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Highly enantioselective aza-Morita-Baylis-Hillman (aza-MBH)
reaction is one of the most important reactions for the
synthesis of optically active a-methylene-B-amino carbonyl
compounds. The use of chiral phosphines or amines as
organocatalysts can be envisaged for this catalytic
asymmetric reaction. This mini review focuses on the
important developments with regard to asymmetric aza-MBH
reactions catalyzed by chiral phosphines or amines or even
organometallic complexes in the recent decades and also on
the perspectives that these new developments offer.

1. Introduction

The carbon-carbon bond forming reaction is one of the most
fundamental reactions in organic synthesis due to its pivotal
role in building up various classes of carbon frameworks.
Thus, it has been an important challenging and a fascinating
area in organic chemistry.! Among these diverse carbon-
carbon bond forming reactions, the Morita-Baylis-Hillman
(MBH) reaction has received remarkable and increasing
interest since it is well equipped with these important
concepts of atom economy and organocatalysis. The classical
MBH reaction can be accomplished by addition of a,f-
unsaturated carbonyl compounds to aldehydes in the presence
of tertiary phosphine or amine, giving densely functionalized
a-methylene-B-hydroxycarbonyl compounds (Scheme 1, X =
0). Instead of aldehydes, imines are also suitable for this
reaction if they can be appropriately activated, leading to a-
methylene-B-amino carbonyl compounds smoothly, and the
process of this case is commonly referred to as the aza-
Morita-Baylis-Hillman (aza-MBH) reaction. The origin of
Morita-Baylis- Hillman reaction can be dated back to 1968 to

X EWG XH

W
)]\ . ‘r tert. amine or phosphine RWEWG
R’ R'

R = aryl, alkyl, heteroaryl, etc.; R' = H, CO,R", alkyl, etc.
X=0, NCO,R", NSOLAT, etc.
EWG = COR", CHO, CN, CO,R", PO(OEt),, SO,Ph, SO3Ph, SOPh, etc.

Scheme 1 Tertiary amine or phosphine-catalyzed MBH or
aza-MBH reaction.
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a pioneering report presented by Morita (phosphine catalyzed
reaction)? and then Baylis and Hillman described a similar
amine catalyzed reaction in 1972.% However, it has been
ignored by organic chemists for almost a decade after its
discovery. Since the mid-1990s, more and more research
groups have initiated their work on different facets of this
reaction, involving the scope of the substrates, novel catalysts
including chiral catalysts, understanding the mechanism and
various synthetic applications of MBH adducts.* In this mini
review, we wish to discuss organocatalytic or organometallic
complex-catalyzed asymmetric aza-MBH reaction briefly and
we hope that this article can also direct the reader to several
exhaustive reviews that have been published for more detailed
information.

2. Asymmetric aza-MBH reaction of aldimines
2.1 Amine-catalyzed asymmetric aza-MBH reactions

The chiral tertiary amine catalysts based on the quinidine

framework such as B-ICD for asymmetric MBH/aza-MBH
reaction have been intensively investigated. In 1999,
Hatakeyama and co-workers employed a modified cinchona
alkaloid p-ICD as the base-catalyst for the first highly
enantioselective organocatalyzed MBH reaction of aliphatic
aldehydes with the highly reactive Michael acceptor,
1,1,1,3,3,3-hexafluoroisopropyl acrylate.5a This important
finding then sparked the catalytic asymmetric MBH reactions.
In 2002, we reported the first example of highly
enantioselective aza-MBH reactions of aromatic aldimines
with MVK (methyl vinyl ketone)/methyl acrylate/acrylonitrile
catalyzed by g-ICD, providing thus by far the highest ee
values for aza-MBH reaction (Scheme 2.11).%° Concerning
aliphatic imines, however, complicated unidentified products
rather than normal aza-MBH adducts were obtained under the
standard conditions.

This journal is © The Royal Society of Chemistry [year]
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TsHN methyl acrylate T, MVK TsHN O

s N
o~ COMe _ACD (10 moi%) IN B-1CD (10 mol%) N )ﬁﬁk
r -~ L e
/\’T DCM, 0 °C H” Mar CH:CN/DMF = 1:1
1 32-72h -30°C, 24 h 2
yield: 58-87% p-icD | acrylonitrile yield: 54-80%

ee: 46-99% (R)

ee: 70-83% (S)

(10 mol%) | Ar = Ph, 0 °C

TsHN

A_CN
Ar/\”/
3

solvent: DCM, 55% vyield, 35% ee
THF, 68% yield, 34% ee

Scheme 2.11 Asymmetric aza-MBH of N-tosylimines with
MV K/methyl acrylate/acrylonitrile catalyzed by g-1CD.

