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From the reaction mixture of  benzyloxycarbonyl chloride and a-aminoisobutyric acid three crystalline 
compounds were isolated and characterized by  chromatographic and spectroscopic techniques and X -  
ray diffraction. T w o  of them are polymorphic forms of the N-protected amino acid, which differ in the 
orientation of the phenyl ring relative to  the urethane moiety and in  the packing modes of  the molecules, 
including the intermolecular hydrogen- bonding arrangements. The third compound is the N-protected 
dipeptide, the formation of which is not unexpected in the synthesis of  the N- benzyloxycarbonyl amino 
acid derivative. The crystal structure of the symmetric carboxylic anhydride from the N-protected 
amino acid, a reasonable reactive intermediate in  the formation of the N-protected dipeptide, is also 
described. 

Our interest in a chemical and crystallographic study of the 
reaction between benzyloxycarbonyl chloride (Z-C1) and a- 
aminoisobutyric acid (H-Aib-OH) originated from the follow- 
ing considerations. (i) The expected product, Z-Aib-OH, has a 
melting range of either 72.5-74.5 or 88-89 0C.2,3 According to 
McGahren and G ~ o d r n a n , ~  it is possible that the compound 
exhibits polymorphism, an unusual observation in amino acid 
derivatives. (ii) Preparation of Na-urethane-protected amino 
acids reveals the presence of small, but reproducible, amounts of 
contaminants which are identified as Na-urethane-protected 
homo-dipeptides and -tripeptides.&' These findings have 
already been determined with benzyloxycarbonyl (Z), t-butyl- 
oxycarbonyl (Boc), fluoren-9-ylmethoxycarbonyl (Fmoc), and 
2-biphenyl-4-ylisopropoxycarbonyl (Bpoc) derivatives. (iii) 
The well established high crystallinity of Aib derivatives 14-* 

was expected to help us in identifying and characterizing the 
structure of the potential reactive intermediate(s) responsible 
for homodipeptide formation: these are the mixed carboxylic- 
carbonic anhydride (Z-Aib-OZ), and/or the symmetric car- 
boxylic anhydride [(Z-Aib),O], the N-carboxy-anbydride 
(Aib-NCA), and the oxazol-5(4H)-one from Z-Aib-OH.' '-' 

In this work we describe the results of the chemical study of 
the reaction between Z-C1 and H-Aib-OH and X-ray diffraction 
data on the crystal-state conformational preferences and 
intermolecular hydrogen-bonding arrangements of the a- (lower 
melting point) and p- (higher melting point) forms of Z-Aib-OH, 
of the identified contaminant Z(Aib),OH and the reactive 
intermediate symmetric carboxylic anhydride (Z-Aib),O. The 
crystal structures of other Na-urethane-protected Aib derivatives 
(Boc-Aib-OH; Fmoc-Aib-OH; Adoc-Aib-OH,,, where 
Adoc is 1 -adamantyloxycarbonyl; and Boc-Aib-OPcp, where 
OPcp is pentachlorophenoxy), Aib homodipeptides [Boc- 
(Aib),oB~l, ,~ where OBzl is benzyloxy], and Aib symmetric 
anhydride [(Pht-Aib),O,' where Pht is phthaloyl] have already 
been reported. 

Experimental 
Materials.-The synthesis and characterization of Z-Aib-OH 

( x -  and p - f ~ r m s ) , ~ ~ ~  Z(Aib),OH,, and (Z-Aib),03 have already 
been described. We obtained the first three compounds by 

