LETTER

1685

Highly Enantioselective Asymmetric Michael Addition Reactions with New
Chiral Multisite Phase-Transfer Catalysts

Sivamani Jayaraman, Duraimurugan Kumaraguru, Jesin Beneto Arockiam, Subha Paulpandian,

Balasaravanan Rajendiran, Ayyanar Siva*

Department of Inorganic Chemistry, School of Chemistry, Madurai Kamaraj University, Madurai 625 021, Tamilnadu, India

Fax +91(452)2459181; E-mail: drasiva@gmail.com
Received: 13.03.2014; Accepted after revision: 22.04.2014

Abstract: Highly enantioselective Michael addition reactions of di-
ethyl malonate to various chalcones have been achieved under mild
chiral multisite phase-transfer reaction conditions by the successful
utilization of 2,4,6-(triscinchoniummethyl)phenyl-1,3,5-triazines
as new chiral quaternary ammonium catalysts. This simple asym-
metric Michael addition process was found to be quite effective and
to obtain Michael adducts with very good yields and enantiomeric
excesses.

Key words: phase-transfer catalysts, Michael reaction, enantio-
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Phase-transfer catalysis is a versatile, well-established
synthetic technique applicable to a number of organic bi-
phase reactions.! This technique has become one of the
most interesting and fascinating topics of research during
the last few years being successful for a multitude of or-
ganic transformations.? One of the most general, efficient,
and environmental benign methodologies that can suc-
cessfully be employed to solve the predicament of insolu-
bility of aqueous phase with organic phase is phase-
transfer catalysis.? As the chemical reactants reside in im-
miscible phases, phase-transfer catalysts have the ability
to carry one of the reactants as a highly active species for
penetrating the interface, into the other phase where the
reaction takes place, and to give a high conversion and se-
lectivity for the desired product under mild reaction con-
ditions. Since the mid 1880’s the Michael addition
reaction has been extensively investigated and applied in
organic chemistry.* During the past two decades, a large
progress has been made in the development of asymmetric
catalyzed Michael addition reactions in the presence of
cinchona-based chiral catalysts with very good yield and
high enantiomeric excesses.

In recent years most of the researchers concentrated on the
catalysis of asymmetric Michael reaction using chiral
metal complexes and cinchona alkaloid based chiral cata-
lysts, they have been developed as an efficient method for
the enantioselective construction of carbon—carbon
bonds.” Recently, Corey et al.*®® and Kim et. al.®® have re-
ported the enantioselective Michael addition of nitro-
methane and nitroalkane to a,p-enone using a chiral
quaternary ammonium salt as chiral catalyst, respectively.
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Shishido et al. has reported on the synthesis of (+)-tripto-
quinone using the chiral cinchonidine-based quaternary
ammonium bromide as catalyst.” All the previously re-
ported Michael addition reactions are using single-site
quaternary ammonium chiral catalysts also they have
achieved moderate yield and enantiomeric excesses. In
our study for the first time we reported the multisite-con-
taining chiral quaternary ammonium catalysts for the Mi-
chael addition reaction under mild basic conditions with
very good yield and enantiomeric excesses (Figure 1, 1—-
3). As part of our research program related to the develop-
ment of effective cinchona alkaloid derived chiral multi-
site phase-transfer catalysts (CMPTC),® we reported the
catalytic enantioselective Michael reaction promoted by
quaternary ammonium salts from cinchonine as phase-
transfer catalysts 11a and 11b.°

Figure 1 Cinchona-derived chiral phase-transfer catalysts

In this paper, we wish to report the catalytic enantioselec-
tive Michael reaction of diethyl malonate S5 to chalcone
derivative 4 using the cinchona alkaloid derived quaterna-
ry ammonium salts 11a and 11b (Scheme 1). In order to
determine suitable reaction conditions, we initially inves-
tigated the reaction system using 5 mol% of catalyst with
diethyl malonate 5 as the Michael donor and chalcone 4 as
the Michael acceptor with various solvents as well as bas-
es. Catalysts 11a and 11b (Scheme 2) having an O-ben-
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Scheme 1 Enantioselective Michael addition of diethylmalonate S to chalcone derivative 4 using CMPTC 11 in aqueous media
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Scheme 2 Synthesis of enantioselective chiral catalysts 11

zyl/allyl group showed higher catalytic efficiencies than
other catalysts such as single-site CPTC 1a and 1b in
terms of yields and enantioselectivity due to the multiac-
tive center (tri-site) present in the catalysts 11a and 11b
which can influence the formation of an ion-pair interac-
tion between the a-carbon of the diethylmalonate with tri-
site catalysts (Table 1, entries 1-4). Compound 6 was
formed using cinchonine-derived catalysts (1 and 11) as
the excessive enantiomer, which should be the case be-
cause all of these catalysts posses the same chirality.

