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Abstract—A series of novel hydrophobic, bulky �2-constrained phenylalanine and naphthylalanine derivatives were designed and
synthesized. Asymmetric hydrogenations of �-enamides using Burk’s DuPHOS-based Rh(I) catalysts generated high enantiomer-
ically pure �-amino acid derivatives, which subsequently underwent Suzuki cross couplings with boronic acid derivatives to afford
these aromatic substituted amino acids in high yields and with high enantioselectivity. © 2002 Elsevier Science Ltd. All rights
reserved.

The backbone conformations of peptides and proteins
such as �-helix, �-sheet, �-turn, and so forth provide
critical templates for the three-dimensional structures
when interacting with their receptors/acceptors,
whereas the overall shape and intrinsic stereoelectronic
properties of the peptides and proteins important for
molecule recognition, signal transduction, enzymatic
specificity, immunomodulation, and other biological
effects depend on arrangement of the side chain groups
of amino acid residues in three dimensional � space
(their �1, �2, etc. torsional angles). The side chain

conformation can be controlled by introducing an
alkyl/aryl group at the �-position or on the aromatic
rings of aromatic amino acid residues. These kinds of
modifications do not perturb the backbone conforma-
tion significantly, and still allow the peptide backbone
and side chain some degree of flexibility, which often is
necessary and even crucial for peptide and pepti-
domimetic activity. In the past, our group has designed
and synthesized many novel �-constrained amino acids,
mainly focusing on introducing alkyl groups at the
�-position of amino acids.1–3 We have demonstrated

Figure 1. Structures of o-substituted-aryl phenylalanines and naphthylalanines.

Keywords : asymmetric hydrogenation; DuPHOS; constrained amino acids; phenylalanine; naphthylalanine.
* Corresponding author. Tel.: (520) 621-6332; fax: (520) 621-8407; e-mail: hruby@u.arizona.edu

0040-4039/02/$ - see front matter © 2002 Elsevier Science Ltd. All rights reserved.
PII: S0040 -4039 (02 )00249 -6

mailto:hruby@u.arizona.edu


CHO

Br
(CH3O)2P(O)CH(NHCbz)COOCH3

O

OCH3

NHCbz
Br

O

OCH3

NHCbz
R

R

O

OCH3

NHCbz
Br

O

OCH3

NHCbz
Br

DBU, CH2Cl2

R

RT, 5 h, 96%

O

OCH3

NHCbz
R

R-B(OH)2

R-B(OH)2

O

OCH3

NHCbz
Br

+

[((S, S)-Et-Du-PHOS)-Rh]OTf

[((R, R)-Et-Du-PHOS)-Rh]OTf

MeOH, 65 psi H2, 24 h, 97%

MeOH, 65 psi H2, 24 h, 98%

Pd(OAc)2, P (o-tolyl)3

DME, K2CO3, 80 oC

7

Pd(OAc)2, P (o-tolyl)3

DME, K2CO3, 80 oC

Yield (%)

71

79

Yield (%)

69

98

5
6

7

8a

3a

3b

8b

4a

4b

3 4

3

4

W. Wang et al. / Tetrahedron Letters 43 (2002) 2137–21402138

that the incorporation of these unnatural amino acids
into biologically active peptides and peptidomimetics
can enhance the potency and selectivity significantly.2–6

However, introducing an alkyl or aryl group on the
aromatic ring of an aromatic amino acid residue, par-
ticularly in the ortho position which can significantly
restrict its conformation in �2 space, has been much less
explored.2,7–9 The �2 torsional angle can be efficiently
restricted by the interaction between the aryl moiety
and the �-hydrogens of amino side chain in the o-sub-
stituted phenylalanine and naphthylalanine derivatives
1 and 2 (Fig. 1).

In our �-melanocyte stimulating hormone (MSH) pro-
ject, we have found that Phe (preferably D-Phe) plays a
critical role in activity and selectivity.4,10 For example,
the substitution of D-Phe in MT-II with D-Nal (naph-
thylalanine) (2�) led to a potent and selective antagonist
ligand, SHU-9119, for melanocortin receptor (MCR)
4.11 To further improve activity and selectivity and
understand the relationship of peptide ligands and their
receptors, we have proposed to use �2-constrained,
hydrophobic and bulky aromatic-substituted phenylala-
nines 1 and naphthylalanines 2 to substitute D-Phe in
MT-II or D-Nal (2�) in SHU-9119. In addition, these
amino acids can provide a large lipophilic surface for
binding to receptors, and for crossing membrane barri-
ers (e.g. blood brain barriers (BBB) and intestinal
mucosa), which provides an opportunity to address
three issues simultaneously. Herein we would like to
report an efficient approach to the asymmetric synthesis
of these unusual amino acids. The general strategy

involves the asymmetric hydrogenation of �-enamides
to generate functional �-amino acids in high optical
purity which serve as common intermediates from
which a variety aromatic substituted amino acid deriva-
tives may be readily obtained through Suzuki-type
cross couplings (Schemes 1 and 2). Recently we used a
similar method to synthesize novel 5-aryl tryptophan
derivatives.12