fractional crystallization from an ethyl acetate-light petroleum 
solution of the crude, oily product isolated from the reaction 
mixture of Z-C1 and H-Aib-OH described by Leplawy e? al., 
The yields were 63% for the a-form of Z-Aib-OH, 27% for the B- 
form of Z-Aib-OH, and 1.5% for Z(Aib),OH. These com- 
pounds were characterized as follows: Z-Aib-OH (&-form): 
m.p. 73-74 "C; t.1.c. (silica gel plates 60F-254, Merck) R,, 
(chloroform+thanol 9 : 1) 0.65, RF2 (butan-1-01-acetic acid- 
water 3 : 1 : 1) 0.95, RF3 (ethanol) 0.75; 6, (200 MHz; CDCl,; 
Me,Si) 1.59 (6 H, s, P-Me), 5.1 1 (2 H, s, benzylic CH,), 5.37 (1 H, 
s, urethane NH), and 7.35 (5 H, m, phenyl CH); v,,,,(KBr) 3 432 
(weak) and 3 320 (strong) (NH), 1 719 (acid carbonyl), and 
1 674 cm-' (urethane carbonyl) (Found: C, 60.9; H, 6.3; N, 6.0. 
Calc. for C,,H,,NO,: C, 60.75; H, 6.4; N, 5.95%); Z-Aib-OH (p- 
form): m.p. 8 6 8 5  "C; R,, 0.65, RF2 0.95, RF3 0.75; 6, (200 
MHz; CDCl,; Me,%) 1.58 (6 H, s, P-Me), 5.11 (2 H, s, benzylic 
CH,), 5.37 (1 H, s, urethane NH), and 7.35 (5 H, m, phenyl CH); 
v,,,.(KBr) 3 432 (weak) and 3 330 (strong) (NH), 1 712 (acid 
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carbonyl), 1 701 and 1686 cm-' (urethane carbonyl) (Found: 
C, 60.75; H, 6.4; N, 5.9); Z(Aib),OH: m.p. 16&161 "C; RF1 0.00, 
RF2 0.90, RF, 0.70; 6 ,  (200 MHz; CDC1,-Me,SO 9 5 ~ 5 ;  Me,%) 
1.53,1.50 (12 H, 2 s, P-Me), 5.09 (2 H, s, benzylic CH,), 6.06 (1 H, 
s, urethane NH), 7.10 (1 H, s, peptide NH), and 7.34 (5 H, m, 
phenyl CH); v,,,.(KBr) 3 429 and 3 299 (NH), 1721 (acid 
carbonyl), 1703 (urethane carbonyl), 1 653 cm-' (peptide 
carbonyl) (Found: C, 59.4; H, 6.8; N, 8.6. Calc. for C,,H,,N,O,: 
C, 59.6; H, 6.9; N, 8.7%). 

The symmetric anhydride (Z-Aib),O was prepared by 
McGahren and Goodman either from Z-Aib-OH and thionyl 
chloride or by disproportionation of the mixed anhydride from 
Z-Aib-OH and pivaloyl ~ h l o r i d e . ~  We obtained this compound 
in 45% yield by treatment of Z-Aib-OH with Z-C1 and 
triethylamine in anhydrous toluene: m.p. 100-101 "C; RF1 0.85, 
RF4 (toluene-thanol 7: 1) 0.60 6, (200 MHz; CDCl,; Me,Si) 
1.45 (6 H, s, P-Me), 4.92 (1 H, s, urethane NH), 5.07 (2 H, s, 
benzylic CH,), and 7.36 (5 H, m, phenyl CH); v,,,.(KBr) 3 294 
(NH), 1 814 and 1 742 (anhydride carbonyl), 1 699, 1 683, and 
1 652 (weak) cm-' (urethane carbonyl) (Found: C, 63.4; H, 6.3; 
N, 6.1. Calc. for C,,H,,N,O,: C, 63.2; H, 6.2; N, 6.1%). 

Crystal Data for the a-Form of Z-Aib-OH.-C ,H ,NO,, 
M = 237.2. Monoclinic, a = 11.708(3), b = 9.955(3), c = 
10.866(3) A, P = 103.5(3)", V = 1231.5(1) A3, space group 
P2,/c, 2 = 4, D, = 1.272(5) g cm-,, D, = 1.273 g ern-,, p = 
0.6 cm-' (Mo-K,), final R = 0.047. 

Crystal Data for the P-Form of Z-Aib-OH.-Cl2H, ,NO,, 
A4 = 237.2. Orthorhombic, a = 15.965(4), b = 13.021(4), c = 
12.544(4) A, V = 2 607.6(1) A3, space group P2,2,2,, 2 = 8, 
D, = 1.206(5) g cm-,, D, = 1.207 g ~ m - ~ ,  p = 0.6 cm-' (Mo- 
K,), final R value 0.055. 

Crystal Data for Z(Aib),OH.--C, ,H,,N,O,, A4 = 322.4. 
Monoclinic, a = 5.793(1), b = 13.056(2), c = 22.080(3) A, 
p = 91.6(6)", I/ = 1669.3(1) A3, space group P2,/c, 2 = 4, 
D, = 1.283(5) g cm-,, D, = 1.283 g ern-,, final R value 0.045. 

