 68.00; H, 6.93; N, 5.66.

Found : C, 68.20; H, 6.95; N, 5.61.

Methyl (2E)-2-acryloylaminomethyl-3-phenylprop-2-enoate (181):
This molecule was obtained as colorless solid via the reaction between methyl 3-

hydroxy-3-pheny]-2-mcthylenepropanoate (126a) and acrylonitrile in the presence of
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methanesulfonic acid following similar procedure described for the molecule 177a.

E/Z:87/13 [determined by the integration of isomeric olefinic proton singlets at & 7.82 (E-
isomer) & & 7.03 (Z-isomer) in the '"H NMR spectrum of the crude sample..
However, the pure E-isomer was obtained on column chromatography (30%
EtOAc in hexanes)]

Reaction time : 5 h

COOMe
Yield  74% m jﬁ
Mp £90°C N
IR (KBr) : v 3296, 1712, 1655, 1624 cm”
'HNMR  : 8 3.85 (s, 3H), 4.44 (d, 2H, J = 5.8 Hz), 5.64 (dd, 1H, J = 9.8 Hz, 2.0

Hz), 6.10 (dd, 1H, J = 9.8 Hz, 16.6 Hz), 6.21-6.38 (m, 2H), 7.27-7.61
(m, 5H), 7.82 (s, 1H).
C NMR : §36.61, 51.92, 125.98, 127.52, 128.47, 129.07, 129.40, 130.75,

133.95, 142.48, 165.09, 167.91.

MS (m/z) : 246 (M+H)"
Analysis calcd. for Cj4H sNO; : C, 68.56; H, 6.16; N, 5.71.
Found : C, 68.42; H, 6.13; N, 5.75.

3-Hydroxy-2-methylene-3-phenylpropanenitrile (182a):
To a solution of benzaldehyde (50 mmol, 5.306 g) in acrylonitrile (75 mmol, 3.975 g),
was added DABCO (15 mol%, 7.5 mmol, 0.841 g). After keeping the reaction mixture

at room temperature for 2 days, the reaction mixture was diluted with ether (50 mL)
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and washed successively with 2N HCI, aqueous NaHCO; solution and water. Organic

layer was dried over anhydrous Na,SO4. Solvent was evaporated and the residue thus

obtained was purified by distillation under reduced pressure to provide the pure product

(182a) as colorless liquid.

Yield
Bp
IR (neat)

'H NMR

BC NMR

H
: 77% (6.129 g)

: 118-120 °C/1.2 mm

© v 3447, 2229, 1620 cm’!
: §2.42 (b, 1H), 5.28 (s, 1H), 6.02 (s, 1H), 6.09 (s, 1H), 7.38 (s, SH).

:873.94,117.13, 126.33, 126.58, 128.85, 130.22, 139.34.

3-Hydroxy-2-methylene-3-(4-methylphenyl)propanenitrile (182b):

This molecule was obtained as a colorless viscous liquid via the reaction between 4-

methylbenzaldehyde and acrylonitrile under the influence of DABCO following a

similar procedure described for the molecule 182a.

Reaction time : 2 days

Yield
Bp
IR (neat)

'HNMR

H
w i

: 128-130 °C/1.3 mm

: v 3427 (b), 2229, 1614 cm”
: §2.37 (s, 3H), 3.65 (d, 1H, J = 3.9 Hz), 5.12 (d, 1H, J = 3.9 Hz), 5.92

(s, 1H), 6.01 (d, 1H, J= 1.9 Hz), 7.16-7.28 (m, 4H).
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BCNMR  : § 21.20, 73.81, 117.21, 126.46, 126.58, 129.55, 129.90, 136.44,

138.63.

3-Hydroxy-3-(4-isopropylphenyl)-2-methylenepropanenitrile (182c):

This compound was prepared via the Baylis-Hillman coupling of 4-
isopropylbenzaldehyde with acrylonitrile in the presence of DABCO, as a colorless

viscous liquid, following a similar procedure described for the molecule 182a.

H
Reaction time : 2 days /@%CN
Yield : 2% i-Pr

IR (neat) © v 3437, 2229, 1616 cm’

'HNMR  :81.25(d, 6H, J = 6.8 Hz), 2.29 (d, 1H, J = 4.0 Hz), 2.92 (sept, 1H, /=
6.8 Hz), 5.29 (d, 1H, J = 4.0 Hz), 6.04 (s, 1H), 6.11 (d, 1H, J = 2.0 Hz),
7.23-7.40 (m, 4H).

BCNMR  :523.88,33.86,73.96, 117.12, 126.59, 126.96, 129.67, 136.72, 149.69.

(2Z)-2-Acetylaminomethyl-3-phenylprop-2-enenitrile (183a):
This molecule was obtained as a colorless solid via the Ritter reaction of 3-hydroxy-2;
methylene-3-phenylpropanenitrile (182a) with acetonitrile in the presence of

methanesulfonic acid following similar procedure described for the molecule 177a.
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7Z/E:96/4 [determined by the integration of isomeric allylic protons doublet at § 4.14 (Z-
isomer) & & 4.29 (E-isomer) in the '"H NMR spectrum of the crude sample.
However, the pure E-isomer was obtained on column chromatography (30%
EtOAc in hexanes)]

Reaction time : 5 h

= NHCOMe

Mp : 98-100 °C
IR(KBr)  :v3302,2216, 1657, 1620 cm’
'H NMR : § 2.05 (s, 3H), 4.14 (d, 2H, J = 6.0 Hz), 6.13 (b, 1H), 7.16 (s, 1H),

7.34-7.50 (m, 3H), 7.69-7.81 (m, 2H).

BCNMR @ & 23.05, 43.42, 107.95, 117.99, 128.86, 130.60, 132.98, 145.30,
170.68.

MS (m/z)  :201 (M+H)"

Analysis calcd. for C12H2N,O :C, 71.98; H, 6.04; N, 13.99

Found :C,72.22; H, 6.07; N, 14.08

(22)-2-Acetylaminomethyl-3-(4-methylphenyl)prop-2-enenitrile (183b):
This compound was prepared via the treatment of 3-hydroxy-3-(4-methylphenyl)-2-
methylenepropanenitrile (182b) with acetonitrile in the presence of methanesulfonic

acid, following similar procedure described for the molecule 177a, as a colorless solid.

Z:E:100:0 [In the "H NMR spectrum of the crude product, there were no peaks observed
corresponding to the minor E-isomer].
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Reaction time : 5 h

= NHCOMe
Yield 1 85% Mem\

Mp :108-110°C
IR (KBr) v 3290,2212, 1649, 1622 cm’
JHNMR 8205 (s, 3H), 238 (s, 3H), 4.15 (d, 2H, J = 6.2 Hz), 6.05 (b, 1H), 7.13

(s, 1H), 7.21 (d, 2H, J = 8.2 Hz), 7.64 (d, 2H, J = 8.2 Hz).
BCNMR @ 821.41,22.98, 43.38, 106.68, 118.22, 128.88, 129.54, 130.32, 141.08,
145.17, 170.74.
Analysis calcd. for C;3H4N2O 1 C, 72.87;: H, 6.59; N, 13.07

Found :C, 72.65; H, 6.61,N; 13.17

(2Z)-2-Acetylaminomethyl-3-(4-isopropylphenyl)prop-2-enenitrile (183c):
The Ritter reaction of 3-hydroxy-3-(4-isopropylphenyl)-2-methylenepropanenitrile
(182¢) with acetonitrile in the presence of methanesulfonic acid, following similar

procedure described for the molecule 177a, provided this molecule as a colorless solid.

Z:E:100:0 [In the '"H NMR spectrum of the crude product, there were no peaks observed
corresponding to the minor E-isomer].

Reaction time : 5 h

= NHCOMe
Yield 1 83% m J

Mp : 76-78 °C
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R(KBr)  :v3302,2212, 1657, 1625 cm’

'JHNMR  : 8 1.25 (d, 6H, J = 7.8 Hz), 2.05 (s, 3H), 2.93 (sept, 1H, J = 7.8 Hz),
4.15 (d, 2H, J = 6.0 Hz), 5.99 (b, 1H), 7.14 (s, 1H), 7.28 (d, 2H, J = 7.8
Hz), 7.68 (d, 2H, J = 7.8 Hz).

BCNMR @8 22.90, 23.54, 33.92, 43.28, 106.62, 118.16, 126.82, 128.91, 130.56,
145.09, 151.81, 170.66.

Analysis caled. for CsHgN,O :C, 74.35; H, 7.49; N, 11.56.

Found :C,74.19; H, 7.45; N, 11.48

Ethyl 3-hydroxy-3-(3-methoxyphenyl)-2-methylenepropanoate (178b):

This molecule was obtained as a colorless viscous liquid via the Baylis-Hillman
reaction between 3-methoxybenzaldehyde and ethyl acrylate catalyzed by DABCO
following a similar procedure described for the molecule 126a. The crude product was

purified by column chromatography (10% EtOAc in hexanes, silica gel).

H O
Reaction time : 12 days MGWOB

Yield £ 60%
IR (neat) : v 3458, 1714, 1620 cm
'HNMR : 8 1.25 (¢, 3H, J = 6.8 Hz), 2.70 (b, 1H), 3.79 (s, 3H), 4.18 (q, 2H, J =

6.8 Hz), 5.53 (s, 1H), 5.80 (s, 1H), 6.33 (s, 1H), 6.75-7.00 (m, 3H), 7.18-

7.32 (m, 1H).
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3C NMR . § 13.88, 55.04, 60.76, 72.71, 112.15, 113.19, 118.96, 125.44, 129,22,

143.32, 143.15, 159.55, 166.20.

3-Propoxybenzaldehyde (195a):

To a stirred solution of 3-hydroxybenzaldehyde (10 mmol, 1.221 g) and anhydrous
K,COs (10 mmol, 1.38 g) in acetonitrile (15 mL), was added propyl bromide (10 mmol,
1.23 g) and this suspension was refluxed for 3 hours. Reaction mixture was cooled to
room temperature and excess acetonitrile was removed under reduced pressure. The
residue thus obtained was diluted with water (25 mL) and extracted with ether (3 x 25
mL). The combined organic layer was dried over anhydrous Na;SO4. Solvent
evaporation followed by column chromatography (silica gel, 3% EtOAc in hexanes) of

the resulting crude product provided the desired aldehyde 195a as a colorless liquid.

Yield : 85% 0
PrO H
IR (neat) 1 v 2727, 1699, 1599 cm’! \(j)k

'HNMR  : 8 1.05 (t, 3H,J = 7.6 Hz), 1.72-1.94 (m, 2H), 3.98 (, 2H, J = 6.6 Hz),

7.10-7.24 (m, 1H), 7.33-7.50 (m, 3H), 9.96 (s, 1H).
BC NMR : 8 10.38, 22.43, 69.76, 113.04, 121.73, 123.03, 129.92, 137.86, 159.73,

191.93.

Ethyl 3-hydroxy-2-methylene-3-(3-propoxyphenyl)propanoate (178c¢):

This compound was prepared via the DABCO catalyzed Baylis-Hillman coupling of 3-
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propoxybenzaldehyde (195a) with ethyl acrylate following a similar procedure
described for the molecule 126a. The crude product was purified by column

chromatography (10% EtOAc in hexanes, silica gel).

Reaction time : 13 days H
Pro OEt
Yield 1 65%

IR (neat) : v 3456, 1712, 1619 cm’

'HNMR 6 1.00(t, 3H, J= 7.0 Hz), 1.19 (t, 3H, J = 7.6), 1.68-1.92 (m, 2H), 3.51
(b, 1H), 3.87 (1, 2H, J = 6.6 Hz), 4.11 (q, 2H, J = 7.6 Hz), 5.47 (s, 1H),
5.83 (s, 1H), 6.29 (s, 1H), 6.70-6.88 (m, 3H), 7.18-7.28 (m, 1H).

“CNMR @ & 10.48, 13.97, 22.56, 60.79, 69.43, 72.77, 112.89, 113.82, 118.91,

125.41, 129.24, 142.49, 143.22, 159.23, 166.26.

Methyl 3-hydroxy-2-methylene-3-(3-propoxyphenyl)propanoate (126j):

This was obtained via the Baylis-Hillman reaction between 3-propoxybenzaldehyde
(195a) and methyl acrylate under the catalytic influence of DABCO, following a
similar procedure described for the molecule 126a, as a colorless viscous liquid. The
crude product was purified by column chromatography (10% EtOAc in hexanes, silica

gel).

H O
n-PrO. OMe
Reaction time : 13 days

Yield : 62% -
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IR (neat) . v 3466, 1720, 1630 cm™

'H NMR : & 1.10 (t, 3H, J = 7.0 Hz), 1.67-1.89 (m, 2H), 3.38 (b, 1H), 3.66 (s,
3H), 3.88 (g, 2H, J = 6.2 Hz), 5.48 (s, 1H), 5.83 (s, 1H), 6.28 (s, 1H),
6.73-6.97 (m, 3H), 7.17-7.28 (m, 1H).

BCNMR ;8 10.46, 22.57, 51.78, 69.47, 72.82, 112.89, 113.91, 118.85, 125.75,

129.29, 142.20, 143.08, 159.27, 166.70.

Ethyl 3-hydroxy-3-(3,5-dimethoxyphenyl)-2-methylenepropanoate (178d):

This was prepared according to the procedure developed in our laboratory.?"!

To a solution of 3,5-dimethoxybenzaldehyde (10 mmol, 1.661 g), DABCO (15 mol%,
1.5 mmol, 0.168 g) in ethyl acrylate (15 mmol, 1.5 g), was added silica gel {(>200
mesh), (2.50-2.75 g)} and mixed thoroughly left at room temperature. After 10 days,
mixture (silica gel pack) was washed thoroughly with ethyl acetate (4 x 10 mL).
Combined organic layer was dried over anhydrous Na;SOs. Solvent was evaporated
and the residue thus obtained was purified by column chromatography (silica gel, 10%

ethyl acetate in hexanes) to provide the product (178d) as viscous liquid.

. H
Yield 1 61% (1.625 g)
MBO\Q%‘iOEI
IR (neat) : v 3476, 1714, 1620 cm™
OMe

'HNMR  :8 1.2 (t, 3H, J = 7.0 Hz), 3.45 (b, 1H), 3.73 (s, 6H), 4.15 (q, 2H, J =

7.0 Hz), 5.46 (s, 1H), 5.81 (s, 1H), 6.29 (s, 1H), 6.27-6.40 (m, 1H), 6.50

(d, 2H, J = 1.6 Hz).
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BCNMR : 0 14.02, 55.26, 60.90, 73.02, 99.77, 104.64, 125.80, 142.15, 144.02,

160.78, 166.33.

Methyl 3-hydroxy-3-(3,5-dimethoxyphenyl)-2-methylenepropanoate (126k):
This molecule was obtained as a colorless viscous liquid via the reaction between 3,5-
dimethoxybenzaldehyde and methyl acrylate catalyzed by DABCO in silica gel solid

phase medium, following a similar procedure described for the molecule 178d.

Reaction time ; 10 days H O
MeO. OMe
Yield 1 59%
IR (neat) v 3435, 1720, 1620 cm’ i
'"H NMR : 8 3.10 (d, 1H, J = 5.8 Hz), 3.74 (s, 3H), 3.78 (s, 6H), 5.49 (d, IH, J =

5.8 Hz), 5.83 (s, 1H), 6.34 (s, 1H), 6.37-6.46 (m, 1H), 6.53 (d, 2H, J =
2.8 Hz).
CNMR  : § 51.84, 55.22, 72.76, 99.74, 104.68, 125.92, 142.01, 143.99, 160.75,

166.70.

Methyl 3-hydroxy-2-methylene-3-(3,4,5-trimethoxyphenyl)propanoate (1261):

This molecule was obtained via the Baylis-Hillman coupling of 3,4,5-
trimethoxybenzaldehyde with methy] acrylate under the catalytic influence DABCO in
silica gel solid phase medium, following a similar procedure described for the molecule

1784, as a yellow solid.



Reaction time
Yield

Mp

IR (KBr)

"1 NMR

BC NMR
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: 17 days OH O

L 60% e OMe
MeO

: 48-50°C OMe

: v 3450, 1722, 1630 cm’*

SS 30, T, 5.8 112), 3.75 (s, 311), 3.83 (s, 311), 3.84 (s, 011), 5.50
(d, 1H, J = 5.8 Hz), 5.83 (s, 1H), 6.33 (s, 1H), 6.59 (s, 2H).

: & 51.81, 55.96, 60.60, 72.60, 103.80, 125.51, 137.20, 142.25, 153.02,

166.70.

Ethyl 3-hydroxy-2-methylene-3-(3,4-methylenedioxyphenyl)propanoate (178e):

This compound was prepared via the DABCO-catalyzed coupling between piperanal

and ethyl acrylate, following a similar procedure described for the molecule 126a, as a

colorless viscous liquid.

Reaction time
Yield

IR (neat)

'"H NMR

B3C NMR

H O
0 OEt
. 45 days %

: 60%

;v 3464, 1712, 1630 cm”

: 8 1.26 (t, 3H, J = 7.0 Hz), 2.99 (d, 1H, J = 5.2 Hz), 4.19 (q, 2H, J =
7.29 Hz), 5.48 (d, 1H, J = 5.2 Hz), 5.83 (s, 1H), 5.94 (s, 2H), 6.32 (s,
1H), 6.73-6.95 (m, 3H).

18 13.97, 60.81, 72.79, 100.97, 107.26, 108.00, 120.20, 125.14, 135.63,

142.58, 147.13, 147.70, 166.25.
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Methyl 3-hydroxy-2-methylene-3-(3,4-methylenedioxyphenyl)propanoate (126m):
This molecule was obtained as a colorless viscous liquid via the Baylis-Hillman
reaction between piperanal and methyl acrylate in the presence of DABCO following a

similar procedure described for the molecule 126a.

H O
: o
Reaction time : 45 days ¢ Dj\’rLoMe
o)

Yield : 52%
IR (neat) : v 3499, 1720, 1630 cm”
'"H NMR : 8 3.08 (b, 1H), 3.69 (s, 3H), 5.44 (s, 1H), 5.84 (s, 1H), 5.89 (s, 2H),

6.28 (s, 1H), 6.66-6.90 (m, 3H).
“C NMR : 6 51.81, 72.72, 100.01, 107.22, 108.04, 120.22, 125.40, 135.50,

142.25, 147.19, 147.73, 166.70.

3-Aza-5-ethoxycarbonyl-9-methoxy-2-methylbicyclo[5.4.0Jundeca-1(7),2,5,8,10-
pentaene (184):

To a stirred solution of ethyl 3-hydroxy-3-(3-methoxyphenyl)-2-methylenepropanoate
(178b) (2 mmol, 0.472) in acetonitrile (5 mL) was added methanesulfonic acid (3 mL)
at 60 °C and immediately temperature was raised to 150 °C. After stirring at 150 °C for
6 h, the reaction mixture was brought to room temperature and diluted with water.

Aqueous K>CO; solution was added slowly till the acid was neutralized and extracted
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with ether (3 x 15 mL). The combined organic layer was dried over anhydrous Na,SO,.
Solvent was evaporated and the residue, thus obtained, was purified by column
chromatography (silica gel, 25% EtOAc in hexanes) to furnish the pure compound

(184) as light yellow solid.

o]
MeO. — OEt
Yield : 55% (0.286 g)
=N
Mp : 86-88 °C
IR (KBr) v 1709, 1630, 1602 cm™
'H NMR : 8 1.37 (t, 3H, J = 7.4 Hz), 2.36 (s, 3H), 3.88 (s, 3H), 3.92 (s, 2H), 4.31

(q, 2H,J = 7.4 Hz), 6.91-7.06 (m, 2H), 7.64 (d, 1H, J = 8.8 Hz), 7.68 (s,
1H).

