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Abstract— The Baylis—Hillman reaction is a novel carbon-carbon bond forming reaction between at a-position of

activated alkene and carbon electrophile under catalytic influence of a tertiary amine to produce the multifunctional

molecules. This review highlights how the multifunctional Baylis-Hillman adduct has been used to synthesis of

carbocyclic and heterocyclic molecules
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INTRODUCTION

Carbon-carbon bond forming reactions and functional
group transformation are very important in organic
chemistry. Synthetic chemists have been working in this
way for the last several years. The Baylis—Hillman reaction
is a novel carbon-carbon bond forming reaction and it is
essentially a three-component atom economic reaction
between at o-position of activated alkene and carbon
electrophile under catalytic influence of a tertiary amine.
1,4-Diazabicyclo (2.2.2) octane [DABCO] is the most
commonly used 3° amine catalyst for this reaction to
producing densely functionalized molecules generally
referred to as the Baylis-Hillman (B-H) adducts (Fig. 1).
This reaction invented by A. B. Baylis and M. E. D.
Hillman (German patent® filed in the year 1972 and U.S
patent? in the year 1973).

X '
R R
GWE] - J\R' catalyst/catalytic system . GWE\”)<XH
Activated .
alkene Electrophile Baylis-Hillman
adduct

R = alkyl, aryl, hetero-aryl, etc.
R'=H, COOR, alkyl, etc.

X =0, N-Ts, N-CO,R, N-PO(R),, etc.
catalyst / catalytic system = fert-amines, phosphines, Lewis acids, etc.

SO,Ph, SO;Ph, SOPh, etc.

Fig. 1 General equation

EWG (Electron Withdrawing Group) = COOR, COR, CHO, CN, PO(OEt),,

SYNTHESIS OF CARBOCYCLIC AND
HETEROCYCLIC COMPOUNDS

Baylis-Hillman adducts (Fig. 2) contains many fictional
groups which is easy to transform into important
substrates.*® These adducts have also been employed as
key synthons in the synthesis of important
hetero/carbocycles. Some of the important and
developments for the synthesis hetero/carbocycles on the
applications of Baylis-Hillman adducts have been presented
in this section.
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Fig. 2 Baylis-Hillman Adduct and its
Fictional Groups

SYNTHETIC TRANSFORMATION OF BAYLIS-
HILLMAN ALCOHOLS

Howell et al.” have described an interesting synthesis of 3-
alkylidene-2-methyleneoxetanes (2) via the treatment of
o—alkylidene—pB—lactones (1) (which were prepared from
Baylis-Hillman adducts) with dimethyltitanocene (Scheme
1).

NO, Ph Cp,TiMe;
1.5-2.0
Ph T KOH_ ©: ' Ph<M 05 rjlq)so c
w)\H/KOMe TooH M sozu o.05h
Ph 88% Ph s o}

1
Scheme 1

Kim et al. have described an interesting regioselective
synthesis of 1,3,4,5-tetrasubstituted pyrazoles (3) via the
reaction of Baylis-Hillman adducts with hydrazine
hydrochlorides (eq 1).

R®

N
OH R3NHNH,.HCI N=N
\

o
1 ) CICHCH,Cl 1 L e ea
R | R® 50-70° C, 6 h-3 days y
g 48-93% 3 ’

. -~
~_ -

R'" = Ph, 4-CIPh, Pent
R? = Me, Et, -CH,CH,CH,-, -CH,CH,-
RS = Ph, Buf, 2,4-(NO,),CgHs, 2,4-(F),CgHs
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Genet and co-workers® have elegantly reported the synthesis of
trisubstituted alkenes using the reaction of Baylis-Hillman adducts
with arylboronic acids in the presence of rhodium catalyst

[Rh(cod)CI],] (eq. 2).
AYI\JJ\OME eq2

E/Z:90-99/10-1

OH O

R1Jﬁﬁkom9 + R%B(OH),

R" = Me, i-Bu, nonyl, c-hex,
4-NO,Ph, 4-CIPh, naphth-1-yl

R = Ph, 4-CF4Ph, 4-(MeO)Ph, 3-CF4Ph,
2-MePh, 4-MePh, naphth-1-yl,
naphth-2-yl

Grundke and Hoffman'® have reported an interesting
synthesis of 2,3-dimethoxy-carbonyl-1,3-butadiene from
the Baylis-Hillman adduct derived from methyl acrylate
and methyl pyruvate. This diene was subjected to Diels-
Alder cycloaddition with pyrrolidinoisobutene to provide
adduct 4 (Scheme 2).

