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ABSTRACT

During the last two decades there has been a virtua explosion in the discovery of new
reactions, reagents and methodologies in organic chemistry, which has been a mgor
source for developments and success in the present day organic synthesis. Baylis-
Hillman reaction is one such new reaction, which has seen enormous growth in recent
years. This is basically a three component reaction involving activated alkene, carbon
electrophile and a tertiary amine catalyst leading to the formation of carbon-carbon
bond between the a-position of activated akenes and carbon electrophiles thus
providing densely functionalized molecules.

Our research group has been actively involved for the last 15 years in the development
of the Baylis-Hillman reaction as one of the potentia sources for stereoselective
processes, and in fact has contributed significantly to this effect.

This thesis dedls with Baylis-Hillman chemistry with a view to develop novel synthetic
methods and utilize these methods for synthesis of natura products and biologically
active molecules. This thesis consists of three chapters 1) Introduction, 2) Objectives,
Results and Discussion and 3) Experimental. The first chapter i.e. introduction provides
a summary of recent developments in the Baylis-Hillman chemistry.

The second chapter deals with the objectives, results and discusson. The Baylis-
Hillman reaction provides an important class of multifunctiona molecules, which have

been successfully utilized in severa stereoselective transformations.  With a view to
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expand the scope of the applications of Baylis-Hillman chemistry, we have carried out
the thesis work with following objectives.

1). Deveopment of a new general protocol for the synthesis of (F)-3-arylidene /
alkylidenechroman-4-one, an important structural unit present in several biologically
active molecules.

2). Application of this methodology for the synthesis of representative biologically
active molecules such as bonducellin monomethyl ether, eucomin dimethyl ether,
autumnalin trimethyl ether and (£)-3-(4-methoxybenzylidene)-6-methoxychroman-4-
one, an antifungal agent.

3). Transformation of Baylis-Hillman adducts into indene and indane derivatives via the
intramolecular Friedel-Crafts reaction.

4). Synthesis of dl and meso-bis allyl ethers via tandem construction of carbon-carbon
and carbon-oxygen bonds using the Baylis-Hillman chemistry.

5). Diastereoselective synthesis of chiral allylamines via the treatment of methyl (22)-3-
aryl-2-(bromomethyl)prop-2-enoates with (S)-I-phenylethylamine in the presence of

DABCO

Development of novel protocol for synthesis of (E)-3-arylidene /

alkylidenechroman-4-ones

The (£)-3-benzylidenechroman-4-one moiety occupies a special place in the field of
heterocycles, as this skeleton is an integra pat of many natural products and

biologically active molecules, such as bonducellin (81), eucomin (52), autumnalin (53)
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and punctatin (54). Therefore, the development of smple, genera and new protocol for
the synthess of (E)-3-benzylidenechroman-4-one skeleton is of considerable
importance today in synthetic organic chemistry The classcal and most of the
literature methods for the synthesis of (£)-3-benzylidenechroman-4-one moiety involve
the initid synthesis of chroman-4-one skeleton, followed by the construction of the
benzylidene moiety via acid or base catalyzed aldol condensation with aryl aldehydes.
However, to the best of our knowledge, there is no report in the literature for the
synthesis of (£)-3-benzylidenechroman-4-one moiety involving the initia preparation
of benzylidene moiety and then construction of the chroman-4-one ring system.
Therefore, we have undertaken this research program to develop a new protocol for the
gynthesis of (E)-3-benzylidene/alkylidenechroman-4-ones using methyl 3-hydroxy-2-
methylenealkanoates (57a), the Baylis-Hillman adducts derived from methyl acrylate.
Thus, we have developed a smple methodology for the synthesis of (£)-3-alkylidene /
arylidenechroman-4-ones (Schemes 32, 33, 34 and 35). In this sequence, the key step is
the intramolecular Friedel-Crafts reaction of 2-phenoxymethylalk-2-enoic acids (60a-b,
60g-j) via the treatment of corresponding acid chlorides (61a-b, 61g-j) with AICl; to
provide the desired chroman-4-ones (62a-b, 62g-j) However, when we extend this
methodology for compounds 60c-e (R = 4-methylphenyl, 4-ethylphenyl, 4-
isopropylphenyl) the desired 3-arylidenechroman-4-ones (62c-€) (R = 4-methylphenyl,
4-ethylphenyl, 4-isopropylphenyl) were not obtained, instead 3-(4-alkylphenyl)methyl-
4-chromones (63-65) were obtained (Scheme 36). Since this methodology does not

provide a generd synthesis of 3-arylidenechroman-4-ones, we looked for an alternative



method for this purpose. During our studies in this direction we have found that
trifluoroacetic anhydride (TFFA) works better for the intramolecular Friedel-Crafts
reaction of the 2-phenoxymethylak-2-enoic acids (60a-f and 60i) to provide desired 3-
arylidenechroman-4-ones (62a-f and 62i) (eg. 33 & 34). We have also noticed that the
substrates (60c-e) (R = 4-methylphenyl, 4-ethylphenyl, 4-isopropylphenyl) which
provided 3-(4-alkylphenyl)methyl-4-chromones (63-65) via intramolecular Friedel-
Crafts reaction of the corresponding acid chlorides in the presence of AICl;, now
provided the desred 3-arylidenechroman-4-ones (62c-€) (R= 4-methylphenyl, 4-

ethylphenyl, 4-isopropylphenyl).

Synthesis of natural products and biologically active molecules

To prove the efficacy of this new protocol, we have synthesized bonducellin mono
methyl ether (62k), eucomin dimethyl ether (621), autumnalin trimethyl ether (62m) and
(E)-3-(4-methoxybenzylidene)-6-methoxychroman-4-ones (56), an antifungal agent, by

selecting the appropriate Baylis-Hillman adducts and phenolic derivatives.

Synthesis of indene derivatives via intramolecular Friedel-Crafts

reaction of the Baylis-Hillman adducts

During our studies, amed at the synthesis of indene derivatives via intramolecular
Friedel-Crafts reaction of the Baylis-Hillman adducts, we noticed that akyl 3-(3,4-
dialkoxyphenyl)-3-hydroxy-2-methyleneal kanoates, the Baylis-Hillman adducts (71a-e)

obtained from 3,4-dialkoxybenzaldehydes, underwent intramolecular Friedel-Crafts



reaction under the influence of P,O< to provide the substituted indene derivatives
(72a-e) (Scheme 47, 48 ad 49) We have also observed that the Baylis-Hillman
adducts (71f-1) having two different substituents at 3 and 4 positions in the phenyl ring,
on smilar treatment with P205 provided regiomeric indene derivatives (72f-i and 75a-
d). However, subsequent hydrogenation provided the desired indane derivatives (76a-

d) (Scheme 51 and 52).

Tandem construction of carbon-carbon and carbon-oxygen bonds in
the Baylis-Hillman chemistry: Synthesis of functionalized dl and meso

bis allyl ethers

The mechanism of the Baylis-Hillman reaction is believed to proceed through first
Michael type addition of DABCO to the activated alkene resulting in the formation of
zwitterionic enolate. This enolate adds to aldehydes to generate zwitterionic species B
which undergoes proton migration and subsequent elimination of the catalyst provided
the desired highly functionalized molecules. It occurred to us that if we can use the
oxygen anion (B in Scheme 1) in further controlled reaction with the product there will
also be the formation of C-0 bond in the Baylis-Hillman conditions leading to the gene-
ration of an interesting class of molecules with more functionalities. During our studies
in this direction, we have obtained a very fascinating result when we carried out the
Baylis-Hillman coupling of acrylonitrile with aryl aldehydes for longer reaction timei.e.
eight days, thus providing bis-(I-aryl-2-cyano)prop-2-en-I-yl ethers (77a-f) in 6-8 %

isolated yields as racemic mixtures (eq 39 and 40). The d stereochemistry of the
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compounds 77a and 77b (R= phenyl, 2-methylphenyl) was confirmed by single crystal
X-ray data. We have also examined al these molecules on HPLC using chiral column,
chirdcd OD which showed two peaks with equal intensities (in each case)
corresponding to both (R, R) and (S, S)-enantiomers thus further confirming d/ nature
of dl these molecules. However, when we have extended this reaction for 1-
naphthaldehyde, meso bis allyl ether (779g) wasisolated in 7 % yield (eg. 42). The meso
stereochemistry was confirmed by single crystal X-ray crystallography. Also HPLC
anaysis of this ether (77g) on chirace OD column showed one peak, presumably
confirming the meso nature of the molecule. Though the yields of bis alyl ethers are
not high in this methodology it is still of interest due to simultaneous formation of
carbon-carbon and carbon-oxygen bonds and aso due to the high stereochemica purity

of the molecules isolated.

Diaster eoselective synthesis of chiral ally la mines via the treatment of
methyl (22)-3-aryl-2-(bromomethyl)prop-2-enoates with (S)-1-phenyl-
ethylamine in the presence of DABCO

With a view to achieve synthesis of chird alylamines (81a-f and 82a-f) via Sn2'
reaction, we have treated various alyl bromide-DABCO sdlts (80a-d, 80g-h) with (S)-
1-phenylethylamine. The reaction proceeds through Sy2' fashion with 40-58 %
diastereosdlectivity (Scheme 58, 59 and 60). The absolute configuration of the newly
formed stereogenic center of the mgor isomer has been found to be (R) (as shown in

8la) as evidenced by single crystal X-ray data of mgor isomer (81a) (R = phenyl)
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(Scheme 58). Fortunately, both the major (81a-f) and minor (82a-f) diastereomers have
been separated by column chromatography in dl the cases.

The third chapter deals with the experimental procedures in detail, IR, 'H NMR, "C
NMR, mass spectrd data, X-ray crystallographic data, microanalyses and physica

constants (bp, mp and optica rotations).



INTRODUCTION

During the last two decades there has been a virtua explosion in the discovery of
reactions, reagents and methodologies in organic chemistry, which have in fact been the
maor source for the developments and success of the present day organic synthesis.

Baylis-Hillman reaction is one such new reaction which has seen enormous growth in
recent years.®* This is basically a three component reaction involving activated alkene,
carbon electrophile and a tertiary amine catayst leading to the formation of carbon-
carbon bond between the a-position of activated akene and carbon electrophile thus

providing densely functionallized molecule (eq. 1).

X EWG : B A
)k & ( 30 amine . EWG (eq. 1)
R R' | R’

X= 0, NR, ; EWG= electron withdrawing group

The possible mechanism of this reaction is described in Scheme 1, taking the reaction
between methyl acrylate and benzaldehyde under the catalytic influence of DABCO as
a modd case. The reaction proceeds through firse Michael type addition of tertiary
amine to activated akene resulting in the formation of zwitterionic enolate (A). This
enolate adds to the aldehyde to generate zwitterionic species (B) which undergoes
proton migration and subsequent elimination of the catalyst leads to the formation of

highly functionalized molecules (Scheme 1). During the last 15 years there has been



tremendous development of this fascinating reaction as evidenced by three maor
reviews®® and large number of publications. As the thesis deals with the developments
Scheme 1

OH O

A
e S

Ph OMe 0 - Oe
SJ\/_{:N[;’\/\
& @ Ph”", H A\//

of new synthetic methods using the Baylis-Hillman adducts, very important and recent
developments in the reaction have been described in the following. A variety of tertiary
amines such as DABCO (1), pyrrocoline (2), quinuclidine (3), 3-hydroxyquinuclidine
(4), 3-quinuclidinone (5) and 4-DMAP (6) have been employed as catalysts in the

6-9

Baylis-Hillman reaction.” However, DABCO remains to be the catalyst of choice for

organic chemists.

—



A number of activated akenes such as a, B-unsaturated nitriles, ' ketones,
esters, '+ sulfones,” sulfonates™® phosphonates,™® alenic esters®? and acrolein®™**
have been successfully employed in this fascinating reaction to provide highly

functionalized molecules (Scheme 2).

Scheme 2

EWG = CHO
EWG = PO(OEt),

o EWG = \“ H
\ . CHO
" PO(OEY), oH

- ,J\ _COOMe
|
|

However, the substituted activated alkenes such as methyl crotonate, crotononitrile and
phenyl vinyl sulfoxide which are less reactive, require high pressure®? to undergo

Baylis-Hillman reaction with electrophiles (eq. 2).



OH
EWG EWG

DABCO R
b - (eq. 2)
e OJ 9 or 10 Kbar |
18-20 h H,C

EWG = COOMe, CN, SOPh

Though aldehydes have been the most commonly used electrophiles in this reaction
other electrophiles such as a-keto esters?™® aldimines,’**? flurinated ketones™ and
non-enolizable ketones®® etc., have aso been successfully employed in this reaction
(Scheme 3). Unactivated ketones such as acetone, 2-butanone do not react with
activated alkene at atmospheric pressure, however they have been brought into the
22.25

scope of the reaction at high pressure (Scheme 3).

Scheme 3

OH
EWG

NZ
NHZ
H EWG
R i ﬁ . DABCO (cat)
Z=CO,Me, Tosytate
CoPh
R=anyl

EWG = CO,R,CN,50,Ph,CHO




Very recently dialkyl azodicarboxylates were employed as a electrophile in the Baylis-

Hillman reaction (eg. 3) by Kamimura and coworkers.*

H
RO,C. ~N<
R, 2">N77NCO,R
Z "+ Ro,c—N=N—CO,R* DABCQ R (eq 3)
5 THF
0

R'= Me, Et, n-hexyl, n-heptyl, cinnamyl, R2= Et, t-Bu

Baylis-Hillman reaction is normally a dow process requiring few days to few weeks for
completion depending upon the activated alkene and electrophile  Organic chemists
made severa efforts to circumvent this problem, thus different reaction conditions such

25

as high pressure,””** microwave irradiation®’ employing additives such as lithium

perchlorate®® and lanthanum triflates®”** along with DABCO, have been developed to
accelerate the Baylis-Hillman reaction. Leahy and co-workers have found that the

reaction israpid at 0° C (eq. 4)."

OH

COOMe

COOMe

RCHO + |( DABCO (cat) g (eq. 4)
09C, 4-12 h

R= aryl, alkyl 67-74%

Recently, Aggarwa and Merau have observed that DBU provides much faster reaction

rate than that of DABCO and 3-hydroxyquinuclidine (eq. 5).%



OH O

o) o)
DBU (1 equiv. .5
’ — (1equiv.) OoMe (€d.9)
« 6h, rt
89%

Asymmetric Baylis-Hillman reaction

Efforts have been made to develop the asymmetric version of the Baylis-Hillman
reaction using chira source either in catalyst, electrophile or in an activated akene.
Various bicyclic chird amine catalysts such as quinidine (7),** 2,3-disubstituted
DABCO (8) and pyrrolizidine (9) have been used with limited to moderate success

(up to 67% ee).

MeO

\ECOCH Ph

OCH,Ph HO

Soa et al. have used (S)-BINAP (10) as a catalyst for the coupling between the 5-
pyrimidinecarboxaldehyde and methyl acrylate to produce the desired Baylis-Hillman

adduct in 44% ee (eq. 6).%

OH O

CHO
le/\\;r N ,,//\.(QMe :;; 20__..m:'(°‘:"N| X OMe (eq. 6)

44% ee



Recently, Hatakeyama and coworkers have reported high levels (95% ee) of asymmetric
induction in the Baylis-Hillman reaction between 1,1,1,3,3,3-hexafluoroprop-2-yl
acrylate (11) and benzaldehyde using (3R, 8R, 9S)-10,11-dihydro-3,9-epoxy-6'-

hydroxycinconane (12) as a catalyst (eq. 7).*

OH

0
CF;, O
PRCHO + o—< cat.12,10 mol% ph%o% (eq. 7)
1

CF,
1 CF; DMF,-55C CF,

95% ee

Severd chird acrylates like 13, 14, and 15 derived from various chira auxiliaries such
as (I)-menthol, (IR,2S)-2-phenylcyclohexan-1-ol, (1R,2R)-2-phenoxycyclohexan-1-ol

were used as activated akenes in the Baylis-Hillman reaction but with limited



success. The effect of pressure on the asymmetric induction has been observed,
thus the Baylis-Hillman reaction between menthyl acrylate and benzaldehyde catayzed
by DABCO at atmospheric pressure resulted in 22% de of the product, where as similar

reaction provided 100% de at 7.5 K bar pressure ( Scheme 4).

0 0
Ph oph ||
o AT N\OH
L 14 15
Scheme 4
O OH

DABCO
o 7.5 Kbar o Ph
O/Uﬁ 74 PhCHO 1009/0 de
I O OH

DABCO
1 atm. O Ph

22% de

The chiral acrylates 16 and 17 derived respectively from Oppolzer's chira auxiliary and

8-phenylmenthol offer better diastereoselectivities (up to 70%) in the Baylis-Hillman

50,51

reaction (eg. 8& 9).



% ’lk/ + EtcHO PABCO Om/“\\‘/\ (eq. 8)
O  OH

SO,N(cyCgH,,), SO,N(cyCeHy4),
16

70% de
OH + CCI,CHO LoASEE Okﬁcc% (eq. 9)
17 70% de

Vey recently chira acrylamide (18) derived from Oppolzer’s sultam has been
employed as an activated akene in the Baylis-Hillman reaction to provide the desired

Baylis-Hillman adduct (19) in 99% ee (Scheme 5).%**

0
_DABCO_
N/ﬂ\44;+ EICHO —Roe, SHer thc \\/J;%%jii//

Scheme 5

SO,
18 MeOH, CSA
Meooc’ﬂ\T’”\\
1 OH

>99% ee
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Considerable efforts have been made to achieve asymmetric Baylis-Hillman reaction
using various chiral electrophiles. Thus, the Baylis-Hillman reaction of various chiral
aldehydes with methyl acrylate and methyl vinyl ketone under the catalytic influence of
DABCO has been studied to understand the levels of diastereoselectivity. For example,
(8)-O-(methoxymethyl)lactaldehyde reacts with both methyl acrylate and methyl vinyl
ketone in the presence of DABCO or 3-hydroxyquinuclidine (3-HQ) to afford the
desired adducts as mixtures of syn and anti diastereomers in = 30:70 ratio.”* The
reaction between (3S)-3-(benzyloxy)butanal and methyl acrylate in the presence of
DABCO provided the required adducts as a mixtures of antir and syn diastereomers from

which mgor anti isomer was seperated and converted into an interesting tetrahydrofuran

derivatives (Scheme 6).°

Scheme 6
OBn OH OBn OH
OBn COMe  Lasco i COMe + i _i_ _coMe
_A_CHO + ﬁ R : 2
I 75.5:24.5
lCH3CN
OH
S
Me™ 457 “co,Me

Kundig et al. have achieved 95% diastereoselectivity when they employed ort ho

substituted benzaldehyde tricarbonylchromium complex as a chira electrophile for

56,57

coupling with methyl acrylate in the presence of DABCO (eg. 10).
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EWG
o EWG
DABCO
@—( Hf e OH  (eq. 10
oMe H ome H
Cr(CO), Cr(CO),
>95% de

EWG = COOMe, CN

Opticaly active Baylis-Hillman adducts were aso obtained via chemicoenzymatic
methods Thus biocatalysts such as Pseudomonas AK lipase,” pig liver acetone powder
(PLAP)™ and horseradish peroxidase (HRP) were used for resolution of Baylis-Hillman
adducts.® Very recently Tsuboi er al reported lipase PS as a biocatalyst for resolution

of Baylis-Hillman adducts (eg. 11).*"

OAc OH
3 : CO,Et
CO, Et Lipase PS . CO,Et W s (eq. 1)
CH,CN, 35 C +
viny| acetate
(R) 99%ee (S) 70%ee

Chalcogeno-Baylis-Hillman reaction
Kataoka e al demonstrated the application of sulfides and selenides as catalysts in the

presence of TiCl, in performing the Baylis-Hillman reaction (eq. 12).%%¢

0 _ O OH
o) Me,S (0.1 equiv.) (eq. 12)
Tic, >
+ R H (1 equiv. to aldehyde)
n CH.CL,rt,1h i
n=12

R = aryl
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Similarly reaction of aldehydes with o, -unsaturated thio ester using a catalytic amount
of Me,S in the presence of TiCly followed by treatment with Ti(O-'Pr)s; or DBU

provided the corresponding a-methyl ene-B-hydroxy esters or thio esters™ in moderate

to good yields (Scheme 7).
Scheme 7
Me,S (10 mol%) OH O
TiCl, (1 equiv.),20h
o 4 (1 equiv.), 200 SEt
DBU(1.5 equiv.),1h
SEt 50-71%
RCHO+ ||
OH O
Me,S (10 mol%)
TiCl, (1 equiv.),20h R O-pr
Ti(O-pr), (2 equiv.),1h
Mel (1 equiv.) 46-60%

In our laboratory, we have demonstrated the application of a-keto esters as electrophiles

in the chalcogeno-Baylis-Hillman reaction (eg. 13).”

OH O
OEt SMe, (10 mol%) EtOOC
Me - (eq 13)
TiCl, R Me

(1equiv. to keto ester)
R = aryl CH.Cl,, rt, 1 h 40-73%

The chiral version of chalcogeno Baylis-Hillman reaction® (eg. 14) using chira sulfur

compound (20) has been very recently reported.



un |9

MVK (6 equiv.) u
ArcHO __ TiCl4 (1 equiv.) __A’/J\”)J\Mf (eq. 14)
72C. 1h, 22-43%
- 14-74%ee

nge (1 equiv.)

Recently Li and coworkers have utilized vinyl auminium reagents to synthesize Baylis-

Hillman type adducts (Scheme 8).%’

Scheme 8
OH
Bu' &
Al CO,Et . R CO,Et
P e DIBALHHMPA By | 2 R Bt |
o 27 THF,25°C, 4h n-Bu,BOTI (cat) .
" e R' R"=alkylaryl
R=Me,Ph

Optically active Baylis-Hillman type adducts with B-subtitution®® have been prepared

using menthyl phenylpropiolate with aldehydes according to the equation 15.

COOR"
R",CulLi

| ‘

R"CHO, Et,AICI

R'
R’= (1R, 28, 5R)-(-)-menthyl de 50-87 %

R', R", R" = alkyl, aryl
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Very recently, TiCl, mediated Baylis-Hillman reaction between aldehydes and o.B-

unsaturated alkenones was reported by Li and coworkers (eg. 16).27

)L 4 e R (eq. 16)

Applications of the Baylis-Hillman adducts

Baylis-Hillman adducts have been successfully employed in a variety of organic
reactions involving high levels of stereochemical control. In fact, these developments
have made the Baylis-Hillman adducts as one of the potential sources for stereoselective
processes particularly for construction of stereoselective trisubstituted carbon-carbon
double bonds. Some of these methodologies have also been successfully applied in the
synthesis of various biologically active molecules. Interesting and recent developments
in the application of the Baylis-Hillman adducts are presented in this section.

Drewes et al. reported the synthesis of racemic integerrinecic acid utilizing methyl 3-
acetoxy-2-methylenebutanoate (21), derived from the corresponding Baylis-Hillman

adducts according to Scheme 9.
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Scheme 9
CQLEL
e N MY o 1)KOH
CO,Et OSiMe,
Mg - 2) HCI
21
o OOH NaCN OO
M a Me
© 0 HO COOH
H,SO,

(1) Integerrinecic acid

Stereoselective  synthesis of (2F)-2-methylalk-2-en-1-0ls and (2Z)-2-methylalk-2-
enenitriles has been developed via the treatment of 3-acetoxy-2-methylenealkanoates
and 3-acetoxy-2-methylenealkanenitriles respectively with LAH:EtOH (Scheme 10).
The efficacy of this methodology has been demonstrated by synthesis of (£)-nuciferol
(22) a biologicaly active terpene molecule and a compound (23), a precursor for (Z)-
nuciferol "2

Scheme 10

LAH : EtOH R/]\[/\OH
QAs EWG = COMe

EWG 0

LAH : EtOH _ . A
EWG = CN R




Me Me
Me CN

OH 7
Me Z Me Me

(t) (E)-Nuciferol 23
22

An elegant synthesis of eudesmane precursor (26)" has been described via an inverse
electron demand intramolecular [4+2] cycloaddition reaction of the triene (25)

generated in situ from the mesylate (24) of the Baylis-Hillman adduct (Scheme 11).

Scheme 11
'8 rSOQPh | o MsCI,EtN(i
— L- SELE (-pr),
OAc OAc SO,Ph
OAc OAg,
Me OMs ]
Py, 170°C
toluene
AN SO.Ph
OAc SO,Ph 2
24 Mis
25

Eudesmane

Our research group has developed a stereoselective synthesis of trisubstituted akene via
the treatment of 3-acetoxy-2-methylenealkanoates with Grignard reagents.  This
methodology has been successfully employed for the synthesis of (2£)-2-butyloct-2-

enal (27) an darm pheromone (a component of the African weaver ant) and (2£)-2-
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tridecylheptadec-2-enal (28) an unusua metabolite from the red dga laurencia species

(Laurencia undulata and Laurencia papillosa) (scheme 12).7

Scheme 12
OAc COM
i ovie
R./J\’TCOQMe R"MgX R/\[ DIBAL-H
Rll
CHO
Rr/\\*[CHon PCC Rl/\[
R a

R'=n-CsH,,,R" =n-C;H, 27 alarm pheromone
R"=n-C,,HgR" =n-CioHs 28 unusual metabolite

3-Acetoxy-2-methylenealkanoates and 3-acetoxy-2-methylenealkanenitriles have been
stereoselectively transformed into methyl (2£)-2-acetoxymethylalk-2-enoates and {2E)~
2-acetoxymethylalk-2-enenitriles respectively under the catalytic influence of TMSOTf
(Scheme 13).”

Scheme 13

R/\(CO?MG
OAC EWG = CO,Me OAC
R )\H,EWG TMSOTT (cat.)

CH,Cl, rt, 2h

R= aryl —— . NOAC

EWG =CN CN
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Recently, Pachamuthu and Vankar’ have utilized methyl 3-acetoxy-2-methylene-3-

phenylpropanoate for the synthesis of methyl (Z)-a-methylcinnamate according to

equation 17.
OAc
Pd(OAc),, dppe H Me H COOMe
Ph coome " 2 y=( T (eq. 17)
HCOOH, Et;,N Bh s
THE Ph  COOMe _ e
major minor

Our research group has recently reported an efficient synthesis of (£)-a-methylcinnamic
acids using the acetates of the Baylis-Hillman adducts (Scheme 14).”" The efficacy of
this methodology has been demonstrated by synthesis of (2F)-2-methyl-3-(4-
myristyloxyphenyl)prop-2-enoic acid (29), a good hypolipidemic agent and (2F)-2-
methyl-3-(4-carbomethoxyphenyl)prop-2-enoic acid (30) a vauable synthon for the
synthesis of serine protease inhibitor.

Scheme 14

OAc
" /k”,coorwe _NaBH, H>:<COOM 1) KOHMeOH M~ COOH
J t-BuOH —— —
rt, 15 min. |Ar Me 2) crystallization Ar> <Me




H H
mCOOH mCOOH
Me Me
n-C, ,H,,0 MeOEC

29 30

Bauchat and Foucaud have synthesized diaza macrocycle (32) using the diacetate of

the Baylis-Hillman adduct 31 according to Scheme 15.

Scheme 15
OH OAc
COOMe ACCIELN COOMe
—_—

MeOOC MeOOC

OH OAc 31

aq. NH,

meooc— \ COOMe Meooc—{ \ COOMe

; ; 3

“"MeCN HN

reflux, 90 h
MeOOC / COOMe
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Marson et al. reported a convergent stereocontrolled construction of 5-6-7 tricyclic aza
analogues (33) of phorbol (34) employing the Baylis-Hillman adducts according to
Scheme 16.”

Scheme 16

OH

CHO _co,Me CO,Me MeO - COMe
( cat4 48%HBr (aq. z
Br

2 0
OMe

AcO

& OMe
X @]
-
-r——
N
O 5
55% CO,Me CO_Me

33

OH
Phorbol X = C (b-OH)

Recently, Blechert and coworkers® converted the a-bromomethylacrylic acid (35) into

2,4-dimethylene-5-valerolactone via the treatment with DBU (eq. 18). Similar reaction
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of B-subtituted o-bromomethylacrylic acids with DBU results in the formation of

mixture of macrolactones (36) (eg. 19).

CO,H Os O
}\/Br DBU lj\ (eg. 18)
35
@) R
o
CO,H R__ /R
%\,Br DBU 0 . 0
(eq. 19)
R O \
R=alkyl aryl n
R
36 n=3-7

Mazdiyans and coworkers®™ have synthesized a key intermediate (37) for the synthesis
of arenin inhibitor (38) from the Baylis-Hillman adducts (Scheme 17).

Scheme 17

OH

- CO,R - COR
@,CHO W 2 HBI/H,S0, Na;sO.t
+

B 2
' Raney Nickel

? PCI,, O«H k/N“sm2 " OH
enzyme i
SO,Na

acetone,H,O ©/
R = Me, Et 75-88%ee

X = NH,NCH,,0 37



N
H
A-72517 é

38

Issec and Paquette® have reported indium promoted addition of methyl (2)-2-
(bromomethyl)but-2-enoate to «-(¢-butyldimethylsiloxy)aldehydes leading to the
formation of products with high levels of 3,4-syn and 4,5-anti diastereoselectivity (eq.

20).

