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O-Dehydro B-amino acid derivatives derived di- and tripep-
tides 4-7 adopt eight-member turn conformations in CDCl; solu-
tions. These peptides show similar hydrogen bonding character-
stics as compared to the corresponding L-proline containing pep-
tides 8. Thus the dehydro B-amino acid derived tripeptides 7 may
behave as the structural mimic of the L-proline containing tripep-
tides 8¢ which are structural analogues of HIV protease inhibitors.

The B- and y-turn conformations in proteins have
been shown' to play important roles during the
biochemical recognition process. It has been shown
that when peptides are used as an inhibitor they adopt
a turn conformation” while bound to their protein
receptors. In view of their importance a number of
peptides and non-peptides that confer a - or y-turn
conformations have been synthesised®. In connection
with our work on the design and synthesis of aspartyl
protease inhibitors (containing o-hydroxy-f-amino
amide core unit) based on B-turn mimetic concept, we
conceptualised that a double bond when present in the
side chain of an amino acid will confer torsional
restriction and peptides containing such amino acid
residues may be constrained to adopt a turn
conformation. Also, in order for it to be a meaningful
aspartyl protease inhibitor®, we reasoned that the core
unit consisting of o-hydroxy-f-amino amide group
should be the part of the constrained portion of such
an organised structure (Scheme I). Studies have
shown that peptides containing appropriately placed
dehydro ai-amino acids are capable of inducing a turn.
For example, if a dehydro residue of class I is placed
at (i+1) position with a flexible residue (Gly, Ala) at
(i+2) position, the dehydro residue’ adopts a
conformation which correspond to the torsional angle
values of an (i+1) residue in a B-turn I conformation.

* Dedicated to Prof.U. R. Ghatak on his 70" birthday

It is axiomatic that the structural features present in an
inhibitor must render sufficient level of flexibility
during its interaction with the receptor molecule.
Inspite of their utility as turn inducer, the dehydro o-
amino acid suffers from the rigidity due to the
constraints imparted by the double bond and often
peptides derived from it does not possess the kind of
flexibility required during binding with the host. We
envisaged that incorporation of an additional carbon
atom in dehydro a-amino acid will lead to c-dehydro
B-amino acids and the latter may exhibit the required
flexibility expected during its binding with the host.
We now show that a tripeptide 7 containing a -
dehydro B-amino acid residue at (i+1) position is a
turn inducer and leads to the formation of a psuedo-
eight-membered ring (Scheme I). These results are
compared by synthesising L-proline containing
tripeptide 9 which is structural analogue of HIV
protease inhibitors. The following section describes
the synthesis and turn inducing characterstics of o-
dehydro B-amino acid derived peptides which may
behave as the structural mimic of the structural
analogue of HIV protease inhibitors.

The o-dehydro B-amino acid derivatives 2 were
prepared by palladium catalysed amination of allyl
acetates 1 with aniline derivatives (Scheme II). In
most of the cases, the (E)-isomer was formed
predominantly. The «o-dehydro f-amino acid
derivatives 2a and 2b were transformed quantitatively
to the corresponding N-cinnamoyl amide 3a and 3b
respectively on treatment with cinnamoyl chloride
(Scheme III). Hydrolysis of the ester in 3a and 3b
followed by mixed anhydride coupling with the
methyl ester hydrochloride of L-leucine, afforded the
corresponding peptides 4a and 4b respectively in
good yields (Scheme III). The proton NMR and IR of
these peptides showed® the presence of intramolecular
hydrogen bond (Table I).