We chose N-alkyl cinchonium salts 11a and 11b, which
are well-known as chiral MPTCs to give valuable Michael
adducts under mild biphasic conditions. The results are
shown in Table 1. Enantioselective Michael addition reac-
tion was carried out in different nonaqueous solvents us-
ing test CMPTC 11 under biphasic conditions keeping the
other variables as constant. From the obtained results (Ta-
ble 2), it is seen that the change of solvent is found to be
an important influential factor in the Michael addition re-
action owing to solvent polarity. The chemical yield and
enantiomeric excesses have been found to increase gradu-
ally, when we are using polar solvents (Table 2, entries 1—
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11a R = benzyl
11b R =allyl

16). The results obtained with various solvents have been
related to their dielectric constants. The decreased product
yield/enantiomeric excesses in high polar solvents like
DMF (Table 2, entries 11 and 12) is due to the higher de-
gree of solvation of CMPTC, which in turn decreases the
efficiency of the catalyst. That is, most probably, the high
polar solvents should reduce the ionic interaction between
the catalyst and the anionic agents (diethylmalonate) re-
ducing the yield and enantiomeric excess. In the case of
toluene and cyclohexane, which is a low polar solvent, the
degree of solvation of CMPTC is considerably less.
Hence, the degree of decay due to solvation of CMPTC of
the catalyst is almost minimized/ignored. Otherwise, the
interaction between R,N* of the catalyst and anion of the
diethylmalonate is more. This in turn improves the poten-
tial of the catalyst as well as effective attraction of the sub-
strate and catalyst, and hence the reaction yield and
enantiomeric excesses were found to be higher in toluene
and cyclohexane medium (Table 2, entries 7—10).

Catalyst 11b having an O-allyl group showed higher cat-
alytic efficiencies than the O-benzyl-protected catalyst
11a in terms of yields and enantioselectivity (Table 3, en-
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Table1 Catalytic Asymmetric Michael Addition of Diethyl Malonate 5 to Chalcone 4 with Different CPTC 1 and CMPTC 11 under Ultrasonic

Conditions
(0] EtO.C CO,Et
_ (0]
O O <CO2E‘ CPTC 1 and CMPTC 11 (5 mol %) |
.
CO,Et KOt-Bu (10%)
4 5 CH.Cly, ultrasonication 6
Entry Catalyst Time (h)* Yield (%)° ee (%)° Abs. config.¢
1 1a 7 46 51 R
2 1b 7 60 65 R
3 11a 7 96 98 R
4 11b 7 97 99 R

2 The Michael reaction of chalcone 4 (0.1 mmol), diethyl malonate 5 (0.12 mmol), and CPTC 1 and CMPTC 11 (5 mol%) with solvent (1 mL)

and base (10%, 0.5 mL) base under ultrasonic conditions.
b Isolated yield of purified material.

¢ Enantiopurity was determined by HPLC analysis of the Michael adduct 6 using a chiral column (Phenomenex Chiralpack) with hexane—2-PrOH

as solvent.

4 Absolute configuration was determined by comparison of the HPLC retention time.

tries 1-12,). It has been also found that KO#Bu, K,CO;,
and Cs,CO; were the more effective bases in this reaction
than others such as NaOH, KOH, and Et;N (Table 3, en-
tries 1-12). Under the optimized reaction conditions de-
scribed above (5 mol% of catalyst 11a and 11b, 10% base,
CH,Cl,, ultrasonic conditions), we investigated the cata-
lytic asymmetric Michael addition of diethyl malonate to
chalcone 4. The reaction smoothly proceeded to afford the

corresponding adduct 6 with good enantioselectivities.
Reaction of 1.2 equivalents of diethyl malonate 5 with 1.0
equivalent of chalcone 4, cinchonium salts 11a and 11b (5
mol%) and KO#-Bu in CH,Cl, at room temperature with
stirring for 1-8 hours afforded the Michael adducts 6 in
good yields with very good enantioselectivities (67-99%
ee, Table 3). In all cases the enantiomeric excesses were
determined by HPLC analysis.

