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ABSTRACT

In recent years the Baylis-Hillman reaction has become a powerful synthetic tool for
construction of C-C bond providing multifunctional molecules in one-pot atom economical
process. These multifunctional molecules are usually referred to as the Baylis-Hillman
adducts and have been extensively used in various organic transformation methodologies
and also in synthesis of several biologically active molecules and natural products. Our
research group has been working on various aspects of this fascinating reaction for the last
several years with a view to develop Baylis-Hillman adducts as a valuable source for

stereoselective processes and also for one-pot multistep synthesis.

This thesis deals with applications of Baylis-Hillman adducts in synthesis of heterocyclic

compounds and consists of three chapters (1). Introduction (2). Objectives, Results &

Discussion. (3). Experimental section. The first chapter, i.e., Introduction presents the

recent and relevant literature on the Baylis-Hillman reaction and also on applications of the

Baylis-Hillman adducts.

The second chapter presents the objectives, and discussion of the experimental results. The

thesis has the following objectives.

1) To develop a facile one-pot methodology for transformation of the Baylis-Hillman
adducts into unsymmetrical disubstituted maleimide and maleic anhydride

frameworks.
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2) To develop a facile one-pot procedure for obtaining benzofuran-2-one frameworks
from the Baylis-Hillman adducts i.e., 2-hydroxy-2-aryl-2-(5,5-dimethylcyclohex-2-
en-1-on-2-yl)ethanoates and 2-hydroxy-2-phenyl-2-cyclohex-2-en-1-on-2-yl)-
ethanoate

3) To develop the Baylis-Hillman bromides as versatile synthons, for a facile one-pot

synthesis of indolizine and benzofused indolizine frameworks.

Synthesis of disubstituted maleimdes

Development of efficient and convenient methodologies for synthesis of 3,4-disubstituted
maleimide and maleic anhydride derivatives has been and continues to be an attractive and
challenging endeavor in organic and medicinal chemistry because of the presence of these
frameworks in a number of bio-active natural products, and also because several of their
derivatives have been known to exhibit various biological activities such as cytotoxicity,
angiogenesis, [some of these derivatives are known to be inhibitors of CaMKIIo
(calmodulin-dependant protien kinase)], cell death and vascular endothelial proliferation.
Medicinal importance of both maleimide and maleic anhydride frameworks has fascinated
us. We have, therefore, developed one-pot procedure for synthesis of disubstituted
maleimdes (3-benzyl-4-aryl-1H-pyrrole-2,5-diones) (10la-i) via the treatment of 3-
ethoxycarbonyl-3-hydroxy-3-aryl-2-methylenepropanenitrile ~ (Baylis-Hillman adducts),

(100a-1) with benzene in the presence of methanesulfonic acid (eq. 36 & Table 2).



The desired Baylis-Hillman adducts (100a-i) were obtained via the reaction of a-keto-

esters with acrylonitrile in the presence of catalytic amount of DABCO (eq.35 & Table 1).

Synthesis of disubstituted maleic anhydrides

We have also developed simple methodology for transformation of the Baylis-Hillman
adducts i.e., (3-ethoxycarbonyl-3-hydroxy-3-aryl-2-methylenepropanoate) (102a-c) into
disubstituted maleic anhydrides (3-benzyl-4-arylmaleic anhydrides) (103a-c) via the
treatment with benzene in the presence of methanesulfoinc acid (Table 3)

The desired Baylis-Hillman alcohols (3-ethoxycarbonyl-3-hydroxy-3-aryl-2-methylene-
propanoates) (102a-c) were prepared via the coupling of a-keto-esters with methyl acrylate

under the influence of DABCO (eq. 38).

Development of simple methodology for benzofuranone derivatives

With a view to expand the scope of Baylis-Hillman adducts, we have also developed
simple protocol for the transformation of the Baylis-Hillman adducts i.e., [2-hydroxy-2-
aryl-2-(5,5-dimethylcyclohex-2-en-1-on-2-yl)ethanoate (112a-g) & 2-hydroxy-2-phenyl-2-
cyclohex-2-en-1-on-2-yl)ethanoate] (114), into corresponding benzofuranone derivatives
i.e., 6, 6-dimethyl-3-aryl-6H-benzofuran-2-one derivatives (113a-g) & 3-phenyl-3H-
benzofuran-2-one (115) via the treatment with methanesulfonic acid (eq. 41 & Table 8 and

eq 44).
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The required Baylis-Hillman adducts (112a-g & 114), were prepared via the coupling of a-
keto-esters with 5, 5 dimethylcyclohex-2-en-1-one and cyclohex-2-enone respectively (eq.

42 & eq. 43).

Synthesis of indolizine and benzofused indolizine derivatives

Indolizine framework has been and continues to be an interesting and structurally
challenging nitrogen heterocyclic moiety because of the presence of this skeleton in a
number of bioactive natural products. The biological and medicinal relevance of the
indolizine derivatives has created a need for the development of efficient synthetic
strategies for obtaining such derivatives. We have therefore developed a simple protocol
for transformation of the Baylis-Hillman bromides i.e., (2-bromomethyl-3-arylprop-2-
enenitriles) (126a-j) into indolizine derivatives [1-aza-8-cyano-7-arylbicyclo-(4.3.0)nona-
2,4,6,8-tetraenes] (127a-]) via the reaction with pyridine (eq. 51 & Table 11). The required
Baylis-Hillman bromides (126a-j) were prepared from the corresponding Baylis-Hillman
alcohols (125a-j), which in turn were obtained via the coupling of acrylonitrile with
various aldehydes (Scheme 77 & Table 10).

We have also developed simple methodology for synthesis of benzofused-indolizine i.e.
[pyrrolo(1,2-a)quinoline] derivatives [1-aza-12-cyano-11-aryltricyclo(8.3.-0.0%")trideca-2, -
4, 6,8,10,12-hexaenes] (128a-d 130) via the treatment of Baylis-Hillman bromides (126a-

d, 126f) with quinoline (eq. 52 & Table 12).
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A simple methodology for synthesis of benzofused-indolizine i.e. [pyrrolo(1,2-a)
isoquinoline] derivatives [l-aza-12-cyano-1 l-aryltricyclo(8.3.0.04’9)trideca-2,4,6,8,10,12-
hexaenes] (129a-d, 131) was also developed via the reaction of Baylis-Hillman bromides

(126a-d, 126g) with isoquinoline (Table 13).

The third chapter deals with the detailed experimental procedures, IR, "H NMR, *C NMR,
Mass spectral data, microanalyses (CHN analysis), physical constants [melting points

(Mp), and boiling points (Bp)].
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INTRODUCTION

The concept of selectivity plays a key role in every walk of life and in every aspect of
science, particularly more in the field of organic chemistry. Construction of carbon-carbon
bonds'™" occupies unique place in organic chemistry because of its fundamental
importance in assembling carbon framework. The present day challenges in organic
chemistry create a need to develop methodologies for selective construction of carbon-
carbon bonds at a particular place when there are more than one competing site for
formation of carbon-carbon bonds. Let us consider o, B-unsaturated carbonyl (or
containing other electron withdrawing groups such as ester or nitrile or nitro groups)
compounds it is very easy to construct a C-C bond at B-position of these molecules via the
well known Michael reaction (Fig. 1).'° But it was not that easy during the earlier times
(few years before) to construct a C-C bond at a—position of o, B-unsaturated carbonyl
compounds (activated alkenes). Also in recent years the concept of atom-economy and
organo-catalysis have become increasingly important for developing any new organic
reactions.

Figure 1

Not well known site for C-C bond forming reactions
(before popularization of the Baylis-Hillman reaction

\ EWG
o
1
/ :
Well known site for C-C bond forming reactions
(Michael reaction)




Baylis-Hillman reaction:

Recently the Baylis-Hillman reaction, a novel carbon-carbon bond forming reaction
focusing on the concepts of (1) construction of carbon bonds at a—position of an activated
alkenes (a, P-unsaturated carbonyl or other compounds), (2) atom-economy, and (3)
organo-catalysis has been developed and in fact has also become one of the most popular
and powerful synthetic tools in organic chemistry. Originating from a German patent” this
reaction is essentially three component carbon-carbon bond forming reaction involving the
coupling of the o—position of an activated alkene with carbon electrophile under the
influence of catalyst or a catalytic system producing a variety of densely functionalized
molecules with complete atom economy (eq. 1 & Fig. 2).>” If the catalyst is organic
compound like tertiary amines or phosphines this can be referred to as the organo-catalysis

reaction.

Atom-economy reaction:

XH

EWG X Catalyst / Catalytic system R EWG
W + R eq. 1

R R

activated alkene €lectrophile

complete atom economy product
with three functional groups

EWG = CHO, COR, CN, COOR, PO(OEt),, SOPh, SO,Ph, SO4Ph,
R = aryl, alkyl, heteroaryl, aralkyl

R!=H, COOR, Alkyl

X =0, NTs, NSO,Ph, NCOOR

Catalyst / Catalytic system: 3°amines, Lewis acids, phosphines, chalcogenides, etc.
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MECHANISM:

Based on the available evidence and literature, the most generally accepted mechanism®'2

of the tert-amine catalyzed Baylis-Hillman reaction is described in the Scheme 1
considering the coupling of methyl vinyl ketone (as an activated olefin) with benzaldehyde
(as an electrophile) under the catalytic influence of DABCO (1), as a model reaction. This
mechanism is believed to proceed through the Michael, aldol addition-elimination
sequence. In the first step DABCO (1) might add on to activated olefin (methyl vinyl
ketone) in 1,4 addition (Michael addition) thus generating in situ a zwitterionic enolate,
which would then add onto the electrophlie (benzaldehyde) in aldol fashion to produce
zwitterion. Subsequent, proton migration followed by the release of catalyst would lead to
the formation of densely functionalized molecules which are commonly known as the
Baylis-Hillman adducts (Scheme 1, path I). In the case of reactive alkyl vinyl ketones
(activated olefin) such as methyl vinyl ketone, Michael type dimers are formed as
biproducts because these activated alkenes themselves act as electrophiles (Scheme 1;

path-II)
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There has been a phenomenal growth of the Baylis-Hillman reaction during the last 20-25
years with respective to all the three essential components, i.e., activated alkene,
electrophile and catalyst as evidenced by plethora of research publications, five major
reviews and several mini reviews.”” Due to the presence of many (minimum of three)
functional groups in proximity, the Baylis-Hillman adducts have been employed in various

organic transformations and also used as substrates in several organic reactions.”” Due to



the large number of publications vast literature is now available on various aspects of this
attractive reaction. It is therefore not possible to present each and every detail in this
section. However, every attempt is made to present the recent and important developments,
with respect to the all the essential components and also with respect to the applications of

the Baylis-Hillman adducts in this section.

ACTIVATED ALKENES
Several acyclic and cyclic activated alkenes have been successfully used for coupling with
various electrophiles under the influence of various catalysts / catalytic systems to provide

a variety of densely functionalized molecules.

Acyclic alkenes: Earlier work

A number of acyclic activated alkenes such as alkyl vinyl ketones,"”"* alkyl (aryl)

12,16,17 14,18 21,22

acrylates, acrylonitrile,'*"® vinyl sulphones," acrylamides,*® allenic esters,”'** vinyl
phosphonates,” vinyl sulphonates,* and acrolien®> ** have been effectively employed in
the Baylis-Hillman coupling with a number of electrophiles to provide the desired densely
functionalized molecules (Scheme 2). However, the activated alkenes having f3-
substituents such as crotononitrile’”*crotonic acid esters,”® and less reactive alkenes like
phenyl vinyl sulfoxide® do not participate in the Baylis-Hillman reaction with aldehydes.

However they were brought into the scope of the reaction under high pressure conditions

(Scheme 2).
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Recent Developments:

3

Ph Y

Hu’® and Connon®' independently employed less reactive activated alkene acrylamide for

coupling with different types of aromatic aldehydes using DABCO as a catalyst in the

presence of protic solvent system. One representative example is presented in Scheme 3.



Scheme 3

NO, OH O NO, o DABCO(1) (100%) NO, OH O

CHO Phenol (0.5 mmol) NH,
+ ] NH2 | 0 /'BuOH (7:3)

55°C, 0.75d, 91%

DABCO (1) (100%)

dioxane / H,O (1:1)
rt, 24 h, 85%

2

Shi and co-workers®” have developed an interesting DABCO (1) catalyzed Baylis-Hillman
reaction of salicyl-N-tosylimines (as electrophiles) with ethyl 2,3-butadienoate, ethylbut-2-
ynoate and penta-3,4-dien-2-one (as activated alkenes and alkynes) at room temperature to
provide the corresponding chromene derivatives in good to excellent yields. Representative
examples are presented in Scheme 4.

Scheme 4

COOEt DABCO (1) (10 mol%), CH,Cl, rt, 156 h, 15%
o
MS4 A DABCO (1) (30 mol%), CH5CN, 80°C, 6 h, 38%

COOEt
NHTs

m NHTs
ﬂ COOEt
COMe

| LY
|
©\)I DABCO (1) (10 mol%) @CH DABCO (1) (10 mol%), 0

o MS, 4A° CH,Cly, 1, MS 4A°
1h,87% CH,Cly, 1t, 1 h, 87%

_0:\
(@)
©)
<
D

For the first time Namboothiri and co-workers®™® have elegantly and systematically

studied the applications of conjugated nitroalkenes as activated alkenes in the Baylis-

4

Hillman coupling with formaldehyde (formalin),”® methyl vinyl ketone,* ethyl



glyoxylate,” and diisopropyl azodicarboxylate®® under the influence of imidazole (2) at

room temperature. Representative examples are presented in Scheme 5.

Scheme 5
Meo\©iojicozlzt
7 NO,
Ar = 4-OMe-Ph
CHCls, rt 0
2.75h, 73% )J\
o H CO,Et
(e} le) OMe
OMe | ‘ Ao, PIg HO OH
MeO. + H H - _
Z o LiCl (0.5 M), THF Imidazole (2) Anthranilic acid (10 mol%) NO,
NOz 1t 56 h, 60% (100 mol%) THF, rt, 24 h, 60 %
Ar = 3-OMe-4-OH Ph

Ar = 3,4-(OMe), Ph

THF, N, rt .CO,PF
0.75 h, 83 % N
N
Ar=Ph Pr'o,C”
CI:OZPri

HN\N/COZPri

@Noz

Nemoto and co-workers’ have described an interesting reaction of methyl 3-

trimethylsilylpropiolate with various aldehydes under the influence of DABCO leading to

the formation of novel f-acylated Baylis-Hillman products involving simultaneous

formation of two C-C bonds. Representative examples are presented in eq.2.

R
COOMe
DABCO (1) OTMS
I + RCHO | o
Benzene, eq. 2
™S reflux and/or
0.5-1 h, 43-83% R

Ratio : 37-100/ 63-0

R = C6H5, 2'M€C6H4, 3-MeC6H4, 4'MeC6H4,
2'0M9C6H4, 3'OMeC6H4, 4'OME‘C6H4, 4'C|C6H4,
1-naphthyl, 2-naphthyl, 2-Br, 4,5-(OMe),-CgH,



Cyclic activated alkenes: Earlier work

Various cyclic activated alkenes (cyclopent-2-enone, cyclohex-2-enone and their
derivatives)”® have been successfully used for coupling with number of aldehydes in the
presence of variety of tert-amine catalysts, such as, DABCO (1),”® imidazole (2),>***
DBU (3)," DMAP (4),** to provide multifunctional derivatives. Representative
examples are presented in Scheme 6.

Scheme 6

OH
n=0,R=R;=h

S
o | &g DMAP (4) (20 mol%) OH o
OMe OH O R RS 0
DBU (3) (100 mol%) RS |ES aq. THF, rt, 18 h, 63%
et r e ey
£ @
Ry = H; R = 2-MeOPh O2N
n=1
OH O o)
Imidazole (2) (100 mol%)
O ‘ ag. NaHCOs3 DMAP (4) (10 mol%) OH
O,N r, 48 h,51%,n=1 aq. THF, rt, 15 h, 82%
n=1; R=R;=H

Ry = Me; R = 4-NO,Ph

Recent Developments:

Franck and Figadere have used 8-butyrolactone as activated alkene for Baylis-Hillman
coupling with octanal leading to an interesting one-pot synthesis of racemic acaterin (5) (a

natural product). This reaction also provides some undesired minor products (eq. 3).
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octanal, DABCO o
o | . - O | . OW
1, 4 dioxane/H,0 (1:1) — eq. 3
+
,17 h . 11%
acaterin (5) OH
41% O
o |
3%
OH

Our research group® has, for the first time, systematically studied the applications of 1-
benzopyran-4(4H)-one, as activated olefine for coupling with various aromatic aldehydes

in the presence of methanolic trimethylamine (6) (eq. 4).

O O OH
R' CHO R
| | eq. 4
9 MesN in MeOH o)
t, 2-5 days R!= pyrid-2-yl, pyrid-3-yl, pyrid-4-yl, fur-2-yl,

-870,
60-87% thiophen-2-yl, 2-(NO,)Ph, 4-(NO,)Ph

Lesch and Brase *® successfully developed a facile synthesis of tetrahydroxanthenones via
the Baylis-Hillman reaction of salicylaldehydes with cyclohex-2-enones in the presence of
DABCO under sonication, following the reaction sequence as shown in the Scheme 7.

Scheme 7

0 OH OH

K,0S0,, K,CO3
b DABCO, H,0, rt @\A\/é NaBH, / MeOH @\/jé NMO (1.1 eq) @Ek/b
son|f|cat|on 48 h o rt,4h, 77% acetone / HyO (5:1)

83% 1, 72 h, 51%
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ELECTROPHILES
Earlier work

In addition to the aldehydes, other electrophiles such as a-keto esters,‘w'49 fluoroketones,™

51-54 55-58

aldimine derivatives,” ~activated alkenes, non-enolizable 1,2- diketones®® and

isoxazole-5-carboxaldehydes® have also been effectively used in this reaction. However,
simple ketones such as acetone & 2-butanone *° being less reactive, do not participate in
coupling with activated alkenes under normal conditions and require high pressure

conditions for coupling with activated alkenes (Scheme 8). Recently, various isatin

derivatives,éo’61 ﬂuoroimines,62 azodic::lrboxylates63 % fluorinated aldehydes & ketones,65 /66

35,61

N-trityl-aziridine-2-(S)-carboxaldehyde,®” acenapthoquinone,”® and ninhydrin, have

been comfortably employed as electrophiles in the Baylis-Hillman reaction. Selected
examples are presented in Schemes 8 and 9.

Scheme 8

EWG = COOR, COR, CN,
SO,Ph, SO4Ph, etc.

EWG \H/\/ EWG
0

B

o 0
o) ) Rl OH
OH EWG EWG R = COOR; R = alkyl EWG
i ©

R' & R? = polyfluorinated groups

NZ

' NHZ
WCHO EWG G-
\(W W + DABCO Ar” CH Ar=aryl Ar)\H/EWG
N-O =
1_

EWG = COMe, CN, COOR EWG = CN,COR, Z=Ts, COOR, SO,Ph
R* =aryl CHO, SO2Ph etc.

o COOR!

l
Me RJ\COOR1 EWG
HO
= Me, Et R = alkyl

5 Kbar R = COORlv aryl, alkyl
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Scheme 9
EWG = COOEt, CHO, COMe
EWG = COMe, CN,
OH o]
COOR, SO,Ph Q -

W)k Fsc)\ﬂ/ %O o T

H N

R
M o o]

nz

)J\ DABCO DABCO

DABCO F3C H EWG = CN, COOEt

O o]
FSCYCFg
O ~ N
Rl/ 3
EWG N COOR
- | R'HN
MesN in MeOH DABCO

EWG = CN R! = PhCO, t-BuOCO
R*ooC._ .
Irlu o HN/COOR
Rlooc” N
R ~CooR*
DABCO
EWG = COOR, CN OH DABCO . | 1
FaC EWG EWG = COR, COOR R™=Et, Pr, Bu

R = Ph, thiophen-2-yl  EWG = COOEt, CN

Recent Developments

The Baylis-Hillman bromides and chlorides have been for the first time employed, by our
research group, as eletrophiles in the Baylis—Hillman coupling with various activated
alkenes under the influence of DABCO to provide the corresponding substituted
functionalized 1, 4-pentadienes (Schemes 10 and 11).° " We have also noticed that simple
allyl halides do not participate in the Baylis-Hillman reaction with activated alkenes under

.. 69
these conditions.
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Scheme 10
Ar CN CN O Ar
MeozcﬁCN “/ H o EWG “/ /U\H/HTCN
DABCO, X =Br Ar>_<—x DABCO, X =Cl
37-67% rt, 7 days rt, 7 days 36-42%
EWG = COMe EWG = COMe
Ar = CgHs, 4-ClCgHy, 4-MeCgHy, 4-EtCeHy, Ar = CgHs, 4-CICgH,, 4-MeCgH,

4-Pr CgHy, 2-CICgH,, 2-MeCgH,

Scheme 11

Roc CO,R
R = Me, Et \H/\”/ R = Me, Et, Bu

Rloc._ 1 77-84%
m DABCO

rt, 15 min Q
NC (0]

_ baBCO.m4n DBU, 1t, 1 h, 80%
R = Me, Et, Bu 81-85% R ="Bu

R?00C._ | DABCO
] rt, 7 days

78-85%

RZOOC\H/\”/COOR
R2 = Me, Et R= Me, Et, Bu

Saidi and co-workers’' employed in situ generated iminium salts (7) (obtained via the

treatment of the aldehydes with Et,NSiMes) as electrophiles in the Baylis—Hillman

reaction with methyl acrylate in the presence of DBU. The corresponding Baylis-Hillman

adducts, thus obtained, further react with excess (trimethylsilyl)dialkylamines to give the

diamines (Scheme 12).
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Scheme 12
o ® NEt, O NEt, O
yH LiClOg4 wom Et,NSiMes WOMe
B0, t @A DBU (10 mol%) LICIO,, Etz0 NEt
+ 0.5h , 90%
Et,NSiMe; 7 LiClOy4, Et,0

rn,5h

Miller and co-workers’” reported an efficient quinuclidine (8) catalyzed coupling of allenic
esters with o,B-unsaturated carbonyl compounds as electrophiles to provide the

corresponding Baylis-Hillman adducts. Representative examples are presented in Scheme

13.
Scheme 13
(o] (o]
Moa
o ]
(@]

toluene, rt
20 h, 78%
O
ﬁ toluene, rt ‘T toluene rt M

24 h, 70% 24 h, 87%

toluene, rt

24 h, 98% &/ JK/

@WW

Shi and co-workers have successfully used N-arylidene-diphenylphosphinamides as
electrophiles for coupling with various activated alkenes under the influence of DABCO

and phosphines as catalysts. Representative examples are presented in Scheme 14.”
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Scheme 14

OMe

OaN 63%

Methyl acrylate | ar = 4-(NO,)Ph
PhyPMe (10 mol%) | rt, 4 h, CH,Cl,

]
PhyP-. Acrylonitrile 5

~

2!
MVK, PhgP (10 mol%) 0 DABCO(10 mol%) NH
Me Ar—CH=N-PPh, Ph)\frCN

NH O

rt, 4 h, DMF, 60% DMF, rt, 24 h, 80%

O,N =
2 Ar = 4-(NO,)Ph Ar=Ph

Trifluoromethylprop-2-enamide (9) was employed as electrophile in the Baylis-Hillman
reaction with activated olefines under the influence of DABCO in ionic liquids by

Kitazume and co-workers (eq. 5) I

o O CF; O ji
fc A\)LN)L o (EWG DABCO EWG\H)\/LN o  eqs
[ ionic liquid e
© _—\ r, 4 h, 23-46% —
ionic liquid = [emim][OTf], [bmim][BF 4], [bmim][PFg] dr =50:50 to 55:45

EWG = CO,Me, CN, COMe

AMINE CATALYZED BAYLIS-HILLMAN REACTIONS:

Although the DABCO (1) was found to be catalyst of choice'® variety of tertiary amines,
such as, imidazole (2),>***"> DBU (3),"' DMAP (4),"*** methanolic-Me;N (6),"%%7°
quinuclidine (8),>"" indolizine (10),” HMT (11),”*” 3-hydroxyquinuclidine (12),”* 3-
acetoxyquinuclidine (13),”*® 3-chloroquinuclidine (14),” 3-quinuclidinone (15),” NMM

(16),” TMPDA (17),* TMEDA (18),*> TMG (19),*** Et;N (20),”” aqueous-Me;N (21),*
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(Figure 3) and several polymer supported DMAP derivatives, such as, PAP [polymer-
bound 4-(N-benzyl-N-methylamino)pyridine] (22),*® DMAP-MSN [meso-porous silica
nano-sphere] (23),%" and ionic liquid (quinuclidine derivative) (24)88 (Figure 4) have been
successfully employed as catalysts in various Baylis-Hillman reactions. Representative

examples are presented in Schemel5.

Figure 3
SN
N
SO O
-N () Me3N
[N\? H \N | N/ (met%anolic) (6) [N
DABCO (1) Imidazole (2) DBU (3) DMAP (4) QD (8)
N
s (( \\ OH @O
N7 N A LT o me A
Indolizine (10 i - 15
ndolizine (10) LélrJIo'\t/lr%al(rﬁ) 3-HQD (12) 13) (14) (15)
N NN N MegN
[Nj ’|\l ’Tj /N\/\’\{ /N N\/ EtsN (20) (aque03us) (21)
Ve TMPDA (17) TMEDA (18) TMG (19)
NMM (16)
Figure 4
—(CHCH)R(CH CHY(CH,CHIT— S\ “@\

I
TN
+4 )
O
T
(@)
&
\k
o
&
jé
@ zT
/\/\/2\

| lonic liquid (23) Sl

E

PAP (22)

DMAP-MSN (24)
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Scheme 15

OH O

Mo
0,N 99 %

50°C, 24 h
THF-H,0 (3:1)
DMAP-MSN (24) (30 mol%)
MVK OH O

MVK
N lonic liquid (23)
| N OCHj,4 (30 mol%) )]\ PAP (22) (1eq)

7 methyl acrylate R H DMF, 3 days, 82%

MeOH, rt, 0.5 h, 96 % R =CH,CgHs
R = 2-pyridyl

R =4-NO, CgH,

OH O

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

In addition to the above mentioned amine catalysts a number of non-amine catalysts /

89-91

catalytic systems, such as trialkyl phosphines, triaryl phosphines,”” and metal

complexes like RhH(PPhs)s,””** RuH,(PPhs)s,’*”> have been found to promote the
coupling of various activated alkenes (acyclic and cyclic) with different types of aldehydes
to provide the corresponding adducts. Also combination of Lewis acid with base such as
R,S-TiCly,*** TiCL-R4NX (X = halide),”""*'*" TiCl4-RsN,'” or Lewis acids such as
TiCl4,103'105 R,X-BF; (X = O, S),IO(”107 and EtzAlIIO&109 were also found to promote the
Baylis-Hillman reaction. Representative recent and relevant examples are presented in
Schemes 16-22.

TiCly promoted Baylis-Hillman coupling of a-keto esters and trifluoromethyl phenyl

ketone with alkyl vinyl ketones to provide the desired Baylis-Hillman adducts has been
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reported by our research group.'® Similar reaction with aldehydes provided the (2)-allyl
chlorides. Representative examples are presented in the Schemel6.

Scheme 16

o O

OH O

M+ g |z=coort EtOOC

R 2 R R'
50-85%

TiCl,, CH,Cl,, 1 h, t

R = Ph, 4-BrPh, 4-MeOPh,
4-MePh, naphth-1-yl
R'=Me R =Ph R' = Me, Et
35% Z=CF;

OH O
FsC
Ph

Kataoka and co-workers’”®!'" developed an interesting class of chalcogenide promoted

R = Ph, 2-MePh, 4-MePh, 4-EtPh,
4-CIPh, naphth-1-yl, Pr, Hept

Baylis—Hillman reaction of various aldehydes with alkyl vinyl ketones in the presence of
titanium tetrachloride. Representative examples are presented in Scheme 17.
Scheme 17

oH O

O2N I
0
rt,1h 68%
R = p-NO,CgHy
)l ﬁj o 0
R™ H In R

Me,S O.leq)f— =

. rt, Lhor , in.
TiCl (1 eq.) reflux, 10 min -

n=0,1
CH,Cl, 13-68%

OH O
WMG
O,N r, 1h

63% R = p-NO»CgHa

R = Ph, P-C|C6H4, p-MeCgHa,
P-NO,CgH,4, PhCH,CH,
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Goodman and co-workers''' have subsequently used tetrahydrothiophene BF3.OEt, as a
catalytic system for the Baylis—Hillman reaction between aldehydes (electrophiles) and

activated ketones (MVK and cyclohex-2-enone). Representative examples are described in

Scheme 18.
Scheme 18
OH O
OH ©O @ HLME
Q* "
O,N R,S, BF3.0Et, R,S, BF3.0Et, O2N

0 °C, CH,Cly, 30 min. 0°C, CH,Cly, 30 min. 50%

: S: 2) Et3N

1, 3, 5-Triaza-7-phosphaadamantine (PTA) (25) has been successfully used as a catalyst

11%

for the Baylis-Hillman coupling of various aldehydes with different types of activated
olefines by He and co-workers.''? Representative examples are described in Scheme 19.

Scheme 19

O

o}
OH O ﬁMe CHO HJ\OEt ™
Me |—, OEt
PTA (15 mol%) PTA (20 mol%)
O,N N

THF, rt,1h  O2N N no-solvent, rt, 5h ©O2
82% { \ 91%

P

LN/
PTA (25)

Carretero and co-workers'"” reported ferrocene diethylphosphine (26) as an air stable
catalyst for the Baylis-Hillman reaction between various aldehydes and acrylates to afford

the corresponding adducts in high yields. One representative example is presented in eq. 6.
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<~ PEy
Fe
o N OH O
ENj/CHO HJ\OBn (26) 15 mol% | X OBn eq.6
+ ¥
_ | THF, 1t, 1.5 h 62%

Recently an interesting N-heterocyclic carbene (NHC 27) catalyzed Baylis-Hillman
reaction of cyclic enones with a variety of N-tosylimines, has been reported by He and co-
workers to provide the corresponding adducts in high yields.''* Representative examples

are presented in eq.7.

0 O  NHTs —\
N/TS NHC (10 mol%) AN N<4
+ Ar TS
Ar toluene, rt, 15-36 h Ar = (-P1),CeH3 eq.7
75-99% (NHC) (27)

Ar = C6H5, 4-MeC6H4, 4-MEOC6H4’
4'C|C6H4' 4-FC6H4' 4-N02C6H4' 2-Fury|,
3-MeOCgH, 3-CICqH, 2-MeOCgH,

The aza-phosphine 28 has been found to be an excellent catalyst by Verkade and co-
workers'"” for the Baylis-Hillman coupling between various acyclic/cyclic activated
alkenes and different types of aldehydes to provide corresponding Baylis-Hillman adducts
at a faster reaction rates and also in high yields. Some representative examples are

presented in Scheme 20.

Scheme 20
0
s OH O
OH CN CHO u / .
oN “/ \N/P'\'IN/ 10 min
L . k_ N] ] R_R
O,N 10 min NJ R = H, 94%, O2N R
= 0,
88% NG, (28) (5 mol%) R =Me, 91%
TiCly / CHoCly / 1t




Cheng and co-workers''® have developed methoxide ion in methanol to be a useful reagent
to promote the Baylis-Hillman reactions of cyclic enones [such as cyclopent-2-enones,
cyclohex-2-enones, y- pyrone, and 1- benzopyran-4(4H)-ones]| with various electrophiles.
Representative examples are presented in Scheme 21.

Scheme 21

Q
o
Lo
N

H o

1, 3 h, 94% /@
Me
o)
" ] 0 T
o | (;E%:O o HO__xO
HO, L o o) " o
o ,2h, 77% H rt, 3 h, 84% N
N MeONa (50 mol%) H
H MeOH

Back and co-workers''” have successfully used (p-toluenesulfonyl)-1,3-butadiene (29) as

activated alkene for coupling with aldimine derivatives in the presence of 3-
hydroxyquinuclidine (HQD) (12) as catalyst to provide the corresponding Baylis-Hillman
adducts which were subsequently transformed into tetrahydropyridine derivatives.

Representative examples are presented in the Scheme 22.