~5 5
~Si

e 0" CcH,
e
H,C e CO,Me + CO,Me
In, H,0 i (eq. 20)
& OH

Br

ﬂ _,m"

Zinc and chromium (I1) mediated diastereoselective alylation of aldehydes using allyl
bromides derived from the Baylis-Hillman adducts provided the syn molecules (39)
predominantly (eq. 21).* After the separation, the sya-hydroxy sulphones were
transformed into diastereomerically pure 2.3,4-trisubstituted tetrahydrofurans (40) via

the treatment with KH (eg. 22).

OH

RN SOPh PhO,S OH  PhO,S ?H .
R'CHO o R,+ s R' (eq.21)
Br Zn or Cr(ll) ! : SO,Ph

R = alkyl; R' = alky), aryl, alkenyl 39
major



PhO,S. Me

PhO.,S OH i
2 KH A_ﬁ— (eq. 22)
—.__b.
R THF R
0]
CH, 40

R = phenyl, n-pentyl

Our research group has successfully transformed the Baylis-Hillman adducts 1.¢. 3-
hydroxy-2-methylenealkanenitriles into (47)-4-cyanoalk-4-enoates (eq. 23) via

Johnson-Claisen rearrangement.**

OH
H COOEt
g o SR, \—(V (eq. 23)
EtCOOH(cat.)
1450C R CN
R = alkyl, aryl

Aqueous  sulfuric acid  mediaed tranformation  of  3-aryl-3-hydroxy-2-
methylenepropanenitriles into (/2)-a-cyanocinnamyl alcohols and subsequent oxidation
with PCC leading to the formation of stereoselectively pure (/)-a-cyanocinnamic
aldehydes have been described by our research group (Scheme 18).%°

Scheme 18

OH
CN 20%aq.H,S0, Ar/Y\OH PCC AF/YCHO
Ar reflux,1.5-5h CH,CI,

CN CN
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Adam et al. have developed a simple synthesis of cycloalkene (41) utilizing the Baylis-

Hillman adduct methyl 3-hydroxy-4-methyl-2-methylenepentanoate according to

Scheme 19 %

Scheme 19

=
OH OH [ﬁ;L Pr

_ CO,Me KOH,H" cooH v % 0
i-Pr i |PF be | -
Et,N,CH,Cl,

reflux,36h

0
— 400°C
-C0o, oyt
41

High diastereosdlective dihydroxylation of the Baylis-Hillman adducts has been

successfully carried out using 0sO, (eg. 24).%

QH N-CgH, g~ _,OH
nCH, g)ﬁ“,COMe 0sO,NMO H O\I (eq. 24)
o COMe

OH
96% (92 % de)
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First asymmetric synthesis of mikanecic acid (43), an interesting terpene dicarboxylic
acid possessing chiral quarternary vinyl centre has been reported from our laboratory
via Diels-Alder type self dimerization of the diene derived from the Baylis-Hillman
adducts (42) (Scheme 20).%*

Scheme 20

OH
R*oocm E;f%l;?‘ R‘DOCW/LCHa %_ R‘oocwr\
42

COOR’ COOH
2x 1. crystallization
= 2. KOH, MeOH

RoocC HOOC 43

(92% ee)

R'OH = -
20

L
07 “N(cy-C¢H,,),

Perlmutter and Tabone have described a highly anti diastereoselective Michael addition

£9,90

of benzylamine t0 O-protected Baylis-Hillman adduct (eq. 25). The anti isomer

(44) was converted into B-lactam derivative (Scheme 21).

Ph PhCH,NH, Ph Ph Ph 2 -
_..._____’-
MeOH P \/\r (eq. 25)
OR >99% anti <1% syn OR
major minor

R = TBDMS 44
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Scheme?21

i = o)
COo,Me i) TBAF co, MsCl, KHCO, A NN—&

N A

v n H2 s -
Ph N~ i i Ph\/ﬁ\/\‘/ CH,Cl,, H,0 :

44 OTBDMS OH .-

Giese et al®'** have reported a highly diastereosel ective addition of alkyl radicals to the
silyl ether (46) derived from the Baylis-Hillman adduct (45) leading to the formation of
erythro compounds as a mgjor product. They have aso reported a smilar akyl radicals
addition to 1,3-dioxane derivative (47) derived from the same Baylis-Hillman adduct to

provide threo products exclusively (Scheme 22).

Scheme 22
OH
OSiPh,Bu' :
L 2 DRI BuSnH  MEOC AN
MeO.C CIsiPh,Bu' MeO,C o :
= imidazole PhMe,hv, 20 C _~ major
45 DME 46 ii)HCI, MeOH R + OH
i)KOH/MeOH/H,O MeO,C.__~
i CISiMe /NEL, )/\
iii)CgHyCHO, TMSOTH (cat.) R=n-Bu, cyclohexyl, n-CgH,; =
iv)crystallization
C:;BHH @ H C:)H

0" N0  i)RI, Bu,SnH

=6 "1
; MeO.C
0/\0 K2003 2 j/\
° i MeOH
PhMe, hv, 20 C O;j) ‘Me R
R

o} “Me
47
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Utaka ef al. have described the Baker's Yeast mediated reduction of the Baylis-Hillman
adducts which gave syn product in 98% enantiomeric excess and anti isomers in 67-

98% enantiomeric excess (eg. 26).%

OH O
OH O : 7Y
Baker's yeast R M /[\/U\
; e :
R/HrlMe R T
SRS 67-98% ee
R = Et, n-Bu, syn : anti = 53:47

Recently, our research group has reported a smple synthesis of methyl 2-arylmethyl-3-
oxoakanoates via the arylation of the Baylis-Hillman adducts i.e. methyl 3-hydroxy-2-

methylenealkanoates with aryl bromides under the catalytic influence of Pd(OAc): (eq.

27).%
H Pd(OA i
d(OACc), (cat.
COMe, Ar-Br o o N e
Ar =+ n-Bu,NBr, NaHCO, (eq. 27)
THF, reflux

Ar

Recently, Mikami et al. have reported a nove photochemical carbon skeletal
rearrangement of the Baylis-Hillman adducts leading to the formation of 1,4-dicarbonyl

compounds (eg. 28).%
0O

O OH "
R R"

O
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Hoffmann and Weichert® have reported simple synthesis of frontalin from the Baylis-

Hillman adduct (48), derived from phenyl vinyl sulfone, following the reaction sequence

as described in Scheme 23.

Scheme 23
modified Jones O
OH oxidation \H/\OH Pho,S
- SO,Ph
SO,Ph > Me —_—
Me THF,7h
reflux
48
PhO,S PhO,S.,,
Na/Hg
W : : * o
5o 78% &2 = O—
e 1-1 endo

(*) Frontalin

Ethyl 2-(hydroxymethyl)prop-2-enoate, derived from ethyl acrylate, was successfully

converted into () sarkomycin,”” an antitumor agent according to Scheme 24.

Scheme 24
CO,Et CO,Et
HO CO,Et AGO  ACO 2= t 2
=S LiCH,CO,Bu
o CO,But
1 HPO(OEY),
O

i
HCHO (OEt),P (OEt)z
-
K,CO,4
EtO,C co,Bu'

EtO,C E10,C
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Recently, acetates of the Baylis-Hillman adducts have been successfully converted into
cycloheptene oxide derivatives via the reaction with cyclic oxosulfonium ylide which is
believed to proceed via tandem Michad-type addition and intramolecular Corey-
Chaykovsky reaction’ according to Scheme 25.

Scheme 25

R
(+> 2 equiv. base Z /5 /IY\

bl
28 T 0% Ph | 19-74%

R = alkyl, aryl

Almeda and Coelho™ have successfully transformed the Baylis-Hillman adduct,
derived from piperonal, into an interesting lignan derivative (Scheme 26).

Scheme 26

OH OTBDMS
@ COMe  rapmsc 5 CO.Me
< imidazole <
0 DMF o

l KCN, NH,CI, DMF-H.O

OH
X0 H XO_ .H
e LiBH,, THF, 0"to ,48h o < _coMe o < _CcoMe
< & < “"H o+ < : H
O column chromatography 5 X
) o NaOH (40%), THF-H,0 CN CN

= HCI X = TBDMS
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An interesting synthesis of quinoline derivatives has been reported by Kaye et al.

gtarting from the Baylis-Hillman adducts derived from o-nitrobenzaldehyde (Scheme

27) 100

Scheme 27

CHO 0
L, ™
No, ||
lDABCO,CHCia
OH 0

R= OEt
R= Me R |)prpar|d|naTHF
H,. Pd-C, Eto“/ H Pd-C,EtOH

m m TsOH,oluens,_ \
reﬂux N 0

Amri gnd Chamakh'®' have successfully transformed the acetates of the Baylis-Hillman

R= OMe
H,, Pd-C, EtOH

adducts obtained from akyl vinyl ketones into 4-alkylidenecyclohex-2-en-1-ones, an

important class of synthons (Scheme 28).

Scheme 28
o o (@)
OAc O M R"
R 1) deacetylation
R R' K,CO, EtOH 2) cyclization R
f
R=alkyl, aryl, R"~ 1 Me |
R'= Me, Et
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Recently, Ogasawara and Sugshara'® have reported a new route for the synthesis of

cyclopentenoid antibiotic (-) pentenomycin | involving the Baylis-Hillman reaction as

one of the key steps (Scheme 29).

Scheme 29
O formalin(3 equiv.) O pIBAL-H .OH
THF, rt, 3.5 days 78
OH OH

NBS(1.2 equiv.) Br
—_— =t

0C-rt1h o) —
OH

(-)-pentenomycin |

Intramolecular Baylis-Hillman Reaction

Though there has been considerable development in the Baylis-Hillman chemistry, no
significant progress is made in the aspect of intramolecular Baylis-Hillman reaction.
Drewes et al. have carried out an intramolecular Baylis-Hillman reaction of 2-
acrylyloxybenzaldehyde with DABCO in dichloromethane and obtained the desired 3-
hydroxymethylcoumarin in only 10% vyidd (eg. 29), but the mgor product in this

reaction was a quaternary ammonium sat (49).
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N OH
HO
ChU. 2 DABCO @(I\ (eg. 29)
CH,CI, 0 0

Roth and coworkers'™ have reported intramolecular Baylis-Hillman reaction of ethyl
(2E)-7-oxooct-2-enoate via treatment with lithium sat of quinidine to provide the

desired adduct in 23 % yidd with 6% enantioselectivity (eg. 30).

0 Me~ P00k
COOEt Li-Quinidate (eq. 30)
23%
6% ee

The chira phosphine (50) has also been utilized as a catalyst for enantioselective

intramolecular Baylis-Hillman reaction of ethyl (2F£)-6-oxohept-2-enoate (eq. 31).

However, enantioselectivity in this reaction was found to be poor.'*

p-ey-CeHy,
@ Mo (62% ee) OH
- OMe Mo
50 COOEt (o 31)

COOEt ™10
40% 14% ee
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Recently, an intramolecular Baylis-Hillman cyclization of (4F)-6-phenyl-6-oxohex-4-
enal with catalytic amount of a secondary amine leading to the formation of the desired

cyclic alylic acohol has been reported (eq 32).'0"'%

H OH
O .
Ph l piperidine Ph (eq. 32)
—_—— :



Objectives, Reaults and Discussion

From the preceding section it is quite clear that the Baylis-Hillman reaction has been
and continues to be an important carbon-carbon bond forming reaction providing an
unique class of highly functionalized molecules which have been used in a variety of
stereoselective transformations.®® Our research group has been actively involved for
the last 15 years in the development of Baylis-Hillman reaction as one of the potential
sources for stereoselective processes and in fact has contributed significantly to this
effect. This thesis describes our studies in this direction with the following main
objectives.

Objectives

1). Development of a new general protocol for the synthesis of (£)-3-arylidene /
alkylidenechroman-4-one an important structural unit present in several biologically
active molecules.

2). Application of this methodology for the synthesis of representative biologically
active molecules such as bonducellin monomethyl ether, eucomin dimethyl ether,
autumnalin trimethyl ether and (£)-3-(4-methoxybenzylidene)-6-methoxychroman-4-
one, an antifungal agent.

3). Transformation of Baylis-Hillman adducts into indene and indane derivatives via the
intramolecular Friedel-Crafts reaction.

4). Synthesis of dl and meso allyl ethers via tandem construction of carbon-carbon and

carbon-oxygen bonds using the Baylis-Hillman chemistry.
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5). Diastereoselective synthesis of chird aly] amines via the treatment of methyl (22)-
3-aryl-2-(bromomethyl)prop-2-enoates with (S)-I-phenylethylamine in the presence of

DABCO.

Results and Discusson

Development of nove protocol for synthesis of (E)-3-arylidene / alkyli-

denechr oman-4-ones

The (£)-3-benzylidenechroman-4-one moiety occupies a specia place in the field of
heterocycles, as this skeleton is an integral pat of many natural products and
biologically active molecules,'®”'® such as, bonducellin (51),"'°""" eucomin (52),'*?

autumnalin (53),'" punctatin (54),""* antimicrobia compounds (55a and 55b)''* an

(F)-3-(4-methoxybenzylidene)-6-methoxychroman-4-one an antifungal agent (56)'%
elc. Therefore the development of smple general and new protocol for the synthesis of

(E)-3-benzylidenechroman-4-one skeleton is of considerable importance today in

synthetic organic chemistry.

O O OH

bonducellin eucomin

O 0 e h O
HO 54 ©
punctatin

eucomnalln (autumnalin)



O
N OMe
R>
O R, MeO 0)
Ri= R,= R3= halo,alkyl,hydroxy 56

X =0 (55a), X =S (55b)

antifungal agent
antimicrobial active compounds

The classicd and most of the literature methods for the synthesis of (£)-3-
benzylidenechroman-4-one moiety involve the initid synthesis of chroman-4-one
skeleton, followed by the construction of the benzylidene moiety via acid or base
catalyzed aldol condensation with aryl aldehydes.'*”'*® Some of the important methods

reported in the literature are described below (Scheme 30 & 31).'%%11>!1¢

Scheme 30
@)
Me HCOOEt H,SO, Pd/C
—_— | S e R
Na CHO H,
OH OH 0

CHO
. O °
~
r o
HCI, EtOH or NaOH, EtOH ‘ O
0 0O
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Scheme 31

0
COOH o
/©\ Br/\/ oH PPA 90C
T PR et =4
MeO OH NaHCO,, 1h
O

NaOH, reflux MeO

0 0
CH.CHO
m g
N
MeO 0 20H,EtOH MeO o)

However, to the best of our knowledge, there is no report in the literature for the

synthesis of (£)-3-benzylidenechroman-4-one moiety involving the initia preparation
of benzylidene moiety and then the construction of the chroman-4-one ring system.
Therefore, we have undertaken this research program to develop a new protocol for the
synthesis of (E)-3-benzylidenechroman-4-ones using methyl 3-aryl-3-hydroxy-2-
methylenepropanoates (57) the Baylis-Hillman adducts derived from methyl acrylate.
First, we have planned the synthesis of (2E)-2-(phenoxymethyl)-3-phenylprop-2-enoic
acid (60a) according to Scheme 32. The desired methyl 3-hydroxy-2-methylene-3-
phenylpropanoate (57a) was obtained via the reaction of methyl acrylate with
benzaldehyde under the catalytic influence of DABCO. The allyl alcohol (57a) was
converted into methyl (2Z)-2-(bromomethyl)-3-phenylprop-2-enoate (58a) by treating
with 48% HBr in the presence of conc. H2S04 according to the known procedure.'?’
Allyl bromide 58a was then treated with phenol in the presence of K;COs to give the

desred methyl (2F)-2-(phenoxymethyl)-3-phenylprop-2-enoate (59a) in 73% yield
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which was hydrolyzed with KOH/ water / acetone to provide corresponding (2E)-2-
(phenoxymethyl)-3-phenylprop-2-enoic acid (60a) in 87 % yidd (Scheme 32). The
structures of these molecules 58a, 59a and 60a were confirmed by IR, Hand C NMR
spectral  analysis.  The (Z2)-stereochemistry of the compound 58a and (£)-

stereochemistry of the compounds 59a and 60a were assigned on the basis of H NMR

spectral analyses.
Scheme 32
o Gon oH aQ HBr, CH.Cl,
2M€ pABCO =
Ph OMe
I ged N
57a
0 0
0
e - KOH, H,0 on =% ol
PhOH, K,CO e
Ph™ ™S OMe —- ;—m—%h acetone, rt, 14h
acetone, renux
i ' 59a 87% 60a OPh
58a g 73% M ’

At this stage we planned to transform (2F)-2-(phenoxymethyl)-3-phenylprop-2-enoic
acid (60a) into the desired ([)-3-benzylidenechroman-4-one (62a) via an intra
molecular Friedel-Crafts reaction of the corresponding acid chloride (61a). Thus the

required acid chloride was prepared by treating the acid (60a) with SOCI; and the acid

It is well documented in the literature that in the "H NMR spectrum, the chemical shifts of the vinylic p-
protons cis to the ketone, ester, and acid carbonyl groups and that of the corresponding vinylic trans p-
protons are well differentiated and vinylic cis p-protons appear downfield in comparison with that of
trans f3-protons.''* ''*The (Z)-stercochemistry of the allyl bromides (58) was assigned on the basis of the
chemical shift values of the B-vinylic protonsi.e. 8 7.78-7.91 (when R = Ar) and 8 6.97 (when R = akyl).
The (£)-stereochcmistry of these molecules 59, 60, was assigned on the basis of the chemical shift values
of the p-vinylic protons, i.e. 802 - 8 25 (when R = Ar) and 8 6.93-7.11 (when R =alkyl) ! =
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chloride as such (without purification) was treated with AICl; to provide the desired
(E)-3-benzylidenechroman-4-one (62a) in 66 % yield (Scheme 33). Structure of this
molecule was established by IR, '"H & *C NMR (Fig 1), mass spectral data and

dementd analysis. The (£)-stereochemistry was assigned on the basis of '"H NMR

spectral analysis.®

Scheme 33
5 0
3
OH socz 12h AICI Ph/Tk/@
CH.CL1h ,Cl,,1h o
OPh f, 66"/ 62a
60a

Encouraged by this result, we have prepared a representative class of (2F)-2-
phenoxymethylalk-2-enoic acids according to Scheme 34 with an am of converting
them into desired chroman-4-ones via the intramolecular Friedel-Crafis reaction of the
corresponding acid chlorides (Table 1). Intramolecular Friedel-Crafts reaction of the
acids 60b, 60g-j* via the trestment of the corresponding acid chlorides (61b, 61g-j) with

AlCl; provided the desired (F)-chroman-4-ones (62b, 62g-j)® (Scheme 35, Table 2) %

* It iswell established that the '"H NMR spectrum of 3-benzylidenechroman-4-ones the vinylic proton cis
to the carbonyl group appears at ~6. 7.7, while the corresponding trans B-proton appears at = 8 6.7.''2 '
In the case of compounds, 62a-h, 62k-m and 56 the vinylic B-protons appear a ~ 8 7.81-7.96. Hence
(E)-stereochemistry was assigned to the compounds 62a-h, 62k-m and 56. In the case of butylidene and
pentylidenechroman-4-ones 62i & 62j (R = n-Pr, n-Bu) the vinylic B-proton appears at =~ 8 7.04.
Therefore (F)-stereochemistry was assigned to them.

® For continuity and easy understanding the (£)-alkenoic esters, acids and chroman-4-ones obtained from
58a-j were numbered as 59a-j. 60a-j and 62a-j respectively.



Scheme 34
OH O 0
PhOH, K,CO
R OMe HBr, CH,Cl, R Y ~OMe dcieier]
- acetone,
H,SO reflux, 3h
57b-j S Br
58b-j
0 0]
R™ ™ OMe KQH, RO > RT OH
acetone, rt,14h
OPh OPh
59b-j 60b-j

R = 2-methylphenyl, 4-methylphenyl, 4-ethylphenyl, 4-isopropylphenyl,
4-methoxyphenyl, 2-chlorophenyl, 4-chlorophenyl, n-propyl, n-butyl

Scheme 35
®) (o) O
SOCI AICI,
B~ A N R™ ™R
R OH L 7oh R Cl CH,CI,
t 1h
OPh a OPh |  52.82% &
60b, 60g-j 61b, 61g-j 62b,62g-j

R = 2-methylphenyl, 2-chlorophenyl, 4-chlorophenyl, n-propyl, n-butyl

However, when we extended smilar procedure for the substrates (60c-€) the desired
corresponding 3-arylidenechroman-4-ones were not obtained, instead, 3-(4-akyl-
phenyl)methyl-4-chromones (63-65) were obtained (Scheme 36 & Table 3). The
structure of these molecules were established by IR, 'H (Fig 2 for compound 63) & *C
NMR (Fig 3 for compound 63), mass spectral and elemental analyses.
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Table 1. Synthesis of (2E)-2-(phenoxymethyl)-3-aryl/alkylprop-2-enoic acids

(5758—59-60)

Allyl (2)-Allyl | Yicld* | (£)-Alkenoic| Yicld' | (£)-Alkcnoic | Yield'

dcohol R bromide™ | (%) ester™ (%) acid®" (%)
57a Phenyl 58a a1 59a 73 60a 87
57b 2-mcthylphenyl 58b 90 5%b 87 60b 93
57¢c 4-methylphenyl 58c 92 59¢ 75 60c 83
57d 4-cthylphenyl 58d 90 5ad Q0 60(1 92
57c 4-isopropylphenyl 58¢c 74 59¢ 71 60c 84
57f 4-methoxyphcnyl 58f 75 59f 77 60f 90
57¢g 2-chlorophenyl S8g 80 59¢ 73 60g 94
57h 4-chlorophenyl 58h 79 59h 76 60h 91
57i n-propyl 58i 62 59i 65 6()i 78
57 n-butyl 58] 76 56 60j 61

b)

c)

d)

€)

f)
Q)

h)

1)

The (Z)-stereochemistry for the compounds 58 and (£)-stereochcmuistry for the compounds 59, 60
were assigned on the basis 'H NMR spectral analysis.”

All the compounds were obtained as colorless liquids ¢xcept 58f (obtained as a solid) and were
characterized by IR. '"HNMR. and "*CNMR spectra data.

Isolated yields of the pure products after column chromatography (silica gel 2% EtOAc in hexanes)
All reactionswere carried out in 10 mM scale of allyl bromides with phenol (10 mM) in the presence
of K-CO; (10 mM) in acetone at reflux temperature for 3 h. Compound 58i & 58 | gave ~ 15% of a
side product, presumably Sy2' products.

The compounds 59a-b. 59d. 59g, 59i-j were obtained as colorless viscous liquids and the compounds
59c. 59¢. S9f. 59h were obtained as colorless solids. All these molecules gave satisfactory IR, 'H
NMR and '*C NMR spectral analyses.

Isolated yields of the pure products after column chromatography (silica gel, 3 % EtOAc in hexanes).
Hydrolysis of these esters was carried out on 5 mM scale of the esters with ag. KOH-acetone at room
temperature.

All the compounds were obtained as colorless solids and were characterized by IR, "HNMR and "*C
NMR spectral data.

Isolated yields of pure acids after crystallization (10% EtOAc in hexanes).
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Table 2. Synthess of 3-arylidene or alkylidenechroman-4-ones via an intra-

molecular Friedel-Crafts reaction of the acid chlorides with AICI;**

(F)-Alkenoic acid R Chroman-4-one Yidd (%)
60a phenyl 62a 66
60b 2-methylphenyl 62b 53
60g 2-chlorophenyl 629 82
60h 4-chlorophenyl 62h 64
60i n-propyl 62i 56
60] n-buty! 62) 63

a) All the acid chlorides were prepared from ImM scale of the acid and subsequently
were treated with AICl; (1mM) in CH,Cl; at room temperature for 1h.

b) All the products gave satisfactory IR, '"HNMR, *CNMR and elemental analyses.

c) The products 62a-b, 62g-h were obtained as pale ydlow crystaline solids and the
products 62i-j obtained as colorless viscous liquids.

d) (F)-Stereochemistry was assigned for these molecules on the basis of their 'H NMR
Spectral analyses.®

€) Yields of the pure products obtained after column chromatography (silica gel, 3%
EtOAc in hexanes) followed by crystallization from EtOAc-hexanes (2:98) in the
case of 62a-b, 62g-h and after column chromatography (silica gel, 3% EtOAc in
hexanes) in the case of 62i-j.
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The exact mechanism of these two different results [formation of (F)-3-benzylidine-
chroman-4-ones and 3-(4-akylphenyl)methyl-4-chromones] is not clear to us. When
smilar sequence of reaction was extended to the molecule 60f the reaction was not
clean and desired product was not obtained This may be due to the cleavage of OMe

group with AICl; and there by giving severd unidentified products (Scheme 37).

Scheme 36
= - (o)
o) 0
cl =
Ry “oH SOCI, R . . |
rt, 12h CH.,Cl,,1h o
OPh 0 rt, 40-66% 6365
S0ce 61c-e
R = 4-methylphenyl, 4-ethylphenyl, 4-isopropylphenyl
Scheme 37
o) B o)
Cl
N OH SOCL N
rt, 12h
MeO OPh MeO O
60f - AICI, B
CH,Cl,
®) O

BN
SASSE
o) MeO O

MeO
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Table 3: Synthess of 3-(4-alkylphenyl)methyl-4-chromones via an intramolecular

Friedd-Crafts reaction of the acid chlorides with AICI*®

(£)-Alkenoic
acid R 4-Chromone Yield® (%)
60c 4-methylphenyl 63 66
60d 4-ethylphenyl 64 40
60e 4-isopropylphenyl 65 48
60f 4-methoxyphenyl Reaction is not clean

ad) Intramolecular Friedd-Crafts reaction of the acid chlorides obtained from the
corresponding acids (1mM) was carried out with AICI; (ImM) at room temperature
in CH,Cl; for 1h.

b) All the products were obtained as pale ydlow crystaline solids and gave
satisfactory IR, "HNMR and >C NMR, mass spectral and elemental analyses.

c) Yieds of the pure chromones obtained by column chromatography (silica gel, 3 %

EtOAc in hexanes) followed by crystallization (2% EtOAc in hexanes).
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Since this methodology of preparing chroman-4-ones via an intramolecular Friedel-
Crafts reaction of the corresponding acid chlorides did not provide a genera synthesis
of arylidene / alkylidenechroman-4-ones, we looked for an dternative method for this
purpose. In this direction we have sdlected trifluoroacetic anhydride (TFAA) as a
reagent for effecting intramolecular Friedel-Crafis reaction of the acids (60). First, we
have sdected (2F)-2-(phenoxymethyl)-3-phenylprop-2-enoic acid (60a) as a substrate
for the treatment with TFAA under various conditions. The best results were obtained
when (2F£)-2-(phenoxymethyl)-3-phenylprop-2-enoic acid (1 mM) was treated with
TFAA (1 mM) in CH;Cl; at reflux temperature for 1 hour, thus providing the desired
(F)-3-benzylidenechroman-4-one (62a) in 91% yidd (eq. 33). The structure of this
molecule was confirmed by IR, 'THand *CNMR spectrd analysis. Also, this molecule
is identicd with (F)-3-benzylidenechroman-4-one which was prepared via the acid
chloride according to Scheme 33. Then, we have extended the same methodology for
the substrates 60b-f, 60i which provided the desred 3-arylidenechroman-4-ones 62b-f,
62i in good yields (eg. 34, Table 4)°. The acids (60c-e) which provided 3-(4-alkyl-

phenyl)methyl-4-chromones (63-65) (instead of (£)-3-arylidenechroman-4-ones) via an

0 O
TFAA,CH.CI N
X OH e 33
reflux,1h (g 33)
OPh 91% O
60a 62a

® For continuity and easy understanding the (E)-alkenoic esters, acids and chroman-4-ones obtained from
58a-j were numbered as 59a-j, 60a-j and 62a-j respectively.
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intramolecular Friedel-Crafts reaction of the corresponding acid chlorides with AlCl;
(Scheme 36), now on treatment with TFAA provided desired (£)-3-arylidenechroman-
4-ones (62c-€) in excelent yields. These results indicate that the intramolecular
Friedel-Crafts reaction of the acid using TFAA as a reagent is far superior method than

the intramolecular Friedel-Crafts reaction of the corresponding acid chloride using

AlCl; asreagent.
0] @)
R™ ™ OH %
TFAA R (eq. 34)
CH.CI,
OPh A, 3h O
60b-f, 60i 80-94% 62b-f, 62i

R = 2-methylphenyl, 4-methylphenyl, 4-ethylphenyl,
4-isopropylphenyl, 4-methoxyphenyl, n-propyl
Thus, we have developed a new protocol for the synthesis of 3-arylidene / alkyl-
idenchroman-4-ones using the Baylis-Hillman adducts. To prove the efficacy of this

methodology, we have undertaken first the synthesis of bonducellin monomethyl ether.

Synthesis of bonducellin monomethyl ether

Bonducelin (51)''*'"" is a natural product isolated from two natural sources.
Purushothaman et a/''® have isolated bonducellin as a minor congtituent from
Caesalpinia bonducella, a medicina plant. Mcpherson et al''have isolated fairly good

amounts of bonducellin from Caesalpinia pulcherrima.
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Table 4. Synthesis of (E) 3-arylidene / alkylidenechroman-4-ones via an intra-

molecular Friedel-Craftsreaction of the acidswith TFA A%b

(E)-Alkenoic
acid R Chroman-4-onc* Yield
60a phenyl 62a 91
60b 2-methylphenyl 62b 90
60c 4-methylphenyl 62c 94
60d 4-ethylphenyl 62d 93
60e 4-isopropylpheny] 62e 91
60f 4-methoxyphenyl 62f 92
60i n-propyl 62 80

a) All the reactions were carried out on 1 mM scale of the acid (60a-f, i) with TFAA (1
mM) in CH,Cl; a reflux temperature for 1h.

b) All the products gave satisfactory IR, 'H NMR, *C NMR, mass spectral data and
elemental analyses.