3C NMR : & 14.23, 26.26, 47.22, 55.39, 61.11, 113.68, 115.21, 130.36, 131.44,
133.69, 137.00, 138.35, 159.59, 165.50, 167.09.

Analysis calcd. for C;sH7NO; :C,69.48; H, 6.61; N, 5.40.

Found :C, 69.35; H, 6.63; N, 5.45.

3-Aza-5-ethoxycarbonyl-2-ethyl-9-methoxybicyclo[5.4.0]undeca-1(7),2,5,8,10-
pentaene (185):

This molecule was obtained as a light yellow solid via the reaction between ethyl 3-
hydroxy-3-(3-methoxyphenyl)-2-methylenepropanoate (178b) and propionitrile in the
presence of methanesulfonic acid following similar procedure described for the

molecule 184.
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Reaction time : 6 h

Yield  67% MeO ~ ™

Mp : 89-90 °C -

IR (KBr) : v 1705, 1618, 1602 cm'™ N

'H NMR :8 0.97 (t, 3H,J= 7.2 Hz), 1.37 (1, 3H, J = 7.0 Hz), 2.69 (q, 2H, J = 7.2
Hz), 3.87 (s, 3H), 3.92 (s, 2H), 4.31 (q, 2H, J = 7.0 Hz), 6.90-7.06 (m,
2H), 7.63 (d, 1H, J = 8.6 Hz), 7.68 (s, 1H).

BCNMR  : 6 11.69, 14.08, 32.13, 46.89, 55.19, 60.92, 113.36, 115.04, 129.82,
130.69, 133.99, 137.33, 138.24, 159.28, 165.36, 171.09.

MS (m/z) : 273 (MN), 272 (M-1)*

Analysis calcd. for C16H9yNO3 0 ol M, 7.0 W, 5.12.

Found : C, 70.39; H, 7.05; N, 5.15,

3-Aza-2-ethyl-9-methoxy-5-methoxycarbonylbicyclo[5.4.0]undeca-1(7),2,5,8,10-
pentaene (186):

This compound was prepared via the treatment of methyl 3-hydroxy-3-(3-metho-

Xyphenyl)-2-methylenepropanoate (126h) with propionitrile in the presence of metha-

nesulfonic acid following similar procedure described for the molecule 184.

Reaction time : 6 h OMe

Yield

Me —

1 44% —N
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IR (neat) :v 1712, 1625, 1602 cm’

'H NMR : 6 0.93 (t, 3H, J= 7.5 Hz), 2.64 (q, 2H, J = 7.5 Hz), 3.79 (s, 3H), 3.82
(s, 3H), 3.87 (s, 2H), 6.88-7.02 (m, 2H), 7.58 (d, 1H, J = 8.6 Hz), 7.63
(s, IH).

¥C NMR » 6 11.75, 32.22, 47.09, 52.00, 55.33, 113.62, 115.22, 129.94, 130.97,
133.90, 137.45, 138.54, 159.51, 165.97, 171.26.

MS (m/z) 1259 (M), 258 (M-1)*

Analysis calcd. for C;sH7NO3 1 C,69.48; H, 6.61; N, 5.40

Found :C,69.24; H, 6.56; N, 5.34

3-Aza-5-ethoxycarbonyl-2-ethyl-9-propoxybicyclo[5.4.0Jundeca-1(7),2,5,8,10-
pentaene (187):

Treatment of ethyl 3-hydroxy-2-methylene-3-(3-propoxyphenyl)propanoate (178c)
with propionitrile in the presence of methanesulfonic acid, following similar procedure
described for the molecule 184, provided the desired 2-benzazepine derivative 187 as

light brown viscous liquid.

-
Reaction time : 6 h N

Yield : 58% o B
IR (neat) v 1711, 1622, 1602 ¢cm™

'H NMR : 8095 (t, 3H, J = 7.8 Hz), 1.04 (t, 3H, J = 7.8 Hz), 1.35 (t, 3H, J = 6.8

Hz), 1.73-1.94 (m, 2H), 2.68 (q, 2H, J = 7.8 Hz), 3.90 (s, 2H), 3.97 (,
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2H, J = 6.8 Hz), 4.29 (q, 2H, J = 6.8 Hz), 6.88-7.06 (m, 2H), 7.60 (d,
1H, J= 8.8 Hz), 7.66 (s, 1H).

BC NMR : & 1041, 11.86, 14.22, 22.44, 32.26, 46.99, 61.08, 69.69, 114.11,
115.66, 129.95, 130.58, 134.02, 137.49, 138.49, 159.06, 165.56, 171.45.

MS (m/z) 301 (MY), 300 (M-1)'

Analysis caled. for C1gH23NO; : C, 71.73; H, 7.69; N, 4.65.

Found : C, 71.50; H, 7.61; N, 4.70.

3-Aza-2-ethyl-5-methoxycarbonyl-9-propoxybicyclo[5.4.0]undeca-1(7),2,5,8,10-
pentaene (188):

This molecule was obtained as light brown viscous liquid via the reaction between
methyl 3-hydroxy-2-methylene-3-(3-propoxyphenyl)propanoate (126j) and
propionitrile in the presence of methanesulfonic acid following similar procedure

described for the molecule 184.

Reaction time : 6 h ]
OMe
i -0 =
Yield : 65%
=N
IR (neat) v 1714, 1625, 1602 cm™
HNMR  :§0.94 (t, 3H, J = 7.2 Hz), 1.02 (t, 3H, J = 7.2 Hz), 1.68-1.91 (m, 2H),

2.66 (q, 2H, J = 7.2 Hz), 3.81 (s, 3H), 3.89 (s, 2H), 3.96 (¢, 2H, J = 6.6

Hz), 6.87-7.01 (m, 2H), 7.59 (d, 1H, J = 8.6 Hz), 7.64 (s, 1H).
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BCNMR 8 10.39, 11.84, 22.45, 32.22, 46.98, 52.09, 69.73, 114.19, 115.72,
129.97, 130.60, 133.70, 137.44, 138.71, 159.13, 166.06, 171.59.
Analysis calcd. for C,7Hy NO; : C,71.06; H, 7.37; N, 4.87.

Found : C, 71.35; H, 7.30; N, 4.81.

3-Aza-9,11-dimethoxy-5-ethoxycarbonyl-2-methylbicyclo[5.4.0]undeca-1(7),2,5,8,10-
pentaene (189)°%:

This compound was prepared via the treatment of ethyl 3-hydroxy-3-(3,5-
dimethoxyphenyl)-2-methylenepropanoate (178d) with acetonitrile in the presence of
methanesulfonic acid, following similar procedure described for the molecule 184, as a

light brown viscous liquid.

QEt
Reaction time : 6 h MeO =
. =N
Yield 1 70% OMe
IR (neat) v 1709, 1622, 1599 cm’
'H NMR : 8 1.25 (t, 3H, J = 7.0 Hz), 2.18 (s, 3H), 2.84 (d, 1H, J = 10.8 Hz), 3.75

(s, 3H), 3.78 (s, 3H), 4.18 (q, 2H, J = 7.0 Hz), 4.70 (d, 1H, J = 10.8 Hz),
6.43 (s, 2H), 7.53 (s, 1H).
PCNMR  : § 14.17, 25.77, 47.48, 55.40, 55.61, 60.99, 99.50, 104.72, 122.63,

135.39, 137.24, 138.23, 159.49, 160.48, 165.48, 165.62.

MS (m/z) : 289 (M")
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Analysis caled. for Ci6H19NO,4 : C, 66.42; H, 6.62; N, 4.84

Found : C, 66.17; H, 6.68; N, 4.77

3-Aza-9,11-dimethoxy-5-ethoxycarbonyl-2-ethylbicyclo[5.4.0]undeca-1(7),2,5,8,10-
pentaene (190)°%:

Treatment of ethyl 3-hydroxy-3-(3,5-dimethoxyphenyl)-2-methylenepropanoate (178d)
with propionitrile in the presence of methanesulfonic acid, following similar procedure
described for the molecule 184, provided the required 2-benzazepine derivative 190 as

a light brown viscous liquid.

)
Reaction time : 6 h MeO = O
Yield L 74% =N

OMe
IR (neat) :v 1711, 1620, 1599 cm™ e
'H NMR 1 8 0.84 (t, 3H, J = 7.6 Hz), 1.32 (t, 3H, J = 6.8 Hz), 2.51-2.78 (m, 2H),

2.91 (d, 1H, J = 10.8 Hz), 3.82 (s, 3H), 3.84 (s, 3H), 4.15-4.36 (m, 2H),
4.80 (d, 1H, J = 10.8 Hz), 6.49 (s, 2H), 7.60 (s, 1H).

"CNMR 8 12.06, 14.21, 31.67, 47.37, 55.45, 55.72, 61.07, 99.47, 104.75,
121.82, 135.91, 137.95, 138.31, 159.45, 160.59, 165.55, 170.90.

MS(m/z)  :303 (MY

Analysis caled. for Cy7H21NO4 :C, 67.31,H, 698, N, 4.62

Found . C, 67.52, H, 6.95, N, 4.68
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3-Aza-9,11-dimethoxy-5-methoxycarbonyl-2-methylbicyclo[5.4.0]undeca-1(7),2,5,
8,10-pentaene (191)5:

This molecule was obtained as a light yellow solid via the reaction between methyl 3-
hydroxy-3-(3,5-dimethoxyphenyl)-2-methylenepropanoate (126k) and acetonitrile in
the presence of methanesulfonic acid following similar procedure described for the

molecule 184,

Reaction time : 6 h Me ~ OMe
Yield 1 72% =N
OMe
Mp : 108 °C
IR (KBr) : v 1703, 1628, 1597 cm™
'H NMR : 6 2.29 (s, 3H), 2.97 (d, 1H, J = 10.8 Hz), 3.84 (s, 3H), 3.86 (s, 3H), 3.

89 (s, 3H), 4.81 (d, 1H, J = 10.8 Hz), 6.52 (s, 2H), 7.65 (s, 1H).
BCNMR @ § 25.84, 47.60, 52.03, 55.42, 55.65, 99.58, 104.70, 122.76, 135.10,
137.20, 138.49, 159.52, 160.48, 165.63, 166.00.
MS (m/z) 275 (M")
Analysis calcd. for CisH;7NO4 :C, 65.44;, H, 6.22; N, 5.09

Found 1 1C, 65.35; H, 6.20; N, 5,12

3-Aza-2-ethyl-5-methoxycarbonyl-9,10,11-trimethoxybicyclo[5.4.0]undeca-1(7),2,
5,8,10-pentaene (192)°:

This molecule was obtained via the simultaneous Ritter and Houben-Hoesch reactions

of methyl 3—hydroxy—2-methylenp-3-(3,4,5-trimethoxyphenyl)propanoatc (1261) with
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propionitrile in the presence of methanesulfonic acid, following similar procedure

described for the molecule 184, as a light yellow solid.

Reaction time : 6 h
MeO S
Yield : 33% s A
OMe
Mp : 140-141 °C
IR (KBr) ;v 1709, 1624, 1591 cm™
'H NMR : § 0.88 (t, 3H, J = 7.6 Hz), 2.68 (q, 2H, J = 7.6 Hz), 2.93 (d, 1H, J =

10.8 Hz), 3.84 (s, 3H), 3.91 (s, 6H), 3.94 (s, 3H), 4.88 (d, 1H, J = 10.8
Hz), 6.72 (s, 1H), 7.65 (s, 1H).
"CNMR 8 12.06, 31.88, 47.79, 52.19, 56.05, 61.19, 61.67, 107.80, 126.33,
132.02, 134.10, 138.51, 141.92, 152.47, 153.89, 166.18, 170.20.
Analysis calcd. for C;7HzNOs : C, 63.94; H, 6.63; N, 4.39

Found : C, 63.80; H, 6.60; N, 4.37

3-Aza-5-ethoxycarbonyl-2-ethyl-9,10-methylenedioxybicyclo[5.4.0]undeca-1(7),2,
5,8,10-pentaene (193):

This molecule was obtained as a light yellow solid via the treatment of ethyl 3-
h}’droxy~2—methylene—3-(3,4-methylenedioxyphenyl)propanoate (178e) with propion-
itrile in the presence of methanesulfonic acid following similar procedure described fot

the molecule 184.
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Reaction time : 6 h [ i
. OEt
Yield - 48% <° =
O —N
Mp : 78-79 °C
IR(KBr)  :v 1701, 1630, 1587 cm” )
'H NMR £ 0.97 (1, 3H, J = 7.6 Hz), 1.36 (1, 3H, J = 7.0 Hz), 2.65 (q, 2H, J = 7.6

Hz), 3.88 (br s, 2H), 4.29 (q, 2H, J = 7.0 Hz), 6.07 (s, 2H), 6.87 (s, 1H),
7.11 (s, 1H), 7.61 (s, 1H).

BCNMR  : 8 11.86, 14.31, 32.47, 47.32, 61.13, 101.93, 107.71, 109.07, 131.39,
131.97, 133.56, 138.10, 147.67, 148.24, 165.69, 170.33.

MS (m/z) : 287 (M™), 286 (M-1)"

Analysis calcd. for Ci6H,7NOy : C, 66.89; H, 5.96; N, 4.87.

Found 1 C, 66.99; H, 5.94; N, 4.85.

3-Aza-2-ethyl-5-methoxycarbonyl-9,10-methylenedioxybicyclo[5.4.0lundeca-1(7),
2,5,8,10-pentaene (194):

Treatment of methyl 3-hydroxy-2-methylene-3-(3,4-methylenedioxyphenyl)propanoate
(126m) with propionitrile in the presence of methanesulfonic acid, following similar
procedure described for the molecule 184, provided the title compound 194 as a light

yellow solid.

Reaction time : 6 h

Yield : 46%
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Mp : 126-127°C
IR (KBr) : v 1707, 1630, 1585 cm'™
'"HNMR : 8097 (¢, 3H, J = 7.6 Hz), 2.65 (q, 2H, J = 7.6 Hz), 3.84 (s, SH), 6.08

(s, 2H), 6.87 (s, 1H), 7.12 (s, 1H), 7.62 (s, 1H).

BC NMR : 6 11.75, 32.37, 47.28, 52.08, 101.89, 107.61, 108.98, 131.16, 131.42,
133.54, 138.25, 147.64, 148.15, 166.05, 170.18.

Analysis calcd for CsHsNOy . C,65.93; H, 5.53; N, 5.13

Found :C, 65.76; H, 5.54; N, 5.10

* It is interesting to note that in the case of compounds 189-192 (having methoxy group
at 11 position), one of the ring-allylic methylene protons in 'H NMR spectra appears as
a doublet at & 2.84-2.97 while the other proton appears as a doublet at §4.70-4.88. We
have in fact confirmed this assignment in one case (compound 192) by hydrogen-
carbon (hetero) COSY NMR experiment (Spectrum 25) and also by single crystal X-ray
data (Fig. X3, Table 8). In the case of all the remaining 2-benzazepine derivatives 184-
188, 193, 194 (without the methoxy group at 11-position) both the ring allylic methylene
protons appear as a singlet at 6 3.84-3.92.

Methyl 3-hydroxy-3-(2-bromphenyl)-2-methylenepropanoate (126n):

This molecule was obtained as a colorless viscous liquid via the Baylis-Hillman
reaction between 2-bromobenzaldehyde and methyl acrylate in the presence of DABCO
following a similar procedure described for the molecule 126a. The crude product was

purified by column chromatography (6% EtOAc in hexanes, silica gel).
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Reaction time : 9 days r OH O
Yield : 70% s
IR (neat) : v 3447, 1716, 1633 cm™

'H NMR : 8 3.25 (d, 1H, J = 4.8 Hz), 3.78 (s, 3H), 5.56 (s, 1H), 5.94 (d, 1H, J =

4.8 Hz), 6.34 (s, 1H), 7.10-7.42 (m, 2H), 7.55 (d, 2H, J = 8.6 Hz).
’C NMR : & 52.08, 71.50, 123.15, 127.02, 127.65, 128.44, 129.33, 132.78,

139.94, 140.79, 166.98.

Methyl 3-hydroxy-2-methylene-3-(2-nitrophenyl)propanoate (1260):

This compound was prepared via the treatment of 2-nitrobenzaldehyde with methyl
acrylate under the influence of DABCO, following a similar procedure described for
the molecule 126a, as a colorless viscous liquid. The crude product was purified by

column chromatography (10% EtOAc in hexanes, silica gel).

o NO; OH O
Reaction time : 2 days @j\n)k
OMe
Yield : 60%

IR (neat) v 3447, 1716, 1633 cm’

'HNMR  : 8 3.42 (b, 1H), 3.70 (s, 3H), 5.70 (s, 1H), 6.13 (s, 1H), 6.33 (s, 1H),
7.37-7.68 (m, 2H), 7.73-7.81 (m, 1H), 7.94 (d, 1H, J = 6.8 HZ).
BCNMR @ & 5211, 67.57, 124.51, 126.35, 128.65, 128.90, 133.38, 136.18,

140.94, 148.33, 166.40,
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tert. Butyl 3-hydroxy-3-(2-chlorophenyl)-2-methylenepropanoate (126p):

This was prepared via the DABCO-catalyzed Baylis-Hillman coupling between 2-
chlorobenzaldehyde and tertiary butyl acrylate in silica gel solid phase medium,
following a similar procedure described for the molecule 178d, as a colorless viscous

liquid.

Reaction time : 12 days R
oBu'
Yield 1 72%
IR (neat) : v 3447, 1716, 1633 cm™
'H NMR : 8 1.39 (s, 9H), 3.38 (b, 1H), 5.56 (s, 1H), 5.91 (s, 1H), 6.24 (s, 1H),

7.16-7.53 (m, 4H).
BCNMR @ 627.95, 69.28, 81.60, 125.46, 126.96, 128.13, 128.90, 129.39, 133.03,

138.90, 142.44, 165.73.

Ethyl 3-hydroxy-3-(2-bromophenyl)-2-methylenepropanoate (178f):

This molecule was obtained via the Baylis-Hillman reaction between 2-
bromobenzaldehyde and ethyl acrylate in the presence of DABCO, following a similar
procedure described for the molecule 126a, as a colorless viscous liquid. The crude

product was purified by column chromatography (6% EtOAc in hexanes, silica gel).

Reaction time : 9 days N
OEt
Yield 1 69%




IR (neat)

'H NMR

BC NMR

206

: v 3458, 1716, 1631 cm™

: 8 1.22 (t, 3H, J = 6.8 Hz), 3.54 (b, 1H), 4.17 (q, 2H, J = 6.8 Hz), 5.58
(s, 1H), 5.93 (s, 1H), 6.33 (s, 1H), 7.05-7.19 (m, 1H), 7.21-7.36 (m, 1H),
7.42-7.56 (m, 2H).

: 5 14.04, 61.06, 71.45, 123.23, 126.60, 127.61, 128.44, 129.26, 132.73,

140.14, 141.16, 166.46.

