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A chiral ligand-controlled conjugate addition reaction of
lithium benzyl(trimethylsilyl)Jamide withtert-butyl enoates
gave the corresponding lithium enolates that were then treate
with electrophiles, givinginti-alkylation products with high

ee up to 98%. The benzyl group on the amino nitrogen was
removed by the oxidation of secondary amines to imines and

Note

nucleophiles tax,5-unsaturated carboxylic acid derivatives is
one of the most attractive and versatile methods, as has been
shown by the reactions using chiral amine nucleophifeshiral
enoated,and chiral catalyst$As part of our studies directed
toward the development of asymmetric conjugate addition
reaction®10of lithiated nucleophile$!-12we have been engaged

in the asymmetric conjugate addition of nitrogen nucleophiles
to enoates providing chirgd-amino acid equivalents. Our
methodology relies on the chiral ligand-mediated asymmetric

(5) (@) Furukawa, M.; Okawara, T.; Terawaki, €hem. Pharm. Bull.
1977, 25, 1319-1325. (b) Hawkins, J. M.; Fu, G. Q. Org. Chem1986
51, 2820-2822. (c¢) Rico, J. G.; Lindmark, R. J.; Rogers, T. E.; Bovy, P.
R.J. Org. Chem1993 58, 7948-7951. (d) Enders, D.; Wahl, H.; Bettray,
W. Angew. Chem., Int. Ed. Endl995 34, 455-457. (e) Sewald, N.; Hiller,
K. D.; Helmreich, B.Liebigs Ann1995 925-928. (f) Leroux, M.-L.; Gall,
T.; Mioskowski, C.Tetrahedron: Asymmetrg001, 12 1817-1823. (g)
Bull, S. D.; Davies, S. G.; Robert, P. M.; Savory, E. D.; Smith, A. D.
Tetrahedron2002 58, 4629-4642.

(6) The review for the leading reference of the asymmetric conjugate
addition of chiral lithium amide: Davies, S. G.; Smith, A. D.; Price, P. D.
Tetrahedron: Asymmetr005 16, 2833-2891.

(7) Yamamoto, Y.; Asano, N.; Uyehara, 3. Am. Chem. Sod992
114, 5427F5429.

(8) (a) Falborg, L.; Jorgensen, K. A. Chem. Soc., Perkin Trans1996
2823-2826. (b) Myers, J. K.; Jacobsen, E. N.Am. Chem. Sod.999
121, 8959-8960. (c) Zhou, F.; Detty, M. R.; Lachicotte, R.Tketrahedron
Lett. 1999 40, 585-588. (d) Horstman, T. E.; Guerin, E. J.; Miller, S. J.
Angew. Chem., Int. EQ00Q 39, 3635-3638. (e) Cardillo, G.; Gentilucci,

.; Gianotti, M.; Kim, H.; Perciaccante, R.; Tolomelli, Atetrahedron:
symmetry2001, 12, 2395-2398. (f) Kawatsura, M.; Hartwig, J. F.
Organometallic2001, 20, 1960-1964. (g) Sundararajan, G.; Prabagaran,

N. Org. Lett.2001, 3, 389-392. (h) Sibi, M. P.; Liu, M.Org. Lett.2001,
3, 4181-4184. (i) Zhuang, W.; Hazell, R. G.; Jorgensen, K. @hem.
Commun.2001, 1240-1241. (j) Nakama, K.; Seki, S.; Kanemasa, S.

subsequent transoximation to give 3-aminoalkanoates in goodTetrahedron Lett2002 43, 829-832. (k) Jin, X. L.; Sugihara, H.; Daikai,
yields. The products are the possible key intermediates of K Takeishi, H.; Jin, Y. Z; Furuno, H., Inanaga, (btrahedror2002 S8,

otamixaban and premafloxacin.

Chiral -amino acids are the established critical skeleton unit
of biologically potent peptidic natural productas well as the
medicinally important class of nonpeptidjé-lactamg and
pharmaceuticaldAmong several strategies for the synthesis of
chiral S-amino acidg, the conjugate addition of nitrogen

(1) Enantioselectie Synthesis gf-Amino Acids 2nd ed.; Juaristi, E.,
Soloshonok, V. A., Eds.; Wiley-VCH: New York, 2005.

(2) (@) Miller, T. M.; Cleveland, D. WScience2005 307, 361—362.

