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The Crystal Structure of N-Methyl-4-phenylisoxazolin-5-one 
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Crystals of N-methyl-4-phenylisoxazolin-5-one, C10H9NO2, are monoclinic, P2x/c, with a= 13.716, 
b= 10-925, c= 11.333/~, fl= 91.51 and Z= 8. X-ray analysis was based on layers 0-8 about the b axis. 
The structure was determined by trial-and-error methods and refined by an anisotropic least-squares 
analysis of 870 observed reflexions. The final R index including the contribution of hydrogen atoms 
was 0.053. The two independent molecules are arranged in the asymmetric unit according to a nearly 
orthorhombic symmetry. Bond distances and angles agree with accepted values. The phenyl and isox- 
azolinone rings of the two molecules are slightly tilted: the angles are 14 ° and 11 ° 

Introduction 

Researches carried out (De Sarlo, Fabbrini & Renzi, 
1966) on the series of aryl derivatives of 2-methylisox- 
azolin-5-one with the formula: 

R - - C = C - - R '  
13 41 

C H 3 - - N  2 5C~---O 
\ 1 /  

O 

have established some differences in physical properties 
between the compounds with R=CrH5 and R ' = H ,  
CH3, Br and those with R = H ,  CH3 and R'=C6Hs. 

N-Methyl-4-arylisoxazolin-5-ones have higher melt- 
ing points and lower solubilities in ether than the iso- 
meric 3-aryl derivatives. Moreover, the vc=o in the 
infrared spectra is located before 1706 cm -1 for 4-aryl 
compounds and after 1730 cm -1 for all other N-methyl- 
isoxazolin-5-ones. It must be noted, however, that 
these differences are observed only in the solid phase, 
whereas comparable values are found in solution: e.g. 
the infrared spectra in carbon tetrachloride and the 
dipole moments in benzene solution. Analysis of the 
crystal structure of one compound for each of the two 
groups could account for these differences. In the 

present paper the crystal structure of N-methyl-4- 
phenylisoxazolin-5-one is described. In the following 
paper (Sabelli & Zanazzi, 1969) the crystal structure 
of N-methyl-3-phenyl-4-bromoisoxazolin-5-one is re- 
ported and the relations between the two types of com- 
pound are discussed. 

Experimental 

A sample of N-methyl-4-phenylisoxazolin-5-one was 
kindly supplied by Dr De Sarlo of the Istituto di 
Chimica Organica of the Florence University. Well 
formed, colourless crystals were obtained by recrystal- 
lization from an alcoholic solution. 
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Fig. 1. Relationship between the axes in the twinned reciprocal 
lattices. 
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F r o m  a first X- ray  examina t ion  these crystals  were 
ass igned to the monocl in ic  system and  the a p p r o x i m a t e  
latt ice pa r ame te r s  were de termined.  The ref inement  of  
the cell cons tan ts  was carr ied  out  by the leas t -squares  
me thod ,  s tar t ing f rom the 20 da t a  measu red  on hOl 
and  Okl Weissenberg  p h o t o g r a p h s ,  af ter  ca l ibra t ion  
with A g  powder  diffract ion effects. The cell d imensions  
a t  r o o m  t e m p e r a t u r e  are" 

a =  13.716 + 0 .009/k  

b = 10.925 + 0.003 

c = 11.333 + 0.002 

f l=91 .51  _____0.04 ° 

Wi th  these values,  a s suming  eight  molecules  per  unit  
cell, the ca lcula ted densi ty  is 1.37 g .cm -3, while the 
observed densi ty de te rmined  by the f lotat ion m e t h o d  
is 1.36 g .cm -3. The sys temat ic  ext inct ions (hOl, l odd 
and  0k0, k odd)  indicate  the space g roup  P21/c. 

Crystals  of  N-methyl -4-phenyl i soxazol in-5-one  are 
f requent ly  twinned.  This fact  is mani fes ted  by the 
spli t t ing of  some reflexions on Weissenberg  pho to -  
graphs .  The popu la t ion  of  spots  can  be explained 
t ak ing  into account  the diffract ion effects of  two jo ined 
monocl in ic  individuals  hav ing  their  reciprocal  axes re- 
lated in the way  shown in Fig. 1. Accord ing  to the 
Friedel 's  (1926) no ta t ion  the crystals  are twinned  by 
pseudo-merohed ry ,  with reflexion plane (001). 

Three-d imens iona l  diffract ion da t a  were collected by 
the equi- incl inat ion Weissenberg  m e t h o d  (Cu Kc~ ra-  
diat ion,  mul t iple  film technique)  abou t  [010], f r o m  the 
hOl to h81 layers.  U n f o r t u n a t e l y  the  c o m p o u n d  slowly 
decomposes  on exposure  to X-rays ,  as is evident  bo th  
f rom the colour  of  the crystal ,  which turns  b rown,  and  
f rom the diffusion which takes  place in the diffract ion 
effects. Therefore  it was  necessary to use three  different 
crystals  with app rox ima te ly  the same shape  to com- 
plete the collection of  intensities. The in tegra ted  inten- 
sities were es t imated  with a microdens i tomete r .  

The intensi ty of  the spot  400 on the  hOl layer  was 
too grea t  in c o m p a r i s o n  with the intensities of  the 
o ther  reflexions in the  layer,  and  it was no t  possible 
to scale this intensi ty directly to the  others.  The Kfl 
residual  intensities of  the s t ronges t  reflexions were 
therefore  measu red  and  related to the K0c intensities,  
af ter  the p rope r  Lo ren t z -po l a r i za t i on  correct ion,  and  
t ak ing  into account  the different abso rp t ion  coefficient 
of  films for  Kfl radia t ion .  The average  F }  to F 2 rat io  
(1 "57) was appl ied to the F 2 of  the 400 reflexion. G f  
course such an eva lua t ion  of  the intensi ty is s o m e w h a t  
uncer ta in  and ,  t h o u g h  the 400 reflexion was the key 
to the solut ion of  the s t ructure ,  as will be shown later,  
its con t r ibu t ion  was omi t ted  f rom the last cycles o f  
ref inement.  

The nine layers of  reflexions were placed approx-  
imate ly  on the same relative scale by exposure  t ime;  
fu r the r  scaling was done  dur ing  the s t ructure  deter-  

Table  1. Fractional coordinates o f  non-hydrogen atoms, and thermal parameters 
The estimated standard deviations are given in parentheses and refer to the last decimal positions of the respective values. The 
temperature factors are in the form: 

T= exp [ - (flllh2 + f122k2 + fl33/2 -F 2fll 2hk + 2,613h/+ 2f123kl)] 
Molecule A 

x y g fill fl22 fl33 
O(I) 0.3990 (3) 0"5596 (3) 0"3035 (2) 0.0138 (3) 0"0177 (4) 0.0075 
0(2) 0"3841 (2) 0"7462 (3) 0.2264 (2) 0"0115 (3) 0.0137 (4) 0-0076 
N(1) 0.3684 (3) 0.7948 (4) 0.1129 (3) 0.0113 (4) 0.0140 (5) 0.0078 
C(1) 0.4092 (4) 0.3674 (5) 0.1015 (4) 0.0106 (5) 0.0146 (6) 0-0090 
C(2) 0.4085 (4) 0.2525 (4) 0.0484 (4) 0.0112 (5) 0.0113 (6) 0.0128 
C(3) 0.3762 (4) 0.2376 (5) -0.0680 (4) 0.0099 (4) 0.0150 (6) 0.0123 
C(4) 0-3430 (4) 0.3407 (5) -0.1309 (4) 0.0101 (5) 0.0172 (7) 0.0106 
C(5) 0.3425 (4) 0.4537 (5) -0.0795 (4) 0.0080 (4) 0.0163 (6) 0.0087 
C(6) 0-3762 (3) 0.4715 (4) 0.0386 (3) 0.0092 (4) 0.0132 (6) 0.0078 
C(7) 0.3757 (3) 0-5925 (4) 0-0919 (3) 0.0082 (4) 0.0133 (6) 0.0066 
C(8) 0.3885 (4) 0.6193 (4) 0-2143 (3) 0.0090 (4) 0.0140 (5) 0.0070 
C(9) 0.3668 (3) 0.7023 (4) 0.0369 (4) 0-0090 (4) 0.0104 (5) 0.0103 
C(10) 0.3813 (4) 0.9234 (4) 0-1031 (4) 0.0116 (5) 0-0118 (6) 0.0109 

