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Introduction: The synthetic chemistry demands expansion of different carbon-carbon bond forming reactions
and has been working in this direction for the last several years. The Baylis—Hillman reaction'-? is a carbon-
carbon bond forming reaction which is essentially a three-component (electrophile, activated alkene and
catalyst) reaction has been developing in recent years. This is an atom economic reaction, coupling at o-
position of activated alkene with carbon electrophile under catalytic influence of a tertiary amine. The most
commonly used catalyst is 1,4-diazabicyclo(2.2.2)octane [DABCO] to produce the Baylis-Hillman (B-H)
adducts (Fig. 1). The Baylis-Hillman reaction originates from a German patent’filed in the year 1972 by two
American chemists A. B. Baylis and M. E. D. Hillman. They had also U.S patent* in the year 1973 on this
reaction.
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alkene Electrophile Baylis-Hillman

R =alkyl, aryl, hetero-aryl, efc. adduct

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.
EWG (Electron Withdrawing Group) = COOR, COR, CHO, CN, PO(OE),,
SO,Ph, SO3Ph, SOPh, etc.

Fig. 1 General equation

Non-Amine Catalyzed Baylis-Hillman Reaction:

In addition to the tertiaryamine catalysts, several non-amine catalysts such as
trialkylphosphines,  triarylphosphinesand metal complexes like  RhH(PPh3)s,
RuH2(PPh3)4,R2S—TiCls, TiCls-NR4X (X = halide), TiCl4NR3, TiCls, and RoX-BF3 (X =
0, S) weresuccessfully employed to the coupling of activated alkenes with aldehydes to
provide the Baylis-Hillman adducts.

Cheng and coworkers® applied, for the first time, methoxide ion as useful catalyst for
Bayils-Hillman reaction with cyclic activated alkenes and various aldehydes under mild
conditions to provide the desired Baylis-Hillman adducts (Scheme 1).
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TiCl4 catalyzed Baylis-Hillman reaction of a-keto esters and trifluoromethyl phenyl ketone
with alkyl vinyl ketones to obtain the desired Baylis-Hillman adducts has been reported by

Basavaiah research group.® Similar reaction with aldehydes provided the (Z)-allyl chlorides
(Scheme 2).
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R = Ph, 2-MePh, 4-MePh, 4-EtPh, 4_Mephr naphthi i
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Kataoka and co-workers”reported an interesting class of chalcogenide catalyzed
p g g y

Baylis—Hillman reaction of various aldehydes with alkyl vinyl ketones in the presence of
titanium tetrachloride (Scheme 3).
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Scheme 3

R =Ph, P-CICgH4, p-MeCgHy,
P-NO,CgHs4, PhCH2CH>

Goodman and co-workers!® have applied tetrahydrothiophene BF3eOFEt, as a catalytic

system for the Baylis—Hillman coupling between aldehydes (electrophiles) and activated
ketones (MVK and cyclohex-2-enone) (Scheme 4).
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1, 3, 5-Triaza-7-phosphaadamantine (PTA) has been successfully employed as a catalyst

for the Baylis-Hillman reaction of various aldehydes with various activated olefins by He
and co-workers'! (Scheme 5).
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Scheme 5 ’ o

Ferrocene diethylphosphine as an air stable catalyst reported by Carretero and co-workers'*for the Baylis-
Hillman coupling reaction of various aldehydes and acrylates to obtain the corresponding B-H adducts in
high yields (eq. 1).

< PEt
Fe
o} = N on o
N. CHO 0
| A HkOBn 15 mol% N | N OBn eq.1
_ + | THF, rt, 1.5h Z

62%

N-heterocyclic carbene (NHC ) catalyzed Baylis-Hillman reaction of cyclic enones with a N-tosylimines has
been reported by He and co-workers'? to obtain the corresponding B-H adducts in high yields (eq.2)

o O NHTs =\
N/TS NHC (10 mol%) AN N\Ar
+ - Ar
Ar)l toluene, rt, 15-36 h Ar = (I-Pr)zCeHa eq. 2
75-99%

(NHC)

Ar = CGHS, 4-MeCGH4, 4-MGOCGH4’
4_C|06H4, 4-FC6H4’4-NOZCGH4’ 2-Fury|,
3-MeOC6H4Y \?I-C|CGH4Y 2—MeOCGH4

The aza-phosphine has been used as a catalyst for the Baylis-Hillman coupling between various
acyclic/cyclic activated alkenes and different types of aldehydes by Verkade and co-workers'#in high yields
(Scheme 6).
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Back and co-workers!® have successfully emplayed (p-toluenesulfonyl)-1,3-butadiene as
activated alkene for coupling with aldimine derivatives. 3-Hydroxyquinuclidine (HQD)
appliedas catalyst to provide the corresponding Baylis-Hillman adducts which were
subsequently converted into tetrahydropyridine derivatives (Scheme 7).