In each case the chemical shift of the amide
hydrogen was sensitive to concentration and
temperature and the chemical shift cited in the
Table I were obtained from samples at concentration
(~1.5 mM) and ambient temperature at which no
significant aggregation was evident. It is interesting to
note that '"H NMR of compounds 4a and 4b showed a
down field chemical shifts (7-8.5 ppm) for the amide
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Table I—'H NMR chemical shifts and coupling constants of de CO,Me
amide hydrogens for compounds 4-7
Compd 8 NH (ppm)* J NH(Hz) om0
4a 8.45 7.08 oS
4b 8.44 7.32 A h
4c 7.61 8.56 a) H-bonded structure of 4a
5 8.14 7.43 COMe
6 7.86 7.60 HN
7 7.95 7.54 0 =0

*NMR were recorded with a sample concentrations of CDCl; at
room temperature
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hydrogen and their coupling constants were also
consistent with the literature’ values. The de-shielding
of the amide hydrogen in 4a and 4b suggested that
they were involved in hydrogen bond interaction and
the '"H NMR of these also indicated the absence of
any unbound structure as the high field signal due to
the free amide hydrogen was not observed.

The turn inducing behaviour of o-dehydro B-amino
acids 2 in peptides 4 was evident when comparing it
with the peptide N-cinnamoyl-L-proline-L-leucine 5.
The '"H NMR of 5 indicated a downfield appearance
of the amide hydrogen indicating an intramolecular
hydrogen bonding leading to the well known y-turn
that may have resulted if the prolyl amide’ residue
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existed as trans-isomer. Thus the role played by the
o-dehydro B-amino acid residue in 4 is comparable to
the one exhibited by L-proline residue in peptide 5. It
is important to note that the '"H NMR of the amide
derived from L-proline residue in 5 showed the
presence of geometric mixtures of cis and trans
isomers whereas the presence of the N-aryl group in 4
was mainly responsible for the formation of one
isomer of the tertiary amide 4a . Thus it appears that
the aromatic ring present on nitrogen in 4 influences
the geometry of the tertiary amide such that it adopts
a conformation suitable for the intramolecular
hydrogen bonding. The existence of the eight-
membered intramolecular hydrogen bonding was also
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observed in epoxide 6 (Table I) which was obtained
from 4a on polyaniline supported cobalt(Il) salen
catalysed” aerobic epoxidation (Scheme IV).

The cobalt(Il) chloride catalysed opening of the
epoxide 6 with anisidine led to the corresponding f3-
phenylisoserine derived tripeptide 7 which also
showed the presence of intramolecular hydrogen
bonding as evidenced from the appearance of amide
hydrogen at 7.9 ppm in 'H NMR (Table I). The
tripeptide 7 has the o-hydroxy P-amino amide core
structure which is shown to be present in HIV
protease inhibitors’. In order to draw analogy between
structure 7 and the proline containing structural
analogue of HIV protease inhibitors, we have
synthesised the tripeptide 9 from 8 (Scheme V) using
the epoxidation and its opening protocol as described
for 7 in scheme 4. The tripeptide 9 also showed the
intramolecular hydrogen bonding as evidenced'’ from
the appearance of low field signal for amide hydrogen
in proton NMR. This observation suggests that 7 may
function as a structural mimic of 9. In conclusion, the
a-dehydro f-amino acid 2 is an efficient turn inducer
when present at i+1 position of tripeptide 7 and can
mimic the L-proline residue at this position as
indicated by its comparison with 9.

Acknowledgement
We thank DST, New Delhi for the financial
support to this work.

References and Notes

1 Smith J A & Pease L G, CRC Crit Rev Biochem, 8, 1980,
315.

2 Ball] B & Alewood P F, J Mol Recog, 3, 1990, 55.

3 a)Kemp DS & Li Z Q, Tetrahedron Lett, 36, 1995, 4179, b)
Tsang K Y, Diaz H, Graciani N & Kelly J W, J Am Chem
Soc, 116, 1994, 3988.

4 For Aspartyl protease inhibitors see: Babine, R E & Bender S,
Chem Rev 97, 1997, 1359.

5 For peptides derived from dehydro amino acids see: a) Stam-
mer C H, Chemistry and Biochemistry of Amino Acids, Pep-
tides and Protein edited by B Weinstien, (Marcel Dekker,
New York), Vol IV, 1982, p3. b) Schmidt U, Licberknecht A
& Wild 1. Synrhesis 1988,159. ¢) Nunami K, Hirmatsu K.
Hayashi K & Matsumoto K, Terrahedron, 44, 1988, 5467.

