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The Crystal and Molecular Structure of N-(4-Bromobenzyl)isoquinolinium 
4-Dithiocarboxylate. An Adduct of N-(4-Bromobenzyl)isoquinolinium Bromide and Carbon 

Disulphide 
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The crystal and molecular structure of N-(4-bromobenzyl)isoquinolinium 4-dithiocarboxylate, a novel 
adduct of N-(4-bromobenzyl)isoquinolinium bromide with carbon disulphide, has been determined. 
The crystals are triclinic, space group P1, with two molecules of the adduct, and two dimethylform- 
amide molecules of crystallization per unit cell. Cell dimensions are a--8"435 (17), b= 10.880 (21), c= 
12.870 (25)~, ~= 113.18 (8), fl= 111.44 (8), y=83-33 (9). The structure was determined by Patterson 
and heavy atom methods, and refined to a residual of 8.5 % for reflections with I> 2a(1). The dithio- 
carboxylate group, which is planar, is inclined at 71-6 ° to the isoquinolinium ring system, and has 
carbon-sulphur bond lengths of 1"693 (10)A and 1.649 (10)~. The dimethylformamide molecule is 
also planar. The dihedral angle between the isoquinolinium and bromobenzyl ring planes is 108-5 °. 

Introduction 

The reaction of N-benzylisoquinolinium bromides (I) 
with carbon disulphide in strongly basic aqueous 
dioxane yields adducts which are 3-phenylthiazolo- 
[2,3-a]isoquinolinium-2-thione betaines (II) (Kr6hnke 
& Steuernagel, 1961; Baldwin, McDaniel, Newton & 
Paul, 1966; Newton, McDaniel, Baldwin & Paul, 
1967). 

CH2 

s 
(I) (II) 

In studies directed toward understanding the mech- 
anism of the cycloaddition process Baldwin & 
Duncan (1971a, b) subjected a series of N-benzyliso- 
quinolinium salts to the above mentioned reaction con- 
ditions and isolated a number of representatives of a 
new class of adduct, not previously examined. 

Initial studies of the new adducts by mass spectro- 
metric and by spectral techniques did not lead to an 
unequivocal structure determination, and it was 
therefore decided to resort to an X-ray analysis. The 
product chosen for the X-ray structure determination 
was an adduct from N-(4-bromobenzyl)isoquinolinium 
bromide ( I ,X=4 ' -Br )  and was found to be an N- 
benzylisoquinolinium 4-dithiocarboxylate. The sche- 
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matic formula of the new adduct, hereafter referred to 
as NBID, and the numbering used in this study, are 
shown in Fig. 1. 

Experimental 

Crystals of NBID, grown from N,N-dimethylform- 
amide-acetonitrile were deep-red laths of variable 
habit. Weissenberg and precession photographs 
revealed no symmetry axes, and the triclinic unit cell 
with parameters given in Table 1 was therefore 
adopted. Using the assumed molecular formula and 
the observed density (Table 1), the number of mol- 
ecules per unit cell was calculated to be 2.5, which was 
clearly impossible. Since the chemical data available 
at the time ruled against a substantial error in the mo- 
lecular weight, the cause of this discrepancy was not 
obvious, and in fact it was subsequently shown that 
the unit cell also contained two molecules of dimeth- 
ylformamide (DMF),  the crystallizing solvent. 

Table 1. Crystallographic data 

Unit-cell dimensions a =  8.435 (17) A 
b =  10.880 (21) 
e =  12.870 (25) 
~=  113.18 (8) ° 
fl= 111-44 (8) 
y= 83.33 (9) 

Vc= 1010-1 /~3 

Space group PI  
Two NBID and two dimethylformamide mole=ules per cell 

Density (calculated) 1-471 gcm- 3 
Density (observed) 1.469 (5) g cm -3 
Absorption coefficient (Mo K~) 23.5 cm-1 