s Hatakeyama and co-workers almost simultaneously reported
the p-ICD-catalyzed aza-MBH reaction of various aryl
diphenylphosphinoyl imines 4 with 1,1,1,3,3,3-
hexafluoroisopropyl acrylate (HFIPA) 5 in DMF at low
temperature, producing (S)-adducts 6 in up to 97% yields with

10 high ee values, in contrast to the MBH reactions of aldehydes
with 5, which afford (R)-selectivity.®® Moreover, to
demonstrate the synthetic utility of the products, sequences of
transformations were conducted for synthesis of g-lactam 7
(Scheme 2.12).%°

15

p-lcD
(10 mol%) NH O
0, :
Py +| 0" >CF;  DMF Ar

5 -55°C

_P(O)Ph, O CF; Pha(O)P~

Ar = 4-0,NPh, Ph, 4-MeOPh, T-naphthyl  42.97% yield, 54-73% ee

32-57% vyield, 93-100% ee (after recryst)

Scheme 2.12 g-1CD-catalyzed aza-MBH reaction of 4 with 5.

Soon after shi’s report, Adolfsson and co-workers

20 demonstrated the use of chiral quinuclidine-derivative g-1CD
as catalyst in the one-pot, three-component aza-MBH rection,
leading to the desired products in moderate to good yields
with high ee values (Scheme 2.13).”

p-ICD (15mol%) TsHN O

) O TI(OPr) (2 mol%) )\(\L
— = Ar OR
Ar)kH + TsNHy + \)I\OR 4AMS, THF
- 48 h, rt 8
Ar=Ph,3:NO,ph, R -Me Bu 12-95% yield
3-CIPh, 2-naphthyl, 2- 49-74% ee

furyl, 2-pirydyl, 4-NO,
Scheme 2.13 p-ICD-catalyzed three-component aza-MBH
reaction.

Due to the fact that a different stereochemistry for the aza-
% MBH reaction involving different Michael acceptors was
observed,® we reinvestigated systematically the reaction of N-
sulfonated imines with different activated olefins. It was
found that the aza-MBH reaction of N-sulfonated imines with
phenyl acrylate, a-naphthyl acrylate, acrolein or acrylonitrile
3 catalyzed by g-1CD afforded (S)-enriched adducts 10, 11 and
12, respectively (Scheme 2.14).% Acrylonitrile is less reactive
than acrolein, phenyl acrylate and a-naphthyl acrylate, and a
higher temperature (0 °C) is required for its reaction, giving
the desired products 12 in lower yields (43-55%) and
40 moderate ee values (35-40%).
Notably, when methyl or ethyl vinyl ketone was subjected to

this reaction in DMF-MeCN (1:1) mixtures at low temperature
(-30 °C), (R)-adducts were observed, which is opposite to the
aza-MBH reaction of N-sulfonated imines with phenyl

ss acrylate, a-naphthyl acrylate, acrolein or acrylonitrile. N-
Mesyl or N-SES-protected imines gave the similar results
(Scheme 2.15).2

Ts,

_pCD (10 mol%) NH O
)\ Hk T MecN ArfshHLO’R
-20°Cor0°C

10
Ar =P, Meph’3 MePh, R' = Ph, 67-84% yield, 67-82%

-FPh, 2,3-Cl,Ph = o yie b ee

s »23-Cly R' = 1-Naphthyl, 85% yield, 80% ee (Ar = Ph)

Ts,

NH O

EWG=CHO_  Ar=Ph, 4-MePh, 4-CIPh,
r - - -
pacp | THF.25 oc . AT(S) 4-FPh, 3-CIPh, 4-BrPh
T -
NS EWG (10 mol%) 1
Mo W — 57-72% yield, 83-89% ee

Ar H Ts.
EWG =CN NH
DCM, 0°C CN Ar = Ph, 4-EtPh

Ar (S)
12
43-55% yield, 35-40% ee
Scheme 2.14 p-ICD-catalyzed aza-MBH reactions of N-
sulfonated imines with acrylates, acrolein or acrylonitrile.

5

o

Ts,

NH O
X=Ts,R=Et
= AR Bt
MeCN/DMF = 1:1 Ar = Ph, 4-MePh, 4-CIPh,

X o) p-ICD -30°C 13 4-FPh

)Nl\’ . HkR (10 mol%) 46-54% yield, 82-94% ee
Ar H |

X
R =Me, Ar = Ph NH O
(~mre T,
MeCN/DMF = 1:1 Ar(R) X = Ms, SES
-30°C

14
58-71% yield, 80-89% ee

Scheme 2.15 p-ICD-catalyzed aza-MBH reactions of imines
ss with alkyl vinyl ketones.