Scheme 22
s Ly SO2Ph R
o, Nl’SOZF’h HQD (12) (25 mol%) Ts 1) KoCOs, DMF/ H,0 (10/1) PSWZ\@/TS
| RNy DMF.m46h,  31-86% | o
(29) E / Z ratio : 50-75% / 25-50% I R =Ph=91%
R = 4-Cl CgH,= 88%
R = CgHs, 4-CICgH4, 3-CICgH,, 2-CICgH,, [Nﬂj/OH R = 4l Cofla 88%
4-OMeCgH,, 4-NO,CgHy, 4-CO,MeCgH,, 64
4-CNCgHj, 2- Napthyl, 1,3,5-(Me)3CeH, (HQD) (12)

INTRAMOLECULAR BAYLIS-HILLMAN REACTIONS
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Although the Baylis-Hillman reaction has seen an exponential growth during the last
several years the corresponding intra-molecular version did not grow in that proportion.””
However in recent years this aspect has received more attention by the synthetic chemists
and considerable progress has been achieved. Some important recent developments are
given in the following schemes.

Koo et al.''® have reported an efficient intramolecular Baylis-Hillman reaction of enal-
aldehyde system using triphenylphosphine as a catalyst. Representative examples are

shown in Scheme 23.

Scheme 23
OH O o HO ] H
@)LH PPhs(1eq) Ox (H PPh, (1 eq)
'BUOH, 80°C, 29 h 'BUOH, 30°C, 12 h
73% n=2 " n=1 98%

Kraft and Wright'' have described an interesting trialkylphosphine mediated
intramolecular Baylis-Hillman reaction of enone-epoxide (30) framework to provide the

corresponding carbocyclic derivatives. One representative example is shown in eq. 8.

o O
OH
R™ NF MesP (1 eq)/ t-BuOH R eq. 8
'e) rt, 18h,

(30)

R =Me, 76%, R = Ph, 70%
Very recently, Methot and Roush'*® reported a facile synthesis of tricylic framework (31)
via an interesting intramolecular Baylis-Hillman reaction of enone-ene-synthesis (32) in

aqueous medium as described in eq.9.
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MesP (2 equiv)

THF/H,0(3:1)
rt, 8 h, 74%

(1)

(32) . .
single diastereomer

(8)-2-Pipecolinic acid (33) promoted asymmetric intramolecular Baylis-Hillman reaction
of enone-aldehyde (34) frameworks in the presence of N-methylimidazole to provide the
resulting adduct in good enantioselectivity was reported by Miller and co-workers.'*' One

representive example is presented in eq. 10.

I\I/Ie
o)
o o) g_z + O OH

N~ COH
H

| R
©)1\O (10mol%)  (33) (20 mol%) eq. 10

THF / H,0, 25°C, 48 h, 51%. 80% ee
(34)

Enone-aldehyde (35) frameworks has been also successfully used as substrate for
intramolecular Baylis-Hillman reaction under the influence of Et,All by Oshima and co-
workers.'”> One example is given in eq.11.

') O OH

Et,All
Ph)J\/\/\/CHO > Ph)k@ eq. 11

CH,Cl,, 0°C, 1 h, 80%
(35)

RATE ACCELARATION OF BAYLIS-HILLMAN REACTION
Most of the Baylis-Hillman reactions are slow reactions and require few days to few weeks
for completion depending upon the reactivity of the three essential components. Several

synthetic chemists addressed this problem and several attempts were made to surmount
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this problem with different strategies such as use of excess catalyst,” concept of hydrogen

bonding (having a hydroxy group either in the catalyst or in the substrate),**'**"* aqueous

26 3-9,12,127

medium,’ microwave irradiation,20 reactive activated alkens, reactive

257,128 . . .
27128 and considerable success has been achieved in

electrophiles,”” and high pressures
these directions. In addition to the above efforts, recently organic chemists have employed
some interesting strategies for rate acceleration in the Baylis—Hillman reaction.'” "' Some
of the important and interesting developments are discussed in this section.

129

Our research group = has observed remarkable rate acceleration using silica gel as a solid

phase medium in the Baylis—Hillman reaction. One example is presented in Scheme 24.

Scheme 24
OH O CHO OH O
©)\H)L08ut DABCO (10 mol9e) \)Ok DABCO (10 mol%) m/“\OBut
without ~ silicagel * "ot [silica gel (>200 mesh)
28d, 93% 36 h, 81%

Recently, Aggarwal and co-workers'?® reported that polar solvents such as water and
formamide accelerate the Baylis—Hillman reaction. They found that the presence of 5

equivalents of formamide gave better results (Scheme 25).

Scheme 25
o] o}
OH O t OH
| | OBu Wosu‘
10 min, rt, 10% CHO 14 h, rt, 96%
(o} 3-HQD (1 eq),

o Yb(OTf)3 (5 mol%) oN OH
H O HoNCHO (5 eq.), [ cN

" “ 24 h, 1t, 63% 4 h, rt, 95%
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Connon and co-workers®' found that catalytic amount of bis-aryl (thio)ureas (36)
accelerate the DABCO-promoted Baylis—Hillman reaction between aromatic aldehydes

and methyl acrylate in the absence of solvent. One representative example is given in eq.

12.

COOMe OH

¢} CHO H/ DABCO, rt, neat 0 COOMe
@/ eq. 12

\_!

1, QL
F3C/©\NXN CFs time vyield

U with (X = O) (20 mol%) 2h 88%
(36) without catalyst 2h  21%
X=0,8

ASYMMETRIC BAYLIS-HILLMAN REACTION

In the case of prochiral electrophile the resulting Baylis-Hillman adduct contain a chiral
center and hence there exists a possibility of developing its asymmetric version. The
asymmetric version in principle can be achieved by having chirality either in activated
alkene, electrophile, and catalysts or in the reaction medium (solvent or additives).
Synthetic chemists have examined all these possibilities and achieved reasonable success

in all these angles.

CHIRAL ACTIVATED ALKENES

The chiral activated alkenes mostly acrylates or acrylamides derived from various chiral
auxiliaries have been used for the Baylis-Hillman coupling with various electrophilesf"5
Representative chiral activated alkenes which provided reasonable selectivities are listed in

Fig 5 and the selected applications are presented in Schemes 26-27 and eq 13-15."3*"
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Figure 5
(37) SOzN(C HEX)Z (39)
/
N0
O ") "M a1

Menthyl acrylate was the first chiral activated alkene used for diastereoselective coupling

132 Although the resulting products

reaction with aldehydes as early as 1986 by Brown.
were obtained in low diastereoselectivities this strategy has become a guiding reaction for
developing better chiral activated alkenes. Subsequently Gilbert and co-workers'>* found a
remarkable increase in the diasteroselectivity in the coupling of (-)-menthyl acrylate (37)
with benzaldehyde in the presence of DABCO at high pressure (7.5 Kbar) thus providing
the required product with 100% de, while the same reaction at atmospheric pressure

provides the desired adduct in 22% de only (Scheme 26).

Scheme 26
o __DABCO _ 100% de
75 Kbar
O | + PhcHO ——
37 | DABCO _
— o % )Ykph 22% de

Our research group'®* has used chiral acrylates (38) as activated alkene for Baylis-

Hillaman coupling with various aldehydes to provide the resulting adducts in low to

moderate selectivity. One example is presented in eq. 13.
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0] O OH
DABCO
* "CH»CH
OH + CHgCHaCHO  — = OJ\”)\ 2CHs o 1g
SO,N(c-Hex), 10 days SO,N(c-Hex),

Later on Drewes and co-workers '*° employed (-)-8-phenylmenthyl acrylate (39) as a chiral
activated alkene for Baylis-Hillman coupling with various aldehydes. The resulting
adducts were obtained in moderate to good diastereoselectivities. One representative

example is presented in the following eq.14

Ph
0 0 O OH
DABCO p
O)H + H)H > o eq. 14
| rt, 14 d, 81%

39 65% de

Ph

In the year 1997 Leahy and co-workers'>®"*” have reported an interesting and high
diastereoselective Baylis-Hillman coupling reaction using the enantiopure acrylamide (40),
derived from camphorsulphonic acid, as activated alkene. They have also demonstrated the
application of this methodology to the synthesis of (-)-tulipalin B (42), a biologically
important natural product (Scheme 27).

Scheme 27

o}

o) o
0] RCHO, DABCO
! o R = AcCOCH CSA, PhH
/NJJ\/ CH,Cl,, 0°C )O\)k//( R AT MeOOCJL(\OAC (0] e

=0 33-98% R” “07 TR MeOH EllN oH 25% “OH “OAc
4 75% nali
>99% ee -)-tulipalin B A 0
(40) (-)-tulip (-) 75%
‘ R = Et (42)
— !
R =Me, Et, Pr, Pr\, PhCH,CHj, MeOH, CSA
AcOCH,, Bu' 85%
OH

\/HTCOOMe

*)
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Yang and Chen'*® have used optically pure acryloylhydrazide (41) for the Baylis-Hillman
coupling with various aldehydes (elctrophiles) 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 presented in eq. 15.

Me Me Me Me
| Me,CHCH,CHO
N DABCO, 1t N ‘ + N eq.15
o) N o solvent o N O OH o N o on

Ph Ph Ph

a1 DMSO, 2days : 97:3
THF/H,0, 3 days : 1:99

CHIRAL ELECTROPHILES

Various chiral electrophiles particularly aldehydes have been used for coupling with
various activated alkenes to provide the resulting adduct in moderate to excellent
diastereoselectivity. Representative chiral electrophiles (43-47)"**'* are listed in Fig. 6
and some relevant examples are presented in the Scheme 28 and eqs 16-19.

Figure 6

@) PhO// “\\:O
OBn Q—( L
z H I N

R S

0™ o Ph
o Q
' H
J\QN (46) % o

o) “Allyl (47) O
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Drewes and co-workers'” have used the (S)-3-benzyloxybuteraldehyde (43) as chiral
electrophile for coupling with methyl acrylate under the influence of DABCO and the

resulting major product was transformed into an useful tetrahydrofuran derivative

(Scheme 28).
Scheme 28.
o 0 OBn OH OBn OH
Bn - : _
SN +
* J 75.5:24.5
OH
WCH,l

Me™ "0 ‘coome

Racemic and non-recemic orthosubstituted benzaldehyde tricarbonyl chromium complexes
(44) have been used as electrophiles in the DABCO catalyzed Baylis-Hillman reaction
with methyl acrylate and acrylonitrile with high diastereoselectivity, by Kunding and co-

workers.'* Representative examples are presented in the eq.16

o EWG
EWG
n H H eq. 16

44 OMe
Cr(CO)3 EWG = COOMe, CN Cr(CO)3

R = OMe, CI > 95% de
Enantiopure 1-alkenyl(alkynyl)-4-oxoazetidine-2-carbaldehydes (45)'*' were employed by
Alcaide and co-workers, as chiral electrophiles in the Baylis-Hillman reaction with methyl
vinyl ketone (MVK), thus providing the resulting Baylis-Hillman adducts with very high

stereoselectivity (eq. 17). They have also successfully employed optically pure 3-oxo-2-
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azetidinones (46) for coupling with activated alkenes under the influence of DABCO to

provide the resulting Baylis-Hillman adducts in high diastereoselectivities (eq. 18).'**

0 PhO, =0 5 Q
. HO.
. L DABCO (100 mol%) ppo, ‘&
| o~ TyR > eq. 17

HsCN, -20 °
45 CH5C 0°C IN

60-80% o OR
R = vinyl, ethynyl
de = 92-97%

n=1,2,3

\/O COCH; DABCO (50 mol%)

o r
] + CH4CN, -20°C, 2 h
NQ 69%
o Allyl

dr =100:0

Bauer and Tarasiuk reported the Baylis—Hillman coupling of enantiopure aldehyde, i.e,

(—)-8-phenylmenthylglyoxylate (47) with cyclic o,B-unsaturated ketones (cyclohex-2-
enone and cyclopent-2-enone) under the catalytic influence of dimethyl sulfide in the
presence of titanium tetrachloride to give the desired Baylis-Hillman adducts in high

diastereo selectivities (eq 19).'4

Ph n
Ph ° o
Me,S (0.2 eq)
o H . S —— (O O eq.19
0 TiCls (1.0 eq) HO
47 (e} CH2C|2, 0°c >95% de
76%
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CHIRAL CATALYSTS & ADDITIVES / CATALYTIC SOURCES

The real challenge in achieving asymmetric version of the Baylis-Hillman reaction lies in
the design of appropriate chiral catalysts and chiral additives (catalytic source), for
performing the coupling reaction. Several chemists have directed their efforts in this
direction and developed a number of chiral catalysts and chiral additives, to perform the
asymmetric Baylis-Hillman reaction in high enantioselectivities. Some of the important
and recent catalysts (48-57) 144153 which gave respectable selectivities are listed in Fig. 7
and some relevant applications are presented in Scheme 29 and equations 20-28. '3

Figure 7

PPh,
PPh,

(48)

O X &
NN

H H
OO " cFs

(49)

OH

o

OH
AN AN PPh,
> 90

(50)

N
e
OO o(Hss) (54)

(with EtP)

(51)

(with DABCO)

(52)
CF3
OO /@ S CF3 . — HO_o
> N N~
0% ke NJLN% HN O on
« H H — La(OTf) (57)
55 N CF a(oTf)3
(with BusP) (55) (56) H 'S 3

Soai and co-workers'** have employed (S)-BINAP (48) as a chiral catalyst for coupling of
pyrimidine-5-carboxaldehydes with acrylates to provide the resulting adducts upto 44%

enantioselectivities (eq.20)
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. OH O
N /TCHO HJ\ORZ 48 (20 mol%) N OR?
l)\ > . | )I\ D eq. 20
RV N 2.4 64 CHCl; 20°C R N
R = H. Me B 62-329 h 9-44% ee
R? = Me, Et, P 8-26%

Hatakeyama and co-workers'*® developed an elegant catalyst (49) for the asymmetric
Baylis-Hillman reaction and subsequently this strategy has been applied for synthesis of
important biologically active molecules epopromycin B and 2-epi-epopromycin B
following the reaction sequence as described in Scheme 29.

Scheme 29

H
CcHO 49 (Leq.) OH O jizs Fmoc“ﬁ/
0
m DMF, -55°C, 48h WO CF; o~ "o
|
Fmoc O CF3 NH
P{ Fmoc 6]
| 0" CFy 6:1 NH
|
13eq. // \\ Fmoc
HO, \ HO,
)\/\/\)OL )ﬁ(H P i N P
N\)Y Nw
N - z N Y R
H 7 z N
H o 3 (o) H o 7 =0

epopromycin B /< 2-epi-epopromycin B

Shi and Chen'*® have reported an interesting asymmetric Baylis—Hillman reaction of N-
sulfonated imines with methyl vinyl ketone wusing (R)-2'-diphenylphosphinyl-
[1,1']binaphthalenyl-2-ol as a chiral phosphine catalyst (50) providing the corresponding
Baylis—Hillman adducts in high enantioselectivities. Representative examples are

presented in the following eq.21.
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TsHN
o) N 0o
)’\J‘\TS Hk 50 (10 mol%) /W)L
+ Me 5 R'g Me
R H | THF, =30 °C eq. 21
R = aryl MS 4A° 24-36 h 82-96%
79-92% ee

Schaus and co-workers'*” developed a highly enantioselective asymmetric Baylis-Hillman
reaction of cyclohexenone with different aldehydes using the chiral catalyst (51). One
representative example is presented in the following eq.22.

OH

o) 0 o)
H o+ 51 (10 mol%)
EtsP eq. 22

THF, -10°C 88% 90% ee

A new bifunctional binapthyl derived amine thiourea (52) was employed as organocatalyst
by Wang and co-workers'* to promote the enantioselective Baylis-Hillman reaction of
cyclohex-2-enone with a variety of aldehydes to provide the resulting adducts in good

yields with high enantioselectivities (eq. 23).

0 O OH
@ j\ Catalyst (52) (10 mol%) @AR
¥ H” R CHyeN, 0°C 48-108 h eq. 23
55-84% 60-94%ee

R = alkyl and aryl aldehydes

Sasai and co-workers'” developed, an efficient and novel BINOL based bifunctional
organocatalyst (53) containing 3-aminopyridine unit for high enantioselective Baylis-
Hillman reaction of various N-tosylimines with MVK, EVK, and acrolien. Representative

examples are presented in eq. 24.
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Catalyst (53) (10 mol%)

NTs toluene : CPME (1:9
R+ L 1) Rl)J\”/kRz
2 0
| H™ R -15°C, 88-96% eq. 24

12h-168 h 88-95%ee

RL = Me, Et, H, Ph CPME = Cyclo pentyl methylether
R? = Ph, p-CIPh, m-CIPh, p-BrPh, P-MeOPh, 2-furyl, 2-napthyl, p-NO,Ph,

Aggarwal and co-workers'*® reported an interesting asymmetric version of the Baylis-
Hillman reaction between cyclic activated alkenes and in situ generated iminium ions as
electrophiles in the presence of chiral sulfide (54) to produce the corresponding adducts in

high enantioselectivities according to the reaction sequence presented in eq 25.

m @) m O
é_& Catalyst (54) (1.5eq) H
N OMe + N eq. 25
PG jn TMSOTf (2.5eq) PG fn :
CH,Cl,, -60 °C
PG = Cbz, Boc 5h S-configaration only
mn=12 49 - 90%; 80 - 98% ee

Yamada and Ikaegami'®' reported an interesting asymmetric Baylis-Hillman reaction
between hydrocinnamaldehyde and cyclopent-2-en-1-one using calcium salt of binaphthol

(55) as a catalyst (eq.26).

@) 55 (16 mol%) O OH
BusP (10 mol%)
_~_-CHO - Ph eq. 26
é * Ph THF, 1t, 7 h )
(1.5eq) 62%
56% ee

Nagasawa and co-workers'”> have reported a new chiral bis-thiourea organo-catalyst (56)
for faster Baylis-Hillman reaction between 2-cyclohex-2-enone and various aldehydes in
the presence of DMAP to provide the resulting adducts in high enantiomeric purities

equation (27).



35

(@]
o catalyst (56) (0.4 eq) oH O
H DMAP (0.4 eq)
N R eq. 27
no-solvent A
n -5°C, 72 h,

n = 1= 55%, 86%ee
n=2=72%, 90%ee

Chen and co-workers'> reported an interesting asymmetric Baylis-Hillman reaction of
various acrylates with several aldehydes using catalytic amount of camphor-derived ligand
(57) in the presence of DABCO to provide the resulting adducts in moderate to high

enantioselectivities. Representative examples are presented in eq.28.

0 0 H O

1% -
1RJ\H . ’)J\ORZ catalyst (57) (3 mol%) g or? oq. 28
| DABCO (30 mol%) :
CH3CN 1/3h-10h
25-97%

10

6-95% ee
(S- configaration)

Rl= CH3s, CH3CHpy, (CH3)>CH, CgHs, 4-MeOCgHs, 4-NO,CgHs, Ph(CH2),CH»

R? = CHg, 'Bu, Ph, Bn, 2-Naphthyl

APPLICATIONS OF THE BAYLIS-HILLMAN ADDUCTS

The 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 proximity which in fact make them valuable substrates
for various organic transformation methodologies. The Baylis-Hillman adducts have been
also elegantly employed as valuable synthons in the synthesis of various tri substituted

olefins, several important heterocycles, carbocycles, natural products and biologically
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active molecules*. Some of the important and recent developments in the application of

these adducts are presented in this section.'>""*

Our research group'™* has developed first enantioselective synthesis of mikanecic acid (58)
(terpene dicarboxylic acid containing vinylic quaternary chiral center) from the Baylis—
Hillman adduct derived from the chiral acrylate (38) following the reaction sequence as

shown in Scheme 30.

Scheme 30
O OH COOR*
CH3;CHO MsClI *
OJJ\/ — 3 % *ROOC CH. ———> ROOC\[(\ %Q/
DABCO 3 EfN -
*ROOC
SO,N(c-hex),
(38) KOH
CHZOH
R*OH = COOH
/U (58)
OH HOOC
SO,N(c-hex), mikanecic acid 74% ee

(after crystallization 92% ee)

The Baylis—Hillman alcohol (59) (derived from phenyl vinyl sulphone as activated alkene
and acetaldehyde as electrophile) has been transformed into racemic frontalin (60), an
interesting biologically active molecule by Weichert and Hoffmann according to Scheme

31.155
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Scheme 31
OH 0 HOY PhO,S
CrO5, H,SO
Me/‘\ﬂ/ SOZPh 3 2 4 - Me)J\H/ SOzph |
acetone/water THF, 7 h (e
o]
(59) -78 °C HO

PhO,S
ﬁ\ _Na-Hg P PhO,Sa: Ij\

78%
(t)-frontalln (60)

Drewes and co-workers'® have synthesized intergerrinecic acid (61) from the acetate of the
Baylis-Hillman alcohol, derived from acetaldehyde and ethyl acrylate, following the

reaction sequence as described in Scheme 32.

Scheme 32
Me
= COOEt i) KOH, HCI COOCH
OCOCH;3 Me  OSiMe; _ i) NaCN - Me
COOEt HaC Me 7 770 HC
HsC > Ve 1) Conc. HaS0; o~ COOH
o (61) Me

()-integerrinecic acid

A simple one-pot and convenient methodology for the synthesis of (£)-a-methylcinnamic
acids via the nucleophilic addition of hydride ion from NaBHj4 to the acetates of the
Baylis—Hillman adducts, followed by hydrolysis and crystallization was reported by our
research group (Scheme 33). This methodology was further extended to the synthesis of

(E)-p-(myristyloxy)-o-methylcinnamic acid (62), a hypolipidemic active agent (useful
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precursor for another active hypolipidemic agent LK-903) (63) and [E]-p-(carbomethoxy)-

o-methylcinnamic acid (64), a valuable synthon for an orally active serine protease

inhibitor (65) (Figure 8).'*°

Scheme 33
NaBH
OAc B o:| H COOMe
A coomMe -EBUOH _ 1 % [
r 15 min, rt | A Me

93-98% (E)

Ar= Ph, 4-CIPh, 4-(i-Pr)Ph, 4-MePh, 2,4-(CI),Ph,
naphth-1-yl, 4-(tetradecyloxy)Ph

Figure 8

KOH/ MeOH H: fCOOH
2h, 1t - A
crystallization Me
70-75% (overall) 100% (E)

H

s

O

o) OH H N /|
Oﬁ) Me Lc:OOH
Me  OH HoN Q
o-C
HN

C14H290
(62) (63
. MeSOzH
H COOH H COOH
/(j=<Me T Me
C14H290 (64) MeOOC (65)

Our research group has reported a simple stereoselective synthesis of (2E)-2-methylalk-2-

en-1-ols and (22)-2-methylalk-2-enenitriles via the treatment of the corresponding acetates

of the Baylis-Hillman adducts with LAH:EtOH (Scheme 34). Subsequently, this

methodology has been successfully applied for the synthesis of (£)-nuciferol (66), a

biologically active terpene and precursor for (67) (Z)-nuciferol (Figure 9).

157
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Scheme 34
OAc )
EWG = CO,M EWG = CN
R/\K\OH 2Ve - EWG + LAH:EtOH X Me
Me 60-84% -78°C,-rt,3h 62-77% CN
R = C4H9, C5H11, C6H13, CBH5, 4-MeC6H4, 3-(4'MeC6H4)BU, 4'C|C6H4
Figure 9

Me Me
m m
Pz OH P
Me Me Me

(t)-nuciferol (66) (67)

Clive and co-workers'*® have developed an interesting synthesis of hexahydroquinolizine
framework (68) starting from N-protected amino aldehydes using the Baylis-Hillman

reaction as the key step. One representative example is depicted in Scheme 35.

Scheme 35
O
Ox ﬁOMe HO Acetyl chlori AcO CF3;COOH, DCM
\/@ m : .yc oride m 30 ' /@O
BOC/N DABCO, 3 daySMeooc éoc Pyridine, DCM MeOOC éoc aq_lE])ag_CrtO3 30 min MeOOC

(68)
7%

Our research group''® has developed an interesting synthesis of 2-methylenealkanoates
via the treatment of the Baylis-Hillman bromide with NaBHj in the presence of DABCO in
aqueous media. These derivatives have been successfully transformed into hypoglycemic

agents, methyl palmoxirate (69) and etomoxir (70) as described in Scheme 36.
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Scheme 36
H EWG
= _omsco | " FWe EWG | m -CPBA, DCE, reflux ¢, 14, FOOMe
R Bl wyormHr @) | g ?\l//T\/N rt, 15 min R/\Ir EWG = COOMe 73%
i, 15 min “Br \_/ 72-90% R = Cy3Hy7 methyl  (69)
R = aryl, alkyl palmoxirate
m-CPBA DCE . o~
EWG=COEt | /©
reflux cl
COOEt

etomoxir 50%
(70)

Coelho and co-workers'®' have used the Baylis-Hillman adduct (71) for synthesis of R-
(+)-2-ethyl-2,3-dihydrobenzofuran carboxylic acid (72), a direct precursor of (+)-efroxan
(73), according to Scheme 37.

Scheme 37

(o}

OH o
OMe . DIBAL-H, -78 "C,DCM X
@[CHO ﬁ wCOOMe Li(CHz)zCu «COOMe DIBALH, 78°C.DCM ©\/\<\OH
- 2h, 85% ,; L-(+)-DIPT,Ti(0-P1),
DABCO, MeOH, Et,0, -30°C, 20 min :
F ultrasound, 16h, F F THBP, MS(4A),DCM

90% (71) 68% -35°C, 8h, 75%,89%ee

/4N
HNJ TPAP, NMO,DCM,

(+) efaroxan (73) 1, 1 h, 85%

O 0
o] o}
W NaH, toluene / DMF (8:2) :!'/{ Pd/C 5%, EtOH, rt,12h, \\«QJ\OH NaClO,, NaH,PO, \\\-Q)LH
9 - R OH OH ———— = .,
0 COOH  110°C, 16 h @F 80% — 2-methyl-2-butene ©\ —~

65% F acetone, 0°C-rt, 4 h,

(72) 90%

Our research group'®” has reported a novel strategy involving tandem constructuin of C-N
and C-C bonds leading to a convenient one-pot procedure for the synthesis of 2-
benzazepine derivatives from the Baylis-Hillman adducts. Representative examples were

presented in eq.29.
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OH O
R2 1 CH3SO3H
OR + R—CN
150°C, 6 h
R3
e 33-74%

RZ = OMe, OPr, OCH,0, R! = Me, Et

=H, OMe, OCH,0O R = Me, Et

=H, OMe

Trost et.al.'® have reported a simple synthesis of Furaquinocin E (74) from the carbonate
of Baylis-Hillman adduct (75) involving the principle of DYKAT using the chiral ligand

(76) in the presence of (dba); Pd,.CHCI; following the reaction sequence as presented in

Scheme 38.
Scheme 38
z (10 mol%) R
OCOOCH, OH (dba)zPd,.CHCl3 o HCO,H, PMP o)
N CN ————
ligand (2.65 mol%) i) Ac,O, TEA
(75) OH  cH,Cl,, 1t, 97% 0 DMAP, CH,Cl, OAc
rt, 81% 87% ee
dr = 92/8 99% ee (after
recrystallization)
NBS,THF,0°C,
NH HN 89%
(76)

PPh, thP N ,
B 0\ N

MeO

OAcC

1) toluene, 100°
o air, rt, 64%
furaquinocin E (74) 2) TBAF, THF,0°C, 65%

Maier et.al.,'* reported the synthesis of spirolactone derivatives (77) using the Baylis-

Hillman reaction as one of the key steps according to Scheme 39.
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Scheme 39
NaBH,,CeCl - ,
. Wcooa DBU, DMF X o;: Cec 3 m-CPBA,CHCl
e 0,
o 180°C, 76% O ° HO 79%
COOEt EtOOC EtOOC

1) Ti(OiPr)4 EtOH, DCM
2) Ho0 64%

HO “'OH
o)
o' ()
Almeida and Coelho'® have reported the stercoselective synthesis of N-Boc-dolaproine
(78) involving the Baylis-Hillman reaction as the key step.Following reaction sequence as

shown in Scheme 40.

Scheme 40
i j ~ O
H,, Pd/C
N" CHO - ﬁo'\"e PABCO, CHiCl ,g)\/”\rowm - ﬁ)\/L’(om + other
Boc rt, 7d, 70% Boc EtOAc, rt Boc isomer
OH O 91% HO O
a) MegOBF,, CH,Cly, overnight \ 2CO3: MeOH
proton sponge, TFA/DCM
M, 180, 70% b) LiOH / THF

rt, 16 h, 87%

N OH
Boc
MeO O
N-Boc-dolaproine(DAP)
(78)

Our research group'® reported a convenient one-pot synthesis of (E)-5-alkyl-3-
arylidenepyrrolidin-2-one (y-lactam) derivatives, via the treatment of Baylis-Hillman

acetates with nitroalkanes in the presence of K,COs, followed by reductive cyclization,

using Fe/AcOH (eq. 30).
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OAc O , o
|) K2C03 | THF / Hzo, rt, 12 h 1
R! OoMe + R¥ NO, . RT NH - o4 30
ii) Fe / AcOH, reflux, 2 h ’
- 2

R! = Ph, 4-MePh, 4-EtPh, 4-CIPh, 49-68% R

4-MeOPh, 2-CIPh, naphth-1-yl, n-Pr, n-Hex
R? = Me, Et

Ryu and co-workers'®” have successfully used the B-substituted Baylis-Hillman adducts for

synthesis of secokotomolide A (79) an important biologically active compound (Scheme

41).
Scheme 41
oTES OTES OTES
CO-,Me 20 0~0 CO,Me
CO,Me_[Me(CHy)11CHIMgBr 0 L0 CH:CL 78 € |
| LiCuBr,, THF, 83% 2. DMS
! C12H25 ClZHZS
_ TBAF, -78 °C| THF, 93%
Imidazole
TESCI OH
DMF, 90%
o CO,Me
I
OH
COOEt
CO,Me  BF3ELO YCHO (79)
| TMS-I, CH,Cl, || * CiaHas
I -40°C 3d secokotomolide A
E/Z:93/7 60%

Our research group'®® has developed a facile methodology for synthesis of functionalized

[4.4.4] propellano-bislactones (80) starting from the acetates of Baylis-Hillman adducts.

One such example is presented in Scheme 42.
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Scheme 42

MeOOC, HOOC
o} OAc O o} - O

(jé mCOOMe NaH / benzene O‘ KOH / MeOH O‘

N
59%

80°C, 30 h, 59% O tt, 3h, 81% — O

MeOOC HOOC

E/z:82/18 E/Z:85/15

Oy O O
TFAA

7 A CHxCl>  68%

(80)
100% E

Kim has developed '® a simple procedure for obtaining 3-aryl-3-hydroxypyrrolidin-2-ones
(81) and tricyclic pyrrolo-quinoline framework (82) using the Baylis-Hillman adducts,

derived from isatin derivatives. Representative example is presented in Scheme 43.

Scheme 43
I/3n
N
I/EWG o PhCHoNH,| gy © ———neT NH,
DABCO, 1t MeOH, rt oH EWG = CN
OH
EWG EWG (81)
syn (57%), anti (31%)
EWG = COOMe
Bn\N o) /Bn
OH N
o)
H MeOOC OH
O™ "N
H (82 HoN

67%

The Baylis-Hillman acetates have been elegantly transformed into functionalized tri /

tetracyclic frameworks containing an important azocine moiety by our research group in an

operationally simple one-pot procedure (Scheme 44).'”°
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Scheme 44
OAcC
OAcC (0]
COR3 R, mCO2R3 O CO,R; CO,R3
Ry o NO, o
e LT L e :
HN

R3 HN 0 55-77% n=0,1 1) K2CO3 /THForDMF] n=1 R=Me O ‘

S rtor 80°C, 2-6 h Rs = Me (35%)

R 2) Fe/AcOH Et (33%)
R=H, Me, R, =H, Br, Cl, OMe reflux, 1.5 h
R,= H, OMe, Rz = Me, Et

Tang et.al.'”' has described an interesting synthesis of benzobicyclo[4.3.0] compounds
containing three continuous stereogenic centers using the Baylis-Hillman adducts

following the reaction seqauence as presented in Scheme 45.

