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between N(7) and C(8) suggests predominantly double-
bond character. O(10) is assigned as a carbonyl oxygen
based on its bond length of 1.252 A with C(2) and
being capable of forming relatively strong inter-
molecular hydrogen bonds with one of the pair of water
molecules. As shown in Fig. 2, the two water molecules
are linked to each other and also to the neighboring pair
of water molecules in the adjacent unit cell. Such a
hydrogen-bond arrangement is only possible when
W(2) shares its H atoms with W(1), since the latter
shares its H atoms with the two symmetry-related
carbonyl oxygen atoms. N(12) is presumably covalent-
ly bonded to two H atoms in order for it to be
hydrogen bonded to N(7) and W/(2) simultaneously. A
double bond is designated between C(5) and C(6)
owing to its bond length of 1.391 A, which is almost
equivalent to a benzene bond [1-395 (3) A] (Sutton,
1965). The observed distance of 2-846 A between N(3)
and N(9) suggests that they are linked by a rather
strong H-bond. As a result, (2a) and (3a) can be
eliminated as possible tautomers. The structure (la)
appears to be the stable tautomer for 1-methyliso-
guanine dihydrate in the solid state.

We wish to thank the WRRC Internal Competitive
Grants Committee for financial support.
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Abstract. M, = 380-40, orthorhombic, C222,, a=
12.118 (2), b=12-800(2), ¢=24.523 3)A, V=
3803-8A% Z=8, D,=134, D,=1.329gcm™,
A(CuKa)=1-5418 A, x=12-Tcm™!, F(000) = 1616,
T =298 K. Final R =0-037 for 1568 independent
observed reflections. The structure was solved using
successively MULTAN and DIRDIF programs applied
first to C2 space group, then extended to C222,. The
dipeptide exists in the crystal as a zwitterion and adopts
a fully extended §f conformation; y, angles are close to
—60 and 180° and y, to 60 and 120°, respectively, for
the two residues. The crystallographic work was
completed by a conformational analysis of the dipeptide

0108-2701/84/081412-05801.50

using empirical calculations. Several stable confor-
mations are found, the extended ff being the most
stable.

Introduction. The L-tyrosyl-L-tyrosine (L-Tyr-L-Tyr)
dipeptide structure determination was undertaken in a
general study of dipeptide structures with aromatic side
chains. Unfortunately, we could not completely solve
the structure, either by direct methods (MULTANTS,
Main, Hull, Lessinger, Germain, Declercq & Woolfson,
1978), or through Patterson-function studies. We
decided then to use our recent experience with DIRDIF
(direct methods applied to difference structure factors.

© 1984 International Union of Crystallography
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Beurskens et al., 1982; Doesburg & Beurskens, 1983)
to solve the structure.

Because of peptide flexibility, many conformations
are possible for a given dipeptide. The crystal-structure
conformation generally belongs to the preferred ones,
but is not necessarily the most stable (Cotrait, Geoffre,
Hospital & Précigoux, 1983). For this reason the
crystallographic work was completed by conformation-
al analysis using empirical calculations.

During the same time, the structure was solved
independently by Subramanian, Lalitha & Bordner
(1984, unpublished results) by direct methods, using
MULTANTS8, but as they emphasized, ‘the structure
solution presented considerable difficulties’. This paper
makes some comparisons of the two sets of results.

Experimental, Title compound, supplied by Fluka,
crystallized from methanol-water mixtures, 0-2 x
0-2 x 0-3 mm, D,, determined by flotation. Unit-cell
dimensions determined by a least-squares procedure on
260 values of 12 reflections with 8> 30°, Cu Ka;
intensity data collected on a Siemens four-circle
diffractometer, in one octant of the Ewald sphere and
sin /1 <0-55A-" (h<13, k<14, 1<27) with an
w20 scan; 1568 independent reflections with I >
3o(D); reflections 080 and 0,0,22 monitored during data
collection with fluctuations <1%; intensity data not
corrected for absorption.

Attempts to solve the structure using the MULTAN
procedure failed; only a fragment of the molecule (one
third of all atoms) was found on the £ map and no
further improvement was possible. Only one tyrosyl
side chain could be determined from the Patterson
function. The model, obtained from the MULTAN map
(10 atoms), was uses as input to the program DIRDIF
for the application of direct methods to difference
structure factors (Beurskens et al., 1982). The orienta-
tion of the model was verified using the vector search
program by Nordman & Schilling (1970). At first,
DIRDIF led to chicken-wire patterns, showing the
presence of a hexagonal frame in various fragments of
the structure, in the same orientation. The structure was
solved by the following steps:

—Expansion of the data to the triclinic space group
Pl.

