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Crystal Structure of L-Threonyl-L-phenylalanine-p-nitrobenzyl Ester Hydrobromide*
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The crystal structure of L-threonyl-L-phenylalanine-p-nitrobenzyl ester hydrobromide, C2o0N30sH24Br,
has been determined using three-dimensional data. The crystals are orthorhombic with space group
P2,2,2; and a=8-93+0-02; b=45-75+ 0-06 and ¢=5-05+0-03 A. The final R value at the end of three-
dimensional refinement is 0-089. A brief discussion of the backbone and side chain conformations is
given. All five protons in the structure available for the formation of hydrogen bonds are utilized in
forming a three-dimensional network of hydrogen bonds stabilizing the structure.

The X-ray crystallographic investigation of the struc-
ture of L-threonyl-L-phenylalanine-p-nitrobenzyl ester
hydrobromide(I) was undertaken as a part of the proj-
ect on the determination of the structures of organic
compotinds of biological importance, being carried out
in this laboratory. The material was obtained from
Professor S. Akabori, Institute for Protein Research,
Osaka, Japan.

Br™. NHg'

* Contribution No. 247 from the Centre of Advanced Study
in Physics, University of Madras, Madras-25, India.

1 Present address: NIAMD, National Institutes of Health,
Bethesda, Maryland, U.S.A.

Experimental

The crystals, in the form of long thin needles elongated
along the ¢ axis, were obtained by slow evaporation of
an aqueous solution at 45°C. Rotation, Weissenberg
and precession photographs were taken with Cu Ka
radiation and the crystal data are given below:

Crystal system: Orthorhombic

Cell dimensions: a=8-93+0-02,
b=45-75+0-06 and
c=505+003 A

Space group: P2,2,2, (0O, 0k0, 00/
absent for 4, k or / odd)

Molecular formula: C0N306H,4Br

Number of formula units: Z=4

Measured density by flotation: 1-59 g.cm—3

Calculated density: 1-56 g.cm™3 .

A preliminary Weissenberg photograph of the hk0
reflexions with Cu K« radiation showed that, as a result
of the large thermal vibration, the effective range could
be covered with Fe Ku radiation. Further, use of Fe Ka
radiation would make indexing of the spots at high
angles relatively easy since with Cu Ko radiation, the
spots tended to coalesce owing to the long b axis.
Consequently, intensity data were collected with Fe Ka
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radiation (=710 ¢cm~!) using the equi-inclination
Weissenberg technique for higher layers for the re-
flexions kL, L=0 to 3. This was supplemented by
the hk4 reflexions recorded with Cu Ko radiation
(=322 cm~'). Thus almost the whole range of the
reciprocal lattice accessible to Fe Ko radiation has been
sampled. The intensities were measured visually using
a calibrated set of intensities recorded from the same
specimen and corrected for Lorentz and polarization
factors. They wecre placed on an absolute scale by
layerwise Wilson plots (Wilson, 1942). No absorption
correction was applied as the crystal used was thin
(¢~0-1 mm). This specimen was the only one found
which was suitable in quality. No data could be col-
lected by mounting the crystal about the a axis be-
cause the crystal was brittle.

Structure determination and refinement

A two-dimensional Patterson function using the 4k0
reflexions gave the x and y coordinates of the bromine
atom. A bromine phased Fourier synthesis and a
[-synthesis (Ramachandran & Raman, 1959) were
computed for this projection. Several attempts to deter-
mine the final structure from these maps proved un-
successful. Subsequently a three-dimensional analysis
of the problem was undertaken. The Harker sections
at V=4 and W=1% were calculated. These gave the
x and y coordinates of bromine essentially in agree-
ment with the earlier values deduced from the projec-
tion data and indicated that the value of z was near
0-25. It was tentatively put equal to 0-242. One cycle
of least-squares refinement using all the 1273 reflexions
shifted z to 0-21 leaving x and y practically unchanged.
The R-value for bromine alone was 0-404. Using these
bromine coordinates a three-dimensional bromine
phased electron density map was computed. This map
showed the bromine at a height of 52 e.A-3 together
with 42 other peaks above 2 e.A-3. From a study of a
spoke model constructed on the basis of the coordi-
nates corresponding to these 42 peaks, it was possible

c(r2)
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Fig.1. Perspective view of the electron density distribution
along the ¢ axis. Contours are from 2 e.A-3at intervals of
1 e.A-3 while near Br, the intervalis 5 e.A-3. The configura-
tion shown here corresponds to p-threonyl-p-phenylalanine.