Ts H 20 0,ShP 1 T
. lesozPh HOD @5 moMh) - K Ts 1)KiCOs DMF/H0 (10/1) PN )
| R*H DMF, rt,4-6 h, 31-86% | 2)H*
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R = CgHsg, 4-CICgH,, 3-CICgH,, 2-CICqH,, %/OH R = 4-Cl CgHs= 88%
4-OMGCGH4, 4-N0206H4, 4-C02MGC6H4, [N R= 4-CNCGH4 =80%
4-CNCGH4, 2- Napthyl, 1,3,5-(Me)3CGH2 (HQD)

Scheme 7

TiCly-mediated Baylis-Hillman reaction of cyclic enones with various aldehydes reported by Li and co-
workers'®(eq3).

)

0 TiCly oH @
+ »
R)J\H ), CHLCly, 2h, rt R eq 3
)
R=aryl,alkyl n=12 47-68%

Shi et.al., reported phosphine (PPhMe;) catalysedaza-Baylis-Hillman reaction of B-substituted a, -
unsaturated esters with N-tosylated imines to provide the corresponding Baylis-Hillman adducts (Scheme

8).17

o 0
NHTsQ R TS | o TSHN O
| R , PPhVe; . | o
(25 mol%) 6 h, 68%
THF, rt E/Z=928

R = OMe, 10 h, no reaction
R =0Ph, 10 h, 77% (E/ Z = 74:26)
R = SPh, 2 h, 60% (E - only)

Scheme 8

In situ generated iminium ions as electrophiles to produce the Baylis-Hillman adduct with activated
alkenesreported by Aggarwal and coworkers'8(Scheme 9).
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Metzner and coworkers'*haveused dimethyl acetals as electrophiles with cyclic enonesin the Baylis-Hillman
coupling under the influence of tetrahydrothiophene and TBDMSOTT in the presence of i-ProNEt (Hunig’s

base) (eq. 4).
] [ )

s
OMe O
MeOXOMe TBDMSOTF / i-Pr,NEt
+ L.
> R
RoA ‘ CH,Cl,, -20 °C (or -50 °C) eq. 4
n=0,1 1 h (or6 h), 21-83% n

R = CGH5, 4-M eCGH4’ 4-C|CGH4’ 4-FC6H4, 4-CF3C6H4, 2-MeOC6H4,
4-MeOCGH4, 05H5CH=CH, CsHSCHZCHZ

Basavaiah research group published an electrophile induced intramolecular Baylis—Hillman reaction between
activated  alkenes and  pyridine-2-carboxldehyde under the influence of trimethylsilyl
trifluoromethanesulfonate (TMSOTY), for the synthesis of indolizine (Scheme 10).2°
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(0] X OHC |
\ R1 X ~ X
N~ | = R \
» 1. TMSOTf (1 eq.) N\ TMSOTI (1 eq) N~
R CHACN, 0°C-rt, 12 h CH3CN, 0°C-rt, 12 h 38-55%
1 — - 400 2. Silicagel,6 h
21 I\l;l| 4‘?1/;’/ g R = Me, Et, Pr, Bu, Pent, Hex, Hept
= e, (o}
Scheme 10

Yin and coworkers?! published, TiCls-mediated Baylis-Hillman type reaction of a—oxoketene dithioacetals
with aldehydes for the synthesis of polyfunctionalized 1,4-pentadienes via C-C bond formation at the -
position of o—oxoketene dithioacetals has been described (eq. 5).

NO,
0}
CHO TiCly/ CH.ClI,
/©/ | > eq.5
+
O,N S 0-10°C

\_e)n n=1,7h,72% S S S S
n=2; 8 h, 65% \_én 9,

Basavaiah research group?? has developed steric factors directed Baylis-Hillman and aldol reactions in TiCls
mediated coupling between a-keto esters with cyclohex-2-enone derivatives. Thus, 5,5-dimethylcyclohex-2-
enone provides the corresponding Baylis-Hillman adducts exclusively in reaction with a-keto esters under the
influence of TiCl4, whereas a similar reaction of a-keto esters with cyclohex-2-enone furnishes the
corresponding aldol adducts with high syn-diastereoselectivity as the major product along with the Baylis-
Hillman adduct as the minor product (Scheme 11).
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For the first time, Li and coworkers?*demonstrated the application of oxirane as an electrophile for coupling
with methyl propiolate in the presence of Mgl to provide densely functionalized homoallylic alcohols (eq.
6).

COoMe

O CH,CI HO CO,Me
A | e S PN as
Ar 0°C-rt, 24 h Ar g

I
_ 0,
68-87% Z | E selectivity upto >20:1
Ar = C6H5‘ 2-MeC6H4’, 4-MeC6H4’ 2-MGOC6H4, 3-MeOCGH4’
4-MeOC6H4Y 2-C|C6H4’ 4-C|C6H4’ 4-FC6H4, thiophen-2-yl

Various research groups?*2® developed independently simple methods for synthesis of B-substituted Baylis-
Hillman adducts via one-pot three-component reaction protocol involving the treatment of a, f-acetylenic
ketones (in situ generation of allenoates) with various aldehydes in the presence of various catalysts /
reagents to provide allyl alcohols (Scheme 12).

