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Abstract .  C14H1203, or tho rhombic ,  Pbca, a = 12.069(7), 
b=7 .198(4 ) ,  c=26 .37 (2 )  A, U = 2 2 9 0 . 8  A 3, Z = 8 ,  F .W.  
228.2, D x =  1.322 g cm -3, F (000 )=960 .  Coun te r  tech- 
nique,  direct  methods ,  leas t -squares  refinement.  R =  
0.051 for  937 reflexions measu red  at  r o o m  t empera tu re  
(20°C).  An  in t ramolecu la r  asymmetr ica l  hydrogen  
b o n d  with O ( 1 ) - O ( 2 ) = 2 . 5 5  A, is present .  

in Table  1, were refined by ful l -matr ix  leas t -squares  
calculat ion,  the funct ion  minimized being ~co(AF2o) 
where co= 1/a2(Fo) (ORXFLS3 p r o g r a m m e  by Busing 
et al., 1971b). A list o f  s t ructure  factors  is avai lable .* 

The posi t ions of  the hydrogen  a toms  were found  
f rom a difference map ,  were subsequent ly  refined with 
isotropic thermal  pa ramete r s ,  and  are given in Table  2. 

Introduction.  2 - H y d r o x y - 4 - m e t h o x y b e n z o p h e n o n e  is 
used as an  ul t raviolet  absorbe r  in cosmetics  and  plas- 
tics. The  f luorescent  proper t ies  of  its complex  with 
b o r o n  in sulphuric  acid m a y  be used to de termine  
t race a m o u n t s  of  b o r o n  (Liebich, 1972). The p roduc t  is 
commerc ia l ly  avai lable  f rom E G A  Chemic  K . G .  in 
Steinheim (Germany) .  

Reciprocal- la t t ice  explorer  p h o t o g r a p h s  of  a needle- 
shaped  single crystal  (d iameter  0.1 mm,  length 0.4 mm)  
permi t ted  the de te rmina t ion  of  the unique cen t rosym-  
metr ic  space g roup  Pbca (No.  61) wi th  systemat ic  
absences for  Okl with k # 2n, hOl with l # 2n and  hkO 
with h#2n. 1362 intensities were collected at  r o o m  
t empera tu re  (20°C) on a Philips P W  1100 au tomat i c  
d i f f rac tometer  (co-20 scan, Mo  Ke radia t ion ,  2 =  
0 .7107/~,  g raphi te  m o n o c h r o m a t o r ) .  

The crystal  s t ructure  was solved by direct  methods  
with the c o m p u t e r  p r o g r a m  LSAM (Main ,  Woo l f son  
& Germa in ,  1972). The a tomic  posi t ions and  aniso- 
t ropic  thermal  pa rame te r s  of  the heavy a toms,  given 

Table  2. Positional and thermal parameters of the 
hydrogen atoms 

x y z B 
H(O1) 0.358 (3) 0.300 (5) 0.129 (2) 6 (1) 
H(C3) 0.399 (3) 0-411 (4) 0.002 (1) 2.3 (8) 
H(C5) 0.059 (2) 0.116 (4) 0.474 (I) 1.8 (7) 
H(C6) 0.027 (2) 0.325 (4) 0-065 (1) 1.8 (7) 
H(C2') 0.091 (3) 0.055 (5) 0.205 (1) 5 (1) 
H(C3") 0.424 (2) 0.068 (5) 0.253 (1) 4-4 (9) 
H(C4') 0-294 (3) 0.315 (5) 0.270 (1) 5.2 (9) 
H(C5') 0-165 (3) 0-064 (5) 0.333 (1) 4.6 (9) 
H(C6') 0.489 (2) 0.062 (4) 0.127 (1) 2.7 (7) 
H(C8) 0.164 (3) 0.506 (5) 0.372 (1) 4.5 (9) 
H'(C8) 0.383 (3) 0.151 (5) 0.409 (1) 6 (1) 
H"(C8) 0.110 (3) 0-430 (5) 0.430 (1) 3.6 (9) 

* This table has been deposited with the British Library 
Lending Division as Supplementary Publication No. SUP 30539 
(26 pp., 1 microfiche). Copies may be obtained through The 
Executive Secretary, International Union of Crystallography, 
13 White Friars, Chester CH1 1NZ, England. 

Table  1. Positional and thermal parameters for 2-hy&oxy-4-methoxybenzophenone ( ×  104) 

Space group Pbca. All atoms are in equipoint 8(c). The thermal parameters are of the form exp [-(bl~h2 + b22k2+ b3313+ 2bx2hk 
+ 2b13hl+ 2b23ki)]. The standard deviations are in parentheses. 

