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ABSTRACT

Construction of carbon-carbon bond is one of the most fundamental reactions in
organic chemistry and hence the development of new methodologies and strategies for
formation of carbon-carbon bonds has been and continues to be one of the most
challenging and fascinating endeavors in organic chemistry. Recent developments in
organic chemistry demand the concepts of atom economy, selectivity and generation of
chemospecific functional groups, for developing any efficient synthetic reaction,
particularly C-C bond forming reaction. The Baylis-Hillman carbon-carbon bond
forming reaction is one such reaction, well equipped with the concepts of atom
economy and generation of densely functionalized molecules. The Baylis-Hillman
reaction is basicaly a three-component reaction involving an activated alkene, an
electrophile and a catalyst (usualy a tertiary amine) leading to the coupling of a-
position of activated alkene with an electrophile providing an interesting class of

highly, synthetically useful multifunctional molecules.

This thesis deals with the studies in the applications of Baylis—Hillman chemistry and
consists of three chapters, that is, 1. Introduction 2. Objectives, Results & Discussion

and 3. Experimental. The first chapter, that is, Introduction presents a brief literature
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survey on recent developments in the Baylis—Hillman reaction and applications of the

Baylis—Hillman adducts in the organic synthesis.

The second chapter deals with the objectives, results and discussion. With a view to

study the applications of Baylis-Hillman chemistry in organic synthesis, we have

undertaken aresearch program with the following objectives.

1).

2).

3).

To employ akyl 2-(bromomethyl)prop-2-enoates. derived from Baylis-Hillman
adducts, as valuable electrophiles in the Baylis-Hillman coupling reaction with
various activated akenes with a view to develop a onepot convenient
methodology for synthesis of 2,4-functionalized 1,4-pentadienes.

To employ the BaylisHillman adducts as vauable substrates for tandem
construction of C-O and C-C bonds involving Prins type and Friedel-Crafts type
reactions with an aim of developing one-pot facile methodology for synthesis of 2-
benzoxepine derivatives.

To develop highly diastereoselective methodology for transformation of akyl (22)-
3-aryl-2-(bromomethyl)prop-2-enoates, obtained from the Baylis-Hillman adducts,
derived from chiral acrylates and aldehydes into propargylic and phenolic ethers of

Baylis-Hillman adducts.



4). To describe the firsd organobase mediated Cannizzaro reaction of reactive

aldehydes.

Applications of alkyl 2-(bromomethyl)prop-2-encates as valuable electrophiles in
the Baylis-Hillman reaction: a one-pot facile synthesis of 2,4-functionalized 14-

pentadienes

We have successfully employed akyl 2-(bromomethyl)prop-2-enoates (101a-c) as
ussful electrophiles for Baylis-Hillman coupling with various activated alkenes such as
acyclic & cyclic enones, acrylonitrile and akyl acrylates, in the presence of tertiary
amines such as DABCO (or DBU), thus leading to the development of a one-pot
convenient methodology for synthesis of 2,4-functionalized 1,4-pentadienes (102-114)

in 77-85% isolated yields (egs 22-28 and Table 1).

Tandem construction of C-O and C-C bonds: a one-pot facile transformation of

the Baylis-Hillman adducts into 2-benzoxepine derivatives

2-Benzoxepine moiety is an important structural unit present in many natural products
and biologically important molecules which are found to be antiinflamatory,
spasmolytic, analgesic, antipyretic, neuroleptic, antinaphylactic, hypotensive, antiulcer
agents and are also found useful for treatment of depression and schizophrenia. Hence,

development of simple and convenient methodologies for the synthesis of 2-
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benzoxepine derivatives represents an attractive and interesting area of research in
synthetic organic chemistry and medicina chemistry. We have successfully developed
one-pot facile methodology for synthesis of 2-benzoxepine derivatives (133a-e,
134a,b) via the tandem construction of C-0 and C-C bonds involving the Prins type
and Friedel-Crafts type reactions of Baylis-Hillman adducts (131a-e, 132a,b) (derived
form various aromatic aldehydes and akyl acrylates) with HCHO in the presence of
conc. HySO4 in 44-61% isolated yields (egs 30, 32 & Table 2). We have aso
successfully transformed the rearranged alcohol (135a) into the desired 2-benzoxepine

derivative (133a) in 59% isolated yield (eq 34).

Chiral auxiliary mediated diastereoselective synthesis of propargylic and phenol
ethers of Baylis-Hillman adducts from the alkyl (22)-3-aryl-2-(bromomethyl)prop-

2-enoates

With a view to examine the chiral auxiliary mediated diastereoselective Sy2' addition
of oxygen nucleophiles on to the allyl bromides derived from Baylis-Hillman adducts,
which in turn would be obtained from chira acrylates (14 & 18) and aldehydes, we
have selected two auxiliaries (-)-menthol (151) and (1S.2R.4R)-1-(diisopropyl-
aminosulfonyl)methyl-7,7-dimethylbicyclo(2.2.1)heptan-2-ol (162). We have prepared
representative alyl bromides (154a,b, 155 & 169-174) according to the Schemes 76 &

82. Then we have examined nucleophilic (SN2') addition of propargyl acohol and



X11

phenol on to the bromides (154a,b 155) in the presence of triethylamine at room
temperature, which provided the required (-)-menthyl 3-aryl-2-methylene-3-(prop-2-
yn-l-yloxy)propanoates  (156a,b, 157) and (-)-menthyl 3-aryl-2-methylene-3-
phenoxypropanoates (158a,b 159) in 4-23% and 26-35% diastereoselectivities
respectively (Schemes 77-80 and Table 5). Similar Sy2' addition of propargyl acohol
and phenol on to the allyl bromides (169-174) provided the desired (1'S,2'R.4'R)-1'-
(diisopropylaminosulfonyl)methyl-7',7'-dimethylbicyclo(2.2.1)hept-2'-yl 3-aryl-2-meth-
ylene-3-(prop-2-yn-I-yloxy)propanoates (175-180) and (1'S.2'R.4'R)-1'-(diisopropyl-
aminosulfonyl)methyl-7',7"-dimethylbicyclo(2.2.1)hept-2"-yl  3-aryl-2-methylene-3-phe-
noxypropanoates (181-186) in 51-88% and 54-82% diastereoselectivities respectively

(Scheme 83, egs 38,40,41 and Tables 7 and 9).

First example of organo base induced Cannizzaro reaction

During our attempts to perform the Baylis—Hillman reaction between phenyl vinyl
sulfoxide (188) and pyridine-4-carboxaldehyde (130j) under the influence of TMG
(1,1,3,3-tetramethylguanidine) (187) in agueous/dioxane medium, we have observed
that there was no Baylis-Hillman reaction and in fact, we have isolated 4-
pyridinemethanol (189) as a maor product, which was produced due to the Cannizzaro
reaction (Scheme 86). We have confirmed this TMG-induced Cannizzaro reaction by

treating pyridine-4-carboxadehyde (130j) with TMG in H;O, which provided 4-
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pyridinemethanol in 42% isolated yield (eq 44). However, our attempts to isolate
pyridine-4-carboxylic acid in pure form were not successful. We have then successfully
employed TMG for promoting Cannizzaro reaction of reactive aromatic aldehydes
(130k-n) (eq 45-47 and Table 10) (however, our attempts to isolate corresponding acids
in case of pyridine-3-carboxaldehyde (130k) and pyridine-2-carboxaldehyde (1301) met
with failure). In case of 4-nitrobenzaldehyde (130m) and 3-nitrobenzaldehyde (130n),
we have also successfully isolated acids (194 and 196) (oxidized product) respectively.
We have aso performed TMG-promoted cross-Cannizzaro reaction of these aldehydes
(130j-n), with HCHO to provide the corresponding alcohols (189,191-193,195) in good
yields (eq 48, Scheme 88 and Table 12). Thus we have for the first time described the

TMG (organobase) mediated Cannizzaro reaction of reactive aromatic aldehydes.

The third chapter deals with the detailed experimental procedures, 1R, 'H NMR, “C
NMR, mass spectra data, microanalyses, physical constants (bp, mp) and optical

rotations.



INTRODUCTION

Congtruction of carbon-carbon bond is one of the most fundamental reactions in
organic chemistry and hence the development of new methodologies and strategies for
formation of carbon-carbon bonds has been and continues to be one of the most
challenging and fascinating endeavors in organic chemistry.'” Several carbon-carbon
bond forming reactions such as aldol reaction,*"° Diels-Alder reaction,'"'? Grignard
reaction,”™" Friedel-Crafts reaction,”®® Reformatsky reaction,’ Wittig reaction,'®
Heck reaction,' Claisen rearrangements,®® Suzuki coupling,® Grubb's ring closing
metathesis®? erc., have been developed and their applications in organic synthesis
have been well documented.

Recent developments in organic chemistry demand the concepts of atom economy,
selectivity and generation of chemospecific functiona groups, for developing any
efficient synthetic reaction, particulaly C-C bond forming reaction. The Baylis-
Hillman carbon-carbon bond forming reaction, originating from a German patent,® is
one such reaction, well equipped with the concepts of atom economy and generation of
densely functionalized molecules and in fact, this reaction has recently enjoyed the
distinction of becoming a “text-book” reaction.

The Baylis-Hillman reaction is basically a three-component reaction involving an

activated alkene, an electrophile and a catalyst (usually a tertiary amine) leading to the



coupling of a-position of activated alkene with an electrophile providing an interesting

class of highly, synthetically useful multifunctional molecules (eq 1).24%

XH

X
)J\ g |/EWG tert. amine R EWG
R™ "R! | — R eq1

R = aryl, alkyl, aralkyl, heteroaryl
R'= H, alkyl, COOR X =0, NCOOR, NTs, NSO,Ph
EWG = COR, CHO, CN, COOR, PO(OEt),, SO,Ph, SO3Ph, SOPh

The most generally accepted mechanism*?

of the Baylis-Hillman reaction is
illustrated in the Scheme 1 (Path I) taking the reaction between benzaldehyde (as an
electrophile) and methyl vinyl ketone (as an activated olefin) under the catalytic
influence of DABCO (1), as amode case. The mechanism of the reaction is believed to
proceed through the Michael initiated addition-elimination sequence. The first step
involves the Michael type nucleophilic addition of the tertiary amine catalyst (DABCO)
to the activated akene (methyl vinyl ketone), leading to the formation of zwitterionic
enolate A, which adds on to the electrophile (benzaldehyde) in an aldol fashion, to
generate the zwitterionic species B. This zwitterion B undergoes proton migration and
subsequently, releases the catayst to provide the desired multifunctional molecule. In
the case of reactive activated akenes such as akyl vinyl ketones, Michael type dimers

are formed as side products because they themselves act as electrophiles (Scheme 1;

Path I1).
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The Baylis-Hillman reaction has experienced a very rapid growth in terms of dl the
three essential components and aso the Baylis-Hillman adducts have been extensively
used as a source for developing various new synthetic transformation methodologies
during the last two decades.**** Some of the very important and recent developments of
this reaction with respect to al the three essential components and applications of

Baylis-Hillman adducts in organic synthesis have been described in this section.

ACTIVATED ALKENES

32-34 3536

Various activated alkenes such as alkyl (aryl) acrylates, acrylonitrile,

35,4041

acrolien,®”® akyl vinyl ketones, vinyl sulfones, vinyl sulfonates,® vinyl



phosphonates* and allenic esters®™* have been successfully employed for Baylis-
Hillman coupling with a number of carbon electrophiles (Scheme 2). However, less
reactive acrylamide’’ was brought into scope of the reaction under microwave
conditions (Scheme 2).

Scheme 2

OH

OH
= ] " |
R,Hrsoan EWG= 50,Ph EWG= COOR RJ\WCOOR’
OH
EWG= CN N
OH . I—> R’Kﬂ/
R’Hrs ogpn EWG=SOsPh |

-

ewa | | -
OH Rk % ﬁ + EWG= CHO RJ\WCHO
R PO(OEL), EWG=PO(OEY, DABCO (cat)
-1
R. R = alkyl, aryl a1
EWG= COR! ,Jw,cora1
. R
OH
& COOMe _ _COOMe !
Ewes= [ EWG= CONH, R,kﬂ/cowH2
- e Rae il
Mw

The p-substituted activated alkenes such as crotononitrile,®*® crotonic acid esters® and
less reactive alkenes such as phenyl vinyl sulfoxide,* which do not participate in this
reaction under norma conditions have been successfully employed for coupling with

aldehydes under high pressures (eg 2).



RCHO +

jEWG DABCO EWG
R’ |

-
9-10 Kbar | eq 2

R = R'= Me; EWG = CN, COOMe

R = Ph, Me;R'= H: EWG = SOPh
a-Naphthyl acrylate (2) was found to be a fast reactive activated akene in the Baylis—

Hillman reaction for coupling with various aldehydes (eq 3)."

o]
O OH
o DABCO (cat.) I
\ CH4CN, rt 0" Yy R
+ RCHO g . J o3
OO 10 min-96 h | Y \J
E S \,?’.
R= 4-(NO,)Ph, 4-FPh, 4-MePh, 4-(OMe)Ph,
pyrid-3-yl, trans-cinnamyl, Me, Et, s-Bu, i-Pr, 35-82%

PhCH,CH,

Very recently, Aggarwal and co-workers® have found that the less reactive activated
olefins such as acrylamides and methyl crotonate undergo Baylis-Hillman coupling
with various adehydes under the influence of combination of quinuclidine (3) and
methanol (Scheme 3). They have dso used 5,6-dihydro-2H-pyran-2-one (4) as an
activated alkene in the Baylis-Hillman coupling with aldehydes under the influence of

quinuclidine (3) and methanol® (Scheme 4). Subsequently, Li and co-workers™



reported a similar coupling of 5,6-dihydro-2H-pyran-2-one (4) with aldehydes under

the influence of diethylaluminum iodide (Scheme 4).

Scheme 3

.. J%‘oue oH ©
OH O 2 ) - /u\OM
O . (i ‘[L e
"/ Nz =5 05eq) H Z’ MeOH =N
MeOH, rt, 5 h | i, 21 days .
66% Ar = fur-2-yl Ar = pyrid-2-yl 25%
Scheme 4
™R i o i Et Eﬁfifs eq) OH @
3 (0.25 e 2 < €q
(-\\\ 0 ( q.) | J.L . | 0 - - g o
Lz t, 72h A7 THT L _J |CHClp, 0°C - 1t | ]
) . 8-24h i
L Lk a 50.73%

Ar = aryl, naphth-2-yl

Very recently, our research group™ has successfully employed 1 -benzopyran-4(4H)-
one derivatives, for the first time, as activated alkenes in the Baylis-Hillman coupling
with heteroaromatic-aldehydes, nitrobezaldehydes and isatin derivatives under the
influence of methanolic trimethylamine (Scheme 5). The resulting Baylis-Hillman

adducts, obtained from chromone derivatives and pyridine-2-carboxaldehyde, were



successfully transformed into a novel tetracyclic indolizine fused chromone systems

(Scheme 5).
Scheme 5
0
el 2 o on
N R 1 R
N Y R' CHO m”“ = )j/‘\R'
= - =
] o] Me;N in methanol 0
MesN in methanol
R=H, CH, rt, 2-5 days 60-87%
CH30H, rt, 12 h ]
R' = pyrid-2-yl, pyrid-3-yl, pyrid-4-yl fur-2-yl,
X thiophen-2-yl, 2-(NO,)Ph, 4-(NO,)Ph AcyO

reflux, 1h

OHO | |
R\(j\)"‘)ﬁ:g R i
- 'OJO R2 ‘]'|""'|"' ﬂ’%\
Fpr HN\¥}
71-73%

R = H, CHy; R' = pyrid-2-yl

78-85%
R? = CHy, CHPh, H; X = H, NO;

ELECTROPHILES
Although adehydes are the most widely used electrophiles, various other carbon

electrophiles such as aldimine derivatives,”**” a-keto esters,”*®’

non-enolizable 1,2-
diketones *** activated alkenes®'® and fluoro-ketones®® have been utilized
successively in this reaction (Scheme 6). Less reactive electrophiles (smple ketones)
such as propan-2-one and butan-2-one***® which do not undergo Baylis-Hillman

reaction under normal conditions, were brought into scope of the reaction under high

pressure (Scheme 6). Recently, azodicarboxylates have aso been successfully



employed as novel (non-carbon) electrophiles in the Baylis-Hillman reaction with
various dkyl vinyl ketones in the presence of DABCO as a catalyst, to provide 2-(N,N'-

bisalkoxycarbonyl)hydrazinoalk-I-en-3-ones (Scheme 6).%

Scheme 6
NZ NHZ
EWG=CN A L EWG
NC._~\ CON _ EWG= R™H R"\H/
DA_BCG Z=Ts, COOMe,
RE=an PPh,, SO,Ph
o]
EWG= COR, COOR'
EWG._~._-EWG COOR HOS (™ ewe
ﬂ/ e EWG R ﬂ/
DABCO (
R=aryl, alkyl [ R = ary, alkyl; R'= alkyl
EWG = COOR,
o COR, CN, o
CHO
rRLOH Rl OH
>‘\WEWG & EWG
R? DABCO, 5 Kbar Me” ||
R' & R? = polyfluorinated groups R'= Me, Et
o] 0
EWG= COR j o, HO N
1 (i ~ \ \/‘K
0 HN'COOR R=R" = alkyl /j\/ u 5
H/,l, = = NN ; ]
R “COOR' DABC - - r,-' |
R'00C-N=N-COOR' MeNmteori [ ] .

EWG= CN =

Very recently, interesting electrophiles such as  N-tritylaziridine-2-(S)-
carboxaldehyde,” 5-isoxazolecarboxaldehydes,®® fluorinated aldehydes® fluorinated
ketones,” fluorinated imines’' and N-arylidenediphenylphosphinamides’ have been

successfully employed in Baylis-Hillman reaction (Scheme 7).



Scheme 7
OH
FiCSL_Ewe
R 'l o
0 ! Il
] R = Ph, thiophen-2-yI e OH
Ph,P o 7 OH
hPuH o W EWG = COOEL, CN N A _EWG
) J R-=CH=N—PPh; " +ﬂ TNT
R Me | e o R
1 o i /  DABCO a
R = aryl, cinnamyl EWG = COMe | synfanti 111 - 3/4
FiC" R/ EWG=COMe, CN, COOR, SO,Ph
|paBco [/
? b
Ph,P
"“NH o Q L ¢ ® N \-CHO OH
AL R=CH=N—PPh; [ _EWG N-G R\~ A__EWG
- OMe Ph,PMe | [ basco Roawt L 0
| £ DABCO R'=aryl _
R = aryl, cinnamyl EWG = COOMe EWG = COMe, CN, COOR
P 3 \ FaC ], CFy
hoP-.
" NH i N\, l F.c. CFs
A | et \__R" L EWG
PR : - HNT Y
\ DABCO DABCO, CaH; el
EWG =CN OH EWG = COOR
R = phenyl F1CJ .[/EWG R'=PHCO, -BUOCO

EWG = COOE!, CHO, COMe

Azizi and Saidi have employed in situ generated iminium sdts [obtained by the
treatment of (trimethylsilyl)dialkylamines with adehydes] as electrophiles in the
Baylis-Hillman coupling with methyl acrylate in the presence of DBU. The
corresponding  adducts, thus obtained, undergo Michael addition  with

(trimethylsilyl)dialkylamines to give the diamines (Scheme 8)."



Scheme 8
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Very recently, Kim and co-workers * have reported the Baylis—Hillman coupling of 2-

carboxybenzaldehyde with various activated akenes, leading to the formation of enol

lactone derivatives (Scheme 9).
Scheme 9
EWG EWG. |
| . -CHO . [EWG DABCO (2 f?_).. N S
= CH4CN I s |
COOH 50-60 °C 1 1
6-20h E

EWG = COOMe, COOEt, COOBU', CN; E-only; 61-73%

EWG = COMe; E-39% and Z-27%
COEt, E-37% and Z-26%

2,2'-Dithiobenzaldehyde has been used as an electrophile for Baylis-Hillman coupling
with various activated olefins in the presence of DBU, to provide a convenient one-pot

synthesis of benzothiopyran derivatives (Scheme 10).”



Scheme 10
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CATALYSTS/ICATALYTIC SYSTEMS

Although DABCO (1) has been the most frequently used catalyst in this reaction,
various other tertiary amine catalysts such as quinuclidine (3), 3-hydroxyquinuclidine
(3-HQD) (5), 3-quinuclidone (6), indolizine (7), DBU (8), DMAP (9) and aqueous
trimethylamine (10) (Figure 1) have been successfully employed in certain Baylis-

Hillman reactions,24-27617°

Figure 1

Me. .

N Me
[ﬁj} Nﬁj [&OH{I&O m QL/Nj (l\j aq. MesN
1 3 5 6 7 8 4 N/ 10

Shi and co-workers™ have reported proline catalyzed Baylis-Hillman reaction between

various aldehydes and MVK in the presence of a wesk base such as imidazole.



However, the enantioselectivities obtained in these reactions were found to be very low

(eq 4).
N
7\
i Q\COEH ' (\9 OH O

0 p
R,lkH + H\ME (30 mol%) (30 mol%) R’\\HJLME
eq4

DMF, rt, 24-80 h 30-90%
R = aryl, heteroaryl, trans-cinnamyl, Pr 5-10% ee

Later on, Cheng and co-workers™ & Gatri and El Gaied® have independently used
imidazole as a cataytic source for Baylis-Hillman coupling of cycloalkenones with

aldehydes (Scheme 11).

Scheme 11

N
e D Q‘\> Ref. 81

)\@ N" (100 mol%)
R H
27-91% )n i, 1-6 days

R =H, i-Bu, aryl, fur-2-yl, frans-cinnamyl

N
Q_\> Ref. 82 HO (o]

N (5-20 mol%) )\é
] - W o
it or 50 °C, 2-65 days n
35-93%
R = Ph, 4{(NO,)Ph, H, Me, s-Bu

NON-AMINE CATALYSTS

Several non-amine catalysts such as trialkyl phosphines,®** triaryl phosphines® and
metal complexes like RhH(PPhs)s,®”#8 RuH,(PPhs)s,*8% have been successfully used in
the coupling of activated alkenes with aldehydes. Kataoka et al.**** demonstrated the

application of sulfides or selenides (chalcogenides) as catalysts for the Baylis-Hillman



coupling of vinyl ketones with various aldehydes in the presence of TiCl,. They aso
found 2,6-diphenyl-4H-chalcogenopyran-4-ones 11 and 12, to be more efficient

cadysts than Me;,S, for the Baylis-Hillman reaction. One representative example is

presented in the equation 5.
~~__CHO i st (B iea) il |
o TiCly (1eq) 6 T N
| $ '
0 N""""v’; ] ' ‘- CH,ClI ﬂ [ l.’ J N
2 o 2Ll O,NT 7 S
Y
PY 11.X=S,Y=S8 0°,1h 80%
l J 12:X=Se, Y=0 0°%,1h 81%
~ 4
ey - Me,S m, 1h  60%

Li and co-workers™ have reported the TiCl;-mediated Baylis-Hillman reaction of cyclic

enones with various adehydes in the absence of any Lewis base (eq 6).

o TiCly GiH:
Il + _— A
R SH \ . CHyCl, 2h,rt R ['| ] eq6

R=aryl, alkyl n=12 47-68%

In our laboratory, a-keto esters and trifluoromethyl phenyl ketone have been utilized as
electrophiles in the Baylis-Hillman coupling with alkyl vinyl ketones under the

influence of TiCly, to provide the desired adducts (Scheme 12).%
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Scheme 12

o 0

ol O OH ©O
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=Ph R = Ph, 4-BrPh, 4-(OMe)Ph,
R'=M 4-MePh, naphth-1-yl
=ve R' = Me, Et

Goodman and co-workers™ have reported Baylis-Hillman reaction between aldehydes
and MVK using tetrahydrothiophene-BF3.0Et2 as a catalytic system. Subsequently,
they have used enantiopure sulfide (13) for asymmetric Baylis-Hillman reaction, which
provided desired adducts up to 53% enantiomeric excess (Scheme 13).

Scheme 13

Ph E Ph

¥ O~ 1) ['/\s,ng.oEtg
OH © 1) O\'KS)---MO“, - ~

(e] ,CL)H (0]
i 0°C, CH,Cly, 30 min : L.
R"lw\‘n)iue - RJ\H +ﬁMe Gt R H‘Me
BF,.0Et;, -7T8 °C 2) EtsN

B8-60% CH;C';}. 1-120 min 43-52%
14-53% ee 2) EtN R = EL PhCH,CH,, Ph, 4-CIPh,
R = 4-(NO,)Ph, PhCH,CH,, Et 4-(NOz)Ph. 4-(OMe)Ph

ASYMMETRIC BAYLIS-HILLMAN REACTION

Since the BaylisHillman reaction creates a new stereogenic center, there are
opportunities and challenges to perform the asymmetric version of this reaction by

selecting appropriate chira sources in any one of the (or two or three) essential



components i.e., activated alkene, electrophile and catalyst. Already efforts have been
made in this direction ™ and some relevant and recent developments in this direction

have been described in the following.
i) Chiral activated alkenes:

Considerable progress has been achieved in the asymmetric version of this reaction
using chiral activated alkenes®*?’ such as chird acrylates®*'"” and chira acrylamide
derivatives.'®""° A variety of chira acrylates (14-21) (Figure 2) derived from various
chird auxiliaries have been employed in the Baylis-Hillman reaction, to provide the

resulting adducts in low to high diastereoselectivities. 2796110

Figure 2
‘ Ph
\ 0
y— ﬁ Ph - O
r:.i/f;if"/"“o" “” =57 “o’J ""” 1]// O—'“ ”
14 15 16
o O 0 ( sl
A N \»-—
io’m i OH [[/. __zxo’
% /
SOzNPr, SO,N(c-Hex), 07
18 19 20 ©

Gilbert et al.'® reported the influence of high pressure on the diastereosdlectivities of

chird auxiliary mediated coupling of activated akenes with adehydes. Thus, the
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reaction of (-)-menthyl acrylate (14) with benzaldehyde under the catalytic influence
of DABCO at higher pressure provided the corresponding Baylis-Hillman adduct with
100% diastereoselectivity, whereas the similar reaction at atmospheric pressure gave

the required adduct with 22% diastereosdlectivity (eqg 7).

Z o O OH
DABC ~, ~
L47o JL_“ . PreHo 0 O/Ujl/l - -

7.5 Kbar 100% de
1 atm 22% de

Leshy and co-workers'™'" have employed chird acrylamide (22) derived from
Oppolzer's camphor sultam, as an activated akene in the Baylis-Hillman reaction to
provide the desired adducts in high enantioselectivities. This methodology has been
successfully employed for the synthesis of hiologically important natural product (-)-

tulipalin B (23) (Scheme 14).'®

Enantiopure acryloylhydrazide (24) has been used as a chiral activated akene in the
Baylis-Hillman coupling with aldehydes by Yang and Chen, to afford desired adducts
in high diastereoselectivities. They have aso observed reversal of diastereoselectivity
by changing the solvent from DMSO to THF/H2O. One representative example is

presented in the equation 8.'"°
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Scheme 14

(0]
DABCO
o )i
L\LE/NJ\/ + A0TNCHO oo AcO._.
P50 59

*) >99% ee

68%
o}
MeOH, EtN
—_— MeOOCJLl/\OAc SEA P ng é:
75%
OH
*) 23 OH
(~)-tulipalin B (' }
25% 65%

EN\”J _E-'P_.. N JL_\S/R + /:\-l/N\ ,J-I._ER eq8
Té& o+ §1

7 DABCO, rt / i
o N o solvent o lo] r O OH
Ph Ph Ph
24 R =PhCH,CH, DMSO, 4 days, 80% 99 1
THF/H,0, 3 days, 68% 1-99

ii) Chiral electrophiles:

Significant efforts have adso been made towards the asymmetric Baylis-Hillman
reaction using chiral electrophiles. Thus, various chird electrophiles such as (S)-O-

(methoxymethyl)lactaldehyde (25),'"" (S)-3-benzyloxybutyraldehyde (26),''? (R)-myrt-



enal (27),'"" isopropylidene (R)-glyceraldehyde (28),'%

a-dialkylamino and o~(N-
acylamino)aldehydes (29),''*''* N-phenylsulfonyl-L-prolinal (30),"* N-sulfinimines
(31),'"® sugar derived aldehydes (32-34)''¢ etc., (Figure 3), have been employed in this
fascinating reaction, to afford the resulting adducts with poor to high

diastereoselectivities.