(b) Rothstein, J. D.; Patel, S.; Regan, M. R.; Haenggeli, C.; Huang, Y. H.;
Bergles, D. E.; Jin, L.; Dykes Hoberg, M.; Vidensky, S.; Chung, D. S;
Toan, S. V.; Bruijn, L. |.; Su, Z.-Z.; Gupta, P.; Fisher, P.NBature2005

433 73-77.

(3) () Qjima, I.; Lin, S.; Wang, TCurr. Med. Chem1999 6, 927—
954. (b) Czekaj, M. S.; Klein, |.; Guertin, K. R.; Gardner, C. J.; Zulli, A.
L.; Pauls, H. W.; Spada, A. P.; Cheney, D. L.; Brown, K. D.; Colussi, D.
J.; Chu, V.; Leadley, R. J.; Dunwiddie, C. Bioorg. Med. Chem. Lett
2002 12, 1667-1670. (c) Guertin, K. R.; Gardner, C. J.; Klein, S. I.; Zulli,
A. L.; Czekaj, M.; Gong, Y.; Spada, A. P.; Cheney, D. L.; Maignan, S.;
Guilloteau, J.-P.; Brown, K. D.; Colussi, D. J.; Chu, V.; Heran, C. L,
Morgan, S. R.; Bentley, R. G.; Dunwiddie, C. T.; Leadley, R. J.; Pauls, H.
W. Bioorg. Med. Chem. Let002 12, 1671-1674. (d) Cragg, G. M.;
Newman, D. JJ. Nat. Prod 2004 67, 232—244. (e) Yasuda, N.; Hsiao,
Y.; Jensen, M. S.; Rivera, N. R.; Yang, C.; Wells, M.; Yau, J.; Palucki,
M.; Tan, L.; Dormer, P. G.; Volante, R. P.; Hughes, D. L.; Reider, B. J.
Org. Chem.2004 69, 1959-1966.

(4) Recent reviews for the synthesisfamino acids: (a) Liu, M.; Sibi,
M. P. Tetrahedron2002 58, 7991-8035. (b) Ma, J.-AAAngew. Chem.,
Int. Ed.2003 42, 4290-4299. (c) Sewald, NAngew. Chem., Int. E@003
42, 5794-5795. (d) Xu, L.-W.; Xia, G.-GEur. J. Org. Chem2005 633—
639.
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So0c.2003 125 16178-16179. (m) Sibi, M. P.; Prabagaran, N.; Ghorpade,
S. G.; Jasperse, C. B. Am. Chem. So003 125 11796-11797. (n)
Fadini, L.; Togni, A. Chem. Commun2003 30-31. (o) Palomo, C;
Oiarbide, M.; Halder, R.; Kelso, M.; Gonez-Bengoa, E.; Ga& J. M.J.
Am. Chem. So2004 126, 9188-9189. (p) Hamashima, Y.; Somei, H.;
Shimura, Y.; Tamura, T.; Sodeoka, Krg. Lett.2004 6, 1861-1864. (q)

Li, K.; Cheng, X.; Hii, K. K. Eur. J. Org. Chem2004 959-964. (r)
Reboule, 1.; Gil, R.; Collin, JTetrahedron: Asymmetr3005 16, 3881—
3886. (s) Taylor, M. S.; Zalatan, D. N.; Lerchner, A. M.; Jacobsen, E. N.
J. Am. Chem. So@005 127, 1313-1317. (t) Gandelman, M.; Jacobsen,
E. N. Angew. Chem., Int. EQR005 44, 2393-2397.

(9) Copper- or zinc-catalyzed conjugate addition: (a) Tomioka, K.;
Suenaga, T.; Koga, Kletrahedron Lett1986 27, 369-372. (b) Mori, T.;
Kosaka, K.; Nakagawa, Y.; Nagaoka, Y.; Tomioka, Ketrahedron:
Asymmetryl998 9, 3175-3178. (c) Kanai, M.; Nakagawa, Y.; Tomioka,
K. Tetrahedron1999 55, 3843-3854. (d) Nakagawa, Y.; Matsumoto, K.;
Tomioka, K.Tetrahedron200Q 56, 2857-2863. (e) Soeta, T.; Kuriyama,
M.; Tomioka, K. J.0rg. Chem 2005 70, 297—300. (f) Valleix, F.; Nagai,
K.; Soeta, T.; Kuriyama, M.; Yamada, K.; Tomioka, Retrahedror2005
61, 7420-7424. (g) Yamashita, M.; Yamada, K.; Tomioka, ®rg. Lett
2005 7, 2369-2371.