The lattice constants were determined by centering 32 reflec- 
tions and subsequent least-squares refinement. In this and in 
all tables the standard deviation in the last place is shown io 
parentheses. 
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An init ial  set o f  da ta  including the levels Okl t h rough  
4kl  was collected by eye-es t imat ion of  Weissenberg 
p h o t o g r a p h s  t aken  using Cu K~ radia t ion .  This  
sufficed for the init ial  s t ructure de te rmina t ion ,  but  was 
subsequent ly  d iscarded in favor  of  a more  accurate  
set o f  da ta  col lected with a card-cont ro l led  E n r a f -  
Nonius  three-circle d i f f rac tometer  opera ted  in a 0-20  
peak  scan mode.  

Fi l tered Mo  K0~ rad ia t ion  (2=0 .7107  ~ )  was used, 
da ta  being collected to sin 0/2 = 0.66 .~-1, i.e., equiv- 
alent  to the observable  l imit  for  Cu K~ radia t ion .  
Tota l  coun t ing  t ime per reflection was abou t  50 s. Of  
a possible 4042 reflections, 2683 were observed to have 
I>2o-(1).  The  crystal  used for da ta  col lect ion meas- 
ured  0-15 × 0-30 × 0-6 mm,  the long d imens ion  being 
a long  the ¢ axis. No  cor rec t ion  was made  for absorp-  
t ion.  

S t r u c t u r e  d e t e r m i n a t i o n  

It was not  known  at the outset  whether  the space 
g roup  was P1 or PT. Ra ther  than  a t t emp t  to decide 
between the two al ternat ives  with statist ical  methods ,  
which might  have been unrel iable  in the presence of  
the heavy b romine  a toms (Sire, 1958), our  a p p r o a c h  
was to calculate  the Pat terson funct ion  and  to look  for  
the b r o m i n e - b r o m i n e ,  su lphu r - su lphu r  and  b r o m i n e -  
su lphur  peaks.  If  an internal ly  consis tent  in terpre ta-  
t ion could  be made  of  all the ma jo r  Pa t te rson  peaks  in 
terms of  the vectors genera ted  by this set o f  three 
a toms,  then not  only would  thei r  coord ina tes  be 
revealed, but  also the space-group ambigui ty  be 
resolved. This  in fact p roved  to be the case. Inspect ion  
of  the Pat terson func t ion  calculated using the eye- 
es t imated  intensit ies suggested tha t  the space g roup  

B r  
S(1) 
S(2) 
N(1) 
C(l) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
c(8) 
C(9) 
C(10) 
C(11) 
C(12) 
C(13) 
c(14) 
c(15) 
C(16) 
3(17) 
o(1) 
N(2) 
c(18) 
C(19) 
C(20) 

Table  2. Fractional coordinates x 104 

The thermal parameters, B u x 104, are the coefficient in the expression exp [ -  ff.Buhihj]. 

X 

1906 (2) 
- 1398 (3) 
- 0302 (3) 

4173 (7) 
2777 (11 ) 
2225 (12) 
2873 (11 ) 
4090 (10) 
4575 (11) 
3928 (1 I) 
4863 (10) 
2525 (9) 
1833 (9) 
2832 (9) 
4516 (9) 
5138 (9) 
0045 (9) 
2233 (11) 
3302 (14) 
4992 (13) 
5597 (12) 
7670 (15) 
8242 (11 ) 
8248 (15) 
8901 (21) 
7605 (20) 

