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1, 2-Asymmetric cis Induction and its Application to the Asymmetric
Synthesis of Precursors of f-Branched Unusual Amino Acids
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Abstract: A new method for the asymmetric synthesis of key intermediates of unusual amino acids has been
established by utilizing B-carbon chirality for asymmetric induction in allylic-strained boron enolates.

The design of receptor-selective peptide and peptidomimetic ligands with highly potent and specific
biological properties has become one of the most important areas in bioorganic chemistry, medicinal chemistry,
molecular biclogy and other related research areas.2 We and others have previously proposed and
demonstrated the importance of implementing f-branched @t-amino acids in the design of biologically active
peptide ligands with specific conformational and topographical features.3 Therefore, extensive development of
synthetic organic chemistry of unnatural amino acids has become crucial to the future of these areas.4-3

Recently, we have reported a diastereospecific tandem Michael-like addition of a copper enolate followed
by an electrophilic bromination, in high optical purity and yield, which leads to trans precursors of -branched
o-amino acids when used in conjunction with a modified Evans auxiliary8a. 9(eq. 1). Both & and P chiral centers
were controlled by the chirality of the auxiliary in equation 1. We wish to know the effect of the B chiral center
on asymmetric induction at the o center, and to explore its use for the asymmetric synthesis of key
intermediates of unnatural amino acids.
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Boron enolates of the type derived by using the method of Mukaiyama and colleagues!0 have shown great
success in their application to asymmetric synthesis, especially in asymmetric aldol reactions,!! though only a
few cases have been reported that are specifically related to the asymmetric synthesis of amino acids. Evans
and coworkers were the first to apply chiral boron enolates to the asymmetric synthesis of x-amino acidsS in
which an oxazolidinone auxiliary was used to control the stereochemistry of the & chiral center with excellent
efficiency. In conjunction with our efforts to develop highly systematic approaches to the asymmetric synthesis
of unusual amino acids,”- 8 we report here preliminary results of this new approach in which the chirality of the
o-carbon center was induced through the chirality of the B-position of the boron enolate. (eq. 2, corresponding
results listed in Table 1).

Table 1. The results of 1, 2-asymmetric cis induction (a-f)

Chirality | Ratio Purified SHgof | [dF
A R | Biagen c(m yield % |de. % @ | Conrog ] (CHCl)
Const. Hz)
a @— CHs- S 72:1 82 >99 (?'32, ) c-=6§(.)5)
b O—— CHs- R 73:1 67 >99 (%’g) ¢ cfi.88)
c CH;O—O— CH3- S 38:1 70 09 | 593 (:-_1_‘»:-.‘_")
a| cmod D | oy | R |40 | e | s09 | S| AL
e @" CH3CHz-| S 30:1 50 >99 g.ﬁg) (;_l_g.g)
f @— CHicHz| R [ 23:1] = >0 | g6 [ 498

@ 599% indicates that only one isomer was observed
¥ a single crystal X-ray structure was obtained

