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The Crystal and Molecular Structure of 2-(2-Pyridylmethyldithio)benzoie Add 
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2-(2-Pyridylmethyldithio)benzoic acid, an active antiradiation drug, crystallizes in space group P212121 
with a= 15.090, b= 11.359 and c--7-371/~ (all + 0"003 A) and Z=4. The structure was readily solved 
by use of a known partial structure (the two S atoms were located in a Patterson map) in conjunction 
with the tangent formula. The molecular geometry can be compared to a clamp with the two rings 
nearly parallel to each other and the - C H z S S -  linkage acting as a hinge. The -CSSC- group is in the 
peroxide configuration. The molecule is not in a zwitterion form in the crystal. Diffractometer data 
were refined to an R index of 0.044. 

Introduction 

2-(2-PyridylmethyldithJo)benzoic acid, 

S--S--CH2 

N 

COOH 

is an active antiradiation drug. It gives good protection 
against the lethal effects of ionizing radiation (Field & 
Kim, 1966). This investigation was undertaken in order 
to determine whether the structure of the molecule 
could be correlated with its antiradiation activity. Of 
particular interest was the possibility of the existence 
of a zwitterion. In addition, the configuration about 
the -S -S -  group has been of continuing interest in this 
laboratory. 

Experimental 

Crystals suitable for X-ray study were kindly provided 
by Dr L.Field of Vanderbilt University. A crystal 
mounted parallel to the c axis was examined on the 
Picker automatic diffractometer. The space group and 
physical constants for this material are listed in Table 1. 
Intensities were measured by the 0-20 technique with 
a 1 ° scan over 0. The background was recorded on 
each side of each reflection and a reflection was con- 
sidered to be unobserved if the total count was less 
than 1.2 times the background count. Reflections were 
measured to 20~ 133 ° (sin 0/2=0.595). Both hkl and 
hkl were recorded and their intensities averaged. A 
total of 1286 independent reflections were collected, 
of which 1236 had intensities assigned greater than zero. 
The readings were corrected for Lorentz and polariza- 
tion factors and structure factor magnitudes IFI as well 
as normalized structure factor magnitudes ]EI were 
derived. 

* Present address: Juniata College, Huntingdon,  Pennsyl- 
vania, 16652, U.S.A. 

Table 1. Physical constants for 
2-(2-pyridylmethyldithio)benzoic acid 

Mol. formula C13H11NO2S2 
Mol. weight 277-37 
M.p. 176-178 ° dec. 
Habit Slender prisms 
Crystal size ,-,0.1 × 0.I × 0.5 mm 
Space group P212121 
a 15"090 _+ 0.003 
b 11.359_+ 0.003 
c 7"371 _+0"003 
Z 4 
Vol. 1263.5 A3 
0 calc. 1.458 g.cm-3 
2 (Cu radiation with Ni filter) 1.5418 A 
No. independent reflections 1286 

The positions of the two S atoms were readily located 
from a n  [E[ z -  1 Patterson function. They were used 
as a known partial structure for the application of the 
tangent formula (Karle & Hauptman, 1956), 

~F (EkEh_k) sin (~0 k + rph_k) 
k 

tan ~o h = E (EkEh_k) COS (~0 k-k- ~Oh_k) ' 
k 

(1) 

in a recycling procedure (Karle, 1968). Structure fac- 
tors based on the two S atoms were computed and 
phases were accepted for input into equation (1) if 
both [Elobs > 1-5 and IF]tale > 0"25[F[obs for a particu- 
lar reflection. From these initial phases, additional 
phases for reflections with [El > 1.1 were determined 
with the use of equation (1) and used in computing 
an E map. In this E map, all the remaining atoms in 
the molecule (except hydrogen atoms) were clearly 
resolved. 

Coordinates of the atoms as obtained from the E 
map were refined in a full-matrix least-squares proce- 
dure, first with isotropic thermal parameters to R =  
13.2% and then with anisotropic thermal parameters 
to R = 6-7%. A difference map computed at this point 
revealed the approximate positions of the eleven H 
atoms, Fig. 1. Additional least-squares refinement in 
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• ~ .~  e . a  : . , ~  

r Z5.1 :~.9 : .57 

~ . .  9.:., .73 
~,., ~,.v - . ~,-, 

c o~. - ~(,.6 - , . : (  

? 9 . •  ~ . 5  '~.'O 
': : ~ . ~  t7 . '~  '~.~7 

?. ~ c.z , . : ~  

9.? 7.6 S.tS 
? :~.~ : ? . 9  . r , . ~ n  

3 6 . .  ' ~ . 5  > . S :  

9.~ 9 .9  . t  . ~ (  
:s .~  ~ z . *  ~ . ' ~  

6 

: 3 7 . s  SS.~ 0.93 
; 3 3 , ^  ~ ? . e  .t . ~  

z ~..., . 9 . ;  . ~ . : ~  

r 5~.~ ~2.~ -~ . , , ,  
: ] . ~  :,.7 . > . , ~  

:~ ' .7  t•.? - ~ . 7 6  
~ .~  ~C.O > . '~ '  

" : . 2  . ^ . ~  

" L ' : ;  . . . . . . .  " 