In 2005, Sasai and co-workers designed and synthesized an
efficient and novel bifunctional organocatalyst 15 for the
enantioselective aza-MBH reaction for the first time. They
found that the reaction outcomes were deeply influenced by
the position of the Lewis base attached to BINOL and the
acid-base-mediated functionalities for the activation of the
substrate and the fixing of conformation of the organocatalyst
are harmoniously performed to promote the reaction with high
enantiocontrol (Scheme 2.16).°

6

S

6

@

) R —
" U
O NHTs; N—O
NS \)(J)\ 15 (10 mol%) , : 1: \
R ‘
R1J'\H * " R? toluene:CPME (1:9) R RU OH

-15°C
R' = 4-CIPh, 3-CIPh, 4-BrPh, 4-MeOPh,
2-furyl, 2-naphthyl
R? = Et, Me, H
Scheme 2.16 Bifunctional organocatalysts for the asymmetric
aza-MBH reaction
70
Although -1CD demonstrated as an efficient catalyst in aza-
MBH reaction, the substrate scopes are only limited to
arylaldimines. To resolve this problem, Masson and Zhu et al.
developed a novel bifunctional catalyst 17 derived from g-
75 ICD, which in combination with g-naphthol served as a highly

: OH
% e OO
88-99% yield !

87-95% ee 15:R = jPr

2 | Journal Name, [year], [vol], 00—00
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effective dual catalyst for the asymmetric aza-MBH reaction,
leading to the corresponding adducts in high yields and
enantioselectivities in most cases of aromatic imines.'® As for
aliphatic N-sulfonated imines, the reactions could also
s proceed smoothly to give the desired products in moderate
yields (38-57%) with high ee values (84-87%) for the first
time. It was assumed that the pairing of cooperative H-bond is
important and nucleophilic addition of the (Z)-enolate onto the
re-face of the (E)-imine via the less crowded transition state
10 TS-1 was proposed to account for the observed (S)-
enantioselectivity in the adduct 19 (Scheme 2.17).1°

N PMP__2

H S.
NHBoc N
NH O
“ PMP ” 17 (10 mol%) ° 3
ru\ 2-naphthol (10 mol%), DCM R o
19

= arvl. 30 °C. 47-
R = Ph, 4-CIPh, 4-MePh, 4-NO,Ph, 4-MeOPh, 3-BrPh, forR N aryl, -30°C, 047 80h,
3-MePh, 2,6-Me,Ph, 3-furyl, cinnnamyl, 2-naphthyl, 52-95% yield, 805‘98 % ee
Ph(CH,),, n-pentyl, n-Bu, i-PrCH,, c-hexylCH, forR=alkyl, 0°C, 24 h,
38-57% yield, 84-87% ee

NHBoc TS-1

Scheme 2.17 Asymmetric aza-MBH reactions of imines 18
15 with B-naphthyl acrylate.

On the basis of above mechanistic assumption, the author
assumed that this dual catalytic system should favor the (S)-
aza-MBH product regardless of the nature of Michael
acceptor used. Therefore, they developed a new g-ICD-amide
catalyst 20 to investigate the reaction between N-tosylimine
and alkyl vinyl ketone and found that an achiral protic
additive was capable of inversing the g-ICD and g-ICD-amide
catalyzed enantioselective aza-MBH reaction between N-
sulfonylimines and MVK/EVK, therefore providing another
solution to the enantio-complementarity associated with this

family of catalysts (Scheme 2.18).'*

2

S

2!

G

PMP._ S//O
20a (10 mol%), g NH O
Q PP 2-naphthol (10 mol%) R ~ Rr2
s aromatic imines: -50 °C
N0 | aliphatic imines: 0 °C, 4A MS (5121
R H 36-96% yield, 81-96% ee ! N
. ;
o PP s'ﬁo :
HLRz 20a or A-ICD (10 mol%) dNH O i
I DMF/MeCN (1/1), -30 °C R’ R?
Ar = p-methoxyphenyl O
R = 4-MeCqHy, 4-MeOCgHy, 4-F3CCqHy, 4-CICeH,, ®21 %

3-BrCqHy, 2-BrCgHy, PACH=CH, CgHs, iPrCH,,
c-hexylCH,, n-butyl, Ph(CH,),, n-pentyl

59% yield, 89% ee | O
R? = Me, Et

Scheme 2.18 Asymmetric aza-MBH reactions of N-sulfonated
imines with alkyl vinyl ketones.

