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Asymmetric Baylis-Hillman Reaction: Use of Novel Chiral Aldehydes as
Electrophiles, Chiral Base Catalysts and Auxilliaries”
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Abstract: The present review highlights our recent research findings in the field of asymmetric Baylis-Hillman
reaction. In particular, it elaborates on the following efficient aids: 1) utilization of sugar-derived acrylates as
chiral auxiliary for diastereoselective Baylis-Hillman reaction; 2) use of novel chiral electrophiles such as
sugar-derived aldehydes and chiral 2,3-epoxy aldehydes for the diastereoselective Baylis-Hillman reaction to
obtain valuable chiral adducts; 3) a novel prolinol derivative promoted enantioselective Baylis-Hillman
reaction and 4) intramolecular Baylis-Hillman reaction wherein both the aldehyde and acrylate component are
part structure of the same molecular framework to afford high de’s. This review also covers the related research
work from other groups on asymmetric Baylis-Hillman reaction.
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INTRODUCTION

The carbon-carbon bond formation is one of the most
fundamental reactions in organic chemistry. The
development of efficient selective methods for the
construction of carbon-carbon bonds is a challenging task in
organic synthesis. The Morita-Baylis-Hillman reaction is an
emerging carbon-carbon bond forming reaction between a
carbonyl compound and an activated alkene under the
influence of a suitable catalyst typically a tertiary amine or
phosphine. This fascinating reaction has many of the basic
properties that an efficient synthetic method should have,
e.g., it is selective [1], economical in atom count [2],
requires mild conditions and provides densely functionalised
products with a newly created stereocenter. Recently, the
Baylis-Hillman reaction has been added to the list of useful
carbon-carbon bond forming reactions.

BACKGROUND

In 1968, Ken-ichi Morita and co-workers [3] described
the reaction of an aldehyde with electron poor olefins
(acrylates and acrylonitrile) catalyzed by tricyclohexylphos-
phine. They named the transformation “Carbinol Addition”.
However, the yield of the reaction was extremely poor
(20%). Four years later, Anthony Baylis and Melville
Hillman [4] were granted a German patent for performing the
same reaction using a cyclic tertiary amine catalyst,
preferably diazabicyclo[2.2.2]octane (DABCO), with 75%
yield (Scheme 1).

This reaction now commonly known as the Baylis-
Hillman reaction [5-9] is a carbon-carbon bond forming
reaction between the o-position of activated alkenes (e.g.,
acrylic esters, acrylonitriles, vinyl ketones, vinyl sulphones,
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acrolein, vinyl phosphates etc.) and carbon electrophiles
(e.g., aldehydes, alkoxy carbonyl ketones, aldimines, Tt-
deficient olefins etc.) under the influence of a suitable
catalyst, typically a tertiary amine or phosphine, producing
multifunctional molecules (Scheme 2). Although, more
number of tertiary amines are known, DABCO is the most
commonly used catalyst for Baylis-Hillman reaction. These
densely functionalised molecules are versatile synthetic
intermediates in organic synthesis [10-13]. For instance, the
Baylis-Hillman products can be stereoselectively transformed
into azirines [14], epoxides [15], triols [16] and anti-aldol
products [17].

Attempts to find out the exact pathway of the reaction by
Drewes [5,18], Isaacs [19,20], Kaye [21] and Caubere [22]
independently conclude that the Baylis-Hillman reaction is
the outcome of an addition-elimination sequence involving
tertiary amine, activated alkene and electrophile. The main
drawback of the Baylis-Hillman reaction is its extremely
slow reaction rate. Numerous efforts [9a] have been made to
accelerate this reaction by the use of reactive activated
alkenes, reactive electrophiles, microwave irradiation, excess
catalyst, hydrogen bonding (having a hydroxyl group in the
catalyst or in the substrate), aqueous medium and high
pressure and considerable success has been achieved in this
direction. More recently, newer interpretation of mechanism
have been elucidated by Aggrawal et al. [9b] and by
McQuade et al. [9¢] so that Baylis-Hillman reaction could
be better understood and used. This review focuses on the
asymmetric Baylis-Hillman reaction under the following
sub-heads incorporating the results emanating from our
laboratories as well as some prominent and relevant
contributions from other schools.

