Tetrahedron Letters, Vol. 38, No. 29, pp. 5135-5138, 1997
Pergamon © 1997 Elsevier Science Ltd

All rights reserved. Printed in Great Britain

PII: S0040-4039(97)01094-0 0040-4035/97 $17.00 + 0.00

Total Asymmetric Synthesis of Highly Constrained Amino Acids
B-Isopropyi-2’,6’-Dimethyl-Tyrosines

Yinglin Han, Subo Liao, Wei Qiu, Chaozhong Cai and Victor J. Hruby *

Department of Chemistry, The University of Arizona, Tucson, Arizona 85721

Abstracts: All four stereoisomers of the highly constrained aromatic ®-amino acid B-isopropyl-2’,6"-
dimethyltyrosine have been asymmetrically synthesized on a large scale. A catalytic asymmetric
Michael addition of an organocuprate to a chiral ¢,B-unsaturated acyloxazolidinone and subsequent direct
or indirect stereoselective electrophilic azidation of the o-position of the resulting product was followed
by hydrolysis, hydrogenation and finally deprotection of the phenol group to afford the desired amino
acids. The reactions generally proceeded in good stereoselectivitities (75-95% ee/de) and yields (70-
90%), making these optically pure amino acids available in large scale practical for the synthesis of
peptides and other studies. © 1997 Elsevier Science Ltd.

The introduction of topographically constrained unusual amino acids into biologically active peptides is
one of the most powerful approaches for examining the topographical requirements of peptide bioactivities. In
our laboratory we have designed and synthesized several B-branched amino acids of phenylalanine, tyrosine and
other aromatic amino acids® and utilized them in the design of several biologically active peptides.'® > These
studies have shown that utilizing topographically constrained analogues can lead to dramatic changes in potency
and receptor selectivity of the peptide, and have provided valuable insights about how these amino acid residues
in the peptide interact with their receptors.* As part of our continuing studies of peptide molecular design, we
report here the total asymmetric synthesis of all four isomers of B-isopropyl-2’,6’-dimethyityrosines on a large
scale.

The synthesis began with the synthesis of the unsaturated acid 2(E)-S-methyl-2-hexanoic acid (2,
Scheme I) which was prepared by a literature method with some modifications.’ The coupling of the optically
pure chiral auxiliary (4R)-4-phenyloxazolidinone or (4S)-4-phenyloxazolidinone to the acid 2 was accomplished
via the mixed anhydride method.® We recently reported the synthesis of highly constrained B-aryl isohexanoic
acid derivatives starting from the unsaturated acid derivatives 7 and 9 via asymmetric Michael addition.” When
we used isopropylmagnesium chloride as Grignard reagent to react with an o,B-unsaturated N-
acyloxazolidinone, the ratios of the major products 8 and 10 over the minor products S and 6 respectively were
4:1~5:1 as determined by quantitative "H-NMR. Various modifications of the reaction conditions to improve the
stereoselectivities failed. Nonetheless, the predominant isomer could be easily obtained in diastereomerically
pure form by fractional crystallization from ethyl acetate-hexane. On the other hand, when 2,6-dimethyl-4-
methoxyphenylmagnesium bromide was used as the Grignard reagent, only S and 6 were obtained, and none of
the adducts 8 and 10 were observed in the crude product.’
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Keys: (a) malonic acid, pyridine, piperidine, r.t.—reflux; (b) triethylamine, trimethylacetyl chioride, -78°C 10min, 0°C 1 hr,
-78°C 10min; (c) lithium (S)-(+)4-phenyloxazolidinone, -78 °C 1 hr, r.t. 3 hrs; (d) 4-methoxy-2,6-dimethylphenyl magnesium
bromide, CuBreMe,S, -10~4 °C 2 hrs, r.t. 2 hrs; (e) lithium (R)-(-)4-phenyloxazolidinone, -78 °C 1 hr, rt. 3 hrs; (f
isopropylmagnesium bromide, CuBreMe,S, -10~-4°C 2 hrs, r.t. 2 hrs

Introduction of the azido group to 5 (or 6) was achieved either directly by stereoselective electrophilic
azidation® or indirectly by stereoselective bromination® and subsequent replacement of the bromide with
nucleophilic tetramethylguanidium azide® (Scheme II). In both cases the selectivities were excellent (>90%
ee/de) with 75-85% yields. The X-ray crystallographic structure of 3(2R,3S),4(S)-3-[2-azido-3-(4'-methoxy-
2’,6"-dimethylphenyl)-5-methyl-1-oxohexanyl]-4-phenyl-2-oxazolidinone 15 was obtained to confirm the
suggested absolute stereochemistry.'® The azido acids were obtained by catalyzed hydrolysis of the azido acids
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Keys: (g) KHMDS, trisyl azide, -78°C—r.t.; (h) LiOH, H,0,, -10~-4 °C, 2 hrs; (i) DIPEA, Bu,BOTf, -0°C; (j) NBS, -78
°C, 4 hrs, 0°C, 2 hrs; (k) TMGA, acetonitrile, r.t., 4 days.
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with simultaneous recovery of the chiral auxiliary according to the published procedures.” In all cases, no
epimerization at the a-carbon was detected.