The bromination reactions were performed via a procedure similar to that described by literatureS.3d
which is represented by example a. A precooled solution of the acyl-oxazolidinone derivative 1a,!2 0.600 g,
2.57 mmol) in dry dichloromethane( 5.80 ml) was added by diisopropylethylamine (0.630 ml, 3.60 mmol, 1.40
eqv) and dibutylboron triflate (1.0 M solution in dichloromethane, 3.60 mi, 1.40 eqv) at -78 %C under nitrogen.
The resulting light yellow solution was stirred at -78 9C for 20 min, 0 0C for 1 h and recooled to -78 9C before
being transferred through a Teflon cannula to a slurry solution of N-bromosuccinimide (0.660 g, 3.70 mmol,
1.40 eqv) in dichloromethane (8.10 mi) at -78 OC. The resulting brown mixture was stirred at -78 9C for 2 h and
quenched by pouring into 0.5 N aqueous sodium bisulfate. The water phasc was extracted three times with ethyl
acetate. The combined organic solution was washed twice with 0.5 N aqueous sodium thiosulfate and once with
brine, dried over anhydrous magnesium sulfate, and concentrated in vacuo. The crude residue was evaluated by
IH-NMR prior to column chromatography to yield a pale yellow oil of product 2a (0.66 g, 82%).
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TLC and 'H-NMR (250 MHz) have been found to be a convenient way in order to monitor the reaction
progress and determine the stereoselectivitics of the resulting bromides (2a-2f). The TLC conditions employed
were EtOAc:Hexane:CH3CN (2.7:6.3:1) for reactions ¢ and d, and EtOAc:Hexane (3:7) for reactions a, b, e and
f. The minor diastereoisomeric compounds were readily separated by silica gel chromatography [E. Merk silica
gel 60 (230-400A)]). Solid products were obtained for 2c and 2d which could be easily crystallized. X-ray
structure analysis was performed for 2d. All of the other products remained as viscous pale yellow oils. The
down -field chemical shifts of the a-carbon protons of the bromides (2a-2f) (doublets, ranging from 5.95 to 6.06
ppm) were used to evaluate the ratios of cis / trans product formation by integration.

The stereochemistry of the asymmetric cis induction was unequivocally confirmed by single crystal X-ray
structure analysis of one of the bromination products (Fig. 1):

Fig. 1 The X-ray structure of 3(2R, 3S)-[2-bromo-3-(4'-methoxy-2'-
methylphenyl)- 1 -oxopropyl-2-oxazolidinone (2d)

It is interesting to note that it is difficult to define precisely the configurational orientation of the allylic
system for the § chiral centers in the enolate intermediates that we studied.® However, based on the resulting
stereochemistry it is reasonable to predict the possible existence of allylic strain effects!3, 14 in these enolates.
It is easy to understand the origin of the resulting chirality from the following model of allylic strain effects
(Fig. 2). We believe that this is the first documentation of such effects as seen in boron enolates from

oxazolidinone derivatives and the first application of an enolate with a strain effect for the asymmetric synthesis

of unusual amino acids.
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Fig. 2. The stereochemistry of the boron enolate with allylic strain effect
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Further examples to elucidate this allylic strain phenomenon are under investigation. Also improvements
in the reaction conditions of this new methodology are continuing, and direct conformational studies of enolates
by NMR techniques will be investigated in this laboratory.

Acknowledgment

This work has been supported by U. S. Public Service Grants, DK 36289 and CA 57723, and NIDA
Grants DA 06284 and DA 04248, and SRSF Graduate Scholarship (University of Arizona, GLi172317).We
would like to thank Dr. Michael Bruck for the X-ray structure analysis, Dr. Robin Polt for the helpful
discussions, and Dr. B.-S. Lou for her assistance.

References an Notes

1. (a) Hruby, V.J. Life Sciences, 1982, 31, 189-99; (b) Spatola, A.F. in "Chemistry and Biochemistry of
Amino Acids, Peptide and Proteins”, Vol. VII, B. Weinstein, Ed., Marcel Dekker, N. Y., 1983, Vol. VII,
p. 267; (c) Kazmierski, W.M.; Yamamura, H.1.; Hruby, V.J. J. Am.Chem. Soc. 1991, 113, 2275-83; (d)
Hruby, V.J.; Al-Obeidi, F.; Kazmierski, W.M. Biochem. J. 1990, 249-62; (e) Hruby, V.J. Progress in
Brain Research, 1992, 92, 215-24; (f) Hruby, V.J. Biopolymers, 1993, 33, 1073-82; (g) Wiley, R.A_;
Rich, D.H., Medicinal Research Review, 1993, 13(3), 328-384.