THE ASYMMETRIC BAYLIS-HILLMAN REACTION

The significance of asymmetric synthesis is probably
best appreciated in the context of drug-receptor interactions,
because most biological targets are chiral entities. Hence,
there is enormous pressure to device viable and practical

© 2006 Bentham Science Publishers Ltd.



138 Mini-Reviews in Organic Chemistry, 2006, Vol. 3, No. 2

Krishna and Sharma

OH
EWG P(CH )3 (0.6 mol%) EWG
R-CHO + | —_————> R
dioxane, 120-130 °C
R =alkyl, 20%
aryl —
Y EWG = CN, CO,Me Morita (1968)
EWG : - : OH
cyclic tertiaryamines EWG
R-CHO + | ————— > R
0.1-10% by Wt, 75%
R = alkyl, 10-155°C
aryl EWG =CN, COR,
CO,R, CONH, Baylis-Hillman (1972)
Scheme 1.
2
X EWG R X
)J\ 4 f Catal yst . EWG
Rl RZ | R
X =0, NTs, NCO,R, NPPh,, NSO,Ph EWG =COzR, COR, CN, CHO, PO(OEt),
R! =alkyl, aryl, heteroaryl SO,Ph, SO;Ph
R? =H, alkyl, EWG
/j n-BusP
Catalyst: / J [ N [ T\g/ Q
Quinuclidine 3-Hydroxy
-quinuclidine
1 2 4
Scheme 2.

methods for preparing chiral compounds in pure form. Since
the Baylis-Hillman reaction results in the creation of new
chiral center, there is possibility for asymmetric induction.
Unfortunately, there are relatively few methods for
performing this task with absolute stereocontrol. There are
three main methods that exist for asymmetric version of the
Baylis-Hillman reaction: use of (a) chiral Michael acceptor
(b) chiral carbonyl compound (c) chiral catalyst.

a) Asymmetric Baylis-Hillman Reaction using Chiral
Michael Acceptors

Chiral auxiliaries have been proven to be a highly
effective method of introducing stereochemistry into a

+ PhCHO

6 7

DABCO
7.5 k bar

Scheme 3.

DABCO

molecule in a recoverable fashion [23]. The greatest degree of
success in asymmetric Baylis-Hillman reaction has been
achieved by using chiral acrylates as chiral Michael acceptor.
Brown et al. [24] have utilized for the first time (1)-menthyl
acrylate 6 for the asymmetric Baylis-Hillman reaction with
acetaldehyde using DABCO as catalyst but the
diastereomeric excess obtained was only 16%. However,
Gilbert et al. [25] effectively utilized the same (1)-menthyl
acrylate for the diastereoselective Baylis-Hillman reaction at
7.5 k bar pressure with benzaldehyde to afford the product
8a as a single diastereomer (100% de), whereas the same
reaction at atmospheric pressure provides the adduct 8b with
only 22% de (Scheme 3). Similarly (-)-bornyl, (-)-nopyl
and 8-phenyl menthyl acrylates were also employed by these
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workers to afford the resulting product with moderate
diastercoselectivities. Subsequently, Basavaiah ef al. [6]
studied a variety of chiral acrylates 9a—i for asymmetric
induction in the Baylis-Hillman reaction.

The acrylate 9g, derived from Oppolzer’s chiral auxiliary
was found to give higher de (70%) on reaction with
propionaldehyde. Other chiral acrylates afforded the chiral
Baylis-Hillman adducts with a de ranging from 7-70%
(Scheme 4).
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Drewes et al. [26-28] studied the usage of acrylate
derived from (R)—(+)—pantolactone, with a variety of
aldehydes. Except for benzaldehyde and chloral, which gave
conventional adducts 10 with 2 and 48% de respectively, all
other aldehydes gave the corresponding 2,6—dialkyl-5-
methylene-1, 3-dioxan-4-ones 1la-e with 78-87%
diastereomeric excess (Scheme 5).

