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The structure of 5-chlorosalicylaldoxime has been determined by a two-dimensional projection, 
and trial-and-error methods. The final parameters were evaluated by differential syntheses of the 
]~Ol data and by least-squares refinement of the h/c0 data. The crystals are monoclinic, 

a=14"35, b=3"90, c=13 .69A;  fl=100 °00' .  

The space group is P21/c with four molecules per unit cell. The molecules are planar except for the 
= N - O H  group which lies below the plane of the benzene ring due to rotation of the oxime group 
around the single C-C bond. The molecules join in pairs through hydrogen bonds to form dimers. 
with two hydrogen bonds for each dimer. 

Introduction 

l)espite the importance of mcta lh)-organie chelate 
compounds in all areas of chemistry only a fcw crystal 
structures of the complex and of the l igand have been 
deterxnincd by X-ray  methods. Because information 
concerning various factors (Merritt, 1953), influencing 
the form~ttion, s tabil i ty,  and specificity of chelate 
compounds, can be gained only l)y the s tudy of a 
number  of complexes and ligands, this invest igat ion 
of the structure of 5-chlorosalicylaldoxime was under- 
taken. Structure determinat ions  of nickel(II) 5-chloro- 
sal icylaldoximate,  pal ladium(II)  5-chlorosalicylaldox- 
imate,  and pal ladium(II)  sal icylaldoximate are under  
way, so tha t  the effect of metal  ions on the l igand can 
be ascertained. 

Experimental  

5-Chlorosalicylaldoxime, CTH602NC1, was prepared by 
chlorinating sal icylaldehyde,  and by treat ing the re- 
sult ing 5-chlorosalicyhddchyde with hydroxylamine  
hydrochloride (Welcher, 1947). Well-formed, single 
crystals were obtained by slow evaporation of a 
sa tura ted  solution of the compound in carbon tetra- 
chloride. 

The unit-cell  dimensions and space group (Simonsen 
& Pfluger, 1957) were determined from rotation, 
Weissenbcrg, and precession photographs,  using copper 
K a  radiation.  The uni t  cell is monoclinic with 

a=14-35,  b : 3 . 9 0 ,  c : 1 3 - 6 9  .~; /~ -100  ° 00'. 

Characteristic extinctions were noted which are 
those required by  the space group P21/c. The uni t  
cell contains four molecules suggesting, because of the 
assumed formula,  tha t  all atoms are in the general 
positions. The observed density (by flotation) was 
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1.510 g.cm.-~, and the calculated densi ty with four 
molecules per uni t  cell was 1.510 g.cm. -3. 

The intensit ies were evaluated by a direct photo- 
metric measurement  (H()ss, 1957) of mult iple-f ihn 
Weissenberg photographs. The hOI d~tta were taken 
from two crystals, both needles having very nearly 
square cross sections of 0.154 mm. and  0.178 mm.,  
respectively. For crystals of this size no absorption 
corrections were necessary. The two sets of data  were 
corrected for ext inct ion by the method of Pringle 
(1954) and averaged. The h/d) data were collected from 
one crystal. All intensities were corrected by the usual 
Lorcntz and polarization factors, and relat ive IFo[ 
values obtained. 

Determination of atomic posit ions 

The corrected hO1 intensit ies were used to compute a 
Pat terson projection. Because of the presence of the 

0 
Fig. 1. Fourier projection on (010). 

Contours at arbitrary intervals. 
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hkl  lFol Fc 
100"  - -  - -  12"66 
200  6 .63  - -  7-89 
300  21-96  - - 2 2 . 3 7  
400  31-92  --  30-34  
500  45 .12  - -  4 6 . 5 4  
600 2 5 . 4 6  --  21 .26  
700 2 .95  - -  2 .27  
800 31-17  --  29.81 
900  4 .40  6 .44  

lO,O,O 3"70 2 .12  
l l , O , O  1.3"89 14.98 
12 ,0 ,0  17"28 17.25 
13 ,0 ,0  6"81 6"50 
14 ,0 ,0  4"90 3 .68  
15 ,0 ,0  4-96  4-96  
16,0 ,0  - -  --  2 .15  
17 ,0 ,0  3"75 2-34  
18,0 ,0  5 .96  --  5 .60  