Figure 3

OCH,OCH: OCH,Ph  OHC \ 12
DUHOTH, i _V\C},»CHO NRIR
HsC”™ “CHO Hy? o0-/% R
29
25 % 7 e R = alkyl
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i_\\ o) ;. H QHC.. O.\ e OHC o WwOMe OHC._.O i

~~~CHO s 5 / Y_‘Z f ><

N Sa, 2 ’
pTel™ N PR e )T o><o —\<O ; °

SO,Ph ©

L 30 31 12 13

Kundig et al.''™''® employed ortho substituted benzaldehyde tricarbonylchromium
complex (35) as an electrophile in the Baylis-Hillman reaction with various activated
olefins catalyzed by DABCO to afford the desired Baylis-Hillman adducts in >95% de.

One representative example is presented in eq 9.



EWG
© . EW6  pasco s =
" ﬂ — S /'OH eq9
OMe OMe
CrCO); EWG = COOMe, CN CHCO);
- 87-88%
> 95% de

Alcaide and co-workers'"’

have reported a highly diastereoselective Baylis-Hillman
reaction, using enantiopure 3-oxo-2-azetidinones (36) as chira electrophiles, leading to

the formation of interesting 3-substituted-3-hydroxy-p-lactam derivatives (eq 10).

o 9’\(0 DABCO W on 2 o
S s~/ 2 - e 4

? EWG (01-1eq) g -

YT A e B T

SN CH4CN, -20°C 4—N.

e & 1-72h @ R
36 68-90%

R = allyl, propargyl, 4-(OMe)Ph T s

EWG = COMe, COOMe; dr =100:0

ii) Chiral catalysts:

Efforts have been directed towards developing asymmetric verson of Baylis-Hillman
reaction using various chiral catalysts.>*’ Thus, quinidine (37),**” chiral DABCO
(38) 120121 (). BINAP (39),'* cdcium sdt of (R)-BINOL (40),'? enantiopure
pyrrolizidine (41),'%* chiradl bicydlic azetidine (42),'® B-isocupreidine (43)'**"*° (Figure
4) have been used as chiral cataysts in this reaction with moderate to good success (up

t0 99% ee).
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Figure 4
OMe = l I
@l\ OO PPh 0
N 2 ~
{__OCHzPh PPh, A
eolen [ 1] I
38 39 40
0N
H
ot A\ H
HO 0SiMe,Bu
41 42
126,127

Hatakeyama and co-workers have described an elegant asymmetric Baylis-

Hillman reaction using fisocupreidine (43), derived from quinidine (37), as a catalyst
for the coupling between various aldehydes and 1,1,1,3,3,3-hexafluoroisopropyl
acrylate (44) (as activated alkene), thus, providing the desired adducts up to 99%
enantiomeric purity (Scheme 15). Very recently, they have also successfully employed
[P-isocupreidine (43) as a catalyst for Baylis-Hillman reaction of aromatic imines with
acrylate (44). It is interesting to note that the resulting compounds were formed with

(S)-selectivity, in contrast to the aldehydes which afforded adducts with (R)-selectivity

(Scheme 15).'28



Scheme 15
o R
! -
R NH O CF, R"AH OH O CF, i
~ .» + -
R 0" cF R 07 CFy R»\HAO
(s) 2-120h| cat* 43 (10 mol%) | 1-72h  (R) (S)
42-100% yield Ref. 128| pyr _ssoc  |Re* 126 31.58% yield 0-25% yield
13-73% ee 91-89% ee 4-85% ee
R = aryl, naphth-1-yl R = Et, iPr. iBu. t-Bu, c-Hex,
R' =Bz, Ms, Ts, P(O)Ph, Ph, 4-(NO,)Ph, trans-cinnamyl

Later on, Shi and co-workers have utilized this catalyst (43) for the asymmetric
Baylis-Hillman coupling of methyl vinyl ketone (MVK) and a-naphthyl acrylate with
various aldehydes, to provide the desired adducts in poor to good enantioselectivities.
One representative example is presented in Scheme 16.'*° Subsequently, they have also
studied the application of this catayst for coupling of aldimines with various activated

alkenes to provide the desired adducts in high enantioselectivities (Scheme 16).'*

Scheme 16
Ref. 129 Ref. 129 OH 0
TRS
PhCH,CH,CHO ﬁ . | PhCHCH,CHO - s
o — e
Ph R o O THF, it, 72 h | 43 (10 mol%) [THF. 30 °C, 60 h R
69%
70% ee ° EWeG=come 9% ee
PhCH=NTs
EWG = COMe, COOMe, CN

2 I
S Q TsHN
5

BH EWG
68-97% ee

Ref. 130
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Recently, Adolfson and Balan, have also used S-isocupreidine (43) for the Baylis-

Hillman coupling of arylaldehydes and tosylamide with activated alkenes (eq 11)."*

cat* 43 (15 mol%)
o EWG . NHTs

Ti(O'Pr)4 (2 mol%
Al TsNHe e [ ( ’4(0 ) R)ﬁ]/EWG -
MS 4A "
R = aryl, heteroaryl THF, it, 48 h 12-95% yield
EWG = CN, CO,Me, CO,Bu 49-74% ee

Chen and co-workers'? have eegantly employed a novel hidendate ligand (45) derived
from camphor, in the presence of Lewis acid, La(OTf); for performing the asymmetric
version of the Baylis-Hillman reaction between various aldehydes and acrylates, under
the influence of DABCO, to provide the corresponding adducts in 6-95%

enantioselectivities (eq 12).

%N
o” "oH La(OTf)_-,

RICHO + ] ORZ Sl . ORz eq 12
i DABCO (30 mol%)
R =an, o CHgCN, rt, 1/3 - 10 h 25-97%
R* = alkyl, aryl 6-95% ee

Very recently, Shi and Chen™ have described an interesting asymmetric version of

Baylis-Hillman reaction, employing (R)-2'-diphenylphosphanyl-[1,1']binaphthalenyl-
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2-0l (46) as a chira phosphine catalyst, in the coupling of N-sulfonated imines with
methyl vinyl ketone and phenyl acrylate to provide the corresponding adducts in high
enantioselectivities (Scheme 17).

Scheme 17

(o]

N2 &
) i l ﬂ TsH!:l
TSHT' 0 H/”\OPh ﬁTs E‘.;, J\“) OH “ Me = . i’

L

; - | —————~ R
R oPh ——— X — - s
I CH,Cl, 40°C, 12nR° H ( [ [ PPh2 | THF, -30°C I
52-77% ee 60-97% T 12-36 h  26-85%  76-94% ee

(R) - (10 mol%)

MS 4A”
24-36 h R2-96% 789-92% en

R = aryl

Katoaka and co-workers have reported asymmetric chalcogeno Baylis-Hillman reaction
using various enantiopure hydroxy chalcogenides.™'® The catalyst 10-methyl-
thioisoborneol (47) offered best results in the reaction between MVK and various
aldehydes, thus providing the desired adducts up to 74% enantiomeric excess (eq

13)%

0 L oH OH O

0 “sme (1€9) A
RJJ\H + ﬁME _ﬁsme—,_- R Me eq 13

TiCl4 (1 eq.), CHCI,
22-43%

-78°C,1h
R = aryl, heteroaryl, hydrocinnamy| Ll
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INTRAMOLECULAR BAYLIS-HILLMAN REACTION

In spite of rapid advances in the Baylis-Hillman chemistry, the aspect of
intramolecular Baylis-Hillman reaction has not been systematically investigated. Some
of the very recent developments are presented in this section. Krische and co-
workers™®® have described an interesting BusP catalyzed cycloisomerization of
bis(enones) (48 & 49). They have examined the effect of electronic (eq 14) and steric

factors (eq 15) on cyclization.

OEt
BUgP (10 mol%) o
eq 14
t-BuOH, 25°C Me

48 87% >95:5
(o)
/Cu) Bu;P (10 mol%)
o eq 15
L EtOAC, 76 °C Mo A
49 - >95:5

Intramolecular Baylis-Hillman reaction of diactivated dienes (50) to provide a
convenient synthesis of functionalized cycloakene derivatives has been reported by

Roush and co-workers'™ (eq 16).
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CHO

C\/\C/HO MesP (100 mol%) @”\/
e COOMe
. _COOMe CHSCN, rt, 8 h eq 16
B67% regioselectivity
50 97:3

Intramolecular Baylis-Hillman reaction of ap-unsaturated sysems (51) containing
enolizable aldehyde group, has been recently reported by Keck & Welch™® (using

Me;P or DMAP, DMAPHCL) and |ater on by Oshima and co-workers'*® (using ELAll)

(Scheme 18).
Scheme 18
MesP (0.1 eq.)
O OH CH;Cly, 1, 15 h
h EtAll Jl s (on) H
Ph
| S DMAP (1 eq.) |
80% > x F‘h i DMAP.HCI (0.25 eq.)
Ref. 139 EtOH, 78°C, 1h MeyP @ 75%
n=2 X=SEt DMAP : 29%
Ref. 138

Recently, our research group described the first example of an electrophile induced
intramolecular Baylis-Hillman reaction via the treatment of activated akenes with
pyridine-2-carboxldehyde, under the influence of trimethylsilyl trifluoromethane-
sulfonate (TMSOTT), leading to a novel synthesis of indolizine derivatives in one-pot

operation (Scheme 19).
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Scheme 19

o}

j
2
0 S s R 0
: OHC |
R - =
N \© Rm
R? 1. TMSOTf (1 eq.) TMSOTSf (1 eq.)

R CH3CN, 0°C-rt, 12 h CH4CN, 0°C-tt, 12 h 38-55%

2. Sili .6 h
R' R?=H: 49% — R = Me, Et, Pr, Bu, Pent, Hex, Hept

= Me; 41%

APPLICATIONS OF THE BAYLIS-HILLMAN ADDUCTS

The proximity of three chemospecific functiona groups such as hydroxy group (or
amino), olefin and electron withdrawing groups in the Baylis-Hillman adducts, have
atracted the attention of organic chemists and in fact, these molecules have been
employed in various stereosdlective transformations methodologies, by appropriate
tuning of the functional groups.*?® These adducts have also been successfully used as
vauable synthons for the synthesis of various trisubstituted olefins, heterocycles,
carbocycles, biologically active molecules and natural products.*?* Some of the
important and recent developments on applications of BaylisHillman adducts have

been presented in this section.
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Drewes ¢t al.*’ reported the synthesis of racemic integerrinecic acid (52) starting from

ethyl 3-acetoxy-2-methylenebutanoate, acetate of the Baylis—Hillman adduct (Scheme

20).
Scheme 20
one - COOEt  a) KOH, HCI ACO0H
- — bj NaGN PN P
COOE OSMes e —” ' Me
Me —_— e O HS0. HO,\-—COOH
C-')f 52

(+)-integerrinecic acid
Knochel and co-workers**'"*" have described the stereoselective synthesis of skipped
(Z.Z)-dienes (53) via the regioselective nucleophilic addition of lithium cyanocuprates
to the acetate of BaylisHillman adduct, obtained from phenyl vinyl sulfone and

acetaldehyde, following the reaction sequence as shown in Scheme 21.

Scheme 21
Phe CuC H & BuMgCl, DABCO
pay 502 i NLE BFsOEG; H,  SOPh uMgCl ——
+ _— =< =\ — —* \ !
~ -15°C Me/ " CeHin  Pd(OAc), e CeHia
Catlrs 4 61, 78% )
nEEER i, 20 h, 73% 53

Our research group' developed a simple stereosdective synthesis of (2E)-2-
methylalk-2-en-1-o0ls and (2Z)-2-methylak-2-enenitriles via the nucleophilic addition
of hydride ion from lithium auminum hydride [LAHrEtOH (1:1)] to methyl 3-acetoxy-
2-methylenealkanoates and 3-acetoxy-2-methylenealkanenitriles (derived from the

corresponding Baylis-Hillman adducts) respectively (Scheme 22). This methodology
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has been successfully utilized for the synthesis of (E)-nuciferol (54), a biologicaly

active terpenoid and the precursor of (Z)-nuciferol (55) (Figure 5).

Scheme 22
LAH EtOH :
OAc LAH:EtOH
H>_(0H (1:1) )\’TEWG (1:1) H: :Me
— R —
R Me Et,0,-78°C, 1 h E,0,-78°C.1h R CN
EWG =COOMe R = aryl, alkyl EWG = CN
60-84% 62-77%
Figure 5

?jﬂle Me
o) )
Me HO\/ J\Me Me /H\

54 55 Me CN

Simple stereoselective synthesis of trisubstituted akenes via Johnson-Claisen
rearrangenent of 3-hydroxy-2-methyleneakanenitriles, the Baylis-Hillman adducts

derived from acrylonitrile, has been reported by our research group (eq 17).'*

OH COOEt
CN EtCOOH (cat) H
R + CH3C(OEt)3 — eq 17
145°C, 1-1.5h R CN
R = aryl, alkyl 76-92%

Our research group'** developed a simple stereosdlective synthesis of (2E)-2-
substituted alk-2-enoates and (22)-2-substituted alk-2-enenitriles via the treatment of 3-

acetoxy-2-methylenealkanoates and 3-acetoxy-2-methylenealkanenitriles respectively,
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with Grignard reagents. The €fficacy of this methodology has been demonstrated by the
synthesis of (2E)-2-butyloct-2-enal (56), an adarm pheromone component of the
African weaver ant, Oecophylla longinoda and (2E)-2-tridecylheptadec-2-enal (57) an

unusual metabolite from the red aga, Laurencia species (Scheme 23).'*

Scheme 23
OAc 1
H H
o COOMe _ " MgBr >:{OOM8 a) DIBAL-H >:<<i-|0
R R b) PCC R R’
R=Pent R'=Pr alarm pheromone (56)
R = tetradecyl; R' = dodecyl unusual metabolite (57)

Fields described an efficient and convenient synthesis of phosphonothrixin (58), an
important natural product starting from the Baylis-Hillman adduct, methyl 3-hydroxy-

2-methylenebutanoate, following the reaction sequence as shown in Scheme 24.'%

Scheme 24
(9]
OH O T 9
A (EO)PCVELN o~ “~ope DIBALH(25eq)  Me [ OH
Me ﬂ OMe 80°C.2h 2| ort  EHO0° " —p-OEt
60% P ot 79% i oR
after column chromatography © 0
OHOH
TBSCI(1.1eq.) Me/\f‘OTBS cat. OsOy/NMO Me’J\r\OTBS PDC (2 eq.)/celite
Imidazole, DMF p-OEt CH,Cl; — p-OEt CH.Cl,
o l\ 1 B
84% i1 ~OEt 80% 11 OEt 80%
OH 2 on
MeJt"o‘ras a) TMSI, CH,Cl; MeJ\[,OH
p-OEt b) aq. HF/CHCN ~OH

&% 83% s8¢ O
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In our laboratory, we have developed a simple and convenient synthesis for (E)-o.-
methylcinnamic acids via the nucleophilic addition of hydride ion from NaBH4 to the

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

(Scheme 25)."*7 This methodology has been successfully employed for th

(E)-p-(myristyloxy)-a-methylcinnamic acid (59), a hypolipidemic active agent, which
is also a precursor for another active hypolipidemic agent LK-903 (60) and [E]-p-

(carbomethoxy)-a-methylcinnamic acid (61), a valuable synthon for an orally active

serine protease inhibitor (62) (Figure 6).'*

e synthesis of

Scheme 25
OAc NaBH KOH/MeOH H COOH
beaip Ly H COOMe 2h,rt Nt
COOMe /2l }=-< — =  Ar Me
15 min, rt | A Me crystallization
93-98% (E) 70-75% (overall) 100% (E)
= Ph, 4-MePh, 4-(i-Pr)Ph, 4-CIPh, 2,4-(Cl),Ph,
naphth-1-yl, 4-(tetradecyloxy)Ph
Figure6
CiaHaeO CuaaeO 60 LK-903
o N—
e e LCOOH
@H o
Me0QOC e 5
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Amri and co-workers™®'* have developed an interesting synthesis of 1,4-diketones
(63) and keto akene derivatives (64) via nucleophilic addition of nitroalkanes to the

acetates of the Baylis—Hillman adducts, followed by Nef reaction (Scheme 26).

Scheme 26
R Ref. 149 Ref. 148 NO»
R RCH,NO, i RZCH,NO, R\ o
=\ NO2 "7 0H (0 45N) NaGH (0.6N) E =0
EV‘:G F THF, 010 20 °C R
Z/E 10-43/57-90 67-88% 64-78%
‘EWG =CN, COOEt EWG = COR NaOMeicOk
JaOMe/MeOH R' = H, Ph, Me, Et, Pr, Pent, R = Me, Et; 0%
H*, -50 °C R = Me, Et R'= Et, Pr, i-Pr, c-Hex; Sh e
60-88% R?= Me, Et R
o
R R}
R! = Rr?
= 0 Z/E 9-49/51-91 E o
g4 EWG R 63

Lin and co-workers'*® successfully utilized the Baylis-Hillman methodology as the key
step in the total synthesis of sphingofungin E (65) (Scheme 27).

Scheme 27

COOMe
DABCO _  PhH,CO

t
70%

de 70/30 l
pure diastereomer was seperated by l
silica gel column chromatography l

(e] 65 élH |\‘
sphingofungin E OH
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Recently, the Pfizer (pharmaceutical industry)™ reported an interesting asymmetric
synthesis of pregabalin (66), a future drug for the treatment of neuropathic pain,
epilepsy, a variety of anxiety disorders and chronic pain conditions, using Baylis-
Hillman reaction as the key step (Scheme 28).

Scheme 28
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Hoffmann and co-workers™? reported an intermolecular dehydrative double cyclization
of the Baylis-Hillman adducts, obtained from methyl vinyl ketone, to provide bicyclic
molecules containing functiondized 6,8-dioxabicyclo[3.2.1]octane moiety (67), an
important basic framework present in a number of pheromones and other biologically

active molecules (Scheme 29).



Scheme 29

R = Me, Et, i-Bu, PhCH,CH,

Weichert and Hoffman developed an eegant synthesis of racemic frontalin (68), an
interesting biologically active molecule, starting from 3-oxo-2-(phenylsul phonyl)but-I-
ene, obtained via the Jones oxidation of corresponding Baylis-Hillman adduct,

according to Scheme 30.'*

Scheme 30
PhO,S PhO,S PhO,S
2 f _CrOg, HySOs 2 r o \/0 4 |
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j\ I\ Bofn
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Our research group'** has developed a convenient synthesis of 3-arylidene(alkylidene)-
chroman-4-ones, from the Baylis-Hillman adducts, following the reaction sequence

described in Scheme 31 and has subsequently utilized this methodology for the



synthesis of bonducellin methyl ether (69), an important natural product and 3-(4-

methoxybenzylidene)-6-methoxychroman-4-one, an antifungal agent (70) (Figure 7).

Scheme 31
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PhOH, K,CO,4 KOH, H,0
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O
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Figure 7
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Kaye and co-workers have reported an interesting methodology for an efficient
transformation of the Baylis-Hillman adducts, derived from ortho-nitrobenzaldehyde

and alkyl vinyl ketonesacrylates, into quinoline derivatives via the catalytic

hydrogenation using Pd/C (Scheme 32).%%°
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Later on, our research group has conveniently transformed the Baylis-Hillman alcohols
derived from o-nitrobenzaldehydes and alkyl acrylates into functiondized (1H)-quinol-
2-ones via the treatment with F/ACOH (Scheme 33)."%¢ Similarly, the Baylis-Hillman
adducts obtained from o-nitrobenzaldehydes and akyl vinyl ketones have been

successfully transformed into quinolines, in one-pot operation (Scheme 34).'%

Scheme 33
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Scheme 34
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Paguette and Mendez-Andino have described an interesting synthesis of bicyclic
lactones 71 from the Baylis-Hillman adducts. One representative example is shown in

the Scheme 35.%%7

Scheme 35
0 o
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Fujimoto and co-workers®®'*® have described an interesting stereoselective synthesis

of cycloheptene oxide derivatives 72 via a tandem Michael-intramolecular Corey-
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Chaykovsky reaction of the five membered cyclic oxosulfonium ylide with acetates of
the Baylis-Hillman adducts. However, in the case of six membered oxosulfonium ylide,
the resulting cyclooctene oxide derivatives 73 were obtained as mixture of

stereoisomers in moderate yields. Representative examples are described in Scheme 36.

Scheme 36
0 ODAc
PIhe
# I
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A simple and convenient three-step synthesis of functionalized [4.4.3] and

[4.4.4]propellano-bislactones (74) & (75) from acetates of Baylis-Hillman adducts, has

160

been developed by our research group (Scheme 37).

Scheme 37
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Bermojo et al.'® have reported the synthesis of an interesting compound 76, from
Baylis-Hillman adduct, methyl 3-hydroxy-2-methylenebutanoate (Scheme 38). This
molecule is found to possess extremely interesting properties with regard to its
apoptosis-inducing ability in HL-60 cells.

Scheme 38
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An interesting facile, one-pot synthetic transformation of the acetates of the
Baylis-Hillman adducts into fused pyrimidones (77) via the reaction with 2-
aminopyridine in environment-friendly agueous media, has been developed by our

research group (eq 18).'”

/—R
OAc [ 1 Hp0/ MeOH (1/1) N;_\;:o
/i \[I OME 5 .6-20h == >:N eq 18
37-83% =
77

R = Ph, 2-CIPh, 4-CIPh, 4-MePh, 4-EtPh, 4-(i-Pr)Ph, 3-(OMe)Ph, 4-(OMe)Ph, Pent

Very recently, Singh and co-workers'®* have reported a stereoselective synthesis of (-)-
acaterin (78), a biologically important natural product from the Baylis—Hillman adduct,

obtained from octanal and methyl acrylate according to Scheme 39.
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Scheme 39
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Our research group'®

described a simple enantioselective synthesis of mikanecic acid
(79), an interesting terpene dicarboxylic acid, containing quaternary vinylic chiral
center, from the Baylis-Hillman adduct derived from acetaldehyde and chira acrylate

(19) (Scheme 40).

Scheme 40
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Perlmutter and Tabone have described a simple synthesis of azetidinone moiety of
carbapenems via a highly anti diastereoselective Michagl addition of benzylamine to O-

protected Baylis-Hillman adducts. One representative example is presented in Scheme

41 165.166

Scheme 41
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Chamakh and Amri transformed the acetates of the Baylis-Hillman adducts into
alkylidene-2-cyclohexenones (80) via the treatment with aliphatic 1,3-diketones in the

presence of K,COs in ethanol at reflux temperature (Scheme 42).'¢”

Scheme 42
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Ogasawara and co-workers'®*'6

have successfully employed the Baylis-Hillman
adducts derived from chiral bicyclic enones (+)- & (-)-81 and formalin, in the synthesis
of cyclopentanoid antibiotic (-)-pentenomycin | (82) and angular triquinane

sesquiterpene (+)-arnicenone (83) respectively according to the Scheme 43.

Scheme 43
(o] /DH
o] DMAP (0.15 eq,) 0 —_ £0H
e -
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3.5days (+)- OH
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+ HCHO —M—— » ~.~OH ——
=) — 3
d (- 0 = 0
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(+)-amicenone (83)

Our research group'™ developed a simple one-pot methodology for stereoselective
transformation of Baylis-Hillman adducts, obtained from aromatic adehydes and terr.-
butyl acrylate, into (E)-2-arylideneindan-1-ones (84), involving one inter- and

intramolecular Friedel-Crafts reactions according to Scheme 44.

Scheme 44
H cooBu'
OH el 9
. HaSO, (cat), PhH | AT Ph TFAA
Ar COOBu » " PR L1 — —
reflux, 30 min J H CH,Cl; or Af
Ar= Ph, 4-MePh, 4-EtPh H__ coon | ClcHCHCl £
R o P il = 2h
4-(j-Pr)Ph, 2-MePh, 4-BrPh Ar>—<—Ph 50-67%




42

An elegant synthesis of 1,3-disubstituted naphthalenes (85) has been developed by Kim
and co-workers'® via manganese(lll) acetate assisted radical cyclization and
aromatization of the acetates of the Baylis—Hiliman adducts. Representative examples
are presented in Scheme 45. Very recently, they have also described an interesting
methodology for the synthesis of 4-arylidenecyclohexane-l,3-diones (86), from the

Baylis-Hillman acetates, following the reaction sequence as shown in Scheme 46.'7

Scheme 45
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Diastereoselective catalytic hydrogenation (including its asymmetric version) of the

Baylis-Hillman adducts has been well sudied by Brown, "' Yamamoto,®*

8

Noyori,'”® Sato® and Coelho.'™ """ Recently, Bouzide reported a highly syn-

diastereoslelective heterogeneous hydrogenation of Baylis-Hillman adducts with
palladium on carbon combined with MgBr,, to aford the corresponding syn-aldol

derivatives (eq 19)."*

2
OR? O 2 2
L Ha. Pd/C, CH,Cl, j’R o] /?R Q
RW/ ‘-R3 - R“ \RS + R1 \)’L.Rj, eq 19
MgBr, (1.5 eq.) :
T1-88% syn anti
R'= Et, i-Pr, Ph; R*= H, Me; R%= Me, OMe, OEt syn/anti 28-86/1

Fisera and co-workers'**'® have reported highly diastereoselective 1.3-dipolar
cycloaddition reactions of Baylis-Hillman adducts with mesitonitrile oxide. They have
observed reversal of diastereoselectivity on addition of Grignard reagent. One

representative example is shown in eq 20.

COOMe Me0OC . st MeOOC 0.y
M + cNO —— >\(\o_\ﬂ’ * W o)
OH OH oH:

without Lewis acid —_—
toluene, B0 °C, 2 h, 99% BR08 Mst = mesityl
with Lewis acid (MeMgBr) >95:<5

CH.Cl, 78 h, tt, 35%



Very recently, Almeida and Coelho have described an elegant synthesis of N-Boc-
dolaproine (87), an amino acid residue of the antineoplastic pentapeptide Dolastatin 10

using the Baylis—Hillman reaction as the key step (Scheme 47).'%¢

Scheme 47
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Marson and co-workers'® have reported a convergent stereo-controlled construction of
5-6-7 tricylic aza analogue (88) of phorbol (89) (a representative diterpene of tigliane

skeleton), from the Baylis-Hillman adduct according to Scheme 48.
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Objectives, Results and Discussion

From the previous section it is quite clear that the Baylis-Hillman reaction has been
and continues to be one of the most powerful and important carbon-carbon bond
forming reactions, providing a unique class of densely functionalized molecules whose
applications in a variety of organic transformations have been well documented.?>%
Our research group has been actively working on various aspects of this reaction for the
last nineteen years with the main objective of developing this reaction into a valuable
source for stereoselective processes and has in fact contributed significantly in this

direction.®? This thesis deals with some aspects of the Baylis-Hillman reaction and

applications with the following objectives.
Objectives

1). To employ alkyl 2-(bromomethyl)prop-2-enoates, derived from Baylis-Hillman
adducts, as valuable electrophiles in the Baylis-Hillman coupling reaction with
various activated akenes with a view to develop a one-pot convenient
methodology for synthesis of 2,4-functionalized 1,4-pentadienes.

2). To employ the BaylisHillman adducts as vauable substrates for tandem

construction of C-0 and C-C bonds involving Prins type and Friedel-Crafts type
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reactions with an aim of developing one-pot facile methodology for synthesis of 2-
benzoxepine derivatives.

3). To develop highly diastereosel ective methodology for transformation of akyl (22)-
3-aryl-2-(bromomethyl)prop-2-enoates, obtained from the Baylis-Hillman adducts,
derived from chira acrylates and adehydes, into propargylic and phenolic ethers
of Baylis-Hillman adducts.

4). To describe the firs organobase mediated Cannizzaro reaction of reactive

aldehydes.

Results and Discussion

Applications of akyl 2-(bromomethyl)prop-2-enoates as valuable
eectrophilesin the Baylis-Hillman reaction: a one-pot facile synthesis

of 2,4-functionalized 1,4-pentadienes

Although a variety of electrophiles have been extensively used in this fascinating
reaction,”*° the applications of allyl halides, yet another highly important class of
carbon electrophiles, in the Baylis-Hillman reaction have not been well explored. We
have recently described, for the first time, the application of methyl (22)-2-
(bromomethyl)alk-2-enoates (90, EWG = COOMe, X = Br) and (32)-4-aryl-3-

(chloromethyl)but-3-en-2-ones (90, EWG = COMeg, X = Cl), the alyl halides, obtained
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from the corresponding Baylis-Hillman adducts, as suitable electrophiles in the Baylis-
Hillman coupling reaction with acrylonitrile, in the presence of DABCO, thus
providing a simple and novel synthesis of (3-substituted 2.4-functionalized 14
pentadienes) 3-aryl-4-cyano-2-methoxycarbonylpenta-1,4-dienes (91) and 2-acetyl-3-

aryl-4-cyanopenta-| 4-dienes (92) respectively (Scheme 49).'%

Scheme 49
- rCN l/CN o
MeOOChCN - | H}:@G ‘ 3 )K’H\WCN
DABCO, rt, 7 days Ar X DABCO, i, 7 days
> 37-67% 90 36-42% 92

EWG = COOMe, X = Br
EWG = COMe, X = Cl

Ar = Ph, 2-CIPh, 4-CIPh, 2-MePh, 4-MePh, 4-EtPh, 4-(i-Pr)Ph

Literature survey reveals that 1,4-diene framework constitutes an important structural
assembly owing to the presence of this structural unit in various molecules of biological

importance!®™ 1

and in fact, 1,4-pentadiene skeleton occupies a special place in 14-
diene framework due to the high degree of applicability of this moiety in various
aspects of organic synthesis.'**'*> Hence, the development of new, simple and efficient
methodologies for the synthesis of 1,4-pentadiene framework represents an important
and attractive endeavor in the area of synthetic organic chemistry.”®*'¥" Relevant

representative examples highlighting the syntheses of 1,4-pentadienes and their

applications are described in this section.
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Prasad and Knochel  have developed a simple methodology for the synthesis of
cyclohexane based 1,4-pentadienes, via the reaction of 2-zincated cyclohexenone (93)
with ethyl 2-(bromomethyl)prop-2-encate and have successfully transformed into

polyfunctionaized decalin (94) diastereoselectively (Scheme 50).

Scheme 50
0 cooa
0 Zn dust CBHB':EZ COOE!
[ | (excess COCEt__ ™
\j/ THF "CuCN-2LCI THF, 2 h TDHF 12h
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60°C1t00°C 59 o,
91 ° 44%

94

Grigg et al.'"”' have described a facile synthesis of 1,4-pentadiene diesters and
subsequently utilized them as bifunctional Michael acceptors/dipolarophile components
in a tandem Michael addition-1,3-dipolar cycloaddtition reactions with ketoximes to

provide spirohetero-bicyclic adducts (95) (Scheme 51).

Scheme 51
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Vogel and co-workers' have described the synthesis of sulfolane (96) via the

treatment of 3,3-dimethylpenta-1,4-diene with SO; (eq 21).

Me. Me e
- A 8 days Me*&\
I + 502 S eq 21
(excess) 23°C i ©
81% 9% ©

Denmark et al.'” have reported SnCls-promoted tandem inter [4+2] / intra [3+2]
cycloaddition of nitroalkene to the 1,4-penatadiene, leading to the stereoselective

formation of functionalized cyclohexane derivative (97) according to Scheme 52.

Scheme 52
0.+.0 .
N Sncly 0.4-° F
P! A |
Me™ = CH,Cly, -15 °C Me”
Ph 91% Ph

toluene
840
W ! 110°C

i, I\\OAC
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Ph 78%
a7

Negishi and Matsushita have developed a simple sdlective synthesis of 1,4-dienes via

Pd-catalyzed stereo- and regiospecific coupling of alylic derivatives with alkenyl and
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arylmetals, and successfully applied this srategy for the one-step synthesis of a

farnesene (98), aterpenoid molecule (Scheme 53).'%

Scheme 53
CI\-.V-/‘-\\. S
J//"\% MegAl /\f\mmez I/ ( '/,;h\r’i\“/:‘\j/\\/“ﬁ//
ClZrCp, 1 Pd(PPha) (6 mol %), THF

98 86%

Knochel and co-workers'® have developed an important synthesis of functionalized
1,4-pentadienes (99) via the reaction of ethyl 2-(bromomethyl)prop-2-enoate with

alkenylmagnesium derivatives obtained via halide-magnesium exchange with i-PrMgBr

(Scheme 54).
Scheme 54
B COOEt
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Takahashi and co-workers'® have described an interesting synthesis of 1,4-pentadienes
via the coupling of akenylzirconocenes with aryl iodides in the presence of
CuCl/Pd(PPh;), as catalytic system. One representative example is presented in

Scheme 55.
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Scheme 55
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Mayr and co-workers'®’ have developed a versdtile synthesis of 1,4-pentadienes
starting from vinyl ethers following the reaction sequence as described in the Scheme

56 (One representative example is presented).

OMe CH,Cl, A B ICRED A AN F ZNEIOH Az

( —= 7S /A
[ 78" OMe "=~ PK OM
Ph 78°C Ph " giMe, CMe 79%

92%

Ph

Since we have aready developed a simple methodology for synthesis of 3-substituted
2,4-functionalized 1,4-pentadienes'® using the Baylis-Hillman chemistry (Scheme 49),
it occurred to us that if we can aso utilize the Baylis-Hillman chemistry for generating
simple procedures for synthesis of 2,4-functionalized 1,4-pentadienes without any
substitution a the 3-position, this methodology will not only compliment our earlier
procedure but also demonstrate the importance of Baylis-Hillman chemistry in organic

synthesis.