6 Feng Y. Wang Z, Jin S & Burgess K. J Am Chem Soc, 120,
1998. 10768. b) Kim K & Germanas ] P, J Org Chem, 62,
1997, 2853. c¢) Krauthauser S, Christianson L A, Powell D R
& Gellman S H, J Am Chem Soc, 119, 1997, 11719, d) Cur-
ran T P, Chandler N M, Kennedy R ] & Keaney M T, Tetra-
hedron Lent, 37, 1996, 1933 and 116, 1994, 3988. «¢)
Hermkens P H H, V Dinther T G, Joukema C W, Wagenaars
G N & Ottenheijm H C J, Tetrahedron Lett, 35, 1994, 9271,
d) Ripka W C, De Lucca G V, Bach A C I, Poutorf R S &
Blaney J M, Tetrahedron, 49, 1993, 3593 and 3609. e)
Gardner B, Nakanishi H & Kahn M, Terrahedron, 49, 1993,
3433. f) Nowick J S, Powell N A, Martinez, E J, Smith EM
& Noronha G, J Org Chem, 57, 1992, 3763.

7 For the effect of prolyl residue on the conformation of pep-
tides or protein see: a) Fischer G & Schmid F X. Biochemis-
rry, 29, 1990, 2205. b) MacArthur M W & Thornton J M, J
Mol Biol, 218, 1991, 397. ¢) Yaron A & Naider F, Crit Rev
Biochem Mol Biol, 28, 1993, 31. d) Beausoleil E. Sharma R,
Michnick S W & Lubell W D, J Org Chem, 63, 1998, 6572.

8 For cobalt catalysed epoxidation and its opening with amines
see: a) Das B C & Igbal J, Tetrahedron Len, 38, 1997, 1235. b)
Punniyamurthy T & Igbal J, Tetrahedron Len, 38, 1997, 4466.

9 For pyrrolidine containing HIV protease inhibitors see: Glee
D H, Laslo K L. Elder J H, Ollmann I R, Gustchina A.
Kervinen J, Zdanov A, Wlodawer A & Wong C, J Am Chem
Soc, 117, 1995, 11867. Also see reference 8b.

10 '"H NMR and Mass for tripeptide 7; 'H NMR (CDCly):
87.95 (bs, LH), 7.76 (s, 1H), 7.13-7.27 (m, 10H), 6.61 (d. J =
4.8Hz, 2H), 6.59 (d, J = 9Hz, 2H), 6.33 (d, J = 8.76Hz, 2H),
S5.11(d, J = 15.1Hz, 1H), 4.72 (m, 1H), 4.41 (m, 1H), 4.36 (d,
J = 14.88Hz, 1H), 4.17 (d, J =), 3.78 (s, 3H), 3.68 (s. 3H).
1.67 (m, 2H), 1.25 (m, 1H), 0.98 (d, J = 5.84Hz, 6H). Mass:
680 (M+1, 10%), 468 (15%), 212 (60%). 9; 'H NMR
(CDCl5): & 7.14-7.35 (m, 5H), 7.15 (d. J = 7.6Hz, 1H), 6.66
(d, J = 8.8Hz, 2H), 6.39 (d, J = 4.2Hz, 2H), 489 (d, J =
5.6Hz, 1H), 4.47-4.52 (m, 1H), 4.41 (d, J = 5.6Hz, 1H). 3.70
(s, 3H), 3.67 (s, 3H), 2.13-2.20 (m, 1H), 1.84-1.96 (m, 2H),
1.46-1.77 (m, 4H), 0.88 (d, J = 6.4Hz, 3H), 091 (d, J =
5.6Hz, 3H).