002 29 .47  - -  29 .34  
102 17.78 20 .29  
202 25-46  - - 2 6 - 9 1  
302 23.61 - - 2 4 . 3 3  
402 25-(`)3 --  2 1 . 2 0  
502 43 .13  - - 4 6 . 2 0  
602 . . . . .  2-97 
702 10.80 - -  12.61 
802 6 .63  5 .26  
902 23"78 21-09  

10,0,2 10"53 10.41 
l 1 ,0 ,2 40"77 37"53 
i 2 ,0 ,2  3"61 - 1 .16 
13,0,2 - -  - -  2"0!) 
14 ,0 ,2  12"50 --  10.15 
15,0,2 4"20 - - 2 " 9 4  
16,0,2 13"03 --8"9(,) 
17,0,2 4 .2~ --  2 .77 

004  56"66 --  59"02 
104 3"84 1"28 
204  59"67 --  60 .39  
3 0 4  2 1 - 6 l  - - 2 0 . 8 1  
404  41 "86 --  40"55 
504 7.61 5 .79  
604 35 .48  35 .8  l 
704 21 .36  20 .47  
804 32 .79  31.91 
904 21`t'76 26"45 

10,0 ,4  i 4 .55  --  15.57 
I 1,0,4 2 l ' 3 2  - -  19-78 
] 2 ,0 ,4  5"68 6"98 
13 ,0 ,4  7-50 - -  6"39 
14 ,0 ,4  8 .15  - - 6 - 7 7  
15 ,0 ,4  3"46 - - 3 " 2 3  
16,0,4  3"54 - -2"31  

006 25 .95  - -  27 .37  
106 23 .33  - - 2 8 . 5 2  
206 33"80 - -  33-79  
306 61 .83  64 .96  
406  19.61 17-16 
506 17-83 14.86 
606 21-96  18 .52  
706 9 .43  7 .45 
806 5 .38  - -  6-80 
(`)06 9"71 - - 6 - 1 6  

10,0,6 8"90 10"46 
I 1,0,6 20 .72  - -  18-78 
12 ,0 ,6  5"54 - -  5-30  
13,0,6  12.25 - - 8 . 6 3  

L I G A N D ,  

T a b l e  1 .  Observed and calculated 
hkl  I-Fo I .Fc 
008 14"44 14"80 
108 10"19 10"60 
208 20"68 19"99 
308 8"86 6"37 
408 29"23 31"35 
508 - -  3"75 
608 8"28 7"58 
708 10"57 - - 9 . 9 l  
808 18"71 - -  16"92 
908 7"15 - - 5 " 8 8  

10,0,8  1.2.31 - -  10"67 
11,0,8 5"90 - -  4"03 
12,0 ,8  2"77 - - 3 " 1 2  
13,0 ,8  7-08 3 .95  
14 ,0 ,8  11"13 7-00 

0 ,0 ,10  39 .25  43 .72  
1 ,0 ,10  14"74 15 .85  
2 ,0 ,10  9 .42  9 .88  
3 ,0 ,10  - -  - - 3 . 4 6  
4 , 0 , 1 0  5-29 2 .25  
5 ,0 ,10  22 .79  - -  19-82 
6 ,0 ,10  9 .24  - - 8 . 4 2  
7 ,0 ,10  - - -  0"55 
8 , 0 , 1 0  14"15 - -  13.22 
9 , 0 , 1 0  - - -  - - 2 . 7 4  

10 ,0 ,10  - -  - - 0 " 9 7  
11 ,0 ,10  8-80 6 .87 
12 ,0 ,10  8"83 6"31 
13 ,0 ,10  6-63 2"61 

