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Since List, Barbas, and MacMillan reported their landmark Table 1. Optimization of Phosphoric Acids? (Eq 1; R = Ph)

treatise in 20002 carbon-carbon bond forming reactions catalyzed entry catalyst vieldb (%) ees (%)
by small organic molecules, so-called organocatalysts, have become

. . . . . ; 1 la 92 12
a rapidly growing area in synthetic organic chemisttg.organo- 2 1b 95 56
catalysis, one of the most general approaches is the activation of a 3 1c 88 90
carbon nucleophile by the formation of an enamine intermediate 4 1d 99 95

via the nucleophilic attack of a secondary amine to a carbonyl ) ) )

dt5 Althouah the electrophilic activation of a substrate . 2 All reactions were carried out on a 0.1 mmol reaction scalsolated
compound: g ectrop H€  yield. ¢ Enantiomeric excess was determined by HPLC analfdibe
by means of a Bragnsted acid is, undoubtedly, the most straight- opposite enantiomer was obtained as the major isomer.
forward and classical approach to the promotion of a reaction, the
development of effective asymmetric transformations catalyzed by
Bransted acids is rather limitéd? It is well-accepted that nearly

Table 2. The Chiral Phosphoric Acid-Catalyzed Direct Mannich
Reactions (Eq 1; Catalyst 1d Was Used)?

a “proton’-like character is required for activating a substrate entry R yield" (%) ee’ (%)
efficiently and hence chiral Bransted acimtaild notprovide a chiral 1 4-MeO-CeHs— 93 90
environment to a reactive intermediate. However, recently, Jacobsen g 3:'\8/'5_5;“4__ 32 gg
et al. have developed highly enantioselective Strecker reagtions 1 4_F_Cel'i|44_ 94 %6
and Mannich reactiof% catalyzed by peptide-based thiourea 5 2-Me—CgHa— 94 93
derivatives as chiral Brgnsted acfis. Their achievement has 6 1-Naph- 99 92

clearly indicated that a chiral Brgnsted aaiduld recognize
enantiotopic faces of an imine substrate via hydrogen bonding and_. > All reactions were carried out on a 0.1 mmol reaction scalsolated

. . . . yield. ¢ Enantiomeric excess was determined by HPLC analysis.
has opened up a new avenue in asymmetric catalysis. We describe
herein a new family of chiral Brensted acid catalysts, phosphoric ¢oyid effectively promote thelirect Mannich reaction between
acid derivatives? which accelerates direct Mannich reactions in a N-Boc-protected imine2, Rt = Ph) and acetyl acetone. Fortunately,
highly enantioselective fashion. This is the prominent example of resultingB-aminoketone, R! = Ph) was obtained in an optically
asymmetric direct Mannich reactions catalyzed by chiral Bransted active form (12% ee) (Table 1, entry 1). The result obviously
acids?e 1371 indicates thatla can provide a chiral environment to a reaction
intermediate. Noteworthy are the beneficial effects of theldgaryl

\-BoC 2 1'2":;’::3;::? Hn-BO° substituents of the catalysts on the enantioselectivity (entrie).2
) oL RHWAC (1) For instance, the direct Mannich reaction under the influence of
R 2 H t, 1h 3 Ac 3,3-phenyl-substituted phosphoric acithj produced3 (R! = Ph)
) in 56% ee (entry 2). Interestingly, the simple extension of aromatic
OO R cat. 1a R%= H substitution to the para direction improved the enantioselectivity
Q0 b =P dramatlca_lly (entr_y_3). Use ofd as a cata!yst further increased
24 the enantioselectivity to 95% ee in 99% yield (entry:%).
OO o OH 1c  =4-Biph The substrate scope of the direct Mannich reactiohN-doc-
R2 1d = 4-(#Naph)-CgHy protected arylimine derivatives is summarized in Table 2. Para-
cat. 1a-d and ortho-substituted arylimines underwent addition with generally

high enantioselectivity in excellent yield. This reaction was carried

We focused on phosphoric acids as suitable Brgnsted acidout on a scale as higlsd g with no detrimental effect on yield or
catalysts because of their unique characteristics. 1) Tetradentateenantioselectivity, and a single recrystallization gave pure enanti-
structure around the phosphorus(V) atom would prevent free omer in 82% yield based d® (R = Ph) thus formed. It should be
rotation ato. of the phosphorus center by formation of a ring noted that only 1 mol % catalyst was sufficient for completion of
structure. This characteristic feature cannot be found in other the reaction with 2 h togive 3 (R = Ph) in 94% ee andd was
possible Brgnsted acids, such as carboxylic and sulfonic acids, etcrecovered in over 80%.
2) Their appropriate acidit§ should catch up the imine through The absolute configuration & (R! = Ph) was determined by
hydrogen bonding without loose ion-pair formation. 3) Their derivatization to Boc-phenylglycine methylestd) (Scheme 1)3
phosphoryl oxygen should function as a Lewis basic site, and thus (R = Ph) was converted intg3-aminoa-acetoxyketone by
a phosphoric acid could function as a bifunctional catalyst. Baeyer-Villiger oxidation, and subsequent reduction provided the

Indeed, preliminary studies have shown that chiral phosphoric corresponding diol. The oxidative cleavage of the diol by KMhO
acid (La)'"!® has extremely high catalytic activity for Mannich-  sodium periodate gave Boc-phenylglycine without racemizafion,
type reactions. During the screening of substrates, we found that itand further treatment with diazomethane yielded Boc-phenylglycine
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Scheme 1. Absolute Configuration Determination by
Phenylglycine Synthesis?