~d . ,  , t . ~  . ~ . ~  
> ~ , . 7  ~,:.1 1.17 

; r . ,  1 : . ?  r , . ~  
4 9 .~  9 . z  . : . • 7  
5 ~ . :  , ;~ .~  - : . ~ 3  

• 6 

, . . 6 . 4  ~ 6 . 6  % , . 7  
, ~ . ~  , e . ?  . P . c 6  

~ . ; ,  7 .7  o..:'6 

.0 o . o :  

; . •  * I~.6 O.o? 
~,~ ~ ,~ , 5 . 6  ? ,69  J 

, : ~ ,~  '6.0 . 7 . ; "  
• . ~ . ~  ( , .6 ; . ~ p  

• .~ 9 . c  1 . ,~  

• . h . 7  ~z .3  °7 .5 :  
t ~ . •  : 7 . ?  n ,~6  
: ~,. (, 1o .?  ? . , ,e  

• : . 2 . 5  ,~?.7 . : , 97  
": ~ . -  9 .6  . 1 .  ",6 

~ .~  5 . ,  . : . : ~  

^ 9 L 

2 :~0.;  . ? . 6 ~  
s : r . :  9 . ?  . 0 . ' 9  

; , . ~  ~ , ~ . , . ~ 6  

:o  L 

• :~ ~ u ~ ~ ~ 

2~, ~ : 7 . 9  1 .~: 

. :  ?.9 .:.nc 
• . ;  • .6  .~ .64 

, . ~  5 . 9  ?. 
, : ) . ~  : 9 . 3  . 1 . , 6  

~.I 3 . 9  ? . 7 3  

^ :p ;. 

- : . 5  3 .~ *  
. ~ . 6 9  

7 0 L 

~.o  o .o  
5 .3  5 . *  : . b 7  

:5.~ 16.7 .~.57 
• ~ .~  9 .7  o ,oo  
,': ~.* 9 . 3  :.57 

~ .1  6 .6  - 3 . ~  

n . ^  o.e -o.oo 

7 : L 

to. ̂  :o.6 1,57 
: 46.) •?.o -:.:? 
? 

,~e.:, ~6.? -?.oo 
~.7 7.9 n.~o 

zo.', :o.6 -o.31 
,, '.~.~ :?.6 0.79 
? 

• . ~ .,, ,7.3 o:.57 
• . ~.9 ~).? o.61 

, : . ~  'C.6 .?.53 

t?., :o.2 0 .97  
5 :'%.S :3.~ -2.05 

~ : . ?  ~9.Z . 2 . 9 5  

2 : : . '  ' : : )  . . . .  . ,  O.Z9 
5 ~ . 7  ~ . o  - o , • 6  

I?.6 : 3 . 2  . 2 . 9 9  
7 p . ,  9 .5  . ? . 7 7  

? ~ L 

5~ .6  56 .6  : . 5 7  

,~ .~  P9.7 0 ,37 
• 2 7 . ~  ; 6 . 3  . ? . 7 6  

z l . ,  1Z.4 2 . 3 8  

, : 4 ,~  I ' ~ . 9  .o ,~e  

: , . ~ ,  : ~ . o  ? .67 
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4 16.0 15 .5  6 .16 
5 11.2  11 .8  3 ,03  

3.7 4.3 ?.37 
7 5,O 6.1 1o.?? 

7 o L 

s .n 3.1 .1 .57 
1 24.5 ?4.5 *2 , •6  

21.8 21.3 0.56 
14 .3  13 .8  • 3 . 0 7  

4 24.9 ?4.3 2.15 
5 5.4 4.n 2.96 
6 lO,1 10.9 10.~5 

? 7 L 

0 15.~ 14.3 .1 .57 
1 24.6 ?5.4 =2.?7 
? 23.R 72.7 2.80 
3 2e.O =0.1 .~.S2 
4 10,6 I0 .0  .0 .94 
5 0.0 0.3 • .~6  
6 lO .~  11.1  .0 .73 

7 0 L 

o 1.5  0,5 1 .57  
1 36.0 36.7 10.18 

70.7 29.2 O.Ol 
3 ?.0 7.0 2.46 
, 6.O 4.7 .0 .40 
5 o.? 8 , 6  =1.59 

6.9 ~,o o.s? 

O 13.1  13.3  1 .57  
l e , 7  t e . 2  0,97 

? 33.4 33.7 0.60 
.~ 3.5 3.~ , 0 , 1 4  
4 7.o 8.4 .2 .97  
5 7..~ e.2 .2 .~8 

7 lO L 

n 7.4 0.3 . : . 5 7  
1 16.9 17.? 11.84 
? ~.~ 4.6 1.24 
3 %? e.e , ? . 5 9  
4 5.7 6.5 . 1 , 4 4  

7 11 L 

o B.4 9 .2  1 . 5 7  
1 10.8 11.7 1,14 
2 9.7 •0 .3  ?.71 
3 ~ . I  0.9 , S , 7 S  

7 12 L 

o 2o.2 71 . ,  . • . 5 ?  
i •1 .7  12.3 • .??  

