JIAIC[S

COMMUNICATIONS

Published on Web 03/15/2007

Chiral Brgnsted Acid-Catalyzed Direct Asymmetric Mannich Reaction
Qi-Xiang Guo,™8 Hua Liu,™® Chang Guo,* Shi-Wei Luo,* Yi Gu,* and Liu-Zhu Gong*™#
Hefei National Laboratory for Physical Sciences at the Microscale and Department of Chemistrersityi of
Science and Technology of China, Hefei, 230026 China, Chengdu Institute of Organic Chemistry, Chinese Academy
of Sciences (CAS), Chengdu, 610041 China, and Graduate School of Chinese Academy of Sciences, Beijing, China

Received November 17, 2006; E-mail: gonglz@ustc.edu.cn

The asymmetric catalytic Mannich reaction is a powerful Table 1. Screening Catalysts and Optimization of Reaction
; ; ; ; ; Conditions?@
synthetic method for the preparation of enantioenrichetnino
carbonyl molecules, an important class of chiral building blocks o o
of pharmageutlcally relevqnt compour‘i‘cstge to its atom-econ.- . RONHZ . H cat1or2 ;
omy, the direct asymmetric Mannich reaction has been receiving * NO» Sovent 0°G o
. . . . . . = 2 s
increasing attentiofr.” Of diastereo- and enantioselective organo- 3a progin e 5a 6a, R= OMe
catalytic direct Mannich reactionsynselective variants have been -

obtained for a wide scope of both imine acceptors and ketone/ ey caaiystmol%) 4 sovent  yield %) dr (antisyn)® e (%)
aldehyde donor&8 Recently anti-selective direct Mannich reactions

o . . 1 la(5 4a  CHCI 49 72128 50
of N-PMP-protected-imino esters with simple I_<etones and alde- 2 1b ((5; 4a CHECé 91  80/20 67
hydes have also been performed with excellent diastereo- and enantio- 3 1c(5) 4a  CHyCl, 74 65/35 21
selectivities using reasonably designed chiral organocatdpyéts. 4 1d(5) 4a  CHCI, 48  81/19 53
i ; ; 5 le(5) 4a  CHyCl; >99 88/12 63
However, there has been no report ofeanti-selective asymmetric

direct M ich fi f Idimi ther tharmi t 6 2a(5) 4a  CHyCI; 87 82/18 70
irect Mannich reaction of an aldimine other tharimino ester 7 2b (5) 4a  CHyCly 93 84/16 64
with a simple keton& and an organocatalytic direct asymmetric 8 2¢(5) 4a  CH,Cl, 90 90/10 69
Mannich reaction using an aromatic ketone as the donor. Neverthe- 9 2a(5) 4a  toluene 93 80/20 84
less, the organocatalysts so far used for direct Mannich reactions 1(1) %agg)s) Zlg :o:uene >9§O 7825/2181 8980

. . . . . a(l. oluene
involving simple ketones as donors are designed on the basis of 12 1e(0.5) b toluene 90 82/18 92

enamine catalysi§ and require a high loading (380 mol %)
with the exception of those designed by Maruoka and Bafbés. 2 Reaction conditions: a solution of 4-nitrobenzaldehyde (0.2 mmol),
Chiral phosphoric acids have currently been catalysts of choice cyclohexanone (2.0 mmoBaor 4b (0.22 mmol), and a catalyst in a solvent
for the activation of imines, leading to a number of asymmetric (3 ML) was stirred at 0C for 48 h." Isolated yield* Determined by'H
. . ) . . NMR. 9 Enantiomeric excess @nti-product was determined by HPLC.
additions of various nucleophiles to imingsHowever, the chiral

phosphoric acids were only investigated for catalyzing an indirect NH,), and para-nitrobenzaldehyde was carried out with 5 mol %
Mannich reactiof?@and a direct Mannich reaction offadicarbony! of 1ain CH,Cl,. As expected, the reaction was successful, affording
compound wittN-Boc-protected aldimines, in which simple ketones  the producbain 49% yield. To our delightanti-6awas favorably
were not reported as Mannich don8t§he mechanistic proposal  formed with 72/28 dr and 50% ee. The survey of theB#INOL-