Crystal Data for (Z-Aib),O.-C,,H,,N,O,, M = 456.5. 
Tetragonal, a = b = 12.638(5), c = 15.394(5) A, V = 2 458.7 
A3, space group 14, (n. 80) special position 2, 2 = 4, D, = 
1.225(5) g cm-,, D, = 1.23 g ~ m - ~ ,  final R value 0.059. 

X-Ray Crystal Structure Determinations of the a- and p-Forms 
of 2-Aib-OH, of Z(Aib),OH, and (Z-Aib),O.-Crystals of the 
a-form of 2- Aib-OH were grown from an ethyl acetate-light 
petroleum solution. Philips PW 1100  diffractometer, w 2 8  scan 
mode up to 8 = 25"; graphite-monochromated Mo-K, 
radiation (h  = 0.710 69 A); 2 168 unique reflections and 453 
with I2 30(1) considered observed. The structure was solved 
with MULTAN 802, and refined by block-diagonal least- 
squares, with weights w = 1/0.5 [a2(F) + 0.000 53 F2]. The 
thermal parameters were anisotropic for all non-hydrogen 
atoms. The hydrogen atoms were found on a difference Fourier 
map and refined isotropically. 

Crystals of the p-form of Z-Aib-OH were grown from an ethyl 
acetate-light petroleum solution. 2 560 Unique reflections were 
collected, 791 with I > 3 4 1 )  were considered observed; the 
hydrogen atoms were calculated and not refined. All other data 
are identical to those reported above for the a-form of Z-Aib- 
OH. Crystals of Z-(Aib),OH were grown from an ethanol-water 
mixture by slow evaporation. CAD 4 Enraf-Nonius diffracto- 
meter, w 2 8  scan mode up to 8 = 70"; graphite-monochrom- 
ated Cu-K, radiation (h = 1.5418 A); 3 276 unique reflections 
and 2028 with I > 30(I). The structure was solved with 
MULTAN 8024 and refined by full-matrix least-squares, w = 
1 /o(F;) .  The thermal parameters were anisotropic for all non- 

hydrogen atoms. The N-H and 0 - H  hydrogens were located 

on a difference Fourier map and refined isotropically. The 
positional parameters of the other hydrogen atoms in the 
molecule were calculated from the stereochemistry of the atoms 
to which they are linked. These hydrogen atoms were not 
refined and isotropic thermal parameters (equal to those of the 
carbon atoms to which they are linked) were assigned. Crystals 
of (Z-Aib),O were grown from a diethyl ether-light petroleum 
solution. 1 122 Unique reflections and 875 with I > 30(I); the 
hydrogen atoms were not refined. All other data are identical to 
those reported above for the a-form of Z-Aib-OH. 

Tables of fractional atomic co-ordinates, bond lengths and 
angles, and torsion angles are available from the Cambridge 
Crystallographic Data Centre. 

'H Nuclear Magnetic Resonance.-The ' H n.m.r. spectra 
were recorded with a Brucker WP 200SY spectrometer. 
Measurements were carried out by using deuteriochloroform 
(99.96% D; Fluka) and dimethyl sulphoxide (99.96% D,; Fluka). 

Infrared Absorption.-1.r. absorption spectra were recorded 
with a Perkin-Elmer model 580 B spectrophotometer equipped 
with a Perkin-Elmer model 3 600 data station and model 660 
printer. 

Results and Discussion 
from the 

reaction mixture of Z-C1 and H-Aib-OH we were able to isolate 
two crystalline fractions of Z-Aib-OH having different melting 
ranges. The fraction with lower melting range (a-form) was 
obtained in 63% yield, while the fraction with higher melting 
range (p-form) in 27% yield. The two forms of Z-Aib-OH have 
different solid-state i.r. absorption spectra in the N-H and C=O 
stretching regions, but show identical t.1.c. chromatographic 
behaviour and solution H n.m.r. properties, strongly 
supporting the view that the crystal-packing modes, and in 
particular the hydrogen-bonding schemes, diverge in the two 
cases. 

A third crystalline product was isolated from the same 
reaction mixture, although in very low yield, 1.5%. From 
comparison with literature data,, spectroscopic (i.r. absorption 
and 'H n.m.r.) and t.1.c. chromatographic characterizations, and 
elemental analysis this product was identified as the Z-protected 
dipep tide, Z(Ai b) ,O H. 