(0] OH
COOMe MeOOC
DABCO
Me)J\COOMe + W _DABCO Me}ﬁrCOOMe

[Rh(cod)CI]z] (0.5 mol%)

MeOH 50-55%
aerobic

MsCI - DABCO

DMAP (cat.)

Scheme 2 /<—
MeOOC ,D \ N:j COOMe
MeOOCI:Q [4+2] COOMe
4 t
Marson and co-workers' have stated an interesting

synthesis of aza analogues (6) of the phorbol (5) and related
5-6-7 tricylic fused frameworks via the Baylis-Hillman
adducts (Scheme 3).
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Scheme 3
CO,Me
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An interesting synthesis of bicyclic lactones (7) from the
Baylis-Hillman adducts (Scheme 4) reported by Paquette
and Mendez-Andino.*
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o
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DABCO CHQm2 0°c

o

H o /AHJJ\
H
n
Y oMe . ————>
In, H,0, THF

m=237 61-86% 68-92% Br n=2-57
N oH N Y =N G RCM
A - A m=7, 3 o0 T o
COOMe | benzene, A column = 72%
m 64-74% m seperation ) 7 Grubbs catalyst
cis/trans: 3/2 ors

EiZ=13:1

Scheme 4

Mikami et al.** have reported an interesting synthesis of
substituted furan rings (8) via the photo chemical reaction
of methyl ethers of Baylis-Hillman adducts followed by in
situ treatment of the resulting dihydropyran derivatives
with TMSOTT/Et;N (Scheme 5).
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Basavaiah research group reported the Baylis-Hillman
alcohols into 2-benzazepines (9) via the tandem
construction of C-N and C-C bonds (via Ritter and
Houben-Hoesch reactions).™ Subsequently, they also
reported a novel one-pot synthesis of 2-benzoxepines (10)
via the reaction of the Baylis-Hillman alcohols with
formaldehyde in the presence of H,SO, involving tandem
construction of C-O and C-C bonds™ (Scheme 6).

R, 2 R, OH O
R OR,; HCHO R, RCN N
. = conc. H,SO, OR; CH;SO;H R
= e St
CH,Cl,, 1t, 1 h 150°C. 6
2 R
Ry ° 44-61% cl 33-74% &
Rs 10 s Rs R 9
R, =H,Me, Ry=R5=H R' =Me, Et R =Me, Et; R,=H; Ry=R,=H, OCH,

R, =H, Me, Et, Pr'
Scheme 6

Lamaty and coworkers'® have developed an efficient
synthesis of fused pyrrolo pyridines (11) through a
sequential Baylis-Hillman reaction, ring closing metathesis
and aromatization (Scheme 7).

J/

Rs = OMe, OCH,CH,CHy; R,-Rs- = -OCH,0-

DABCO e
H + TsNH, + /\[(\ Ti(O-i-Pr), ks CO*
= i-PrOH Tomr
) i NO, 201t NO,
N 9t 1t X =TsNH 51% 83%
N J X=OH 38%
g Grubbs 11
> CHCL | g
N 12 h, rt
1
12h, n{ H, / Pd-C
38% | MeOH _
NO,HN N()T\N
+BuOK X
N H/pac  NOpN CHyl B ow > 1)
L G500,
N/ McOH -~
- s L =~ 0°C,25h
N/ "t 12, 1t 47% 0
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Scheme 7

Aggarwal and coworkers'’ have meticulously used the
Baylis-Hillman alcohols as excellent dienophiles in Diels-
Alder reaction with dienes to provide the corresponding
adducts -~ (12) with complete diastereocontrol (eq.

OH

EtAICI, (2 eq.)

eq.3

=
(@]
L &
Q
S
=<
o
.
=~

2,6-di-tert-butylpyridine
CH,Cl,, 0 °C-rt

R =cyclohexyl 98% dr:98:2
R = ethyl 96% dr: 96:4
R = phenyl 98% dr:97:3

Basavaiah research group® has developed one-pot
procedure for the synthesis of tri and tetracyclic
heterocyclic systems containing [1,8]naphthyridin-2-one
framework (13 & 14) from the Baylis—Hillman alcohols
(Scheme 8 and eq. 4).