(10) Chiral amidophosphane-rhodium-catalyzed conjugate arylation of
arylboron reagents: (a) Kuriyama, M.; Tomioka, Ketrahedron Lett2001,

42, 921-923. (b) Kuriyama, M.; Nagai, K.; Yamada, K.; Miwa, Y.; Taga,
T.; Tomioka, K.J. Am. Chem. So002 124, 8932-8939. (c) Chen, Q.;
Kuriyama, M.; Soeta, T.; Hao, X.; Yamada, K.; Tomioka, ®rg. Lett.
2005 7, 4439-4441.

(11) Chiral ligand-controlled conjugate addition of organolithium re-
agents: (a) Tomioka, K.; Shindo, M.; Koga, K. Am. Chem. S0d.989
111, 8266-8268. (b) Shindo, M.; Koga, K.; Tomioka, K. Am. Chem.
Soc.1992 114 8732-8733. (c) Shindo, M.; Koga, K.; Tomioka, Kl.
Org. Chem.1998 63, 9351-9357. (d) Asano, Y.; Yamashita, M.; Nagai,
K.; Kuriyama, M.; Yamada. K.; Tomioka, KTetrahedron Lett2001, 42,
8493-8495. (e) Yamashita, M.; Yamada, K.; Tomioka, K.Am. Chem.
Soc.2004 126, 1945-1946. (f) Yamashita, M.; Yamada, K.; Tomioka, K.
Tetrahedron2004 60, 4237-4242.
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SCHEME 1. Asymmetric Conjugate Amination—Protonation
or Alkylation Sequence

Ph  Ph
, .
Rk SiMe MeO 3OMe
N 3 g2\ COz2tBu ©)
'-'1 2 toluene
R1
R .
k§|Me3 ‘ kNH
N oL Hz0 or RX 2~ CO,t-Bu
O R
R2 Ot-Bu R3
4 5 R3=H

6 RS = functionalized group

conjugate additiot of lithium arylmethyl(trimethylsilyl)amides

1 (R = Ar)15ab or allyl(trialkylsilyllamides 1 (R! = CH=
CH,)**¢to acyclic and cyclic enoate giving the corresponding
p-alkylaminoalkanoates$ in high enantioselectivity by the
protonation of enolateg (Scheme 1). The potential of this
asymmetric conjugate addition lies on the sequential alkylation
of enolated to give 6, because the asymmetric construction of
two bonds is possible in a one-pot operation. For visualization
of this possibility we selected otamixabat®and premafloxacin
9% as our targets, becauasti-3-amino-2-substituted butanoates

8 and10 are the established synthetic intermediates (Figure 1).
Two problems emerged for this purpose. First is the diastereo-

selectiveanti-alkylation of enolated to giveanti-6. The second
is the development of the new methodology for the removal of
the N-arylmethyl group with cyanobenzyl and allyl groupsR
intact in6, because hydrogenolysis is the standard protocol for
the removal of theN-arylmethyl group, which would give

JOCNote
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FIGURE 1. Key synthetic intermediates for otamixaban and prema-
floxacin.

SCHEME 2. Synthesis of Primary Amines by Oxidation and
Hydrolysis
R1

L Hp-Pd
NH (R! = Ph, 9-anthracenyl) NH,
Rz/:\/COZt-Bu or e ~-CO:tBU
1. Rh(PPhg)sCl, 2. hydrolysis
5 (R'=CH=CH,) "
Ph Ph
NH Oxidation KN Hydrolysis l;ng
Rz;\(COzt-Bu l:‘2/'\|/002t-Bu Hz/\rCOZt-Bu
3 3 R3
R R
6 12 13

use of ()- or (+)-3. The alkylation of an enolaté with an

undesired reduction products (Scheme 2). We describe hereinglectrophile gives 3-benzylamino-2-substituted alkano@ies

that the asymmetric conjugate addition of lithium benzyl-
(trimethylsilyl)amidela (R* = Ph) and subsequent alkylation
gave enantio- and diastereoselectiaatyi-6 with extremely high
ee. Oxidation of secondary amineés to imines 12 and
subsequent transoximation successfully ga8gScheme 2).

