NPTEL — Chemistry and Biochemistry — Catalytic Asymmetric Synthesis

Module 7 Reactions in Nonconventional Conditions

Lecture 25 Reactions in Nonconventional Conditions |

Many of the organic solvents are volatile, flammable, sometimes explosive and
have damaging effect to human health or on the environment. Thus, effort has
been made to use nonconventional solvents which are not only attractive from
economical aspects, they can provide advantages of recovery and recyclability
of the catalysts. The section covers the use of water, fluorous solvents,

supercritical fluids and ionic liquids as nonconventional solvents.

7.1 Reactions in water

The use of water as a reaction medium for organic synthesis has attracted much
interest in recent years. Because water is the most abundant liquid on the
planet, cheap, readily available, non-toxic and non-flammable. This lecture
covers some of the recent developments in asymmetric catalysis that have been

performed in water as reaction medium.
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7.1.1 Mannich Reaction

Mannich reaction affords useful route for the synthesis of f-amino ketones and
esters that serve as building blocks for the construction of nitrogen containing
compounds. The asymmetric version of the reaction has been shown from o-
hydrazono ester and silicon enoate using chiral ZnF,-L-1 complex in aqueous
medium (Scheme 1). The reaction proceeds without any organic solvents or
additives and the presence of cetyltrimethyl ammonium bromide (CTAB) is

necessary to accelerate the reaction.

Ph Ph
N/NHBZ OSiM63 L-1 (X mol %) BzHN. “

| 1 ZnF, (y mol %) -
EtO\H)\H + RHZ\RE‘ 2 EtONRa MeQ NH HN OMe
o R2 CTAB (z mol %) o

(3.2 eqgiov) 0°C, HO L-1

Conditions A: x =10,y = 100,z=0,R1 =R?=H, 20 h
Conditions B: x =10,y = 100,z=2,20h
Conditions C:x=5, y= 10, z=2,40h

T. Hamada, et al., J. Am. Chem. Soc. 2004, 126, 7768.

Scheme 1
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7.1.2 Michel Reaction

Michel addition of B-ketoesters to nitroalkanes using AgOTf-PPhs proceeds
efficiently in water but not in organic solvents (Scheme 2). Regarding the
mechanism, the reaction in water becomes heterogeneous, and the metal enolate
stays in organic phase, while TfOH is excluded into water phase because of the
difference between their hydrophobicity (Scheme 3). Thus, the metal enolate B
does not have the contact with TfOH, and the reverse reaction from B to A is
suppressed. In contrast, in normal organic solvent, the reaction mixture

becomes homogeneous and the reverse reaction from B to A is fast.

O Ph

AgOTTf (10 mol %) 0
COOt-Bu pPPh; (20 mol %) %Noz
NO 3
ph X-NO2 4+ é/ COOt-Bu

H,O, rt, 24 h
_ . 90% vy, dr 80/20
Reaction in CH,Cl,, THF, no solvent: <10% vyield oy, ar

Scheme 2
o)
COOt-Bu Tor] -
Ot-Bu
P OO N p_ .0
C Ag OTf C _Ag
P/ P @) \O@ Y/,

B
O Ph \
NO, OtBu o X NO2
COOt-Bu P .-0=( " No,
TfOH < Ag
/@ N
P Y0

C

Scheme 3
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This reaction has been applied for the asymmetric version employing L-2 as

chiral source to afford the target products with up to 78% ee (Scheme 4).

O AgOTf (10mol %) Q@  Ph
gomeomel P(p-Toly),
CO,"-Bu L-2 (7.5 mol %) NO,
Ph/\/NOZ + co t'BU P(p_T0|y|)2
H,0, 4°C, 96 h 2 OO
(1.5 equiv) 71%y, dr 77/20, 78% ee (major)
L-2
S. Shirakawa, S. Kobayashi, Synlett 2006, 1410. (R)-Tol-BINAP

Scheme 4

7.1.3 Desymmetrization of Epoxides

This reaction condition has been subsequently used for the asymmetric

desymmetrization of epoxides with nitrogen nucleophiles using L-3 as chiral

source (Scheme 5). The reaction proceeds with high enantioselectivity and no

diol formation has been observed.