A C25B - 4%

to sort out 27 peaks which represented real atomic
sites in the crystal. The two remaining atoms, C(7) and
C(17), were located at heights of 1-9 and 1-5 e.A~3 re-
spectively at the appropriate regions of the map. A
structure factor calculation, treating all these 29 atoms
as carbons, gave an R value of 0-223.

Four cycles of block diagonal least-squares followed
by four cycles of diagonal least-squares refinement
minimizing X W(k|F,|—|F¢l)? with a unit weighting
scheme and individual isotropic thermal paramsters
reduced the R-value to 0-137. The scattering factors
were used in the analytical form (Moore, 1963). A
three-dimensional difference-Fourier synthzssis was
computed at this stage. This map showed only small
fluctuations in the background level, except for a single
peak of height about 1 e.A~3 near the bromine. It was
therefore concluded that there is no water of crystal-
lization in the structure. Two further cycles of full-
matrix least-squares refinement were carried out on a
CDC 3600 computer using the program of Gantzel,
Sparks & Trueblood (1961). This refinemznt of the
coordinates, individual isotropic vibration parameters
and the layer scale factors reduced the R-value to
0-102. A weighting function similar to the one due to
Hughes (1941) with W=1/F2 if |F,|=25,=1/25% if
|Fo] <25, was employed. The refinement was carried
out with 1003 observed reflexions, leaving out 270 un-
observed reflexions. The form factors for the various
atoms were taken from International Tables for X-ray
Crystallography (1962).

It has been observed that in polar space groups, the
imaginary component of the anomalous dispersion can
often produce significant errors in coordinat.s in the
polar directions (Ueki, Zalkin & Templeton, 1966;
McDonald & Cruickshank, 1967). Further refinement
was therefore carried out with the form factor of
bromine corrected for the real and imaginary com-
ponents (/nternational Tables for X-ray Crystallography,
Vol. 111, 1962). During the collection of the experi-
mental data, attention had not been paid to making
sure that they were k! rather than Akl reflexions. This
means that the sign of the 4f"” correction could be
positive or negative. Consequently two sets of two
cycles of refinement, each with the form factor of
bromine corrected for the real component and the 4f”
correction either positive or negative, were carried out.
The R-value at the end of the refinement with the 4"
correction positive was 0:092 and with the Af"’ correc-
tion negative was 0-0886. In addition, the negative po-
larity to the Af"" correction gave a lower value of
2 W(AF)? (11-88 against 12-60). On applying Hamil-
ton’s (1965) significance tests it was found that the
lowering in R value is in fact significant at the 0-005
level, indicating that the data are Ak/ rather than Akl
Accordingly the z coordinates of the atoms were
reversed in sign. On building the model of the molecule
based on the revised coordinates, it was found that the
configuration corresponded to the correct one for
L-threonyl-L-phenylalanine-p-nitrobenzy! ester hydro-
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bromide. The shifts in the positional parameters in the
last cycle of refinement were of the order of 1th to &5th
of the estimated standard deviation. The positional
and isotropic thermal parameters at the end of the
refinement are given in Table 1. The values of ob-

