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ABSTRACT
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Phase-transfer-catalyzed alkylation of glycinate Schiff base with racemic secondary alkyl halides proceeded with excellent levels of syn- and
enantioselectivities under the influence of chiral quaternary ammonium bromide 1d and 18-crown-6. The alkylation product can be selectively
converted to the corresponding anti isomer, allowing the preparation of all the stereoisomers of -alkyl- a-amino acid derivatives, an extremely
valuable chiral building block.

Stereochemically homogeneodsrancheda-amino acids biological activities? Accordingly, numerous studies have
have been regarded as extremely valuable, conformationallybeen made for the synthesis of the individual sterecisomer
constrained amino acids mainly because their incorporation of 5-alkyl-a-amino acids (Figure 1), most of which rely on
into peptides results in a significant influence on the
conformational preference, providing useful information for
the understanding of structuractivity relationships and for
the design of peptide analogues with enhanced pharmaco- g2 R2 R? R2
logical properties.In addition, they are often encountered R1/‘\/COZH R1/’\rcozH R1/*\/cozH
as components of naturally occurring peptides with unique K ;
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T Current address: Department of Applied Chemistry, Graduate School Figure 1. Four possible stereoisomers@branchedx-amino acid.
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this subject has been restricted to only two examples recentlyevent, simultaneous establishment of relative and absolute
reported. In 1995, Burk and co-workers pioneered the stereochemistries of the target amino acid derivatives could
enantioselective hydrogenation @f3-disubstituted didehy-  be achieved. In this Letter, we wish to disclose the realization
droamino acids utilizing rhodium chiral bisphosphine com- of this phase-transfer-catalyzed alkylation involving impres-
plexes; and Turner and co-workers elegantly combined it sive kinetic resolution, together with the highly selective
with an amino acid oxidase (AAO) stereoinversion proce- inversion of a-stereogenic carbon centers by a simple
dure, offering a chemobiocatalytic method for the synthesis deprotonatior-protonation sequence, thereby providing a
of the possible four stereocisomers®fmethylS-arylalanine versatile chemical process for the synthesis of all the
analogue$.However, this strategy based on the transition- stereoisomers @-methyl-a-amino acid derivatives (Scheme
metal-catalyzed asymmetric hydrogenation inevitably re- 1).

quires the stereoselective, multistep preparatiorEpf énd Asymmetric alkylation of glycinate Schiff basusing
(2)-isomers of the starting didehydroamino esters. In this chiral phase-transfer catalysts has been intensively studied
context, we have been interested in the possibility of direct and rapidly developed into a powerful method for the
construction ofs-alkyl-o-amino acid derivatives from a  synthesis of optically active-amino acid$. Surprisingly,
glycine unit through the alkylation with readily available however, the stereochemistry of the alkylation Dfvith
racemicsecondary alkyl halides under phase-transfer condi- chiral electrophiles (alkyl halides), particularly those having
tions in the presence of chiral quaternary ammonium salts an asymmetric center on the electrophilic carbon itself, has
of type 1 as catalyst. If the chiral ammonium cation of  never been address&@ur initial examination was therefore
appropriately modifiedl could precisely discriminate not focused on the search for the appropriate phase-transfer
only the enantiofaces of the prochiral enolate but also the conditions including catalyst structure to attain sufficient
central chirality of the halides during this bond-forming reactivity and selectivity in the reaction & with com-
mercially availableracemicl-bromo-1-phenylethan&g).
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solution at 0°C for 11 h gave rise tg-methylphenylalanine The optimized reaction condition was used for investigat-
(B-MePhe) derivativélain only 12% isolated yield as a 57:  ing the applicability of this method for the synthesis of
43 mixture of syn and anti isomers, whose enantiomeric variouss-methyl-a-amino acid derivatives. As listed in Table
excesses were determined to be 96% ee and 98% ee2, a series of 1-bromo-1l-arylethanes with substituents of

respectively (entry 1 in Table 1). In contrasyn4a was
_ Table 2. Scope of Secondary Alkyl Halidez:

Table 1. Optimization of the Reaction Conditions in the (S,S)-1d (1 mol %) Me

. . : Me H
Phase-Transfer-Catalyzed Alkylation ®fwith Racemic AL 4 PhyC=N_COBu! 18-crown-6 (1mol %) ;A COBu’
1-Bromo-1-phenylethane&) Using (S9)-1 as Catalyst " Br 3 toluene-50% KOH aq X
Me 2 (racemic) 0°C “CPh, 4
T oo oy S1AmIN L oy — -
Ph" B0 Y 2 toluene-50% KOHaq " time  yie e
2a (racemic) 3 0°C N‘\Cth 4a entry R! (h) (%)  syn/anti¢ (%) product
. . 1 p-F-C¢Hy 4.5 93 >95:5 97 4b
b d,e
. catglf’ st C‘();’/;n tgl)e Y 1‘;1‘)1 s/anti e(j/ : 2 p-MeGgH, 35 82  >955 99 4c
entry o)  synfanu 0 3 2-Naph 7 65  >95:5 86 4d
1 la 0.17 11 12 57:43 96 (98) 4 PhC=C 3.5 80 >95:5 97 4e
2 1b 14 47 91:9 81 5 t-BuO,C 5 45 86:14 91 4af
3 1; 10 22 93f7 gi 2 The reaction was carried out with 2 equiv®and 1 mol % each of
4 1 8 95:5 9 (S9-1d and 18-crown-6 in toluene50% KOH aqueous solution at@
5 1d 0.33 8 73 >95:5 95 for the given reaction time? Isolated yield.c Determined by!H NMR
62 1d 6 88 95:5 95 analysisd Enantiopurity ofsyn4 was determined by HPLC using a chiral

column (DAICEL chiralpak AD-H) after derivatization td-benzoategyn
a Unless otherwise noted, the reaction was conducted with 2 equiv of 5). For details, see the Supporting Informati®Assignment of the absolute
2aand 1 mol % of §9-1 in toluene-50% KOH aqueous solution at°’@ configuration was deduced from that ®fn4a
for the given reaction time? Isolated yield.¢ Determined by!H NMR
analysis 9 Enantiopurity ofsyrn4a, which was determined by HPLC using
a chiral column (DAICEL chiralpak AD-H) with hexane-2-propanol as

solvent after derivatization td-benzoategyrr5a). © Absolute configuration different electronic properties were employable, allowing the
of synda was assigned to be R3S). For details, see the Supporting ti f di MePh | includi th
Information. Enantiomeric excess afnti-4a is shown in parentheses. preparation of diversg-MePhe analogues includirfgmeth-

With 1 mol % of 18-crown-6. yl-3-(2-naphthyl)alanined-Me2Nal) (entries +3). Asym-
metric construction ofg-alkynyl-a-amino acid ester and
B-methylaspartate can also be achieved in a similar manner
obtained predominantly in higher chemical yield (47%) but with appropriate secondary alkyl bromides, though relatively
with decreased enantioselectivity (81% ee) when the catalystlower chemical yield and diastereoselectivity were observed
1b% bearing a 3,5-dtert-butylphenyl group at the 33 in the reaction withtert-butyl 2-bromopropionate (entries 4
position of one binaphthyl subunit (Ar) was employed (entry and 5).

2). Here, the importance of the steric effect of the Ar moiety  Given the present highly diastereo- and enantioselective
for establishing kinetic resolution &fa as well as enantio-  alkylation protocol that enables the preparation of both
facial discrimination of the enolate & turned out to be enantiomers o$yn3-methyla-amino acid esters using either
evident from the enhanced diastereo- and enantioselectivitiegSS)- or (R R)-1d as catalyst, we further envisaged providing
of the reaction under the influence €™ with a radially  a ready access to anti diastereomers by configurational
extended 3,5-bis(3,5-dert-butylphenyl)phenyl substituent  inversion of thea-stereocenter of the syn isomers. Our
(entry 3). Furthermore, introduction of electron-withdrawing  strategy to this end is the simple deprotonatiosy#5 and
trifluoromethyl functionality in place of theert-butyl group  selective reprotonation of the resulting enolates bearing a
(1d)** was found to provide the highest levels of both stereochemically definefi-chiral center, and we tested the
diastereo- and enantiocontrols (entry 4), and increasing thefeasibility with syn5a (95% ee, syn/antk 95:5) as a model
substrate concentration delivered substantial rate acceleratiogubstrate (Table 3f.Complete deprotonation syn5awas
without sacrificing the stereoselectivities (entry 5). Although realized by the treatment with 3 equiv of LDA in THF at
the chemical yield was still insufficient at this stage, use of —78 to —20 °C for 0.5 h, and subsequent protonation by
18-crown-6 as an achiral cocatalyst fortunately solved this the addition of HO at the same temperature furnishsai
problem2 Thus, vigorous stirring of a mixture &, 2a (2 with high preference to the anti isomer (syn/asti17:83)
equiv), and 1 mol % each of5()-1d and 18-crown-6 in  (entry 1). While switching the proton source to methanol
toluene (0.33 M substrate concentratioB% KOH aqueous  showed a similar degree of diastereoselectivity (entry 2),
solution at 0°C for 6 h led to the almost exclusive formation increasing the steric size of an alcohol substituent appeared