0 ,0 ,12  15.10 - -  14.97 
1 ,0 ,12 17.15 16.73 
2 ,0 ,12  10"57 - - 8 . 6 0  
2 ,0 ,12  4"71 - - 3 " 3 5  
4 ,0 ,12  7-50 - -  7 .64  
5 ,0 ,12  7 .69 --  7"35 
6 ,0 ,12  8"74 --  8 .49  
7 ,0 ,12  3 .83  - -3"01  
8 ,0 ,12  4"07 3"51 
9 ,0 ,12  4.61 2 .60  

10 ,0 ,12  8"92 6"43 

0 ,0 ,14  6 .54  --  7"42 
1,0 ,14 . . . .  4"05 
2 ,0 ,14  9"61 - - 9 . 6 7  
3 ,0 ,14  6 .33  - - 7 " 8 l  
4 , 0 , 1 4  5"50 - - 5 " 0 3  
5 ,0 ,14  - -  - - 0 " 0 6  
6 ,0 ,14  - -  2"42 
7 ,0 ,14  6.51 5 .32  
8 ,0 ,14  5 .46  6-20 

0 , 0 , 1 6  3 .06  - - 3 " 6 5  
1 ,0 ,16  8 .27 8-63 
2 , 0 , 1 6  - - -  - - 0 . 5 1  
3 ,0 ,16  - - -  2"64 
4 , 0 , 1 6  5 .33  4"73 

]-02 28 .09  --  29"62 
202  88 .07  90"72 
,~02 94 .92  97-02  
402  15.41,) 16.32 
502 24 .49  20"69 
602 12 .45  10"69 
702 62-93  - -  65"03 
81)2 25 .28  --  29-35  
902 7"09 - -  7"01 

]_0,0,2 6-09 - -  9 .24  
11 ,0 ,2  12-87 - - 1 1 - 9 9  

structure factors 
hkl  !Fol Fe 

12,0 ,2  7"08 4"90 
13,0,2 - -  0 . 2 8  

14 ,0 ,2  23-60  24 .53  
15 ,0 ,2  5 .47  5.61 

]-04 13-22 12-07 
204  32 .56  - -  32"56 
304  86-07 89 .53  
~04  2 .58  2.92 
504  28 .25  30"34 
604  26-98  27-65  
704  10"98 - 10"23 
8 0 4  27. lO 27-92  
904 26 .75  - - 2 7 " 1 3  

_ _  

10 ,0 ,4  9"53 - -  ] l ' 7 9  
11 ,0 ,4  19.29 - -19"11  

_ _  

12,0 ,4  3 .87  - - 6 . 3 2  
_ _  

13,0 ,4  7 .67 --  6 .84  
_ _  

14 ,0 ,4  3-52 - - 2 " 8 8  
_ _  

15,0 ,4  - -  2"44 
_ _  

16,0 ,4  5 .65  6"49 
_ _  

17,0 ,4  (,)'38 8 .68 
18 ,0 ,4  3.9'2 3"93 

].06 36 .97  --  39"3 l 
206  2-10  5"04 
306 35-32 --  37"96 
4-06 29 .57  --  31-13 
-)06 31-47  34"06 
61)6 2(.).22 34-58  
706 11`)'03 23 .65  
806 18.03 22 .33  
.906 22 .40  2"2" ! 1 

I 0 ,0 ,6  26 .88  - 25 .22  
11,0 ,6  - - -  - - 7 " 5 7  
12,0,6  4"00 --  5"54 

- - _  

13 ,0 ,6  3"67 - -  5"82 
14,0 ,6  7-36 --  7"47 

_ _  

15,(),6 - -  - -  2 .77 
16,0 ,6  6-03 - - 2 . 8 5  

1()8 30 .16  - -  30 .86  
2()8 3.41 - 4 . 8 1  
.308 27.41 - - 3 2 . 3 3  
408  . . . .  8-38 
508 5 .70  - - 8 . 1 5  
608  ! 4 .78  - -  14-59 
708 - -  2-57 
808  6 .84  9 .46  
§08 11.28 13.82 

