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Abstract: The chiral quaternary ammonium salt 1 serves as phase transfer catalyst for the
enantioselective conversion of the glycine derivative 2 to a variety of cyclic and acyclic chiral o-
amino acids with enantioselectivities as high as 200 1 in alkylation and Michael addition reactions.
© 1998 Elsevier Science Ltd. All rights reserved.

We have described recently the design and application of the chiral phase transfer catalyst 1 to the highly
enantioselective synthesis of a wide range of o-alkylated glycines by means of the reaction shown in equation
(1).1.2 The alkylation reaction proceeded with enantioselection between 400: 1 and 60: 1 for halides of the
following types: (1) n-alkyl, (2) cyclopropylcarbinyl, (3) allyl, (4) benzyl, (5) propargyl and (6) Ar substituted
benzyl, thus making available a very large number of chiral c-amino acids. One feature of our process is the use
of solid CsOH*H,O as the base in a solid-liquid phase transfer system with 5-10 mole % of the chiral quaternary
ammonium salt 1 in methylene chloride as solvent. The alkylation product 3 is readily obtained in pure form after
extractive workup, and the chiral quaternary ammonium salt 1 can be recovered efficiently for reuse.

The key to the success of this asymmetric synthesis of a-amino acids is the use of the cinchonidine salt 1
as catalyst. The design of this catalyst was based on previous experience in these laboratories on the rigidifying
cffect of the 9-anthracenylmethyl group on the conformation of quaternary ammonium salts of bis-cinchona
alkaloids and especially NMR and X-ray crystallographic studies of such salts.1:3 The bromide counter ion in
crystalline 1 is situated as shown in the drawing about 4A from the ammonium nitrogen with which it is paired.
That location is the only one in the cinchonidinium salt which allows such close approach of the two counter ions
since all the other faces of the N* unit arc strongly sterically screened. As described earlier,! the high
enantioselectivity and the absolute stercochemical sense of the alkylation shown in equation 1 can be understood in
terms of a tight, structured ion pair of ammonium cation 1 and the enolate of 2 with the enolate oxygen at the
location of the bromide ion in 1 and the remainder of the complex being arranged so as to allow maximum van der
Waals contact.! That favored three-dimensional arrangement blocks one face of the nucleophilic carbon center of
the enolate, but leaves the other (si face) free for attack by the alkylating agent.
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The catalytic enantioselective synthesis of a wide variety of a-amino acid derivatives, along the lines of the
examples summarized in Schemes 1-4, is now both possible and practical through the use of the chiral phase
transfer catalyst 1. The following typical procedures provide supporting experimental detail.6

Formation of 4. To a mixture of rerr-butylglycinate benzophenone imine (2) (50 mg, 0.17 mmol)
0(9)-allyl-N-9-anthracenylmethylcinchonidinium bromide (1) (10 mg, 0.017 mmol,) and CsOH*H20 (250 mg,

.67 mmol) in

was added 1-chloro-4-iodobutane (0.1 mL, 0.82 mmol) dropwise at -78 °C.
d rously at -50 °C for 22 h. The suspension was diluted with ether (30 mL.), washed
, brine (10 mL), dried over MgSOu, filtered and concentrated in vacuo. Purification of the
tography (20:1 to 10:1 hexane-ethyl acetate) afforded the desired product as a colorless oil
in 88% yield. The 1nchona alkaloid catalyst 1 was recovered by extracting the aqueous layers with CHpClp
(2x20 mL). The combined organic phases were then washed with brine (3x10 mL), dried over MgSOs4, filtered
and concentrated in vacuo to afford 80% (8 mg) of recovery yield of the catalyst 1 as the chloride (due to the
brine wash); the change of the counterion does not effect the activity or selectivity of the catalyst. FTIR (film)
3000, 2977, 2954, 2932, 2866, 1732, 1623, 1455, 1446, 1367, 1315, 1287, 1254, 1220, 1148 cm"!; 1H NMR
(500 MHz, CDCl3) 8 7.65 (d, J = 7.0 Hz, 2H), 7.47-7.32 (m, 6H), 7.18-7.16 (m, 2H), 3.93 (1, J/ = 6.5 Hz,
1H), 3.51-3.48 (td, J = 7.0, 1.5 Hz, 2H), 1.93-1.88 (m, 2H), 1.74-1.68 (m, 2H), 1.44 (s, 9H), 1.48-1.36 (m,
2H) ppm; 13C NMR (100 MHz, CDCl3) 8 171.3, 170.2, 139.6, 136.6, 130.2, 128.7, 128.5, 128.4, 128.0,
127.7, 80.9, 65.8, 44.8, 32.8, 32.3, 28.0, 23.4 ppm; MS (CI*+): 386 [M+H]*, 352, 330, 231, 186, 134, 110;
HRMS (CI*) caled for [C23H28NO>Cl+H]*: 386.1887, found: 386.1873; [ot] 23 =-75.29 (c 0.9, CHClp). The
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Formation of Michael Adduct 9. To a mixture of tert-butyl glycinate benzophenone imine (2)

vigorously for 5 h at -78 °C and then diluted with EtpO (30 mL). The organic phase was washed with HyO (2x10

IH NMR (400 MHz, CDCl3) 8 7.63 (d, J

7.2 Hz, 2H), 7.45-7.25 (m, 6H), 7.18-7.16 (m, 2H), 3.95 (dd, J =

23
D

found: 382.2017; [a]

-110.5 (¢ 2.4, CHClp). The enantioselectivity was determined by chiral HPLC

n

, reteniion times: R

% 2-propanoi-hexane,
prop

0%

umn, 2

analysis (Regis

min). The absolute configuration was determined by hydrolysis of the imine

(minor) 13.14 min, § (major) 15.35

, 12 hr) followed by neutralization of the amine hydrochloride using propyiene

N HCl

and ester groups (refluxing 6N

+38.2 (¢ 0.46, 6N HCI), lit. [0] 3 = +31.5

23

oxide in ethanol, to afford (§)-L-glutamic acid in 81% yicld. [a]

(¢ 2, 6N HCI).

The 25: 1 diastereoselectivity in the formation of 9 is especially noteworthy. For a review of stereoselective

Michacl reactions, see Rossiter, B.; Swingle, N. Chem. Rev. 1992, 92, 771.
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