one pot (Scheme 3Y.Thus, successive treatment of crotonate
2a with 1a-(+)-3 in toluene at—78 °C for 0.5 h and, after
addition of a mixture of HMPA (10 equiv) and THF, with
3-cyanobenzylbromide at78 °C for 1 h gave a separable
mixture ofanti-6a with 98% ee in 84% isolated yield armyn

The process provided a short step route to the possiblejsomer (ee % was not able to be determined) in 15% vyield.

intermediates for otamixaba#rt°c and premafloxacir9.6
Sequential Conjugate Amination and Alkylation. The
advantage of chiral ligan&-controlled conjugate addition of a
lithium amidel to enoateg is the formation of reactive lithium
enolatest with either absolute configuration depending on the

(12) Catalytic conjugate addition of lithium thiolate: (a) Nishimura, K.;
Ono, M.; Nagaoka, Y.; Tomioka, Kl. Am. Chem. S04997, 119, 12974~
12975. (b) Nishimura, K.; Ono, M.; Nagaoka, Y.; Tomioka, Kngew.
Chem., Int. Ed2001, 40, 440-442. (c) Nishimura, K.; Tomioka, KJ.
Org. Chem2002 67, 431-434. (d) Nishimura, K.; Tomioka, KYakugaku
Zasshi2003 123 9-18.

(13) Our approaches by the Mannich-type reaction of a lithium ester
enolate: (a) Fujieda, H.; Kanai, M.; Kambara, T.; lida, A.; Tomioka,JK.
Am. Chem. Sod997 119 2060-2061. (b) Kambara, T.; Tomioka, K.
Org. Chem1999 64, 9282-9285. (c) Tomioka, K.; Fujieda, H.; Hayashi,
S.; Hussein, M. A.; Kambara, T.; Nomura, Y.; Kanai, M.; Koga,Ghem.
Communl1999 715-716. (d) Hata, S.; Iguchi, M.; lwasawa, T.; Yamada,
K.; Tomioka, K.Org. Lett 2004 6, 1721-1724. (e) Hata, S.; lwasawa, T.;
Iguchi, M.; Yamada, K.; Tomioka, KSynthesis2004 1471-1475. (f)
Fujieda, H,; Hata, S.; Yamada, K.; Tomioka, Keterocycles2005 66,
611-619

(14) Tomioka, K.Synthesid991, 541-549.

(15) (a) Doi, H.; Sakai, T.; Iguchi, M.; Yamada, K.; Tomioka, K.Am.
Chem. Soc2003 125 2886-2887. (b) Sakai, T.; Doi, H.; Kawamoto, Y.;
Yamada, K.; Tomioka, KTetrahedron Lett2004 45, 9261-9263. (c) Doi,
H.; Sakai, T.; Yamada, K.; Tomioka, KChem. Commun2004 1850-
1851.

(16) Fleck, T. J.; McWhorter, W. W., Jr.; DeKam, R. N.; Pearlman, B.
A. J. Org. Chem2003 68, 9612-9617.

Treatment of2a with la-(—)-3 and subsequently with allyl
bromide gave a 89:11 mixture ahti- andsyn6b (97% ee and
96% ee, vide infra) in quantitative yield. The reaction of
cinnamate2b was much morenti-selective to affordanti-6¢
with 92% ee in 97% yield without formation ayrrisomer.

The preferentiahnti-alkylation of4 with an electrophile leads
to the plausible model for this diastereoselective alkylation step
(Figure 2). Thus, the bottom face approach of an electrophile
on a six-membered chelae!81?is the preferred axial attack
of an electrophile to affor@nti-6. The top-face attack of an
electrophile inA is unfavorable in the light of equatorial attack
as well as steric interference by an pseudoaxialn®iety,

(17) (a) Asao, N.; Uyehara, T.; Yamamoto, Tetrahedronl99Q 4563—
4572. (b) Davies, S. G.; Walters, I. A. 3. Chem. Soc., Perkin Trans. 1
1994 1129-1139. (c) Enders, D.; Bettray, W.; Raabe, G.; Runsink, J.
Synthesid994 1322-1326. (d) Hawkins, J. M.; Lewis, T. Al. Org. Chem.
1994 59, 649-652.

(18) McNeil, A. J.; Toombes, G. E. S.; Gruner, S. M.; Lobkovsky, E.;
Collum, D. B.; Chandramouli, S. V.; Vanasse, B. J.; Ayers, TJAAm.
Chem. Soc2004 126, 16559-16568.