Ethyl 3-hydroxy-2-methylene-3-(2-nitrophenyl)propanoate (178g):

This molecule was obtained as a brown viscous liquid via the treatment of 2-

nitrobenzaldehyde with ethyl acrylate in the presence of DABCO (cat.) following a

similar procedure described for the molecule 126a. The crude product was purified by

column chromatography (10% EtOAc in hexanes, silica gel).

NO, OH O
Reaction time : 2 days OEt
Yield : 71%
IR (neat) : v 3476, 1712, 1631 cm’
'H NMR : 8 1.16 (t, 3H, J = 6.8 Hz), 3.69 (b, 1H), 4.12 (g, 2H, J = 6.8 Hz), 5.69
(s, 1H), 6.24 (s, 1H), 6.31 (s, 1H), 7.35-7.47 (m, 1H), 7.53-7.65 (m, 1H),
7.70 (d, 1H, J= 7.8 Hz), 7.88 (d, 1H, J = 7.8 Hz).
BCNMR  :813.19,61.14, 67.41, 124.47, 126.13, 128.60, 128.87, 133.41, 136.30,
(400 MHz)

141.09, 148.24, 165.91.
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5-Chloro-2-nitrobenzaldehyde (195b):

This was prepared according to the literature procedure with little modification.?*

To a stirred mixture of 3-chlorobenzaldehyde (30 mmol, 4.217 g) and KNO; (30 mmol,
3.033 g) cooled to 0 °C, was added slowly dropwise, conc. H,SO4. After stirring for 30
min at the same temperature, the reaction mixture was poured into ice-cold water. The
solid obtained after filtration was crystallized from MeOH to provide S5-chloro-2-

nitrobenzaldehyde as colorless needles in 80% (4.45 g) yield.

NO.
2
Yield £ 70% CHO
Mp + 74-75 °C [literature : 77.5 °C]**

Cl
IR (KBr) : v 1697, 1602 cm’

'H NMR :87.72(dd, 1H, J= 8.6 & 2.2 Hz), 7.90 (d, 1H, J= 2.2 Hz), 8.13 (d,
(400 MHz)
1H, J = 8.6 Hz), 10.42 (s, 1H).

BC NMR £ §126.19, 129.68, 132.91, 133.44, 141.26, 147.71, 186.71.

Methyl 3-hydroxy-2-methylene-3-(5-chloro-2-nitrophenyl)propanoate (126q):

This compound was prepared via the Baylis-Hillman coupling of 5-chloro-2-
nitrobenzaldehyde (195b) with methyl acrylate under the catalytic influence of
DABCO following a similar procedure described for the molecule 126a, as a brown
viscous liquid. The crude product was purified by column chromatography (10%

EtOAc in hexanes, silica gel).
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Reaction time : 4 days NO, OH O
Yield  74% @%} o

IR (neat) - v 3466, 1716, 1631 cm” ol

'H NMR : 8 3.68 (b, 1H), 3.72 (s, 3H), 5.65 (s, 1H), 6.20 (s, 1H), 6.31 (s, 1H),
7.42 (dd, 1H,J=2.4 & 8.8 Hz), 7.74 (d, 1H, J= 2.4 Hz), 7.90 (d, 1H, J
= 8.8 Hz).

BCNMR  : & 52.27, 67.24, 126.16, 126.60, 128.76, 129.14, 138.49, 140.13,

140.67, 146.26, 166.30.

Ethyl 3-(5-chloro-2-nitrophenyl)-3-hydroxy-2-methylenepropanoate (178h):

This molecule was obtained as a brown viscous liquid via the reaction between 5-
chloro-2-nitrobenzaldehyde (195b) and ethyl acrylate in the presence of DABCO (cat.)
following a similar procedure described for the molecule 126a. The crude product was

purified by column chromatography (10% EtOAc in hexanes, silica gel).

Reaction time : 4 days NOz OH O
OEt
Yield : 71%
Cl
IR (neat) - v 3468, 1712, 1631 em™
'H NMR : 8 1.25 (t, 3H, J = 7.0 Hz), 3.52 (b, 1H), 4.21 (q, 2H, J = 7.0 Hz), 5.68

(s, 1H), 6.22 (s, 1H), 6.37 (s, 1H), 7.42 (dd, 1H, J = 8.8 & 2.0 Hz), 7.7

(d, 1H,J=2.0 Hz), 7.94 (d, 1H, J = 8.8 Hz).
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BCNMR : 8 13.93, 61.32, 67.19, 126.14, 126.33, 128.66, 129.15, 138.66, 140.06,

140.94, 146.27, 165.82.

Ethyl 5-(2-chlorophenyl)-4-methoxycarbonylpent-4-enoate (203):

To a stirred solution of methyl 3-(2-chlorophenyl)-3-hydroxy-2-methylenepropanoate
(126g) (2 mmol, 0.453 g) in triethyl orthoacetate (2 mL) was added catalytic amount of
propanoic acid (3-4 drops). The reaction mixture was heated at 145 °C for 3 hours with
stirring. Then the reaction mixture was diluted with water and extracted into ether (3 x
25 mL). Combined organic layer was dried over anhydrous Na;SOs. Solvent was
evaporated and the residue thus obtained was purified by column chromatography (5-

6% EtOAc in hexanes) to provide the desired product (203) as colorless liquid.

_ " CO,E!
Yield : 87% (0.5157g)

CO;Me
Z.E : 70 : 30 [determined by the integration of isomeric olefinic proton

singlets at 6 6.89 (Z-isomer) & 6 7.77 (E-isomer) in the 'H NMR
spectrum of the crude as well as column purified sample. It was further
confirmed by integration of isomeric OCHj3 proton singlets at 6 3.57 (Z-
isomer) & 6 3.84 (E-isomer)

IR (neat) . v 1736, 1716, 1641, 1591 cm’*
'HNMR + & 1.21 & 1.26 (2t, 3H, J = 7.8 Hz), 2.46-2.88 (m, 4H), 3.57 & 3.84 (2s,
(Z & E mixture) '

3H), 4.02-4.26 (m, 2H), 6.89 & 7.77 (2s, 1H), 7.14-7.49 (m, 4H).

The underlined chemical shift values with low intensity arise due to the presence of
minor (E)-isomer

“CNMR : 8 14.01, 14.08, 23.03, 29.99, 33.27, 51.38, 51.97, 60.24, 60.36, 126.09,
(Z & E mixture)
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126.60, 128.88, 128.98, 129.51, 129.66, 132.74, 132.96, 133.42, 133.68,
133.85, 134.02, 134.92, 137.54, 167.40, 168.15, 172.15, 172.30.
Major peaks at & 29.99 (allylic carbon), 51.38 (OCH3), 60.36 (OCHZ) and minor peaks
at 8§ 23.03 (allylic carbon), 51.97 (OCH;), 60.24 (OCH;) are attributed to the major Z-
and minor E-isomers respectively. Similarly, peaks at & 168.15, 6 172.15 (with high

intensity) and peaks at 8 167.40, 172.30 (with low intensity) are atiributed to carbonyl
carbons of major and minor isomers respectively.

Analysis calcd. for CysH,7CIO;4 :C, 60.71; H, 5.77

Found : C, 60.57; H, 5.71

Ethyl 5-(2-bromophenyl)-4-methoxycarbonylpent-4-enoate (204):
This product was obtained as colorless liquid via the treatment of methyl 3-(2-bromop-
henyl)-3-hydroxy-2-methylenepropanoate (126n) with triethyl orthoacetate in the

presence of propanoic acid (cat.) following similar procedure described for 203.

Yield : 70% r~-COsE!

i 3 CO,Me
Reaction time : 3 h 2

Z:E 2 76 : 24 [determined by the integration of isomeric olefinic proton
singlets at & 6.84 (Z-isomer) & & 7.71 (E-isomer) in '"H NMR spettrum
of the crude as well as column purified sample.

IR (neat) : v 1732, 1710, 1639, 1587 cm™
'H NMR 18 1.20 & 1.26 (2t, 3H, J = 6.8 Hz), 2.46-2.90 (m, 4H), 3.55 & 3.84 (25,
(Z & E mixture)

3H), 4.08 & 4.16 (2q, 2H, J = 6.8 Hz), 6.85 & 7.71 (2s, 1H), 7.07-7.44

(m, 3H), 7.54-7.66 (m, 1H).
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The underlined chemical shift values with low intensity arise due to the presence of
minor (E)-isomer

BCNMR : 6 14.12, 14.22, 23.09, 29.93, 33.43, 51.48, 52.06, 60.35, 60.50, 122.89,
(Z & E mixture)
123.76, 126.77, 127.30, 129.10, 129.68, 132.25 132.79, 133.90, 135.79,
135.94, 137.01, 139.77, 167.57, 168.15, 172.28, 172.42.
Major peaks at 6 14.22 (CH,CH), 29.93 (allylic carbon), 51.48 (OCH3), 60.50 (OCH>)
and minor peaks at 6 14.12 (CH;CH3), 23.09 (allylic carbon), 52.06 (OCHj3), 60.35
(OCH;) are attributed to the major Z- and minor E-isomers respectively. Similarly,

peaks at 6 168.15, 172.28 (with high intensity) and peaks at § 167.15, 172.42 (with low
intensity) are attributed to carbonyl carbons of major and minor isomers respectively.

Analysis calcd. for CsH7BrO, +C,52.80; H, 5.02

Found :C, 52.64;H,5.11

Ethyl 4-methoxycarbonyl-5-(2-nitrophenyl)pent-4-enoate (205):
This molecule was prepared via the treatment of methyl 3-hydroxy-2-methylene-3-(2-
nitrophenyl)propanoate (1260) with triethyl orthoacetate in the presence of propanoic

acid (cat.), following similar procedure described for 203, as a colorless liquid.

Yield L T7% N0
N CO,Et
Reaction time : 12 h CO,Me

Z:E : 77 : 23 [determined by the integration of isomeric olefinic proton
singlets at 8 7.21 (Z-isomer) & 6 7.97 (E-isomer) in 'H NMR spectrum
of the crude as well as column purified sample. It was further confirmed
by integration of isomeric OCHj proton singlets at 3.48 (Z-isomer) &
3.85.
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IR (neat) :v 1728, 1711, 1641, 1608 cm’!
'H NMR : 8 1.19 & 1.27 (2, 3H, J = 6.8 Hz), 2.40-2.91 (m, 4H), 3.49 & 3.85 (2s,
(Z & E mixture)

3H), 4.04 & 4.18 (2q, 2H, J = 6.8 Hz), 7.22 & 7.97 (2s, 1H), 7.25-7.75
(m, 3H), 8.12 & 8.18 (2d, 1H, J = 7.8 Hz).

The underlined chemical shifi values with low intensity arise due to the presence of
minor (E)-isomer

BC NMR : 8 13.98, 14.07, 23.00, 29.31, 33.02, 33.24, 51.41, 52.04, 60.24, 60.41,
(£ & E mixture)
124.20, 124.81, 128.35, 129.15, 130.49, 130.68, 131.50, 132.11, 132.74,

132.91, 133.20, 133.52, 135.24, 137.71, 146.91, 147.39, 167.09, 172.23.

Major peaks at & 14.07 (CH,CH;), 29.31 (allylic carbon), 33.24 (CH,CO;Et), 51.41
(OCH3), 60.41 (OCH,) and minor peaks at & 13.98 (CH,CH3), 23.00 (allylic carbon ),
33.02 (CH,CO;EY), 52.04 (OCH;), 60.24 (OCH;) are attributed to the major Z- and
minor E-isomers respectively.

Analysis calcd. for CysH7NOg : C, 58.63; H, 5.58; N, 4.56.

Found : C, 58.83; H, 5.55; N, 4.51.

Ethyl 5-(2-chlorophenyl)-4-methoxycarbonyl-2-methylpent-4-enoate (206):
This was obtained as colorless liquid via the Johnson-Claisen rearrangement of methyl
3-(2-chlorophenyl)-3-hydroxy-2-methylenepropanocate (126g) with triethyl orthopr-

opanoate under the catalytic influence of propanoic acid following similar procedure

described for 203.

Me COZEt
Yield 1 85% N
Reaction time : 3 h COzMe
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7 E . 69 : 31 [determined by the integration of isomeric olefinic proton
singlets at & 6.84 (Z-isomer) & 6 7.75 (E-isomer) in 'H NMR spectrum
of the crude as well as column purified sample. It was further confirmed

by integration of isomeric OCHj; proton singlets & 3.55 (Z-isomer) & &
3.81 (E-isomer).

IR (neat) : v 1730, 1714, 1639, 1586 cm’™*
'H NMR : 8 0.98-1.38 (m, 6H), 2.45-2.95 (m, 3H), 3.55 & 3.81 (2s, 3H), 3.96-
(Z & E mixture)

4.22 (m, 2H), 6.84 & 1.75 (2s, 1H), 7.12-7.48 (m, 4H).

The underlined chemical shift values (6) with low intensity arise due to the presence of
minor (E)-isomer

BC NMR : 8 14.07, 14.20, 16.57, 16.82, 31.10, 38.43, 38.79, 51.46, 52.01, 60.26,
(Z & E mixture)

60.41, 126.19, 126.65, 128.98, 129.15, 129.66, 130.07, 132.64, 132.96,
133.42, 133.88, 134.29, 134.56, 135.29, 138.20, 167.84, 168.40, 175.56,
175.63.
Major peaks at & 14.20 (CO,CH;CH3), 16.82 (CHCH3), 38.79 (allylic carbon), 51.46
(OCH3), 60.41 (OCH;) and minor peaks at 6 14.07 ( CO;CH;CHj3), 16.57 ( CHCH3),
31.10 (allylic carbon), 52.01 (OCH;), 60.26 (OCH,) are attributed to the major Z- and
minor E-isomers respectively. Similarly, peaks at 6 168.84, 175.56 (with high intensity)

and peaks at § 167.74, 175.63 (with low intensity) are attributed to carbonyl carbons of
major and minor isomers respectively.

Methyl 5-(2-chlorophenyl)-4-methoxycarbonylpent-4-enoate (207):
Treatment of methyl 3-(2-chlorophenyl)-3-hydroxy-2-methylenepropanoate (126g)
with trimethy! orthoacetate in the presence of propanoic acid (cat.), following similar

Procedure described for 203, provided this compound as a colorless liquid.
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) |
Yiel : 839
Reaction time : 10 h CO;Me

ZnE : 70 : 30 [determined by the integration of isomeric olefinic proton
singlets at & 6.90 (Z-isomer) & 6 7.78 (E-isomer) in "H NMR spectrum
of the crude as well as column purified sample]

IR (neat) :v 1738, 1714, 1641, 1591 cm’’
'H NMR : §2.44-2.88 (m, 4H), 3.57 & 3.84 (2s, 3H), 3.62 & 3.70 (2s, 3H), 6.90
(Z & E mixture)

& 7.78 (2s, 1H), 7.16-7.48 (m, 4H).

The underlined chemical shift values with low intensity arise due to the presence of
minor (E)-isomer

BC NMR : §23.07, 30.08, 33.07, 33.19, 51.50, 51.60, 52.09, 126.17, 126.68,
(Z & E mixture)
129.01, 129.08, 129.61, 132.84, 132.96, 133.71, 133.98, 135.00, 137.81,

167.53, 168.23, 172.74, 172.86.

Major Peaks at 6 30.08 (allylic carbon), 33.19 (CH,CO,Et) and minor peaks at ¢
23.07 (allylic carbon ), 33.07 (CH,CO;E1) are attributed to the major Z- and minor E-
isomers respectively. Similarly, peaks at & 168.23, 172.74 (with high intensity) and
peaks at 6 167.53, 172.86 (with low intensity) are attributed to carbonyl carbons of
major and minor isomers respectively.

Ethyl 5-(2-chlorophenyl)-4--butoxycarbonylpent-4-enoate (208):

This product was obtained as colorless liquid via the Johnson-Claisen rearrangement of
tertiary-butyl ~ 3-(2-chlorophenyl)-3-hydroxy-2-methylenepropanoate  (126p) with
triethyl orthoacetate under the catalytic influence of propanoic acid following similar

procedure described for 203.
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i : 86% |
Y]eld ’ é/\YVCOgEt
Reaction time :3 h COBY!

7:E : 80 : 20 [determined by the integration of isomeric olefinic proton
singlets at & 6.78 (Z-isomer) & & 7.67 (E-isomer) in 'H NMR spectrum
of the crude as well as column purified sample]

IR (neat) : v 1736, 1707, 1641, 1591 cm™
'HNMR :61.21-1.35 (m) & 1.55 (s) [12H], 2.45-2.83 (m, 4H), 4.02-4.25 (m,
(Z & E mixture)

2H), 6.78 & 7.67 (2s, 1H), 7.15-7.42 (m, 4H).

The underlined chemical shift values with low intensity arise due to the presence of
minor (E)-isomer

BC NMR : 8 13.93, 14.03, 23.12, 27.39, 27.93, 29.99, 33.24, 60.04, 60.14, 80.81,
(Z & E mixture)
125.90, 126.46, 128.42, 128.74, 129.25, 129.39, 129.66, 129.85, 131.84,

132.60, 133.66, 134.22, 134.68, 135.87, 136.14, 136.23, 166.07, 166.73,
172.11, 172,41,

Major peaks at & 14.03 (CH,CH;), 29.99 (allylic carbon), 60.14 (OCH;) and minor
peaks at & 13.93 (CH,CH;), 23.12 (allylic carbon), 60.04 (OCH;) are attributed to the
major Z- and minor E-isomers respectively. Similarly, peaks at § 166.73, 172.11 (with
high intensity) and peaks at & 166.07, 172.21 (with low intensity) are attributed to
carbonyl carbons of major and minor isomers respectively.

Analysis caled. for CygH,3Cl10;4 :C, 63.81; H, 6.84

Found : C, 63.56; H, 6.89

Ethyl S-(2-bromophenyl)-4-methoxycarbonyl-2-methylpent-4-enoate (209):
This product was obtained as colorless liquid via the treatment of methyl 3-(2-

bromophenyl)-3-hydroxy-2-methylenepropanoate (126n) with triethyl orthopropanoate
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in the presence of propanoic acid (cat.) following similar procedure described for 203.

Yield 1 90% , Me -COE
Reaction time : 3 h i

CO;Me
Z: E : 73 : 27 [determined by the integration of isomeric olefinic proton

singlets at § 6.82 (Z-isomer) & 6 7.72 (E-isomer) in 'H NMR spectrum
of the crude as well as column purified sample.

IR (neat)  :v 1730, 1716, 1639, 1587 cm”

'H NMR : 8 0.98-1.38 (m, 6H), 2.46-2.96 (m, 3H), 3.54 & 3.84 (2s, 3H), 3.96-
(Z & E mixture)
4.27 (m, 2H), 6.82 & 7.72 (2s, 1H), 7.06-7.42 (m, 3H), 7.51-7.68 (m,

1H).