Ph L-3 (1.2 mol %)

PH Ph

Sc(DS)s (1 mol %) T
O + PhNH,
H,O, tt, 30 h

OH

NHPh

89% vy, 91% ee

C. Ogawa, S. Azoulay, S. Kobayashi, Heterocycles 2005, 66, 201.

Scheme 5
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The asymmetric desymmetrization of the epoxides is also successful with

indoles, alcohols and thiols with high enantioselectivities (Schemes 6 and 7).

Ph
O +

Ph
Ph._ .OH

Ph
\

NuH

Me

NH

71%y, 85% ee

L-3 (1.2 mol %)
WOH

Sc(DS); (1 mol %) Ph l
H,O, rt, 30 h Ph

NHPh

Ph

Ph

OH OMe
' Ph._ .OH

\
NH  Ph \

Br
Ph._.OH
Ph
S
63%y, 85% ee 62% y, 86% ee 59% Yy, 90% ee

M. Boudou, et al., Adv. Synth. Catal. 2006, 348, 2585.

Scheme 6

4'BrC6H4

4-BrCqH,

L-3 (6 mol %)

34%y, 86% ee Br

L-3 (6 mol %) 4-BrCgHy

SH Sc(DS)3 (5 mol %)
o +
MeO H,O, rt, 24 h

(3 equiv)

S. Azoulay, et al., Org. Lett. 2005, 7, 4593.

Ph Ph._.OH
OH Sc(DS); (5 mol %)
o+ [T
H,O, rt, 24 h Ph
P Br

4-BrCqH,

@)

S

70%y, 93% ee

Scheme 7
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7.1.4 Aldol Reaction

The reaction of silyl enol ethers with aldehydes has been demonstrated using
scandium trisdodecylsulfate (Sc(DS)3) as a Lewis acid as well as surfactant in
water (Scheme 8). The reaction is sluggish when Sc(OTf); is used as a catalyst.

In this process, the formation of stable emulsions takes place.

OH O

)Oi'\fﬂ% Catalyst (10 mol %)
PhCHO + NN Ph Ph
Ph H,O, 1t, 4 h

| Sc(DS)3; 92% yield )
Sc(OTf)3; 3% yield

Scheme 8
The reaction condition has also been further demonstrated for the
hydroxymethylation using ag HCHO with excellent enantioselectivity (Scheme
9).

L-3 or L-4 l\\lMl\ll
Sc(DS)3 (10 mol %) or p
00

OSiM63 SC[OgS(CH2)10CH3]3 (1'10 mol %) 0] =
1

/Z
" HN NH
ag. HCHO +R \%R3 additive HO%R?’
H,0O, 0.5 M, 5°C-rt, 20-110 h Rl R2

(5.0 equiv) R?

69-94% y
L-4
o o) O O O
HO HO
CH
\é@/ 3 \é@ HO/\:)J\Ph HO/\;)J\Ph HO%
\ ) ~ ) cl
81% vy, 91% ee 83% 'y, 94% ee 91%y, 91% ee 92%y, 90% ee 83% Yy, 90% ee
0 OH o OH o o] J< o) ><

Ho“;)k©/CH3 Hi‘j HOYJ\S Ho“ij\s

90% Yy, 92% ee 84% vy, 91% ee 82% Yy, 96% ee 73%y, 91% ee 65% vy, 90% ee

C. Bolm et al., Angew. Chem. Int. Ed. Engl. 1990, 29, 205.
D. Shang, et al., J. Org. Chem. 2008, 73, 630.

Scheme 9
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Problems

A. Complete the following reactions.

OSiMe;

ScLy o chiral Co(lll)Salen
1. ‘ Me + HCHO
3. |>\/CI HZO

Surfactant, Water

OSiMe;

, O:O chiral Co(lll)Salen . Me . HCHO ScL;
: H,O '

Surfactant, Water

B. Describe chiral Fe, Ti and Co-catalyzed asymmetric oxidations in water medium.

Reference/Text Book

1. |. Ojima, Catalytic Asymmetric Synthesis, 3" ed., Wiley, New Jersey, 2010.