In order to obtain some insight on the variety of possible 
reactive intermediates responsible for the formation of Z- 
(Aib),OH,' '-19 Z-Aib-OH was treated with an equivalent of 
Z-C1 and triethylamine in anhydrous toluene (in the absence of 
H-Aib-OH). A crystalline compound was obtained in good 
yield (45%) which was identified as the symmetric anhydride, 
(Z-Aib),O, again by comparison with literature data,3 
spectroscopic and chromatographic characterizations, and 
elemental analysis. Interestingly, the presence of this inter- 
mediate was also assessed chromatographically (t.l.c.), although 
to a limited extent, under the conditions which are typically 
used for the synthesis of Z-Aib-OH,, i.e. in aqueous acetone, pH 
10.8-10.9, at room temperature. In addition, (Z-Aib),O was 
shown to react smoothly with amino acid esters and N- 
deblocked peptides to give Aib-X peptide bond formation.3325 
These data do not prove unequivocally that in our reaction 
mixture the dipeptide Z(Aib),OH is formed via the 
intermediacy of the symmetric anhydride (Z-Aib),O, but at 
least indicate that this is a reasonable route. The formation of 
(Z-Aib),O is best explained by disproportionation of the mixed 
carboxylic carbonic anhydride Z-Aib-OZ,' ,-' formed, in 
turn, by nucleophilic attack of the Z-Aib-0- carboxylate anion 
on the carbonyl carbon atom of Z-Cl with displacement of the 
chloride ion. 

Chemistry.-In agreement with literature 
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Figure 1. Molecular structure of the a-form of Z-Aib-OH with the numbering of the atoms 

A 

Figure 2. Molecular structure of the p-form of Z-Aib-OH (molecules 
A and B). The numbering of the atoms is the same as that in Figure 1. 
The 0-H 0 intermoiecular hydrogen bonds are represented 
dashed lines 

Figure 3. Molecular structure of Z(Aib),OH with the numbering 
the atoms 

Crystal-state Structures.-The crystal state-preferred con- 
formations and modes of packing of the molecules of Z-Aib-OH 
(a- and p-form), Z(Aib),OH, and (Z-Aib),O were determined 
by X-ray diffraction. Figures 1 - 4  show the molecular struc- 
tures of the four compounds (however, the p-form of Z-Aib-OH 
exhibits two independent molecules in the asymmetric unit, 
hereafter termed molecules A and B) together with the num- 

bering of the atoms. Crystal packing modes are illustrated in 
Figures 5-7. 

The values of bond lengths and bond angles for the four com- 
pounds are in agreement with literature data for Z-urethane 26 

and Aib derivatives 2 7  and carboxylic anhydrides.'*28 (i) The 
decrease of the bond angle at C(8) in the urethane moiety by CQ. 

4-7", compared with the corresponding bond angle at C' in the 
peptide group, must be ascribed to the reduced repulsion 
between the 0(1) atom and the nearest substituent on the N 
atom in urethane, compared with a corresponding repulsion 
involving the C" atom of the peptide group.26 (ii) The Aib 
residues show the usual deviations from the tetrahedral value of 
the bond angles at the C" atom.27 (iii) The C(l0)-O(1)-C(l0)' 
bond angle of the symmetric carboxylic anhydride (Z-Aib),O 
(120.7") deviates markedly from the expected tetrahedral value 
in ethers (1 10").1,28 

In addition, the uncorrected values observed in the geo- 
metrical parameters of the phenyl ring atoms of both molecules 
A and B of the p-form of Z-Aib-OH should be ascribed to a local 
molecular disorder as seen from the strong thermal motion. 

The main conformational difference between the a- and 0- 
form of Z-Aib-OH has to be found in the orientation of the 
phenyl ring relative to the urethane moiety. The values of the 
corresponding torsion angles 8, and 8,, C(8)-O( l)-C(7)-C(6) 
and C(5)-C(6)-C(7)-0(1), respectively, are 86.1 and 79.6" (a- 
form), 169.7 and 96.3" (p-form, molecule A), and -157.9 and 
69.2" (B-form, molecule B). The observed difference in the 8, 
angle of molecules A and B of the p-form might be related to the 
aforementioned disorder of the phenyl rings. Interestingly, in 
the observed distribution of 62 in crystalline Z-derivatives, the 
values are concentrated in three regions, close to 90", - 90", and 
180", respectively; conversely, the distribution of 8, values is 
broad, extending over its entire range.26 The angles between 
normals to the planes of the phenyl and urethane groups are 
60.6 (a-form), 93.6 @-form, molecule A), and 89.7" (B-form, 
molecule B). 