Molecule B 
0(3) 0.0931 (2) 0-4406 (3) 0-8072 (2) 0.0139 (3) 0.0143 (4) 0-0080 
0(4) 0-1128 (2) 0.2531 (3) 0.7324 (2) 0.0114 (3) 0.0147 (4) 0-0071 
N(2) 0-1350 (3) 0-2039 (4) 0.6216 (3) 0.0101 (4) 0.0163 (5) 0.0082 
C(l l )  0.0918 (4) 0.6322 (4) 0.6048 (4) 0.0107 (5) 0.0139 (6) 0.0088 
C(12) 0.0901 (4) 0.7477 (5) 0.5530 (4) 0.0124 (5) 0.0127 (6) 0.0132 
C(13) 0.1233 (4) 0-7636 (4) 0.4396 (4) 0.0102 (5) 0-0143 (6) 0.0118 
C(14) 0.1555 (4) 0.6600 (5) 0.3785 (4) 0.0101 (4) 0.0193 (7) 0.0096 
C(15) 0.1547 (4) 0.5459 (5) 0.4287 (4) 0.0093 (4) 0.0170 (6) 0.0078 
C(16) 0.1222 (3) 0.5289 (4) 0.5452 (4) 0-0074 (4) 0-0148 (6) 0.0084 
C(17) 0-1229 t3) 0.4079 (4) 0.5988 (3) 0.0075 (4) 0.0153 (6) 0.0070 
C(18) 0.1077 (4) 0-3783 (4~ 0.7198 (3) 0.0107 (4) 0.0128 (5) 0.0077 
C(19) 0.1369 (4) 0.2966 (4) 0.5441 (3) 0.0106 (4) 0.0126 (5) 0.0072 
C(20) 0.1241 (4) 0-0753 (4) 0.6079 (4) 0.0110 (5) 0.0121 (6) 0.0117 

ill2 ill3 fl23 
(3) 0.0004 (3) 0.0002 (2) 0.0015 (3) 
(3) 0.0010 (2) -0.0004 (2) 0.0004 (2) 
(3) 0.0006 (3) -0.0009 (3) 0"0017 (3) 
(4) -0"0002 (4) 0"0007 (3) 0"0018 (4) 
(5) -0.0004 (4) 0.0011 (4) -0.0019 (4) 
(5) -0.0020 (4) 0.0010 (3) -0-0017 (4) 
(5) -0.0004 (4) 0.0004 (3) -0-0022 (4) 
(4) -0.0001 (4) -0.0008 (3) -0.0013 (4) 
(4) -0.0004 (4) 0.0008 (3) 0-0000 (3) 
(4) --0"0006 (3) 0"0015 (3) --0"0002 (3) 
(4) 0"0001 (3) 0"0005 (3) 0"0006 (3) 
(4) -0.0004 (3) -0.0002 (3) 0-0002 (3) 
(5) 0.0011 (4) -0.0007 (4) 0.0008 (4) 

(3) 0.0012 (3) 0.0007 (2) -0.0014 (2) 
(3) 0.0003 (2) 0.0005 (2) 0.0000 (2) 
(3) 0.0002 (3) 0.0014 (3) -0.0006 (3) 
(4) 0.0002 (4) -0-0008 (3) -0-0010 (4) 
(5) -0.0005 (4) 0.0001 (4) 0-0007 (4) 
(4) - 0.0010 (4) 0.0000 (3) 0.0007 (4) 
(4) 0.0001 (4) 0.0006 (3) 0-0030 (4) 
(4) 0.0004 (4) 0.0002 (3) 0.0019 (4) 
(4) -0.0006 (4) -0.0006 (3) 0.0000 (4) 
(4) -0.0004 (3) 0.0004 (3) -0.0008 (3) 
(4) 0.0004 (4) -0.0004 (3) -0.0007 (3) 
(4) -0.0012 (4) 0-0003 (3) 0.0003 (3) 
(5) 0.0015 (4) 0.0023 (4) -0.0020 (4) 
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mination by comparing Z Fc with X Fo. In each layer, 
reflexions at high Bragg angles were too weak to be 
measured and were neglected. Of the 1460 intensities 
measured, 870 were observable above background. The 
remainders were given values just lower than the mini- 
mum threshold observed intensity and treated as un- 
observed reflexions, as described below. 

Corrections for Lorentz-polarization factors were 
made, but no absorption correction was applied. 

Structure determination and refinement 

The intensity of the 400 diffraction effect, which is by 
far the strongest reflexion on the photographs, indi- 
cates that the N-methyl-4-phenylisoxazolin-5-one mol- 
ecules are approximately planar and lie on equidistant 
planes parallel to (100) with spacings of ¼a. In accor- 
dance with the symmetry of the P21/c space group, the 
possible x coordinates for the two asymmetric mol- 
ecules are -~ and ~. From the examination of Weissen- 
berg photographs it is evident that the structure pre- 
sents a well marked orthorhombic pseudosymmetry. 
Indeed, the fl angle is close to 90 ° and hkl reflexions 
have nearly the same intensity as hk]; furthermore Okl 
reflexions with k odd and hkO with h odd are absent 
or very feeble, so simulating the symmetry of the Pbca 
space group. Thus the two molecules of the monoclinic 
asymmetric unit must be related to each other by the 
pseudosymmetry operations corresponding to the sym- 
metry of this orthorhombic space group. Therefore in 
the first stages of structure solution, the crystals were 
considered as orthorhombic and a three-dimensional 
Patterson function was computed leaving out hkl re- 
flexions. The orientation of the molecule was found 
by inspection of this synthesis; then, taking into ac- 
count packing considerations, the y and z coordinates 
were obtained by trial to give a reasonable structure. 

The atomic coordinates were refined in the P21/c space 
group by successive Fourier syntheses computed with 
the whole set of reflexions. At this stage the index 

x [IFol-lFcl[ R= 
s IFol 

was 0.27. 
The refinement of the structure was continued by a 

least-squares program written by Albano, Bellon, 
Pompa & Scatturin (1963) for the IBM 1620 computer, 
using the block-diagonal approximation and individual 
isotropic thermal parameters. The weighting scheme 
suggested by Cruickshank (1961), l/w= 1/(a+ Fo+ cF 2) 
with a =  2Fmin and c=2/Fmax, was employed for the 
structure factors and the unobserved reflexions were 
not included in the calculations. After four cycles the 
R index dropped to 0.15. At this stage the full-matrix 
least-squares refinement was carried out with the pro- 
gram of Busing & Levy, adapted for the IBM 7090 
computer by Stewart (1964)*. For the observed planes 
a weighting scheme like that specified by Hughes (1941) 
was used, with I/w= 1 for reflexions with Fo < 4Fmin; 
Vw = 4Fmin/Fo for Fo >_ 4Frain. In this new series of cal- 
culations the unobserved reflexions were included (with 
I/w= 1) only if the calculated value of F exceeded 
the observational threshold. After two isotropic full- 
matrix cycles, the anisotropic refinement was under- 
taken. Since the number of parameters exceeded the 
180-variable capacity of the full-matrix least-squares 
program, it was necessary to refine with the block- 
diagonal approximation. After five cycles, each fol- 
lowed by a proper reseating of Fo's, the R index 
reached a value of 0.086. Three-dimensional difference 

* The calculations were performed with the IBM 7090 
computer of the Centro Nazionale Universitario di Calcolo 
Elettronico of Pisa University. 

Table 2. Fractional coordinates of hydrogen atoms 
The isotropic thermal parameters are those of the atoms to which the hydrogen atoms are bonded. 

x y z B 
Molecule A 
H(1) 0.435 (3) 0.383 (4) 0.183 (4) 6.48/~2 
H(2) 0.420 (4) 0.166 (4) 0.104 (4) 6.68 
H(3) 0.383 (3) 0.149 (4) -0.094 (4) 6.57 
H(4) .0.325 (4) 0.325 (4) -0-222 (4) 6-71 
H(5) 0.331 (3) 0.528 (4) -0.115 (4) 5.73 
HOD 0.466 (3) 0.920 (4) 0.120 (4) 6.18 
H(12) 0-318 (3) 0"955 (4) 0"145 (4) 6"18 
n(13) 0"364 (3) 0"929 (4) 0"019 (4) 6"18 
H(14) 0"376 (3) 0"741 (4) --0"048 (3) 5"22 

Molecule B 
H(6) 0.068 (3) 0.612 (4) 0.687 (4) 6.09 
H(7) 0.068 (4) 0.840 (4) 0.601 (4) 6-82 
H(8) 0.122 (3) 0.854 (4) 0.400 (4) 6.48 
H(9) 0.177 (4) 0.674 (4) 0.299 (4) 6.70 
H(10) 0.172 (3) 0.460 (4) 0.379 (4) 5.72 
H(15) 0.196 (3) 0.049 (4) 0.660 (4) 6.50 
H(16) 0.049 (3) 0.061 (4) 0.633 (4) 6-50 
H(17) 0.137 (3) 0.073 (4) 0.529 (4) 6.50 
H(18) 0.140 (3) 0-277 (4) 0.451 (4) 5.26 
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Table 3. Observed and calculated structure factors 
T h e  c o l u m n s  a r e  h,  10 1;o and l0 Fc. U n o b s e r v e d  r e f l e x i o n s  a r e  indicated with * and have been given Fo v a l u e s  j u s t  b e l o w  t h e  

e s t i m a t e d  m i n i m u m  o b s e r v a b l e  i n t e n s i t y .  T h e  4 0 0  r e f l e x i o n  w a s  o m i t t e d  f r o m  t h e  c a l c u ] a t i o n s  (see t e x t ) .  