3

S

Subsequently, Zhu’s group reported another A-ICD-amide
catalyzed and B-naphthol co-catalyzed aza-MBH reaction

s using readily available a-amidosulfones 22 as substrates to
afford uniformly the (S)-adducts 23 in high vyields and
excellent enantioselectivities (Scheme 2.19).'% At almost the
same time, we demonstrated the similar asymmetric aza-MBH
reaction of N-protected imines 24 or N-protected o-

40 amidoalkyl phenyl sulfones 22 with MVK or EVK catalyzed
by p-ICD, affording highly enantioselective aza-MBH
products 25 in good yields with high enantioselectivities
(Scheme 2.190).%3

o 20 (10 mol %), R20,SHN O
NHSO,R? 2-naphthol (10 mol %) 1 3
A + R® R R
R' > S0,Ph ‘ CH,Clp, 4A MS
22 (S)-23
R = alkd 54-99% yield, 87-94% ee
= alkyl group
3 = OAr, Me, H

R? = p-methoxyphenyl (PMP),
2-trimethylsilylethyl

20a Ar = 9-anthracenyl
20b Ar = Ph

Scheme 2.19 Asymmetric aza-MBH reaction of 22 with
activated olefins.

o PG PeH o
R N B-ICD (10 mol%)
+ _—
\ Ar o 19 T CH,CNdioxane = 12, AT R
24 rt, 48 h

R = Me, Et 52-82% yield, 60-94% ee

Ar = 4-F3CCgHy, 4-FCgH,, 4-BrCegHy,
4-MeOCgH,, 4-MeCgHy, 3-MeCgH,,
3-CICgHy, 2-MeOCgHy, 4-CICgH,,
2-furyl, CgHs
so Scheme 2.190 Asymmetric aza-MBH reactions of imines with

MVK or EVK catalyzed by g-ICD.

Chiral thiourea is also an efficient catalyst for the aza-MBH
reaction in the presence of achiral nucleophilic additive,

ss Nagasawa and coworkers first reported a highly efficient
chiral thiourea catalyst for the enantioselective MBH reaction
in 2004.*% Subsequently, Jacobsen and coworkers reported a
chiral thiourea catalyst 26 combined with a stoichiometric
amount of DABCO for highly enantioselective aza-MBH

e reaction of nosylimines with methyl acrylate, affording the
desired products in high ee values (Scheme 2.191).4°

Ns '
Ns HN i Me )SL
N CO,Me 26 (10 mol%) ‘N
. ‘r — COMeign " NN
N DABCO (1 eq), 3A MS : 6 H H

xylenes, 4 °C

: XN
’ 27 | HO
25-49% yield !
Ph, 3-MePh, 4-CIPh, 3-CIPh, 3-BrPh, 87-99% ee '
1-naphthyl, 2-thiophenyl, 2-furyl | 26 t-Bu t-Bu

Scheme 2.191 Highly enantioselective aza-MBH reaction
catalyzed by chiral thiourea and DABCO.

6!

@

2.2 Phosphine-catalyzed asymmetric aza-MBH
reaction

Chiral phosphines have been intensively used as efficient
organocatalysts in MBH/aza-MBH reactions.” In 2003, we
first demonstrated that chiral LBBA (Lewis base and Brensted
acid) bifunctional phosphine CP1 derived from 1,1’-bi-2,2’-
naphthol (BINOL) could catalyze the aza-MBH reaction of N-
75 tosylimines with activated olefins effectively, affording the

7
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corresponding adducts 28, 29, 30 and 31 in good yields with
high ee values, respectively (Scheme 2.21).1® The addition of
molecular sieves increased chemical yields because they could
remove the ambient moisture that caused the decomposition of
N-sulfonated imines. It was found that the presence of a
phenolic hydroxyl group in catalyst CP1 plays a crucial role
in this reaction and the phosphine catalyst without phenol
moiety could not catalyze this reaction smoothly. We have
proposed a detailed mechanism to rationalize the
stereochemistry of the produced adducts. The reaction might
be initiated by nucleophilic addition of phosphorus centre in
the catalyst CP1 to MVK, and the phenolic OH group acts as
Bronsted acid to stabilize the in situ formed key zwitterionic
intermediate A and reaction intermediate B through hydrogen
bond. Subsequent hydrogen transfer and B-elimination
produces the desired products (Scheme 2.22).* Notably, the
key enolate intermediate A, which was stabilized by
intramolecular hydrogen bonding, has been observed by 3P
and 'H NMR spectroscopy. During the investigations on aza-
MBH reaction, we found that catalyst CP1 also demonstrated
good asymmetric induction for the aza-MBH reaction of ethyl
(arylimino)acetates with MVVK or EVK under mild conditions
to give the corresponding adducts in moderate to high yields
as well as good to high enantioselectivities,'” however,
Catalysts CP1 could not give good enantiomeric excess in the
reaction of N-(arylmethylene)diphenylphosphinamides with
various activated olefins such as phenyl acrylate, acrylonitrile
or MVK.*®

¥ R=OAr (Ar=Ph, 1-
N ] OAr naphthyl, 2-naphthyl)
S o
2 40°C,DCM, 12h

49-97% yields
52-77% ee
Ts

R =Me, THF,
or 4AMS x—/ ‘
—
-30 °C or -20 °C X
12-36 h

SO
C

CP1 (10 mol%)

29
26-94% yields, 61-95% ee
with MS: 82-96% yields, 79-92% ee

R =Et, THF,

2 \)CJ)\ 4AMS
- = Et
xL + N
©/\ R 30°Cor20c X

24 hto7 days 31
17-78% yields
80-91% ee

X =H, 4-Me, 4-Et, 4-F, 4-Cl, 4-Br, 3-Cl, 3-F,

74-99% yields 4-NO,, 3-NO,, 2-Cl, 2-NOy, (E)-PhCH=CH-

76-86% ee

Scheme 2.21 CP1-catalyzed asymmetric aza-MBH reactions.