The underlined chemical shift values with low intensity arise due to the presence of
minor (E)-isomer

BCNMR  :514.07, 14.20, 16.57, 16.84, 30.91, 38.31, 38.55, 38.67, 51.48, 52.06,
(Z & E mixture)

60.26, 60.43, 122.87, 123.79, 126.77, 127.23, 129.13, 129.64 130.10,
132.23, 132.69, 132.96, 136.02, 136.77, 137.11, 140.29, 167.77, 168.28,

175.56, 175.66

Major peaks at 6 14.20 (CO,CH,CHj), 16.84 (CHCH3), 38.55 (allylic carbon), 38.67
(CH,CO:Ey), 51.48 (OCH;), 60.43 (OCH; and minor peaks at & 14.07
(CO,CH,CH3), 16.57 (CHCH3), 30.91 (allylic carbon), 38.31 (CH,CO;Et), 52.06
(OCH;), 60.26 (OCH;) are attributed to the major Z- and minor E-isomers
respectively. Similarly, peaks at 5 168.28, 175.56 (with high intensity) and peaks at 6

166.77, 175.66 (with low intensity) are attributed to carbonyl carbons of major and
minor isomers respectively.
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Ethyl 5-(2-bromophenyl)-4-ethoxycarbonylpent-4-enoate (210):
Treatment of ethyl 3-(2-bromophenyl)-3-hydroxy-2-methylenepropanoate (178f) with
triethyl orthoacetate in the presence of propanoic acid (cat.), following similar

procedure described for 203, provided the desired diester 210 as colorless liquid.

;
Yield : 83% éfy\/coza
CO,Et

Reaction time : 3 h

Zn : 79 1 21 [determined by the integration of isomeric olefinic proton
singlets at 6 6.84 (Z-isomer) & &6 7.71 (E-isomer) in 'H NMR spectrum
of the crude as well as column purified sample]

IR (neat) v 1734, 1711, 1639, 1587 ¢cm™
'H NMR :50.98, 1.21, 1.27 & 1.36 (4t, 6H, J = 7.8 Hz), 2.44-2.88 (m, 4H), 3.95-
(Z & E mixture)

4.38 (m, 4H), 6.84 & 7.71 (2s, 1H), 7.07-7.40 (m, 3H), 7.54 & 7.61 (2d,
IH, J = 7.8 Hz).

The underlined chemical shift values with low intensity arise due to the presence of
minor (E)-isomer]

“C NMR : 6 13.59, 14.12, 14.22, 23.05, 29.89, 33.33, 33.43, 60.35, 60.50, 60.98,
(Z & E mixture)

122.84, 123.81, 126.72, 127.30, 129.00, 129.73, 129.83, 132.15 132.79,
133.08, 134.34, 135.60, 136.04, 137.35, 139.53, 167.09, 167.67, 172.37.

Major peaks at & 29.89 (allylic carbon), 33.43 (CH,CO,Et) and minor peaks at & 23.05
(allylic carbon), 33.33 (CH,CO:Et) are attributed to the major Z- and minor E-
isomers respectively. Similarly, peaks at & 167.69 (with high intensity) and peaks at &
167.13 (with low intensity) are attributed to one of the carbonyl carbons of major and
minor isomers respectively
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Analysis calcd. for C,¢H9BrO; :C, 54.10; H, 5.39

Found : C, 54.20; H, 5.32

Ethyl 5-(2-bromophenyl)-4-ethoxycarbonyl-2-methylpent-4-enoate (211):
This product was prepared via the treatment of ethyl 3-(2-bromophenyl)-3-hydroxy-2-
methylenepropanoate (178f) with triethyl orthopropanoate in the presence of propanoic

acid (cat.), following similar procedure described for 203, as colorless liquid.

, COgEt
Yield : 80%
Reaction time : 3 h ozEt
Z:E : 77 : 23 [determined by the integration of isomeric olefinic proton

singlets at & 6.80 (Z-isomer) & 6 7.70 (E-isomer) in 'H NMR spectrum
of the crude as well as column purified sample)

IR (neat) . v 1730, 1716, 1640 cm’!
'H NMR : 6 0.92-1.45 (m, 9H), 2.44-2.95 (m, 3H), 3.95-4.37 (m, 4H), 6.81 &
(Z & E mixture)

7.71 (2s, 1H), 7.05-7.39 (m, 3H), 7.51-7.65 (m, 1H).
The underlined chemical shift values with low intensity arise due to the presence of
minor (E)-isomer

BCNMR  :813.06, 13.59, 13.69, 16.06, 16.31, 30.52, 37.80, 38.04, 38.14, 59.63,
(Z & E mixture)

59.82, 60.31, 122.26, 123.28, 126.24, 126.77, 128.52, 129.15, 129.35,

129.64, 131.58, 131.96, 132.16, 133.08, 135.55, 135.80, 136.96, 139.24,

166.51, 166.99, 174.71.

Major peaks at 616.31 (CHCH), 38.04 (allylic carbon), 38.14 (CH,CO,Et) and minor
peaks at 8 16.06 (CHCH3), 30.52 (allylic carbon), 37.80 (CH,CO;Et) are attributed 10
the major Z- and minor E-isomers respectively. Similarly, peaks at & 166.99 (with high
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intensity) and peaks at & 166.51 (with low intensity) are attributed to one of the
carbonyl carbons of major and minor isomers respectively

Methyl 5-(2-bromophenyl)-4-ethoxycarbonylpent-4-enoate (212):

This diester was obtained via the Johnson-Claisen rearrangement of ethyl 3-(2-
bromophenyl)-3-hydroxy-2-methylenepropanoate (178f) with trimethyl orthoacetate in
the presence of propanoic acid (cat.) following similar procedure described for 203, as

colorless liquid.

r
CO,Me
; = 2
Yield 1 65% CO,E ]

Reaction time : 10 h

Z.E : 78 : 22 [determined by the integration of isomeric olefinic proton
singlets at & 6.84 (Z-isomer) & & 7.71 (E-isomer) in 'H NMR spectrum
of the crude as well as column purified sample]

IR (neat) : v 1738, 1707, 1641 cm™
'HNMR :80.98 & 1.36 (2t, 3H, J = 6.8 Hz), 2.43-2.87 (m, 4H), 3.62 & 3.70 (2s,
(2 & E mixture)

3H), 4.01 & 4.30 (2q, 2H, J = 6.8 Hz), 6.84 & 7.71 (2s, 1H), 7.07-7.39
(m, 3H), 7.54 & 7.61 (24, 1H, J= 7.8 Hz).

The underlined chemical shifi values with low intensity arise due to the presence of
minor (E)-isomer

“CNMR : 0 13.47, 14.10, 22.93, 29.77, 33.04, 51.50, 60.38, 60.87, 122.67,
(£ & E mixture)

123.60, 126.60, 127.19, 128.88, 129.68, 131.99, 132.62, 132.89, 134.12,
135.58, 135.89, 137.20, 139.51, 166.87, 167.45, 172.64.
Major peaks at & 13.47 (CO,CH,CH3), 29.77(allylic carbon), 60.38 (with OCH,) and

minor peaks at & 14.10 (CO,CH,CH3), 22.93 ( allylic carbon ), 60.87 (OCH;) are
attributed to the major Z- and minor E-isomers respectively. Similarly, peaks at &
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167.45 (with high intensity) and peaks at & 166.87 (with low intensity) are attributed to
one of the carbonyl carbons of major and minor isomers respectively.

Analysis calcd. for CsH7BrO; +C, 52.80: H,5.02

Found «C, 52.61: H, 5.07

Ethyl 4-methoxycarbonyl-2-methyl-5-(2-nitrophenyl)pent-4-enoate (213):

This product was obtained as colorless liquid via the Johnson-Claisen rearrangement of
methyl 3-hydroxy-2-methylene-3-(2-nitrophenyl)propanoate (1260) with triethyl
orthopropanoate under the catalytic influence of propanoic acid following similar

procedure described for 203.

NO, Me.__ CO;Et
Yield 1 75%
x
Reaction time : 12 h COzMe
Z:E : 80 : 20 [determined by the integration of the separated isomeric OCH;

proton singlets at & 3.47 (Z-isomer) & & 3.85 (E-isomer) in '"H NMR
spectrum of the crude as well column purified sample. It was further
confirmed by integration of isomeric CO;CH,CHj; peaks at & 4.17 (Z-
isomer) & 6 4.00 (E-isomer).

IR (neat) :v 1728, 1714, 1641, 1608 cm’’
'H NMR : 8 0.91-1.40 (m, 6H), 2.32-2.95 (m, 3H), 3.47 & 3.85 (2s, 3H), 4.00 &
(Z & E mixture)

4.17 (2q, 2H, J= 7.8 Hz), 7.18 & 7.99 (2s, 1H), 7.27-7.75 (m, 3H), 8.12
& 8.19 (2d, 1H, J=17.8 Hz).

The underlined chemical shift values correspond to the minor (E)-isomer

3C NMR 8 13.72, 13.84, 16.53, 30.97, 37.74, 38.03, 38.56, 51.05, 51.71, 59.86,
(Z & E mixture)

60.08, 123.97, 124.55, 128.21 128.92, 130.35, 130.74, 131.32, 131.44,

132.17, 132.68, 132.99, 133.26, 135.40, 137.89, 146.92, 147.35, 167.05,
175.08.
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Major peaks at ¢ 13.84 (CO,CH,CH3), 37.74 (allylic carbon), 38.56 (CH,CO,E1), 51.05
(OCH3), 60.08 (OCH and minor peaks at & 13.72( CO,CH,CH;), 30.97 (allylic
carbon), 38.03 (CH,CO;EY), 51.71 (OCH;), 59.86 (OCH,) are attributed to the major Z- and
minor E-isomers respectively.

'H NMR and "’C NMR spectra also indicated inseparable very minor quantities (~ 5%) of unidentified
impurity

Analysis caled. for Ci¢HyNOg : C, 59.81; H, 5.96; N, 4.36

Found :C, 59.95; H, 5.90; N, 4.31

Ethyl 4-ethoxycarbonyl-5-(2-nitrophenyl)pent-4-enoate (214):
This molecule was prepared via the treatment of ethyl 3-hydroxy-2-methylene-3-(2-
nitrophenyl)propanoate (178g) with triethyl orthoacetate in the presence of propanoic

acid (cat.), following similar procedure described for 203, as colorless liquid.

NO,
Yield : 80% X CO,EL
o CO,Et

Reaction time : 12 h

Z1E : 84 : 16 [determined by the integration of isomeric olefinic proton
singlets at 6 7.22 (Z-isomer) & & 7.96 (E-isomer) in "H NMR spectrum
of the crude as well column purified sample]

IR (neat) :v 1732, 1711, 1641, 1608. cm’™
'HNMR :50.89, 1.19, 1.27 & 1.36 (4t, 6H, J = 6.8 Hz), 2.40-2.90 (m, 4H), 3.92,
(Z & E mixture)

4.03, 4.18 & 4.30 (4q, 4H, J = 6.8 Hz), 7.21 & 7.95 (2s, 1H), 7.24-7.74
(m, 3H), 8.11 & 8.17 (2d, 1H, J = 7.8 Hz).

The underlined chemical shift values with low intensity arise due to the presence of
minor (E)-isomer
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BCNMR @6 13.46, 14.14, 23.07, 29.35, 33.14, 33.31, 60.30, 60.45, 61.06, 124.20,
(Z & E mixture)

124.85, 128.30, 129.17, 130.60, 130.80, 131.67, 132,52, 132.96, 133.22,
133.59, 134.90, 137.47, 147.12, 147.51, 166.72, 172.35.
Major peaks at 6 29.35 (allylic carbon), 33.31 (CH,CO;Et) and minor peaks at § 23.07
(allylic carbon), 33.14 (CH,CO:E1) are attributed to the major Z- and minor E-isomers
respectively.

Analysis calcd. for Cj¢H | 9sNOg :C, 59.81; H, 5.96; N, 4.36

Found :C, 59.57;, H, 5.99; N, 4.30

Ethyl 5-(5-chloro-2-nitrophenyl)-4-methoxycarbonylpent-4-enoate (215):

This compound was prepared via the reaction between methyl 3-(5-chloro-2-
nitrophenyl)-3-hydroxy-2-methylenepropanoate (126q) and triethyl orthoacetate in the
presence of propanoic acid (cat.), following similar reaction procedure described for

203, as a colorless liquid.

NO,

N CO,Et
Yield : 72% m
Reaction time : 12 h d
Z. E : 86 : 14 [determined by the integration of isomeric olefinic proton

singlets at & 7.13 (Z-isomer) & & 7.88 (E-isomer) in the "H NMR
spectrum of the crude as well as column purified sample. It was further
confirmed by integration of isomeric OCH; proton singlets at 8 3.53 (Z-
isomer) & & 3.84 (E-isomer).

IR (neat) : v 1730, 1718, 1645, 1602 cm’’

'H NMR 18 1.19 & 1.27 (2t, 3H, J = 6.8 Hz), 2.39-2.88 (m, 4H), 3.58 & 3.84 (2s,
(Z & E mixture)
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3H), 4.04 & 4.17 (2q, 2H, J = 6.8 Hz), 7.13 & 7.88 (2s, 1H), 7.22 &
7.32 (2d, I1H, J=3.0 Hz), 7.41 & 7.49 (2dd, 1H, J = 8.8 & 3.0 Hz), 8.06
& 8.14 (2d, 1H, J= 8.8 Hz).

The underlined chemical shift values correspond to the minor (E)-isomer

BC NMR : 6 14.17, 23.09, 29.28, 32.92, 33.21, 51.69, 52.25, 60.43, 60.57, 125.80,
(Z & E mixture)
126.43, 128.44, 129.22, 130.36, 130.60, 132.93, 133.56, 134.27, 135.07,

136.57, 139.33, 139.97, 145.40, 145.81, 166.70, 166.87, 172.25.

Major peaks at & 29.28 (allylic carbon), 33.21 (CH,CO;Et), 51.69 (OCHj;), 60.57
(OCH;) and minor peaks at 6 23.09 (allylic carbon), 32.92 (CH;CO:EY), 52.25
(OCH;), 60.43 (OCH;) are attributed to the major Z- and minor E-isomers
respectively.

Analysis calcd. for C5H;sCINOg :C,52.72; H,4.72; N, 4.10

Found :C,52.92; H,4.75; N, 4.14

Ethyl 5-(5-chloro-2-nitrophenyl)-4-methoxycarbonyl-2-methylpent-4-enoate (216):
This product was obtained as colorless liquid via the Johnson-Claisen rearrangement of
methyl  3-(5-chloro-2-nitrophenyl)-3-hydroxy-2-methylenepropanoate (126q) with
triethy] orthopropanoate under the influence of propanoic acid (cat.) following similar

procedure described for 203.

-

NO, Me.__CO,Et
Yield : 13% N
Reaction time : 12 h COMe

o]
Z:E : 82 : 18 [determined by the integration of isomeric olefinic proton

singlets at & 7.11 (Z-isomer) & & 7.92 (E-isomer) in the '"H NMR
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spectrum of the crude as well as column purified sample. It was further
confirmed by integration of isomeric OCHj singlets at 6 3.53 (Z-isomer)
& 6 3.85 (E-isomer).

IR (neat) . v 1728, 1643, 1602 1564 cm™

'H NMR : 8 0.98-1.40 (m, 6H), 2.45-2.95 (m, 3H), 3.53 & 3.85 (2s, 3H), 4.00 &
(Z & E mixture)
4.17 (2q,2H,J=7.8 Hz), 7.11 & 7.92 (2s, 1H), 7.20 & 7.30(2d, 1H,J =

2.0 Hz), 7.41 & 7.49 (2dd, 1H, J = 8.8, 2.0 Hz), 8.08 & 8.17 (2d, 1H, J =
8.8 Hz).

The underlined chemical shift values with low intensity arise due to the presence of
minor (E)-isomer

BC NMR : 8 14.12, 16.99, 31.27, 37.82, 38.31, 38.79, 51.70, 52.23, 60.28, 60.50,
(Z & E mixture)
125.83, 126.41, 128.45, 129.15, 130.36, 130.78, 132.01, 132.91, 133.69,

134.95, 135.09, 137.13, 139.36, 139.95, 145.33, 145.77, 166.87, 167.07,
175.43.
Major peaks at 6 37.82 (allylic carbon), 38.79 (CH,CO;Et), 51.70 (OCH;), 60.50
(OCH;3) and minor peaks at 6 31.27 (allylic carbon), 38.31 (CH,CO;EY), 52.23
(OCH3), 60.28 (OCH3) are attributed to the major Z- and minor E-isomers
respectively.

Analysis caled. for C¢HsCINOg : C, 54.02; H, 5.10; N, 3.94

Found :C, 54.15; H, 5.17; N, 3.98

Ethyl 5-(5-chloro-2-nitrophenyl)-4-ethoxycarbonylpent-4-enoate (217):
Johnson-Claisen rearrangement of ethyl 3-(S-chloro-2-nitrophenyl)-3-hydroxy-2-

methylenepropanoate (178h) with triethyl orthoacetate under the catalytic influence of
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propanoic acid, following similar reaction procedure described for 203, provided the

title product 217 as colorless liquid.

NO,
CO,Et
Yield : 71% x 2
CO,Et
Reaction time : 12 h Cl
A : 85 : 15 [determined by the integration of isomeric olefinic proton

singlets at § 7.15 (Z-isomer) & & 7.89 (E-isomer) in the 'H NMR
spectrum of the crude as well as column purified sample. It was further
confirmed by the integration of isomeric H-3 aromatic proton doublets
at §8.07 (Z-isomer) and §8.15 (E-isomer).

IR (neat) v 1732, 1716, 1643, 1602 cm’
'H NMR :80.97, 1.20, 1.27 & 1.36 (4t, 6H, J = 6.8, 6.8, 6.8 & 6.8 Hz), 2.41-2.90
(Z & E mixture)

(m, 4H), 3.98, 4.05, 4.18 & 4.31 (4q, 2H, J = 6.8, 6.8, 6.8 & 6.8 Hz),
7.15 & 7.89 (2s, 1H), 7.24 & 7.32 (2d, 1H, J = 2.0 Hz), 7.41 & 7.49
(2dd, 1H, J = 8.8 & 2.0 Hz), 8.07 & 8.15 (2d, 1H, J = 8.8 Hz).

The underlined chemical shift values with low intensity arise due to the presence of
minor (E)-isomer

“C NMR 16 13.61, 14.22, 23.20, 29.38, 33.04, 33.29, 60.45, 60.60, 60.75, 61.28,
(Z & E mixture)
125.78, 126.43, 128.33, 129.20, 130.63, 133.42, 133.61, 134.22, 135.39,
136.19, 139.36, 139.99, 145.55, 145.94, 166.34, 166.43, 172.30.

Major peaks at & 29.38 (allylic carbon), 33.29 (CH,CO:Et), 60.60 (OCH;), 60.75
(OCH,) and minor peaks at & 23.20 (allylic carbon), 33.04 (CH>CO:Et), 60.45
(OCH)), 61.28 (OCH,) are attributed to the major Z- and minor E-isomers
respectively.

Analysis calcd. for C 16H18CINOg : C, 54.02; H, 5.10; N, 3.94

Foung . C, 54.18: H, 5.05; N, 3.90
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Ethyl 5-(5-chloro-2-nitrophenyl)-4-ethoxycarbonyl-2-methylpent-4-enoate (218):
This molecule was prepared via the treatment of ethyl 3-(5-chloro-2-nitrophenyl)-3-
hydroxy-2-methylenepropanoate (178h) with triethyl orthopropanoate in the presence

of propanoic acid (cat.), following similar procedure described for 203, as colorless

liquid.

NO, Me._CO,E!
=
1 . 0,

Yield 1 71% CO,E

Reaction time : 12 h _

Z:E . 85 : 15 [determined by the integration of isomeric olefinic proton
singlets at & 7.12 (Z-isomer) & & 7.92 (E-isomer) in the '"H NMR
spectrum of the crude as well as column purified sample.

