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Abstract-The molecular structure of the title compound has been determined from three-dimensional X-ray data. 
Cu,H,aNZ04.fHZ0 is monoclinic, space group C2, with Z = 4 in a cell of dimensions: a = 18.508(3), b = 9.517(4), 
c = 10.538(4) A, fi = 120.00(3)“. One water molecule coordinates four molecules in a tetrahedral arrangement. The 
conformation of this molecular svstem is discussed also on the basis of the known structure of related compounds 
and previously reported theoretical results. 

Many biologically relevant peptides contain a$-un- 
saturated amino-acid residues which are particularly in- 
teresting because of their unusual cortformational’-s and 
electr0nic3.4 features. 

In previous papers we reported on the molecular 
structure of N-acetyldehydroalanine (dehydro-Ala-OH) 
which assumes an extended conformation in the crystal 
state’ and, at least as the cp torsion angle is concerned, 
also in the gas phase.3 On the contrary, we have shown 
that (Z)-N-acetyldehydrophenylalanine (dehydro-Phe- 
OH) is non planar both in the solid state and in the 
vapour phase.4 

Conformational studies of dehydrophenylalanine and 
its derivatives are of interest not only from a biological 
point of view’.6 but also in order to investigate the 
mechanism of their asymmetric hydrogenation, which is 
related to the conformational behaviour of the sub- 
strate.‘-‘* 

A systematic study is in progress in our laboratories on 
a series of dehydrophenylalanyl peptides (dehydro-Phe- 
X-OH, with various X residues in the L-contiguration). 
In the present paper we report the crystal and molecular 
structure when X= L-Pro. It is noteworthy that this 
peptide exhibits a peculiar behaviour under hydro- 
genation, i.e. low optical efficiency leading predominantly 
to the n-Phe product.’ 

EXPERIMENTAL 
Crystal data. ClbH,sNZ04.;H20, M = 311.3. Crystals of the 

title compound (prepared according Ref. 13) obtained from 
methanol solution, are monoclinic, space group C2, a = 18.508(3), 
b = 9.517(4), c = 10.538(4) A, @ = 120.00(330, U = 1607.49 A’, Z= 
4, Dm= 1.29, DC = 1.287g.cm-3, F(OOO)=660, MoKa radiation, 
A = 0.7107 A, h(MoKa) = 1.24 cm-‘. 

So&ion and refinement of the structure. Intensity data were 
measured on a Philips PWllOO four circle diffractometer 
(graphite monochromatized MoKa radiation, 19 - 29 scan mode). 

For data collection a crystal of approx. 0.2 x 0.2 x 0.1 mm was 
used. Data were not corrected for absorption. A total of 1459 
reflections was measured for 6 c 25”; 1078 of them had I> 
2.50(I). The structure was solved by multiple solution procedure 
with the MULTAN program” and refined by full-matrix least- 
squares methods, unitary weights. Hydrogen atoms were derived 
from difference Fourier maps and refined, with isotropic thermal 
parameters, by one cycle of full-matrix least squares. Final R 
index is 4.8%. Calculations were performed on a Cyber ‘76 
computer by the SHELX-76 programI for crystal structure 
determination. All atomic scattering factors were taken from Ref. 
16. Observed and calculated structure factors are listed in Sup- 
plementary Publication No. 000 (PPpp). 

RESULTS AND DISCUSSION 

A schematic view of the title molecule (showing its 
conformation) is shown in Fig. 1, the corresponding 
ORTEP drawing (together with atom numbering scheme) 
in Fig. 2, and the final positional parameters in Table 1. 
Bond distance and angles are shown in Fig. 3. The 
crystal packing is given in Fig. 4: one water molecule, 
having its oxygen atom on the binary axis links four 
dehydro-Phe-Pro-OH molecules (Fig. 5); the water 
oxygen atom O(5) is 2.762A apart from the carboxylic 
oxygen atoms O(2) belonging to the molecules at (x, y, z) 
and (g, y, z) and the carboxylic hydrogen atom lies ap- 
prox. (10’ deviation) along the 0(2)-O(5) direction. O(5) 
is also 2.709A apart from the acetamido oxygen atoms 
O(3) of the molecules at (i-x, -; t y, 2) and (-i+ 
x, -i+ y, z) and the water hydrogen atom lies ap- 
proximately (3” deviation) along the 0(5)-O(3) direction. 
Finally, O(5) is -0.44 8, out of the carboxyl plane at 
(x, y, z) and 0.84 A out of the acetamido plane at (-i + 
x,-f+y,z). 