Table 1. Atomic coordinates

x ¥y z B (A2
Br 0-4563 0-0363 —0-2124 3-8
o) —0-1867 0-0274 —0-2971 66
0(2) 0-1609 0-0342 0-2928 4:2
0Q@3) 0-0867 0-1138 0-6459 52
04 0-0810 0-1334 0-2491 4-9
O(5) 0-0577 0-2573 —0-4391 8-8
0(6) —0-1391 0-2700 —0-2244 11-2
N(1) 0-1013 0-0101 —-0-1919 36
N(Q2) 0-1678 0:0786 00954 29
N@3) —0-0322 0:2556 —0:2774 9-7
CQ) —0-1804 0-0644 0-0434 5-8
C(2 —0-1215 0-0366 ~0-0524 54
C(3) 0-0496 0-0401 —-0-1194 34
Cc@ 0-1372 0-0513 0-1133 39
C(5) 0-2473 0-0936 0-3023 40
C(6) 0-3790 0-1102 0-1995 46
C(D 0-4615 0-1282 0-4043 52
C(8) 0-4231 0-1556 0-4390 56
C(9) 0-4963 0-1717 06179 5-8
C(10) 0-6042 0-1604 0-7738 7-4
C(11) 0-6392 0-1319 0-7450 61
C(12) 0-5707 0-1146 0-5449 54
C(13) 0-1351 0-1139 0-4216 37
C(14) —0-0452 0-1517 0-3348 5-8
C(@15) —0-0247 0-1782 0-1695 4-4
C(16) —0-1388 0-1985 0-2231 57
CcQ7) —0-1367 0-2244 0-0698 63
C(18) —0-0311 0-2272 —0-1269 6-0
C(19) 0-0799 0-2084 —0-1728 56
C(20) 0-0739 0-1827 —0-0250 4-8

L-THREONYL-L-PHENYLALANINE-p-NITROBENZYL ESTER HYDROBROMIDE

served and calculated structure factors are listed in
Table 2. A view of the three-dimensional electron den-
sity distribution along the ¢ axis is shown in Fig. 1.

Discussion of the structure

(@) Intermolecular packing

The crystal structure is stabilized by a three-dimen-
sional network of hydrogen bonds. There are five pro-
tons in the molecule which can take part in hydrogen
bonding and all of them are involved in intermolecular
hydrogen bonds. There are five near neighbours to the
nitrogen atom N(1): Br(II), Br(III), Br, O(2)II) and
O(2)(D) at distances of 3-42, 3-26, 3-39, 2-94 and 2-88 A
respectively. The angles at the nitrogen, namely
C(3)-N- - - X (acceptor) are 135°, 112°, 88°, 150° and
86°. On the basis of these values it is seen that
N(1)- - -O(2)(II) seems to be a normal ionic contact
rather than a hydrogen bond. In order to find out the"
nature of the N(1)- - -O(2)(I) contact the positions of
the hydrogen atoms of the NHji group were fixed
from geometrical considerations using (i) the bond
length N-H=1-0 A; (ii) the tetrahedral distribution of
hydrogens at the nitrogen atom and (iii) the staggered
disposition of the N-H bonds. The hydrogen nearest
to O(2)(I) was as distant as 2-55 A and, further, the
hydrogen was far from the line of N(1)- - - O(2)(T), the
angle N(1)-H---O(2)1) being 98:8°. It is therefore
concluded that the N(1)---O(2)(I) is also a normal
ionic contact. Here we have an example of five nega-
tively charged atoms approaching a protonated amino
group within hydrogen bond distances, while only
three of them are hydrogen bonded. A similar situation
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Fig.2. The view of the structure projected down the c¢ axis.
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Table 2. Observed and calculated structure factors
The column headings are k, 10 |Fo|, 10 |F| and «°.