—Application of DIRDIF in P1.

~Translation functions in DIRDIF (P1-Fourier
space) (Doesburg & Beurskens, 1983), which only gave
the position of the model with respect to the twofold
axis along a.

—Expansion of the original data to monoclinic
symmetry, space group C2, a axis unique.

—Successive application of DIRDIF in C2, carefully
enlarging the model until the structure was solved.

—Finding the other symmetry elements and shifting
the origin to the conventional position in space group
C222,.
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The structure was refined by least squares using
anisotropic parameters for C, N and O atoms, on a
CII-Mini 6 computer. H atoms, except those of water
molecules owing to their rather high thermal motion,
were located from a difference Fourier synthesis. The
refinement was resumed using isotropic temperature
factors for the well positioned H atoms; 2w(IF,| —
|F,1)> minimized with w=1 when IF,| <p and
\/w = p/F, when | F,| > p, where p = [F,2(max.)/10]"%
(4/0)max = 0-3; final AF excursions 0-3 and
—0-2e A-3; scattering factors from International
Tables for X-ray Crystallography (1974); final R
=0-037, wR =0-043, S = 1.025; final R =0-059 in
Subramanian’s work for 1740 observed reflections, with
I > o(J) and sinf/4 < 0-59 A-1,

Theoretical conformational analysis

The conformational analysis of the protected peptide
Ac-Tyr-Tyr-MA (Ac: acetyl; MA: methylamide, ie.
acetamido) was performed through empirical cal-
culations. The presence of Ac and MA groups prevents
strong electrostatic interactions between charged
groups, and allows us to simulate peptide fragments
included in longer sequences. An approach combining
the low-energy conformations for each residue has been
used (Anderson & Scheraga, 1978).

All torsional angles (¢, , x, and x, for each residue),
except w;, have been considered as variables. Molecular
conformations have been generated and their energies
calculated using the ECEPP program (Quantum
Chemistry Program Exchange, 1976) with a dielectric
constant ¢= 2; energy minimizations were performed
with the SIMPLEX program (Nelder & Mead, 1965).

Discussion. The final atomic parameters for C, N and
O atoms are listed in Table 1.* Projection of the unit
cell along x is shown in Fig. 1.

Bond lengths and angles of the dipeptide molecule
are shown in Table 2. These values agree reasonably
well with those found for other peptides having a
tyrosyl residue (Stenkamp & Jensen, 1973; Cotrait,
Barrans & Leroy, 1982), and especially well with
Subramanian’s L-tyrosyl-L-tyrosine structure: inter-
atomic distances and angles do not differ by more
than 0-016 A and 2° respectively.

As expected, both phenol groups are planar; the H
atoms of the phenolic OH groups deviate somewhat
from these planes; also C, atoms [here atoms C(3) and
C(18)] deviate from the mean planes through the
phenyl groups, as pointed out by Subramanian et al.;
the carboxylic and peptide groups are perfectly planar.

* Lists of structure factors, anisotropic thermal parameters,
H-atom coordinates and details of the hydrogen bonding have been
deposited with the British Library Lending Division as Supplemen-
tary Publication No. SUP 39338 (14 pp.). Copies may be obtained
through The Executive Secretary, International Union of Crystal-
lography, 5 Abbey Square, Chester CH1 2HU, England.
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The fact that the phenolic groups are nearly parallel is
of no importance in our opinion because of the great
distance between such groups, as has been emphasized
by these authors.

Table 1. Final atomic coordinates and equivalent
isotropic thermal parameters for the non-H atoms with
e.s.d.’s in parentheses