Aggarwal et.al.”® successfully used Baylis-Hillman adducts

as excellent dienophiles in Diels-Alder reaction with dienes
to provide the corresponding adducts (15) with complete
diastereocontrol (eq. 5).
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A simple synthesis of  3-(chloromethyl)coumarin
derivatives (16) has been developed by Kaye and
coworkers® using the Baylis-Hillman alcohols (Scheme 9).

Basavaiah research group® has successfully employed
Baylis-Hillman adducts, obtained from chromone
derivatives and pyridine-2-carboxaldehyde into tetracyclic
indolizine fused chromone systems (17) (Scheme 10).

1. R,CH,C(OE¢),

145°C, 70 h N R3
CN  EtCcOOH (cat) m
NN COE R, NN
2 H

2. Fe/AcOH Ry
110°C, 1'h 13

45-69%

X Rs
O _ eq. 4
N N o
(o
14

R; = Me (59%)
H (51%)

R, H, Br, Cl, OMe
R, = H, OMe, OEt; Ry = Me, H

Scheme 8

1. R;CH,C(OE),

145°C, 70 h
CN  gCcOOH (cat)
NO, 2. Fe/AcOH
110°C, 1 h
OH

)ﬁTCOZMe EtAICI, (2 eq.) A C\%Me
;\ 2,6-di-tert-butylpyridine | eqs
CH,Cly, 0 °C-rt iy
R = cyclohexyl------98%------- dr: 98:2

R = ethyl-—eoeee-96%-—-dr: 96:4
R= phenyl—————————— 8% —————— dr: 97:3
R1
CH? (cooau bABCO HCI, AcOH m
on | CHCl, 7d p COOBU'  s6-08%

R? 41-66%
R'=H, Br; R? = H, Br, OMe, OEt

Scheme 9

OHC
0 O o oM
R ACZO
methanohc MesN ‘ reflux 1h

(25 % Wiw) o

71-73%

R= HCH3 ", 2d, 81-84% )
Scheme 10
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T

SYNTHETIC TRANSFORMATION OF BAYLIS-
HILLMAN ACETATES

Chamakh and Amri?* have reported a facile one pot
synthesis of (E)-4-alkylidene-2-cyclohexen-1-ones (18)
from acetates of the Baylis-Hillman adducts via a treatment
with aliphatic 1,3-diketones (Scheme 11).

1
OAc O o o R o
RZ%W + M &. RS o deacetylation R
R3 Et(1)|-1|.2rﬁflux o cyclization R!
R'= Me, Et; R%= H. Me ) R® 47-71% € |
R2= Me, Et, Pr, Ph ' o R2 18

Scheme 11

Amri and co-workers?®?* have also successfully described
the synthesis of 1,4-diketones (19) from the acetates of the
Baylis-Hillman adducts (Schemes 12).
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R2CH,NO, / NaOH (0.6 N) ] NaOMe/MeOH
R’ R R R2 - .
THF, 0-20 °C, 3h - 4 days E H*, -50 °C
NO, 50-75%
R= Me, Et 64-78%
R'= Et, Pr, Pr', c-Hex R?= Me, Et R
Scheme 12
R1 S s}
E R?
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Amri and co-workers?®? have also successfully described
the synthesis of 1,4-diketones (19) from the acetates of the
Baylis-Hillman adducts (Schemes 12).

OAc O

R2CH,NO, / NaOH (0.6 N) o NaOMe/MeOH
R! R R R2 N o
THF, 0-20 °C, 3h - 4 days E H*, -50 °C
NO, 50-75%
R= Me, Et 64-78%
R'= Et, Pr, Pr', c-Hex R?= Me, Et R
Scheme 12
cheme R1 ~ lo)
E R?
19 o

Kim and co-workers® have reported an interesting method-
logy for the synthesis of 1,3-disubstituted naphthalenes (20)
from the acetates of Baylis-Hillman adducts (Scheme 13)

OAc COOEt

K,CO3 B
COOEt <COOEt Bt /©/\<\(c;ooa
NO, CHCN e
Me NO,

Mn(OAc);
EtOH reflux , 48 h
COOEt
SO mE"SNEYG o da
Me 80"/ Me T H
Scheme 13 20  COOEt EtOOC @Oz

Chang and co-workers? have reported a one-pot conversion
of Baylis-Hillman adducts into alkyl-3(E)-aryl/alkylidene-
5-substituted sulfonylpiperidine-2,6-diones (21) (eq. 6).