2. M. B. Smith, Organic Synthesis, 2" edition, McGraw Hill, New Delhi, 2004.
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Lecture 26 Reactions in Nonconventional Conditions |1

7.1.4 Aldol Reaction

Silica gel-supported scandium (Silica-Sc) with ionic liquid, [DBIM]SBFe, is a
heterogeneous catalytic system works efficiently in Mukaiyama aldol reaction
in water (Schemes 1 and 2). The reaction proceeds efficiently in water medium
compared to that in organic solvents, without solvent or in the absence of ionic
liquid (IL).

SO3;0H
i. Toluene, 110 °C, 24 h o ﬁ
O-:Si
SO,CI @)
/\/©/ Silica-PhSO3;H
(MeO);Si

lon exchange capacity: 0.57 mmolH*/g
ii. 2N HySOy4, 12 h

SO;Na
i. INNaClag., 1 h o ﬁ
O-/Si
@)

ii. Neutralize topH =7.0 Silica-Na
by 0.1N NaOH aq.

SO4Sc(OTH),
Sc(OTf 0. &/©/
<O O—/Si
0

EtOH, 80°C, 20 h Silica-Sc

Scheme 1

Silica-Sc
OSiMe;  (0.27 mmol/g, 5.4 mol%) OH O

[DBIM]SbFg (30 wt %)
PhCHO + Z S SEt Ph SEt

Solvent 15 °C, 24 h

Solvent: Et,0O 22% yield
Hexane 26% yield
H,O 97% yield
H,O without Silica-Sc 0% yield
H,O without IL 31% yield
neat 25% vyield

Scheme 2
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Asymmetric version of the reaction has been subsequently developed

employing L-1 as chiral source with moderate enantioselectivity (Scheme 3).

L-1(6-6.5 mol %)
_ Silica-Sc 4(0.24-0.28 mmol/g, 5 mol%)
OSiMejz IL (50 wt %) o

aq.HCHO + .
e \/\Ph H,O, 35°C, 20-24 h HO%P*‘
(5 equiv) 2 '

@
/\/\N&N/\/\/\/\/\ 47% yleld, 49% ee

\—/ SbFS
®
ANOINTINT TN 28% yield, 66% ee
\—/ NT;
S0,Sc(0TH),
O\ /\/(j
é O-,Si
0
Silica-Sc
Scheme 3

7.1.5 Michael Reaction

Asymmetric Michael reaction of ketones with []-nitrostyrene has been studied

using proline derivative L-2 in brine with good enantioselectivity (Scheme 4).

0]
L-2 (10 mol %) E“’Hﬂ
r oSN, L

Ph CyoH

TFAbrine N 1o
. H -2
syn/anti = 95:5
93% y, 89% ee
Scheme 4
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7.1.6 Mannich Reaction
Asymmetirc Mannich reaction of aryl aldehydes, aryl amines and aliphatic
ketones occurs in water in the presence of threonine derivative L-3 with

excellent diastereoselectivity (Scheme 5).

OCH;

o Q O NHPMP
Y L-3(20 mol %) :
)S ¥ * H,O 24 h
, 1,
OBn NO, 2 OBn
NH,

NO,

OTBDPS
CO,H

NH,
L-3

90% vyield, syn/anti = 1:6, 93% ee ( anti)

Scheme 5

7.1.7 Addition Reactions of Alkynes

Propargylamines are important synthetic intermediates for the synthesis of
nitrogen containing compounds in organic synthesis. The direct alkyne-imine
addition can be accomplished employing chiral CuOTf-L-4 complex (Scheme
6). The method is simple and affords a diverse range of propargylic amines

with high enantioselectivity.

N

60% vyield, 91% ee

(@)
| CuOTf (10 mol %) . N N\?
—_— -
o Ph N Y
H,0, 35 °C, 2 days A -
Ph  ° Ph L-4 @

o o O I®
HN HN N HN

P Ph)\ Ph)\ N
Ph Ph Ph

H
S Ph
Cl Me
77% yield 82% yield 77% yield 74% yield
80% ee 83% ee 84% ee 85% ee

e

*

A
Ph

86% yield
81% ee

C. Wei, et al., J. Am. Chem. Soc. 2002, 124, 5638.

Scheme 6
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7.1.8 Pauson-Khand Reaction

Asymmetric Pauson-Khand reaction can be performed using chiral Rh
complexes in water. The complex derived from [RhCl(cod)], and (S)-tol-
BINAP has been found to be effective for the Pauson-Khand reaction
employing HCHO as CO source with good enantioselectivity (Scheme 7).
Chiral rhodium complex derived from [RhCl(cod)], and S-P-Phos has also been

used for the Pauson-Khand reaction with similar enantioselectivity (Scheme 8).