x y z Beg*(AY)
N(I) 0-3676 (2) 0-3998 (2) 0-4369 (1) 2:4 (1)
C(2) 0-2824 (3) 0.4478 (2) 0-4010 (1) 2:4 (1)
C(3) 0-1682 (3) 0-4089 (2) 0-4174 (1) 3.3(D)
C@4) 0-1531(2) 0-2914 (2) 0-4139 (1) 2-8(1)
C(5) 0-1614 (3)  0-2385(3)  0-3651 (1)  3.2(1)
C(6) 0-1408 (3) 0-1311 (3) 0-3621 (1) 3.1(D)
C(7) 0-1109 (3) 0-0777 (2) 0-4087 (1) 2-8(1)
0o(®) 0.0852 (2) —0-0274 (2) 0-4078 (1) 3.5()
C) 0-1044 (3) 0-1292 (3) 0-4575 (1) 3.6 (2)
C(10) 0-1252 (3) 0-2357 (3) 0-4603 (1) 3.5(2)
Cc(n 0-2867 (2) 0:5660 (2) 0-4087 (1) 2.3 (D
O(12) 0-3104 (2) 0-6042 (2) 0-4533 (1) 3.1 (D
N(13) 0-2581 (2) 0-6215 (2) 0-3653 (1) 2-6 (1)
C(14) 0-2576 (3) 07360 (2) 0.3652 (1) 2:3(1)
C(15) 0-1886 (3) 0-7759 (2) 0-3174 (1) 2.6 (1)
O(16) 0-1764 (2) 0-7194 (2) 0-2769 (1) 4.0(1)
o(17) 0-1501 (2) 0.8676 (2) 0.3215(1) 3.2(1)
C(18) 0-3777 (3) 0-7738 (2) 0-3599 (1) 2:9(1)
C(19) 0-3937 (2) 0-8901 (2) 0-3680 (1) 2:6 (1)
C(20) 0-4320 (3) 0.9527(2) 0-3264 (1) 3.1 (D
C(1) 0-4509 (3) 1.0589 (3) 0-3343 (1) 3.3(D)
C(22) 0-4302 (3) 1.1024 (2) 0-3843 (1) 2-8(1)
C(23) 0-3934 (3) 1-0414 (3) 0-4266 (1) 3-7(2)
cQ4) 0-3750 (3)  0.9359(3)  0-4180(1)  3-5(2)
0(25) 0-4487 (2)  1.2075(2)  0-3943(1)  3.9(1)
0(26) 0.4238 (2) 0.3242 (2) 0-3075 (1) 3.7(1)
0227 0-2521(3)  0.4966(3)  0-2674(1)  7-4(2)

* 4y
Beq =432 ,8,a.a,

Table 2. Bond lengths (A) and angles (°) with e.s.d.’s

N(1)=C(2) 1.490 (4) N(13)—C(14) 1.465 (4)
C(2-C(3) 1-526 (4) C(14)—C(15) 1.528 (4)
C@)C(11) 1.526 (4) C(14)-C(18) 1.539 (4)
C(3}-C(4) 1.517 (4) C(15)-0(16) 1.238 (4)
C(4)—C(5) 1.380 (5) C(15)-0(17) 1-268 (4)
C(4)—C(10) 1.384 (5) C(18)—C(19) 1-515 (4)
C(5)—-C(6) 1.398 (5) C(19)—C(20) 1.377 (4)
C(6)—C(7) 1.380 (5) C(19)—C(24) 1.377 (4)
C(1)-C(8) 1381 (4) C(20)-C(21) 1-392 (5)
C(71-C(9) 1.369 (5) C(21)-C(22) 1.370 (5)
C(9)—C(10) 1.387 (5) C(22)-0(25) 1.387 (4)
C(11)-0(12) 1.233 (4) C(22)-C(23) 1.373 (5)
C(11)=-N(13) 1.326 (4) C(23)-C(24) 1.384 (5)
N(1)=C(2)-C(3) 109-7 (3) N(13)=C(14}—C(15) 109-7(3)
N()-C(2)-C(11)  108-2 (3) N(13)—C(14)-C(18) 108-1(3)
N(3)—C(2)-C(11)  108-8 (3) C(15)—C(14)—C(18) 110-4 (4)
C(2~C(3)-C(4) 114.6 (3) C(14)-C(15)-0(16) 119-1(3)
C(3)-C(4)-C(5) 1219 (3) C(14)-C(15)—-0(17) 116-8(3)
C(3)-C(4)—C(10)  119:6 (4) O(16)—C(15)—=0(17) 1241 (3)
C(5)-C(4)—C(10)  118:5 (4) C(14)—C(18)—C(19) 114-8 (4)
C(4)—C(5)—-C(6) 121.0 (4) C(18)=C(19)—C(20) 121-2(4)
C(5)—C(6)—C(T7) 119.4 (4) C(18)—C(19)—C(24) 120-9 (4)
C(6)—C(7)~O(8) 122.0 (3) C(20)—C(19)—C(24) 117-9 (4)
C(6)—-C(N—C(9) 120.0 (4) C(19)-C(200—C(21) 121.4(5)
O(8)—C(7)—C(9) 118:1 (3) C(20)~C(21)—-C(22) 119-4 (5)
C(7—C(9)-C(10) 1204 (4) C(21)—C(22)-C(23) 120-3(5)
C(9)-C(10)-C@)  120-7 (4) C(21)-C(22)-0(25) 121.5(4)
C(2)-C(11)-0(12)  120.8 (3) C(23)-C(22)-0(25) 118.1(4)
C(2)-C(11)=N(13)  115.0 (3) C(22)—C(23)—C(24) 119-4(5)
O(12)-C(11)-N(13) 1242 (3) C(23)-C(24)—C(19) 121-6(5)
C(11)=N(13}=C(14) 122:5(3)