of syn4ain 88% yield with 95% ee (entry 6). beneficial for the enhancement of the anti selectivity, and
anti-5a was obtained predominantly (syn/anti8:92) with
(11) (a) Ooi, T.; Fujioka, S.; Maruoka, K. Am. Chem. So@004 126, 89% ee by the use of triphenylmethanol (entries 3 ant 4).

11790. (b) Ooi, T.; Fukumoto, K.; Maruoka, ®ingew. Chem., Int. Ed.
2006 45, 3839.

(12) Shirakawa, S.; Yamamoto, K.; Kitamura, M.; Ooi, T.; Maruoka, (13) For comparison of the nitrogen-protecting groups, see the Supporting
K. Angew. Chem., Int. EQ005 44, 625. Information.
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Table 3. Stereoinversion ofyn5 to anti-5 through a Scheme 2
Deprotonation-Protonation Sequente 1) LDA (3 equiv)/THF

Me Me Me
i -78~-20°C,0.5h H i
M proton M ~R_CO,Bu! ! ~R.CO,BU ~S.CO,But
£° co.pu¢ DA (3 equiv)THF _source 5 CO.BU! ph SRR 2) PhaCOH, 20 °C Ph S o2+ pey
R o c osn a0c R i NHBz ’ NHBz NHBz
NHBz e B NHBz (2R,3S)-5a (2R,3S)-5a (25,35)-5a
syn-5 anti-5 90%, (2R,3S)/(2S,3S) = 8:92
proton yield eede . i0of 8: %% isolated vield d neith
entry  RL(5, syn/anti, %ee) source (%) syn/antic (%) aina rath of 8:92 (90% isolated yield), and neit QR(ER)
nor (2S,3R) isomers were detected (Scheme 2). This observa-
L Ph(5a, 95:5, 95) H;0 9 17:83 88 tion certainly confirms that the stereoinversion occurs
2 MeOH 94 17:83 87 .
3 +BuOH 96 14:86 88 exclusively at thex-carbon of5.
4 Ph;COH 93 892 89 In conclusion, we have successfully demonstrated that the
5  p-F-CgH, (5b, >95:5, 97) 87 8:92 88 phase-transfer catalysis of chiral quaternary ammonium
6  p-Me-CgHy (5¢, >95:5, 99) 89 9:91 92 bromide1d and 18-crown-6 creates a new opportunity for
7  2-Naph (5d, >95:5, 86) 90 5:95 84 the asymmetric alkylation of glycinate Schiff base, which

a The reaction was performed by the treatmensyf5 with 3 equiv of involves an efficient kinetic resolution of racemic secondary
LDA at =78 to—20°C fbor 0.5 h and subsequent addi;}ion of an appropriate alkyl halides, giving a straightforward entry to enantiomeri-
proton source at-20°C. " Isolated yield¢ Determined byH NMR analysis. ; _ Cy_Aami ;

d Enantiopurity ofanti-5 was determined by HPLC using a chiral column. Ca”)_/ enrmhedsynﬁ al_kyl o am'”9 acid esters. Moreover,
For details, see the Supporting InformatiiThe absolute configuration & simple deprotonatienprotonation procedure has been
of anti-5a was assigned to be $39 (see the Supporting Information),  elaborated for the stereoinversion of the syn product to the
and those foanti-5b—d were assumed in analogy. . - .

corresponding anti isomer. We believe the present study
paves the way to the practical chemical synthesis of all the
stereoisomers of a wide range g@falkyl-a-amino acid
derivatives.

With this information in hand, we examined the stereo-
inversion of various enantiomerically enrichegin5, and
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