[RhCl(cod), (5 mol %)
(S)-tol-BINAP (10 mol %)

TPPTS (10 mol %) R

,— R SDS (0.1-0.2 equiv)
X + HCHO o X e}
\_\\ (5-20 equiv) H,0, 100 °C, 36 h 3
47-83% vyield
X= C(COsEt),, O, NTs 74-95% ee
R R Ph R

*

EtO,C
@) (0] (0] (0] (e TsN (0]
EtO,C P " n

R=Ph;83%y,81%ee R=Ph;61%y,93%ee 73%y, 94% ee R =Ph; 58%y, 91% ee
R=Bu;62%y, 87%ee R =Bu; 75%y, 95% ee R = Bu; 60% y, 92% e
R=Me;47%y, 91% ee

K. Fuji et al., Tetrahedron Lett. 2004, 45, 9163.

Scheme 7
\ /
[RhCI(cod)], (3 mol %) o O
L S-P-Phos (6 mol %) R o b O/
/—=——= R Cinnamylaldehyde /
@) R @) o
W H,0, 100°C, 36 h , PPh, PPh,
R
. . . . S-P-Phos
R= aromatic, aliphatic 49-93% vyield

R'= H,Me 74-95% ee
F. Y. Kwong, et al., Chem. Eur. J. 2005, 11, 3872.

Scheme 8
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7.2 Reactions in Fluorous Solvents

Fluorous solvents having suitable boiling and melting points can be used as
solvent. Importantly, the fluorous solvents are different from the corresponding
hydrocarbons and form two layers with conventional organic solvents. Thus,
some catalysts can be immobilized in fluorous solvents in biphase system and
can be recovered and recycled. In addition, in some combination, the fluorous
and organic solvents on heating are miscible at elevated temperature leading to
a homogeneous mixture, which, after the reaction, on cooling to room
temperature lead to the formation of a biphase system. The products stay in
organic phase and the catalysts move to fluorous phase that can be recovered

and recycled.
7.2.1 Cyclopropanation

Fluorous complex tetrakis-dirhodium(l1)-(S)-N-(n-perfluorooctylsulfonyl)
pollinate L-6 exhibits good chemo- and diastereoselectivity in cyclopropanation
of styrene (Scheme 9). The advantage of the protocol is that the catalyst can be

separated from the reaction mixture and recycled.

O_
L-6 (10 mol %) m

MeO,C, N _O0—

~Rh

~Rh

X Nps_Ph PFMC, 1t \ O
COzMe (CF2)7CF3

(10 equiv) 2%y, 62% ee

L-6

A. Biffis, et al., Org. Lett. 2005, 7, 1841.

Scheme 9
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7.3 Reactions in Supercritical Fluids (SCFs)

SCF is a substance above its critical temperature (Tc) and pressure (Pc), but
below the pressure condensation leads to a solid. At the critical point, high
temperature and pressure, the substance can exit both as a vapor and a liquid in
equilibrium. Thus, in a closed system, as both the temperature and pressure
increase, the liquid becomes less dense due to thermal expansion, and the gas
becomes dense as the pressure rises. Thus, the densities of both the phases
converge until they become identical at the critical point. At this point, both the
phases become indistinguishable and SCF is formed. In such SCF, a high
reactivity and selectivity are sometime observed.

Supercritical carbon dioxide (scCO;) offers the advantages that simple
depressurization leads to removal of the residual scCO,, and thus, no hazardous
solvent is produced, providing effective route for the separation of the products.
Thus the synthesis of organic compounds can be accomplished under solvent-
free conditions that find wide applications in pharmaceutical, food and cosmetic

industries.

7.3.1 Hydrogenation of Alkenes
Asymmetric hydrogenation of alkenes can be carried out in scCO; using chiral
Rh complex with good enantioselectivity (Scheme 10). The catalyst is dissolved

in scCO;, during the reaction making the process homogeneous.