In this direction, it appeared to us that the Baylis-Hillman reaction between alkyl 2-
(bromomethy!)prop-2-enoates and the activated alkenes would provide the desired 1,4-
pentadiene framework with appropriate functionalities at 2- and 4-positions. Accord-
ingly, we have first selected methyl 2-(bromomethyl)prop-2-enoate (101a) as a carbon
electrophile and methyl vinyl ketone (MVK) as an activated alkene for performing the
Baylis-Hillman reaction. The desired allyl bromide (101a) was synthesized via the
treatment of methyl 2-(hydroxymethyl)prop-2-enoate (100a) with PBr; according to the
literature procedure.'*® The required Baylis-Hillman adduct (100a) was obtained via the
coupling of paraformadehyde with methyl acrylate, mediated by aqueous

79

trimethylamine, according to the procedure developed in our laboratory (Scheme 57).

Scheme 57
COOR  aqg. Me;N ~._ _COOR PBrg, CgHg ; ~
HCHO + W —_— ¢ . g~ ~COOR
60°C,6h t, 12 h
R = Me, Et, Bu 50-65% 72-91%
100a-c 101ac

Next we examined the Baylis-Hillman coupling between MVK, which is a reactive
activated alkene and methyl 2-(bromomethyl)prop-2-enoate (101a). The best results in
this direction were achieved when methyl 2-(bromomethyl)prop-2-enoate (101a) (1
mmol) was treated with MVK (1 mL) in the presence of DABCO (2 mmol) a room

temperature for 15min, thus providing 4-acetyl-2-methoxycarbonylpenta-l,4-diene
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(102) in 82% vyield, after usua work-up followed by column chromatography (silica
gel, 4% EtOAc in hexanes) (eq 22). Structure of this molecule, was established by IR,
'H NMR (Spectrum 1), *C NMR (Spectrum 2), mass spectral data and elemental

analysis.

o)
0
)1} . Br/\H/COOMe DABCO (2 eq.) SOOME i
| t, 15 min

101a o 102

With a view to understand the generdity of the reaction, we have prepared
representative akyl 2-(bromomethyl)prop-2-enoates (101b,c) from the corresponding
Baylis-Hillman adducts (100b,c) (Scheme 57) and successfully employed these alyl
bromides (IOla-c) in the Baylis-Hillman coupling with akyl vinyl ketones (methyl
vinyl ketone/ethyl vinyl ketone), in the presence of DABCO, to provide 4-alkanoyl-2-
alkoxycarbonylpenta-|,4-dienes (103-105) in 77-84% vyields (eq 23 & Table 1). All
these molecules were characterized by IR, 'H NMR, '*C NMR spectral data and

elemental analyses.

o}
(0]
R‘% + Br COOR DABCO 5 COOR
l t,15min R eq 23

101a< Trts 103-105

v 53
R'=Me,Et o _Me EtBu



After having successfully employed these allyl bromides (101a-¢) in the Baylis-
Hillman coupling with alkyl vinyl ketones (acyclic enones), we directed our studies to
examine the applicability of cyclic enones in this reaction sequence. In this direction,
we have employed cyclohex-2-enone for coupling with butyl 2-(bromomethyl)prop-2-
enoate (101c) in the presence of DABCO under various conditions. But the reaction
was not clean. However, the best result was obtained when we have performed the
reaction between cyclohex-2-enone (1 mL) and butyl 2-(bromomethyl)prop-2-enoate
(101c) (1 mmol) in the presence of DBU (2 mmol), a room temperature for 1 h, to
provide 2-[2-(butoxycarbonyl)prop-2-en-1-yljcyclohex-2-en-1-one (106), in 80% yield,
after usual work-up followed by column chromatography (silica gel, 4% EtOAc in
hexanes) (eq 24). Structure of this molecule was established by IR, 'H NMR (Spectrum

3), CNMR (Spectrum 4), mass spectral data and elementa analysis.

o 0
H\l _~__COOBu  DBU M __~__coosu
[/ |+ Br eq 24
) LT T
S nt.1h -

With a view to expanding the scope of this methodology, we have next examined the
reaction of acrylonitrile as an activated alkene in the Baylis-Hillman reaction with
methyl 2-(bromomethyl)prop-2-enoate (101a). The best results were obtained when
methyl 2-(bromomethyl)prop-2-enoate (101a) (1 mmol) was treated with acrylonitrile

(2 mL) in the presence of DABCO (2 mmol) at room temperature for 4 h, to provide
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methyl 2-methylidene-4-cyanopent-4-enoate (107), in 81% yield, after usual work-up
followed by column chromatography (silica gel, 4% EtOAc in hexanes) (eq 25).
Structure of this molecule was confirmed by IR, 'H NMR (Spectrum 5), BC NMR

(Spectrum 6), mass spectrd data and elemental anaysis.

: ~.-COOMe NC COOM
I S & ST

i, 4 h
101a B1% 107

NC.

Encouraged by this result, we have then synthesized representative class of 4-cyano-2-
alkoxycarbonylpenta-l,4-dienes (108, 109) via the reaction between allyl bromides
(101b,c) and acrylonitrile under the influence of DABCO (eq 26 & Table 1). All these

molecules were characterized by IR, 'H NMR, CNMR spectra data and elemental

analyses.
NC _~__-COOR DABCO
m 4 Br - T( C Ncﬂ/\\ﬂ,COOR eq 26
| it 4h
101b,c 83-85%

108, 109
R =Et, Bu

Thus, we have successfully employed alkyl vinyl ketones, cyclohex-2-enone and
acrylonitrile as activated akenes in the Baylis-Hillman coupling with akyl 2-
(bromomethyl)prop-2-enoates (101a-c), thus leading to the development of a simple
methodology for synthesis of functionalized 1,4-pentadienes containing ester and keto
functionalities at 1 & 4- positions and ester & nitrile functionalities at 1,4-positions.

With an objective of developing a genera synthesis of 1,4-pentadiene containing ester



57

functionalities at both 1- and 4-positions, we have examined the coupling of methyl
acrylate with allyl bromide, methyl 2-(bromomethyl)prop-2-enoate (101a). The best
results were obtained when methyl 2-(bromomethyl)prop-2-enoate (101a) (1 mmol)
was treated with methyl acrylate (1 mL) in the presence of DABCO (2 mmol) at room
temperature for 7 days, to provide 2,4-di(methoxycarbonyl)penta-l,4-diene (110), in
80% vyield, after usual work-up followed by column chromatography (silica gel, 4%
EtOAcC in hexanes) (eq 27 & Table 1). Structure of this molecule was confirmed by IR,

'HNMR, C NMR, mass spectral dataand elemental analysis

MEOOC\\ e .COOMe DABCO MeOOC __~._-COOMe
H + Br T o AT iT H eq 27
r, 7 days |
101a 80% 110

We have next performed the coupling resction of representative akyl 2-(bromo-
methyl)prop-2-enoates (101a-c) with akyl acrylates (methyl acrylate and ethyl
acrylate) in the presence of DABCO (for 7 days), to afford 2,4-dialkoxycarbonylpenta-
1,4-dienes (111-114) in 78-85% yields (eq 28 & Table 1). All these molecules were
characterized by IR, 'H NMR (See Spectra 7 & 9 for molecules 111 & 114
respectively), 3C NMR (See: Spectra 8 & 10 for molecules 111 & 114 respectively)

spectral data and elementd analyses.

R?00C Br/\ﬂ,COOR DABCO RZOOCWCOOR -
—_— e
m + rt, 7 days o

R2=Me Et 101ac 78-85% 111-114
R = Me, Et, Bu



Table 1. Synthesis of functionalized 1,4-pentadienes™™“
SNo Allyl bromide Activated alkene Product® Yield (%)r
1 101a Methyl vinyl ketone 102** 82
2 101b Methyl vinyl ketone 103* 78
3 101c Methyl vinyl ketone 104* 84
4 101a Ethyl vinyl ketone 105° 77
5 101c Cyclohex-2-enone 106"# 80
6 101a Acrylonitrile 107° 81
7 101b Acrylonitrile 108¢ 83
8 101c Acrylonitrile 109# 85
9 10la Methyl acrylate 110%" 80
10 101b Methyl acrylate 111¢ 84
1 101c Methyl acrylate 112%¢ 85
12 101a Ethyl acrylate 1m 81
13 101b Ethyl acrylate 11340 82
14 101c Ethyl acrylate 114° 78

a) All the reactions were carried out on 1 mmal scale of allyl bromides (IOla-c) with alkyl
vinyl ketone (1 mL) in the presence of DABCO (2 mmol) at room temperature for 15 min. b)
The reaction was carried out on 1 mmoal scale of allyl bromide (101c) with cyclohex-2-enone (1
mL) in the presence of DBU (2 mmol) at room temperature for 1 h. c) All the reactions were
carried out on 1 mmol scale of allyl bromides (101a-c) with acrylonitrile (1 mL) in the presence
of DABCO (2 mmol) at room temperature for 4 h. d) All the reactions were carried out on 1
mmol scale of allyl bromides (101a-c) with alkyl acrylate (1 mL) in the presence of DABCO (2
mmol) at room temperature for 7 days. €) All the products were obtained as colorless liquids
and gave satisfactory IR, '"HNMR (200 MHz), "CNMR (50 MHz) spectral data and elemental
analyses. f) Isolated yields of the pure products (based on allyl bromides) after column
chromatography (silica gel, 4% EtOAc in hexanes). g) These products were also characterized
by mass spectral analyses. h) These molecules are known in the literature.'®' '"H NMR pectral
data of molecule 113 is reported™™ and our data isin agreement with that of the literature.
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A plausible mechanism for the formation of 1,4-pentadienes in the reaction between

alkyl 2-(bromomethyl)prop-2-enoates and various activated akenes in the presence of

DABCO, is described in the Scheme 58. We have earlier proposed a similar mechanism

for synthesis of 3-substituted 2,4-functionalized 1,4-pentadienes.'

Scheme 58

~EWG  papco [
( —

EWG = COR’, CN, COOR? i

EWG. _~-COOR -DABCO HBr
rr\“/ g PRGBS

_N.
[
N EWG o
)
\If)‘“oR
Br C-T— ?q

In conclusion, we have successfully employed akyl 2-(bromomethyl)prop-2-enoates as

ussful electrophiles for Baylis-Hillman coupling with various activated alkenes thus

leading to the development of a one-pot convenient methodology for synthesis of 2,4-

functionalized 1,4-pentadienes.



Tandem construction of C-O and C-C bonds: a one-pot facile
transformation of the Baylis-Hillman adducts into 2-benzoxepine
derivatives

2-Benzoxepine moiety is an important structural unit present in many natura products
and biologicaly important molecules which are found to be antiinflamatory,
spasmolytic, analgesic, antipyretic, neuroleptic, antinaphylactic, hypotensive, antiulcer
agents and are also found useful for treatment of depression and schizophrenia.'®*2!
Some of the important and representative examples (115-122) are shown below (Figure
8).

Figure 8

OH OH O & Bl 2 gt ;
/J ,L Yo O‘H T ’C HO’\ 27\ /\.‘._T-IO\

=3 . / v H
MeO” S N A A e
115 OH 116 R £ ¥4
Cassialacton Psorolactone Seco-furanoeremophilane
tof.199 ref. 200 ref. 201
HO
\ CHyNMe;
" de\)\CH?OPh 0 i OFTO'
. |/
O O 0 o
o} Doxaminol I 119 120
Vasodilator activity wriord el Spiroxepin
118
ref. 202 Antiinflamatory activity Spasmolytic agent,
ref. 203, 204 antidepressant
o]
ref. 205
~_-OH
QY %
CHZCOOH J
(o] H N
Oxepinac 121 | Cl  Pinoxepin
Antiinflamatory, analgesic Neuroleptic, treatment of
antipyretic agent schezophrenia

ref. 203, 206 o 122 ref. 207
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Due to their interesting and important biologica properties, development of simple and
convenient methodologies for the synthesis of 2-benzoxepine derivatives represents an
atractive and interesting endeavor in synthetic organic chemistry and medicinal
chemistry and in fact, a number of methodologies/strategies are reported in the
literature for the synthesis of these molecules (Schemes 59-65).20% 208-213

TenBrink and co-workers?® have developed a smple methodology for the synthesis of
2-benzoxepines (123), which are active antinaphylactic agents (Scheme 59).
Subsequently, they have also reported an aternative route to the 2-benzoxepine

200

derivative (124), which showed hypotensive activity (Scheme 60).

Scheme 59
1. HOCH,CH,Cl
. - -~ - H: _r-. \ i g -~ “—
HICO_~ ~oH BICH,CH(OEY, :COJ. 3 L/“‘ BaCO, HaCO ﬂ S .[/ \
Hico™ ~F TFA, CH3NO»  HaCO™ ~F TaO JR— HaCO™ '-’-"""‘T—rd
By 62-92% 'O\ NRIR?
— 123
NR'R*= —N  N-Ar
N
Ar = aryl, heteroaryl
Scheme 60

H3CO. o~
Ij\’ OCH,CH,CI 1. LiAlH, HSCOIY\\ HNR;
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2 f 2. H HiCO” ~F N0 51%
.‘1 {
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Sharp and O'Shea have elegantly synthesized hetero-fused dihydrobenzoxepines (125)

via 1,7-electrocyclisation of carbonyl ylides. One representative example is presented

in Scheme 61.2'°
Scheme 61
g\ Z "N 7N
B(OH), Br N I CICH,CO,Me =
X = ) &
o NaOMe, THF

flash vacuum
pyrolysis

—

i
T
e H

c=0"C CO,Me

A

H

Ueno and co-workers®™ have described an interesting synthesis of various
dibenzoxepine derivatives (126), following a general route outlined in the Scheme 62.

These compounds were found to possess good anti inflammatory activity.

Scheme 62
[ad
2 Rr? COOH
L L s - RO 3
CHaX Na, EtOH o e R
] PPA
R'=1, CFy H
R? = COOEt, CN 0
R® = CH,COOH, CH
2COOH, CH(Me)COOH LN R
R'—¢
N0



Yus and co-workers?!'

have reported a simple methodology for the synthesis of
tetrahydrobenzoxepines (127) via the reaction of functionalized organolithium

compounds with substituted oxiranes, followed by dehydration of the 1,6-diols

(Scheme 63).
Scheme 63
oL OH
o] 3 0" 2 BF, -OEt = (o]
R (L, Em_ (3 e OO
P Z~ iy H,0, ozo"c NN CoHel, | Uz R’
301020 °C R
R'=H, akyl; R? = H, alkyl Py
R*=H, akyl

Very recently, Maier and Wunsch have described an elegant synthesis of biologically
active spiro-2-benzoxepine derivatives (128), starting from 2-bromobenzaldehyde as
212

shown in the Scheme 64 (One representative example is presented).

Scheme 64

o ¢
/> 1. BuLi, THF, -78 °C
e — _ OH
Br Br 2. Bn*ND:O

OCH,
0 p-TsOH, MeOH, rt

128 65%
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Grigg and co-workers™® developed an interesting methodology for the synthesis of 2-
benzoxepine derivatives (129) via paladium catalyzed cyclization, following the

reaction sequence as described in Scheme 65 (One representative example is

presented).
Scheme 65
Nrf\’
Iiuw Pd(OAc),, PPhs )
“ J_ s} + e i B
w \ E
racos, ( hH X \,2
toluene, 70 °C, 20 h 129

During our ongoing research program on heterocyclic chemistry '40-14136.160.162.214 e
required various 2-benzoxepine derivatives. We have envisioned that Baylis-Hillman
adducts could be directly transformed to 2-benzoxepine derivatives via the construction
of C-0 bond followed by simultaneous construction of C-C bond. We have aso
envisaged that the C-0 bond could be constructed through the Prins type reaction on
the Baylis-Hillman adducts and the C-C bond could be simultaneously constructed
through the Friedel-Crafts reaction as there would be a carbocation (oxonium ion)

(according to the retrosynthetic pathway as described in Scheme 66).



Scheme 66
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Accordingly, we have firs selected methyl 3-hydroxy-2-methylene-3-phenylpropano-
ae (Ola), as a substrate for performing the Prins type and Friedel-Crafts reactions
with HCHO, in the presence of conc. H2304 under various conditions. The required
Baylis-Hillman adduct (131a) was obtained via the reaction between methyl acrylate
and benzaldehyde, in the presence of catalytic amount of DABCO (eq 29)."

OH
1 1
RCHO  + WCOOR DABCU R~~~ COOR' eq 29
75-85%

130a-e
131a-e,132a,b

R = Ph, 4-MePh, 4-EtPh, 2-MePh, 4-(i-Pr)Ph
R' = Me, Et

The best results, in this direction, were obtained when the Baylis-Hillman adduct
(131a) (2 mmol) was treated with HCHO (2 mmol) in CH,Cl, (4 mL) in the presence of

conc. H,SO4 (2 mmol) a room temperature for 1 h, thus providing the desired 4-meth-

For continuity and better understanding, we have numbered the Baylis-Hillman alcohol
obtained from benzaldehyde and ethyl acrylate and that obtained from 4-methylbenzaldehyde
and ethyl acrylate as 132a and 132b respectively (eq 29 & Table 2).
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oxycarbonyl-1,3-dihydro-2-benzoxepine (133a) in 60% yield after usua work-up
followed by column chromatography (eq 30 & Table 2). Structure of this molecule was

confirmed by IR, '"H NMR (Spectrum 11), *CNMR (Spectrum 12),mass spectral dda

and elemental anaysis.

Q

oH O N
B conc. HpSOy PN /;x< OMe
s H “OMe + HCHO ———» r\ﬂ\ ) eq 30
] CHyCly, tt, 1h w
- " N0

80%
131a 133a

With a view to understand the reaction better and aso to increase the yied of the
product, we have examined the application of methanesulfonic acid in the place of
H,S0s4. The best results were obtained, when Ola (2 mmol) was treated with HCHO (2
mmol) in CH,Cl; (4 mL) in the presence of methanesulfonic acid (6 mmol) & room
temperature for 1 h, thus providing the desired 4-methoxycarbonyi-1,3-dihydro-2-
benzoxepine (133a) in 53% vyidd &fter usua work-up followed by column
chromatography (eq 31 & Table 2). Structure of this molecule was confirmed by IR, 'H
NMR and *C NMR spectral data. In fact, this spectra data is in complete agreement
with that of the molecule prepared from methyl 3-hydroxy-2-methylene-3-

phenylpropanoate (Ol a) via the treatment with HCHO in the presence of conc. H,SOs.
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@]
OH O - %‘OM&
- CH3S04H a =
[— 2 ‘| OMe + HCHO L | / " a1
< CH5Cly, 1, 1 h N
131a 53% 133a

Since sulfuric acid provided dightly better result than methanesulfonic acid, we have
extended this dtrategy to representative Baylis-Hillman adducts [obtained from
aldehydes (130a-e) and akyl acrylates (eq 29)] to provide the desired 2-benzoxepine
derivatives (133b-e, 134a,b)* in moderate to good yields (eq 32 & Table 2). Structures
of these molecules were confirmed by IR, 'H NMR (See: Spectra 13 & 15 for
molecules 133e & 134b respectively), *C NMR (See: Spectra 14 & 16 for molecules

133e & 134b respectively) spectra data and elemental analyses.

o}
2
R? OH O R oy
J ’J conc. H,S0,4 7_,:] P OR
J”\"lT " TOR' +  HCHO Jk eq 32
CH,Clo. it, 1h S
R~ S 22 R o
¥ 44-61%
131be, 132ab R =Me, Et 133b-e, 134a,b

R? =H, Me
R? =H, Me, Et, i-Pr
A plausible mechanism for the formation of 2-benzoxepines is described in the Scheme

67.

*We have numbered 4-ethoxycarbonyl-l,3-dihydro-2-benzoxepine and 4-ethoxycarbonyl-8-
methyl-1,3-dihydro-2-benzoxepine as 134a and 134b respectively, for continuity and better

understanding.
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Scheme 67
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With a view to understand the reaction mechanism and to increase the yield of 2-
benzoxepine derivative, we have planned to extend this strategy to the rearranged
alcohol, methyl (2E)-2-(hydroxymethyl)-3-phenylprop-2-enoate (135a). The desired
rearranged acohol (135a) was obtained from methyl 3-hydroxy-2-methylene-3-

phenylpropanoate (131a), following the known procedure’'® developed in our

laboratory (eq 33).
OH O 0
1. Ac;O/TMSOT (cat.)
©)\“)LOME CH,Cly, 1t, 2 h WOMe a3
2. K,CO4/MeOH OH
131a m1h 135a

60%
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In fact, we have successfully transformed the rearranged alcohol (135a) into the desired
2-benzoxepine derivative (133a). Thus the reaction of 135a (2 mmol) with HCHO (2
mmol) in CH2Cl; (4 mL) in the presence of conc. H,SO4 (2 mmol) at room temperature
for 1 h, provided 4-methoxycarbonyl-1,3-dihydro-2-benzoxepine (133a) in 59% yield
(eq 34 & Table 2). Structure of this molecule was confirmed by IR, 'H NMR and *C
NMR spectral data. This spectrd data is in complete agreement with that of the
molecule prepared from methyl 3-hydroxy-2-methylene-3-phenylpropanoate (131a) via
the treatment with HCHO in the presence of conc. H2S04. This reaction probably

provides an evidence for the mechanistic pathway.

o]
Z S S OMe conc. HySO4 N “aMe
L | + HCHO L/[( eq 34
g OH CHyClo, it, 1 h = O
135a 59% 133a

With a view to extend this methodology to methyl 3-hydroxy-3-(3-methoxyphenyl)-2-
methylenepropanoate (131f), the Baylis-Hillman adduct obtained from m-anisaldehyde
(130f) and methyl acrylate (eq 35), we have performed the reaction between methyl 3-
hydroxy-3-(3-methoxyphenyl)-2-methylenepropanoate  (131f) and HCHO in the
presence of conc. H,SO,4 under various conditions (eq 36). We noticed that the reaction
was not clean. Also, our attempts to use p-TsOH and methanesulfonic acid under
various conditions for the converson of Baylis-Hillman adduct (131 f) into the

corresponding 2-benzoxepine derivative were not successful.
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Table 2. Synthesis of 2-benzoxepine derivatives from the Baylis-Hillman adducts®

Rz EE = “‘L"'OR‘ ) ld ond
e N 0
Alcohol f\r. R L @ ) Yield®)™ | Mp (°C)
R} F Product™®
131a Phenyl Me 133a° 60 46-48
131a Pheny! Me 133a’ 53 46-48
131b | 4-Methylphenyl Me 133b° 51 58-60
131c |  4-Ethylphenyl Me 133 %6 _
131d | 2-Methylphenyl Me 1334¢ 48 59-60
13le | 4-Isopropylphenyl | Me 133 44 57-59
132a Pheny! Et 134a 61 36-39
132 | 4-Methylphenyl Et 134b 56 _
1352 Pheny! Me 13 9 46-48
a) All reactions were carried out on 2 mmol scale of Baylis-Hillman alcohols (131a-€,

132a,b) or rearranged alcohol (135a) with 2 mmol of HCHO in 4 mL of CH,Cl, in the
presence of conc. H,SO4 (2 mmol) at room temperature for 1 h. b) The compounds
133a,b,d,e & 134a were obtained as colorless solids and the compounds 133¢ & 134b
were obtained as colorless viscous liquids. c) All the products gave satisfactory IR, 'H
NMR (200 MHz), *C NMR (50 MHz) and elemental analyses. d) Yields of the pure
products obtained after column chromatography (silica gel, 4% EtOAc in hexanes). €)

These compounds were also characterized by mass spectral analyses. f) This reaction
was carried out on 2 mmol scale of Baylis-Hillman acohol (131a) with 2 mmol of

HCHO in 4 mL of CH2Cl; in the presence of methanesulfonic acid (6 mmol) at room

temperaturefor 1 h.
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OH O

MeO. -, ~CHO COOMe DABCO MeO. -~ J'§
| 5 W = g~ | OMe eq 35
= i, 10 days o

130f 70% 131f

OH O
MeO.___~ hru\om!e conc. H,S0,
& | [ —— not clean eq 36
2 CHpCip

131f

In conclusion, we have successfully developed one-pot simple methodology for
synthesis of 2-benzoxepine derivatives involving tandem construction of C-0 and C-C
bonds through Prins type and Friedel-Crafts type reactions via the treatment of Baylis-

Hillman adducts with HCHO under the influence of H,SO4.

Chiral auxiliary mediated diastereoselective synthesis of propargylic
and phenolic ethers of Baylis-Hillman adducts from alkyl (22)-3-aryl-
2-(bromomethyl)prop-2-enoates

Allyl bromides derived from Baylis-Hillman adducts have been successfully employed

in various organic transformation methodologies. Relevant examples are represented

pictorially in Scheme 68 4141.216-226



Scheme 68
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Recently, our research group®®’ has developed a simple and genera synthesis of 2-

methylene alkanenitriles (137) and alkanoates (139) via the nuleophilic Sy2' addition of

hydride ion from NaBHj4 to the in situ generated DABCO-allyl bromide salts (136 &

138) in an environment-friendly agueous media. This methodology was successfully

applied for the synthesis of two hypoglycemic agents etomoxir (140) and methyl

palmoxirate (141) (Scheme 69).
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Scheme 69
+ \
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o
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An asymmetric copper-catalyzed chemo- and regiospecific Sn2' addition of organozinc

reagents to (2)-alyl halides, derived from the Baylis-Hillman adducts, in the presence

of chira ligand 142 to provide the corresponding products 143 upto 64% ee, was

reported by Woodward et al.® (Scheme 70).

Scheme 70
o Etan
Cu(MeCN)4]BF 4(10 mol%
AN OE [Cu( JalBFa( )
% 142 (20 mol%), THF, —40-0 °C
20-40 mi
X=Cl, Br e

Ar = Ph, 4-CIPh, 4-MeFPh, 4-(NO,)Ph, naphth-1-yl

Et O

Ar/l\")LOEt

143
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3-64% ee
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Our research group® has described the nucleophilic additions of propargyl alcohol and
phenol to the Baylis-Hillman bromides in the presence of EtsN to provide the
corresponding methyl 3-aryl-2-methylene-3-(prop-2-yn-l-yloxy)propanoates (144) and
methyl 3-aryl-2-methylene-3-phenoxypropanoates (145) respectively. We have dso
developed a simple enantioselective synthesis of propargylic ether (146) of the Baylis-
Hillman adducts via the deracemization process, under the influence of chira leaving

group (quinidine) in 25-40% enantiomeric purities as shown in the Scheme 71.

Scheme 71
— _OH
Et:N, 1, 12 h Q
LR M,L_ _COOMe
67-84%
— = o ﬂ
o .
H  COOMe ] gy H  COOMe 144
A L___coome _ ")7_7__{ | Quinidine (Ry*N) -y =
3247% | A LoNRyBr| CHiClm 24 h A7 g
; PHOH, EtsN OPh
{(-) 146 | /J\ COOM
56.40% o8 Ar=Ph, 4-CIPh, 4-MePh, CHLClp  4h .

4-E1Ph, 4-(-Pr)Ph, 2-MePh 61-B5%

145

More recently, Kim and co-workers” have reported deracemization type process by
the addition of p-methoxyphenol as nucleophile, on to the Baylis-Hillman acetate in the
presence of chiral amine (147) in ag. THF, however, with low chemical yields and
enantioselectivities. Representative example which provided the best ee of 38% is

presented in Scheme 72.
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Scheme 72
e OMe
OAc HO = J
(DHQD),PHAL(NR;3") (0.5 eq.) Me o S
Ph COOQEt )\
H;;O:'THF, rt, 2 days rt, 4 days Ph .TCOOEt

N .
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\ / C"/“H 38% ee
v, OMe

147 (DHODJ_PHAL

They have aso successfully synthesized enantiomerically enriched Baylis-Hillman
adducts with optical purities of 54-92% from their racemic acetates using the combined
concept of kinetic resolution during sdt formation with (DHQD),PHAL and the
asymmetric induction during the (Sn2') type reaction with sodium bicarbonate as a

water surrogate. One representative example is presented in the Scheme 73.2*

Scheme 73
OAc 147 (0.2 eq.) . OAC
COOMe  HaOTHF (1:2 H ~ COOMe
Pn)\ﬁ e RaDITHF(v2): | }_{ — COOMe| X COOMe
NeHCO;(3.0ea) |pr  \sygye | (asymmetric Ph{s) H’
r, 13 days induction) 25% 21%
(kinetic resolution) NR3* =147 92% ee 80% ee

The enantiomerically pure Baylis-Hillman adducts can also be obtained via 1) kinetic

resolution of alcohols using asymmetric hydrogenation methodology,’¢*"!73-176.178 2)

kinetic resolution of alcohols and their derivatives via chemoenzymatic methodo-

y23 1-234,39

log and epoxidation.”®® Representative examples are presented in Scheme 74.
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Scheme 74

QOH OH
R, ~COOR' + g~ ~COOR'
o (R)

HRP = horseradish peroxidase R = Me, Et. EWG = COOMe OA

c OH
OH OAc R COOEt Rz'\{rcooa

A _Ewe
R + R EWG +s 3 R = Me, Et
T T l,:;,,\ R Bt (s)
e e S
- > -2
R = aryl EWG = COOMe, CN  “e, 0% '6r s 9

acetylating agent = isopropenyl acetate,

,2\-?\ .G % vinyl acetate
AN 5
X X 25/ 0§§\° o PSERNC I
A Gty AN
X d Sl
R»\TrEWG + g EWG S \F\"a % 5" on one
X = OH, NHCOOBU' T a RJ‘TrCOOEi + R~ ~COOE!
= u
; R
EWG = COOMe, SO,Ph ) R
R = alkyl, aryl :
catalyst* = [Rh(R, R)-Dipamp]’ 14-20% 33-76%
= [[Ru(S)-EJ;ma?:]' & 75->89% ee 1-46% ee

Trost e al. have developed an efficient procedure for deracemization of Baylis-
Hillman carbonates via the reaction with phenols in the presence of paladium catayst,
following DYKAT (dynamic kinetic asymmetric transformation) process using chiral
phosphine ligand (148) leading to the formation of aryl ethers of Baylis-Hillman
adducts in high enantiomeric purities (Scheme 75). Subsequently, they have
successfully applied this methodology for the preparation of enantiomericaly pure
dihydrobenzofuran derivative 149, which was further transformed into Furagquinocin E

(150) (Scheme 75).2%
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J\ OH OMe
. N ®
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_— 98% ee

I} PACI{CHCN); i) Ac,0, TEA

(10 mol%) DMAP, CH,Cly L~
HCOOH PMP Rt | [
DMF, 50 °C SRR, PhoPT
ligand 148
o ;
o o- -
AL XN ok L \\' =" "OH
ﬁ g;f & . . “ l_, i S |
U S % ee (after " j j\)
recrystallization) k
149 v M o

O  Furaguinocin E (150}

Chirdl auxiliaries play important role in asymmetric organic synthesis.**?*! Also, allyl
propargylic ethers are versatile synthons for the synthesis of various interesting

242246 |1 continuation of our interest on deracemization process of the

molecules.
Baylis-Hillman adducts®® with various nucleophiles, we directed our studies to
examine the diastereoselectivities on addition of oxygen nucleophiles such as
propargylic acohol and phenol on to the Baylis-Hillman bromides under the influence

of chiral auxiliaries. In this direction, we have firs sdected (-)-menthol as chiral
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auxiliary. The desired (-)-menthyl acrylate (14) was prepared via the reaction of (-)-

menthol (151) with acryloyl chloride in the presence of triethylamine, following the

known procedure (eq 37).2

o)
j 4-DMAP (cat.) 9;%/”0 J
OH + ¢ \H + EQN T opcn =3 | eq37

0°tort,2h 14
78%

151

The Baylis-Hillman adduct (152a) was obtained in 88% yield via the coupling of (-)-
menthyl acrylate (14) with benzaldehyde in the presence of DABCO, following the
procedure developed in our laboratory (Scheme 76).°° The structure of the molecule
was established by IR, 'H NMR, and ">C NMR spectra data. The required alyl bro-
mide, (-)-menthyl (22)-2-(bromomethyl)-3-phenylprop-2-enoate (154a) was obtained
in 88% vyield via the treatment of (-)-menthyl 3-hydroxy-2-methylene-3-phenyl-
propanoate (152a) with HBr/H,SO4 (Scheme 76). Structure of this molecule was

established by IR, 'H NMR, and ">C NMR spectral data.

Scheme 76
% )H _ DABCO _ /;:g HEH,S0, % Ar
H 7 10 days OCHZCIZ j/\
Ctort, 12h
130a,b,g 84-88% 152a,b,153 "
B7-89% 154a,b,155

Ar = Ph, 4-MePh, 4-CIPh

®For continuity and better understanding, we have numbered 4-chlorobenzaldehyde as 130g
(Scheme 76). We have also numbered the BaylisHillman adduct obtained from 4-
chlorobenzaldehyde (130g) and menthyl acrylate as 153 and corresponding allyl bromide (-)-
menthyl (2Z)-2-(bromomethyl)-3-(4-chlorophenyl)prop-2-enoate as 155 (Scheme 76).
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We have firgt selected propargyl adcohol as nucleophile for our study. The best result
was accomplished when the molecule 154a (1 mmol) was treated with propargyl
acohal (5 mmol) in the presence of Et3N (1 mL) at room temperature for 12 h, thus
providing (-)-menthyl 2-methylene-3-(prop-2-yn-I-yloxy)-3-phenylpropanocate (156a)
as a colorless viscous liquid in 74% yield and 18% diastereomeric excess, after usual
work-up followed by column chromatography (silica gel, 2% EtOAc in hexanes)
(Scheme 77). The molecule was well characterized by IR, 'H NMR (Spectrum 17), *C

NMR (Spectrum 18) spectral data and elemental analysis.

Scheme 77
N~ O | s \
g Jn - _ EtsN | ; >
.,74 0" Vo 0 T/ Ph %«J o ~Ph
E: OH . 12h ‘ 74%
Br Br E!JN

154a
156a  18% de

154
a 1562 18% de

Determination of the diastereomeric purity of (156a):

The diastereomeric purity of this molecule (156a) was determined by the 'H NMR
spectral analysis. The two singlets at 8 6.31 & 6.41 are attributed to B-vinylic protons
(Ha) (cis- to the ester group) of the minor and mgor diastereomers respectively. The
integration of these two singlets is in the ratio of 41:59 indicating that the reaction is

18% diastereoselective® [Spectrum 17: (A)].

“We have aso recorded the 'H NMR spectrum of the crude product, which dso shows the
diastereosdectivitity of 18%, as evidenced by the integration of diastereomeric B-olefinic (Ha)