IR (neat) - v 1726, 1712, 1641, 1602 cm’™

'H NMR : 8 0.89-1.45 (m, 9H), 2.30-2.95 (m, 3H), 3.91-4.39 (m, 4H), 7.12 &

(Z & E mixture)

7.91 (2s, 1H), 7.22 & 7.31 (2d, 1H, J = 2.0 Hz), 7.41 & 7.49 (2dd, 1H,J
=8.8,2.0 Hz), 8.07 & 8.16 (2d, 1H, J = 8.8 Hz).

The underlined chemical shift values with low intensity are due to the presence of
minor (E)-isomer

3C NMR :813.45, 14.04, 16.83, 31.31, 37.81, 38.32, 38.73, 60.15, 60.32, 60.56,
(Z & E mixture)

61.05, 125.67, 126.30, 128.24, 129.02, 130.50, 130.74, 132.58, 133.55,
134.01, 135.25, 136.44, 139.15, 139.74, 145.51, 145.90, 166.35, 175.27.

Major peaks at 6 37.81 (allylic carbon), 38.73 (CH,CO,Et), 60.32 (OCHj3), 61.56
(OCH;) and minor peaks at & 31.31 (allylic carbon), 38.32 (CH,CO;EY), 60.15

(OCH;3), 60.05 (OCHy) are atiributed to the major Z- and minor E-isomers
respectively.
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Analysis caled. for C17H2CINOg : C, 55.21; H, 5.45; N, 3.79

Found :C,5542; H, 5.40; N, 3.84

Methyl 3-hydroxy-2-methylene-3-(2-methylphenyl)propanoate (126r):
This molecule was obtained as a colorless viscous liquid via the reaction between 2-
methylbenzaldehyde and methyl acrylate in the presence of DABCO (cat.) following a

similar procedure described for the molecule 126a.

Reaction time : 9 days e OH
Yield £ 70% é%\iom

Bp : 140-142/4.0 mm
IR (neat)  :v 3433, 1722, 1630 cm’
'HNMR & 231 (s, 3H), 3.24 (b, 1H), 3.70 (s, 3H), 5.65 (s, 1H), 5.77 (s, 1H),

6.30 (s, 1H), 7.08-7.25 (m, 3H), 7.30-7.44 (m, 1H).
YCNMR @5 19.02, 51.86, 69.09, 125.85, 126.09, 126.38, 127.74, 130.41, 135.70,

139.04, 142.05, 167.04.

t-Butyl 3-hydroxy-2-methylene-3-(2-methylphenyl)propanoate (126s):
This compound was prepared via the DABCO-catalyzed coupling of 2-
methylbenzaldehyde with #-butyl acrylate in silica gel solid phase medium, following a

similar procedure described for the molecule 178d, as a colorless viscous liquid.
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Reaction time : 12 days

e H
Yield 1 75% éj\n/ﬁoau'

Mp : 44-45°C
IR (KBr) : v 3427, 1712, 1633 cm’’
'H NMR : 8 1.43 (s, 9H), 2.33 (s, 3H), 2.92 (b, 1H), 5.51 (s, 1H), 5.74 (s, 1H),

6.24 (s, 1H), 7.13-7.28 (m, 3H), 7.33-7.45 (m, 1H).
BONMR ;6 19.08, 28.01, 69.63, 81.47, 124.89, 126.15, 126.35, 127.75, 130.42,

135.76, 139.35, 143.62, 166.08.

Ethyl 4-methoxycarbonyl-5-(2-methylphenyl)pent-4-enoate (219):
This product was obtained as colorless liquid via the treatment of methyl 3-hydroxy-2-
methylene-3-(2-methylphenyl)propanoate (126r) with triethyl orthoacetate in the

presence of propanoic acid (cat.) following similar procedure described for 203.

" G Me ‘
Yield 1 91% @,/\(/C%M .
Reaction time : 3 h CO.E
Z.E : 38 : 62 [determined by the integration of isomeric olefinic proton

singlets at & 6.88 (Z-isomer) & & 7.78 (E-isomer) in the 'H NMR
spectrum of the crude as well as column purified sample)

IR (neat) :v 1732, 1714, 1635, 1602 cm

'H NMR : 6 1.15-1.36 (m, 3H), 2.26 (s, 3H), 2.40-2.85 (m, 4H), 3.53 & 3.83 (2s,
(Z & E mixture)

3H), 4.01-4.26 (m, 2H), 6.88 & 7.78 (2s, 1H), 7.01-7.32 (m, 4H).
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The underlined chemical shift values (8) with low intensity arise due to the presence of
minor (E)-isomer

3C NMR 6 13.99, 19.66, 22.91, 30.00, 33.44, 51.10, 51.73, 60.08, 60.22, 125.18,
(Z & E mixture)

125.67, 127.61, 127.80, 127.95, 128.24, 129.45, 129.99, 131.88, 132.90,
134.64, 135.37, 135.86, 136.34, 139.98, 167.78, 168.60, 172.34.
Major peaks at 6 22.91 (allylic carbon), 51.73 (OCH3), 60.08 (OCH;) and minor peaks
at 6 30.00 (allylic carbon), 51.10 (OCH;), 60.22 (OCH;) are attributed to the major E-
and minor Z-isomers respectively. Similarly, peak at & 167.78 (with high intensity) and

peak at & 168.60 (with low intensity) are attributed to CO,Me carbonyl carbon of
major and minor isomer respectively

Ethyl 4-(#-butoxycarbonyl)-5-(2-methyphenyl)pent-4-enoate (220):
Treatment of r-butyl 3-hydroxy-2-methylene-3-(2-methylphenyl)propanocate (126s)
with triethyl orthoacetate in the presence of propanoic acid, following similar reaction

procedure described for 203, provided the desired diester as colorless liquid.

Yield . 83% 023“
coza

Reaction time : 3 h

£ E : 42 : 58 [determined by the integration of isomeric olefinic proton
singlets at 6 6.78 (Z-isomer) & & 7.68 (E-isomer) in the 'H NMR
spectrum of the crude as well as column purified sample]

IR (neat) :v 1736, 1707, 1637, 1602 cm’™
'"HNMR : 8 1.14-1.60 (m, 12H),* 2.23 & 2.25 (2s, 3H), 2.33-2.80 (m, 4H), 4.06
(Z & E mixture)

& 4.15 (2q, 2H, J= 6.8 Hz), 6.78 & 7.69 (2s, 1H), 7.00-7.28 (m, 4H).

* This multiplet contains singlets at & 1.17 (with low intensity, minor Z-isomer) and &
1.55 (with high intensity,) which are attributed to C(CH3); protons of minor Z-isomer
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and major E-isomer repectively. Underlined chemical shift values with low intensity
arise due to the presence of minor (E)-isomer

BC NMR : 8 14.13, 14.23, 19.71, 19.81, 23.16, 27.57, 28.18, 30.07, 33.59, 33.71,

(Z & E mixture)
60.20, 60.32, 80.79, 125.23, 125.74, 127.37, 128.17, 128.26, 129.36,

130.03, 133.60, 134.64, 135.10, 135.40, 136.49, 137.02, 138.96, 166.78,
172.61
Analysis calcd. for C 9H2604 + G, TL6T; B, §23

Found :C, 71.44; H, 8.29

Methyl 3-(3-chlorophenyl)-3-hydroxy-2-methylenepropanoate (126t):

This molecule was obtained as a colorless viscous liquid via the Baylis-Hillman
reaction between 2-chlorobenzaldehyde and methyl acrylate catalyzed by DABCO
following a similar procedure described for the molecule 126a. The crude product was

purified by column chromatography (6% EtOAc in hexanes, silica gel).

Reaction time : 8 days

H
Yield - 65% C'Ijiy‘ioﬂ

IR (neat) : v 3468, 1718, 1631 cm™

'H NMR : 6 3.56 (b, 1H), 3.67 (s, 3H), 5.47 (s, 1H), 5.84 (s, 1H), 6.31 (s, 1H),
7.21 (s, 3H), 7.33 (s, 1H).
3CNMR : & 51.87, 72.27, 124.78, 126.24, 126.73, 127.79, 129.56, 134.20,

141.62, 143.56, 166.46
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Methyl 3-(3-bromophenyl)-3-hydroxy-2-methylenepropanoate (126u):

This compound was obtained via the Baylis-Hillman reaction between 3-bromo-
benzaldehyde and methyl acrylate in the presence of DABCO (cat.), following a similar
procedure described for the molecule 126a, as a colorless viscous liquid. The crude

product was purified by column chromatography (5% EtOAc in hexanes, silica gel).

Reaction time : 8 days H O
Br
Yield : 70% \©/?\n’lom3

IR (neat) : v 3466, 1718, 1631 cm™

'HNMR 8 3.21 (b, 1H), 3.73 (s, 3H), 5.50 (s, 1H), 5.84 (s, 1H), 6.35 (s, 1H),
7.13-7.48 (m, 3H), 7.53 (s, 1H).
BCNMR ;& 52.01, 72.58, 122.58, 125.27, 126.53, 129.71, 129.98, 130.90,

141.59, 143.80, 166.56.

Methyl 3-(4-bromophenyl)-3-hydroxy-2-methylenepropanoate (126v):

This was obtained via the DABCO-catalyzed coupling of 4-bromobenzaldehyde with
methyl acrylate, following a similar procedure described for the molecule 126a, as a
colorless viscous liquid. The crude product was purified by column chromatography

(5% EtOAc in hexanes, silica gel).

Reaction time : 8 days /ijn,ﬁ
OMe
Yield : 70% Br
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Mp : 56-58 °C

IR (KBr) : v 3448, 1720, 1635 cm™

'H NMR : 8§ 3.16 (b, 1H), 3.72 (s, 3H), 5.50 (s, 1H), 5.82 (s, 1H), 6.33 (s, 1H),
7.24 (d, 2H, J = 8.6 Hz), 7.46 (d, 2H, J = 8.6 Hz),

BCNMR  : & 52.06, 72.76, 121.83, 126.34, 128.40, 131.58, 140.48, 141.76,

166.70.

Ethyl 5-(3-chlorophenyl)-4-methoxycarbonyl-2-methylpent-4-enoate (221):
This product was obtained as colorless liquid via the Johnson-Claisen rearrangement of
methyl 3-(3-chlorophenyl)-3-hydroxy-2-methylenepropanoate (126t) with triethyl

orthoacetate under the catalytic influence of propanoic acid following similar procedure

described for 203.
cl N~ COzMe
CO.E
Yield - 80% m Oatt
Me
Reaction time : 3 h
Z:E : 39 : 61 [determined by the integration of isomeric olefinic proton

singlets at & 6.65 (Z-isomer) & & 7.66 (E-isomer) in the 'H NMR
spectrum of the crude as well as column purified sample)
IR (neat) : v 1728, 1714, 1639, 1593 cm”

'HNMR  :51.05-1.38 (m, 6H), 2.42-3.00 (m, 3H), 3.65 & 3.82 (2s, 3H), 3.98-
(Z & E mixture)
4.22 (m, 2H), 6.65 & 7.66 (2s, 1H), 7.03-7.42 (m, 4H).

The underlined chemical shift values (5) with low intensity arise due to the presence of
minor (E)-isomer ‘

3C NMR :813.91, 14.03, 16.55, 16.67, 30.86, 38.45, 39.08, 51.41, 51.84, 60.14,
(Z & E mixture)
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60.19, 126.09, 127.04, 127.67, 127.94, 128.25, 128.84, 129.18, 129.64,
132.09, 132.94, 133.83, 134.29, 137.08, 137.67, 138.85, 167.84, 168.71,
175.22, 175.26.
Major peaks at § 13.91, 16.55, 51.84 (OCH;), 60.14 (OCH) (with high intensity) and
minor peaks at & 14.03 , 16.67, 51.41 (OCHj3), 60.19 (OCH;) are attributed to the
major E- and minor Z-isomers respectively. Similarly, peaks at & 167.84, 175.26 (with
high intensity) and peaks at 8 168.71, 175.22 (with low intensity) are attributed to
carbonyl carbons of major and minor isomer respectively
Ethyl 5-(3-bromophenyl)-4-methoxycarbonylpent-4-enoate (222):
This was obtained via the treatment of methyl 3-(3-bromophenyl)-3-hydroxy-2-

methylenepropanoate (126u) with triethyl orthoacetate in the presence of propanoic

acid, following similar procedure described for 203, as colorless liquid.

Br 2y~ CO2Me
Yield : 87% mcoﬁ

Reaction time : 3 h

ZiE : 32 : 68 [determined by the integration of isomeric olefinic proton
singlets at & 6.67 (Z-isomer) & & 7.64 (E-isomer) in the 'H NMR
spectrum of the crude as well as column purified sample]

IR (neat) v 1732, 1712, 1633 cm’™
'"HNMR :81.23 & 1.25 (2t, 3H, J = 7.0 Hz), 2.46-2.91 (m, 4H), 3.65 & 3.82 (2s,
(Z & E mixture)

3H), 4.06-4.23 (m, 2H), 6.67 & 7.64 (2s, 1H), 7.10-7.55 (m, 4H).

The underlined chemical shift values (&) with low intensity arise due to the presence of
minor (E)-isomer

“C NMR : 8 14.05, 22.98, 30.42, 33.07, 33.26, 51.50, 51.94, 60.31, 122.00,
(Z & E mixture)
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122.53, 126.56, 127.38, 129.47, 129.98, 130.63, 130.92, 131.36, 131.80,
132.62, 133.23, 133.88, 137.23, 137.93, 138.42, 167.60, 168.67, 172.01,
172.16.
Major peaks at & 22.98 (allylic carbon), 33.26 (CH,CO;Et), 51.94 (OCH3) and minor
peaks at & 30.42 (allylic carbon), 33.07 (CH,CO;Et), 51.50 (OCH3) are attributed to
the major E- and minor Z-isomers respectively. Similarly, peaks at & 167.60, 172.16

(with high intensity) and peaks at § 168.67, 172.01 (with low intensity) are attributed to
carbonyl carbons of major and minor isomer respectively

Ethyl 5-(4-chlorophenyl)-4-methoxycarbonylpent-4-enoate (223):

The Johnson-Claisen rearrangement of methyl 3-(4-chlorophenyl)-3-hydroxy-2-
methylenepropanoate (126f) with triethyl orthoacetate in the presence of propanoic acid
(cat.), following similar procedure described for 203, provided the title compound 223

as colorless liquid.

Yield : 89% m/
cl CO.Et

Reaction time : 3 h

ZyE : 35 : 65 [determined by the integration of isomeric olefinic proton
singlets at & 6.69 (Z-isomer) & & 7.66 (E-isomer) in the '"H NMR
spectrum of the crude as well as column purified sample] .

IR (neat) :v 1732, 1711, 1633, 1593 cm’’

'HNMR  :81.23 & 1.25 (2t, 3H, J = 6.8 Hz), 2.46-2.94 (m, 4H), 3.65 & 3.82 (25
(Z & E mixture)

3H), 4.04-4.24 (m, 2H), 6.69 & 7.67 (2s, 1H), 7.12-7.48 (m, 4H).
The underlined chemical shift values with low intensity arise due to the presence of
minor (E)-isomer

B3C NMR : 8 14.07, 23.00, 30.57, 33.26, 51.55, 51.96, 60.36, 128.23, 128.79,
(Z & E mixture)
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129.42, 130.39, 131.82, 133.06, 133.61, 133.86, 134.34, 134.51, 138.85,

167.87, 168.88, 172.18, 172.35.

Major peaks at 6 23.00 (allylic carbon), 51.96 (OCH;) and minor peaks at § 30.57
(allylic carbon), 51.55 (OCHj;) are attributed to the major E- and minor Z-isomers
respectively. Similarly, peaks at & 167.87, 172.35 (with high intensity) and peaks at &
168.88, 172.18 (with low intensity) are attributed to carbonyl carbons of major and
minor isomer respectively

Ethyl 5-(4-bromophenyl)-4-methoxycarbonylpent-4-enoate (224):
Treatment of methyl 3-(4-bromophenyl)-3-hydroxy-2-methylenepropanoate (126v)
with triethyl orthoacetate in the presence of propanoic acid (cat.) following similar

procedure described for 203, provided the desired diester 224 as colorless liquid.

OzMG
Yield : 82% 5 CozEt
Reaction time : 3 h
Z.E : 38 : 62 [determined by the integration of isomeric olefinic proton

singlets at & 6.64 (Z-isomer) & & 7.66 (E-isomer) in the 'H NMR
spectrum of the crude as well as column purified sample.

IR (neat) :v 1738, 1712, 1633, 1585 cm™
'H NMR : 8 1.21 & 1.23 (2t, 3H, J = 6.8 Hz), 2.44-2.91 (m, 4H), 3.63 & 3.80 (2s,
(Z & E mixture)

3H), 4.01-4.21 (m, 2H), 6.64 & 7.62 (2s, 1H), 7.07 & 7.21 (d, 2H, J =
8.8 Hz), 7.40 & 7.50 (d, 2H, J= 8.8 Hz).

The underlined chemical shift values with low intensity arise due to the presence of
minor (E)-isomer
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BCNMR  :§14.22,23.15, 30.72, 33.38, 51.67, 52.09, 60.50, 122.02, 122.89,
(Z & E mixture)

129.81, 130.70, 131.31, 131.89, 132.09, 133.30, 134.03, 134.20, 134.92,
139.02, 168.01, 169.01, 172.30, 172.47.
Major peaks at § 23.15 (allylic carbon), 52.09 (OCH3) and minor peaks at & 30.72
(allylic carbon), 51.67 (OCH;) are attributed to the major E- and minor Z-isomers
respectively. Similarly, peaks at 6 168.01, 172.47 (with high intensity) and peaks at &§
169.01 & 6 172.30 (with low intensity) are attributed to carbonyl carbons of major and
minor isomer respectively
Methyl 3-hydroxy-3-(2-methoxyphenyl)-2-methylenepropanenoate (126w):
This molecule was obtained as a colorless viscous liquid via the Baylis-Hillman
reaction between 2-methoxybenzaldehyde and methyl acrylate in the presence of

DABCO (cat.) following a similar procedure described for the molecule 126a. The

crude product was purified by column chromatography (7% EtOAc in hexanes, silica

gel).
Reaction time : 10 days Me OH
OMe
Yield : 73%
IR (neat) : v 3468, 1720, 1631 cm’
'HNMR : 8 3.42 (d, 1H, J = 5.8 Hz), 3.75 (s, 3H), 3.84 (s, 3H), 5.73 (s, 1H), 5.88

(d, 1H, J= 5.8 Hz), 6.31 (s, 1H), 6.80-7.18 (m, 2H), 7.23-7.42 (m, 2H).
BCNMR : 8 51.75, 55.26, 67.88, 110.50, 120.56, 125.54, 127.50, 128.79, 129.18,

141.47, 156.54, 166.97.
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Methyl 3-(2-fluorophenyl)-3-hydroxy-2-methylenepropanoate (126x):

This molecule was obtained via the BaylisHillman coupling of 2-fluorobenzaldehyde
with methyl acrylate under the catalytic influence of DABCO, following a similar
procedure described for the molecule 126a, as a colorless viscous liquid. The crude

product was purified by column chromatography (5% EtOAc in hexanes, silica gel).

Reaction time : 8 days F OH O
OMe
Yield : 70%

IR (neat) : v 3447, 1716, 1631 cm’?

'"H NMR £ §3.26 (d, 1H, J = 4.8 Hz), 3.70 (s, 3H), 5.79 (s, 1H), 5.89 (d, 1H, J =
4.8 Hz), 6.34 (s, 1H), 6.96-7.60 (m, 4H).