€) (E)-Stereochemistry of these molecules were assgned on the basis of their 'H NMR
gpectral analyses.

d) Isolated yields of the pure products (62a-f) obtained after crystallization from
EtOAc:hexanes (2:98) or column chromatography (62i) (silica gel, 3% EtOAc in

hexanes).
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Though the molecule is interesting, only a few methods have been reported for its
synthesis in the literature.'**'%* A representative '** synthesis of bonducellin has been
decribed in Scheme 38.  This synthetic sequence describes the construction of
chroman-4-one moiety first followed by the introduction of the arylidene group via
aldol reaction with 4-methoxybenzaldehyde.

Scheme 38

PhCH,0 0
PhCH,0 OH
HCOOEt |
——— -
Me
Na o
(@]

lpd{: I H,

O
HO (@]
= ueo—@—cm
SRS O Puta
MeO (0] OAc Ac,0
O

deacetylation HCI

M&O‘Q—Cfﬂ

O
MeO @ OH

bonducellin

We have planned the synthesis of bonducellin monomethyl ether according to Scheme
39 based on the new protocol developed by us. Thus, methyl (22)-2-(bromomethyl)-3-
(4-methoxyphenyl)prop-2-enoate (58f) was converted into methyl (2£)-2-(3-methoxy-
phenoxy)methy!-3-(4-methoxyphenyl)prop-2-encate (59k)2 by the treatment with 3-

methoxyphenol in the presence of K2COs. This ester was then hydrolyzed using KOH,
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water / acetone solvent system to provide the desired (2F)-2-(3-methoxyphenoxy)-
methyl-3-(4-methoxyphenyl)prop-2-enoic acid (60k)@ in 94 % yield Subsequent
treatment of the acid (60k) with TFAA provided the desired bonducellin monomethyl
ether (62k)“in 76 % yield (Scheme 39). The structure of this molecule was established

by IR, 'H (Fig 4) & CNMR (Fig 5), mass pectra data and elemental analysis.

Scheme 39
CO.Me
cope, Q __KOH.HO _
/©/\[ acetone, i, 14h
MeO Br Ry
58f acetone, reflux, 3h 680%
/@/\[ TFAA CH C|
/@\ reflux, 1h MeO OMe
62k

76%
94%

Synthesis of eucomin dimethyl ether

Bohler and Tamm have first isolated eucomin (52)**? from the bulbs of eucomis bicolor
BAK (Liliaceae). Farkas et al."**'* have reported the synthesis of eucomin diacetate
via the aldol reaction of 5,7-dihydroxychroman-4-one'®” with p-anisaldehyde in the

presence of acetic anhydride under the reflux condition in 27% yield (Scheme 40).
© For easy understanding and continuity, methyl (2F)-2<3-methoxyphenoxy)methyl-3-(4-

methoxyphenyl)prop-2-enoate, the corresponding acid and the chroman-4-one were numbered as 59K,
60k and 62k respectively.
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HO 0
HO OH
HCOOEt |
F
Me
Na OH O
OH O

Pd-C / H,

0 OAc
MeQ CHO H O O
Q -@—
Aczo \Oi‘g
—~-
MeO 0 OAc 27% s

Since eucomin IS an interesting molecule, we have undertaken the synthesis of eucomin

dimethyl ether according to Scheme 41. Methyl (22)-2-(bromomethyl)-3-(4-
methoxyphenyl)prop-2-enoate (58f) was treated with 3,5-dimethoxyphenol in the
presence of K;CO; to dford methyl (2F)-2-(3,5-dimethoxyphenoxy)methyl-3-(4-
methoxyphenyl)prop-2-enoate (591)® in 45% yield. This ester was hydrolyzed with
KOH in water-acetone solvent sysem to provide the corresponding (2£)-2-(3,5-
dimethoxyphenoxy)methyl-3-(4-methoxyphenyl)prop-2-enoic acid (601)® in 90% yield.
Subsequent intramolecular Friedel-Crafts reaction of the acid (601) via treatment of

TFAA under reflux condition in dichloromethane as a solvent provided the desired

For the easy understanding and continuity, methyl (2E)-2~«3,5-dimethoxyphenoxy)methyl-3-(4-
methoxypheny!)prop-2-enoate, corresponding acid and the chroman-4-one were numbered as 591 and 601
and 621 respectively.
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eucomin dimethyl ether (621)” only in 33% yield. However, the yield has gone up to
93% when we carried out the reaction at 0°C for 1 hour. This methodology represents a
sample convenient synthesis of eucomin dimethyl ether with excellent yield. The
structure of this molecule was established by IR, 'H (Fig 6) & *CNMR, mass spectral

data and elemental analysis.

Scheme 41
OMe
CO, Me
_ CO:Me KQCOE. m
* CH,CN, reflux, 3h e
NeO Br HO OMe 45%
58f KOH, H,0

acetone, rt,14h

O OMe
MeO o OMe OC1h
62l

93% 90%

Synthesis of eucomnalin (or autumnalin) trim ethyl ether

Autumnalin''?® (later named as Eucomnalin) (53) was first isolated by Sidwell & Tamm
from the bulbs of eucomis autumnalis GRAEB {Liliaceae). Literature survey indicates
that only a few methods are known for the synthesis of the above mentioned mole-
cule,'™1?7 and a representative method for the synthesis of eucomnalin triacetate is des-

cribed in Scheme 42.'?” Dueto theinteresting structural features of this molecule, it
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Scheme 42
OMe OMe

© BzO (o] selective BzO o

OH HCOOEt | demethylation

—_— e ]
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O O A hydroge nation
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AcO o} OAc :
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has attracted our attention and therefore we have planned the synthesis of autumnalin
(eucomnalin) trimethyl ether according to Scheme 43. Methyl (22)-2-(bromomethyl)-3-
(4-methoxyphenyl)prop-2-enoate (58f) was successfully transformed into methyl (2F)-
3-(4-methoxyphenyl)-2-(3,4,5-trimethoxyphenoxy)methyl prop-2-enoate (59m)” via the
treatment with 3,4 5-trimethoxyphenol in the presence of K,CO;.  Subsequent
hydrolysis using KOH in water-acetone solvent system afforded (2£)-3-(4-
methoxypheny!)-2-(3,4,5-trimethoxyphenoxy)methyl prop-2-enoic acid (60m)" in 85 %
yield. Treatment of the acid (60m) with TFAA for 1h at 0°C provided the desired title
compound (62m)” in 95 % vyield (Scheme 43). The structure of this molecule was

established by IR, '"H& "“CNMR (Fig 7), mass spectral data and elemental analysis.

' For the easy understanding and continuity, methyl (2E)-3«(4-mcthoxyphenyl)-2-(3,4,5-
trimethoxyphenoxy)methylprop-2-enoate, corresponding acid and the chroman-4-one were numbered as
59 m, 60 m and 62m respectively.
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In literature, severa biologicaly active molecules having 3-benzylidenechroman-4-one
skeleton have been reported. For example compounds 55a and 55b™** are known to
possess antimicrobial activity. Recently Al Nakib'® et al have reported the anti fungd
activity of 3-(4-methoxybenzylidene)-6-methoxychroman-4-one (56) against Crypto-
cocus neoformans and Torulopsis With a view to further expand the scope and demon-
drate the efficacy of our new methodology we have successfully synthesized 3-(4-
methoxybenzylidene)-6-methoxychroman-4-one (56) in excelent yield according to
Scheme 44. The allyl bromide (58f) was transformed into the methyl (2F)-2-(4-
methoxyphenoxy)methyl-3-(4-methoxyphenyl)prop-2-encate (59n)° via the treatment
with 4-methoxyphenol. Subsequent hydrolysis followed by the treatment of the

resulting acid (60n)° with TFAA furnished the desired (£)-3-(4-methoxybenzylidene)-

For the essy understanding and continuity, methyl (2£)-2-(4-methoxyphenoxy)methyl-3-(4-
methoxyphenyl)prop-2-enoate and the corresponding acid were numbered as 59 n and 60 n respectively.
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6-methoxychroman-4-one (56) (Scheme 44). The structure of this molecule (56) was

confirmed by IR, 'H& “CNMR (Fig 8), mass spectral data and elemental analysis.

Scheme 44

CO,Me
/©/\[ /Q acetone, reflux, 3h MeO

59n

KOH, H,0O
acetone, rt, 14h

0
OMe CO.H
TFAA, CHZCIQ /@/\[ 2 oM

81% 92%

Thus, our new protocol has been successfully used for the synthesis of bonducellin
monomethyl ether (62k), eucomin dimethyl ether (621), autumnalin trimethyl ether
(62m) and (£)-3-(4-methoxybenzylidene)-6-methoxychroman-4-one (56) an antifunga
agent in excellent yields (Table 5). These applications clearly demonstrate the
importance of the Baylis-Hillman adducts in synthesizing natural and biologically

active molecules.
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Table 5: Synthesis of monomethyl ether of bonducellin, dimethyl ether of eucomin,

trim ethyl ether of autumnalin and antifungal agent (59k-n—60k-n—62k-m, 56)"

(E)-Alkenoic (£)-Alkenoic (E)-Arylidene-
ester™ Yield* acid®! Yield® | chroman-4-one ' | Yield'
5% 60 60k A 62k 76
501 45 601 0 621 93
59m 74 60m 85 62m 95
59n 52 60n 92 56 81
a) The (E)-stereochemistry was assigned on the basis of 'H NMR spectral analysis.s
b) All the reactions were carried out on 10 mM scae of allyl bromide with 10 mM of
substituted phenol in the presence of 10mM of K,CO; a reflux temperature.
¢) All the products gave satisfactory IR, '"H NMR, “CNMR spectral data
d) Isolated yields of the pure products after careful column chromatography (silica gdl,
3% EtOAcC in hexanes) based on dlyl bromides
e) All the reactions were carried out in 5 mM scae of the ester with aqueous KOH-
acetone a room temperature.
f) All the products gave satisfactory IR, '"H NMR, *CNMR spectral data.

8) Isolated yields of the pure acids (60k-n) after crystalization based on esters.

h)
)
)

All reactions were carried out on 1 mM scde of the acid (60k-n) with TFAA (1
mM) in CH2Cl; a reflux temperature or a 0°C for 1h.

All the products gave satisfactory IR, '"H NMR, *C NMR, mass spectral data and
elementa analyses.

Yields of the pure chroman-4-ones, obtained after crystallization (62k & 56) from
EtOAc-hexanes (2:98) or column chromatography (silica gel, 20 % EtOAc in
hexanes) followed by crystallization (621-m) from EtOAc-hexanes (15:85) based on
acid.

S It iswell established that the 'H NMR spectrum of 3-benzylidenechroman-4-ones the vinylic proton cis
to the carbonyl group appears at = 5. 7.7, while the corresponding trans B-proton appears at = 8 6.7.''*'2
In the case of compounds, 62a-h, 62k-m and 56 the vinylic p-protons appear a = & 7.81-7.96. Hence
(E)-stereochemistry was assigned to the compounds 62a-h, 62k-m and 56. In the case of butylidene and
pentylidenechroman-4-ones 62i & 62] (R = n-Pr, n-Bu) the vinylic B-proton appears a =~ & 7.04.
Therefore (E)-stereochemistry was assigned to them.




56

Synthesis of indene and indane derivatives via intramolecular Friedel-
Crafts reaction of the Baylis-Hillman adducts

Friedd Créfts reaction is one of the most useful reactions in organic chemistry whose
applications in academic aswell as in industrial fields have been well documented 130-13;
Recently, our research group has utilized 3-acetoxy-2-methylenealkanenitriles and met-
hyl 3-acetoxy-2-methylenealkanoates as stereodefined B-electrophiles for the Friedel-
Créfts reaction with benzene in the presence of AICl; thus providing a genera synthesis
of (2Z2)-2-benzylak-2-enenitriles and (2F)-2-benzylalk-2-enoates (major) respectively
(Scheme 45)."* However, when this methodology was extended for intramolecular
Friedel-Crafts reaction of methyl 3-acetoxy-2-methylene-3-phenylpropanoate with
AlCl;3 in the absence of benzene the expected indene derivative was not formed, instead
methyl (22)-2-(chloromethyl)-3-phenylprop-2-enoate (66) was obtained in good yield

(Scheme 46).'*

Scheme 45
Cl
BA‘ 3 R CO,Me R/Y\Ph
enzene
OAc EWG = CO,Me * Co,Me
EWG Ph minor isomer

major isomer

AICl, N
Benzene R/\(\Ph

EWG =CN CN

With view to avoid the application of AICl; in the Friedd Crafts reaction, we have
generated the carbocation by directly treating methyl 3-hydroxy-2-methylene-3-phenyl-

propanoate with catalytic amount of conc. H2SO4 in benzene thus providing a simple
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procedure for preparation of methyl (2F)-2-benzyl-3-phenylprop-2-enoate (67) (eq.
35).1%

Scheme 46

mCOQME AICI, mco ,Me “CO
Me
" CH,Cl,
66
CO,Me conc. H,SO, Sy UOMe
> (eq. 35)
Benzene
Ph

67

However, attempts to extend this srategy to the intramolecular Friedel-Crafts reaction
of methyl 3-hydroxy-2-methylene-3-phenylpropanoate via the generation of carbocation
with a catalytic amount of H,SO, in the absence of benzene, did not result in the
formation of desired indene derivative. Instead, we have obtained bis allyl ethers (68)

and rearranged alcohol (69) with some other unidentified products (eg. 36).

CO.Me
Ph™ ™ 2
OH /\[
ph/kwcone Cat. H,SO, _ O (eq. 36)
Benzene L/Ph

MeO,C
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The failure of this intramolecular Friedel-Crafts reaction may be attributed to the less
stabilization of carbocation (70) because of presence of the eectron withdrawing

(CO;Me) group.

CO,Me
o

carbocation
70
At this stage, it occurred to us that if there is any group in the aromatic ring, that can
stabilize the carbocation, then intramolecular Friedel-Crafts reaction might proceed
without any problem. Accordingly, we have selected methyl 3-(3,4-dimethoxyphenyl)-
3-hydroxy-2-methylenepropanoate (71a) the Baylis-Hillman adduct, derived from 3,4-
dimethoxybenzaldehyde, as a substrate for an intramolecular Friedd-Crafts reaction.
However, our attempts to use H,SO4 as a catalyst for intramolecular Friedel-Crafts
reaction were not successful. With a view to achieve an intramolecular Friedel-Crafts
reaction of methyl 3-(3,4-dimethoxyphenyl)-3-hydroxy-2-methylenepropanoate (71a)
application of various dehydrating agents were examined. The best results were
obtained when the molecule 71a was treated with P205 in CH,Cl, at room temperature
for 1 hour thus providing the desired indene derivative (72a) in 25% yidd (Scheme 47).
The structure of this molecule was established by IR, 'H (Fig 9) & “C NMR (Fig 10),

mass spectral data and elemental analysis. The structure of this molecule was further
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confirmed by single crystal X-ray crystdlography data (Figure A). The crystal structure

data of the compound 72ais summarized in Table | and Table A (Appendix).
Scheme 47
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Figure A: Ortep diagram of the molecule 72a



Table I: Crystal data and structure refinement for compound 72a

Identification code
Empirica formula
Formula weight
Temperature
Waveength
Crystd system
Space group

Unit cell dimensions

Volume

Z, Densty (calculated)
Absorption coefficient
F(000)

Crystd size

0 range for data collection
Index ranges

Reflections collected
Independent reflections
Refinement method

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

Fina R indices [I>26 (1)]

R indices (al data)

Largest difference pesk and hole

12a

CizHis 4

134.24

293°(2) K

0.71073 A

Triclinic

PT

a=6.2653(13) A o=87.11(5)°
b=781(2 A B =86.791(16)°
c=12094(2) A vy =T77.46(5)°
576.6(15) A®

2, 0.675 Mg/m®

0.050 mm'!

124

0.6 x 0.6 x 0.5 mm

1.69 to 27.46°
0<h<8,-9<k<10,-15<1< 15
2621

2621 [R(int) = 0.0000]
Full-matrix |east-squares on F?
2621 /0 /157

1.047

R1=0.0568, wR2 = 0.1263
R1=0.0887, wR2 = 0.1418
0.437 and -0.444 e. A®
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Though the yidd in this reaction is less, this has attracted us because this is the firg
repart on the intramolecular Friedel-Crafis reaction of the Baylis-Hillman adducts. We
have adso examined the application of ethyl 3-(3,4-dimethoxyphenyl)-3-hydroxy-2-
methylenepropanoate (71b) as substrate for the intramolecular Friedel-Crafts reaction
via the treatment with P20s. This reaction was also successful and provided the desired
indene derivative (72b) though in less yied (31%) (Scheme 48). The structure of this
molecule was established by IR, 'H & *C NMR, mass spectra data and elemental

analyss.

Scheme 48

OH

0
MeO CO,Et
MeO . CO,Et DABCO
+ | —
MeO e 71b

P205
CH,CL,, 1h
29%

MeO
COzEt
MeO 72b
With a view to have proper understanding of this reaction, we have prepared various
Baylis-Hillman adducts (71c-e, Table 6) using 3,4-methylenedioxybenzaldehyde
(piperond) as a electrophile. Subsequent treatment with P2O0s provided the desired
indene derivative (72c-e) (Scheme 49, Table 7). The structure of these molecules were

established by IR, 'H & *C NMR, mass spectral data and elementd analysis.
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Table 6: Synthess of Baylis-Hillman adducts™”

Timein| BH Yield®

Aldehyde Acrylate days | adduct %
3,4-dimethoxybenzaldehy de methyl acrylate 40d 7la 40
3,4-dimethoxybenzaldehyde ethyl acrylate 49d 71b 36

3,4-methylenedioxybenzaldehyde methyl acrylate = 47d 71c 58
3,4-methy lenedioxybenzaldehyde ethyl acrylate 40d 71d 40

3,4-methylenedioxybenzaldehyde n-butyl acrylate | 55d 7le 38

4-ethoxy-3 -methoxybenzaldehyde | methyl acrylate 35d 71f 32

4-ethoxy-3-methoxybenzaldehyde ethyl acrylate 35d Tig 44

3-methoxy-4-n-propoxybenzaldehyde | methyl acrylate 26d 71h 35

3-methoxy-4-n-propoxybenzaldehyde | ethyl acrylate 28d 71 56

a) All reactions were carried out on 20 mM scale of aldehydes with 30 mM of
acrylates in the presence of DABCO (15 mol%) at room temperature.

b) All the products were obtained as viscous liquids and gave satisfactory IR, 'THNMR
and "C NMR data.

c) Yields of the pure Baylis-Hillman adducts obtained after column chromatography
(silicage, 15% EtOAc in hexanes).




Scheme 49

<<;ch” s r _DABCO _ <m

71c-e

ICH Cl,, 1h
28-37%

0
( ‘s CO,R
0

72c-e
R = Me, Et, BU"

In order to examine the generdity and further expand the scope of the reaction, we have
aso prepared some more Baylis-Hillman adducts (71f-i) according to Scheme 50
Thus, o-vanillin was converted into the desired 3-methoxy-4-akoxybenzaldehydes (73-
74) in good yields via the trestment with akyl bromides in the presence of K2CO3. The
aldehydes (73-74) were used as dectrophiles for Baylis-Hillman reaction with various
acrylates to afford the desired adducts (71f-i) for use in intramolecular Friedel-Crafts

reaction (Scheme 50, Table 6).

Scheme 50
OH
MeO CHO R-—Br MeO EWG
U K,CO,CHCN DABCO
HO reflux, 3h RO
R Et, n-Pr 26-35 days

7Af-i
73,74 32:56%  EWG = CO,Me, CO,E
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Table 7: Synthesis of indene derivatives™

e Yield®
Substrate | R R? R Product v
71a Me Me Me 72a° 25
71b Me Me Et 720 31
71c -CHy- Me 72¢ 29
71d -CH,- Et 72d 28
7le ~CHy- Bu" 72e 37

a) All reactions were carried out on 2 mM scae of the Baylis-Hillman alcohol with
P,0s (0.2 g) at room temperature for 1 h.

b) All the products were obtained as colorless solids and gave satisfactory IR, 'H
NMR, "*C NMR, mass spectral and elemental analyses.

c) Yields of the pure products obtained after column chromatography (silica gel, 8%
EtOAc in hexanes).

d) Structure of the molecule (72a) was further confirmed by single crystal X-ray data.
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We have first examined the molecule 71 f as a substrate for Fried el-Crafts reaction via
the treatment with P205, which provided the desired indene derivative as a mixture of
methyl 5-ethoxy-6-methoxyindene-2-carboxylate (72f)" and methyl 6-ethoxy-5-meth-
oxyindene-2-carboxylate (75a)" (regioisomers). However, subsequent hydrogenation
of this mixture provided the indane derivative methyl 5-ethoxy-6-methoxyindane-2-
carboxylate (76a)" (Scheme 51, Table 8). The structure of this molecule was established
by IR, 'H (Fig 11) & CNMR (Fig 12), mass spectrd data and elemental analysis.
Smilar results were obtained with the molecules (71g-i) as substrates in the intra
molecular Friedel-Crafts reaction, thus providing a smple synthesis of substituted
indane derivatives 76b-d" (Scheme 52, Table 8).

Scheme 51

MeO
OH © COzMe
MeO p205 EtO

OMe
CH,CI,, 1h 72f
EtO 22%

ik
71f MeO
EtO

75a
J Pd/C, H,

90%

MeO
mcone
EtO
76a

¥ For the easy understanding and continity, the regioisomers of indenes derived from 71f-i were
numbered as 72f-i and 75a-d and the corresponding indane derivatives were numbered as 76a-d.
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Table 8: Synthesis of indane derivatives

OH
R'0 co,R?
2 RO
RO 1 OOQR"
" Indene*® | Yield® a’o:@_ Yield
Substrate | R' R? R Product % Product®® %)
71f Me Et Me | 72f& 75a 22 76a 0
T1g Me Et Et 729 & 75b 17 76b a1
71h Me Pr" Me | 72h & 75¢c 20 76C 96
71i Me pPr' Et 72i & 75d 25 76d 88

All the reactions were carried out on 2 mM scale of the Baylis-Hillman adducts with
0.2 g of P2Os at room temperature for 1 hour.

All the products were obtained as colorless solids and gave satisfactory IR, 'H
NMR, "*CNMR spectra data

Yields of mixture of indene derivatives after column chromatography (silica gel, 8%
EtOAc in hexanes).

Hydrogenation reactions were carried out on 0.5 mM scale of indene derivatives
with 10 % Pd/C as acatalyst.

All the products obtained as colorless viscous liquids and gave satisfactory IR, 'H
NMR, "*C NMR, mass spectral and elemental analyses.

Yields of the pure indane derivatives obtained after column chromatography (silica
gel, 8 % EtOAC in hexanes).
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Scheme 52
,
OH e
1 2 s COR
RO P205 2
OR’ —= RO .
CH,Cl,,1h + 72g-i
2
RO 17-25% ;
71g | 71h | 7Hi RO 3
R'._- Me | Me | Me 5 CozR
RO 75b-d
R2= Et Prn Prn )
Pd/C, H,
R= Et | Me | Et 88-96%
RO
RO
76b-d

The possible reaction mechanism

With a view to understand the mechanism, we have subjected the Baylis-Hillman
adducts (57a-d, 57g) for intramolecular Friedel-Crafts reaction via the treatment with
P20s. These reactions were not clean (eq 37). On the basis of these results the possible
mechanism is described in Scheme 53. The reaction may proceed through the
carbocetion |, followed by carbon-carbon bond formation facilitated by methoxy group
at 3" position of the aromatic ring leading to the formation of the species I, subsequent

aromatization leads to the formation of an indene product (Scheme 53). We were
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surprised to find that the intramolecular Friedel-Crafts reaction of 57k (R= 3-methoxy)

did not produce the desired indene.

OH
COMe
R % R COMe (eq.37)

57a-d, 57qg, 57k
R = H, 2-methyl, 4-methyl, 4- ethyl, 4-chloro,3-methoxy

Scheme 53

MeO

OH
MeO coM @
MeO CO,Me PO, m 2vie Meomcoghﬁe
MeO MeO
71a | l

Me
MeO i (I)Q
Cone COMe
MeO .
T2a MeO »

i
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Tandem construction of carbon-carbon and carbon-oxygen bonds in
the Baylis-Hillman chemistry: Synthesis of functionaized di and meso
bis allyl ethers

Designing molecules with symmetry and functionalities and synthesizing them in a
meticulous manner has been the source of success and growth for the present day
organic synthesis. ©~ Stereosdective congruction of carbon-carbon bonds and carbon
hetero-atom bonds has been and continues to be the mogt fundamental reaction in
organic chemistry and hence represents a forefront of research in synthetic organic
chemistry."**"*® The mechanism of the Baylis-Hillman reaction is believed to proceed
through initial Michael type addition of DABCO to the activated akene followed by the
aldol type reaction of the resultant zwitterion enolate with aldehyde to produce the
desired multifunctional molecule after elimination of the catalyst DABCO (Scheme 1).
It occurred to us that if we can use the oxygen anion (B in Scheme 1) in further
controlled reaction with the product there will also be the formation of C-0 bond in the
Baylis-Hillman conditions leading to the generation of an interesting class of molecules
with more functionalities. A careful literature survey reveals that ethers are formed as
sde products in the Baylis-Hillman reaction of methyl acrylate and formadehyde

(eq38) 139,140

OH 0. _O
CO,Me R
DABCO CO,Me +
HCHO + r 2 /L ;\ (99 %%)
rt, 10d MeO,C COzMe

n=01,2
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However, to the best of our knowledge there is no report in literature on a smilar
reaction with other aldehydes leading to the formation of bis allyl ethers. We have
therefore undertaken this project of examining the reaction between aryl aldehydes and
acrylonitrile under the Baylis-Hillman conditions with a view that bis allyl ethers can be
synthesized in one-pot operation and if possible they can be isolated in stereochemically
pure form. During our studies in this direction we have carried out number of
experiments. We have obtained a very fascinating result when we have carried out the
Baylis-Hillman coupling reaction of acrylonitrile with benzaldehyde for longer time i.e.
eight days a room temperature, thus providing bis(2-cyano-I-phenylprop-2-en-I-yl)
ether (77a) in 8 % isolated yield as a racemic mixture (eq. 39) aong with the usual
Baylis-Hillman adduct (78a) i.e. 3-hydroxy-2-methylene-3-phenylpropanenitrile (=

40%) and some other unidentified products.

0 CN OH
)J\ ) DABCO 0
| —m———  NCT % CN + CN
: Ph
Ph  Ph
77a

78a
8% ~40%

The structure of the product (77a) was confirmed by IR, 'H (Fig 13)and '*C NMR (Fig
14) spectral data and elemental analysis. The 4/ nature of the molecule was confirmed
by single crystal X-ray data (Figure B). The crystal structure data of the compound 77a

is summarized in Table Il and Table B (Appendix). HPLC analysis of this molecule
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(Fig 15) on chiralcel OD column showed two pesks of equa intensity presumably
aising from both the (R,R)- and (S,S)-enantiomers thus conforming the recemic nature
of this molecule. This success led us to examine the generality of this reaction.
Accordingly, we have carried out the reaction of a variety of aromatic aldehydes with
acrylonitrile in the presence of DABCO for longer time i.e. 8 days thus leading to the

isolation of functionalizeddl-bis-ally! ethers (77b-f) in 6-7% yields (eq. 40, Table9)

o _on JL,
C
+ m DABCO NG \ru\ CN Ar
H 8 days (eq. 40)

77b-f 6-7% 78b-f =40%
Ar = 2-methylphenyl, 4-methylphenyl, 4-ethylphenyl,
4-isopropylphenyl, 2,4-dichlorophenyl

aong with the usua Baylis-Hillman adducts (78b-f) (= 40%) and some other unidenti-
fied products. In fact, we have aso examined dl these molecules on HPLC using chira
column, chiralcel OD, which showed two peaks of equal intensity (in each case) corres-
ponding to both (R,R)- and (S, S)-enantiomers thus further confirming d/ nature of these
molecules. The structure of the compound 77b was aso determined by single crysta
X-ray data [Figure C, Table 11 and Table C (Appendix)]. The formation of bis allyl
ethers 77a-f can be possibly explained according to Scheme 54. This mechanism has
been confirmed to some extent by treating the Baylis-Hillman adduct, 3-hydroxy-2-
methylene-3-phenylpropanenitrile (783), with DABCO for 8 days which provided the
desired racemic bis alyl ether 77ain 7% yield (eg. 41) along with the starting material

(78a) (~40%) and some unidentified products.
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Hydrogen atomswereomitted for clarity

Figure B: Ortep diagram of the molecule 77a

Hydrogen atoms wer e omitted for clarity

Figure C: Ortep diagram of the molecule 77b



Tablell: Crystal data and structure refinement for 77a.