proton (cis-to the ester group) Singlets.
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With aview to understand the diastereoselectivity trend, we extended the same strategy
to a representative (-)-menthyl (22)-3-aryl-2-(bromomethyl)prop-2-enoates (154b,
155), the allyl bromides obtained from the corresponding Baylis-Hillman adducts
(152b, 153)¥ (Scheme 76). The resulting products (-)-menthyl 3-aryl-2-methylene-3-
(prop-2-yn-1-yloxy)propanoates (156b, 157)" were obtained in 67 & 88% yields and
with 23 and 4% diastereoselectivities respectively (Scheme 78 & Table 5). These two
molecules were well characterized by IR, 'H NMR, "*C NMR spectra data and
elementa analyses, The diastereomeric purity of these molecules were determined by
the '"H NMR spectral analysis, by the integration of the singlets arising from the

olefinic (Ha) protons (cis- to the ester group) of both the diastereomers N(Table 3).

Scheme 78
-\\.‘_ O \_} i (i. \V " CL) /? ™
N . = : Et;N T PR S | 1
/k-—._j L5 S o —— — |/ 707 Y CAr | — 707 Ty A
7 J oH mo2n |7 I 67 & as%%\ I
Br Br EtsN” Ha” “Hb

154b, 155
Ar = 4-MePh, 4-CIPh

156b 23% de
157 4% de

*For continuity and better understanding, we have numbered the Baylis-Hillman adduct,
obtained from 4-chlorobenzaldehyde (130g) and menthyl acrylate, as 153 (Scheme 76), the
corresponding allyl bromide (-)-menthyl (2Z)-2-(bromomethyl)-3-(4-chlorophenyl)prop-2-
enoate as 155 (Scheme 76) and the propargylic ether (-)-menthyl 3-(4-chlorophenyl)-2-
methylene-3-(prop-2-yn-1-yloxy)propanoate as 157 (Scheme 78).

THNMR spectra of the crude products (156b, 157) also show the diastereomeric purities of
these molecules as 23 and 4% respectively, as indicated by the integration of the diastereomeric
singlets arising from the olefinic (Ha) protons (cis- to the ester group).



Table 3. Determination of diastereomeric purities of menthyl 3-aryl-2-methylene-
3-(prop-2-yn-1-yloxy)propanoates (156a,b & 157): Analysis of key protons in 'H
NMR spectra

Chemical shifts of
Compound Key protons diastereomeric proton singlets D.e (%)
(integration ratio)

156a | B-olefinic proton (Ha) 5 6'(3;11,‘2‘9?'41 18

156b B-olefinic proton (Ha) 6 (28295‘2 165':))’9 23

157 p-olefinic proton (Ha) ® 6.(%12&8&';.41 4

With a view of examining deracemization process of Baylis-Hillman adducts, we next
selected phenol as a nucleophile for addition on to the Baylis-Hillman bromides
(154a,b & 155). Accordingly, we firs examined the reaction of (-)-menthyl (2Z)-2-
(bromomethyl)-3-phenylprop-2-enoate (154a) (1 mmol) with phenol (1 mmol) in the
presence of Et3N (1 mL) in CH,Cl, (2 mL) a room temperature for 4 h, to provide (-)-
menthyl 2-methylene-3-phenoxy-3-phenylpropanoate (158a) in 72% yield and 35% de
(Scheme 79). The molecule was well characterized by IR, 'H NMR (Spectrum 19), '>C
NMR (Spectrum 20) spectral data and elemental analysis. The diastereomeric excess of
this molecule was determined by the H NMR spectral analysis. The integration of two
singlets at & 5.83 & 5.93 arising due to the benzylic (H3) protons of the minor and
magor diastereomers respectively, is in the ratio of 32.5:67.5, indicating that the

reaction is 35% diastereosel ective® [Spectrum 19: (A)].

“We have dso recorded the '"H NMR spectrum of the crude product, which aso shows the
diagtereosdlectivitity of 35%, as evidenced by the integration of diastereomeric benzylic (H3)
proton sSinglets.
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Scheme 79

JOL o o :
EtsN
2 Ll e A
- = CH,Cly, A, 4h 72%
Br-
154a

5% de
158a

We have then examined the nucleophilic addition of phenols to representative alyl
bromides (154b, 155). The resulting (-)-menthyl 3-aryl-2-methylene-3-phenoxyprop-
anoates 158b, 159> were obtained with 28 & 26% diastereosalectivities and in 54 &
57% vyields respectively (Scheme 80 & Table 5). Structures of these two molecules
were confirmed by IR, 'H NMR, “C NMR spectra data and elemental analyses.
Diastereomeric purities of these molecules were determined by the '"H NMR spectral
analysis, i. e., via the integration of the singlets arising due to the benzylic (H3) protons
of both the diastereomers (Table 4).°

Scheme 80

r 1 JJ

b N 007

il
OH EtaN )a/—\ [7% L
“ AN+ ©/ —_— O “ TAr 0 “SAr
CH,Cl, 1, 4 548 57%

BrEtsN
158b  28% de

154b 155
Ar = 4-MePh, 4-CIPh 159 26%de

*For continuity and better understanding, the phenolic ether, (-)-menthyl 3-(4-chlorophenyl)-2-
methylene-3-phenoxypropanoate was numbered as 159.

H NMR spectra of the crude products (158b, 159) also show the diastereomeric purities of
these molecules as 28 and 26% respectively, as indicated by the integration of the
diastereomeric benzylic (H3) proton singlets.
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Table 4. Determination of diastereomeric purities of menthyl 3-aryl-2-methylene-
3-phenoxypropanoates (158ab & 159): Analysis of key protons in '"H NMR
spectra

Chemical shifts of
Compound Key protons diastereomeric proton singlets | D.e (%)
(integration ratio)
(two singlets) 6 5.83 & 5.93

158a benzylic (H3) proton (325:675) 35
. (two singlets) 8 5.73 & 5.84

158b benzylic (H3) proton (36:64) 28
. (two singlets) & 5.86 & 5.96

159 benzylic (H3) proton (37:63) 26

Though the diastereoselectivities observed in the above reactions using (-)-menthyl
group as achira source, are not high, these results are encouraging in the sense that the
selection of appropriate chiral auxiliary might offer better diastereoselectivities. In our
laboratory, we have demonstrated the application of Oppolzer’s chird auxiliaries (18 &
19) for synthesis of mikanecic acid in high enantiosdlectivity via asymmetric Diels-
Alder reaction (Scheme 40, Introduction, page no. 39). We have therefore planned to
examine the application of 18 as chird auxiliary for diastereoselective addition of
oxygen nucleophiles to the (Z)-allyl bromides. The required chiral auxiliary (18) was
prepared following the reaction sequence described in the Scheme 81, starting from
commercidly avalable (+)-10-camphersulfonic acid (160). Reduction of 160 with
NaBH, followed by intramolecular cyclodehydration with p-TsCl in dry pyridine,
provided isobornyl sultone (161) in 69% yield (Scheme 81). Nucleophilic opening of
isobornyl sultone (161) with bromomagnesium diisopropylamide afforded the alcohol
(162), in 72% yield (Scheme 81). Structure of this molecule was confirmed by IR, 'H
NMR and '*CNMR spectral data.
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Table 5. Diastereoselective synthesis of (-)-menthyl 3-aryl-2-methylene-3-(prop-2-
yn-1-yloxy)propanoates and (-)-menthyl 3-aryl-2-methylene-3-phenoxypropano-
ates™?

25
Allyl Ar Product® | Yield(%)? oo D.e (%)
bromide (¢, CHCly)

154a Pheny! 156a" 74 -60.31 (4.15) 18
154b 4-Methylphenyl 156b* 67 -60.40 (3.00) 23
155 4-Chlorophenyl 157* 88 -36.45 (3.36) 4
154a Phenyl 158a° 72 -76.16(5.00) 35
154b 4-Methylpheny! 158b° 54 -71.56(2.11) 28
155 4-Chlorophenyl 159° 57 -69.81 (3.71) 26

a) All the reactions were carried out on 1 mmol scale of dlyl bromides (154a,b & 155)
with propargyl acohol (5 mmal) in the presence of EtzN (1 mL) at room temperature
for 12 h. b) All the reactions were carried out on 1 mmol scale of alyl bromides
(154a,b & 155) with phenol (1 mmol) in the presence of EtsN (1 mL) in 2 mL of
CH)Cl, at room tempereture for 4 h. c) All the products were obtained as colorless
viscous liquids and were characterized by IR, 'H NMR (200 MHz) and *CNMR (50
MHz) spectral data and elemental analyses. d) Isolated yields of the pure products after
column chromatography (silica gel, 2% EtOAc in hexanes). €) Diastereomeric purities
of these molecules were determined by '"H NMR (200 MHz) spectral analysis (in fact
the 'H NMR spectra of the crude products showed same diastereoselectivities as that of
the purified). f) Our attempts to determine the diastereosel ectivities of these molecules

using HPLC were unsuccessful.
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_ o] <
G S /L[\C ' o
- 1 -
7 1.NaBH/H,0 - FPrNMgBr  A™~  Etvger || gl
/ SR ] ,_T/ —— L LOH et e ”
( o 2 pTscupy 4 THGmeR j\ mih 0°Ctort J\
SO,H o 72%  OS-N L S
50 overall yield: 69% 0o \
1 161 162 18

91%

The required acrylate (1S,2R,4R)-1-(diisopropylaminosulfonyl)methyl-7,7-dimethylbi-
cyclo(2.2.1)hept-2-yl acrylate (18) was obtained in 91% yield, by the treatment of
magnesium salt of acohol (162) with acryloyl chloride (Scheme 81). Structure of this
molecule was in full agreement with IR, '"H NMR, and "*C NMR spectral data

The Baylis-Hillman coupling reaction of the acrylate (18) with benzaldehyde in the
presence of DABCO, following the procedure developed in our laboratory, provided
the desired adduct (1'S,2'R,4'R)-1'-(diisopropylaminosulfonyl)methyl-7',7'-dimethylbi-
cyclo(2.2.1)hept-2'-yl 3-hydroxy-2-methylene-3-phenylpropanoate (163),” in 92% yie-
Id and 14% diastereomeric excess (Scheme 82). Structure of this molecule was
confirmed by IR, 'H NMR, and ">C NMR spectral data. Diastereomeric excess was
determined by the "H NMR spectra andlysis. The two singlets a 8 6.15 and 6.20 are

attributed to the B-vinylic protons (Ha) (cis- to ester group) of minor and mgor diaster-

“For better understanding, we have adopted the following numbering for molecules 163-168.
7
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eomers respectively. The integration ratio of these two singlets shows that the reaction
is 14% diastereoselective. The required allyl bromide (1'S,2'R,4'R)-1'-diisopropylami-
nosulfonyl)methyl-7',7'-dimethylbicyclo(2.2.1)hept-2-yl  (2Z)-2-(bromomethyl)-3-phe-
nylprop-2-enoate (169),° was prepared in 88% yield, via the treatment of alcohol (163)
with HBr/H,SO, (Scheme 82).” Structure of the molecule was confirmed by IR, 'H

NMR, and '*C NMR spectral data

Scheme 82
L. i S,
o o 7S k.
‘f W 1 . . OABcQ L 27w i, HBHHS08 f\m
¢ 1 I+ A7 H “gg o €] CHCl; J\
0?5"N L 08~ 72-95% O;SHN Br
\ 1303—6.94 \’_
o 18 7 183-188 /

169-174
Ar= Ph, 4-MePh, 4-EtPh, 4-CIPh, 2-CIPh, 2,4-(Cl);Ph

We have examined the reaction of alyl bromide (169) with propargyl acohol in the
presence of triethylamine. Encouraging results were obtained when we have treated

169 (0.5 mmol) with propargyl alcohol (2.5 mmol) in the presence of EtsN (1 mL) at
room temperature for 12 h, thus providing the desired propargylic ether, (1'S,2'R,4'R)-
“For continuity and better understanding, we have numbered the aromatic aldehydes that is 4-
chlorobenzaldehyde, 2-chlorobenzaldehyde and 2,4-dichlorobenzaldehyde as 130g, 130h and

130i respectively.
°For better understanding, we have adopted the foI|0W| ng numbermg for molecules 169-174.

/B
[* B
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1 '«(diisopropylaminosulfonyl)methyl-7',7-dimethylbicyclo(2.2.1 )hept-2"-yl 2-methyle-
ne-3-(prop-2-yn-1-yloxy)-3-phenylpropanoate (175) in 88% diastereoselectivity and in
55% vyield, after usua work-up, followed by column chromatography (silica gel, 4%
EtOAc in hexanes) (Scheme 83). Structure of this molecule was confirmed by IR, 'H
NMR (Spectrum 21), *C NMR (Spectrum 23) spectral data and elemental analysis.
Diastereomeric excess was determined by the 'H NMR spectral analysis. The two
singlets at 6 5.92 & 6.03 are attributed to the dlefinic (Hb) protons, {trans- to the ester
group) of mgor and minor diastereomers respectively. The integration of these two

singlets is in the ratio of 94:6, indicating that the reaction is 88% diastereoselective®

[Spectrum 21: (A)].

Scheme 83
B ‘/j 5 e .
]| ﬂ "\ (‘) o}l
v g 1.
LA L0 \14 Phi & =— BN o Ph
. 'S o OH i, 12 h J W
25N 55% 0,5~ 175
J— 168 /_ BB% de
i selective
l crysialhzauon

~

O

i/o)’ﬁ i

OZS‘N \ 175
>99% de

*We have aso recorded the 'H NMR spectrum of the crude product, which aso shows the
diastereosd ectivitity of 88%, as evidenced by the integration of diastereomeric olefinic (Hb)
proton {trans- to the ester group) sSinglets.
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Careful selective crystallization of the molecule (175) from 10% EtOAc in hexanes,
provided the single diastereomer (175%) in >99% de (Scheme 83), as evidenced by 'H
NMR (Spectrum 22) and C NMR (Spectrum 24) spectral data. Thus, in 'HNMR
spectrum of 175*, olefinic (Hb) proton, trans- to the ester group (which showed two
distinct singlets before crystallization) shows only one singlet at 5 591 [Spectrum 22:
(A)] (Table6).

This is indeed an encouraging result. We have therefore planned to extend this strategy
to a variety of allyl bromides with a view to understand the generality of this reaction.
The required (2Z)-3-aryl-2-(bromomethyl)prop-2-enoates (170-174) were synthesized
from the corresponding Baylis-Hillman adducts (164-168), which in turn were prepared
via the reaction between the chird acrylate (18) and aryl aldehydes (130b,c,g-i)"
(Scheme 82).

These (22)-3-aryl-2-(bromomethyl)prop-2-enoates (170-174) were subjected to the
reaction with propargyl acohol under similar conditions as mentioned in the case of
175 in the presence of EtsN. The resulting (1'S,2'R.4 'R)-1'-(diisopropylaminosulfo-
nyl)methyl-7',7'-dimethylbicyclo(2.2.1 )hept-2'-yl 3-aryl-2-methylene-3-(prop-2-yn-1 -
yloxy)propanoates (176 -180) were obtained with 51-87% diastereoselectivities and in
63-83% yields (eq 38 & Table 7). Structure of these molecules were confirmed by IR,
'H NMR (See: Spectrum 25 for the molecule 176), *C NMR (See: Spectrum 27 for the

YFor continuity and better understanding, we have numbered the aromatic ddehydes that is 4-
chlorobenzaldehyde, 2-chlorobenzaldehyde and 2,4-dichlorobenzaldehyde as 130g, 130h ad

130i respectively.
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molecule 176) spectral data and demental analyses, Diastereomeric purity of these

molecules were determined by the 'HNMR spectral analysis* °(Table 6).

~ ~ rd
/? T i j]/\“'-ss
e ; . EtsN Ay h
/ o H/\Ar e VR cie S 1| B, “ A eq 38

5 \S Br” OH t, 12h (
=N 63-83% 0aS-N~
)_170-174 /7 176180
Ar= 4-MePh, 4-EtPh, 4-CIPh, 2-CIPh, 2 4-(CI),Ph 51-87% de

We have also peformed careful sdlective crystdlization of (1'S.2'R.4'R)-1'-(di-
isopropylaminosulfonyl)methyl-7',7'-dimethylbicyclo(2.2.1)hept-2'-yl ~ 2-methylene-3-
(4-methyl phenyl)-3-(prop-2-yn-I-yloxy)propanoate (176) from 10% EtOAc in hexanes,
which provided single diastereomer (176%), in >99% de. as evidenced by 'H NMR

(Spectrum 26) and '*C NMR (Spectrum 28) spectral data (eq 39).

A - 0 0 T
0 07 " selective : 5
o > crystallization ,QJY SR
( e e J | ) eq 39
O?Sw’k “CH, 025N~ "CHa
\ 176 )__ 176*
84% de >99% de

*In the case of 176-178, the diastereomeric olefinic protons (Hb) separate and the
diagtereosdectivity is determined by their integration ratio [See Spectrum 25: (A) for the
molecule 176]. In the cae of 179 & 180 the diastereomeric excess is determined by the
integration of diastereomeric olefinic proton (Ha) signds.

®The 'H NMR spectra of the crude products of 176-180 aso show the diastereoselective
purities of 51-87% respectively, as indicated by the integration of diastereomeric olefinic
proton (Hb) singlets in the case of 176-178 and diastereomeric olefinic proton (Ha) singlets in
the case of 179 & 180.



175-180

Table 6. Determination of diastereomeric purities of (1'S,2'R,4'R)-1'-(diisoprop-

ylaminosulfonyl)methyl-7',7'-dimethylbicyclo(2.2.1)hept-2'-yl 3-aryl-2-methylene-
3-(prop-2-yn-I-yloxy)propanoates; Analysis of key protonsin 'HNMR spectra

Chemical shifts of
Compound Key protons diastereomeric proton D.e (%)
singlets (integration ratio)
. 5592 & 6.03
175 B-olefinic proton (Hb) 88
(94:6)
175* . ) >99%
L. f3-olefinic proton (Hb) onesingleta & 5.91
(aefter crysallization) (pure)
176 B-olefinic proton (Hb) 5591 &6.01 84
(92:8)
176* . , >99%
(after crystallization) p-olefinic proton (Hb) one singlet at 8 5.90 (pure)
177 p-olefinic proton (Hb) 8591 &6.02 87
(93.5:6.5)
178 p-olefinic proton (Hb) 5594& 602 78
(89:11)
N 86.10 & 6.32
179 P-olefinic proton (Ha) (885:115) 77
. 56.18 & 6.37
180 B-olefinic proton (Ha) (75.5:24.5) 51




a

Table 7. Diastereoselective synthesis of (1'S,2'R,4'R)-1'-(diisopropylaminosulfo-
nyl)methyl-7',7'-dimethylbicyclo(2.2.1)hept-2'-yl 3-aryl-2-methylene-3-(prop-2-yn-
I-yloxy)propanoates **

Allyl Ar Product® | Yield(%)* lalo™ Dee (%)
bromide (¢, CHCl3)

169 Phenyl 175¢ 55 -104.14(3.50) 8ge"
170 4-Methylpheny! 176° 68 -106.65(3.50) 848™
171 4-Ethylphenyl 177 72 -101.88(2.92) 87

172 4-Chlorophenyl 178 83 -107.66(2.68) 78
173 2-Chloropheny] 179 63 -54.28(1.09) 77
174 | 2,4-Dichlorophenyl 180 69 -51.14(3.15) 51

a) All the reactions were carried out on 0.5 mmol scae of alyl bromides (169-174)
with propargyl alcohol (2.5 mmol) in the presence of Et;N (1 mL) at room temperature
for 12 h. b) All the products were characterized by IR, 'H NMR (200 MHz) and '*C
NMR (50 MHz) spectra data and elemental analyses. ¢) Products 175-179 were
obtained as colorless solids and the product 180 was obtained as a colorless viscous
liquid. d) Isolated yields of the pure products after column chromatography (silica gel,
4% EtOAc in hexanes). €) Diastereomeric purities of these molecules were determined
by 'H NMR (200 MHz) spectral analysis (Table 6) (in fact, the '"H NMR spectra of the
crude products showed same diastereosdlectivities as that of the purified). f) Our
attempts to determine the diastereoselectivities of these molecules using HPLC were
unsuccessful. g) Selective crystalization of these compounds provided the single
diastereomer in >99% de, as evidenced by the 'H NMR and *CNMR spectral data. h)
These compounds were also characterized by mass spectral analyses.
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After having obtained success in the deracemization process of Baylis-Hillman adducts
via diastereoselective addition of propargyl acohol to the allyl bromides, using the
Oppolzer's chira auxiliary (162) as a chird source, our next objective was focused on
to the examination of deracemization process of Baylis-Hillman adducts by addition of
phenol on to the Baylis-Hillman bromides, using the concept of chira auxiliary induced
asymmetric synthesis. Accordingly, we first examined the reaction of (1'S,2'R,4'R)-1'-
(diisopropylaminosulfonyl)methyl-7',7'-dimethylbicyclo(2.2.1 )hept-2-yl  (2Z)-2-(brom-
omethyl)-3-phenylprop-2-enoate (169) with phenol in the presence of triethylamine.
We have indeed obtained encouraging results, when alyl bromide (169) (0.5 mmol)
was trested with phenol (0.5 mmol) in the presence of E3N (1 mL) in CH,Cl, (1 mL),
at room temperature for 4 h, thus providing the desired phenolic ether (1'S,2'R,4'R)-1 '-
(diisopropylaminosulfonyl)methyl-7',7"-dimethylbicyclo(2.2.1)hept-2-yl  2-methylene-
3-phenoxy-3-phenylpropanocate (181) in 82% diastereoselectivity and in 48% yield,
after usua work-up, followed by column chromatography (silica gel, 4% EtOAc in
hexanes) (eq 40). Structure of this molecule was confirmed by IR, 'H NMR (Spectrum

29), BCNMR (Spectrum 32) spectra data and elemental analysis.

OH
L T’f Ph |\j BN Jkrl\ o 40
T CHCl, 4 q

o s_ ,
: 48% DES‘N

b B2% de
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Diastereomeric excess of the molecule 181 was determined by the 'H NMR spectral
analysis. The two singlets at 6 5.78 & 6.02 are attributed to the benzylic (H3) proton of
major and minor diastereomers respectively. The integration of these two singlets is in
the ratio of 91:9, indicating that the reaction is 82% diastereosdlective [Spectrum 29:

aN>°

P'"H NMR spectrum of the crude product also indicates that the reaction is 82%
diastereoselective as evidenced by the integration of diastereomeric benzylic (H3)
proton singlets.

®'H NMR spectrum showed five singlets a 8 5.78. 6.02, 6.18, 621 and 6.26 (the
underlined peaks are attributed to the minor diastereomer) due to the benzylic (H3) and
olefinic (Hb and Ha) protons of both the diastereomers. The singlets at 6 5.78 & 6.02
can be attributed to the benzylic (H3) protons of the maor and minor diastereomers
respectively and are in the ratio of 91:9, indicating that the reaction is 82%
diastereoselective. To further confirm our assignment, we have recorded 'H NMR
spectrum (Spectrum 30) in the presence of chiral shift reagent Eu(hfc)3, which clearly
showed that the minor peaks originally at 8 6.26 and 6.02 are in the ratio of 2:1, thus
indicating that the peak originaly at & 6.26 arises due to Hb and Ha protons of minor
diastereomer. With a view to have further understanding, we have also recorded 'H
NMR spectrum (Spectrum 31) in the presence of shift reagent Eu(fod)s, the multiplet
originadly a 8 5.05-5.24 due to the H2' proton nicdly splits into two multiplets at 8
5.44-5.52 and 8 5.53-5.65 in the ratio of 9:91 indicating that the molecule 181 is 82%

diastereomerically pure.
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With a view to examine the generality of the reaction, we have extended the same
strategy to representative class of allyl bromides (170-174). The resulting (1'S,2'R,4'R)-
1 '(diisopropylaminosulfonyl)methyl-7',7"-dimethylbicyclo(2.2.1 )hept-2'-yl 3-aryl-2-
methylene-3-phenoxypropanoates (182-186) were obtained with 54-81% diastereo-
selectivities and in 59-66% yields (eq 41 & Table 9). Structure of these molecules were
confirmed by IR, 'H NMR (See: Spectra 33 & 35 for molecules 182 & 183
respectively), 13C NMR (See: Spectrum 36 for the molecule 185) spectrd data and
elemental analyses. Diastereomeric purities of these molecules were determined by the

'H NMR spectral analysis (Table 8).**

~ /\
rJi‘v ﬁ . -~ OH EtN TJ) O/E\.,J

LA~L0O ZA AP |
- A 41
] ]‘ J CH,Clp, 1,4 h 40 T'T A °
OZS“N' A, Br ( | |
I/\__ 59-66% 0:5~N"
170-174 Y 182-186
Ar= 4-MePh, 4-EtPh, 4-CIPh, 2-CIPh, 24-(Cl),Ph 54-81% de

“In the case of 182-186, the diastereomeric benzyl ic (H3) protons separate and the
diastereoselectivity is determined by their integration ratio [See: Spectrum 33: (A) & (B) for
the molecule 182 and Spectrum 35: (A) for the molecule 183]. In the case of 182, it is further
established by the diastereomeric H2' proton signal which nicely separates into two multiplets
in the presence of Eu(fod)s, in the ratio of 12:88 (Spectrum 34).

®The 'H NMR spectra of the crude products of 182-186 also showed the diastereoselective
purities of 54-81% respectively as indicated by the integration of diastereomeric benzyl ic (H3)

protons.



Table 8. Determination of diastereomeric purities of (1'S,2'R,4'R)-1'-(diisopro-
pylaminosulfonyl)methyl-7',7'-dimethylbicyclo(2.2.1)hept-2'-yl 3-aryl-2-methylene
-3-phenoxypropanoates: Analysis of key protonsin 'H NMR spectra

Chemica shifts of diastereomeric
Compound Key protons D.e (%)
proton (integration ratio)
181 benzylic (H3) proton 85.78 & 6.02 (91:9) 82"
182 benzylic (H3) proton $5.78 & 6.00 (88:12) 76"
183 benzylic (H3) proton 55.78 & 6.01 (89:11) 78°
184 benzylic (H3) proton §5.77 & 5.95 (90.5:9.5) 819
185 benzylic (H3) proton 8531 & 5.77 (83.5:16.5) 67°
186 benzylic (H3) proton 85.48 & 5.86 (77:23) 54!

a) This is further confirmed by the integration of the two multiplets at 6 5.44-5.52 and 8 5.53-
5.65 due to the H2' proton (originally at 8 5.05-5.24) of the minor and major diastereomers
respectively, in the presence of Eu(fod); (Spectrum 31). b) The diastereomeric H2' protons
separate as two distinct multiplets in the presence of Eu(fod)3, in the ratio of 12:88 indicating
that the reaction is 76% diastereoselective (Spectrum 34). This is further confirmed by the
integration of two singlets at 8 2.30 & 233 of the diastereomeric methyl protons on the
aromatic ring (Spectrum 33). ¢) Diaster eosdlectivity is further established by the integration of
thetwo doubletsat 8 321 & 3.25 arising from the H10' proton (second part of d of ABq) of the
minor and major diastereomers respectively. d) The two doublets at 8 2.60 & 2.63 are due to
the H10' proton (first part of d of ABQq) of the minor and major diastereomers respectively and
arein theratio of 9.5:90.5, also indicating 81% diaster eoselectivity. €) Thisis further confirmed
by the integration of two multiplets at 8 4.92-5.02 & 5.05-5.18 arising from the diastereomeric
H2' proton. f) Diaster eosdlectivity is further established by the integration of two multipletsat 8
5.01-511 & 5.13-523 (23:77) arisng from the H2' protons of the minor and major
diastereomer srespectively.
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Table 9. Diastereosdective synthesis of (1'S,2'R,4'R)-1'-(diisopropylaminosulfon-
yl)methyl-7',7'-dimethylbicyclo(2.2.1)hept-2'-yl 3-aryl-2-methylene-3-phenoxypro-

panoates *”

Allyl Ar Product® | Yield(%)" (olo™ D.e (%)™
bromide (¢, CHCl3)

169 Phenyl 181 48 -55.56(1.78) 7

170 4-Methylphenyl 182 61 -61.66(1.26) 76

171 4-Ethylphenyl 183 66 -59.26(1.44) 78

172 4-Chlorophenyl 184° 63 -75.80 (2.50) 81

173 2-Chlorophenyl 185 64 2.22(1.88) 67

174 2.4-Dichlorophenyl 186 59 -8.96 (2.55) 54
a) All the reactions were carried out on 0.5 mmol scae of alyl bromides (169-174)

with phenol (0.5 mmol) in the presence of Et;N (1 mL) in 1 mL of CH,Cl, a room
temperature for 4 h. b) All the products were characterized by IR, '"H NMR (200 MH2)
and >C NMR (50 MHz) spectral data and elemental analyses. ¢) Products 181-183 &
185 were obtained as colorless viscous liquids, while the products 184 and 186 were
obtained as colorless solids. d) Isolated yields of the pure products after column
chromatography (silica gel, 4% EtOAc in hexanes). €) Diastereomeric purities of these
molecules were determined by '"HNMR (200 MHz) spectral analysis (Table 8) (in fact
the 'H NMR spectra of the crude products showed same diastereoselectivities as that of
the purified). f) Our attempts to determine the diastereoselectivities of these molecules
usng HPLC were unsuccessful. g) This product was aso characterized by mass

spectral analysis.
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A plausible mechanism for addition of oxygen nucleophiles (from propargyl acohol

and phenol) onto alkyl (2Z)-3-aryl-2-(bromomethyl)prop-2-enoates is described in the

Scheme 84.
Scheme 84
R—D)H + NEty
H  COOR"  EiN H / COOR* ?R
— S S ={ . u A___COOR*
Ar Br Ar o~ T NjEl;;Br' Ar
h |
Ar = aryl /
~ - =
- ) J\ ROH \OH , PhCH
R'OH = %«j’ “OH LA —~L-oH

In conclusion, we have developed a smple methodology for diastereoselective
synthesis of phenolic and propargylic ethers of Baylis-Hillman adducts, using
Oppolzer's chiral auxiliary as a chiral source in the deracemization of Baylis-Hillman

adducts.

First example of organo base induced Cannizzaro reaction

Although a large variety of activated alkenes have been successfully employed in the
Baylis-Hillman reaction (Scheme 2, introduction, pages 3 and 4), application of phenyl
vinyl sulfoxide as activated akene has not been studied systematically, probably due to

its less reactivity.™
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Hu and co-workers®® have reported an interesting rate acceleration in the Baylis-
Hillman coupling of various aldehydes with methyl acrylate, using stoichiometric
amount of DABCO in a 11 (v/v) mixture of 1,4-dioxane and water as a medium
(Scheme 85). Later on, they have successfully employed less reactive activated alkene,
acrylamide, in the Baylis-Hillman coupling with various reactive aromatic and hetero-

aromatic aldehydes under these conditions (Scheme 85). *

Scheme 85
( ~—
/CL)H J? ref. 248 | R-JL i # ref. 249 )O_H 9
RO "OMe ~ ossen 1 omeco¢oomem) [iroasnersen R M
41-100% | 1.4-dioxane / Hz0 (1.1, viv)
EWG = COOMe EWG = CONH,
R = H, Me, Et, anyl, heteroaryl R = 2-(NO»)Ph, 3-(NO2)Ph, 4-(NO)Ph, heteroaryl

Leadbester and co-workers™*" degantly demonstrated the application of 1,1,3,3-
tetramethylguanidine (187) for the first time, as a catalyst for performing Baylis-

Hillman reaction between various adehydes and methyl acrylate at faster reaction rates

(eq 42).
NH
fo) ME‘N/U\N'ME"BT OH O
o] | |
k & ‘)LOMe Me Me (5-25 mol%)_r RJ‘W‘H“\OMe eq 42
R™ 'H I CH,Cly, 1t, 6 h

50-69%
R= aryl, alkyl, cinnamyl



99

Therefore, it occurred to us that application of TMG as a catalyst and application of
agueous medium might facilitate the less reactive activated akene, phenyl vinyl
sulfoxide to participate in Baylis-Hillman reaction with adehydes. Accordingly, we
have planned to examine the application of TMG for coupling of phenyl vinyl sulfoxide
(188) with representative electrophiles in agueous medium. We have first selected
pyridine-4-carboxaldehyde (130j) as an electrophile because it is a very reactive
aldehyde. Thus, we have carried out the reaction of pyridine-4-carboxaldehyde (130j)
(2 mmol) with phenyl vinyl sulfoxide (188) (2 mmoal) in the presence of 1,1,33
tetramethylguanidine (187) (2 mmol) in dioxane-water solvent system. It was
interesting to note that there was no Baylis-Hillman reaction. To our pleasant surprise.
4-pyridinemethanol (189) was obtained in low yield (27%). The structure of this
molecule was confirmed by IR, '"HNMR, and *CNMR spectral data We were able to
recover activated alkene, phenyl vinyl sulfoxide (188) in 47% yield. We have also
noticed the formation of 1-phenylsulfinyl-2-(4-pyridylmethoxy)ethane (190), in 10%
yield (contaminated with ~5-10% impurities) (Scheme 86). The structure of this
molecule was established by IR, 'H NMR, BC NMR and mass spectral data. This
molecule might be formed via the Michad addition of 4-pyridinemethanol (189)
(which was generated in situ) to phenyl vinyl sulfoxide. In fact, we have carried the
reaction between 4-pyridinemethanol (189) (1 mmol) and phenyl vinyl sulfoxide (1

mmol) in the presence of 1,1,3,3-tetramethylguanidine (187) (1 mmol) (eq 43), with a
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view to confirm the structure of this product (190). As expected 1 -phenylsulfinyl-2-(4-
pyridylmethoxy)ethane (190) was isolated in 17% yield. This molecule is chemically
pure and the structure is established by IR, 'H NMR (Spectrum 37) and '*C NMR
(Spectrum 38) spectral data. In fact, the spectral data is in agreement with that of the
molecule 190 (baring =5-10% impurities) formed in the attempted Baylis-Hillman
reaction between pyridine-4-carboxaldehyde (130j) and phenyl vinyl sulfoxide (188).
We have aso recovered 4-pyridinemethanol (189) in 59% yield and phenyl vinyl

sulfoxide (188) in 20% yield.

Scheme 86
OH ©
g
SLF “7"Ph
'jx i TMG (187) (1 eq)) i
[/ J ( Ph—— 0 CH,0H 0
14—d!oxanefH;.O‘5h n /\\ -
(11, viv) _ ifs*ph N T 07 7 Ph
130 188 I
188 139 190
47% 27% 10 %
CH,OH 0 ?HEOH 0 E
x S, TMG(187)(1eq) S. P NS
@ " “/ Ph [ /J +W Pho, i “‘j/\o B s
N t,6h SN N.#
189 188 189 188 190
59% 20% 17%

With a view to understanding the reaction, we have also performed the reaction