BCNMR  :851.92, 66.69 (d, J=2.4 Hz), 115.25 (d, J=21.8 Hz), 124.14 (d, J =
3.6 Hz), 126.26, 128.13 (d, J = 3.6 Hz), 128.27 (d, J = 13.3 Hz),* 129.38
(d, J = 8.4 Hz), 140.94, 159.96 (J = 245.0 Hz), 166.70.

* One peak of this doublet is mixed with peak at & 128.13

Ethyl 4-methoxycarbonyl-5-(2-methoxyphenyl)-2-methylpent-4-enoate (225):

This product was obtained as colorless liquid via the Johnson-Claisen rearrangement of
methyl 3-hydroxy-2-methylene-3-(2-methoxyphenyl)propanoate (126w) with triethyl

orthopropanoate under the catalytic influence of propanoic acid following similar

procedure described for 203. . .
CO,Et
" Me
Yield 1 95% OMe
Reaction time : 3 h COOMe
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Z.E : 55 : 45 [determined by the integration of isomeric olefinic proton
singlets at & 6.78 (Z-isomer) & & 7.69 (E-isomer) in the '"H NMR
spectrum of the crude as well as column purified sample.

IR (neat) - v 1730, 1714, 1633, 1599 cm”
'H NMR : 8 1.00-1.30 (m, 6H), 2.31-2.91 (m, 4H), 3.59-4.21 (m, 8H), 6.84 &
(Z & E mixture)

(400 MHz) 7.84 (2s, 1H), 6.84-7.40 (m, 4H).

The underlined chemical shift values with low intensity arise due to the presence of
minor (E)-isomer

BC NMR : 8 14.07, 14.19, 16.53, 16.75, 31.20, 38.52, 38.92, 39.28, 51.36, 51.89,
(Z & E mixture)
(400 MHz) 55.31, 55.39, 60.21, 60.33, 110.35, 110.55, 120.06, 120.30, 124.48,

125.28, 129.35, 129.43, 129.59, 129.93, 130.56, 131.22, 133.08, 137.38,
156.69, 157.42, 168.44, 169.44, 175.86, 176.01.

'H and >C NMR data indicated that the molecule is contaminated with 5% unidentified
impurity

Ethyl 5-(2-fluoriphenyl)-4-methoxycarbonylpent-4-enoate (226):

This compound was obtained via the treatment of methyl 3-(2-flourophenyl)-3-
hydroxy-2-methylenepropanoate (126x) with triethyl orthoacetate in the presence of
catalytic amount of propanoic acid, following similar procedure described for 203, as

colorless liquid.

F

. N COE
Yield 1 92%
COzMB

Reaction time : 3 h

Z.E : 54 : 46 [determined by the integration of isomeric olefinic proton
singlets at & 6.78 (Z-isomer) & & 7.69 (E-isomer) in the 'H NMR
spectrum of the crude as well as column purified sample.
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IR (neat) : v 1734,1716, 1641, 1610 cm’™

'H NMR :01.15-131 (m, 3H), 2.48-2.90 (m, 4H), 3.64 & 3.83 (2s, 3H), 4.06-4.26
(Z & E mixture)

(m, 2H), 6.77 & 7.73 (2s, 1H), 6.96-7.44 (m, 4H).

The underlined chemical shift values (6) are attributed to the minor (E)-isomer
BC NMR 0 14.15, 23.54, 30.52, 33.24, 33.43, 51.53, 52.04, 60.36, 60.45, 115.27
(Z & E mixture)

(d,J=24.2 Hz), 115.75 (d, J = 24.2 Hz), 123.09, 123.35, 123.62 (d,J =

2.4 Hz), 124.10 (d, J = 2.4 Hz), 128.86, 129.54, 129.71, 129.78, 129.95,

130.32, 130.49, 133.18, 133.61, 134.61, 159.85 (d, J = 246.2 Hz),

160.20 (d, J = 246.2 Hz), 167.62, 168.50, 172.33, 172.57.

The underlined chemical shifts include peaks due to major Z- and minor E-isomer along with
peaks due to C-F coupling

Methyl 3-(2,6-dichlorophenyl)-3-hydroxy-2-methylenepropanoate (126y):

This molecule was obtained as a colorless solid via the Baylis-Hillman coupling
between 2,6-dichlorobenzaldehyde and methyl acrylate under the catalytic influence of
DABCO in silica gel solid phase medium, following a similar procedure described for

the molecule 178d.

Cl OH O
Reaction time : 10 days OMe
Yield : 80% !
Mp 1 66-68 °C
IR (KBr) - v 3501, 1707, 1633 cm™
'H NMR : §3.35 (d, 1H, J = 7.8 Hz), 3.74 (s, 3H), 5.57 (d, 1H, J = 2.0 Hz), 6.30-

6.45 (m, 2H), 7.11-7.39 (m, 3H).
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BCNMR . & 51.87, 69.68, 126.53, 129.32, 129.38, 135.39, 135.48, 139.30,

166.41.

Ethyl (42)-5-(2,6-dichlorophenyl)-4-methoxycarbonylpent-4-enoate (227):
This product was obtained as colorless liquid via the treatment of methyl 3-(2,6-
dichlorophenyl)-3-hydroxy-2-methylenepropanoate (126y) with triethyl orthoacetate in

the presence of propanoic acid (cat.) following similar procedure described for 203.

|
Tield T é{\\/\/COzEt
Reaction time : 3 h cl CO;Me

Z:E : 100 : O (determined by absence of E-olefinic proton singlet in 'H NMR
spectrum of the crude as well as column purified sample)

IR (neat) :v 1732, 1716, 1647, 1556 cm’™
'H NMR : 8 1.26 (t, 3H, J = 6.8 Hz), 2.58-2.73 (m, 2H), 2.79-2.93 (m, 2H), 3.57
(Z-isomer)

(s, 3H), 4.16 (q, 2H, J = 6.8 Hz), 6.73 (s, 1H), 7.08-7.38 (m, 3H).
3C NMR : 8 14.22,29.33, 33.67, 51.72, 60.52, 127.52, 128.66, 133.49, 135.11,
(Z-isomer)

135.87, 166.53, 172.45.
Analysis caled. for C;sH6Cl1204 : C, 54.40; H, 4.87

Found :C, 54.21; H, 4.82
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Ethyl (4Z)-5-(2,6-dichlorophenyl)-4-methoxycarbonyl-2-methylpent-4-enoate (228):

This molecule was obtained via the Johnson-Claisen rearrangement of methyl 3-(2,6-
dichlorophenyl)-3-hydroxy-2-methylenepropanoate (126y) with triethyl orthopropano-
ate under the catalytic influence of propanoic acid, following similar procedure

described for 203, as colorless liquid.

Cl CO,Et
Yield : 86%
02M8
Reaction time : 3 h
2B : 100 : O (determined by absence of E-olefinic proton singlet in 'H NMR
spectrum of the crude as well as column purified sample)
IR (neat) : v 1730, 1716, 1645, 1579 cm™
'H NMR : 6 1.25 (t, 3H, J = 6.8 Hz) 1.26 (d, 3H, J = 6.8 Hz), 2.51-3.04 (m, 3H),
(Z-isomer)

3.55 (s, 3H), 4.14 (q, 2H, J = 6.8 Hz), 6.70 (s, 1H), 7.07-7.36 (m, 3H).
BCNMR 1 6 14.03, 16.89, 37.73, 38.70, 51.53, 60.28, 127.40, 128.54, 133.47,
(Z-isomer)

134.00, 134.92, 135.02, 166.48, 175.51.
Analysis caled. for C,gH;5C1204 : C, 55.67; H, 5.26

Found «, 55.81: H, 5.30

Methyl (42)-5-(2,6-dichlorophenyl)-4-methoxycarbonylpent-4-enoate (229):
Treatment of methyl 3-(2,6-dichlorophenyl)-3-hydroxy-2-methylenepropanoate (126y)
with trimethy! orthoacetate in the presence of propanoic acid (cat), following similar

procedure described for 203, provided the title compound 229 as colorless liquid.
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. e |
Yield £ 62% é(‘Y\’COZM"
Reaction time : 3 h 8 CO,Me

ZiE : 100 : O (determined by absence of E-olefinic proton singlet in 'H NMR
spectrum of the crude as well as column purified sample)

IR (neat) : v 1736, 1724, 1649, 1579 cm™
'H NMR : 8 2.60-2.74 (m, 2H), 2.78-2.96 (m, 2H), 3.56 (s, 3H), 3.70 (s, 3H), 6.73
(Z-isomer)

(s, 1H), 7.08-7.40 (m, 3H).
3C NMR 1 829.43, 33.46, 51.75, 127.55, 128.69, 133.59, 135.09, 135.77, 166.51,
(Z-isomer)

172.89.
Analysis calcd. for Cy4H4C1;04 :C, 53.02; H, 4.45

Found :C,53.24; H,4.40

Ethyl 3-(2,6-dichlorophenyl)-3-hydroxy-2-methylenepropanoate (178i):
This compound was obtained via the treatment of 2,6-dichlorobenzaldehyde with ethyl
acrylate in the presence of DABCO (cat.) in silica gel solid phase medium, following a

similar procedure described for the molecule 88d, as a colorless solid.

Reaction time : 10 days | OH
Yield : 77% é&(ioa
o]

Mp : 68-70 °C

IR (KBr) : v 3501, 1697, 1620 cm!
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'HNMR  :81.23(t, 3H,J = 6.8 Hz), 3.34 (d, 1H, J = 7.8 Hz), 4.11-4.31 (m, 2H),
5.78 (d, 1H, J = 2.0 Hz), 6.33 (dd, 1H, J= 7.8 & 2.0 Hz), 6.41 (d, 1H, J
= 2.0 Hz), 7.10-7.40 (m, 3H).

BC NMR : 8 13.95, 60.91, 69.83, 126.17, 129.31, 135.53, 139.74, 165.99.

Ethyl (4Z)-5-(2,6-dichlorophenyl)-4-ethoxycarbonylpent-4-enoate (230):
This product was obtained as colorless liquid via the treatment of ethyl 3-(2,6-
dichlorophenyl)-3-hydroxy-2-methylenepropanoate (178i) with triethyl orthoacetate in

the presence of propanoic acid (cat.) following similar procedure described for 203.

I
Yield : 77% &Y\/COZQ
ol CO,Et

Reaction time :3 h

"

Z: E : 100 : O (determined by absence of E-olefinic proton singlet in 'H NMR
spectrum of the crude as well as column purified sample)

IR (neat) :v 1732, 1712, 1630, 1579 cm™

'H NMR : 8 0.94 (t, 3H, J = 6.8 Hz) 1.26 (t, 3H, J = 6.8 Hz), 2.58-2.72 (m, 2H),

(Z-isomer)

2.79-2.92 (m, 2H), 4.00 (g, 2H, J = 6.8 Hz), 4.16 (q, 2H, J = 6.8 Hz),
6.74 (s, 1H), 7.08-7.33 (m, 3H).
BC NMR : 8 13.44, 14.17, 29.28, 33.62, 60.50, 127.40, 128.54, 133.03, 133.59,
(Z-isomer)
135.45, 136.18, 166.04, 172.40.
Analysis calcd. for C ¢H;8C1204 s C, 55.67; H,526

Found :C, 55.48; H, 5.20
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Ethyl (42)-5-(2,6-dichlorophenyl)-4-ethoxycarbonyl-2-methylpent-4-enoate) (231):
The Johnson-Claisen rearrangement of ethyl 3-(2,6-dichlorophenyl)-3-hydroxy-2-
methylenepropanoate (178i) with triethyl orthopropanoate under the catalytic influence
of propanoic acid, following similar procedure described for 203, provided this product

as colorless liquid.

| Me COE!
Yield 0% .
1€ : 80% . CoLE!
Reaction time : 3 h
Z: E : 100 : O (determined by absence of E-olefinic proton singlet in 'H NMR
spectrum of the crude as well as column purified sample)
IR (neat) - v 1730, 1714, 1641, 1579 cm’™*
'H NMR : 8 0.93 (t, 3H, J= 6.8 Hz), 1.20-1.35 (m, 6H), 2.51-3.02 (m, 3H), 3.99
(Z-isomer)

(g, 2H, J = 6.8 Hz), 4.14 (q, 2H, J = 6.8 Hz), 6.70 (s, 1H), 7.07-7.36 (m,
3H).
BC NMR : 8 13.49, 14.22, 17.08, 37.90, 38.87, 60.45, 60.55, 127.45, 128.57,
(Z-isomer)
133.71, 133.86, 135.46, 135.55, 166.26, 175.82.
Analysis calcd. for C17H0Cl;04 :C, 56.84; H, 5.61

Found :C, 56.99; H, 5.54

Methyl (4Z)-5-(2,6-dichlorophenyl)-4-ethoxycarbonylpent-4-enoate (232):
This product was obtained as colorless liquid via the Johnson-Claisen rearrangement of

ethyl 3-(2,6-dichlorophenyl)-3-hydroxy-2-methylenepropanoate (178i) with trimethyl
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orthoacetate in the presence of propanoic acid (cat.) following similar procedure

described for 203.

Cl
s COzMB
Yield : 74% m

Reaction time : 3 h

Z:E :100:0 (dete_rmined by absence of E-olefinic proton singlet in 'H NMR
spectrum of the crude as well as column purified sample)

IR (neat) :v 1739, 1712, 1647, 1579 cm™

'H NMR : 8 0.93 (t, 3H, J = 7.8 Hz), 2.60-2.72 (m, 2H), 2.78-2.92 (m, 2H), 3.69

(Z-isomer)

(s, 3H), 3.99 (q, 2H, J = 7.8 Hz), 6.72 (s, 1H), 7.07-7.35 (m, 3H).
BC NMR :813.37,29.28, 33.31, 51.55, 60.48, 127.36, 128.50, 133.10, 133.49,
(Z-isomer)

135.36, 135.99, 165.95, 172.79.
Analysis calcd. for CjsH6C1204 :C, 54.40; H, 4.87

Found :C, 54.26; H, 4.92

4-Hydroxy-3-methylene-4-(2-nitrophenyl)butan-2-one (233a):

To a solution of 2-nitrobenzaldehyde (10 mmol, 1.511 g) and methyl vinyl ketone (10
mmol, 0.709 g) in THF, was added DABCO (1.5 mmol, 0.168 g) and the reaction
mixture was kept at room temperature for 6 days. The reaction mixture was diluted
with ether (50 mL) and washed successively with 2N HCI, aqueous NaHCO; solution
and water, Organic layer was dried over anhydrous Na;SOs. Solvent was evaporated

and the residue thus obtained was purified by column chromatography, followed by



246

crystallization (10% EtOAc,in hexanes) to provide the desired product 233a as a light

yellow solid in 60 % (1.33 g) yield.

NO, OH
Mp : 78-80 °C @i’rﬁm

IR (KBr) : v 3350, 1662, 1625 cm’

'H NMR :82.36 (s, 3H), 3.58 (d, 1H, J = 4.8 Hz), 5.79 (s, 1H), 6.16 (s, 1H), 6.21
(d, 1H, J = 4.8 Hz), 7.38-7.55 (m, 1H), 7.59-7.72 (m, 1H), 7.77 (d, 1H, J
= 7.8 Hz), 7.92-8.04 (m, 1H).

BCNMR  : & 25.77, 66.71, 124.37, 126.34, 128.30, 128.69, 133.25, 136.60,

147.80, 149.02, 199.50.

Ethyl 4-acetyl-5-(2-nitrophenyl)pent-4-enoate (234):

To a stirred solution of 4-hydroxy-3-methylene-4-(2-nitrophenyl)butan-2-one (233a) (1
mmol, 0.221 g) in triethyl orthoacetate (1 mL) was added catalytic amount of propanoic
acid (2-3 drops). After heating at 145 °C for 12 hours, the reaction mixture was diluted
with water and extracted into ether (3 x 15 mL). Combined organic layer was dried
over anhydrous Na;SOs. Careful silica gel column purification (5-6% EtOAc in
hexanes) of the crude product, obtained after solvent evaporation, provided the pure Z-

isomer (234-Z) and E-isomer (234-E) as colorless liquids.

Yield : 85% (combined yield of isolated Z- (234-Z) and E-isomers (234-E)

Reaction time : 12 h
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Z:E : 56 : 44 [determined by the integration of isomeric olefinic proton
singlets at & 7.08 (Z-isomer) & & 7.85 (E-isomer) in the '"H NMR

spectrum of the crude as well as column purified sample)

Fortunately, (Z)- and (E)-isomers were separated by careful column chromatography
(silica gel, 3% EtOAc in hexanes)

Spectral data of pure Z-isomer (234-2):

NO,

©/>(\,002Et
Yield : 48% 07 “Me
IR (neat) - v 1734, 1684, 1606, 1572 cm’™
'"H NMR : 8 1.25 (t, 3H, J = 7.8 Hz), 1.85 (s, 3H), 2.50-2.64 (m, 2H), 2.70-2.84
(Z-isomer)

(m, 2H), 4.16 (q, 2H, J = 7.8Hz), 7.07 (s, 1H), 7.22 (dd, 1H, J = 6.8, 2.0
Hz), 7.44-7.64 (m, 2H), 8.13 (dd, 1H, J = 7.8, 2.0 Hz).
BC NMR : 5 14.25, 29.80, 30.57, 33.17, 60.68, 124.98, 129.28, 129.91, 131.99,

(Z-isomer)
132.58, 133.60, 143.40, 147.15, 172.36, 204.16.

Spectral data of pure E-isomer (234-E):

NO, 0
= Me

Yield 37% COEt

IR (neat) . v 1734, 1674, 1608, 1572 cm”!

'"H NMR : & 1.18 (t, 3H, J = 7.8 Hz), 2.28-2.45 (m, 2H), 2.49-2.68 (m, 5H), 4.10

(E-isomer)
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(q, 2H, J = 7.8 Hz), 7.35 (d, 1H, J = 7.8 Hz), 7.52-7.78 (m, 2H), 7.85 (s,
1H), 8.22 (dd, 1H, J = 8.0, 2.0 Hz).
BCNMR  :614.20,22.10, 26.18, 33.07, 60.41, 125.15, 129.47, 130.82, 131.80,

(£-isomer)
133.81, 138.30, 141.16, 147.42, 172.62, 199.33.

4-(2,6-Dichlorophenyl)-4-hydroxy-3-methylenebutan-2-one (233b):

This molecule was obtained as a colorless viscous liquid via the Baylis-Hillman
reaction between 2,6-dichlorobenzaldehyde and methyl vinyl ketone catalyzed by
DABCO following a similar procedure described for the molecule 126a. The crude

product was purified by column chromatography (10% EtOAc in hexanes, silica gel).

I OH O
Reaction time : 10 days é\/irtme
Cl

Yield : 65%
IR (neat) - L 3443, 1674, 1562 cm™
'H NMR :82.39 (s, 3H), 3.37 (d, 1H, J = 6.8 Hz), 5.90 (s, 1H), 6.23 (s, 1H), 6.35

(d, 1H, J= 6.8 Hz), 7.09-7.44 (m, 3H).

13C NMR : 826.57, 69.96, 125.97, 129.37, 135.53, 135.89, 147.80, 199.74.