(19) HMPA has been shown to coordinate to lithium in the chelate. (a)
Tomioka, K.; Ando, K.; Takemasa, Y.; Koga, K. Am. Chem. S0d.984
106, 2718-2719. (b) Sato, D.; Kawasaki, H.; Shimada, |.; Arata, Y.;
Okamura, K.; Date, T.; Koga, KI. Am. Chem. S0d.992 114, 761-762.

(c) Ando, K.; Takemasa, Y.; Tomioka, K.; Koga, RHetrahedron1993
49, 1579-1588.
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SCHEME 3. Asymmetric Conjugate Amination and
Alkylation Giving anti-6

Ph Ph

MeO OMe Phg
th (_)_3 k?lMeso
SiMes (or (+)-3) s
’T‘ + RZ/\/COQFBU 2 >
Li toluene R OtBu
1a 2aR2=Me —78°C it
2b R2=Ph (il (45
Br
CN Ph
NH
| Me)\/COZt-Bu 99% (85:15 dr)
HMPA/THE : 6a anti98% ee
278 °C CN " synnd
Ph \©/
/\/Br kNH
I z quant (89:11 dr)
Me COtBU o1 anti97% ee
_ syn96% ee
U
Br
P NH 6c 7% (>99:1 dr)

92% ee

suggesting that the bulkiness of? Rs one of the factors
determining diastereoselectivity. Conformati@nis not the
major one because of steric hindrance betwetaril substit-

uents on the amine nitrogen. This analysis is in accordance with

the fact thatanti-6¢ (R? = Ph) was produced in almost perfect
anti-selectivity, althoughanti-6a andanti-6b (R2 = Me) were
produced in slightly less diastereoselectivity.

Regioselective Oxidation to an Imine and Transoximation
for the Removal of a Benzyl Group on the Amine Nitrogen.
For the removal of a benzyl group on the nitrogen6inthe

2 THF
R /Li\/OHI\gPA ArCH, E*
H tBu |
6 H | —< \O W Megsl_N\ﬂ
Me;Si-yy ” R? —<0
| H N 70tBu
AI‘CH2 H |I.I\HMPA
E+ o THF

FIGURE 2. Diastereoselective alkylation of enolatés

SCHEME 4. N-Chlorination, Dehydrochlorination, and
Transoximation

Ph Ph
NH NCS kaC' DBADBU
ph ~~C02tBU  cpcl, ph~~C02tBU  oluene
—20°C, 0.5 h 1t, 24 h
5a 14
Ph Ph
§ L NH,OH-HCl NH,
oN * NH Y A_COxB
B L Oot-BU
X | g aq. THF Ph
o~ COzBU [ N COztBu 2q. THE o
15 16 74% yield from 5a
SCHEME 5. Oxidation and Transoximation
_t-Bu
Ph 17 él
KNH Ph” > Cl DBADBU
5__CO,t-Bu THF
PR —78°C,05h
5 NH,OH-HCI e
2 py - CO2t:BU
aq. THF
rt, 15 min 11a

80% yield from 5a

in 74% overall yield. Direct imine formation was also possible
by using N-tert-butylbenzensulfimidoyl chloridel724 and
DBADBU in THF at —78 °C for 0.5 h, and subsequent

usual hydrogenolysis protocol is not applicable because of the ransoximation gavé lain 80% yield (Scheme 5). It is also
presence of such sensitive cyanobenzyl or allyl groups. This important to note that no racemization was observed in these

problem was circumvented by developing regioselective forma-
tion of an imine and subsequent transoximation to a primary
amine (Scheme 4£f. N-Chlorination of 5a, prepared by the
protonation of4, with NCS in dichloromethane at20 °C for

0.5 h gavel4 quantitatively. Dehydrochlorination df4 with
DBU?! in toluene at room temperature for 24 h gave a 92:8
mixture of a desired imin&5 and a undesired enamidé. The
mixture was then treated with hydroxylamine hydrochlofide
in aqueous THF at room temperature for 15 min to give a
primary aminellain 55% overall yield fronba. Regioselective
imine formation was greatly improved by treatment with
commercially available bulky 6-(dibutylamino)-1,8-diazabicyclo-
[5.4.0]undec-7-ene (DBADBUY as a base in toluene to give
preferentiallyl5in the ratio of 97:3. Transoximation galéa

(20) Transamination approach is the interesting precedent of this work.
(a) Yamada, S.; Hashimoto, $etrahedron Lett1976 17, 997-1000. (b)
Yamada, S.; Ikota, N.; Achiwa, Kletrahedron Lett1976 17, 1001-1004.