Table 2 Catalytic Asymmetric Michael Addition of Diethyl Malonate 5 to Chalcone 4 with Different Solvents and CMPTC 11a and 11b under

Ultrasonic Conditions

(0] EtO,C. CO.Et
= <COZE‘ CMPTC (11a/11b, 5 mol%) i \
O O i CO,Et KO#Bu (10%) O O
4 5 solvgnt _ 6
ultrasonication
Entry Solvent Catalyst Time (h)® Yield (%)° ee (%)° Abs. config.¢
1 CH,Cl, 11a 4 90 93 R
2 CH,Cl, 11b 4 90 99 R
3 THF 11a 4 90 93 R
4 THF 11b 4 90 95 R
5 MeOH 11a 8 35 75 R
6 MeOH 11b 8 55 72 R
7 toluene 11a 8 82 88 R
8 toluene 11b 8 89 96 R
9 cyclohexane 11a 8 90 92 R
10 cyclohexane 11b 8 88 98 R
11 DMF 11a 8 90 68 R
12 DMF 11b 8 51 73 R
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Table 2 Catalytic Asymmetric Michael Addition of Diethyl Malonate 5 to Chalcone 4 with Different Solvents and CMPTC 11a and 11b under
Ultrasonic Conditions (continued)

(0] EtO,C. CO,Et
(0}
O = O <C02E‘ CMPTC (11a/11b, 5 moi%) |
+
CO.Et KO#Bu (10%) O O
4 5 solvent 6
ultrasonication

Entry Solvent Catalyst Time (h)? Yield (%)° ee (%)° Abs. config.¢
13 CHCl, 11a 5 93 71 R
14 CHCl, 8b 6 70 76 R
15 acetone 8a 8 79 83 R
16 acetone 8b 6 80 89 R

2 The Michael reaction of chalcone 4 (0.1 mmol), diethyl malonate 5 (0.12 mmol), and CMPTC 11 (11a/11b, 5 mol%) with solvent (1 mL) and
KO#-Bu (10%, 0.5 mL) under ultrasonic conditions.

b Isolated yield of purified material.

¢ Enantiopurity was determined by HPLC analysis of the Michael adduct 6 using a chiral column (Phenomenex Chiralpack) with hexane—2-PrOH
as solvent.

4 Absolute configuration was determined by comparison of the HPLC retention time.

Table 3 Catalytic Asymmetric Michael Addition of Diethyl Malonate 5 to Chalcones 4 with Different Bases and CMPTC 11a and 11b

(0] EtO,C. CO,Et
_ o}
O O /COzE‘ CMPTC (11a/11b, 5 mol%) |
+
\002Et base (10%), CHxCl» O O
4 5 ultrasonication 6
Entry Base Catalyst Time (h)* Yield (%)° ee (%)° Abs. config.¢
1 K,CO, 11a 6 86 91 R
2 K,CO, 11b 7 86 97 R
3 Cs,CO; 11a 7 80 85 R
4 Cs,CO; 11b 8 80 96 R
5 NaOH 11a 1 68 74 R
6 NaOH 11b 1 68 89 R
7 KOH 11a 1 65 69 R
8 KOH 11b 1 63 84 R
9 KO#Bu 11a 4 90 93 R
10 KO#Bu 11b 4 90 99 R
11 Et;N 11a 8 - - -
12 Et;N 11b 8 30 67 R

2 The Michael reaction of chalcone 4 (0.1 mmol), diethyl malonate 5 (0.12 mmol), and CMPTC 11 (11a/11b, 5 mol%) with solvent (1 mL) and
base (10%, 0.5 mL) under ultrasonic conditions.

b Isolated yield of purified material.

¢ Enantiopurity was determined by HPLC analysis of the Michael adduct 6 using a chiral column (Phenomenex Chiralpack) with hexane—2-PrOH
as solvent.

4 Absolute configuration was determined by comparison of the HPLC retention time.

The enantioselective Michael addition of chalcone at catalyst-degradation mechanism (Figure 2). Initially, the
higher concentration of base irrespective of CMPTC gave  deprotonation of the catalysts 11 occurred at high concen-
disparate results, which can be explained by invoking a  trations of base leading to Hofmann elimination and giv-
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active catalysts 11: R = benzyl, allyl

inactive catalysts 12: R = benzyl, allyl

Figure 2 Catalysts decomposition mechanism at higher concentrations of base

ing compound of 12, viz. olefinic compound (inactive
catalysts). Based on these observations, the base concen-
tration was fixed at 10% and the structural stability of
CMPTC was maintained without decomposition. Similar
studies have been reported by Paramzitsinghet al.,'* Siva
et al.,'! Maruoka et al.,'> and O’Donnell et al.'® for cin-
chona alkaloid derived CPTC in the alkylation of glycine
imine at higher concentration of base.

Furthermore, the formation of lower yield and lower en-
antiomeric excess (Table 3, entries 5-8) may be explained
as follows: The CMPTC, containing lone-pairs of elec-
trons on the nitrogen atoms (present in triazine), shift the
electron density to the electron-deficient terminal R,N*
site of the CMPTC via an aromatic ring spacer chain, and,

as a result, no bond resonance is formed (Figure 3). This
leads to detachment/deactivation of the catalytic sites,
thus losing their attracting power (i.e., electrophile-
attracting power) towards the anions of the a-carbon of
the diethylmalonate. As a result, the degree of ion pair for-
mation between R,N* of CMPTC (11b and 12b) with an-
ions of the a-carbon of the diethylmalonate is relatively
lower, hence it has produced a lower yield and enantio-
meric excesses (Table 3, entries 5-8).