Identification code
Empirica formula
Formula weight
Temperature

Wavelength

Cryga system, space group
Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient
F(000)

Crystd size

0 range for data collection
Index ranges

Reflections collected / unique
Completeness to 26 = 29.98
Refinement method

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

Final R indices [1>20 (1)]

R indices (al data)

Largest difference peak and hole

7la

C20His N2 O

300.34

293(2) K

0.71073 A

Monoclinic, C2/c
a=21.972(6) A a=90°
b=6.087(3) A  P= 117.000(19)°
c= 13756(3) A y=90°
1639.3(10) A®

8, 1.217Mg/m’

0.076 mm’’

632

0.60 x 0.60 x 0.28 mm

2.08 t0 29.98°

0<h<30, 0<k<8 -19<I<
2424/2375 [R(int) = 0.0175)
45.7%

Full-matrix |east-squares on r2
2375/0/ 105

1.088

R1=0.0486, wR2 = 0.1351
R1=0.0671, wR2 = 0.1573
0.15and -0.25e A"
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Table 111: Crysal data and structure refinement for 77b.

Identification code 77b

Empirica formula C2s Ho N, O

Formula weight 400.46

Temperature 293(2) K

Wavelength 0.71073 A

Crystal system, space group Triclinic, P1

Unit cell dimensions a=81202(17) A a=68.387(9)°

b= 11.1234(11)A (3 = 74.405(11)°
¢ =135254(14) A 8=76.640(12)°

Volume 1082.0(3) A®

Z, Caculated density 2, 1229 Mg/m®

Absorption coefficient 0.075 mm’

F(000) 420

Crysta size 0.64 x 0.40 x 0.32mm

6 range for data collection 1.65 10 24.99°

Index ranges 0<h<9,-12<k< 13,-14<1< 16
Reflections collected / unique 3805 / 3805 [R(int) = 0.0000]
Completeness to 26 = 24.99 99.9%

Refinement method Full-matrix |east-squares on F?
Data/ restraints / parameters 3805/0/280

Goodness-of-fit on F? 0.859

Fina R indices [I>2c (1)] R1=0.0378, wR2 = 0.1040

R indices (all data) R1=10.0651, wR2 = 0.1414

Largest difference peak and hole 0.12and -0.14 ¢ A
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Table 9: Synthesis of functionalized dl and meso bis allyl ethers® b

Aldehyde Yield

. Product " mp (¢ C)

phenyl 77a° (d) g | @
2-methylphenyl 77b*{dI) 7 109-110

4-methylphenyl 77¢ (dl) 7 96-97

4-ethylpheny! 77d (dl) 6 103

4-isopropylphenyl 77e (dl) 7 132
2,4-dichlorophenyl 77 (dl) 6 149-150
naphth-1-y] 77g" (meso) 7 141-142

a) All the reactions were carried out on 20 mM scale of the aldehyde with 30 mM of
acrylonitrile and 15 mol% of DABCO at room temperature for 8 days.

b) All products gave satisfactory IR, '"H NMR (200 MHz). '*C NMR (50 M Hz), and
elemental analyses.

c) Yieds of pure products obtaned after column chromatography (silica gel, 5%
EtOAc in hexanes).

d) Structure of these molecule (77a, 77b and 77g) were determined by single crystal

X-ray data.
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Scheme 54

AR CN NCJH/O(_H‘/ __Hzo___NCJ\rO\?)LCN
Ar r Ar
[E‘Nj ArW‘N:. ’

CN
7 Ao A
DABCO 0O
CN - NC ; CN
ph*n/ 8 days : (eqg. 41)
7% Ph Ph
78a 77a

However, when we have extended this reaction to 1-naphthaldehyde, surprisingly meso
bis allyl ether (77g) was isolated in 7% yield (eq. 42) dong with the usuad Baylis-
Hillman adduct (~ 38%) and some other unidentified products. The structure of the
product (77g) was confirmed by IR, 'H (Fig 16) and CNMR (Fig 17) spectra data
and elemental analysis. The stereochemistry was established by single crysta X-ray
data (Figure D). The crystal structure data of the compound 77g is summarized in
Table IV and Table D (Appendix). HPLC analysis of this molecule 779 (Fig 18) on
chiralcel OD column showed a single peak thus presumably confirming the meso nature

of the molecule.

CHO OO OO O oH N
8 days

779 78g
7% =38%




Hydrogen atomswer e omitted for clarity

Figure D: Ortep diagram of the molecule 77g

However, our attempts to use 9-anthraldchyde, propionaldehyde and hexand for similar
coupling reaction with acrylonitrile in the presence of DABCO were unsuccessful (eg.
43). Since the yields of the bis allyl products are very low we are not able to comment

anything about the stereochemical course of the reaction.

@) N J\ﬁ)#
DABZO
RJLH + WC % NC CN (eq. 43)
R R

R = n-propyl, n-hexyl, 9-anthryl
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Table V. Crygtal data and structure refinement for 779

Identification code
Empirica formula
Formula weight
Temperature

Wavelength

Crystal system, space group
Unit cdl dimensions

Volume

Z, Calculated dengty
Absorption coefficient
F(000)

Crystd size

6 range for data collection
Index ranges

Reflections collected
Independent reflections
Refinement method

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

Find R indices [I>20 (1)]

R indices (dl data)

Largest difference peak and hole

77¢g

Cx2H2N: O

328.40

293(2) K

0.71073 A

Monoclinic, P2,/n
a=8469(3) A a=90°
b= 12.300(7) A (3 =95.92(3)°
c= 18.024(9) A y =9
1867.6(15) A®

4, 1.168 Mg/m’

0.072 mm’

696

0.63 x 0.63 x 0.63 mm
2.01 to 24.98°

0<h<10,0<k<14,-21<1<21

3506

3278 [R(int) = 0.0583]
Full-matrix least-squares on F
3278/0/228

1.056

R1 = 0.0388, wR2 =0.0955
R1=0.0688, wR2 = 0.1159
0.113 and -0.149 e A™
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Diaster eoselective synthesis of chiral allyl amines via the treatment of
(S)-1-phenylethylamine with methyl (2Z)-3-aryl-2-(bromomethyl)
prop-2-enoate in the presence of DABCO

Though the yields are not high, the reaction discussed in the previous section i.e.
preparation of bis allyl ethers is of interest due to simultaneous formation of carbon-
carbon and carbon-oxygen bonds and aso due to the high stereochemical purity of the
molecules isolated. We therefore fdt that it will be interesting to examine the similar
reaction of aldehydes with methyl acrylates with a view to isolate the similar d/ or meso
dlyl ethers Accordingly we have treated methyl acrylate with benzaldehyde under the
influence of DABCO for extended reaction time (eq 44), unfortunately the required bis

dlyl ether was not formed.

CHO co Me o
%‘ MeOzc Cone (eq 44)
Ph  Ph
79

At this stage it occurred to us that treatment of methyl (2Z)-2-(bromomethyl)-3-
phenylprop-2-enoate (58a) with DABCO can generate the corresponding salt (80a)
which might react with methyl 3-hydroxy-2-methylene-3-phenylpropanoate to provide
the expected bis adlyl ethers. Accordingly, we have generated the
allylbromide-DABCO sdlt by treating the methyl (2Z)-(2-bromomethyl)-3-phenylprop-

2-enoate with DABCO. Subsequent treatment with methyl 3-hydroxy-2-methylene-3-
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phenylpropanoate, (57a) (the Baylis Hillman adduct) in the presence of K2CO3 provided
the desred bis allyl ether (79a & 79b) in excelent yield. However the
diastereoselectivity is very poor (=20%) (Scheme 55). No attempt was made to assign
the stereochemistry to mgor and minor isomers because of low diasteroselectivity in the
reaction. This reaction indicates that it is basically a Sx2' reaction.

Scheme 55

[ ] OH

ph” X C0Me  pagco Ph/\[c%me P“)WCOQME
¢ A s
il

58a OF Br

80a

O\)L J'L/ \/"L
MeOQC /J.H/ COZMe + M8020 : 0 2 COQMe
Ph Ph

Ph  Ph |
oin Yield 95% e

anti syn
diastereomeric ratio =3 :2

There are some reports in the literature on the addition of various nucleophiles to the
alyl bromides (58) in Sn2' fashion. Hoffmann and Rabe have reported™ the addition

of LiBEt;H to the alyl bromide to furnish a-substituted acrylate (eq. 45).

CO,Me CO,Me
R/T : LIBEt,H R 2 (eq. 45)

Br
R = n-propyl
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Maillard™? and coworkers reported the addition of t-butyl peroxide to the allyl bromide

in the presence of polyethylene oxide 400 which provided the corresponding alyl t-

butyl peroxide in 45% yield (eq 46)

QOBU'

0.Et i
R™ S 'BuOO g OFt  (eq. 46)

R=CH,

The dlyl sulfides and alyl bromides derived from Baylis-Hillman adducts react with

cuprates in Sn2' fashion to provide the desred 2-substituted acrylate derivatives

(Scheme 56).14144

Scheme 56

R1

CO.Et SO.Ph
X 2 1 § 2
R/T REU. RJWTEWG R'Cu R/T
S—Btz

Br

R&R'=alkyloraryl  EWG = CO,Et, SO,Ph

117

Recently, Hoffmann and Buchholz have reported  nucleophilic addition of primary
amines to the alyl bromides. The reactions were found to be solvent dependant. The
Sn2 product was formed with high regioselectivity when acetonitrile was used as a

solvent where as Sn2' product was formed when petroleum ether was used as a solvent
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in the reaction. Both the Sy2 and Sn2' products were subsequently transformed into the

corresponding B-lactams according to Scheme 57.

Scheme 57
2
N COMe " R1 N CO,Me RQNHz NHR
R‘/\[ R NH;_s W 1 Cone
NHR? K,COs Br 2 R
MeCN Pet. ether

0
O 1 2
ﬁ/\\hh[{ R & R'= alkyl, aryl j&f
N 1 L

R R

It occurred to us that there is a possibility of chird induction in the reaction of allyl
bromide-DABCO sdt (80a) with chiral secondary amine, so that diastereomerically
pure or enriched dlyl amine can be formed. Accordingly, we have firs selected a
methylbenzylamine as a chird secondary amine for nucleophilic addition reaction to
alyl bromide in the presence of DABCO. Thus, the treatment of bromide-DABCO salt
(80a) with (S)-I-phenylethylamine at room temperature for Thour in methylene chloride
as solvent provided the desired allyl amine as a mixture of diastereomers (81la and 82a)
(Scheme 58). In the "H NMR spectrum of the crude product the olefinic proton cis to
the ester group showed two singlets (due to diastereomers) in the ratio of 75:25 thus

indicating that the reaction is 50% diastereoselective.



Scheme 58

CO,Me
X CO:Me pasco m Ph”  NH,
+
KA

Br Br- &N

58a | ]
80a
i Eh Ph  Ph
s CO.Me
HSC N/\[( 2 + H C/LN/kﬂ/COZME
H 3 H
anti (major) syn (minor)
81a major : minor =3 :1 82a
de = 50%

It is interesting to note that both the diastereomers were separated by column
chromatography. Both the mgjor 81a® and minor 82a° isomers gave satisfactory IR, 'H
(Fig 19 and 20) and *CNMR (Fig 21 and 22) spectrd data. We have further confirmed
the structure of the mgor isomer by mass spectrd and dementd analysis. It is very
pleasant to notice that the mgor diastereomer (81la) is a so0lid and was obtained as
gngle crystals. The stereochemica assignment of the mgor isomer was made on the
basis of single crystal X-ray data (Figure E). The crystad dructure data of the
compound 8la is summarized in Table V and Table E (Appendix). The absolute
configuration ofthe newly formed stereogenic center of the mgor isomer has been

For casy understanding the major isomer 81a is referred to as anti isomer and the minor isomer 82aiis
referred to as syn isomer.
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found to be (R) as shown in 8la. Next we have examined the reaction of methyl (22)-
2-(bromomethyl)-3-(2-methylphenyl) prop-2-enoate (58b) with (S)-I-phenylethylamine.
This reaction is 58% diastereoselective as evidenced by integration of the
diastereomeric olefinic protons cis to the ester group in the '"H NMR spectrum of the

crude product (thus providing anti 81b and syn 82b in the ratio of 79:21) (Scheme 59).

| \\l EI‘"\.
159 (1 ‘\‘ C(14) )
= ’ ™
\%ll C(13 N“) CE\" A —_— f fos. /
s = = A== s = —

Hydrogen atomswer e omitted (except nitrogen attached ~ydrogen and hydrogens

present in the asymmetric center) for clarity.

Figure E: Ortep diagram of the molecule 8la



Table V. Crystal data and structure refinement for 8la

|dentification code
Empirica formula
Formula weight
Temperature

Wavelength

Crygsa system, space group

Unit cdl dimensions

Volume

Z, Caculated density
Absorption coefficient
F(000)

Crystd size

6 range for data collection
Index ranges

Reflections collected / unique
Completeness to 26 = 24.94
Refinement method

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

Find R indices [I>206 (I)]

R indices (al data)
Absolute structure parameter

Largest difference peak and hole

8la

CisH N O,

294.86

293(2) K

0.71073 A

Orthorhombic, P2,2]2]
a=6.639(3) A a= 90°
b= 13.2464(14)A (3=90°
c= 19.199(2) A y = 90°
1688.4(8) A®

4, 1160 Mg/m®

0.075mm’’

630

0.52x045x0.45mm
1.87t024.94°
O0<h<7,0<k<150<1<22
1724/ 1724 [R(int) = 0.0000]
100.0%

Full-matrix |east-squares on F?
1724/1/205

0.639

R1=0.0429, wR2 = 0.1319
R1=0.1028, wR2 = 0.21%4
-8(5)

0.195 and -0.237 . A"



Scheme 59
o — Me -
e
CO-Me DABCO =1 Cid,Me
X BT el
A
Br Br L/N
58b - 80b -
CH,
Ph”” “NH

Ph : “Me + Ph Me

HC /‘\ CO,Me

)\ CO,Me
N
Y :
anti major Syn minor
s de = 58% Gl

major : minor =79 : 21

Encouraged by these results we have transformed representative allyl bromides (58c,
58d, 589, 58)® derived from Baylis-Hillman adducts, into the desired dlyl amine
products (81c-f, 82¢-f)® in good yields (Scheme 60, Table 10) via the treatment of
corresponding dlyl bromide-DABCO sdts with (S)-I-phenylethylamine a room

temperature for 1 hour in methylene chloride as a solvent. The diastereosel ectivity in

® For easy understanding and continuity the major isomers and minor isomers obtained in the reaction of
the corresponding alyl bromides 58b-d, 58g-h with (S)-I-phenylethylamine in the presence of DABCO
were numbered as 81b-f and 82b-f respectively.
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these reactions ranges from 40-53% Fortunately both the maor and minor isomers
have been separated by column chromatography in dl the cases. In analogy with 8la
and 82a dl the other mgor isomers 81b-f and minor isomers 82b-f were assigned anti

and syn stereochemistry respectively as indicated in the Scheme 59 and 60.

Scheme 60
COMe | CH,
R X COMe DABCO RS N
T, S~ Ph” “NH,
) N’\/ i
Br Br N
58c, 58d 8h - -
¢, 58d, 58g, 5 80c,80d,80g,80h
b P
R CO.Me CO,Me
H,C N/w/ . + H,C N)\W *
H H
anti (major) syn (minor)
81c-f Yields 52 -77 % 82c-f

R = 4-methylphenyl, 4-ethylphenyl, 2-chlorophenyl, 4-chlorophenyl

Thus, we have successfully developed a smple method for the diastereoselective
synthesis of optically active allyl amines via the reaction of allyl bromides-DABCO
sdts with (S)-1-phenylethylamine. These studies clearly demonstrate the importance of
dlyl bromides derived from Baylis-Hillman adducts in diastereoselective organic

synthesis.
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Table 10: Diastereoselective addition of chiral amine to olefins®®

Allyl de | Compound | Yield® | Compound | Yield®
bromide ¢ %) | (major)*® (%) (minor)® | ()
58a pheny! 50 81a 50 82a 17
58b 2-methylphenyl 58 81b 47 82b 15
58c 4-methylphenyl 40 81c 36 82c 16
58d 4-ethylphenyl 42 81d 41 82d 22
58g 2-chlorophenyl 42 8le 56 82e 21
58h 4-chlorophenyl 53 81f 54 82f 16

a) The diastereomeric excess of the compounds (81a-f & 82af) was determined by 'H NMR

b)

€)

spectral analysis. In the '"H NMR spectrum of the crude product(s), the olefinic proton (cis
to ester group) shows two singlets (due to diastereomers), thus the diastereomeric excess
was determined by the integration ratio of these two singlets.

All the reactions were carried out on 2 mM scale of the alyl bromide with 2 mM of
DABCO at room temperature for |h and the resulting salt was subsequently treated with
(S)-1-phenylethylamine (2 mM) a room temperature for Ih.

All the dlyl amines were obtained as colorless viscous liquids except molecule 8la (which
was obtained as a solid). All the products gave satisfactory IR, 'H NMR (200 MHz), “*C
NMR (50 MHz).

All the mgor (anti) isomers were further characterized by mass spectral and elemental
analyses.

Yields of pure alyl amines obtained after careful column chromatography (silica gel, 8 %
EtOAc in hexanes).

f) Structure of the molecule was determined by single crystal X-ray data.
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CONCLUSONS

All the objectives mentioned in the beginning of the chapter have been achieved with
considerable success. We have successfully developed a new protocol for the synthesis
of (E)-3-benzylidenechroman-4-ones in four step sequence from the Baylis-Hillman
adducts. The efficacy of this methodology has been successfully demonstrated by
synthesis of bonducellin monomethyl ether, eucomin dimethyl ether, autumnalin
trimethyl ether and (£)-3-(4-methoxybenzylidene)-6-methoxychroman-4-one an
antifungd agent. We have successfully trandformed for the first time the Baylis
Hillman adducts into indene and indane derivatives via the intramolecular Friedel-
Crafts reaction using P,Os. We have dso synthesized d/ and meso bis allyl ethers via
tandem construction of carbon-carbon and carbon oxygen-bonds by utilizing the Baylis-
Hillman Chemistry. Finally we have dso successfully carried out diastereoselective
addition of (S)-lI-phenylethylamine to methyl (22)-3-aryl-2-(bromomethyl)prop-2-
enoates in the presence of DABCO thus providing a smple method for synthesis of the

chird alyl amines.



EXPERIMENTAL

Boiling Points. Boiling points refer to the temperatures measured using short path
digtillation units and are uncorrected.

Mdting Points All melting points were recorded on a Superfit (India) capillary
melting point apparatus and are uncorrected.

Elemental Analysis. Elemental analyses were performed on a Perkin-Elmer 240c-CHN
anayzer.

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 or solution spectra in CH,Cl,
and liquid samples as thin film between NaCl plates.

Nuclear Magnetic Resonance Spectra: Proton magnetic resonance spectra and carbon-
13 magnetic resonance spectra were recorded on BRUKER-AC-200 spectrometer. 'H
NMR (200 MHz) spectra for dl the samples were measured in chloroform-d with TMS
(8 = 0 ppm) as internd standard. *C NMR (50 MHz) spectra for dl the samples were

measured in chloroform-d with its middle pegk of the triplet (5 = 77.10 ppm) as internal

standard. Spectral assignments are as follows. (1) Chemica shifts on the § scae, (2)
Standard abbreviation for multiplicity, i.e. s = singlet, d = doublet, t = triplet, q =

quartet, sept = septet, m = multiplet, dd = doublet of doublet, dt = doublet of triplet, br =
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broad, (3) Number of hydrogens integrated for the signal, (4) coupling constant J in
Hertz.
Mass Spectral Analysis. Mass spectra were recorded on Hewlett Packard (modd HP
5989A) or Finnigon MAT (1020C) mass spectrometer.
Optical Rotations: Opticad rotations were measured on Jasco DIP 370 Digital
polarimeter a the wavelength of the sodium D-line (589 nm) and a ambient
temperatures.
Chromatography: Andyticd thin layer chromatography (TLC) was performed on
glass plates (7x2 cm) coated with Acme's sllica gd G or GF 254 (250 mu) containing
13% calcium Sulfate as binder. The spots were visuadized by short exposure to iodine
vapor or uv light. Column chromatography was carried out using Acme's slica gd
(100-200 mesh). High pressure liquid chromatography (HPLC) andysis was carried out
on Shimadzu LC-10AD Chromatopac equipped with SPD-10A UV-VIS detector using
HPLC grade solvents.
X-ray Crystallography
The X-ray diffraction measurement were carried out a 293 K on an automated Enraf-
Nonious MACH 3 diffractometer Using graphite monochromated, Mo-Ka (A =0.71073
A°) radiation with CAD4 software. The single crystal was fixed to a capillary head by
an appropriate fixing material. Primary unit cdl constants were determined with a set
of 25 narrow frame scans. Intengity data were collected by the ® scan mode. Stability

of the crystal during the measurement was monitored by measuring the intensity of the
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sandard reflections after every one and half hour intervals. No appreciable variation of
the crystal was detected. The data were reduced using XT AL program. No absorption
correction was applied. The structure was solved by direct methods and refined by full-
matrix least-squares using the SHELXS86 and SHELXL-93 program packages
respectively.

General: All the solvents used 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 by TLC.
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Methyl 3-hydroxy-2-methylene-3-phenylpropanoate (572):
A mixture of benzaldehyde (50 mM, 5.306 g), methyl acrylate (75 mM, 6.456 g) and
DABCO (7.5 mM, 0.841 g) was kept a room temperature for 7 days The reaction
mixture was diluted with ether (60 mL) and washed successively with 2N HC1 solution,
water and agueous NaHCOs solution. Organic layer was dried over anhydrous Na;SOs.
Solvent was evaporated and residue thus obtained was distilled under reduced pressure

to aford the alcohol 57a as a colorless liquid in 84% (8.064 ) yield.

bp © 122-125°C /2.7 mm
IR (neat) © 3449, 1720, 1630 cm’’
'H NMR : 53.12 (b, 1H), 3.70 (s, 3H), 555 (s, 1H), 5.83 (s, IH),6.32(s, 1H),

7.21-7.45 (m, 5H)

C NMR - 651.68, 72.71, 12556, 126.59, 127.61, 128.23, 141.40, 142.20,

166.58

Methyl 3-hydroxy-2-methylene-3-(2-methylphenyl)propanoate (57b):

This compound was prepared from 2-tolualdehyde, methyl acrylate and DABCO (cat.)
following a similar procedure described for the molecule 57a, as a colorless liquid.
Reaction time : 8 days

Yidd : 80%

bp : 134-136°C/4.2 mm

IR (neat) : 3433, 1722, ami*



'H NMR
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52.32 (s, 3H), 2.71 (b, 1H), 3.76 (s, 3H), 561 (d, 1H, J=2.2 Hz), 5.81

(s, 1H), 632 (s, 1H), 7.10-7.31 (m, 3H), 7.38-7.45 (m, 1H)

:5 18.99,51.88,69.15, 125.90, 126.10, 126.35, 127.74, 130.41,

135.68, 138.96, 141.98, 167.04

Methyl 3-hydroxy-2-methylene-3-(4-methylphenyl)propanoate (57¢):

This compound was prepared from 4-tolualdehyde, methyl acrylate and DABCO (cat.)

following a similar procedure described for the molecule 57a, as a colorless liquid.

Reaction time : 8 days

Yidd
bp
LR( neat)

'HNMR

BC NMR

: 79%
© 140-143°C/5.2 mm
© 3341, 1716, 1631 cni?

1 8233 (s, 3H), 2.71 (br, 1H), 3.71 (s, 3H), 553 (s, 1H), 584 (s, 1H),

6.32 (s, 1H), 7.14 (d, 2H, J= 7.8 Hz), 7 26 (d, 2H, J= 7.8 H2)

8 20.91, 51.63, 72.51, 125.28, 126.50, 128.89, 137.21, 138.40,

142.20, 166.57

Methyl 3-(4-ethylphenyl)-3-hydroxy-2-methylenepropanoate (57d):

This compound was prepared from 4-ethylbenzaldehyde, methyl acrylate and DABCO

(cat.) following a similar procedure described for the molecule 57a, as a colorless

liquid.
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Reaction time : 7 days

Yied : 82%
bp : 148-150°C/4 mm
IR (neat) : 3466, 1722, 1630 om™

'HNMR 6 123 (t, 3H, )= 7.7 H2), 264 (q, 2H, J= 7.78 Hz), 2.98 (b, 1H), 3.72
(s, 3H), 5.54 (s, 1H), 5.86 (s, 1H), 6:33 (5, 1H), 7.19 (d, 2H, J=7.7 H2),
7.29 (d, 2H,J=7.7 Hz)

BCNMR 6 15.24, 28.35, 51.57, 72,53, 12518, 12659, 127.67, 138.73, 142.37,

143.55, 166.58

Methyl 3-hydroxy-3-(4-isopropylphenyl)-2-methylenepropanoate (57€):
This compound was obtained as a colorless liquid via the reaction between 4-isopropyl
benzaldenyde and methyl acrylate in the presence of cataytic amount of DABCO

following a similar procedure described for the molecule 57a.

Reaction time : 6 days

Yidd : 84%
bp © 165-167°C/4.5 mm
IR (neat) : 3466, 1722, 1630 cm™*

'HNMR  : 8 122 (d, 6H, J= 6.8 Hz), 288 (m, 1H), 3.00 (b, 1H), 3.70 (s, 3H),
553 (s, 1H), 5.84 (s, 1H), 6.32 (s, 1H), 7.19 (d, 2H, J= 7.6 Hz), 7.28

(d, 2H, J= 7.6 Hz)



9%

BCNMR 52387, 33.72, 51.73, 72.73, 125.46, 126.37, 126.61, 138.81, 142.29,

148.31, 166.69

Methyl 3-hydroxy-3-(4-methoxyphenyl)-2-methylenepropanoate (57f):

This compound was obtained as a crystalline solid via the reaction between 4-
methoxybenzaldehyde and methyl acrylate in the presence of DABCO (cat.) following a
smilar procedure described for the molecule 57a {after column chromatography (silica
gel, 10% EtOAc in hexanes)}.

Reactiontime : 10 days

Yield . 68%
mp : 61°C
IR (KBr) : 3447, 1718, 1620 cm™

'HNMR  :5307(d, 1H, J= 4.0 Hz), 3.70 (s, 3H), 3.78 (s, 3H), 551 (d, 1H, J =

40Hz), 585 (s, 1H), 6.31 (s, 1H), 6:85 (d 2H, J=8.4 Hz), 7.27 (d, 2H,

J=84 Hz)

PCNMR  : 55174 5515, 72.42, 113.77, 125.18, 127.92,133.64, 142.43, 159.17,

166.70
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Methyl 3-(2-chlorophenyl)-3-hydroxy-2-methylenepropanoate (579):
This compound was obtained as a colorless liquid via the reaction between 2-
chlorobenzaldehyde and methyl acrylate in the presence of DABCO (cat.) following a

similar procedure described for the molecule 57a.

Yidd : 85%
bp : 116-117°C/0.4 mm

IR (neat) : 3447, 1722, 1631 cm™

'H NMR : 63.40 (d, 1H, J= 3.2 Hz), 3.77 (s, 3H), 558 (s, 1H), 597 (d, 1H,J =

3.2 Hz), 6.33 (s, 1H), 7.19-7.42 (m, 3H), 7.54 (dd, 1H, J =7.0 and
1.8 Hz)
BC NMR : 6 51.95, 69.05, 126.71, 126.92, 128.13, 128.90, 129.38, 132.80, 138.47,

140.85, 166.85

Methyl 3-(4-chlorophenyl)-3-hydroxy-2-methylenepropanoate (57h):

This compound was obtained as a colorless liquid via the reaction between 4-
chlorobenzaldehyde and methyl acrylate in the presence of DABCO (cat.) following a
similar procedure described for the molecule 57a.

Reaction time : 6 days

Yield : 85%

bp : 121-123°C/0.6 mm

IR(neat)  : 3476, 1716, 1630 cm™
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'H NMR 53.11 (br, 1H), 3.72 (s, 3H), 5.52 (s, 1H), 5.83 (s, 1H), 6.33 (s, 1H),
7.30 (m, 4H)
BCNMR @ 55188, 72.13, 12594, 128.03, 128.43, 133.41, 139.93, 141.79,

166.48

Methyl 3-hydroxy-2-methylenehexanaote (57i):
This compound was prepared from butyraldehyde, methyl acrylate and DABCO (cat.)
following a similar procedure described for the molecule 573 (after column
chromatography, slicagel, 10% EtOAc in hexanes) as a colorless liquid.
Reactiontime : 7 days
Yield 1 61%
IR (neat)  : 3445, 1718, 1631 cm
'HNMR 05092 (t, 3H,J=74Hz), 1.20-1.72(m, 4H), 2,7 (br, 1H), 3.76
(s, 3H), 4.39 (t, 1H, J= 6.7 Hz), 5.78 (s, 1H), 6.21 (s, 1H)

BCNMR  :5 1366, 18.81.38.38, 51.62, 70.74, 124.47, 142.90, 166.94.

Methyl 3-hydroxy-2-methyleneheptanoate (57)):

This compound was prepared from velaraldehyde and methyl acrylate in the presence of
catalytic amount of DABCO following a similar procedure described for the molecule
57a, (after column chromatography, silica gel, 10% EtOAc/ hexanes) as a colorless

liquid.
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Reaction time : 7 days
Yidd : 63%
IR (neat) : 3447, 1718, 1630 an*
'HNMR  :50.85(t, 3H, J=64 Hz), 1.15-1.76 (m, 6H), 2,90 (b, 1H), 3.72
(s, 3H), 4.35 (m, 1H), 576 (s, 1H), 6.16 (s, 1H)

“CNMR : 8 13.82, 22.39, 27.84, 35.98, 51.64, 71.19, 124.48, 142.95, 166.98

Methyl (2Z)-2-(bromomethyl)-3-phenylprop-2-enoate (58a):

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

To a dirred solution of methyl 3-hydroxy-2-methylene-3-phenylpropanoate (57a) (10
mM, 192 g) in dichloromethane (15 mL) was added hydrobromic acid (48%, 3.3 mL)
followed by a drop wise addition of concentrated sulfuric acid (2.9 mL) at 0°C. After
stirring overnight at room temperature the reaction mixture was poured into ice cold
water and then extracted with ether (3x15 mL). The combined organic layer was dried
over anhydrous Na,SO, ad solvent was evaporated. The crude product thus obtained,
was purified by column chromatography (silica gel, 2% EtOAc in hexanes) to provide
58ain 91% (2.32 g) yidd, asacolorlessail.

