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Phase-transfer-catalyzed direct Mannich reaction of glycinate Schiff base 3 with a-imino ester 4 has been accomplished with high enantioselectivity
by the utilization of N-spiro C,-symmetric chiral quaternary ammonium bromide 2 as a catalyst. This methodology enables the catalytic asymmetric
synthesis of differentially protected 3-aminoaspartate, a nitrogen analogue of dialkyl tartrate. The product (syn-5) was converted into a precursor
(6) of streptolidine lactam.

Natural and unnatural tartaric acids and their derivatives are metric syntheses df, using stoichiometric amounts of chiral
undoubtedly one of the most familiar and readily available sources, have been reporfethe recently disclosed Mannich
chiral molecular units, and during the past few decades, weprotocol using chiral Lewis acids from the Jgrgensen
have witnessed a dramatic increase in their fruitful applica- group and Yudin’s stereoselective alkylation strategy with
tions, resulting in valuable contributions particularly in the Pd(OAcCYBINAP systeni are the only examples of
modern asymmetric synthesdisSurprisingly, however, the  catalytic methods for the preparation bfin this letter, we
corresponding nitrogen analogukes3-aminoaspartates, have report catalytic asymmetric synthesis of nitrogen analogues
received little attention despite their potential utility as of dialkyl tartrate by the highly enantioselective direct
C,-symmetric chiral ligands for the design of new chemo- Mannich reaction of glycine derivativ&@with a-imino ester
therapeutic agermtss well as asymmetric catalystésym- 4 under phase-transfer conditions (Scheme 1). The usefulness
of this new method has been demonstrated in its application
(1) For representative reviews, see: (a) Johnson, R. A; Sharpless, K.tg the concise stereoselective construction of a precursor of

B. In Catalytic Asymmetric Synthesi&nd ed.; Ojima, |., Ed.; Wiley - . . .
VCH: New York, 2000; Chapter 6A, p 231. (b) Seebach, D.; Beck, A. k.; Streptolidine lactam, taking full advantage of a differentially

Heckel, A.Angew. Chem., Int. EQ001, 40, 92. protected tartrate nitrogen analogue.
(2) Reviews: (a) Sundquist, W. |.; Lippard, S.Qoord. Chem. Re
199Q 100, 293. (b) Lucet, D.; Le Gall, T.; Mioskowski, @ngew. Chem., (4) (a) Fernadez-Mega, E.; Paz, M. M.; Sardina, F. J. Org. Chem.

Int. Ed. 1998 37, 2581. See also: (c) Hunt, S. I€@hemistry and 1994 59, 7643. (b) Alvarez-lbarra, C.; Ckg, A. G.; Colmenero, B.;
Biochemistry of the Amino AcidBarret, G. C., Ed.; Chapman and Hall:  Quiroga, M. L.J. Org. Chem1997, 62, 2478.

London, 1985; Chapter 4. (5) Bernardi, L.; Gothelf, A. S.; Hazell, R. G.; Jgrgensen, KJAOrg.
(3) Review: Togni, A.; Venanzi, L. MAngew. Chem., Int. Ed. Engl. Chem.2003 68, 2583.
1994 33, 497. (6) Chen, Y.; Yudin, A. K.Tetrahedron Lett2003 44, 4865.

10.1021/0l049215u CCC: $27.50  © 2004 American Chemical Society
Published on Web 06/16/2004



OH

CO,R L __CO,R
Rozc/'\/ 2 RO,C™ Y2

OH
dialkyl L-tartrate

OH

OH
dialkyl D-tartrate

PMP.

o}
thC=N \)I\OBU, +

3

A, O .

(RR)-2 [(R.R)-3,4,5-F5-CgHyp-NAS-Br]

N
)I\H/OEt
H
O

4

Scheme 1

NH, NHz
COsR - CO,R
ROQC/l\T/ 2 RO,C™ Y2
NH, NH,
1 ent1
_PMP

O
9 :
2(2mol%) 1 NHCI ) T oRt
phase-transfer THF ~ BUO”™ Y

conditions NH, O

F
F ! F
CF3 F
Jolodle
r=

CF3 F F

2a 2b 2c
F

F

Upon examining the direct Mannich reaction of the
benzophenone Schiff base tdrt-butyl glycinate 3 with
a-imino esterd under phase-transfer conditions using chiral
guaternary ammonium bromide of ty@eas a catalyst,our

conditions resulted in the production &fin 41% yield®
Fortunately, preferential formation of the syn isomer (syn/
anti = 74:26) was observed with 79% ee for prodagih5
(entry 2). Here, we assumed that the low chemical yield was

initial concern was about the relative configuration of the partly due to the instability ofx-imino ester4 under the

