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A short synthesis that generates two isomeric bicyclic dipeptides having constrained, trans-proline amide bonds has been developed. One of
these bicyclic dipeptides corresponds to an Xxx-L-Pro dipeptide (4), while the other isomer corresponds to an Xxx-b-Pro dipeptide (5). The two
isomers are readily distinguished by their 'H NMR spectra.

Owing to the stability obtained from-bonding between the  hormones.Of potential utility in studying biochemical events

N, C, and O atoms, amides only assume two conformationsinvolving proline would be peptides that constrain proline
that differ in orientation by 180 The limited conformational  to either thecis- or trans-amide conformation. In previous
freedom of amides is an important part of protein structure. work we have detailed a short synthesis that generates
Under normal circumstances most amide bonds in proteinsconstrainectis-proline dipeptide&.Here, a short synthesis
adopt only one of the two possible orientations, trems- that generates the correspondingns-proline dipeptides is
amide conformation. The one exception to this are proline presented.
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The obvious approach for constraining an Xxx-Pro dipep-
tide to thetrans-amide conformation is to tether tidecarbon
of the pyrrolidine ring of proline to thex-carbon on the
preceding amino acid using a linker Y, as shown in general
structure3. A number of species that correspond to general
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The preparation o4 and 5 is outlined in Scheme 1.
Coupling ofcis-2,5-dicarbethoxypyrrolidinel@, obtained in
two steps from diethyinesel,4-dibromoadipaf® with N-o-

3

structure3 have been prepared and described in recent years
and they are shown in Figure’IThe target molecules in
the present work aré and 5, which employ a lactam
methylene (CO-NH-CHh) linker. Two attractive features of
this linker are that the lactam is easy to assemble and that it
limits the conformational mobility of the bicyclic ring system.
The two isomers4 and 5 significantly differ in their
configuration at the carbon bearing the carboxylic acidt In
the carboxylic acid has the configuration identical to that of
L-proline, while in5 the carboxylic acid has the configuration
identical to that ob-proline. Thus4 is a constrainedrans
Xxx-L-Pro dipeptide, whilé is a constrainedirans-Xxx-
D-Pro dipeptide. Another attractive feature of the synthesis
detailed below is that it generates an easily separable mixture
of derivatives of4 and5.

CbzN-S-Boc+-aminoalanineX9, obtained either by addition
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Figure 1. Bicyclic dipeptides conforming to general structi®e

1226

a(a) EDC, CHCI, (95%); (b) LIOH, HO, EtOH (78%); (c)
4-nitrophenol, DCC, ChkCl, (54%); (d) CRCOH, CH,CIy; (e)
pyridine (d and e: 44925, 8%26).

of the Boc group to commercially availabld-o-Cbz4-
aminoalaningor by a facile two-step synthesis starting from
Chbz-Asn-OHY) yields dipeptide20. Treatment 020 with 1
equiv of LiOH leads to hydrolysis of one of the two esters
to generate a mixture of half-est&@$and22. Esterification

of this mixture with DCC and 4-nitrophenol afforded an
inseparable mixture of diesteB8 and 24. Last, treatment

of the mixture of23 and 24 with CRCO;H in CH,Cl,,
followed by addition of the resulting amine salts to anhydrous
pyridine at 23°C, led to the formation of a 5.5:1 mixture of
the isomeric, bicyclic dipeptide®5 and26. The abundance

of 25 relative t026 must arise during the treatment 20

with LiOH. Either one of the esters reacts more quickly than
the other because of assistance from the neighboring ami-
noalanine residue or reaction at one of the esters is hindered
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by the neighboring aminoalanine. In either case, the chiral

appear as a doublet of doublets at 3.3 ppm and a multiplet

aminoalanine must exert an influence on the course of theat 3.65 ppm, with the hydrogen appearing as the doublet of

reaction. The two bicyclic dipeptides and26 were easily
separated and purified by flash chromatography.