The secondary amide group of the urethane Z-Aib linkage is 
found in the usual trans conformation [the values of the o 
torsion angles, C(9)-N( 1)-C(8)-0( l), are - 177.0 (a-form), 
171.1 (p-form, molecule A), and 180.0" (p-form, molecule B)]. 
This structural property, accompanied by the trans-arrangement 
of the C(7)-0(1) bond relative to the C(8)-N(1) bond [(the 
C(7)-0(1)-C(8)-N(l) 8, torsion angle has values of 169.6 (a- 
form), - 178.0 (p-form, molecule A), and - 170.1" (p-form, 
molecule B)] allows us to classify the urethane moiety of Z-Aib- 
OH [a-form and p-form (molecules A and B)] as type b.26 The 
sets of cp, w torsion angles of the Aib residues29 CC(8)- 
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Figure 4. Molecular structure of (Z-Aib),O with the numbering of the atoms of the asymmetric unit 

Figure 5. Crystal packing of the molecules of the a-form of Z-Aib-OH viewed down the b axis. Intermolecular hydrogen bonds are indicated as 
dashed lines 

Figure 6. Crystal packing of the molecules of the p-form of Z-Aib-OH 
viewed down the c axis. Intermolecular hydrogen bonds are indicated 
as dashed lines 

N( l)-C(9)-C( 10) and N( 1)-C(9)-C( 10)-0(4)] have values 
typical for a folded conformation (47.6 and 39.3' for the a-fom, 

59.4 and 38.7" for molecule A of the p-form, and 56.6 and 42.4" 
for molecule B of the p-form). The carboxylic acid residues 
adopt a conformation with respect to the C(9)-N( 1) bond inter- 
mediate between the anticlinal and antiplanar  conformation^,^^ 
the N(l)-C(9 )-C(8)-0(3) torsion angle being - 147.0 (a-form), 
- 144.4 (p-form, molecule A), and - 139.9' (p-form, molecule 
B). The angles between normals to the planes of the urethane 
and carboxylic acid groups are 109.0 for the %-form, 100.4 for 
molecule A of the p-form, and 102.0' for molecule B of the p- 
form. There are no intramolecular hydrogen bonds in the 
molecules of either the a-form or the p-form of Z-Aib-OH. There 
are, however, significant differences in the intermolecular 
hydrogen-bonding schemes of the two forms. The molecules of 
the a-form are held together across a crystallographic centre 
of symmetry by the formation of a double intermolecular 
hydrogen bond of the 0-H O(urethane) type, giving rise to 
a 14-membered ring cyclic dimer, as shown in Figure 5. The 
O(4) O(2) (2 - x, j ,  2 - z) distances are 2.65 A.31332 Linear 
chains of molecules along the c axis are characterized by 
N-H O(acid) intermolecular hydrogen bonds, where the 
N(l) O(3) (x, 4 - y ,  -4 + z )  distance is 2.96 A.33 Dimer 
formation is also observed between molecules A and B of the 
p-form, but the intermolecular hydrogen bonds are of the 
0-H O(acid) type, giving rise to an eight-membered ring 
cyclic structure, as shown in Figure 2. The 0 (4 )B-**  O(3)A 
<2 - x, y - 3, 4 - z )  and O(3)B ..- O(4)A (2 - x, y - 4, 
Additional hydrogen bonds involving the N-H group as donor 
- z )  distances are 2.61 and 2.66 A, 
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\ I 

Figure 7. Crystal packing of the molecules of Z(Aib),OH viewed down 
the a axis. Intermolecular hydrogen bonds are indicated as dashed lines 
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and the urethane carbonyl oxygen as acceptor are O(2)A 
N( l)B (x,y,z) (2.93 A) 3 3  and O(2)B N( l )A  ($ + x, 2 - y ,  
1 - z)  (3.10 (Figure 6). As for the structure of 
Z(Aib),OH, the conformation of the benzyloxycarbonylamino 
moiety corresponds to one of the energy minima calculated for 
this group 26 (the coo, 8,, 0,, and 8, torsion angles have values of 
175.3, 175.5, 90.7, and 67.4", respectively). The signs of the 
Aib,cp,tp torsion angles (65.9 and 26.2") are opposite to those of 
the corresponding Aib, angles (-49.4 and -45.5"), as typically 
found in folded Aib homo pep tide^.'^-'^ The peptide CONH 
bond, as the aforementioned urethane CONH bond, can be 
considered planar, the pertinent o1 [C;-C;N,-C.J torsion 
angle being 172.4". 