8 o L 

o 28.9 77.1 o.oo 
• 36.A 37.e .1 .57  
? 19.~ 19.0 3 .16  
3 47. t  40.0 1,~? 
4 7 . B  8 , 0  . 3 . • 4  
s 10.2 10.2 1,57 

o.o o.~ Io.oo 
7 1.5  3.5 1,57 

O 1• ,9  ~2.2 , 3 , • 4  
1 17.~ •7 .5  0.4e 
2 13.6  12.1 .0 .15 
3 1 5 . "  14 ,6  3 .01  
• 3O.9 30.? .0 .53  
5 4.2 3,9 • ,36  
6 7.8 7.6 2.O2 
? ?.3 0.1 o0.97 

0 ? L 

o 54.O 51.6 o.oo 
4o02 39.0 ?.oo 

2 24.9 74.1 1.4o 
3 19 .8  •3 .?  .0 05 
4 30.2 24.9 ."..7O 
5 70,7 20,9 a1.00 
~. ~.2 5.8 .o .00 
7 7.2 ?.7 ?*76 

3 ~. 

41." •1 .6  o.oo 
1 33.6 33.6 o.24 
2 2o.9 19.e .2 .~2  
3 23,? 72.1 11.1o 
4 15 .3  13.0 , ? . 4 9  
6~ 17.7 17.6 3 ,13  

B,4 ? . 8  =0,53 
7 ~ ,4  6 .2  i~..93 

O 4 L 

o 609 6,~ 3.14 
I 39 .6  37,1 +?.06 

15,4 15.4 , 1 . 0 3  
3 8.4 7.4 . 0 . ? 2  
4 0.O 1.e 0.13 
5 1 .9  4 .1  0.81 
6 16.? 16.3 1.97 
7 4.n 3.9 .2 .64 

5 L 

o •5 .9  14,7 n.oo 
• 47 .8  4 0 . •  2.77 

? 20.6 21.2 .2 .75  
11.e ~1.0 . 3 . • 3  

3.? ?.? .2 .~4 
5 20.4 70.1 0.57 

9.3 e.7 .0 .43  
7 6 .3  6 ,0  1 .41 

8 8 L 

o 24.9 73.4 .3 .14 
1 7,7 8,6 .* , ,93  

31,0 30.3 t.li 
9.6 9.5 1 , • ?  

4 7 . ~  6 . 8  .0 .13 
1 " . 3  • 4 . 2  • . 7 O  

4.9 5.2 2.34 

~. 10.8 9.2 =3.14 
1 12,? ~.2.3 ,2 ,41 
? 3 .4  3.? ~.53 
3 9.? 8 ,3  , 1 , • 4  
4 22.3 20.9 •.25 
5 11.o  ' .?.3 .? .40 
A 4.3 4,9 =?.69 

o ?~.7 20.2 =3.•4 
I 34. 4 34.5 1.23 
2 1X.9 ~4.2 ==,71 
3 7437 74.4 01.44 
4 ~ , 2  7 . 3  3 . 1 1  
5 ~.? ?.3 ~=.04 

9.~ 0.7 13.14 
11.6 11 .~  1.23 

4 , •  3.O ==.05 
?=,6 27.5 0.43 

4 1 ~ . ~  1 0 . 4  = . 3 4  
3 ~.4 e . 7  =~.09 

o 1.~ o.6 =:+.14 
1 1~.9 16.1 =~ 23 
2 ?.~ 7.7 c~.10 
3 %5 5.O t . 7 o  
4 ?.7 7.7 ~.73 

11 L 

0 14.0  14.5  . 3 . 1 4  
7..~ 6 .7  ==.52 

14,1 •6 ,9  0,15 
8,3 9.0 =.14 

12 L 

o 5.1 4.0 =n. O0 

0 n.o o.o 
6.9 0.2 ~.57 

2 4~.0 42.? ~.00 
3 12.6 1 2 . 7 : 1 . 5 7  
4 0.1 e.? =X. la  

73.6 23.S = i .57  
~.8 1.8 O.O0 

7 7.~ 7.e = ; .5?  

9 ~. 

o l n . 9  10.2 ~.57 
1 11 .3  11 . e  ==.97 

37.1 37.? n.44 
78.7 27,6 .0 .30 

4 7.0 6.7 1~,66 
5 ~.1 9.0 3,12 
6 ~.~ 3.O X,12 
7 3.1 3.O =.60 

9 2 i. 

o 12 ,9  17.?  1.57 
1 3 1 . ?  31.1  , + , 4 0  
? I ~ . 7  • 1 . 9  0 ,03  
3 1.~.6 •5.1 , = , 9 1  
4 2 = . 4  1 9 . 6  1 1 ' 1 4 0  
5 I~.5 16.2  t . 1 5  
6 s.~ 5.3 .~ .50 
? ~.o o.2 ~.61 

9 3 

o ~.o • . 3  .~ .57  
1 33,0 32.2 ~.20 
2 14.5 13,9 n.85 
3 19.7 19.3 =.54 
4 17.= •4 .8  . 3 . 1 1  

~ .~  ? . 0  . ~ . O ?  
1x.o |4o7 .~ .30 

? 7 . ?  ?.6 n.64 

9 4 L 

O 37.9 37.3 .~ .57  
1 ~..~ 7.5 ~.33 
? • 9 . ,  •e .5  1.62 
3 4.7 4.2 n O4 
4 21.4 21,1 • . 0 7  
5 10.3 lO.1 =n.20 
6 ~,n 3,2 1.40 
7 4.3 4.3 .=.90 