10,0,8  5-16 8 .85 
- - _  

I 1 ,0 ,8  38 .62  37-97 
- - _  

12,0,8 10.64 - - 7 . 4 6  
- - _  

13,0 ,8  l l . 6 1  --  ] 2 . 3 0  
14,0 ,8  4 .69  - - 6 . 1 7  
15,0 ,8  4 .66  - - 5 . 9 8  
16 ,0 ,8  4 .58  - - 4 . 7 2  

1 ,0 ,10  - -  5 .70  
2 ,0 ,10  - -  - - 4 " 3 8  
,~,0,10 3 .89  - - 6 - 3 3  
4 ,0 ,10  18"35 - - 2 1 . 2 5  
~),0,10 5 .85  - - 8 . 2 9  
6 ,0 ,10  10 .90  - -  16.44 
7 , 0 , 1 0  7-13 - - 7 . 6 4  
8,(), 10 4 .27  2 .20  
9 ,0 ,10  3 .03  - - 3 . 7 1  

_ _  

10 ,0 ,10  11.17 12"80 
11 ,0 ,10  6 .58  - - 0 - 9 4  

_ _  

12,0 ,10 3"38 6 .55  

hkl  j Fol 
_13,0,10 7 .80  
14 ,0 ,10  7-05 

1 , 0 , 1 2  - -  

2 , 0 , 1 2  2 6 . 1 0  
3 , 0 , 1 2  14.55 
v L 0 , 1 2  - -  

5 , o , 1 2  - 

6 ,0 ,12  3 .69  
7 ,0 ,12  15-05 
g , o , 1 2  - -  

§ , 0 , 1 2  4 . 5 5  

I 0 , 0 , 1 2  
l l , 0 , 1 2  - -  

_ _  

12 ,0 ,12  6-66 
- - _  

13,0 ,12  
14 ,0 ,12  8 .45  

]- ,0,14 (.).66 
~,o,14 - -  

3 , 0 , 1 4  4 .40  
4 , 0 , 1 4  4 .42  
5 ,0 ,14  7 .74 
~,o,14 . - 
7,o,14 - 

8 , 0 , 1 4  6 .46  
.q,0,14 7-91 

10 ,0 ,14  8 .72  
11 ,0 ,14  - - -  
12 ,0 ,14  5 .12 

_ _  

13 ,0 ,14  5 .39  

]- ,0,16 7 .19 
L o , 1 6  - 

3 , 0 , 1 6  - 4 . 1 2  
~,o,16 - -  

V ) , o , 1 6  9 . O l  

~,0 ,16  - -  
7 ,0 ,16  7 .34  

OlO - -  
110 59-94  
210 3"90 
310 23 .05  
410  31 "92 
510  25"89 
610 15"61 
710 7.0(`) 
810 12"06 
910  9 .22  

10 ,1 ,0  15.25 
l l , l , O  5 .67  
] 2 , 1 , 0  13.48 
13 ,1 ,0  13.83 
14,1 ,0  4 .26  
15,1,0  6 .74  
] 6 , l , 0  3 - | 9  

O20 4.61 
1 2 0  

220 8 . 5 l  
320 2-13 
420  15.25 
520 7.45 
620 11.70 
720 9-93 
820 
920 5 .68  

10 ,2 ,0  5 .68  
11 ,2 ,0  3 .55  
12 ,2 ,0  7-80 

F ( .  