Similarly, 8-phenylmenthyl acrylate [29] 12 has been
effectively employed as a chiral Michael acceptor in the
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Baylis-Hillman reaction with aldehydes catalyzed by
DABCO at atmospheric pressure to afford the corresponding
adducts in moderate to good diastereomeric excess (2-70%)
(Scheme 6).

Recently, Leahy and co-workers [30] developed an
impressive asymmetric version of the Baylis-Hillman
reaction using camphor-derived Oppolzer’s sultam as a chiral
auxiliary. Oppolzer’s sultam is readily available as either
antipode and typically leads to excellent transfer of chirality.
Moreover L and D Oppolzer’s Sultam are equally accessible
in two steps from the inexpensive (+) and (-)-camphor-10-
sulphonyl chlorides. The camphor sultams can be N-
acrylated by successive treatment with sodium hydride and
acryloyl chloride. The N-acyl derivative 13 can be readily
purified by crystallization and cleaved (e.g. with LAH,
LiOH etc.) under mild conditions without loss of the
induced chirality and with virtually complete recovery of the
auxiliary. By using second equivalent of aldehyde, the chiral
auxiliary can be fortuitously cleaved from the product in situ
to give an optically active dioxanone 14 in good yields and
excellent enantiomeric excess. This method is effective for
unbranched aliphatic aldehydes whereas a-branched aldehyde
afforded lower yields. Thus obtained dioxanone was
transformed into the a-methylene-B-hydroxyester 15, which
was subsequently hydrogenated to give the anti-aldol
product 16 (Scheme 7).

Chen and Yang [31] have disclosed a highly efficient
diastereoselective Baylis-Hillman reaction using hydrazide as
a chiral auxiliary for the direct preparation of optically active
a-methylene-B-hydroxy carbonyl compounds.

Sugar-derived acrylates [32] (Scheme 8) were conceived
for the first time by us as important chiral auxiliaries due to
their wide availability in both D and L-forms and with
varied stereochemistries and ring forms, for the
diastereoselective Baylis-Hillman reaction with various aryl
aldehydes to afford adducts with de 0-40% in moderate
yields (Scheme 9).

Interestingly, the addition was adjudged predominantly
to occur from the a-face due to the formation of an
isooxazoline intermediate which was envisaged as the
possible enolate of sugar acrylate to result in the
diastereoselection. The absolute configuration of the major
isomer was determined as ‘R’ by a chemical correlation via a
Sharpless asymmetric epoxidation route.

Alternatively we have exploited ‘Double Asymmetric
Induction’ [33] for the first time as a mechanistic tool for
achieving high diastereoselectivity to the tune of >90%
when a chiral aldehyde(s) was/were used as an electrophile(s)
and sugar-derived acrylate as a Michael acceptor catalyzed by
DABCO (Scheme 10). The results are rationalized based on
a model wherein the ‘Matched pair’ resulted in adducts with
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Table 1. Asymmetric Baylis-Hillman Reaction of Aldehydes with Sugar Acrylates
Entry Aldehyde chiral acrylate Product(s) Time Yield (%) de%
1 2-Nitro benzaldehyde 19 18a/18b/18¢/18d 19a-d 48 h 19a 40 (R)
2 4-Nitro benzaldehyde 20 18a/18b 20a-b 48 h 20a 40 (R)
3 Isobutyraldehyde 21 18a/18b 21a-b 48 h 21a 0
4 Benzaldehyde 22 18a 22a 84 h 22a 5(R)
5 2,3-Dichlorobenzaldehyde 23 18a 23a 48 h 23a 0
6 2-Nitro-5-n-propoxybenzaldehyde 24 18a 24a 72h 24a 15 (R)
7 2-Nitro-5-methoxybenzaldehyde 25 18a 25a 72 h 25a 34(R)
The results (yields, time and d. e. 's ) obtained when sugar acrylate 18a was used are presented
O
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greater selectivity due to steric crowding (diastereofacial
interactions) adjacent to aldehyde carbon. More importantly
the adducts obtained were ‘Syn’ to the preexisting chiral
center which clearly means that a diastereoreversal of
selectivity was observed. The stereochemical outcome of the
study depends on the diastereofacial interactions of the two
chiral compounds (aldehyde and acrylate) wherein the
matched pair results in adducts with higher selectivity. On
the contrary, the mismatched pair either is disfavored or
yields adducts with poor selectivity.