Ph
OAc (e} NaH SO, Tol Pz
— eq. 6
Ph)WCOOMe . MeHNJK/SOZToI THF, 670
75% om N0

Me

21
Fujimoto and co-workers a tandem Michael-intramolecular
Corey-Chaykovsky reaction of the five membered cyclic
oxosulfonium ylide using the Baylis-Hillman acetales
leading to the stereoselective synthesis of cycloheptene
oxide derivatives (22) was reported by Fujimoto and co-
workers.?? A similar reaction with six membered
oxosulfonium ylide provided cyclooctene oxide derivatives
(23) as mixture of stereocisomers in moderate yields
(Scheme 14).

A facile, one-pot synthetic transformation of the acetates of
the Baylis-Hillman adducts into fused pyrimidones (24) via
the reaction with 2-aminopyridine in an environment-
friendly aqueous media, has been developed by Basavaiah
research group (eq 7).%
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Scheme 15

A simple and convenient three-step synthesis of
functionalized [4.4.3] and [4.4.4]propellano-bislactones (26
& 27) via the reaction of Baylis-Hillman acetates with
indanone and tetralone developed by Basavaiah research
group® (Scheme 16).

McOU( HOOC
OAc i) KOH / MeOH b
1,3h
coome | Nall thenzene _omah
Ar
Ts0°C.30h u)cryslal]lzanon
" 0-81%
" I’z o HOOC ar
RIc00C n=1; E:Z=100:0
Ar = Ph, 4-McPh, 4-EtPh, =1 E:Z= 85951155 n=2 E:Z=85:15
4--PyPh, 2-CIPh, 4-CIPh,  n=2: £:Z =82: 18 TFAa | 15h
4-McOPh CH)C, | 68-92%

Scheme 16 Ar 100%E A
n=1(26)
n=2(27)

A simple, convenient, and one-pot

synthesis  of
functionalized tri / tetracyclic frameworks (28 & 29)
containing an important azocine moiety, from the Baylis-
Hillman acetates was developed by Basavaiah research

group® (Scheme 17).

OAc
OAc
2Ry O CORs Q leCOZR3
NO,
o O QR Ry NO, Ry
O h R
R=Menzi |1 KCOy: THE or DME 55-71%
Ry = Me (35%) rtor80°C, 26 h n=0,1
Et (33%) 2) Fe? AcOH - - .
Scheme 17 0 reflux, 15 h R = H, Me, R, = H, Br, Cl, OMe

R,= H, OMe, Ry = Me, Et
Recently, an interesting synthesis of (E)-arylidene-
tetralone-spiro-glutarimides (30) from the Baylis-Hillman
acetates has been reported by Basavaiah research group®
via biscyclization strategy involving facile C-C and C-N
bond formation methodology. Subsequently, the same
strategy has been successfully employed to provide di(E)-
arylidene-spiro-bisglutarimides (31) from the Baylis-
Hillman acetates (Scheme 18).

A simple and convenient method for synthesis of bridged
nine-membered carbocycles (32) in excellent yields via the
phosphine-catalyzed reaction of Baylis-Hillman acetate
(bromide / chloride / tert-butyl carbonate) with tropone
involving [3+6] annulation strategy was developed by Lu
and coworkers (eq. 8).**
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1) PhCH,CN
1) malononitrile, Et;N OAc NaH / toluene .
CH,CN,tt, 1h R CO,Bu! reflux, 1 h, 63-81%
r - .
2) conc. H,SO, / TFAA 2) conc. H,SO,/ TFAA
CH,Cl,, 0 °C-1t, 24 h DCE, reflux, 6 h HN. o Ar