for the Brgnsted acid-catalyzed Mannich reactidndicates that and BINOL-based phosphoric acids revealed gwiurned out to

a carbonyl compound possessingnydrogens will enolize inacid,  pe promising catalysts in terms of yield, diastereo-, and enantiose-
and the formed enol will attack the protonated aldimine generated |ectivity (Table 1, entries 48). The enantioselectivity increased

in situ from an aldehyde and a primary amine in the presence of to 84% ee when the reaction was conducted in toluene (entry 9).
the acid. Thus, we speculated that chiral phosphoric acids wereThe structure of the amine component has a considerable effect on
potentially capable of promoting asymmetric direct Mannich the reaction (see Supporting Information). Accordingly, the employ-
reaction viaTS-1.1* Herein, we will report our findings that @  ment of phenylamine further enhanced the enantioselectivity and
catalytic amount of a chiral phosphoric acid is sufficient to promote reactivity (entry 10). Importantly, 0.5 mol % @hor leis sufficient

an anti-selective direct asymmetric Mannich reaction of cycloke- tg catalyze the reaction, furnishiremti-Mannich produc6b with

tones with high diastereoati/syn= 98:2) and enantioselectivity  high enantioselectivity (90% ee wita and 92% ee wittie) and
(up to 98% ee) and Mannich reactions between aldimines and fajrly good diastereoselectivity (entries 11 and 12).

aromatic ketones with fairly good enantioselectivity. The optimized protocol was then expanded to a wide variety of
*RO_ OR* Ar Ar aldehydes and cyclohexanone derivatives (Table 2). Direct Mannich
QCP\O\ OO 00 :;12': z-hchH4 ‘O 09 reactions between the various a[dehydes, phenylamine,_and cyclo-
f RaH dP’0H1c,Ar=_3,5-(CF3)zceH3 dP’OH hexanone proceeded smoothly in the presence of as little as 0.5
0 OO 1d, Ar=2-naphthy ‘O mol % of leto yield anti-selective Mannich adducts mostly with
A Y . Ar 1e, Ar= 4-CICgHy4 Ar . o . .
R ) R 1 2a, Ar= Ph, excellent enantioselectivities (entries-9). The stereochemical
R 2b, Ar= 4-FCgHj outcome depends significantly on the electronic properties of the
TS-1 2c, Ar= 4-CICgH4

substituent on benzaldehyde. Electron-donating groups had a
The primary experiment of a one-pot direct Mannich reaction deleterious effect on the enantioselectivity (entry 6). An aliphatic
between cyclohexanon&d), para-methoxylphenylamine (PMP-  aldehyde smoothly underwent the Mannich reaction with 84/16 dr
Chen Trette o Oreae Chered apd 75% ee (entry 7). Tetrahydropyran- aNeBoc-protected
iUnﬁ/r;?siLt]y o Suionee a'ﬁj’#gchng{ggy%f China. plperldln-4-ones :§b a_nd 30) are b(_)th highly reactive toward the
8 Graduate School of Chinese Academy of Sciences. imine generated in situ frompara-nitrobenzaldehyde and phenyl-
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Table 2. anti-Selective Three-Component Direct Asymmetric
Mannich Reactions with Phosphoric Acid 1e or 2a@
o}

o 05mol%1e O NHPh
[Uj )L or 2 mol % 2a ~
*PANHp o+ | ANp T R
X b 5 PhCH3, 0°C
3 6

entry X R 6  vyield (%)° dr (anti/syn)® ee (%)?