b) Asymmetric Baylis-Hillman Reaction using Chiral
Electrophiles

The use of a chiral electrophile for asymmetric Baylis-
Hillman reaction has been least explored in literature. Roos
et al. [34] have effectively utilized (S)-O—(methoxymethyl)

Krishna and Sharma

lactaldehyde (34), (S)-O—(methoxymethyl) mandaldehyde
(35) and a-amino aldehyde as chiral electrophiles in
asymmetric Baylis-Hillman reaction with both methyl
acrylate and methyl vinyl ketone under the influence of
either DABCO or 3-hydroxyquinuclidine to afford mixture
of diastereomers with predominant anti—isomer (Scheme
10). Similarly, (S)-3benzyloxybutraldehyde[35] 36 reacts
under the influence of DABCO with methyl acrylate to
furnish a 75:25 mixture of anti and syn-diastereomers (37a
and 37b). The major anti-isomer was separated and
converted into an interesting tetrahydrofuran derivative 38
with three stereogenic centers (Scheme 12).

(R)-Myrtenal (39) and isopropylidine (R)-glyceraldehyde
[25] (40) were employed as chiral electrophiles in the Baylis-
Hillman reaction with acrylonitrile at 5.5 and 4 K bar
pressure respectively. However, the diastereoselection in this
reaction is very low (Scheme 13).
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Recently, Kundig et al. [36,37] showed that planar chiral
benzaldehyde Cr(CO); complexes as electrophiles in the
DABCO catalyzed Baylis-Hillman coupling with methyl
acrylate and acrylonitrile to obtain corresponding adducts
with excellent diastereoselectivities in >98% ee (Scheme

Bussolari et al. [38] reported a reaction between chiral
aldehyde 41 and 42 and methyl acrylate in the presence of
DABCO. The resultant products 43 and 44 were obtained in
good yields with moderate diastereoselectivities (50-60%)
(Scheme 15).
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Recently, Alcaide and co-workers [39,40] have
successfully utilized optically pure 1-alkenyl or alkynyl-4—
oxoazetidine—2—carbaldehydes as chiral electrophiles in the
Baylis-Hillman reaction with MVK to provide adducts with
very high diasteroselectivities and which were transformed
into highly functionalised B-lactams fused to medium-sized
rings through chemocontrolled tandem radical addition—
cyclisation sequences (Scheme 16).

The electrophilic behavior of enantiomerically pure N—p—
toluenesulfinimines 48 and N—tert—butanesulfinimines [41]
49 have been tested by Aggarwal and co-workers in the
Baylis-Hillman reaction with methyl acrylate in the presence
of Lewis acid. The yield and diastereoselectivity were found
to be optimum in the presence of In(OTf); The absolute
configuration of the major adduct was unequivocally
determined as ‘S’ at the new sterogenic center by X-ray
crystallography. Chiral 3-hydroxy quinucludine was also
used in this study but only a small variation in both yield
and diastereoselectivity was observed indicating that the
stereochemistry of the sulfinimine dominates control in the
selectivity of the process (Scheme 17).

The chiral glyoxylates [42] derived from menthol (52)
and 8-phenylmenthol (53) were also employed as
electrophiles for chalcogeno—Baylis—Hillman reaction with
cyclic a-B-unsaturated ketones. The sterically more
demanding 8—phenylmenthol group not only gave higher
yield (76%), but also provided excellent diastereoselec-
tivities (>95%) under Kataoka conditions (Scheme 18).