, . 0 . 0  6 578 596 -6 IO? 119 H .2 . k  
7 688 - 33  

I 198 1 8 76 *  10 H , I , ?  0 2~1 -258  
2 356 322 9 818 15 1 226 -221  
3 3k .  34 I0 277 - 27k  0 78 .  - k2  - I  188 177 
4 4105 -38~2  1 T8* - 68  2 518 - k0  
5 46 • 19 H t l .  I - I  132 - 135  - 2  58 - 55  

296 - 302  2 288 - 283  3 37~ -351  

8 925 859 53~ 55 3 174 170 128 132 
9 698 - 27  -I 541 551 -3 146 I~0 -k 151 154 

10 109 88 2 502 - 506  k 848 46 5 109 101 
11 . . . . . . . . . .  526 -~  83 .  2~ -~  60 . . . .  
12 162 - 139  3 663 - 657  878 69 69 

- 3  609 - ~ i ~  - s  8 6 .  s2 - 6  85 93 
. e0 ,2  k 612 - 633  6 109 130 7 266 277 

-4 606 620 -6 133 -138 - 7  266 - 281  
,03 608 ~ 153 .... 
671 -720  - 80 - 89  H .1 .8  , . 2 . 5  

6 221 219 - J  601 625 
212 -220  - 6  226 - 2k6  0 858 -~7  0 179 - 188  

- 2  162 - 166  7 235 217 1 176 166 1 274 - 260  

. , 3 , 2  8 87 -8O 
- 8 I I I  IO9 

7 ~ .  - 35  
- 7  63 - 75  H ,3 .9  

$3 39 
- 88 -82  0 56 .  - 23  

9 52 -  28 I 76 - 79  
- 9  5~ ~3 - 1 103 -11k  
1o 55 • -39 ? 81 -91 

- 10  5k *  ~5 - 2  96  97 
3 6~ 6O 

. , 3 , 3  - 3  57o 35 
63  65 

0 2 8 ,  6 -4 57 -  -36 
I 265 272 5 588 67 

-I 308 310 5 69  76 

- 65  - 27  - 57 .  - 53  
3 lU8 - 1~8  7 568 lO 

- 3  1~2 -139  -?  57 *  lO 

~ ,3 ,10  

- I  225 - 212  1 95  - 88  
57 .  29 - 95 -8~  1 

- 578 U5 2 575 599 
3 2~4 23~ - 2 571 - 585  

- 3  271 - 267  3 91 92 
97 -9k - 3  76 66 

-~  IO7 -114  4 86 93 
- k  117 - 121  9O -95  

- 7O 7~ 5 7O 6O 
6 698 - 24  - 5 398 26 

- 6  ?k -81  6 216 - 227  
7 9~ - 110  - 6  212 215 

-7  I I I  119 7 7? - 70  
8 83 82 -7  61 - 58  

- 8  82 87 8 62 - 68  
- 8  63 60 

H,~,6 9 54 .  - 29  
- 9  548 - 23  

95 -99 
91 -89  h1513  

-I 72 73 
. . . . . .  ~ 31. ;~ 

182 1 3 1073 - I 092  - 7  2k l  2k2  
-3  1028 1039 8 317 333 

306 -314  - 8  312 - 302  
- 4  k31 -~28  9 82o 9 

5 127 95 - 9  818 - 37  
- 5  kg .  - 20  10 88 *  -31~ 4 90 .  12 

- 4  6 289 305 -10  88 *  65 89 .  65 
- 6  283 272 I1 938 - 29  5 126 - 140  

7 569 565 - I 1  93o - 53  - 5  173 - 188  
- 7  519 - k91  6 t 02  116 

8 107 103 H i l e2  - 6  1oo - 12k  
- 170 165 

9 72 - 58  o 368 35 . . 1 , 9  
- 9  72 59 1 639 - 655  
10 i .  -197 . . . . . . .  57 0 92. 5 

- 1o  155 - 13~  2 975 981 1 928 6 
I I  197 - 196  - 2  950 - 930  - ,  92. ~ 

-11  184 177 3 1154 1141 938 1o 
-3 1109 1059 -2  9 3 *  - 88  

H .0 .4  4 451 4kt ;  3 9~ .  34 
-i~ 1660 -1~73 -3  93*  3k 

0 . . . . .  7, ~ . . . . . . .  ~ 5. 87 
351 -366 - 150 151 -k 9 ~ -  -87 

- I  335 331 6 355 - 3~2  
2 188 182 -6  295 303 H .1 .10  

- 2  95 100 7 637 -601  
] 5  . . . . . . .  ; . . . .  596 o . . . . . .  

- 650 6~ I  288 - 266  116 -108  
4 143 136 - 8  283 276 - 1  202 - 201  

- 4  208 211 9 e 4 e  -57 2 961 -90  
5 58. 3 8  9 8 3 . - , 3  -2 9 , .  ,2 

- 5 73 76 10 89o 41 3 IS1 158 
6 256 -255  - 10  89 .  - 19  -3 98 97 

22 . . . . .  } 214 218 
172 -173  50e 13 - 5  159 - 1~6  ~ 58 .  -21  

~ 17o 176 -2  57 .  - 18  6 ~3 "  23 58 -  ~0 
178 -171  3 127 - 119  -~ 75 -77  -1 86 e3 

- 3  130 - 123  - 3  173 166 ~6. -29 2 167 - 155  

57 62 
-k 61 -56 
5 127 -129  

16o63" 1 J  
- 3  152 157 

68 -  70 
- k  67 .  62 

4 105 125 -7  46 I  -21  -2  17k 161 5 718 - 16  
- 4  88 92 8 52 -39  3 89 - 93  - 5  70 .  ~7 

5 171 156 - 8 ~9 .  39 - 3  71 - 69  6 74 .  - 50  
- 5  165 - 160  9 53*  33 ~ 57 .  17 - 6  73e -3~  

6 718 -5  -9 52 .  30 -~  57e 16 7 89 98 
- 6  70 -  - 15  1o 56*  - kS  5 560 -2  - 7  85 - 90  

- lO  58 60 - 5  570 - 35  8 78 .  - 20  
, . 2 . 6  6 102 IOO - 8 78 .  -16 

" 83~  -6 111 - 11k  
278 266 -7  63 55 H,k ,7  
208 208 o 33 .  18 

- 1  167 -171 1 317 - 3 2 5  H , ~ , O  o 69. 56 
2 87 82 -1 357 -370  1 205 -211  

-2  118 111 ~ 192 189 ~ 20 . -~  . . . . . . .  0 
257 239 - 223 - 21q  66 -~  2 700 - 64  

- 257 -2U6 3 98 95 3 36 I  12 - 2  7oe - 15  
3 99 -103 189 -173  - 3  79 79 k 367 -361  

- k  166 - 169  k 60 -~7  5 49 -  9 - 3  1~3 150 
5 73 .  15 -4  ~ 88 - 83  39 .  7 6 55e 26 

- 5  71 -  - 2~  5 155 178 7 60 .  - 0  -~  82 - 83  
6 116 - 118  - 5  186 211 8 160 159 5 131 121 

-6  154 - 16~  6 157 - 160  9 71e 0 - 5  96 - 105  
-6 180 18~ 6 77 .  69 

H,2 ,7  7 76 75 X , k , 1  -6 77 .  k2 
-7  92 86 7 79 .  1 

. . . . . . .  ~ . . . . .  ~ 281 2 .  -7 7 8  ,2 
118 130 - 51. 13 289 329 8 798 77 

-1  83 -95 9 55 .  o -I 283 -335 - 8  83 90 
-6 208 -212  11 189 175 u 96- -9 

-4 7 2~2 2~1 - I I  188 178 968 53 
- 7  310 - 312  5 95e 65 

72. 3~ . .  . . . .  5 29 13, 
- 7 1 .  