IR (neat) : 1716, 1626 am™

'HNMR : 83.85 (s, 3H), 4.36 (s, 2H), 7.32-7.61 (m, 5H), 7.79 (s, 1H)

BCNMR  : §26.59, 52.24, 12875, 129.49, 134.14, 142.71, 166.36



100
Methyl (2Z)-2-(bromomethyl)-3-(2-methylphenyl)prop-2-enoate (58b):
This was prepared via the treatment of methyl 3-hydroxy-2-methylene-3-(2-methyl-
phenyl)propanoate (57b) with 48% HBr and sulfuric acid following the similar

procedure described for the molecule 58a as a colorless liquid.

Yield : 90%
IR (neat) : 1720, 1628 cm™
'HNMR  :52.31 (s, 3H), 390 (s, 3H), 4.29 (s, 2H), 7.22-7.36 (m, 3H),

7.51-7.59 (m, 1H), 7.91 (s, 1H)
BCNMR  :519.82, 26.50, 52.33, 126.06, 127.93, 129.33, 129.58, 130.32,

133.56, 137.24, 142.07, 166.40

Methyl (2Z)-2-(bromomethyl)-3-(4-methylphenyl)prop-2-enoate(58c):
This was prepared by the reaction of methyl 3-hydroxy-2-methylene-3-(4-methyl-
phenyl)propanoate (57c) with 48% HBr and concentrated sulfuric acid following a

similar procedure described for the molecule 58a, as a colorless ail.

Yidd : 92%
IR (neat) : 1716, 1626 cm’™
'HNMR : 52.39 (s, 3H), 3.86 (s, 3H), 4.41 (s, 2H), 7.27

(d, 2H, J= 80 Hz) 748 (d, 2H, J= 80 Hz), 7.79(s, 1H)
BCNMR 62131, 26.92, 52.22, 127.70, 129,54, 129.76, 131.35, 139.97,

142.96, 166.61
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Methyl (2Z)-2-(bromomethyl)-3-(4-ethylphenyl)prop-2-enoate (58d):
This was prepared by the treatment of methyl 3-hydroxy-2-methylene-3-(4-
ethylphenyl)propanoate (57d) with HBr (48%) and H2S04 following smilar procedure
described for the molecule 58a, as a colorless ail.
Yield : 90%
IR (neat) : 1716, 1624 ami™
'HNMR  :51.26(t 3H,J= 78 Hz), 270 (q, 2H, J= 7.8 Hz), 3.88 (s, 3H),

4.43 (s, 2H), 7.30 (d, 2H, J = 80 Hz), 752 (d, 2H, J= 80 Hz), 7.81

(s, 1H)
PCNMR 8 15.16,26.99,28.72,52.27, 127.78, 128 40, 129.93, 131 64,

143.03, 146.29, 166.69

Methyl (2Z)-2-(bromomethyl)-3-(4-isopopylphenyl)prop-2-enoate (58¢):

This was prepaed by treating  methyl 3-hydroxy-2-methylene-3-(4-

isopropylphenyl)propanoate (57€) with 48% HBr in the presence of conc. sulfuric acid

following similar procedure described for the molecule 58a, as a colorless ail.

Yield : 74%

IR (neat) : 1718, 1624 cm™!

'HNMR  :8 128, (d, 6H, J= 7.0 Hz), 2.96 (sep, 1H, J= 7.0 HZ), 3.88 (s, 3H), 4.44
(s, 2H), 7.33 (d, 2H, J = 81 Hz), 7.54 (d, 2H, J= 81 Hz), 7.82 (s, 1H)

BCNMR  :823.68, 27.04, 33.99, 52.27, 126.97, 127.69, 129.97, 131.73, 142.99,



150.85, 166.66

Methyl (2Z)-2-(bromomethyl)-3-(4-methoxyphenyl)prop-2-enoate (58f):
This was prepared by treating methyl  3-hydroxy-2-methylene-3-(4-
methoxyphenyl)propanoate (57f) with HBr (48%) in the presence of conc. H2SO4

following similar procedure described for the molecule 58a, as a colorless solid.

Yidd : 75%
mp : 63-65°C
IR (KBr) : 1707, 1621 cm*

'HNMR : 53.86 (s, 3H), 3.87 (s, 3H), 4.45 (s, 2H), 6.98 (d, 2H.J = 6.8H2),
758 (d, 2H, J= 6.8Hz), 7.78 (s, 1H)
BCNMR 62752, 52.32, 55.37, 114.45, 126.17, 126.74, 131.98, 142.91,

160.88, 166.90

Methyl (2Z)-2-(bromomethyl)-3-(2-chlorophenyl)prop-2-enoate (58Q):

This compound was obtained by the reaction of methyl 3-(2-chlorophenyl)-3-hydroxy-
2-methylenepropanoate (57g) with 48% HBr in the presence of conc. sulfuric acid
following the similar procedure described for the molecule 58a, as a colorless viscous
liquid.

Yidd : 80%

IR (neat) : 1722, 1631 om™
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'HNMR  :83.90(s, 3H), 4.27 (s, 2H), 7.34-7.48 (m, 3H), 7.71 (m,IH), 7.92 (s,IH)
PCNMR  : 826.12, 52,50, 127.00, 129,57, 129.83, 130.56, 132.90, 134.49,

139.45, 166.00

Methyl (2Z)-2-(bromomethyl)-3-(4-chlorophenyl)prop-2-enoate (58h):

This compound was obtained by treating methyl 3-(4-chlorophenyl)-3-hydroxy-2-
methylenepropanoate (57h) with 48% HBr in the presence of conc. sulfuric acid
following the similar procedure described for the molecule 58a, as a colorless liquid
Yield : 79%

IR (neat) : 1718, 1628 am™

'THNMR 8387 (s, 3H), 4.34 (s, 2H), 7.37-7.61 (m, 4H), 7.75 (s, 1H)

BCNMR  : 526.16, 52.39, 129.08, 129.19, 130.84, 132.57, 135.63, 141.29,

166.16

Methyl (2Z)-2-(bromomethyl)hex-2-enoate (58i):

This was prepared by treatment of methyl 3-hydroxy-2-methylenehexanoate (57i) with
48% HBr and conc. sulfuric acid following the similar procedure described for the
molecule 58a, as colorless liquid.

Yield : 62%

IR (neat) : 1720, 1641 om™

IHNMR 8097 (t, 3H, J= 7.6Hz), 154 (m, 2H), 2.27 (m, 2H), 3.79
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(s, 3H), 4.22 (s, 2H), 6.97 (t, 1H, J= 7.4 Hz)

BoNMR - 51381, 21.42, 24.19, 30.77, 52.00, 129.38, 148.20, 166.01

Methyl (2Z)-2-(bromomethyl)hept-2-enoate (58)):

This was prepared by the reaction of methyl 3-hydroxy-2-methyleneheptanaote (57j)

with 48 % HBr in the presence of con. suifliric acid following the smilar procedure

described for the molecule 583, as a colorless liquid.

Yidd : 76%

IR (neat)  : 1720, 1641 om™

'HNMR ;50091 (t, J= 7.2 Hz), 1.25-1.60 (m, 4H), 2.28 (m, 2H), 3.78 (s, 3H),
4.22 (s, 2H), 697 (t, 1H, J= 7.6 H)

¥C NMR :5 13.71,22.37,24.17,28.49,30.20,51.94, 129.15, 148.38,

165.93

Methyl (2E)-2-(phenoxymethyl)-3-phenylprop-2-enoate (59a):

A mixture of methyl (22)-2-(bromomethyl)-3-phenylprop-2-enoate (10 mM, 2.55 g) and
anhydrous K,CO3 (10 mM, 138 g), phenol (10 mM, 0.94 g) in acetone (10 mL) was
refluxed with stirring for 3 hours. Then the reaction mixture was cooled to room
temperature and acetone was removed under reduced pressure. The residue was diluted
with water (25 mL), and extracted with ether (3 x 25 mL). The combined organic

layer was dried over anhydrous Na;SO4 and solvent was evaporated. Purification of



16
crude product thus obtained, by column chromatography (silica gel, 3% EtOAc in
hexanes) provided product 59ain 73% (1.956 g) yield, as a colorless oil.
IR (neat) . 1716, 1635 cm*
'HNMR  : 6383 (s, 3H), 482 (s, 2H), 6.92-7.06 (m, 3H), 7.23-7.55
(m, 7H), 805 (s, 1H)
BCNMR  : 65217, 6272, 114.99, 121.09, 127.33, 128,65, 129.44, 129,54,

129.71, 134.39, 14549, 158.48, 167.53

Methyl (2E)-3-(2-methylphenyl)-2-(phenoxymethyl)prop-2-enoate (59b):
This compound obtained as a colorless liquid via the reaction of methyl (22)-2-
(bromomethyl)-3-(2-methyl phenyl) prop-2-enoate (58b) with phenol in the presence of
K,CO; following a similar procedure described for the molecule 59a
Yied 1 87%
IR (neat) : 1720, 1625 am'*
'HNMR  :82.34, (s, 3H), 387 (s, 2H), 4.75 (s, 2H), 6.83-7.45 (m, 9H),
8.13 (s, 1H)

BC NMR 8 19.59, 51.85, 62.76, 114.78, 120.73, 125.70, 128.02, 128.78,

128.06, 129.80, 133.45, 136.84, 143.84, 158.30, 167.16
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Methyl (2 £)-3-(4-methylphenyl)-2-(phenoxymethyl)prop-2-enoate (59¢):
This was prepared by the treatment of methyl (22)-2-(bromomethyl)-3-(4-
methylphenyl)prop-2-enoate (58c) with phenol in the presence of K2CO3 following a

similar procedure described for the molecule 59a, as a colorless solid.

Yield . 75%
mp L 72-73°C
IR(KBr)  : 1712, 1620 am™:

'"HNMR  :5234(s 3H), 383 (s, 3H), 4.82 (s, 2H), 6.95-7.46 (m, 9H), 8.02 (s,
1H)
BCNMR  :521.35, 5218, 62.91, 115.11, 121.12, 126.48, 129.49, 129.93,

131.70, 140.01, 145.71, 158.63, 167.78

Methyl (2E)-3-(4-ethylphenyl)-2-(phenoxymethyl)prop-2-enoate (59d):
This was obtained via treatment of methyl (22)-2-(bromomethyl)-3-(4-ethylphenyl)
prop-2-enoate (58d) with phenol in the presence of K,CO; following similar procedure

described for the molecule 59a, as a colorless liquid.

Yidd : 90%
IR (neat) : 1712, 1633 cm*
'HNMR  :8 123 (t, 3H, J= 7.7 H2), 266 (q, 2H, J= 7.7 Hz), 3.85 (s, 3H), 4.85

(s, 2H), 6.95-7.49 (m, 9H), 8.05 (s, 1H)

“C NMR : $15.15,28.66, 52.09,62.85, 115.04, 121.05, 126.42, 128.22,
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129.42, 129.98, 131.87, 145.65, 146.20, 158.58, 167.71

Methyl (2E)-3-(4-isopropylphenyl)-2-(phenoxymethyl)prop-2-enoate (59):
This was obtaned via the reaction of methyl (2Z2)-2-(bromomethyl)-3-(4-
isopopylphenyl)prop-2-enoate (58e) with phenol in the presence of K,CO; following

the similar procedure described for the molecule 59a, as a colorless crystalline solid.

Yidd : 71%
mp 71~73°C
IR(KBr) : 1707, 1620 am**

'HNMR  :5125(d, 6H, J= 68 Hz), 291 (sept. 1H, J = 6.8 Hz), 3.85 (s, 3H),
4.86 (s, 2H), 6.94-7.49 (m, 9H), 8.05 (s, 1H)
BCNMR  : 623.83,34.10, 52.32, 62,91, 115.13, 121.16, 126.40, 126.97,

129.56, 130.15, 132.08, 145.89, 150.98, 158.66, 167.93

Methyl (2E)-3-(4-methoxyphenyl)-2-(phenoxymethyl)prop-2-enoate (59f):

This was obtained via trestment of methyl (2Z2)-2-(bromomethyl)-3-(4-methoxyphenyl)
prop-2-enoate (58f) with phenal in the presence of K.CO;s following similar procedure
described for the molecule 59a, as a colorless crystalline solid.

Yield : T7%

mp . 76-77°C

IR(KBr) :1701,1622 ami™
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'UNMR  : 6381 (s, 3H), 3.84 (s, 3H), 4.86 (s, 2H), 6.88 (d, 2H, J= 8.7 Hz), 6.94-
7.44 (m, 5H), 7.48 (d, 2H, J= 8.7 Hz), 802 (s, 1H)
BCNMR 552,13, 55.24, 62.84, 114.23, 115.01, 121.08, 124.79, 126.99,

129.49, 131.85, 145.57, 158.55, 160.94, 167.90

Methyl (2E)-3-(2-chlorophenyl)-2-(phenoxymethyl)prop-2-enoate (599):

This was prepared by reaction of methyl (22)-2-(bromomethyl)-3-(2-chlorophenyl)
prop-2-enoate (58g) with phenol in the presence of K2CO3 following similar procedure
described for the molecule 59a, as a colorless viscous liquid.

Yied 1 13%

IR (neat) : 1720, 1639 am*

'HNMR  :5388(s, 3H), 4.74 (s, 2H), 6.91-7.61 (m, 9H), 8.16 (s, 1H)

3C NMR : 552.32, 63.10, 115.10, 121.24, 126.92, 129.46, 129.60, 130.54,

130.73, 133.17, 134.45, 141.86, 158.51, 167.04

Methyl (2E)-3-(4-chlorophenyl)-2-(phenoxymethyl)prop-2-enoate (59h):

This was obtained via treatment of methyl (22)-2-(bromomethyl)-3-(4-chlorophenyl)
prop-2-enoate (58h) with phenol in the presence of K,CO3 following similar procedure
described for the molecule 59a, as a colorless crystalline solid.

Yield : 76%

mp : 77-79°C
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IR(KBr) : 1705, 1620 cm*
'H NMR  :8384(s, 3H),4.79 (s, 2H), 6.93-7.51 (m, 9H), 7.97 (s, 1H)
BCNMR  :852.35 62,69, 11512, 121.39, 128.01, 129.03, 129.60, 131.15,

132.95, 135.83, 144.16, 158.44, 167.36

Methyl (2E)-2-(phenoxymethyl)hex-2-enoate (59i):

This was obtained as a colorless liquid via the reaction between methyl (22)-2-

(bromomethyl)hex-2-enoate (58i) and phenol in the presence of K2CO3 following

smilar procedure described for the molecule 59a, as a colorless liquid.

Yield : 65%

IR (neat) : 1720, 1630 cm’’

'HNMR  : 8094 (t, 3H, J= 7.6 Hz), 151 (m, 2H), 2.30 (m, 2H), 3.77, (s, 3H),
4.75 (s, 2H), 6.84-7.05 (m, 3H), 7.12 (t, 1H, J= 7.4Hz), 7.22-7.39 (m,
2H)

BCNMR  : 813.68,21.82, 3076, 51.72, 61.88, 114.89, 120.88, 127.98,

129.30, 149.32, 158.79, 167.02.

Methyl (2E)-2-(phenoxymethyl)hept-2-enoate (59)):
This was obtained via the reaction of methyl (2Z)-2-(bromomethyl)hept-2-enoate (58j)

with phenol in the presence of K,COs following similar procedure described for the

molecule 59a, as a colorless liquid
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Yidd : 56%
IR (nest)  : 1720, 1651 om
'HNMR  :50091 (t, 3H, J= 6.8 Hz), 1.26-1.55 (m, 4H), 2.36 (m, 2H), 3.78
(s, 3H), 4.77 (s, 2H), 6.91-7.02 (m, 3H), 7.14 (t, 1H, J= 88 HZ),
7.30 (m, 2H)
BCNMR 6 13.79, 22.39, 28.63, 30.76, 51.86, 62.00, 115.01, 120.98, 127.86,

129.41, 149.75, 158.89, 167.16

(2E)-2-(Phenoxymethyl)-3-phenylprop-2-enoic acid (60a):

To a dirred solution of methyl (2E)-2-(phenoxymethyl)-3-phenylprop-2-enoate (5 mM,
134 g) in acetone (4 mL) was added agueous KOH (1 g in 10 mL water) a room
temperature. After 14h, the reaction mixture was diluted with cold con. HC1 (5 mL) and
extracted with ether (3x10 mL). The combined organic layer was dried over anhydrous
Na,SO4.  Solvent was evaporated and crude product thus obtained was purified by

crydalization (5% EtOAc in hexanes) to afford 60a in 87% (1.105 @) yield, as a

colorless crystaline solid.

mp . 87-88°C

IR(KBr)  :3300-2500, 1685, 1620 cm™

'HNMR ~ : 84.85 (s, 2H), 6.94-7.08 (m, 3H), 7.23-7.62 (m, 7H), 8.17 (s, 1H),
10.52 (b, 1H)

“CNMR 562,56 11520, 121.32, 126.78,128.86, 129.58.130.10,134.31,
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147.81, 158.59, 172.92

(2E)-3-(2-Methylphenyl)-2-(phenoxymethyl)prop-2-enoic acid (60b):
This was prepared by the trestment of methyl (2/)-3-(2-methylphenyl)-2-
(phenoxymethyl)prop-2-enocate (59b) with KOH in acetone/water following similar

procedure described for the molecule 60a, as a colorless crystalline solid.

Yidd : 93%
mp : 125-127°C
IR (KBr) : 3400-2500, 1682, 1623 cm’’

TH NMR : 82.34 (s, 3H), 4.75 (s, 2H), 6.86-7.52 (m, 9H), 8.25 (s, 1H)
BC NMR :5 19.98,62.74, 115.14, 121.18, 126.19, 127.58, 129.27, 129.48,

129.80, 130.27, 133.52, 137.48, 146.45, 158.58, 172.94

(2E)-3-(4-Methylphenyl)-2-(phenoxymethyl)prop-2-enoic acid (60c):
This was prepared by hydrolysis of (2E)-3-(4-methylphenyl)-2-(phenoxymethyl)prop-2-
enoate (59c) with KOH in acetone/water following similar procedure described for the

molecule 60a, as a colorless crystalline solid.

Yidd : 83%
mp : 198-199°C
IR (KBr) : 3400-2500, 1674, 1619 cm™*

IHNMR 235 (s, 3H), 4.84 (s, 2H), 6.84-7.53 (m, 9H), 812 (s, 1H)
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BeNMR 52150, 62.74, 115.25, 121.30, 125.67, 129.62, 130.28, 131.58,

140.62, 147.85, 158.65, 171.89

(2E)-3-(4-Ethylphenyl)-2-(phenoxymethyl)prop-2-enoic acid (60d):

This compound was obtained by the treatment of methyl (2F)-3-(4-ethylphenyl)-2-

(phenoxymethyl)prop-2-enoate (59d) with KOH in acetone / water following similar

procedure described for the molecule 60a, as a colorless crystalline solid.

Yidd : 92%

mp : 127-129°C

IR (KBr)  :3400-2600, 1689, 1620 cm™

'HNMR 18115 (t, 3H, J= 7.6 HZ), 2.58 (q, 2H, J=7.6 HZz), 4.78 (s, 2H), 6.82-
7.49 (m, 9H), 8.08 (s, 1H)

“CNMR  : 81523 2882 6259, 115.17, 121.24, 125.71, 128.42,

129.57, 130.41, 131.73, 146.86, 148.00, 158.63, 173.25

(2E)-3-(4-Isopropylphenyl)-2-(phenoxymethyl)prop-2-enoic acid (60e):

Methyl (2£)-3  -(4-isopropylphenyl)-2-(phenoxymethyl)prop-2-encate  (59¢) was
hydrolyzed using KOH in water/acetone following similar procedure described for the
molecule 60a, to aford 60e as a colorless crystalline solid.

Yield : 84%

mp : 260-262°C
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IR (KBr) : 3300-2550, 1687, 1620 cm*
'"HNMR  :6115(d, 6H, J= 7.0 Hz), 282 (sep, 1H, J= 7.0 Hz), 477 (s, 2H),
6.81-7.48 (m,9H), 807 (s, 1H)
“CNMR 62372, 34.05, 62.48, 115.05, 121.15, 12551, 126.96,129.51

130.38, 131.76, 147.91, 151.38, 158.52, 172.76

(2E)-3-(4-Methoxyphenyl)-2-(phenoxymethyl)prop-2-enoic acid (60f):
Hydrolysis of methyl (2£)-3-(4-methoxyphenyl)-2-(phenoxymethyl)prop-2-enoate (59f)
with KOH in water / acetone following smilar procedure described for the molecule

60a, provided 60f as a white crystalline solid.

Yidd : 90%
mp : 200-202°C
IR (KBr) : 3450-2600,1670, 1621 cm™

'HNMR  :83.82(s, 3H), 487 (s, 2H), 6.82-7.42 (m, 7H),7.52 (d, 2H, J = 8.6 Hz)

8.13 (s, 1H)

(2E)—3-(2-Chlor0phenyl)-2—(phenoxymethyl)prop-z-enoic acid (60g):

This was obtained by hydrolysis of methyl (2E)-3-(2-chlorophenyl)-2-(phenoxy-
methyl)prop-2-enoate (59g) usng KOH in acetone / water following similar procedure
described for the molecule 60a, as a colorless crystalline solid.

Yied : 94%
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mp . 142-143°C

IR (KBr)  : 3300-2500, 1693, 1626 cm™

'HNMR  :54.77 (s, 2H), 6.89-7.72 (m 9H), 8.30 (s, 1H)

BCNMR 66280, 115.17,121.39, 127.05, 128.77, 129.56, 129.74, 130.90,

132.96, 134.71, 144.14, 158.49, 172.21.

(2E)-3-(4-Chlorophenyl)-2-(phenoxymethyl)prop-2-enoic acid (60h):
This was obtained by hydrolysis of methyl (2F)-3-(4-chlorophenyl)-2-(phenoxymethyl)
prop-2-enoate (59h) usng KOH in water / acetone following similar procedure

described for the molecule 60a, as a colorless crystaline solid.

Yied :91%
mp : 177-179°C
IR (KBr) : 3150-2500, 1687, 1620 cm’™

'H NMR : 54.80 (s, 2H), 6.84-7.55 (m, 9H), 8.09 (s, 1H), 9.00 (b, 1H)
CNMR 56241, 11517, 121.53, 127.24, 129.21, 129.68, 131.42, 132.72,

136.41, 146.42, 158.41, 172.30

(2E)-2-(Phenoxymethyl)hex-2-enoic acid (60i):

This was obtained by hydrolysis of methyl (2E)-2-(phenoxymethyl)hex-2-enoate (59i)

with KOH in acetone/water following similar procedure described for the molecule 60a,

as a colorless crystaline solid.
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Yied : 78%
mp : 79-80°C
IR (KBr) : 3350-2600, 1687, 1643 cm’!
'HNMR :60.92 (t, 3H, J=7.0Hz), 149 (m, 2H), 2.31 (m, 2H), 4.73
(s, 2H), 6.85-7.00 (m, 3H), 7.20-7.41 (m, 3H), 10.86 (b, 1H)
3C NMR :6 13.78,21.79, 31.09, 61.53, 114.96, 121.05, 127.55, 129.42,

152.33, 158.75, 172.44

(2E)-2-(Phenoxymethyl)hept-2-enoic acid (60j):
This was obtained by hydrolysis of methyl (2F)-2-(phenoxymethyl)hept-2-enoate (60j)
using KOH in acetone / water following similar procedure described for the molecule

60a, as a colorless crystalline solid.

Yied : 61%
mp : 82-84°C
IR (KBr) - 3360-2500, 1689, 1643 cm’’

IHNMR  :80.90(t, 3H, J= 7.0Hz), 1.23-1.56 (m, 4H), 2.35 (m, 2H), 4.75 (s,
2H), 6.90-7.01 (m, 3H), 7.21-7.36 (m, 3H)
BENMR g 13.83, 22.45, 28.95, 30.67, 61.64, 115.06, 121.12, 127.40,

129.49,152.65, 158.82, 17/2.43
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(E)-3-Benzylidenechroman-4-one (62a): (Prepared via acid chloride)
TO (2£)-2-(phenoxymethyl)-3-phenylprop-2-enoic acid (ImM, 0.254 g) was added
SOCl; (1 mL) and irred for 12 hours a room temperature. Excess SOCl; was
removed under reduced pressure and the reaction mixture was diluted with
dichloromethane (5 mL). To this solution freshly sublimed AICI; granules (1 mM,
0.133 g) were added at room temperature. After tirring 1 hour, the reaction mixture
was diluted with dil HC1 (5 mL, 0.2 N) and extracted with ether (3x10 mL). The
combined organic layer was dried over anhydrous Na,SQO4. Solvent was evaporated and
the crude product thus obtained was purified by column chromatography (silica gel, 3%
EtOAc in hexanes) followed by crystallization (2% EtOAc in hexanes) to provide 62a
in 66 % (0.156 @) yidd as apae ydlow crystaline solid.
mp : 110-111°C (Lit'* 110-112°C)
IR(KBr) : 1668,1601cm™
'HNMR : 55.35 (d, 2H, J= 16 Hz), 6.95-7.60(m, 8H), 7.88(s, 1H), 8.03

(d, 1H, J= 7.8H2)
PC NMR 1 567.63, 117.93, 121.91, 122.06, 127.96, 128.74, 129.46,129.99

130.97, 134.43, 135.85, 137.44, 161.17, 182.17.
MS (m/z) : 236 (M)
Andysiscaled. for Ci¢H,,0; : C, 81.34; H, 512

Found :C, 81.45; H, 512
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(E)-3-(2-Methylbenzylidene)chroman-4-one (62b):
This was obtained by the treatment of the acid chloride, prepared from (2E)-3-(2-
methylphenyl)-2-(phenoxymethyl)prop-2-enoic acid (60b), with AICI; following similar

procedure described for the molecule 62a, as a pae ydlow crystalline solid.

Yidd : 53%
mp : 72-73°C
IR(KBTr) : 1674, 1606 cm

'THNMR  : 6236 (s, 3H), 5.19 (d, 2H, J= 1.5 Hz), 6.92-7.56 (m, 7H), 7.96
(s, 1H), 8.04 (d, 1H, J =7.8 H2)

BCNMR 8 19.88, 67.58, 117.88, 121.78, 122.06, 125.67, 127.87, 128.83,
129.36, 130.45, 131.21, 133.35, 135.76, 136,57, 137.97, 161.24,
182.27

MS(m/z)  : 250 (M)

Analysis caled. for C;7H140; : C, 81.58; H, 564
Found :C, 81.35; H, 566

(E)-3-(2-Chlorobenzylidene)chroman-4-one (62g)

This compound was obtained by treating the acid chloride, prepared from (2E)-3-(2-
chlorophenyl)-2-(phenoxymethyl)prop-2-encic acid (60g), with AICls following similar
procedure described for the molecule 62a, as a pae ydlow crystalline solid.

Yield : 82%



mp : 97-98°C

IR(KBr)  : 1670, 1604 cm’

IHNMR  :55.19 (d, 2H, J= 1.6 Hz), 6.96-7.57 (m, 7H), 7.96 (s, 1H), 8.05
(d, 1H, J= 7.8 Hz).

BCNMR  : 667.48, 117.94, 121.93, 126.62, 127.92, 130.01, 130.28, 130.46,
132.46, 132.84, 134.29, 134.88, 135.95, 161.26, 181.88.

MS(m/z) 270 (M)

Analysis caled. for C,6H10,Cl : C, 70.99; H, 4.10

Found . C, 70.75; H, 4.08

(E)-3-(4-Chlorobenzylidene)chroman-4-one (62h):

This compound was prepared by treating the acid chloride, obtained from (2£)-3-(4-

chlorophenyl)-2-(phenoxymethyl)prop-2-enoic acid (60h), with AICl; following similar

procedure described for the molecule 62a, as a pale yellow crystalline solid.

