892

HN

=/

(+)

Fig. 2. Electronic situation of the L-histidine group in the title
compound.

H(3N1) has difficulties in finding an acceptor which is

“properly located. This situation is not uncommon,
mainly when a hydrogen-rich group like NH? belongs
to a large organic group (Olovsson & Jonsson, 1976).

Acta Cryst. (1988). C44, 892894

L-HISTIDINIUM DIHYDROGENMONOPHOSPHATE MONOHYDRATE

The authors thank Dr Ivar Olovsson (Uppsala
University) and Dr M. S. Lehmann (ILL, Grenoble) for
fruitful help when discussing the hydrogen-bond
scheme. X-ray data collection has been performed
within the ‘groupement grenoblois de diffractometrie’.

References

BLESSING, R. H. (1986). Acta Cryst. B42, 613-621.

Enraf-Nonius (1977). Structure Determination Package, version
RSX11M. Enraf-Nonius, Delft, The Netherlands.

International Tables for X-ray Crystallography (1974). Vol. 1V,
Table 2.2B. Birmingham: Kynoch Press. (Present distributor D.
Reidel, Dordrecht.)

MaIN, P., HuLL, S. E., LESSINGER, L., GERMAIN, G., DECLERCQ,
J.-P. & WoOLFsoN, M. M. (1977). MULTANT1. A System of
Computer Programs for the Automatic Solution of Crystal
Structures from X-ray Diffraction Data. Univs. of York,
England, and Louvain, Belgium.

OrovssoN, I. & JOonssoN, P. G. (1976). The Hydrogen Bond—
Recent Developments in Theory and Experiments, ch. 8, pp.
406—407. Amsterdam: North-Holland.

(5RS)-3,4-Dichloro-5-dichloromethyl-5-acetoxy-2(5 H)-furanone
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Abstract. 3,4-Dichloro-5-dichloromethyl-2(5H)-0x0-5-
furyl acetate, C,H,Cl,0,, M,=293-92, monoclinic,
P2,/n, a=16-139 (1), b = 8-9486 (5), c=
15-994 (1) A, B=96-669 (8)°, V' =2294.2 (3)A%, Z
=8, D,=1.702gcm™3, CuKa, 4y =1-540562 A,
1=95-8cm~!, F(000) = 1168, 295 K, R = 0-062 (wR
=0-067) for 2689 unique reflections with I > 20(J).
The asymmetric unit contains two virtually identical
molecules having normal geometry. Molecules are
linked by possible weak C—H---O hydrogen bonds,
C.--0=3.311(9) and 3-23 (1) A.

Introduction. Treatment of 2,2,4,5-tetrachlorocyclo-
pentene-1,3-dione (1), a constituent of pulp mill bleach
liquors (McKague, de Sousa, Stromberg & Kringstad,
1987), with potassium carbonate and acetic anhydride
gives a crystalline acetate which is identical to a
compound which appears during the analysis of
chlorophenols in the liquors (Stromberg, de Sousa,
Ljungquist, McKague & Kringstad, 1987). Thus, a
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simple method was available by which material could
be prepared for identification much more easily than by
isolation from the liquor. This paper describes the
X-ray structure of the acetate; other spectral data have
been published separately (Stromberg et al., 1987).

(o]

o 0
Ci Cl KaCO3 o i oK Cl o
cl Cl H20 Cl CHCI2 cl CHOI
0 0 orR 2
(1) (2) (3a) R=0OH
(3b) R=0Ac
Experimental. Colorless crystals, 0-25 x 0-32 x

0-35 mm, faces {101}, {110}, {011}, {100}. Enraf—
Nonius CAD-4F diffractometer, lattice parameters
from 25 reflections with #=25-41°, intensities for
6 <75°, hkl: 0to 20, 0 to 11, —20 to 20, w—26 scan, w
scan width (0-75 + 0-14tan6)° at 1-1-10-0° min~!,
extended 25% on each side for background measure-
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Table 1. Final positional (fractional x10%) and
equivalent isotropic thermal parameters (U x 10*A?)
with e.s.d.’s in parentheses