The dimensions of the dehydro-Phe unit are different 
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cp\ 
Ph 

Fig. 1. view of title molecule. 

while the N(l)-C(3) one shorter 
(1.425 than the one for peptides 
(1.45 This is keeping with observations on 

peptides13 and but in 
with the values for 

where the bond is shorter than mean one 
saturated peptides. angles around exhibit 

intermediate between those for dehydro- 
and dehydro-Phe-OH. 

conformation of dehydro-Phe residue de- 
scribed also Fig. by the values of 
torsion angles: o,(C(l)-C(2)-N(l)-C(3)) = 
(P,(C(~)_N(WC(~)-W) = 51.5”, S,(N(U-C(3)_C(4~ 

= 135.2”. conformational analysis 
dicted for dehydro-Phe residue existence of 
energy minima, of which to a 
conformation (Fig. The conformation the title 

in the state, as the dehydro- 
Phe moiety, is ascribed to the minimum energy region V. 

Analogous conformation was previously found for the 
second residue of the tripeptide (dehydro-PheWly,” 
at variance with the corresponding residue of (dehydro- 

Phe)TAla.‘* This point to a relevant influence of the 
nature of the saturated residue on the conformation of 
the preceding unsaturated one. 

Turning attention to the proline residue, all bond dis- 
tances and angles are within the usual range. The pir- 
rolidine ring is exo19 

x,(C(13)-C(14)-C(15)-N(2)) = -27.2”, 

,~,(C(l2)-C(l3)-C(l4)-C(l5)) = 39.0”, 

~,(N(2)-C(12)-C(l3)-C(14)) = - 35.5”, 

x&(15)-N(ZbC(l2)-C(13)) = 19.2”. 

The main chain conformation is described by the follow- 
ing values of the torsion angles: 

oz(C(3)-C(4)-N(2)-C(lS)) = - 178.6”, 

~~(C(+N(2)_C(lS)-C(16)) = - 69.2”, 

cG&W-C(15)_C(16)-0(2)) = 164.4”, 

this conformation is different from that reported for the 
analogous fragment in model compounds of dehydro- 
chlamydocin, where the proline amide group is cis.” The 
possibility of cis-trans conformational isomerism, pecu- 
liar to N-substituted residues (such as proline), can be 
related to the low optical efficiency of the title compound 
under hydrogenation.’ 

CONCLUSIONS 

The conformation of dehydro-Phe-Pro-OH cor- 
responds to one of the energy minima predicted by 
theoretical conformational analysis. This gives further 
support to the validity of the reported’*2*4*s theoretical 
investigations on this class of compounds. 

The influence of the nature of the saturated residue on 
the conformation of the unsaturated one supports our 
idea that conformational flexibility of unsaturated resi- 
dues is similar to, if not greater than that of saturated 
analogues. 

0 

Fig. 2. ORTEP drawing of the title compound and atom-numbering scheme. 
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Fig. 4. Molecular packing in the unit cell projected onto the ab plane. 

Fig. 5. Hydrogen bond network around the water molecule. 
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0 

Fig. 6. Conformational energy map of dehydro-Phe residue. Energy values are in kcal mol-’ from the absolute 
minimum. Experimental conformations are shown by dots: a and b from Ref. 13; c and d from Ref. 18; e from the 
present paper. Due to the lack of chiial carbon atoms in (dehydro-Phe)z-Gly molecule, dots a and b are reported 

twice. 
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