Scheme 45
EtO,C
OH 2 Br 20 mol% PPhg
R COEt R | toluene, 80-90°C
N H 1)BrCH,CH=CHCOR* |\\ Me,S NBS l\\ '
R—C L -
| NaH, DMF, rt = DCM, rt = base
_— ’ » I /\/\ , _—
OH  56-68% O “cor' 75850 0NN cort
) N_CO,Et 52-56%

DABCO Tt
EtO,C EtO,C

R = H, 4-Cl, 4-Br, 4-OMe, " H CORL
Rl= OEt, OMe, p-Cl Ph O ‘ COR! O H
H +
o~ B o" A

base = with Na,CO3 95-99%, A/B > 90/10
with Cs,CO3  82-96%,A/B > 19-81

(+)Phaseolinic acid (83) an interesting natural product was synthesized by Selvakumar and
co-workers,'”? which involves the Baylis-Hillman reaction and Grubbs RCM reaction as

the key steps (Scheme 46).
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Scheme 46

COOEt
_~~_~_-CHO “/ Ho COOEt H\C' H\ﬂ/o COOEt Grubbs catalyst /== ook
0 i =%

i
DABCO, 1t EtsN, 0°C, 95% Ti(O'Pr),
DCM, reflux
87% Pd/C, HCOONH,4
MeOH, reflux
E COOH 8%
NaN(TMS), Mel COOH , COOEt
o — = 0 6N HCI, dioxane 41/\/\
o THF, -78°C o reflux © 0O
(+)-PHASEOLINIC ACID 91% )
(83) (Major product)

Recently our research group,'”” as developed a simple and convenient synthesis of di(E)-
arylidene-tetralone-spiro-glutarimides (84) from Baylis—Hillman acetates via an interesting
biscyclization strategy involving facile C—C and C-N bonds formation. Also, one-pot
multistep transformation of the Baylis—Hillman acetates into di(E)-arylidene-spiro-

bisglutarimides (85) is presented (Scheme 47).

Scheme 47
o)
oA co,But AN
A)\H/COZBUt <Ph NaH / Toluene Conc. HySO,/ TFAA
r +
o)
CN reflux 1h « DCE, reflux, 6 h
Bu‘ozc AN A
67-82%
Ar =Ph, 2-CICgH,4, 2-MeCgHy, 3-CICgH,4, 4-CICgH4, (84)
4-MeCgHy, 4-EtCgHy, 4-(i-Pr)CgHg, 4-BrCgHy
CO,BuU i
OAc Ph™ ™S
t Ph™ X NH
Cco,Bu'  CN EtsN CN
Ph . < s Conc. HpSO4 / TFAA
CHsCN, 1t, 1 h 0 o ©
CN NC CH2C|2,0 C-rt
t ~.Ph 24 h, 75% HN X -Ph
Bu'O,C
o)
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Bakthadoss and co-workers'” have reported an interesting synthesis of tricyclic
chromeno[4,3-b]pyrrolidine frameworks (86) using Baylis-Hillman bromides according to

the reaction sequence presented in Scheme 48.

Scheme 48
Q j.lvMe H Me
OHC \ N
NH
K,CO oH
RE TT Bt j@ S onc g e O‘%
I ]
P CN / _— N\
HO CHsCN 1t 1h o reflux, 5h  81-95% R NG o
R— _ CN (86)

R = H, 3,4-(OMe),, 3-Cl, 4-Cl, 2,4-(Cl),

Very recently, our reseach group'”

has demonstrated the Baylis-Hillman bromides as a
valuable source of 1,3-dipoles for cyclo-addition onto dialkyl azodicarboxylates, as
dipolarophiles, under the influence of Me,S and K,CO;, to provide functionalized

dihydropyrazole derivatives (87) in a simple one-pot [3+2] annulation strategy.

Representative examples are presented Scheme 49.

Scheme 49
_CO.R'
® \
O® ; ;

Br B SMe, SMe, . N dipolarophile COR

RO,C Me,S, K,CO3 RO,C RO,C.__z R'O,C J N

| TCHLCN:H,0 | .eA — ROZC{; 0y
Ar - Ar r + 2] annulation CO-R'

. 7-12h 1,3-dipole Ar 2
(87)
Ar = CgHs, 4-MeCgH,, 3-CICgH,, 4-CICgH,, 4-BrCgH, 64-79%

R = Me, Et, By, Bu; R'=Et, Pr
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OBJECTIVES, RESULTS AND DISCUSSION

Objectives

From the preceding chapter it is quite clear that the Baylis-Hillman adducts have been
extensively used in various organic transformation methodologies and in synthesis of
several natural and bioactive compounds.* With a view to expand further the scope of
these adducts in organic synthesis and in continuation of on-going research program on
this fascinating reaction, we have undertaken the thesis work with following objectives.

1) To develop a facile one-pot methodology for transformation of the Baylis-Hillman
adducts into unsymmetrical disubstituted maleimide and maleic anhydride
frameworks.

2) To develop a facile one-pot procedure for obtaining benzofuran-2-one frameworks
from the Baylis-Hillman adducts i.e., 2-hydroxy-2-aryl-2-(5,5-dime-thylcyclohex-
2-en-1-one-2-yl)ethanoate, and 2-hydroxy-2-phenyl-2-cyclohex-2-en-1-one-2-
yl)ethanoate.

3) To successfully employ the Baylis-Hillman bromides as versatile synthons, for a

facile one-pot synthesis of indolizine and benzofused indolizine frameworks.
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Results and Discussion

A Facile One-Pot Transformation of the Baylis-Hillman Adducts into
Unsymmetrical Disubstituted Maleimide and Maleic Anhydride Frameworks

Development of efficient and convenient methodologies for synthesis of 3,4-disubstituted
maleimide and maleic anhydride derivatives has been and continues to be an attractive and
challenging endeavor in organic and medicinal chemistry because of the presence of these
frameworks in a number of bio-active natural products such as himanimide A-D (88 a-
d),'” polycitrins A & B (89 & 90),'”” arcyriarubin-B (91),'”® aspergillus acid A-D (92 a-
d),'” lindenanolide E (93),"™ chactomellic acid A (94),'®! tyromycin A (95),'** (Fig.10)
and also because several of their derivatives have been known to exhibit various biological
activities such as cytotoxicity,'® angiogenesis,'®* [some of these derivatives are known to

185 cell death and

be inhibitors of CaMKII56 (calmodulin-dependant protien kinase)],
vascular endothelial proliferation.'®® Therefore several research groups have been working
on deveolpment of simple methodologies for the synthesis of disubstituted maleimide and

maleic anhydride derivatives and some of the recent and relevant methodologies have been

provided in this section.



Figure 10

50

Q

o
Q  Himanimide A
§ (88a)

Oy-0
oS
=
Mé

CH, (CH,)16COCH;

L

Aspergillus acid B

(92b) (92c)

Ox-0
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a-Keto esters and a-keto amides are the most frequently used synthons for the preparation

of substituted maleimide derivatives.

equations 31 & 32 and Schemes 50 & 51.

Representative examples are presented in the
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Faul and co-workers'®’

o]

0]

o}
t-BUOK
OR o
Rl)J\ﬂ/ 1 RZ\)J\NHZ

THF  8-99%

R, = 3-indolyl, N-methyl-3-indolyl, Ph, 2-thienyl, 2-furanyl, isopropyl
R, = Ph, p-BrCgH,, p-MeOCgHy,, 1-naphthyl, 3-benzol[b]-thienyl,

cyclohexyl, N-methyl-3-indolyl, 3-indolyl,

Gribble and co-workers'®®

O 2 (@)
t
{ NH, HJ\OMe KO'Bu, THF
+
Ar 62-86%
N Ar = aryl
Me

Scheme 50 Engler and co-workers'®

o OMe

o

o}
Q \)L t-BUOK, DMF
T AONH
N 2
NJ

BOC

Scheme 51 Dodo and co-workers '°

H
OMe N
o) o= _
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\ * RCH,CONH, — =7 N
N N
Me Me

R = (CH,)3CH3 = 77%

R= (CH2)14CH3 =61%

R Mel, NaH, DMF
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N._o
— eq. 31
R2
H
N O
—
Ar
A\ eq. 32
N
\
Me
NH,
o o
OMe b
N
0o
w
BOC
H3C\
N
(0]
—
A\
N
\
Me
84%
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Maleic anhydride derivatives were easily converted into maleimides via the reaction with

hexamethyldisilazane (HMDS) at room temperature in excellent yields by Davis and co-

. . . . 191
workers. One representative example is presented in equation 33.

H
0= 0 0= N~20
— HMDS / MeOH —
DMF, rt, 16 h eq. 33
94% O

Bergman and Pelcman developed'® an interesting synthesis of polycyclic maleimide (97)

framework from indole acetic acid (96) following the reaction as shown in Scheme 52.

Scheme 52
o
o
1) 2 eq n-BulLi N\ O.? eqly
N 2) leq t-BuLi 5 H

THF, -78°C

DDQ Q DDQ / cat. p-TsOH
-— I —
PhH / rt PhH / reflux
94% N O 90%
H N

Selles'”® has reported an interesting stereoselective synthesis of new unnatural himanimide

following the reaction strategy as described in Scheme 53.
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Scheme 53
B(OH),
6o
o) [e]
Rz A\ CuBr-Me,S < |
{ In + il
— MgCl ‘ ‘ THF, Pd(TPP), (2.5 mol%)
-78°C to -40°C toluene / EtOH Na;CO3
~
(o] O 20-54 % reflux  70-98% /O
n=0,12

1. NaOH, reflux, 2-6 h
R = 5"-flouro, 5"-phenyl,

o 0
> Hel 27-97%
3"-methoxy, 3"-7"-dimethyl Pd(TPP), (2.5 mol% B(OH),
toluene / EtOH N o
o 7
Na,CO5 reflux fo)
=X
O\ n R
o 7
0 \
=X
R % h R
1. NaOH, reflux, 2-6 h 0
2. HCI

hydroxyl amine reflux, 7 h
phosphate, H,O
52-60%

hydroxyl amine phosphate, H,O

reflux, 7 h, 25%

O

=
Himanimide C (88)

Davis and co-workers'”” reported a simple and convenient synthesis of bisindolyl and

indolylarylmaleic anhydride derivatives (98) from the indoles following reaction strategy

as shown in equation 34.

YN 1. (cocl),
R]__- _ N -

2. ArCH,COOH,
EtsN, CH,Cl,

eq. 34

23-64 % R,

R1 = H, 2-methyl, 5-(methoxycarbonyl) R, = methyl, 3-cyanophenyl, benzyl
Ar = 1-methyl-3-indolyl, 1-benzyl-3-indolyl,phenyl,
1-p-toluenesulphonyl-3-indolyl,
4-methoxyphenyl, 1-napthyl, 3-thienyl
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Argade and co-workers'” reported facile synthesis of Aspergillus acid A following

reaction sequence as presented in Scheme 54.

Scheme 54
o o) o) /H
PPhg, ACOH PPN A COCH,(CHp)14CHCHO AN CHy(CHy)14CH,0AC
— T8 ACOH . Ar—N —
Ar=N | reflux, 18 h M
Me 709 CHs K e
o} o E/Z: 90:10

Et3N, THF, reflux

48 h, 92 %

0
o}
Ac,0, Py, 1t, 8 h CHy(CHy)14CH,0OH
=y oi:f 2(CH)14CHy 1.KOH, THF-MeOH A—N CHp(CH2)14CH20AC
4 Me reflux, 12 h Me
89% 2. HCl 0

0

);CCHZ(CHZ)MCHZOAC
o
Me

(e}
Aspergillus acid A (92)

The medicinal importance of both maleimide and maleic anhydride frameworks has
fascinated us. We have therefore undertaken a research program for developing convenient
and one pot methodologies for synthesis of disubstituted maleimide and maleic anhydride

derivatives from the Baylis-Hillman adducts.

Synthesis of disubstituted maleimide frameworks:
It is worth mentioning here our earlier work which describes the Friedel-Crafts reaction of
3-hydroxy-2-methylenealkanenitrile, the Baylis-Hillman adducts obtained via the reaction

between aldehydes and acrylonitrile, with benzene providing a simple strategy for
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stereoselective synthesis of trisubstituted alkenes with nitrile group as substituent (Scheme

Scheme 55
OH R CN
R CN benzene benzene >:<\
CN
>=<\ - - R oh H Ph
H Ph 30 min
98-100% (z) ~ 70-80% conc. H,SO, (cat) | 28-31% 100% (2)

- i
R= Ph, 4-MePh, 4-(i-Pr)Ph, 4-CIPh R=Pr, Pr, Bu, Pent
Based on this experience we felt that the Baylis-Hillman adducts, derived from a-keto
esters as electrophiles and acrylonitrile as activated alkenes, could in principle serve as
potential substrates for Friedel-Crafts reaction with benzene to provide the phenylated
products i.e., tetrasubstituted alkenes (A), containing ester and cyano groups (for

retrosynthetic strategy see Scheme 56).

Scheme 56
Friedel-Crafts | ft0.c  CN selective  (H)EtO,C  CONH
HO CO.Et reaction 2 hydrolysis N 2
CN {—— - {———— R
R R
100
(100) A —
ﬂ CN cyclization
r ;
X e
R™ "COOEt R
(99)
(101)

These tetrasubstituted alkenes (A) in principle on selective hydrolysis followed by

cyclization would provide disubstituted maleimide. It also occurred to us that it would be
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very valuable and also interesting to perform all the three steps in one-pot. We also felt that
it would be more interesting to perform all these three steps using a single reagent.

Accordingly, we have first selected 3-ethoxycarbonyl-3-hydroxy-3-phenyl-2-methylene-
propanenitrile (Baylis-Hillman adduct) (100a), as a substrate for the Friedel-Crafts reaction
with benzene. The required Baylis-Hillman adduct was obtained via the reaction of ethyl

benzoylformate with acrylonitrile under the catalytic influence of DABCO (eq 35).

o HO COOEt
OEt CN
. rCN DABCO, rt,5d eq. 35
0 | Neat, 58 %
(992) (100a)

Next we have examined Friedel-Crafts reaction of Baylis-Hillman adduct (100a) with
benzene under different conditions. The best results in this direction were obtained when 3-
ethoxycarbonyl-3-hydroxy-3-phenyl-2-methylenepropanenitrile (100a) was treated with
benzene in the presence of methanesulfonic acid at reflux for 4 h, thus providing the
desired 3-benzyl-4-phenyl-1H-pyrrole-2,5-dione (101a) in 79% isolated yield after
purification through column chromatography (Table 2). We were pleased to note that
methanesulfonic acid has ingeniously performed all the three jobs (i.e., Friedel-Crafts

reaction, selective hydrolysis and cyclization) in one-pot operation (eq. 36).
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Structure of this molecule was confirmed by IR, 'H NMR (Spectrum 1), *C NMR
(Spectrum 2), mass (LCMS) spectral data and elemental analysis. We have also obtained
single crystal for this compound (101a) and further confirmed the structure by single

crystal X-ray data (see Figure 11 for ORTEP diagram).

H
1
HO_ COOEt OxN_o
CN Benzene / CH3SO3zH —
reflux, 4 h, 79% O O eq. 36
(100a) (101a)

This strategy has indeed fascinated us because all the three reactions were carried out in
one-pot and more interestingly all the reactions were meticulously performed by the single
reagent, methanesulfonic acid. Encouraged by this result we have directed our attention
towards understanding the generality of this methodology. Thus we have selected
representative Baylis-Hillman alcohols (100b-i) as substrates for the preparation of
disubstituted maleimide derivatives. The required Baylis-Hillman alcohols were obtained

via the coupling of the corresponding a-keto esters (99b-i) with acrylonitrile (Table 1).

The desired a-keto esters were prepared according to the eq. 37.

o) O

THF, -10°C, 1 h OFt
OEt >
ArMgBr  + Eto)J\[( Ar)g( eq. 37

5 30-60 % o

Ar = C6H5, 4-MeC6H4, 4-MeOC6H4, 3-MeC6H4, 3-MeOC6H4,
2'M606H4, 2'MeOC6H4, 4'EtOC6H4

99 a-h
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Table 1. Preparation of the Baylis-Hillman alcohols (adducts)®

0 Ho, COOEt
A )J\”/OE'( . WCN DABCO’\,I ;;ts d R>QH/CN
(99a?) (100a-i)

Keto ester R Product” Yield (%)°
99a CeHs 100a 58
99b 4-MeC¢Hy 100b 71
99¢ 4-MeOCgHy 100c¢ 42
99d 3-MeC¢Hy 100d 47
99¢ 3-MeOCgH4 100e 62
99f 2-MeC¢Hy 100f 44
99¢ 2-MeOC4H, 100g 61
99h 4-EtOCeHy 100h 50
99i Methyl 100i 30

a). All reactions were carried out on 10 mmol scale of a-keto esters (99a-i) with
acrylonitrile (20 mmol) under the catalytical influence of DABCO (30 mol%).

b) All the compounds (100a-i) were obtained as colorless solids and fully
characterized by spectral data (IR, '"H & ">C NMR).

c) Isolated yields of the pure products based on the a-keto esters.

All these Baylis-Hillman adducts were successfully transformed into the desired 3,4-
disubstituted maleimides (101b-i) in 54-76% isolated yields via the treatment with benzene

under the influence of CH3;SO;H at reflux for 4 h (Table 2). All the disubstituted



59

maleimides (101b-i) were characterized by IR, '"H & "C NMR {Spectrum 3 & 4 for
compound 101b 'H & "°C NMR respectively, Spectrum 5 & 6 for compound 101¢ 'H &
3C NMR respectively, Spectrum 7 & 8 for compound 101d 'H & *C NMR respectively,
'"H NMR [Spectrum 9 (for compound 101f at room temperature), Spectrum 10 (for
compound 101f at 5°C), Spectrum 11 (for compound 101f at 40°C)], >C NMR (Spectrum
12 for compound 101f), and Spectrum 13 & 14 for compound 101i 'H, & *C NMR
respectively}. and mass (LCMS) spectral data and elemental analyses. We have also
obtained single crystals for the compounds 101e, and 101i and further confirmed the

structures by single crystal X-ray data (see Figure 12 & 13 for ORTEP diagrams).

Figure 11 (ORTEP diagram of the compound 101a)



60

Table 2. Synthesis of 3,4-disubstituted maleimide derivatives from the Baylis-Hillman

adducts™:
H
N

HO%?%% Benzene / CHySOsH © 0
R reflux, 4 h —
R
(100) (101) < >
B-H alcohol R Product’ Yield (%) m.p (°C)
d 79

100a CeHs 101a 118-120
100b 4-MeCgH, 101b 70 150-152
100¢ 4-MeOC,H, 101c 63 160-162
100d 3-MeCeHy 101d 76 70-72
100e 3-MeOCsH, 101¢° 55 103-105
1001 2-MeCyH, 101f° 63 96-98
100g 2-MeOC4H, 101g 57 98-100
100h 4-EtOCgH. 101h 54 176-178
100i Methyl 1013 66 78-80

a) All reactions were carried out on 1 mmol scale of Baylis-Hillman alcohol (100a-i) with

methanesulfonic acid (3 mmol) in benzene (6 mL) at reflux for 4 h.

b) All the compounds (101a-i) were obtained as colorless solids and fully characterized by
spectral data (IR, 'H & *C NMR, LCMS) and elemental analysis

c) Isolated yields of the pure products based on the Baylis-Hillman alcohols.

d) Structures of these molecules (101a, 101e, and 101i) were also established from the single-

crystal X-ray data

"We have also recorded 'H and *C NMR spectra at 5°C and 40°C with a view to understand the
conformation stability of the molecule at different temperatures At 5°C in "H NMR spectrum of (101f)
benzylic protons appear as ABq at 6 3.56 & 3.68 (ABq, 2H, J = 14.2 Hz). At room temperature they appear
as two singlets at 8 3.58 (s, 1H), 3.65 (s, 1H), while at 40°C they appear as broad singlet at & 3.68 (bs, 2H).
However °C NMR is almost the same at these temperatures. From these spectral studies it is quite clear that
there is conformational rigidity at 5°C, while at room temperature and at 40°C there is conformational
flexibility.
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Figure 12 (ORTEP diagram of the compound 101e)

ot
@ 2

Figure 13 (ORTEP diagram of the compound 101i)
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With a view to understand the applicability of this strategy to Baylis-Hillman adducts,
derived from aliphatic o-keto esters, we have selected 3-ethoxycarbonyl-3-hydroxy-2-
methylenebutanenitrile (100i) as a substrate. This alcohol was obtained via the Baylis-
Hillman coupling of acrylonitrile with ethyl pyruvate (99i) under the influence of DABCO
(Table 1). This tertiay alcohols was conveniently transformed into the corresponding
maleimide (3-benzyl-4-phenyl-1H-pyrrole-2, 5-dione (101a) via the treatment with

benzene in the presence of methanesulfonic acid.

Plausible mechanism for the transformation of Baylis-Hillman adducts in to maleimide
derivatives is presented in Scheme 57. The fact that the stereochemistry of the double
bond in 3,4-disubstituted maleimide derivatives (Table 2) is (Z), clearly indicates that the
amide-ester (acid) generated in situ should have (Z)-stereochemistry (mostly) (Scheme 57).
This would mean that either the Friedel-Crafts reaction might provide the product with (Z)-
stereochemistry (exclusively or predominately) or isomerization of (E)-product to (Z)-
compound (to large extent) might be taking place during selective hydrolysis. Whatever
may be the course of the reaction, the products isolated, clearly indicate that transient

intermediate before the cyclization step had the (Z)—stereochemistry.

# We can not completely rule out the formation of minor amounts of fumaric acid derivatives in these

reactions as the yields of maleimide are not quantitaive
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Scheme 57

HO. ,COOEt

><H/CN Benzene / CH3SO3H Etooq  CN E10OC >_(_©
R —

Friedel-Crafts reaction R>_<—© +/ or -
H,0 R CN
Selective
® hydrolysis
Et NH  QHo ® path A ath B
il P
?jc _C Ho L
R>_<—© 2 EO-C, o c H Selective
hydrolysis
(mostly)

o~ H

o o H
EtO =0 O N

— o -EtOH (H,0)
R —
-EtOH R Cyclization

(mostly)

Synthesis of 3,4-disubstituted maleic anhydride frameworks:

After developing a simple one-pot methodology for the synthesis of unsymmetrical 3,4-
disubstituted maleimide derivatives, we have directed our attention towards the synthesis
of 3,4-disubstituted maleic anhydride derivatives.

It is worth mentioning here our earlier work'** which describes the Friedel-Craft reaction
of 3-hydroxy-2-methylenealkanoates, the Baylis-Hillman adducts obtained via the reaction
between aldehydes and methyl acrylate, with benzene providing a simple strategy for
stereoselective synthesis of trisubstituted alkenes with ester group as a substituent (Scheme

58).
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Scheme 58
OH
R Ph R COOMe
R L COOMe+ R o Ph benzene R)ﬁTCOOMe ] benzene >:( . —
H Ph H  cooMe 70-90 min 30 min H coome H Ph
@) 72-40% (€)28-60%  25-50% | CONC-H2SOa(cah | 67-86% gy q4.1000 @) 6-0%
R = Alkyl = i-CgH7, n-CgH7, CH3 R = aryl = 4-MeCgHy, 4-Ipr CeHa,

4-CICgH,, CeHs
On the basis of this reaction strategy it occurred to us that the Baylis-Hillman adducts,
derived from oa-keto esters as electrophiles and methyl acrylate as activated alkenes, might
serve as potential substrates for Friedel-Crafts reaction with benzene to provide the
phenylated products 1.e., tetrasubstituted alkenes (B), containing two ester groups. These
tetrasubstituted alkenes (B) in principle on selective hydrolysis followed by cyclization
would provide disubstituted maleic anhydride framework (for retrosynthetic strategy see
Scheme 59). On the basis of our work on the synthesis of maleimides we reasoned that it
would be possible to perform all the three steps in one-pot using methanesulfonic acid as a
magic reagent.

Scheme 59

— HOOGC  COOMe(H)—

COOEt Friedel-Crafts
HO. EtO,C COOMe
COOMe reaction hydrolysis >_<_©
——

R R ——
102

Baylis-Hillman B (H)EtOOC,

alcohol
H rCOOMe
(0]

)I\ H Cyclization

R™ "COOEt
99 ~
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We have first selected methyl 3-ethoxycarbonyl-3-hydroxy-3-phenyl-2-methylene-
propanoate (102a), as a substrate for the Friedel-Crafts reaction with benzene in the
presence of methanesulfonic acid. The desired Baylis-Hillman alcohol was prepared via
the coupling of ethyl benzoylformate with methyl acrylate in the presence of DABCO as a

catalyst (eq. 38).

Q o HO COOEt
R)KWOEt . oMe DABCO. 1, 10-12d COOMe €9.38
| neat R
o)
99a-c R= CGHS 47 % (1028.)

4-MeCgH; 57 % (102b)
4-MeOCgH, 60 % (102c)

Then we have performed the Friedel-Crafts reaction of methyl 3-ethoxycarbonyl-3-
hydroxy-3-phenyl-2-methylenepropanoate with benzene under various conditions. The
best results were obtained when the Baylis-Hillman adduct (102a) was treated with
benzene in the presence of methanesulfonic acid at reflux for 4 h providing the required 3-
benzyl-4-phenylmaleic anhydride (103a) in 52% isolated yield. The structure of this
molecule was confirmed by IR, '"H NMR [Spectrum 15 (for compound 103a)], & Bc
NMR [Spectrum 16 (for compound 103a)], LCMS, and elemental analysis. The structure
of this compound (103a) was further established by single crystal-X-ray data (for ORTEP
diagram see Figure 14)

It is interesting to note that this (103a) is a natural product isolated from aspergillus

nidulans,'” and spectral data is in agreement with that literature data.
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To understand the generality of this reaction strategy we have prepared representative
Baylis-Hillman alcohols (102b,c¢) via the coupling of the a-keto esters with methyl acrylate
(eq 38). These tertiary alcohols were subjected to the Friedel-Crafts reaction with benzene
in the presence of methanesulfonic acid which directly provided 3,4-disubstituted maleic
anhydride derivatives (103b,c) in 45 & 40 % isolated yields respectively (Table 3). The
structures of these derivatives were established by the spectral data (IR, 'H & °C NMR,
LCMYS), and elemental analysis.

Although the yields are inferior when compared to the corresponding maleimides, this
reaction is still interesting in the sense that this methodology offers a simple procedure for
synthesis of 3,4-disubsitituted maleic anhydride derivatives yet another important

structural organization.

Figure 14. ORTEP diagram of compound 103a
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Table 3. Synthesis of 3,4- disubstituted maleic anhydrides”

HO. COOEt

0. (@]

COOMe Benzene/ CH3SOzH _ ©
reflux, 4 h R
(102a- c) (103a- c)

B-H alcohol R Product’ Yield(%)° m.p (°C)
102a CeHs 103a“ 52 56-58
102b 4-MeCgHy 103b 45 76-78
102¢ 4-MeOCgHy 103c 40 110-112

a) All reactions were carried out on 1 mmol scale of Baylis-Hillman alcohols (102a-c¢) with
methanesulfonic acid (3 mmol) in benzene (6 mL) at reflux for 4 h.

b) All the compounds (103a-c) were obtained as colorless solids and fully characterized by
spectral data (IR, 'H & "C NMR, LCMS) and elemental analysis.

c) Isolated yields of the pure products based on the B-H alcohols.

d) Structure of this molecule (103a) was also established from single-crystal X-ray data.

In the case of 3,4-disubstituted maleic anhydrides, we noticed that substantial amounts (15-
25 %) of starting material remain intact as evidenced by (TLC) analysis of the reaction
mixture.” Hence the resulting products were obtained in low yields. However the results
are still encouraging because the important 3,4-disubstituted maleic anhydride derivatives
are synthesized in one-pot operation from the Baylis-Hillman adducts in reasonably good
isolated yields. Studies are underway to understand the stereochemical course of the
reaction. A plausible mechanism for the formation of maleic anhydride framework is given

in Scheme 60.

# We also noticed that longer reaction times provide mixture of products as evidenced by TLC examination.
Also, we can not completely rule out the possibility of the formation of the minor amounts of fumaric acid

derivatives as the yields of maleic anhydride derivatives are low.
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Scheme 60.
Ho ,COaEt EtO,C  CO,M
. CO,Me Benzene / CH3SO3H tO, Me Et0,C
Friedel-Crafts reaction R _ —
-H,0 +/ or R  CO,Me
|_<|9 Hydrolysis
O © 0 HO
(@]
— EOH (H,0) | (Hoyeto e’ =0
R Cyclization R
(major)

In conclusion, we have developed a convenient, operationally simple, one-pot procedure
for the synthesis of unsymmetrical 3,4-disubstituted maleimide and maleic anhydride
derivatives from Baylis-Hillman alcohols, derived from a-keto esters (as electrophiles),
thus demonstrating the applications of Baylis-Hillman adducts, in synthetic organic

chemistry.
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Crystal data collection and structure refinement for the compound 101a

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 = 26.09
Absorption correction
Refinement method

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

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

Largest diff. peak and hole

: C17H13NO,

:263.28

1298 K

:0.71073 A

: Orthorhombic

: pbca (International Table #14)
:a=15.379 (3) A; a=90.00 deg.
:b=16.8831(14) A; p=90.00 deg.
:c=25.844 (5) A; vy =90.00 deg.
:2735.7 (9) A®

:72=8,1278 g/ cm’

:0.084 mm’'

11104

1 0.45 x 0.40 x 0.34 mm’

: 1.58 t0 26.09 deg.

:-17<h<18,-8<k<8,-31<1<15

: 16098 /2708 [R(int) = 0.0331]
:99.6%

: Multi-scan method (SADABS)
: Full-matrix least-squares on F*
:2708/0/ 185

: 1.046

: R1=0.0409, wR2 =0.1159
:R1=0.0533, wR2 =0.1098
:0.164 and -0.223 e. A~
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Table 5: Crystal data collection and structure refinement for the compound 101e
Empirical formula : Cis His NOs
Formula weight :293.31
Temperature 1298 K
Wavelength :0.71073 A
Crystal system : Monoclinic

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 = 26.02
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F/2

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

Largest diff. peak and hole

: P 21/n (International Table #14)
:a=15.777(3) A; o = 90 deg.

b =5.6522(9) A; B =93.257(3) deg.
c=16.6393) A; vy =90 deg.

. 1481.3(4) A°

:4,1315g/cm’

:0.090 mm™

1616

:0.42x 0.28 x 0.16 mm’

: 1.73 t0 26.02 deg.

:-19<h< 19, -65k< 6, -19< 1< 20

: 8883 /2895 [R(int) = 0.0419]
:99.6 %
: Multi-scan method (SADABS)
:0.9857 and 0.9632
: Full-matrix least-squares on F*

:2895/0/204

£ 0.870
R1=0.0438, wR2 = 0.0822
R1=0.0892, wR2 = 0.0939

0.113 and -0.143 e. A
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Table 6: Crystal data collection and structure refinement for the compound 101i

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 = 25.98
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F/2

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

Largest diff. peak and hole

:CioHii N Oy

:201.22

1298 K

:0.71073 A

: Monoclinic

: P 21/n (International Table #14)

:a=06.0246(10) A; 0.= 90 deg.
b=7.9670(13) A; B = 98.08 deg.
c=21.422(3) A; y =90 deg.

:1018.0(3) A?

:4,1.313 g/ cm’

:0.090 mm’'

1424

:0.40x 0.32 x 0.24 mm

:1.92 to 25.98 deg.

:-7<h<7,-9<k<9, -265 1< 26

16026 / 1978 [R(int) = 0.0503]

:98.7 %

: Multi-scan method (SADABS)

:0.9787 and 0.9648

: Full-matrix least-squares on F*

:1978/0/ 141

10911

: R1=0.0445, wR2 = 0.0880

:R1=0.0766, wR2 = 0.0987

: 0.130 and -0.175 . A”
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Table 7: Crystal data collection and structure refinement for the compound 103a

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 = 25.93
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)

Absolute structure parameter

Largest diff. peak and hole

: Ci7 Hi2 O3
:264.27

1298 K
:0.71073 A

: Orthorhombic
: P 2121 21(International Table #14)
:a=5.6677(13) A; 0.= 90 deg.

b=11.124(2) A; B =90 deg.
c=21.816(5) A; vy =90 deg.

- 1375.4(5) A®

:4,1276 g/ cm’

:0.087 mm™'

: 552

:0.32x0.22x 0.18 mm

: 1.87 t0 25.93 deg.

