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ABSTRACT

The first highly enantioselective direct  a-amination of aryl ketones was reported to be catalyzed by organic primary amines derived from
cinchona alkaloids. Excellent enantioselectivities (88 ~ —99% ee) have been achieved for a broad spectrum of aryl ketones. The presence of 4
A molecular sieves was of great assistance for the high conversions and enantiocontrol.

The electrophilic amination reaction with simple and easily also been achieved in the direatamination of simple
available materials is a very important protocol for the a-enolizable ketones or aldehydes by employing the well-
synthesis of nitrogenous molecules, and its asymmetric established enamine catalysisd-However, the application of
variants have received considerable interest in recent years.sterically more bulky aryl ketones as direct nucleophilic
Great progress has been made in the direct asymmetricdonors in the asymmetric amination reaction still remains
amination ofa-keto ester$, -keto esters, f-keto phos- to be explored. Since-amino aryl ketones are chiral key
phates! o-substituted cyanoacetateand alkylidene cyano-  elements and intermediates for many important compofinds,
acetatein the presence of chiral metal complexes or organic
bases. On the other hand, excellent enantioselectivities have (7) For selected reviews on enamine catalysis, see: (a) LiSAcB.
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the development of a direct and efficient asymmetric syn- loidst*'4were investigated in the asymmetric direcami-

thetic method is highly desirable. nation of p-chloropropiophenonga and diethyl azodicar-
Most of the enamine catalysis of aliphatic ketones and boxylate (DEAD)3a. As summarized in Table 1, no reaction

aldehydes utilizes-proline or its analogues as the organic

catalysts. Only a very few organocatalytic examples have ||| N

been presentgd for thg direct asymmetric reacti.on of aCeto-rapie 1. Screening Studies of OrganocatalytieAmination of

phenones? while the direct construction of a chiral center ,_choropropiophenon@a with Azodicarboxylates®

at the_ a-posmon. of aryl ketones was rarely. reportgd in o COOR 0 cooR
enamine catalysi®¥° Encouraged by our experiences in the Ar)H . N=N 1 (20 mol %) Ar)H’N\NH
organocatalytic reactions of.,f-unsaturated ketones by RSOORC- o solvent 40 °c cooRr
iminium activationt! we envisaged that chirgbrimary 2a 3R iPr daR=FEt
Ar=p-ClPh 3 R=#Br
3¢ R=+tBu r=p-tk 6 R=tBu

amines'? in comparison withsecondary aminesvould be

more suitable for the generation of nucleophilic enamines
with aryl ketones, which could lead to the successful
asymmetrico-amination of aryl ketones with electrophilic 1-3 la—c THF - - -

entry cat. 1 solvent additive yield® (%)  ee® (%)

azodicarboxylates (Scheme ). 4 1d THF p-TSA 40 —70
5 le THF p-TSA 76 75

6 le THF L-CSA 28 64

| 7 le THF  PhCOH - -
Scheme 1. Generation of Active Enamine from Aryl Ketone 8 le THF AcOH - -
9 le CHsCN p-TSA 70 67

10 le 2-PrOH p-TSA 26 82

11 le DMF p-TSA 30 58

124 le 2-PrOH p-TSA 76 98

134 le THF p-TSA 70 86

144 1d 2-PrOH p-TSA 51 —96

15%e le 2-PrOH  p-TSA 99 80

1641 le 2-PrOH p-TSA 99 11

Based on the above consideration, an array of amino acids  a jnjess otherwise noted, the reaction was performed with 0.2 mmol of

and primary amines derived from natural cinchona alka- 2, 0.1 mmol of3a, 20 mol % ofl, and 40 mol % of additive, in 0.3 mL of
solvent at 40°C for 72 h.? Isolated yield.c Determined by chiral HPLC
analysisd Adding 20 mg 6 4 A MS. eWith 3b. f With 3c.
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sequently, a variety of conditions were systematically ex-
plored with1lein order to improve the results. Lower enan-
tioselectivity was observed wharCSA was used as the
acidic additive (entry 6), and no product was found utilizing

carboxylic acids (entries 7 and 8). Then solvents were studied

(entries 9-11), and higher ee was attained in 2-propanol
(entries 10)® We ascribed the low yield ofi-amination
reaction in 2-propanol to the difficult formation of enamine
intermediate; the addition of 4 A molecular sieves (extraction
of water) might be helpful for the promotion of the equi-
librium. To our delight, outstanding enantioselectivity (98%
ee) was gained in the presence of 4 A MS, and the yield
was also dramatically raised (entry 12). Beneficial effects
on ee were also noted in THF (entry 13). Moreover, excellent
ee was achieved with ADQd under the optimal conditions
(entry 14). Therefore, both enantiomers of tiamination

product could be prepared. Nevertheless, this catalytic system
seems to be rather sensitive to the bulkiness of the electro-

philic azodicarboxylates. While diisopropyl azodicarboxylate
3b gave significantly reduced enantioselectivity under the
optimal conditions (entry 15), very poor ee was unluckily
obtained when diert-butyl azodicarboxylat8c was applied
(entry 16), though quantitative yields were isolated for the
amination product$ and 6. In addition, thea-amination
reaction was found to be very sluggish when 10 mol % of
primary aminocatalyste was used.