NHBoc

Ac ad I;lHBoc
Ph™ - /\COQMe
Ac
3 (R'=Ph) 4
>99% ee >99% ee

aConditions: (a) Oxone, ¥COs;, acetone, CbClp, H2O, 0 °C; (b)
DIBAH, toluene,—78 °C; (c) cat. KMnQ, NalOs, N&CQO;, 1,4-dioxane,
H,0, room temperature; (d) diazomethane, ethyl acetat€, @6% (four
steps).

methylester 4). The absolute configuration ef was assigned to
be S by optical rotation. The results demonstrate thBj-f-
aminoketone 3, R! = Ph) was obtained in the reaction catalyzed
by (R)-1d. This procedure also exhibits the synthetic utility3ab
construct arm-amino acid moiety.

In summary, we communicated that the phosphoric acid deriva-
tives of general structurg serve as highly effective catalysts for
the direct addition of acetyl acetoneNeBoc-protected arylimines.
The beneficial effects of the 3;Bisaryl substituents of the catalysts
on the enantioselectivity are greatly appreciated, and thadis

functions as an excellent catalyst. The Brgnsted acid-catalyzed direct
Mannich reactions presented herein provide an attractive way to

constructs-aminoketones under extremely mild conditions. The

stereochemical course of this reaction was established through the (9)

synthesis of BocS)-phenylglycine methylested). The transforma-
tion thus demonstrated is applicable to a useful method for the

synthesis of various phenylglycine derivatives. The development

Barbas, C. F., Ill.J. Org. Chem2003 68, 9624. (i) Chowdari, N. S.;

Ramachary, D. B.; Barbas, C. F., llISynlett 2003 1906. Other

examples: (j) Northrup, A. B.; MacMillan, D. W. d. Am. Chem. Soc

2002 124, 2458. (k) List, B.J. Am. Chem. So@002 124, 5656. (I)

Kumaragurubaran, N.; Juhl, K.; Zhuang, W.; Bagevig, A.; Jargensen, K.

A. J. Am. Chem. So2002 124, 6254. (m) Bggevig, A.; Juhl, K.;

Kumaragurubaran, N.; Zhuang, W.; Jargensen, KAdgew. Chem., Int.

Ed. 2002 41, 1790. (n) Bggevig, A.; Gothelf, K. V.; Jargensen, K. A.

Chem.-Eur. J2002 8, 5652. (0) Brown, S. P.; Brochu, M. P.; Sinz, C.

J.; MacMillan, D. W. C.J. Am. Chem. Soc2003 125 10808. (p)

Ramachary, D. B.; Chowdari, N. S.; Barbas, C. F.,$ynlett2003 1910.

() Baggevig, A.; Poulsen, T. B.; Zhuang, W.; Jgrgensen, KSpalett

2003 1915. (r) Zhong, GAngew. Chem., Int. EQR003 42, 4247. (s)

Bggevig, A.; Sunde, H.; Cadova, A.Angew. Chem., Int. EQ004 43,

1109. (t) Hayashi, Y.; Yamaguchi, J.; Sumiya, T.; Shoji,Agew. Chem.,

Int. Ed. 2004 43, 1112.

Other recent examples of secondary amine-catalyzed enantioselective

carbon-carbon bond formation. FriedeCrafts reactions: (a) Paras, N.

A.; MacMillan, D. W. C.J. Am. Chem. So@001, 123, 4370. (b) Austin,

J. F.; MacMillan, D. W. CJ. Am. Chem. So2002 124, 1172. (c) Paras,

N. A.; MacMillan, D. W. C.J. Am. Chem. SoQ002 124, 7894. (d)

Brown, S. P.; Goodwin, N. C.; MacMillan, D. W. Q. Am. Chem. Soc.

2003 125 1192. Michael reactions: (e) Halland, N.; Hazell, R. G;

Jargensen, K. AJ. Org. Chem2002 67, 8331. (f) Halland, N.; Aburel,

P. S.; Jgrgensen, K. Angew. Chem., Int. E@003 42, 661. (g) Halland,

N.; Hansen, T.; Jgrgensen, K. Angew. Chem., Int. EQ003 42, 4955.

(h) Halland, N.; Aburel, P. S.; Jgrgensen, K. Angew. Chem., Int. Ed.

2004 43, 1272.

(6) Schreiner, P. RChem. Soc. Re 2003 32, 289.

(7) (a) Huang, Y.; Unni, A. K.; Thadani, A. N.; Rawal, V. Mature2003
424, 146. (b) McDougal, N. T.; Schaus, S. . Am. Chem. So2003
125 12094.

(8) Some other chirathargedBrgnsted acid catalysts were reported, see:

Nugent, B. M.; Yoder, R. A.; Johnston, J. M. Am. Chem. SoQ004

126, 3418. See also ref 6.

(@) Slgman M. S.; Jacobsen, E. N.Am. Chem. S0d.998 120, 4901.

(b) Vachal, P.; Jacobsen E. Drg. Lett.200Q 2, 867. (c) Sigman, M.

S.; Vachal, P.; Jacobsen, E. Nngew. Chem., Int. ER00Q 39, 1279.

(d) Su,J. T, Vachal, P.; Jacobsen, E.Atl. Synth. Catal2001, 343

197. (e) Vachal, P.; Jacobsen, E.NAmM. Chem. So@002 124, 10013.

(f) Wenzel, A. G.; Lalonde, M. P.; Jacobsen, E. $§nlett2003 1919.

5

~

of other Mannich-type reactions catalyzed by phosphoric acids as (10) Wenzel, A. G.; Jacobsen, E. Bl.. Am. Chem. So@002 124, 12964.

Brgnsted acid catalysts is underway in our laboratory.
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