:-6<h< 6, -13<k< 12, -24<1< 26
: 7702 /1571 [R(int) = 0.0276]
:99.7 %

: Multi-scan method (SADABS)
:0.9844 and 0.9726

: Full-matrix least-squares on F*
:1571/0/181

: 1.047

:R1=0.0447, wR2 =0.1007
:R1=0.0654, wR2 =0.1117

: 0(10)

:0.118 and -0.143 . A”
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A Facile One-Pot Synthesis of Benzofuran-2-one Derivatives

Benzofuran framework occupies a special place in heterocyclic chemistry due to the
presence of this framework in a number of biological active molecules for example
nominal diazonamide A & B (104, 105)," lunarine & lunaridine (106),"’ calycin (107),'"®
adenosine Al receptor ligand (108),'” NIR dyes (109),>” and antispasmodics drug
(110)*"! (Fig. 15). Therefore development of simple strategies for obtaining this framework

has become an attractive endeavor in synthetic organic chemistry. Some recent relevant

literature reports are presented in the following Schemes 61-63, & eq.39.

Figure 15

e

Hi

Diazonamide A (104)

calycin (107) Adenosine A; Receptor ligand (108)

Me- M
HoNy,, O cl
(o]
7 “NH
HO,
o W
(o]

Diazonamide B (105)

1)X=NH,Y=CH; Lunarine (alkaloid)

2) X =CHa, NH Lunaridine (alkaloid)
(106)

CHO R %o
9 1o 0 N OH -
HO )
o O O O oH 0 HQ NH,.HCI
xe : 0 O
N
O o] OMe OMe O R
0 0 >0

Antispasmodics drug (110)

NIR dyes (109)

Li and co-workers®”* developed a general methodology for cycloaddition of benzyne with

ylides leading to the synthesis of benzofuran derivatives. Representative examples are

presented in Scheme 61.
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Scheme 61
0O O
0 T 0 Cl ° OEt
)J\[Hk OEt
A IPh ©iTM5 IPh NN
O CsF, CHLCN, 1t, 4.5 h oti | csF cHaen 1, 251 o}
68% 55%

Appropriately substituted diarylacetylenes were elegantly transformed into benzofuran

derivatives involving an interesting palladium catalyzed cyclo-carboylation strategies.”*****

Reza Fathi and co-workers developed®”

a highly efficient synthetic approach for the
carbonylative cyclization of o0-alkynylphenols to the synthesis of corresponding 2-

substituted-3-aroyl-benzo[b]furans. One example is presented in equation 39.

OMe _ O l
0P~ = © Pd(PPH,),
+
O oH K,CO3, CO

CH4CN, 45°C, 5 h, 91%

OMe

Chatani and co-workers *** developed a facile methodology for the Pd-catalyzed cyclo-
carbonylation of yne esters leading to the formation of y-alkylidene o, B-unsaturated

lactones. Representative examples are presented in Scheme 62.
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Scheme 62

[(n°*~C3Hs) PdCl,],

20 h, 66% 20 h, 57%
Ve 5 R = P-OMePh R=P-NOPh |\ 5
PPhB’ CyzNMe

I h
Me
40 h, 80%
Me
toluene, 120°C

~ :
\ S . under CO(atm)
R = 2-thiophene R = Et
Me >< >=
~N—0o  20h, 70% 40h,94% Me
o

Me

Philp Magnus®” reported an intra-molecular Friedel-Craft reaction of in situ generated 2-
thiomethyl-2-chloro-2-phenylacetyl aryl esters, with SnCly leading to a synthesis of 3-

thiomethyl-benzofuran-2-ones. Representative example is presented in Scheme 63.

Scheme 63
Me
SMe M
MeS NCS / CCly, 2h QiCI/@ e |snCl, (0.1eq) / CCly,
mo o o J reflux, 5.5 h
o) 65 %

The medicinal relevance of the benzofuran derivatives has attracted our attention. We have
therefore undertaken a research program for developing a convenient methodology for the
synthesis of bezofuranone derivatives via the treatment of Baylis-Hillman tertiary alcohols

with an appropriate acid according to retrosynthetic strategy Scheme 64.
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Scheme 64

O HO

OH
COOEt
H* COOEt O _o
Ar  G—] — D — —
Ar Ar

We have thus focused our attention towards the synthesis of 6, 6-dimethyl-3-aryl-6H-
benzofuran-2-one derivatives. First we have selected ethyl 2-hydroxy-2-phenyl-2-(5,5-
dimethylcyclohex-2-en-1-one-2-yl)ethanoate (112a) as a substrate towards understanding
this strategy. The required Baylis-Hillman adduct (112a) was obtained via the coupling of
ethyl phenylglyoxalate (99a) with 5,5-dimethylcyclohex-2-enone (111a) in the presence of

TiCly at room temperature for 6 h (eq. 40).

0 o O OH

Ph)J\I(OEt .\ ﬁ TiCly, CH,Cl, >iﬁ/ﬁ](:OOEt eq. 40
o 0°C-rt,6h
99
(992) (111a) 61% (112a)

Then we have directed our efforts towards transformation of this adduct (112a) into the
required lactone (113a) under different acidic conditions. The best results in this strategy
were obtained when the Baylis-Hillman alcohol (112a), was treated with methanesulfonic
acid in THF at 90°C for 8 h, thus providing 6, 6-dimethyl-3-phenyl-6H-benzofuran-2-one
derivatives (113a) in 82 % isolated yield (eq 41). The structure of this molecule was

confirmed by IR, '"H NMR (Spectrum 17) & *C NMR (Spectrum 18), LCMS, and
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elemental analysis. We have also established the structure of this molecule (113a) by

single crystal X-ray data (see Figure 16 for ORTEP diagram).

0]
HQ ' cookEt 0
THF / CH3SO3H
‘ eq. 41
Q reflux, 8h, 82%

In order to understand the generality of the reaction, we have selected representative class
of Baylis-Hillman adducts (112a-g) as substrates. These were prepared via the TiCly
mediated Baylis-Hillman reaction between ethyl arylglyoxalates (99a-g) with 5,5-
dimethylcyclohex-2-enone (111a) at room temperature for 6 h (eq 42). These Baylis-
Hillman alcohols (112a-g) were conveniently transformed into the lactones via the
treatment with methanesulfonic acid in (62-83%) isolated yields (Table 8). Structures of all
these derivatives (113a-g) were confirmed by IR, '"H NMR & *C NMR [Spectrum 19 (for
compound 113e)] and [Spectrum 20 (for compound 113g)] respectively, LCMS, and

elemental analysis.

O O O HO

Ar)J\H/OEt TiCly, CHyCly COOEt
+
o) rt,6h, 27-61% Ar eq. 42
(99a-9)
(1112) (112 a-g)

Ar = C6H5, 4'MeC6H4, 4-MeOC6H4, 3-MeC6H4, 3'MeOC6H4, 2'MeC6H4, 2'MeOC6H4
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Table 8. Synthesis of 6, 6-Dimethyl-3-aryl-6H-benzofuran-2-one derivatives®

COOEt  1E/ CH,SOH )@Ofo
Ar reflux, 8h

O HO

(112a-g) (113ag) Ar

B-H alcohol Ar Product” Yield(%)°¢ m.p (°C)
112a CeHs 113a° 82 78-80
112b 4-MeC¢Hy 113b 81 86-88
112¢ 4-MeOCgHy4 113c 79 90-92
112d 3-MeCgHy4 113d 73 82-84
112e 3-MeOCcHy 113e 76 84-86
112f 2-MeCgHy 113f 83 108-110
112¢g 2-MeOCsH4 113¢g 62 102-104

a) All reactions were carried out on 0.5 mmol scale of Baylis-Hillman alcohols (112a-b) with
methanesulfonic acid (2.5 mmol) at 90°C for 8 h.

b) All the compounds (113a-g) were obtained as colorless solids and fully characterized by
IR, 'H & *C NMR, LCMS, and elemental analysis.

c) Isolated yields of the pure products based on the B-H alcohols.

d) Structure of this molecule (113a) was also established from single-crystal X-ray data.

We have then selected ethyl 2-hydroxy-2-phenyl-2-(cyclohex-2-en-1-on-2-yl)ethanoate
(114) as a substrate to examine the generality of strategy. Required Baylis-Hillman adduct
(114) was prepared via methanolic trimethylamine mediated coupling of ethyl

phenylglyoxalate (99a) with cyclohex-2-enone (eq 43).
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HO
| COOEt
MesN in CoHsOH
@ . coogt __oanM2eEh eq. 43
rt, 1day, 38 % O
(111b) (99a)
(114)

Then the Baylis-Hillman alcohol (114), was treated with methanesulfonic acid in THF for
heating at 90°C for 8 h, providing 3-phenyl-3H-benzofuran-2-one (115) in 51 % isolated
yield (eq 44). The structure of this molecule was confirmed by IR, 'H NMR (Spectrum 21)
& *C NMR (Spectrum 22), LCMS, and elemental analysis.

OHO o)

COOEt 9]
THF / CH3SO3gH
‘ eq. 44
Q reflux, 8 h, 51 % Q

(114) (115)

Figure 16. ORTEP diagram of compound 113a
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A plausible mechanism is presented in Scheme 65. The acid catalyzed reaction is believed
to proceed through the protonation of tertiary hydroxyl group or carbonyl oxygen (or both)
followed by the elimination of water molecule and ethanol to provide the 6, 6-dimethyl-3-
aryl-6H-benzofuran-2-one derivatives. In the case of the Baylis-Hillman adduct derived
from cyclohex-2-enone (R=H) the resulting triene will aromatize to provide the 3-phenyl-

3H-benzofuran-2-one.

Scheme 65

H
o HB} OEt \ .
OEt ot
-H,0
R = R

OR -EtOH
R=Me /coH
OHHo
OFEt &O H20 H
A H Af

O J
Ol

O-_OH
|
S
In conclusion, we have developed operationally simple, one-pot procedure for the
synthesis of 6, 6-dimethyl-3-aryl-6H-benzofuran-2-one and 3-phenyl-3H-benzofuran-2-one

derivatives from the Baylis-Hillman alcohols thus demonstrating the applications of

Baylis-Hillman adducts, in synthetic and medicinal chemistry.
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Table 9: Crystal data collection and structure refinement for the compound 113a

Empirical formula : Cie His Oy

Formula weight :238.27

Temperature 1298 K

Wavelength :0.71073 A

Crystal system : Monoclinic

Space group : P21/c (International Table #14)
Unit cell dimensions: a=10.7493(10) A; 0. = 90 deg.

b=13.1617(12) A; B = 108.285(2) deg.
c=9.6947(9) A; v =90 deg.

Volume :1302.3(2) A?

Z, Calculated density :4,1215g/cm’

Absorption coefficient :0.079 mm™

F(000) : 504

Crystal size :0.41 x 0.34 x 0.28 mm

Theta range for data collection :2.00 to 28.29 deg.

Limiting indices : -14<h<13, -17<k<17, -12<1<12
Reflections collected / unique : 14842 /3136 [R(int) = 0.0285]
Completeness to theta = 28.29 :96.8 %

Absorption correction : Multi-scan method (SADABS)
Refinement method : Full-matrix least-squares on F*
Data / restraints / parameters :3136/0/165

Goodness-of-fit on F* : 1.102

Final R indices [[>2 sigma (I)] :R1=0.0684, wR2 =0.1593

R indices (all data) :R1=0.0964, wR2 =0.1747

Largest diff. peak and hole :0.197 and -0.192 ¢. A”
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The Baylis-Hillman Bromides as Versatile Synthons: A Facile One-Pot
Synthesis of Indolizine and Benzofused Indolizine Frameworks

Indolizine framework has been and continues to be an interesting and structurally

challenging nitrogen heterocyclic moiety because of the presence of this skeleton in a

206 206

number of bioactive natural products such as amorine (116),”” swainsonine (117),

slaframine (118),%% crepidine (119),°° gephyrotoxine (120),°° ipalbidine (121),%%

207a

cryptaustoline (122) and cryptowoline (123)7 (Fig. 17). Several indolizine

derivatives, in fact, have been known to exhibit various biological activities such as

antibacterial activity against mycobacterium tuberculosis,”®® inhibitors of phosphatase”

and aromatase,”’” antioxidant,”'' calcium entry blockers,”'? 5-hydroxytryptamine (5-HT3)

receptor antagonists,”'* antidepressant®'* and antileukemic activities.*"”

Figure 17

N7 H OAc
—

Slaframine (118)

N

Amorine (116)

Ph OH

HOIe® Me

Crepidine (119)

MeO.

Cryptaustoline (122)

HO

QJQD

Ipalbidine (121)

Gephyrotoxine (120)

Cryptowoline (123) ©
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The biological and medicinal relevance of the indolizine derivatives has created a need for
the development of efficient synthetic strategies for obtaining such derivatives and in fact,
several systematic efforts have been made in this direction. Some of the recent reports are

described in this section.

Boruah and co-workers*'® developed an interesting microwave mediated three-component
reaction involving acyl bromide, pyridine, and acetylene in the presence of basic alumina
for obtaining the corresponding indolizines. One representative example is presented in eq

45.

COOMe

AI203 (basic) = N=
COOMe
microwave N/ eq. 45
COOMe 8-10 min

solid phase =94 %
in toluene =71 %

Gevorgyan and co-workers®'’ developed a new protocol for mild cascade cycloismerisation
of pyridine derivatives containing propargylic group into various types of N-fused
pyrrolo-heterocycles in the presence of gold catalyst. One representative example is

presented in eq 46.

OTBS OTBS

AuBr3 (2 mol% @
N o ) ) SiMe;  eq.46
=N SiMe; toluene XN

50°C, 1.5h, 63 %
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Kim and co-workers*'® reported a facile iodine mediated transformation of propargillic
acetates containing pyridine moiety into functionalized indolizine derivatives. One
representative example is presented in Scheme 66

Scheme 66

? Ac
1. Li
= Li——n- BU |2, DCM rt 7 -

\N/

XN 2. Ac,0, Et;N 92%
cat. DMAP }
A simple methodology for synthesis of 3-acylated indolizines in good to excellent yields
by using DMF-Me,SO, as the key reagent following the reaction sequence as shown in

Scheme 66 was developed by Lijun Sun and co-workers (one representative example is

219

presented).

Scheme 67
= CHgs = N

9 |N+ s N/

X

Z | Me CH4CN DMF-Me,SO,4

+ —_—
N Br  60°C o TEA rt-40°C 0

63%

Gevorgyan and co-workers”® reported a highly efficient regiodivergent method for the
synthesis of indolizine derivatives via transition-metal-catalyzed rearrangement of in situ
generated 3-iminocyclopropene systems following the reaction sequence as shown in

Scheme 68. (One example is presented).
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Scheme 68
Ph
Ph Rh,(S-DOSP), Y /
N . Ph—— (0.25 mol%) Il pn RhCI(PPh3); =
N — ———
N~ 81% c” N DMF. it SN\ N~
o Ph 85%  c| Ph
0,
75 % Cul (5 mol%)
DMF 1t
Ph
= —
Ph
N
cl

5-Aminoindolozines were prepared by Hoenke and co-workers*'according to reaction

sequence described in Scheme 69.

Scheme 69
.
CchN .conc. H,SO, = =0, 1
o~ v an XN N / R
140 C, MW, 8 h 2. 7o%|-|c;|o4 X
40-60 % 70 % Me ClO,~

O ()

1 N H

R™ =H, Cl, NO,, Me, OMe
77NN gl 110°C, MW, 10 min
NS 28-85 %

Kartritzaky and co-workers?* reported an interesting protocol for synthesis of indolizines

and pyrrolo[2,1-a]isoquinolines via 1,3-dipolar cycloadditions of pyridninum benzo-
triazolylmethylides or isoquinolinium benzotriazolylmethylides with ethylenes and

acetylenes. One representative example is presented in Scheme 70.
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Scheme 70
Tooa
| Xy BICH,CI | X base ©® COOEt =
+ it B
_N 89% =N/ N NaOH 67 % N
- Bt Bt \ /

Br.__CN
N Et3N, CHzCN T
BtH = @E N 51 %
N
H A
N
\
NC

2-Quinolinecarboxaldehydes were conveniently transformed into substituted benzofused
indolizine derivatives according to the sequence of reactions presented in Scheme 71 (one

: : 223
representative example is presented).

Scheme 71
@ ®
m Br PPhsCH,Br N = TMs N
~
78°C . Cul, EtsN P |
=
TMS
S
NN KF allyl alcohol
reflux 0.75h
0,
O\/§ 100%

Gevorgyan and co-workers *** developed a novel, general, and efficient Cu-assisted
strategy for cycloisomerization of alkynyl imines into indolizine derivatives (eq. 47). This

methodology has been extended to the synthesis of (+) monomorine Scheme 72.
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= N-Pr cucl (50 mol%)

—
“ 'N NEtz-DMA (1:7), 130°C | n_/ eq. 47
[0)
74 % n-Pr
Scheme 72
_
AN B PA(PPh),Cl (Lmole) ([ SN  cucl@eq), NEt-DMA (17)  (Z
| + 1-Heptyne N/
N ~N B o X
Cul (1 mol%), NEtg n-bu 130°C, 63 % 5
Nn-bu
Me 60°C, 100 % Me Me
H
I H, (5 atm) PtO, (10%)
N
HBr (1eq)
-B
Me  MEU MeOH, 74 %

(+) Monomorine (124)

Simple synthesis of conjugated and thermodynamically stable indolizine derivatives

starting from 2-formyl-1,4-dihydropiperidine system was reported by Daich and co-

workers. One representative example is presented in Scheme 73.%%

Scheme 73
S o S
EtO0C COOEt CHy(CN),(1eq) Etooc COOEt Piperdine (cat)
| | EtOH, EtONa (cat),rt EtOH, reflux  giooc
Me H | 65 % Me 89 %

The Baylis-Hillman adducts have been successfully employed for synthesis of various

indolizine frameworks by Bode and Kaye according to the Scheme 74.7%°
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Scheme 74
Ac,0 A
2N * rt 100 °C =
51-96% EWG = COMe EWG
53%
ACZO +
62-78% 26-68%| -H
N OAc  120°C < ~AcO™ <
N S oAc|——— | N
( EWG H

EWG
EWG = COOMe, COOEt,

COOPY, CN

Our research group has developed an interesting methodology for obtaining fused
indolizine derivatives from the Baylis-Hillman adducts derived from chromanone
derivatives as activated alkenes (eq 48) in one-pot operation.*” Our research group has also
reported an interesting electrophile induced Baylis-Hillman reaction leading to the

synthesis of indolizine frameworks following the reaction sequence as shown in Scheme

75 227
O
Ac,0 HsC
2 | \
reﬂux 1h o N\ eq. 48
73% —
Scheme 75
(@] O
(@) S @ OHC\O wo
N~ - //
1. TMSOTF (1 eq) TVSOT (Tea) ‘f)q ) N
49% CHaCN, 0°C-1t, 12 h CHCN, 07C-1t, 12h g9

2. Silicagel, 6 h
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In 1972 Tamura and co-workers™® reported an elegant conversion of 4-bromo-1,3-
diphenylbut-2-en-1-one (involving 1,5-cyclization of nitrogen ylides) into the
corresponding indolizine and pyrrolo(1,2-a)isoquinoline derivatives via the treatment with
pyridine and isoquinoline derivatives respectively in the presence of potassium carbonate.

One example is presented in eq 49.

(0] AN
A | K,COsq N
@\l + B | Ph \ / eq. 49
Ph r,3h  27% o} -
Ph

Subsequently Pohjala reported”*’similar methodology for obtaining dihydroindolizines and
indolizine derivatives in high yields (eq 50). However in some cases he obtained mixtures
of dihydroindolizine and indolizine derivatives.
X R' X K2CO3
_F>:/ : @ reflux, 3 h, N,
X = Br, OAc

R = H, Ac, Ph, PhCO 68-94 % 2-100 %R
R' = H, Ph, PhCO, p-MeOPh

We were indeed fascinated by these wonderful publications. We were particularly pleased
to note that the allyl bromides used by Pohjala were nothing but the present day version of
Baylis-Hillman bromides (they were not known at that time with this name). It
subsequently occurred to us that this strategy will constitute a basic ground for the
preparation of several indolizine and benzofused indolizine [pyrrolo(1,2-a)quinoline and

pyrrolo(1,2-a)isoquinoline] frameworks using the Baylis-Hillman bromides. Accordingly
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we have planned the synthesis of these molecules according to the reterosynthetic strategy
as shown in Scheme 76.

Scheme 76

R
X ﬂ
) | P Br H
N H —
\ — ® —
© Nz | B 7 N\
B oN /\’R 126 =R

127 1,5-Cyclization ﬂ

1,5-Cyclization

OH

X CN

—

R
125

First we focused our attention towards the development of simple indolizine derivatives.

Accordingly we have first directed our studies towards the transformation of 2-
bromomethyl-3-phenylprop-2-enenitrile (126a) (as a mixture of E and Z-isomers) into
indolizine [1-aza-8-cyano-7-phenylbicyclo(4.3.0)nona-2,4,6,8-tetraene] (eq. 47) via the
treatment with pyridine. The Baylis-Hillman bromide (126a) was prepared from 3-

hydroxy-3-phenyl-2-methylenepropanenitrile (125a), which in turn was prepared via the
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Baylis-Hillman coupling reaction between benzaldehyde (130a) and acrylonitrile under the

catalytic influence of DABCO (Scheme 77).

Scheme 77
0 OH Br H
CN CN HBr/H,SO —
DABCO 290,
H ﬁ - NC
rt, DCM, 0°C - rt
130 125a 126a

Next we have performed the reaction between 2-bromomethyl-3-phenylprop-2-enenitrile
(126a) (as a mixture of E and Z-isomers) and pyridine under variety of conditions. The
best results in this direction were obtained when 2-(bromomethyl)-3-phenylprop-2-
enenitrile (126a), was treated with pyridine for 15 minutes at room temperature (for salt
formation), followed by heating at 80 °C in the presence of potassium carbonate for 3 h,
thus providing the desired 1-aza-8-cyano-7-phenylbicyclo(4.3.0)nona-2,4,6,8-tetraene
(127a) in 52 % isolated yield after purification through column chromatography (eq 51 and
Table 11). The structure of this compound was established by IR, '"H NMR (Spectrum 23),
C NMR (Spectrum 24), LCMS, and elemental analysis. We have also obtained single
crystals for the compound (127a) and further confirmed the structure by single crystal X-

ray data (see Figure 18 for ORTEP diagram).

eqg. 51

— 2 1) rt, 15 min
N e o
N 2) K,CO3/ DMF, 80°C, 3 h
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Table 10. Synthesis of Baylis-Hillman bromides:

o) OH
X H |/CN DABCO | X CN HBr/ HZSO4
| + I f, < DCM, 0°C - rt
/\R 130a-] 125a-j R 126a-j \—/"R
Aldehyde R B-H Yield (%)b B-H Yield (%)°
alcohol” bromide®’
130a H 125a 73 126a 75
130b 4-Me 125b 71 126b 80
130c 4-Et 125¢ 65 126¢ 76
130d 4-'Pr 125d 55 126d 71
130e 4-NO, 125e 44 126e 72
130f 2-Me 125f 61 126f 70
130g 2-Cl 125¢g 56 126g 62
130h 2-Br 125h 50 126h 60
130i 2,4(Cl), 125i 68 126i 45
130j 3-Cl 125j 37 126j 47
a) All reactions were carried out on 30 mmol scale of arylaldehydes (130a-j) with
acrylonitrile (50 mmol) in the influence of DABCO (30 mol%).
b) Yields of pure alcohols based on aldehydes
c) All reactions were carried out on 20 mmol scale of Baylis-Hillman adducts (125a-j) with

HBr (50 mmol) in the presence of H,SO4 (20 mol%).
d) All the compounds (126a-j) were fully characterized by spectral data (IR, 'H & *C NMR)

e) Isolated yields of the pure products (126a-j) based on the Baylis-Hillman adducts (125a-j).
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Encouraged by these results, we have focused our attention to understand the generality of
this strategy. We have therefore prepared a representative class of the Baylis-Hillman
bromides according to the (Table 10). These bromides were conveniently transformed into
the desired 1-aza-8-cyano-7-arylbicyclo(4.3.0)nona-2, 4,6,8-tetraenes (127a-j) in 47-63%

yields (Table-11). The structure of these compounds were established by IR, 'H & "*C
NMR [Spectrum 25 & 26 for compound 127b 'H & *C NMR respectively, Spectrum 27 &
28 for compound 127f "H & °C NMR respectively, Spectrum 29 & 30 for compound 127g
'H & “C NMR respectively, Spectrum 31 (for compound 127h), Spectrum 32 (for

compound 127j)], LCMS, and elemental analysis.

Figure 18. ORTEP diagram of compound 127a
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Table 11. Synthesis of Indolizine derivatives®

1) rt, 15 min

2) K,CO3/DMF, 80°C, 3 h

127a-j
B-H bromide R Product” Yield (%)° m.p°C
126a H 127a° 52 128-130
126b 4-Me 127b 54 132-134
126¢ 4-Et 127¢ 59 142-144
126d 4-'Pr 127d 55 146-148
126e 4-NO, 127¢ 47 170-172
126f 2-Me 127f 60 138-140
126¢ 2-Cl 127g 58 132-134
126h 2-Br 127h 54 136-138
126i 2,4 (Cl), 127i 63 136-138
126j 3-Cl 127j 49 144-146

All reactions were carried out on 1 mmol scale of Baylis-Hillman bromide (126a-j) with

K,CO; (5 mmol), pyridine (3 mL) in DMF (3 mL) at 80°C for 3 h.

All the compounds (127a-j) were obtained as colorless solids and fully characterized by

IR, 'H & "*C NMR, LCMS, and elemental analysis.

Isolated yields of the pure products and are based on the B.H.bromides.

Structures of this molecule (127a) was also established from the single-crystal X-ray data.
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Towards the development of simple synthesis of Pyrrolo(1,2-a)quinoline
derivatives:

After developing a simple one-pot methodology for the synthesis of indolizine framework
we have directed our attention towards the synthesis of benzofused indolizine [pyrrolo(1,2-
a)quinoline]  derivatives, ie., [1-aza-12-cyano-11-aryltricyclo(8.3.0.0*")-trideca-
2,4,6,8,10,12-hexaenes]. It appeared to us that this can in principle be achieved via the
treatment of the Baylis-Hillamn bromides with quinoline. In this case also we have first
selected 2-(bromomethyl)-3-phenylprop-2-enenitrile (126a) as a substance for reaction
with quinoline. The best results in this strategy were obtained when the Baylis-Hillman
bromide (126a), was treated with quinoline in DMF for 1 h at room temperature followed
by heating at 80 °C for 5 h in the presence of K,COs, thus providing 1-aza-12-cyano-11-
phenyltricyclo[8.3.0.0* Jtrideca-2,4,6,8,10,12-hexaene (eq 52) in 45% isolated yield. We
have confirmed the structure of (128a) by IR, 'H NMR [Spectrum 33 (for compound
128a)], °C NMR [Spectrum 34 (for compound 128a)], LCMS, and elemental analysis. We
have also established the structure by single crystal X-ray data (see Figure 19 for ORTEP
diagram).
Br H
— Xy 1) DMF, 1t,1h O
NC * ©\/Nj 2) K,CO3/80°C, 5h
45%
126a 128a

In order to understand the generality of this reaction strategy we have subjected various

Baylis-Hillman bromides (126b-d, and 126f) to the treatment with quinoline under similar
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conditions to provide 1-aza-12-cyano-11-aryltricyclo[8.3 .0.02’7]trideca-2,4,6,8, 10,12-

hexaenes pyrrolo(1,2-a)quinoline derivatives] (128b-d, and 130) in 47-51% isolated yields

(Table 12). We have confirmed the structure of these compounds (128b-d, and 130) by IR,

'HNMR ,"*C NMR [Spectrum 35 (for compound 130)], LCMS, and elemental analysis.

Table 12. Synthesis of pyrrolo(1,2-a)quinoline derivatives®

m 1) DMF, rt, 1 h
+
N~ 2)KyCO3/80°C, 5h

CN
126a-d, 126f 128a-d. 130
B-H bromide R Product’ Yield (%)° m.p°C
126a H 128a° 45 160-162
126b 4-Me 128b 45 156-158
126¢ 4-Et 128c 47 138-140
126d 4-'Pr 128d 51 148-150
126f 2-Me 130° 47 168-170
a) All reactions were carried out on 1 mmol scale of the Baylis-Hillman bromides (126a-d,
and 126f) with quinoline (2 mmol) in DMF (3 mL).
b) All the compounds (128a-d, and 130) were obtained as colorless solids and fully
characterized by IR, 'H & "*C NMR, LCMS, and.elemental analysis.
c) Isolated yields of the pure products and are based on the B-H bromides.
d) Structure of this molecule (128a) was also established by the single crystal X-ray data.
e) This numbering has given for the sake of convenience and clarity.
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N(2)

Figure 19. ORTEP diagram of compound 128a

Simple synthesis of pyrrolo(1,2-a)isoquinoline derivatives:

Next we have focused our attention towards the synthesis of benzofused indolizine
[pyrrolo(1,2-a)isoquinoline deriveatives] via the treatment of the Baylis-Hillman bromides
with isoquinoline. We have first selected the allyl bromide (126a) as substrate for reaction
with isoquinoline. The best results were obtained when the allyl bromide was treated with
isoquinolne in DMF for 1 h at room temperature followed by heating at 80 °C for 5 h in the
presence of K,COjs, thus providing the required benzofused indolizine [1-aza-12-cyano-11-
phenyltricyclo(8.3.0.0*")trideca-2,4,6,8,10,12-hexaenes] (129a) in 68 % isolated yields
(Table 13). The structure of this compound was established by IR, "H NMR (Spectrum 36),

3C NMR (Spectrum 37), LCMS, and elemental analysis. We have also further confirmed
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the structure of this molecule (129a) by X-ray single crystal data (see Figure 20 for
ORTEP diagram).

To understand the generality of this reaction strategy we have subjected a representative
class of allyl bromides (126b-d, and 126g)to the reaction with isoquinoline uunder similar
reaction conditions in 52-63 % isolated yields (Table 13). We have confirmed the structure
of these compounds (129b-d and 130) by IR, 'H NMR, *C NMR [Spectrum 38 (for
compound 129c¢), Spectrum 39 (for compound 129d), Spectrum 40 (for compound 131)],

LCMS, and elemental analysis.

Figure 20. ORTEP diagram of compound 129a
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Table 13. Synthesis of pyrrolo(1,2-a)quinoline derivatives®

Br H

— @;\ 1) DMF, 1t, 1 h
NC +
7\ N

2) K,CO3,80°C, 5h

—/"R .
126a-d, 1269 R
129a-d, 131
B-H bromide R Product” Yield (%)¢ m.p°C
126a H 129a° 68 142-144
126b 4-Me 129b 63 160-162
126¢ 4-Et 129c¢ 60 164-166
126d 4-'Pr 129d 63 172-174
126¢g 2-Cl 131° 52 164-166

a) All reactions were carried out on 1 mmol scale of the Baylis-Hillman bromides (126a-d,
126g) with isoquinoline (2 mmol) in DMF (3 mL).

b) All the compounds (129a-d, 131) were obtained as colorless solids and fully characterized
by (IR, 'H & *C NMR, LCMS), and.elemental analysis.

c) Isolated yields of the pure products and are based on the B-H bromides.

d) Structure of this molecule (129a) was also established from the single crystal X-ray data.

e) This numbering has given for the sake of convenience and clarity.

A plausible mechanism (based on 1,5-cylization pathway) for the preparation of indolizine
and benzofused indolizine derivatives is provided in the Scheme 78. It is interesting to note
that the dihydroindolizine (benzofused dihydro indolizine) derivatives formed in Situ were

oxidized (underwent dehydrogenation) during the course of the reaction to result in the
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formation of indolizine (benzofused indolizine) frameworks. Although the yields are not
very high, this methodology still is very useful as it provides pyrrole containing

heterocyclic compounds in one-pot operation.

Scheme 78:
‘ X
-H
S @NO’ H KyCO5 2
H =
CN

R 1,5-cyclization

Broy X
NC e - Br HG /

1,5-cyclization

In conclusion, we have successfully developed a convenient, facile and one-pot procedure
for the synthesis of indolizine and benzofused indolizine [pyrrolo(1,2-a)quinoline and
pyrrolo(1,2-a)isoquinoline] frameworks from the Baylis-Hillman bromides, thus
demonstrating the applications of Baylis-Hillman bromides as valuable synthons in

synthetic organic and medicinal chemistry.
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Table 14: Crystal data collection and structure refinement for the compound 127a

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 =25.95
Absorption correction

Max. and min. transmission
Refinement method

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

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

Largest diff. peak and hole

: Cy5s Hio Na

:218.25

1298 K

:0.71073 A

: Orthorhombic

: Pbca (International Table #14)
:a=10.1962(10) A; 0. = 90 deg.

b=7.5079(7) A; B =90 deg.
¢ =29.504(3) A; y =90 deg.