x y z bn b22 b33 bt2 b13 b2a 
C(1) 1953 (1) 3356 (4) 843 (1) 62 (4) 171 (4) 10 (1) 7 (4) - 4  (1) 4 (1) 
C(2) 3029 (3) 3571 (4) 647 (1) 56 (4) 165 (10) 17 (1) 8 (5) - 9  (2) - 1 (2) 
C(3) 3215 (3) 3938 (5) 139 (1) 58 (3) 195 (10) 14 (1) 7 (5) - 5  (2) 1 (2) 
C(4) 2321 (3) 917 (4) 4821 (1) 77 (4) 154 (9) 9 (1) - 18 (5) - 1 (2) - 2  (2) 
C(5) 1243 (3) 3813 (5) 9993 (1) 45 (3) 209 (11) 14 (1) 4 (4) 1 (1) 2 (2) 
C(6) 1073 (3) 3466 (5) 500 (1) 62 (3) 165 (10) 14 (1) 8 (5) - 2  (1) 5 (2) 
C(7) 1785 (3) 2988 (5) 1377 (1) 73 (4) 195 (11) 17 (1) 1 (5) - 6  (2) - 1  (3) 
C(8) 3472 (4) 188 (8) 4103 (2) 80 (3) 377 (14) 16 (1) - 12 (6) 10 (1) 12 (3) 
C(I') 666 (3) 3046 (5) 1624 (1) 79 (4) 218 (12) 11 (1) - 15 (6) - 5  (1) 4 (3) 
C(2') 409 (3) 1698 (6) 1977 (1) 112 (5) 290 (14) 14 (1) - 16 (7) - 2  (2) 10 (3) 
C(3') 4397 (4) 1720 (7) 2774 (1) 129 (5) 374 (16) 13 (1) - 3 6  (8) 1 (2) - 14 (3) 
C(4') 3658 (4) 3131 (7) 2870 (1) 95 (5) 461 (18) 11 (1) - 4 4  (8) - 4  (2) 14 (3) 
C(5') 3901 (3) 4515 (6) 3217 (1) 94 (4) 328 (15) 13 (1) - 3  (7) 3 (2) 15 (3) 
C(6') 4911 (3) 4462 (5) 3478 (1) 82 (4) 235 (12) 14 (1) - 1 4  (6) 2 (1) 8 (3) 
O(1) 3931 (2) 3437 (4) 951 (1) 58 (2) 315 (8) 18 (1) 6 (4) - 9  (1) 3 (2) 
0(2) 2586 (2) 2607 (4) 1662 (1) 85 (3) 387 (9) 17 (1) 11 (4) - 8  (1) 19 (2) 
0(3) 2398 (2) 488 (3) 4321 (1) 66 (2) 309 (8) 14 (1) - 8  (4) 4 (1) - 2  (2) 
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Fig. 1. The molecule, the numbering scheme, the intramolec- 
ular distances and the angles in 2-hydroxy-4-methoxybenzo- 
phenone. The errors for distances between the heavy atoms 
are 0.005 ~ but for bonds to hydrogen atoms 0"05 ,~,. The 
error of the angles between heavy atoms is 0.3 ° , but for those 
including hydrogen 2 ° . 

The final R=ZIdFI/XIFol is 5"1% for 937 reflexions 
with I >  3o'. 

Discussion. The bond distances and angles, calculated 
with the program ORFFE3 (Busing et al., 1971a), 
are given in Fig. 1 and seem normal. 

The molecule is characterized by an intramolecular 
hydrogen bond between O(1) and 0(2). Hydrogen 
bonds with similar environment have been reported 
for dibenzoylmethane (Williams, 1966), o3-(p-toluoyl)- 
acetophenone enol (Kato, 1971), benzoylacetone (Sem- 
mingsen, 1972), 1,5-dihydroxyanthraquinone (Hall & 
Nobbs, 1966) and naphthazarin (Cradwick & Hail, 
1971) to mention only a few. In all these cases the 
hydrogen atom is asymmetrically located. A stereo- 
graphic drawing of the molecule is shown in Fig. 2. 
The dihedral angle between the two benzene rings of 
one molecule is - 4 9  °. Least-squares calculations show 
that the ring formed by O(1)-O(2)-C(7)-C(1)-C(2) is 
i • o • • • nchned by 4 with respect to the nelghbourmg benzene 
ring. The O(1)-O(2) distance is 2.55/~. 

We thank Drs Yvon, Flack and Moreau for helpful 
discussions. 
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Fig. 2. Stereo view of the arrangement of C14H1203 molecules in the (010) plane. Only the four molecules with centres between 
0<y<  ½ are shown (ORTEP, Johnson, 1965). 
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Crystal data for iodostrychninesulphonic acid (IC2tH22N202503) are: orthorhombic, P2~212, Z=4,  F(000) 
=1140; a=12.53 (2), b=15.67 (1), c=10.81 (1) A,, D,,,=1.72, Dc=1.69 g cm -3. 

The structure of strychninesulphonic acid tetrahydrate has 
been solved by direct methods (Sake Gowda, Cartz & 
Natarajan, 1973). If this structure had not been solved by 
this method, an alternative approach was to have been by 
the use of a heavy-atom derivative of strychninesulphonic 
acid. For this purpose, iodostrychninesulphonic acid in 
powder form was kindly supplied by Professor John T. 
Edward, McGill University, Canada. Crystals were grown 
from a solution of dilute ammonium hydroxide and were 
very tiny, needle-like, and yellow-white in colour. The 
space group was determined on a single-crystal diffractom- 
eter with the crystal mounted about the needle axis (c axis) 
and Cu K0c radiation. The extinction conditions were h00 
(h= 2n), 0k0 (k= 2n) with no other systematic absence, so 
that the space group is P21212. The cell dimensions were 
determined from a least-squares analysis of 10 high-angle 
reflections. The crystal data are given in Table 1. 

The density was measured by the flotation technique in 
bromobenzene and bromoform. The agreement between the 
measured and the calculated density indicates the absence 
of water of crystallization in iodostrychninesulphonic acid 
whereas four water molecules of crystallization were found 
to be present in crystals of strychninesulphonic acid. The 

Table 1. Crystal data for iodostrychninesulphonic acid 

Chemical formula: I C2tH22NzO2SO3 

Crystal system and space group: orthorhombic, P2t2~2 

Z = 4  
F(000) = 1140 
a= 12-53 (2)/~ 
b= 15-67 (1) 
c= 10.81 (1) 
D,, = 1-72 g cm -3 
Dc = 1.69 

molecular packing is likely to be different for the iodo 
derivative, because of the different crystal symmetry, with 
the sulphur oxygen atoms involved in the intermolecular 
bonding. The detailed crystal structure of the iodo deriva- 
tive is not being determined. 
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