Similarly, sugar-derived aldehydes 56-60, were thought
to be ideal chiral electrophiles for Baylis-Hillman reaction
(Scheme 19) and upon reaction with ethyl acrylate, methyl
vinyl ketone and acrylonitrile resulted in adducts 56a-c, 57a-

¢, 58a, 58¢, 59a-c and 60a with the de’s varying from 36-
95% and yields ranging from 56-85% [43]. The observed
stereoselectivity can be explained by the favorable attack of
carbanion from si-face of the sugar aldehyde leading to ‘S’
isomer as major product at the newly created center
according to Felkin-Ahn model [44] by a non-chelation
protocol. Similarly, since the aldehydes are obtained from
D-sugars and the Baylis-Hillman reaction was conducted at
C-5 site adjacent to C-4, their respective major adducts
exhibited larger vicinal coupling constants (Js 4).
Conclusively, the new stereocenter was defined as ‘S’ (threo
relationship between C-4 and C-5) for all aldehydes derived
from D-sugars and the opposite was true when the aldehyde
is derived from L-sugar.

One such representative adduct 59a was used for the
stereoselective synthesis of Syributins 61 and 62 by a RCM
(ring closing metathesis) protocol as shown in Scheme 20.

Similarly, another class of chiral aldehydes such as chiral
2,3-epoxy aldehydes (70-76) were subjected to Baylis-
Hillman reaction (Scheme 21) under the standard reaction
conditions to result in densely functionalized adducts in
good yields (61-80%) and in moderate diastereoselectivities
(40-72% de) [46]. It is beyond the scope of this review to
make a mention the significance of epoxides as synthetic
intermediates. When such sensitive substrates were subjected
to Baylis-Hillman reaction, the general observation that cis-
epoxy aldehydes yielded major syn-adducts than when
trans—epoxy aldehydes was due to steric crowding. This
phenomenon could be rationalized by a Cornforth model
[47]. The syn-anti ratio of the adducts was determined by 'H
NMR and HPLC.
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¢) Asymmetric Baylis-Hillman Reaction using Chiral of the chiral catalyst over enzymes are high yield and
Catalysts generality to many substances, which are highly unusual

The chiral catalysts are often called as ‘chemenzymes” with enzymes.

owing to the similarities in the enantioselectivity and Drewes et al. [5] examined different chiral amine
characteristic reactivity to enzymes. Some of the advantages catalysts such as brucine 77, cinchonidine 78, quinidine 79,
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retronecine 80 and (S)-(-)-N-methyl prolinol 81 for the
Baylis-Hillman reaction. However, the level of asymmetric
induction in all cases was very poor (0—-12% ee). Similarly
the other chiral amines 1R—2S—N-methyllephedrine 82, S (-)-
nicotine 83 and +/-3-hydroxyquinuclidine catalyzes the
Baylis-Hillman reaction under high pressure to afford the
desired products in 10-17% ee (Fig. 2).

Oishi ef al. [48] synthesized chiral Co—symmetric 2,3—
disubstituted DABCOs to serve as catalysts for the Baylis-
Hillman reaction. They accomplished moderate
enantioselectivity (upto 47% ee) for the reaction between p-
nitrobenzaldehyde and methyl vinyl ketone using 15-mol %
of the catalyst (R = Bn) under high pressure (5 K bar)
(Scheme 22). In the case of TBPS protected DABCO
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catalyzed reaction, reversal of stereochemistry of the product
was observed. When benzaldehyde was used as electrophile,
the asymmetric induction of the product was only 10% ee
even at high pressure (10 K bar).

Barrett et al. [49] reported a chiral pyrrolizidine 86 to
promote Baylis-Hillman reaction of alkyl vinyl ketone with

Recently, Hatakeyama and co-workers[50] studied
various tertiary amines derived from cinchona alkaloids for
enantioselective Baylis-Hillman reaction and arrived at the
best catalyst 87 to date (Scheme 24). The chiral amine 87
catalyzes the reaction of aldehyde and 1,1,1,3,3,3-
hexafluoroisopropyl acrylate, at a temperature of —55 °C,
providing the desired products with moderate yields and

O,N H
H
o N
oH OH O
RI—CHO R2 86 (10 mol%) R R?
NaBF,, MeCN, -40 °C
1272 h, 17-93% 2172% ee

R! =2-NO,Ph, 4NO,Ph, 2-FPh, 2-CIPh, 2-BrPh,
2-pyridyl, 3-pyridyl, 4-quinolinyl
Ro =Me, Et

Scheme 23.
electron deficient aromatic aldehyde to furnish the

corresponding product with 21-72% ee and in 17-93% yields
(Scheme 23).