1 2258.6(4) A®

:8,1.284 g/ cm’

:0.077 mm’'

1912

:0.48 x 0.28 x 0.20 mm

:2.43 t0 25.95 deg.

:-10<h< 12, -9< k<9, -36<1< 32
: 11455 /2213 [R(int) = 0.0533]
:99.9 %

: Multi-scan method (SADABS)
:0.9847 and 0.9639

: Full-matrix least-squares on F?
:2213/0/154

0 1.221

:R1=0.0669, wR2 =0.1416
:R1=0.0847, wR2 =0.1511
:0.188 and -0.262 e. A
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Table 15. Crystal data collection and structure refinement for the compound 128a

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 = 25.00
Absorption correction

Max. and min. transmission
Refinement method

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

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

Largest diff. peak and hole

:CioHia Ny

:268.31

1298 K

:0.71073 A

: Triclinic

: P -1(International Table #14)
:a=10.629(6) A; 0.=93.357(9) deg.

b=11.135(6) A; B = 95.964(9) deg.
c = 11.702(6) A; y = 94.709(9) deg.

- 1369.6(13) A’

:2,1.301 g/ cm’

:0.077 mm’'

: 560

:0.32x0.21 x 0.18 mm

: 1.75 t0 25.00 deg.

:-12<h<12, -13<k<13, -13<I<13
: 12327 /4815 [R(int) = 0.1178]
:99.5%

: Multi-scan method (SADABS)
:0.9862 and 0.9756

: Full-matrix least-squares on F?
:4815/0/379

:1.143

:R1=0.0725, wR2 =0.1433
:R1=0.0975, wR2 = 0.1540
:0.243 and -0.178 e. A
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Table 16. Crystal data collection and structure refinement for the compound 129a

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 = 26.04
Absorption correction

Max. and min. transmission
Refinement method

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

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

Largest diff. peak and hole

:Cro Hi2 Na

:268.31

1298 K

:0.71073 A

: Monoclinic

: P 21/c (International Table #14)
:a=14.079(3) A; 0. =90 deg.

b=16.431(4) A; p = 91.820(4) deg.
c=12.208(3) A; y =90 deg.

:2822.6(11) A®

:8,1.263 g/ cm’

:0.075 mm’’

: 1120

:0.38x0.28 x 0.20 mm

:1.91 to 26.04 deg.

: -17<h<17, -20<k<20, -15<I<15
: 28580 /5512 [R(int) = 0.1730]
:98.9 %

: Multi-scan method (SADABS)
:0.9851 and 0.9720

: Full-matrix least-squares on F
:5512/0/379

:0.970

:R1=0.0830, wR2 = 0.1283
:R1=0.2299, wR2 =0.1714
:0.168 and -0.160 e. A”
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CONCLUSIONS

We made significant progress and achieved considerable success in our objectives on the
applications of Baylis-Hillman adducts as mentioned in the beginning of this section. We
have successfully transformed 3-ethoxycarbonyl-3-hydroxy-3-aryl-2-methylene-propane-
nitrile (100a-i), and 3-ethoxycarbonyl-3-hydroxy-3-aryl-2-methylenepropanoate (102a-c)
(Baylis-Hillman adducts), into disubstituted maleimde (101a-i), and disubstituted maleic
anhydride derivatives (103a-c) respectively in a facile, one-pot methodology via Freidel-
Crafts reaction with benzene in the presence of methatnesulfonic acid. We have developed
a simple methodology for synthesis of functionalized 6, 6-dimethyl-3-aryl-6H-benzofuran-
2-one derivatives (113a-g) and 3-phenyl-3H-benzofuran-2-one (143) from the Baylis-
Hillman adducts i.e., 2-hydroxy-2-aryl-2-(5,5-dimethylcyclohex-2-en-1-on-2-yl)ethanoate
(112a-g), and 2-hydroxy-2-phenyl-2-cyclohex-2-en-1-on-2-yl)-ethanoate (114)
respectively in an operationally simple procedure. We have also transformed the Baylis-
Hillman bromides, 2-bromomethyl-3-arylprop-2-enenitrile (as a mixture of E and Z-
isomers) (126a-j) into indolizine derivatives [1-aza-8-cyano-7-arylbicyclo-(4.3.0)nona-
2,4,6,8-tetraene] (127a-j) via the treatment of pyridine in the presence of potassium
carbonate. We have also developed a simple one-pot methodology for the synthesis of
benzofused indolizine [pyrrolo(1,2-a)quinoline] derivatives, i.e.,. [l-aza-12-cyano-11-
aryltricyclo-(8.3.0.0>7)-trideca-2.4.6,8,10,12-hexa-enes] (128a-d, 130), and [pyrrolo(1,2-
a)isoquino-line] derivatives, i.e., [1—aza—12—cy—ano—1l—aryltricyclo(8.3.0.04’9)trideca—2,4,6,—
8,10,12-hexaenes] (129a-d, 131) from the Baylis-Hillman bromides via the treatment with
quinoline and isoquinoline respectively. Our studies clearly indicates importance of the
Baylis-Hillman alcohols (adducts), and the Baylis-Hillamn bromides as versatile substrates

for synthesis of various heterocyclic molecules.
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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.

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
(400 MHz) spectra for all the samples were measured in chloroform-d, unless otherwise
mentioned (5= 2.50 ppm for "H NMR in the case of DMSO-dg), with TMS (5= 0 ppm) as
an internal standard. >°C NMR (50 MHz / 100 MHz) spectra for all the samples were
measured in chloroform-d, unless otherwise mentioned (in the case of DMSO-dg, 6= 39.70
ppm its middle peak of the septet), with its middle peak of the triplet (6= 77.10 ppm) as an

internal standard. Spectral assignments are as follows: (1) chemical shifts on the o scale,
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(2) standard abbreviation for multiplicity, that is, s = singlet, d = doublet, t = triplet, q =
quartet, sept = septet, m = multiplet, dd = doublet of doublet, br = broad, (3) number of

hydrogens integrated for the signal, (4) coupling constant J in Hertz.

Mass Spectral Analysis: Shimadzu LCMS 2010A mass spectrometer.

Elemental Analysis: Elemental analyses were performed on a Thermo Finnigan Flash EA

1112-CHN analyzer.

X-ray Crystallography:

The X-ray diffraction measurements were carried out at 293 K on a Bruker SMART APEX
CCD area detector system equipped with a graphite monochromator and a Mo-K,, fine-
focus sealed tube (A = 0.71073 A°) operated at 1500 W power (50 kV, 30 mA). The
detector was placed at a distance of 4.995 cm from the crystal. The frames were integrated
with the Bruker SAINT Software package using a narrow-frame algorithm. Data were
corrected for absorption effects using the multi-scan technique (SADABS). The structure

was solved and refined using the Bruker SHELXTL (Version 6.1) Software package.

General: All the solvents were dried and distilled using suitable drying agents before use.
Moisture sensitive reactions were carried out using standard syringe-septum techniques
under nitrogen atmosphere. All reactions were monitored using Thin Layer

Chromatography (TLC).
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Ethyl phenylglyoxylate (99a):

This compound was prepared according to the literature procedure.”*’

To a stirred solution of diethyl oxalate (250 mmol, 36.5g, 33.85 mL) in THF (100 mL) was
added a solution of phenylmagnesium bromide (100 mmol) [prepared from bromo-benzene
(100 mmol, 15.70 g, 10.5 mL) and magnesium turnings (100 mmol, 2.4 g)] in THF (100
mL) slowly at -10 °C over a period of 1 h. The reaction mixture was quenched immediately
with 2N HCI solution to a pH of 4.0 and extracted with ether (3 x 100 mL). The combined
organic layer was dried over anhydrous sodium sulfate. Solvent was evaporated, the excess
diethyl oxalate was distilled off and the residue was purified by column chromatography to

provide the a-keto ester in 7.35 g (41%) to provide 99a.

O
IR (Neat): v 1738, 1689 cm™ ‘ WEt]
O

'"H NMR (400 MHz): 5 1.42 (t, 3H, J = 7.2 Hz), 4.45 (q, 2H, J = 7.2 Hz), 7.55-7.71

(m, 3H), 8.01 (d, 2H, J = 7.2 Hz).
13C NMR (50 MHz): 5 14.10, 62.32, 128.88, 130.00, 132.47, 134.90, 163.86,

186.45

Ethyl (4-methylphenyl)glyoxylate (99b):
This molecule was prepared via the treatment of 4-methylphenylmagnesium bromide with
diethyl oxalate in THF, following the similar procedure described for the molecule 99a, as

a colorless liquid.



108

O
Reaction time: l1h WEt
Yield: 65% Me ©

IR (Neat): v 1738, 1682 cm™

'"H NMR (400 MHz): 5 1.42 (t, 3H, J = 6.8 Hz), 2.44 (s, 3H), 4.44 (q, 2H, J = 6.8
Hz), 7.31 (d, 2H, J = 8.8 Hz), 7.90 (d, 2H, J = 8.8 Hz).
13C NMR (50 MHz): 5 14.11, 21.89, 62.23, 129.62, 130.15, 131.29, 146.25,

164.05, 186.12.

Ethyl (4-methoxyphenyl)glyoxylate (99c):
This molecule was obtained as a colorless liquid via the treatment of 4-methoxy-

phenylmagnesium bromide with diethyl oxalate in THF, following the similar procedure

described for the molecule 99a.

(@)
o Et
Reaction time: l1h /©)‘\f(©
(@]
MeO

Yield: 41%
IR (Neat): v 1720, 1608 cm™
'H NMR (400 MHz): 8 1.41 (t, 3H, J = 7.2 Hz), 3.89 (s, 3H), 4.45 (q, 2H, J = 7.2

Hz), 6.98 (d, 2H, J = 8.8 Hz), 7.99 (d, 2H, J = 8.8 Hz).
13C NMR (50 MHz): 5 13.84, 55.38, 61.90, 114.05, 125.17, 132.24, 164.04,

164.85, 184.76.
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Ethyl (3-methylphenyl)glyoxylate (99d):

This compound was obtained as a colorless liquid via the reaction between 3-methyl

phenylmagnesium bromide and diethyl oxalate in THF, following the similar procedure

described for the molecule 99a. o

Reaction time:
Yield:
IR (Neat):

'H NMR (400 MHz):

B3C NMR (50 MHz):

Me Et
lh
(@)

65%

v 1738, 1687 cm™

8 1.42 (t, 3H, J = 7.2 Hz), 2.41 (s, 3H), 4.44 (q, 2H, J = 7.2
Hz), 7.18-7.50 (m, 2H), 7.70-7.82 (m, 2H).

& 13.98, 21.09, 62.10, 127.19, 128.67, 130.10, 132.38,

135.63, 138.73, 163.94, 186.59.

Ethyl (3-methoxyphenyl)glyoxylate (99e):

This molecule was obtained as a colorless liquid via the treatment of 3-methoxyphenyl-

magnesium bromide with diethyl oxalate in THF, following the similar procedure

described for the molecule 99a.

Reaction time:
Yield:
IR (Neat):

'H NMR (400 MHz):

(0]
1h MeO Et
0]

60%

v 1736, 1689 cm’!
§ 1.42 (t, 3H, J = 7.2 Hz), 3.86 (s, 3H), 4.45 (q, 2H, J = 7.2
Hz), 7.20 (dd, 1H, J = 2.4 Hz & 8.0 Hz), 7.38-7.48 (m, 1H),

7.53 (s, 1H), 7.57 (d, 1H, J = 7.6 Hz).
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C NMR (50 MHz): o 14.08, 55.47, 62.30, 113.30, 121.76, 123.04, 129.90,

133.69, 159.94, 163.85, 186.31.

Ethyl (2-methylphenyl)glyoxylate (99f):
This molecule was obtained as a colorless liquid via the reaction between 2-methyl
phenylmagnesium bromide and diethyl oxalate in THF, following the similar procedure

described for the molecule 99a.

Reaction time: l1h Me O
OEt
Yield: 47 %
0]
IR (Neat): v 1738, 1682, 1601 cm™
'H NMR (400 MHz): § 1.40 (t, 3H, J = 6.8 Hz), 2.60 (s, 3H), 4.42 (q, 2H, J = 6.8

Hz), 7.07-7.36 (m, 3H), 7.44-7.52 (m, 1H), 7.69 (d, 1H, J =
8.0 Hz).
C NMR (50 MHz): o 14.13, 21.47, 62.29, 125.96, 131.33, 132.29, 132.40,

133.70, 141.35, 164.68, 188.84.

Ethyl (2-methoxyphenyl)glyoxylate (99g):
This a-keto-ester was prepared via the treatment of 2-methoxyphenylmagnesium bromide

with diethyl oxalate in THF, following the similar procedure described for the molecule

99a, as a colorless liquid.
OMe O

Reaction time: 1h
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Yield: 42 %
IR (Neat): v 1741, 1672 cm™
'H NMR (400 MHz): 8 1.39 (t, 3H, J = 6.8 Hz), 3.87 (s, 3H), 4.38 (q, 2H, J = 6.8

Hz), 6.98 (d, 1H, J = 8.8 Hz), 7.06-7.15 (m, 1H), 7.51-7.60
(m, 1H), 7.88 (d, 1H, J = 7.8 Hz).
13C NMR (100 MHz): 5 14.16, 56.03, 61.80, 112.07, 112.33, 122.84, 130.78,

136.35, 160.32, 165.34, 186.65.

Ethyl (4-ethoxyphenyl)glyoxylate (99h):
This o- keto ester was prepared via the treatment of 4-ethoxyphenylmagnesium bromide

with diethyl oxalate in THF, following the similar procedure described for the molecule

99a, as a colorless liquid.

O
Et
Reaction time: l1h o
EtO

Yield: 30%
IR (Neat): v 1736, 1678 cm™
'H NMR (400 MHz): 0 1.41-1.45 (m, 6H,), 4.14 (q, 2H, J = 7.2 Hz), 4.43 (q, 2H, J

=7.2 Hz), 6.95 (d, 2H, J = 8.8 Hz), 7.99 (d, 2H, J = 8.8 Hz).
13C NMR (100 MHz): 5 14.12, 14.58, 62.13, 64.04, 114.67, 125.34, 132.57, 164.25,

164.49, 184.89.
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3-Ethoxycarbonyl-3-hydroxy-3-phenyl-2-methylenepropanenitrile (100a):

This compound was prepared following the literature procedure.”'

A mixture of ethyl phenylglyoxylate (99a) (20 mmol, 3.56 g), acrylonitrile (40 mmol, 2.12
g, 2.6 mL) and DABCO (30 mol %, 6.72 g) was kept at room temperature for 5 days. The
reaction mixture was diluted with water (10 mL) 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 (silica gel, 5% EtOAc in

hexanes) to furnish the title compound in 58 % (2.68 g), as a colorless liquid.

Ho COOEt
CN
IR (Neat): v 3479, 2229, 1734, 1622 cm’!
'"HNMR (400 MHz): o 1.38 (t, 3H, J = 7.2 Hz), 4.17 (s, 1H), 4.39-4.44 (m, 2H),

6.15 (s, 1H), 6.19 (s, 1H), 7.34-7.45 (m, 3H), 7.50-7.58
(m, 2H).
C NMR (100 MHz): o 13.88, 63.83, 78.62, 116.83, 125.32, 126.31, 128.59,

129.03, 132.81, 137.59, 171.58.

3-Ethoxycarbonyl-3-hydroxy-3-(4-methylphenyl)-2-methylenepropanenitrile (100b):
This product was obtained as a colorless liquid via the reaction between ethyl (4-
methylphenyl)glyoxylate (99b) and acrylonitrile under the catalytic influence of DABCO,
following the similar procedure described for the molecule 100a.

Reaction Time: 5d



Yield:
IR (Neat):

'H NMR (400 MHz):

CNMR (100 MHz):

113

CN
Me

HO. COOEt I
v 3477,2229, 1738, 1614 cm™

§ 1.37 (t, 3H, J = 7.2 Hz), 2.35 (s, 3H), 4.14 (s, 1H), 4.30-
4.49 (m, 2H), 6.14 (s, 1H), 6.17 (s, 1H), 7.21 (d, 2H, J = 8.0
Hz), 7.40 (d, 2H, J = 8.0 Hz).

5 14.01, 21.15, 63.91, 78.55, 117.02, 125.41, 126.30, 129.42,

132.88, 134.69, 139.11, 171.87.

3-Ethoxycarbonyl-3-hydroxy-3-(4-methoxyphenyl)-2-methylenepropanenitrile (100c):

This product was obtained as a colorless liquid via the reaction between ethyl (4-

methoxyphenyl)glyoxylate (99¢) and acrylonitrile under the influence of DABCO (cat)

following the similar procedure described for the molecule 100a.

Reaction Time:
Yield:
IR (Neat):

'H NMR (400 MHz):

C NMR (100 MHz):

5d HO. COOEt

CN
42%

MeO

v 3501, 2229, 1736 cm™
§ 1.38 (t, 3H, J = 7.2 Hz), 3.81 (s, 3H), 4.12 (s, 1H), 4.25-
4.45 (m, 2H), 6.15 (s, 1H), 6.18 (s, 1H), 6.91 (d, 2H, J = 8.8
Hz), 7.43 (d, 2H, J = 8.8 Hz).

§ 14.00, 55.34, 63.85, 78.38, 114.04, 117.02, 125.59,

127.77, 129.64, 132.72, 160.10, 171.87.
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3-Ethoxycarbonyl-3-hydroxy-3-(3-methylphenyl)-2-methylenepropanenitrile (100d):
This tertiary alcohol was obtained as a colorless liquid via the Baylis-Hillman reaction
between ethyl (3-methylphenyl)glyoxylate (99d) and acrylonitrile under the influence of

DABCO as a catalyst following the similar procedure described for the molecule 100a.

N

Reaction Time: 5d HO  COOEt
CN

Yield: 47%

IR (Neat): v 3477, 2229, 1738, 1606 cm’! Me

"H NMR (400 MHz): o 1.38 (t, 3H, J = 7.2 Hz), 2.37 (s, 3H), 4.12 (s, 1H), 4.36-

4.52 (m, 2H), 6.15 (s, 1H), 6.19 (s, 1H), 7.19 (d, 1H, J = 6.8
Hz), 7.16-7.30 (m, 2H), 7.32 (s, 1H).
13C NMR (100 MHz): 5 13.91, 21.47, 63.78, 78.67, 116.90. 123.43, 125.37, 126.87,

128.50, 129.81, 132.79, 137.57, 138.42, 171.67.

3-Ethoxycarbonyl-3-hydroxy-3-(3-methoxyphenyl)-2-methylenepropanenitrile (100e):

This adduct was obtained as a colorless liquid via the reaction between ethyl (3-methoxy

phenyl)glyoxylate (99e) and acrylonitrile under the catalytic influence of DABCO,

following the similar procedure described for the molecule 100a.

HO COOEt
CN
Reaction Time: 5d Q)Q’(
Yield: 62%
OMe

IR (Neat): v 3441, 2229, 1739 cm™
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"H NMR (400 MHz): 5 1.38 (t, 3H, J = 7.2 Hz), 3.81 (s, 3H), 4.18 (s, 1H), 4.35-
4.50 (m, 2H), 6.14 (s, 1H), 6.18 (s, 1H), 6.90 (dd, 1H, J = 1.6
Hz & 7.0 Hz), 7.06-7.13 (m, 2H), 7.28-7.35 (m, 1H).

13C NMR (100 MHz): 5 14.02, 55.35, 64.02, 78.53, 112.25, 114.61, 116.93, 118.66,

125.20, 129.73, 133.04, 139.02, 159.83, 171.61.

3-Ethoxycarbonyl-3-hydroxy-3-(2-methylphenyl)-2-methylenepropanenitrile (100f):
This adduct was obtained as a colorless liquid via the reaction between ethyl (2-
methylphenyl)glyoxylate (99f) and acrylonitrile using DABCO as a catalyst following the

similar procedure described for the molecule 100a.

Reaction Time: 5d Ho COOEt
CN
Yield: 44% w
M

e
IR (Neat): v 3423, 2235, 1743, 1608 cm’!

'"H NMR (400 MHz): 8 1.36 (t, 3H, J = 7.2 Hz), 2.34 (s, 3H), 4.07 (s, 1H), 4.35-
4.49 (m, 2H), 6.32 (s, 1H), 6.36 (s, 1H), 7.16-7.34 (m, 4H).
13C NMR (100 MHz): 8 13.95, 20.40, 63.98, 80.09, 116.79, 125.07, 125.96, 127.62,

129.32, 132.67, 133.65, 135.86, 137.65, 172.77.

3-Ethoxycarbonyl-3-hydroxy-3-(2-methoxyphenyl)-2-methylenepropanenitrile (100g):

This Baylis-Hillman alcohol was obtained as a colorless liquid via the reaction between
ethyl(2-methoxyphenyl)glyoxylate (999) and acrylonitrile under the catalytic influence of

DABCO, following the similar procedure described for the molecule 100a.
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Reaction Time: 5d HO. COOEt
CN
Yield: 61% w
OMe
IR (Neat): v 3468, 2229, 1739, 1601 cm’™
'H NMR (400 MHz): o 1.31 (t, 3H, J = 7.2 Hz), 3.81 (s, 3H), 4.23-4.48 (m, 3H),

6.38 (s, 1H), 6.58 (s, 1H), 6.95 (d, 1H, J = 8.0 Hz), 7.00-7.09
(m, 1H), 7.28-7.42 (m, 2H).
3C NMR (100 MHz): 5 13.95, 55.51, 63.20, 77.10, 111.66, 116.88, 120.99, 123.79,

127.10, 128.35, 130.73, 134.33, 156.73, 172.27.

3-Ethoxycarbonyl-3-hydroxy-3-(4-ethoxyphenyl)-2-methylenepropanenitrile (100h):
This compound was obtained as a colorless liquid via the reaction between ethyl (4-
ethoxyphenyl)glyoxylate (99h) and acrylonitrile under the influence of DABCO (cat.)

following the similar procedure described for the molecule 100a.

Reaction Time: 5d Ho COOEt
CN
Yield: 50%
EtO
IR (Neat): v 3474,2229, 1738, 1610 cm’!
'H NMR (400 MHz): o 1.30-1.48 (m, 6H), 4.04 (q, 2H, J = 7.2 Hz), 4.09 (s, 1H),

4.31-4.49 (m, 2H), 6.14 (s, 1H), 6.17 (s, 1H), 6.90 (d, 2H, J
= 8.8 Hz), 7.43 (d, 2H, J = 8.8 Hz).
13C NMR (100 MHz): 5 14.00, 14.78, 63.58, 63.83, 78.40, 114.57, 117.00, 125.68,

127.74, 129.47, 132.62, 159.52, 171.89.
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3-Ethoxycarbonyl-3-hydroxy-2-methylenebutanenitrile (100i):

This molecule was obtained as a colorless liquid via the Baylis-Hillman coupling of

acrylonitrile with ethyl pyruvate under the influence of DABCO as a catalyst following the

similar procedure described for the molecule 100a.

HO COOEt
Reaction Time: 5d HaC CN
Yield: 30%
IR (Neat): v 3466, 2229, 1738, 1624 cm™
'H NMR (400 MHz): 0 1.35 (t, 3H, J = 7.2 Hz), 1.66 (s, 3H), 3.88 (bs, 1H), 4.25-
4.40 (m, 2H), 6.10 (s, 1H), 6.28 (s, 1H).
BC NMR (100 MHz): 0 13.96, 24.74, 63.47, 74.02, 116.62, 125.68, 131.52,

173.13.

3-Benzyl-4-phenyl-1H-pyrrole-2, 5-dione (101a):

To a stirred solution of 3-ethoxycarbonyl-3-hydroxy-3-phenyl-2-methylenepropan-enitrile
(100a) (1 mmol, 0.231 g) in benzene (6 mL) was added methanesulfonic acid (3 mmol,
0.288 g, 0.2 mL) at room temperature and heated under reflux for 4 h. Then the reaction
mixture was allowed to cool to room temperature and diluted with water (10 mL). Aqueous
NaHCOs; solution was added slowly to neutralize the acid and extracted 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
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gel, 5% EtOAc in hexanes) to furnish the compound 101a as a colorless solid in 79 %

isolated yield.

Mp: 118-120 °C o q ]

IR (KBr): v 3335, 1776, 1699 cm™' ;\C.

oaY;

"H NMR (400 MHz): 8 3.93 (s, 2H), 7.16-7.32 (m, 5H), 7.42-7.57 (m, 5H), 7.81
(bs, 1H).

13C NMR (100 MHz): § 29.76, 126.92, 128.42, 128.49, 128.74, 128.91, 129.47,
130.07, 136.99, 139.31, 139.56, 171.02, 171.61.

LCMS (m/z): 262 (M-H)"

Anal. Calcd. for C;7H3NO, : C, 77.55; H, 4.98; N, 5.32.

Found: C,77.56; H,4.97; N, 5.25.

3-Benzyl-4-(4-methylphenyl)-1H-pyrrole-2, 5-dione (101b):
This compound was obtained as a colorless solid via the reaction between 3-
ethoxycarbonyl-3-hydroxy-3-(4-methylphenyl)-2-methylenepropanenitrile  (100b)  and

benzene under the influence of methanesulfonic acid, following the similar procedure

described for the molecule 101a.

H
O=~_-N o
Reaction Time: 4 h —
Yield: 70% O O
o Me
Mp: 150-152°C

IR (KBr): v 3223, 1774,1716 cm’
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'"H NMR (400 MHz): 8 2.38 (s, 3H), 3.93 (s, 2H), 7.16-7.33 (m, 7H), 7.44 (d, 2H, J
= 8.4 Hz), 7.86 (bs, 1H).
13C NMR (100 MHz): & 21.52, 29.77, 125.61, 126.87, 128.48, 128.89, 129.44,

129.50,137.16, 138.42, 139.58, 140.46, 171.15, 171.73.
LCMS (m/z): 276 (M-H)"
Anal. Calcd. for C]gH]sNOzI C, 7796, H, 5.45; N, 5.05.

Found: C,77.92; H, 5.46; N, 5.13.

3-Benzyl-4-(4-methoxyphenyl)-1H-pyrrole-2, 5-dione (101c):
The reaction of 3-ethoxycarbonyl-3-hydroxy-3-(4-methoxyphenyl)-2-methyleneprop-
anenitrile (100c) with benzene under the influence of methanesulfonic acid, following the

similar procedure described for the molecule 10la, provided the title compound as a

colorless solid. H
O=~_-N 0
Reaction Time: 4 h —
Yield: 63% O O
MeO
Mp: 160-162°C
IR (KBr): v 3192, 1768, 1709 cm’™
1H NMR (400 MHz): 0 3.84 (s, 3H), 3.94 (s, 2H), 6.95 (d, 2H, J = 8.8 Hz), 7.17-

7.36 (m, 5H), 7.53 (d, 2H, J = 8.8 Hz), 7.73 (bs, 1H).
13C NMR (100 MHz): 529.82, 55.44, 114.35, 121.01, 126.91, 128.43, 128.96,

131.23,137.08, 137.23, 139.18, 161.15, 171.09, 171.60.



LCMS (m/z2):

Anal. Calced. for CigH5NOs5:
Found:

120

292 (M-H)"

C,73.71; H, 5.15; N, 4.78.
C, 73.82; H, 5.13; N, 4.84.

3-Benzyl-4-(3-methylphenyl)-1H-pyrrole-2, 5-dione (101d):

This product was obtained as a colorless solid via the reaction between 3-cthoxycarbonyl-

3-hydroxy-3-(3-methlyphenyl)-2-methylenepropanenitrile (100d) and benzene under the

influence of methanesulfonic acid, following the similar procedure described for the

molecule 101a.
Reaction Time:
Yield:

Mp:

IR (KBr):

'"H NMR (400 MHz):

3C NMR (100 MHz):

LCMS (m/z):
Anal. Calcd. for C18H15N02 .

Found:

N

H
0N
4h _
76% Me O O
70-72°C

v 3375, 1768, 1707 cm™

8 2.37 (s, 3H), 3.92 (s, 2H), 7.16-7.36 (m, 9H), 7.78 (bs, 1H).
§21.46,29.82, 126.56, 126.88, 128.34, 128.56, 128.62,
128.87, 130.08, 130.88, 137.18, 138.44, 139.21, 139.77,
171.07, 171.69.

278 (M+H)"

C, 77.96; H, 5.45; N, 5.05.

C,77.91; H, 5.48; N, 4.99.
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3-Benzyl-4-(3-methoxyphenyl)-1H-pyrrole-2, 5-dione (101e):

This product was obtained as a colorless solid via the treatment of 3-ethoxycarbonyl-3-

hydroxy-3-(3-methoxyphenyl)-2-methylenepropanenitrile (100e) with benzene under the

influence of methanesulfonic acid, following the similar

procedure described for the molecule 101a. —

Reaction Time:

Yield:
Mp:
IR (KBr):

"H NMR (400 MHz):

>C NMR (100 MHz):

LCMS (m/z):

N
o 0

. o O

55%

103-105 °C

v 3288, 1772, 1712 cm™

8 3.75 (s, 3H), 3.94 (s, 2H), 6.97-7.03 (m, 2H), 7.09-7.14 (m,
1H), 7.18-7.32 (m, 5H), 7.34-7.39 (m, 1H), 7.44 (bs, 1H).

§ 29.76, 55.32, 114.71, 116.16, 121.90, 126.91, 128.49,
12891, 129.62, 129.82, 137.06, 139.45, 139.48, 159.67,

170.88, 171.55.

294 (M+H)"

Anal. Calcd. for C;gHsNOs: C, 73.71; H, 5.15; N, 4.78.

Found:

C, 73.80; H, 5.13; N, 4.71.

3-Benzyl-4-(2-methylphenyl)-1H-pyrrole-2, 5-dione (101f):

This molecule was obtained as a colorless solid via the reaction between 3-ethoxycarbonyl-

3-hydroxy-3-(2-methylphenyl)-2-methylenepropanenitrile (100f) and benzene under the
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influence of methanesulfonic acid, following the similar procedure described for the

molecule 101a.

v \

Reaction Time: 4h © \N O

Yield: 65% O O

Mp: 96-98°C Me

IR (KBr): v 3285, 1774, 1712 cm™

'"H NMR (400 MHz): § 2.06 (s, 3H), 3.58 (s, 1H)", 3.65 (s, 1H) *, 6.87-7.36 (m,
9H), 7.59 (bs, 1H).

13C NMR (100 MHz): § 20.05, 29.90, 125.94, 126.82, 128.14, 128.67, 128.85,

129.36, 129.75, 130.56, 136.55, 136.87, 141.87, 142.25,
170.64, 171.48.

These peaks look like unresolved ABq. but appear as two close singlets.

We have also recoeded 'H and C NMR spectra at 5°C and 40°C with a view to

understand the conformation stability of the molecule at different temperatures

'H NMR at 5°C (400 MHz): § 2.07 (s, 3H), 3.56 & 3.68 (ABq, 2H, J = 14.0 Hz), 6.90-
7.34 (m, 9H), 7.83 (bs, 1H).

PC NMR at 5°C (100 MHz): & 20.16, 29.92, 126.03, 126.88, 127.95, 128.73, 128.83,
129.35, 129.87, 130.63, 136.47, 136.83, 141.77, 142.22,
170.47, 171.28.

"H NMR at 40°C (400 MHz): & 2.04 (s, 3H), 3.61 (bs, 2H), 6.90-7.31 (m, 9H), 7.41 (bs,

1H).
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C NMR at 40°C (100 MHz): & 20.04, 29.98, 125.96, 126.86, 128.26, 128.70, 128.90,
129.41, 129.78, 130.59, 136.62, 136.93, 142.01, 142.35,
170.43, 171.30.

At 5°C in '"H NMR spectrum of (101f) benzylic protons appear as ABq at & 3.56 & 3.68

(ABq, 2H, J = 14.2 Hz). At room temperature they appear as two singlets at & 3.58 (s, 1H),

3.65 (s, 1H), while at 40 °C they appear as broad singlet at § 3.68 (bs, 2H). However "°C

NMR is almost the same at these temperatures. From these spectral studies it is quite clear

that there is conformational rigidity at 5°C, while at room temperature and at 40°C there is

conformational flexibility.

LCMS (m/z): 278 (M+H)"

Anal. Calcd. for C;gHsNO,: C, 77.96; H, 5.45; N, 5.05.

Found: C, 78.05; H, 5.42; N, 5.08.