Yield
mp
IR(KB)

'"H NMR

BC NMR

: 64%
: 166-167°C (lit 167-169°C)'®
. 1672, 1606 cm

© 5529 (d, 2H, J= 16 Hz), 6.93-7.15 (m, 2H), 7.23 (d, 2H, J = 83 Hz),

7.34-7.51 (m 3H), 7.79 (s, 1H), 801 (dd, 1H, J= 7.8 and 16 H2)

:567.53, 117.99, 122.08, 128.03, 129.12, 131.23, 131.53, 132.91,

135.65, 136.01, 161.19,181.93
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MS (m/z) 1 270 (MY)
Analysis caled. for Ci6H1102Cl : C, 70.99; H, 4.10
Found :C, 71.31; H, 4.10

(E)-3-Butylidenechroman-4-one (62i):
This compound was obtained via the trestment of the acid chloride prepared from (2£)-
2-(phenoxymethyl)hex-2-enoic acid (60i) with AICl; following similar procedure
described for the molecule 62a, as a colorless viscous liquid.
Yidd : 56%
IR (neat) : 1682, 1604 am™
'THNMR  :50.97 (t, 3H, J= 7.0Hz), 1.56 (m, 2H), 2.22 (m, 2H),
5.04 (s, 2H), 6.86-7.03 (m, 3H), 7.42-7.53 (m, 1H), 7.99
(dd, 1H, J=6.0 and 1.6 Hz).
B3C NMR :5 13.82,22.00,29.96,66.91, 117.92, 121.79,122.24, 128.08,
131.18, 135.58, 140.79, 161.70, 181.98

Anaysis cacd. for C13H;402 - C, 77.20; H, 6.98
Found : C, 7748, H, 6.95



(E)-3-Pentylidenechroman-4-one (62j):
This compound was prepared by treating the acid chloride, obtained from (2E)-2-
(phenoxymethyl)hept-2-encic acid (60j) with AICl; following similar procedure
described for the molecule 62a, as a colorless liquid.
Yidd : 63%
IR (nesat) : 1682, 1630 om™*
'HNMR  :80.92(t, 3H, J= 7.1 Hz), 1.27-1.61 (m, 4H), 2.25 (m, 2H), 5.03
(s, 2H), 6.83-7.12 (m, 3H), 7.45 (t, 1H, J=9.0Hz),7.98 (d, 1H,
J=17.7Hz)
PC NMR :5 13.69,22.28,27.52,30.64,66.69, 117.75, 121.60, 122.01,

127.86, 130.77, 135.42, 140.92, 161.49, 181.77
MS (m/z) 202 (M)
Anaysis calcd. for Cy4H;60; : C, 77.75; H, 7.46

Found : C, 71.58; H, 747

3-(4-Methylphenyl)methyl -4-chr omone(63):

This compound was obtained in the reaction of the acid chloride generated from (2E)-3-
(4-methylphenyl)-2-(phenoxymethyl)prop-2-enocic acid (60c) with AlCl; following
similar procedure described for the molecule 62a, as a pale yellow crystaline solid (The
desired (£)-3-(4-methylbenzylidene)chroman-4-one was not obtained).

Yield . 66%
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mp : 89-91°C (Lit"* 90-91°C)
IR(KBr) : 1645, 1610 cm™
'HNMR : 82.31 (s, 3H), 3.77 (s, 2H), 7.05-7.68 (m, 8H), 8.22 (dd, 1H,
J= 76 & 18 Hz).
“CNMR  :820.99, 31.25 117.99, 123.94, 124 86, 125.99, 128.93, 129.30,

133.31, 135.59, 135.99, 153.04, 156.47, 177.36.

MS (m/z) : 250 (M)
Analysis calcd. for C17H;40; : C, 81.58; H, 5.64
Found :C, 81.71;H, 5.64

3-(4-Ethylphenyl)methyl-4-chromone (64):

This compound was obtained in the reaction of acid chloride prepared from (2F£)-3-(4-
ethylphenyl)-2-(phenoxymethyl)prop-2-enoic acid (60d) with AICIl3 following similar
procedure described for the molecule 62a, as a pale yellow crystalline solid. The desired

(££)-3-(4-ethylbenzylidene)chroman-4-one was not obtained.

Yield :40%

mp : 42-43°C

IR(KBT) . 1643, 1612 cm*

'THNMR : 8 1.22(t, 3H,J= 7.6 Hz), 2.62 (q, 2H, J = 7.6 Hz), 3.79 (s, 2H), 7.06-

7.71 (m, 8H), 823 (d, 1H, J= 7.5 Hz).

BC NMR - 8 15.54,28.43,31.23, 117.95, 123.86, 124.82, 125.90, 128.06,
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128.95, 133.30, 135.77, 142.35, 153.04, 156.39, 177.35.
MS (m/z) . 264 (M)
Analysis calcd. for CigHi60: - C, 81.79; H, 6.10

Found :C, 81.55;H, 6.13

3-(4-1sopr opyl phenyl)methyl-4-chromone (65):

This compound was obtained in the reaction of acid chloride prepared from (2E)-3-(4-
isopropyl phenyl)-2-(phenoxymethyl)prop-2-enoic  acid (60e) with AICl; following
similar procedure described for the molecule 62a, as a pale yellow crystaline solid.

The desired (£)-3-(4-isopropylbenzylidene)chroman-4-one was not obtained.

Yield . 48%
mp : 67°C
IR(KBr) : 1641, 1609 cm*

'HNMR © 5 115 (d, 6H, J = 6.8 Hz), 2.80 (sept. 1H, J= 6.8 Hz), 3.71 (s, 2H),
7.07-7.34 (m, 6H), 7.50-7.62 (m, 2H), 8.16 (d, 1H, J= 6.6 H2)
PCNMR  :52392 31.17, 33.65, 117.91, 123.91, 124.78, 125.91, 126.58,

128.91, 133.23, 135.92, 146.97, 153.00, 156.41, 177.26.
MS (m/z) 12718 (M)
Analysis calcd. for CioH 30, . C, 81.99; H, 6.52

Found : C, 82.35; H, 6.55
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Synthesis of arylidcne/alkylidene chroman-4-ones usng TFAA as a reagent for
intramolecular Friedel-Crafts reaction of the (2E)-2-(phenoxymethyl)-3-alk-2-
enoic acids (60a-f and 60i)

(E)-3-Benzylidenechroman-4-one (623):

To a dirred solution of (2F£)-2-(phenoxymethyl)-3-phenylprop-2-enoic acid (60a) (1
mM, 0.254 g) in anhydrous dichloromethane was added trifluoroacetic anhydride (1
mM, 0.210 g) and heated under reflux for 1 hour. The reaction mixture was diluted
with water (3 mL) and extracted with ether (3x10 mL). The combined organic layer was
dried over anhydrous Na,SOs Solvent was evaporated and the crude solid thus
obtained was crystallized (2% EtOAc in hexanes) to provide 62a as a pae yelow
crystaline solid in 91% (0.214 g) yield Spectrd data are identical with that of product
prepared via the treatment of (2£)-2-(phenoxymethyl)-3-phenylprop-2-enoyl chloride

with AJC13.

(E)-3-(2-Methylbenzylidene)chroman-4-one (62b):

This was obtained via the treatment of (2F)-3-(2-methylphenyl)-2-
(phenoxymethyl)prop-2-enoic acid (60b) with TFAA following similar procedure
described for the molecule 62a, as pae ydlow crystalline solid in 90 % yield.

Spectral data are identical with that of product prepared via the treatment of (2F)-2-

(phenoxymethyl)-3-(2-methyl phenyl)prop-2-enoyl chloride with AICl;.
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(E)-3-(4-Methylbenzylidene)chroman-4-one (62¢):
This was obtained via intramolecular Friedel-Crafts reaction of (2F£)-3-(4-
methyl phenyl)-2-(phenoxymethyl)prop-2-enoic acid (60c) with TFFA following smilar

procedure described for the molecule 62a, as pale yellow crystalline solid.

Yied : 94%
mp : 117-118°C (Lit'* mp 118-119°C)
IR(KBr) : 1666, 1597 cm'

'H NMR : 8240 (s, 3H), 5.36 (d, 2H, J= 11 Hz), 6.91-7.58 (m, 7H),
7.86 (s, 1H), 8.02 (dd, 1H, J=7.8and 1.8 H2)

BC NMR 8 21.45, 67.72, 117.87, 121.83, 122.08, 127.91, 129.48, 130.15,
131.59, 135.73, 137.52, 139.91, 161.08, 182.16

MS (m/z) : 250 (M)

Anadysis calcd. for C17H40; - C, 81.58; H, 5.64

Found :C, 81.75; H, 563

(E)-3-(4-Ethylbenzylidene)chroman-4-one (62d):

This was obtained by treatment of (2£)-3-(4-ethylphenyl)-2-(phenoxymethyl)prop-2-
enoicacid (60d) with TFAA following similar procedure described for the molecule
623, as pde ydlow crystaline solid.

Yidd : 93%

mp  77-79°C



IR(KBr) : 1664, 1597 cm'

'HNMR  :8126(t, 3H, J = 74 Hz), 270 (g, 2H, J = 1A Hz), 5.37 (s, 2H), 6 90-
7.59 (m, 7H), 7.86 (s, 1H), 802 (d, 1H, J = 7.8 Hz)

PCNMR 6 15.20,28.75, 67.73, 117.84, 121.78, 122.12, 127.89, 128.25
130.22, 131.87, 135.65, 137.43, 146.12, 161.11, 182.07

MS(m/z)  : 264 (M)

Analysis calcd. for C18H;60; : C, 81.79,H, 6 10

Found :C, 81.50; H, 6.12

(E)-3-(4-Isopropylbenzylidene)chroman-4-one (62€):
This was obtained via the intramolecular Friedel-Crafts cyclization of (2£)-3-(4-
isopropylphenyl)-2-(phenoxymethyl)prop-2-enoic acid (60e) usng TFAA following

smilar procedure described for the molecule 62a, as a pde ydlow crystalline solid.

Yield £ 91%
mp 1 90-91°C
IR(KBr) : 1668, 1602 cm’*

IJHNMR ;8 128(d, 3H, J= 7.2 Hz), 2.96 (sept. 1H J=7.2Hz), 5.37 (d, 2H, J =
18 Hz), 6.91-7.52 (m, 7H), 7,86 (s, 1H), 802 (dd, 1H, J = 7.8 Hz and

1.6H2)

BCNMR  :623.80, 34.11, 67.78, 117.90, 121.86, 122.17, 126.90, 127.97,
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130.32, 132.05, 135.74, 137.55, 150.80, 161.17, 182.23

MS(m/z)  : 278 (M)

Analysis calcd. for CioH,50; . C, 81.99; H, 6,52

Found :C, 81.85; H, 651

(E)-3-(4-Methoxybenzylidene)chroman-4-one (62f):
This was obtained via intramolecular Friedel-Crafts cyclization of (2£)-3-(4-
methoxyphenyl)-2-(phenoxymethyl)prop-2-enoic acid (60f) using TFAA following

similar procedure described for the molecule 62a, as a pale yellow crystalline solid.

Yidd : 92%
mp : 131-133°C (lit 133-134 °C)**
IR(KBr) . 1666, 1602 cm™

'HNMR  :5385(s3H), 537 (d, 2H, J= 18 Hz), 6.91-7.51 (m, 7H) 7.83 (s, 1H),
801 (d, 1H, J = 7.7 Hz)

BCNMR 855336777, 114.29, 117.78, 121.75, 122.14, 127.03, 127.83,
128,92, 132.01, 13554, 137.10, 160.75, 160.97, 181.94

MS(m/z)  : 266 (M)

Andysis caled for Ci7H,405 : C, 76.68; H, 5.30

Found . C, 76.90; H, 5.27



(E)-3-Butylidenechroman-4-one (62i):

This compound was obtained via the treatment of (2/.)-2-(phenoxymethyl)hex-2-enoic
acid (60i) with TFAA following similar procedure described for the molecule 62a, as a
viscous liquid in 80% yield.

Spectral data are identical with that of product prepared via the treatment of (2/)-2-

(phenoxymethyl)hex-2-enoyl chloride with AICl,.

Methyl (2E)-2-(3-methoxyphenoxy)methyl-3-(4-methoxyphenyl)prop-2-enoate
(59k):

This was obtained via treatment of methyl (2Z)-2-(bromomethyl)-3-(4-methoxyphenyl)
prop-2-enoate (58f) with 3-methoxyphenol in the presence of K2COs following similar

procedure described for the molecule 59a, as a colorless viscous liquid.

Yield . 60%
IR (neat) : 1712, 1621 cm™
'HNMR : 53.77 (s, 3H). 3.79 (s, 3H), 3.81 (s, 3H), 4.82 (s, 2H), 6.50-6.62 (m,3H)

(m, 3H), 6.87 (d, 2H, J = 86 Hz), 7.14-7.22 (m, 1H (m,IH), 7.4 (d,
2H, J = 86 Hz), 7.99 (s, 1H)
BENMR - : 552,02, 55.13, 62.86, 101.39, 106.80, 106.99, 114.19, 124.67,

126.90, 129.85, 131.80, 145.46, 159.75, 160.86, 160.92, 169.77
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(2E)-2-(3-Methoxyphenoxy)methyl-3-(4-methoxyphenyl)prop-2-enoic acid (60Kk):
This was obtained by hydrolysis of methyl (2£)-2-(3-methoxyphenoxy)methyl-3-(4-
methoxyphenyl)prop-2-enoate (59k) with KOH in acetone / water following similar

procedure described for the molecule 60a, as a colorless crystalline solid.

Yield : 94%

mp : 128-130°C

IR (KBr) : 3400-2600, 1676, 1620 cm™

'HNMR  :83.79(s, 3H), 3.80 (s, 3H), 4.85 (s, 2H), 6.51-6.62 (m, 3H), 6.90 (d,

2H, J= 8.7Hz), 7.15-7.28 (m, 1H), 7.50 (d, 2H, J=8.7 Hz), 8.10 (s, 1H)
BCNMR 85537, 62.70, 101.60, 107.16, 114.44, 123.99, 126.89, 130.00, 132.35,

147.75, 159.86, 160.99, 161.42, 173.14

(E)-3-(4-Methoxybenzylidene)-7-methoxychroman-4-one (62k):

(Bonducellin monomethyl ether)

This compound was obtained by the reaction of (2£)-2-(3-methoxyphenoxy)methyl-3-
(4-methoxyphenyl)prop-2-encic acid (60k) with TFAA following smilar procedure

described for the molecule 62a, as a pale yellow crystalline solid.

Yied : 76%
mp : 127-129°C (Lit'* 129-130°C)
IR (KBr) : 1666, 1602 cm™

'HNMR ~ : 5385 (s, 3H), 3.86 (s, 3H), 5.37 (s, 2H), 6.38-6.43 (m, 1H), 6.58-
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6.68 (m, 1Hz), 6,96 (d, 2H, J= 8 5 Hz), 7.21-7.36 (m, 2H), 7.81 (s,
IH),6.96(d, 1H,] = 8.7 H2)
PCNMR . 5543, 55.65, 68.10, 100.85, 110 33, 114.30, 115.93, 127.28,

128.98, 129.71, 131 94, 136.55, 16063, 162.99, 165.97, 180.97

MS (m/z) 1296 (MY)
Analysis calcd. for C1sH; 604 - C, 7296; H, 544
Found :C, 72.75. H, 541

Methyl (2E)-2-(3,5-dimethoxyphenoxy)methyl-3-(4-methoxyphenyl)prop-2-enoate

(591):

This was obtained via treatment of methyl (27)-2-(bromomethyl)-3-(4-methoxyphenyl)
prop-2-enoate (58f) with 3,5-dimethoxyphenol in the presence of K2CO; in acetonitrile

as a solvent following similar procedure described for the molecule 59a, as a colorless

liquid
Yield : 45%
IR (neat) : 1712, 1625 cm™

IHNMR  :63.77s, 6H), 381 (s, 3H), 383 (s, 3H), 481 (s, 2H), 6.12-6.22
(m, 3H), 6.89 (d, 2H, J = 87 Hz), 7.4 (d, 2H, J= 87 Hz), 8.00 (s, 1H).
BoNMR - 85214, 55.26, 62.87, 93.46, 93.73, 114.24, 124,49, 126.89,

131.85, 145.65, 160.38, 160.95, 161.51, 167.84
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(2E)-2—(3,5—Dimethoxyphenoxy)methyl—3—(4-methoxyphenyl)prop-Z-enoic acid 60l):
This was obtained via the hydrolysis of methyl (2E)-2-(3,5-dimethoxyphenoxy)methyl-
3-(4-methoxyphenyl)prop-2-enoate (591) with KOH in acetone / water following smilar

procedure described for the molecule 60a, as a colorless crystalline solid.

Yied : 90%
mp : 126-128°C
IR (KBr) : 3400-2600, 1668, 1602 cm™

'HNMR  : 5377 (s6H), 382 (s, 3H), 4.83 (s, 2H), 6.10-6.23 (m, 3H), 6.91
(d, 2H, J= 87 Hz), 749 (d, 2H, J= 87 Hz), 8.11 (s, 1H).
BCNMR 85535, 62.50, 93.69, 93.84, 114.40, 123.69, 126.76, 132.33,

147.83, 160.40, 161.37,161.56 173.10.

(E)-3-(4-Methoxybenzylidene)-S,7-dimethoxychroman-4-one (621):

(Eucomin dimethyl ether)

To a dirred solution of (2£)-2-(3,5-dimethoxyphenoxy)methyl-3-(4-methoxyphenyl)-
prop-2-encic acid (601) (1 mM, 0.344 @) in dry dichloromethane was added
trifluoroacetic anhydride (1 mM, 0 210 g) at 0°C temperature. After stirring 1 hour at
0°C the reaction mixture was diluted with water (3 ml) and extracted with ether (3x10
mL). The combined organic layer was dried over anhydrous Na,SO;  Solvent was
evaporated and the crude product thus obtained was purified by column

chromatography (silica gel, 20% EtOAc in hexanes) followed by crystallization (15%
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EtOAc in hexanes) to provide 621 as a pde yelow crystalline solid in 93% yield (0.303

8)
mp : 139-140°C (Lit"? 141-144° C)
TR(KBr) : 1666, 1612 cm*

'HNMR 6 3.82 (s, 3H), 3 84 (s, 3H), 3.90 (s, 3H), 523 (d, 2H, J = 17 Hz),
6.06 (d, 1H,J=28Hz), 6.11(d, 1H, J= 2.8 Hz) 6.94 (d, 2H, 8.6), 7.23
(d, 2H,J=8.6 Hz), 7.76 (s, 1H)

PCNMR  : 55541, 55,61, 56.21, 67.69, 93.09, 114.21, 127.56
130.25, 131.72, 135.67, 160.41, 162.89, 164.64, 165.75, 179.58

MS (m/z) : 326 (M")

Analysis calcd. for Ci9H130s : C, 69.93, H, 556

Found : C,69.95 H, 554

Methyl (2E)-3-(4-methoxyphenyl)-2-(3,4,5-trimethoxyphenoxy)methylprop-2-eno-
ate (59m):

This was obtained by the treetment of methyl (2Z)-2-(bromomethyl)-3-(4-
methoxyphenyl)prop-2-enoate (58f) with 3,4,5-trimethoxyphenol in the presence of
K,CO; in acetonitrile as a solvent following similar procedure described for the
molecule 59a, as a colorless liquid.

Yidd : 74%

IR (neat) : 1712, 1604 ami™



1y NMR

BC NMR

1P

: 5381 (s, 3H), 3.83 (s, 6H), 3.84 (s, 3H), 3.89 (s, 3H), 4.84 (s, 2H)

6.25 (s, 2H), 6.92 (d, 2H, J= 86 Hz), 7.48 (d, 2H, J= 86 Hz), 8.00

(s, 1H).

: 552.13, 55.28, 56.04,60.90,63.19,92.88, 114.29, 124.66, 126.92

131.90, 132.01, 145.49, 153.73, 155.10, 161.04, 167.87

(2E)-3-(4-Methoxyphenyl)-2-(3,4,5-trimethoxyphenoxy)methylprop-2-enoic acid

(60m):

This was obtained via the hydrolysis of methyl (2FE)-3-(4-methoxyphenyl)-2-(3,4,5-

trimethoxyphenoxy)methylprop-2-enoate (59m) with KOH in water / acetone following

smilar procedure described for the molecule 60a, as a colorless crystalline solid.

Yied
mp
IR (KBr)

'HNMR

CNMR

1 85%
© 159-160°C
: 3300-2600, 1672, 1602 cm™

© 6381 (s, 3H), 3.84 (s, 6H), 3.94 (s, 3H), 4.86 (S, 2H), 6.26 (s, 2H),

6.94 (d, 2H, J= 8.6 Hz), 7.53(d, 2H, J= 86 Hz), 8.12 (s, 1H)

: 6 55.41, 56.20, 61.01, 62.98, 93.21, 114.48, 123.94, 126.85,

132.35, 133.00, 147.65, 153.85, 155.13, 161.49, 172.79
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(E)-3-(4-Methoxybenzylidene)-5,6,7-trimethoxychroman-4-one (62m):
(Autumnalin monomethyl ether)

This compound was obtained by the reaction of (2F)-3-(4-methoxyphenyl)-2-(3,4,5-
trimethoxyphenoxy)methylprop-2-enoic acid (60m) with TFAA following smilar

procedure described for the molecule 621, as a pde yelow crydalline solid.

Yidd : 95%
mp © 116-118°C (Lit'"* 115-117°C)
IR(KBTr) . 1672, 1601 cm™

'H NMR 1 6 3.84 (s, 3H), 3.86 (s, 3H), 3.89 (s, 3H), 3.9 (s, 3H), 5.25 (s, 2H),
6.26 (s, 1H), 6.96 (d, 2H, J =85 Hz), 7.25 (d, 2H, J=85 Hz), 7.80
(s, 1H)

BCNMR  : 85540, 56.12, 61.28, 61.62, 67.71,96.24, 110.77, 114.29, 127.41,
129.95, 131.77, 136.08, 138.03, 154.88, 159.24, 159.38, 160.59,
179.53

MS (m/z) 356 (M)

Analysis calcd. for C20H200s : C, 67.41; H, 5.66

Found . C, 6761, H, 568



1A

Methyl (2E)-2-(4-methoxyphenoxy)methyl-3-(4-methoxyphenyl)prop-2-enoate
(59n):
This was obtained via treatment of methyl (2Z)-2-(bromomethyl)-3-(4-methoxyphenyl)
prop-2-enoate (58f) with 4-methoxyphenol in the presence of K2CO3 following similar
procedure described for the molecule 59a, as a colorless liquid.
Yidd : 52%
IR (neat) : 1714, 1632. cm"
'HNMR : 53.79 (s, 3H), 3.82 (s, 3H), 3.84 (s, 3H), 4.81 (s, 2H), 6.75-7.00

(m, 6H), 7.49 (d, 2H, J= 86 Hz), 8.00 (s, 1H).
PCNMR 65211, 55.32, 55.76,63.80, 114.29, 114.80, 116.27, 125.25,

127.18, 131.91, 145.34, 152.81, 154.34, 161.01, 168.01

(2E)-3-(4-Methoxyphenyl)-2-(4-methoxyphenoxy)methylprop-2-enoic acid (60n):
This was obtained by hydrolysis of methyl (2£)-2-(4-methoxyphenoxy)methyl-3-(4-
methoxyphenyl)prop-2-enocate (59n) with KOH in acetone / water following similar
procedure described for the molecule 60a, as a colorless crystalline solid.

Yied 1 92%

mp : 182-185°C

IR(KBr)  :3440-2500, 1668, 1602 cm

'HNMR  :5378(s, 3H), 3.82 (s 3H), 4.82 (s, 2H), 6 83-6.98 (m, 6H),

752 (d, 2H, J= 86 Hz), 809 (s, 1H)
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(E)-3-(4-Methoxybenzylidene)-6-methoxychroman-4-one (56):
(An antifungal agent)
This compound was obtained by treating (2£)-2-(4-methoxyphenoxy)methyl-3-(4-
methoxyphenyl)prop-2-enoic acid (60n) with TFAA following similar procedure

described for the molecule 62a, as a pde ydlow crystaline solid.

Yidd : 81%
mp © 132-134°C (Lit'® 132-133°C)
IR (KBr) : 1670, 1599 cm’

'HNMR : 6 3.84 (s, 3H), 3.86 (s, 3H), 533 (d, 2H, J= 15 Hz), 6.88-7.35
(m, 6H), 7.44 (d, 1H, J= 28 Hz), 7.83 (S, 1H)

BCNMR  : 855.34,55.80,67.79, 10847, 114.28, 119.06, 122.14, 124.68,
127.11, 129.08, 131.99, 137.11, 154.49, 155.65, 160.73, 181.96

MS (m/z) : 296 (M)

Anaysis calcd for C;sH604 1 C, 72.96; H, 544

Found :C, 73.10, H, 5.46

Methyl 3-(3,4-dimethoxyphenyl)-3-hydroxy-2-methylenepropanoate (71a):

A mixture of 3,4-dimethoxybenzaldehyde (20 mM, 3.323 g) with methyl acrylate (30
mM, 2.582 g) and DABCO (3 mM, 0.336 g) was kept at room temperature for 40 days.
The reaction mixture was diluted with ether (30 mL) and washed successively with 2N

HC1 solution, water and agueous NaHCOs; solution. Organic layer was dried over



136

anhydrous Na,S0,4. Solvent was evaporated and residue thus obtained was purified by
column chromatography (silica gel, 15%EtOAc in hexanes) afford the acohol 71a as a
colorless liquid in 40% (2.40 g) yidld.
IR (neat) .3497, 1718 am"
'HNMR  :6298(d, 1H, J= 57 Hz), 3.73 (s, 3H), 3.87 (s, 6H), 552 (d, 1H,

J= 57 Hz), 583 (s, 1H), 6.32 (s, 1H), 6.75-6.96 (m, 3H)
BC NMR : 551.85, 55.84, 72.78, 109.96, 111.03, 118.98, 125.52, 133.99,

142.25, 148.65, 148.98, 166.78

Ethyl 3-(3,4-dimethoxyphenyl)-3-hydroxy-2-methylenepropanoate (71b):

This compound was obtained as a colorless viscous liquid via the treatment of 3,4-
dimethoxybenzaldehyde with ethyl acrylate in the presence of DABCO (cat.) following
similar procedure described for the molecule 71 a

Reaction time : 49 days

Yidd . 36%
IR (neat) : 3503, 1712, 1625 cm'*
'HNMR  : 8125 (t, 3H, J=6.9 Hz), 3.01 (d, 1H, J= 4.8 Hz), 3 87 (s, 3H), 4.18

(g, 2H, J=69 Hz), 552 (d, 1H, J= 4.8 Hz), 581 (d, 1H, J =12 Hz),
6.32 (s, 1H), 6 80-6.97 (m, 3H)
“CNMR  :513.95, 5577, 60.74, 72.71, 109.97, 110.98, 118.97, 125.11,

134.10, 142,51, 148.55, 148.90, 166.29
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Methyl 3-hydroxy-3-(3,4-methylenedioxyphenyl)-2-methylenepropanoate (71c):
This compound was obtained as a colorless viscous liquid via the treatment of piperonal
with methyl acrylate in the presence of DABCO (cat) following smilar procedure
described for the molecule 71a
Reaction time : 47days
Yied : 58%
IR (nesat) : 3449, 1707, 1628 ami™
'THNMR  : 6293 (b, 1H), 372 (s, 3H), 548 (s, 1H), 585 (s, 1H), 5.94 (s, 2H),

6.32 (s, 1H), 6.68-6 88 (m, 3H).

PCNMR 65186, 72.73, 101.02, 107.24, 108.06, 120.23, 125,51, 135.47,

142.21, 147.17, 147.73, 166.69.

Ethyl 3-hydroxy-3-(3,4-methylenedioxyphenyl)-2-methyl enepropanoate (71 d):

This compound was obtained as a colorless viscous liquid via the trestment of piperonal
with ethyl acrylate in the presence of DABCO (cat.) following similar procedure
described for the molecule 71a.

Reaction time : 40 days

Yield 1 40%

IR (neat) : 3447, 1712, 1630 om™

'THNMR  :8125(t, 3H, J= 88 Hz), 290 (b, 1H), 4.17 (9, 2H, ) = 88 Hz), 547

(s, 1H) 582 (d, 1H, J= 0.58), 5.93 (s, 2H), 6.31 (s, 1H), 6.70-6.89 (m,



3H)
BCNMR ;& 14.00, 60.84, 72.72, 100.99, 107.24, 108.00, 120.22, 125.21,

135.55, 142.42, 147.09, 147.65, 166.22

Butyl 3-hydroxy-3-(3,4-methylenedioxyphenyl)-2-methylenepropanoate (71e):

This was obtained as a colorless viscous liquid via the treatment of piperonal with n-

butyl acrylate in the presence of cat. amount of DABCO following similar procedure

described for the molecule 71a

Reaction time : 55 days

Yield 1 38%

IR (neat) : 3485, 1712,1630 cm

'HNMR  :50.94 (t, 3H, J= 80Hz), 1.22-1.73(m, 4H), 2.93 (d, 1H, J= 5.0 Hz),
4.11 (t, 2H, J = 8.0 Hz), 5.49 (d, 1H, J= 50Hz), 5.84 (d, 1H, J =18
Hz), 5.97 (s, 2H), 6.32 (s, 1H), 6.74-6.86 (m, 3H).

PCNMR 6 13.54, 19.02, 30.46, 64.58, 72.32, 100.95, 107.34, 107.88,

120.33, 124.77, 135.73, 142.66, 147.02, 147.58, 166.19

Methyl 3,6-dimethoxyindene-2-carboxylate (72a):
To a stirred solution of methyl 3-(3,4-dimethoxyphenyl)-3-hydroxy-2-methylene-
propanoate (71a) (2 mM, 0.504 g) in dichloromethane was added P,Os (0.20 g) at room

temperature. After 1h the reaction mixture was diluted with water (1 mL) and extracted
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with ether (3x10 mL). The combined organic layer was dried over anhydrous Na;SO4
and solvent was evaporated. The crude product obtained was purified by column
chromatography (silica gdl, 8% EtOAc in hexanes) to aford indene 72a in 25% (0.117
g) yield, as a colorless crystaline solid.
Yied : 25%
mp : 107°C
IR (KBr)  : 1697, 1608 cm’
'HNMR  :5362(d, 2H, J=15Hz), 382 (s, 3H), 392 (s, 3H), 3.93 (s, 1H),
7.02 (s,IH), 7.06 (s, 1H), 7.64 (s, 1H)
BC NMR : 538.39, 51.42, 56.16, 106.18, 107.74, 13542, 138.37, 141.42, 148.85,
149.92, 165.00
MS(m/z) 234 (M)
Andysis calcd. for C13H14 O4 : C, 66.66; H, 6.02

Found 1 C, 66.92, H, 6.04

Ethyl 5,6-dimethoxyindene-2-carboxylate (72b):

This compound obtained as a colorless crystaline solid via treatment of ethy 3-(3,4-
dimethoxyphenyl)-3-hydroxy-2-methylenepropanoate 71b with P,Os following similar
procedure described for the molecule 72a.