9 5 I 

o 11.B 11.4  ~.57 
9,9 •o .e  1.67 

l n . I  10.5 an.9? 
3 1~.5 13.3 =h,74 
4 13,? 15,1 3,03 

6 ~.4 8 .5  0,93 

9 6 L 

3,O 1.o ;~.57 
1 16;P 15.9 ~ ,73  
2 •6.fl 15,6 ==.80 
3 17 .?  • • . o  ~=.47 
4 19 .9  2O.9 ~ . 6 7  
5 ^ .P  7 .1  =1.04 
6 ? . 2  6 .8  ~=.47 

0 ~.O 1 .5  ~ .57  
1 ?• .7  21.2 . n .20  
2 lO.1 18 .4  .~ .25  
3 2? .=  71 .9  3 .0~  
4 3 . •  2 .7  . = . 1 0  

l n . 5  10 .5  e . 9 1  
6 7. : '  e.e =.1o 

e i. 

o 17.~ •3 .3  .~ .57  
1 ~.1 5.9 =.77 
? 7.6 ?.3 .= .83 
3 ?.8 ?.5 .1 .57 
4 o.7 9,6 q . 9 9  
5 1~.? 17.3 ~.09 

9 9 

o ~.o 1.4 1.57 
• 1 4 . 4  • 4 . 5  •:~. O0 
? ?q.? 20.9 1=.80 
3 ~ . ~  15.4 =.33 
4 0,9 9.1 . n . 0 4  

o so i 

o 13.9 13.6 s .o? 
1 23.6 24.3 =.07 
2 ~.7 6.6 *=.O0 
3 14.2 14,9 ~,77 

o 81 L 

0 4 .4  4 .3  =~.57 

Table 2 (cont.) 
I 6,? ?,4 :? ,?7  
? 5 .0  6.5 0.72 

1~ o 

3.o s.o .3.14 
34.6 34,O 1,57 
17.? •3 .4  =n.no 
76.8 77.9 ~•.~7 

4 7,1  7,3 n,O0 
5 O .8  0 . 3  1 , 0 7  
6 3,5 4 . ?  ~.oo 

~.o o.7 11.57 

8 ?.8 2 .7  =3.14 
1 11 ,~  12.0 =~,60 
? 6,8 ? . 1  =e,77 
3 11 .o  71 .5  e , 8 6  
4 • , . ~  14 ,8  , . . 7 7  
5 4.? * , 7  =1.33 
^ 1.4 3.1 ~ . 6 7  
7 0,'1 9,3 .? .?5 

lO 2 L 

37.9 3 0 . 1 : 3 . 1 4  
~.3 8.9 =I ,34 

2 2~.0 23.3 ==.37 
3 4.6 5.0 =.7O 
4 6.4 6.9 = 3 , n 2  
5 7.1 7.9 1,26 

8.7 0.e 11,99 
7.S 8.7 -~ .'Je 

lO 3 L 

o 41.6 39.3 13.14 
1 l e . 3  18.6 13.10 
? 21.2 27.0 n,75 

14.1  15.1  1.90 
11.o lO,? 0.07 

5 l o . n  . 10.1 =8.O4 
6 14,7  14 .5  ==.88 

• o 4 L 

o 1,? 3,3 =~.~0 
1• ,?  12.3 n.46 
10.6 10.7 1,63 

3 4.B 4.3 2.48 
4 11,3 1 2 . 0  1 . 1 3  
5 5,5 S,9 I.~4 
6 12,3 13,6 = X . 1 9  

lO 5 L 

o 8,• 6.2 =3,14 
• 29,3 30.1 =n.47 

14.6  *4.9 10.15 

3 lO.O 0.4 ~,63 
4 • • . 0  • 1 . 0  =1,35 
5 10.9 11,0 =2,84 
6 3.7 5.0 0,92 

10 6 L 

27,8 2~,7 O.00 
1 ?,~ 7,3 =?.0? 
3~ 29 ,4  29 ,5  =1.32 

?,3 3.3 3.07 
4 ~ . 4  9 . 9  1 . 1 6  
3 )15.0 16.4 =t,64 
6 5.3 5,4 1,76 

• o ? ~. 

o 13,7 11 .3  o.oo 
6.3 6 ,2  ~I .oo  
9.6 9.1 1 .76  

• 14.0 14.6 =3,02 
4 19.0 20.O =2.?7 
5 o.o 0.9 n,75 

lO 3 L 

o 7.4 7.5 o ,oo  
17.4  •12.3  = • . 6 5  
11.o 11.4 t .94  

3 20.O ?O.5 1.44 
4 701 7.4 a l .74  

1~ 9 L 

o,o 1.3  13.14 
11.5 12.1 0.17 
?.o ?.9 11.1J5 

3 •S ,O  15.7 =•,03 
4 •?,2 • ? , 7  n,12 

lO IO L 

O 1,4 2.0 ~,00 
• .5 9.8 .3 .10 
9.0 e.6 =.oe 

3 lO.O 11 .4  11.94 

lO 11 L 

o 11,1 12,3 o.oo 
I o,o 1.1  1.50 

11 o L 

o,o o.o 
4.3 5.3 1,57 

? t , 4  1.5 =0.O0 
3. 13.6 14.6 =1.57 
4 6.8 6.3 o.oo 
3 5.7 7.4 • .5? 
6 3.? 4.0 =3.•4 