87 (10 mol%)

DMEF, - 55 °C
1-71h

0 O
)J\ CF,
R H o+ | 0 <
CF3
R = Ph, 4-NO,Ph, (E)-PhCH=CH,
Et, 'Pr, Bu, 'Bu, c-Hex,

Scheme 24.

very high enantioselectivities (91-99% ee). However, when
the chiral amine 87 was employed to catalyze the reaction of
p-nitrobenzaldehyde with methylacrylate at room

CF3

N ol

CF,

31-58, 91-99% ee 0-25, 4-85% ee

87A ok
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° ‘O
(@]
R—CHO + |rU\ O

87 (10 mol%)

additive
—_— R *

THF, 6096 h

R—CHO +

-30°C

R = Ph, 4-CIPh, 4-BiPh, 4-NO,Ph, PhCH,CH,

additive = D-Proline, LiClO,4
Scheme 25.

temperature, the enantioselectivity of the reaction was very
poor (8% ee). Subsequently, Shi and Jiang [51] extended the
utility of this chiral amine catalyst 87 to other activated
alkenes like a-naphthyl acrylate and MVK in the presence of
additive, proline and lithium salt, to obtain the
corresponding allylic alcohol in moderate to good
enantioselectivities (Scheme 25). They also reported
asymmetric aza Baylis-Hillman reaction [52] of imines with
MVK and methyl acrylate catalyzed by 87 to achieve high
enantioselectivity (upto 99% ee). The reaction of p-
nitrobenzaldehyde with MVK under the same set of
conditions gave the Baylis-Hillman adduct in only 20% ee
(Scheme 26).

We have used N-methylprolinol 81 as a chiral base
catalyst for the enantioselective Baylis-Hillman reaction
between aromatic aldehydes and activated alkenes (ethyl
acrylate and MVK) to obtain good yields of the adducts with
moderate to good enantioselectivity in 1,4-dioxane: water
(1:1, v/v) under ambient conditions (Scheme 27) [53]. It was
observed that the pendant hydroxy functionality was an
essential component for achieving selectivity as it

Ar— CH=NTs + X\

_ 8700mol%)

THF, 21220 h
-20°C-1t

Krishna and Sharma

S

17-71%, 16-92% ee

OH O

31-78%, 25-49% ee

participated in a 9-membered ring structure stabilizing the
intermediate as depicted in Fig. 3. Intermediate B is more
stabilized than C due to the favourable formation of
intramolecular hydrogen bonding because the OH group and
oxy anion are in the same plane. The absolute configuration
of the products was assigned as R based on correlation with
the known compounds or on analogy. Correspondingly, (S)-
Baylis-Hillman adducts could be obtained by using N-
methylprolinol derived from commercially available (R)-
proline thus providing scope for the facile generation of both
the enantiomers.

Another important contribution from our laboratories has
been the first diastereoselective intramolecular Baylis-
Hillman reaction of the appropriately substituted chiral
derivatives to give the corresponding lactones. To date a
diastereoselective intramolecular Baylis-Hillman reaction
using a chiral substrate wherein both the aldehyde and
activated olefin co-exist has not been exploited for the
synthesis of a-methylene-B-hydroxylactones that constitute
important structural features of many bio-active natural
products. Consequently, a novel intramolecular diastereo-

TsHN

87 (10 mol%)
— >  Ar

MeCN/DMF(1: 1)

Ar = Ph, 4-MePh, 4-MeOPh, 3-FPh,

4-EtPh, 4-NO,Ph & 2-furyl

0
Ar— CH=NTs \)J\
OM

(<

Ar = Ph, 4-MePh, 4-MeOPh, 4-CIPh,
3-FPh, 4-NO,Ph & 2,3-CLLPh

Scheme 26.