between pyridine-4-carboxaldehyde (130§)" and phenyl vinyl sulfoxide (188) inthe

"For continuity and better understanding, we have numbered pyridine-4-carboxaldehyde,
pyridine-3-carboxaldehyde (eq 45) and pyridine-2-carboxaldehyde (eq 45), as 130j, 130k and
1301, respectively.
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presence of TMG in THF/water solvent system. In this case aso, there was no Baylis-
Hillman reaction and we have isolated 4-pyridinemethanol (189) in 23% yield and
recovered phenyl vinyl sulfoxide (188) (46%). We aso noticed the formation of 1-
phenylsulfinyl-2-(4-pyridylmethoxy)ethane (190) in 11% yield. These results clearly
suggest that phenyl vinyl sulfoxide is not undergoing the Baylis-Hillman coupling with
adehyde. In fact, it looks that the aldehyde is undergoing Cannizzaro reaction in the
presence of TMG in water. To understand this aspect, we have carried out the reaction
of pyridine-4-carboxaldehyde (130j) in water with TMG. The best result was obtained
when pyridine-4-carboxadehyde (130j)) (2 mmol) was trested with 1,133
tetramethylguanidine (187) (2 mmol) in 0.5 mL of water a room temperature for Sh,
thus providing 4-pyridinemethanol (189) in 42% yidld after usua work-up followed by
column chromatography (silica gel, 100% EtOAc) (eq 44 & Table 10). Structure of this
molecule was confirmed by IR, 'HNMR (Spectrum 39), and “C NMR (Spectrum 40),
spectral data. This result clearly indicates that the formation of alcohol (189) is due to
the Cannizzaro reaction i.e., pyridine-4-carboxaldehyde (130j) underwent Cannizzaro
reaction in H,O in the presence of TMG. However, our attempts to isolate pyridine-4-

carboxylic acid in pure form were not successful.
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CHO CH OH COOH
A TMG (1eq) ﬁ\ 9
L LJ + ) eq 44
~N HoO, 1t, 5 h N N
190 189 (failed to isolate
42% in. pure form)

This is an encouraging result in the sense that this is a firs¢ example of organo base
(TMG) induced Cannizzaro reaction. As is well known, Cannizzaro reaction is a base
induced disproportionation of an aldehyde devoid of a-hydrogens, to the corresponding
primary acohol and carboxylic acid, thus essentialy involving both oxidation and
reduction reactions.'***%* |n fact, prior to the discovery of metal hydrides as synthetic
reagents, this reaction was considered to be one of the most fundamenta reactions in
synthetic organic chemistry. Several mechanistic studies”****" have been made on this
reaction, which is usualy carried out using strong alkdi in agueous or alcoholic
solution, akali amides in liquid ammonia, akali akoxides in dcohol solution, and

alkoxides of metals such as aluminium and magnesium in alcoholic solution or in

253 25811260

suspension in inert solvents.®® Also, intramolecular, asymmetric,® Lewis acid

catalyzed,?? metdl catalyzed,”*%% solid state”"?*® and microwave-induced Cannizzaro

reactions % 2

are known in the literature. However, to the best of our knowledge, there
is no report in the literature on the organo base-induced Cannizzaro reaction. Thus, this
TMG promoted Cannizzaro reaction has fascinated us. With aview to examine whether
the bases such as DABCO, DBU and 3-hydroxyquinuclidine would perform

Cannizzaro reaction, we have treated pyridine-4-carboxaldehyde with DABCO (1), 3-
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hydroxyquinuclidine (3-HQD) (5) and DBU (8) independently in agueous medium and
noticed that there was no Cannizzaro reaction. The failure of DABCO/3-HQD/DBU to
mediate Cannizzaro reaction might be attributed to the low basicity (with pKa values of
85, 9.9 and 12 respectively in water) while the success of TMG to perform Cannizzaro
reaction might be due to its high basicity (pKa 13.6 in water).

With a view to examine the generality of TMG-promoted Cannizzaro reaction, we have
sdected two more adehydes i.e, pyridine-3-carboxaldehyde (130k) & pyridine-2-
carboxaldehyde (1301) for reaction with TMG in water. As expected we have isolated
the corresponding acohols (191 & 192) in 43 & 35% yields respectively (eq 45 &
Table 10). All the molecules gave satisfactory IR, 'HNMR and "*C NMR spectral data.
However, our attempts to isolate the corresponding acids in pure form met with failure.

TMG (1eq) ArCH,OH " ArCOOH

H20, 11,37 h 191, 192

ArCHO
130k, |

eq 45

(failed to isolate in pure form)

-439
Ar = pyrid-3-yl, pyrid-2-y! 35-43%

To further examine the scope of this methodology and aso with a view to isolate the
oxidized product (corresponding acid), we next employed 4-nitrobenzaldehyde (130m)
as a substrate in TMG promoted Cannizzaro reaction. The best result was obtained
when 4-nitrobenzaldehyde (130m) (2 mmol) was trested with 1,1,3,3-tetramethyl-
guanidine (2 mmol) in 0.5 mL of water a reflux for 30 min, thus providing 4-

nitrobenzyl acohol (193) in 36% yield, after usua work-up followed by column
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chromatography (silica gel, 20% EtOAc in hexanes). Structure of this molecule wes
confirmed by IR, "H NMR (Spectrum 41) and *CNMR (Spectrum 42) spectral data. In
this case, we have successfully isolated the corresponding oxidized product, i.e., 4-
nitrobenzoic acid (194) in 42% yield, after usua work-up (from the agueous layer),
followed by crystalization from EtOAc: hexanes (1:4) (eq 46 & Table 10). Structure of
this molecule was confirmed by IR, 'HNMR and "*C NMR (Spectrum 43) spectra
data

Next, we have extended the same methodology to 3-nitrobenzaldehyde (130n). The
resulting primary alcohol 195 was obtained in 42% yield. We have also successfully
isolated the corresponding oxidized product 3-nitrobenzoic acid (196) in 43% yield (eq
47 & Table 10). Structures of these molecules were confirmed by IR, '"H NMR and '*C

NMR spectral data.

CHO CH,0H COOH
TMG (1 eq.)
eq 46
H,0, reflux, 30 min
NO,
130m 193 36% 194 42%
CHO CH,0H COOH
TMG (1 eq))
3 eq 47
NO, H0, reflux, 10 h NO, NO,

130n 195 42% 196 43%
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Table 10. TMG promoted Cannizzaro reaction of reactive aldehydes”

Time Products™
SNo. | Substrate Ar
(hours) | Alcohol Yidd (%)° | Acid Yield (%)°
1 130j pyrid-4-yl 5 189 42 failed to isolate in
pure form
2 130k pyrid-3-yl 7 191 43 -do-
3 1301 pyrid-2-yl 5 192 35 -do-
4 130m 4-(NO,)Ph 05 193 36 14 42
5 130n 3-(NO2)Ph 10 195 42 196 43

a) Cannizzaro reaction of aldehydes 130j-1, were carried out on 2 mmol scale using
1,1,3,3-tetramethylguanidine (2 mmol) in 0.5 mL water, at room temperature while that
of aldehydes (130m,n) were caried on 2 mmol scade using 1,1,33-tetramethyl-
guanidine (2 mmol) in 0.5 mL water at reflux temperature. b) The products 189, 193,
194, 196 were obtained as crystalline solids, while 191, 192, 195 as liquids. c) All the
products gave satisfactory IR, 'H NMR (200 MHz) and *C NMR (50 MHz) spectral
data. d) These molecules are known in the literature and even Aldrich sells these
molecules.?*'?”® The IR and '"H NMR spectra of these molecules are in agreement with
that of the reported. €) Isolated yields of the pure products [for 189, 191, 192 after
column chromatography (silica gel, 100% EtOAc), for 193, 195 &fter column
chromatography (Silica gel, 20% EtOAc in hexanes) and for 194, 196 after
crystallization from EtOAc: hexanes (1:4)].
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Based on the above observations, we have proposed the following plausible mechanism

for the TMG induced Cannizzaro reaction (Scheme 87).

Scheme 87
H\ —
o ™ Oy
’ o - -
i e |
F AT TH A ” o £
NH e
Mg, ———— [ A MWD | ——e A A |
'T-' F‘f' oH AT H Ar” OH AIH |
H,O
i
18 ® OH
Ar Q HZN\ K‘ I /+
~ Ar H“H

As is well known, Cannizzaro reaction provides the reduced product (alcohol) and the
oxidized product (acid) in maximum of 50% yield from the corresponding aldehyde.
HCHO has been successfully employed as sacrificing adehyde in cross-Cannizzaro
reaction where the expensive adehyde has the opportunity to be converted into the
corresponding acohol in high yields.?**272 With a view to examine this aspect, we have
carried out the reaction between pyridine-4-carboxaldehyde (130j) and HCHO in the
presence of TMG in water. The best results were obtained when pyridine-4-
carboxaldehyde (130j) (2 mmol) was treated with formalin (37% w/v) (2 mmol) in 0.5
mL of water in the presence of 1,1,3,3-tetramethylguanidine (187) (2 mmol) at room
temperature for 4 h, thus providing the desired alcohol (189) in 50% yield. Structure of

this molecule was confirmed by IR, '"HNMR and BCNMR spectral data. In order to
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optimize the reaction conditions, we have carried out the cross-Cannizzaro reaction of
pyridine-4-carboxaldehyde (130j) (2 mmol, 0.214 g) with various amounts of HCHO
(2, 4, 8 and 16 equivalents) in the presence of TMG in water and found that the
maximum yield (64%) of desired acohol (189), was obtained with 16 eg. of formalin

(eq 48 & Table 11).

CHO CH,0H

/J*c TMG (1 eq.) 1\

L)+ o —0 80=a—— [ ] eq 48
N H,O, rt, 1.5-7 h ‘N

124,84 16
130 8 50p4% 189

Table 11. TMG promoted Cannizzaro reaction of pyridine-4-carboxaldehyde

(130j) with varying amounts of HCHO?

SNo. No. of equivaents of Time (hours) 4-Pyridinemethanol
HCHO Yidd (%)
1 1 4 50
2 2 15 57
3 4 15 59
4 8 4 60
5 16 7 64

a) All the reactions were carried out on 2 mmol scale of aldehyde (130j) using 1,1,3,3-

tetramethylguanidine (2 mmoal) in 0.5 mL water at room temperature.
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Table 12. TMG promoted cross-Cannizzaro reaction of aldehydes with 16 eq. of

HCHO*
) Product™® . i
SNo Substrate Ar Time (hours) Yidd (%)*
(ArCH,OH)

1 130j pyrid-4-yl 7 189 64

2 130k pyrid-3-yl 36 191 54

3 1301 pyrid-2-yl 36 192 51

4 130m 4-(NO,)Ph 6 193 73

5 130n 3-(NO;)Ph 6 195 68

a) Cross-Cannizzaro reaction of aldehydes 130j-1, were carried out on 2 mmol scale
with 16 eq. of HCHO (37% wi/v) in the presence of 1,1,3,3-tetramethylguanidine (2
mmol) in 0.5 mL water at room temperature, while that of the adehydes 130m,n were
carried on 2 mmol scale with 16 eq. of HCHO using 1,1,3,3-tetramethylguanidine (2
mmol) in 0.5 mL water at reflux temperature. b) The products 189 & 193 were
obtained as crystalline solids, while the products 191, 192 & 195 as liquids. ¢) All the
products gave satisfactory IR, 'H NMR (200 MHz) and *C NMR (50 MHz) spectral
data. d) These molecules are known in the literature and even Aldrich sells these
molecules.””*?” The IR and 'H NMR spectra of these molecules are in agreement with
that of the reported. €) Isolated yields of the pure products [for 189, 191 & 192 after
column chromatography (silica gel, 100% EtOAc), and for 193 & 195 after column

chromatography (silicagel, 20% EtOAc in hexanes).
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With a view to understand the generality of cross-Cannizzaro reaction, we have
employed representative adehydes (130k,l) for reaction with HCHO (16 eg.) in the
presence of TMG, thus providing the desired alcohols (191 & 192) in 54 & 51% yields
respectively. Pyridine carboxadehydes undergo cross-Cannizzaro resction at room
temperature while nitrobenzaldehydes (130m,n) required high temperatures to undergo
cross-Cannizzaro reaction, to provide the desired dcohols (193 & 195) in 73 & 68%
yields respectively (Scheme 88 & Table 12). Structures of these molecules, were

confirmed by IR, '"HNMR and *CNMR spectra data.

Scheme 88
TMG(1 eq.) TMG (1 eq.)
ArCH,0OH ArCHO + HCHO— — = ArCH,0OH
H,0, reflux, 6 h H,0O, 1t, 36 h
130k-n 191, 192
193,195 68-73% 51-54%
Ar = 4-(NO,)Ph, 3-(NO;)Ph Ar = pyrid-3-yl, pyrid-2-yl

However, our attempts to use less reactive adehyde, benzaldehyde for TMG promoted

Cannizzaro/cross-Cannizzaro reaction (with HCHO) were unsuccessful.

In conclusion, though we were not successful in employing phenyl vinyl sulfoxide as
an activated alkene in Baylis-Hillman coupling usng TMG, we have for the first time
described an organo base (TMG) promoted Cannizzaro reaction. Although this reaction
is applicable to only very reactive aldehydes, this work provides new perspectives for

Cannizzaro reaction.
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CONCLUSONS

We have achieved considerable success in our objectives on the applications of Baylis-
Hillman chemistry as mentioned in the beginning of this section. We have successfully
employed alkyl 2-(bromomethyl)prop-2-enoates derived from Baylis-Hillman adducts,
as valuable electrophiles in the Baylis-Hillman coupling reaction with various activated
alkenes such as acyclic & cyclic enones, acrylonitrile and dkyl acrylates in the
presence of tertiary amines such as DABCO (or DBU), thus leading to the development
of a onepot convenient methodology for synthesis of 2.4-functionalized 14
pentadienes. We have successfully developed a one-pot facile methodology for
synthesis of 2-benzoxepine derivatives via the tandem construction of C-0 and C-C
bonds involving the Prins type and Friedel-Crafts type reactions of Baylis-Hillman
adducts (derived form various aromatic aldehydes and akyl acrylates) with HCHO in
the presence of conc. H2SO4. We have examined the diastereoselective addition of
oxygen nucleophiles such as propargyl acohol and phenol on to the Baylis-Hillman
bromides, under the influence of chiral auxiliaries. (-)-Menthol as a chiral auxiliary
provides the resulting (-)-menthyl 3-aryl-2-methylene-3-(prop-2-yn-I-yloxy)propano-
ates and (-)-menthyl 3-aryl-2-methylene-3-phenoxypropanoates in 4-23% and 26-35%
diastereoselectivities respectively, while the Oppolzer’s chiral auxiliary [(1S,2R,4R)-1-
(diisopropylaminosulfonyl)methyl-7,7-dimethylbicyclo(2.2.1 )heptan-2-ol] provides the

resulting (1 'S,2'R,4'R)-1 '-(diisopropylaminosulfonyl)methyl-7',7'-dimethylbicyclo-
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(2.2.1 )hept-2'-yl 3-aryl-2-methylene-3-(prop-2-yn-1 -yloxy)propanoates and (1 'S,2'R,
4'R)-1'-(diisopropylaminosulfonyl)methyl-7',7'-dimethylbicyclo(2.2.1)hept-2'-yl 3-aryl-
2-methylene-3-phenoxypropanoates in 51-88% and 54-82% diastereoselectivities
respectively. Finaly, though we were not successful in employing phenyl vinyl
sulfoxide as an activated alkene in Baylis-Hillman coupling with reactive aldehydes
using 1,1,3,3-tetramethylguanidine (TMG), we have for the firg time described an

organo base (TMG) promoted Cannizzaro reaction of reactive aldehydes.
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EXPERIMENTAL

Melting Points: All melting points were recorded on a Superfit (India) capillary

melting point apparatus and are uncorrected.

Boiling Points: Boiling points refer to the temperature measured using short path

distillation units and are uncorrected.

Elemental Analyses: Elemental analyses were performed on a Perkin—Elmer 240C-

CHN analyzer.

Infrared Spectra: Infrared spectra were recorded on a JASCO FT/IR-5300
spectrophotometer. All the spectra were calibrated against polystyrene absorption at
1601 cm™. Solid samples were recorded as KBr wafers and liquid samples as thin film

between NaCl plates or solution spectrain CH,Cl,.

Nuclear Magnetic Resonance Spectra: Proton magnetic resonance spectra and
carbon-13 magnetic resonance spectra were recorded on a BRUKER-AC-200
spectrometer. 'H NMR (200 MHZ) spectra for al the samples were measured in
chloroform-d, unless otherwise mentioned, with TMS (5 = 0 ppm) as interna standard.

B¢ NMR (50 MHz) spectrafor al the samples were measured in chloroform-d, unless



otherwise mentioned, with its middle pesk of the triplet (8 = 77.10 ppm) as internal
standard. Spectral assignments are as follows: (1) chemica shifts on the § scale, (2)
standard abbreviation for multiplicity, that is, s = singlet, d = doublet, t = triplet, q =
quartet, sept = septet, m = multiplet, dd = doublet of doublet, dt = doublet of triplet,
ABq = AB quartet, d of ABq = doublet of AB quartet, b = broad, (3) number of

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

Mass Spectral Analyses. Mass spectra were recorded cither on VG7070H mass
spectrometer using El technique or on Auto spec mass spectrometer using LSIMS

technique (FAB).

Optical Rotations: Optical rotations were measured on JASCO DIP 370 digitd

polarimeter at the wavelength of the sodium D-line (589 nm) at ambient temperature.

Chromatography: Anadytical Thin Layer Chromatography (TLC) was performed on
glass plates (7 x 2cm) coated with Acme's silicagel GF 254 (254 mp) containing 13%
cacium sulfate as a binder. The spots were visualized by short exposure to iodine vapor
or UV light. Column chromatography was carried out usng Acme's silica gd (100-200
mesh). High-pressure liquid chromatography (HPLC) analysis was carried out on
Shimadzu LC-10AD Chromatopac equipped with SPD-IOA UV-VIS detector using

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

Chromatography (TLC).
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Methyl 2-(hydroxymethyl)prop-2-enoate (100a):

This molecule was prepared according to the procedure developed in our |aboratory.™

A mixture of paraformaldehyde (200 mmol, 6.006 @), agqueous trimethylamine (30%,
wh) (240 mmol, 47.28 mL) and methyl acrylate (400 mmol, 34.4 g) was heated a 60
°C for 6 h. The reaction mixture was then cooled to room temperature. Organic layer
wes separated and the agqueous layer was extracted with ether (2x25 mL). The
combined organic layer was dried over anhydrous sodium sulfate (Na,SO,). Solvent
was evaporated and the crude product thus obtained, was digtilled under reduced

pressure to afford the desired product 100a, as colorless ail, in 50% (11.5 g) yield.

Bp.: 84-85 °C/4 mm (lit.”® 71-72 °C/2 mm)
HO™ COOMe
IR (Neat): v 3431, 1720, 163 7 cm’ W
'"H NMR: § 2.28 (b, 1H), 3.79 (s, 3H), 4.33 (s, 2H), 584 (s, 1H), 6.26 (s,
1H)
3C NMR: 5 51.65,61.55, 125.22, 139.46, 166.65

Ethyl 2-(hydroxymethyl)prop-2-enoate (100b):
This was obtained via the treatment of paraformaldeyde with ethyl acrylate in the
presence of aqueous trimethylamine (30%, w/v), following a similar procedure

described for the molecule 100a, as a colorless liquid.



Yield:

Bp.:

IR (Neat):

'H NMR;

BCNMR:
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62%
84-87 °C/2.5 mm (Iit.** 65-70 °C/1 mm) HO/\H’COOE‘

v 3410, 1712, 1639 cm’™!

612 (. 3H. J= 68 H2), 224 (b, 1H), 425 (4. 2H, I = 68 H2),
4.33 (s, 2H), 582 (s, 1H).6.25 (s, 1H)

6 13.95, 60.69, 61.67, 124.97, 139.75, 166.27

Butyl 2-(hydroxymethyl)prop-2-enoate (100c):

This was prepared via the reaction of paraformadeyde with butyl acrylate under the

influence of agueous trimethylamine (30%, wi/v), following a similar procedure

described for the molecule 100a, as a colorless liquid.

Yield:

Bp.:

IR (Neat):

'H NMR:

’C NMR:

65%

69-71 °C/0.2 mm (lit.” 80 °C/0.5 mm)

v 3420, 1712, 1637 cm*
80.94 (t, 3H,J =7.4 Hz), 1.30-1.52 (m, 2H), 1.57-1.78 (m, 2H),
2.32 (b, 1H), 4.18 (t, 2H, J =6.8 Hz), 4.32 (s, 2H), 5.81 (s, 1H),
6.24 (s, 1H)

8 13.51, 19.05, 30.49, 61.79, 64.57, 124.92, 139.76, 166.30
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Methyl 2-(bromomethyl)prop-2-enoate (101a):

This molecule was prepared according to the literature procedure.'®

To a stirred solution of methyl 2-(hydroxymethyl)prop-2-enoate (100a) (30 mmol, 3.48
g) in benzene (25 mL) was added PBr; (75 mmol, 20.3 g) drop wise & room
temperature. After stirring 12 h at room temperature, the reaction mixture was carefully
poured into ice-cold water and extracted with ether (3x20 mL). The combined organic
layer was washed with water, satureted agueous NaHCO; solution and water
successively and was dried over anhydrous Na,SO;. Solvent was evaporated and the
residue thus obtained, was purified by column chromatography (silica gel, 2% EtOAc
in hexanes) followed by distillation under reduced pressure to provide the desired

product 101a, as acolorless liquid, in 85% (4.55 g) yield.

Bp.: 47-48 °C/3.7 mm (lit.*”" 35-37 °C/1.3 mm)

IR(Neat): v 1728, 1631 cm™

'"HNMR: 8382 (s, 3H), 4.18 (s, 2H), 596 (s, 1H), 6.34 (s, 1H)
BC NMR: 8 29.16, 52.16, 129.06, 137.33, 165.20

Ethyl 2-(bromomethyl)prop-2-enoate (101b):
The treatment of ethyl 2-(hydroxymethyl)prop-2-enoate (100b) with PBr3, following a
smilar procedure described for the molecule 101a, afforded the desired compound

101b, as acolorless liquid.
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Yield: 72%

Bp.: 56-57 °C/3.0 mm (lit.'”* 44-45 °C/1.7 mm) B,/\WCOOH
IR (Neat): v 1724, 1630 cm”

H NMR: §1.33 (t, 3H,./ = 6.8 Hz), 4.18 (s, 2H), 4.27 (g, 2H, J = 6.8 H2),

5.94 (s, 1H), 6.33(s, 1H)

BC NMR: 6 14.08,29.30,61.21, 128.76, 137.60, 164.73

Butyl 2-(bromomethyl)prop-2-enoate (101c):

This was prepared via the reaction of butyl 2-(hydroxymethyl)prop-2-enoate (100c)
with PBr;, following a similar procedure described for the molecule 10la, as a

colorless liquid.

Yield: 91%

Bp.: 67-68 °C/0.6 mm

IR (Neat): v 1724, 1631 cm™

H NMR: 50.95 (t, 3H, J= 7.4 Hz), 1.32-1.57 (m, 2H), 1.59-1.81 (m, 2H),

418 (s, 2H), 4.22 (t, 2H, J= 64 Hz), 5.94 (s, 1H), 6.33 (s, 1H)

BC NMR: 6 13.62, 19.12, 29.28, 30.55, 65.07, 128.77, 137.62, 164.81
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Methyl 2,4-dimethylidene-5-oxohexanoate (102):

A solution of methyl 2-(bromomethyl)prop-2-enoate (101a) (1 mmol, 0.179 g) and
DABCO (2 mmol, 0.224 g) in methyl vinyl ketone (1 ml) was kept a room
temperature for 15 minutes. The reaction mixture was diluted with ether (15 mL) and
washed successively with 2N HCl solution and water. The organic layer was dried over
anhydrous Na;SO4 and concentrated. The crude product thus obtained, was purified by
column chromatography (silica gel, 4% EtOAc in hexanes) to provide pure methyl 2,4-

dimethylidene-5-oxohexanoate (102), as a colorless liquid.

O

Yidd: 82% (0.138 g) - 7 S

IR(Neat): v 1722, 1680, 1631cm’™

'HNMR: 5235 (s, 3H), 329 (s, 2H), 374 (s, 3H), 557 (s, 1H), 581 (s,
IH),6.10(s, 1H),6.24(s, 1H)

13C NMR: 5 25.49, 32.35, 51.56, 126.28, 126.62, 137.91, 146.15, 166.84,
198.34

MS (m/z): 168 (M%)

Analysis caled. for CoH;203: C, 64.27: H, 7.19

Found: C,64.42; H, 7.21



Ethyl 2,4-dimethylidene-5-oxohexanoate (103):
The treatment of ethyl 2-(bromomethyl)prop-2-enoate (101b) with methyl vinyl ketone,
under the influence of DABCO, following a similar procedure described for the

molecule 102, provided the desired product 103, as a colorless liquid.

Yield: 78% o]

/” COOEt
IR(Neat): v 1718, 1680,1631 cm’ ‘ \m
'H NMR: & 128 (t, 3H, J = 7.0 Hz), 2.35 (s, 3H), 3.29 (s, 2H), 4.19 (g, 2H,

J =70 Hz), 555 (d, 1H..J = 14 Hz), 581 (s, 1H), 6.10 (s, 1H).

6.24 (s, 1H)

BC NMR: & 13.96, 25.55, 32.37, 60.51, 126.25, 126.41, 138.25, 146.30,
166.43, 198.41

Analysis caled. for CyoH;40s: C, 65.92; H, 7.74

Found: C, 65.69; H, 7.70

Butyl 2,4-dimethylidene-5-oxohexanoate (104):
This product was isolated as a colorless liquid via the reaction of butyl 2-
(bromomethyl)prop-2-enoate (101c) with methyl vinyl ketone, in the presence of

DABCO, following a similar procedure described for the molecule 102.

Yidd: 84% 0
. CcOo0B
IR (Neat): v 1718, 1680, 1631 am'™ . ﬂ/\ﬂ/ N




'H NMR: 60.93 (t, 3H,J = 7.1 Hz), 1.24-150 (m, 2H), 1.53-1.73 (m, 2H),
2.34 (s, 3H), 3.29 (s, 2H), 4.13 (t, 2H, J =68 Hz), 555 (d, 1H, J
=2.0Hz), 580 (d, 1H, J =16 Hz), 6.10 (s, 1H), 6.24 (S, 1H)

13C NMR: 5 1347, 19.04, 25.55, 30.55, 32.45, 64.45, 126.06, 126.41,
138.34, 146.44, 166.53, 198.35

Analysis calcd. for Cj2H30;: C, 68.55; H, 863

Found: C, 68.29; H, 868

Methyl 2,4-dimethylidene-5-oxoheptanoate (105):

This was prepared via the treatment of methyl 2-(bromomethyl)prop-2-enoate (101a)

with ethyl vinyl ketone, under the influence of DABCO, following a similar procedure

described for the molecule 102, as a colorless liquid. (

Yield: 7% | i') ~._COOMe

IR (Neat): v 1724, 1680, 1631 cm’ ”

'H NMR: 8 110 (t, 3H, J=72 Hz), 272 (q, 2H, /=72 Hz), 331 (s, 2H),
3.74 (s, 3H), 557 (d, 1H, J =12 Hz), 575 (d, 1H, J= 12 Hz),
6.09 (s, IH),6.23(s, 1H)

3C NMR: & 8.14, 30.69, 32.75, 51.64, 125.02, 126.70, 137.98, 145.67,

Analysis calcd.

166.93,201.17

for CoH,403: C,65.92; H, 7.74



Found: C, 66.22; H, 7.71

2-[2-(Butoxycarbonyl)prop-2-en-1-yljcyclohex-2-en-1-one (106):
A solution of butyl 2-(bromomethyl)prop-2-enoate (101c) (1 mmol, 0.221 g) and DBU
(2 mmol, 0.304 g) in cyclohex-2-enone (1 mL) was kept at room temperature for 1h.
The reaction mixture was diluted with ether (15 mL) and washed successively with 2N
HC1 solution and water. The organic layer was dried over anhydrous Na,SO4 and
concentrated. The crude product thus obtained, was purified by column
chromatography (silica gel, 4% LEtOAc in hexanes) to provide the pure 2-[2-
(butoxycarbonyl)prop-2-en-1-yl]cyclohex-2-en-I-one (106), as colorless liquid.
Yield: 80% (0.189 g) 9

COOBu
IR (Neat): v 1718, 1676, 1631 cm™ | m
'HNMR: $0.93 (t, 3H, J= 7.2 Hz). 1.24-1.52 (m, 2H), 1.54-1.75 (m, 2H),

1.90-2.10 (m, 2H), 2.28-251 (m, 4H), 3.22 (s, 2H), 413 (t, 2H, J
=65 Hz), 555 (s, 1H), 621 (s, IH),6.75(t, 1H,J=4.2 Hz)

BC NMR: 8 1348, 19.01, 22.88, 25.93, 30.50, 31.15, 38.25, 64.31, 126.20,
136.95, 138.38, 146.46, 166.68, 198.12

MS (m/z): 236 (M)

Analysis calcd. for C14H2003: C, 71.16; H, 853

Found: C, 71.30; H, 850
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Methyl 2-methylidene-4-cyanopent-4-enoate (107):

A solution of methyl 2-(bromomethyl)prop-2-enoate (101a) (1 mmol, 0.179 g) and
DABCO (2 mmol, 0.224 g) in acrylonitrile (1 mL) was kept a room temperature for 4
h. The reaction mixture was diluted with ether (15 mL) and washed successively with
2N HCl solution and water. The organic layer was dried over anhydrous Na,SO,4 and
concentrated. The crude product thus obtained. was purified by column
chromatography (silica gel, 4% EtOAc in hexanes) to provide the pure methyl 2-

methylidene-4-cyanopent-4-enoate (107). as colorless liquid.

Yield: 819% (0.122 g)

NC. _~_ _COOMe
IR (Nest): v 2226, 1722, 1635 am™ [
'HNMR: 8 325 (s, 2H), 3.77 (s, 3H), 577 (s, 1H), 583 (s, 1H), 5.9 (s,

1H), 6.39 (s, 1H)

BC NMR: 836.47,51.85, 117.84, 120.31, 128.21, 132.07, 135.28, 165.97
Analysis calcd. for CgHgNO,: C, 63.57; H, 6.00; N.9.27
Found: C, 63.78; H, 6.05; N, 9.31

Ethyl 2-methylidene-4-cyanopent-4-enoate (108):
The treatment of ethyl 2-(bromomethyl)prop-2-enoate (101b) with acrylonitrile, under
the influence of DABCO, following a smilar procedure described for the molecule

107, afforded the desired compound 108, as a colorless liquid.
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Yidd:

! 8% NC.. ﬂ/\ COOEt
IR (Neat): v 2226, 1718, 1633 cm”’ [r
HNMR: 8 131 (t, 3H,./= 7.3 Hz), 3.25 (s, 2H), 4.22 (g, 2H. J= 7.3 H2),

5.75 (s, 1H), 5.83 (s, 1H),5.96 (s, 1H),6.38 (s, 1H)

BC NMR: 8 13.92, 36.49, 60.92, 117.92, 120.38, 128.02, 132.08, 135.51,
165.51

Analysis caled. for CoHINO;: C, 65.44; H, 6.71; N, 848

Found: C, 65.17; H, 6.67; N, 853

Butyl 2-methylidene-4-cyanopent-4-enoate (109):
This was obtained as a colorless liquid via the reaction of butyl 2-(bromomethyl)prop-
2-enoate (101c) with acrylonitrile, in the presence of DABCO, following a similar

procedure described for the molecule 107.

Yield: 85% NCTWCOOBU
IR (Neat): v 2226, 1718, 1633 cm™ |
HNMR: 8 0.94 (t, 3H, 7.3 Hz), 1.24-152 (m, 2H), 1.54-1.77 (m, 2H),

325 (s, 2H), 417 (t, 2H, J =69 Hz), 5.75 (s, 1H), 5.83 (s, 1H),

5.96 (s, IH),6.38(s, 1H)



3¢ NMR: 8 1347, 19.04, 30.50, 36.57, 64.85, 117.91, 120.54, 127.98,
131.93, 135.62, 165.61

MS (m/z): 193 (M")

Analysis caled. for C;/H;sNO;: C, 68.37; H, 7.82; N, 7.25

Found: C, 68.13; H, 7.86; N, 7.19

2,4-Di(methoxycarbonyl)penta-1,4-diene (110):

A solution of methyl 2-(bromomethyl)prop-2-enoate (101a) (1 mmol. 0.179 g) and
DABCO (2 mmol, 0.224 g) in methyl acrylate (1 mL) was kept at room temperature for
7 days. The reaction mixture was diluted with ether (15 mL) and washed successively
with 2N HC1 solution and water. The organic layer was dried over anhydrous Na;SO4
and concentrated. The crude product thus obtained, was purified by column
chromatography (silica gel, 4% EtOAc in hexanes) to provide pure 24-

di(methoxycarbonyl)penta-1,4-diene (110), as colorless liquid.

Yield: 80% (0.147 g) | MeOOC. _~_ _COOMe
IR(Neat): v 1724, 1631 cm’ ‘ ﬂ W

'H NMR: 813.33 (s, 2H), 3.74 (s, 6H), 5.60 (S, 2H), 6.25 (s, 2H)
BCNMR: 8 33.65, 51.69, 126.61, 137.69, 166.85

Analysis calcd. for CoH,04: C, 58.69; H, 6.57

Found: C, 58.88; H, 6.50



126

2-Ethoxycar bonyl-4-methoxycar bonylpenta-l,4-diene (111):

This was prepared via the treatment of ethyl 2-(bromomethyl)prop-2-enoate (101b)
with methyl acrylate, under the influence of DABCO, following a similar procedure
described for the molecule 110, as a colorless liquid.

Yield: 84% MeOOCWCOOEt

IR(Neat): v 1722, 1631 cm’!

'HNMR: & 128 (t, 3H,J = 7.3 Hz), 333 (s, 2H), 375 (s, 3H), 420 (g, 2H,

J =73 Hz), 556-5.66 (m. 2H), 6.25 (s, 2H)

BC NMR: 6 14.03, 33.68, 51.73, 60.64, 126.38, 126.62, 137.83, 138.04,
166.42, 166.94

Analysis caled. for CjoH;404: C, 60.59; H, 7.12

Found: C, 6042; H, 7.15

2-(Butoxycarbonyl)-4-methoxycarbonylpenta-1,4-diene (112):
This compound was isolated as a colorless liquid via the reaction of butyl 2-
(bromomethyl)prop-2-enoate (101c) with methyl acrylate, in the presence of DABCO,

following a similar procedure described for the molecule 110.

Yield: 85%

MeOOC COOBu
IR(Neat): v 1722, 1631 cm™ WT
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'HNMR: 8094 (t, 3H,J =7.0 Hz), 1.24-152 (m, 2H), 1.54-1.75 (m, 2H),
333 (s, 2H), 3.75 (s, 3H), 4.15 (t, 2H, J =6.4 Hz), 559 (m, 2H),
6.26 (s, 2H)

1C NMR: 8 1351, 19.06, 30.55, 33.66, 51.67, 64.50, 126.32, 126.49,

137.84, 138.06, 166.45, 166.88

MS (m/z): 226 (M")
Analysis caled for C2H 304 C, 63.70; H, 8.02
Found: C, 63.62; H. 804

2-Ethoxycarbonyl-4-methoxycarbonylpenta-1,4-diene (111):
The treatment of methyl 2-(bromomethyl)prop-2-enoate (101a) with ethyl acrylate,

under the influence of DABCO, following a similar procedure described for the

molecule 110, provided the desired compound 111, as acolorless liquid, in 81% yield.

Spectral data (IR, 'H and "’C NMR) of this molecule are identica with that of the
molecule prepared from ethyl 2-(bromomethyl)prop-2-enoate (101b) and methyl

acrylate.

2,4-Di(ethoxycarbonyl)penta-1,4-diene (113):
This was obtained as a colorless liquid via the treatment of ethyl 2-(bromomethy!)prop-
2-enoate (101b) with ethyl acrylate, under the influence of DABCO, following a

similar procedure described for the molecule 110.



128

Vield: 82% EtOOC COOE

t
IR(Neat): v 1720, 1631 cm” W
'HNMR: 8 128 (t, 6H, J =7.2 Hz), 333 (s, 2H), 4.20 (q, 4H. J= 12 Hz),

557 (s, 2H), 6.24 (s, 2H)

BCNMR: 8 14.02, 33.64, 60.60, 126.29, 138.13, 166.44
Analysis caled. for Cy1H604: C, 62.25; 11, 7.60