The two isomer®5 and26 were readily distinguished by
the appearance of the lactam methylene, @rbup in their
respectivéH NMR spectra. For the first isomer to elute off
the chromatography column, thd NMR and COSY spectra
showed the resonances of this Cappearing as a doublet
of doublets at 3.44 ppm and a multiplet at 3.63 ppm. The

hydrogen appearing as the doublet of doublets was only

coupled to its geminal partner and the neighboring methine;
it was not coupled to the lactam NH. The absence of coupling

here indicates that the dihedral angle between the lactam NH

and one of the hydrogens on the £l approximately 90°.
Conversely, for the second isomer to elute off the chroma-
tography column, théH NMR and COSY spectra showed
the resonances of the GHappearing as two multiplets

doublets not showing any coupling to the lactam NH.
Similarly 28, which has the same bicyclic ring system as
26, was prepared frorh9 andi-proline methyl ester. It&H
NMR and COSY spectra also bear many similarities to its
structural relative26. Like 26, the two hydrogens of the
lactam methylene CHappear as multiplets centered at 3.6
and 3.9 ppm, and both resonances show coupling to the
neighboring lactam methylene NH. The near identical
appearance of the lactam methylene resonanc@$ and

27, and in26 and28, support the assignments2§ and26.
They also indicate that the bicyclic ring systems here have
little conformational mobility and assume one defined
conformation in solution. Finally, the spectroscopic data for
25—28show that the appearance of the lactam methylene
in the 'H NMR spectrum can be used to assign the

centered at 3.57 and 3.95 ppm. Both multiplets in the secondstereochemistry in these bicyclic dipeptides.

isomer were coupled to the lactam NH. Inspection of
Dreiding models of bot25 and 26 showed that only\25

Also supporting the assignments @b and 26 were
molecular modeling experiments in which low-energy con-

could assume a conformation in which one of the hydrogensformations of25—28were obtained using an MM2 energy

on the lactam Cklhad a nearly 90tihedral angle with the
neighboring lactam NH. Thus, it was concluded tRaivas
the first isomer to elute off the column, whi6 was the
second isomer.

To confirm this conclusion, model compour@idand28,
which could be prepared with established configurations at
all chiral centers, were examine#7, which has the same

o o H
Cgf; Oy

N "N
6 H éf‘ H

27 28

bicyclic ring system as25, was prepared froni9 and
D-proline methyl ester using the route outlined in Scheme
1. The '"H NMR and COSY spectra oR7 bear many
similarities to the!H NMR and COSY spectra d5. Like
25, the two hydrogens of the lactam methylene,@H27
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minimization. In the low-energy conformations 26 and

27, the calculated dihedral angles for the lactam methylene
CH, were —81° and 33°, and—85° and 30°, respectively.
For 26 and28, the calculated dihedral angles for the lactam
methylene CHwere—132 and—16°, and—127 and—11°,
respectively. These calculated dihedral angles are in agree-

Figure 2. Low-energy conformations d27 (A) and 28 (B). For
clarity, the Cbz group has been truncated to an acetamide. The
carbons are darkly shaded, the nitrogens are lightly spotted, the
oxygens are heavily spotted, and the hydrogens are white.
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ment with the'H NMR coupling constant data f@5—28.
Figure 2 shows the low-energy conformations &t and
28.

oped. The two isomeric peptides are easily separated by
chromatography and are readily distinguisheddyNMR.
The spectroscopic data also indicate that these two bicyclic

In summary, a short synthesis that generates two isomeric,structures adopt well-defined conformations. The use of these
constrainedrans-proline amide dipeptides has been devel- constrained prolines as probes of the enzymatic activity of

(11) 25 and26 are separable by flash chromatography (EtO&8). *H
NMR (300 MHz, CDC}) 6 7.35 (5H, s), 6.07 (1H, dJ = 5.1 Hz), 6.05

(1H, d,J = 5.9 Hz), 5.12 (2H, s), 4.94 (1H, m), 4.67 (2H, m), 4.18 (2H,

g,J = 7.1 Hz), 3.63 (1H, m), 3.44 (1H, dd,= 11.6, 11.6 Hz), 2.65 (1H,
m), 2.30 (1H, m), 2.17 (1H, m), 2.06 (1H, m), 1.30 (3HJt&= 7.1 Hz).
TLC (EtOAc) R = 0.47. Anal. Calcd for @H23N30s: C, 58.60; H, 5.95;
N, 10.79. Found: C, 58.26; H, 6.17; N, 10.626: 'H NMR (300 MHz,
CDCls) 6 7.35 (5H, s), 6.39 (1H, s), 5.82 (1H, d,= 4.3 Hz), 5.08 (2H,

dd,J = 9.3, 12.1 Hz), 4.73 (2H, m), 4.15 (2H, m), 3.95 (2H, m), 3.57 (1H,

m), 2.67 (1H, m), 2.13 (3H, m), 1.24 (3H,1= 7.1 Hz). TLC (EtOAC)R
= 0.24. Anal. Calcd for @H23N306: C, 58.60; H, 5.95; N, 10.79. Found:
C, 58.48; H, 6.10; N, 10.59.
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the protease CD26 are currently being pursued.
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