Mannich adduct, since only the syn isomer is optically
active. Attempted reaction @ with 4 in the presence of
2a’® (2 mol %) in toluene-1% aqueous NaOH at 0C

reaction conditions. This was overcome by conducting the
reaction at—20 °C to give Mannich adduds in 73% vyield
(syn/anti= 79:21, 85% ee fosyn5) (entry 3). Switching to

showed almost no indication of product formation after catalyst2b,’d which contains a 3,4,5-trifluorophenyl group,
stirring for 6 h (entry 1 in Table 1). Therefore, we screened further enhanced the enantioselectivity, giviiig 79% yield
various concentrations of aqueous NaOH and found that the(syn/anti= 76:24) with 87% ee (syn isomer) (entry 4). In

use of 17% (5 N) aqueous NaOH under otherwise similar contrast, catalys2c, with radially extended 3;3aromatic

Table 1. Direct Catalytic Asymmetric Mannich Reaction of
Glycine Derivative3 with o-Imino Ester4 under Phase-Transfer

Conditiong

PMR (A2

Ph,C= N\/t . (2 mol%) 1 N HCI
2 1
OBu H solvent THF

17% aq NaOH
temp, h

_PMP

HN
Q> — > BuO Y Et

NH, O

entry catalyst

condition % yield®

solvent (°C, h)  (syn/anti)® (configuration)®

% eed

1f 2a
2a
2a
2b
2c
2a
2b

~No b WN

aUnless otherwise specified, the reaction (0.2 mmol scale) was carried
out with 2 equiv of4 and 17% NaOH aqueous solution (0.6 mL) in the
presence of 2 mol % o2 under the given reaction conditions (2 mL of
solvent). Isolated yield ¢ Diastereomeric ratio was determinedyNMR
analysis 9 Enantiopurity ofsyn5, which was determined by HPLC analysis
using a chiral column (DAICEL Chiralpak AD-H) with hexane-2-propanol
as a solvent® For the assignment of the absolute configuration of the syn
isomer, see Supporting InformatiorPerformed with 1% NaOH as an

aqueous base.

toluene 0,6 trace
0,6 41 (74:26)
-20,6  73(79:21)
—20,6 79 (76:24)
—20,6 49 (80:20)
mesitylene —20,6 88 (82:18)
—20,6 88(82:18)

2398

substituents, significantly diminished both the chemical yield
and the enantiomeric excess (entry 5). The use of mesitylene
in place of toluene improved only the diastereoselectivity in
the reaction with2a (entry 6). However, the solvent effect
was found to be beneficial not only for the syn selectivity
but also for the enantioselectivity under the influencelnf
leading to 91% ee o$yn5 (88% yield, syn/anti= 82:18)
(entry 7).

The synthetic utility of the differentially protected tartaric
acid nitrogen analoguesyn5, was highlighted by its ap-
plication to the facile asymmetric synthesis of an attractive
precursor6 of streptolidine lactan. Streptolidine lactam
constitutes the core structure of streptothricine antibidfics,
a family of potent antibiotics isolated from microbial
sources! As illustrated in Scheme Z (syn/anti mixture)
was initially transformed to the cyclic uréawith triphos-

(7) (a) Maruoka, K.; Ooi, TChem. Re. 2003 103 3013. See also: (b)
Ooi, T.; Doda, K.; Maruoka, KOrg. Lett. 2001, 3, 1273. (c) Ooi, T.;
Taniguchi, M.; Kameda, M.; Maruoka, KAngew. Chem., Int. EQ2002
41, 4542. (d) Ooi, T.; Kameda, M.; Maruoka, K. Am. Chem. So2003
125 5139.

(8) Representative results of the Mannich reaction3ofvith NaOH
aqueous solutions of different concentrations are as follows: 10% NaOH,
11% yield (syn/anti= 70:30), 77% ee (syn isomer); 25% NaOH, 43% yield
(71:29), 78% ee; 50% NaOH, 81% yield (79:21), 6% ee.
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a Reaction conditions: (a) triphosgenegiEt CH,Cl,, rt, 69%, 99% eet(ans7 after a single recrystallization); (b) DIBAH, ether
CH,Cl,, —78 °C, then MgSIiCN, —78~0 °C, 80% (dr= 1:1.5); (c) H, PtG,, AcOH, rt, 90%; (d) anisaldehyde, &0y, CH.ClI,, rt, then
NaBH,, EtOH, 0°C, 71%; (e) HCGH, 60 °C, then DPPA, EN, DMF, 65%; (f) (Boc}O, E&N, CH,Cl,, 0 °C~rt, 98%; (g) (COCH,
DMSO, EgN, CH,Cl,, —78 °C, 97%; (h) ZnBH, ether, 0°C, 53%.