Free amino acids were obtained by hydrogenolysis of the resulting azido acids in mixed solvents of acetic
acid and water (50/50, w/w) or better, in ethanol containing 2 equivalents of hydrochloric acid to yield the
hydrochloride salts of the phenol-protected tyrosine derivatives. A high hydrogen pressure (50-70 psi) and long
reaction time were employed. The methoxy protecting group of the amino acids was removed either by
trifluoromethane sulfonic acid and thioanisole in trifluoroacetic acid at low temperature or by sodium iodide in
47% hydrobromic acid at 90~95°C (Scheme III). No racemizations were found in either case. A small scale
preparation of the free amino acids were obtained by using ion-exchange resin chromatography for analysis."

Using the same methodology the other two stereoisomers were obtained."
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Keys: (1) H,, 10% Pd/C, 50 psi, EtOH with 2 eq. HCI, 6 hrs,; (m) TFA, trifluoromethanesuifonic acid, thioanisole, 0 °C, 2
hrs.
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(25,3S) 2-Amino-3-(4’-hydroxy-2’,6’-dimethylphenyl)-4-methylpentanoic acid 18. Sppm:

6.41 (s, 2H, aromatic protons), 4.60 (H,0), 3.82 (d, J=7.2Hz, 1H, -C_H), 2.92 (2d, J=10.2, 7.2Hz,

1H, -CgH), 2.15 (m, 1H, CH(CH,),), 2.12 (s, 3H, Ar-CH,), 2.09 (s, 3H, Ar-CH,), 0.85 (d, J=6.2Hz,

3H, CHCH,), 0.35(d, J=6.7Hz, 3H, CHCH,). High Resolution-CIMS calcd for C,,H,;NO,: 252.1600

(M*+1). FOUND: 252.1586. [0]*,=+39.95 (c 0.103, MeOH). (2S, 3R) 2-Amino-3-(4’-hydroxy-

2’,6’-dimethylphenyl)-4-methylpentanoic acid. dppm: 6.36 (s, 1H, aromatic protons), 6.34 (s,

1H, aromatic protons), 4.60 (H,0), 3.89 (d, J=7.2Hz, 1H, -CH), 3.02 (2d, J=Hz, 1H, -C4H), 2.30 (m,

1H, CH(CH,),), 2.09 (s, 3H, Ar-CH,), 2.05 (s, 3H, Ar-CH,), 0.97 (d, J=6.3Hz, 3H, CHCH,),

0.40(d, J=6.6Hz, 3H, CHCH,). High Resolution-CIMS calcd for C, H,NO,: 252.1600 (M"+1).

FOUND: 252.1593. {0]%,=-22.33 (c 0.093, MeOH). (2R, 3S) 2-Amino-3-(4’-hydroxy-2’,6'-

dimethylphenyl)-4-methylpentanoic acid 20. ppm: 6.37 (s, 1H, aromatic protons), 6.35 (s, 1H,

aromatic protons), 4.60 (H,0), 3.88 (d, J=7.2Hz, 1H, -C/H), 3.02 (2d, J=10.3, 7.2Hz, 1H, -C;H),

2.30 (m, 1H, CH(CH,),), 2.09 (s, 3H, Ar-CH,), 2.06 (s, 3H, Ar-CH,), 0.97 (d, J=6.3Hz, 3H,

CHCH,), 0.35(d, J=6.7Hz, 3H, CHCH,). High Resolution-CIMS calcd for C,H, NO,: 252.1600

(M*+1). FOUND: 252.1603. [a],=+23.29(c 0.125, MeOH). (2R, 3R) 2-Amino-3-(4’-hydroxy-

2’,6’-dimethylphenyl)-4-methylpentanoic acid. Sppm: 6.41 (s, 2H, aromatic protons), 4.60

(H,0), 3.83 (d, J=7.2Hz, 1H, -C H), 2.93 (2d, J=10.4, 7.2Hz, 1H, -CgH), 2.05 (m, 1H, CH(CH,),),

2.13 (s, 3H, Ar-CH,), 2.09 (s, 3H, Ar-CH,), 0.86 (d, J=6.2Hz, 3H, CHCH,), 0.35(d, J=6.7Hz, 3H,

CHCH,). High Resolution-CIMS calcd for C, ,H, NO;: 252.1600 (M*+1). FOUND: 252.1597. [o}*,=-

38.77 (c 0.127, MeOH).
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