= -+
o 0O Ar.  _Ar CF;

M RhL /U\/'\ OR, \ -

MeO CO,Me MeO CO,Me Q RH
H2 (30 barz, COZ OP’\ \
40-45°C Ar" CAr CF5
L. Lange, et al., Chirality 2000, 12, 450. Ar = @CH2CH2(CF2)GCF3
RheL
Scheme 10
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7.3.2 Cyclopropanation

The continuous flow of scCO, has been used for the asymmetric
cyclopropanation using an immobilized chiral Ru complex (Scheme 11). The
reaction has been reported 7.7 fold more efficient compared to that within
dichloromethane solvent. In addition, easy product separation and

environmental friendliness makes the process more attractive.

M. I. Burguete, et al., J. Org. Chem. 2007, 72, 4344.

Scheme 11

7.4 Reactions in lonic Liquid (IL)

lonic liquids are composed of ions having melting points below 100 ‘C. They
are nonvolatile and facilitate the recovery and recyclability of the catalysts.

Scheme 12 presents some the typical ILs.

X
| 1. . _R2
: @ R-NTINT
INRpH4.0] "X l}l/ )? \®/ X@
R
Alkyl ammonium salts N-alkylpyridinium salts N,N'-dialkylimidazolium salts
X = hal, BF,4, PFg, OTf, OAc, NTf,, SBFg, etc
R, 2 -R2 Abbreviations
N@ N .
\® / )éa C4C1|m . Rl = C4H9, R2 = CH3
C4Coim: Rt = C4Hg, R? = C,H5
C2C1im . Rl = C2H5, R2 = CH3

Scheme 12
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7.4.1 Hydrogenation of Alkenes

Asymmetric hydrogenation of alkenes using molecular hydrogen as hydrogen
source is one of the useful chemical transformation. For example, the chiral
rhodium complex Rh L-1 catalyses the hydrogenation of [J-acetoamide
cinnamic acid and related enamides with high enantioselectivity in IL
[C4Coim][PFg]. The catalyst can be reused and IL can suppress the catalyst

aging in some cases.

©/\( H, (2 bar), 25°C ©A(
NHAC ¢ Coim][PFg]-PrOH NHAc :
M ‘
83% conv., 93% ee

S. Guernik., et al., Chem. Commun. 2001, 2314.

co,Me RN L1 CO,Me E{ 5 Z Ej

Scheme 13
The modified rhodium complex bearing chiral diphosphine with imidazolium

moieties has been used as effective catalyst for hydrogen reaction in IL
(Scheme 14). The catalyst can be recovered and recycled without loss of

activity and selectivity.

0]

[Rh(cod) L](BF4)3 L =
H, (1 bar), 20°C K© /&,/\_/\ _~N N/\/\/N\/’@I)\
[C4Coim][PFl-PrOH Ph,P “—PPh,

NHA
NHAGC ¢ L

S. Lee, et al., Chem. Commun. 2003, 2624.

Scheme 14
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Problems

C. Write the major product for the following reactions.

*
. N,
Chiral RhL,, *
CO,H RhL,
1. A 2 4, + Ph)J\COZMe
Ho Fluorous solvent
lonic Liquid
s /= Ph Rps
CO,Me , . -0
%]\ Chiral RhL, HCHO, H,O
2. NH,OAc " AN
2
lonic Liquid
NHBn IrL,*
P
Ph™ Me H,, scCO,

Reference/Text Book

3. 1. Ojima, Catalytic Asymmetric Synthesis, 3" ed., Wiley, New Jersey, 2010.

4. M. B. Smith, Organic Synthesis, 2" edition, McGraw Hill, New Delhi, 2004.
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Lecture 27 Reactions in Nonconventional Conditions 111

7.4.1 Hydrogenation of Alkenes

The asymmetric hydrogenation of methyl acetamidiacrylate can be
accomplished in biphasic cosolvent/IL combination in the presence of chiral
rhodium complex bearing Josephose with imidazolium tag in tert-butyl methyl
ether/[bmim]BFs (Scheme 1). The presence of imidazolium tag in the
Josephose ligand enhances the affinity of the Rh complex for the IL and

suppresses the catalyst leaching. The catalyst can be recycled without loss of

activity.
Q(PCyz
R',P
CO,M CO,Me H H =\@
2Me  Rh(NOD),(BF,)s + L-1 or L-2 2 N~ N
R SIC 200, H, (1 bar), rt, 10 min R O  (CF3SOy):N

100% conv., 99% ee

R = NHAc, CH,CO,Me 1 BME/[omim|BF, L-1: (R)-(S) R = Ph
2:(

L-2: (R)-(S) R = 3,5-(CF3),CgH3

X. Feng et al., Adv. Synth. Catal. 2007, 349, 1803.

Scheme 1
The hydrogenation of tiglic acid has been successible using Ru-BINAP in

[bimm]PFs/H,O  with good enantioselectivity —(Scheme 2). The
enantioselectivity depends on the pressure of the reaction. At high pressure the
presence of water increases the enantioselectivity, but low pressure show no

effect.