Found: C, 62.48; H, 7.56

2-(Butoxycarbonyl)-4-ethoxycarbonylpenta-1,4-diene (114):
This was prepared via the treatment of butyl 2-(bromomethyl)prop-2-enoate (101c)
with ethyl acrylate, in the presence of DABCO, following a similar procedure described

for the molecule 110, as acolorless liquid.

Yield: 78% EtOOC.. . _COOBu
IR (Neat): v 1720, 1633 cm’’ L
'H NMR: 80.93 (t, 3H, J =7.3 Hz), 1.20-1.52 (m, 5H), 1.54-1.76 (m, 2H),

3.33 (s, 2H), 4.09-4.29 (m, 4H), 558 (s, 2H), 6.25 (s, 2H)

>C NMR: 8 1356, 14.06, 19.11, 30.60, 33.69, 60.63, 64.54, 126.31,
138.18, 166.47,166.53

Analysis calcd for C3H2004: C, 64.98; H, 8.39

Found: C, 65.14; H, 8.35



Methyl 3-hydroxy-2-methylene-3-phenylpropanoate (131a):

A mixture of benzaldehyde (130a) (50 mmol, 5306 g), methyl acrylate (75 mmol,

6.456 g) and DABCO (15 mol%, 7.5 mmol, 0.841 g) was kept a room temperature for

7 days. The reaction mixture was diluted with ether (50 mL) and washed successively

with 2N HC1 solution, water and saturated NaHCOs solution. The ethered layer was

dried over anhydrous Na;SO,4 and concentrated. The crude product thus obtained, was

digtilled under reduced pressure, to afford the desired product 131a, as a colorless

liquid.
Yield:
Bp.:
IR(Neat):

'H NMR:

C NMR:

85% (8.112 g) OH

121-122 °C/2.4 mm [ J 1

v 3470, 1716, 1630 cm’'
302 (d, 1H,J52 Hz), 373 (s, 3H), 557 (d, 1H.J =52 H2),
583 (s, 1H), 6.34 (s, 1H), 7.21-7.53 (m, 5H)

5 51.86, 72.90, 125.78, 126.72, 127.78, 128.39, 14150, 142.27

166.74

Methyl 3-hydroxy-2-methylene-3-(4-methylphenyl)propanoate (131b):

It was obtained as a colorless liquid via the reaction of 4-methylbenzal dehyde (130b)

with methyl acrylate in the presence of a catalytic amount of DABCO, following the

similar procedure described for the molecule Ol a.



Reaction time:
Yield:

Bp.:

IR (Neat):

'"H NMR:

BC NMR:

130

8 days

85%

OH
j)\ﬂ,coonne
135-136 °C/2.3 mm J!/
Hye” 7

v 3439, 1722, 1630 cm’

62.34 (s, 3H), 2.89 (d, 1H,.J=50 Hz), 3.72 (s, 3H), 554 (d, 1H,
J =50 Hz), 585 (s, 1H), 632 (s, 1H), 7.15 (d, 2H, J =80 H2),
727 (d. 2H, /= 8.0 Hz)

621.11, 51.77, 72.68, 125.41, 126.09, 126.72, 137.39, 13866,

142.44, 166.75

Methyl 3-(4-ethylphenyl)-3-hydroxy-2-methylenepropanoate (131c):

This compound was prepared via the coupling of 4-ethylbenzaldehyde (130c) with

methyl acrylate in the presence of DABCO (cat.), following a similar procedure

described for the molecule 131a, as a colorless viscous liquid.

Reaction time:
Yield:
Bp.:

IR (Neat):

7 days

7% OH

COOMe
152154 °C/4.8 mm \/Q)\ﬂ/

v 3462, 1722, 1630 cm™!




'H NMR:

3C NMR:

131

8 123 (t, 3H, J= 7.6 Hz), 2,64 (q, 2H, J= 7.6 Hz), 2.89 (d, 1H,J
= 54 Hz), 372 (s, 3H), 554 (d, 1H. J =54 Hz), 5.85 (d, IH,J =
18 Hz), 6.33 (s, 1H). 7.17 (d, 2H, J= 7.8 Hz),), 7.29 (d, 2H, J=
78 Hz)

8 1545, 2853, 51.81, 72.79, 12551, 126.72, 127.88, 138.80,

142.39, 143.77, 166.77

Methyl 3-hydroxy-2-methylene-3-(2-methylphenyl)propanoate (131d):

The reaction of 2-methylbenzaldehyde (130d) with methyl acrylate in the presence of

DABCO (cat.), following a similar procedure described for the molecule Ola,

provided the desired compound 131 d, as a colorless liquid.

Reection time:
Yidd:

Bp.:

IR (Neat):

'H NMR:

BC NMR:

8 days
CH; OH
78%
0 ‘ N (COOMe
137-139 °C/4 nm >

v 3433, 1722, 1630 cm™

8233 (s, 3H), 2.82 (b, 1H), 3.77 (s, 3H), 561 (s, 1H), 582 (s,
1H), 6.32 (s, 1H), 7.09-7.30 (m, 3H), 7.37-7.49 (m, 1H)

8 19.04, 51.93, 69.08, 125.95, 126.13, 126.38, 127.76, 130.43,

135.72, 138.99, 141.97, 167.05
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Methyl 3-hydroxy-3-(4-isopropylphenyl)-2-methylenepropanoate (131 €):
This compound was isolated as a colorless viscous liquid via the reaction of 4-
isopropylbenzaldehyde (130e) with methyl acrylate in the presence of DABCO (cat.),

following a similar procedure described for the molecule 131a.

Reaction time: 7 days
_ OH
Yidd: 75% 9 _COOMe
Bp.: 160-161 “C/3 mm : II/ ~
IR (Negt): v 3466, 1722, 1630 cm” '
'H NMR: 8 124 (d, 6H, ./ = 7.0 Hz), 2.81-3.02 (m, 1H), 3.10 (b, 1H), 373

(s, 3H), 555 (d, 1H, J= 52 Hz), 585 (s, 1H), 6.33 (s, 1H), 7.20
(d, 2H, J = 86 Hz), 7.30 (d, 2H, J = 86 Hz)
3C NMR: 5 23.97, 33.82, 51.81, 72.77, 12551, 126.43, 126.72, 138.90,

142.39, 148.36, 166.65
Ethyl 3-hydroxy-2-methylene-3-pheny | propanoate (132a):

This product was prepared by the reaction between benzaldehyde (130a) and ethyl

acrylate in the presence of cataytic amount of DABCO, following the similar

OH
P COOEt
ry

procedure described for the molecule 131a, as colorless liquid.
Reaction time: 7 days

Yield: 80%
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Bp.: 120-122 °C/1.2 M
IR(Neat): v 3462, 1714, 1630 cm”
'HNMR: 8 124 (t, 3H, J= 7.0 Hz), 3.03 (d. 1H./=58 Hz), 4.18 (g, 2H, J

= 70 Hz), 557 (d, 1H. J= 58 Hz), 581 (d, 1H,J = 20 Hz)),
6.34 (s, 1H),7.20-7.45 (m,5H)
13C NMR: 8 13.98, 60.85, 72.97, 125.29. 126.72, 127.70, 128.33, 14158,

142.53, 166.31

Ethyl 3-hydroxy-2-methylene-3-(4-methylphenyl)propanoate (132b):
The treatment of 4-methylbenzaldehyde (130b) with ethyl acrylate in the presence of a
cataytic amount of DABCO, following the similar procedure described for the

molecule Ola, afforded the desired compound 132b, as a colorless liquid.

Reaction time: 8 days OH
A l _COOEt
Yied: 75% I
HaC™
Bp.: 130-133 °C/0.9 mm
IR(Neat): v 3466, 1716, 1630 cm™

'HNMR: 8 125 (t, 3H, J = 7.6 Hz), 2.34 (s, 3H), 2.94 (d, 1H, J =58 Hz),
417 (q, 2H, J=7.6 H), 5.55 (d, 1H. /5.8 Hz), 5.82 (d, 1H, J
=2.0H), 6.32(s, 1H), 7.15(d, 2H, J=7.8Hz), 7.27 (d, 2H, J=
7.8 Hz)
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3C NMR: 6 14.01, 21.07, 60.79, 72.78, 125.15, 126.70, 129.02, 137.31,

138.71, 142.69, 166.33

Methyl (2E)-2-(hydroxymethyl)-3-phenylprop-2-enoate (135a):

This molecule was prepared according to the procedure developed in our laboratory.?"*
To a stirred solution of methyl 3-hydroxy-2-methylene-3-phenylpropanoate (Ola) (20
mmol, 3.84 g) and acetic anhydride (24 mmol, 2.45 g,) in CH,Cl, (20 mL), was added
TMSOTTf (11 mol%, 2.2 mmol, 0.489 g) at room temperature. The reaction mixture was
stirred for 2 h, a room temperature. Then CH,Cl, was removed under reduced pressure
and MeOH (40 mL) and K,CO; (60 mmol, 8.29 g) were added and the reaction mixture
was dirred for 1 h a room temperature. Then the solvent MeOH was removed under
reduced pressure and the residue was diluted with water (20 mL) and extracted with
ether (3x20 mL). The combined organic layer was dried over anhydrous Na,SO4 and
the solvent was removed under reduced pressure. The crude product thus obtained, was
purified by column chromatography (silica gel, 8% EtOAc in hexanes) to provide the

desred product 135a, asacolorless crysalline solid.

Yidd: 60% (2.314 @)
\ COOMe
Mp.: 56-58 °C (lit.2'* 57-58 °C) ©/\[
OH
IR (KBr): v 3468, 1693, 1630 an'?

'H NMR: 8255 (t, 1H, J=6.8 Hz), 3.87 (s, 3H), 449 (d, 2H, J=6.8 H2),
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7.31-7.54 (m. 5H). 7.84 (s,IH)

3C NMR: 8 52.10, 57.64, 128,56, 129.20, 129.63, 131.04, 134.58, 142.68,

168.43

4-Methoxycarbonyl-1,3-dihydro-2-benzoxepine (1333):

[from methyl 3-hydroxy-2-methylene-3-phenylpropanoate (131a)]

To a stirred solution of methyl 3-hydroxy-2-methylene-3-phenylpropanoate (131a) (2
mmol, 0.384 g) and paraformaldehyde (2 mmol. 0.06 g) in CH,Cl, (4 mL.), was added
drop wise conc. H2SO4 (2 mmol, 0.196 g) at room temperature. After stirring for 1 h a
room temperature, the reaction mixture was diluted with water (4 mL) and extracted
with ether (3x10 mL). The combined organic layer was washed with water, dried over
anhydrous Na,;SO4. Solvent was evaporated and the crude product thus obtained, was
purified by column chromatography (silica gel, 4% EtOAc in hexanes) to furnish the

title molecule 1333, as a colorless solid.

Yied: 60% (0.243 g)

Mp.: 46-48 °C

IR (KBr): v 1714, 1633 am**

'H NMR: § 3.81 (s, 3H), 4.69 (s, 2H), 4.80 (d, 2H, J= 14 Hz), 7.11-7.48

(m, 4H, aromatic), 7.72 (t, 1H, J= 14 Hz)
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13C NMR: 551.82, 72.85, 73.88, 127.17, 127.88, 129.10, 132.45, 133.06,

133.35, 138.68, 141.13, 166.72

MS (m/z): 204 (M")
Analysis caled. for C;H;20;5: C, 70.58; H, 5.92
Found: C, 70.45; H, 594

4-Methoxycarbonyl-1,3-dihydro-2-benzoxepine (1333):

[from methyl 3-hydroxy-2-methylene-3-phenylpropanoate (Ola) using methane-
sulfonic acid]

To a stirred solution of methyl 3-hydroxy-2-methylene-3-phenylpropanoate (Ola) (2
mmol, 0.384 g) and paraformaldehyde (2 mmol, 0.06 g) in CH,Cl, (4 mL) was added
methanesulfonic acid (6 mmol, 0.576 g) at room temperature. After stirring 1 h, at room
temperature, the reaction mixture was diluted with water (4 mL), and extracted with
ether (3x10 mL). The combined organic layer was washed with water and dried over
anhydrous Na;SO4. Solvent was evaporated and the crude product thus obtained, was
purified by column chromatography (silica gel, 4% EtOAc in hexanes) to provide the

desired compound 133a, as acolorless solid.

Yied: 53% (0.218 @) S
®

Mp.: 46-48 °C 0

Spectral data (IR, 'H and B¢ NMR) of this molecule are identical with that of the

COOMe

molecule prepared from methyl 3-hydroxy-2-methylene-3-phenylpropanoate (131a)

and paraformaldehyde, under the influence of conc. H2SO4.
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4-Methoxycarbonyl-8-methyl-1,3-dihydro-2-benzoxepine (133b):

This product was obtained by the reaction between methyl 3-hydroxy-2-methylene-3-

(4-methylphenyl)propanoate (131b) and paraformaldehyde in CH,Cl, in the presence of

conc. H,S04, following the similar procedure described for the molecule 133a, as a

colorless solid.

Yield: 51% . /CO0Me

Mp.: 58-60 °C . | 2 lo\‘

IR(KBT): v 1730, 1635 cm

'H NMR: 8 2.34 (s, 3H), 380 (s, 3H), 4.66 (s, 2H), 4.78 (s. 2H), 6.97 (s,
1H), 7.11 (d, 1H, J = 7.6 Hz), 7.31 (d. 1H, J=T7.6 HZ), 7.69 (s,
1H)

BC NMR: 5 21.06, 51.72, 72.85, 74.01, 128.01, 128.44, 130.29, 131.24,
133.49, 138.67, 139.49, 141.08, 166.84

MS(m/2): 218 (M)

Analysis caled. for Cj3H,403: C, 71.54; H, 6.47

Found: C,71.75; H, 651

8-Ethyl-4-methoxycarbonyl-1,3-dihydro-2-benzoxepine (133c):

This molecule was prepared via the treatment of methyl 3-(4-ethylphenyl)-3-hydr oxy-

2-methylenepropanoate (131c) with paraformaldehyde in CH,Cl,, under the influence
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of conc. H,SO,4, as a colorless viscous liquid, following the similar procedure as

described for the molecule 133a.
COOMe
vidd: 56% J'/ ﬁg
NN o)
IR (Neat): v 1703, 1633 cm”
'H NMR: 61.22 (t, 3H,./ = 7.8 Hz), 2.64 (g, 2H, J= 7.8 Hz), 3.80 (s, 3H),

467 (s, 2H), 478 (d, 2H,./= 14 Hz)), 6.98 (s, 1H), 7.16 (d, 1H.
J=78Hz), 7.33 (d, 1H..J=7.8 Hz). 7.69 (t. 1H,J =14 Hz)
13C NMR: & 15.04, 2853, 51.71, 72.85, 74.16. 126.90, 127.27, 13070,
131.45, 133,62, 138.76, 141.28, 145.87, 166.92
Andlysis caled. for CysH;605: C, 72.39; H, 694

Found: C, 72.16; H, 6.91

4-Methoxycarbonyl-6-methyi-1,3-dihydro-2-benzoxepine (133d):

This compound was isolated as a colorless solid via the reaction between methyl 3-
hydroxy-2-methylene-3-(2-methylphenyl)propanoate (Old) and paraformaldehyde in
CH,Cl; in the presence of conc. H2S04, following the similar procedure described for

the molecule 133a.

Yield: 48% =

COOMe
Mp.: 59-60 °C | S
ZN_-0

IR (KBr): v 1707, 1635 cm’




'HNMR: 6 2.46 (s, 3H), 383 (s, 3H), 4.55 (s, 2H), 4.68 (s, 2H), 7.02-7.25
(m, 3H), 806 (s, 1H)
30 NMR: 8 20.17, 51.94, 70.62, 72.20, 12590, 129.19, 130.29, 131.99,

132.39, 136.59, 138.94, 140.86, 166.94

MS (m/2): 218 (M)
Analysis caled. for Ci3H;403: C, 71.54; H, 647
Found: C, 71.62; H, 642

8-Isopropyl-4-methoxycarbonyl-1,3-dihydro-2-benzoxepine (133¢):

The reaction of methyl 3-hydroxy-3-(4-isopropylphenyl)-2-methylenepropanoate
(131e) with paraformaldehyde in CH,Cl, in the presence of conc. H,SO4, following the
similar procedure described for the molecule 133a, afforded the desired product 133e,
asacolorless solid.

Yidd: 44% COOMe

Mp.: 57-59°C ‘ "V( g
p ]) .
IR (KBr): v 1693, 1630 cm™
'H NMR: 8 123 (d, 6H, J= 6.8 Hz), 2.90 (sept, 1H, J= 6.8 Hz), 3.80 (s,

3H), 4.68 (s, 2H), 4.79 (s, 2H), 7.01 (d, 1H, J=\2 Hz), 7.16

(dd, 1H,J=12 & 7.8 Hz), 7.35 (d, 1H,J=7.8 Hz), 7.70 (s, 1H)



140

3C NMR: 6 2359, 33.83, 51.74, 72.89, 74.20, 12551, 125.84, 130.71,
131.34, 133.63, 138.69, 141.16, 150.43, 166.89
AnalySiSCalCd. for CysHg04: C, 7315, H, 7.37

Found: C, 72.90; H, 7.42

4-Ethoxycarbonyl-1,3-dihydro-2-benzoxepine (134a):
This compound was obtained as a colorless solid via the reaction between ethyl 3-
hydroxy-2-methylene-3-phenylpropanoate (132a) and paraformadehyde in CH,Cl, in

the presence of conc. H2S04, following the similar procedure described for the

molecule 133a.

Yidd: 61%

Mp: 36-39 °C

IR (KBr): v 1707, 1631 cm™

'HNMR: & 1.34 (t, 3H, J = 68 Hz), 426 (g, 2H, J = 68 Hz), 469 (s, 2H),
4.80 (d, 2H, J= 14 Hz), 7.09-7.48 (m, 4H), 7.71 (d, 1H, /=14
Hz)

3C NMR: 8 14.16, 60.77, 72.90, 73.87, 127.16, 127.86, 129.02, 132.74,
133.12, 133.30, 138.38, 141.10, 166.27

Analysiscalcd. for Cy3H;40s: C, 71.54; H, 6.47

Found: C, 71.40; H, 6.50
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4-Ethoxycarbonyl-8-methyl-1,3-dihydro-2-benzoxepine (134b):
This product was prepared by the reaction between ethyl 3-hydroxy-2-methylene-3-(4-
methylphenyl)propanoate (132b) and paraformadehyde in CH,Cl, in the presence of

conc. HySO4, following the similar procedure described for the molecule 133a, as a

colorless viscous liquid. _
Yidd: 56% A

Ik (Neat): v 1699, 1633 cm* HC™ N N0

'HNMR: o 133 (t, 3H,./ = 70 Hz), 234 (s, 3H), 426 (q, 2H,./ = 70 Hz),
4.66 (s, 2H), 4.78 (s, 2H), 6.97 (s, 1H). 7.15 (d, 1H..J = 7.6 H2),
7.32(d, 1H,J = 76 Hz), 7.68 (s, 1H)

3C NMR: o 14.18, 21.07, 60.66, 72.89, 74.01, 128.01, 128.44, 130.38,
131.56, 133.46, 138.40, 139.40, 141.06, 166.41

Analysis caled. for Ci4H603: C, 72.39; H, 6.94

Found: C, 72.70; H, 6.86

4-Methoxycarbonyl-1,3-dihydro-2-benzoxepine (133a):

[from methyl (2E)-2-(hydroxymethyl)-3-phenylprop-2-enoate (135a)]

This compound was obtained as a colorless solid via the reaction between methyl (2E)-
2-(hydroxymethy!)-3-phenylprop-2-enoate (135a) and paraformaldehyde in CH,Cl; in

the presence of conc. H2S04, following the similar procedure described for preparation
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of the molecule 133a, from methyl 3-hydroxy-2-methylene-3-phenylpropanoate (131a)

and paraformaldehyde, under the influence of conc. H2SO4.

Reaction time: 1lh \
COOMe

Yield: 59% (0.24 g) S “ﬁg

Mp.: 46-48 °C

Spectral data (IR, 'H and '*C NMR) of this molecule are in complete agreement with
that of the molecule prepared from methyl 3-hydroxy-2-methylene-3-phenylpropanoate

(131a) and paraformaldehyde, under the influence of conc. H2S04.

(-)-Menthyl acry late (14):

This molecule was prepared according to the literature procedure. *

To astirred solution of (-)-menthol (151) (100 mmol, 15.627 g), acryloyl chloride (150
mmol, 13576 g) and 4-dimethylaminopyridine (15 mmol, 1832 @) in anhydrous
CH,Cl; (100 mL), was added triethylarnine (150 mmol, 15.167 g) drop wise a 0 °C.
After stirring for 1 h at room temperature, the reaction mixture was diluted with ether
(100 mL) and washed successively with 2N HCL solution, water, saturated agueous
NaHCOs3 solution and water. The ethereal layer was dried over anhydrous Na,SOs,

concentrated and the crude product thus obtained, was distilled under reduced pressure

to afford 14 as a colorless liquid.

Yidd: 78% (16.42 g)




Bp.:

Optica rotation:

IR (Neat):

'H NMR:

3C NMR:
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62-64 °C/1 mm (lit.** 78-80 °C/5 mm)

[a]p> -86.9 (c 8, dioxane) [lit.>” -80.2 (c 10, dioxane)]

v 1722, 1633 cm*

50.69-2.12 (m, 18H), 4.77 (ct, 1H, J= 10.8 & 4.8 Hz), 5.79 (dd,
1H,J=10.6 & 18 Hz), 6.10 (dd, 1H,J=16.6 & 106 Hz), 6.39
(dd, IH,./= 16.6 & 1.8 HZ)

5 16.40, 20.62, 21.93, 23.63, 26.34, 31.34, 34.25, 40.85, 47.11,

74.28, 129.05, 129.97, 165.68

(-)-Menthyl 3-hydroxy-2-methylene-3-phenylpropanoate (152a):

A mixture of benzadehyde (130a) (150 mmol, 15.9 g), (-)-menthyl acrylate (14) (50

mmol, 10.516 g) and DABCO (50 mmol, 5.609 g) was kept a room temperature for 8

days. The reaction mixture was diluted with ether (100 mL) and washed successively

with 2N HC1 solution, water and saturated aqueous NaHCO; solution. The ethereal

layer was dried over anhydrous Na,SO4, concentrated and the crude product thus

obtained, was purified by column chromatography (silica gel, 10% EtOAc in hexanes)

to afford 152a, as a colorless solid. [

Yield:

Mp.:

88% (13.924 g)

105-108°C




Optica rotation:
IR (KBr):

'HNMR;

3C NMR;
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[oJp® —117.46 (¢ 3.24, CHCL3)

v 3312, 1712, 1639 cm™

50.55-2.01 (m, 18H, H2-H10), 301 (d, 1H, ./ =6.0 Hz, OH),
471 (dt, 1H, J = 10.0 Hz, 4.2 Hz, HI'), 554 (d, 1H, J = 6.0 Hz,
H3), 581 & 582 (2s, 1H, diastereomeric Hb), 6.33 (s, 1H, Ha),
7.25-7.46 (m, 5H, aromatic)

8 16.07, 20.78, 21.96, 23.31, 26.00, 31.38, 34.20, 40.76, 47.09,
73.32, 74.87, 12532, 126,69, 127.73, 128.37, 14156, 142.57,

165.95

(-)-Menthyl 3-hydroxy-2-methylene-3-(4-methylphenyl)propanoate (152b):

This product was prepared from 4-methylbenzaldehyde (130b), (-)-menthyl acrylate

(14) and DABCO following the similar procedure described for the molecule 1523, as a

colorless solid.
Reaction time:
Yidd:

Mp.:

Optica rotation:

IR (KBr):

o

10 days A
. 2
120-123°C A Ha” “Hb CHy

[alp?® —=127.80 (c 164, CHCly)

v 3325, 1711,1637 cm
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'HNMR: 6 0.55-2.03 (m, 18H, H2-H10'). 2.34 (s, 3H, CH3). 2.89 (d, 1H, J
=52 Hz, OH), 471 (ct, 1H, J = 102 Hz, 4.4 Hz, H1'), 551 (d,
1H, ./= 52 Hz, H3), 583 (s, 1H, Hb), 6.33 (s, 1H, Ha), 7.14 (d,
2H, J =80 Hz), 7.24 (d, 2H.J = 80 Hz)

3C NMR: 3 15.97, 20.75, 21.07, 21.95, 23.14, 25.80, 31.33, 34.13, 40.71,
46.99, 73.00, 74.68, 12508, 12664, 129.02, 137.32, 13858,

142.54,165.90

(-)-Menthyl 3-(4-chlor ophenyl)-3-hydroxy-2-methylenepropanoate (153):
This compound was isolated as a colorless solid via the reaction of 4-
chlorobenzaldehyde (130g) with (-)-menthyl acrylate (14) in the presence of DABCO,

following the similar procedure described for the molecule 152a.

Resaction time: 7 days B

3 9

N 9 on

o1

Vit il g
Yidd: 87% 5% J| [
" Ha™” SHp ol

Mp.: 52-54°C
Optical rotation: [a]p® ~56.13 (c 2.72, CHCl3)
IR (KBr): v 3314, 1712, 1639 om*
'"H NMR: 5 0.56-2.08 (m, 18H, H2'-H10"), 3.03-3.23 (m, 1H, OH), 4.61-

4.86 (m, 1H, H1"), 550 (d, 1H, J =6.0 Hz, H3), 5.77 & 581 (2s,
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1H, diastereomeric Hb), 6.33 (s, 1H, Ha), 7.21-7.51 (m, 4H,

aromatic)
BC NMR: 5 16.06, 16.22, 20.71, 21.96, 23.23, 23.37, 26.03, 26.21, 31.36,
(mixture of 34.13, 40.65, 40.71, 47.06, 72.70, 72.85, 75.03, 75.15, 125.65,
diastereomers) 127.90, 128.10, 128.49, 133.45, 133.54, 140.09, 142.15, 165.78

(-)-Menthyl (22)-2-(bromomethyl)-3-phenylprop-2-enoate (154a):

To a dirred solution of (-)-menthyl 3-hydroxy-2-methylene-3-phenylpropanoate (152a)
(20 mmol, 3.163 g) in CH,Cl, (20 mL) was added drop wise HBr (48%, 25 mmol, 4.21
ml) followed by conc. H,SO4 (10 mmol, 0.98 g) a 0 °C. After stirring for 12 h a room
temperature, the reaction mixture was carefully poured into ice-cold water and
extracted with ether (3x20 mL). The combined organic layer was washed with water
and dried over anhydrous sodium sulfate (Na,SO4). Solvent was evaporated and the
crude product thus obtained, was purified by column chromatography (silica gel, 2%

EtOAc ate in hexanes) to afford the desired compound 154a, as colorless viscous

liquid.

Yield: 88%(3.353 g)

Optical rotation: [a]p” -80.34 (c 3.17, CHCl3)

IR (Neat): v 1709, 1626 cm
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'H NMR: 8081 (d,J =70 Hz) & 0.89-2.19 (m) (18H, H2-H10"), 4.40 (s,
2H, CH,Br), 4.89 (dt, 1H, J = 100 Hz, 44 Hz, HI"), 7.29-7.64
(m, 5H, aromatic), 7.80 (s, 1H, H3)

BCNMR: 8 16.40, 20.85, 22.06, 23.53, 26.37, 26.85, 31.49, 34.33, 40.90,

47.25, 75.49, 128.85, 129.45, 129,58, 134.48, 142.35, 165.63

(-)-Menthyl (2Z)-2-(bromomethyl)-3-(4-methylphenyl)prop-2-enoate (154b):
This compound was prepared by the reaction of (-)-menthyl 3-hydroxy-2-methylene-3-
(4-methylphenyl)propanoate (152b) with HBr (48%) in the presence of conc. H,SOs,

following the similar procedure described for the molecule 154a, as colorless viscous

- 10 !
liquid. /9
A
/U\“_QZ'\\ Prn

e P
Yidd: 89% 4 /7.5 ° /} ﬂj

Optical rotation: [a]o® -71.96 (c 2.64, CHCL3)

IR (Neat): v 1716, 1624 cm'*

'"H NMR: 8 0.80 (d, J= 7.0 Hz) & 0.88-2.21 (m) (18H, H2-H10"), 2.39 (s,
3H, CH3), 4.40 (s, 2H, CH,Br), 4.87 (dt, 1H,J= 10.8 Hz, 4.6 Hz,
H1"), 7.26 (d, 2H, J= 80 Hz, aromatic), 7.48 (d, 2H, J= 80 Hz,

aromatic), 7.76 (s, 1H,H3)
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3C NMR: 8 16.38, 20.86, 21.47, 22.07, 23.50, 26.34, 27.24, 31.50, 34.34,
40.92, 47.24, 75.40, 12851, 129.62, 129.82, 131.65, 139.87,

142.60, 165.82

(-)-Menthyl (22)-2-(bromomethyl)-3-(4-chlorophenyl)prop-2-enoate (155):
The treatment of (-)-menthyl 3-(4-chlorophenyl)-3-hydroxy-2-methylenepropanoate
(153) with HBr (48%) and conc. H2S04, following the similar procedure described for

the molecule 154a, afforded the desired compound 155, as a colorless viscous liquid.

‘“‘\/ 8y
,s £/ "f””f""}

Yield: 87% ¢ ol

Optical rotation: [aln? —81.30 (c 2.30, CHCl3)

IR (Neat): v 1703, 1626 cm’’

'H NMR: 8081 (d,J =70 Hz) & 0.87-2.22 (m) (18H, H2-H10), 4.35 (s,
2H, CH;Br), 4.89 (dt, 1H, J= 10.6 Hz, 4.4 Hz, H1'), 7.37-7.62
(m, 4H, aromatic), 7.73 (s, 1H, H3)

*C NMR: 8 16.34, 20.85, 22.05, 23.47, 26.35, 26.43, 31.48, 34.29, 40.87,
47.21, 75.67, 129.16, 130.03, 130.90, 132.88, 135.58, 140.94,

165.40
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(-)-Menthyl 2-methylene-3-(prop-2-yn-1-yloxy)-3-phenylpropanoate (156a):

To a dtirred solution of (-)-menthyl (2Z)-2-(bromomethyl)-3-phenylprop-2-enoate
(1548) (1 mmol, 0.379 g) and E3N (1 mL), was added propargyl acohol (5 mmol, 0.28
g). After stirring for 12 h a room temperature, the reaction mixture was diluted with
ether (15 mL), washed successively with 2N HC1 solution and water. The organic layer
was dried over anhydrous Na,SO4 and concentrated. The crude product thus obtained,
was purified by column chromatography (silica gel, 2% EtOAc in hexanes) to provide
pure (-)-menthyl 2-methylene-3-(prop-2-yn-1-yloxy)-3-phenylpropanoate (156a), as

colorless viscous liquid.

Yield: 74% (0.261 )

de: 18%

Optical rotation: [o]p” —60.31 (c4.15, CHCl3)

| R(Neat): v 3308, 2130, 1712, 1631 cm’
'H NMR: 5055201 (m, 18H, H2-H10", 240-251 (m, 1H HC=C),

395425 (m,2H, CH,C=C), 458-479 (m, 1H HI"), 5.46 &

550 (2s, 1H, diastereomeric H3), 5.91 & 6.00 (2d, 1H, J= 2.0
Hz, Hb), 6.31& 6.41 (2s, 1H, Ha), 7.21-7.44 (m, 5H, aromatic)

The underlined peaks are due to the minor diastereomer.



Thetwo singletsat 6 6.31 & 6.41 are due to the p-vinylic protons (Ha) (cis- to the ester
group) of the minor and mgor diastereomers respectively. The diastereomeric excess

was determined by the integration (41:59) of these two singlets and was found to be

18%.

13C NMR: 8 1592, 16.33, 20.66, 20.90, 21.96, 23.09, 23.51, 25.67, 26.26,
(mixture of 31.34, 34.19, 40.54, 40.78, 47.04, 55.78, 74.55, 74.66, 77.73,
diastereomers) 77.84, 79.50, 124.33, 124.99, 127.89, 127.98, 128.11, 128.33,

138.55, 140.83, 141.29, 165.11, 165.26

The pesks a & 165.11 and 165.26 are attributed to the carbonyl carbon of the mgor and

minor diastereomers respectively.
Analysis caled. for C23H3003: C, 77.93; H, 853
Found: C, 7823, H, 844

(-)-Menthyl 2-methylene-3-(4-methylphenyl)-3-(prop-2-yn-1-yloxy)propanoate
(156b):

It was prepared via the reaction of (-)-menthyl (22)-2-(bromomethyl)-3-(4-
methylphenyl)prop-2-enoate (154b) with propargyl acohol in the presence of
triethylamine, following the smilar procedure described for the molecule 156a, as a

colorless viscous liquid.



Reaction time:
Yidd:

de

Optica rotation:

IR (Neat):

'H NMR:

12h AN o~
\/a- I 0
67% _,/";‘g\f:; § o 1~ 1\2 ™ v X
4 _/5' 7 |‘ | ]

23% ¥ Ha” “Hb CHa

[a]p® —60.4 (c 3.00, CHCI;)
v 3312, 2131, 1714, 1635 cm™

50.55-1.9 (m.18H, H2' -HL0'), 233 (s. 3H, CHj), 2.41-2.49 (m,
1H HC=C), 3%-4.24 (m, 2H, CH,C=C). 459-4.79 (m, 1H,

H1'), 542 & 546 (2s, 1H. H3), 5.90 & 6.00 (2d, 1H, ./= 2.0 Hz,
Hb), 629 & 639 (25 1H, Ha), 713 (d, 2H, ./ = 7.8 Hz

aromatic), 7.23 (d, 2H, J = 7.8 Hz, aromatic)

The underlined peaks arise due to the minor diastereomer.

The two singlets at 5 6.29 & 6.39 are arising from the olefinic (Ha) protons (cis- to the

edter functionality) of the minor and major diastereomers respectively and are in the

ratio of 38.5:61.5, indicating 23% diastereoselectivity in the reaction.

C NMR:
(mixture of

diastereomers)

6 1591, 16.34, 20.68, 20.86, 21.14, 21.98, 23.07, 23.51, 25.62,
26.23, 31.36, 34.21, 40.55, 40.81, 47.04, 55.61, 55.68, 74.48,
7457, 77.64, 79.62, 124.06, 124.74, 127.85, 127.98, 129.03,

135.50, 137.80, 140.96, 141.49, 165.15, 165.35



The pesks at 6 165.15 and 165.35 are attributed to the carbonyl carbon of ester group of
both major and minor diastereomers respectively.
Andysis caled. for C4H3203: C, 7822, H, 875

Found: C, 78.00; H, 883

(-)-Menthyl 3-(4-chlorophenyl)-2-methylene-3-(prop-2-yn-1-yloxy)propanoate
(157):

This product was isolated as a colorless viscous liquid via the reaction of (-)-menthyl
(22)-2-(bromomethyl)-3-(4-chlorophenyl)prop-2-enoate (155) with propargyl alcohol
in the presence of triethylamine, following the similar procedure described for the

molecule 156a.

10 /9 o e
Reaction time: 12h \é. )l j\ =
Yield: 88% Z /-;:‘é:'Z{-\\ o ol |2/ 3\\_l (.‘:.;
4' )
! e
de: 4% i O o TR cl

Optical rotation: [a)p® =36.45 (¢ 3.36, CHCl3)

IR (Neat): v 3308, 2110, 1716, 1635 cm™

'"H NMR: 8 0.54-2.00 (m, 18H, ffi-HIOY, 2.41-252 (m, 1H, HC=C),

3.94-4.27 (m, 2H, CH,C=C(), 4.56-4.81 (m, 1H, H1"), 543 &

547 (2s, 1H, diastereomeric H3), 594 & 6.02 (2s, 1H,
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diastereomeric Hb), 6.31 & 641 (2s, 1H, diastereomeric Ha),
7.30 (s, 4H, arométic)
The diastereomeric excess was determined by the integration of the two singlets at 8
6.31 & 6.41 (from two diastereomers) arising from the B-vinylic proton (Ha), cis- to the

ester functionality and was found to be 4%.

3C NMR: & 1597, 16.37, 20.65, 20.83, 21.98, 23.13, 23.56, 25.81, 26.34,
(mixture of 31.38, 34.20, 40.62, 40.82, 47.12, 55.88, 74.75, 74.87, 74.95,
diastereomers) 77.10, 77.18, 79.27, 79.29, 12457, 12527, 12850, 12855,

129.25, 129.39, 133.89, 133.98, 137.36, 140.48, 140.96, 164.91,
165.10
The peaks a 6 16491 and 165.10 are due to the carbonyl carbon of the mgor and
minor diastereomers respectively.
Analysis caled. for Ca3Hy903Cl: C, 71.03; H, 752

Found: C, 70.75; H, 7.40

(-)-Menthyl 2-methylene-3-phenoxy-3-phenylpropanoate (158a):

A solution of (-)-menthyl (22)-2-(bromomethyl)-3-phenylprop-2-enoate (154a) (1
mmol, 0.379 g), phenol (1 mmol, 0.094 g) and Et;N (1 mL) in CH,Cl; (2 mL), was
stirred at room temperature for 4 hours. Then 2N HCL (5 mL) was added and the

reaction mixture was extracted with ether (2x10 mL). The combined layer was washed
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with agueous NaHCO; solution, water and dried over anhydrous Na,SOa. Solvent was
evaporated and the crude product thus obtained, was purified by column
chromatography (silica gel, 2% EtOAc in hexanes) to provide pure (-)-menthyl 2-

methylene-3-phenoxy-3-phenylpropanoate (158a), as colorless viscous liquid.

Yield: 72% (0.283 g)
de: 35% ,
Optical rotation: [alp” -76.16 (¢ 5.00,
CHCI;)
1R (Neat): v 1711, 1635 cm™
'HNMR: 8 0.56-2.15 (m. 18H, H2-H10"). 4.64-4.92 (m. 1H, H1"), 5.83 &

5.93 (2s, 1H, H3), 6.13 & 6.15 (2s, 1H, diastereomeric Hb), 632
& 6.40 (2s, 1H, Ha), 6.89-7.10 (m, 3H, aromatic), 7.18-7.61 (m,
7H, aromatic)
The underlined peaks are attributed to the minor diastereomer.
The two singlets at 5 583 & 5.93 are attributed to the benzylic (H3) protons of the
minor and major diastereomers respectively. The diastereomeric excess was determined
by the integration (32.5:67.5) of these two singlets and was found to be 35%.
BCNMR: 8 16.09, 16.25, 20.68, 20.88, 22.02, 23.23, 23.45, 25.94, 26.25,
(mixture of 31.42, 34.22, 40.71, 40.85, 47.13, 74.92, 77.34, 77.53, 115.86,

diastereomers) 115.93, 121.17, 125.45, 126.00, 127.40, 127.52, 128.12, 128.49,



129.38, 138.97, 140.64, 141.16, 157.74, 165.24, 165.42
The peaks a 5 165.24 and 165.42 are attributed to carbonyl carbon of ester group of the
mgor and minor diastereomers respectively.
Analysis caled. for Cy¢H3,0;: C, 79.56; H, 822

Found: C, 79.76; H, 813

(-)-Menthyl 2-methylene-3-(4-methylphenyl)-3-phenoxypropanoate (158b):
This was prepared via the reaction of (-)-menthyl (2Z2)-2-(bromomethyl)-3-(4-
methylphenyl)prop-2-enoate (154b) with phenol in the presence of triethylamine,

following the similar procedure described for the molecule 158a, as a colorless viscous

liquid. fﬂ

Reaction time: 4h ﬁ
Yield: 54% S0 NN
, JRR et
de 28% Ha” Hb Cha
Optical rotation: [alp®™ =71.56 (¢ 2.11, CHCl3)
IR (Neat): v 1711, 1633 am'™*
'HNMR: 8 0.56-2.02 (m, 18H, H2'-H10'), 2.25 (s, 3H), 4.54-4.85 (m, 1H,

H1Y, 573 & 584 (2s, 1H, H3), 601 & 604 (2s, 1H,
diastereomeric Hb), 6.22 & 6.31 (2s, 1H, Ha), 6.82-7.03 (m, 3H,

aromatic), 7.05-7.48 (m, 6H, aromatic)
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The underlined peaks arise due to the minor diastereomer.
The two singlets a & 5.73 & 5.84 arise from benzylic methine protons (H3) of the
minor and mgjor diastereomers respectively. They are in the ratio of 36:64, indicating

that the reaction is 28% diastereosel ective.

13C NMR: $ 16.08, 16.26, 20.70,20.84, 21.18, 22.02, 23.24, 23.45, 25.91,
(mixture of 26.27, 31.43, 34.23, 40.72, 40.89, 47.15, 74.87, 77.23, 77.43,
diastereomers) 115.94, 121.09, 125.24, 125.80, 127.36, 127.51, 129.19, 129.35,

135.89, 136.00, 137.76, 137.85, 140.72, 141.32, 157.82, 165.30,
165.52.
The peaks at 8 165.30 and 165.52 are attributed to carbonyl carbon of ester group of the
major and minor diastereomers respectively.
Analysis caled. for Cy7H3403: C, 79.77; H, 843

Found: C, 79.98; H, 854

(-)-Menthyl 3-(4-chlorophenyl)-2-methylene-3-phenoxypropanoate (159):

This product was obtained as a colorless viscous liquid via the reaction of (-)-menthyl
(22)-2-(bromomethyl)-3-(4-chlorophenyl)prop-2-enoate (155) with phenol in the
presence of triethylamine, following the smilar procedure described for the molecule

158a.



Reaction time: 4h
Yidd: S7%
de 26% .
€l
Optical rotation: [a]p® —69.81 (c 3.71, CHCl)
IR(Neat): v 1714, 1638 om**