0 31 55-75% 67-82%
Ar = Ph, 2-CIPh, 2-MePh, 3-CIPh, 4- ClPh

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

4-MePh, 4-EtPh

Schene 18

OAc
PhsP / K,CO3
toluene, reflux
3 h, 90%

COMe CO,Me eq8

N\ 7 32

A simple synthesis of azipine derivatives (33) from the
acetates of Baylis-Hillman adducts has been recently
reported by Batra and coworkers (eq. 9).%

Ar Ar
N7 —-CO;Me PhCH,NH, / MeOH NN
o4 o)
rt, 2-5 h, 7-57% NBn  eq9
AcO EWG  Ar=Ph, 4-CIPh, 2,4-(Cl);Ph B 33
EWG = CO,Me, CO,Et, CO,Bu, CO,Bu! EWG

A simple synthesis of arylidinesuccinimide derivatives
from the Baylis-Hillman acetates was described by Lee and
coworkers according to the (Scheme 19).%

OAc [¢]
CO,Me KCN N C0Me Eecly / AcOH
m DMSO / H,0 R/©/\[CN Treflix 10h MNH
R rt, 1h, 52-74% 40-45% R X
R=H, Cl, OMe

Scheme 19

Basavaiah research group®” reported a convenient one-pot
synthesis of (E)-5-alkyl-3-arylidenepyrrolidin-2-one (y-
lactam) derivatives via the treatment of acetates of Baylis-
Hillman adducts with nitroalkanes in the presence of a
base, followed by reductive cyclization, using Fe / AcOH

(eq. 10).

OAc O ’ o)
i) Ko.CO3 / THF / H,0, 1t, 12 h
R1JW‘)J\OME + R¥ONO, = R1/ﬁNH eq 10
i) Fe / AcOH, reflux, 2 h

R' = Ph, 4-MePh, 4-EtPh, 4-CIPh, 49-68% R?
4-MeOPh, 2-CIPh, naphth-1-yl, n-Pr, n-Hex

R? = Me, Et

Ramachandran® et. al. have reported an interesting

synthesis of a-substituted f-methylene B-butyrolactone (34)
via the nucleophilic addition of boronates 125, to the
acetates of Baylis-Hillman adducts, followed by the
treatment of the resulting allyl boronates with aldehydes
(Scheme 20)

o o\ /O g m
) BB L
OAc O /~0 ‘o o O\B,O o
Me)\”)\we —./\fkorwe PhCHO o coome| pTSA g
CuCl, LiCl, KOAc, DMF o toluene /'\r§ —_—
Ph

B 87%
Scheme 20 85% (E/2: 90/ 10) U 100°C, 1d oo e

34
cis:trans--87:13
The acetate of the Baylis-Hillman adducts, derived from N-
protected B-amino aldehydes with methyl acrylate, have
been transformed into nitrogen fused heterocycles (36) by
Clive et.al. * (eq. 11).
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OAc

CO,Me
NBoc

SYNTHETIC TRANSFORMATION OF BAYLIS-
HILLMAN BROMIDES

1. TFA/ CHCly 1t, 1h

.aq. N
2.aq. Na,CO3 MeCN, rt, 1 h COMe

7% 36

Bermejo and co-workers* have described an interesting
synthesis of methylene lactone (37), from Baylis-Hillman
adduct, methyl 3-hydroxy-2-methylenebutanoate (Scheme
21). This molecule is found to possess extremely interesting
properties about its apoptosis inducing ability in HL-60
cells.

OMe
OH Meo@K 0
NBS, Me,S COOMe CHO
coome " =""

Me 0°Crt,24h M Br ]
N Sn, Et,0, AcOH, p-TsOH W "H
o

Scheme 21 92% benzene, reflux, 9 h, 70% H 37

Hoffman and Buchholz** have reported an interesting
synthesis of _J-lactam derivatives (38) via the nucleophilic
addition of aliphatic or aromatic primary amines to allyl
bromides derived from Baylis-Hillman adducts (Scheme
22).

t-BUNH,

MsCl
o
COOMe COOMe 1. NaOH x COOH Bu,N(HSO, Ph N
Ph oo PhA\[ EIOHIH,0 Ph/\[ 14sN(HSO,)
MeCN NHBu! 2. HCUH,0 fiH,Butcr | KHCOs 8 N
Br o : 2 2 CHCIy/H,0 73% BY
o
Scheme 22
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