11 1 t 

o 9.1  9.2 .'1,57 
11,3 12.2 1,60 
37,0 37.1 17.39  

3 ?6,R 7 7 . 5  ~ , 4 4  
4 • e , ~  t O . 0  = ~ . 0 7  
5 ^ ,e  6.? n.35 
6 13.1  11 .3  0.56 

1• 2 L 

0 4,8 6.6 s ,57 
1 31.~ 33 ,0  i,o? 
? 13 ,3  14 .1  =2.90 
3 14,8 •3 .9  n.9o 
4 16,5 13,? ? , ~ o  
5 3,0 3.5 01.80 
6 o . •  9 ,5  -2 .19 

11 3 L 

o 9.8 lO .1  1.57 
• 1837 10.4  =1.92 

l t . 3  12.e 1.oo 
13,9 •4 ,2  =O.02 

4 71 . ,  17.9  ~..80 
. • •3 ,4  !+ .7  n.m+ 
e ?.n 7.6 2.+o 

11 4 

[' 46,0  4 b . I  1.+7 
I •  .? 11.7  o6.~= 
14.3 I;~.0 -?.=5 

9.S !0 .5  -a .~6 
6.0 .0.e5 

? . ~  8,3 .? .73 
7.1 

13.0  14.6 1.?~ 

I t  5 t 

16.? 17,9 on,7~ 
? 1o.4 9.7 2.~C 

11.1  11 .6  - ? . I ?  
4 +.8 to .2  1.19 

9.4 1o.5 .3.om 
8,8 e.o .= .~? 

1• 6 t 

o 0 .5  9 .3  - 1 . + ~  
1 20.4 ~0.3 -1.58 

9.? •0 .4  - n . , +  
8.2 8.7 o.n4 

4 +.m 0.7 1 . 3 ~  
• ~ 7.m 7.2 1,78 

18 7 t 

o 10,8 •1.5 ~ .57 
12,? 12.9 2.~o 
13.n 13,6 2.64 
14.9 15 .6  0.n9 

4 9 .7  9.7 -0 .84 
8,0 e ,z  •~ .sn  

11 6 t 

o o.t) 0.9 -1.57 
1 12.3 12,5 -o.P~ 
? 11 .9  12.4  n.3n 
3 9.7 10.7 1.83 
4 4 .~  5 . 6  - • . a m  

11 9 t 

e 4.9 4.2 . t  .,,7 
6.m +.3 .2 .65 

16.~ 17.7  n.~o 
3 lO.~ 10.7 *n.  Rr; 

11 1o C 

c 0.9 9.4 . 1 . 5 7  
• 14 .~  12.2  -1.12 

2 6.^ 6.e 2 .n ,  

12 0 L 

o.o 6,7 -3.24 
73.7 73.5 .1 .57 

9,4 9.7 oo.oo 
16 .3  10 .6  1.57 

4 14.4 14,7 - 0 . 8 ~  
5 16,1  10.7 o l . 57  
e 4.,~ 5 , ~  , 3 . ~ . 4  

12 1 t 

0 68 ,1  A9.1 o3.14 
12.1 l Z . 4  1.1'~ 

? 32.3 32,9 3.06 
23.4 ;.4.3 -2 .39 

4 10,~ to.o -n .~7 
5 ?.1 6.7 °+.?m 
e 3 .7  4.4 -=.02 

12 2 t. 

c 33.1 32,7  o,oo 
1 5 . ,  5.4 -o .7+ 
2 3 7 . •  38.3 1.53 
i s . ?  s . 4  o.o+ 

1~ .3  • s . 4  . ? . 8 1  
8.? 6,6 o=.~3 

6 3.6 3,~ .1.1,1 

1 2  3 L 

0 27.+ 2~ .3  .%00 
1 14,6 15.1 *0.49 

l ? . q  18.6 -Z.16 
1 7.8 e . ,  -0.3~ 
4 6 . ~  7 . 4  1 . 6 8  

6 .5  0 . ~  

17 4 t 

~. 6.~ o,o 3.14 
1 14.6 14.8 - ? . 0 1  

1.~ 2.3 .1 .0~ 
3.7 3.7 o?.20 
1.4 '-.9 - • . : o  
o,¢ 0.6 .o,nn 

17 5 L 

o 3o.? ~7.5 o.~o 
1 17.5 17.1 2.70 
; 11.1 • o . ?  ?.15 

: . 4  2 .~  - 1 . 0 3  
4 3 .+  + .~  +.m2 
5 6 .+  " ? .1  - n . 3 ~  

I? 6 t 

o 23 .9  ~1 ,7  - 3 , •<  
I 19 ,q  ~1.4 I.n3 
2 6,s 5.3 1.oo 
.~ ?,~ 8.4 -o.=? 