9 76*  k0  o k5 -  33 H .2 ,0  
- 9  71 - 70  1 365 338 
1o 121 117 - I  380 378 1 208 21 

- I 0  112 111 2 382 396 2 84 -81 
- 2  358 - 399  3 370 2k  

. f 0 t 6  3 196 - 178  k k94  510 
-3  159 - 156  5 490 - 40  

o 886 - 858  4 1~1 -193  6 550 71 
I 82 -81  -4 169 150 7 61* - 19  

- 6 5  6 1  5 219 -20k  8 169 -171  
73 59 -~ . . . .  252 

- 1 0 9  - 9 9  6 0 -  - 2 1  H , 2 , I  

2 79 - 72  - 9  5k -  o 
- 2  75 - 80  10 119 12 0 

5 7 ~  61 - i o  120 - 118  
-~  79 -91  

107 112 ,.3.5 
-4 77 95 
5 I I I  - 118  0 ~9 k3  

- 5  81 90 1 l k2  -149 
6 89 101 -1 175 - IT7  

- 6  lO l  IO5 2 2~9 276 
- 2 281 -303  

. , 2 , 8  3 136 I~O 
- 3  121 128 

202 -20k  k I~3 - I kO  
122 -130  -4 7~ 68 

-I 91 89 5 69 75 
78 .  58 - 5  89 102 

- 78 .  - 22  

2 12~ -11~  
-2  126 - 133  . . 4 , 8  

3 253 262 
-3  28~ -306  o 150 - l k9  

217 230 1 171 -180 
- k  218 212 -~ . . . .  3~ 

1~8 - I k I  758 
- 145 137 -2  75 -  - 28  

6 1~o 151 3 I k0  -141  
- 6  1~7 166 -3  181 191 

7 91 - 75  k 82 85 
- 7  96 lOI -4 87 9~ 

e 67 .  - 52  5 83 77 
-8  66. - 50  - 5  78 .  - 55  

9 72 -  59 6 79 .  2 
- 9  72 -  - 39  -6 790 20 

- I  22k 21~ 
2 33 -  - 29  

-~  33 .  1~ 
18? -181 

- 3  169 - 169  
4 39 .  -~2  

-~  U9 ~6 
5 112 -118 

-5 Ik~ -Ik3 
6 ~6 .  37 

-~ ks. -11 
72 93  

- 7  102 100 
8 5 3 ,  34 

-8  52 .  - 35  
9 55 .  ~9 

-9 55 -  56 

. , 5 , 4  

17136" _1;~ 
- I  216 - 212  

2 194 168 
-2  199 -201  

3 169 173 
-3  16~ 15~ 

~3 -  
-~  ~2 -  - 15  

52 59 
- 97 94 

6 k9e  -25  
-6  61 60 

7 52 .  - 59  
- 7  56  - 59  
8 54. - o  

- 8  5~. 13 
9 56 .  16 

-9 56- - 5  

H ,5 ,5  

53 -37  
IkO 135 

-I 173 168 
2 253 - 2~7  

-2  252 263 
3 118 - I 09  

-~  93 -91  
53 55 63 .  lO - 6  67 *  26 

- 62. 18 7 74. s7 0 562 - 8 7 9  5 88 -91 
5 4 6  580 -7  738 17 1 517 526 - 3 92 10k 

8 80 .  86 -1  497 -531  b 119 113 -~  63~ 621 
5 112 122 -e  109 - 116  2 71 71 - k  146 161 

-5  68 -  - 91  9 86e 72 - 2 46 50 
6 72 I  - 9  - 9  850 80 3 218 266 , . 2 . 9  

- 6  71 .  71 lO 91 -  - 76  - 3  395 - k13  
7 76 -  6 - 10  90 .  59 k 3kk  350 0 97 117 

-7  74e - 25  11 9 5 -  - kO  - k  3~1 362 
-8  240 - 246  -11  94e -7  5 118 - 129  . e2 ,10  

8 199 -199  - 5  133 I~5 
Hl l~k  6 560 - 26  o 157 160 

H.O.8 - 6  56. 
53 .  - 23  62- 51 H ,3 ,0  7 

103 - 8~  - 63 -72  - 7  62e 32 
118 139 

-~  88 - lO~  
7k .  - 65  

6 100 -I0~ 
-6 I~0 138 

7 5~ - 59  
- 7  57 -60 

88 99 
- 6~ - 68  

9 56 .  - 28  
- 9  56 .  - 37  

h ,3 ,6  

~3- 1 
19k 196 

-I 238 242 
5~ -55 

- 58 66 

2 275 -32  - 133 - 138  
3 25 .  - 2  ~ ~e .  -~  

382 - k lO  - k  47 .  - o  

. . k , 2  

333 338 
87 85 

-I 86 -9~ 
38. 

- 37 .  25 
3 16~ 181 

-3  16~ - 170  
186 -182  

-~ 195 - 18k  
5 52 -  27 

-5 52 .  - 18  
6 58 .  - 2  

:~ 9957" ; :  
7 105 -98 
8 68 "  36 

- 8  68 .  ~6 
9 73 ,  - 19  

1 5 k ,  - 3 0  8 68"  -61  
390 - 38~  - 71 - 65  S 

- 390 394 
-2  79 .  - 53  3 2k9  236 H .2 ,2  

3 188 199 - 3  256 258 
-3  233 - 237  ~ 75 -71  0 92 - 95  

4 77 "  56 - k  86 100 1 238 23? 
-4  76 "  31 5 78 - 8k  - I  206 - 215  

. . . .  ~ . . . . . .  ~ 2 . . . .  io7 
- 7 8 .  - l O  6 9 ~  9 - 2  1 6 5  - 1 5 5  

6 81. 81 -6 lO2 - 1 O l  3 229 228 
- 6  91 92 7 224 - 220  - 3  248 - 2~¥  

7 153 - 16~  -7  2k8  - 2k0  4 478 - 24  
- 4  47 -  - 45  -7  18~ 196 8U.  62 

- 83e -52  3 109 - 61  
~ ,O , lO  9 89 .  ~ - 5  52 -  - 25  

-9  88e - 14  6 179 178 
. . . . . . . . .  3. 32 . . . . . . .  
283 -308  - 10  92 .  - 35  7 64 .  - 

-1 188 186 11 96 *  104 -T  63~ 18 
2 82e 37 - I I  108 110 8 85 85 

-2 82 ,  66 - 8  87 79 
3 176 -18 /  H . I . 5  9 75 I  - 17  

-~ 306 3o3 -~ . . . .  
82 .  - 88  o 61e - k2  I 80e - 30  

- k  82 .  - 80  1 24k  - 227  - 10  80 -  - 10  
5 175 185 -1  290 - 271  

- 5  82 .  -97 2 334 -337  H ,2~3  
6 81*  - 76  -2  302 303 

-6  99 - 85  3 160 162 o 512 531 
7 105 96 - 3  127 135 / ~59 -~15  

-T  194 - 168  k 70 *  19 -1  389 370 
2 276 2?3 

5 34. -30 ~ I~3 -15~ -9 73. 6 
6 74 62 - 170 -166 

42e - 16  6 52" -37 Hlkt3 
235 249 -~  51 .  2k  

9 50. ~ . . . . . .  ~ . . . .  
lO 5k *  - 3  - 7  89 90 240 218 
11 568 13 ~ 56*  I -1 219 - 192  
12 70 - 78  - 56 *  2 82 83 

9 76 8k -~  7~ 80 
.,3,1 -9 88 95 3 k7 .  - 31  

- 3  kT*  -~  
16e - 13  He3 ,7  k 52e - k  
77 - 79  - k  51e 15 

- I  94 -91 o ks -  ~ 5 275 - 280  
22. -17 1 71 , -~ ~9. 3Ol 

- 22 .  23 - I  65 50 89 - 105  
3 26*  -31 ~ 49. - 38  -6 73 -75  

- 3  28 -~  - 49 t  19 7 66e 37 
k 117 126 3 5oe 12 -7  65 .  - 29  

. . . . . . . . . .  ~ . . . . .  ~ . . . .  
50 58 112 - l l k  - 70*  - 16  

- 51 2 9  9 121 121 -~  117 121 
6 3 9  ° ~ 115 -119  - 9  Ikk -152 

- 6  38 .  - - 5  89 - 86  
7 84 82 6 55 .  18 ~ , k , 4  

-~  90 97 -6 55 -  11 
80 -69 7 57 -  -16 0 52~ 521 

-~  9351, 96  1o -7  59 - 6 1  85 7~ 
80 82 -1 79 -7~  

-9  50 • 2~ - 107 - 110  57 5k 

H ,~ ,9  
-~  k6- 13 

0 2 6 0 2 5 0  5, . . . . . .  
159 -159  - 123 - 128  

- I  138 120 6 125 133 
2 79o -39  - 6  I ~8  - I ~8  

- 2  79 ,  48 ? 54*  k2  
3 79 .  - ~ 8  - 7  5 3 o  39 

-3  117 118 8 56 -  - 41  

-~ 162 - 180  578 3 
5 103 116 -9  57 I  50 

- 5  98 -109 
6 78 -  23 155 .6  

-6 79. - 20  
o kTe - I I  

H t k , 10  168 169 
- I  176 182 

o 2 . . . .  o6 ~ . . . .  
115 -120  - ~8 .  2k  

-I 89 79 3 ~9 -  3 
2 791 - 13  - 3  J~ge b~ 7 

- 2  798 -6~  k 71 71 
78 .  - 25  -~  50 .  - ~  

- 3  80 81 5 196 - 202  
4 l k 0  15k -5  170 -183 

-~  132 196 6 55 t  - 39  
5 85 IO l  - 6  5k .  IO 

-5  8k - 92  7 59 - 72  
6 7~ .  k9 -7  105 - 108  

- 6  75 .  78 8 S t .  - 60  
-8  57 .  k~ 

H ,5 ,0  9 83 88 
-9 72 79 

16-  - 
339  - 39~  ~ ,5 .7  

3 28 .  
108 -11  o 51e - 50  

5 31 -  - 1~  / 52 .  25 
-I 51 -  ~3 74 8~ 

46*  - I k  2 25~ -251  
8 69 72 -2  251 263 
9 53 .  5 3 53 .  o 

- 3  530 - 3  
H ,5 ,1  4 66 66 

1 2oe 13 5 56e - 35  
-1 20 -  23 - 5 55 -  - 42  

299 32k 6 I k l  I k k  
. . . . .  , . . . . . . . . .  69 

7 57 .  - 5  

-4 69 -  lO 
, .0 .12 ~ 74. 75 -g 278 289 

- 180 109 282 -266 I0 
162 -160  6 202 289 -3  323 29k - I 0  5~ -  - 7  

76 .  - 35  -6  178 - 170  4 319 - 315  
- I  16 .  18 - k  267 -281  . , 3 , 2  

- 758 - k7  - 5  102 - 93  22 .  11 
12 75 , 73. 2. ~ 69. :~ : ,8o . . . .  