L-TYROSYL-L-TYROSINE DIHYDRATE

The SNOOPY drawing (Davies,
molecule is shown in Fig. 2(a).

The torsion angles of the molecules, as shown in Fig.
2(b), are given in accordance with the IUPAC-IUB
Commission of Biochemical Nomenclature (1970)
as follows: tyrosyl: wIN(1)—C(2)—C(11)—N(13)]
= 150-0, 1IN(DH-C(2)-C(3)-C(4)] = -59.7,
1>1C(2)—C(3)—C(4)—C(10)] = —62-6, wlC(2)—
C(11)—-N(13)—C(14)] = 180-1, 7/C(6)—C(7)—O(8)—
H(108)] = 15-1°; tyrosine: [{C(11)—N(13)—C(14)—
C(15)] = —162-4, wIN(13)—C(14)—C(15)—0(17N)] =
157.4, 2:IN(13)—C(14)—C(18)—C(19)] = —170.9,
x2/C(14)—C(18)—-C(19)—C(24)l = 66-4,  €(C(21)—
C(22)—0(25)—H(125)] = 24-3°. These values agree
quite well with those given by Subramanian et al. The
dipeptide main-chain conformation can be described as
fully extended (BB type); the side chains, defined by y,
and x, angles, have classical conformations:

—x; values are close to two out of the three usual
values: —60, 60 and 180°.

—X2, values lie within the range 90 + 30° (Cotrait &
Bideau, 1974; Benedetti, Morelli, Nemethy & Scheraga,
1983).

The structure shows numerous hydrogen bonds,
involving NH?% and COO~ charged groups, NH,
phenolic OH and C=0O polar groups and both water
molecules; these intermolecular bonds are listed in
Table 3.* Water molecules form hydrogen bridges,
namely between NH% and COO- groups, which,
surprisingly, are not facing each other. Each carboxy-
late O atom is engaged in two hydrogen bonds; the
phenolic OH groups are involved in rather strong
hydrogen bonds, as underlined by Subramanian er al.

1983) of the

* Deposited.

Fig. 1. Projection of the unit celi along x.
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Such a complicated hydrogen-bond network has
been found in zwitterionic peptide structures such as
Tyr-Pro-Asn-Gly (Précigoux, Geoffre, Hospital &
Leroy, 1982). In such structures, molecular confor-
mation might be influenced a great deal by the
environment. This is the reason we have undertaken the
conformational study of the isolated Ac-Tyr-Tyr-MA
dipeptide.

Conformational calculations

Starting conformations have been generated by
combining the preferred conformations* related to an
isolated tyrosyl residue (Lewis, Momany & Scheraga,
1973); the minimization of the energy takes place by
optimization of torsion angles. Finally about two thirds
of the 49 starting conformations are stable.*

Because polypeptide folding essentially depends on
the main-chain conformation of its constitutive
residues, forms differing only by one or more of their
side-chain conformations (x, and y, angles in the
present case) have been considered as degenerate. The
denominations used for standard residue main-chain
conformations are as follows: f for stretched structure
(¢ ~ —150, w ~ 150°), ' for (¢ ~ =70, ¥ ~ 150°), a
for the right-handed helix (¢ ~ —70, y ~ —50°), y for
the C$9 form (¢ ~ —80, w ~ 80°). The list of the most
stable conformations, with the corresponding torsional
angles and relative energy AE, is given in Table 4. The
most stable form (4E =0-0kJmol~!) is a BB fully
stretched conformation, in complete agreement with the
crystal structure but it must be kept in mind that many

other conformations are possible within the
120 kJ mol~! range.
*Within a 12.0kJmol~' range from the most stable

conformation.