• o,• lO,4 .1.43 
s 7.• 7.7 ?,~3 

I? 7 L 

c 9.5 ~,8 -3,14 
1 12,9 13 .3  1 .P, 
~. 7.3 ~ .1  -1.77 
," 1o.? 11.3 0.~3 

~.3 ".9 ..9~ 

I? o t 

7.4 7 . 5 0 . O q  

~.5 ~.1  o.~1 
3.+  3 .9  - 1 . + +  

1 15.4 l b . 7  -1.34 

12 v L 

o 1.4 ; , 3  o,on 
1 10.8 11 .6  .? ,55  

p.6 ?.7 0.44 

12 10 t 

n 9.1 9.8 .3.14 

• 3 0 L 

o n.o o.o 
1 :4 .3  15.1 -1 ,57 
2 51.4 53.6 o.oo 

~.o ~ .5  1.51' 
4 7 . 4  7.3 0.00 
5 2,4 3.0 =1,67 

13 . 1 L 

18.7 18 .1  1 .~7 
• ?.~ ?.9 -0.32 

4.~ 4.0 2.66 
l s . o  16.3 0.17 

4 ZT ,?  1 6 . 3  - ? . 4 2  
5 9,+ 9,3 2 . • 1  

13 2 L 

o 21.~ 21.1 -1,57 
• ~1..~ 22.? .0 .96  
2 18 .~  19.2 2.71 

5 ,+  6.4 -?,27 
4 4.0 3.4 ? . 0 7  
5 ~..n 2.0 0,08 

• 3 3 

0 14.1 10.4 .1.57 
1 S.~ 0.8 1,43 
2 • 10.t 11.+ ?.01 

.I.3 5 . 1  3.10 
4 25.5 71.3 2.13 
5 lP .~  l b . 6  -2 ,35 

13 4 ~. 

0 3e.3 39.3 -1.57 
• 13 ,1  • 3 . 6  2,57 
? 4 .3  5 .0  . 2 . n l  
3 4 .1  4 . ?  0.06 

• .? 4.4 "0.19 

13 5 L 

O 0 .2  ~ .3  1 .57 
• 15,? 16.4 3.17 
? I..0 I+.3 -0.76 
3 3,? 3.6 3,01 
4 12.5 •2 .7  .2 .16  
5 6.9 7,4 0 ,13  

13 6 C 

o 15.6  14 .?  1 .57  
1 16.? • 7 . 2  1.49 

9,~ 10.2 O,95 
11,5 11.5 2.01 

4 6 .9  8 .7  - I . 1 8  

13 7 L 

o 1,6 0.9 .1 .57 
1 X l .?  11,2 .0 ,11 
? 7.4 7.5 0.16 
3 12.4  12.7 2,59 

~3 O L 

0 3,8 4.2 1.57 
1 ~l .O ~0,9 2.73 
2 17.4 ~3.1 3.07 

13 9 L 

C 4 .9  4 .7  . 1 . 5 7  
I 1.3 3.4 0.97 

14 o t 

o 27,2 20.5 13,14 
1 38.4 30.5 1.57 
2 19,5 19.6 -3.14 
3 10,8 12.5 .1 .57 
4 6.6 6.0 3,14 
5 o.o 0,6 .1 ,57  

1,  1 t 

o 1 ,8  2.3 .3 .14 
• 6,2 ?.3 =2.06 

3 1 6 . '  17.1 0.67 
4 6.0 6.6 0.60 

5.n 5,0 0.09 

14 2 L 

4.1 ~.0 o3,14 
5,3 5.~ .2 .23 

? 16,g 10.4 •o.~0 
3 4.1  4.5 .2 ,80 
• 1 6 . 5  • 4 . 9  .0 ,32  

+,4 7.1 1,75 

14 3 L 

0 5 .+  5 .5  - 3 . 1 4  
1 10.~  10 .6  -2.m6 
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which  the coord ina tes  of  the h y d r o g e n  a toms  were 
var ied as well as the  coord ina tes  and  the rmal  param-  
eters of  the heavier  a toms  reduced  the R index to 4 .9% 
for  a weight ing  of  uni ty and  4 .4% for a weight ing  
func t ion  based on  coun t ing  statistics. The  func t ion  
m i n i m i z e d  was Z" w(I Fol- I f  el) 2. The weight ing  func t ion  
w = 0  for Fo=O, w = 0 . 9  for 0<lFol___ 15.0, and  w =  
14"O/IFol for IFol > 15.0 approx imates  qui te  well to the 
weight ing  curve ob ta ined  f rom c o m b i n i n g  coun t ing  
statistics and  an assumed  1% r a n d o m  error  in each 
measu remen t .  The  b o n d  dis tances differed by an aver- 
age of  0.004 A, and  the b o n d  angles by an average of  
0.3 ° for  the two weigh t ing  schemes.  The  differences 
are well wi th in  the quo ted  s t anda rd  deviat ions.  The  
values for the a tomic  scat ter ing factors were t aken  f rom 
International Tables for X-ray Crystallography (1962). 

b/2 H(IO) 

H ( H ) ~  

H ( i 2 ) ~  N 

H(131 

H-(31 

(6) H(81) 

0 

' • H (01 

a/2 

Fig. 1. Sections from a difference map used to locate H atoms. 
The contours are spaced at 0.2 e.~-3 and start with the 
0.2 e.~k-3 contour. 