Further, we investigate the Michael addition reaction of
1,4-diarylenone 4 under the optimized reaction conditions
described above (5 mol% of catalyst 11, KOz-Bu, CH,Cl,,
ultrasonic conditions), as listed in Table 4. From the ob-
served results both electron-withdrawing and electron-do-

11b

12b

Figure 3 Detachment/deactivation of CMPTC due to ion-pair formation between the quaternary ammonium of triazine with anions of a-car-

bon of the diethylmalonate
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Table 4 Catalytic Asymmetric Michael Addition of Diethyl Malonate 5 to Chalcone Derivatives 4 under CPTC Conditions®

0 CO,Et
Ar! )v\ArZ + OO 11 (6 mol%) A T CO,Et
4 COEt CHgggtLEl:ﬁ(;c?r:/i(gation o ';rz
Entry Enone 4 Ar! Enone 4 Ar? Catalyst Product® Yield (%)° ee (%)° Abs. config.¢
1 Ph 4-MeC,H, 11a 6a 90 93 R
2 Ph 4-MeC¢H, 11b 6a 90 99 R
3 Ph 4-CIC¢H, 11a 6b 92 92 R
4 Ph 4-CIC¢H, 11b 6b 92 99 R
5 4-BrC,H, 4-CIC¢H, 11a 6¢c 90 91 R
6 4-BrC4H, 4-CIC(H, 11b 6¢c 90 97 R
7 4-BrC,H, 4-MeOC¢H, 11a 6d 91 95 R
8 4-BrC,H, 4-MeOC(H, 11b 6d 91 97 R

2 The Michael reaction of chalcone 4 (0.1 mmol), diethyl malonate 5 (0.12 mmol), and CMPTC 11 (11a/11b, 5 mol%) with CH,Cl, (1 mL) and

KO#-Bu (10%, 0.5 mL) under ultrasonic conditions.
b Isolated yield of purified material.

¢ Enantiopurity was determined by HPLC analysis of the Michael adducts 6 using a chiral column (Phenomenex Chiralpack) with hexane-2-

PrOH as solvent.

4 Absolute configuration was determined by comparison of the HPLC retention time.

nating groups on the aryl groups and hence the
corresponding Michael adducts 6 were obtained in excel-
lent product yield and higher enantiomeric excess (Table
4, entries 1-8).

The obtained results indicated that the stereochemical
course of the Michael addition reaction mainly depends
on the stereochemistry/molecular assembly between the

I DR e N
st
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\_JEo.c/
’ h ll\\
EsC

.
= ~

~ 2

substrates such as electrophile 5 and different chalcones 4
with CMPTC. The formation of higher Michael adduct
yield (Table 4, entries 1-8,) and its enantiomeric excesses
of each reaction catalyzed by Cy(O)-protected CMPTC
would be mainly attributed to an effective contact of ion
pair formed between the positive quaternary ammonium
ions (R,N™) of the respective CMPTC with an electrophile
(Figure 4, a), at the same time the interaction between the

N
\ £t0,C (
22 RN
S 2\

BT

i

N

E0,C

ion-pair formed between R4N* of CMPTC with enolate
(electrophile) due to electrostatic attraction and the same
attraction between R4N* of the CMPTC with carbocation
of the chalcone

CO5Et

QO .

CO,Et

\ECt)OZC

ion-pair formed between R4N* of CMPTC with
enolate of the chalcone due to electrostatic attraction

Figure 4 Formation of higher enantioselectivity and chemical yield of various intermediates/molecular assemblies during the enantioselective
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electrophile with a carbocation of the chalcone due to
electrostatic attraction'* and also the same attraction be-
tween the R,N* of the respective CMPTC with enolate of
the chalcone (Figure 4, b). The results also suggested that
apart from the ionic interaction between the catalyst and
substrates, there is also a m—m-stacking interaction'> be-
tween the benzyl group of the respective Cy(O)-protected
CMPTC with the aryl group of the chalcone which would
further facilitate the binding of the two species. This in
turn shows to facilitate an effective ion-pair interaction
and thus effect for parallel increasing of chemical yield
and enantiomeric excesses.

In conclusion, we have developed a new class of asym-
metric phase-transfer catalyst, which shows good enanti-
oselectivity in the Michael addition of diethyl malonate to
chalcones. We are currently involved in the further devel-
opment of these catalyst systems and investigating their
applicability to other asymmetric phase-transfer process-
es.
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