— 1\ N * ok
Uey=1322;U a7 a7a;.a;

X ¥ z Ueq
CI(H) 3560 (2) 2270 (3) 5095 (1) 67
CI(2) 5075 (1) 891 (3) 3933(2) 72
cl(3) 3502 (2) 2166 (3) 2143 (1) 65
Cl(4) 3232(2) —1765 (3) 1415 (2) 78
o(1) 2769 (3) =275 (6) 3190 (3) 39
0(2) 1983 (3) 668 (6) 4125 (4) 55
0(3) 3913 (3) —1819 (6) 3088 (4) 50
0®4) 3543 (4) —2290(7) 4388 (4) 65
C(1) 2648 (4) 546 (9) 3896 (5) 36
C(2) 3461 (5) 1145 (9) 4242 (5) 39
C(3) 4036 (4) 619 (9) 3820 (5) 39
(o] 3630 (4) —331(8) 3091 (5) 36
C(5) 3834 (5) -2729 (10) 3785 (6) 55
C(6) 4146 (7)  —4236 (11) 3615 (7) 79
C(7) 3795 (5) 267 (9) 2227(5) 45
CI(1) 10117(1) 1048 (3) 3619 (2) 67
Cl1(2") 9025 (2) 2569 (3) 5139 (1) 83
C1(3") 7177 (1) 1080 (3) 3633 (2) 69
Cl(4) 6439 (1) 4006 (3) 3377(2) 86
o(1") 8168 (3) 3447 (6) 2805 (3) 40
02" 9051 (4) 2372(7) 1996 (3) 61
03" 8108 (3) 5110 (6) 3911 (3) 48
04) 9376 (3) 5548 (6) 3508 (4) 60
C(1) 8849 (4) 2599 (9) 2671 (5) 38
C(2") 9254 (4) 2106 (9) 3506 (5) 38
C@3") 8835 (4) 2690 (9) 4078 (5) 41
C(4") 8110 (5) 3599 (9) 3685 (5) 39
C(5") 8769 (5) 6001 (9) 3775 (5) 45
C(6") 8600 (6) 7558 (10) 4020 (7) 68
(1) 7275 (5) 2970 (9) 3903 (6) 48

Table 2. Bond lengths (A), bond angles (°) and
intra-annular torsion angles (°) with es.d.s in

parentheses

Cl(1)—-C(2) 1-688 (8) 1-676 (7) 0O(3)-C(5) 1-397 (10) 1-370(9)
Cl1(2)-C(3) 1-684 (7) 1-692(8) O(4)-C(5) 1-188 (10) 1-184 (9)
Cl(3)-C(7" 1-765 (8) 1.748 (8) C(1)-C(2) 1.466 (10) 1-485 (10)
Cl(4)-C(T) 1-758 (8) 1.768 (8) C(2)-C(3) 1.296 (10) 1-308 (10)
o(N-C(1y 1-380(8) 1.373(8) C(3)-C(4) 1.528 (10) 1.501 (10)
o(NH-C(4) 1.418 (8) 1-428(9) C@)-C(7) 1-534 (10) 1-536 (10)
O)-C(1) 1.179 (8) 1.180(8) C(5)-C(6) 1.476 (12) 1.481 (12)
0@13)-C«) 1-408 (9) 1-399 (9)
C(H)—-0O(1)—-C@4) 110:-1(5) 110-7(6) O(1)-C@4)—C(3) 103-6(6) 102-9 (6)
C(4)-0(3)-C(5) 119:2(6) 119-8(6) O(H—-C(@)—C(7) 111.3(6) 110-4(6)
O(N-C(1)-0(2) 121-6(7) 123-3(8) O(3)-C(4)—C(3) 114-7(6) 116-1(7)
O(1)-C(1})-C(2) 107-3(6) 107-4(6) O(3)-C(4)-C(7) 103-7(6) 105-5(6)
O(2)-C(1)-C(2) 131-1(8) 129.3(7) C@3)-C(4)-C(7) 112:9(6) 1i1-6(6)
CI(1)-C(2)-C(1) 121.3(6) 122.5(6) O(3)-C(5)-0(4) 122-5(8) 123-3(8)
CI(D-C(2)-C(3) 129-1(6) 129-9(7) O(3)-C(5)-C(6) 108-7(8) 109-6 (7)
C(1)-C(2)—C(3) 109-5(7) 107-6(7) O(4)—C(5)-C(6) 128-8(9) 127-1(8)
Ci(2)-C(3)-C(2) 131.0(7) 128-9(6) CI(3)—C(7)-ClI(4) 109-8(5) 110-4 (5)
Cl(2)-C(3)~C(4) 119.7(5) 119-7(6) CI3)—C(7)-C(4) 109-4 (5) 110-8 (6)
CQ)-CGI-C@) 1093(6) 111.4(1) CIA-C(D-C(4) 110-7(6) 110-0(5)
O(1)-C4)-0(3) 110:9(6) 110-4(6)