2. Mendel, D.; Ellman, J.; Schultz, P.G., J. Am. Chem. Soc., 1993, 115, 4359-4360.

3. (a) Toth, G.; Russell, K.C.; Landis, G.; Kramer, T.H.; Fang, L.; Knapp, R.; Davis, P.; Burks, T.F.;
Yamamura, H; Hruby, V.J. J. Med. Chem., 1992, 35, 2383-91, and references therein; (b) Huang, Z.; He,
Y-B.; Raynor, K.; Tallent, M.; Reisine, T; Goodman, M. J. Am. Chem. Soc. 1992, 114, 9390-9401; (c)
Hruby, V.J.; Toth, G.; Gehrig, C.A.; Kao, L.-F.; Knapp, R.; Lui, G.K.; Yamamura, H.I.; Kramer, T.H.;
Davis, P.; Burks, T.F. J. Med. Chem., 1991, 34, 1823-30.

4, Williams, R. M. Synthesis of Optically Active a-Amino Acids, Pergamon, Oxford, 1989.

5. (a) Evans, D.A_; Britton, T.C.; Ellman, J.A_; Dorow, R.L. J. Am. Chem. Soc. 1990, 112, 4011-4030; (b)
Evans, D.A.; Ellman, J.A.; Dorow, R.L. Tetrahedron Lett. 1987, 28 1123-26, (c) Evans, D.A.; Britton,
T.C.; Dorow, R.L.; Dellaria, J.F. J. Am. Chem. Soc. 1986, 108, 6395-6397.

6. (a) Oppolzer, W.; Pedrosa, R.; Moretti, R., Tetrahedron Lett., 1986, 27, 831-834, (b) Trimble, L.A_;
Vederas, J.C. J. Am. Chem. Soc. 1986, 108, 6397-6399.

7. (a) Li, G.; Patel, D.; Hruby, V.J.Tetrahedron Asymmetry , 1993, in press, (b) Li, G.; Patel, D.; Hruby, V.J.
Tetrahedron Lert., 1993, 34(34), 5393-96; (c) Li, G.; Boteju, L. W.; D. Patel; Hruby, V.J. Peptides:
Chemistry and Biology, 1993, in press, R. S. Hodges and J. A. Smith, eds., ESCOM Publisher, Leiden.

8. (a) Li, G.; Jarosinski, M.A.; Hruby, V.J. Tetrahedron Lett. 1993, 34(16), 2561-4; (b) Nicolas, E.; Russell,
K. C.; Hruby, V.J. J. Org. Chem., 1993, 58(3), 766-70; (c) Li, G.; Russell, K.C.; Jarosinski, M.A.; Hruby,
V.). Tetrahedron Lest., 1993, 34(16), 2565-8; (d) Dharanipragada, R.; Van Hulle, K.; Bannister, A.; Bear,
S.; Kennedy, L.; Hruby, V.J. Tetrahedron, 1992, 48, 4733-48.

9. Manuscripts (Li; Lou; Lung & Hruby) are in preparation about this kind of tandem Michael
addition/electrophilic amination reaction by using di-terz-butyl azodicarboxylate and the related direct
NMR investigation by using 4-phenyl-oxazolidinone as a mechanism probe.

10. Inoue, I; Uchimaru, T.; Mukaiyama, T. Chem. Lezr., 1977, 153-154.

11. (a) Heathcock, C.H. Asymmetric Synthesis, Vol. 3, Part B, Morrison, J.D. ed., Academic Press, 1984,
111-212; (b) lzer, W.; Blagg, J.; Rodriguez, I.; Walther, E. J. Am. Chem. Soc. 1990, 112, 2767-72

12. The substrates 1a-1f were prepared by asymmetric Michael-like additions (eq. 1), or by separation of
racemic carboxylic acids by usingﬂl. or 4S, 4-phenyl-oxazolidinone as a new chiral resolution reagent
(Li; Patel and by, The 10th Biennial Marvel Symposium, University of Arizona, abstr. 27, 1993,
March 14-16).

13. Evans, D.A. Asymmetric Synthesis, Vol. 3, Part B, Morrison, J.D. ed., Academic Press, 1984, p. 96-100.

14. ’g;\g;ng.l G.; Curran, D.P.; Geib, 8.V.; Giese, B.; Damm, W.; Wetterich, F. J. Am. Chem. Soc. 1993, 115,

(Received in USA 19 November 1993; revised 18 January 1994; accepted 4 February 1994)