(c) Yamada, S.; Hashimoto, &hem. Lett1976 921-926. (d) Ikota, N.;
Achiwa, K.; Yamada, SChem. Pharm. Bull1983 31, 887—-894.

(21) (a) Paisel, V. H.; Schmidt, LAngew. Chem., Int. Ed. Endl976
15, 294-295. (b) Calcagni, A.; Luisi, G.; Pinnen, F.; Rossi,®azz. Chim.
Ital. 1994 124, 103-107. (c) Chapman, T. M.; Courtney, S.; Hay, P.; Davis,
B. G. Chem. Eur. J2003 9, 3397-3414.

(22) Logers, M.; Overman, L. E.; Welmaker, G. $. Am. Chem. Soc.
1995 117, 9139-9150.

(23) Nakatani, K.; Ohnishi, S.; Kurosaki, Them. Expres$993 8, 829~
832.
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transformations obato 11a
Asymmetric Synthesis of Otamixaban and Premafloxacin
Key Intermediates. By the chlorination-dehydrochlorination-
transoximation protocol foba, anti-6a was successfully con-
verted to a primary amin8 in 69% overall yield (Scheme 6).
It is also noteworthy that conversion affiti-6ato 8 was possible
in two steps by usingl7-DBU for an imine synthesis and
subsequent transoximation givi@gn 64% yield. The relative
and absolute configuration 8fwas unambiguously determined
by converting tg3-lactam20!8 with the established stereochem-
istry (Scheme 7). Acylation o8 with 18 gave 19%®€ quantita-
tively (54% four-step yield fromtert-butyl crotonate2a), the
promising synthetic intermediate of otamixabariFigure 1).
The 89:11 mixture oénti- andsyn6b was treated with NCS
to give a chromatographically separabdmti- and synN-
chlorides with 97% and 96% ee in 84% and 6% isolated yields,
respectively (Scheme 8). The regioselective dehydrochlorination
of anti-chloroamine and subsequent transoximation protocol
gave the corresponding primary amine, which was then con-
verted t010 in 58% overall yield. Treatment of aanti- and
synmixture of 6b with 17-DBADBU and transoximation
followed by benzyloxycarbonylation gave a 88:12 mixture of

(24) Mukaiyama, T.; Kawana, A.; Fukuda, Y.; Matsuo,Chem. Lett.
2001, 390-391.



SCHEME 6. Debenzylation of 6a and Acylation Giving 19
1. NCS/CHClp, —20 °C, 0.5 h
Ph
2. DBADBU/toluene, rt, 48 h
NH 8. NH,OH-HCl/aq THF, NH,
rt, 15 min
x ’ CO,t-Bu
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17 N
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2. NH,OH+HCl/aq THF,
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0
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SCHEME 7. Confirmation of Stereochemistry of 8
NH, 1. HCldioxane N
. n,3h
Me™ CO,t-Bu Ve 3
2 CN 2.PySSPy
PhgP, EtzN
MeCN
8 70°C,40h 20 CN
94%
SCHEME 8. Conversion of 6b to 10
Ph 1. NCS/CH,Cl,, —20 °C, 0.5 h
NH then SiO, chromatography r;lHCbz
e : CO,tBu 2. DBADBU/toluene, rt, 36 h Me X CO,t-Bu
/\l/\% 3. i. NH,OH HCl/ag THF, tt, 15 min _
ii. CbzCl, NaHCO3,0°C, 1 h
anti- and syn-Gb 58% 10

(89:11)

anti- andsyn10in 75% yield. Premafloxacif has been already
synthesized starting frorh0.16

Sequential treatment of enoates with lithium benzyl(trimeth-
ylsilyl)amide in the presence of a chiral diether ligaBdnd
then with electrophiles gave preferentiadyti-3-benzylamino-
2-substituted alkanoates with high enantiomeric purity. Oxida-
tion of amines to imines followed by transoximation was