3-Benzyl-4-(2-methoxyphenyl)-1H-pyrrole-2, 5-dione (1019):
The reaction of  3-ethoxycarbonyl-3-hydroxy-3-(2-methoxyphenyl)-2-methylene-
propanenitrile (100g) with benzene under the influence of methanesulfonic acid, following

the similar procedure described for the molecule 101a provided the title compound as a

colorless solid.

H
O=_-N o
Reaction Time: 4h _
i : W,
Yield: 57% O OMe
Mp: 98-100°C

IR (KBr): v 3296, 1774, 1712 cm’™



'"H NMR (400 MHz):

C NMR (100 MHz):

LCMS (m/z):
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8 3.74 (s, 3H), 3.75 (s, 2H), 6.95 (d, 1H, J = 8.4 Hz), 6.99-
7.24 (m, 7H), 7.36-7.44 (m, 1H), 7.56 (bs, 1H).

& 30.51, 55.49, 111.29, 117.51, 120.55, 126.53, 128.46,
128.74, 130.88, 131.28, 136.96, 138.41, 141.88, 157.24,
170.82, 171.60.

294 (M+H)"

Anal. Calcd. for C;gH1sNO5: C, 73.71; H, 5.15; N, 4.78.

Found:

C, 73.63; H, 5.16; N, 4.69.

3-Benzyl-4-(4-ethoxyphenyl)-1H-pyrrole-2, 5-dione (101h):

Th reaction between 3-ethoxycarbonyl-3-hydroxy-3-(4-ethoxyphenyl)-2-methylenepro-

panenitrile (100h) and benzene under the influence of methanesulfonic acid, following the

similar procedure described for the molecule 10la furnished the title compound as a

colorless solid.
Reaction Time:
Yield:

Mp:

IR (KBr):

'"H NMR (400 MHz):

N
4h © 0
~ O
176-178°C EtO

v 3269, 1772, 1714 cm’
8 1.43 (t, 3H, J = 6.8 Hz), 3.94 (s, 2H), 4.08 (q, 2H, J = 6.8

Hz), 6.94 (d, 2H, J = 8.0 Hz), 7.15-7.33 (m, SH), 7.35 (bs,

1H), 7.53 (d, 2H, J = 8.0 Hz).



*C NMR (100 MHz):

LCMS (m/z):
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o 14.79, 29.84, 63.70, 114.84, 120.83, 126.90, 128.43,

128.95, 131.23, 136.96, 137.26, 139.24, 160.58, 171.00,
171.49.

306 (M-H)"

Anal. Calcd. for Ci9yH{7NOs: C, 74.25; H, 5.58; N, 4.56.

Found:

C, 74.27; H, 5.52; N, 4.49.

3-Benzyl-4-methyl-1H-pyrrole-2, 5-dione (101i):

This compound was obtained as a colorless solid via the reaction between 3-

ethoxycarbonyl-3-hydroxy-2-methylenebutanenitrile (100i) and benzene under the

influence of methanesulfonic acid, following the similar procedure described for the

molecule 101a.
Reaction Time:
Yield:

Mp:

IR (KBr):

'"H NMR (400 MHz):

3C NMR (100 MHz):

LCMS (m/z):

H
4 h OxN e}
66% HsC
78-80°C

v 3314, 1774, 1705 cm™

8 1.95 (s, 3H), 3.71 (s, 2H), 7.20-7.34 (m, 5H), 7.49 (bs,
1H).

5 8.88,29.58, 126.96, 128.80, 128.93, 136.75, 138.97,

140.38, 171.55, 171.87.

200 (M-H)"
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Anal. Calcd. for C;oH1NO,: C, 71.63; H, 5.51; N, 6.96.

Found: C,71.57;H, 5.52; N, 7.01.

Methyl 3-ethoxycarbonyl-3-hydroxy-3-phenyl-2-methylenepropanoate (102a):
This compound was prepared following the literature procedure.”'

A mixture of ethyl phenylglyoxylate (99a) (20 mmol, 3.56 g), methyl acrylate (40 mmol,
3.44 g, 3.5 mL) and DABCO (30 mol%, 6.72 g) was kept at room temperature for 10 days.
The reaction mixture was diluted with water (10 mL) 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 (silica gel, 5%

EtOAc in hexanes) to furnish the title compound 102a in 60 % (3.2 g) as a colorless liquid

IR (Neat): v 3499, 1730, 1693, 1631 cm’!
Ho COOEt
wCOOMe
'H NMR (400 MHz): 0 1.27 (t, 3H, J = 7.2 Hz), 3.70 (s, 3H), 4.28 (q, 2H, J = 7.2

Hz), 4.35 (s, 1H), 5.36 (s, 1H), 6.36 (s, 1H), 7.30-7.40 (m,
3H), 7.60-7.67 (m, 2H).
13C NMR (100 MHz): 8 13.95, 52.17, 62.47, 78.70, 126.79, 128.13, 128.30,

129.05, 37.83, 142.94, 166.78, 173.27.
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Methyl 3-ethoxycarbonyl-3-hydroxy-3-(4-methylphenyl)-2-methylenepropanoate
(102b):

This allyl alcohol was obtained as a colorless liquid via the reaction between ethyl (4-
methylphenyl)glyoxylate (99b) and methyl acrylate under the catalytic influence of

DABCO, following the similar procedure described for the molecule 102a.
Ho COOEt ]

Reaction Time: 12d mCOOMe
Yield: 57% Me

IR (Neat): v 3497, 1732, 1631 Cm’'

'"H NMR (400 MHz): 5 1.28 (t, 3H, J = 6.8 Hz), 2.35 (s, 3H), 3.80 (s, 3H), 4.28 (q,
2H, J = 6.8 Hz), 5.40 (s, 1H), 6.30 (s, 1H), 7.18 (d, 2H, J =
8.4 Hz), 7.50 (d, 2H, J = 8.4 Hz).

13C NMR (100 MHz): 5 13.86, 20.89, 52.01, 62.27, 78.50, 126.60, 128.71, 134.83,

137.88, 142.95, 166.70, 173.27.

Methyl 3-ethoxycarbonyl-3-hydroxy-3-(4-methoxyphenyl)-2-methylenepropanoate
(102c¢):

This adduct was obtained as a colorless liquid via the reaction between ethyl (4-methoxy
phenyl)glyoxylate (99c) and methyl acrylate under the influence of DABCO as a catalyst

following the similar procedure described for the molecule 102a.

Reaction Time: 10d HO COOEt

COOMe
Yield: 47%
MeO

IR (Neat): v 3495, 1734, 1631, 1610 cm’!
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"H NMR (400 MHz): 5 1.28 (t, 3H, J = 7.2 Hz), 3.80 (s, 3H), 3.82 (s, 3H),4.29 (q,
2H, J = 7.2 Hz), 5.41 (s, 1H), 6.36 (s, 1H), 6.90 (d, 2H, J =
8.6 Hz), 7.53 (d, 2H, J = 8.6 Hz).

13C NMR (100 MHz): 5 14.00, 52.18, 55.26, 62.44, 78.45, 113.53, 128.08, 129.01,

129.81, 143.15, 159.57, 166.90, 173.47.

3-Benzyl-4-phenylfuran-2, 5-dione (103a):

To a stirred solution of methyl 3-ethoxycarbonyl-3-hydroxy-3-phenyl-2-methylene
propanoate (102a) (1 mmol, 0.264 g) in benzene (6 mL) was added methanesulfonic acid
(3 mmol, 0.288 g, 0.2 mL) at room temperature and heated under reflux for 4 h. Then the
reaction mixture was allowed to cool to room temperature and diluted with water (10 mL).
Aqueous NaHCOs; solution was added slowly to neutralize the acid 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

(silicagel, 5% EtOAc in hexanes) to furnish the compound 103a as a colorless solid in 52

% (0.137 g) yield.

OO ¢
Reaction Time: 4 h —
Mp: 58-60 °C O O
IR (KBr): v 1763, 1651 cm’™ \
'"H NMR (400 MHz): 8 4.02 (s, 2H), 7.18 (d, 2H, J = 6.8 Hz), 7.22-7.35 (m, 3H),

7.45-7.54 (m, 3H), 7.56-7.64 (m, 2H).

C NMR (100 MHz): 030.45,127.12, 127.33, 128.43, 128.99, 129.05, 129.36,



LCMS (m/z):
Anal. Calced. for C17H205:

Found:
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131.16, 135.45, 140.64, 141.06, 164.83, 165.81.
263 (M-H)"
C, 77.26; H, 4.58.

C, 77.30; H, 4.56.

3-Benzyl-4-(4-methylphenyl)furan-2, 5-dione (103b):

This compound was obtained as a colorless solid via the reaction between 3-

ethoxycarbonyl-3-hydroxy-3-(4-methylphenyl)-2-methylenepropanoate (102b) and benz-

ene under the influence of methanesulfonic acid, following the similar procedure described

for the molecule 103a.
Reaction Time:

Yield:

Mp:

IR (KBr):

"H NMR (400 MHz):

'>C NMR (100 MHz):

LCMS (m/z):
Anal. Calcd. for C18H1403 .

Found:

0O
4h _
onY,
76-78°C (Me

v 1768, 1653 cm’!

§2.41 (s, 3H), 4.01 (s, 2H), 7.19 (d, 2H, J = 8.0 Hz), 7.22-

7.34 (m, 5H), 7.52 (d, 2H, J = 8.0 Hz).

8 21.60, 30.54, 124.43, 127.36, 128.45, 129.12, 129.42,
129.83, 135.66, 139.57, 141.11, 141.98, 165.07, 166.07.
277 M-H)"

C, 77.68; H, 5.07.

C,77.81; H, 5.11.
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3-Benzyl-4-(4-methoxyphenyl)furan-2, 5-dione (103c):
The reaction of 3-ethoxycarbonyl-3-hydroxy-3-(4-methoxyphenyl)-2-methylenepropano-
ate (102c) with benzene under the influence of methanesulfonic acid, following the similar

procedure described for the molecule 103a furnished the title compound as a colorless

solid.
OO ¢
Reaction Time: 4h —
Yield: 40 % O O
Mp: 110-112°C Meo
IR (KBr): v 1761, 1648 cm™
'"H NMR (400 MHz): 8 3.86 (s, 3H), 4.03 (s, 2H), 7.00 (d, 2H, J = 8.8 Hz), 7.17-
7.38 (m, 5H), 7.64 (d, 2H, J = 8.8 Hz).
C NMR (100 MHz): §30.61, 55.54, 114.69, 119.83, 127.39, 128.38, 129.18,
131.44, 135.77, 137.78, 140.65, 162.10, 165.36, 166.30.
LCMS (m/z): 295 (M+H)"

Anal. Calcd. for CigH1404: C, 73.46; H, 4.79.

Found: C,73.39; H, 4.74.

5, 5-Dimethylcyclohex-2-enone (111a):
This molecule was prepared according to the known literature procedure.*”
A mixture of 5,5-dimethyl-1,3-cyclohexanedione (dimedone) (137.5 mmol, 19.2 g), p-

toluenesulfonic acid, (0.5 g) absolute ethanol (17.5 mL) in benzene (150 mL) was heated
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under reflux with conitinuous removal of water. After 24 h the mixture was fractionally
distilled to provide the enol ether which crystalized on keeping in the freezer. This
crystalline solid was dissolved in dry ether (150 mL) and lithium aluminum hydride (50
mmol, 1.9 g) was added carefully with stirring over a period of 1 h at room temperature.
Reaction mixture was poured into water carefully and diluted with aqueous H,SO,.
Organic layer was separated and the aqueous layer was extracted with ether (3 x 50 mL).
Combined organic layer was dried over anhydrous Na;SOs. Solvent was removed and the

residue thus obtained, was purified by column chromatography 52% (9.2 g) yield, as a

colorless liquid. o

IR (Neat): v 1680, 1620 cm™

'H NMR: 8 1.04 (s, 6H), 2.22-2.24 (m, 4H), 5.90-6.10 (m, 1H,), 6.79-
6.93 (m,1H)

BC NMR: §28.41, 33.96, 40.03, 51.89, 129.10, 148.38, 199.95

Ethyl 2-hydroxy-2-phenyl-2-(5,5-dimethylcyclohex-2-en-1-on-2-yl)ethanoate (112a):
This compound was prepared following the literature procedure.'®

To a stirred solution of ethyl phenylglyoxylate (99a) (10 mmol, 1.78 g, 1.6 mL) and 5,5-
dimethylcyclohex-2-en-1-one (111a) (30 mmol, 3.72 g) in CH,Cl, (3 mL), was added
titanium tetrachloride (10 mmol, 5 mL of 2M solution in CH,Cl,) at 0 °C. After stirring at

room temperature for 6 h, the reaction mixture was quenched with water (5 mL) and
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extracted with ether (3 x 10 mL). The combined organic layer was dried over anhydrous
sodium sulfate. Solvent was evaporated and the residue, thus obtained, was purified by

column chromatography (silica gel, 10% EtOAc in hexanes) to furnish the pure compound

112a in 61% (1.86 g) isolated yield, as a colorless liquid.

PHQ ookt
IR (Neat): v 3460, 1747, 1672 cm’

'"H NMR (400 MHz): 5 1.03 (s, 3H), 1.07 (s, 3H), 1.25 (t, 3H, J = 7.2 Hz), 2.15-

2.24 (m, 2H), 2.32 & 2.39(ABq, 2H, J = 16.4 Hz), 4.24 (q,
2H, J = 7.2 Hz), 4.34 (s, 1H), 6.27 (t, 1H, J = 4.0 Hz), 7.32-
7.41 (m, 3H), 7.59 (d, 2H, J = 7.2 Hz).

13C NMR (50 MHz): 5 14.04, 27.47, 28.69, 34.03, 39.90, 51.99, 62.22, 78.12,

126.79, 128.19, 137.90, 141.46, 147.08, 173.72, 199.65.

Ethyl 2-hydroxy-2-(4-methylphenyl)-2-(5,5-dimethylcyclohex-2-en-1-on-2-yl)etha-
noate (112b):

This adduct was obtained as a colorless liquid via the reaction between ethyl(4-
methylphenyl)glyoxylate (99b) and 5, 5-dimethylcyclohex-2-en-1-one under the influence

of titanium tetrachloride, following the similar procedure described for the molecule 112a.

Reacton time: 6 h

OHo.  COOEt
Yield: 32%
Me

IR (Neat): v 3503, 1728, 1672 cm’




'H NMR (400 MHz):

B3C NMR (50 MHz):
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0 1.03 (s, 3H), 1.07 (s, 3H), 1.25 (t, 3H, J = 7.2 Hz), 2.10-
2.42 (m, 7H), 4.24 (q, 2H, J = 7.2 Hz), 4.30 (s, 1H), 6.21-
6.34 (m, 1H), 7.18 (d, 2H, J = 7.6 Hz), 7.46 (d, 2H, J = 7.6
Hz).

0 14.02, 21.06, 27.44, 28.67, 34.02, 39.85, 51.97, 62.13,
77.98, 126.64, 128.88, 134.84, 137.83, 141.45, 147.03,

173.81, 199.70.

Ethyl 2-hydroxy-2-(4-methoxyphenyl)-2-(5,5-dimethylcyclohex-2-en-1-on-2-

yl)ethanoate (112c):

This compound was isolated as a colorless viscous liquid via the TiCly mediated Baylis-

Hillman reaction between ethyl (4-methoxyphenyl)glyoxylate (99¢) and 5,5-dimethyl-

cyclohex-2-enone, following the similar procedure described for the molecule 112a.

Reaction time:
Yield:
IR (Neat):

'H NMR (400 MHz):

6 h

OHO. COOEt
OMe

v 3503, 1736, 1666 cm’

5 1.03 (s, 3H), 1.07 (s, 3H), 1.25 (t, 3H, J = 8.0 Hz), 2.18-
2.41 (m, 4H), 3.82 (s, 3H), 4.25 (q, 2H, J = 8.0 Hz), 4.30 (s,
1H), 6.31 (t, 1H, J = 4.0 Hz), 6.90 (d, 2H, J = 8.8 Hz), 7.49

(d, 2H, J = 8.8 Hz).
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o 14.10, 27.51, 28.73, 34.09, 39.93, 52.04, 55.34, 62.18,
113.60, 128.06, 129.85, 141.64, 147.03, 159.47, 173.91,

199.79.

Ethyl 2-hydroxy-2-(3-methylphenyl)-2-(5,5-dimethylcyclohex-2-en-1-on-2-yl)etha-

noate (112d):

This molecule was prepared via the coupling of ethyl(3-methylphenyl)glyoxylate (99d)

with 5,5-dimethylcyclohex-2-en-1-one under the influence of TiCly, following the similar

procedure described for the molecule 112a as a colorless viscous liquid.

Reaction time:
Yield:
IR (Neat):

'H NMR (400 MHz):

>C NMR (50 MHz):

6h OHo.  COOEt
T
v 3506, 1732, 1678 cm’ Me

5 1.03 (m, 3H), 1.08 (s, 3H), 1.25 (t, 3H, J = 7.2 Hz), 2.12-
2.46 (m, 7TH), 4.24 (q, 2H, J = 7.2 Hz), 4.34 (s, 1H), 6.28 (1,
1H, J = 4.4 Hz), 7.13 (d, 1H, J =7.2 Hz), 7.21-7.27 (m, 1H),
7.34 (d, 1H, J = 8.0Hz), 7.43 (s, 1H).

5 13.99, 21.59, 27.51, 28.57, 33.99, 39.82, 51.95, 62.08,
78.11, 123.83, 127.22, 127.96, 128.81, 137.66, 137.88,

141.38, 147.03, 173.68, 199.74.
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Ethyl 2-hydroxy-2-(3-methoxyphenyl)-2-(5,5-dimethylcyclohex-2-en-1-on-2-yl)etha-
noate (112e):

This Baylis-Hillman alcohol was prepared as a colorless viscous liquid via the coupling of
ethyl (3-methoxyphenyl)glyoxylate (99e) with 5,5-dimethylcyclohex-2-en-1-one under the

influence of TiCl,, following the similar procedure described for the molecule 112a.

Reaction time: 6h OHO, COOEt
Yield: 48% ‘ O

IR (Neat): v 3470, 1734, 1674 cm’™ OMe
'H NMR (400 MHz): 5 1.04 (s, 3H), 1.07 (s, 3H), 1.26 (t, 3H, J = 6.8 Hz), 2.17-

2.41 (m, 4H), 3.81 (s, 3H), 4.25 (q, 2H, J =6.8 Hz), 4.34 (bs,
1H), 6.31 (t, 1H, J = 4.0 Hz), 6.86 (d, 1H, J = 8.0 Hz), 7.13
(d, 1H, J = 7.6 Hz), 7.20 (s, 1H), 7.26-7.30 (m, 1H).

13C NMR (100 MHz): 5 14.09, 27.48, 28.74, 34.09, 39.90, 52.00, 5532, 62.31,
78.07, 112.50, 113.76, 119.18, 129.16, 139.51, 141.25,

147.29, 159.63, 173.66, 199.71.

Ethyl 2-hydroxy-2-(2-methylphenyl)-2-(5,5-dimethylcyclohex-2-en-1-on-2-yl)etha-
noate (112f):

This Baylis-Hillman alcohol was prepared by the treatment of ethyl (2-methylphenyl)-
glyoxylate (99f) with 5,5-dimethylcyclohex-2-en-1-one in the presence of TiCly, following

the similar procedure described for the molecule 112a, as a colorless viscous liquid.



Reaction time:
Yield:
IR (Neat):

'H NMR (400 MHz):

*C NMR (100 MHz):
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6h

OHo.  COOEt
s
Me

v 3487, 1739, 1672 cm’!

8 1.07 (s, 6H), 1.28 (t, 3H, J = 7.2 Hz), 2.20-2.45 (m, 7H),
4.28-4.34 (m, 2H), 4.85 (s, 1H), 6.22 (t, 1H, J = 4.2 Hz),
7.15-7.28 (m, 4H).

8 14.09, 22.10, 27.67, 28.59, 34.28, 40.07, 52.30, 62.12,
81.76, 125.67, 127.20, 128.30, 132.62, 136.11, 138.17,

138.31, 147.38, 173.72, 201.16.

Ethyl 2-hydroxy-2-(2-methoxyphenyl)-2-(5,5-dimethylcyclohex-2-en-1-on-2-yl)etha-

noate (1129):

The compound was obtained by the reaction between ethyl (2-methoxyphenyl)-glyoxylate

(99g) and 5,5-dimethylcyclohex-2-enone in the presence of TiCly, following the similar

procedure described for the molecule 112a, as a colorless viscous liquid.

Reaction time:
Yield:
IR (Neat):

'H NMR (400 MHz):

6h OHo.  COOEt

T

MeO
v 3312, 1730, 1645 cm’™

5 1.02 (s, 3H), 1.11 (s, 3H), 1.23 (t, 3H, J = 7.6 Hz), 2.10-

2.52 (m, 4H), 3.74 (s, 3H), 4.10-4.35 (m, 2H), 5.95 (s, 1H),



C'NMR (100 MHz):
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6.25 (t, 1H, J = 4.0 Hz), 6.90 (d, 2H, J = 8.0 Hz), 7.03 (t, 1H,
J=7.6Hz),7.33 (t, 1H, J = 7.6Hz), 7.58 (d, 1H, J = 7.6 Hz).
5 14.10, 27.96, 28.41, 34.11, 40.19, 52.47, 55.52, 61.50,
79.13, 111.16, 121.31, 128.03, 128.34, 129.55, 137.14,

146.89, 156.41, 172.95, 202.22.

7-Oxa-9-phenyl-4, 4-dimethylbicyclo(4.3.0)nona 1(9), 2, 5-trien-8-one (113a):

To a stirred solution of ethyl 2-hydroxy-2-phenyl-2-(5,5-dimethylcyclohex-2-en-1-one-2-

yl)ethanoate (112a) (0.5 mmol, 0.151 g) in THF (2 mL) was added methanesulfonic acid

(2.5 mmol, 0.240 g, 0.16 mL) at room temperature, and heated under reflux for 8 h. Then

the reaction mixture was allowed to cool to room temperature and diluted with water and

extracted with ether (5 x 10 mL). The combined organic layer was dried over anhydrous

Na,SO4. Solvent was evaporated and the residue, thus obtained, was purified by column

chromatography (silica gel, 5% EtOAc in hexanes) to furnish the title compound 113a in

82 % (0.098 g) yield.
Mp:
IR (KBr):

'H NMR (400 MHz):

78-80 °C

v 1759, 1618 cm™!

5 1.30 (s, 6H), 5.88 (s, 1H), 6.41 (dd, 1H, J=2.0 Hz & J =
9.6 Hz), 6.87 (d, 1H, J = 8.8 Hz), 7.33-7.40 (m, 1H), 7.42-

7.50 (m, 2H), 7.67 (d, 2H, J=7.2 Hz).
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C NMR (100 MHz): & 27.89, 39.82, 115.77, 117.06, 117.68, 128.49, 128.56,
128.69, 130.19, 140.26, 146.63, 150.77, 170.08.

LCMS (m/z): 239 (M+H)"

Anal. Calcd. for C;¢H140,:  C, 80.65; H, 5.92.

Found: C, 80.56; H, 5.91.

7-Oxa-9-(4-methylphenyl)-4,4-dimethylbicyclo(4.3.0)nona 1(9)-2,5-trien-8-one (113b):
The reaction of ethyl 2-hydroxy-2-(4-methylphenyl)-2-(5, 5-dimethylcyclohex-2-en-1-one-

2-yl)ethanoate (112b) with methanesulfonic acid in THF, following the similar procedure

described for the molecule 113a, provided the title

compound as a crystaline solid.

Reaction time: 8h

Yield: 81%

Mp: 86-88 °C

IR (KBr): v 1751, 1676, 1610 cm™

'H NMR (400 MHz): 81.29 (s, 6H), 2.38 (s, 3H), 5.84 (s, 1H), 6.37 (d, 1H, J = 9.6

Hz), 6.85 (d, 1H, J=9.6 Hz), 7.24 (d, 2H, J = 7.6 Hz)*, 7.58
(d, 2H, J = 7.6 Hz).(* One of the doublet peak merging with
CHCI; peak)

>C NMR (100 MHz): 021.44, 28.00, 39.77, 11591, 117.13, 117.30, 127.32,
128.40, 129.45, 138.67, 139.66, 146.71, 150.33, 170.27.

LCMS (m/z): 253 (M+H)"
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Anal. Caled. for Ci7H;60,:  C, 80.93; H, 6.39.

Found: C, 81.00; H, 6.32.

7-Oxa-9-(4-methoxyphenyl)-4,4-dimethylbicyclo(4.3.0)nona 1(9)-2,5-trien-8-one
(113c):

The treatment of ethyl 2-hydroxy-2-(4-methoxyphenyl)-2-(5, 5-dimethylcyclohex-2-en-1-
on-2-yl)ethanoate (112c) with methanesulfonic acid in THF, following the similar

procedure described for the molecule 113a provided the title compound as a colorless

solid.

Reaction time: 8h

Yield: 79%

Mp: 90-92 °C

IR (KBr): v 1759, 1606 cm™

'H NMR (400 MHz): 8 1.29 (s, 6H), 3.84 (s, 3H), 5.83 (d, 1H, J = 2.0 Hz), 6.36
(dd, 1H, J=2.0 Hz & J = 9.6 Hz), 6.84 (d, 1H, J = 9.6 Hz),
6.97 (d, 2H, J = 8.8 Hz), 7.65 (d, 2H, J = 8.8 Hz).

*C NMR (100 MHz): & 28.09, 39.74, 55.42, 114.28, 115.92, 116.85, 117.00,
122.77, 129.89, 138.86, 146.76, 150.01, 159.91, 170.45.

LCMS (m/z): 269 (M+H)", 287 (M+H,0 +H) "

Anal. Calcd. for C;7H1603:  C, 76.10; H, 6.01.

Found: C, 76.26; H, 5.99.
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7-Oxa-9-(3-methylphenyl)-4,4-dimethylbicyclo(4.3.0)nonal(9)-2,5-trien-8-one

(113d):

This compound was obtained as a colorless solid via the reaction between ethyl 2-hydroxy-

2-(3-methylphenyl)-2-(5,5-dimethylcyclohex-2-en-1-on-2-yl)ethanoate (112d) and

methanesulfonic acid in THF, following the similar procedure described for the molecule

113a.
Reaction time:
Yield:

Mp:

IR (KBr):

"H NMR (400 MHz):

C NMR (100 MHz):

LCMS (m/z):

Anal. Calcd. for C17H1602I

Found:

&h

73%

82-84 °C

v 1759, 1616 cm™

8 1.29 (s, 6H), 2.40 (s, 3H), 5.86 (s, 1H), 6.38 (d, 1H, J = 9.6
Hz), 6.85 (d, 1H, J = 9.6 Hz), 7.18 (d, 1H, J = 7.6 Hz), 7.28-
7.36 (m, 1H), 7.45 (d, 1H, J = 7.6 Hz), 7.49 (s, 1H).

& 21.55, 27.97, 39.82, 115.92, 117.31, 117.53, 125.68,
128.62, 129.12, 129.45, 130.11, 138.41, 140.20, 146.71,
150.56, 170.19.

253 (M+H)"

C, 80.93; H, 6.39.

C, 80.75; H, 6.34
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7-Oxa-9-(3-methoxyphenyl)-4,4-dimethylbicyclo(4.3.0)nona 1(9)-2,5-trien-8-one

(113e):

This lactone was obtained as a colorless solid via the reaction of ethyl 2-hydroxy-2-(3-

methoxyphenyl)-2-(5,5-dimethylcyclohex-2-en-1-on-2-yl)ethanoate (112e) in THF with

methanesulfonic acid, following the similar procedure described for the molecule 113a.

Reaction time:
Yield:

Mp:

IR (KBr):

"H NMR (400 MHz):

C NMR (100 MHz):

LCMS (m/z):
Anal. Calcd. for C17H1603 .

Found:

&h

0 O O
76% e - Q
84-86 °C O

v 1765, 1680, 1620 cm™

& 1.30 (s, 6H), 3.84 (s, 3H), 5.88 (d, 1H, J = 1.2 Hz), 6.40
(dd, 1H, J = 1.2 Hz & J = 9.6 Hz), 6.87 (d, 1H, J = 9.6 Hz),
6.89-6.96 (m, 1H), 7.23-7.28 (m, 2H), 7.31-7.38 (m, 1H).

& 27.90, 39.84, 5538, 113.89, 114.50, 115.85, 116.95,
117.78, 120.98, 129.72, 131.44, 140.42, 146.62, 150.85,
159.80, 170.00.

269 (M+H)"

C, 76.10; H, 6.01.

C, 76.00; H, 6.05.

7-Oxa-9-(2-methylphenyl)-4,4-dimethylbicyclo(4.3.0)nona 1(9)-2,5-trien-8-one (113f):

This 2-furanone derivative was obtained as a colorless solid via the reaction of ethyl 2-

hydroxy-2-(2-methylphenyl)-2-(5, 5-dimethylcyclohex-2-en-1-on-2-yl) ethanoate (112f) in
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with methanesulfonic acid in THF following the similar procedure described for the

molecule 113a.

© (@]
Reaction time: 8h
=
Me
Mp: 108-110 °C
IR (KBr): v 1730, 1631 cm™
'H NMR (400 MHz): § 1.30 (s, 6H), 2.29 (s, 3H), 5.87 (d, 1H, J = 1.6 Hz), 6.34

(dd, 1H,J=1.6 Hz & J = 9.6 Hz), 6.44 (d, 1H, J = 9.6 Hz),
7.16-7.35 (m, 4H).

C NMR (100 MHz): o 20.15, 27.87, 39.97, 115.82, 117.55, 118.83, 125.76,
128.91, 128.97, 130.24, 130.69, 137.47, 142.42, 146.82,
150.47, 169.89.

LCMS (m/z): 253 (M+H)"

Anal. Calcd. for C;7H160,:  C, 80.93; H, 6.39.

Found: C, 80.80; H, 6.36.

7-Oxa-9-(2-methoxyphenyl)-4,4-dimethylbicyclo(4.3.0)nona 1(9)-2,5-trien-8-one
(1139g):

This compound was obtained as a colorless solid via the treatment of ethyl 2-hydroxy-2-(2-
methoxyphenyl)-2-(5,5-dimethylcyclohex-2-en-1-on-2-yl)ethanoate (112g) in THF with

methanesulfonic acid, following the similar procedure described for the molecule 113a.



Reaction time:
Yield:

Mp:

IR (KBr):

'H NMR (400 MHz):

C'NMR (100 MHz):

LCMS (m/z):
Anal. Calcd. for C17H16032

Found:

143

8 h 0 o
62.5% O \
102-104 °C OMe

v 1766, 1631 cm™

& 1.29 (s, 6H), 3.84 (s, 3H), 5.84 (d, 1H, J = 2.0 Hz), 6.29
(dd, 1H, J =2.0 Hz & J = 9.6 Hz), 6.53 (d, 1H, J = 9.6 Hz),
6.97 (d, 1H, J = 8.8 Hz), 7.00-7.08 (m, 1H), 7.32 -7.40 (m,
1H), 7.40-7.45 (m, 1H).

& 27.85, 39.59, 55.51, 111.37, 115.03, 117.07, 118.87,
120.59,130.15, 131.09, 142.01, 146.88, 149.09, 157.24,
170.07.

269 (M+H)"

C, 76.10; H, 6.01.

C, 76.24; H, 6.06.

Methyl 2-hydroxy-2-phenyl-2-(cyclohex-2-en-1-on-2-yl)ethanoate (114):

A solution of ethyl phenylglyoxylate (99a) (20 mmol, 3.56 g, 3.17 mL), cyclohex-2-en-1-

one (40 mmol, 3.84¢g) in methanolic trimethylamine (25% w/w) (20 mmol, 1.182g, 1.55

mL) was kept at room temperature for one day. Low boiling liquids were removed under

reduced pressure and the crude compound thus obtained, was purified by silica gel column
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chromatography (10% EtOAc in hexanes) to furnish the required molecule in 36% (1.96

g) isolated yield, as a colorless liquid.

IR (Neat):

'H NMR (400 MHz):

C'NMR (100 MHz):

QHQ ookt
v 3449, 1743, 1664 cm’™

8 1.25 (t, 3H, J = 7.2 Hz), 1.93-2.07 (m, 2H), 2.22-2.58 (m,

4H), 4.12-4.34 (m, 2H), 6.40 (t, 1H, J = 4.0 Hz), 7.28-7.46
(m, 3H), 7.56-7.60 (m, 2H).
§13.91, 22.26, 25.71, 38.26, 62.10, 78.15, 126.70, 128.03,

128.08, 137.74, 142.24, 149.19, 173.54, 199.35.