0 k O 6 143 86 357 | 2 397 21 356 | 36 1bk 127 103 § 17 158 157 180 | 12 S17 527 ST | 17 316 273 18 | 17 213 266 232 | 27 183 180 102
L2 S8k 356 7 T3 Tuk 357 | 26 151 184 356 | 37 275 259 266 | 18 207 186 177 | 15 427 4bh 122 | 18 L17 L34 262 | 18 256 32l 165 | 29 151 166 L8
w2 o8 38 | 8 557 318 1 | 28 191 e i [ 38 182 161 99 | 20 16 125 169 | 17 192 199 277 | 22 305 251 99 | 20 2i3 221 167 | ;1 g1 99 19
811 9ok 177 9 556 527 356 29 159 146 8 Lo 197 180 & 18 us9 LTS5 286 23 192 167 2uk 21 247 263 2TL 3 87 102 8%
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e son | 3 53 25 Re | 8 mes oo 1 31 %6 6L | 22 26 23k 177 20 By o1 | B ks 358 9 | 15 1m 297 1 [ 1 2 13 20k
482 S26 271 33 2u6 6 9 394 ok 101 | 15 296 282 196 | 2s usg LlT 177 9 351 338 276 16 97 1k 282 13 125 8 213
\1o 16 265 o 28 3ee | 10 b1 16 337 321 25 Lso Loz 68 w ko | 10 262 268 3s2 | 17 13 Ws 3s0 | L o2 129 1
O s | % i % 3 1 1S 110 2ul | 17 217 253 190 | 26 308 287 1M 11 456 410 313 | 18 97 95 31 | 15 102 115 289
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has been found to occur in many other structures found
in the literature, for example in L-valine hydrochloride
(Ando, Ashida, Sasada & Kakudo, 1967), and in
L-leucine hydrobromide (Subramanian, 1967). The
atom O(1) of the threonyl side group is at a distance
of 3-24 A from Br(VI) and the angle C(2)-O(1)- - - Br(VI)
is 104°. This seems to be a hydrogen bond of average
strength. The atom O(3) of the molecule translated one
unit along the ¢ axis is in the right direction to form
an N(2)-H---O(3)(I) bond of length 2:88 A. The
angle C(4)-N(2)- - -O(3)(1) is 123°. A view of the struc-
ture projected down the ¢ axis is shown in Fig. 2. The
hydrogen bond distances and angles are given in
Table 3. The intermolecular non-bonded contacts less
than 3-6 A are listed in Table 4. It is seen that there is
a contact of 3-14 A between atoms C(3) and O(2)(I)
which is rather short, but larger than even the normal
limits for this contact of Ramachandran, Ramakrish-
nan & Sasisekharan (1963). There is one hydrogen
attached to the atom C(3) and this can be fixed from
geometric considerations. The angle H-C(3)- - - O(2)(I)
comes out to be 59° and it would thus appear that this
should be regarded as just an ordinary contact rather
thana C-H- - - O bond. Table 5 presents intramolecular
non-bonded distances between third neighbours in the
molecule.

Table 3. Hydrogen bond distances and angles
Symmetry code

Crystal-
chemical
unit x y z
1 X y z—1
11 1—x -y z—3%
11 I—x -y Y4z
v x—% i—y —1-z
v 3+x -y —z
V1 x—1 y z
N(1)-H---Br(Il) 342A C@3)-N(1)---Br(Il) 135°
N@1)-H---Br(IIl) 3-26 C(3)-N(1)- - -Br(IIl) 112
NQ1)>-H- - Br 3-39 C(3)-N(1)- - -Br 88
O(1)-H---Br(VI) 3-24 C(2)-O(1) --Br(VI) 104
N(@2)-H---03)(I) 2-88 C(4)-N(2)---03) (M) 123

Table 4. Intermolecular non-bonded contacts
less than 3-6 A

Atom Atom Distance
i Jj di;
C@3) 0©2) (I 314 A
o4) 0(3) (I) 3-18
C(3) o3) () 3-59
C(20) 0o3) () 3-57
C(6) c@an @M 341
o(5) can 1 3-38
o2) " Br(II) 3-39
0(6) o(5) AV) 3-43
C(9) o(5) (V) 3-42
0(5) camn v) 3-41
0(5) C(16) (V) 3-56
C(9) 0(6) (V) 3-54
C(20) 0(6) (V) 3-58
C(19) 0(6) (V) 336

L-THREONYL-L-PHENYLALANINE-p-NITROBENZYL ESTER HYDROBROMIDE

Table 5. Intramolecular non-bonded distances between
third neighbours in the molecule