= TsHN o
o _AICH=NTs
PPh2

Scheme 2.22 Detalled mechanism of aza-MBH
catalyzed by CP1.

Bronsted acid

Pph2
Lew\s base

reaction

Having identified CP1 as an effective catalyst for the aza-
MBH reaction,'® we envisaged that replacing the phenol group
in catalyst CP1 with other groups such as a (thio-)urea might
also give good reaction outcomes, because acidic NH protons
are good hydrogen-bonding donors for hydrogen bond
formation, which can also stabilize the similar intermediates
in aza-MBH reaction.’® As hypothesized, the chiral
phosphine-thiourea CP2 in combination with benzoic acid
indeed proved to be a very successfully catalytic system for
aza-MBH reaction of N-tosylimines with MVK, EVK, PVK or
acrolein, 67-97% ee and 61-98% yields of the corresponding
adducts 32 were obtained (Scheme 2.23).%° To the best of our
knowledge, this was the first report on the synthesis and
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application of chiral
asymmetric catalysis.

phosphine-thiourea catalysts in

i BN GON!
CP2 (10 mol%) H : _Ph
1CH=| 1 ' N” "N
RICH=NTs + \)J\Rz R YL N

RZ:
5 mol% PhCO,H !

: H
DCM, rt, 3-80 h : PPh,
32 :

61-98% yield
67-97%ee CP2

R = cinnamyl and various aryl groups
R? = H, Me, Et, Ph

Scheme 2.23 CP2-catalyzed asymmetric azé-MBH reactions.

Subsequently, to further improve the catalytic activity and
enantioselectivity, we developed a series of bifunctional chiral
phosphine-amide catalysts,?* and found that catalyst CP3 with
a moderate acidic amide proton displayed the best asymmetric
induction for aza-MBH reaction of N-sulfonated imines with
MVK or EVK (Scheme 2.24).2' We also designed and
synthesized  sterically congested bifunctional chiral
phosphine-amide catalysts?? and investigated their application
in the asymmetric aza-MBH reactions of N-sulfonated imines
with MVK or EVK under mild conditions. The corresponding
aza-MBH adducts 33 can be obtained in good-to-excellent
yields and moderate-to-good enantioselectivities.??

Ts.

" 200
N Ri NHAC
P :

SNTS CP3 (10 mol%
x£ ] A oo g
: l g PPh,

A DCE, rtor
R = Me, Et DCM, 0 °C 33
X =H, 4-Br, 4-NO,, 2-NO,, 80-99% yield |
3-NO,, 2-Cl, 4-Cl, 3-Cl, 4-F, 51-91% ee CP3

3-F, 4-MeO, 4-Me
Scheme 2.24 CP3-catalyzed asymmetric aza-MBH reactions.

Inspired by the observation that long perfluoroalkane chains,
so called “pony” tails, in a variety of chiral ligands can
improve the enantioselectivities under identical conditions.?®
We also synthesized chiral phosphine Lewis bases CP4 and
CP5 bearing long perfluoroalkane chains as “pony tails” and
investigated their performance in catalytic asymmetric aza-
MBH reaction. Indeed, catalyst CP5 was more effective in the
aza-MBH reaction of N-sulfonated imines with MVK than the
previously reported chiral phosphine CP1. The performance
of catalyst CP4 was not so impressive presumably due to the
steric bulkiness (Scheme 2.25).%*

R

o Temm W R
mol7o H
AR -
N + \ —_—
A S s Arﬁ(g
15°C, 12-48 h 34

Ar = 4-CIPh, 4-FPh, 4-BrPh,
4-NO,Ph, 3-FPh, 3-NO,Ph,
Ph, 2-CIPh, (E)-PhCH=CH

CP4: 53-88% yield, 52-82% ee (15 °C)
CP5: 69-98% yield, 71-95% ee (-20 °C)

(CeF13C2H,4)3Si CsF13
: : :Pth : : PPh,
(CeF13C2H4)3Si CeF13
Scheme 2.25 CP4 or CP5-cataIyzed aza-MBH reactions.