3-Phenyl-3H-benzofuran-2-one (115):

This furanone derivative was obtained as a colorless solid via the reaction of methyl 2-

hydroxy-2-phenyl-2-(cyclohex-2-en-1-on-2-yl)ethanoate (114) with methanesulfonic acid,

in THF under the influence of following the similar procedure described for the molecule

113a.
Reaction time:
Yield:

Mp:

IR (KBr):

'H NMR (400 MHz):

© Q
: o0
59%

106-108 °C

v 1797, 1608 cm™

8 4.79 (s, 1H), 7.04-7.17 (m, 5H), 7.24-7.34 (m, 4H).
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13C NMR (100 MHz): 5 49.76, 110.90, 124.53, 125.40, 127.15, 128.25, 128.30,
129.18, 129.42, 135.19, 154.02, 175.08.

LCMS (m/z): 209 (M-H)

Anal. Caled. for C4H;00,:  C, 79.98; H, 4.79.

Found: C, 79.96; H, 4.73

3-Hydroxy-2-methylene-3-phenylpropanenitrile (125a):

This was prepared according to the known procedure.'®

A solution of benzaldehyde (130a) (50 mmol, 5.306 g) and DABCO (15 mol%, 7.5 mmol,
0.841g). in acrylonitrile (75 mmol, 3.975 g), was kept at room temperature for 2 days.
Then the reaction mixture was diluted with ether (50 mL) and washed successively with
2N HCI, aqueous NaHCOs solution and water. The organic layer was dried over anhydrous
NaSO4. Solvent was evaporated and the residue was purified by column chromatogarphy

to furnish the pure title compound as a colorless liquid.

Reaction time: 2d OH
CN
Yield: 73 %
IR (Neat): v 3441, 2229, 1622 cm’
'H NMR (400 MHz): & 3.21 (bs, 1H), 5.18 (s, 1H), 5.94 (d, 1H, J = 1.2 Hz), 6.01

(d, 1H, J = 1.2 Hz), 7.28-7.42 (m, 5H).

C NMR (100 MHz): 5 73.97,116.98, 126.16, 126.51, 128.85, 130.04, 139.15.
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3-Hydroxy-2-methylene-3-(4-methylphenyl)propanenitrile (125b):
This molecule was obtained as a colorless viscous liquid via the Baylis-Hillman reaction
between 4-methylbenzaldehyde (130b) and acrylonitrile under the catalytic influence of

DABCO following a similar procedure described for the molecule 125a.

Reaction time: 4d OH
CN
Yield: 71% m
1 Me
IR (Neat): v 3441, 2229, 1616 cm
'"H NMR (400 MHz): 8 2.33 (s, 3H), 3.08 (bs, 1H), 5.16 (s, 1H), 5.95 (s, 1H), 6.03

(s, 1H), 7.12-7.30 (m, 4H).
3C NMR (100 MHz): 8 21.15, 73.88, 117.07, 126.35, 126.49, 129.56, 129.70,

136.29, 138.75.

3-Hydroxy-2-methylene-3-(4-ethylphenyl) propanenitrile (125c):
The Baylis-Hillman reaction between 4-ethylbenzaldehyde (130c) and acrylonitrile under
the influence of DABCO as a catalyst following a similar procedure described for the

molecule 125a provided the title compound as a colorless liquid.

Reaction time: 4d OH

CN
Yield: 65 % m
Et

IR (Neat): v 3443, 2229, 1614 cm’™!




'H NMR (400 MHz):

C NMR (100 MHz):
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8 1.22 (t, 3H, J = 7.6 Hz), 2.63 (q, 2H, J = 7.6 Hz), 5.20 (s,
1H), 5.97 (d, 1H, J = 1.2 Hz), 6.06 (d, 1H, J = 1.2 Hz), 7.20
(d, 2H, J = 8.0 Hz), 7.26 (d, 2H, J = 8.0Hz).

5 15.45, 28.58, 74.02, 117.09, 126.35, 126.59, 128.44,

129.68, 136.52, 145.17.

3-Hydroxy-2-methylene-3-(4-isopropylphenyl)propanenitrile (125d):

The Baylis-Hillman adduct was obtained as a colorless viscous liquid via the reaction

between 4-isopropylbenzaldehyde (130d) and acrylonitrile under the influence of DABCO

(cat) following a similar procedure described for the molecule 125a.

Reaction time:
Yield:
IR (Neat):

'H NMR (400 MHz):

*C NMR (100 MHz):

OH
2d cN
55 %

v 3466, 2229, 1614 cm’

8 1.22 (d, 6H, J = 6.8 Hz), 2.82-2.98 (m, 1H), 5.16 (s, 1H),
5.93 (s, 1H), 6.01 (s, 1H), 7.16-7.30 (m, 4H).
§ 23.84, 33.79, 73.84, 117.09, 126.30, 126.53, 126.89,

129.72, 136.57, 149.59.

3-Hydroxy-2-methylene-3-(4-nitrophenyl)propanenitrile (125¢):

This was obtained as a yellow solid via the reaction of 4-nitrobenzaldehyde with

acrylonitrile under the catalytic influence of DABCO following a similar procedure

described for the molecule 125a.



148

Reaction time: 2d
OH
Yield: 44% mc'\'
Mp: 60-62 °C O2N
IR (KBr): v 3479, 2229, 1601 cm’
'H NMR (400 MHz): § 3.33 (bs, 1H), 5.45 (s, 1H), 6.09 (s, 1H), 6.18 (s, 1H), 7.59

(d, 2H, J= 8.6 Hz), 8.22 (d, 2H, J = 8.6 Hz).
*C NMR (100 MHz): d 73.22, 116.36, 124.03, 125.38, 127.40, 131.25, 146.19,
147.99.
3-Hydroxy-2-methylene-3-(2-methylphenyl)propanenitrile (125f):
This alcohol was obtained as a colorless viscous liquid via the reaction between 2-
methylbenzaldehyde (130f) and acrylonitrile under the influence of DABCO as catalyst

following a similar procedure described for the molecule 125a.

Reaction time: 4d
Me OH
Yield: 61% CN
IR (Neat): v 3447, 2229, 1622 cm’!
'"H NMR (400 MHz): 6 2.31 (s, 3H), 2.90 (bs, 1H), 5.45 (s, 1H), 5.96 (s, 1H), 6.00

(s, 1H), 7.13-7.18 (m, 1H), 7.20-7.27 (m, 2H), 7.36-7.42 (m,
1H).
13C NMR (100 MHz): 5 19.06, 70.69, 117.17, 125.49, 126.37, 126.66, 128.79,

130.30, 130.88, 135.68, 137.00.
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3-Hydroxy-2-methylene-3-(2-chlorophenyl)propanenitrile (125g):
This Baylis-Hillman alcohol was obtained as a colorless viscous liquid via the coupling
between 2-chlorobenzaldehyde (130g) and acrylonitrile under the influence of DABCO as

a catalyst following a similar procedure described for the molecule 125a.

Reaction time: 5d
Cl  OH
Yield: 56% CN
Mp: 50-52 °C
IR (Neat): v 3458, 2229, 1626 cm’™
'H NMR (400 MHz): 8 3.18 (d, 1H, J = 3.0 Hz), 5.71 (s, 1H), 6.02 (s, 2H), 7.23-
7.42 (m, 3H), 7.58(d, 1H, J = 7.6 Hz).
BC NMR (100 MHz): § 70.40, 116.71, 124.58, 127.55, 127.96, 129.72, 129.98,

131.47, 132.56, 136.48.

3-Hydroxy-2-methylene-3-(2-bromophenyl)propanenitrile (125h):
This molecule was obtained as a colorless solid via the reaction between 2-bromo

benzaldehyde (130h) and acrylonitrile under the influence of DABCO (cat) following a

similar procedure described for the molecule 125a.

Br OH
Reaction time: 4d CN
Yield: 50%
Mp: 42-44 °C

IR (KBr): v 3398, 2237 cm’
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'H NMR (400 MHz): 5 2.87 (bs, 1H), 5.71 (s, 1H), 6.06 (s, 2H), 7.10-7.24 (m, 1H),
7.28-7.48 (m, 1H), 7.51-7.64 (m, 2H).

C NMR (100 MHz): 5 72.60, 116.75, 122.73, 124.56, 128.32, 130.32, 131.72,
133.03, 138.05.

3-Hydroxy-2-methylene-3-(2, 4-dichlorophenyl)propanenitrile (125i):

This product was obtained as a colorless viscous liquid via the reaction between 2, 4-di

chlorobenzaldehyde (130i) and acrylonitrile under the catalytic influence of DABCO

following a similar procedure described for the molecule 125a.

Reaction time: 5d Cl OH
CN
Yield: 68%
Cl
Mp: 64-66 °C
IR (KBr): v 3497, 2235, 16116 cm™
'"H NMR (100 MHz): §3.51 (d, 1H, J = 4.2 Hz), 5.63 (d, 1H, J = 4.2 Hz), 6.02 (s,

2H), 7.30 (dd, 1H, J=2.0 Hz & 8.8 Hz), 7.37 (d, 1H, J = 2.0
Hz), 7.51 (d, 1H, J = 8.8 Hz).
C NMR (100 MHz): S 69.84, 116.47, 124.15, 127.82, 128.85, 129.39, 131.84,
133.05, 135.10, 135.13.
3-Hydroxy-2-methylene-3-(3-chlorophenyl)propanenitrile (125j):
The reaction of 3-chlorobenzaldehyde (130j) with acrylonitrile under the influence of
DABCO as a catalyst following a similar procedure described for the molecule 125a

provided the title compound as a colorless liquid.
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Reaction time: 6d OH

Yield: 37 % C'mm

IR (Neat): v 3456, 2231, 1606 cm™

'H NMR (400 MHz): 8 3.36 (bs, 1H), 5.21 (s, 1H), 6.00 (s, 1H), 6.06 (d, 1H, J =
1.2 Hz), 7.20-7.40 (m, 4H).

1>C NMR (100 MHz): § 73.31, 116.72, 124.70, 125.67, 126.59, 128.95, 130.16,

130.70, 134.70, 141.14.

2-(Bromomethyl)-3-phenylprop-2-enenitrile (126a):

This molecule was prepared according to the literaure procedure.”*

To a stirred solution of 3-hydroxy-2-methylene-3-phenylpropanenitrile (125a) (10 mmol,
1.59 g) in CH,Cl, (20 mL) was added dropwise aqueous HBr (48%, 25 mmol, 2.023 g)
followed by conc. H;SO4 (10 mmol, 0.98 g) at 0 °C. After stirring 12 h at room
temperature, the reaction mixture was carefully poured into ice-cold water and extracted
with ether (3 x 20 mL). The combined organic layer was washed with water, dried over
anhydrous Na,SO; and concentrated. The crude product was purified by column
chromatography (silicagel, 2% ethylacetate in hexanes) to afford (126a) as a colorless solid
in 75% yield as E:Z mixtures in the ratio of 90:10 (as evidenced by the integration of

allylic methylene protons singlets at 5 4.20 and 4.18 ).

H Br
Reaction time: 12 h —
CN
Mp: 48-50 °C

IR (KBr): v 2216, 1616 cm™




"H NMR (400 MHz):

*C NMR (100 MHz):
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0 4.18 & 4.20 (s, 2H), 7.20 & 7.32 (2s, 1H), 7.40-7.50 &
7.74-7.81 (2 m, SH).

8 26.67,32.77,107.91, 117.07, 129.02, 129.17,

129.20, 130.45, 131.35, 132.35, 132.89, 146.50, 147.20
(The underlined chemical shift values are due to minor Z-

isomer)

2-(Bromomethyl)-3-(4-methylphenyl)prop-2-enenitrile (126b):

This compound was prepared as a colorless solid via the treatment of 3-hydroxy-2-

methylene-3-(4-methylphenyl)propanenitrile (125b) with aqueous HBr (48%) in the

presence of conc. H,SO4 following the similar procedure described for the molecule 126a

E:Z ratio:

Reaction time:
Yield:

Mp:

IR:

'H NMR (400 MHz):

CNMR (100 MHz):

84:16 (as evidenced by the isomeric peaks of allylic

methylene corbons at 6 33.67, 26.97).

12h

80% -
CN

54-56 °C

Me

v 2212, 1604 cm™
8 2.39 (s, 3H), 4.20 (s, 2H), [7.16 (s), 7.24 (d, ] = 8.0 Hz),
7.25-7.36 (m), 7.69 (d, J = 8.0 Hz)] 4H.

§ 21.65, 26.97, 33.07, 106.69, 117.34, 118.98, 129.34,

129.40, 129.80, 129.96, 142.20, 146.61, 147.37.
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(The underlined chemical shift values are due to minor Z-

isomer)

2-(Bromomethyl)-3-(4-ethyphenyl)prop-2-enenitrile (126c¢):

This bromide was prepared as a colorless solid via the treatment of 3-hydroxy-2-

methylene-3-(4-ethylphenyl)propanenitrile (125c) with aqueous HBr (48 %) in the

presence of conc. HSO4 following the similar procedure described for the molecule 126a.

E:Z ratio:

Reaction time:
Yield:

IR (KBr):

'H NMR (400 MHz):

*C NMR (100 MHz):

75:25 (as evidenced by the isomeric peaks of allylic

methylene corbons at 6 33.10, 27.01).

12 h H Br
76% CN

-1
v 2218, 1606 cm Et

5 1.24 (t,3H, J="7.6 Hz), 2.68 (q, 2H, J = 7.6 Hz), 4.21 (s,
2H), 7.10-7.79 (m, 5H).

o 15.15, 15.19, 27.01, 28.78, 28.86, 33.10, 106.64, 110.75,
117.32, 118.94, 128.54, 128.71, 129.38, 129.48, 129.90,
130.12, 146.57, 147.33, 148.33.

(The underlined chemical shift values are due to minor Z-

isomer)



2-(Bromomethyl)-3-(4-isopropylphenyl)prop-2-enenitrile (126d):
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This Baylis-Hillman bromide was prepared as a colorless solid by the treatment of 3-

hydroxy-2-methylene-3-(4-isopropylphenyl)propanenitrile (125d) with aqueous HBr (48

%) in the presence of conc. H,SO4 following the similar procedure described for the

molecule 126a.

E Z ratio:

Reaction time:
Yield:

IR (KBr):

"H NMR (400 MHz):

*C NMR (100 MHz):

85:15 (as evidenced by the isomeric peaks of allylic

methylene corbons at 6 33.10, 27.04).
12h
71%

v 2218, 1606 cm™

8 1.25 (d, 6H, J = 6.8 Hz), 2.89-3.00 (m, 1H), 4.20 (s,

2H), 7.12-7.74 (m, 5H).

CN

Br

523.68,27.04, 31.69, 33.10, 34.19, 106.74, 110.83, 117.36,

125.21, 127.19, 127.36, 129.28, 129.47, 129.58, 130.08,

130.32, 146.60, 147.35, 151.97, 152.96.

(The underlined chemical shift values are due to minor Z-

isomer).

2-(Bromomethyl)-3-(4-nitrophenyl)prop-2-enenitrile (126e):

It was prepared as a colorless solid by the treatment of 3-hydroxy-2-methylene-3-(4-

nitrophenyl)propanenitrile (125e) with aqueous HBr (48 %) in the presence of conc. H>SO4

following the similar procedure described for the molecule 126a.



E: Z ratio:

Reaction time:
Yield:

Mp:

IR (KBr):

'H NMR (400 MHz):

C NMR (100 MHz):
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92:8 (as eveidenced by the isomeric methylene singlets at

§4.24,4.13).

12h N B
CN

71% O,N

70-72 °C

v 2222, 1595 cm”

54.13 & 4.24 (s, 2H), 7.31 & 7.40 (2s, 1H), 7.63 & 7.94 (2d,
2H, J = 8.8 Hz), 8.30 & 8.34 (d, 2H, J = 8.8 Hz).

O 2548, 31.47, 112.66, 116.15, 124.20, 129.98, 138.22,
143.44, 144.21, 148.82.

(The underlined chemical shift values are due to minor Z-

isomer)

2-(Bromomethyl)-3-(2-methylphenyl)prop-2-enenitrile (126f):

It was prepared as a colorless solid via the treatment of 3-hydroxy-2-methylene-3-(2-

methylphenyl)propanenitrile (125f) with aqueous HBr (48 %) in the presence of conc.

H,SO4 following the similar procedure described for the molecule 126a.

E: Z ratio:

Reaction time:

Yield:

70:30 (as eveidenced by the isomeric methylene singlets

at § 4.26, 4.09).

12h -
CN

70% Me
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Mp: 46-48 °C

IR (KBr): v 2222, 1612 cm™

'H NMR (400 MHz): 8 2.29 & 2.34 (2s, 3H), 4.09 & 4.26 (2s, 2H), 7.20-7.86 (m,
5H)

*C NMR (100 MHz): 8 19.78, 19.87, 26.44, 32.22, 110.21, 112.92, 116.87, 118.47,

126.35, 126.54, 127.98, 130.34, 130.64, 130.83, 130.94,
131.69, 137.46, 145.27, 146.54.
(The underlined chemical shift values are due to minor Z-

isomer)

2-(Bromomethyl)-3-(2-chlorophenyl)prop-2-enenitrile (126g):

Treatment of 3-hydroxy-2-methylene-3-(2-chlorophenyl)propanenitrile (125g) with
aqueous HBr (48 %) in the presence of conc. H,SO4 following the similar procedure
described for the molecule (126a) furnished the title compound as a colorless solid.

E: Z ratio: 40:60 (as evidenced by the integration of allylic methylene

protons singlets at 6 4.24, 4.08).

Reaction time: 12h H CN

Yield: 62% T gy
Cl

Mp: 44-46 °C

IR (KBr): v 2214, 1618 cm™

'"H NMR (400 MHz): 8 4.08 & 4.24 (2s, 2H), 7.30-8.10 (m, 5H)



CNMR (100 MHz):
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d 26.16, 31.84, 111.30, 113.92, 116.36, 117.95, 127.22,
127.31, 129.23, 129.42, 129.95, 130.22, 130.74, 131.02,
131.51, 132.03, 134.26, 134.58, 142.65, 143.89.

(The underlined chemical shift values are due to minor E-

isomer).

2-(Bromomethyl)-3-(2-bromophenyl)prop-2-enenitrile (126h):

It was prepared as a colorless solid by the treatment of 3-hydroxy-2-methylene-3-(2-

bromophenyl)propanenitrile (125h) with aqueous HBr (48%) in the presence of conc.

H,SO4 following the similar procedure described for the molecule 126a.

E: Z ratio:

Reaction time:
Yield:

Mp:

IR (KBr):

'H NMR (400 MHz):

*C NMR (100 MHz):

2:98 (as evidenced by the integration of allylic methylene

protons singlets at 6 4.18, 4.06).

12h H  CN
60% g

Br
48-50 °C

v 2222, 1612 cm’

5 4.06 & 4.18 (s, 2H), 7.25-7.55 (m, 4H), 7.67(d, 1H, J = 8.0
Hz).

S 26.12, 113.79, 117.94, 124.13, 127.85, 129.54, 131.61,
132.94, 133.47, 146.06.

(The underlined chemical shift values are due to minor E-

isomer).
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2-(Bromomethyl)-3-(2,4-dichlorophenyl)prop-2-enenitrile (126i):

It was prepared as a colorless solid by the treatment of 3-hydroxy-2-methylene-3-(2, 4-di

chlorophenyl)propanenitrile (125i) with aqueous HBr (48%) in the presence of conc.

H,SOy4 following the similar procedure described for the molecule 126a.

E: Z ratio:

Reaction time:
Yield:
IR (KBr):

'H NMR (400 MHz):

C NMR (100 MHz):

29:71 (as evidenced by the integration of allylic methylene

protons singlets at 6 4.21, 4.04).

H CN
12h o
Cl

Br
45%

Cl

v 2224, 1620 cm™
8 4.04 & 4.21 (2s, 2H), [7.30-7.53 (m), 7.98 (d, J = 7.6 Hz]
4H.

§ 25.92, 31.65, 111.66, 114.26, 116.00, 117.57, 127.53,

127.55, 129.11, 129.33, 129.65, 129.72, 129.95, 130.06,

134.89, 135.11, 136.75, 137.16, 141.07, 142.39.

(The underlined chemical shift values are due to minor E-

isomer).

2-(Bromomethyl)-3-(3-chlorophenyl)prop-2-enenitrile (126j):

This Baylis-Hillman bromide prepared as a colorless solid by the treatment of 3-hydroxy-

2-methylene-3-(3-chlorophenyl)propanenitrile (125j) with HBr (48%) in the presence of

conc. H,SO4 following the similar procedure described for the molecule 126a.

E:Z ratio:

63:37 (as evidenced by the integration of allylic methylene
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protons singlets at 6 4.20, 4.14).

Reaction time: 12h H Br
Yield: 47% CN
Cl
IR (KBr): v 2222, 1620 cm™
'H NMR (400 MHz): 8 4.14 & 4.20 (2s, 2H), 7.13-7.75 (m, 5H)
C NMR (100 MHz): § 26.03, 32.14, 109.79, 113.51, 116.56, 118.21, 127.01,

127.07, 128.98, 129.20, 130.35, 130.45, 130.51, 131.24,

134.05, 134, 23,135.05, 135.25, 144.70, 145.43.

(The underlined chemical shift values are due to minor Z-

isomer).

1-Aza-8-cyano-7-phenylbicyclo[4.3.0]nona-2,4,6,8-tetraene (127a):

To 2-(bromomethyl)-3-phenylprop-2-enenitrile (126a) (mixture of E and Z isomers) (1
mmol, 0.222 g) pyridine (3 mL) was added and stirred for 15 minutes [formation of
pyridinium salt was observed as shown by TLC] at room temperature. The reaction
mixture was diluted with dimethylformamide (DMF) (3 mL) and potassium carbonate (5
mmol, 0.690 g) was added. The reaction mixture was then heated at 80 °C for 3 h and was
allowed to cool to room temperature. Saturated aqueous NaCl solution (5 mL) was added
and extracted with dichloromethane (5 x 10 mL). The combined organic layer was dried

over anhydrous Na,SOs. Solvent was evaporated and the residue, thus obtained, was
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purified by column chromatography (silica gel, 5% EtOAc in hexanes) to furnish the

compound 127a as colorless solid in 52 % isolated yield.

Mp: 128-130 °C
IR (KBr): v2222 cm’
'H NMR (400 MHz): 0 6.60-6.70 (m, 1H), 6.77-6.86 (m, 1H), 7.32-7.40 (m, 1H),

7.46-7.53 (m, 2H), 7.56-7.68 (m, 3H), 7.74 (s, 1H), 7.88 (d,
1H, J=7.2 Hz).

C NMR (100 MHz): 8 96.94, 113.60, 116.22, 117.46, 118.16, 118.92, 120.05,
125.31, 127.15, 128.67, 129.00, 129.68, 132.56.

LCMS (m/z): 219 (M+H)"

Anal. Calcd. for C;sHigN,:  C, 82.55; H, 4.62; N, 12.84.

Found: C, 82.51, H, 4.65; N, 12.70.

1-Aza-8-cyano-7-(4-methylphenyl)bicyclo[4.3.0]nona-2,4,6,8-tetraene (127b):
Treatment of 2-(bromomethyl)-3-(4-methylphenyl)prop-2-enenitrile (126b) with pyridine
in the presence of K,COs; in DMF, following the similar procedure described for the

molecule 127a provided the title compound as a colorless solid.

Reaction Time: 3h
Yield: 54 %
Mp: 132-134 °C

IR (KBr): v 2224 cm™



'H NMR (400 MHz):

"C' NMR (100 MHz):

LCMS (m/z):
Anal. Calcd. for C;cH2N>:

Found:
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§ 2.41 (s, 3H), 6.60-6.68 (m, 1H), 6.75-6.84 (m, 1H), 7.29 (d,
2H, J = 7.6 Hz), 7.50 (d, 2H, J = 7.6 Hz), 7.58 (d, 1H, J =
9.2 Hz), 7.72 (s, 1H), 7.86 (d, 1H, J = 6.8 Hz).

§ 21.30, 97.02, 113.57, 116.32, 117.68, 117.97, 119.13,
119.76, 125.27, 127.62, 128.61, 129.63, 129.76, 137.01;

233 (M+H)"

C, 82.73; H, 5.21; N, 12.06.

C, 82.82; H, 5.25; N, 12.21.

1-Aza-8-cyano-7-(4-ethylphenyl)bicyclo[4.3.0]nona-2,4,6,8-tetraene (127c):

This indalozine derivative was obtained as a colorless solid via the treatment of

2(bromomethyl)-3-(4-ethylphenyl)prop-2-enenitrile (126¢) with pyridine in the presence of

K,CO3 in DMF, following the similar procedure described for the molecule (127a).

Reaction Time:
Yield:

Mp:

IR (KBr):

'H NMR (400 MHz):

3h

59%

142-144°C

v 2224 cm™

'H NMR (400 MHz): & 1.29 (t, 3H, J = 7.6 Hz), 2.71 (q, 2H,
J = 7.6 Hz), 6.60-6.70 (m, 1H), 6.75-6.84 (m, 1H), 7.31 (d,
2H, J = 7.6 Hz), 7.52 (d, 2H, J = 7.6 Hz), 7.59 (d, 1H, J =

9.2 Hz), 7.72 (s, 1H), 7.86 (d, 1H, J = 6.8 Hz).



CNMR (100 MHz):

LCMS (m/z):
Anal. Calcd. for C;7H 14N> :

Found:
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& 15.57, 28.67, 96.89, 113.54, 116.36, 117.62, 117.99,
119.10, 119.74, 12525, 128.54, 128.61, 129.57, 129.83,
143.26.

247(M+H)"

C, 82.90; H, 5.73; N, 11.37.

C, 82.83; H, 5.70; N, 11.28.

1-Aza-8-cyano-7-(4-isopropylphenyl)bicyclo[4.3.0]nona-2,4,6,8-tetraene (127d)

This compound was obtained as a colorless solid via the reaction between 2-

(bromomethyl)-3-(4-isopropylphenyl)prop-2-enenitrile (126d) and pyridine in the presence

of K,CO3 in DMF, following the similar procedure described for the molecule 127a.

Reaction Time:
Yield:

Mp:

IR (KBr):

'H NMR (400 MHz):

*C NMR (100 MHz):

3h

55%

146-148°C

v 2227 cm’

6 1.30 (d, 6H, J = 6.8 Hz), 2.97 (sept, 1H, J = 6.8 Hz), 6.61-
6.68 (m, 1H), 6.77-6.84 (m, 1H), 7.34 (d, 2H, J = 8.0 Hz),
7.53 (d, 2H, J = 8.0 Hz), 7.61 (d, 1H, J = 9.2 Hz), 7.73 (s,
1H), 7.87 (d, 1H, J = 6.8 Hz).

d 24.02, 33.95, 96.89, 113.55, 116.40, 117.64, 118.00,
119.15, 119.73, 125.25, 127.11, 128.59, 129.59, 129.97,

147.85.
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LCMS (m/z): 261 (M+H)"
Anal. Calcd. for C;sHigN,:  C, 83.04; H, 6.19; N, 10.76.

Found: 83.16; H, 6.20; N, 10.81.

1-Aza-8-cyano-7-(4-nitrophenyl)bicyclo[4.3.0]nona-2,4,6,8-tetraene (127¢)
This product was obtained as a colorless solid via the treatment of 2-(bromomethyl)-3-(4-
nitrophenyl)prop-2-enenitrile (126e) with pyridine in the presence of K,COs; in DMF,

following the similar procedure described for the molecule 127a.

Reaction Time: 3h

Yield: 47 %

Mp: 170-172°C

IR (KBr): v 2220, 1678 cm™

'H NMR (400 MHz): 8 6.80-6.86 (m, 1H), 7.00-7.09 (m, 1H), 7.69 (d, 1H, J=9.2

Hz), 7.83 (d, 2H, J = 8.8 Hz), 8.29 (s, 1H), 8.34 (d, 3H, J =
8.8 Hz).

>C NMR (100 MHz): 3 94.64, 111.86, 112.37, 114.12, 116.16, 119.36, 120.91,
122.66, 125.25, 127.12, 128.67, 138.13, 144.25.

LCMS (m/z): 264 (M+H) "

Anal. Calcd. for C;5H9N3O,: C, 68.44; H, 3.45; N, 15.96.

Found: C, 68.65; H, 3.40; N, 15.90.
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1-Aza-8-cyano-7-(2-methylphenyl)bicyclo[4.3.0]nona-2,4,6,8-tetraene (127f):
This product was obtained as a colorless solid via the reaction between 2-(bromomethyl)-
3-(2-methylphenyl)prop-2-enenitrile (126f) and pyridine in the presence of K,CO; in

DMEF, following the similar procedure described for the molecule 127a.

Reaction Time: 3h

Yield: 60%

Mp: 138-140°C

IR (KBr): v 2227 cm’

'H NMR (400 MHz): 0 2.24 (s, 3H), 6.58-6.67 (m, 1H), 6.71-6.78 (m, 1H), 7.13 (d,

1H, J = 8.8 Hz), 7.20-7.40 (m, 4H), 7.74 (s, 1H), 7.87 (d, 1H,
J=17.2 Hz).

C NMR (100 MHz): o 20.08, 98.37, 113.31, 116.10, 117.28, 119.13, 119.36,
125.13, 125.82, 128.06, 130.06, 130.55, 131.32, 131.36,
137.58.

LCMS (m/z): 233 (M+H)"

Anal. Calcd. for C;¢HioN>:  C, 82.73; H, 5.21; N, 12.06.

Found: C, 82.63; H, 5.14; N, 12.09.

1-Aza-8-cyano-7-(2-chlorophenyl)bicyclo[4.3.0]nona-2,4,6,8-tetraene (1279):
This compound was obtained as a colorless solid via the treatment of 2-(bromomethyl)-
3-(2-chlorophenyl)prop-2-enenitrile(126g) with pyridine in the presence of K,COj; in

DMEF, following the similar procedure described for the molecule 127a.
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Reaction Time: 3h

Yield: 58%

Mp: 132-134°C

IR (KBr): v 2224 cm’

'H NMR (400 MHz): 0 6.65-6.72 (m, 1H), 6.78-6.87 (m, 1H), 7.24 (d, 1H, J =10.0

Hz)*, 7.32-7.40 (m, 2H), 7.43-7.48 (m, 1H), 7.53-7.56 (m,
1H), 7.77 (s, 1H), 7.91 (d, 1H, J = 7.2 Hz).

C NMR (100 MHz): 8 98.56, 113.48, 114.47, 115.73, 117.76, 119.41, 119.96,
125.25, 126.94, 129.25, 130.19, 130.32, 131.09, 132.75,
134.25.

LCMS (m/z): 253 (M+H)", 255 (M+2+H)";

Anal. Calcd. for C;sHyCINy: C, 71.29; H, 3.59; N, 11.09.

Found: C,71.37; H, 3.64; N, 11.00.

*One of the peaks of the doublet mixes with CHCl; peak

1-Aza-8-cyano-7-(2-bromophenyl)bicyclo[4.3.0]nona-2,4,6,8-tetraene (127h):
Treatment of 2-(bromomethyl)-3-(2-bromophenyl)prop-2-enenitrile (126h) with pyridine
in the presence of K,COs; in DMF, following the similar procedure described for the

molecule 127a. Provided the title compound as a colorless solid.

Reaction Time: 3h N e
NN
Yield: 54% ~
CN

Mp: 136-138°C
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IR (KBr): v 2226 cm™

'H NMR (400 MHz): 8 6.65-6.72 (m, 1H), 6.79-6.86 (m, 1H), 7.21 (d, 1H,J =9.2
Hz), 7.25-7.33 (m, 1H), 7.38-7.46 (m, 2H), 7.73 (d, 1H, J =
8.0 Hz), 7.76 (s, 1H), 7.91 (d, 1H, J = 6.8 Hz).

BC NMR (100 MHz): & 98.50, 113.46, 115.69, 116.31, 117.54, 119.39, 119.90,
124.73, 125.22, 127.48, 129.52, 130.15, 132.88, 133.13,
133.35.

LCMS (m/z): 297 (M+H)", 299 (M+2+H)"

Anal. Calcd. for C;sHoBrN,: C, 60.63; H, 3.05; N, 9.03.

Found: C, 60.52; H, 3.03; N, 9.32.