Atom Atom Distance
i i di;
o) N(1) 274 A
o) N(1) 274
0(2) C(2) 307
(610)) C(5) 2-83
0@3) N(2) 329
0o®3) C(6) 3-45
0@3) Cc(14) 2:62
o4 C(6) 2-87
0(4) N(2) 2:73
0(4) C(20) 265
0(4) C(16) 3-57
0(6) C(19) 2:62
0(6) C(17) 3-45
0o(5) C(19) 3-44
o(5) Cc(17) 2:56
N(1) N(2) 3-50
N(2) CQ) 331
cq) C(4) 2:92
“C(4) C(6) 348
C(4) C(13) 326
C(5) C(8) 332
C(5) C(12) 3-28
C(7) C(13) 2:99
C(13) C(15) 3-51

)
Fig. 3. Bond lengths and bond angles observed in the molecule.
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It is worth mentioning that, as might be expected,
most of the atoms of the phenyl and nitrobenzyl groups
have a larger thermal vibration than those in the re-
maining part of the molecule which are involved in the
hydrogen bonding network.

(b) Bond distances and angles

The bond distances and angles calculated from the
parameters in Table 1 are shown in Fig. 3 and listed
in Table 6. The equations for the best planes of the
peptide group, of the two benzene rings and of the
group of atoms C(18), N(3), O(5) and O(6) are given
in Table 7, together with the deviations of the indiv-
idual atoms from these planes. None of these devia-
tions is significant.

In view of the relatively large standard deviations in
the atomic parameters it is perhaps not fruitful to
undertake a detailed discussion of the individual bond
distances and angles. In general these values are in
agreement with those found in the literature for similar
compounds. The average C-C distances are 136 A and
1-:39° A within the two benzene rings of the phenyl-
alanine and nitrobenzyl part of the molecule. The di-
mensions of the nitro group comprising atoms N(3),
O(5) and O(6) are close to the values found for other
nitro compounds. The nitro group is coplanar with the
benzene ring within the experimental error. The dis-
tances within the peptide group consisting of atoms
C(3), C(4), O(2), N(2), and C(5) agree with the standard
values of Pauling & Corey (1953). The C(3)-N(1)
[(C=-N)] distance of 1-49 }Y is close to the average
value of 1-487 A for this distance in amino acids and
peptides (Marsh & Donohue, 1967).

The bond lengths and bond angles in the threonyl
part of the molecule show a similar trend to that ob-

Table 6. Intramolecular bond lengths and bond angles

Bond Distance Bond Distance
C(H—C2) 146 A C(5)—C(13) 149 A
O(1)--C(2) 1-43 C(13)-0(3) 1-21
C(2)—C(3) 1-57 C(13)-0(4) 1-34
C(3)—N(1) 1-49 O(4)--C(14) 1-47
C(3)—C(4) 1-50 C(14)-C(15) 1-48
C(4)—0(2) 1-22 C(15)-C(16) 1:40
C(4)—N(2) 1-28 C(16)-C(17) 1:42
N(2)—C(5) 1-44 C(17)-C(18) 1-38
C(5)—C(6) 1-49 C(18)-C(19) 1-33
C(6)—C(7) 1-51 C(19)-C(20) 1-39
C(7)—C(8) 1-31 C(20)-C(15) 1-34

C(8)—C(9) 1-34 C(18)-N(3) 1-51
C(9)—C(10) 1-35 N(3)—-0(5) 1-15
C(10)-C(11) 1-35 N(3)--0(6) 1-19
C(1D-C(12) 1-42
C(12)-C(7) 1:36
Bond Angle Bond Angle
O(1)--C(2)—C(1) 113° C(5)—C(13)-0(3) 128°