Observed  and  calculated s t ructure  factors are listed 
in Table  2. A n  e lect ron densi ty m a p  based on  the least- 
squares results is s h o w n  in Fig. 2 and  the  final coord in -  
ates and thermal  pa ramete rs  are listed in Tables 3 and 4. 

Table  4. Coordinates of  hydrogen atoms 
x y z 

H(0) 0"3097 - 0"0969 0"4066 
H(3) 0"1086 0"0055 0"2659 
H(4) -0.0226 0"1151 0"2565 
H(5) -0"0284 0"3323 0"3611 
H(6) 0.1104 0"4074 0.5777 
H(81) 0"1704 0"4095 1.1117 
H(82) 0"2411 0"2946 1"0494 
H(10) 0"0353 0.4490 1-0170 
H(l l )  -0.1187 0"3495 0.8898 
H(12) -0-1109 0.1298 0.7984 
H(13) 0.0378 0-0279 0.7747 

Standard deviation 
0"0042 0-0056 0"0095 

D i s c u s s i o n  

The geomet ry  of  the molecu le  can be best descr ibed by 
analogy to a c lamp.  The  molecu le  is fo lded in two,  
with the - C H 2 S S -  g roup  act ing as a hinge,  and  the  two 
rings are nearly parallel  to each other.  The  d ihedra l  
angle be tween  the  planes of  the two rings is 12.6 °. The  
s t e reod iag ram in Fig.3 shows the conf igurat ion.  It 
also shows the the rmal  ellipsoids. The  two rings have  very 
slightly e longa ted  ell ipsoids (a long the c axis) perpen-  
dicular  to their  planes.  The  an iso t ropy  in the c direc- 
t ion for the two S a toms  and the two O a toms  is m u c h  
m o r e  p ronounced .  

Table  3. Fractional coordinates and thermal parameters for 2-(2-pyridylmethyldithio)benzoic acid 
The thermal parameters are of the form 

T= exp [ -  (,81 l h 2 + B22 k2 q-/~3312 -'F 2ill 2hk + 2fll 3hl + 2t~23kl)], x 104 . 

Standard deviations 
S 0.0001 0.0001 0.0003 1 1 4 l 1 2 
O 0.0003 0.0003 0.0008 2 3 15 2 5 6 
N 0"0003 0"0004 0.0007 2 4 10 2 4 6 
C 0.0004 0-0006 0-0010 3 5 15 3 6 8 

X y Z fill fl22 fl33 ill2 ill3 ~23 
S(I) 0.2808 0"3026 0.6366 30 53 249 - 2 9 - 1 2  
S(2) 0"2339 0"4285 0.8102 45 39 257 - 1 0  12 -11  
O(1) 0.2521 -0.0475 0"4201 36 43 411 2 - 2 0  - 1 7  
0(2) 0.3407 0.1064 0.4582 26 54 354 - 1 12 - 1 9  
N 0.1019 0.1725 0.9055 34 46 168 4 5 4 
C(1) 0-2671 0.0654 0.4431 34 53 202 5 16 2 
C(2) 0.1850 0.1385 0.4375 31 49 164 3 12 7 
C(3) 0.1094 0.0953 0.3539 34 79 178 3 5 15 
C(4) 0-0330 0.1618 0.3454 37 102 166 9 0 10 
C(5) 0.0332 0.2763 0.4174 41 104 169 21 1 22 
C(6) 0.1088 0.3199 0.5028 40 69 202 13 18 18 
C(7) 0.1851 0.2517 0"5138 33 58 173 3 10 18 
C(8) 0"1885 0"3431 0.9998 43 69 205 - 1 0  - 7 6 
C(9) 0.1011 0.2884 0.9523 37 46 157 2 5 9 
C(10) 0.0226 0"3522 0.9517 48 60 216 12 13 11 
C(ll)  -0"0556 0.2987 0.9066 41 94 256 18 7 33 
C(12) -0.0550 0.1797 0.8577 38 101 250 - 7 - 6 4 
C(13) 0.0252 0.1209 0.8613 44 65 227 - 4  9 - 1 3  
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Bond distances and angles are illustrated in Fig.4. 
The standard deviations based on the least-squares fit 
range from 0-003 A for the S-S bond to 0.010 A for 
C-C bonds and ~0.6 ° for CCC angles. Actual stan- 
dard deviations are probably about twice as large. The 
bond lengths for the phenyl group and the pyridine 
ring have the values usually obtained for such rings. 
In the carboxyl group, the C=O and C-O distances 
have values consistent with a -COOH group rather 
than an ion; and, in fact, a hydrogen atom was found 
to be bonded to O(1), Fig. 1. The -SS-  bridge assumes 
the peroxide configuration with a dihedral angle of 
99.1 °, similar to that found in other molecules con- 
taining this type of linkage. Table 5 compares the S-S 
and C-S distances, the C-S-S angles and the -CSSC-  
dihedral angles in molecules containing the -SS-  
bridge. 