1-Aza-8-cyano-7-(2,4-dichlorophenyl)bicyclo[4.3.0]nona-2,4,6,8-tetraene (127i):
This product was obtained as a colorless solid via the treatment of 2-(bromomethyl)-3-(2,
4-dichlorophenyl)prop-2-enenitrile (126i) with pyridine in the presence of K,CO3; in DMF,

following the similar procedure described for the molecule 127a.

Reaction Time: 3h
Yield: 63%
Mp: 139-141°C

IR (KBr): v 2224 cm’



'H NMR (400 MHz):

"C' NMR (100 MHz):

LCMS (m/z):
Anal. Calcd. for C;sHgCI,N, :

Found:

167

8 6.68-6.74 (m, 1H), 6.82-6.88 (m, 1H), 7.20 (d, 1H, J =9.2
Hz), 7.32-7.40 (m, 2H), 7.56 (d, 1H, J = 1.6 Hz), 7.77 (s,
1H), 7.91 (d, 1H, J = 6.8 Hz).

8§ 98.56, 113.21, 113.61, 115.50, 117.94, 119.17, 120.35,
125.35, 127.36, 129.74, 130.07, 130.38, 133.42, 134.50,
135.00.

287 (M+H)", 289 (M+2+H)", 291 (M+4+H)"

C, 62.74; H, 2.81; N, 9.76.

C, 62.78; H, 2.85; N, 9.67.

1-Aza-8-cyano-7-(3-chlorophenyl)bicyclo[4.3.0]nona-2,4,6,8-tetraene (127)):

Treatment of 2-(bromomethyl)-3-(3-chlorophenyl)prop-2-enenitrile (126j) with pyridine in

the presence of K,COs in DMF, following the similar procedure described for the molecule

127a provided the title compound as a colorless solid.

Reaction Time:
Yield:

Mp

IR (KBr):

'H NMR (400 MHz):

3h

49%

144-146°C
v 2224 cm™
8 6.65-6.72 (m, 1H), 6.84-6.92 (m, 1H), 7.32 (d, 1H, J = 8.4
Hz), 7.38-7.45 (m, 1H), 7.50 (d, 1H, J = 7.6 Hz), 7.55-7.64

(m, 2H), 7.75 (s, 1H), 7.90 (d, 1H, J = 7.2 Hz).



168

C NMR (100 MHz): § 97.00, 113.81, 115.78, 115.84, 118.45, 118.57, 120.72,
125.44, 126.90, 127.20, 128.46, 129.90, 130.30, 134.37,
134.78.

LCMS (m/z): 253 (M+H)", 255 (M+2+H)"

Anal. Calcd. for C;sHyCIN; : C, 71.29; H, 3.59; N, 11.09.

Found: C,71.43;H, 3.54; N, 11.14.

1-Aza-12-cyano-11-phenyltricyclo[8.3.0.0%"Jtrideca-2,4,6,8,10,12-hexaene (128a):

To a stirred solution of 2-(bromomethyl)-3-phenylprop-2-enenitrile (126a) (1 mmol, 0.222
g) in DMF (3 mL) was added quinoline (2 mmol, 0.258 g) at room temperature. After
stirring 1 h, [salt formation was observed as evidenced by TLC] potassium carbonate (5
mmol, 0.690 g) was added and heated for 5 h at 80 °C. The reaction mixture was allowed
to cool to room temperature and diluted with saturated aqueous NaCl solution (5 mL) and
extracted with dichloromethane (5 x 10 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, 8 % EtOAc in hexanes) to furnish the compound 128a

as colorless solid.

Yield: 45% (0.120 g); ‘
Mp: 160-162°C
IR (KBr): v 2226 cm’
'H NMR (400 MHz): §7.11 (d, 1H, J = 9.6 Hz), 7.34-7.68 (m, 9H), 7.85 (d, 1H, J

= 8.4 Hz), 8.26 (s, 1H).



CNMR (100 MHz):

LCMS (m/z):
Anal. Calcd. for C;9H2N>:

Found:
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8 96.68, 114.43, 116.19, 117.35, 118.04, 120.39, 122.03,
124.52, 125.64, 127.50, 128.10, 128.84, 128.92, 129.00,
129.05, 132.28, 132.38.

269 (M+H)"

C, 85.05; H, 4.51; N, 10.44.

C, 85.11; H, 4.54; N, 10.57.

1-Aza-12-cyano-11-(4-methylphenyl)tricyclo[8.3.0.0%"]trideca-2,4,6,8,10,12-hexaene

(128b):

This molecule was obtained as a colorless solid via the treatment of 2-(bromomethyl)-3-(4-

methylphenyl)prop-2-enenitrile (126b) with quinoline in the presence of K,CO; in DMF,

following the similar procedure described for the molecule 128a.

Reaction Time:
Yield:

Mp:

IR (KBr):

'H NMR (400 MHz):

6 h
48%

156-158 °C

v 2226 cm’!

§2.42 (s, 3H), 7.10 (d, 1H, J = 9.2 Hz), 7.31 (d, 2H, J = 7.6
Hz), 7.38-7.49 (m, 2H), 7.50 (d, 2H, J = 7.6 Hz), 7.54-7.60
(m, 1H), 7.65 (d, 1H, J = 7.6 Hz), 7.85 (d, 1H, J = 8.4 Hz),

8.25 (s, 1H).
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C NMR (100 MHz): § 21.33, 96.69, 114.43, 116.29, 117.52, 117.90, 120.53,
121.78, 124.58, 125.61, 128.00, 128.80, 129.00, 129.34,
129.78, 132.45, 137.35.

LCMS (m/z): 283 (M+H)"

Anal. Calcd. for C0H14Ny:  C, 85.08; H, 5.00; N, 9.92.

Found: C, 84.90; H, 5.04; N, 10.03.

1-Aza-12-cyano-11-(4-ethylphenyl)tricyclo[8.3.0.0%"]trideca-2,4,6,8,10,12-hexaene
(128c):

This compound was obtained as a colorless solid via the reaction between 2-
(bromomethyl)-3-(4-ethylphenyl)prop-2-enenitrile (126¢) and quinoline in the presence of

K,COs in DMF, following the similar procedure described for the molecule 128a.

Reaction Time: 6 h

Yield: 47%

Mp: 138-140°C

IR (KBr): v 2226 cm’

'H NMR (400 MHz): 0 1.29 (t, 3H, J = 7.6 Hz), 2.72 (q, 2H, J = 7.6 Hz), 7.09 (d,

1H, J=9.2 Hz), 7.33 (d, 2H, J = 8.0 Hz), 7.39-7.48 (m, 2H),
7.52-7.60 (m, 3H), 7.64 (d, 1H, J = 7.6 Hz), 7.85 (d, 1H, J =

8.4 Hz), 8.25 (s, 1H).



CNMR (100 MHz):

LCMS (m/z):
Anal. Calcd. for Co1HigN> :

Found:
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& 15.57, 28.72, 96.68, 114.42, 116.32, 117.56, 117.91,
120.55, 121.76, 124.58, 125.60, 128.00, 128.58, 128.78,
128.86, 128.99, 129.57, 132.44, 143.65.

297 (M+H)"

C, 85.11; H, 5.44; N, 9.45.

C, 85.02; H, 5.42; N, 9.40.

1-Aza-12-cyano-11-(4-isopropylphenyl)tricyclo[8.3.0.0* “Jtrideca-2,4,6,8,10,12-hexaene

(128d):

Treatment of 2-(bromomethyl)-3-(4-isopropylphenyl)prop-2-enenitrile (126d) with quino-

line in the presence of K,CO; in DMF, following the similar procedure described for the

molecule 128a furnished the title compound as a colorless solid.

Reaction Time:
Yield:

Mp:

IR (KBr):

'H NMR (400 MHz):

*C NMR (100 MHz):

6 h
51%

148-150°C

v 2220 cm™
8 1.31 (d, 6H, J = 6.8 Hz), 2.98 (sept, 1H, J = 6.8 Hz), 7.10
(d, 1H, J = 9.6 Hz), 7.36 (d, 2H, J = 8.00 Hz), 7.40-7.50 (m,
2H), 7.54-7.60 (m, 3H), 7.66 (d, 1H, J = 7.6 Hz), 7.86 (d,
1H, J = 8.4 Hz), 8.26 (s, 1H).

8 24.05, 34.03, 96.71, 114.46, 116.37, 117.66, 117.94,
120.60, 121.76, 124.63, 125.63, 127.18, 128.05, 128.81,

128.86, 129.02, 129.72, 132.49, 148.25.



LCMS (m/z2):

Anal. Calcd. for CooHigN> :

Found:

172

311 (M+H)"
C, 85.13; H, 5.85; N, 9.03.

C, 85.28; H, 5.91; N, 8.99.

1-Aza-12-cyano-11-(2-methylphenyl)tricyclo[8.3.0.0%"]trideca-2,4,6,8,10,12-hexaene

(130):

This product was obtained as a colorless solid via the treatment of 2-(bromomethyl)-3-(2-

methylphenyl)prop-2-enenitrile (126f) with quinoline in the presence of K,CO3; in DMF,

following the similar procedure described for the molecule 128a.

Reaction Time:
Yield:

Mp:

IR (KBr):

'H NMR (400 MHz):

*C NMR (100 MHz):

LCMS (m/z):

Anal. Calcd. for CyoH 4N>:

6h
O Xy Me
50%
N
168-170°C =
CN
v 2226 cm’!

8 2.27 (s, 3H), 7.02-7.12 (m, 2H), 7.28-7.38 (m, 4H), 7.41-
7.45 (m, 1H), 7.56-7.64 (m, 1H), 7.66-7.70 (m, 1H), 7.90 (d,
1H, J = 8.0 Hz), 8.30 (s, 1H).

& 20.16, 98.12, 114.45, 116.09, 117.30, 117.65, 120.23,
121.52, 124.52, 125.59, 125.92, 128.35, 128.64, 12881,
129.10, 130.64, 131.21, 131.34, 132.46, 137.68.

283 (M+H)"

C, 85.08; H, 5.00; N, 9.92.



173

Found: C, 85.00; H, 4.95; N, 9.98.
1-Aza-12-cyano-11-phenyltricyclo[8.3.0.0*°]trideca-2,4,6,8,10,12-hexaene (129a):

To a stirred solution of 2-(bromomethyl)-3-phenylprop-2-enenitrile (1 mmol, 0.222 g)
(126a) in DMF (3 mL) was added isoquinoline (2 mmol, 0.258 g) at room temperature.
After stirring 1 h, [salt formation was observed as evidenced by TLC] potassium carbonate
(5 mmol, 0.690 g) was added and heated for 5 h at 80 °C. The reaction mixture was
allowed to cool to room temperature and diluted with saturated aqueous NaCl solution (5
mL) and extracted with dichloromethane (5 x 10 mL). The combined organic layer was
dried over anhydrous Na,SO4. Solvent was evaporated and the residue, thus obtained, was

purified by column chromatography (silica gel, 8 % EtOAc in hexanes) to furnish the title

compound (129a) as colorless solid.

X
Yield: 68% (0.182 g); N
\ 7
Mp: 142-144 °C
I -
IR (KBr): v 2220 cm’™
'H NMR (400 MHz): 0 6.87 (d, 1H, J = 7.6 Hz), 7.19-7.28 (m, 1H), 7.32-7.40 (m,

1H), 7.46-7.59 (m, 6H), 7.60 (d, 1H, J = 7.6 Hz), 7.70 (s,
1H), 7.73 (d, 1H, J = 8.0 Hz).

13C NMR (100 MHz): 5 98.28, 114.52, 115.82, 120.21, 121.47, 122.93, 123.72,
125.59, 126.08, 127.04, 127.41, 127.67, 127.96, 128.27,
129.04, 130.36, 133.79.

LCMS (m/z): 269 (M+H)"



Anal. Calcd. for C;9H2N>:

Found:
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C, 85.05; H,4.51; N, 10.44.

C, 85.20; H, 4.54; N, 10.36.

1-Aza-12-cyano-11-(4-methylphenyl)tricyclo[8.3.0.0*°]trideca-2,4,6,8,10,12-hexaene

(129D):

This compound was obtained as a colorless solid via the treatment of 2-(bromomethyl)-3-

(4-methylphenyl)prop-2-enenitrile (126b) with isoquinoline in the presence of K,CO; in

DMEF, following the similar procedure described for the molecule 129a.

Reaction Time:
Yield:

Mp:

IR (KBr):

'H NMR (400 MHz):

*C NMR (100 MHz):

LCMS (m/z):

Anal. Calcd. for CyoH 14N> :

Found:

6h O AN
N
0
63% &
160-162°C O CN
v 2226 cm’! Mé

& 2.45 (s, 3H), 6.84 (d, 1H, J = 7.2 Hz), 7.18-7.28 (m, 1H),
7.30-7.38 (m, 3H), 7.41 (d, 2H, J = 8.0 Hz), 7.52 (d, 1H, J =
7.6 Hz), 7.64 (d, 1H, J = 7.6 Hz), 7.68 (s, 1H), 7.78 (d, 1H, J
= 8.4 Hz).

& 21.46, 98.31, 114.42, 115.94, 120.08, 121.55, 122.92,
123.73, 125.49, 126.18, 127.34, 127.61, 127.89, 129.75,
130.13, 130.68, 137.98.

283 (M+H)"

C, 85.08; H, 5.00; N, 9.92.

C, 85.15; H, 5.06; N, 10.02.
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1-Aza-12-cyano-11-(4-ethylphenyl)tricyclo[8.3.0.0*°]trideca-2,4,6,8,10,12-hexaene

(129c¢):

This product was obtained as a colorless solid via the reaction between 2-(bromomethyl)-

3-(4-ethylphenyl)prop-2-enenitrile (126c) and isoquinoline in the presence of K,COs in

DMF, following the similar procedure described for the molecule 129a.

Reaction Time:
Yield:

Mp:

IR (KBr):

"H NMR (400 MHz):

5C NMR (100 MHz):

LCMS (m/z):

Anal. Calcd. for C21H16N22

Found:

6h

0
60% \ N/
164-166°C O CN
v 2220 cm™

& 1.34 (t, 3H, J = 7.6 Hz), 2.76 (q, 2H, J = 7.6 Hz), 6.87 (d,
1H, J = 7.2 Hz), 7.20-7.38 (m, 4H), 7.45 (d, 2H, J = 8.0 Hz),
7.53 (d, 1H, J = 7.6 Hz), 7.67 (d, 1H, J = 7.2 Hz), 7.70 (s,
1H), 7.79 (d, 1H, J = 8.0 Hz).

& 15.36, 28.74, 98.25, 114.39, 115.97, 120.13, 121.54,
122.90, 123.71, 125.47, 126.15, 126.91, 127.32, 127.59,
127.87, 128.47, 130.14, 130.85, 144.17.

297 (M+H)"

C, 85.11; H, 5.44; N, 9.45.

C,84.91; H, 5.49; N, 9.42.



176

1-Aza-12-cyano-11-(4-isopropylphenyl)tricyclo[8.3.0.0**]trideca-2,4,6,8,10,12-hexaene

(129d):

Treatment of 2-(bromomethyl)-3-(4-isopropylphenyl)prop-2-enenitrile (126d) with

isoquinoline in the presence of K,COs in DMF, following the similar procedure described

for the molecule 129a furnished the title compound as a colorless solid.

Reaction Time:
Yield:

Mp:

IR (KBr):

"H NMR (400 MHz):

5C NMR (100 MHz):

LCMS (m/z):

Anal. Calcd. for C20H14N22

Found:

63%

172-174°C O CN

v 2222 cm™

6h ~
L
L/

8 1.33 (d, 6H, J = 6.8 Hz), 2.98 (sept: 1H, J = 6.8 Hz), 6.82
(d, 1H, J = 7.2 Hz), 7.16-7.25 (m, 1H), 7.30-7.38 (m, 3H),
7.43 (d, 2H, J = 8.0 Hz), 7.50 (d, 1H, J = 7.6 Hz), 7.61 (d,
1H, J=7.2 Hz), 7.65 (s, 1H), 7.79 (d, 1H, J = 8.0 Hz).

& 24.00, 33.98, 98.20, 114.37, 116.00, 120.16, 121.52,
122.90, 123.70, 125.44, 126.14, 126.89, 127.02, 127.31,
127.58, 127.85, 130.10, 130.90, 148.75.

311 (M+H)"

C, 85.13; H, 5.85; N, 9.03.

C, 85.00; H, 5.81; N, 9.07.
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1-Aza-12-cyano-11-(2-chlorophenyl)tricyclo[8.3.0.0*°Jtrideca-2,4,6,8,10,12-hexaene
(131):

This product was obtained as a colorless solid via the treatment of 2-(bromomethyl)-3-
(2-chlorophenyl)prop-2-enenitrile (126g) with isoquinoline in the presence of K,CO; in

DMF, following the similar procedure described for the molecule 129a.

Reaction Time: 6h

X
Yield: 52% N

W
Mp: 168-169 °C

G

IR (KBr): v 2227 cm’! cl
"H NMR (400 MHz): 0 6.89 (d, 1H, J = 7.2 Hz), 7.20-7.26 (m, 1H), 7.32-7.50 (m,

5H), 7.53-7.63 (m, 2H), 7.68 (d, 1H, J = 7.2 Hz), 7.73 (s,
1H).

BC NMR (100 MHz): o 98.25, 114.59, 115.41, 117.66, 120.18, 122.77, 123.70,
125.89, 126.37, 127.17, 127.28, 127.39, 127.63, 128.25,
130.07, 130.16, 132.69, 132.75, 135.21.

LCMS (m/z): 303 (M+H)", 305 (M+2+H)";

Anal. Calcd. for C;oH 1N, CI: C, 75.38; H, 3.66; N, 9.25.

Found: C, 75.53; H, 3.64; N, 9.34.
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APPENDIX

(X-RAY CRYSTALLOGRAPHIC DATA)

Table 1: Atomic coordinates (x10%) and equivalent isotropic
displacement parameters (A? x 10%®) for 10la. U(eq) is defined
as one third of the trace of the orthogonalized Uij tensor.

atom X y z udeq)
cC() 3714(1) 2021(2) 1218(1) 53(1)
Cc(2) 4646(1) 1521(2) 1125(1) 45(1)
C(3) 4678(1) -245(2) 907(D) 45(1)
o)) 3758(1) -979(2) 862(1) 54(1)
C(5) 5347(1) 2952(2) 1240(1) 55(1)
C(6) 5734(1) 2847(2) 1781(1) 49(1)
c( 6384(1) 4115(2) 1919(1) 77(1)
C(8) 6763(1) 4014(3) 2409(1) 94(1)
() 6500(1) 2677(3) 2757(1) 79(1)
C(10) 5862(1) 1455(3) 2629(1) 82(1)
Cc(11) 5474(1) 1526(2) 2146(1) 69(1)
C(12) 5428(1) -1366(2) 719(D) 49(1)
C(13) 6217(1) -1359(2) 985(1) 61(1)
Cc(14) 6917(1) -2375(3) 793(1) 75(1D)
C(15) 6853(1) -3400(2) 339(D) 77(1)
C(16) 6079(1) -3443(2) 76(1) 70(1)
c(17) 5369(1) -2446(2) 265(1) 59(1)
N(D) 3231(1) 468(2) 1051(1) 61(1)
o() 3433(1) 3518(2) 1396(1) 72(1)
0(2) 3513(1) -2530(2) 698(1) 78(D)
Table 11: Atomic coordinates (x10%) and equivalent isotropic
displace-ment parameters (A? x 10®) Tfor 10le. U(eq) is

defined as one third of the trace of the orthogonalized Uij

tensor.

atom X Yy z uceq)
c(1) 778(1) 2910(3) 5197(1) 48(1)
C(2) 1360(1) 4983(3) 5183(1) 45(1)
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c(3) 1397(1) 5693(3) 4416(1) 45(1)
c(4) 791(1) 4189(3) 3907(1) 52(1)
c(5) 1729(1) 6032(3) 5949(1) 51(1)
c(6) 2941(1) 3103(4) 5981 (1) 74(1)
c(?) 3714(2) 2298(4) 6305(2) 98(1)
c(8) 4132(2) 3508(6) 6917(2) 95(1)
c(9) 3780(2) 5490(5) 7208(1) 95(1)
C(10) 3010(1) 6285(4) 6885(1) 73(1)
c(11) 2580(1) 5097(3) 6270(1) 49(1)
c(12) 1903(1) 7576(3) 4071(1) 47(1)
c(13) 2717(1) 8057(3) 4392(1) 55(1)
c(14) 3204(1) 9829(4) 4070(1) 59(1)
c(15) 2884(1) 11107(4) 3424(1) 66(1)
c(16) 2082(1) 10626(3) 3099(1) 64(1)
c(17) 1589(1) 8882(3) 3412(1) 57(1)
c(18) 4484(1) 12090(4) 4164(2) 110(1)
N(1) 451(1) 2564(3) 4425(1) 54(1)
0(1) 605(1) 1723(2) 5779(1) 61(1)
0(2) 606(1) 4317(2) 197(1) 66(1)
0(3) 3994(1) 10135(3) 4431(1) 84(1)

Table 111: Atomic coordinates (x10%) and equivalent isotropic
displac-ement parameters (A? x 10%) for 10li. U(eq) is
defined as one third of the trace of the orthogonalized Uij

tensor.

atom X y z udeq)
cC() 10384(3) 10295(2) 2096(1) 46(1)
C(2) 8402(3) 9530(2) 1698(1) 43(1)
C(3) 6935(3) 10748(2) 1520(1) 45(1)
o)) 7870(3) 12350(2) 1803(1) 49(1D)
c() 8358(3) 7704(2) 1549(1) 55(1)
C(6) 9761(3) 282(2) 1037(1) 45(1)
c(7) 11570(3) 6213(2) 1154(1) 58(1)
C(8) 12840(3) 5834(2) 691(1) 70(D)
c(9) 12322(3) 6511(3) 101(1) 71(1)
C(10) 10531(3) 7573(2) -23(D) 68(1)
C(1D) 9268(3) 7954(2) 445(1D) 57(1)
C(12) 4735(3) 10711(3) 1108(1) 69(1)
N(1) 9933(3) 11977(2) 2138(1) 54(1)
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0(1) 12083(2)
0(2) 7020(2)

9607(2)
13720(2)

2333(1) 63(1)
1754(1) 71(1)

Table 1V: Atomic coordinates (x10%) and equivalent isotropic
displace-ment parameters (A2 x 10®) Tfor 103a. U(eq) is
defined as one third of the trace of the orthogonalized Uij

tensor.

atom X y z udeq)
cC() -164(6) 3483(3) 318(2) 87(1)
C(2) 1673(5) 4039(2) 699(1) 61(1)
o ¢)) 2287(5) 3254(2) 1130(1) 61(1)
cC(4) 836(7) 2157(3) 1040(2) 86(1)
c(B) 2623(5) 5241(2) 544(1) 72(1)
C(6) 1204(5) 6303(2) 767(1) 63(1)
C( 1956(6) 7450(2) 614(1) 78(1)
C(8) 722(8) 8446(3) 803(2) 90(1)
C(9) -1285(7) 8323(3) 1139(2) 93(1)
C(10) -2063(6) 7201(3) 1299(2) 94(1)
C(11) -793(6) 6199(2) 1116(2) 80(D)
C(12) 4022(5) 3361(2) 1622(1) 69(1)
C(13) 4268(7) 4423(3) 1945(1) 91(1)
cC(14) 5929(8) 4537(5) 2398(2) 130(2)
C(15) 7374(9) 3598(6) 2543(2) 146(2)
C(16) 7186(8) 2549(5) 2230(2) 128(2)
c(17) 5519(7) 2410(3) 1770(2) 98(1)
o) -663(4) 2355(2) 549(1) 104(1)
0(2) -1149(5) 3863(2) -119(1) 130(2)
0(3) 772(5) 1242(2) 1317(1) 119(1)

Table V: Atomic coordinates (x10%) and equivalent isotropic
displacement parameters (A% x 10%®) for 113a. U(eq) is defined

as one third of the trace of the orthogonalized Uij tensor.

atom X Yy z udeq)
cC() 1848(2) 10526(2) 9380(2) 59(1)
C(2) 1611(2) 9421(1) 9444(2) 52(1)
C(3) 2551(2) 8725(2) 10415(2) 55(1)
cd) 2113(2) 7927(2) 11078(2) 66(1)
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c(5) 2991(3) 7267(2) 11971(3) 83(1)
c(6) 4310(3) 7379(2) 12211(3) 92(1)
c(?) 4751(2) 8159(2) 11545(3) 87(1)
c(8) 3883(2) 8826(2) 10666(2) 70(1)
c(9) 433(2) 9236(1) 8451(2) 51(1)
c(10) ~104(2) 10182(1) 7751(2) 52(1)
c(11) ~1197(2) 10274(2) 6677(2) 63(1)
c(12) ~2011(2) 9359(2) 6057(2) 63(1)
c(13) ~1447(2) 8408(2) 6847(3) 67(1)
c(14) ~333(2) 8335(1) 7927(2) 64(1)
c(15) ~2051(3) 9227(3) 4465(3) 111(1)
C(16) ~3406(2) 9512(2) 6112(3) 91(1)
0(1) 2762(2) 11043(1) 10011(2) 82(1)
0(2) 764(1) 10955(1) 8362(2) 63(1)

Table VI: Atomic coordinates (x10%) and equivalent isotropic
displacement parameters (A% x 10%®) for 127a. U(eq) is defined

as one third of the trace of the orthogonalized Uijtensor.

atom X Yy z udeq)
C(D) 92(2) 803(3) 4296(1) 45(1D)
c(2) 1135(2) 1179(3) 4576(1) 52(1)
C(3) 3531(2) 973(3) 4483(1) 61(1)
C(4) 4491(2) 539(3) 4199(1) 68(1)
C(5) 4216(2) -113(3) 3761(1) 67(1)
C(6) 2966(2) -295(3) 3620(1) 55(1)
C( 1918(2) 189(3) 3907(1) 44(1)
C(8) 564(2) 177(2) 3872(1) 42(D)
C(9) -226(2) -342(3) 3478(1) 42(D)
C(10) 131(2) 130(3) 3041(1) 54(1)
c(1D) -618(3) -360(4) 2673(1) 68(1)
c(12) -1746(2) -1325(4) 2737(1) 67(1)
C(13) -2120(2) -1806(3) 3165(1) 62(1)
cC(14) -1372(2) -1321(3) 3533(1) 49(D)
Cc(15) -1239(2) 1148(3) 4418(1) 51(1)
N(D) 2243(2) 807(2) 4343(1) 48(1)
N(2) -2285(2) 1457(3) 4525(1) 68(1)
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Table VII1: Atomic coordinates (x10%) and equivalent isotropic
displacement parameters (A? x 10%®) for 128a. U(eq) is defined

as one third of the trace of the orthogonalized Uij tensor.

atom X y z udeq)
C(D) 1493(2) 6968(2) 306(2) 44(1D)
C(2) 1984(2) 6113(3) -345(2) 47(D)
C(3 4098(2) 5873(2) -1044(2) 2D
C(4) 3786(3) 4734(3) -1580(2) 51(D)
C(5) 4654(3) 4212(3) -2193(2) 60(2)
C(6) 5817(3) 4799(3) -2270(3) 68(1)
C() 6135(3) 5915(3) -1722(3) 71(D)
C(8) 5276(3) 6485(3) -1102(2) 55(1)
C(9) 5587(3) 7668(3) -512(3) 81(1D)
c(10) 4805(2) 8133(3) 174(2) 51(D)
C(1D) 3545(2) 7552(2) 209(2) 41(D)
C(12) 2488(2) 7892(2) 682(2) 41(D)
C(13) 2393(2) 8993(2) 1402(2) 44(1D)
C(14) 1350(3) 9656 (3) 1263(3) 58(1)
C(15) 1275(3) 10683(3) 1931(3) 74(D)
c(16) 2250(3) 11092(3) 2770(3) 75(D)
c(17) 3288(3) 10456(3) 2918(3) 68(1)
Cc(18) 3366(3) 9418(3) 2261(2) 57(D)
C(19) 195(3) 6931(3) 522(2) 54(1)
Cc(20) 3312(2) 6382(2) 5726(2) 42(D)
c(2D) 2838(2) 5192(2) 5534(2) 45(1D)
C(22) 923(2) 3989(2) 6033(2) 39(1)
C(23) 1243(3) 2903(3) 5602(2) 52(1)
C(24) 435(3) 1886(3) 5657(3) 58(1)
C(25) -682(3) 1952(3) 6145(2) 56(1)
C(26) -1000(2) 3032(3) 6573(2) 54(1)
c(27) -205(2) 4091(3) 6534(2) 43(1D)
C(28) -499(2) 5240(3) 6988(2) 52(1)
C(29) 304(2) 6233(3) 6967(2) 47(D)
C(30) 1467(2) 6172(2) 6491(2) 38(1D)
C(3D) 2457(2) 7016(2) 6333(2) 41(D)
C(32) 2593(2) 8301(2) 6708(2) 39(D)
C(33) 2229(2) 8708(3) 7763(2) 49(D)
C(34) 2350(3) 9914(3) 8112(3) 59(1)
C(35) 2825(3) 10743(3) 7419(3) 62(1)
C(36) 3212(3) 10372(3) 6383(3) 60(1)
C(37) 3095(2) 9159(3) 6026(2) 50(2)
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C(38) 4499(3) 6832(3) 5388(2) 51(1)
N(D) 3230(2) 6457(2) -421(2) 42(1)
N(2) -848(2) 6890(3) 666(2) 79(1)
N(3) 1726(2) 5065(2) 5998(2) 39(1)
N(4) 5452(2) 7178(2) 5115(2) 72(1)
Table VIII: Atomic coordinates (x10%) and equivalent

isotropic displacement parameters (A? x 10%®) for 129a. U(eq)
is defined as one third of the trace of the orthogonalized
Uij tensor.

Atom X y z uCeq)
c(D) 4836(3) 800(3) 8305(3) 53(1)
c(2) 5209(3) 92(3) 8066(4) 57(1)
c(3d) 5169(3) ~909(3) 6590(4) 64(1)
c(4) 4717(3)  -1130(3) 5676(4) 66(1)
c(5) 3918(3) -675(3) 5239(3) 52(1)
c(6) 3419(4) ~926(3) 4290(4) 73(D)
c(?) 2639(4) _522(3) 3893(4) 79(2)
c(8) 2330(3) 155(3) 4458(4) 67(1)
c(9) 2807(3) 433(2) 5374(3) 54(1)
c(10) 3619(3) 40(2) 5777(3) 47(1)
c(11) 4164(3) 311(2) 6745(3) 45(1)
c(12) 4122(3) 956(2) 7472(3) 45(1)
c(13) 3511(3) 1691(2) 7445(3) 43(1)
c(14) 3451(3) 2202(3) 6539(3) 66(1)
c(15) 2906(4) 2891(3) 6556(4) 80(2)
c(16) 2404(3) 3093(3) 7466(4) 73(1)
c(17) 2473(3) 2603(3) 8387(4) 71(D)
c(18) 3029(3) 1908(2) 8370(3) 54(1)
c(19) 5037(3) 1299(3) 9238(4) 57(1)
c(20) 7463(3) 744(2) 1557(3) 44(1)
c(21) 6889(3) 1347(2) 1934(3) 49(1)
c(22) 7035(3) 2336(2) 3443(4) 57(1)
c(23) 7564(3) 2595(2) 4287(4) 61(1)
c(24) 8442(3) 2202(2) 4603(3) 49(1)
c(25) 8967(4) 2441(3) 5545(4) 71(1)
c(26) 9777(4) 2052(3) 5873(4) 83(2)
c(27) 10085(3) 1390(3) 5271(4) 78(2)
c(28) 9597(3) 1144(2) 4340(3) 59(1)
c(29) 8777(3) 1544(2) 3987(3) 45(1)



C(30)
c(31)
c(32)
C(33)
C(34)
C(35)
C(36)
c(37)
C(38)
N(1)
N(2)
N(3)
N(4)

8224(3)
8313(3)
9140(3)
10010(3)
10763(3)
10662(4)
9795(4)
9042(3)
7244(3)
4898(2)
5209(3)
7345(2)
7076(2)
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1304(2)
710(2)
198(2)
547(3)

78(3)
~740(3)
~1103(3)
~640(3)
253(2)
~204(2)

1700(2)

1693(2)
~135(2)

3021(3)
2208(3)
1964(3)
1753(3)
1433(4)
1308(4)
1510(4)
1846(3)

610(3)
7127(3)
9990(3)
2813(3)
~151(3)

42(1)
41(1)
41(1)
60(1)
74(1)
78(2)
76(1)
59(1)
46(1)
51(1)
78(1)
47(1)
63(1)
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