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Asymmetric Mannich and Mannich-type reactions are important Scheme 1

carbon-carbon bond-forming reactions that provide access to @) 3 ,COH
enantiom_erically gnricheﬂ-a_mino carbo_nyl der?vative’s.8 The 9 bMP. Me\fl N§ 0 NHPMP
most desired versions are direct catalytic reactions that afford the H)H . j‘\ H 2 H)HA?CO et
syn or anti-products with high diastereo- and enantioselectivities. A,dehyges COEt  antiselective R
Methods that use unmodified aldehydes and ketones are more atom- o - t e
economical than those that require preactivation of carbonyl <—§ ’ &
compounds, such as preformation of silyl enol ethers. For Mannich e N — M N
or Mannich-type reactions involving unmodified aldehydes, both %H H N H
syn? and anti-selectiv€ methods that afford products with high R B AR HR Co&
enantioselectivity have been reported; for example, pyrrolidine ® COH
derivatives and related amines have been used as catalyss. Q A—f U Ff

T - o ; , Me" N Me' N Me' N
the reactions involving unmodified ketones, methods affording R )H H 2 )aH(T)\ — )YH

. . R2 Z “R! R
Mannich products have been reportéd but routes to theanti- Ketones R _2
products with high levels of diastereo- and enantioselectivities are (©
limited to the reactions afi-hydroxyketones using Zn catalyxt§ Co i lpmp. Q‘( O NHPMP
and the reactions ¢#-ketoesters using cinchona alkalofd®ther Aldehydes H | 4 N H" — R CO.Et
. . L. . R . Ketones syn Syn-selective R 2
examples of highly enantioselectigati-selective Mannich reactions H'I, COAEt
of ketones use silyl enol ethers rather than unmodified ketbnes. @
Here we report Mannich-type reactions between unmodified ketones O wp [ S 0 NHPWP
andN-p-methoxyphenyl (PMP)-protectedimino esters that afford RJH . \)"L N . : okt
anti-products with high diastereo- and enantioselectivities, using et R2 H™ “CO,Et  anti- se'ecﬂve :
etones

pB-proline or 3-pyrrolidinecarboxylic acidlf as catalyst.

1
We recently designed aanti-Mannich catalyst, (B,5R)-5- d Fg CoH <—>}L

methyl-3-pyrrolidinecarboxylic acid2j, and demonstrated the 4
highly diastereo- and enantioselectamsti-Mannich-type reactions HW)\W R‘ %
of aldehydes using this catalyst (Scheme3ta)e suggested that R p COEt
key for the formation ofanti-Mannich products is the use of
enamine conformatiomA over B in the C-C bond-forming Table 1. Evaluation of Catalysts for the anti-Selective
transition staté® Catalyst 2, however, was ineffective in the “annich-Type Reaction of 3- Pemanonea

. . . O pMP. Catalyst NHPMP NHPMP
Mannich-type reactions of ketones. TReatalyzed Mannich-type , N (0.2 equiv)
reaction between 3-pentanone a&MP-a-imino ethyl glyoxylate HH H co gt DMSO HK(Z\COZE‘ HK-/LCO =
was very slow (Table 1, entry 1). Upon consideration of the Catayst  coun o (st SR) a"f’:‘ (2R3S)-anti-4
transition states of the ketone reaction, we reasoned that the low : : O NHSO,CFs
efficiency of catalyst2 in the ketone reaction originated from Me" N N N

H 2 H (R H (5)3

relatively slow formation of the enamine intermediates due to steric
interaction with the methyl group of the catalyst (Scheme 1b). Note entry  catalyst ~ tme  yield’(%)  drantisyn ~ major ant-4 e’ (%)

that proline does catalyze tynMannich-type reactions of both 1 2 3d <10
aldehyde® and ketones— (Scheme 1c). 2 (R-1  29h 75 94:6 (83R) 97
3 9-3 3d 83 94:6 (R3S 85

In the case of the Mannich-type reactions of isovaleraldehyde,
although both the 3-carboxylic acid and 5-methyl groups of catalyst 2 To a solution ofN-PMP-protectedx-imino ester (0.5 mmol, 1 equiv)
2 were critical for excellenanti-selectivity and enantioselectivity, ~ and 3-pentanone (2.0 mL, 19 mmol, 38 equiv) in anhydrous DMSO (3.0

. ; ; Ny Aifi ; mL), catalyst (0.1 mmol, 0.2 equiv, 20 mol % to the imine) was added,
the 3-carboxylic acid group alone had a significant role in the and the mixture was stirred at room temperature 125  Isolated yield

stereoselectiof? We reasoned that unmethylated catalyR)-3- (containinganti- and syndiastereomersyf. Determined by HPLC before
pyrrolidinecarboxylic acid ®)-1) should afford anti-Mannich purification. @ Determined by chiral-phase HPLC fanti-4.