Least-squares planes for the phenyl and pyridyl rings 
are represented, respectively, by the equations (Scho- 
maker, Waser, Marsh & Bergman, 1959) 

and 

- 4 .6554x-  4.2420y + 6.4275z = 1.3671 (2) 

-2.2501x-2.8113y+7.0336z=5.6571, (3) 

where the value on the rigth-hand side is the origin- 
to-plane distance in A units. The deviations of indivi- 
dual atoms in the rings from their least-squares planes 

b/: 

S(2) G(IO) G(5) r~l G(8~ 

i ~ . ) ) ~  s(i) 

I ' 

C(13, 7~ ~ 0  (21 
C(3) ~ ~ "  l 

0 ~~o(,) ./2 

Fig.2. The composite electron density map for 2-(2-pyridyl- 
methyldithio)benzoic acid. Contours are spaced by 1 e.~-3 
except for the S atoms where they are spaced by 2 e.A -3. 

Table 5. Comparison of parameters in compounds containing a -CSSC-  grouping 

S--S--CH2 Dihedral /_ 
/ ~  ~ / ~  S-S /_CSS -CSSC- C-S 

V 2.04 A 103.6 ° 99.1 ° 1-83 A Present study 
COOH 105"1 1.80 

l l  
(C2H5)2NCS-J 2 

S 
H 

(CH3)2NCSSC(CH3)3 

L-Cystine. HC1 
N,N'-Diglycyl-L-cystine. 2H20 
S S 
] ~  (CH2)4COOH 

Reference 

2-00 103"4 96"4 1"82 
103"6 1"81 

Karle, Estlin & Britts (1967a) 

2"00 106.1 99.6 1.80 
105.4 1.85 

2.04 103"0 101 1.87 
2-04 103"8 101 1.86 

2-01 92"7* 35* 1"81 
95"9 1 "85 

* Constrained by ring closure. 

Mitchell (1968) 

Steinrauf, Peterson & Jensen (1958) 
Yakel & Hughes (1954) 

Karle, Estlin & Britts (1967b) 

Fig. 3. Stereodiagram for 2-(2-pyridylmethyldithio)benzoic acid (prepared from a computer program by Johnson, 1965). 
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are all within +0.005 ,~, except for C(4) and C(5), 
where the deviations are +0.013 and -0.011 ~ res- 
pectively. The -COOH group is not coplanar with the 
adjacent phenyl group but is twisted by 21.7 ° about 
the C(1)-C(2) bond. 

It had been thought that 2-(2-pyridylmethylthio)- 
benzoic acid was in the form of a zwitterion and that 
the zwitterion formation was important in the antira- 
diation activity of this material (Field & Kim, 1966). 
In the crystalline state, the molecule is not in the zwit- 
terion form. All the hydrogen atoms were located in a 
difference map (Fig. 1). Inclusion of the approximate 
coordinates of the hydrogen atoms in the least-squares 
refinement and the refinement of their positions not 
only improved the agreement between observed and 
calculated structure factors but also shifted the C-H 
bond lengths to more acceptable values (1.0-1.2 A) in 
spite of the presence of the moderately heavy S atoms. 
A hydrogen atom is definitely present on the carboxyl 
group and no hydrogen atom was found near the N 
atom. 

Hydrogen bonding between different molecules oc- 
curs between the -COOH and the N atom of the pyri- 
dyl group in such a way as to form a continuous spiral 

>~"~/234~.~ (2)C)../234 ~ . . . .  123/~1134 
Fig.4. Bond distances and angles. 
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Fig. 5. Contents of a unit cell. 

of molecules around the screw axes parallel to e. Pro- 
jection of the spirals on the ab plane shows a herringbone 
pattern which can be seen in the packing diagram in 
Fig. 5. 

The closest intermolecular distance is the O H - . - N  
hydrogen bond at 2.62 A. Other near approaches are 
O(2 ) . . .N '  at 3-31 A and 0(2) . . .C ' (13)  at 3.36A in 
the vicinity of the hydrogen bond; and O(2). . .C'(5)  
and O(2). . .C'(11) at 3.33 and 3.28 A, both in the a 
direction. The nearest intermolecular approach be- 
tween carbon atoms is at 3.60 A between C(13) and 
C'(4) along the e direction and between sulfur atoms 
it is at 3.90 A between S(1). . .S'(2) along the screw 
axis parallel to e. 

There are several short intramolecular approaches. 
In the pyridyl ring which is approximately parallel to 
the phenyl ring, the N atom is only 3.40, 3.42, 3.40 
and 3.27 A from C(4), C(5), C(6) and C(7), respectively. 
These separations are near the sum of the van der 
Waals radii for C and N. In molecular complexes such 
as tetracyanoquinodimethan-tetramethyl-p-phenylene- 
diamine (Hanson, 1965), acepleiadylene-s-trinitroben- 
zene (Hanson, 1966) and tetracyanoethylene-naphtha- 
lene (Williams & Wallwork, 1967), the planar unsatu- 
rated molecules arrange themselves in parallel layers 
with a spacing of 3.26-3.30 A between the layers. 
There appears to be an attraction between unlike 
molecules which overlap each other and C - . . N  dis- 
tances between layers are of the order of 3-20-3.40 A. 
The layered arrangement of the two unlike rings of 
the molecule in the present investigation (Fig.2) and 
the magnitude of the C . . .  N separations between the 
two rings suggests a similar attraction between two 
unlike parts of the same molecule in contrast to a 
charge-transfer between two different molecules in the 
molecular complexes. 
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