- 3  7k *  1~ 7o ,  - 370 - 357  -1  80 76 
7 67 *  - 5  2 42 -~o  113 121 - I  70 .  9 

- k  115 11o 2 75 77 - 7  66 = - 8  -2 60 66 
83 3 38 32 -2  7~ - 83  8 73 

He l l 0  3 74e - 12  - 8 71*  69 - 3  k6  46 
- 3  73 .  - 26  9 78 -  - 18  ~ 85 - 85  

-k 117 116 
650 -69  7be 18 10 152 159 106 -121  

3 40*  23 5 84 81 -10 151 153 - 131 -158 
k ~? !  52 - 5 79 .  65 6 5~ 63  
S 5~e -8  6 98 - 100  - 6  77 - 70  

-~ 97 IO~ 3 56 -11  

- 5 3 .  - 4 57 58 
0 53 -  29 ~ 321 -321  -~  68 - 67  
1 53 .  - /  -~ 320 - 332  5 67 58 

- I  53 -  3~ 5 90 - 98  - 5  ~1 27 
6 1oi -1oo  216 221 -5  1oi 107 

- 223 - 220  6 76 - 87  - 6  I I 7  108 
3 90 -89 -6 95 -99 l ~e -  67 

- 3  89 - 88  7 698 2~ -7  61 56 
-7  68 .  -~ 8 ~ .  -43 4 113 I0~  

-~  168 -160 8 88 86 - 8  50 -  38 
56 -  30 - 92 96 9 53 .  - 32  8 

- ~6o -38 -9 5 3 -  - 2 ~  
6 1oo - 95  k t 4 , 5  

- 6  76 83 , . 5 . 2  
7 106 I05 0 91 80 

- 7  99 lO l  / 256 25~ 0 30 30 

-T  ~?-  - 5  

-~ 5 , .  . . . . .  

~ ,5 ,8  

0 6~, - 55  
i 13~ 131 

- i  189 I79 
2 198 -198  

-2 219 212 
3 152 -133 

-3 100 -91, 
i, 86 79 

- k  568 - I 1  
96 - 87  
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Table 3 (cont.) 

H,S ,e  - 7  43 .  34 H,6 ,5  5 100 101 
70 - 5 T1 - 84  71 

. . . .  3 . . . . . .  . . o . _ .  . . . . . .  
6 93 86 9 60 47 1 40 -  1 -6 50 -  -~  

-1 39*  - I 0  7 55 5 - 6  119 - 1 1 1  - 9  61 - 4 9  , 62 . 1o . .  , ~ . ,, . . . . . . .  
-2 6 3  5 5  8 47*  - 17  

- 7  57. 31 -1o 5o* - 3 126 125 -a  48- -13 

~ ,5 ,9  

57 -  - 20  
1 99 - 9 5  

- i  148 -134  
2 116 - 117  

- 2  I15  116 
3 115 94 

- 3  67 57 
4 57 .  - o  

-~  57 .  29 
5 78 81 

- 5  118 115 
6 69 66 

- o  63 - 6 9  

~,5,I0 

56"  
-I 56*  22 

H ,6 ,2  - 3  92 - 98  9 52 -56  
4 4U* 20 - 9  45 ,  43 

93 99 - 4  43 .  2T 
157 17o 5 103 104 ~,6,9 

- 5 119 -120  
27 .  18 6 115 - 119  103 99 

-2 3~ 46 -6  121 -121 59 65 
3 87 98 7 lOO -95  - I  so*  - 41  

85 - 88  8 50 ,  14 - 50 ,  12 
-4  59 - 65  - 8  50 .  3 3 50 .  37 

. . . .  1o . . . . . . .  -~ ~o . . . .  
- 106 105 -9 96 1oi 50 .  - 52  
6 41 .  -46 10 65 60 -~  sos°" -60-55 

- 6  ~4 - 45  - i o  TT r4  
7 44 ,  - 32  

- 7  44 .  16 ~ ,6 ,6  47 .  
8 53 43 - 6  48 .  -~ 

-B  51 30 0 205 201 7 ~15- - 2  
9 49 ,  29 1 99 -107  -7  k6~ 45 

-1 80 11 8 42 ,  - 2  

9 48*  34 - 6  47*  32 
- 9  50 50 7 49 *  - 31  

-7 48 .  - 45  
111712 

H ,7 t6  

26 .  2 o 44*  -IO 
-1  26e 13 1 134 120 

154 - 156  -I 149 Ikl 
- l k l  155 2 112 -I16 
3 32. ~ -g ,2 . . . .  

- 3  31 -  - 107 - 108  
4 69 -T4  - 3  86 - 87  

- 4  95 87 4 kT*  35 
5 e8 - 86  - 4  47 *  - 14  

-~ . . . . .  ~ . . . .  Ol 
76 78 - 11o -III 

- 6  7T -79 6 53 55 
7 4 5 -  23 -6  75 - 80  

- 7  45 -  30 
8 6T 62 HI? IT  

- 8  78 - 77  
89 . 68 o 47*  1.5 

- 9  81 85 / 48e - l i p  
- /  47 .  - 

184 1688 Ht7~  
-2  161 - 169  

I 31 -  - 12  51 - t i t  
202 - 1 9 4  - 3  6G -48 

2 145 -148 
- ~  137 142 

63 - 54  
- 3  56 - 58  

4 54- - 53  
-4 91 88 

5 53 -  35 
- 5  54 .  17 
6 59 65 

-6 52 -  -55 

a , 5 , 1 1  

o 53 .  15 
1 52 .  -16 

-I 5~" - 33  
67 67 

- 63 - 67  

~ ,6 ,0  

1 15. 

2 119 -16 
3 26 -  - 8  
k 353 427 

35 .  - 1 1  -1 ( ,  51*  5 
196 211 

r 431 14 H , 6 , 4  
6 155 -166 

- 9  54 - 38  
1o ~o . . . . . . . . . .  - . . . . .  ~ - 1 . ,  - .  . . . . .  38 

- 10 50*  1T -2  44 *  21 9 39 3 8  ~ 132 -118  -4  T3 -6T  
3 46*  - 3  - 9  ~1 .  - 28  - .  119 I10 s 72 63 

H ,6 ,3  - 3  45 .  45 3 153 153 -5  49 *  46 
4 173 -171  ~ .6 ,10  - 3  138 129 6 70 -78  

o 59 47 -4  168 - 168  4 49 - 45  - 6  T~ 78 
I 145 - 159  107 105 ~9 .  - k?  

-1  130 1~2 - 97 - 103  86 80 5 90 9T -7 53 5~ 
6 50* 16 -I 53 -48  - 5 lO7 114 

- 31 .  25 -6  49 .  - 15  48 -  ~ *  31 H , T , 8  
3 131 -131  7 50*  - 21  - 48 -  - - 43*  - 23  

-T  50 ,  - 6  3 47 ,  35 - 3  145 161 7 51 - 42  0 49 .  16 
62 - 60  8 103 96 - 3  74 - ?k  - 7  46*  - 33  . 94 -81  

- 4  54 - 50  - 8  100 100 4 46*  43 8 48 *  31 -1  lOT -104  
5 84 84 9 59 - 56  -4  k? .  49 - 8 48 -  - 19  2 ST 51 

- 5  65 - 72  - 9  65 67 5 45 .  - ~0  - 2 64 - 53  
6 4 3 ,  - 1 7  - 5  46 -  2? v , l , 4  3 62 5V 

- 6  42 .  - 9  ~ ,6 ,7  - 3  k9 .  31 
? 70 72 H ,T ,0  0 36 .  - 1  4 49. 13 

-T  77 - 87  0 T6 - 76  1 117 -11 ~ - k  491 - 43  
8 70 65 1 89 -90 I 16. - 1 5  -1  130 - 128  5 76 85 

9 50 ,  - 34  2 48 .  29 3 28 *  - I 0  - 2  72 - 80  
- 2  4 8 .  o 4 91 - I l k  3 56 48 - 9  50 .  28 H ,7 ,9  . . . . . . .  ~ . _ .  ~ 36 .  : . . . . . .  2 
- 18 76 133 -12  4 45 51 48 .  6 