In our previous report of chiral phosphine Lewis base CP1-
catalyzed asymmetric aza-MBH reactions, we also disclosed that

4 | Journal Name, [year], [vol], 00—00
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a phenolic hydroxy group played a key role in this bifunctional
organocatalyst, with intramolecular hydrogen bonding affording
the corresponding aza-MBH adduct in high ee.!® We envisioned
that increasing the number of hydrogen bond donating groups can
significantly stabilize the key phosphonium enolate and produce
the corresponding adducts in good yields and high ee. Herein, we
synthesized chiral phosphine catalyst CP6 bearing multiple
phenol groups, and it was found that in the aza-MBH reaction of
N-sulfonated aldimines with MVK using CP6, the corresponding
adducts 35 can be obtained in >90% ee and good to high yields at
-20 °C or room temperature (25 °C) in THF for most of the
substrates using MVK, EVK, or acrolein as a Michael acceptor
(Scheme 2.26).2° On basis of the same hypothesis, Sasai,?® Ito,?
and Liu®*%" independently reported multifunctional catalysts
derived from BINOL for the asymmetric aza-MBH reaction,
affording the corresponding adducts in good yields and high ee
values.

Catalyst CP1 demonstrated as an efficient catalyst in aza-MBH
reaction of N-tosylimines with MVK and phenyl acrylate.
Recently, we also reported the asymmetric aza-MBH reaction of
N-protected a-amidoalkyl phenyl sulfones 36 with MVK
catalyzed by catalyst CP1, affording the corresponding aza-MBH
products 37 in good yields with high enantioselectivities (Scheme
2.27).7 the reaction was found to be general with respect to
25 various a-amidoalkyl phenyl sulfones. Later, Sasai reported the
first domino process based on the aza-MBH reaction catalyzed by
bifunctional chiral phosphine (S)-CP1, affording 1,3-
disubstituted isoindolines 40 in good yields with excellent
diastereo- and enantioselectivities (up to 93% ee).?® The author
proposed that this reaction might proceed via a tandem aza-
MBH/intramolecular aza-Michael reaction sequence (Scheme
2.28).

R'HN o
o
CP6 (10 mol%) OO OO
Ar-CH=NR' + \)J\ —_CPoUomot) YL OH HO

R? THF, -20-25 °C, 4-48 h

PPh, HO
Ar = Ph, 4-MePh, 4-EtPh, 3-FPh, 4-FPh, 4-CIPh, 2+ 67.97% yieids| OO OO

CIPh, 3-CIPh, 4-BrPh, 2-NO,Ph, 3-NO,Ph, 4- 72-96% ee |
NO,Ph, PhCH=CH :
R'=Ts, Ms; R? = H, Me, Et

Scheme 2.26 Asymmetric aza-MBH reaction catalyzed by CP6.

o

1

15}

1!

o

2

S

3

S
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NH O
Q )"TPG CP1 (10 mol%)
A il A
ﬁj\ * Ar SO,Ph  chloroform:H,0 = 20:1, Ar
-20°C, 48 h
36 37

PG = Boc, Bz, CO,Et .
Ar = 4-F3CCgHy, 3-MeCgH,, 3-CICgH,, 2-MeOCgH,, 51-98% vield, 57-93% ee
2-CICgHy, 2-furyl

Scheme 2.27 CP1-catalyzed asymmetric aza-MBH reactions.

R'I
NTs o

o R2s | R2 H
XY S)-CP1 (10 mol% AN

R1JH 7 _(SXCP1 (10 mal%) _ NTs
| NN~ | CHCly, 10°C, 72 h A~
s %
38 39 CO,R? 40 —CO.R?
R' = Me, Et, R? = H, 5-Me, 5-F, 5-Cl, 6-Cl; 49-98% yield,
68-93% ee

Ph,H, OPh  R®=Me, Et, Bn, Me
Scheme 2.28 CP1-catalyzed asymmetric domino reaction.

40

Very recently, Lu’s group designed and prepared a novel

bifunctional phosphine-sulfonamide organic catalyst CP7 derived
s from L-threonine. CP7 was found to be an efficient catalyst for
the asymmetric aza-MBH reaction of N-sulfonylimines with -
naphthyl acrylate. Notably, the ortho-substituted aromatic imines,
which are well-known to be difficult substrates for aza-MBH
reaction, were found to be suitable substrate in this reaction, and
the products 42 were obtained in nearly quantitative yields and
with up to 97% ee. These results represent by far the best
enantioselectivities attainable for the ortho-substituted substrates
in the aza-MBH reaction (Scheme 2.29).2% This catalyst can be
also used for the catalytic asymmetric MBH reaction using
aldehydes as electrophiles.?® Later, Sasai and co-workers have
developed a novel spiro-type bifunctional organocatalyst CP8
having Lewis base and Bremsted acid moieties for the
enantioselective aza-MBH reaction. This bifunctional spiro-
phosphine catalyst CP8 was found to have high asymmetric
induction to yield aza-MBH products (Scheme 2.210).%