gene, in which two diastereomers could be easily separatedusing diphenylphosphoryl azide (DPPA) in 65% yield. It is
by simple chromatography and a single recrystallization noted that the stereochemistry of the hydroxy-bearing carbon
provided essentially enantiopuirans-7 in 69% yield (based  of the other isomerepi1l0 can be inverted, after the
on5). The subsequent selective reductimyanation of the introduction of atert-butoxycarbonyl group on the amino
ethyl ester moiety was achieved by the sequential treatmentalcohol nitrogen, by Swern oxidation and reduction with
of trans7 with DIBAH and MeSICN in ether-CH,Cl,, ZnBH, to give 11, an appropriate candidate for similar
furnishing the desired cyanohydri® in 80% vyield as a  intramolecular condensation.
mixture of two diastereomers. Hydrogenation8ojave the In summary, phase-transfer-catalyzed direct Mannich
primary amine, which was protected wiphmethoxybenzyl reaction of a glycine donor witle-imino ester has been
group by reductive amination. The requisite stereocisomer of accomplished with high enantioselectivity by the use of
the resulting amino alcohdlO was then converted tbl via Co-symmetric chiral quaternary ammonium bromide as a
acidic hydrolysis of theert-butyl ester with formic acid and  catalyst. This methodology enables the catalytic asymmetric
the consecutive intramolecular formation of amide linkage synthesis of 3-aminoaspartate, a nitrogen analogue of dialkyl
tartrate. Producb, with differentiated ester groups, was
(9) For recent synthetic efforts using 3-aminoaspartate as a key inter- converted into8, a precursor of streptolidine lactam. The
mediate, see: (a) Femdez-Me@a, E.; Sardina, F. Jletrahedron Lett. - . . -
1997, 38, 673. (b) Ferfadez-Mega., E.. Iglesias-Pintos, J. M.; Sardina, . Present finding should stimulate further research into utiliza-

J.J. Org. Chem1997, 62, 4770. From carbohydrates: (c) Goto, T.; Ohgi, tion of this class of chiral compounds.

T. Tetrahedron Lett1974 1413. (d) Kusumoto, S.; Tsuji, S.; Shiba, T.

Tetrahedron Lett1974 1417. (e) Kusumoto, S.; Tsuji, S.; Shiba, Bull. . .

Chem. Soc. Jprl974 47, 2690. (f) Kusumoto, S.; Tsuji, S.; Shima, K.; Acknoyvledgment. Th|§ Work was partially suppprj[ed by
Shiba, T.Bull. Chem. Soc. Jpril976 49, 3611. a Grant-in-Aid for Scientific Research from the Ministry of

(10) For the total synthesis of streptothricine, see: Kusumoto, S.; Imaoka, ; ;
S.: Kambayashi, Y. Shiba, Tretrahedron Lett1982 23, 2961. Education, Culture, Sports, Science and Technology, Japan.

(11) (a) Carter, H. E.; Clark, R. K., Jr.; Kohn, P.; Rothrock, J. W.; Taylor, M.K. is grateful to the Japan Society for the Promotion of
W. R.; West, C. A; Whitfield, G. B.; Jackson, W. @. Am. Chem. Soc.  Science for Young Scientists for a Research Fellowship.
1954 76, 566. (b) Nakanishi, K.; Ito, T.; Hirata, YJ. Am. Chem. Soc.

1954 76, 2845. (c) Brockmann, H.; Musso, i&hem. Ber1955 88, 648. . . . . . .
(d) Borders, D. B.; Hausmann, W. K.: Wetzel, E. R.; Patterson, E. L. Supporting Information Available: Detailed experi-

Eetrﬁhedron Letblv%}z 4’%/'8_:- %e) BErdKrs,v\llD.tB.:l Sélx,R K. g’.;tlt.ancast%r, JL mental procedure as well as spectroscopic characterization
., Hausmann, K Itscner, L. A, etzel, . R.; Patterson, . L. . H . H
Tetrahedronl97Q 26, 3123. (f) Kawakami, Y.; Yamasaki, K.; Nakamura, of new C‘?mpounds (PDF)' This material is available free of
S.J. Antibiot.1981, 34, 921. (g) Kido, Y.; Furuie, T.; Suzuki, K.; Sakamoto, ~ charge via the Internet at http://pubs.acs.org.

K.; Yokoyama, Y.; Ueda, M.; Kinjyo, J.; Yahara, S.; Nohara, T.; Shibata,

M. J. Antibiot. 1987, 40, 1698. 0L049215U
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