4 49 l  46 T 44 *  - 3  - 4  5B -ST TO 58 
- 4  68 7T 8 59 64 S 6T T6 -1 89 86 

5 50 -  30 9 48e -1  - 5 TO 75 2 48 ,  1 
53 - 55  -2  48 .  - 8  

-1  135 - 154  8 58 56 
26 *  22 - 66 69 a 

- 26- 21 
3 94 10T H ,8 ,S  

-~  IOO - lO3  
. .  ~1 ~ lO2 ~ 

- 4  35 .  13 42 -  
5 119 - 114  - 1  42 "  - 12  

- 5  116 122 2 43 *  - 28  
6 46 - 43  -2 43 -  2 

- 6  46 - 42  3 44 *  20 
7 45 .  - 45  - 3  44 *  - 3  

- 7  38 -  39 4 74 -T  e 
a 47 -  5 - 4  82 - 78  

- 8  ~7e 13 5 4T*  --1 
- 5  46*  I1 52 46 

- 48*  - 49  6 47 .  37 
-6 47 .  14 

H ,B t2  ? 4e .  - 25  
-7  48 .  15 

TI -,T 88 . . . . .  
27 -  - 21  - 49 44 

- I  3Z 32 
33 30 H ,8 ,6  

- 35 3B 

- T 9  7 5  1 2 3  - 1 1 6  

9 49 .  15 
I0  91 - 89  
I1 50 ,  - 2  
12 49 .  50 

h ,6 t l  

36 33 
122 139 

- I  125 - 1 3 5  
2 " 48 - 62  

- 2  50 - 4 r  
3 6~ 62 

- 3  92 - 81  
u 61 -~T  

-4 75 -79  
5 118 - 109  

-~  I15 118 
53 55 

- 6  49 50 
? ~3 -  - 13  - 10  50 ,  I 

141 - 118  -5  50 *  - 27  
35 .  - 1 5  6 50 .  - ~3  

-1  35- I -~ 50- - 17  
2 36 .  5 50 .  1T - 7  k? *  41 

- 2  36 -  - 16  -7  5o .  - IV  ~ 1191r* 14-~ 8 53 - so  
3 57 54 88 49 .  - 25  - 8  54 62 

- 3  62 - 54  - 50 .  - 4 9  - ~  130 165 
4 5~ 60 v 47. ~ 24 .  - 17  x , 7 , s  

- 4  60 50 - 9  48* - ~  24* 22 
5 85 78 60 - 58  ~ 40 -  23 

- 5  75 - 74  H .6 ,8  -34 33.62 -7~_ k l *  - 36  
6 45 .  15 - J  47 - 52  

- 6  45 .  8 ~ 95 96 - 4  33 -  - 3  5B 61 
5 97 .  - 96  -~  47 - 38  

7 48 ,  - 20  11~ -121  - 5  116 - 133  52 54 
- 7  47 .  1T -1  87 9 ~  
8 4 9 .  31 ~ 50 -  ~ 41 .  20 - 3  59 60 

-4 44 .  62 - 52  71 - 72  44 *  - 9  - I  
113 116 - . . . .  1o ~ 46. ; 

I 5o* -lO -~ 5o. -51 - 47, - 6 51 -61 

4 62 63 -1  106 90 
- 4  82 87 2 46 -  - 32  

55 - 70  - 53 - 46  2 
- 59 68 3 118 - 124  

6 50 - 50  - 3 131 129 
-6  43 -  - 42  ~ 61 67 

7 46 .  18 - 4  59 64 
-T  45 .  - 14  5 47 *  32 
8 53 -51  - 5  47*  - 12  

- 8  62 - 67  6 52 55 
9 70 72 - 6  74 T3 

- 9  68 - 74  ? 63 75 
- 7  ~9 - 64  

H ,8 ,3  
HsSI?  

54 -41  
54 46 0 72 75 

-1  4? - 36  / 83 - 77  

- 34*  24 47 ,  - 28  
3 37 -  36 - 2  47 *  - 15  

- 3  40 - 40  3 48 ,  - 52  
4 40 ,  14 - 3  64 72 

- 4  39 .  29 4 47 -  - 50  
50 - 4 6  - 4  64 -66  

- 42 -  38 5 47 -  5 1  
6 45 -  - 45  - 5  47 *  - 30  

- 6  44 -  - 50  6 46 .  ~3 
7 47 ,  - 25  - 6  47 .  38 

- 7  ~ 6 -  23 
8 ~Te 12 H .8 .8  

10 6~ 60 6 - a  ~7 .  0 
- 6  ~5# 46 3 73 - 73  9 kTe 38 o ~7e I k  

H,7 ,1  7 52 38 - 3  k8 .  - ~?  - q  ~7 .  -31  / 8b 85 
-1 67 - ~ 9  

~ ,8 ,0  X tB ,4  2 47 -  lO 
- 2  kTe 

. . . . .  ~ ~ , .  ,~o ] ~, 
55 7 120 99 - 7B -75  
29e 1 - I  IO4 -89 

4 34 - 3 s  ~ 39 .  -~ .,a,9 
38e - o  - 39e 

12~ -12~ 3 1,, , o r  o 4s. 11 
7 45e  1 -3  12 /  - 122  1 45 ,  - 22  
8 k ? e  3 k 112 -107  - I  45e  27 
9 4 8 .  3 - 4  129 - 1 2 9  

lO 69 6k 5 54 - 5?  h .S t lO  
-5 45 53 

8 ,8 ,1  6 k6e 9 o 45  - 35  
- ~  ~ 6 e  - 1 5  
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maps were then calculated, from which the hydrogen 
atoms were found at reasonable locations with respect 
to the carbon atoms. The hydrogen atoms were now 
included in a last cycle of  refinement, their thermal 
parameters being set equal to the isotropic B's of  the 
carbon atoms to which they are bonded, but only their 
positional parameters were allowed to refine. The 400 
diffraction effect, which appeared to be overestimated, 
was excluded from the refinement. After this last cycle 
a final R = 0 . 0 5 3  was obtained with all observed re- 
flexions included in the refinement and the positional 
and thermal parameters listed in Tables 1 and 2 for 
non-hydrogen and hydrogen atoms respectively. The 
observed and calculated structure factors are given in 
Table 3. The scattering factors from International 
Tables for X-ray Crystallography ( 1 9 6 2 )  f o r  O ,  N ,  C 

and H were used. 

Results and discussion 

Figs. 2 and 3 show the structure of  N-methyl-4-phenyl- 
isoxazolin-5-one projected along a and c axes. The 
intcratomic distances and angles found in the two inde- 

Table 4. Bond lengths and standard deviations 
(in parenthesis) 

M o l e c u l e  A M o l e c u l e  B 
1"411 (7) A C(11)-C(16) 1.385 (7) /~ 
1.392 (7) C(11)-C(12) 1.392 (7) 
1.390 (6) C(12)-C(13) 1.386 (7) 
1.403 (7) C(13)-C(14) 1.403 (7) 
1.365 (7) C(14)-C(15) 1.371 (7) 
1.418 (6) C(15)-C(16) 1.417 (6) 
1.453 (6) C(16)-C(17) 1.455 (6) 
1.424 (5) C(17)-C(18) 1-429 (6) 
1.395 (6) C(18)-0(4) 1.378 (6) 

C(1)-C(6) 
C(1) -C(2) 
C(2)-C(3) 
C(3)-C(4) 
C(4)-C(5) 
c(5)-c(6) 
C(6) -C(7) 
c ( 7 ) - c ( 8 )  
C ( 8 ) - O ( 2 )  
O(2)-N(1) 1"403 (4) 
N(1)-C(9) 1.328 (6) 
c(9)-c(7) 1,356 (6) 
C(8)-O(1) 1"208 (5) 
N(1)-C(10) 1"420 (6) 

C(1)--H(1) • 1.00 (4) 
C(2)--H(2) 1.14 (5) 
C(3)--H(3) 1.02 (5) 
C(4)--H(4) 1.07 (4) 
C(5)--H(5) 0.91 (4) 
C(9)--H(14) 1.06 (4) 
C(10)-H(ll) 1.17 (5) 
C(10)-H(12) 1-06 (5) 
C(10)-H(13) 0-98 (4) 

O(4)--N(2) 1.403 (4) 
N(2)--C(19) 1.341 (6) 
C(19)-C(17) 1-380 (6) 
C(18)-O(3) 1-223 (5) 
N(2)-C(20) 1.421 (6) 

C(11)-H(6) 1-02 (4) 
C(12)-H(7) 1.19 (5) 
C ( 1 3 ) - H ( 8 )  1 . 0 9  (5)  
C(14)-H(9) 0-97 (5) 
C(15)-H(10) 1.13 (4) 
C(19)-H(18) 1.07 (4) 
C(20)-H(15) 1-17 (4) 
C(20)-H(16) 1.09 (5) 
C(20)-H(17) 0"91 (4) 
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pendent molecules (A and B) are listed in Tables 4 
and 5, with their e.s.d.'s. As it can be noted, the values 
found for chemically equivalent functions are very 
similar. These values, averaged from molecules A and 
B, are shown in Fig. 4. 