Ethyl (4Z)-4-acetyl-5-(2,6-dichlorophenyl)pent-4-enoate (235):
Treatment of 4-(2,6-dichlorophenyl)-4-hydroxy-3-methylenebutan-2-one (233b) with
triethyl orthoacetate in the presence of propanoic acid (cat.), following similar

procedure described for 234, provided 235 as colorless liquid.
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Yield 1 84% i CO,Et
y T \-Me

Reaction time : 3 h ﬁ;?/

Z.E : 100 : O (determined by absence of E-olefinic proton singlet in 'H NMR
spectrum of the crude as well as column purified sample)

IR (neat) 1 v 1734, 1678, 1621, 1579 cm™

'H NMR : 6 1.26 (t, 3H, J = 6.8 Hz) 1.89 (s, 3H), 2.58 (t, 2H, J = 7.8 Hz), 2.80 (t,

(Z-isomer)

2H, J = 7.8 Hz), 4.15 (q, 2H, J = 6.8 Hz), 6.72 (s, 1H), 7.16-7.40 (m,
3H).
BC NMR : & 14.24, 29.11, 29.41, 33.67, 60.53, 128.11, 129.56, 130.19, 134.20,
(Z-isomer)
134.90, 144.48, 172.50, 200.86.
Analysis calcd. for CysH;6Cl,0; :C, 8716, H, 5.12

Found 1 C; 56975 H, 5.18

Methyl (4Z)-4-acetyl-5-(2,6-dichlorophenyl)pent-4-enoate (236):

This molecule was obtained via the Johnson-Claisen rearrangement of 4-(2,6-
dichlorophenyl)-4-hydroxy-3-methylenebutan-2-one (233b) with trimethyl orthoacetate
under the catalytic influence of propanoic acid, following similar procedure described

for 234, as colorless liquid.

| COzMB
o Me
Yield : 70% ﬁ;?

Reaction time : 3 h

2 E : 100 : 0 (determined by absence of E-olefinic proton singlet in "H NMR
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spectrum of the crude as well as column purified sample)

IR (neat) - v 1738, 1678, 1620, 1579 cm™
'H NMR : 8 1.89 (s, 3H), 2.60 (t, 2H, J = 6.8 Hz), 2.81 (t, 2H, J = 6.8 Hz), 3.70 (s,
(Z-isomer)

3H), 6.73 (s, 1H), 7.14-7.40 (m, 3H).
BC NMR :8529.14,29.48, 33.43, 51.67, 128.11, 129.59, 130.34, 134.17, 134.88,
(Z-isomer)

144.36, 172.96, 200.81
Analysis calcd. for C4H4C1,0; :C, 55.83; H, 4.69

Found ‘1 C, 55.72; H, 4,62

Ethyl (42)-4-acetyl-5-(2,6-dichlorophenyl)-2-methylpent-4-enoate (237):
This was prepared as colorless liquid via the reaction between 4-(2,6-dichlorophenyl)-
4-hydroxy-3-methylenebutan-2-one (233b) and triethyl orthopropanoate under the

catalytic influence of propanoic acid following similar procedure described for 234.

CO,Et ‘
Yield : 83% Me
I
Reaction time : 3 h N\ ~Me
cl O
Z:E : 100 : O (determined by absence of E-olefinic proton singlet in '"H NMR

spectrum of the crude as well as column purified sample)
IR (neat) : v 1732, 1680, 1625, 1579 cm™

'H NMR : 6 1.26 (t, 6H, J = 7.0 Hz)* 1.90 (s, 3H), 2.49-2.95 (m, 3H), 4.06-4.28
(Z-isomer)
(m, 2H), 6.69 (s, 1H), 7.16-7.45 (m, 3H)

* The doublet of CHCHj is hidden in this triplet
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13C NMR : 6 14.14, 17.10, 29.01, 38.06, 38.84, 60.38, 128.06, 129.49, 130.63,
(Z-isomer)

134.19, 134.90, 143.75, 175.60, 200.90.
Analysis calcd. for C;gH3Cl,0; 1C, 58.37; H, 551

Found 1 C, 38.22: H,5.55

3-(2-Chlorophenyl)-3-hydroxy-2-methylenepropanenitrile (282d):

This molecule was obtained as a colorless viscous liquid via the reaction between 2-
chlorobenzaldehyde and acrylonitrile catalyzed by DABCO following a similar
procedure described for the molecule 282a. The crude product was purified by column

chromatography (5% EtOAc in hexanes, silica gel).

o Cl OH
Reaction time : 2 days N
Yield 1 70%
IR (neat) : v 3458, 2227, 1622 cm™
'H NMR £ $2.92 (d, 1H, J=4.0 Hz), 5.77 (d, 1H, J = 4.0 Hz), 6.07 (s, 2H), 7.27-
(400 MHz)

7.45 (m, 3H), 7.62-7.70 (m, 1H).
BC NMR 8 70.59, 116.71, 124.78, 127.62, 128.06, 129.83, 130.05, 131.31,

132.69, 136.60.

3-(2-Bromophenyl)-3-hydroxy-2-methylenepropanenitrile (282¢):
This compound was prepared via the Baylis-Hillman coupling between 2-bromoben-

zaldehyde and acrylonitrile under the influence of DABCO, following a similar
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procedure described for the molecule 282a, as a colorless viscous liquid. The crude

product was purified by column chromatography (5% EtOAc in hexanes, silica gel).

Reaction time : 2 days r OH
; CN
Yield  70% (5%(

IR (neat) ;v 3441, 2231, 1622 cm™

'H NMR : 8 3.83 (b, 1H), 5.64 (s, 1H), 6.00 (s, 1H), 6.01 (s, 1H), 7.12-7.27 (m,
1H), 7.31-7.48 (m, 1H), 7.50-7.65 (m, 2H).
BC NMR & 7248, 116.84, 122.71, 124.62, 128.17, 128.34, 130.27, 131.85,

132.99, 138.16.

Ethyl (4Z)-5-(2-chlorophenyl)-4-cyanopent-4-enoate (238):
This product was obtained as colorless liquid via the treatment of 3-(2-chlorophenyl)-3-
hydroxy-2-methylenepropanenitrile (282d) with triethyl orthoacetate in the presence of

propanoic acid (cat.) following similar reaction procedure described for 203.

O,Et
Yield :71% L i
CN
Reaction time : 3 h
Z:E :100 : O (determined by the absence of any isomeric peaks in 'H NMR

spectrum of the crude as well as pure sample).

IR (neat) 1 v 2214, 1736, 1626, 1591 cm’™
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'HNMR  :81.26 (t, 3H, J = 6.8 Hz), 2.56-2.87 (m, 4H), 4.17 (q, 2H, J = 6.8 Hz),
7.20-7.46 (m, 4H), 7.82-7.98 (m, 1H).
BCNMR 6 14.17, 31.08, 32.70, 60.82, 113.09, 117.51, 127.11, 129.20, 129.73,

130.99, 132.04, 134.00, 141.04, 171.38.

Ethyl (4Z)-5-(2-Bromophenyl)-4-cyanopent-4-enoate (239):

This molecule was prepared via the Johnson-Claisen rearrangement of 3-(2-
bromophenyl)-3-hydroxy-2-methylenepropanenitrile (182e) with triethyl orthoacetate
under the catalytic influence of propanoic acid, following similar reaction procedure

described for 203, as colorless liquid.

:
CO,Et
Yield . 88% |£>/\\(\’ : ]
CN

Reaction time : 3 h

ZiE :100 : 0 (determined by the absence of any isomeric peaks in "H NMR
spectrum of the crude as well as pure sample)

IR (neat) - v 2214, 1734, 1620, 1587 cm”

'HNMR : § 1.27 (t, 3H, J = 7.8 Hz), 2.58-2.90 (m, 4H), 4.17 (q, 2H, J = 6.8 Hz),
7.18-7.48 (m, 3H), 7.61 (d, 1H, J = 7.8 Hz), 7.85 (dd, 1H, J = 7.8, 2.0
Hz)..

"CNMR 8 14.06, 30.73, 32.50, 60.61, 113.08, 117.23, 123.92, 127.56, 129.31,

130.96, 132.78, 133.67, 143.28, 171.15.
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S-Bromo-2-nitrobenzaldehyde (195c¢):
This was prepared from the 3-bromobenzaldehyde following the literature procedure

with slight modifications®** following a similar procedure as described for the aldehyde

195b.
NO,
CHO
Reaction time : 30 min ©/
Yield 1 62% Br
Mp : 70-72 °C [literature : 74 °C]**?

IR (NEAT) :v 1697, 1599 cm™
'H NMR : 8 7.70-8.15 (m, 3H), 10.40 (s, 1H)

“C NMR 18 126.12, 129.45, 132.55, 136.51, 148.04, 186.77.

Methyl 3-(5-bromo-2-nitrophenyl)-3-hydroxy-2-methylenepropanoate (126z):

This molecule was obtained as a brown viscous liquid via the reaction between 5-
bromo-2-nitrobenzaldehyde and methyl acrylate catalyzed by DABCO following a
similar procedure described for the molecule 126a. The crude product was purified by

column chromatography (10% EtOAc in hexanes, silica gel).

NO, OH
Reaction time : 4 days OMe

Yield : 66% .

IR (neat) : v 3468, 1716, 1631 cm’™
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'HNMR  : 8 2.85 (b, 1H), 3.76 (s, 3H), 5.69 (s, 1H), 6.22 (s, 1H), 6.36 (s, 1H),
7.60 (dd, 1H, J = 7.8 Hz & 2.0 Hz), 7.85 (d, 1H, J = 7.8 Hz), 7.93 (d,
1H, J = 2.0 Hz).

BCNMR 5 52.28, 67.10, 126.12, 126.63, 128.57, 131.77, 132.09, 138.39,

140.65, 146.71, 166.24.

Ethyl 3-(1,2-dihydro-2-o0xo-3-quinolinyl)propanoate (257):

A solution of methyl 3-hydroxy-2-methylene-3-(2-nitrophenyl)propanoate (1260) (1
mmol, 0.237 g) in friethyl orthoacetate (1 mL) was heated at 145 °C in the presence of
catalytic amount of propanoic acid (2-3 drops) for 12 hours. Excess orthoacetate was
distilled off under reduced pressure. The residue, thus obtained, was diluted with acetic
acid (5 mL) and the resulting solution was heated at 110 °C for 1 hour in the presence
of Fe powder (electrolytic, 6 mmol, 0.335 g). Then the reaction mixture was cooled to
room temperature and diluted with ethyl acetate (10 mL). Reaction mixture was filtered
and precipitate was washed twice with ethyl acetate (10 mL). Filtrate and washings
were combined and dried over Na;SO4 (anhydrous). Solvent was evaporated and the
residue thus obtained was purified by column chromatography (30% EtOAc in

hexanes) to provide the 257 as colorless solid.

X COOE
Yield :69% (0.170 g) C(I\/
N“To

Mp : 128-130 °C
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IR (KBr) : v 3200-2800 (multiple bands), 1730, 1657, 1620 cm™

'H NMR - 8 1.23 (t, 3H, J = 6.8 Hz), 2.77 (t, 2H, J = 7.0 Hz), 3.01 (t, 2H, J= 7.0
Hz), 4.13 (q, 2H, J = 6.8 Hz), 7.14-7.56 (m, 4H), 7.69 (s, 1H), 11.81 (b,
1H)

BCNMR 3§ 14.22, 26:25, 32.90, 60.36, 115.81, 120.08, 122.41, 127.16, 129.64,
131.96, 137.69, 137.84, 164.23, 173.06.

MS (m/z) 1245 (M)

Analysis calcd. for Ci4HsNO; :C, 68.56; H, 6.16; N, 5.71

Found : C, 68.62; H, 6.20; N, 5.68

Ethyl 3-(1,2-dihydro-2-0xo0-3-quinolinyl)-2-methylpropanoate (258):

This molecule was obtained as colorless solid via the Johnson-Claisen rearrangement of
methyl 3-hydroxy-2-methylene-3-(2-nitrophenyl)propanoate (1260) with triethyl
orthopropanoate and subsequent reductive cyclization using Fe / AcOH following

similar procedure described for 257.

COOEt
m 5 =
Reaction time : 13 h @I\r
0 Me

Yield : 70% i

Mp : 126-128 °C

IR (KBr) : v 3180-2850 (multiple bands), 1732, 1653, 1610 cm™
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'H NMR : 8 1.16 (t, 3H, J = 6.8 Hz), 1.27 (d, 3H, J = 6.8 Hz), 2.74-3.20 (m, 3H),
4.08 (q, 2H, J = 6.8 Hz), 7.14-7.25 (m, 1H), 7.32-7.56 (m, 3H), 7.64 (s,
1H), 11.82 (b, 1H)

BC NMR : 14.15, 17.37, 34.81, 38.48, 60.19, 115.76, 120.03, 122.36, 127.11,
129.64, 131.09, 137.91, 138.37, 164.35, 176.19.

Analysis calcd. for CysH;7NO; : C, 69.48; H, 6.61; N, 5.40

Found : C, 69.63; H, 6.63; N, 5.41

Ethyl 3-(7-chloro-1,2-dihydro-2-0xo0-3-quinolinyl)propanoate (259):
This compound was obtained from methyl 3-(5-chloro-2-nitrophenyl)-3-hydroxy-2-
methylenepropanoate (126q) via the one-pot Johnson-Claisen rearrangement / reductive

cyclization strategy, following similar procedure described for 257 as a colorless solid.

Reaction time : 13 h CI\C[X\,COOB
o

Yield £ 62% N

Mp £ 152-154 °C

IR (KBr) - v 3190-2850 (multiple bands), 1728, 1655, 1614 cm’'

'H NMR + & 1.23 (t, 3H, J = 7.8 Hz), 2.76 (t, 2H, J = 8.0 Hz), 3.00 (t, 2H, J= 8.0

Hz), 4.13 (q, 2H, J = 7.8 Hz), 7.28-7.54 (m, 3H), 7.62 (s, 1H), 12.15 (b,

1H)
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BC NMR . & 14.32, 26.32, 32.83, 60.55, 117.19, 121.15, 126.48, 127.91, 130.00,

133.57,,136.31, 136,70, 164.03, 172.91.

Analysis calcd. for C4H4CINO; :C, 60.11; H, 5.04; N, 5.01
Found : C, 60.00; H, 5.00; N, 5.04

Ethyl 3-(7-chloro-1,2-dihydro-2-0x0-3-quinolinyl)-2-methylpropanoate (260):

This was obtained via the treatment of methyl 3-(5-chloro-2-nitrophenyl)-3-hydroxy-2-
methylenepropanoate (126q) with triethyl orthopropanoate in the presence of propanoic
acid (cat.) and subsequent treatment with Fe / AcOH, following similar procedure

described for 257, as colorless solid.

cl N COOEt
Reaction time : 13 h m
N“~o

Yield : 68%

Mp : 158-160 °C

IR (KBr) : v 3200-2850 (multiple bands), 1720, 1658, 1620 cm’*

'H NMR :8 1.17 (t, 3H, J= 6.8 Hz), 1.26 (d, 3H, J = 6.8 Hz), 2.72-3.18 (m, 3H),

4.09 (q, 2H, J = 6.8 Hz), 7.29-7.54 (m, 3H), 7.57 (s, 1H), 12.37 (b, 1H)
“C NMR : 6 14.22, 17.50, 34.74, 38.40, 60.33, 117.22, 120.93, 126.26, 127.67,
129.88, 132.47, 136.28, 137.25, 164.18, 176.02.
Analysis calcd. for CysH; sCINO; 1 C, 61.33; H. 549 N, 4.77

Found :C,61.50; H, 5.46; N, 4.76
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Ethyl 3-(7-bromo-1,2-dihydro-2-oxo-3-quinolinyl)propanoate (261):

This product was prepared via the Johnson-Claisen rearrangement of methyl 3-(5-
bromo-2-nitrophenyl)-3-hydroxy-2-methylenepropanoate (126z) with triethyl orthoace-
tate and subsequent treatment with Fe / AcOH, following similar procedure described

for 257, as colorless solid.

Br: x COOEt
Reaction time : 13 h m\/
H 0]

Yield 1 59%

Mp : 168-170 °C

IR (KBr) : v 3200-2850 (multiple bands), 1726, 1653, 1616 cm™

'H NMR : 6 1.24 (t, 3H, J = 7.8 Hz), 2.75 (t, 2H, J = 6.8 Hz), 3.00 (t, 2H, J = 6.8

Hz), 4.14 (q, 2H, J = 7.8 Hz), 7.23 (d, 1H, J = 6.8 Hz), 7.49-7.73 (m,
3H), 11.64 (b, 1H).

“C NMR : § 14.34, 26.30, 32.78, 60.58, 115.20, 117.36, 121.61, 129.61, 132.69,
133.52, 136.62, 163.89, 172.94.

Analysis caled. for C4H;4BrNOs  : C, 51.87; H, 4.35; N, 4.32

Found : C,51.94; H, 4.36; N, 4.35

Ethyl 3-(7-bromo-1,2-dihydro-2-oxo-2-methyl-3-quinolinyl)propanoate (262):
This molecule was obtained as colorless solid via the Johnson-Claisen rearrangement of

methyl  3-(5-bromo-2-nitrophenyl)-3-hydroxy-2-methylenepropanoate  (126z) with
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triethyl orthopropanoate and subsequent reductive cyclization using Fe / AcOH

following similar procedure described for 257.

i i c
Reaction time : 13 h Brm\r OOEt
N0 Me
H

Yield 1 62%

Mp : 128-130 °C

IR (KBr)  :v 3200-2700 (multiple bands), 1728, 1657, 1616 cm’

'H NMR : 8 1.17 (¢, 3H, J = 6.8 Hz), 1.27 (d, 3H, J = 6.8 Hz), 2.72-3.19 (m, 3H),

4.09 (q, 2H, J = 6.8 Hz), 7.27 (d, 1H, J = 8.8 Hz), 7.51-7.61 (m, 2H),
7.65 (d, 1H, J= 2.0 Hz), 12.23 (b, 1H)

“C NMR : 8 14.27, 17.54, 34.79, 38.50, 60.38, 115.13, 117.46, 121.53, 129.47,
132.64, 136.70, 137.23, 164.18, 176.04.

Analysis calcd. for CisHBrNO; :C,53.27; H,4.77; N, 4.14

Found :C, 53.08; H,4.72; N, 4.12

4,5-Dimethoxy-2-nitrobenzaldehyde (195d):

This was prepared according to the literature procedure with slight modification?,

To 3,4-dimethoxybenzaldehyde (30 mmol, 4.98 g), was added conc. HNO; (30 mL)
while the reaction mixture was stirring at room temperature. After heating the reaction
mixture at 40 °C for 30 min, it was poured into ice-cold water. The yellow precipitaté
thus formed was filtered. The precipitate was washed with aqueous NaHSO, solution

and filtered to remove any insoluble impurities. The filtrate was treated with aqueous
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KOH solution to generate the aldehyde as yellow solid. The crude solid on

crystallization from methanol at 0 °C provided the pure 195d as yellow crystalline solid

Meomcrio
MeO NO,

in3.16 g.

Reaction time : 30 min

Yield :49.92%

Mp : 125-127 °C [literature : 128 °CJ**

IR (NEAT) :v 1687, 1604 cm™

'H NMR : 8 4.03 (s, 3H), 4.04 (s, 3H), 7.42 (s, 1H), 7.62 (s, 1H), 10.45 (s, 1H).

“C NMR : 6 56.72, 107.22, 109.78, 125.53, 143.86, 150.42, 153.24, 187.60.