The molecules of Z(Aib),OH are not stabilized by any 
intramolecular hydrogen bond. The N, O(2) intra- 
molecular separation (3.33 A) is at the upper limit of a N 0 
hydrogen bond in a m i d e ~ , , ~  but the directions of the N,-H 
and C(8)=0(2) bonds are significantly different, the pertinent 
C(8)=0(2) H(N,) and 0, H(N,)-N, angles being 61.4 
and 82.7", respectively. Molecular packing of Z(Aib),OH 
(Figure 7) is governed by a double intermolecular hydrogen 
bond of the O-H--.O(acid) type (producing the eight- 
membered ring cyclic dimer characteristic of carboxylic acids), 
which holds the molecules together across a crystallographic 
centre of symmetry. The 0 ( 2 ) - . -  OT (.X + 2, j + 1, 2 + 1 )  
distances are 2.62 These dimers are piled up and held 
together through N - - 0 hydrogen bonds involving the NH 
group of Aib, and the carbonyl group of the same residue of a 

molecule translated along the a axis [the N, 0, distance is 
2.92 The other potential donor and acceptor groups, 
N,-H and C(8)=0(2), respectively, are not involved in the 
hydrogen-bonding scheme. This result is not in accord with the 
principle that the maximum number of proton donors and 
acceptors will participate in hydrogen  bond^.^^,^^ Additional 
forces operative in the molecular packing of Z(Aib),OH along 
the a axis are van der Waals interactions between apolar groups, 
such as phenyl-phenyl, phenyl-methyl, and methyl-methyl 
interactions (Figure 7). 

The anhydride moiety of (Z-Aib),O is significantly non- 
planar, the angle between normals to the planes of O(2)- 
C( 10)-O( 1) and O(2)'-C( 10)'-O( 1) being 28.0". The conform- 
ation of the anhydride moiety is type (1) (trans-trans), the value 
of the torsion angle C(9)-C(lO)-O(l)-C(lO)' being 172.1". The 
intramolecular distance O(2) O(2)' would be 2.28 A for a 
completely planar, type (1) anhydride with a bond angle 
C(10)-O( 1)-C( 10)' amounting to 1 The observed torsion 
angle of 28.0" between the two parts of the anhydride moiety 
and the opening of the C(l0)-O(1)-C(l0)' bond angle to the 
experimentally found value of 120.7" increases the intra- 
molecular distance O(2) O(2)' to the observed value of 
2.73(2) A, this separation being slightly lower than the van der 
Waals distance between non-bonded oxygen atoms. It seems, 
therefore, that the observed conformation of this type (1) 
anhydride is governed mainly by the steric interaction of O(2) 
and O(2)'. 

The molecules of monochloroacetic anhydride 28  and (Pht- 
Aib),O,' the only other acyclic carboxylic anhydrides the 
structures of which have been solved by X-ray diffraction, also 
adopt type (1) conformation. In all known X-ray structures of 
cyclic carboxylic  anhydride^,,^ conversely, the five- or six- 
membered annular systems force the anhydride moiety to 
assume type (3) (cis-cis) conformation. The exceptional type (2) 
(cis-trans) conformation, proposed for formic anhydride in the 
gas phase from an electron diffraction in~es t iga t ion ,~~  is 
understandable in terms of intramolecular hydrogen bonding 
rather than steric factors. 

The conformation of the benzyloxycarbonylamino moieties 
of (Z-Aib),O also corresponds to one of the energy minima 
calculated for this group 26  (the oo, O,, €I,, and 8, torsion angles 
have values of - 167.3, - 174.0, - 105.0, and -67.0", respect- 
ively). The Aib residues adopt a folded conf~rmat ion , '~- '~  the 
values of the q,w torsion angles being -50.6 and -40.8'. The 
angle between normals to the planes of the urethane and phenyl 
groups is 59.5", while that between the urethane and anhydride 
groups is 106.3". 

The only hydrogen bond in the packing of the (Z-Aib),O 
molecules is of the intermolecular type, the N(1) O(4)- 
(urethane) (2, 3 + y ,  -4 + z )  separation being 2.88 
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