The synthesis of the o-aryl substituted phenylalanines 3
and 4 started from commercially available 2-bromoben-
zylaldehyde 5 (Scheme 1). The Horner–Emmons olefi-
nation of aldehyde 5 with phosphonate (MeO)2-
P(O)CH(NHCbz)COOMe 6 gave the dehydroamino
acid derivative 7 with Z-configuration as a major
product (Z/E>95/5) in 96% yield.13 Compound 6 was
synthesized in three steps following literature proce-
dures.14 The amino group in 7 was protected by Cbz
(benzyloxycarbonyl), which can be readily removed by
Pd catalyzed hydrogenation to give a free amine, which
can be reprotected as N�-Boc (tert-butoxycarbonyl) or
N�-Fmoc (9-fluorenylmethoxycarbonyl)) for the solid-
phase peptide synthesis. The dehydroamino ester 7
underwent asymmetric hydrogenations to give �-amino
acid derivatives. We chose 1,2-bis ((2S,5S)/(2R,5R)-2,5-
diethylphospholano)benzene (cyclooctadiene) rhodi-
um(I) trifluoromethane sulfonate ((S,S)/(R,R)
[Et-DuPHOS-Rh] OTf) as catalysts for the asymmetric
hydrogenations since they give almost exclusively single
enatiomer (>97% ee) in high yields (>96%).15,16 These
catalysts show high efficiency (at a ratio of catalyst to
substrate up to 1/2500)16 and are commercially avail-

Scheme 1. Synthesis of o-substituted phenylalanine derivatives.



W. Wang et al. / Tetrahedron Letters 43 (2002) 2137–2140 2139

Scheme 2. Synthesis of o-substituted naphthylalanine derivatives.

able.17 Furthermore, both Z and E dehydroamino acids
using this type of catalysts gave one single isomer.16 In
this case, we separated the two isomers by column
chromatography. The isolated (Z)-dehydroamino acid
ester 7 was used for asymmetric hydrogenations with a
higher ee than that of (E) isomer. The (S,S) catalyst
afforded the amino acid derivative 8a with an absolute
S configuration, based on the selectivity of the (S,S)-Et-
DuPHOS ligand, in high yield and high ee (>96%).16

The (R) amino acid 8b was also obtained using (R,R)-
Et-DuPHOS as the ligand in high yield and high ee as
well. o-Bromophenylalanines 8a,b were subjected to
Suzuki cross couplings with phenyl and naphthyl
boronic acids to give amino acid derivatives 3 and 4 in
69–98% yields. We have tried several Suzuki cross
coupling reaction conditions and found the following
reaction conditions to give the best yields without any
racemization: 5 mol% Pd(OAc)2 and 10 mol% tri(o-
tolyl)phosphine as the catalyst, 1.5 equiv boronic acid
and 2.0 equiv Na2CO3 in a mixture of ethylene glycol
dimethyl ether (DME) and H2O at 80°C. A longer
reaction time (12 h) was required for the formation of
the sterically hindered products. The enantiomeric
purity was determined by chiral HPLC analysis and no
racemizations were observed during the cross
couplings.18

Using a similar strategy, we synthesized o-aromatic
substituted naphthylalanine derivatives 9 and 10
(Scheme 2). The isolated (Z) �-enamide 12 was
obtained as the major product by condensation of
1-bromo-2-naphthylaldehyde 11 with 6 in the presence

of DBU in CH2Cl2 in 93% yield. Asymmetric hydro-
genation of �-enamide 12 in the presence of 5 mol%
catalyst, Rh(I)-(S,S)-Et-DuPHOS or Rh(I)-(R,R)-Et-
DuPHOS, 65 psi of H2, 24 h in methanol gave (S) or
(R) N�-Cbz-o-bromonaphthylalanine methyl esters
13a,b in 95–99% yield and >98% ee, respectively.19 The
o-bromonaphthylalanines 13a,b were reacted with
phenyl and naphthyl boronic acids through Suzuki
cross coupling reactions to give final compounds 9 and
10. We employed the same coupling reaction conditions
as used before in good yields for the phenylboronic
acid-based reactions. An incomplete reaction was
observed for the coupling with naphthylboronic acid.
However, using 5 mol% Pd(PPh3)4 instead of Pd(OAc)2

and P(o-tolyl)3, 1.5 equiv. boronic acid, 2.0 equiv.
Na2CO3, in benzene–water, 80°C, for 36 h afforded a
complete reaction in high yields (>95%).

Interestingly in these o-substituted phenylalanines and
naphthylalanines, we found that two diasteromers were
obtained for 3b, 4b, 9b, and 10b. 1H NMR showed two
groups of proton signals. About 1:1 and 1:2 ratios of
diastereomers in 3b and 4b and in 9b and 10b were
observed, respectively, during the Suzuki couplings
based on the integrations of 1H NMR. Although they
are diastereomers, they could not be separated by silica
gel chromatography. Their structures are presumably
assigned as shown (4b and 10b not shown) in Fig. 2.
Because of the interaction between the large naphthyl
moiety and the �-hydrogens of amino side chain, the
naphthyl group in 3b and 9b were away from the two
�-hydrogens of amino side chain to reduce steric hin-
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Figure 2.

drance. The detailed conformation studies of these
amino acids currently are being investigated via X-ray
crystal structures, NMR, and computer modeling and
calculations. It is also realized that these conformation-
ally constrained amino acids bearing fluorophores will
be very useful in structure–activity studies of peptides
and receptors.

An efficient method has been developed for the synthe-
sis of novel aromatic-substituted �2-constrained phenyl-
alanine and naphthylalanine derivatives. These amino
acids were synthesized through asymmetric hydrogena-
tions using Burk’s DuPHOS-based catalysts with high
e.e. (>96%), followed by Suzuki crossing couplings also
in high yields. The method can be easily scaled up for
the synthesis of a large amount of these amino acids.
The incorporation of the amino acids into biologically
active �-MSH peptides and peptidomimetics, biological
evaluation, and structure–biological activity relation-
ship study of the peptides and peptidomimetics are
currently under extensive investigation.
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