Methyl 3-(3,4-dimethoxyphenyl)-3-hydroxy-2-methylenepropanoate (263):

This compound was prepared DABCO-catalyzed Baylis-Hillman coupling of 3,4-
dimethoxy-2-nitrobenzaldehyde with methyl acrylate, following a similar procedure
described for the molecule 126a, as a brown viscous liquid. The crude product was

purified by column chromatography (10% EtOAc in hexanes, silica gel).

H
Reaction time : 14 days Meo:d\HOMa
MeO NO.

Yield : 65%

IR (neat) £ v 3504, 1726, 1625 cm’™!
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'HNMR  :63.72 (s, 3H), 3.90 (s, 3H), 3.92 (s, 3H), 4.02 (b, 1H), 5.50 (s, 1H),
6.22 (s, 1H), 6.26 (s, 1H), 7.21 (s, 1H), 7.56 (s, 1H).
BONMR 8 52.09, 56.23, 56.31, 67.42, 107.78, 109.89, 125.59, 131.48, 139.95,

141.52, 147.88, 153.29, 166.63.

Ethyl 3-(7,8-dimehtoxy-1,2-dihydro-2-0x0-3-quinolinyl)propanoate (264):

This molecule was prepared via the treatment of methyl 3-(3,4-dimethoxy-2-
nitrophenyl)-3-hydroxy-2-methylenepropanoate (263) with triethyl orthoacetate and
subsequent reductive cyclization using Fe / AcOH, following similar procedure

described for 257, as colorless solid.

. MeO. COOEt
Reaction time : 13 h :@\/“I\’
MeO N" Y0
H

Yield : 64%
Mp : 154-156 °C .

IR (KBr)  :v3200-2800 (multiple bands), 1736, 1662, 1620 cm™

'HNMR  :6 121 (t, 3H, J= 6.8 Hz), 2.76 (t, 2H, J = 6.8 Hz), 2.98 (t, 2H, J = 6.8

Hz), 3.92 (s, 3H), 3.99 (s, 3H), 4.11 (g, 2H, J = 6.8 Hz), 6.85 (s, 1H),
6.90 (s, 1H), 7.62 (s, IH), 12.14 (b, 1H),

BCNMR  :§ 14.12, 26.35, 32.95, 56.06, 60.21, 97.98, 107.54, 113.46, 128.64,
133.54, 137.40, 145.72, 151.90, 164.11, 173.03.

MS (m/z) : 306 (M+1)*
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Analysis caled. for CigH gNOs :C,62.94; H, 6.27; N, 4.59

Found :C,62.82; H, 6.32; N, 4.62

4-(5-Chloro-2-nitrophenyl)-4-hydroxy-3-methylenebutan-2-one (233c):
This molecule was obtained as a light yellow solid via the Baylis-Hillman coupling
between 5-chloro-2-nitrobenzaldehyde (195b) and methyl vinyl ketone under the

catalytic influence of DABCO following a similar procedure described for the molecule

233a,

Reaction time : 7 days NO, OH

Yield : 58% -

Mp . 68-70 °C cl

IR (KBr) - v 3360, 1666, 1602 cm’

'"H NMR + § 2.38 (s, 3H), 3.53 (b, 1H), 5.77 (s, 1H), 6.17 (s, 1H), 6.24 (s, 1H),
7.42 (dd, 1H, J = 8.8 Hz & 2.0 Hz), 7.79 (d, 1H, J = 2.0 Hz), 7.96 (d,
1H, J = 8.8 Hz).

BCNMR ;& 25.89, 66.88, 126.23, 126.57, 128.59, 129.09, 138.93, 140.21,

146.03, 148.74, 199.63.

Ethyl 3-(2-methyl-3-quinolinyl)propanoate (265):
This molecule was obtained as brown liquid via the Johnson-Claisen rearrangement of

4-hydroxy-3-methylene-4-(2-nitrophenyl)butan-2-one (233a) with triethyl orthoacetate
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and subsequent reductive cyclization using Fe / AcOH following similar reaction

procedure described for 257.

N COOE
Reaction time : 13 h @I\/
N~ Me

Yicld : 79%
IR (neat) : v 1734, 1620, 1602 cm’!
'H NMR + 8 1.23 (t, 3H, J = 6.8 Hz), 2.71 (t, 2H, J = 7.8 Hz)*, 2.75 (s, 3H), 3.12

(t, 2H, J = 7.8 Hz), 4.15 (q, 2H, J = 6.8 Hz), 7.41-7.52 (m, 1H), 7.58-
7.69 (m, 1H), 7.72 (d, 1H, J= 7.8 Hz), 7.87 (s, 1H), 8.00 (d, 1H, /= 8.8
Hz).

* One of the three peaks of this triplet is merged with singlet at § 2.75.

BC NMR : & 14.15, 23.05, 27.76, 33.87, 60.58, 125.78, 126.94, 127.19, 128.20,
128.76, 132.26, 134.51, 146.47, 158.16, 172.40.

MS (m/z) : 243 (M)

Analysis calcd. for C;sH;7NO; : C, 74.05; H, 7.04; N, 5.76

Found : C,73.74; H,7.09; N, 5.70

Ethyl 2-methyl-3-(2-methyl-3-quinolinyl)propanoate (266):

The Johnson-Claisen rearrangement of 4-hydroxy-3-methylene-4-(2-nitrophenyl)-
butan;2-one (233a) with triethyl orthopropanoate and subsequent treatment with Fe /
AcOH, following similar procedure described for 257, provided molecule 266 as brown

liquid.
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Reaction time : 13 h

" COOEt
Yield : 83% Py 1
IR (neat) :v 1732, 1622, 1601 ¢m’™
'H NMR +8 1.13 (1, 3H, J = 6.8 Hz), 1.25 (d, 3H, J = 6.8 Hz), 2.66-2.95 (m, SH),

3.13-3.31 (m, 1H), 4.07 (q, 2H, J = 6.8 Hz), 7.40-7.52 (m, 1H), 7.57-
7.68 (m, 1H), 7.71 (d, 1H, J = 7.8 Hz), 7.84 (s, 1H), 7.99 (d, 1H, J= 7.8
Hz).

"CNMR @ § 14.00, 17.16, 23.17, 36.59, 39.69, 60.33, 125.66, 126.90, 128.20,
128.69, 131.26, 135.55, 146.57, 158.26, 175.51.

MS (m/z) 258 (M+1)"

Analysis calcd. for C;¢H;oNO; :C, 74.68; H, 7.44, N; 5.44

Found : C, 74.88; H, 7.50, N; 5.40

Ethyl 3-(7-chloro-2-methyl-3-quinolinyl)propanoate (267):

This compound was prepared via the treatment of 4-(5-chloro-2-nitrophen-yl)-4-
hydroxy-3-methylenebutan-2-one (233¢) with triethyl orthoacetate followed by
reductive cyclization using Fe / AcOH, following similar procedure described for 257,

as brown liquid.

CI\©\/\I\,COOEI
o
N" "CH

Reaction time : 13 h :

Yield 1 73%
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IR (neat) 1 v 1732, 1595, 1601 cm'™

'H NMR : & 1.25 (t, 3H, J = 6.8 Hz), 2.65-2.83 (m, SH), 3.12 (t, 2H, J = 7.8 Hz),
4.16 (q, 2H, J = 6.8 Hz), 7.57 (dd, 1H, J = 8.8 Hz and 2.0 Hz), 7.71 (d,
1H, J = 2.0 Hz), 7.78 (s, 1H), 7.92 (d, 1H, J = 8.8 Hz).

YCNMR  :814.15,23.10, 27.68, 33.67, 60.65, 125.61, 127.74, 129.56, 129.93,
131.33, 133.32, 133.42, 144.85, 158.60, 172.23.

MS (m/z)  :278 (M+1)", 279 (M+2)*, 281 (M+4)*

Analysis caled. for CysH;sCINO, :C,64.87, H, 5.81; N, 5.04

Found :C,64.59; H, 5.82; N, 5.12

Ethyl 2-methyl-3-(7-chloro-2-methyl-3-quinolinyl)propanoate (268):

This molecule was obtained as brown liquid via the Johnson-Claisen rearrangement of
4-(5-chloro-2-nitrophenyl)-4-hydroxy-3-methylenebutan-2-one (233¢) with triethyl
orthopropanoate and subsequent reductive cyclization using Fe / AcOH following

similar procedure described for 257.

Reaction time : 13 h cl - COOEt

IR (neat) : v 1730, 1651, 1601 cm’
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'H NMR : 8 1.13 (t, 3H, J = 6.8 Hz), 1.25 (d, 3H, J = 6.8 Hz), 2.70-2.93 (m, SH),
3.11-3.28 (m, 1H), 4.06 (q, 2H, J = 6.8 Hz), 7.54 (dd, 1H,J=8.6 Hz &
2.0 Hz) 7.68 (d, 1H, J = 2.0 Hz), 7.73 (s, 1H), 7.90 (d, 1H, J = 8.6 Hz).

BC NMR » 6 14.07, 17.30, 23.20, 36.56, 39.62, 60.48, 125.59, 127.62, 129.59,
129.90, 131.31, 132.43, 134.58, 144.89, 158.74, 175.41.

MS (m/z) £ 292 (M+1)", 293 (M+2)", 295 (M+4)"

Analysis calcd. for C;HisCINO; : C, 65.86; H, 6.22, 4.80

Found : C, 65.60; H, 6.26, 4.75
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APPENDIX
(X-RAY CRYSTALLOGRAPHIC DATA)

I'able I: Atomic coordinates (x 10") and equivalent isotropic displacement parameters (A

x 10%) for molecule 130d. U(eq) is defined as one third of the trace of the orthogonalized

U, tensor.

% y Z U(eq)
O(1) 2956(2) 6585(3) 136(2) 76(1)
0(2) 3769(2) 6188(2) 1233(2) 74(1)
0(3) 2466(2) 6179(3) -1083(2) 92(1)
0O(4) 4701(2) 4713(3) 1445(2) 103(1)
C(l) 2998(2) 6713(4) -675(3) 63(1)
C(2) 3680(2) 7437(3) -982(2) 49(1)
C(3) 3599(2) 7753(4) -1764(2) 54(1)
C(4) 4154(2) 8455(3) -2247(2) 49(1)
C(5) 3821(2) 9196(4) -2894(2) 62(1)
C(6) 4305(3) 9906(4) -3354(2) 74(1)
C(7) 5136(3) 9920(4) -3222(3) 68(1)
C(8) 5479(2) 9157(4) -2602(2) 63(1)
C(9) 5006(2) 8435(4) -2124(2) 53(1)
C(10) 4381(2) 7746(4) -394(2) 50(1)

C(11) 4569(3) 5810(4) 1280(3) 67(1)



C(12)
C(13)
C(14)
C(15)
C(16)
c(17)
C(18)
C(19)
C(20)
C(21)
C(22)
C(23)
C(24)
C(25)
C(26)
C(27)
C(28)
C(29)
C(30)
C@3l)
C(32)
C(33)
C(34)
C(35)

5176(2)
5960(2)
6667(2)
6803(2)
7485(3)
8068(3)
7929(3)
7252(2)
4846(2)
4108(2)
3461(2)
2927(2)
2354(2)
1902(3)
2016(2)
2580(2)
3038(2)
3679(2)
5674(4)
6183(4)
5808(4)
8826(3)
8710(4)
9516(4)
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6824(4)
6475(4)
7315(4)
8370(4)
9116(5)
8866(5)
7812(5)
7036(4)
8159(3)
8146(3)
7232(3)
8065(3)
7709(4)
8655(5)
9923(5)
10285(4)
9337(3)
9465(3)
10732(5)
10034(6)
11996(6)
9707(6)
10919(8)
9238(10)

1174(2)
1160(2)
1095(2)
1594(2)
1552(3)
1014(3)
524(3)
561(2)
1055(2)
429(2)
743(2)
1210(2)
1741(2)
2080(3)
1888(3)
1354(2)
1015(2)
412(2)
-3728(3)
-4228(4)
-3438(4)
986(4)
673(6)
1324(7)

55(1)
64(1)
59(1)
70(1)
77(1)
74(1)
81(1)
72(1)
49(1)
45(1)
51(1)
45(1)
65(1)
79(1)
74(1)
59(1)
48(1)
49(1)
124(2)
159(3)
148(3)
122(2)
242(6)
320(8)
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Table 11: Atomic coordinates (x 10%) and equivalent isotropic displacement parameters (A®

x 10%) for molecule 134. U(eq) is defined as one third of the trace of the orthogonalized Uj;

tensor.

X y z U(eq)
o(1) 5408(3) 8204(2) 869(1) 58(1)
0Q) 4435(2) 7791(2) 1792(1) 52(1)
03) 4096(3) 8701(2) 171 76(1)
0(4) 3133(3) 7438(2) 2591(1) 73(1)
() 4172(4) 7952(3) 2399(2) 50(1)
c) 5170(3) 8733(2) 2782(2) 44(1)
C3) 5136(4) 8607(3) 3401(2) 51(1)
Cl4) 5993(4) 9127(3) 3920(2) 55(1)
C(s) 5958(6) 8608(3) 4499(2) 83(1)
C(6) 6803(8) 8999(4) 5015(2) 122(2)
) 7704(7) 9919(5) 4961(2) 122(2)
C(8) 7721(6) 10475(4) 4403(2) 104(2)
Cc(9) 6881(5) 10097(3) 3884(2) 70(1)
C(10) 6171(4) 9525(3) 2448(1) 47(1)
c(11) 4384(4) 8899(3) 563(2) 58(1)
C(12) 3733(4) 9843(3) 923(2) 51(1)



2536(4)
1536(4)
391(5)

~703(6)
-639(6)
473(5)

1514(4)
4433(4)
5893(4)
7228(4)
8686(5)
8512(4)
9786(5)
9651(6)
8290(6)
7014(4)
7113(4)
5732(4)
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10334(3)
11220(3)
11533(4)
12316(4)
12802(4)
12500(3)
11716(3)
10137(3)
9516(2)
10026(3)
9348(4)
8099(3)
7413(5)
6287(5)
5779(4)
6441(3)
7594(3)
8296(3)

628(2)

820(2)

385(2)

527(3)

1109(3)
1538(2)
1404(2)
1555(2)
1737(1)
1419(2)
1539(2)
1633(2)
1725(2)
1849(2)
1872(2)
1774(2)
1659(2)
1526(2)

58(1)
57(1)
88(1)
97(2)

100(2)

79(1)
65(1)
55(1)
48(1)
64(1)
78(1)
64(1)
88(1)
99(2)
84(1)
63(1)
52(1)
49(1)
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Table 111: Atomic coordinates (x 10*) and equivalent isotropic displacement parameters

(A* x 10%) for molecule 192. U(eq) is defined as one third of the trace of the orthogonalized

Uj tensor.

X y z U(eq)
C(1) 7227(2) 10038(2) 8334(2) 46(1)
C(2) 7110(3) 10081(2) 7158(2) 47(1)
C(3) 7582(3) 10897(2) 6619(2) 51(1)
C(4) 8160(3) 11725(2) 7253(2) 52(1)
C(5) 8304(3) 11695(2) 8397(2) 50(1)
C(6) 7886(3) 10848(2) 8954(2) 46(1)
C(7) 8197(3) 10840(2) 10180(2) 52(1)
C(8) 8419(3) 9993(2) 10802(2) 51(1)
C(9) 8315(3) 8959(2) 10250(3) 53(1)
C(10) 6517(3) 9262(2) 8911(2) 49(1)
C(11) 5108(3) 9161(3) 8479(3) 64(1)
C(12) 4508(3) 8194(3) 8781(4) 86(1)
C(13) 7204(5) 8399(3) 6443(4) 96(1)
C(14) 6426(4) 11171(3) 4802(3) 84(1)
C(15) 9235(4) 13328(3) 7231(3) 76(1)

C(16) 8740(3) 10125(3) 12041(3) 63(1)
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C(17) 9111(4) 9275(3) 13798(3) 89(1)
0(1) 6502(2) 9311(2) 6500(2) 64(1)
0(2) 7568(2) 10883(2) 5475(2) 71(1)
0(3) 8562(2) 12500(2) 6636(2) 69(1)
0(4) 8893(4) 10929(2) 12520(2) 115(1)
0(5) 8829(2) 9226(2) 12582(2) 68(1)
N(I) 6969(2) 8770(2) 9797(2) 53(1)

Table IV: Atomic coordinates (x 10%) and equivalent isotropic displacement parameters

(A’ x 10°) for molecule 194. U(eq) is defined as one third of the trace of the orthogonalized

U, tensor.

X y z U(eq)
N(1) 9735(1) 1776(1) 6726(1) 39(1)
o) 7537(2) 1294(1) 291(1) 61(1)
0(2) 9237(2) 2419(1) 772(1) 63(1)
0(3) 6353(2) -448(1) 6832(1) 65(1)
0(4) 8586(2) -125(1) 8309(1) 56(1)
c(1) 8980(2) 1846(1) 4266(1) 38(1)
C(2) 9435(2) 2320(1) 3213(1) 47(1)

C(3) 8904(2) 2072(1) 1937(1) 46(1)



C(4) 7899(2)
C(5) 7413(2)
C(6) 8006(2)
C(7) 7483(2)
C(8) 8361(2)
C(9) 10007(2)
C(10) 9322(2)
C(11) 9071(2)
C(12) 9309(3)
C(13) 8126(3)
C(14) 7643(2)
C(15) 7953(3)
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1396(1)
926(1)
1136(1)
605(1)
479(1)
899(1)
2183(1)
3093(1)
3433(1)
2019(1)

-78(1)

-643(1)

1648(1)
2624(1)
3966(1)
4983(1)
6194(1)
6577(1)
5653(1)
5763(2)
7152(2)
-265(2)
7115(1)
9271(2)

45(1)
42(1)
37(1)
39(1)
38(1)
41(1)
37(1)
46(1)
63(1)
62(1)
42(1)
74(1)

Table V: Atomic coordinates (x 10*) and equivalent isotropic displacement parameters (A?

x 10%) for molecule 263. U(eq) is defined as one third of the trace of the orthogonalized U;

tensor.

X y z U(eq)
O(1) 5569(18) 10690(14) 5762(9) 60(3)
0(2) 2134(17) 12464(14) 5965(9) 55(3)
0(3) 3645(15) 16341(11) 10553(10) 61(3)



12285(18)
9771(17)
3242(16)
3814(18)
2602(19)
3250(20)
5110(20)
6290(20)
5744(17)
6830(20)
6302(14)
4290(20)
7530(30)
200(20)
7479(19)
9476(17)
10740(20)
10820(30)
9440(30)
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12939(17)
14850(12)
15029(12)
13964(14)
13839(14)
12716(19)
11678(17)
11834(17)
12982(13)
13228(18)
14278(11)
15282(18)
9690(20)

13160(20)
14518(16)
13510(13)
13743(18)
15030(20)
16420(20)

11386(12)
12102(9)
9081(11)
8310(10)
7580(11)
6738(12)
6647(14)
7392(10)
8227(11)
8981(13)
9769(10)
9750(14)
5654(16)
6144(14)
10593(10)
10492(11)
11362(12)
12975(16)
13695(18)

79(4)
56(3)
43(3)
32(3)
38(3)
48(4)
54(4)
41(4)
31(3)
50(4)
24(3)
56(4)
78(6)
55(4)
37(3)
29(3)
44(4)
77(6)
93(7)
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