1 CH, 4-CRCesHs 6¢c 90 77/23 94

2 CH, 4-CNGH4 6d 92 86/14 91

3 CH 4-BrGHa 6e 99 83/17 91

4 CH, 4-CICHa 6f 99 85/15 93

5 CH 4-FGH4 69 67 81/19 95

6 CH  4-MeGH, 6h 84  81/19 80

7 CH, (CHy)CH 6i 83 84/16 75

8 CH, 3,5BrC¢Hs 6j 91 89/11 95

9 CH, 3-FGH4 6k 94  84/16 89
10 O 4-NQCgHa 6l 94  92/8 90
11 BocN 4-NQCgHa 6m >99 80/20 91
12 S 4-NQCgH4 6n 97 92/8 95
13 S 3,5-BgCsHs 60 90 97/3 98
14 S 3,5-KECsH3 6p 85  98/2 92
15 S 4-CRCgHa 6q 82 92/8 95
16 S 4-CIGH4 6r 90  93/7 92
17 S 3-Cl-4-FGH; 6s 79 94/6 (100/0) 83 (>99)f
18 S 2-thiophenyl 6t 74 89/11 9%

aThe reaction was performed on 0.4 mmol scale for 48 Ikolated
yield. ¢ Determined byH NMR. ¢ Enantiomeric excess ahti-product was
determined by HPLCS Catalyzed by 2 mol % d2a. f After recrystallization.

Table 3. Direct Asymmetric Mannich Reactions of Acyclic

Ketones?
2
o NH, o N
X @/ A Jl_ . 5mol%2bor2e o HN
+ S :
R", R? Mg R Pnohs t0°c N
4

8

entry 7(RY R? R3 8  vyield (%)? ee (%)°
1 7a(CHa) COMe 4-NOC¢Hs 8a 61 86
2 T7a(CHa) COMe 4-MeGHs 8b 76 72
3 7b(Ph) H 4-NQCg¢Hs 8c 68 8¢
4  7b(Ph) H 4-BrGHa 8d 69 7%
5 7b(Ph) H 4-CIGH4 8e 63 ¢
6 7c(4-CRCe¢Hs) H 4-NO,CgH4  8f 42 8

aThe reaction was performed on 0.4 mmol scélsolated yield.
¢ Enantiomeric excess was determined by HP£6 mol % of2b, at 0°C,
and 48 h#5 mol % of2cand 72 h.
amine, leading to the formation afti-Mannich products with 90
and 91% ee, respectively (entries 10 and 11). Tetrahydrothiopyran-
4-one Bd) is seemingly less reactive than its analogues. Conse-
quently, 2 mol % of catalys2awas required to ensure a complete
Mannich reaction (entries 3218). Excellent enantioselectivities (up
to 98% ee) resulted from Mannich reactions involving tetrahy-
drothiopyran-4-one. The diastereoselectivity was highly dependent
on the structures of both the aldehydes and the cyclic ketones.
Accordingly, diastereomeric ratios ranging from 77/23 to 98/2 were
observed. The relative and absolute configurations of the two
contiguous stereogenic carbons@ewere determined by X-ray
crystallographic analysis (see Supporting Information).

Acyclic ketones were also examined as Mannich donors (Table
3). Fairly good enantioselectivities were afforded for an aliphatic
ketone in the presence @b (entries 1 and 232 Importantly,
aromatic ketones such @b,ccould smoothly occur in the Mannich
reaction with good enantioselectivities catalyzed by 5 mol % of
phosphoric acidc (entries 3-6). To the best of our knowledge,
this is the first organocatalytic asymmetric Mannich reaction using
aromatic ketones as dondfs.

reactions of a range of aldimines with cyclohexanone derivatives,
giving anti-g-amino carbonyls in high yields with excellent
enantioselectivities (up to 98% ee) and high diastereomeric ratios
(up to 98/2 dr). The one-pot Mannich reaction involving aromatic
ketones catalyzed Bc gaves-amino carbonyls in high yields with
fairly good enantioselectivities.
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Note Added after ASAP Publication: On March 15, 2007, after
the initial ASAP publication, the Table 3 footnotes were amended.

Supporting Information Available: Experimental details and
characterization of new compounds. This material is available free of
charge via the Internet at http://pubs.acs.org.
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