/\(COZH Ru(O,CMe,)+(R)-tolBINAP, H,, (5 bar) CO,H
[C4C1im][PFg)/H,0 (3/2) /\F
Extract with scCO,
R. Noyori, et al., J. Am. Chem. Soc. 1987, 109, 5856. 99% conv., 85% ee

Scheme 2
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7.4.2 Diels-Alder Reaction

Copper(Il) bisoxazoline complex having imidazolium tag can catalyze the
Diels-Alder reaction of N-crotonyloxazolidinones with cyclopentadienes in
[C4C1im][NTF,] (Scheme 3). The catalyst can be recovered and recycled
without loss of activity and enantioselectivity at least 10 times. The presence of
imidazolium tag to bisoxazoline considerably enhances the recovery and reuse

of the catalyst from the IL.

o © L-3 (11 mol %) ; CHs
Cu(OTf), (10 mol %
H C/\)LNJ\O * @ el /‘/2)
3 . Solvent, rt of N o o
nd >
in [C4C4im][NTf5], 20 min 100% conv. 83% endo (95% ee) N g
in CH,ClI, for 2 h: NR But Bu
S. Doherty, et al.., Adv. Synth. Catal. 2007, 349, 951.
Scheme 3
7.4.3 Epoxidation
The epoxidation of alkenes using chiral Mn(l11) salen has been successful in a
mixture of [C4C,im][PFg]/CH,CI, (Scheme 4). Since IL is solidified at 0 °C, the
reaction requires CH,Cl, to form homogeneous solution. The catalyst and IL
can be recycled with slight drop in the enantioselectivity.
S
Bu

h ‘0 Bu Bu
1st: 86% Yy, 96% ee

(R,R)-MnL,, (4 mol %) =N N=
© NaCIo © M
Bu! ol o
% [C4C4im][PFg)/CH,CI, (1/4) E Cl
0°C, 2

C. E. Song, E. J. Roh,
Chem. Commun. 2000, 837.

2st: 73% Yy, 90% ee
3st: 73% y, 90% ee
4st: 60% y, 89% ee
5st: 53% vy, 88% ee

(R,R)-MnL,

Scheme 4
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The ring opening of epoxides with TMSN3; can be pursued using chiral

Cr(llhsalen complex

in [C4Ceim][OTf] and [C4Ciim][PF¢] at ambient

temperature (Scheme 5). The catalyst can be recycled up to five times without

loss of activity.

7.4.4 Epoxide Opening

Hydrolytic resolution of racemic epoxides is effective using chiral Co(ll)salen

complex in THF and [C4C,im][PF¢] with excellent enantioselectivity (Scheme

6). In this reaction, Co(ll) is oxidized to Co(lll) catalyzes the reaction. The

catalyst can be recycled 10 times without loss of activity and selectivity.

oA

C. R. Oh et al., Chem. Commun. 2003, 1100.

Me;SiNg _N\C N=
) 0 CSA TN
@ (R,R)-CrL,, (3 mol %) Q B I tay
[C4C1im][PFgl[C4C1im][OTf] = (5/1) N3~ OSiMe;MeOH N3 OH cl
0 20°C, 28 h 1st: 68% yield, 94% ee ‘Bu But
2st: 72% yield, 93% ee
3st: 85% yield, 93% ee (ReR)-CrL,
4st: 75% yield, 94% ee
5st: 76% yield, 93% ee
C. E. Song et al., Chem. Commun. 2000, 1743.
Scheme 5
HQ"'H
(R,R)-Col,, (0.5 mol %) =N, N=
OH Co
o H0 O B ; N\ t
cl el A= + CI\_A_OH| Bu o © Bu
~ THF-[C,C,im][PFg] 20°C, 24-48 h
>99% ee By But
even after 10th use of the catalyst
(R,R)-CoL,,