OH O ceCly7H,0 (30 mol%) OH O
Nal / CH3CN ( CHO COMel viaBr, / CH,Cl,
| | rt, 3h, 88% [©/ + |‘| ., 5h, 82% | 5
;
ref. 130 ref. 129 ZIE=87/13
Scheme 12 TFA, EtyZn
CH2C|2' rt | ref. 131
6h,88%
OH O

Et

1-Methylimidazole 3-N-oxide catalyzed Baylis-Hillman coupling of various aldehydes with methyl acrylate /
methyl vinyl ketone to provide corresponding adducts in good yields was reported by Tsai and coworkers
(eq. 7).77

/

N

[N/> OH

| COR
o) CHO  coRr @09 <Om
<o:©/ +W 8] e

neat, rt
R = OMe; 35 h; 76%
R =Me; 12 h; 72%

Ye and coworkers**described an interesting, N-heterocyclic carbene (NHC) catalyzed aza-Baylis-Hillman

coupling of cyclic enones with a variety of N-tosylimines to provide the corresponding adducts in high yields
(Scheme 13).

O NHTs T
NHC (20 mol%) NS NHC (10 mol%) Ar-NN=ar
- + | ot .
toluene, rt, 36 h - Ph) toluene, rt, 15 h Ar = (i-Pr),CgH3
n=1;86% n = 0;96% (NHC)
Scheme 13

Shi and Xu?® have successfully used methyl diphenylphosphine as a catalyst for Baylis-Hillman reaction
between N-tosylated imines and different activated olefins (Scheme 14).
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R = Ph, 4-CIPh, 3-FPh, 4-MePh, R = 4-CIPh, 3-FPh, 4-MePh,
4-(NO,)Ph, 4-(MeO)Ph, 2,3-(Cl,)Ph, 4-(NO,)Ph, 4-(MeO)Ph, 2,3-(Cl,)Ph
4-EtPh, 3-MePh, 2-furyl

Scheme 14

Zhou and coworkers®® have described an interesting 1,3,5-triaza-7-phosphaadamantane
(PTA) catalyzed Baylis-Hillman coupling of N-thiophosphoryl imines with MVK and
methyl acrylate to provide the corresponding Baylis-Hillman adducts (Schemel5).

N N
Ph_ S g< \\P (< \ Ph
N N P N 7
4 LN/ Ph. g o LN/ o /P\/NH o
PhY NH O Spo
25 (5-30 mol%) o’ N 25 30mol%)
Ar Me ~— J\+ | R; Ar OMe
MeCN, 1t, 4-120 h 0 NAr MeCN, tt, 60-84 h
R,=Me 52-92% 57-72% R;=OMe
Ar = Ph, 4-MeC(H,,2-MeOCH,, 2-CIC (H,,4-BrCH,, Ar =Ph, 2-CIC¢Hy, 3-FCgH,,
3-FC,H,, 4NO,C,H, PhCH=CH 3-F3CCHy, 4-BrCgH,
Scheme 15

Comasseto and coworkers’! have established a simple and efficient one-pot access to
Baylis-Hillman adducts (Scheme 16).

1. p-CIPhCHO, -70 °C oH
n-BuLi, THF _ v .
S0 7 o Il’l-BuSeLi 2. CH,=CHCN, -70°C, 10 m1n=
" 3.-70 °C-rt CN
Scheme 16 4. Ti(OPr),, then Bu‘OOH, cl
10 min, rt 61% overall

Kataoka et al.’? have developed an interesting Baylis-Hillman coupling of vinyl ketones
with various aldehydes catalyzed by sulfides or selinides (Me2S, PhSMe) in the presence of
TiClsas a Lewis acid. Selinide and Me>S were proved to be the best catalysts for this
reaction (eq. 8).

o Q Ch (chalcogenide) oH O
TiCl R
)J\ + - eq.8
R™ 'H CHCl,, rt or reflux
o 10min-1h "
n=0,1 Ch =Me,S : 13-68%
R = Ph, 4-CIPh, 4-MePh, 4-(NO,)Ph,
PhCH,CH,

Kataoka**successfully reportedchalcogeno-Baylis-Hillman reaction to activated alkynes. Thus, the reaction
between activated alkynes with aldehydes under the influence of Me,S.TiX4 provided an interesting o.-
halomethylene aldols i.e.,3-halo Baylis-Hillman adducts (eq. 9).
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o MeOC MegS OH O
B ‘ TiX4, CH,Cl, o
eq.
Ar”H T If - A | Me €9
X =ClI, Br
Ar = 4-(NO,)Ph, 4-(CF3)Ph, 0 °C-rt X
4-CIPh, 4-FPh 73-89%
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