The equations of the best planes through the six 
carbon atoms of the phenyl rings are: 

Molecule A 12.826x+ 1.756y- 3.856z- 5.501 =0  
Molecule B 12.628x+ 1.671y+3-793z-4.497=0 

where x, y, and z are the fractional atomic coordinates 
referred to the monoclinic cell axes. The planes through 
the five atoms constituting the isoxazolinone rings were 
found to be: 

Molecule A 13.623x+0.630y- 1.444z- 5.370=0 
Molecule B 13.407x+0.964y+ 1-882z- 3.161 = 0 .  

The displacements A of the ring and extra-ring atoms 
from the phenyl and isoxazolinone rings are listed in 
Table 6. Referring to the isoxazolinone ring, the maxi- 
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Table  5. Bond angles and standard deviations (in parenthesis) 

Molecule A Molecule B 
C(6)--C(1)-C(2) 120-7 (4) ° C(16)-C(11)-C(12) 
C(1)--C(2)-C(3) 121.0 (4) C(11)-C(12)-C(13) 
C(2)--C(3)-C(4) 118.6 (4) C(12)-C(13)-C(14) 
C(3)--C(4)-C(5) 121.0 (4) C(13)-C(14)-C(15) 
C(4) --C(5) -C(6) 121" 5 (4) C(14)-C(15)-C(16) 
C(5)hC(6)-C(7) 120"8 (4) C(15)-C(16)-C(17) 
C(5)--C(6)-C(1) 117.3 (4) C(15)-C(16)-C(11) 
C(7)--C(6)-C(1) 121-9 (4) C(17)-C(16)-C(11) 
C(6)--C(7)-C(8) 126.2 (4) C(16)-C(17)-C(18) 
C(6)--C(7)-C(9) 127.9 (4) C(16)-C(17)-C(19) 
C(8)--C(7)-C(9) 105.9 (4) C(18)-C(17)-C(19) 
C(7)--C(8)-O(1) 135.5 (4) C(l 7)-C(18)-0(3) 
C(7)~C(8)-O(2) 107.2 (3) C(17)-C(18)-O(4) 
O(1)--C(8)-O(2) 117.3 (4) O(3)hC(18)-O(4) 
C(8)--O(2)-N(1) 107"0 (3) C(18)-O(4)--N(1) 
O(2)~N(1)-C(9) 107.9 (3) O(4)--N(2)--C(19) 
O(2)--N(1)-C(10) 115.5 (3) O(4)--N(2)--C(20) 
C(10)-N(1)-C(9) 134.6 (4) C(20)-N(2)--C(19) 
N(1)--C(9)-C(7) 112.0 (4) N(2)--C(19)-C(17) 

C(6)--C(1)--H(1) 116 (3) C(16)-C(11)-H(6) 
C(2)--C(1)--H(1) 124 (3) C(12)-C(11)-H(6) 
C(1) --C(2)--H(2) 120 (2) C(11)-C(12)-H(7) 
C(3) --C(2)--H(2) 118 (2) C(13)-C(12)-H(7) 
C(2) --C(3)--H(3) 111 (3) C(12)-C(13)-H(8) 
C(4) --C(3)--H(3) 130 (3) C(14)-C(13)-H(8) 
C(3)--C(4)--H(4) 116 (3) C(13)-C(14)-H(9) 
C(5)--C(4)--H(4) 123 (3) C(15)-C(14)-H(9) 
C(4)--C(5)--H(5) . 128 (3) C(14)-C(15)-H(10) 
C(6) --C(5)--H(5) 110 (3) C(16) -C(15)-H(10) 
N(1)--C(9)~H(14) 106 (2) N(2)--C(19)-H(18) 
C(7) ~C(9)--H(14) 139 (2) C(17)-C(19)-H(18) 
N(1)--C(10)-H(11) 94 (2) N(2)--C(20)-H(15) 
N(1)--C(10)-H(12) 100 (3) N(2)--C(20)-H(16) 
N(1)--C(10)-H(13) 97 (3) . N(2)--C(20)-H(17) 
H(11)-C(10)-H(12) 140 (3) H(15)-C(20)-H(17) 
H(11)-C(10)-H(13) 112 (3) H(15)-C(20)-H(16) 
H(12)-C(10)-H(13) 104 (3) H(16)-C(20)-H(17) 

122"4 
120" 1 
118.2 
121.5 
120"8 
120"6 
117-0 
122-4 
127.3 
127.8 
104"9 
133.0 
108"3 
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107"7 
116"9 
132"8 
111"5 

(4) ° 
(4) 
(4) 
(4) 
(4) 
(4) 
(4) 
(4) 
(4) 
(4) 
(4) 
(4) 
(3) 
(3) 
(3) 
(3) 
(3) 
(4) 
(4) 

112 (3) 
126 (3) 
125 (2) 
114 (2) 
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122 (3) 
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Fig. 4. A schematic drawing of the N-methyl-4-phenylisoxazolin-5-one molecule. The numbering of atoms refers to molecule A ; 
bond lengths and angles are averaged from the values for molecules A and B. 
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mum value of A is 0.017 A and the mean magnitude 
of deviation is 0.010 A. Since the e.s.d, in the direction 
normal to the plane is 0.005 A, the ring can be con- 
sidered as planar within the limits of experimental 
error. The dihedral angles between phenyl and isox- 
azolinone ring are 14.1 ° for molecule A and I1.1 ° 
for molecule B. These values are probably imputable 
to the interactions between the atoms H(5)-H(14) 
(distance 2.53 A) and H(1)-O(1) (2.42 A) for molecule 
A and H(10)-H(18) (2.21 A) and H(6)-O(3) (2.34 A) 
for molecule B, which do not allow the two rings to 
be perfectly coplanar. 

The mean length of the aromatic C-C bond is 
1.394 A, in good agreement with the normal value in 
the literature (International Tables for X-ray Crystal- 
lography, 1962). The bond lengths in the isoxazolinone 
rings can be accounted for by considering the hybrid 
structure resultant from the resonance between the 
forms: 

H Ph H Ph 
\ / \ / 

C ~=-- C C C 
I I i, I 

N C=O N(+) C--O(-~ 
/ \ /  / \ /  

CH3 O CH3 O 
(1) (II) 

H Ph H Ph 
\ / \(+7 / 

C---=--=C C C 
I I I II 

N C--O(-~ N C--O(-~ 
/ \ ( - ) / /  / \ / 

CH3 O CH3 O 
(llI) (IV) 

Form (II) seems to make an important contribution 
to the mesomeric structure: the bond lengths between 
the nitrogen atom and the carbon atom in position 3 
in the ring (1.335 A) and between the carbon atoms 
in positions 4 and 5 in the ring (1.427 A) are both sen- 
sibly shorter than the normal single bonds N-C and 
C-C. Furthermore the distance of 1.368 A between the 
carbon atoms in positions 3 and 4 is greater than the 
normal double C=C bond length. The importance of 
form (II) in the resonance is also confirmed by the 
high value of the dipole moment (p = 5.4 D) (Cencioni, 
Franchini & Orienti, 1968). 

The C=O bond is 1.215 A; as pointed out by High & 
Kraut (1966), the strain of a pentatomic ring has in- 
teresting effects on the stereochemistry of the keto 
group, resulting in a somewhat more s character of 
orbital of the carbon atom of the C=O bond, and in 
a consequent shortening of the carbon-oxygen dis- 
tance. Indeed these authors found a value of 1.189 A 
for the C=O bond length in androsterone. This value 
is similar to those found in some ~,-lactones, in which 
the ring resonance is inhibited" 1.198 A (Jeffrey, Rosen- 
stein & Vlasse, 1967), 1-16 A (Glusker, Patterson, Love 
& Dornberg, 1963). The distance found in the present 
work is somewhat larger than these values, and even 
this feature can be attributed to the contribution of 
form (II) to the mesomeric structure. 

The bond length between the carbon atom of the 
methyl group and the nitrogen atom of the isoxazoli- 
none ring (1.421 A) is sensibly shorter than the values 
found for exocyclic C-N bonds in some N-methyl 
derivatives of purine and pyrimidine (mean value 
1.47 A; Sutor, 1963), tetrazole (1.47 A; Bryden, 1955, 
1956) and pyrazolone (1.481 and 1.487/k; Vijayan & 
Viswamitra, 1966, 1967). This fact could be indicative 

Table 6. Deviations from the least-squares planes 

The equations of the planes were computed with the first six and the first five atoms for the phenyl and isoxazolinone rings 
respectively 

Molecule A Molecule B 
Phenyl C(I) 0"001 A Pheny[ C(II) 0.012 A 

C(2)  -0.005 C(12) -0.012 
C(3) 0"004 C(13) 0"003 
C(4) 0.001 C(14) 0.005 
C(5) - 0.005 C(I 5) - 0.006 
C(6) 0.004 C(16) -0.003 
C(7) 0.004 C(17) 0.007 
H(1) 0.04 H(6) -0.01 
H(2) - 0.22 H(7) 0.52 
H(3) 0.04 H(8) - 0.01 
H(4) 0-10 H(9) 0.00 
H(5) 0-12 H(10) -0.12 

Isoxazolinone 0(2) 0.005 Isoxazolinone 0(4) - 0-012 
N(1)  -0.014 N(2) 0.017 
C(7) - 0.012 C(17) 0.007 
C(8) 0.003 C(18) 0.003 
C(9) 0.016 C(19) -0-015 
C(6) - 0"004 C(16) 0.013 
O(1) -0.02 0(3) 0-03 
C(10) 0-25 C(20) -0.28 
H(14) 0.29 H(18) -0.16 

A C 2 5 B  - 2 *  
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of a strong interaction of the methyl group with the 
resonating electronic system of the isoxazolinone ring. 