With the screening conditions in hand, we then examined
a variety of aryl ketones (Figure 2) to establish the general

R/©)‘\‘ R Br/©)j\ CSHH
2j 2k

2aR=Cl 2d R=Br
2bR=H 2eR=CH,
2cR=F 2fR=0CH,

2gR=F
2hR=Br
2iR=CH
1 C 3 0

0 0 Q
Oy Ph Os-OMe
2| 2m 2n

20 R=Br MeQ
2pR=Cl

Figure 2. Structures of aryl ketone2.

efficacy of the catalytic transformation. The-amination
reaction was commonly conducted with 20 mol %defand

40 mol % ofp-TSA in the presencefd A MS at 40°C for

72 h. As illustrated in Table 2, excellent enantioselectivities
with good isolated yields were obtained for propiophenones
2a—f bearing electron-withdrawing or -donating substitutions
(Table 2, entries 16). High ee values were also attained
for diversen-butyrophenone2g—i (entries 7—9), and even
aryl ketone2j with a bulky a-isopropyl group could be

(16) Similar solvent effects have been reported in enamine catalysis,
see: Wang, W.; Wang, J.; Li, HAngew. Chem., Int. E®005,44, 1369.
(17) Dibenzyl azodicarboxylate was also tested, but only a trace amount

Table 2. Asymmetric Directa-Amination of Aryl Ketones2
with DEAD 3&

(0] 9 (0] COOEt
)H . N=NICOOE' ;?T(Szg [28‘ n% %) N
Ar / . Ar NH
L Etooc 2-PrOH, 40 °C L Sookt
2 3a 4AMS,72h 4
entry 2 4 yield® (%) ee¢ (%)
1 2a 4a 76 98
2 2b 4b 65 944
3 2¢c 4c 52 93
4 2d 4d 62 98
5 2e 4e 62 94
6 2f 4f 77 94
7 2g 4g 77 96
8 2h 4h 54 99
9 2i 4i 49 98
10 2j 4 52 97
11 2k 4k 63 96
12¢ 21 41 74 90
13 2m 4m 51 88
14 2n 4n 39 96
15 20 40 65 91
16 2p 4p 63 91

aUnless otherwise noted, the reaction was performed with 0.2 mmol of
2, 0.1 mmol of3a, 20 mg of 4 A MS, 20 mol % ote, and 40 mol % of
p-TSA, in 0.3 mL of 2-PrOH at 40°C for 72 h.PIsolated yield.
¢ Determined by chiral HPLC analysi$The absolute configuration @
was determined by comparison with reported optical rotation; see ref 13a.
The other products were assigned accordingMesitylsulfonic acid as
additive.

smoothly converted to the desiregamination product with
remarkable ee (entry 10). Heteroaryl ketaPle is also a
proper substrate (entry 11). Good enantioselectivity could
be achieved for cyclic 1-tetralon2l when a more bulky
additive mesitylsulfonic acid was applied (entry 12). More-
over, we also investigated some functionalized aryl ketones.
Only monoaminated produdim was isolated for symmetric
dione2m with high ee (entry 13). Outstanding ees were also
gained for aryl ketone&n—p with an ester group (entries
14—16). Therefore, assorted multifunctional chiral amine
compounds could be attainable.

Based on the absolute configurationddf, we proposed a
plausible catalytic mode for the amination reaction (Figure
3). The in situ formed enamine between propiopher@ine

=
X ¥
H‘N\+ X N\H i

¥ AN
: N7 OB O COOEt
H=N_ Eto N SN
E-enamine )= T > Ph I}IH
o COOEt
Si-face attack 4b

Figure 3. Proposed catalytic reaction mode through concerted

of the desiredx-amination product was isolated due to some side reactions activation.

catalyzed byle salt.

Org. Lett, Vol. 9, No. 18, 2007

3673



and catalysie may adopt thé=-conformation, which directs  organocatalysts for the direct enantioselectivamination
theo-methyl group away from the catalyst. Like other well- of aryl ketones for the first time. The reaction scopes were
developed diamine—protonic acid-catalyzed reactiSiise substantial, and excellent enantioselectivities{88% ee)
protonated quinuclidine moiety ofle would act as a  were achieved for aryl ketones bearing a number of substit-
synergistic Brgnsted acid for the activation of electrophilic uents. Therefore, further applications of aryl ketones in a
azodicarboxylate through hydrogen bonding (the quinoline range of challenging asymmetric reactions would be expected
nitrogen might also be protonated in the presence of 2 equivthrough primary amine activation reported in this presenta-
of p-TSA)® Then the preferred chiral product would be tion. Current studies are underway to investigate the synthetic
produced by thé&iface attacking the enamine intermediate. utility of the amination products and expand this catalytic
Because of the crowded nature of the active enamine system in other asymmetric transformations.

structure, the expected concerted hydrogen-bonding interac-
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butyl azodicarboxylate was employed, which would account sypport from National Natural Science Foundation of China
for the observed poor enantiocontrol in the amination (20502018), Ministry of Education of China (NCET-05-
reaction. Nevertheless, the real catalytic mechanism still 9781), Fok Ying Tung Education Foundation (101037), and

needs further investigation. Sichuan Province Government (07Z2Q026-027).
In conclusion, we have successfully demonstrated that
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