O(1)—C(2)—C(3) 104
C(1)—C(2)—C(3) 109
C(2)—C(3)—C(4) 112
C(2)—C(3)—N(1) 105
N(1)—C(3)—C(4) 110
C(3)—C(4)—0(2) 117
C(3)—C(4)—N(2) 113
0(2)—C(4)—N(2) 130
C(4)—N(@2)—C(15) 121
N(2)--C(5)—C(6) 112
N(2)—C(5)—C(13) 105
C(6)—C(5)—C(13) 111
C(5)—C(6)—C(7) 115
C(6)—C(7)—C(8) 119
C(6)—C(1)—C(12) 117
C(12)-C(71)—C(8) 124
C(7)—C(8)—C(9) 119
C(8)—C(9)—C(10) 122
C(9)—C(10)-C(11) 118
C(10)-C(11)-C(12) 121
C(11)-C(12)-C(7) 115

C(5)—C(13)-0(4) 113
0(3)—C(13)-0(4) 119
C(13)-0(4)—-C(14) 118
0O(4)--C(14)-C(15) 102
C(14)-C(15)-C(16) 110
C(14)-C(15)-C(20) 128
C(20)-C(15)-C(16) 121
C(15)-C(16)-C(17) 116
C(16)-C(17)-C(18) 119
C(17)-C(18)-C(19) 125
C(17)-C(18)-N(3) 116
C(19)-C(18)-N(3) 118
C(18)-C(19)-C(20) 115
C(19)-C(20)-C(15) 123
C(18)-N(3)--0(6) 114
C(18)-N(3)—-0O(5) 112
O(5)--N(3)--0(6) 133

Table 7. Best planes through various groups of atoms

The equations of the planes are expressed in the form AX+ BY+ CZ=D where X, Y, Z refer to atomic coordinates in A and
D is the origin-to-plane distance.

Plane Atom Deviation A B C D
Peptide group Cc(3) -0-014 A 0-865 —-0-236 —~0-442 0-230
C(4) 0-022
0(2) —0-010
N(2) 0-004
C(5) —0-006
Benzene ring of the phenylalanine C(h —0-002 0-687 0-268 —-0-675 3-029
part of the molecule C(8) —0-020
C(9) 0-017
C(10) 0-010
C(11) —~0-027
C(12) 0-023
Benzene ring of the nitrobenzyl C(15) 0-011 0-599 0-444 0-667 4-047
part of the molecule C(16) —-0-006
cQan 0-015
C(18) —0-026
C(19) 0-031
C(20) -~0-025
Group of atoms C(18), N(3), C(18) —-0-015 0-571 0-453 0-685 4-131
O(5) and O(6) N(3) 0-048
O(5) —-0-018
O(6) —-0-015
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served in Le-threonine (Shoemaker, Donohue, Scho-
maker & Corey, 1951), as shown in Fig. 4.

The C(1)-C(2) bond is considerably shorter in these
two cases (146 and 1-50 A). In addition the bond
angles C(3)-C(2)-O(1) and C(3)-C(2)-C(1) show
marked deviation from the tetrahedral value. It should
be mentioned, however, that the deviation of the angle
C(3)-C(2)-C(1), in the present investigation is within
the 20 level [6(6)=2°]. Another noticeable feature is
the short length (1-33 A) of the bond C(13)-O(4), which
suggests an appreciable double bond character for this
bond. The deviation of C(14) from the best plane
through the atoms C(5), C(13), O(3) and O(4) is
0-18 A, which is statistically significant. Since the atom
C(14) is occupying a position cis with respect to
C(13)-0(3), steric hindrance between O(3) and C(14)
perhaps necessitates the out of plane positioning of
C(14).

(¢) Conformation of the molecule

The backbone conformation of a peptide could be
described by the angles ¢, ¥ — the angles of rotation
about the N-C= and C=-C’ bonds of the peptide plane
(Ramachandran, 1962; Sasisekharan, 1962). The nota-
tion and convention followed here is that of Edsall,
Flory, Kendrew, Liquori, Nemethy, Ramachandran &
Scheraga (1966). In this case, we have one angle ¢ and
one angle y for the N-terminal threonyl residue and
two angles y; and y, for the C-terminal phenylalanyl
residue. These angles are 70°, 318°, 119° and 301°
respectively and are shown in Fig. 5. It may be men-
tioned that the values for these angles lie within the
allowed regions of the g-y diagram of Ramachandran
and his co-workers for peptide configurations redrawn

in the new notation of the recent paper by Edsall ef al.