'H NMR: o0 0.60-2.10 (m, 18H, H2-H10'), 4.64-4.88 (m, 1H, H1'). 5.86 &

59 (2s, 1H, H3), 6.08 & 6.11 (2s, 1H, Mb), 632 & 641 (2s,
1H, Ha), 6.88-7.09 (m, 3H, aromatic), 7.18-7.50 (m, 6H,
aromatic)

The underlined chemical shifts values are attributed to the minor diastereomer.

The two singlets at & 5.86 & 5.96 are arising from the benzylic methine proton (H3) of

the minor and mgjor diastereomers respectively and are in the ratio of 37:63, indicating

26% diastereosel ectivity in the reaction.

“C NMR: 6 16.16, 16.32, 20.69, 20.86, 22.05, 23.30, 23.52, 26.08, 26.36,
(mixture of 31.46, 34.25, 40.78, 40.91, 47.20, 75.08, 76.80, 76.96, 115.93,
diastereomers) 116.01, 121.48, 125.48, 126.12, 128.73, 128.81, 128.96, 129.49,

134.02, 137.64, 137.73, 140.38, 140.92, 157.51, 165.03, 165.24
The peaks at 8 165.03 and 165.24 are attributed to carbonyl carbon of ester group of the

major and minor diastereomers respectively.



Analysis caled. for Co¢Hj3,05Cl: C,73.14; H, 7.32

Found: C, 73.40; H, 7.26

Isobornyl sultonc (161):

This was prepared according to the literature method.?®

A solution of (+)-10-camphorsulfonic acid (160) (120 mmol, 27.876 @) in 60 mL of
water was added carefully to solid sodium borohydride (225 mmol, 8.511 g). Water
was removed under reduced pressure and the reaction mixture was heated for 4 hours at
120 °C. Absolute ethanol (900 ml.) was added and refluxed for 2 hours. Salts were
removed by filtration. Ethanol (300 ml.) was added to salts. refluxed and again filtered.
This process was repeated 3-4 times. Then dl the ethanolic solutions were combined
and ethanol was removed by distillation. Crude solid thus obtained, was dried at 120 °C
for 2 hours. This solid was dissolved in pyridine (48 mL) and freshly crystallized p-
toluenesulfonyl chloride (27 g) was added with dtirring. After 5 hours a room
temperature, the reaction mixture was poured into ice-cold water (120 mL) and

refrigerated (-20 °C) overnight. Solid isobornyl sultone (161) was filtered and dried.

Yield: 17.958 g (69%)

Mp.: 114-116 °C (lit.2° 116-118 °C) /
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(15,2R,4R)-1-(Diisopropylaminosulfonyl)methyl-7,7-dimethylbicyclo(2.2.1)heptan-
2-0l (162):

To a dtrred solution of ethylmagnesium bromide (480 mmol) in THF, N,N-
diisopropylamine (480 mmol, 48571 @) was added dowly over an hour a room
temperature under nitrogen. After the evolution of ethane gas was completely seized,
sultone 161 (60 mmol, 12.978 g) in 100 mL of THF was added. After stirring for 24
hours a room temperature, the reaction mixture was poured into 250 mL of cold 2N
HC1 and extracted with ether (3x80 mL). The combined ethereal solution was washed
with agueous NaHCOs solution, brine and dried over anhydrous Na,SO4. Solvent was

evaporated and crystallization of the resulting crude product from hexane (two times)

provided pure 162, asa colorless crystalline solid.

Yield: 72% (13.748 g)

Mp.: 100-103 °C (1it.2™ 102-103 °C)

Optical rotation: [alp? -34.68 (c 10, EtOH) [Iit.%° -34.4 (c 4.74, EtOH)]

IR (KBr): v 3508 an'*

'H NMR: 0 081 (s, 3H, CHs, H9), 1.06 (s, 3H, CH3, H8), 1.33 (d, 12H, J =
6.8 Hz, 2xCH(CHs),), 1.56-1.89 (m, 7H, H3, H4, H5, H6), 2.67
& 327 (ABg, 2H, J= 13.4 Hz, H10), 347 (d, 1H, J = 4.0 Hz,

OH) 3.67-3.86 (m, 2H, 2xCH(CH3),), 4.04-4.17 (m, 1H, H2)
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Bc NMR: 6 19.90, 20.55, 22.17, 22.50, 27.34, 30.93, 38.83, 44.46, 48.49,

50.74, 54.27, 76.49

(1S,2R,4R)-1-(Diisopropylaminosulfonyl)methyl-7,7-dimethylbicyclo(2.2.1)hept-2-

yl acrylate (18):

To a dtirred solution of the acohol 162 (30 mmol, 9.524 @) in 75 mL of dry ether was
added dowly ethylmagnesium bromide (30 mmol) in ether (60 mL) a room
temperature. After stirring at room temperature for 1 hour, the reaction mixture was
cooled to 0 °C. Acryloyl chloride (75 mmol, 6.788 @) in ether (75 mL) was added ad
stirred at room temperature for 2 h. The reaction mixture was diluted with ether (100
mL) and washed with water (100 mL). The organic layer was dried over anhydrous

Na,;SO4, concentrated and the solid thus obtained, was crystallized from hexane to give

acrylate 18, as a colorless crystalline solid.

Yidd: 91% (10.189 g)

Mp.: 116-118°C (lit.?"® 117-118 °C)

Optical rotation: [a]p? -50.44 (c 2.50, acetone)

IR(KBr): v 1728, 1637 cm*

'HNMR: 80.89 (s, 3H, CH;, H9), 101 (s, 3H, CH3, H8), 127 & 128 (2d,

12H, J=6.0 Hz, diastereomeric 2xCH(CH,),), 1.59-2.14 (m, 7H,

H3, H4, H5, H6), 2.72 & 3.28 (ABq, 2H, J = 130 Hz, H10),
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358-3.82 (m, 2H, 2xCH(CHs),), 5.03-5.16 (m. 1H, H2), 578
(dd, 1H, J= 2.0 & 96 Hz), 607 (dd, 1H.J = 96 & 17.4 Hz),

6.33 (dd, 1H,.J= 2.0& 17.4 Hz)
BC NMR: 5 19.90, 20.31, 22.21, 22.31, 26.95, 29.82, 39.37, 44.49, 48.11,

49.01, 49.42, 52.92, 78.31, 129.09, 129.61, 164.39

(1'S,2'R,4'R)-1'-(Diisopropylaminosulfonyl)methyl-7',7'-dimethylbicyclo(2.2.1)he-
pt-2'-yl 3-hydroxy-2-methylene-3-phenylpropanoate (163):

A mixture of acrylate (18) (5 mmol, 1857 g), benzaldehyde (130a) (25 mmoal, 2.65 Q)
and DABCO (5 mmol, 0.56 g) was dlowed to react a room temperature for 10 days.
The reaction mixture was diluted with ether (10 mL) and washed successively with 2N
HC1 solution, water and saturated agueous NaHCO; solution. The etherea layer was
dried over anhydrous Na,SO,4, concentrated and the crude product thus obtained, was

purified by column chromatography (silica gel, 10% EtOAc in hexanes) to afford 163,

as acolorless solid.

Yield: 92% (2.211 @)

de: 14%

Mp.: 130-132°C
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Optical rotation: [a)p? -33.55 (c 3.07, acetone) [Iit.* -36.6 (c 0.3, acetone), for

\5%de]
IR (KBr): v 3489, 1718, 1620 cm™
"HNMR: 50.88 (s, 3H, CH3, H9), 0.96 & 0.97 (2s, 3H, CHs, H8'), 1.21-

138 (m, 12H, 2xCH(CHs),), 159-2.07 (m, 7H, H3', H4', H5/,
H6'), 2.65-2.78 (m, 1H, H10), 3.18-3.47 (m, 2H, H10', OH),
3.57-3.78 (m, 2H, 2xCH(CH;),), 5.06-5.18 (m, 1H, H2'), 5.56-
571 (m, 2H, Hb & H3), 6.15& 6.20 (2s, 1H, Ha), 7.27-7.41 (m,
5H, aromatic)

The underlined peaks are attributed to minor diastereomer.

The two singlets at 5 6.15 and 6.20 are attributed to the B-vinylic protons (Ha) (cis- to

ester group) of the minor and mgor diastereomers respectively and are in the ratio of

57:43, indicating that the reaction is 14% diastereoselective.

BCNMR: 6 19.89, 20.29, 22.09, 22.48, 22.59, 26.95, 30.01, 39.28, 44.39,
(mixture of 48.16, 49.03, 49.53, 53.05, 72.54, 73.34, 78.84, 124.83, 125.14,
diastereomers) 126.45, 126.61, 127.57, 127.67, 128.30, 141.15, 141.25, 143.20,

143.42, 164.88, 165.05
The peaks a 6 7254 & 73.34 and at 5 164.88 & 165.05 are attributed to benzylic

carbon and carbonyl group of mgor and minor diastereomers respectively.
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(1'S,2'R,4'R)-1'-(Diisopropylaminosulfonyl)methyl-7',7'-dimethylbicyclo(2.2.1)he-

pt-2'-yl 3-hydroxy-2-methylene-3-(4-methylphenyl)propanoate (164):

This product was prepared from 4-methylbenzaldehyde (130b), acrylate (18) and

DABCO, following the similar procedure described for the molecule 163, as a colorless

viscous liquid.

Reaction time:
Yidd:

de:

Optical rotation:

IR (Neat):

"H NMR:

30 days

92%

10%

[alp®™ -31.21 (c 0.66, acetone)
v 3504, 1714, 1628 cmi™t
8 0.88 (s, 3H, CHs, H9"), 0.96 (s. 3H, CHj. H8'), 1.21-1.37 (m,

12H, 2xCH(CHs),), 157-207 (m. 7H, H3', H4', H5', H6"), 2.32

(s, 3H), 270 & 324 and 2.72 & 3.26 (2ABq, 2H, J = 132 Hz,
diastereomeric H10'), 304 & 331 (2d, 1H, diastereomeric
CHOH, J = 50 Hz, D,O washable), 3.553.77 (m, 2H,
2xCH(CHj3),), 5.03-5.17 (m, 1H, H2'), 552-5.72 (m, 2H, H3,

Hb), 6.12& 6.18 (2s, 1H, Ha), 7.11-7.28 (m, 4H, aromatic)

The underlined peak is due to minor diastereomer.



164

The singlets a 5 6.12 and 6.18 are due to B-vinylic (Ha) protons (cis- to ester group) of
major and minor diastereomers respectively and are in the ratio of 55:45, indicating that

there is 10% diastereoselectivity in the reaction.

3C NMR: 5 19.88, 20.28, 20.99, 22.05, 22.49, 22.58, 26.96, 30.02, 39.32,
(mixture of 4450, 48.18, 48.99, 49.60, 53.13, 72.42, 73.20, 78.84, 124.38,
diastereomers) 124.66, 126.40, 126.56, 128.95, 137.08, 137.20, 138.38, 138.46,

14354, 143.71, 164.86, 165.03
The peaks at 6 72.42 & 73.20 and 8 164.86 & 165.03 are due to benzylic carbon and

carbonyl group of magjor and minor diastereomers respectively.

(1'S,2'R,4'R)-1'-(Diisopropylaminosulfonyl)methyl-7',7'-dimethylbicyclo(2.2.1)he-
pt-2'-yl 3-(4-ethylphenyl)-3-hydroxy-2-methylenepropanoate (165):

This compound was obtained as a colorless viscous liquid via the reaction of 4-
ethyl benzaldehyde (130c) with acrylate (18) in the presence of DABCO, following the

similar procedure described for the molecule 163.

Reaction time: 40 days
Yield: 82%

de: 10%
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Optical rotation: [o]p” -40.63 (c 177, acetone)
IR (Neat): v 3497, 1716, 1628 cm’!
'H NMR: 6 0.79 (s, 3H, CHj, H9'), 0.88 (s. 3H, CH;, H8'), 1.12-1.46 (m,

15H, 2xCH(CHs),. CH3), 1.62-2.07 (m, 7H, H3', H4'. H5', H6"),
257-276 (m, 3H, CH2CH3, H10), 303 & 331 (2d, 1H,
diastereomeric CHOH, J = 4Hz, D,O washable), 3.18-3.32 (m,
1H, H10%, 3.55-3.78 (m, 2H, 2xCH(CHj;),), 5.01-5.17 (m, 1H,
H2'), 552-5.60 (m, 1H. H3). 561 & 5.69 (2s, 1H, Hb), 6.13 &
6.19 (2s, 1H, Ha), 7.10-7.37 (m. 411, aromatic)

The underlined chemical shift values are due to minor diastereomer.

The peaks a 6 6.13 and 6.19 are attributed to the B-vinylic (Ha) protons (cis- to ester

group) of the major and minor diastereomers respectively and are in the ratio of 55:45,

indicating that the reaction is 10% diastereoselective.

“C NMR: 5 15.37, 19.89, 20.29, 22.07, 22.51, 22.61, 26.97, 28.44, 30.04,
(mixture of 39.33, 44.51, 48.20, 49.00, 49.61, 53.14, 72.44, 73.25, 78.86,
diastereomers) 124.46, 124.71, 126.47, 126.64, 127.76, 138.61, 138.69, 143.51,

143.61, 164.88, 165.06
The peaks at & 72.44 & 73.25 and & 164.88 & 165.06 arise from the benzylic and ester

carbonyl carbons respectively of both the diastereomers.
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(1'S,2'R,4' R)-1'-(Diisopropylaminosulfonyl)methyl-7',7'-dimethylbicyclo(2.2.1)he-

pt-2'-yl 3-(4-chlorophenyl)-3-hydroxy-2-methylenepropanoate (166):

This product was prepared from 4-chlorobenzaldehyde (130g), acrylate (18) and

DABCO in 4 mL of THF, following the similar procedure described for the molecule

163, as acolorless solid.

Reaction time:
Yield:
dc:

Mp.:

Optica rotation:

IR(KBr):

'H NMR:

10 days
91%

12%

80-82 °C h

[alp? -32.45 (c 2.16, acetone)

v 3501, 1714, 1628 cm™

6 0.89 (s, 3H, CH;, H9Y), 0.96 & 100 (2s, 3H, CH;, H8'), 118
139 (m, 12H, 2xCH(CHs),), 158-2.10 (m, 7H, H3', H4', HS',
H6), 2.69 & 321 and 2.70 & 3.23 (2ABq, 2H, J = 130 Hz,
H10'), *325 & 354 (2d, 1H, J = 5.0 Hz, diastereomeric OH,
D,0 washable), 3.57-3.75 (m, 2H, 2xCH(CHs),), 5.06-5.17 (m,
1H, H2'), 552-5.65 (m, 2H, H3, Hb), 6.15 & 6.18 (2s, 1H, Ha),

7.32 (s, 4H, aromatic)

*The doublet at 8 3.25 merges with ABq.

The underlined values arise due to minor diastereomer.
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The diastereomeric excess was determined by the integration of the peaks at § 6.15 and
6.18 arising from the PB-vinylic (Ha) protons (cis- to eser group) of minor and major

diastereomers respectively and was found to be 12%.

BC NMR: 5 19.87, 20.23, 22.09, 22.35, 22.49, 26.92, 30.06, 39.26, 44.39,

(mixture of 48.16, 49.01, 49.53, 53.08, 7168, 72.69, 78.88, 78.91,

diastereomers) 124.61, 12512, 127.96, 128.36, 133.22, 140.06, 142.90, 143.33,
164.62, 164.86

The peaks at 5 71.68 & 72.69 and 164.62 & 164.86 are attributed to the benzylic and

ester carbonyl carbon of mgor and minor diastereomers respectively.

(1'S,2'R,4' R)-1'-(Diisopropylaminosulfonyl)methyl-7',7'-dimethylbicyclo(2.2.1)he-
pt-2'-yl 3-(2-chlorophenyl)-3-hydroxy-2-methylenepropanoate (167):

This compound was obtained as a colorless viscous liquid via the reaction of 2-
chlorobenzaldehyde (130h) with acrylate (18) in the presence of DABCO, following

the similar procedure described for the molecule 163.

Reaction time: 10 days jr
6
Yield: 90% 10

de: 62%
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Optical rotation: [a]p? -18.66 (c 1.50, acetone)
IR(Neat): v 3491, 1716, 1630 cm’
'H NMR: 5 0.81-1.50 (m, 18H, H9', H8', 2xCH(CH3),), 1.58-2.13 (m, 7H,

H3', H4", H5', H6'), 2.71 & 3.25 and 2.73 & 3.32 (2ABgq, 2H, J =
134 Hz, H10", 3.54-3.86 (m, 3H, 2xCH(CH3) & CHOH, 1H
D,0 washable), 5.05-5.14 & 5.14-529 (2m, 1H, H2'), 538 &
5.45 (2s, 1H, H3), 5.94-6.05 (m, 1H, Hb), 6.07 & 6.26 (2s, 1H,
Ha), 7.18-7.46 (m, 3H, aromatic), 7.55-7.68 (m, 1H, aromatic)

The underlined peaks are attributed to the minor diastereomer.

The pesks a & 5.38 and 545 arise due to the benzylic proton (H3) of minor and major

diastereomers respectivdly and are in the ratio of 19:81, indicating 62%

diastereosel ectivity in the reaction.

3C NMR: 8 19.69, 19.95, 20.26, 22.02, 22.59, 26.95, 29.90, 30.30, 39.16,

39.35, 44.38, 48.24, 49.05, 49.55, 52.94, 53.35, 68.88, 69.74,

78.82, 79.04, 125.09, 126.05, 127.01, 128.12, 128.81, 128.97,

129.30, 132.49, 132.83, 138.30, 141.68, 164.92, 165.31

The underlined pesks arise due to the minor diastereomer.



pt-2'-yl 3-(2,4-dichlorophenyl)-3-hydroxy-2-methylenepropanoate (168):

The reaction of 2,4-dichlorobenzaldehyde (130i) with acrylate (18) in the presence of

DABCO in 4 mL of THF, following the similar procedure described for the molecule

163, afforded the desired compound 168, as a colorless solid.

Reaction time:
Yied:

Mp.:

Optical rotation:

IR (KBr):

'H NMR:

*CNMR:

o /,-’3
™ 0 OH CI
10 days f T3 _,H ) |
6 /'17" ',"O 1 q 3 ‘“ ]
68% 1o L8
0.8 N "\Ha Hb Cl
130-132°C \
/

[oc]n25 4.06 (c 0.64, acetonc)

v 3479, 1714, 1628 cm™*

50.89 (s, 3H, CH3, HY"), 0.97 (s, 3H, CHs. H8'), 128 (d, 12H, J
= 6.0 Hz, 2xCH(CH3)), 1.65-2.11 (m, 7H, H3', H4', H5', H6Y,
273 & 331 (ABqg, 2H, J= 132 Hz, H10'"), 3.55-3.88 (m, 3H,
2xCH(CH3); & CHOH, 1H D,0O washable), 5.06-5.21 (m, 1H,
H2"), 540 (s, 1H, H3), 5.92 (s, 1H, Hb), 6.23 (s, 1H, Ha), 7.26-
7.43 (m, 2H, aromatic), 7.56 (d, 1H, J =82 Hz, aromatic)

6 19.73, 20.21, 22.02, 22.52, 26.93, 30.35, 39.37, 44.38, 48.23,
49.04, 49.58, 5340, 68.47, 79.12, 12594, 127.23, 129.01,

129.21, 133.42, 133.93, 137.19, 141.55, 164.68
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(1'S,2'R,4' R)-1'-(Diisopropylaminosulfonyl)methyl-7',7'-dimethylbicyclo(2.2.1)he-

pt-2'-yl (2Z)-2-(bromomethyl)-3-phenylprop-2-enoate (169):

To a dirred solution of alcohol 163 (5 mmol, 2.387 @) in CH,Cl, (20 mL) was added

drop wise HBr (48%, 125 mmol, 2.10 mL) followed by conc. H,SO4 (5 mmol, 0.49 g)

a 0 °C. After 12 h of dtirring at room temperature, the reaction mixture was carefully

poured into ice-cold water and extracted with ether (2x20 mL). The combined organic

layer was washed with water, dried over anhydrous Na,SO, and concentrated. The

crude product thus obtained, was purified by column chromatography (silica gel, 4%

EtOAc in hexanes) to afford 169, as a colorless solid.

Yidd: 88% (2.385 Q)
Mp.: 106-108°C
Optical rotation: [alp  +75.03 (c4.27, CHCls)

IR (KBr): v 1722, 1630 cm™

el

-8

‘?,_
i
5”]/4 ~3 U

01
1;7‘”

J\ Br
OqS =N

)4

~£

H NMR: 6092 (s, 3H, CHs, H'), 1.13 (s, 3H, CHs, H8), 125 (d, 12H, J

= 6.6 Hz, 2xCH(CH3),), 1.61-2.18 (m, 7H, H3', H4', H5', H6"),

275 & 3.36 (ABg, 2H, J= 136 Hz, H10), 3.57-3.82 (m, 2H,

2xCH(CHs),), 4.32 & 4.42 (ABq, 2H, J=9.8 Hz, CH,Br), 5.19-

5.28 (m, 1H, H2"), 7.39-7.65 (m, 5H, aromatic), 7.76 (s, 1H, H3)
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3C NMR: 8 20.27, 20.42, 22.15, 22.69, 26.67, 27.06, 30.20, 39.51, 44.59,
48.24, 49.19, 49.78, 53.24, 79.31, 12891, 12952, 134.32,

142.33, 164.69

pt-2'-yl (2Z)-2-(bromomethyl)-3-(4-methylphenyl)prop-2-enoate (170):
This compound was prepared by the reaction of acohol 164 with HBr (48%) in the

presence of conc. H2S04, fallowing the similar procedure described for the molecule

169, as a colorless solid. [ L
™ 8 H
| sy L,
A0 TN Y
. 10( 2 ] || J
Yield: 95% o?\s,___NJ.\ Br ~F e
Mp.: 134-136 °C -

Optical rotation: [a]p? +87.04 (c 5.00, CHCl3)

IR (KBr): v 1714, 1624 cmi"*

'H NMR: 8 0.93 (s, 3H, CHs, HY'), 114 (s, 3H, CHs, H8"), 125 (d, 12H,./
= 6.6 Hz, 2xCH(CHs),), 1.60-2.17 (m, 7H, H3', H4', H5', H6'),
240 (s, 3H, CHs), 275 & 3.37 (ABq, 2H, J = 134 Hz, H10'),
3.59-3.82 (m, 2H, 2xCH(CHa),), 4.33 & 4.44 (ABgq, 2H, J =10.0
Hz, CH,Br), 5.17-5.32 (m, 1H, H2"), 7.27 (d, 2H, J = 80 Hz,

aromatic), 7.47 (d, 2H, J=80 Hz, aromatic), 7.73 (s, 1H, H3)
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BC NMR: 520.27, 20.42, 21.38, 22.13, 22.69, 26.91, 27.07, 30.19, 39.54,
44.66, 48.24, 49.16, 49.82, 53.29, 79.26, 128.66, 129.67, 131.53,

139.99, 142.43, 164.79

(1'S,2'R,4'R)-1'-(Diisopropylaminosulfonyl)methyl-7',7'-dimethylbicyclo(2.2.1)he-
pt-2'-yl (2Z)-2-(bromomethyl)-3-(4-ethylphenyl)prop-2-enoate (171):
This compound was isolated as a colorless solid via the reaction of alcohol 165 with

HBr (48%) in the presence of conc. H2S04, following the similar procedure described

for the molecule 169. a? e 5
6""" 1 /
_— 0 10\ /L
Yield: 72% O?S_%N/J,\ o
Mp: 94-96°C ) I

Optical rotation: [o]p”® +85.5 (¢ 2.60, CHCl3)

IR (KBr): v 1712, 1628 cm™

'H NMR: 6 0.94 (s, 3H, CH;, H9"), 1.15 (s, 3H, CHs, H8"), 1.17-1.37 (m,
15H, 2xCH(CHs); & CH2CH3), 1.50-2.17 (m, 7H, H3', H4', HS',
H6'), 2.65-2.81 (m, 3H, CH2CH3 & H10"), 3.37 (d, 1H, J 436
Hz, H10'), 356-3.81 (m, 2H, 2xCH(CH,),), 4.36 & 4.46 (ABq,

2H, J=9.8 Hz, CH;Br), 5.17-5.32 (m, 1H, H2"), 7.30 (d, 2H, J =



C NMR:

173

7.8 Hz, aromatic), 751 (d, 2H, J= 7.8 Hz, aromatic), 7.75 (s,
1H,H3)

8 15.19, 20.24, 20.40, 22.11, 22.67, 27.03, 28.72, 30.14, 39.50,
44.57,48.20,49.14,49.74,53.20,79.17, 128.43, 129.81, 131.68,

142.48, 146.23, 164.78

(1'S,2'R,4'R)-1'<(Diisopropylaminosulfonyl)methyl-7',7'-dimethylbicyclo(2.2.1)he-

pt-2'-yl (22)-2-(bromomethyl)-3-(4-chlorophenyl)prop-2-enoate (172):

The reaction of acohol 166 with HBr (48%) in the presence of conc. H,SO4, following

the similar procedure described for the molecule 169, provided the desired compound

172, as a colorless solid.

Yidd:

Mp.:

Opticad rotation:
IR (KBr):

'H NMR:

93%

152-154°C

[a]p? +89.44 (c 5.00, CHCl3)

v 1720, 1630 cm*

8093 (s, 3H, CH3, H9"), 114 (s, 3H, CHs, H8), 125 (d, 12H, J
= 6.8 Hz, 2xCH(CH;),), 1.62-2.18 (m, 7H, H3', H4', H5', H6"),
2.75 & 335 (ABg, 2H, J= 132 Hz, H10"), 357-3.82 (m, 2H,

2xCH(CHs),), 4.26 & 4.39 (ABg, 2H, J = 100 Hz, CH,Br),



X NMR:

174

5.17-5.33 (m, 1H, H2"), 7.37-7.58 (m, 4H, aromatic), 7.70 (s, 1H,
H3)

5 20.26, 20.39, 22.17, 22.64, 26.12, 27.05, 30.30, 39.52, 44.65,
4826, 49.17, 49.86, 53.38, 7952, 129.19, 130.20, 130.79,

132.80, 135.65, 140.83, 164.42

(1'S,2'R,4'R)-1'-(Diisopropylaminosulfonyl)methyl-7',7'-dimethylbicyclo(2.2.1)he-

pt-2'-yl (2Z)-2-(bromomethyl)-3-(2-chlorophenyl)prop-2-enoate (173):

This compound was obtained as a colorless solid via the trestment of alcohol 167 with

HBr (48%) and conc. H2304, following the similar procedure described for the

molecule 169.

Yield:

Mp.:

Opticd rotation:

IR (KBr):

'HNMR:

81%

122-124°C

[oln® +96.96 (C 5.00, CHCls)

v 1720, 1631 cm™

8093 (s, 3H, CHa, H9'), 1.14 (s, 3H, CH3, H8), 1.24 (d, 12H, J
= 6.6 Hz, 2xCH(CH3);), 1.58-2.19 (m, 7H, H3', H4', HS', H6'),
2.74 & 334 (ABq, 2H, J= 130 Hz, H10'), 3.60-3.82 (m, 2H,

2xCH(CHs)2), 4.17 & 4.35 (ABq, 2H, J= 9.8 Hz, CH;Br), 5.25



3C NMR;

175

540 (m, 1H, H2), 7.32-7.58 (m, 3H, aromatic), 7.71-7.86 (m,
1H, aromatic), 7.88 (s, 1H, H3)

6 20.20, 20.41, 22.13, 22.64, 26.02, 27.05, 30.04, 39.40, 44.53,
48.23, 49.18, 49.74, 53.12, 79.30, 127.12, 129.51, 129.92,

130.65, 131.23, 132.77, 134.58, 138.48, 164.04

pt-2'-yl (2Z)-2-(bromomethyl)-3-(2,4-dichlorophenyl)prop-2-enoate (174):

The treatment of alcohol 168 with HBr (48%) and conc. H,SOs. following the smilar

procedure described for the molecule 169, afforded the desired product 174. as a

colorless solid.
Yield:
Mp.:

Optical rotation:

IR(KBFr):

'HNMR:

[+ //8'
93% i pon g
a3 _L. o ki K
L LT VTN T R
142-144 °C Lol 7| 1
< 0,5 N7 Br” T el
[a]p® +111.9 (c 5.00, \
//\_
CHCl3)
v 1718, 1635 cm”!

6 0.92 (s, 3H, CHs, H9'), 1.13 (s, 3H, CH,, H8"), 124 (d, 12H, J
= 6.8 Hz, 2xCH(CHs),), 1.62-2.16 (m, 7H, H3', H4, H5', H6'),
275 & 333 (ABqg, 2H, J = 136 Hz, H10'), 356-3.78 (m, 2H,

2xCH(CHz3)y), 4.13 & 4.32 (ABq, 2H, J =9.6 Hz, CH,Br), 5.22-
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5.33 (m, 1H, H2"), 7.34-7.52 (m, 2H, aromatic), 7.68 (d, 1H, J=
82 Hz, aromatic), 7.80 (s, 1H, H3)

BCNMR: 20.20, 20.38, 22.17, 22.60, 25.53, 27.04, 30.16, 39.44, 44.63,
48.26, 49.17, 49.83, 53.27, 79.54, 127.51, 129.85, 130.29,

131.41, 131.96, 135.37, 135.95, 137.20, 163.78

(1'S,2'R,4'R)-1'-(Diisopropylaminosuifonyl)methyl-7',7'-dimethylbicyclo(2.2.1)he-

pt-2'-yl 2-methylene-3-(prop-2-yn-1-yloxy)-3-phenylpropanoate (175):

To adtirred solution of allyl bromide 169 (0.5 mmol, 0.27 g) in EtsN (1 mL) was added
propargyl acohol (2.5 mmol, 0.14 g). After tirring for 12 h a room temperature, the
reaction mixture was diluted with ether (10 mL) and washed successively with 2N HCl
solution and water. The organic layer was dried over anhydrous Na,SO, and
concentrated. The crude product thus obtained, was purified by column
chromatography (silica gel, 4% EtOAc in hexanes) to provide pure propargylic ether

175, asacolorless solid.

Yield: 55% (0.142 @)

de: 88%

Mp.: 90-92 °C

Optical rotation: [o]p® -104.14 (c 350,

CHCl;)
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IR (KBr): v 3240, 2115, 1716, 1620 cm™'

'H NMR: 5 0.85-1.39 (m,18H, HY', H8', 2xCH(CH3),), 1.56-2.10 (m, 7H,
H3', H4, HS', H6'), 242 (t, 1H. J= 2.6 Hz, HC=C(), 2.62-2.71

(m, 1H, HI10', 3.18-336 (m, 1H, H10), 354-382 (m, 2H,

2xCH(CH3),). 4.02 & 4.15 (d of ABg, 2H,./ = 26 & 15.6 Hz,
CH,C=C(), 5.07-517 (m, 1H, H2), 552 & 5.56 (2s, 1H, HJ),

592 & 6.03(2s, 1H. Hb), 6.18 & 6.23 (2s, 1H. Ha), 7.20-7.44
(m, 5H, aromatic)
The underlined peaks arise due to minor diastercomer.
The two singlets a 8 592 & 6.03 arise from the olefinic (Hb) proton, (trans- to the
ester functionality) of mgor and minor diastereomers respectively. The diastereomeric

excess was determined by the integration (94:6) of these two singlets and found to be

88%

3C NMR: 6 19.97, 20.31, 22.01, 22.35, 22.67, 26.96, 29.89, 39.28, 44.43,
48.14, 48.96, 49.57, 52.99, 55.99, 74.62, 77.45, 77.73, 78.48,
78.73, 79.45, 123.72, 127.57, 127.93, 128.26, 138.61. 138.93,
141.64,142.01, 164.03

The underlined signdls are attributed to the minor diastereomer.

MS (m/z): 516 (M%)

Analysis calcd. for C2oHgNOsS: C, 67.54; H, 8.01; N, 2.72



Found:

178

C,67.38;H, 8.11;N,2.73

Selective crystallization:

Crydtdlization of the molecule 175 (0.2 mmol, 0.103 g) from 10% EtOAc in hexanes

provided the single diastereomer (175*) (0.071 g, 69% yield) as evidenced by 'HNMR

and *C NMR spectral data. L §
¥ 5*\/ (l) ?/ T=s
! g3 Mo, de
de: >99% Gz) 711 ,4..,_"-_:.-0 1”? s ﬂ
o o, S z
Mp.: 90-92 °C 05—y 4, Ha Hb
|
2 _ -
Opticdl rotation: ~ [a]p™ ~109.65 (€2.31, CHCly) |/
IR (KBr): v 3238,2121, 1716, 1624 cm’
'HNMR: 8 0.88 (s, 3H, CHs, H9Y, 0.98 (s, 3H, CHj, H8"), 129 (d, 12H, J
= 6.8 Hz, 2xCH(CHs),), 155212 (m, 7H, H3', H4', HS', HE"),
241 (t, 1H, J=22 Hz, HC=C), 2.70 & 3.26 (ABq, 2H, J = 136
Hz, H10'", 3.58-3.80 (m, 2H, 2xCH(CHs),), 4.02 & 4.15 (d of
ABq, 2H, J= 2.0 & 156 Hz, CH,C=C), 5.10 (dd, 1H, J=32 &
7.8 Hz, H2"), 551 (s, 1H, H3), 5.91 (s, 1H, Hb), 6.17 (s, 1H, Ha),
7.21-7.46 (m, 5H, aromatic)
BCNMR: 8 20.09, 20.44, 22.13, 22.79, 27.07, 30.00, 39.40, 44.57, 48.27,

49.08, 49.70, 53.13, 56.13, 74.66, 77.87, 78.63, 79.58, 123.76,

127.70, 128.04, 128.38, 139.07, 142.18, 164.15
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(1'S,2'R,4'R)-1'-(Diisopropylaminosulfonyl)methyl-7',7'-dimethylbicyclo(2.2.1)he-

pt-2'-yl 2-methylene-3-(4-methylphenyl)-3-(prop-2-yn-1-yloxy)propanoate (176):

This compound was isolated as a colorless solid via the reaction of dlyl bromide 170

with propargyl acohol in the presence of triethylamine, following the similar procedure

described for the molecule 175.

Reaction time:
Yidd:
de:

Mp.:

Optical rotation:

IR (KBr):

'H NMR:

12h ?{ i s
68% s- *"“,’O i
- . H L
84% e Us Hb CHj
\
104-106 °C

[a]p” -106.65 (¢ 3.50, CHCl3)

v 3240, 2117, 1716, 1622 cam**

5 0.88-1.45 (m, 18H, HY'. H8', 2xCH(CH;),), 1.56-2.11 (m, 7H,
H3', H4', H5', H6'), 230 & 2.33 (2s, 3H, CH3), 242 (t, 1H, J=
18 Hz, HC=C), * 2.67 & 2.70 (2d, 1H, /=134 Hz, H10),*
321 & 326 (2d, 1H, J= 134 Hz, H10"),* 356-3.80 (m, 2H,

2xCH(CHz),), 3.96-4.26 (m, 2H, CH,C=C), 4.95-5.03 & 5.06-

517 (2m, 1H, H2'), 547 & 5.52 (2s, 1H, H3), 591 (d, 1H,J=
14 Hz) & 6.01 (3) (IH,Hb), 6.16 & 6.21 (2s, 1H, Ha), 7.09-7.38

(m, 4H, aromatic)
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The underlined peaks are due to the minor diastereomer.

*These doublets are part of the two AB quartets of CHs group a C-10" of mgjor and
minor diastereomers.

The two singlets at 6 591 & 6.01 arise from the B-olefinic (Hb) proton {trans- to the
ester functionality) of the maor and minor diastereomers respectively and are in the

ratio of 92:8, indicating that the reaction is 84% diastereoselective.

BCNMR: 5 20.04, 20.38, 21.11, 22.07, 22.42, 22.73, 27.03, 29.64, 29.95,
39.37, 44.56, 48.21, 49.01, 49.68, 53.10, 55.94, 74.50, 7734,
77.45, 77.72, 7854, 78.81. 79.64, 12352, 12759, 129.01,
135.99, 137.62,141.91, 142.30, 164.13

The underlined peaks are attributed to the minor diastereomer.

MS (m/z): 530 (M)
Analysis caled. for C30H43NOsS: C,68.02; H, 8.18; N, 2.64

Found: C, 68.15; H, 8.16; N, 2.68

Selective crystallization:
Crystallization of the molecule 176 (0.21 mmol, 0.111 g) from 10% EtOAc in hexanes
provided the single diastereomer (176*) (0.064 g, 58% yield) as evidenced by the 'H

NMR and "*CNMR spectral data.



Mp.:

Opticdl rotation:

IR (KBr):

'H NMR;

’C NMR:

181

104-106 °C (N .
| ?4“ .‘3‘/_\.2.-._ LA
[@g4m%@mqam”‘quow.“n
[0~ Ha™

v3240,2123, 176, 1622em” | )

6 0.88 (s, 3H, CH;, H9"), 0.98 (s, 3H, CH3, H8"), 128 (d, 12H,J
= 6.8 Hz, 2xCH(CH3),), 1.56-2.11 (m, 7H, H3', H4', H5', H6"),
2.32 (s, 3H, CH3), 240 (t, 1H,J= 2.0 Hz, HC=C), 2.69 & 3.26
(ABq, 2H, J= 134 Hz, H10), 3.63-3.79 (m, 2H, 2xCH(CH3),),
399 & 4.12 (d of ABq, 2H, J =20 & 158 Hz, CH,C=(), 5.09
(dd, 1H, J= 32 & 7.8 Hz, H2), 546 (s, 1H, H3), 5.90 (s, 1H,
Hb), 6.15 (s, 1H, Ha), 7.12 (d, 2H, J=7.8 Hz, aromatic), 7.27 (d,
2H, ./= 7.8 Hz, aromatic)

8 20.13, 20.47, 21.22, 22.15, 22.81, 27.10, 29.99, 39.43, 44.61,

48.29, 49.10, 49.73, 53.15, 56.00, 74.57, 77.74, 78.60, 79.71,
12358, 127.70, 129.12, 136.03, 137.77, 142.30, 164.18

(1'S,2'R,4'R)-1'-(Diisopropylaminosulfonyl)methyl-7',7'-dimethylbicyclo(2.2.1)he-

pt-2'-yl 3-(4-ethylphenyl)-2-methylene-3-(prop-2-yn-1-yloxy)propanoate (177):

This compound was prepared via the treatment of allyl bromide 171 with propargyl

alcohol under the influence of triethylamine, as a colorless solid, following the smilar

procedure described for the molecule 175.



Reaction time:
Yield:
de:

Mp.:

Optical rotation:

IR(KBFr):

'H NMR:

182

12h

2%

87%

74-76 °C

[a)p®® -101.88 (c 2.92, CHCly)
v 3238, 2120, 1718, 1622 cm™

8 0.78-141 (m, 21H, H9', H8', 2xCH(CH3),, -CH,CH3). 156
2.15 (m, 7H, H3', H4', HS', H6'), 240 (t, 1H, J=2.8 Hz, HC=C(),
257-2.78 (m, 3H, -CH2CH3, H10", 3.16-3.33 (m, 1H, H10),
354-381 (m, 2H, 2xCH(CH3),), 3.954.21 (m, 2H, CH,C=C),

5.04-5.15 (m, 1H, H2'), 548 & 5.52(2s, 1H, H3), 591 & 6.02
(2s, 1H, Hb), 616 & 622 (2s, 1H, Ha), 7.08-7.35 (m, 4H,

aromatic)

The underlined chemical shift values are due to minor diastereomer.

Thetwo singlets at 5 591 & 6.02 are attributed the B-olefinic (Hb) proton (trans- to the

ester functionality) of the mgor and minor diastereomers respectively. The

diastereomeric excess was determined by the integration (93.5:6.5) of these two

singlets and was found to be 87%.
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BCNMR: 8 14.08, 15.40, 20.05, 20.38, 22.07, 22.43, 22.74, 27.03, 28.54,
29.32, 29.94, 31.90, 39.35, 44.53, 48.20, 49.02, 49.66, 53.06,
55.95, 74.54, 77.41, 77.70, 78.51, 78.76, 79.64, 123.56, 127.63,
127.82, 135.84, 136.18, 141.82, 142.22, 143.97, 164.16

The underlined peaks are attributed to the minor diastereomer.

Analysis calcd. for C3H4sNOsS: C, 68.47; H, 834; N, 2.58

Found: C, 68.35; H, 8.30; N, 2.52

(1'S,2'R,4'R)-1'-(Diisopropylaminosulfonyl)methyl-7',7'-dimethylbicyclo(2.2.1)he-
pt-2'-yl 3-(4-chlorophenyl)-2-methylene-3-(prop-2-yn-1-yloxy)propanoate (178):

The treatment of allyl bromide 172 with propargyl acohol in the presence of
triethylamine, following the similar procedure described for the molecule 175,

furnished the desired compound 178, as a colorless solid.

Reaction time: 12h

Yield: 83%

de: 78%

Mp.: 88-91 °

Optical rotation: [a)p”® -107.66 (c 2.68, CHCl;)

IR (KBr): v 3231, 2115, 1716, 1626 cm”'
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'H NMR: 8 0.86-1.45 (m, 18H, H9', H8', 2xCH(CHs),), 1.56-2.09 (m, 7H,
H3',H4', H5', H6"), 2.42 (t, 1H, J=2.8 Hz, HC=C), 2.67 & 3.18
and 2.70 & 325 (2ABgq, 2H, J = 134 Hz, H10"), 3.52-3.78 (m,
2H, 2xCH(CH3),), 3.95-4.22 (m, 2H, CH,C=C), 5.04-5.16 (m,

1H, H2'), 549 & 5.55 (25, 1H, H3), 594 & 6.02 (2S, 1H, Hb),
6.18 & 6.21 (2s, 1H, Ha), 7.26-7.35 (m, 4H, aromatic)

The underlined chemical shift values arise from the minor diastereomer.

The diastereomeric excess was determined by the integration (89:11) of the two singlets

a & 594 & 6.02 arising from the olefinic (Hb) protons {trans- to the ester functionality)

of mgjor and minor diastereomers respectively and was found to be 78%.

'>C NMR: § 19.96, 20.30, 22.04, 22.21. 22.64, 26.96, 29.99, 39.32, 44.50,
48.18, 48.99, 49.66, 53.09, 53.37, 56.09, 74.83, 76.81, 77.10,

78.62, 78.84, 79.23, 12378, 128.43, 128.77, 128.97, 133.71,

137.64, 137.82, 141.52. 141.77, 163.86

The underlined peaks are attributed to the minor diastereomer.
Analysis caled. for C30H4NOsSCl:  C, 63.31; H, 7.33; N, 2.55

Found: C, 63.52; H, 7.38; N, 258



pt-2'-yl 3-(2-chlorophenyl)-2-methylene-3-(prop-2-yn-1-yloxy)propanoate (179):

This compound was isolated as a colorless solid via the reaction of the allyl bromide

173 with propargyl acohol in the presence of triethylamine, following the similar

procedure described for the molecule 175.

Reaction time:
Yield:
de

Mp.:

Optical rotation:

IR (KBr):

'H NMR:

12 h

63%

1%

116-118°C

[a]p® -54.28 (c 109, CHCl3)
v 3244, 2130, 1711, 1624 cm’!

6 0.75 & 083 (2s, 3H, CHs, H9), 0/78 & 0.95 (2s, 3H, CH;,
H8'"), 108141 (m, 12H, 2xCH(CH3s)2), 1.56-2.07 (m, 7H, H3',
H4',H5', H6"), 2.27-2.41 (m, 1H, HC=C), 2.61 & 2.64 (2d, 1H,.J