Fig. 2. (a) SNOOPY drawing and (b) torsion-angle notations of the
dipeptide.
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Table 4. Non-degenerate stable conformations (4E <
12-0 kJ mol=) for Ac-Tyr-Tyr-MA

Torsion angles are in °, g = 1-2°.
Tyr, Tyr,

A4E (k]

No.Type ¢ v x, X, @ ¥ X xamol™)
1y g8 —158 152 178 78 —145 152 —-60 100 0.0
(2) pg -89 141 182 78 —146 148 —-62 105 0.8
3) By -—155 149 176 5 -85 84 —61 108 2.5
4) pp —154 145 181 69 79 136 183 84 4.6
(5) ay —68 —-40 179 79 -88 76 —61 105 S5-9
) ¥ —86 82 —63 110 —145 149 —-61 106 6-3
7w -85 79 —-61 109 -89 8 =57 112 7.5
8) aopf -71 -40 177 72 —154 144 176 76 8.4
9) aa -66 —41 174 72 -8 -36 —-63 107 9.2
(10) ya -84 71 -59 107 -—-80 —40 -57 114 10-0
(1) fa  —153 147 60 94 77 -41 182 80 11.7

The molecule exists in the crystal in its zwitterionic
form and adopts a 3 stretched conformation; y, angles
are close to —60 to 180°, x, angles to —60 and 60°,
respectively, for the first and second residues. The
crystal cohesion results from numerous intermolecular
hydrogen bonds involving water molecules as bridges.

The crystallographic results are in agreement with
those obtained by Subramanian ef al.

The conformational analysis study using empirical
calculations shows that many conformations coexist in
a rather limited energy range. Nevertheless the ff
stretched structure appears to be the most stable one.

References

ANDERSON, J. S. & SCHERAGA, H. A. (1978). Macromolecules, 11,
812-819.

BENEDETTI, E., MORELLI, G., NEMETHY, G. & SCHERAGA, H. A.
(1983). Int. J. Pept. Protein Res. 22, 1-15.

BEURSKENS, P. T., BosmaN, W. P., DOESBURG, H. M., VAN DEN
HARk, TH. E. M., PrICK, P. A. J., NOORDIK, J. H., BEURSKENS,
G., GouLD, R. O. & PARTHASARATHI, V. (1982). Conformation
in Biology, edited by R. SRINIVASAN & R. SARMA, pp. 389-406.
New York: Adenine Press.

CoOTRAIT, M., BARRANS, Y. & LEROY, F. (1982). Acta Cryst. B38,
1626-1629.

COTRAIT, M. & BIDEAU, J. P. (1974). Acta Cryst. B30, 1024-1028.

CoOTRAIT, M., GEOFFRE, S., HospiTAL, M. & PRECIGOUX, G.
(1983). Acta Cryst. B39, 754-760.

DaviEs, E. K. (1983). Private communication.

DoESBURG, H. M. & BEURSKENS, P. T. (1983). Acta Cryst. A39,
368-376.

International Tables for X-ray Crystallography (1974). Vol. 1V.
Birmingham: Kynoch Press.

[UPAC-IUB CoMMISSION ON BIlocHEMICAL NOMENCLATURE
(1970). Biochemistry, 9, 3471-3479.

Lewis, N., MoMmaNy, F. A. & SCHERAGA, H. A. (1973). Isr. J.
Chem. 11, 121-152.

Main, P., HuLL, S. E., LESSINGER, L., GERMAIN, G., DECLERCQ, J.
P. & WOOLFsON, M. M. (1978). MULTAN78. A System of
Computer Programs for the Automatic Solution of Crystal
Structures from X-ray Diffraction Data. Univs. of York,
England, and Louvain, Belgium.

NELDER, J. A. & MEAD, R. (1965). Comput. J. 2(4), 460-469.



1416

NorbMAN, C. E. & ScHILLING, J. W. (1970). Crystallographic
Computing, edited by F. R. AHMED, pp. 115-123. Copenhagen:
Munksgaard.

PRECIGOUX, G., GEOFFRE, S., HosPITAL, M. & LEROY, F. (1982).
Acta Cryst. B38,2172-2176.

Acta Cryst. (1984). C40, 1416-1418

Quantum  Chemistry Program Exchange

L-TYROSYL-L-TYROSINE DIHYDRATE

(1976). ECEPP
(Empirical Conformational Energy Program for Peptides). No.
286. Indiana Univ., Bloomington, Indiana.