Scheme 6
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7.4.5 Dihydroxylation Reaction

The asymmetric dihydroxylation of trans-stilbene has been done using OsO4
(1.5 mol%) and L-3 (2 mol%) in the presence of N-methylmorpholine N-oxide
(NMO) (2.6 mol%) and [C4C1im][PF¢] (2 mL) in acetone-water (v/v, 10/1) at O
‘C. The catalyst can be recovered in IL and recycled up to three times without
significant loss of activity and with a small amount of OsO, leaching from the

IL to organic phase.

L- 27

7.4.6 Fluorination

Fluorination of -ketoester can be accomplished employing chiral Pd-BINAP in
[C4C1im][BF4]. (Scheme 7). The reaction proceeds smoothly with good
enantioselectivity and the catalyst can be recycled up to 10 times without slight

loss of activity.

o) H
o SO,Ph  PdL,, (2.5 mol % t P\ + 0 +/P
)S/COZtBU +OE-N @ R ph)Kﬁ COBu C JPd__Pd. ) )
Ph 'S0,ph  [CeCiimIBF ), 1t 60h ¢ ¢ PO P
s 20Tf"
(1.5 equiv) 93% y, 92% ee PdL,

9th: 86% y, 91% ee
10th: 67% Yy, 91% ee

CP _ P(3,5-Me,CgH3),
Np O O P(3,5-Me,CgH3),

Y. Hamashima et al., Chem. Pharm. Bull. 2006, 54, 1351.

Scheme 7
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7.5 Microwave-Assisted Reactions

The use of microwave irradiation can reduce the reaction time compared to the
conventional heating. Thus, sometimes, the side reactions can be minimized
with increase of the product yield. Thus, microwave assisted organic synthesis

has been widely accepted in academia as well as pharmaceutical industries.

Asymmetric allylic alkyaltions can be effective using chiral molybdenum
complex under microwave irradiation in THF (Scheme 8). For example,
carbonate reacts with dimethyl malonate with high enantioselectivity. Under

these conditions, palladium based system gives different regioisomer.

o

NH HN

/ N 7N\
N L N O O
[Mo(CO)g H3COJ\?)J\OCH3

87%, 98% ee

N
o)
[(Pd(n3-C3Hs)(n-Cl),] “~
“CH(CO,CHj),, BSA MOOHP’
THF,MW,120 W, 5 min 0~ “OCH;

73%

_CH(COZCH3)2, BSA,PPh3 (j/V/
/ THF, MW, 250 W, 5 min

N.-F. Kaiser, et al., Angew. Chem. Int. Ed. Engl. 2000, 39, 3595.

Scheme 8
Microwave irradiation has also been found to be effective for the arylation of
aromatic aldehydes with high enantioselectivity (Scheme 9). For example, the
reaction of arylboronic acid with aryl aldehydes in the presence of diethylzinc

and aziridine based ligand L5 gives arylated product with up to 98% ee. The
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reaction time can be decreased from 1 h to 15 min by changing conventional

heating to microwave irradiation.

i. MW, 60 ° C, 10 min/toluene

Ar'B(OH), + Et,Zn

ii. Ar’CHO, L-5 (10 mol %)

MW, 60 ° C, 5 min

OH

A

Arl7 = SAr2

6 examples

H

B‘Ph

/N
Trit

Trit = triphenylmethyl
L-5

(88-98%, 70-98% ee)

Ar1, Ar2 = CeH5, O-CH3C6H4, p-CH3CGH4,
p—C'CsH4, O-C|C6H4

Ar' Ar2 Yield [%] ee [%]
Ph O-C|06H4
Ph O-MeC6H4 gg gg
Ph p-CICgHy, 93 93
Ph p-MeC6H4 97 98
p-CICgH, Ph 90 89
p-MeCgH,  Ph 96 70

A. Braga, et al., J. Org. Chem. 2008, 73, 2879.

Scheme 9

Problems

A. Provide some examples for asymmetric Heck reaction in water.

B. Describe asymmetric organocatalysis in water.

C. Complete the following reactions.

OTf .
o R Pdbs
2. + —_—
o
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