=136 Hz, H10", 3.20 (d, 1H, J = 13.6 Hz, H10'), 3.52-3.76 (m,

2H, 2xCH(CH3),), 4.09-4.23 (m, 2H, CH,C=C), 4.91-5.01 &

5.04-5.17 (2m, 1H, H2'), 550 & 5.75 (25, 1H, H3), 580 & 5.98
(2s, 1H, Hb), 610 & 6.32 (25, 1H, Ha), 7.12-7.48 (m, 4H,

aromatic)
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The underlined peaks are due to minor diastereomer.

The two singlets at 8 6.10 & 6.32 are from the olefinic (Ha) protons (cis- to the ester

functionaity) of major and minor diastereomers respectively. The diastereomeric

excess was determined by the integration (88.5:11.5) of these two singlets and was

found to be 77%.

BCNMR: 8 19.69, 20.09, 20.40, 22.07, 22.76, 27.02, 29.86, 30.21, 39.37,
44.54, 48.19, 49.05, 49.63, 53.06, 57.28, 57.42, 74.65, 75.26,
75.55, 78.77, 79.05. 79.49, 125.32, 126.41. 126.79, 128.59,
129.14, 129.39, 129.61, 133.78, 134.26. 136.70, 139.97, 141.11,
163.81, 164.14

The underlined chemical shift values arise due to the minor diastereomer.

Analysis caled. for C20H4oNOsSCIL:  C, 63.31; H, 7.33; N, 255

Found: C, 63.18; H, 7.30; N, 2.60

(1'S,2'R,4'R)-1'-(Diisopropylaminosulfonyl)methyl-7',7'-dimethylbicyclo(2.2.1)he-

pt-2'-yl 3-(2,4-dichlor ophenyl)-2-methylene-3-(pr op-2-yn-I-yloxy)pr opanoate
(180):

This compound was obtained via the reaction of dlyl bromide 174 with propargyl
alcohol under the influence of triethylamine, as a colorless viscous liquid, following the

similar procedure described for the molecule 175.



Reaction time:

Yield:

de:

Optica rotation:

1R (Neat):

'H NMR:

- 8 e

e T
08—y »~.\\\Ha Hb ' d

51% -

[alp? —51.14 (¢ 3.15, CHCl;)

v 3304, 2250, 1716, 1589 cm’

6 0.86-1.41 (m, 18H, H9', H8', 2xCH(CHj3),), 1.56-2.12 (m, 7H,
H3', H4', H5', H6'). 2.36-2.46 (m. 1H, HC=C), 2.69 & 2.71 (2d,
1H, J = 134 Hz, H10"), 3.26 (d, 1H, J = 134 Hz, H10'), 3.58-
3.79 (m, 2H, 2xCH(CHs),), 4.19-4.26 (m, 2H, CH,C=C(), 4.97-

507 & 5.10-5.19 (2m, 1H, H2'), 562 & 578 (25, 1H, H3), 5.82
& 5.87 (2s, 1H. Hb), 6.18 & 6.37(2s, 1H, Ha), 7.17-7.48 (m, 3H,

aromatic)

The underlined peaks are attributed to the minor diastereomer.

The diastereomeric excess was determined by the integration (75.5:24.5) of the two

singlets a 8 6.18 & 6.37 arising from the B-olefinic (Ha) proton, (cis~ to the ester

functionality) of major and minor diastereomers respectively and was found to be 51%.

BC NMR:

§ 19.73, 20.04,20.31, 22.06, 22.15, 22.57, 22.67, 26.98, 29.90,
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30.24, 39.34, 44.50, 48.16, 49.01, 49.51, 49.62, 53.06, 57.26,
74.87, 75.03, 78.77, 79.06, 79.23, 12534, 126.27, 127.10,

129.33, 129.66, 134.22, 134.40, 134.82, 135.39, 135.61, 139.75.

140.71, 163.58, 163.85
The underlined peaks arise due to minor diastereomer.
Analysis caled. for C29H30NOsSCly: C, 59.58; H, 6.72; N, 2.40

Found: C, 59.38; H, 6.79; N, 2.35

(1'S,2'R,4'R)-1'-(Diisopropylaminosulfonyl)methyl-7',7'-dimethylbicyclo(2.2.1)he-
pt-2'-yl 2-methylene-3-phenoxy-3-phenylpropanoate (181):

A solution of the allyl bromide 169 (0.5 mmol, 0.27 g), phenol (0.5 mmol, 0.047 g) and
EtsN (1 mL) in CH,Cl, (1 mL), was stirred a room temperature for 4 hours. Then 2N
HCI (5 mL) was added dowly and the reaction mixture was extracted with ether (2x10
mL). The combined organic layer was washed with agueous NaHCO; solution, water
and dried over anhydrous Na,SO4. Solvent was evaporated and the crude product thus
obtained, was purified by column chromatography (silica gel, 4% EtOAc in hexanes) to

provide 181, as colorless viscous liquid.

Yield: 48% (0.132 g)

de: 82%
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Optical rotation: [alp” -55.56 (c 178, [ =<
a8 J '\ ”
CHCly) S R -
1716, 1631 em” s> M
: v ' cm’ U S e i
IR (Neat) fu .:I" 1 2'| Tj “ l
IH NMR: 6 0.76-2.11 (m. 25H1 HQ‘. 0,5— N '\\ Ha Hb
H8', 2xCH(CHa),, H3', H4', | .

HS', H6'), 2.61-2.81 (m, 1H, H10",* 3.16, 3.22 & 3.28 (3s, 1H,
H10'),* 354-3.81 (m, 2H, 2xCH(CH3),), 5.05-5.24 (m, 1H, H2),
578 & 6.02, 6.18, 621 & 6.26 (5s, 3H, H3, Hb, Ha), 6.82-7.02
(m, 3H, aromatic), 7.13-7.54 (m. 7H, aromatic)

The underlined peaks are attributed to the minor diastereomer.

*These actually belong to doublet of AB quartet (H10"). Due to merging of pesks of
maor and minor diastereomers, first part of ABg appears as multiplet at 5 2.61-2.81.
Similarly due to merging of one of the peaks of doublet of minor diastereomer with one
of the peaks of the mgjor diastereomer, three singlets were obsereved at 6 3.16, 3.22 &

3.28 for second part of ABg (of both mgjor and minor diastereomers).

Thesinglets at 8 5.78 & 6.02 can be attributed to the benzylic (H3) protons of the maor
and minor diastereomers respectively and are in the ratio of 91:9, indicating that the
reaction is 82% diastereoselective. To further confirm our assignment, we have

recorded 'H NMR in the presence of chira shift reagent Eu(hfc)3, which clearly



showed, that the minor peaks originaly at 8 6.26 and 8 6.02 are in the ratio of 2:1, thus
indicating that the peak originally at 5 6.26 arises due to Hb and Ha protons of minor
diastereomer. For further understanding, we have also recorded 'H NMR spectrum in
the presence of shift reagent Eu(fod)s, the multiplet originally at 8 5.05-5.24 due to the
H2' proton nicely splits into two multiplets a 8 5.44-5.52 and 8 5.53-5.65 in the ratio of

9:91, indicating that the molecule 181 is 82% diastereomerically pure.

3C NMR: 8 19.90, 20.35, 22.12, 22.42, 22.70, 27.03, 29.70, 30.07, 39.40,
44.50, 48.20, 49.06, 49.62, 53.18, 77.09, 78.85, 79.15, 115.40,
115.89. 120.24, 121.07, 125.00, 126.99, 127.16, 128.00, 128.52,
129.39, 139.17, 141.23, 141.90, 157.54, 157.80, 163.55, 164.22.

The underlined peaks are due to the minor diastereomer.

Anaysis caled. for C3;Ha3NOsS: C, 69.41; H, 7.83; N, 253

Found: C, 69.25; H, 7.70; N, 2.55

(1'S,2'R,4'R)-1'<(Diisopropylaminosulfonyl)methyl-7',7'-dimethylbicyclo(2.2.1)he-
pt-2'-yl 2-methylene-3-(4-methylphenyl)-3-phenoxypropanoate (182):

It was obtained as a colorless viscous liquid via the reaction of dlyl bromide 170 with
phenol in the presence of triethylamine, following the similar procedure described for

the molecule 181.



Reaction time: 4h A~
Yidd: 61% o 8 [ ”
de: 76% 2 I. :
& qlo 1 ” 3 .Il l
- ion: 25 w{  ° RN
Opticd rotation: [ado 61.66 (c 126, ok A B ™
CHCly) p!
IR(Neat): v 1716, 1631 cm*
'HNMR: 8 0.79-2.10 (m, 25H. HY', H8'. 2xCH(CHs),, H3'. H4', HS', H6'),

2.30 & 2.33 (2s, 3H, CH3), 268 & 321 and 2.70 & 3.26 (2ABq,
2H, J = 134 Hz, H10'), 353-3.78 (m, 2H, 2xCH(CH3),), 5.02-
522 (m, 1H, H2), 578 & 6.00 (2s, 1H, H3), 6.10-6.28 (m, 2H,
Hb, Ha), 6.83-6.98 (m, 3H, aromatic), 7.07-7.41 (m, 6H,

arométic)

The underlined chemical shift values are due to the minor diastereomer.

The singlets a & 5.78 and 6.00 in the ratio of 88:12 are attributed to the benzylic (H3)
protons of major and minor diastereomers respectively, indicating that the reaction is
76% diastereoselective. This is further confirmed by the integration of singlets a & 2.30
and 2.33 arising from the CH3 protons on the aromatic ring of the minor and major
diastereomers respectively. We have also recorded the 'H NMR in the presence of shift

reagent [sample: Eu(fod); = 1:1], the multiplet originaly at 8 5.02-5.22 (due to H2'
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proton) nicely splits into two multiplets at 6 5.34-5.44 and 5.46-5.57 in the ratio of

12:88, also indicating 76% diastereosel ectivity in the reaction.

13C NMR: 8 19.92, 20.35, 21.15, 22.12, 22.42, 22.71, 27.05, 30.08, 39.44,
44.56, 48.22, 49.05, 49.66, 53.22, 76.65. 77.07, 78.84, 79.13,
115.93, 121.00, 124.80, 127.13, 129.22, 129.34, 136.21, 137.69,
14142, 142.05, 157.92, 164.27

The underlined peaks are attributed to the minor diastereomer.

Analysis calcd. for C33HssNOsS: C, 69.81; H, 7.99; N, 2.47

Found: C, 70.00; H, 793; N, 251

(1'S,2'R,4'R)-1'-(Diisopropylaminosulfonyl)methyl-7',7'-dimethylbicyclo(2.2.1)he-
pt-2'-yl 3-(4-ethylphenyl)-2-methylene-3-phenoxypropanoate (183):
This product was prepared via the treatment of alyl bromide 171 with phenol in the

presence of triethylamine, following the similar procedure described for the molecule

181, asacolorless viscous liquid.

Reaction time: 4h
Yield: 66%
de: 78%

Optical rotation: [alp® =59.26 (c 1.44, CHCI3)

IR (Neat): v 1718, 1615 cm™
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'H NMR: 8 0.72-2.11 (m, 28H, H9', H8', 2xCH(CHs),;, -CH2CH3, H3',
H4', HS', H6"), 252-2.77 (m, 3H, CH2CH3 & H10), 3.21 & 3.25
(2d, 1H, J = 134 Hz, H10'), 3.49-3.81 (m, 2H, 2xCH(CH3),),
506-5.20 (m, 1H, H2Y, 578 & 6.01 (2s, 1H, H3), 6.15, 6.19,
621 & 627 (4s, 2H, Hb, Ha), 6.80-7.01 (m, 3H, aromatic),
7.07-7.42 (m, 6H, aromatic)

The underlined peaks arise due to minor diastereomer.

The two singlets a & 578 & 601 integrating in the ratio of 89:11 arise from the

benzylic (H3) protons of mgjor and minor diastereomers respectively, indicating that

there is 78% distereoselectivity in the reaction. This is further confirmed by the

integration of two doublets at 8 3.21 and 3.25 (second part of d of ABQ) arising from

the H10'" proton of the minor and mgor diastercomers respectively.

BC NMR: 8 15.41, 19.94, 20.38, 22.15, 22.50. 22.74, 27.09, 28.57, 30.14,
39.47, 4457, 48.25, 49.07, 49.69, 53.24, 77.11, 78.85, 79.18,
11552, 115.93, 120.00, 121.01, 124.85, 127.18, 128.03, 129.39,
136.42, 141.28, 142.08, 144.00. 157.72. 157.97, 164.32

The underlined chemical shift values are attributed to the minor diastereomer.

Analysis caled. for C34Hs7NOsS: C, 70.19; H, 8.14; N, 241

Found: C, 69.92; H, 824, N, 2.38
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(1'S,2'R,4'R)-1'-(Diisopropylaminosulfonyl)methyl-7',7'-dimethylbicyclo(2.2.1)he-

pt-2'-yl 3-(4-chlorophenyl)-2-methylene-3-phenoxypropanoate (184):

The treatment of allyl bromide 172 with phenol under the influence of triethylamine,

following the similar procedure described for the molecule 181, afforded the desired

compound 184, as a colorless solid. { f

Reaction time:
Yield:
de

Mp.:

Optical rotation:

IR (KBr):

'HNMR:

:

4h j /U

g
63% Lo 3 X
0 o " | ,'1, L
t \\Ha Hb

81% 028~ - Ci
-

46-48 °C

f
.
[a]p? -75.8 (¢ 2.50, CHCl3)

v 1716, 1620 cm’’

5 0.74-1.39 (m, 18H, H9', H8', 2xCH(CH,),), 1.46-2.08 (m, 7H,
H3', H4', HS', H6'), 160 & 2.63 (2d, 1H, J= 134 Hz, H10'),*
306, 313 & 319 (35, 1H, HI0)** 344372 (m, 2H,
2xCH(CHs),), 4.99-5.12 (m, 1H, H2), 5.77 & 5.95 (2, 1H, H3),
6.04-6.21 (m, 2H, Hb, Ha), 6.74-6.92 (m, 3H, aromatic), 7.07-

7.42 (m, 6H, aromatic)

The underlined peaks arise due to minor diastereomer.

This is actually first part of doublet of the AB quartet. **This is the second part of

doublet of AB quartet in which one of the peaks of doublet of minor diastereomer

merges with one of the peaks of the major diastereomer, thus appearing as three

singlets.
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The two singlets a 5 5.77 & 5.95 in the ratio of 90.5:9.5 arise from the benzylic (H3)

protons of mgjor and minor diastereomers respectively, indicating that the reaction is

81% diastereoselective. This is further confirmed by the integration of the doublets a 5

2.60 and 2.63 (first part of d of ABq) arising from the H10' proton of the minor and

major diastereomers respectively.

BC NMR: 5 19.86, 20.27, 22.08, 22.60, 26.99, 30.11. 39.37, 44.47, 48.16,
49.01, 49.63, 53.20, 75.84, 76.45, 78.87, 79.11, 115.42, 115.85,
121.29, 124.86, 128.20, 128.55, 128.63, 129.41, 133.73, 137.91,
141.14, 14152, 157.48, 163.94

The underlined peaks are due to the minor diastereomer.

MS (m/z): 588 (M")

Analysis caled. for C3,H4NOsSCL: C, 65.34; H, 7.20; N, 2.38

Found: C, 65.56; H, 7.27; N, 2.35

(1'S,2'R,4'R)-1'-(Diisopropylaminosulfonyl)methyl-7',7'-dimethylbicyclo(2.2.1)he-
pt-2'-yl 3-(2-chlorophenyl)-2-methylene-3-phenoxypropanoate (185):

This product was isolated as a colorless viscous liquid via the reaction of dlyl bromide
173 with phenol in the presence of triethylamine, following the similar procedure

described for the molecule 181.



Reaction time:
Yidd:

de:

Optical rotation:

IR (Neat):

'H NMR:

196

4h

64%

67%

[aln? 2.22 (c 1.88, CHCl3)

v 1720, 1635 om™

50.56,0.78, 0.75 & 0.80 (4s, 6H, H9', H8'), 1.05-2.02 (m, 19H,

2xCH(CHs),, H3', H4', HS', H6'), 259 & 3.23 and 2.62 & 3.19

(2ABq, 2H,./ = 13.2 Hz, H10'), 3.56-3.74 (m, 2H, 2xCH(CH3),).

4.92-5.02 & 5.05-5.18 (2m, 1H, H2"), 5.31 & 577 (2s, 1H, H3),

6.15, 6.42, 645 (3s, 2H, Hb, Ha), 6.72-6.95 (m, 3H, aromatic),

7.06-7.45 (m, 6H, aromatic)

The underlined chemical shifts arise due to the minor diastereomer.

Thetwo singlets a 6 5.31 & 5.77 arise from the benzylic (H3) protons of the mgor and

minor diastereomers respectively. The diastereomeric excess was determined by the

integration (83.5:16.5) of these two singlets and was found to be 67%. The

diastereoselectivity is further confirmed by the integration of two multiplets at 8 4.92-

502 & & 5.05-5.18 which are in the raio of 16.5:83.5 arising due to H2' proton of

minor and major diastereomers respectively.



BCNMR:

The underlined peaks are attributed to the minor diastereomer.

Analysis calcd. for C3,H4pNOsSCl:

Found:

197

5 19.38. 19.91, 20.36, 22.16, 22.81, 27.03, 29.99, 30.66. 39.41,

39.58. 44.53, 48.25, 49.04, 49.59, 53.09, 53.44, 74.21, 74.61,

79.00, 79.33, 115.41, 115.78, 120.30, 121.31, 126.13, 127.16,

128.13, 128.70, 129.41, 129.77, 133.35, 134.34, 136.12, 136.45,

138.80, 140.57, 156.06, 157.93. 163.89, 164.28

C, 65.58; H, 7.14; N, 2.40

C, 65.34; H, 7.20; N, 2.38

(1'S,2'R,4'R)-1-(Diisopropylaminosulfonyl)methyl-7',7'-dimethylbicyclo(2.2.1)he-

pt-2'-yl 3-(2,4-dichlorophenyl)-2-methylene-3-phenoxypropanoate (186):

The reaction of allyl bromide 174 with phenol in the presence of triethylamine,

following the similar procedure described for the molecule 181, furnished the desired

product 186, as a colorless solid. —_—

Reaction time:
Yield:
de:

Mp.:

Optical rotation:

IR (KBr):

4h

59%

54%

50-52 °C

“Ho

7\
-

e] Cl

~

[o]p® -8.96 (c 2.55, CHCl3)

v 1720, 1635cm*
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'H NMR: 8 0.69-1.02 (m, 6H, H9', H8"), 1.11-1.47 (m, 12H, 2xCH(CH3),),
154-212 (m, 7H, H3', H4', H5', H6"), 2.62-2.83 (m, 1H, H10'),
3.19-3.34 (m, 1H, H10"), 359-3.83 (m, 2H, 2xCH(CH3),), 5.01-
511 & 5.13-5.23 (2m, 1H, H2"). 548 & 5.86(2s, 1H, H3), {6.25
(5 & 6.42-6.55 (m), 2H, Hb, Ha}, 6.81-7.04 (m, 3H, aromatic),
7.14-7.48 (m, 5H, aromatic)

The underlined peaks are due to minor diastereomer.

The two singlets at 8 548 & 5.86 in the ratio of 77:23 arise from the benzylic (H3)

protons of mgor and minor diastereomers respectively. indicating 54% diastereo-

selectivity in this reaction. Diastereoselectivity was further confirmed by the integration

of the multiplets at 8 5.01-5.11 & 5.13-5.23 arising from the methine protons at C2' of

minor and major diastereomers respectively.

“CNMR: 8 19.44. 19.90, 20.29, 22.13, 22.71, 26.99, 30.04, 30.64, 39.40,
39.56, 44.49, 48.20, 49.01, 49.59, 53.11, 53.42, 73.78, 74.19,
79.00, 79.33, 115.74, 121.51, 126.09, 127.31, 127.46, 127.84,
129.43, 129.63, 134.14, 134.62, 134.80. 134.97, 135.24, 138.67,
140.13, 157.65, 163.60, 163.88

The underlined peaks arise due to the minor diastereomer.

Analysis caled. for C3;HeNOsSCly: C, 61.73; H, 6.64; N, 2.25

Found: C, 61.55; H, 6.66; N, 2.19
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Reaction of pyridine-4-carboxaldehyde (130j) and phenyl vinyl sulfoxide (188)
with TMG (187) in dioxane-water:

A mixture of pyridine-4-carboxadehyde (130j)) (2 mmol, 0214 g), 1133
tetramethylguanidine (187) (2 mmol, 0.23 g) and phenyl vinyl sulfoxide (188) (2 mmol,
0.304 g) in 1 mL of dioxane/water (1:1) was kept a room temperature for 6 h. The
reaction mixture was extracted with CHCl; (4x40 mL) and washed with brine. The
combined organic layer was dried over anhydrous sodium sulfate (Na,SO4). Solvent
was evaporated and the crude product thus obtained, was subjected to column
chromatography (silica gel) which provided phenyl vinyl sulfoxide (188), as colorless
liquid, in 47% (0.144 @) (recovered) yield (with 12% EtOAc in hexanes), 4-
pyridinemethanol (189) as colorless solid, in 27% (0.060 g) yidd (with 100% EtOAc)
and 1-phenylsulfinyl-2-(4-pyridylmethoxy)ethane (190), as a colorless liquid, in 10%

(0.051 g) yield (with 1% MeOH in EtOAC).

Phenyl vinyl sulfoxide (188):

IR(Neat): v 3479, 1047 cm™ 8.

'H NMR: 6 589 (d, 1H, J= 94 Hz), 6.19 (d, 1H, J= 166
Hz), 6.60 (dd, 1H, J=16.6 & 9.4 Hz), 7.46-7.69 (m, 5H)

*CNMR: 6 120.26, 124.27, 129.12, 130.90, 142.69, 142.98
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4-Pyridinemethanol (189):

Mp.: 55-57 °C (lit.?”® 57-59 °C)

IR (KBr): v 3375 cm™

'HNMR: 6 2.62 (b, 1H), 4.74 (s, 2H), 7.29 (d, 2H, J =6.0 Hz), 853 (d,
2H, J = 6.0 HZ)

3C NMR: 662.54, 121.34, 148.84, 151.95

1-Phenylsulfinyl-2-(4-pyridylmethoxy)ethane (190):

0]
IR (Neat): v 3435, 1111,1041 cm’ [ | 0 Ph
N~

HNMR: 6 2.85-3.23 (m, 2H), 3.62-4.15 (m, 2H), 4.51 & 4.60 (ABq, 2H,J

= 12.0 Hz), 7.23 (d, 2H, J= 50 Hz). 7.36-7.74 (m, 5H), 856 (d,

2H, J=5.0 Hz)

3C NMR: 6 57.85, 63.60, 71.54, 121.72, 123.88, 129.32, 131.09, 143.97,
146.83, 149.72

MS (m/z): 262 (M'+1)

However, 'H NMR and “C NMR spectral data indicate that this molecule is
contaminated with ~5-10% impurities. This spectral data (except the impurities) is in
complete agreement with that of the pure product 190 obtained via the Michael addition

of 189 to 188 in the presence of TMG (187) (page no. 201).
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Reaction of 4-pyridinemethanol (189) with phenyl vinyl sulfoxide (188) in the
presence of TMG (187):

The treatment of a mixture of 4-pyridinemethanol (189) (1 mmol, 0.109 g) and phenyl
vinyl sulfoxide (188) (1 mmol, 0.152 g) with 1,1,3,3-tetramethylguanidine (187) (1
mmol, 0.115 g) for 6 h a room temperature (following the similar work-up procedure
described for the reaction of pyridine-4-carboxaldehyde (130j) and phenyl vinyl
sulfoxide (188) with TMG (187) in dioxane-water) afforded 1-phenylsulfinyl-2-(4-
pyridylmeth-oxy)ethane (190), as a colorless liquid, in 17% (0.045 g) yield along with

recovered 4-pyridinemethanol (189) (59%) and phenyl vinyl sulfoxide (188) (20%).

1-Phenylsulfinyl-2-(4-pyridylmethoxy)ethane (190) ( o

} o —Sepp,
IR (Neat): v 3445, 1043, 1113 cm 1]
'"HNMR: & 2.86-3.20 (m, 2H), 3.67-4.09 (m, 2H), 447 & 4.56 (ABgq, 2H,./

= 120 Hz), 7.19 (d, 2H, J =50 Hz), 7.38-7.75 (m, 5H), 8.52 (d,
2H, J=5.0Hz)

BC NMR: 8 57.88, 63.60, 71.56, 121.72, 123.86, 129.34, 131.09, 143.94,
146.81, 149.77

Reaction of pyridine-4-carboxaldehyde (130j) and phenyl vinyl sulfoxide (188)

with TMG (187), in THF-water:

The treatment of a mixture of pyridine-4-carboxaldehyde (130j) (2 mmol, 0.214 g) and

phenyl vinyl sulfoxide (188) (2 mmol, 0.304 g) in 1 mL of THF/water (1:1) with
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1,1,3,3-tetramethylguanidine (187) (2 mmol, 0.23 g), following the similar procedure
described for the reaction of pyridine-4-carboxaldehyde (130j) and phenyl vinyl
sulfoxide (188) with TMG (187) in dioxane-water, aforded 4-pyridinemethanol (189)
as colorless solid, in 23% (0051 g) yidd and I-phenylsulfinyl-2-(4-
pyridylmethoxy)ethane (190), as a colorless liquid, in 11% (0.059 @) yield. Phenyl

vinyl sulfoxide (188) was recovered as colorless liquid, in 46% (0.141 g) yield.

4-Pyridinemethanol (189):
Mp.: 55-57 °C (lit.?"® 57-59 °C)

Spectral data (IR, 'H and ">C NMR) of this molecule are in agreement

with that of the molecule obtained on reaction of pyridine-4-carboxaldehyde (130j) and

phenyl vinyl sulfoxide (188) with TMG (187) in dioxane-water.

1-Phenylsulfinyl-2-(4-pyridylmethoxy)ethane (190): — ===

o

f Q] < Ph
Spectrd data (IR, 'H and "*C NMR) of this molecule are "'\)

identical with that of the molecule obtained by the reaction of pyridine-4-
carboxaldehyde (130j) and phenyl vinyl sulfoxide (188) with TMG (187) in dioxane-
water. '"H NMR and “C NMR spectral data also indicate the presence of ~5-10%

impurities.
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Cannizzaro reaction

Reaction between pyridine-4-carboxaldehyde (130j) and 1,1,3,3-tetramethyl-
guanidine (187) in water:

4-Pyridinemethanol (189):

A mixture of pyridine-4-carboxaldehyde (130j) (2 mmol, 0.214 g) and 1,1,3,3-
tetramethylguanidine (187) (2 mmol, 0.23 @) in 0.5 mL of water was kept a room
temperature for 5 h. The reaction mixture was extracted with CHCI; (4x40 mL) and
washed with brine. The combined organic layer was dried over anhydrous sodium
sulfate (Na;SO4). Solvent was evaporated and the crude product thus obtained, was
purified by column chromatography (silica gel, 100% EtOAc) to afford the pure
molecule 189, as a colorless solid, in 42% (0.092 g) yield {expected yield, 50% (0.109

0)}. Our attempts to isolate the corresponding acid in pure form were not successful.

Mp.: 56-59 °C (lit.2"™ 57-59 °C)

?u,ou

Spectral data (IR, 'H and C NMR) of this molecule are in complete
agreement with that of the molecule obtained on reaction of pyridine-4-carboxaldehyde

(230j) and phenyl vinyl sulfoxide (188) with TMG (187) in dioxane-water.

Reaction between pyridine-3-carboxaldehyde (130k) and 1,1,3,3-tetramethyl-
guanidine (187) in water:

3-Pyridinemethanol (191):
Treatment of pyridine-3-carboxaldehyde (130k) with 1,1,3,3-tetramethylguanidine

(187), following the similar procedure described for the molecule 189 (from pyridine-4-
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carboxaldehyde and TMG), provided 3-pyridinemethanol (191), as acolorless liquid, in

43% (0.093 g) yield { expected yield, 50% (0.109 g)} .

H,OH
Reaction time: 7h (“\\J/C 20
IR (Neat): v 3308 cm* “
H NMR: 6 192 (b, 1H), 4.74 (s, 2H), 7.23-7.38 (m, 1H), 7.73 (d, 1H, J=

78 Hz), 852 (d, 1H,J = 4.6 Hz), 858 (s, 1H)

BcNMR: 561.61, 123,57, 135.16, 137.44, 147.68

Reaction between pyridine-2-carboxaldehyde (1301) and 1,1,3,3-tetramethyl-
guanidine (187) in water:

2-Pyridinemethanol (192):
The treatment of pyridine-2-carboxaldehyde (1301) with 1,1,3,3-tetramethylguanidine
(187) in water, following the similar procedure described for 189 (from pyridine-4-
carboxadehyde and TMG), afforded the desired molecule 192, as a

colorlessliquid.

Reaction time: 5h

Yidd: 35% (0.077 g) {expected yield, 50% (0.109 g)}

IR (Neat): v 3356 ot

'H NMR: 5280 (s, 1H), 4.76 (s, 2H), 7.15-7.39 (m, 2H), 7.61-7.78 (m,

IH),8.57(d, 1H,J= 4.8 Hz)

BC NMR: S64.43, 120.71, 122.11, 136.81, 148.36, 160.20
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Reaction between 4-nitrobenzaldehyde (130m) and 1,1,3,3-tetramethylguanidine
(187) in water:

4-Nitrobenzyl acohal (193):

A mixture of 4-nitrobenzaldehyde (130m) (2 mmol, 0.302 g) and 1,1,3,3-tetramethyl-
guanidine (187) (2 mmol, 0.23 g) in 0.5 mL of water was refluxed for 30 minutes. The
reaction mixture was then cooled to room temperature and extracted with CHCl; (3x20
mL), The combined organic layer was washed with water and dried over anhydrous
Na,;S04. Solvent was evaporated and the crude product thus obtained, was purified by
column chromatography (silica gel, 20% EtOAc in hexanes) to afford 4-nitrobenzyl
acohol (193), as a yellow colored crystaline solid, in 36% (0.110 g) yield {expected

yield, 50% (0.153 g)} .

Mp.: 91-93 °C (lit.?™® 92-94 °C)
IR(KBI): v 3514 cm?
'H NMR: 5192 (t, 1H,J = 6.0 Hz), 483 (d, 2H, J=6.0 Hz), 7.53 (d, 2H, J

= 86 Hz), 822 (d, 2H, ./= 86 H2)

BCNMR: $ 63.93, 123.67, 127.04, 147.29, 148.39

4-Nitrobenzoic acid (194):

The agueous layer in the above-mentioned experiment was acidified with conc. HC1,
extracted with ethyl acetate (2x20 mL). The combined organic layer was washed with
water and dried over anhydrous Na;SOs. Solvent was evaporated and the crude product

thus obtained, was crystallized from EtOAc: hexanes (1:4) to provide 4-nitrobenzoic
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acid (194), as colorless crystaline solid, in 42% (0.141 g) yield {expected yield, 50%

(0.167 g)}.

M. : 240-243 °C(1it.%239-245°C)

IR (KBr): 3150- 2300, 1689, 1606 cm’

'"H NMR: 88.17 (d, 2H, /=86 Hz), 8.32(d, 2H, J=8.6 Hz)
(DMS0-d)

BC NMR: 8123.75, 130.81, 136.60, 150.19, 165.92
(DMSO-dg)

Reaction between 3-nitrobenzaldehyde (130n) and 1,1,3,3-tetramethylguanidine
(187) in water :

3-Nitrobenzyl alcohol (195):

The reaction of 3-nitrobenzadehyde (130n) with 1,1,3,3-tetramethylguanidine (187) in
water (0.5 ml.), following the similar procedure as in the case of 4-nitrobenzal dehyde,
provided 3-nitrobenzyl acohol (195), as a yelow colored viscous liquid and 3-

nitrobenzoic acid (196), as a light yellow colored crystalline solid.

Reaction time: 10h

Yield: 429% (0.128 g){ expected yild, 50% (0.153 g)}

IR (Neat): v 3385 em”

'H NMR: 8 191 (t, 1H,J =58 Hz), 4.82 (d, 2H, J= 58 Hz), 7.47-7.62 (m,

1H), 7.70 (d, 1H, J =7.6 Hz), 814 (d, 1H, J =82 Hz), 8.25 (s,

1H)



207

3C NMR: 6 63.50, 121.23, 122.16, 129.28, 132.64, 143.00, 148.14

3-Nitrobenzoic acid (196):

Yield: 43% (0.144 g) {expected yield, 50% (0.167 g)} -

Mp.: 141-143 °C (lit.?™® 140-142 °C)

IR (KBr): v 3200-2400, 1703, 1618 cm*

'H NMR: 8 5.70 (b, 1H), 7.65-7.87 (m, 1H), 8.39-8.65 (m, 2H), 8.91-9.08
(m, 1H)

C NMR: & 125.28, 128.37, 129.96, 131.09, 135.80, 148,58, 170.14

4-Pyridinemethanol (189):
[via TMG-mediated cross-Cannizzaro reaction between pyridine-4-carboxadehyde
(130j) and formalin in the ratio of 1:1

To a mixture of pyridine-4-carboxadehyde (130j) (2 mmol, 0.214 g) and formalin
(37% wiv) (2 mmol, 0162 mL) in 05 mL of water, was added 1,1,3,3-
tetramethylguanidine (187) (2 mmol, 0.23 g) drop-wise and kept a room temperature
for 4 h. The reaction mixture was extracted with CHCl; (3x40 mL) and the combined
organic layer was washed with brine and dried over anhydrous sodium sulfate
(Na;S0y). Solvent was evaporated and the crude product thus obtained, was purified by
column chromatography (silica gel, 100%EtOAc) to afford the desired product 189, as

acolorless solid, in 50% (0.109 g) yield {expected yield, 100% (0.218 g)} .
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CH,OH
=

|
Spectral data (IR, 'H and '*C NMR) of this molecule are identical with N

Mp.: 56-59 °C (lit.?"® 57-59 °C)

that of the molecule obtained on reaction of pyridine-4-carboxaldehyde (130j) and

phenyl vinyl sulfoxide (188) with TMG (187) in dioxane-water (page no. 200).

The TMG promoted cross-Cannizzaro reaction of pyridine-4-carboxal dehyde (J30j) (2
mmol 0.214 g) with 2, 4, 8 and 16 equivalents of formalin (37% wi/v) in the presence of
1,1,3,3-tetramethylguanidine (187) (2 mmol, 0.23 g) for 1.5, 1.5, 4 and 7 hours
respectively, following the similar procedure described for the preparation of 189
[from pyridine-4-carboxaldehyde (130j) and formalin in the ratio of 1:1], provided 4-
pyridinemathanol as colorless solid, in 57, 59, 60 and 64% yields respectively.

Spectral data (IR, ' H and '*C NMR) of this molecule are identical with that of the
molecule obtained on reaction of pyridine-4-carboxaldehyde (730j) and phenyl vinyl

sulfoxide (188) with TMG (187) in dioxane-water (page no. 200).

3-Pyridinemethanol (191):

[via TMG-mediated cross-Cannizzaro reaction between pyridine-3-carboxadehyde
(130k) and formalin in the ratio of 1:16]

The treatment of a mixture of pyridine-3-carboxaldehyde (130k) (2 mmol, 0.214 g) and
formain (37% w/v) (32 mmol, 259 mL) with 1,1,3,3-tetramethylguanidine (187) (2

mmol, 0.23 g), following the similar procedure described for the preparation of 189
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[from pyridine-4-carboxaldehyde (130j) and formdin in the ratio of 1:1], provided the
desired compound 191, as a colorless liquid. ﬁ,CH:OH
L

Reaction time: 1% days

Yidd: 54% (0.118 g) {expected yield, 100% (0.218 g)}

Spectral data (IR, 'H and *C NMR) of this molecule are in agreement with that of the
molecule prepared  from  pyridine-3-carboxaldehyde  (130k) and  1,1,3,3-

tetramethylguanidine (page no. 204).

2-Pyridinemethanol (192):
[via TMG-mediated cross-Cannizzaro reaction between pyridine-2-carboxaldehyde
(1301) and formdin in the ratio of 1:16]

This molecule is prepared via the reaction of a mixture of pyridine-2-carboxaldehyde
(1301) (2 mmol, 0.214 g) and formalin (37% w/v) (32 mmol, 2.59 mL), with 1,1,3,3-
tetramethylguanidine (187) (2 mmol, 0.23 g), following the similar procedure described
for the preparation of 189 [from pyridine-4-carboxaldehyde (130j) and formdin in the

ratio of 1:1], as colorless liquid.

Reaction time: 1'% days

Yield: 51% (0.111 g) {expected yield, 100% (0.218 g)}
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Spectral data (IR, 'H and *C NMR) of this molecule are in full agreement with that of
the molecule prepared from pyridine-2-carboxaldehyde (1301) and 1,1,33-

tetramethylguanidine (page no. 204).

4-Nitrobenzyl alcohol (193):
[via TMG-mediated cross-Cannizzaro reaction between 4-nitrobenzaldehyde (130m)
and formalin in the ratio of 1:16)

A mixture of 4-nitrobenzaldehyde (130m) (2 mmol, 0.302 g), formain (37% wi/v) (32
mmol, 259 mL) and 1,1,3,3-tetramethylguanidine (187) (2 mmol, 0.23 g) in 0.5 mL of
water was refluxed for 6 h. The reaction mixture was then cooled to room temperature,
extracted with CHCl3 (20 mL) and washed with water. The organic layer was dried
over anhydrous Na;SO4. Solvent was evaporated and the crude product thus obtained,
was purified by column chromatography (silica gel, 20% EtOAc in hexanes) to afford
4-nitrobenzyl acohol (193), as a yellow colored crystaline solid, in 73% (0.224 g)
yield { expected yield, 100% (0.306 g)} . " CH,0H

Mp: 92-94 °C (lit.*™ 92-94 °C)

Spectral data (IR, 'H and '>*CNMR) of this molecule are identical with that of the
molecule prepared from 4-nitrobenzaldehyde (130m) and 1,1,3,3-tetramethylguanidine

(page no. 205).
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3-Nitrobenzyl alcohol (195):
[via TMG-mediated cross-Cannizzaro reaction between 3-nitrobenzaldehyde (130n)

and formalin in the ratio of 1:16]

This compound was isolated as yellow colored viscous liquid via the treatment of a
mixture of 3-nitrobenzaldehyde (130n) and formdin, with 1,1,3,3-tetramethylguanidine
(187), following the similar procedure described for the preparation of 193 [from the 4-
nitrobenzal dehyde (130m) and formalin in the ratio of 1:16].

Reaction time: 6h

Yield: 68% (0.209 g) {expected yield, 100% (0.306 g)} .

Spectral data (IR, 'H and '*C NMR) of this molecule are in complete agreement with
that of the molecule prepared from 3-nitrobenzaldehyde (130n) and 1,1,3,3-

tetramethylguanidine (page no. 206).
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