(1966).

The values for y; and y, at the C-terminal of a pep-
tide are in general found to be close to 180° and 360°
with the exception of glycyl-L-asparagine (Pasternak,
Katz & Corey, 1954). In the case of glycyl-L-asparagine
the values are y,=249-2° and y,=63-3° (Lakshmina-
rayanan, Sasisekharan & Ramachandran, 1967). The
deviation in the present investigation also is large but
in the opposite direction, being about —60°. It is in-
teresting to note that in both cases the C-terminal group
is not a carboxyl one but an amide or an ester group.
The deviation of y, and w, in the present case of
L-threonyl-L-phenylalanine-p-nitrobenzyl ester hydro-
bromide may be attributed to the formation of a hy-
drogen bond between the peptide nitrogen and the
carboxyl oxygen O(3) of the molecule translated along
the shortest axis (c axis). A further consequence of this
hydrogen bond formation is that the N(2)- - - O(4) dis-
tance of 2-73 A (Table 5) is rather short.

The side chain conformations are described by the

torsion angles around the bonds C*-C#, CA-C*. These-

angles are close to 60°, 180° and 300 ° respectively cor-
responding to the three staggered positions around the
bonds and the C7 or C¢ atom is said to go into posi-

L-THREONYL-L-PHENYLALANINE-p-NITROBENZYL ESTER HYDROBROMIDE

tions I, II and III respectively (Ramachandran &
Lakshminarayanan, 1966). In the present case the C»
atom [C(1)] of the threonyl side chain goes into posi-
tion IT and the hydroxyl oxygen O(1) into position III.
In fact y11=298° and y12=176°. The C» atom C(7) of
the phenylalanine side chain goes into position II with
x'=171°. The views of the side chains looking along
the respective C*-C# bonds are given in Fig. 6. The
side group conformation of the threonine molecule in
the crystal structure of Ls-threonine (Shoemaker ef al.,
1951) is the same as the one found here with y11=305°,
In the structure of glycylphenylalanylglycine (Marsh
& Glusker, 1961) the C atom goes into position II

THREONYL PART OF MOLECULE Ls~THREONINE

Fig.4. Bond lengths and bond angles in (@) the threonyl part
of the molecule and (b) the Ls-threonine.

(2)

(b)

(c)

Fig.5. Backbone conformation: (a) the angle y for the N-
terminal threonyl group. (b) the angle ¢, and (c) the angles
w1 and y; for the C-terminal phenylalanine group.
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(@

Fig.6. Side chain conformation: (a) the angles y11 and yx!2 for
the threonyl group and (b) the angle y! for phenylalanine.

(x!=185°) and in L-phenylalanine hydrochloride
(Gurskaya, 1964) it goes into position I (y!=62°).
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The Crystal Structure of CaHPOs. 2H,0O
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Institute of Inorganic Chemistry, Slovak Academy of Sciences, Bratislava, Czechoslovakia

(Received 21 November 1968 and in revised form 4 March 1968)

CuHPO3;.2H,0 crystallizes in the orthorombic system. The space group is P2,2;2;; the unit-cell param-

eters are: a=6-71, b=9-00, c=7-40 A

and Z=4. The three positional coordinates together with an

isotropic temperature factor for each atom were refined by a three-dimensional least-squares method
using 556 reflexions, the final R value being 0-114. The positions of the hydrogen atoms were not deter-
mined. The crystal structure is formed by chains consisting of deformed octahedra Cu[O;(H-0)3],
which are connected at the vertices. The chains extend parallel to b and are mutually bonded by PO3;
groups. The structure is closely related to that of CuSeQ;.2H,0 and CuTeO;.2H-0.

Introduction

The crystal structure of CuHPO;.2H,O was deter-
mined as a part of a general study of the structure and

properties of phosphites. The specimen examined was
prepared by Nassler (1964).

The aim of the structure analysis of CuHPO,;.2H,0
was to elucidate the role of the phosphite group HPO?}~