-30°C,24 h
54-80%, 46-99% ee
TsHN 0
87 (10 mol%)
Ar OMe
CH,Cl,, 0 °C
32-72h

58-87%, 70-83% ee
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0 OH O
Ar— CHO R 8
r— +
| dioxane:H,0 Ar R I;I
(1:1) CH; OH
a, b
81
aR =O0Et
Ar= 4-NO,Ph b R = CH, 64 -94%, 15 - 78%ee
2-NO,Ph a Ar = 4NO,Ph; R =OEt
Ph—— b Ar= 4-NO,Ph; R = CH,
4-C1-Ph a Ar = 2NOyPh; R =OEt
4-Br-Ph b Ar=2-NO,Ph; R = CH,
Ph a Ar= Ph———; R = OEt
b Ar= Ph—== R = CH;

a Ar = 4-C|-Ph; R= OEt
b Ar= 4-CI-Ph; R =CH;
a Ar = 4-Br-Ph; R =OEt
b Ar=Ph; R=CH;

Scheme 27.
OH O

Ethyl 81

acrylate —— > R OEt
Fig. (3). Proposed reaction mechanism.
selective Baylis-Hillman reaction [54] as one of the most situ derivatisation of adducts when a mixture of CH,Cl, and
practical routes to synthesis of a-methylene-B-hydroxyl- alcohol was used. The absolute stereochemistry at the newly
actones with de’ s >95% was developed (Scheme 28). created stereogenic center for the adducts (89, 91, 92a-¢) was

Formation of O-alkoxylactones was also observed by an in assigned as R.

i

59a O 88

91 (71%)

DABCO
+

CH2C12 :al cohol RO
INe]

. X

92a R =Me (8%)
92bR =Et; 92cR=Pr;
92dR =n-Bu; 92e¢ R=2-Bu

O

Scheme 28.
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DOF
N
/

0

93 (16 mol %)

Ph

CHO
N - /\/

BusP (10 mol%)

THF, it, 7h

Scheme 29.

Corey et al. [55] have recently utilized diastereoselective
intramolecular Baylis-Hillman reaction as the key step in the
total synthesis of Salinosporamide A.

MISCELLANEOUS

There are relatively few cases where chiral phosphine has
been used to catalyze Baylis-Hillman reaction. 2,2!-
bis(diphenylphophino)—1,1!-binaphthyl (BINAP). The
various chiral hydroxyl phospholanes derived from D-
mannitol have been used by Zhang et al. [56] for the
catalytic asymmetric Baylis-Hillman reaction between
pyridine-4-carbaldehyde and methyl acrylate with low
enantioselectivity of 2-19% ee.

Ikegami and Yamada [57] successfully employed first
optically active calcium catalyst 93 for the reaction 2-

62%, 56% ee

cyclopenten-1-one with 3-phenyl-1-propanol to afford the
corresponding adduct in 62% yield and 56% ee (Scheme 29).

Recently, Shi and Chen [58] have been investigated the
chiral phosphine (2!-diphenylphosphonyl-[1,11] binaphtha-
lenyl-2-ol 94) catalyzed aza Baylis-Hillman reaction of N-
sulfonated imines with MVK and phenyl acrylate to give
desired products in high yields with moderate to good
enantiomeric excess (Scheme 30). The intramolecular
hydrogen bonding between phenolic OH and nitrogen anion
plays key factor to give relatively stable intermediate 94A to
produce the aza Baylis-Hillman product with S
configuration.

The first enantioselective chalcogeno-Bayis-Hillman
reaction has been developed by Kataoka et al. [59,60] using
a hydroxy chalcogenide TiCly complex under atmospheric
pressure. Chen and coworkers [61] screened the various

TsHN 0
0
94 (10 mol %
Ar—ﬁ:NTs i \)J\ ( 0) > Ar x
THF, - 30°C
24-36 h
82-96%, 52-94% ee OH
PPh,
TsHN 0
0
94 (10 mol%)
A—C=NTs  + > A x Ph 94
H Ph

Ar= Ph, 4-MePh, 4-EtPh, 4-BrPh, 4-CIPh,

3-FPh, 3-CIPh, 4-NO,Ph & 3-NO,Ph

CH,Clp, 40 °C
12h

60-97%, 52-77% ee

Scheme 30.
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EWG

EWG = CO,Et, CN

Scheme 31.
OH
0CO,CH, l l
EWG
Pr 95-98, (dba);Pd,.CHCl,
CH,Cl,, 1t
Scheme 32.

chiral dimerized ligands for the asymmetric Baylis-Hillman
reaction of benzaldehyde with methylacrylate in the presence
of a Lewis acid.