(`1.31 
7-36 

0"99 
26-79  
20-38  

3"32 
- - 0 " 0 2  
- - 6 " 6 7  

- - 1 9 - 6 1  
- - 8 . 1 0  
- -  7"44 

0"47 
- -  1"89 

4-39 
2 .59  
8"4l  

I 0 . ( ) 9  

2.69  
o . o o  
7-33 
.q.Ol 
3-06 
2.31 
4-6O 

- - 8 - 9 8  
- -  10.62 

- - 2 - 1 6  
- 3-89 

2 .39  

--  7 .43 
- -  (1.51 
- - 3 . 5 1  

O-55 
7 .56  
3.64 
S.12 

0-40  
- -  61 .93  

--  4 .67  
- - 2 6 . 7 8  
- - 3 3 . 4 8  
- - 2 6 . 9 2  

14.36 
6 .84  

10"25 
9-23 

15-27 
6.57 

] 1 - 4 7  

- -  ! 3 .22  
- - 3 . 8 3  
- - 5 . 3 7  
- -  1.84 

3 .95  
--  3 .20  
- - 9 . 5 8  

1.17 
- -  15.44 

8-13 
13"68 
I 0 - 6 8  

- -  1.39 
3-54 

- - 4 . 8 5  
2-711 

- - 7 - 3 1  
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hkl ]Foi Fc 
13,2,0 7"45 -- 7"92 
14,2,0 5"67 6"24 
15,2,0 - -  - 1"03 
16,2,0 - --0"88 

03O - -  0"4O 
130 7"09 5"90 

hkl ]Foi 
230 4"61 
330 - -  
430 7"80 
530 5"32 
630 - -  
730 2"48 
830 4"97 

Table 1 (cont.) 
Fc hkl 

- -  6"04 930 
--0"40 10,3,0 
--9"78 ' 

6" 15 040 
- -  3"29 ] 140 

3" 61 240 
- 5 . 8 9  , 

',Fol Fc 
2.48 3.29 
3.55 5.36 

. . . .  2.95 
3.55 -- 5.96 
3.55 --5.51 

hkl ]Fol Fc 
3 4 0  2 . 8 4  4 . 4 3  

440 4.61 5.09 
540 3-90 -- 1.80 
640 - -  3.38 
740 - -  2.26 
840 2-84 4.65 

h e a v y  chlor ine  a tom,  the  (010) p ro jec t ion  showed 
d i rec t ly  the  o r i en ta t ion  a n d  locat ion  of the  molecule.  
Us ing  x a n d  z coordina tes  ob ta ined  from the  P a t t e r s o n  
pro jec t ion ,  s t ruc tu re  factors  were calcula ted.  The  signs 
were app l ied  to the  observed s t ruc tu re  factors  and  an  
e l ec t ron -dens i ty  pro jec t ion  was c o m p u t e d  (Fig. 1). 
The  x a n d  z p a r a m e t e r s  were then  ref ined t)y Boo th ' s  
(1946) d i f fe ren t ia l  syn thes i s  me thod .  

The  shor t en ing  of the  benzene bond lengths  in the  
(010) p ro jec t ion  showed t h a t  the  molecules  were t i l t ed  
ou t  of the  (010) plane.  A t r ia l  s t ruc tu re  was ob ta ined  
I)y a s suming  p l a n a r i t y  of the  molecule;  by e s t ima t ing  
the  angle  of t i l t  f rom the  p ro jec t ion ;  and  from ac- 
cepted  bond l eng ths  a n d  angles.  An (001) P a t t e r s o n  
pro jec t ion  was t hen  computed ,  despi te  the  expecta-  
t ion  of poor resolut ion,  in the  hope t h a t  a ch lo r ine -  
(.hlorine peak  could be recognized,  t hus  es tab l i sh ing  
the  y p a r a m e t e r  of the  chlorine a tom and  m a k i n g  
i)ossible the  e s t ima t ion  of al l  t he  y pa ramete rs .  How- 
ever,  the  P a t t e r s o n  pro jec t ion  could no t  be inter-  
prc tcd,  so hkO s t ruc tu re  factors  were ca lcula ted ,  using 
y p a r a m e t e r s  e s t ima ted  f rom the  t r ia l  s t ruc ture .  The  
molecule was t hen  moved  up the  b axis  in in te rva l s  of 
0.05 y, a n d  the  ca lcu la ted  s t ruc tu re  factors  compared  
with the  observed  values.  The  best  re l i ab i l i ty  factor ,  
R, o b t a i n e d  b y  th is  p rocedure  was 0.48. A n u m b e r  of 
leas t -squares  cycles using the  'bes t '  p a r a m e t e r s  fai led 
to ref ine th is  t r ia l  s t ruc tu re  apprec iab ly .  A t r ia l  was 
then  made  of a s t ruc tu re  in which the  axis  of t i l t  was 
not  para l le l  to the  (010) plane.  This  s t ruc tu re  i m p r o v e d  
r a p i d l y  upon  leas t - squares  re f inement .  Because  of the  
smal l  n u m b e r  of ref lect ions ava i l ab le  for the  hkO refine- 
men t ,  the  x pa rame te r s ,  der ived  from re f inemen t  of 
the  hO1 da ta ,  were held c o n s t a n t  du r ing  all  cycles, 
and  only  the  y p a r a m e t e r s  a n d  ind iv idua l  isotropic  
t e m p e r a t u r e  p a r a m e t e r s  a l lowed to va ry .  I nd iv idua l  
isotropic  t e m p e r a t u r e  p a r a m e t e r s  of the  form 