C@)-0(1)-C(1)-C(2) 4.2 (8) 2-2(8)

O(-C(N-C(D-CB)  -51(9 -1.9(9

C(D-C(2)-C(3)-C4) 3.9(9) 1.0 (9)

C(2)-C(3)-C(4)-0(1) ~1-4 (8) 0-3(9)

C(D)-0(1)-C4)~-C(3) -1.9(8) —1-6 (8)

The values correspond to the unprimed and primed molecules,
respectively.

ment, three standard reflections (~ 6% uniform decay).
Lp, decay, and absorption corrections (numerical
integration, 362 sampling points), transmission factors
0-051-0-273, 4684 unique reflections measured, 2689
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with I=20(I), where o*(I)=S+4(B,+ B, +
(0-045)%, S =scan, B, and B, = background counts.
Structure by direct methods, refined by full-matrix least
squares on F, H atoms in calculated positions (based on
observed positions with Uy o¢ Upongedaiom and C—
H=0-98A), w=1/0%F), scattering factors and
anomalous-scattering  corrections for Cl from
International Tables for X-ray Crystallography (1974),
locally written or locally modified versions of standard
computer programs, final R = 0-062, wR = 0-067 for
2689 reflections with I > 20(1), S = 1-071, 272 param-
eters, isotropic type I extinction, g = 0-56 (4) x 104,
R =0-117 for all 4684 reflections, 4/ = 0-02 (mean),
0-21 (maximum), maximum final difference density
—1-0to 0-6 e A3 (all large peaks near Cl atoms).

Discussion. Final positional and equivalent isotropic
thermal parameters (U, = 1/3 trace of diagonalized U)
are given in Table 1, and geometrical data appear in
Table 2.* Stereoviews of the two crystallographically
independent molecules are shown in Fig. 1.

The compound (3b) is the acetate derivative of 3,4-
dichloro-5-dichloromethyl-5-hydroxy-2(5 H)-furanone
(3a), a compound previously reported in the literature

*Lists of H-atom positions, anisotropic thermal parameters,
torsion angles, and structure factors have been deposited with the
British Library Document Supply Centre as Supplementary
Publication No. SUP 44718 (26 pp.). Copies may be obtained
through The Executive Secretary, International Union of Crystal-
lography, 5 Abbey Square, Chester CH1 2HU, England.