STENKAMP, R. E. & JENSEN, L. H. (1973). Acta Cryst. B29,

2872-2878.

rel-(1S,3aR,4R,7S,7aR)-5,6,7,7a-Tetrahydro-4,7-methano- 1 H-indene- 1,3a(4 H)-diol,
C 10H1402

By DAvVID A. GROSSIE, WILLIAM H. WATSON, CHENGJU WU AND PAUL D. BARTLETT
FASTBIOS Laboratory, Department of Chemistry, Texas Christian University, Fort Worth, Texas 76129, USA

(Received 23 January 1984; accepted 10 April 1984)

Abstract. M, = 166-22, monoclinic, P2,/c, a=
13-657(3), 5=6212(2), c=11.069(3)A, B=
112.42(3)°, V=868-04) A3, Z=4, D,=

1.272 g em=3, CuKo, A= 1.54178 A, y=7-09 cm™,
F(000) = 360, room temperature, R = 0-043 for 1056
unique reflections with intensities greater than 3a(/). A
planar cyclopentene ring is cis fused to a norbornane
moiety. The two hydroxyl groups lie on the same side of
the five-membered ring and participate in the formation
of two intermolecular hydrogen bonds. n-system distor-
tion and a short C=C distance are observed as in other
strained ring systems.

Introduction. The three isomers of isodicyclopen-
tadiene and their cycloaddition reactions have been
studied (Subramanyam, Bartlett, Iglesias, Watson &
Galloy, 1982; Paquette, Williams, Carr, Charumilind &
Blount, 1982; Bartlett & Wu, 1983). The diene isomer
(1) rapidly absorbs oxygen from the air even at low
temperatures (253 K). When molecular oxygen is
bubbled into a dilute solution of (1) in CH,Cl, at 273 K
and in the dark, a low-molecular-weight copolymer of
(1) and O, is obtained (Wu, 1983). The polyperoxide,
(C,,H,,0,),, has a (1) to O, ratio of 1:1, a measured
molecular weight of 1220 (n = 7-4), and is stable up to
405 K where it decomposes with gas evolution.

When the polymer is reduced with LiAlH, in ether, a
mixture of the diols (2) and (3) is obtained. Because an
unambiguous determination of relative stereochemistry

5 b .

(1 (2) (3)
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is essential for the understanding of stereoelectronic
effects in these molecules, the structure was determined
by X-ray diffraction techniques. The structural data are
needed also for the development of suitable molecular
mechanics parameters for norbornene and sesquinor-
bornene strained ring systems.

Experimental. Crystal of dimensions 0-4 x 0-33 x
0-25 mm, Syntex P2, diffractometer, §:26 scan, vari-
able scan rate, 26,,,, = 120°, graphite-monochromated
Cu Ka radiation; lattice parameters from least squares
of 15 medium-angle reflections, space group P2,/c
(systematic absences /= 2n+1 for A0/ and k = 2n+1
for 0k0); a monitored reflection showed no significant
change in intensity; 1188 independent reflections
O<h<l4,0<k<6, —11<I<1l), 1056 with >
30(I); Lorentz and polarization, no absorption correc-
tions; direct methods (MULTANT8; Main, Hull,
Lessinger, Germain, Declercq & Woolfson, 1978)
located all heavy atoms, H atoms located in difference
Fourier map but only positional parameters refined;
2w(IF,I—1F.1)* minimized, w=1/0%F,), final R
=0-043, R,.=0-063, $=0-23 (186 parameters),
(4/0),, =0-02, (4/6)max = 0-09, highest peak in final
difference Fourier map 0-24 ¢ A~3. Final calculations
performed with XRA Y76 (Stewart, Machin, Dickinson,
Ammon, Heck & Flack, 1976). Atomic scattering
factors for C and O from Cromer & Mann (1968),
those for H from Stewart, Davidson & Simpson (1965).
Atomic positional parameters and U,, values are listed
in Table 1 while Table 2 gives bond lengths and valence
angles.*

* Lists of structure factors and anisotropic thermal parameters
have been deposited with the British Library Lending Division as
Supplementary Publication No. SUP 39393 (12 pp.). Copies may
be obtained through The Executive Secretary, International Union
of Crystallography, 5 Abbey Square, Chester CH1 2HU. England.
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