Yield :31%

mp : 89-91°C
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IR (KBr)  : 1703, 1608 am™

'"H NMR 16 135 (t, 3H, J=7.1 Hz), 3.63 (s, 2H), 3.91 (s, 3H), 3.93 (s, 3H),
4.29 (q, 2H, J= 7.1 HZ), 7.03 (s, 1H),7.06 (s, 1H) 7.65 (s, 1H)

BCNMR : 5 14.26, 38.21, 55.98, 59.97, 106.01, 107.60, 135.26, 135.72,
138.19, 140.94, 148.67, 149.69, 164.70

MS(m/z) 248 (M)

Anaysiscalcd. for Cy4Hje O4 : C, 67.73; H, 6.50

Found : C, 67.90; H, 6.48

Methyl 5,6-methylenedioxyindene-2-carboxylate (72C):
This was obtained as a colorless crystalline solid via treatment of methyl 3-hydroxy-3-
(3,4-methylenedioxyphenyl)-2-methylenepropanoate (71c) with P205 following similar

procedure described for the molecule 72a, as a crystalline solid.

Yidd : 29%
mp : 162-165°C
IR(KBT) :1689,1620 cm'

'H NMR : 83.59 (d, 2H, J= 13 Hz), 3.82 (s, 3H), 5.99 (s, 2H), 6.95 (s, 1H), 6.98
(s,/H),7.62(s, 1H)
“C NMR : 8 38.36, 51.47, 101.39, 103.54, 105.44, 135.80, 136.51, 139.92,

141.21, 147.30, 148.46, 165.20

MS(m/z) 218 (M)
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Analysis caled. for C12Hjo O4 . C, 66.05: H, 4.62

Found c, 65 75 H, 461

Ethyl 5,6-methylenedioxyindene-2-carboxylate (72d):
This was obtained as a colorless crystaline solid via treatment of ethyl 3-hydroxy-3-
(3,4-methylenedioxyphenyl)-2-methylenepropanoate (71d) with P,Os following similar

procedure described for the molecule 72a.

Yield : 28%
mp : 97-98°C
IR(KBTr) : 1693, 1619 cm”

'THNMR  :51.34(t, 3H,J=6.7 Hz), 359 (s, 2H), 428 (g, 2H, J= 6.7 H2),
599 (s, 2H), 6.95 (s, 1H), 6.98 (s, 1H) 7.62 (s, 1H)

BCNMR ;6 14.37, 38.23, 60.13, 101.30, 103.37, 105.29, 136.15, 136.45,
139.78, 140.81, 147.16, 148.27, 164.65

MSm/z) 232 (M)

Anaysiscacd. for C;3Hjz O4 © C, 67.23; H, 521

Found : C, 6698, H, 522
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Butyl 5,6-methylenedioxyindene-2-carboxylate (72¢):
This was obtained as a colorless crystalline solid via treatment of butyl 3-(3,4-
methylenedioxyphenyl)-3-hydroxy-2-methylenepropanoate (71e) with P,Os following

smilar procedure described for the molecule 72a.

Yidd : 37%
mp : 83-84°C
IR(KBTr) : 1691, 1620 om™*

'"HNMR  :60.97(t, 3H, J = 7.1 Hz), 1 38-1.54 (m, 2H), 1.64-1.80 (m, 2H), 359
(s, 2H), 4.22 (t, 2H, J= 6.6 HZ), 5.99 (s, 1H), 6.95 (s, 1H), 6.98 (s, 1H),
7.62 (s, 1H)

BCNMR  : 51369, 19.24, 30.84, 38.20, 64.02, 101.26, 103.32, 105.25,
136.14, 136.43, 139.74, 140.73, 147.13, 148.24, 164.68

MS(m/z)  : 260 (M)

Analysis calcd. for CysHis Os 1 C, 69.22: H, 6.20

Found :C, 69.25; H, 6.17

4-Ethoxy-3-methoxybenzaldehyde (73):

To a dirred mixture of o-vani | in (10 mM, 1.521 g) and anhydrous K,CO; (10 mM, 1.38
g) in acetonitrile (15 mL) ethyl bromide was added (10 mM, 109 g) and this suspension
was refluxed for 3 hours. The reaction mixture was cooled to room temperature

and acetonitrile was removed under reduced pressure. Then the residue was diluted



143

with water (25 mL), then extracted with ether (3x25 mL) The combined organic layer
was dried over anhydrous Na;SO,s and solvent was evaporated. Purification of crude
product thus obtained by column chromatography (silicagel, 15% EtOAc in hexanes)
provided 72a in 83 % (1 50 g) yield as a colorless solid.
mp : 50-52°C
IR (KBr) 11682 am™
'THNMR  :5150(t, 3H, J= 6.8 Hz), 393 (s, 3H), 4.19 (q, 2H, J= 6.8 Hz), 6.96

(d, 2H, J= 7.8 Hz), 7.41-7.55 (m, 2H) 9.84 (s, 1H)
PCNMR S 14.44, 5588, 64.52, 10054, 111.46, 126.37, 129.97, 149.81, 153.92,

190.51

3-Methoxy-4-propoxybenzaldehyde (74):
This compound was obtained by treating o-vanilin with n-propyl bromide in the
presence of K2CO3 following similar procedure described for the molecule 73, as a

colorless crystaline solid.

Yidd . 73%
mp . 59-60°C
IR(KBTr) 11682 am™

'HNMR 8106 (t 3H, J= 7.70 Hz), 191 (m, 2H), 393 (s, 3H), 4.07, (t, 2H, J=
6.8 Hz), 6.96 (d, 1H, J = 7.9 Hz), 7.41-7.51 (m, 2H), 9.84 (s, 1H)

BC NMR 16 10.17, 22.14, 55.80, 70.39, 109.31, 111.37, 126.45, 129.76,
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149.72, 154.05, 190.57

Methyl 3-(4-ethoxy-3-methoxyphenyl)-3-hydroxy-2-methylenepropanoate (71f):
This compound was prepared from 4-ethoxy-3-methoxybezaldehyde, methyl acrylate
and DABCO (cat) following smilar procedure described for the molecule 71a, as a
colorless viscous liquid.

Reaction time: 35 days

Yield : 32%
IR (neat) : 3508, 1703, 1622 cm™
'H NMR : 8 145 (t, 3H, J=6 8 Hz), 2.93 (d, 1H, J = 56 Hz), 3.73 (s, 3H), 3 87

(s, 3H), 4.09 (q, 2H, J = 6.8 Hz), 552 (d, JH, J = 56 Hz), 582 (s,IH),
6.32 (s, 1H), 6.80-6.98 (m, 3H).
BCNMR 5 14.67,51.72, 55.76,64.24,72.53, 110.23, 112.43, 118.94,

125.25, 133.94, 142.27, 147.83, 149.16, 166.69

Ethyl 3-(4-ethoxy-3-methoxyphenyl)-3-hydroxy-2-methylenepropanoate (71 Q):
This compound was prepared from 4-ethoxy-3-methoxybezaldehyde, ethyl acrylate and
DABCO (cat) following similar procedure described for the molecule 71a, as a
colorless viscous liquid.

Reactiontime : 35 days

Yied . 44%
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IR (neat) - 3506, 1718 cm”
'H NMR : 6 124 (t, 3H, J= 75 Hz), 144 (t, 3H, J= 7.0 Hz), 3.03 (d, 1H, J=
50 Hz), 3.86 (s, 3H), 4.06-4.29 (m, 4H), 551 (d, 1H, J = 5.0 Hz),
5.80 (s, 1H), 6 31 (s, 1H), 6.76-6.92 (m, 3H)
BCNMR 6 13.92, 14.66,55.74,60.72,64.20,72.60, 110.15, 112.32, 118.95,

125.05, 133.99, 142 48, 147.75, 149 07, 166.29

Methyl 3-hydroxy-3-(3-methoxy-4-propoxyphenyl)-2-methylenepropanoate (71 h):

This compound was prepared from 3-methoxy-4-propoxybezaldehyde, methyl acrylate

and DABCO (cat.) following smilar procedure described for the molecule 71a, as a

colorless viscous liquid.

Reaction time : 26 days

Yied : 35%

IR (neat) : 3450, 1718,1635 am"

'"HNMR 5 1.02 (t, 3H, J= 7.5Hz), 184 (m, 2H), 2.99 (d, 1H, } = 5.0 Hz), 3.72
(s, 3H), 3.85 (s, 3H), 395 (t, 2H, J= 6.7 Hz), 552 (d, 1H, J=5.0Hz),
5.82 (s, 1H), 6.31 (s, 3H), 6.83-6.91 (m, 3H)

BC NMR :5 10.26,22.34,51.67,55.82,70.42,72.43, 110.49, 112.68,

119.00, 125.15, 133.96, 142.30, 148.07, 149.23, 166.66
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Ethyl 3-hydroxy-3-(3-methoxy-4-propoxyphenyl)-2-methylenepr opanoate(71i):
This compound was prepared from 3-methoxy-4-propoxybezaldehyde, ethyl acrylate
and DABCO (cat) following similar procedure described for the molecule 71a, as a
colorless viscous liquid.

Reaction time : 28 days

Yidd : 56%
IR (neat) : 3493, 1718, 1630 am*
'HNMR : 8 103 (t, 3H, J= 7.7 HZ), 125 (t, 3H, J= 6.8 Hz), 185 (m, 2H), 3.02

(b, 1H), 3.86 (s, 3H), 3.96 (t, 2H, J = 6.8 Hz), 4.16 (g, 2H,J = 6.8 H2),
552 (s, 1H), 5.80 (d, 1H, J = 18 Hz), 6.32 (s, 1H), 6.84-6.93 (m, 3H)
BCNMR  :810.29, 13.92,22.37,55.84,60.70, 70.43,72.63, 110.43, 112.64,

119.00, 125.01, 134.02, 142.51, 148.06, 149.24, 166.28.

Reaction of methyl 3-(4-ethoxy-3-methoxyphenyl)-3-hydroxy-2-methylenepr opan-
oate with P,Os: Preparation of methyl S-ethoxy-6-methoxyindene-2-carboxylate
(72f) and methyl 6-ethoxy-S-methoxyindene-2-carboxylate (75a): (Regio isomers of
indene)

Treatment of methyl 3-(4-ethoxy-3-methoxyphenyl)-3-hydroxy-2-methylenepropanoate
(71f) with P,Os following similar procedure described for the molecule 72a provided
regio isomers of indene in ~ 70:30 ratio (as evidenced by '"H NMR & "CNMR spectral

analyses) as a colorless solid.
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Yield : 22%
mp : 96-99°C
IR (KBr) : 1699,1608 cm™
'"HNMR  :8149(t 3H,J=67Hz), 361 (s, 2H), 382 (s, 3H), 390 & 3.92 (s,
3H), 4.15 (g, 2H J= 6.7 Hz), 7.03 (s, 1H), 7.06 (s, 1H), 7.644 (s,IH)

BCNMR 6 14.71, 38.23, 51.28, 56.08, 64.54, 106.35. 107.66, 107.87, 108.99,

135.21, 138.25, 141.37. 147.96. 149.02, 149.13. 150.18. 165.21

The underlined chemica <hift values arise from minor isomer

Reaction of ethyl 3-(4-ethoxy-3-methoxyphenyl)-3-hydroxy-2-methylenepropano-
ate with P,0s: Preparation of ethyl 5-ethoxy-6-methoxyindene-2-carboxylate (729)
and ethyl 6-ethoxy-5-methoxyindene-2-carboxylate (75b):

Treatment of ethyl 3-(4-ethoxy-3-methoxyphenyl)-3-hydroxy-2-methylenepropanoate
(71g) with P,05 following smilar procedure described for the molecule 72a provided
regio isomers of indene in ~ 80:20 ratio (as evidenced by 'H NMR & *CNMR spectral

analyses) as a colorless solid.

Yidd : 17%

mp : 89-92°C

IR (KBr)  : 1693, 1608 o

iy NMR 6 135 (t, 3H, J = 74 Hz), 149 (m, 3H), 361 (s, 2H), 3.90 & 3.91(2s,

3H), 4.10-4.33 (m, 4H), 7.02 (s, 1H), 7.06 (s, 1H), 7.65 (s, 1H)
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BeNMR 1§ 14.36, 14.76, 38.26, 56.11, 60.09, 64.54, 106.27, 107.57. 107.84.

108.96, 135.29, 135.71, 138.25, 14115. 147.91. 148.97, 149.04,
150.07. 164.89

The underlined chemica shift values arise from minor isomer.

Reaction of methyl 3-hydroxy-3-(3-methoxy-4-propoxyphenyl)-2-methylenepr op-
anoate with P,Os: Preparation of methyl 6-methoxy-5-propoxyindene-2-carboxy-
late (72h) and methyl 5-methoxy-6-propoxyindene-2-carboxylate (75c):

Treatment of methyl 3-hydroxy-3-(3-methoxy-4-propoxyphenyl)-2-methylenepropano-
ate (71h) with P,Os following similar procedure described for the molecule 72a
provided a regio isomers of indene (as evidenced by 'H NMR & "“CNMR spectra

analyses) as acolorless solid in = 95:5 ratio.

Yidd : 20%
mp : 79-81°C
IR(KBr) : 1697, 1610 cm*

'"HNMR  : 6105 (t, 3H, J= 7.0 Hz), 1.80-2.01 (m, 2H), 3.61 (s, 2H), 3.82 (s, 3H),
3.89 & 191 (2s, 3H), 3.98-4.10 (m,2H), 7.03 (s,IH), 7.06 (s,IH), 7.65 (s,
1H)

“C NMR ;' 5 10.36, 22.48, 38.24, 51.29, 56.21, 70.76, 106.65, 107.98. 108.10.

109.28, 135.23, 138.33, 141.39, 149.18.148.28. 149.46,150.36. 165.23

The underlined chemica shift values arise from minor isomer.
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Reaction of ethyl 3-hydroxy-3-(3-methoxy-4-propoxyphenyl)-2-methylenepropano-
ate with P;0s: Preparation of ethyl 6-methoxy-5-propoxyindene-2-carboxylate
(721) and ethyl S-methoxy-6-propoxyindene-2-carboxylate (75d):
Treatment of ethyl 3-hydroxy-3-(3-methoxy-4-propoxyphenyl)-2-methylenepropanoate
(71i) with P,Os following similar procedure described for the molecule 72a provided
regio isomers of indene in ~ 72:28 ratio (as evidenced by 'H NMR & "*CNMR spectral

anayses) as a colorless solid.

Yidd . 25%
mp : 89-92°C
IR(KBr) : 1689, 1609 am*

'H NMR :81.05 (t, 3H, J= 7.2 Hz), 1.35 (m,3H), 1.80-2.02 (m, 2HX
360 & 162 (2s, 2H), 389 (s, 3H), 402 (t, 2H, J= 7.0 Hz), 4.28 (g, 2H,
J=6.7 Hz), 7.03 (s,IH), 7.05 (s,1H), 7.64 (s, 1H)
BCNMR  :610.37, 14.34, 22,50, 38.22, 56.16, 60.02, 70.72, 106.61, 107.94.
10810. 109.28, 135.32, 135,67, 138.31, 141.12, 149.15, 148.25,
149.39. 150.30. 164.81

The underlined chemica shift values arise from minor isomer.

Methyl S-ethoxy-6-methoxyindane-2-carboxylate (76a):
The mixture of regioisomers of indene i.e. methyl 5-ethoxy-6-methoxyindene-2-

carboxylate (72f) and methyl 6-ethoxy-5-methoxyindene-2-carboxylate (75a) was
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dissolved (0.5 mM, 0.124 g) in ethyl acetate and subjected to hydrogenation using 10%

PdJ/C (5 mg) as a cadyst for 4 hours. The catalyst was filtered off, solvent was

evaporated and the product was purified on column chromatography (silica gel, 8%

EtOAc in hexanes) as aviscous liquid.

Yidd : 90% (0.112 g)

IR (neat) : 1734, 1610 cm*

'HNMR : 8 143 (t, 3H, J= 6.8 Hz) 3.06-3.44 (m, 5H), 3.71 (s, 3H), 383 (s, 3H),
4.05 (g, 2H, J=6.8 Hz), 6.73 (s, 2H)

BC NMR :5 14.87,36.16,43.87,51.82,56.18,64.66, 108.08, 109.48, 133.16,
133.25, 147.69, 148.83, 175.78

MS (m/z)  : 250 (M")

Analysis calcd. for Ci4H;s O4 1 C, 67.18; H, 7.25

Found 1 C, 67.36; H, 7.24

Ethyl 5-ethoxy-6-methoxyindane-2-carboxylate (76b):

This was obtained via cataytic hydrogenation of ethyl 5-ethoxy-6-methoxyindene-2-
carboxylate (72g) and ethyl 6-ethoxy-5-methoxyindene-2-carboxylate (75b) following
similar procedure described for the molecule 76a, as a colorless liquid.

Yield 1 91%

IR (neat) : 1732, 1610 om™

'HNMR  :8127(t 3H, J= 68 Hz), 143 (t, 3H, J= 6.8 Hz), 3.12-3.42 (m, 5H),
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3.83 (s, 3H), 4.05(q, 2H, J = 6.8 Hz), 4.17(q, 2H, J =6.8 Hz), 6.73
(s, 2H)
BC NMR :6 14.23, 14.85, 36 15, 43.99, 56.14, 60.53, 64 61, 108.03, 109.42,
133.20, 133.29, 147.62, 148.75, 175.32
MS (m/z) : 264 (M)
Analysis caled. for CysHyp Oy : C, 68.16; H, 7.63

Found : C,67.90,H, 764

Meyhyl 6-methoxy-5-propoxyindane-2-carboxylate (76¢):
This was obtained via cataytic hydrogenation of methyl 6-methoxy-5-propoxyindene-
2-carboxylate (72h) and methyl 5-methoxy-6-propoxyindene-2-carboxylate (75c)

following similar procedure described for the molecule 76a, as a colorless viscous

liquid.
Yidd : 96%
IR (neat) : 1736, 1610 cm’?

'H NMR :S 1.03 (t, 3H,J = 6.9 Hz), 185 (m, 2H), 3.13-341 (m, 5H),3.72(s,
3H), 3.83 (s, 3H), 3.94 (t, 2H, J= 68 Hz), 6.75 (s, 2H)

BCNMR @ 51044, 22,60, 36.17, 43.91, 51.82, 56.34, 71.02, 108.46, 109.86,
133.29, 148.05, 149.02, 175.80

MS(m/z) 264 (M)

Analysis calcd. for C15H20 O4 ' C, 68.16; H, 7.63
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Found :C,68.29; H, 7.61

Ethyl 6-methoxy-5-propoxyindane-2-carboxylate (76d):

This was obtained via catalytic hydrogenation of ethyl 6-methoxy-5-propoxyindene-2-

carboxylate (72i) and ethyl 5-methoxy-6-propoxyindene-2-carboxylate (75d) following

smilar procedure described for the molecule 76a, as a colorless viscous liquid.

Yidd : 88%

IR (neat) : 1732, 1610 cm™

'H NMR '5 1.02(t, 3H,J= 7.6 Hz), 127 (t, 3H, J= 7.6 Hz), 185 (m, 2H), 3.02-
342 (m, 5H), 3.82 (s, 3H), 393 (t, 2H, J= 6.8 Hz), 4.17 (g, 2H, J= 6.8
Hz), 6.70 (s, 2H)

PCNMR : 8 1040, 14.22, 22.54, 36.13, 44.00, 56.26, 60.52, 70.92, 108.33,
109.72, 133.29, 147.93, 148.90, 17531

MS(m/z)  : 278 (M")

Analysis calcd. for Ci¢Haz Os 1 C, 69.04; H, 7.97

Found : C, 69.30; H, 7.99

Reaction of aromatic aldehyde and acrylonitrile in the presence of DABCO for 8
days
A mixture of benzaldehyde (20 mM, 2.122 g), acrylonitrile (30 mM, 1591 g) and

DABCO (15 mol%, 3 mM, 0.336 g,) was kept at room temperature for 8 days. The
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reaction mixture was diluted with ether (30 mL) and washed with water. Aqueous layer

was extracted with ether (3x20 mL) Combined organic layer was dried over anhydrous

Na;S0s and solvent was evaporated. A careful column chromatography of the residue

(slicagel, ethyl acetate:hexanes 5:95) provided,

i)  the most non polar molecule as a viscous liquid which on crystallization from
10% EtOAc in hexanes to provide the desired dl/-bis allyl ether 77a as colorless
crystals.

i)  the usual Baylis-Hillman adduct 78a, and

i)  some other unidentified products.

rf/-Bis(2-cyano-l-phenylprop-2-en-l-yl) ether (77a):

Yield . 8% (0.246 @)
mp 1 92°C
IR (KBr) : 2229, 1620, 1602 am*

TH NMR : 6 4.80 (s, 2H), 594 (s, 2H), 6.01 (s, 2H), 7.28-7.51 (m, 10H)
BoNMR - 67815, 116.62, 124.44, 127.52, 129.08, 129.43, 130.76, 135.68

Analysis calcd. for CyH;sN20 : C, 79.98; H, 537, N, 9.33
Found : C, 79.76; H, 5.39; N, 9.29
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3-Hydroxy-2-methylene-3-phenylpropanenitrile (Side product) (78a):

Yidd : 40%
bp : 126-129°C/2.1 mm
IR (neat) : 3466, 2227, 1624 om™

'HNMR  : 6252 (b, 1H), 527 (s, 1H), 6.01 (s, 1H), 6.09 (s, 1H), 7.38 (s, 5H)

BCNMR  : 573.90, 116.95, 126.27, 126.46, 128.75, 129.91, 139.23

Reaction between 2-methylbenzaldehyde and acrylonitrile in the presence of
DABCO for 8 days:

This reaction was carried out following the similar procedure described for the reaction
between benzaldehyde and acrylonitrile.  The reaction provided d/-bis[2-cyano-1-(2-
methylphenyl)prop-2-en-1-yl] ether (77b) in 7% yield as a crystalline solid (directly
from column chromatography) aong with usua Baylis-Hillman adduct 3-hydroxy-2-
methylene-3-(2-methylphenyl)propanenitrile (sde product) (78b) in 38% vyied and

some unidentified products.

dl-Bis[2-cyano-1-(2-methylphenyl)prop-2-en-1-yl] ether (77b):

mp 1 109-110°C

IR (KBr) 12227, 1620 cm’™

'HNMR  .5202(s 6H), 5.00 (s, 2H), 586 (d, 2H, J= 1 5 Hz), 600 (s, 2H),

7.14-7.46 (m,8H)



1558

"CNMR 18.72, 74.57, 116.84, 124.03, 126.97, 127.90, 129.28, 130.51, 131.12,
133.30, 136.86

MS (m/z) : 328 (M)

Analysis calcd for C2;Hz0N,0O : C, 8046; H, 6.14; N, 853

Found : ¢, 80.38; H, 6.12; N, 8.56.

3-Hydroxy-2-methylene-3-(2-methylphenyl)propanenitrile (Sde product) (78b):

bp : 136-137°C/2.4 mm

IR (neat) : 3429, 2229, 1622 am*

'HNMR : 6233 (s, 3H), 2.75 (b, 1H), 548 (s, 1H), 598 (s, 1H), 6.02 (s, 1H),
7.20 (m, 3H), 7.38 (m, 1H)

BCNMR  :618.80,70.20, 117.02, 125.15, 126.15, 126.29, 128.38, 130.35,

130.54, 135.39, 136.79

Reaction between 4-methylbenzaldehyde and acrylonitrile in the presence of
DABCO for 8 days.

This reaction was carried out following the similar procedure described for the reaction
between benzaldehyde and acrylonitrile.  The reaction provided d/-bis[2-cyano-1-(4-
methylphenyl)prop-2-en-I-yl] ether (77c) in 7% yidd as a crystalline solid (directly

from column chromatography) along with usua Baylis-Hillman adduct (3-hydroxy-2-
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methylene-3-(4-methylphenyl)propanenitrile (Side product) (78c) in 39% yield and

some unidentified products.

dl-Bis[2-cyano-1-(4-methylphenyl)prop-2-en-1-yl} ether (77c):

mp : 96-97°C
IR(KBr) : 2231, 1620cm™
'HNMR : 52.39 (s, 6H), 4.76 (s, 2H), 594 (d, 2H, J= 14 HZ), 599 (d, 2H, J=

14 Hz), 7.18-7.33 (m, 8H)
BCNMR  :521.22, 77.76, 116 84, 124.76, 127.61, 129.81, 130.42, 132.70
MS (m/z) : 328 (M)
Analysis calcd. for C2;H20N2O 1 C, 80.46; H, 6.14; N, 853

Found : C, 80.60; H, 6.11; N, 858

3-Hydroxy-2-methylene-3-(4-methylphenyl)propanenitrile (Side product) (78c):

bp © 132-134°C/1.5 mm

IR(neat)  : 3450, 2229, 1616 cm'*

'"HNMR : 5230(br, 1H, 236(s, 3H, 5.25(s, 1H, 6.02(s, 1H, 6.10 (s, 1H),
722(d, 2H, J=7.2Hz), 7.27(d, 2H, J=7.2 Hz)

“CNMR : 521.03, 73.68, 117.01, 12640, 129.39, 129.62, 13626, 138.51
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Reaction between 4-ethylbenzaldehyde and acrylonitrile in the presence of
DABCO for 8 days:

This reaction was performed following smilar procedure described for the reaction
between benzaldehyde and acrylonitrile  The reaction afforded d/-bis[2-cyano-1-(4-
ethylphenyl)prop-2-en-]-yl] ether (77d) in 6% yidd as a crystaline solid (directly from
column chromatography) dong with usud Baylis-Hillman adduct (3-hydroxy-3-(4-
ethylphenyl)-2-methylenepropanenitrile (sde product) (78d) in 40% yidd and some

unidentified products.

dI-Bis|2-cyano-1-(4-ethylphenyl)prop-2-en-1-yl] ether (77d):

mp : 103°C

IR(KBr) 12226, 1620 am'

THNMR 16 127 (t,6H,)=76Hz), 269 (q, 4H, J= 7.6 Hz), 4.78 (s, 2H), 594 (s,
2H), 5.99 (s, 2H), 7.18-7.31, (m, 8H)

BCNMR  : 15.31,28.64,77.81, 116.93, 124.87, 127.72, 128.65, 130.43, 132.96,
145.71

MS (m/z) : 356 (M")

Analysis calcd. for Co4H2sN20 : C, 80.87; H, 6.79; N, 7.86

Found - C, 81.20; H, 6.78; N, 7.82
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3-Hydroxy-3-(4-ethylphenyl)—2-methylenepropanenitrile (Side product) (78d):

bp : 145-146°C/2 mm
IR (neat) : 3447, 2229, 1616 cm™
'THNMR : 6 1.24 (t, 3H, J= 7.8 Hz), 2.14 (br, 1H), 2.67 (q, 2H, J= 7.8 HZ), 5.27

(s, 1H), 6.03 (s, 1H), 6.11 (s, 1H), 7.28 (m, 4H)
BCNMR  :6 15.19, 28.29, 73.50, 116.95, 126.15, 126.35, 128.04, 129.67,

136.34, 144.61

Reaction between 4-isopropylbenzaldehyde and acrylonitrile in the presence of
DABCO for 8 days:

This reaction was performed by the following similar procedure described for the
reaction between benzaldehyde and acrylonitrile. The reaction provided d/-bis[2-cyano-
I-(4-isopropylphenyl)prop-2-en-1-yl] ether (77e) in 7% vyield as a crystalline solid
(directly from column chromatography) along with usual Baylis-Hillman adduct (3-
hydroxy-3-(4-isopropyl phenyl)-2-methylenepropanenitrile (side product) (78e) in 42%

yield and some unidentified products.

dl-Bis[2-cyano-1-(4-isopropylphenyl)prop-2-en-1-yl] ether (77e):
mp ; 132°C
IR (KBr) 2226, 1619 cm

'H NMR : 8 1.28 (d, 12H, J = 6.8 Hz), 2.95 (sept, 2H, J = 6.8 Hz), 4.79 (s, 2H),
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5.95 (s, 2H), 599 (s, 2H), 7.19-7.36 (m, 8H)

“CNMR 1 823.89, 33.94, 77.79, 116.96, 124.86, 127.22, 127.67, 130.43, 133.08,

150.28
MS(m/z) 1384 (M)
Analysis calcd. for Ca6H2sN,O : C,81.21; H, 7.34; N, 7.29
Found : C, 81.00, H, 7.36; N, 7.25

3-Hydroxy-3-(4-isopropylphenyl)-2-methylenepropanenitrile (Side product) (78e):

bp : 149-150°C/1.1 mm

IR (neat) : 3443, 2229, 1616 cm*

'THNMR  : 8 126 (t, 6H, J=6.8 Hz), 2.38 (br, 1H), 2 93 (sept, 1H, J= 6.8 Hz),
5.26 (s, 1H), 602 (s, 1H), 6.11 (s, 1H), 7.28 (m, 4H)