Fig. 1. Stereoviews of the two independent (3b) molecules; 50%
probability thermal ellipsoids are shown for the non-hydrogen
atoms. H atoms have been assigned artificially small thermal
parameters for the sake of clarity. The R isomers are shown.
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(Roedig & Mairkl, 1960) and which gives the same
acetate on treatment with potassium carbonate and
acetic anhydride (Stromberg et al., 1987). The direct
formation of (3b) from (1) probably proceeds through
anhydride-initiated cyclization of the intermediate (2).
The two crystallographically independent (3b5) mole-
cules (Fig. 1) are virtually identical. The five-membered
ring is planar to within experimental error in the primed
molecule, and planar to within 0-030 (8) A in the
unprimed molecule. The molecular geometry (Table 2)
is normal, with mean distances C(sp?)—Cl = 1-685 (7),
C(sp>»—Cl=1-.760 (9), C=0=1.182 (4), C(sp»)—O
=1.379 (11), C(sp®)—0 =1.413 (12), C=C=
1.302 (8), C(sp?)—C(sp?) = 1-475 (13), C(sp?)—C(sp?)
=1.50(2), and C(sp*)—C(sp®) = 1.535 (1) A. There
are possible weak C—H---O hydrogen bonds involving
the H atoms of the dichloromethyl groups: C(7)—
H(7)---0(4") 3—x, y—3, $—2) and C(7")—H(7")---O(4)
(1—=x, —y, 1—z) [H---0=2.40, 2:41A; C---O=

Acta Cryst. (1988). C44,894-898

C,H,CLO,

3.311(9), 3-23(1)A; C—H..-0 =155, 141°|. The
shortest intermolecular distance between non-hydrogen
atoms is CI(1')---O(2) = 3-045 (6) A.

We thank the Natural Sciences and Engineering
Research Council of Canada for financial support and
the University of British Columbia Computing Centre
for assistance.
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Structure—Reactivity Correlations of Benzoin Alkyl Ethers. Structures of
2-Methoxy-1,2-diphenylethanone (I) and 2-Isopropoxy-1,2-diphenylethanone (II)
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Abstract. (I): C;H,,0,, M,=226-27, triclinic, PI,
a=28.441(2), b=10-276 (1), c=15-342 (2) A, a=
91-02 2),, B=179-26(2), y=105-88Q2)°, V=
1256-8 (4) A3, Z=4, D, =1.209 (flotation in KI),
D,=1.195 gcm3, u(Mo, A =0-7107 A) = 0.44 cm™,
F(000) = 480, T=293 K, R =0-060 for 1793 signifi-
cant reflections. (II): C,,H,;0,, M,=254-83, ortho-
rhombic, Pca2,, a=8-476 (1), b=16-098 3), c=
10-802 (3) A, ¥=1473.9(5)A%, Z=4, D, = 1-161
(flotation in KI), D,=1-148gcm=3 u(Mo, A=
0-7107 A) =0-41 cm™, F(000) =544, T=293 K, R
= 0-071 for 867 significant reflections. Both (I) and (II)
crystallize in a cisoid conformation for -the carbonyl
group and alkoxy groups. Compounds (I) and (II) are
photostable on irradiation in the solid state in spite of
the favourable conformation of the functional groups
for intramolecular H abstraction. Absence of photo-
reaction of (I) and (II) in the solid state is rationalized
in the light of unfavourable intramolecular geometry.

- 0108-2701/88/050894-05$03.00

Introduction. Photolysis of benzoin alkyl ethers (I}
(I1I) in solution has been studied extensively (Tomioka
& Izawa, 1980) and these were found to undergo only
a-cleavage (Norrish type I) to form a benzoyl-benzyl
radical pair which subsequently undergoes a free-
radical reaction to give pinacol ethers and benzil as
main products together with minor amounts of benzal-
dehyde. Irradiation of crystalline benzoin ethers results
in no reaction. When the benzoin alkyl ethers were
enclosed in a cyclodextrin cavity (§ or y) significant
results were obtained on irradiation in the solid state.
Under these conditions in all three cases products
resulting from type I were absent whereas type II
products were obtained in near quantitative yield
(Dasaratha Reddy, Usha, Ramanathan & Rama-
murthy, 1986). It has been suggested that the lack
of type II products on irradiation of crystalline (I)~(I1I)
is because of the absence of suitable conformers
favourable for type'II. Therefore crystallographic work
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