products in the ketone reactions; although enamine conformations

C andD may have similar free energies, offyshould advanceto ~ be properly positioned to react with the imine, whereas the
the C-C bond formation via transition stake(Scheme 1d). When  nucleophilic carbon of enamiri2 should be too far from the imine
proton transfer occurs from the acid at the 3-position of the catalyst carbon to form a bond. Sincedoes not have aa-substituent on

to the imine nitrogen, the nucleophilic carbon of enanmnghould the pyrrolidine, neither enamin@ nor D has a disfavored steric
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Table 2. (R)-1-Catalyzed anti-Mannich-Type Reactions of
Ketones?

o) R)-1 O NHPMP
R'& PEAP\JNL O.S e)quiv) Rl X COR®
a2 H7OCOR® 2Prof.rt LA
time yield? dre eed
enty R! R? R®  (h) product (%) antilsyn (%)
1 Et Me Et 20 4 91 97:3 97
2¢  Et Me Et 48 4 77 97:3 98
3 Et Me t-Bu 20 5 93 >99:1 95
4 n-Pr Et Et 96 6 76 >99:1 82
5 Me Me Et 57 85 ~10:1 90
(>99:1¢ (>99p
6" Me Me Et 5 ent7 81" ~10:1 88
(>99:1  (99p
7 Me Et Et 10 8 81 ~10:1 92
8 Me CHCH=CH, Et 14 9 85 >955 91
9 Me (CH)CI Et 14 10 68 >95:5 84

aTypical conditions: to a solution of imine (0.5 mmol, 1 equiv) and
ketone (5.0 mmol, 10 equiv) in 2-PrOH (1.0 mLR){1 (0.05 mmol, 0.1
equiv) was added, and the mixture was stirred af@5P Isolated yield
(containinganti- andsyndiastereomersy. Determined by NMR of isolated
products @ Determined by chiral-phase HPLC for thati-product.© Ketone
(4 equiv) and R)-1 (0.05 equiv) at #C. f Containing regioisomer~5—
10%).9 Data after crystallization are shown in parentheses. The dr was
determined by HPLC" Catalyst §-1 was used.

interaction like the one shown in Scheme 1b and enamine formation
of ketones withl should be faster than that with

In fact, the R)-1-catalyzed reaction was significantly faster than
the 2-catalyzed reaction and afforded thati-Mannich product
(2S3R)-4 in good yield with high diastereo- and enantioselectivities
(Table 1, entry 2), supporting our design considerations. When the
position of the carboxylic acid group on the pyrrolidine ring was
changed from the 2- to the 3-position (that is, from proline to cata-
lyst 1), the stereochemistry of the product of the catalyzed reaction
was altered fronsynto anti. Catalyst §)-3, which possesses a sul-
fonamide group, also catalyzed the reaction and affordedrtie
product, but the reaction catalyzed thywas faster and afforded
higher enantioselectivity than ti3ecatalyzed reaction. These results
indicate that the acid functionality at the 3-position on the pyrroli-
dine ring plays an important role in properly positioning the imine,
as shown in Scheme 1d, for a faster reaction rate and for affording
the anti-products with high diastereo- and enantioselectivities.

Evaluation of the R)-1-catalyzed reaction to afford §3R)-anti-4
in various solvents at room temperature showed that the reaction
in 2-PrOH provided the highest reaction rate, yieldti-selectivity,
and enantioselectivity of the solvents tested (Table 2, entry 1 and
Supporting Information).

Amino acid R)-1 catalyzed Mannich-type reactions between a
variety of ketones and-imino esters and afforded tlaati-products
in good yields with high diastereo- and enantioselectivities in most
cases (Tables 2 and 3). For the reactions of unsymmetrical methyl
alkyl ketones, the reaction occurred predominantly at the more
substitutedoi-position of the ketones (Table 2, entries®). The
regio-, diastereo-, and enantiomeric purities of &mgi-products
were readily improved by crystallization (Table 2, entries 5 and 6
and Table 3, entry 3). For the reactions of six-membered cyclic
ketones, use of only 5 mol % of catalystand 2 equiv of ketone
to the imine afforded the desireahti-products in good yields within
approximately 12 h.

In summary, we have developed tH®1- and §)-1-catalyzed
anti-selective Mannich-type reactions of unmodified ketones that
afford high diastereo- and enantioselectivities. We have demon-
strated that the position of the acid group on the pyrrolidine ring
directs the stereoselection of the catalyzed reaction, providing either
syn or anti-Mannich products.

Table 3. (R)-1-Catalyzed anti-Mannich-Type Reactions of Cyclic
Ketones?

o PMP. O NHPMP
(R)-1 ;
Elj * HJ\COZR 2-PrOH COR
X ,10-16h >y
catalyst yield® dre ee?
entry X R (equiv) product (%) antisyn (%)
1* CH; Et 0.1 11 96 >99:1 96
2 CH, i-Pr 0.05 12 94 >99:1 94
3 CH, t-Bu 0.05 13 92 >99:1 95
(99y
4 ChH CH,CH=CH, 0.05 14 95 >99:1 95
5 S Et 0.1 15 78 >99:1 99
6 S Et 0.05 15 71 >99:1 97
7 O Et 0.1 16 82 >955 86
8 C(OCHy), Et 0.1 17 87 >99:1 97
9 C(OCHy), Et 0.05 17 80 >99:1 96

aTypical conditions: imine (0.5 mmol, 1 equiv), ketone (1.0 mmol, 2
equiv), R)-1 (0.05 mmol, 0.1 equiv or 0.025 mmol, 0.05 equiv), and 2-PrOH
(1.0 mL), 25°C. P Isolated yield ¢ Determined by NMR of isolated products.
d Determined by chiral-phase HPLC of thati-product.¢ Ketone (5.0 mmol,

10 equiv) was used.Data after crystallization.