exp [ - - B  (sin 0/).) 2] 

were e s t i m a t e d  for the  (hO1) s t ruc tu re  factors  du r ing  
the  d i f fe ren t ia l  syn thes i s  r e f inemen t  by  ad jus t i ng  the  
values  so t h a t  a f te r  the  f inal  cycle, eo=~)¢. F ina l  
va lues  of obscrved  a n d  ca lcu la ted  s t ruc tu re  factors  arc 
g iven  in Tab le  1, and  the  f inal  va lues  of the  pa r ame te r s  
in Tab le  2. 

The  a tomic  sca t t e r ing  fac tor  for chlorine was t a k e n  
from T h o m a s  & U m c d a  (1957) and  the  factors  for 
carbon,  oxygen ,  and  n i t rogen  were t a k e n  from 
Berghuis  et al. (1955). The  f inal  r e f inement s  were 

C 1 
C2 
Ca 
C4 
(75 
Cs 
C7 
()~ 
O2 
N 
C1 

Table  "2. F ina l  atomic positional and temperature 
parameters 

x/a y/b z/c B (hOl) B (hkO) 
0"3146 0-2002 0.3082 4.25 3.59 
0.2832 0.0482 0.3875 4.25 3-59 
0.1916 -0.0914 0-3813 4.25 4.78 
[).1289 -0.0417 0.2893 4.25 5.18 
0.1613 0.102[i 0.2099 4.25 4.30 
0.2515 0.2407 0.2 167 4.25 4.11 
[).41 [)3 0.3421 0.3113 4.25 3.92 
0.342s - 0.0012 0.4736 5-0[) 6.09 
0.559 l 0.4344 0.3774 5.00 4.66 
0.4713 0.3032 0.3863 5.0[) 4-06 
0.0819 o. 1535 0.0958 4.5[) 5-37 

carr ied out  
d i f fe ren t ia l  
d imens iona l  
p rog ram of 
(1958). 

wi th  an IBM 650 using Shiono 's  (1957) 
syn thes i s  p rogram modif ied  for two- 
pro jec t ions ;  and  the  leas t -squares  LSI I  
Scnko (1957) as modif ied  by F i t z w a t e r  

A c c u r a c y  

The f inal  r e l i ab i l i ty  factors  [R=Z( jFo~i - lFc]) /Z fFol]  
were 0.144, inc lud ing  36 unot)served ref lect ions out 
of a possible 233, for the  hO1 zone" and  0.144, inc luding  
12 unobserved  ref lect ions ()lit of a possible 72, for the  
hk() zone. O m i t t i n g  the  unobse rved  reflect ions,  R =  
0"113 and  0.110 for the  hO1 zone and  hkO zone, respec- 
t ive ly .  The  s t a n d a r d  dev ia t ions  of the  x and  z param-  
eters  were e s t ima ted  t)y Cru i ckshank ' s  (1949) method"  
the  s t a n d a r d  dev ia t ions  of the  y p a r a m e t e r s  were 
ot) ta ined from the  leas t - squares  t r e a t m e n t .  There  was  
l i t t le  difference among  the  a toms,  and  a(x )=  a (y )=  a(z). 
The average  values  are g iven  in Table  3, and  the  
s t a n d a r d  dev ia t ions  of the  bond  lengths  in  Tab le  4. 