Trost and coworkers [62] considered an alternative
strategy to obtain 0-methylene-f3-hydroxy ester or nitriles in
enantiomerically enriched forms using the dynamic kinetic
asymmetric transformation (DYKAT) process (Scheme 31).
The process could be considered as a ‘deracemization’ of the
Baylis-Hillman adducts. The variation of ligand was also
studied during the reaction of carbonates with a-naphthol as
nucleophile. The least rigid 96 gave the best regioselectivity
and enantioselectivity (Scheme 32).

The other methods currently available for realizing
optically active a-methylene-f3-hydroxy compounds are 1)
kinetic resolution of alcohol and their derivatives by the use
of enzyme as biocatalyst [63], 2) kinetic resolution of
alcohol using asymmetric hydrogenation methodology [64],

o ( i (0]
.\\ N
PPh, Ph,P

P

O’Q

Ph,P
PPh,

97
Fig. (4).

Mini-Reviews in Organic Chemistry, 2006, Vol. 3, No. 2 151

Y,

+
0]
: EWG HN
Pr
EWG

3) diastereomeric crystallization [65] and 4) dynamic kinetic
resolution of Baylis-Hillman acetates [66].

Chiral Bronsted Acid Catalyst

Recently, Schaus et al. [67] (Scheme 33) reported highly
enantioselective Baylis-Hillman reaction of cyclohexenone
with aldehydes using chiral BINOL as Bronsted acid catalyst
and trialkylphosphine as nucleophilic promoter. Triethyl
phosphine was found to be better nucleophilic promoter
which gave more enatioselectivities compared to PMes and
P(n-Bu);.

Ionic Liquids

Giang Vo-Thanh et al. [68] conceptually used N-alkyl-N-
methylephedrinium salts as chiral ionic liquids towards the

o Ph Ph O
N
N H
PPh Ph,P
9
0
N
N H
PPh, PhyP
98
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O
(0] 10 mol% 99
)J\ EtsP
-
R H +
THE, -10 °C
Scheme 33.

first application in enantioselective Baylis-Hillman reaction,
wherein the ee’s ranged from 20-44%.

CONCLUSION

The Baylis-Hillman reaction provides versatile molecules
with a newly created center that are important building
blocks in organic synthesis and also serve as synthetic
equivalent to anti-propionate aldol addition products. The
most impressive results obtained in asymmetric Baylis-
Hillman reaction were while using sugar-derived chiral
acrylate. More interestingly, reversal of selectivity was
observed when the chiral aldehydes were reacted with a
sugar-derived chiral acrylate to obtain adducts in high ‘Syn
selectivity’ (de >95%) by a ‘Double Asymmetric Induction’
protocol than when the same chiral aldehydes were used
directly in a diastereoselective Baylis-Hillman reaction. It is
pertinent to note that by switching the chiral acrylate either
enantiomer (with respect to the major isomer) can be
accessed. The only one best catalyst known to date for
highly enantioselective Baylis-Hillman reaction is quinidine
derivative 87 though N-methyl prolinol 81 gave us moderate
enantioselectivity. Fortunately, both the isomeric proline
forms are commercially available and make valuable
contributions as chiral bases for enantioselective Baylis-
Hillman reaction. Herein the first ever diastereoselective
intramolecular Baylis-Hillman reaction was also showcased
as an easy access to chiral a-methylene-p-hydroxylactones
with >95% de. However, there still remains scope to
develop more protocols for enantioselective Baylis-Hillman
reaction.
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