5

=)

5!

o

6

S

PPh,

PMPO,S..
0P _CPT(20mol %) _ e ” ly)\

”\ + “THF, 30°C, 48 h

R = CgHs, 4-MeCqHy, 4-EtCgHg, 4-FCoHy, 4- PMP = p- me‘mxyphe"y' 3 NHTs
BrCgHy, 4-CICgHy, 4-F5CCqhHy, 4-O,NCgHy, 3- 76-96% yield, :
MeCgHg, 3-CICgHj, 2-F3CCqHj, 2-CICgH,, 2- 88-97% ee : cP7
BrCgHy, 2-FCgHy, 2-furyl, 2-thiophenyl, 2-naphthyl )

Scheme 2.29 CP7-catalyzed asymmetric aza-MBH reactlon

o O NHTs |
CP8 (10 mol%)

R NTs
+ — "
| l CHCl3, -10 °C, MS 3A
R2

R" = Me, Et

R? = 4-CICgHj, 3-CICgHy, 2-CICgH,,
4-BrCgHy, 4-FCgHy, 4-NCCgH,, 3-NCCgHy,
2-NCCgHy, CgHs, 2-naphthyl

Scheme 2.210 CP8-catalyzed asymmetric aza-MBH reaction.

R! R?

43

73-99% yield, |
85-98% ee

65

2.3 Metal-catalyzed asymmetric aza-MBH reaction

7 In 2010, Matsunaga, Berkessel and Shibasaki found that
La(0-iPr)3/(S,S)-TMS-linked-BINOL 45 complex combined
with a catalytic amount of DABCO could efficiently catalyze
the aza-MBH reaction of N-diphenylphosphinoyl imines 44
with methyl acrylate.®® The La(O-iPr)/(S,S)-TMS-linked-

75 BINOL 45/DABCO system was applicable to a broad range of
aryl, heteroaryl, alkenyl, and alkyl imines at ambient
temperature, giving the desired products 46 in 67-99% vyields
and 81-98% ee values (Scheme 2.31). Kinetic studies pointed
out the importance of both the nucleophilicity of La-enolate

s and the Brensted basicity of a La-catalyst for promoting the
reaction.

This journal is © The Royal Society of Chemistry [year]

Journal Name, [year], [vol], 00-00 | 5



P OO~NOUILAWNPE

3

35

40

Organic Chemistry Frontiers

(S,5)-45(10 mol%)
o La(0-Pr); (10 mol%) O
PPh, O DABCO (20 mol%)  Ph,P..
N ArOH (10 mol%)
/.

P ’)J\OMe

weool

44

R = CgHs, 2-MeCgHj, 3-MeCgHy, 4-
MeCgHj, 3-MeOCgHj, 3-FCgH,, 4-FCqHy,
4-CICgHj, 4-BrCqHj, 4-NCCgHj, 2-furyl, 2-
thienyl, 3-furyl, 3-thienyl,

NH O TMS

OO OO "
OH HO
OO e OO
'TMS ™S

(S.5)-45

R THF, 1t

77 99“/ yield,
81-95% ee

Ar = 4,4'-thiobis(6-t-Bu-m-cresol)
o

67-89% yield, !
89-98% ee

R = cyclopropyl, PhCH,CH,, n-Pr, i-Bu,
c-hexylCH,, c-hexyl,

4

o} I\

Scheme 2.31 Catalytic asymmetric aza-MBH reaction of
various N-Dpp imines with methyl acrylate.

On basis of the same hypothesis, Sibata and coworkers have
developed the first highly enantioselective aza-MBH reaction
of acrylonitrile with sulfonated imines using chiral pincer type
Pd complexes of 1,3-bis(imidazolin-2-yl)benzene bearing a
sterically bulky substituents with a catalytic amount of
DABCO. A range of imines can be tolerated in this aza-MBH
reaction to give the desired products in good yields with good

ee values (Scheme 2.32).%
e W/Q\( N
_CN: N N
R \ Arim. | | Ar
/\H/ 1 §/N ++Pd---N—/
Br Ar

43 Ar
75-98% vyield! 47
76-98% ee |

47 (5 mol%)

N _Ts AgOAc (5 mol%)
DABCO (5 mol%

/‘k + ZeN _ DABCO (5mol%)

R”H iPrCN, 4A MS, -10 °C

R = Ph, 4-FPh, 3-FPh, 2-FPh, 3,5-F,Ph,
4-CIPh, 4-CIPh, 4-MeOPh, 3-MeOPh, 1-
CqoH7, 2-C4oH7, 2-C4H30, 2-C4H30, 2-
C4H3S, 2-C4H3S

Scheme 2.32 Enantioselective aza-MBH reaction catalyzed by
palladium(11) pincer complexes.