developed as a new protocol for the removal of a benzyl group

on nitrogen, providing the primary amines with hydrogenation

JOCNote

mmol) at—78 °C, and the mixture was stirred at78 °C for 0.5
h. After addition of THF (12 mL) and HMPA (1.04 mL, 10 mmol),
m-cyanobenzylbromide (702 mg, 3.6 mmol) in THF (4 mL) was
added, and the whole was stirred-at8 °C for 1 h. After successive
addition of saturated ammonium chloride (3.0 mL) and saturated
NaHCQ; (10 mL), the mixture was extracted with AcOEt. The
organic layer was washed with brine and dried over sodium sulfate.
Concentration and silica gel column chromatography (AcOEY/
hexane= 1/10-1/4) gaveanti-6a (306 mg, 84%) of ¢]%% —0.8
(c 4.82, CHCY}) andsynisomer (55 mg, 15%) ofd]?%, —36.0 €
0.15, CHC}). The ee ofanti-6a was determined to be 98% ee by
IH NMR (CgDg) using §)-(—)-1,1-bi-2,2-naphthol as a chiral shift
reagentH NMR (CDCl;) 6: 1.16 (3H, d,J = 6.7), 1.31 (9H, s),
1.44 (1H, brs), 2.62 (1H, dddl = 5.8, 7.7, 7.7), 2.90 and 2.93
(each 1H, ddJ) = 7.7, 13.4), 2.97 (1H, dq] = 5.8, 6.7), 3.73 and
3.90 (each 1H, d) = 13.1), 7.24-7.48 (9H, m)23C NMR (CDCl)
0: 17.6 (CH), 27.9 (CH), 33.3 (CH), 51.1 (CH), 53.5 (CH),
53.8 (CH), 80.8 (C), 112.2(C), 118.9 (C), 127.0 (CH), 128.2 (CH),
128.4 (CH), 129.0 (CH), 129.9 (CH), 132.6 (CH), 133.7 (CH), 140.5
(C), 141.8 (C), 173.1 (C). IR (neat): 3337, 2230, 1720, 1153'cm
MS m/z 364 (M'). Anal. Calcd for GsH,gN,0,: C 75.79, H 7.74,
N 7.69. Found: C 75.74, H 7.76, N 7.64.

(+)-tert-Butyl (2R,3R)-2-(3-Cyanobenzyl)-3-aminobutanoate
(8) by Chlorination, Dehydrochlorination, and Transoximation.
A solution of anti-6a (142 mg, 0.39 mmol) and NCS (156 mg,
1.17 mmol) in methylene chloride (13 mL) was stirred for 0.5 h at
—20 °C and was then washed with brine and dried over sodium
sulfate. Concentration and silica gel column chromatography
(AcOEt/hexane= 1/10) gave a chloroamine (145 mg). The solution
of the chloroamine (76 mg, 0.19 mmol) and 6-(dibutylamino)-1,8-
diazabicyclo[5.4.0Jundec-7-ene (DBADBUW562 mg, 2.0 mmol)
in toluene (8 mL) was stirred at room temperature for 48 h, and
successively washed witl N HCI and brine and dried over sodium
sulfate. Concentration gave a crude imine, which was then treated
with NH,OH-HCI (40 mg, 0.57 mmol) in 1 mL of 50% aqueous
THF at room temperature for 15 min. After addition of 10% HCI,
the whole was washed with AcOEt. The aqueous layer was treated
with potassium carbonate until pH 10 and then extracted with ether.
The organic layer was dried over potassium carbonate. Concentra-
tion and silica gel column chromatography (AcOEt) g&/é42
mg) of [a]?% +35.6 € 1.02, CHC}) in 69% vyield fromanti-6a.
IH NMR (CDCls) 6: 1.19 (3H, d,J = 6.4), 1.30 (9H, s), 1.47
(2H, brs), 2.49 (1H, m), 2.88 (1H, dd,= 5.7, 13.8), 2.92 (1H,
dd,J = 10.7, 13.8), 3.13 (1H, m), 7.367.51 (4H, m).13.C NMR
(CDCly) 0: 22.0, 27.9, 35.0, 48.9, 55.8, 81.1, 112.3, 118.9, 129.1,
130.1, 132.6, 133.7, 141.1, 173.0. IR (neat): 3379, 2230, 1717.
HRMS m/z. Calcd for GgH2oNoO,: 274.1681. Found: 274.1679.
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butanoate @nti-6a). Under Ar atmosphere, to a solution of lithium
N-benzylN-trimethylsilylamide (3.0 mmol) and)-3 (873 mg, 3.6
mmol) in toluene (14 mL) was addedrt-butyl crotonate2a (1.0

(25) Thel3C peak multiplicity assignments were made based on DEPT.
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