BCNMR - §23.83,33.77, 73.79, 117.08, 126.32, 126,52, 126.85, 129.73,

136.58, 149.53

Reaction between 2,4-dichlorobenzaldehyde and acrylonitrile in the presence of
DABCO for 8 days:

This reaction was carried out, following smilar procedure described for the reaction
between benzaldehyde and acrylonitrile. The reaction provided dl-bis[2-cyano-1-(2,4-
dichlorophenyl)prop-2-en-1-yl] ether (77f) in 6% yidd as a crystalline solid (after

column chromatography followed by crystalization from 10% EtOAc in hexanes) aong
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with usud BaylisHillman adduct 3-hydroxy-3-(2,4-dichlorophenylphenyl)-2-
methylenepropanenitrile (Side product) (78f) in 37% yield and some unidentified

products.

dl-Bis|2-cyano-1-(2,4-dichlorophenyl)prop-2-en-1-yl] ether (77f):

mp : 149-150°C

IR(KBT) 12226, 1622, cm’

'HNMR : 6 5.33 (s, 2H), 5.95 (s, 2H), 6.07 (s, 2H), 7.32-7.74 (m, 6H)

PCNMR 57517, 11595, 122.38, 128,51, 129.68, 129.85, 132.01, 132.39,
134.30, 136.27

Analysis calcd. for C;0H12N,0Cl4 1 C, 54.83; H, 2.76; N, 6.39

Found 1 C, 5499 H, 2.74; N, 641

3-Hydroxy-3-(2,4-dichlorophenyl)-2-methylenepropanenitrile (Side product) (78f):
IR (neat) : 3499, 2235, 1585 cm'™

'HNMR : 5267 (br, 1H), 5.73(s, 1H), 6.08 (s, 2H), 7.26-7.70 (m, 3H)

“CNMR  :570.06, 116,50, 124.45, 127.94, 128.99, 129,53, 131.60, 133.21,

155.27
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Reaction between 1-naphthaldehyde and acrylonitrile in the presence of DABCO
for 8 days:

This reaction was carried out following the similar procedure described for the reaction
between benzaldehyde and acrylonitrile The reaction provided meso-bis[2-cyano-1-
(naphth-1-yl)prop-2-en-1-yl] ether (77 g) in 7% yield as a crystalline solid (directly from
column chromatography) aong with usud Baylis-Hillman adduct 3-hydroxy-2-
methylene-3-(naphth-I-yl)propanenitrile (Side product) (78g) in 38% yield and some

unidentified products.

meso-Bis|2-cyano-1-(naphth-1-yl)prop-2-en-1-yl] ether (779):

mp : 141-142°C

IR(KBTr) :2227,1620 cm™

'HNMR : 8 540 (s, 2H), 5,87 (s, 2H), 6.00 (s, 2H), 7.35-7.60 (m, 8H),
7.80-8.05 (m, 6H)

BCNMR @ §76.81, 116.80, 123.48, 124.05, 125.30, 126.22, 126.76, 127.79,
129.08, 130.49, 130.84, 131.51, 134.17

MS (m/z) : 400 (M)

Analysis caled. for C,sH20N20 : C, 83.98; H, 5.03; N, 6.99

Found : C,8422;H, 502;Ny 00
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3-Hydroxy-2-methylene-3-(naphth-1-yl)propanenitrile (Side product) (78g):

IR (nest) © 3429, 2227, 1512 cm’

'HNMR  : 6257 (br, 1H), 6.00 (s, 1H), 6.09 (d, 1H, J= 7.47), 7.45-8.06 (m, 7H)
BCNMR 57106, 117.16, 123.11, 125.05, 125.30, 125.61, 125.89, 126.51,

128.95, 129.54, 130.44, 130.90, 133.91, 134.41

3-Hydroxy-2-methylene-3-phenylpropanenitrile (78a):

A mixture of benzaldehyde (50 mM, 5.306 @), acrylonitrile (75 mM, 3.979 g) and
DABCO (7.5 mM, 0.841 g) was kept a room temperature for 40 h. The reaction
mixture was diluted with ether (60 mL) and washed successively with 2N HC1 solution,
water and agueous NaHCO; solution. Organic layer was dried over anhydrous Na;SOs,
solvent was evaporated and residue thus obtained was distilled under reduced pressure
to aford the adcohol (77a) as a colorless liquid in 80% (6.36 g) yield. Spectra data are
identical with that of side product obtained via the treatment of benzaldehyde with

acrylonitrile in the presence of DABCO for 8 days.

Bis|2-carbomethoxy-I-phenyl prop-2-en-1-yl] ether (79):

To a dirred solution of methyl (2Z)-2-(bromomethyl)-3-phenylprop-2-enoate (58a) (2
mM, 0510 g) in acetonitrile (5 mL) was added DABCO (2 mM, 0224 g) a room
temperature. After 1h, methyl 3-hydroxy-2-methylene-3-phenylpropanoare (57a) (2

mM, 0.38 g) and K;CO; (2 mM, 0.276 g) were added and refluxed for Ih. The reaction
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mixture was cooled to room temperature and acetonitrile was removed under reduced
pressure. Then the crude mixture was diluted with water (2 mL) and extracted with
ether (3x10 mL). The combined organic layer was dried over anhydrous Na,SOj.
Solvent was evaporated and the crude product thus obtained was purified by column
chromatography (silica gel, 8% EtOAc in hexanes) to provide bis allyl ether as a

mixture of diastereomers (79a and 79b) as a colorless viscous liquid.

Yidd : 95% (0.348 @)
IR(KBTr) . 1724, 1630 cm™
'HNMR : 8158 & 365 (2s, 6H), 5.17& 5.28 (2s, 2H), 6.04 & 6.10 (2s, 2H),

6.30 & 6.38 (25, 2H), 7.25& 7.30 (25, 10H)
PCNMR 85158 5172, 76.47. 76.59, 76.84, 124.79, 12539, 127.70, 127.85,
127.99, 128.26. 139.05. 139.73, 140.79. 141.54, 16602. 166.11
The diastereosdlectivity is 20%. The underlined chemica shift vaues refer to the minor

diastereomer.

Reaction of methyl (2Z2)-2-(bromomethyl)-3-phenylprop-2-enoate (58a) with (S)-I-
phenylethylamine in the presence of DABCO:

To a dirred solution of methyl (2Z)-2-(bromomethyl)-3-phenylprop-2-enoate (58a) (2
mM, 0.510 g) in dichloromethane (5 mL) was added DABCO (2 mM, 0.224 g) at room
temperature. After 1h, (S)-1-phenylethylamine (2 mM, 0.242 g) was added and stirring

continued for an additiond Ih. Then the reaction mixture was diluted with water (2
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mL) and extracted with ether (3x10 mL). The combined organic layer was dried over

anhydrous Na,S04. Solvent was evaporated and the crude product thus obtained was

subjected to column chromatography (silica gel, 8% EtOAc in hexanes) to provide both

major (colorless crystalline solid) and minor (colorless liquid) diastereomeric products

in pure form.

de : 50% (‘"H NMR of the crude product shows two singlets at 5 6.25 and
6.41 for diastereomeric olefinic protons cis to the ester group in 3:1

ratio indicating that the reaction is 50% diastereoselective).

Methyl (3R)-2-methylene-3-[(S)-1-phenylethylamino]-3-phenylpropanoate (81a):

(Mgjor isomer)

Yied : 50% (0.293 g) (colorless crystalline solid)
[alp®? : -120.36 (¢ 1.35, MeOH)

mp . 68°C

IR(KBr)  : 3314, 1716, 1626 cm:

'HNMR  :5132(d, 3H, J= 66 Hz), 173 (b, 1H), 3.63 (m, 4H), 4.48 (s, 1H), 5.79
(s, 1H), 6.25 (s, 1H), 7.15-7.45 (m, 10H)

PCNMR 52460, 51.67, 55.15, 60.09, 125.26, 126.85, 126.96, 127.21,
127.84, 128.40, 141.54, 143 15, 145.28, 166.92

MS(m/z) 280 (M-CH3)*

Anaysis calcd. for Ci9HzNO, 1 C, 77.26; H, 7.17; N, 4.74
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Found :C,7742;,H, 7.19; N, 4.73

Methyl (3S)—2-methylene—3—[(S)-l-phenylethylamino]-3—phenylpropanoale (82a):

(Minor isomer)

Yied : 17%(0.103 g) (colorless liquid)
[a]p®’ : +58.48 (c 1.25, MeOH)
IR (neat) : 3339, 1718, 1626 cm’

'H NMR 6 1.37(d,3H,J = 6.5 Hz), 1.67 (b, 1H), 364 (s, 3H), 3.77(q, 1H,
J=65Hz), 444 (s, 1H), 5.90 (s, 1H), 6.41 (s, 1H), 7.12-7.45 (m, 10H)
BCNMR  :524.43, 51.55, 55.46, 60.77, 125.91, 126.75, 127.02, 127.21,

128.30, 128.50, 141.42, 142.22, 145.65, 166.87

Reaction of methyl (2Z)-2-(bromomethyl)-3-(2-methylphenyl)prop-2-enoate with
(S)-I-phenylethylamine in the presence of DABCO

This reaction was carried out following similar procedure described for the reaction
between 58a with (S)-I-phenylethylamine. Both mgor and minor isomers are separated

by column chromatography (silicagel, 8% EtOAc in hexanes).

de 58% (*H NMR of the crude product showstwo singletsat 6 6.23 and
6.46 for the diastereomeric olefinic protons cisto the ester group in the

ratio of 79:21).
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Methyl (3R)-2-methylene-3-[(S)-1-phenylethylamino}-3-(2-methylphenyl)propano-

ate (81b): (Major isomer)

Yidd . 47% (colorless liquid)

[a]p® : -60.47 (c 2.30, MeOH)

IR (neat) : 3333, 1722, 1628 om™

'H NMR : 5133 (d, 3H, J= 6.6 Hz), 1.86 (b, 1H), 2.05 (s, 3H), 3.50-3.74
(m, 4H), 4.74 (s,IH), 554 (s,IH), 6.22, (s,IH), 7.08-7.44 (m, 9H)

CNMR  :519.07, 2457, 51.72, 55.36, 55.61, 125.85, 126.02, 126.78,
126.87, 126.94, 128.30, 130.51, 136.74, 138.95, 142.64, 145.17,
167.29

MS (m/z) : 294 (M-CH3)"

Analysis caled. for C2oHysNO; C, 77.64; H, 7.49; N, 453

Found C,77.37;H, 7.52; N, 4.54

Methyl (3S)-2-methylene-3-[(S)-I-phenylethylamino]-3-(2-methylphenyl)propano-

ate (82b): (Minor isomer)

Yied
[a]p”
IR (neat)

'HNMR

: 15% (colorless liquid)
: +90.67 (c 0.81, MeOH)
: 3339,1722, 1628 cm+*

© 5 1.39 (d, 3H, J= 6.7 Hz), 167 (s, 1H), 2.02 (s, 3H), 3.64 (s, 3H),

3.73 (g, 1H, J= 6.7 Hz), 4.77 (s, 1H), 6.05 (s, 1H), 6.46, (S, 1H),
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7.03-7.45 (m, 9H)
“CNMR  :818.92, 23.63, 51.70, 55 61, 55.68, 125.13, 126 01, 126 84, 126.94,

127.14, 128.50, 130.51, 136.25, 139.78, 141.44, 145.58, 167.17

Reaction of methyl (2Z)-2-(bromomethyl)-3-(4-methylphenyl)prop-2-enoate With

(S)-1-phenylethylamine in the presence of DABCO

This reaction was carried out following the similar procedure described for the reaction

between 58a and (S)-1-phenylethylamine Both major and minor isomers are separated

by column chromatography (silica gel, 8% EtOAc in hexanes).

de : 40% ("H NMR of the crude product shows two singlets at & 6.21 and
6.37 for the diastereomeric olefinic protons cisto the ester group in

the ratio of 7:3).

Methyl (3R)-2-methylene-3-[(S)-1-phenylethylamino]-3-(4-methylphenyl)propan-

oate (81c): (Major isomer)

Yield . 36% (colorless liquid)
[a]p® - -116.61 (c 0.88, MeOH)
IR (neat) 1 3339, 1724, 1628 cm”

'HNMR 5 1.30(d, 3H,J=6.7Hz), 173 (s, 1H), 2.33 (s, 3H), 3.55-3.72
(m, 4H), 444 (s, 1H), 5.78 (d,IH, J= 15 Hz), 6.22, (s, 1H), 7.02-7.45

(m, 9H)
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BONMR  : 521.14, 24.61, 51.63, 55.12, 59.81, 125.00, 126.87, 127.74,
128.39, 129.11, 136.75, 138.51, 143.33, 145.36, 167.00

MS (m/z) 294 (M-CH3)"

Analysis caled. for C20H23NO; C, 77.64; H, 7.49; N, 4.53

Found C, 77.95; H, 7.45; N, 4.55

Methyl  (3S)-2-methylene-3-[(S)-1-phenylethylamino]-3-(4-methylphenyl)propan-

oate (82c): (Minor isomer)

Yield . 16% (colorless liquid)

[alp® : +69.72 (c 0.90, MeOH)

IR (neat) : 3341, 1722, 1626 cm™

'‘H NMR : 5 1.35 (d, 3H, J = 6.7 Hz), 170 (b, 1H), 2.30 (s, 3H), 3.63 (s, 3H),

3.75 (g, 1H, J= 6.7 Hz), 441 (s, 1H), 5.89 (s, 1H), 6.38,
(d,IH, J= 122 Hz), 7.06-7.39 (m, 9H)
BCNMR  : 521.10, 24.50, 51.63, 55.38, 60.38, 125.81, 126.74, 126.99,

127.10, 128.52, 129.07, 136.63, 139.20, 141.33, 145.68, 166.93

Reaction of methyl (22)-2-(bromomethyl)-3-(4-ethylphenyl)prop-2-enoate with (S)-
1-phenylethylamine in the presence of DABCO

This reaction was performed following the similar procedure described for the reaction
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between 58a and (S)-1-phenylethylamine Both major and minor isomers are separated
by column chromatography ( silicagel, 8% EtOAc in hexanes).
de : 42% ('H NMR of the crude product shows two singlets at 6
6.21 and 6.37 for the diastereomeric ol€efinic protons cis to the

ester group in the ratio of 71:29).

Methyl (3R)-3-(4-ethylphenyl)-2-methylene-3-[(S)-1-phenylethylamino]propanoate

(81d): (Major isomer)

Yield : 41% (colorless liquid)
[a]p® -118.67 (¢ 1.81, MeOH)
IR (neat) : 3337, 1722, 1628 cm’*

'THNMR  : 6 125(t, 3H, J= 7.6 Hz), 1.32 (d, 3H, J= 6.7 Hz), 1.68 (b, 1H), 2.65
(g, 1H, J=7.6 Hz), 3.64 (m, 4H), 4.46 (s, 1H), 5.79 (s, 1H), 6.23,
(s, 1H), 7.11-7.40 (m,9H)

BC NMR .6 15.43,24.58,28.51, 51.66, 55.06, 59.80, 125.10, 126.86, 127.73,
127.85, 128.38, 130.46, 138.63, 143.05, 143.22, 145.33, 167.00

MS (m/z) 308 (M-CH3)"

Analysis caled. for CyHasNO; : C, 77.99, H, 7.79; N, 4.33

Found :C, 7825, H, 7.84; N, 4.33
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Methyl (3S)-3-(4-ethylphenyl)-2-methylene-3-[(S)-1-phenylethylamino]propanoate

(82d): (Minor isomer)

Yidd : 22% (colorless liquid)
[a]p® : +75.83 (c 1.22, MeOH)
IR (neat) - 3341, 1720, 1626 cm”’

H NMR :5 1.19(t,3H,J = 7.5 Hz), 1.34 (d, 3H, J = 6.6 Hz), 1.98 (b, 1H), 2.59
(g, 2H, J= 7.5 Hz), 3.61 (s, 3H), 3.75 (0, 1H, J= 6.6 HZ), 4.41 (s, 1H),
589 (s, 1H), 6.37, (s, 1H), 7.07-7.36 (m, 9H)

BCNMR 51545, 24.46, 28.43, 51.55, 55.29, 60.30, 125.81, 126.65, 126.90,

127.04, 127.76, 128.44, 139.30, 141.12, 142.87, 145.54, 166.84

Reaction of methyl (22)-2-(bromomethyl)-3-(2-chlorophenyl)prop-2-encate with
(S)-I-phenylethylamine in the presence of DABCO

This reaction was carried out following the similar procedure described for the reaction
between 58a and (S)-I-phenylethylamine. Both maor and minor isomers are separated

by column chromatography (silica gel, 8% EtOAc in hexanes).

de : 42%. (The 'THNMR of the crude product shows two singlets at 5 6.26
and 6.41 for the diastereomeric olefinic protons cis to the ester group in

the ratio of 71:29).
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Methyl (3R)-3-(2-chlorophenyl)-2-methylene-3-|(S)-1-phenylethylamino]propano-

ate (81¢e): (Major isomer)

Yield : 56% (colorless liquid)

[a]n® :-33.47 (¢ 1.16, MeOH)

IR (neat) : 3339, 1722, 1630 cm™

'HNMR  : 6 133(d, 3H, J= 62 Hz), 198 (b, 1H), 3.58-3.80 (s, 4H), 4.95 (s, 1H),
562, (s, 1H), 6.26 (s, 1H), 7.12-7.59 (m, 9H)

BCNMR  :824.36,51.67, 55.73, 57.01, 12652, 126 78, 126.87, 126.97, 128.28,
129.00, 129.82, 134.17, 138.81, 141.55, 144.96, 166.82

MS(m/z)  : 314 (M-CH;)", 316 (M-CH3+2)

Analysis calcd. for CI9HZN O,Cl 1 C,69.19;H, 6.11; N, 4.24

Found . C, 69.50; H, 6.15; N, 4.23

Methyl (3S)-3-(2-chlorophenyl)-2-methylene-3-[(S)-1-phenylethylamino]propan-

oate (82e): (Minor isomer)

Yield
[a]DZS
IR (neat)

'"H NMR

BCNMR

: 21% (colorless liquid)

1 +27.84 (c 0.88, MeOH)

1 3341, 1722, 1628 ami*

:81.41 (d, 3H, J= 6.6 Hz), 1.89 (b, 1H), 3 69 (s, 3H), 3.79 (q, 1H,J ~

6.6 Hz), 5.08 (s, 1H), 589 (s, 1H), 6.43 (s, 1H), 7.10-7.50 (m, 9H)

: 623.41, 51.62, 55.61, 56.82, 126.46, 126.67, 126.91, 128.25, 128.83,
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129.54, 133.76, 138.92, 140.68, 145.14, 166.68

Reaction of methyl (2Z)-2-(bromomethyl)-3-(4-chlorophenyl)prop-2-enoate with

(S)-I-phenylethylamine in the presence of DABCO

This reaction was carried out following the similar procedure described for the reaction

between 58a and (S)-I-phenylethylamine. Both major and minor isomers are separated

by column chromatography (silica gel, 8%EtOAc in hexanes).

de : 53% (‘H NMR of the crude product shows two singlets at 8 6.24 and
6.40 for the diastereomeric olefinic protons cis to the ester group in the

ratio of 76.5:23.5).

Methyl (3R)-3-(4-chlorophenyl)-2-methylene-3-[(S)-1-phenylethylamino]propan-

oate (81f): (Major isomer)

Yidd : 54% (colorless liquid)
[a]p® : -148.70 (c 0.96, MeOH)
IR (neat) : 3337, 1722, 1628 cm’’

'HNMR  :81.30(d, 3H, J= 66 Hz), 1.68 (b, 1H), 3.56 (q, 1H, J= 6.6 Hz), 3.62
(s, 3H), 4.43 (s, 1H), 5.80 (s, 1H), 6.25 (s, 1H), 7.12-7.41 (m, 9H)
BCNMR  :§24.39, 51.55, 55.08, 59.37, 125.27, 126.64, 126.97, 128.41,
129.16, 132.80, 140.09, 142.73, 144.92, 166.47

MS(m/z)  : 314 (M-CHs)",316 (M-CH;+2)*
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Analysis caled for CisHzoN O,CI :¢, 69.19, H, 6.11;N, 4.24

Found - C,69.47,H,6.12,N, 4.20

Methyl (3S)-3-(4-chlorophenyl)-2-methylene-3-|(S)-1-phenylethylamino]propan-

oate (82f): (Minor isomer)

Yield : 16% (colorless liquid)
[a]p? - +76.12(c 1.55, MeOH)
IR (neat) : 3339, 1720, 1626 cm'!

'H NMR :8 1.29 (d, 3H, J= 6.4 Hz), 1.80 (b, 1H), 3.56 (s, 3H), 3.68(q, 1H, J=
6.4 Hz), 4.29 (s, 1H), 5.78 (s, 1H), 6.33 (s, 1H), 7.08-7.32 (m, 9H)
BCNMR 52448, 5157, 5528, 60.15, 126.44, 126,58, 126.97, 128.29, 128.41,

132.62, 14053, 140.63, 145.21, 166.46
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APPENDI X
(X-Ray Crystallographic Data)

Table A: Atomic coordinates ( x 10*) and equivalent isotropic displacement parameters

(A% x 10% for 72a. U(eq) is defined as one third of the trace of the orthogonalized Uij

tensor:

X y z U(eq)
0(2) 482(3) 5805(3) 1234(1) 57(1)
0(4) -21(3) 8376(3) 7768(1) 56(1)
0(1) -3302(3) 7757(3) 1602(2) 60(1)
0(3) 3468(3) 7164(3) 7325(2) 74(1)
C(l) 1609(4) 7643(3) 7063(2) 49(1)
C@2 851(4) 7514(3) 5958(2) 44(1)
C@3) -1318(4) 8268(3) 5544(2) 47(2)
C(4) 2190(4) 6607(3) 5143(2) 47(1)
C(5) -1126(4) 7734(3) 4367(2) 42(1)
C(6) 955(4) 6723(3) 4145(2) 41(1)
C(7) 1578(4) 6023(3) 3112(2) 45(1)
C(8) 85(4) 6384(3) 2289(2) 44(1)
C(9) -2011(4) 7449(3) 2498(2) 45(1)
C(10) -2626(4) 8104(3) 3535(2) 48(1)
C) 582(5) 8529(5) 8884(2) 72(1)
C(12) -5315(4) 9007(4) 1715(2) 64(1)

C(13) 2599(4) 4758(4) 975(2) 60(1)
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Table B: Atomic coordinates ( x 10%) and equivalent isotropic displacement parameters

(A x 10) for 778 U(eq) is defined as one third of the trace of the orthogonalized Uij

tensor.
X y z U(eq)

0(1) 5000 9192(2) 2500 41(2)
N(1) 4207(1) 8303(2) -464(1) 65(1)
C(1) 3797(1) 9054(2) 1928(1) 40(1)
C(2) 3129(1) 9735(3) 1274(1) 55(1)
c(d) 2583(1) 8484(3) 1201(1) 64(1)
C() 2693(1) 6556(3) 1770(1) 62(1)
c) 3354(1) 5870(3) 2424(1) 59(1)
C(6) 3905(1) 7115(2) 2509(1) 48(1)
C(7) 4386(1) 10473(2) 2013(1) 40(1)
C(8) 4289(1) 11305(2) 913(1) 43(1)
() 4264(1) 13404(3) 652(1) 69(1)

C(10) 4243(1) 9%641(2) 139(1) 45(1)
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Table C: Atomic coordinates ( x 10*) and equivalent isotropic displacement parameters

(A% x 10% for 77b. U(eq) is defined as one third of the trace of the orthogonalized Uij

tensor.
X y z U(eq)

0(1) 1086(2) 8069(1) 4129(1) 44(1)
N(I) 1160(3) 6734(2) 1925(2) 88(1)
N(2) -2412(3) 6457(3) 4506(2) 93(1)
c(l) 2199(2) 8895(2) 5494(2) 48(1)
c) 3029(3) 9311(2) 6069(2) 54(1)
c@) 3386(2) 8508(2) 7035(2) 52(1)
C(4) 2912(2) 7248(2) 7493(2) 47(2)
C(5) 3180(3) 6426(2) 8532(2) 70(1)
C(6) 2625(4) 5248(3) 8991(2) 86(1)
C(7) 1805(4) 4817(2) 8426(2) 72(1)
C(8) 1552(3) 5568(2) 7418(2) 51(1)
C(9) 2081(2) 6812(2) 6918(2) 41(1)
C(10) 1759(2) 7671(2) 5885(1) 39(1)
() 941(2) 7222(2) 5224(1) 40(1)
C(12) -986(2) 7200(2) 5628(2) 45(1)

C(13) -1937(3) 7534(3) 6458(2) 67(1)



C(14)
C(15)
C(16)
C(17)
C(18)
C(19)
C(20)
c(21)
C(22)
C(23)
C(24)
C(25)
C(26)
C@7)
C(28)

-1779(3)
2769(2)
3111(2)
4331(3)
2018(3)
2820(2)
1317(2)
1319(3)
2837(3)
4422(3)
6003(3)
7524(3)
7551(3)
6060(2)

4435(2)
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6787(2)
7983(2)
6781(2)
5793(2)
6751(2)
9238(2)
10009(2)
11178(2)
11572(2)
10813(2)
11210(2)
10484(2)
9314(2)
8887(2)

9627(2)

4997(2)
3455(1)
3118(2)
3400(2)
2457(2)
2509(1)
2255(2)
1386(2)
769(2)

986(2)

342(2)

549(2)

1413(2)
2057(2)

1866(1)

59(1)
39(1)
45(1)
66(1)
55(1)
38(1)
47(1)
54(1)
53(1)
45(1)
57(1)
62(1)
58(1)
47(1)

39(1)
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Table D: Atomic coordinates ( x 10%) and equivalent isotropic displacement parameters

(A% x 10°) for 77g. U(eq) is defined as one third of the trace of the orthogonalized Uij

tensor.

X y z U(eq)
0(1) 2371(1) 2082(1) 3894(1) 57(1)
N(2) 899(2) -148(2) 2587(1) 92(1)
N(l) 3698(3) 3514(2) 5612(1) 116(1)
c(l) 4489(2) 1333(1) 3288(1) 48(1)
cQ 4586(2) 536(1) 3836(1) 57(1)
cE) 5818(2) -197(2) 3909(1) 70(1)
C() 6970(2) -146(2) 3428(1) 79(2)
C(5) 6884(2) 634(2) 2881(1) 76(1)
C(6) 5645(2) 1379(1) 2792(1) 60(1)
C(7) 5600(3) 2198(2) 2165(1) 84(1)
C(8) -18(2) 2538(1) 4418(1) 54(1)
C(9) 308(2) 1716(2) 4941(1) 69(1)
C(10) -849(3) 1345(2) 5365(1) 86(1)
c(ll) -2323(3) 1776(2) 5264(2) 97(1)
C(12) -2670(3) 2577(2) 4746(2) 93(1)

C(13) -1541(2) 2980(2) 4314(1) 71(1)
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C(14) -1967(3) 3858(2) 3752(2) 112(1)
C(15) 1274(2) 2943(1) 3974(1) 54(1)
C(lg) 2140(2) 3900(2) 4340(1) 62(1)
C(17) 2142(4) 4879(2) 4043(2) 105(1)
C(1g) 3012(3) 3697(2) 5053(1) 75(1)
C(19) 3115(2) 2118(1) 3216(1) 47(2)
C(20) 1892(2) 1827(1) 2578(1) 48(1)
C(21) 1329(3) 2509(2) 2052(1) 75(1)
C(22) 1311(2) 733(2) 2581(1) 58(1)

Table E: Atomic coordinates ( x 10*) and equivaent isotropic displacement parameters

(A% x 10%) for 8la. U(eq) is defined as one third of the trace of the orthogonalized Uij

tensor.
X y z U(eq)
0(2) 1803(7) 7406(3) 6444(2) 58(1)
NO) 6499(8) 5376(4) 5168(2) 50(1)
0(2) 635(7) 5983(4) 5971(3) 72(1)
CO) 3466(10) 3888(5) 6265(3) 59(2)

c2) 3568(14) 3270(6) 6852(4) 76(2)



c@)
C(4)
C(5)
C(6)
C(7)
C(8)
C(9)
C(10)
C(V)
C(12)
C(13)
C(14)
C(15)
C(16)
C(17)
C(18)

C(19)

4759(14)
5936(14)
5868(12)
4633(9)

4613(9)

3989(8)

5083(11)
1968(10)
-123(12)
9112(11)
6978(10)
5491(9)

4652(11)
3377(13)
2927(12)
3725(14)

5001(12)
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3532(7)
4385(7)
4995(6)
4748(5)
5403(4)
6480(5)
7282(5)
6562(4)
7566(5)
4400(7)
4383(5)
4112(4)
3157(5)
2901(6)
3592(6)
4550(6)

4792(5)

7392(4)
7361(4)
6773(3)
6219(3)
5562(3)
5730(3)
5582(4)
6055(3)
6753(4)
4596(4)
4878(3)
4308(3)
4264(3)
3728(4)
3227(4)
3262(4)

3803(3)

76(2)
78(2)
67(2)
47(2)
45(1)
43(1)
65(2)
48(1)
72(2)
73(2)
51(2)
45(1)
58(2)
73(2)
71(2)
74(2)

66(2)
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