2.4 Appendix

Although chiral organocatalyzed or organometallic complex-
catalyzed aza-MBH reactions have been extensively
investigated in the recent decades, other methdology for
enantioselective aza-MBH reaction has been also emerging as
an important alternative.® In 2006, Leitner and co-workers
reported the first example of asymmetric aza-MBH reaction in
which a chiral reaction medium could induce a high level of
enantioselectivity. Using a specifically designed ionic liquid
with a chiral anion as the only source of chirality, the desired
aza-MBH reaction products were obtained in up to 84% ee

value (Scheme 2.41).%

MtoAl®

O PPhs (10 mol%)

TsHN
49 (10 mol%)
THF

B G

to 849
X = Br, Me, NO, upto A’ e

Scheme 2.41 Highly enantioselective aza-MBH reaction in a
chiral reaction medium

3. Asymmetric aza-MBH reaction of ketimines

In 2010, our group and other groups independently reported the
MBH reaction of N-protected isatins with electron-deficient
alkenes to construct 3-substituted 3-hydroxyoxindoles in good

4

5

5

61

6

7

o

0

a

S

5

1=}

yields and excellent enantioselectivities.?® Based on this work, we
speculated that the chiral 3-aminooxindoles could be achieved via
the similar strategy. Indeed, the asymmetric aza-MBH reaction of
isatin-derived N-Boc ketimines 51 with MVK catalyzed by chiral
amine and phosphine has been developed for the first time,
providing a highly efficient and enantioselective synthesis of 3-

amino-2-oxindoles bearing quaternary stereogenic center
(Scheme 3.1).%
0 O
BoCHl\f 4CD NBoc o cP1 BOCH'\,:
Z (20 mol%) Z (20 mol%) Z
R S ‘ N toluene, 0°C, 72 h R1m:0 * ﬁ‘\ chloroform, rt, 48 h R‘? ! N ©
R? R? R2

51 R'=F, Cl, Br, Me, H, CF5
R2 = Bn, Me, Allyl
up to 97% yield
up to >99% ee

R'=F, Cl, Br, Me, H, CF3
R? = Bn, Me, Allyl

up to 98% yield

up to 94% ee

Scheme 3.1 Chiral amine or phosphine-catalyzed asymmetric
aza-MBH reaction.

At almost the same time, Chen’s group developed a highly
enantioselective aza-MBH reaction with N-Ts imines of B,y-
unsaturated o-ketoesters and acrolein for the first time, which
relies on the employment of a combined catalytic system of -
ICD and bifunctional BINOL or tertiary amine-thiourea 56. A
spectrum of products 54 and 55 bearing a quaternary chiral center
and densely functional groups have been efficiently produced in
moderate to excellent enantioselectivity (up to 92% ee) (Scheme
3.2).%

NTs

TSHN, CO,Et
R/\)J\coza £-ICD (10 mol%) CHO |
52 CHO (51 BINOL (10 mol%) or 56 \ Ph\)\ j\
+ ﬁ ————————— R 4 NH-X
or NTs THF, 40 °C, 48 h :
' NMez
_ cog TsHN, COQCE:_‘ o
R _ | X=3,5{CFg),CeHa
53 N :
55 : 56

R = 4-CIPh, 3-CIPh, 2-CIPh, 4-BrPh, 3-BrPh, 3-F,
Ph, 4-MePh, 3-MePh, 4-MeOPh, 3-MeOPh, 3,4,5-
(MeO)3Ph, 2-thienyl, 2-furyl, 2-styryl

R' = 3-CIPh, Ph, 4-MeOPh

Scheme 3.2 p-ICD-catalyzed aza-MBH reactlon of ketimines
with acrolein.

70-96% vyield,
55-92% ee

Subsequently, Sasai and co-workers developed the first highly
enantioselective P-chirogenic organocatalyzed aza-MBH reaction
to produce the desired products 58 with tetrasubstituted carbon
stereogenic centers in moderate to excellent enantioselectivities
(Scheme 3.3).%

55-98% yield,
52-97% ee

0 NHTs
1Jr\LTs . \)Ci CP9 (10 mol%) R3%COZRZ§ = .
R'"“CO,R R®  TBME, 10°C R ! Fe
57 58 m?\é
i cpg Ph

R' = Ph, 4-MePh, 4-CIPh, 3,4-(OCH,O)Ph,
4-BrPh, 2-thiophenyl, 2-naphthyl, PhCH=CH
R? = Et, CF3CH,, Bn

R® = Me, Et

75 Scheme 3.3 P-chirogenic organocatalyzed aza-MBH reaction of

ketimines with MVK or EVK.

For the purpose on the examination of the potential utility of aza-
MBH reaction, the reaction was carried out on a 1.0 g scale. As

g0 showed in Scheme 3.4, as for the substrate N-sulfonated imine 59,
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