The significant shortening of the C-C bond between 
the phenyl and isoxazolinone rings (1-454 A) is indic- 
ative of conjugation between the two rings. This fact 
is confirmed by the activation of the para position of 
the phenyl group, allowing bromination with N-bromo- 
succinimide without acid catalysis. 

The C-H bond lengths range from 0.91 to 1.19 A, 
with an average value of 1.06 A. 

The crystal structure of N-methyl-4-phenyllsoxazo- 
lin-5-one can be schematically described as layers of 
molecules on planes parallel to (100) at x about ~ and 
~. The shortest intermolecular distances are reported 
in Table 7. There are no abnormally short contacts. 

Table 7. Shortest intermolecular distances 

Distances are less than 3.5 A for non-hydrogen atoms; less 
than 3 A for contacts involving carbon, nitrogen and oxygen 
atoms with hydrogen atoms; and less than 2.7 A for contacts 
between hydrogen atoms. 

(a) x , y + l ,  z 
(b) x - y + ~ ,  z+½ 
(c) x , -y+½,  z+½ 
(d) - x + l ,  y+½, - z+½ 

O(1)--C(10) (b) 3-42 A 
C(2) C(9) (e) 3.29 
O(3)--C(20) (c) 3.43 
C(10)-O(1) (d) 3.50 
C(19)-C(12) (g) 3.31 
C(20)-O(3) (h) 3.48 
O(1)--H(2) (d) 2.91 
O(1)--H(3) (c) 2.57 
O(1)--H(13) (b) 2.50 
O(1)--H(14) (b) 2.78 
O(2)--H(14) (b) 2.57 
O(3)--H(8) (b) 2-50 
0(3)--n(16) (f) 2.46 
O(3)--H(17) (c) 2.58 
O(3)--H(18) (c) 2-95 
O(4)--H(10) (c) 2"96 
O(4)--H(18) (c) 2.52 
C(2)--H(4) (c) 2"99 

(e) - x + l ,  - -y+l ,  - z  
(f) - x  , y+½, - z + ~  
(g) - x  , - y + l ,  - z + l  
(h) , x  , y - ½ , - z + ~  

C(2)--H(14) (e) 2.96 A 
C(3)--H(11) (e) 2.84 
C(10)-H(2) (a) 2-71 
C(16)-H(12) (b) 2.89 
H(7)--O(3) (f) 2.70 
H(7)--C(20) (a) 2.68 
H(11)-O(1) (d) 2.54 
H(15)-C(6) (c) 2.86 
H(1)--H(3) (c) 2.66 
H(2)--H(4) (c) 2.39 
H(3)--H(11) (e) 2"23 
H(6)--H(8) (b) 2"54 
H(6)--H(16) (f) 2"69 
H(7)--H(9) (b) 2"66 
H(7)--H(16) (a) 2"46 
H(11)-H(1) (d) 2"62 
H(15)-H(10) (c) 2"52 
H(16)-H(8) (g) 2.54 

Because of the type of data rescaling, anisotropic 
thermal parameters are only of semiquantitative value; 
moreover, the results of thermal motion analysis seem 
physically significant. Thermal parameters were trans- 
formed to obtain the axes of vibration ellipsoids with 
their angles relative to the cell axes, with a program 
written by Coda (1966) and adapted by the authors 
for the IBM 1620 computer: the results are listed in 
Table 8 and a representation of thermal ellipsoids for 
molecule B is shown in Fig. 5. It is apparent that the 
predominant thermal motion is a rigid body molecular 
displacement parallel to the crystallographic a axis 
and normal to the molecular plane. 

As has been mentioned, the two molecules in the 
asymmetric unit are nearly identical within experimen- 
tal limits, save for slight differences in the angles of 
tilt between phenyl and isoxazolinone rings. Molecules 
A and B are nearly related within the asymmetric unit 
by the symmetry operation ½ - x , P , ½ + z  of the ortho- 
rhombic space group Pbca. Since relative atomic dis- 
placements from orthorhombic symmetry are not 
greater than 0.16 A, there are no appreciable changes 
in the systematic absences Okl with k = 2 n +  1 and hkO 
with h = 2n + 1 of the orthorhombic space group. 

The authors are grateful to Prof. G.Adembri  for 
valuable discussions. 
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T a b l e  8. Principal axes o f  thermal ellipsoids 

The root  mean square displacement U~ (A) corresponds to the ith principal axis of the ellipsoid and 0ta, 0~b, 0~e are angles (°) 
between the ith axis and the crystallographic axes a, b, e respectively. The B~ are equal to the corresponding 8zt2u~2. 

Molecule A Molecule B 
B~ Ui Oia O~b O~e B~ U~ Ota O~b Otc 

O(1) 8"52 0"33 82"6 168"5 98"8 0(3) 6"87 0"29 80"1 161"8 75"1 
10"38 0"36 7"3 82"7 90"3 10"62 0"37 10"7 79"3 90"0 

3"74 0"22 90"0 98"7 8"8 3"90 0"22 94"1 75"4 14"8 

0(2)  6"41 0"28 103"6 14"8 83"9 0(4)  7"00 0"30 83"8 173"8 89"6 
8"82 0"33 14"4 75"9 94"7 8"62 0"33 6"6 83"8 89"2 
3"88 0"22 85"4 94"7 7"6 3"62 0"21 92"3 89"7 0"8 

N(I)  6"88 0"30 84"8 162"0 107"2 N(2) 7"67 0"31 30"8 117"5 78"5 
8"65 0"33 9"9 82"6 98"0 7"82 0"31 62"1 27"9 89"0 
3"67 0"22 81 "5 106"2 19" 1 4"02 0"23 102"0 85"4 11"5 

C(I) 7"28 0"30 88"6 18"7 71"3 C(11) 6"70 0"29 79"5 165"3 80"1 
8"04 0"32 5"4 92"9 86"9 8"22 0"32 14"0 81 "4 102"5 
4"29 0"23 95"2 108"4 18"8 4"32 0"23 80"8 78"1 16"0 

C(2) 6"95 0"30 70"5 61"9 145"6 C(12) 6"91 0"30 84"9 68"5 22"4 
8"62 0"33 19"4 98"4 74"0 9"35 0"34 6"4 95"6 94"7 
4"87 0"25 91"1 29"5 60"4 5"88 0"27 85"9 22" 1 111"9 

C(3) 6"37 0"28 46"7 65"2 127"8 C(13) 6"64 0"29 60"7 38"0 68"6 
8"83 0"33 46"8 130"6 71"8 8"04 0"32 29"4 118"0 99"8 
5"74 0"27 75"5 50"7 43"4 5"93 0"27 93"4 113"5 23"6 

C(4) 7"52 0"31 166"3 102"9 84"5 C(14) 7"64 0"31 175"0 89"I 93"4 
8"64 0"33 103"6 23"1 108"0 9"70 0"35 90"6 17"5 72"4 
5"10 0"25 90"3 71"1 18"8 4"42 0"24 94"9 107"5 17"8 

C(5) 6"23 0"28 162"3 84"7 71"6 C(15) 6"98 0"30 170"7 81"0 86"1 
7"89 0"32 87"8 10"9 100"8 8"34 0"32 80"7 15"2 78"2 
4"18 0"23 72"5 80"3 21"4 3"81 0"22 89"6 102"1 12"3 

C(6) 6"24 0"28 72"5 17"6 87"9 C(16) 5"67 0"27 25"0 75"8 111"6 
6"99 0"30 19"1 107"6 84"1 7"17 0"30 103"9 14"3 86"6 
3"96 0"22 97"6 90"2 6"1 4"13 0"23 69"7 87"9 21"9 

C(7) 5"99 0"27 49"0 43"2 79"6 C(17) 5"58 0"26 9"3 80"9 89"2 
6"73 0"29 45"4 133"2 79"7 7"38 0"30 98"6 10"8 96"0 
3"15 0"20 106"1 90"5 14"6 3"53 0"21 93"1 84"1 6"0 
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4"98 0"25 76"9 132"7 46" 1 4"29 0"23 111 "7 48"6 48"5 
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