Tab le  "3. Average standard deviations of atomic 
coordinates 

~(x) = a(y) = a(z) 

(7 (7 
(:i-~ 0.011 fir ,N 0.010 ./tk 
()~,2 0.009 CI 0-003 

D i s c u s s i o n  

The mean  p lane  t h r o u g h  the  carbon,  chlorine,  and 
phenol ic  oxygen  a toms  was ca lcu la ted  by  the  least-  
squares  m e t h o d  of Schomaker  et al. (1959), and  the  
equa t ion  of the  p lane  is: 

- 4-96919X + 3.30053 Y + 4 . 6 3 4 4 2 Z -  0.534698 = 0 ,  
2 (1) = 2.30 × l0  -a. 
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The average  dev ia t ion  of these  a toms  f rom the  p lane  
is 0.018 ~,  so t h a t  the  molecule  is essent ia l ly  p lanar  
excep t  for the  ni t rogen,  which  is - ( ) .086  .~ out  of the  
plane,  and  the  ox ime oxygen,  which is -~).130 ~ out  
of the  plane.  The d e p a r t u r e  of the  ox ime group f rom 
the  p lane  can be accompl i shed  wi thou t  d i s to r t ion  t)v 
ro ta t ion  abou t  the  C~-Cv single 1)end. 

Table  4. Bond lengths and angles 

Bond Length ¢7 Atoms Angle 
CvC 2 1-379 A 0.017 A CT-N-O 2 113.9 ° 
C2-C a 1"412 0.017 C1-Cv-N 120.0 
Ca-C 4 1.428 0.015 C~-C1-C 7 124.7 
C4-C s 1-375 0.016 C1-C2-O 1 120.4 
Ca-C 6 1"390 0.016 C6-C1-C 2 119.8 
C6-C j 1.421 0.016 C1-C2-C 3 123.1 
C1-C 7 1.474 0-016 C2-Ca-C 4 116-0 
CT-N 1"237 0.0]6 Ca-Ca-C a 120.3 
N-() 2 1-385 0.013 C4-Cs-C e 123"0 
C2-() ~ ]-345 0"015 Cs-Cn-C ~ 117.4 
Cs-Cl 1.777 0.012 C4-Ca-CI 119.2 

c3q 
1" 41 2~ 

I " 3 /  
O~ 

CI 

1 "375 ~1 "390 

21 
1.379 C(~74 

a7 

o2 

Fig. 2. Bond distan(.es. 

The in t r amolecu la r  bond  dis tances  and  bond angles 
are g iven  in Table  4 and  in Fig. 2. The  t)ond lengths  

are all normal  an(l compare  reasonably  well with those 
repor ted  in previous  s t ruc tu re  de t e rmina t ions ,  except  
t h a t  the  C = N  (listance appears  to be a l i t t le  short.  
Some compar isons  are m a d e  in Table  5. The  average  
value  of the  benzene car l )on-carbon  d i s tances  is 
1.40l .~, and  the  average  angle is 119.9 °. 

The in t e rmolecu la r  d i s tance  of 2.828 z~ for the  
0 , - 0 "  indica tes  tha t  molecules  join in pairs t h rough  
hyd rogen  bonds  to form dimers ,  wi th  two h y d r o g e n  
bonds  for each dimer .  The 3-420 A C]-CI d i s tance  
be tween  two d imers  is a normal  van  der  Waals  sum. 

The au thors  are grea t ly  i n d e b t e d  to the  R o b e r t  
A. Welch  F o u n d a t i o n  of Hous ton ,  Texas,  for suppor t  
of this  inves t iga t ion .  
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