Acknowledgment. This research was supported in part by The
Skaggs Institute for Chemical Biology. We thank Dr. Raj K. Chadha

for X-ray structural analysis.

Supporting Information Available: Experimental procedures,
characterization data, spectral data, and X-ray crystal structurés of
and 13. This material is available free of charge via the Internet at
http://pubs.acs.org.

References

(1) (a) Kobayashi, S.; Ishitani, H.; Ueno, M. Am. Chem. S0d.998 120,
431. (b) Matsunaga, S.; Yoshida, T.; Morimoto, H.; Kumagai, N.;
Shibasaki, M.J. Am. Chem. So®Q004 126, 8777.

(2) (a) Notz, W.; Tanaka, F.; Watanabe S.; Chowdari, N. S.; Turner, J. M,;
Thayumanuvan, R.; Barbas, C. F., Jl.Org. Chem2003 68, 9624 and
references therein. (b) Cobb, A. J. A.; Shaw, D. M.; Ley, SSynlett
2004 558.

(3) (a) Mitsumori, S.; Zhang, H.; Cheong, P. H.-Y.; Houk, K. N.; Tanaka,
F.; Barbas, C. F., lllJ. Am. Chem. So2006 128 1040. (b) Kano, T.;
Yamaguchi, Y.; Tokuda, O.; Maruoka, K. Am. Chem. So@005 127,
16408. (c) Franzen, J.; Marigo, M.; Fielenbach, D.; Wabnitz, T. C,;
Kjaersgaard, A.; Jorgensen, K. A. Am. Chem. So@005 127, 18296.

(d) Cordova, A.; Barbas, C. F., llTetrahedron Lett2002 43, 7749.

(4) (a) Notz, W.; Watanabe, S.; Chowdari, N. S.; Zhong, G.; Betancort, J.
M.; Tanaka, F.; Barbas, C. F., [IAdv. Synth. Catal2004 346, 1131
and references therein. (b) Westermann, B.; Neuhau&n@ew. Chem.,

Int. Ed. 2005 44, 4077. (c) Enders, D.; Grondal, C.; Vrettou, M.; Raabe,
G. Angew. Chem., Int. EQ005 44, 4079. (d) Wang, W.; Wang, J.; Li,
H. Tetrahedron Lett2004 45, 7243. (e) Trost, B.; Terrell, L. RI. Am.
Chem. Soc2003 125, 338. (f) Sugita, M.; Yamaguchi, A.; Yamagawa,
N.; Handa, S.; Matsunaga, S.; Shibasaki,fg. Lett.2005 7, 5339. (g)
List, B. J. Am. Chem. So@00Q 122, 9336.

(5) Trost, B. M.; Jaratjaroonphong, J.; Reutrakul JvAm. Chem. So2006
128 2778.

(6) Lou, S.; Taoka, B. M.; Ting, A.; Schaus, $. Am. Chem. So2005
127, 11256.

(7) (a) Ferraris, D.; Young, B.; Cox, C.; Drury, W. J., lll; Dudding, T.; Lectka,
T. J. Org. Chem1998 63, 6090. (b) Ferraris, D.; Young, B.; Cox, C,;
Dudding, T.; Drury, W. J., lll; Ryzhkov, L.; Taggi, A. E.; Lectka, J.
Am. Chem. So@002 124, 67. (c) Hamada, T.; Manabe, K.; Kobayashi,
S.J. Am. Chem. So@004 126, 7768.

(8) (a) Song, J.; Wang, Y.; Deng, . Am. Chem. So2006 128 6048. (b)
Poulsen, T. B.; Alemparte, C.; Saaby, S.; Bella, M.; Jorgensen, K. A.
Angew. Chem., Int. EQR005 44, 2896. (c) Hamashima, Y.; Sasamoto,
N.; Hotta, D.; Somei, H.; Umebayashi, N.; Sodeoka, Ahgew. Chem.,
Int. Ed. 2005 44, 1525. (d) Hayashi, Y. Urushima, T.; Shoji, M.;
Uchimaru, T.; Shiina, IAdv. Synth. Catal2005 347, 1595. (e) Uraguchi,
D.; Terada, MJ. Am. Chem. So@004 126, 5356. (f) Akiyama, T.; Itoh,
J.; Yokota, K.; Fuchibe, KAngew. Chem., Int. E®004 43, 1566. (g)
Josephsohn, N. S.; Snapper, M. L.; Hoveyda, AJHAm. Chem. Soc.
2004 126, 3734. (h) Wenzel, A.; Jacobsen, E.NAm. Chem. So2002
124, 12964.

JA062950B

J. AM. CHEM. SOC. = VOL. 128, NO. 30, 2006 9631





