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The crystal structure of high cyclobutane.* By Giies F. CarTer and D. H. TEMPLETON, Department
of Chemistry and Radiation Laboratory, University of California, Berkeley, California, U.S. A.

(Received 17 April 1953 and in revised form 9 May 1953)

According to Rathjens & Gwinn (1953), cyclobutane
melts at 182° K. and has a transition point at about
145° K. We have investigated the structures of the two
solid forms by the X-ray diffraction method.

Samples provided by Dr Rathjens were sealed in Pyrex
capillaries, mounted in the camera, and cooled in the
usual way with a stream of cold nitrogen gas. Powder
patterns of the low-temperature form contain many lines.
The structure is not cubic and has not been solved.
Powder patterns of the high form show only a single
line, which is assigned to 110 on the basis of the single-
crystal work.

Slow freezing resulted in single crystals of the high form
whose orientations seemed to be random in the capillary.
Rotation photographs of four such crystals at about
173° K. (axes of rotation approximately [100], [311],
[531] and [441], respectively) show the unit cell to be
body-centered cubic, with

a = 606+003 A (ACuKx = 1-542 A).

Though only reflections of the forms {110} and {200}
are observed, the interpretation is unique because the

* This work was performed under the auspices of the U.S.
Atomic Energy Commission.
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crystals were misaligned enough to permit independent
observation of ‘coincident’ reflections in nearly every
case so that the multiplicities of the forms were deter-
mined. The distribution of the spots among the various
layer lines was also checked in each case. This unit cell,
with two molecules, corresponds to a calculated density
of 0-84+0-01 g.cm.™3,

If the origin is chosen at the center of gravity of one
molecule, then the second molecule must be at the body
center. To achieve cubic symmetry, these molecules must
have rotational disorder, either static or dynamic. The
rapid decrease of intensity with increasing Bragg angle is
explained by rotational disorder which approaches
spherical symmetry. The calculations were based on the
molecular dimensions deduced by Dunitz & Schomaker
(1952) by electron diffraction of the gas. Since the inter-
molecular distance, 525 A between centers, is sub-
stantially smaller than the largest van der Waals diameter
of cyclobutane, the rotations are expected to be hindered.
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Unit-cell dimensions and space groups of synthetic peptides. II. Glycyl-L-alanine, glycyl-L-
alanine hydrochloride, glycyl-L-alanine hydrobromide and glycyl-L-tryptophane. By T.C.
TrRANTER, Wool Industries Research Association, Torridon, Headingley, Leeds 6, England

(Received 24 July 1953)

As part of the research programme on the structures of
crystalline peptides recently begun by the Wool Industries
Research Association (Tranter, 1952) preliminary X-ray
data have now been obtained for glycyl-L-alanine, the
hydrochloride and hydrobromide derived from this
peptide and for glycyl-L-tryptophane.

Source of peptides

\Glycyl-DL-alanine was readily synthesized by the chloro-
acetyl method first described by Fischer & Otto (1903)

and the purity of the final product was checked chromato-
graphically. In the meanwhile, preliminary X-ray data for
this material had appeared (Pasternak & Leonard, 1952),
and it was therefore decided to examine the optically
active dipeptide instead. Attempts to prepare it by the
same method were not very successful and glycyl-v-
alanine was finally obtained in the pure state by the
‘carbobenzoxy’ method (Bergmann & Zervas, 1932).
After removal of the ‘protective’ grouping by catalytic
hydrogenation the free peptide crystallized from water
more easily than the pL-isomer in the form of large needles.
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Glycyl-L-alanine hydrochloride was prepared by the
addition of a slight excess of 2N hydrochloric acid to
the free peptide, the resulting solution was evaporated to
drymness in vacuo at room temperature and the residue was
recrystallized from water. It separated in the form of large
plates usually with six sides, (110), (100) and (001) being
prominent. The X-ray data indicated the existence of
water of crystallization. Loss in weight on drying at
100° C. in wacuo: 7-7% (calculated for glycyl-L-alanine
hydrochloride . H,0, 9-:0%). Found, 19-29%, CI; calculated,
19-59%,

Glycyl-L-alanine hydrobromide was prepared in an
analogous manner to the hydrochloride by adding a
slight excess of 30% hydrobromic acid to the peptide
in aqueous solution. The crystals separating were of the
same form as those of the hydrochloride and often several
millimetres across. The loss in weight on drying at 100° C.
in vacuo was not determined as the material sublimed.
Found, 34:9% Br; -calculated for glycyl-L-alanine
HBr.H,0, 35-2%.

Glycyl-L-tryptophane was prepared from the chloro-
acetyl derivative obtained from Roche Products Ltd,
Welwyn Garden City, England, by the method of Abder-
halden & Kempe (1907). The crystals obtained tended to
be very thin triangular plates invariably highly aggre-
gated. The X -ray data indicated the existence of water of
crystallization, viz. 4 molecules/unit cell. Two molecules
seemed to come off readily in vacuo at 100° C. whilst
the removal of the other two required a temperature in
the neighbourhood of 145° C.:

Molecules/
unit cell
2:00
2-00
1-99
1-99

Density
(g.om.”®)
1-323
1-465
1-714
1-379

Unit-cell dimensions
= 548, b = 628, ¢ = 1047 A

a
B = 94°27
7-63, b = 6-13, ¢ = 10-69 A

a
B = 108° 36’

109° 2/
=587, b=2824,c=1481 A

a
B = 96° 6’

a= 157 b= 598, c= 1062 A

B

Loss in weight at 100° C., 7-69%; calculated for glycyl-
L-tryptophane. H,0, 6:5%,.

Loss in weight at 145° C., 14-09%; calculated for glycyl-
L-tryptophane. 2H,0, 12-19%,.

Space
group
P2,

P
P
P2,

The unit-cell dimensions were derived from rotation
photographs about the principal crystallographic axes.
In the determination of the symmetry of the unit cell
and the space group, the information thus obtained was
supplemented as required by zero- and n-layer moving-
film photographs on an equi-inclination Weissenberg
goniometer. For all four materials the only systematic
absence observed was 0k0 with k£ odd, so that in each
case the probable space group is P2;.

The hydrochloride and hydrobromide of glycyl-L-
alanine appear to be isomorphous and their crystal
structure is being investigated in detail.

Table 1. Crystallographic data

Crystal
system
Monoclinic
Monoclinic
Monoclinic
Monoclinic

I am indebted to Dr S. Blackburn of the Wool In-
dustries Research Association for the chromatographic
tests, and to the Director and. Council of the Wool
Industries Research Association for permission to publish

these results.
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Peptide

Glycyl-L-alanine
NH,.HCl.CH,.CO.NH.CH.CH,.COOH.H,0

NH,.CH,.CO.NH.CH.CH;COOH
Glycyl-L-alanine HBr.H,0O
NH,.HBr.CH,.CO.NH.CH.CH;.COOH.H,0
NH,.CH,.CO.NH.CH.COOH .2H,0

Glycyl-L-alanine HC1.H,0
Glycyl-L-tryptophane. 2H,0