y z Bu B22 B33 B23 
1335 (1) 1024 (1) 284 (2) 149 (1) 75 (1) 44 (2) 
4811 (3) 7059 (2) 98 (3) 138 (3) 124 (2) 100 (4) 
2775 (3) 8198 (3) 148 (4) 153 (3) 160 (3) 149 (5) 
3168 (6) 7165 (5) 91 (10) 113 (7) 64 (5) 55 (10) 
1573 (8) 2677 (7) 169 (15) 89 (8) 69 (6) 48 (12) 
0714 (8) 3038 (8) 175 (16) 88 (9) 87 (8) - 6  (13) 
0873 (8) 4226 (8) 168 (16) 86 (8) 100 (8) 44 (13) 
1899 (8) 5069 (7) 111 (13) 101 (9) 79 (7) 49 (13) 
2723 (9) 4668 (8) 121 (14) 117 (10) 89 (8) 52 (14) 
2593 (8) 3484 (8) 147 (15) 103 (9) 93 (8) 64 (14) 
2002 (9) 6365 (8) 124 (14) 123 (10) 79 (7) 61 (14) 
3059 (8) 7108 (6) 85 (I 1) 105 (9) 58 (6) 37 (12) 
4079 (8) 7818 (6) 89 (11) 101 (8) 61 (6) 41 (11) 
5257 (7) 8642 (6) 126 (13) 83 (7) 50 (5) 23 (10) 
5331 (7) 8687 (7) 111 (12) 78 (7) 69 (6) 69 (11) 
4260 (9) 7932 (7) 96 (12) 132 (10) 75 (7) 92 (14) 
3864 (8) 7699 (7) 103 (12) 93 (8) 66 (6) - 1 (12) 
6341 (9) 9454 (7) 138 (14) 114 (10) 73 (7) 72 (13) 
7428 (9) 10267 (8) 259 (22) 90 (9) 74 (7) 18 (13) 
7481 (9) 10306 (9) 212 (20) 101 (10) 118 (10) 83 (16) 
6477 (9) 9541 (8) 180 (17) !18 (10) 85 (7) 87 (14) 
0123 (9) 3750 (10) 485 (30) 151 (10) 233 (13) 172 (19) 
1835 (7) 3402 (7) 212 (16) 110 (9) 104 (7) 61 (13) 
1243 (11) 4096 (10) 278 (24) 143 (12) 121 (10) 100 (19) 
3172 (12) 3855 (12) 455 (40) 140 (14) 170 (15) 110 (23) 
1127 (17) 2088 (17) 303 (31) 307 (26) 107 (11) 159 (28) 

913 
76 (2) 
88 (5) 

145 (6) 
83 (12) 

1 1 8  ( 1 7 )  
85 (19) 

144 (19) 
106 (16) 
44 (17) 
68 (18) 
97 (17) 
56 (14) 
64 (14) 
75 (14) 
41 (14) 
65 (15) 
76 (15) 
30 (16) 
65 (21) 
37 (23) 
14 (19) 

412 (35) 
105 (18) 
218 (28) 
342 (43) 

32 (31) 

912 
- 5 7  ( 3 )  

8 (5) 
- 2 6  ( 6 )  

34 (14) 
52 (18) 

- 6 7  (19) 
40 (19) 
55 (17) 

- 3 6  (19) 
- 3 5  (19) 

97 (19) 
6 (15) 

- 6  (15) 
0 (16) 

- 2 6  (15) 
- 17  ( 1 7 )  

- 4  (16) 
- 2 0  (19) 
- 5 6  ( 2 3 )  
- 9 9  ( 2 3 )  

- 1 3 0  ( 2 1 )  
82 (28) 

- 1 8  ( 1 9 )  
48 (28) 

3 (37) 
- 1 7 3  ( 4 6 )  

S(2) S(1) - 
% / 

H(14) C(13) 
a I 

H(15) 4) C(9) \ //C(1 \ / \\ 

C(15) C(10) C(8) 
I il I 

C(16) C(11) N(1) + 

/ XNC(17; Xc(12)//" \ H(16) 
I 

H(17) 

H(2) 
I 

H(3) C ( 2 )  

\C(3)  C(1) / 

II ! 
.c(4) c(6)  

/ \ C (5)"/ c(7)  
I / \ I 

H(12) H(71) H(72) H(5) 

Br 

\H(6) 

H(192) 
H(191) / 

H(18) C(19) 
X / "-H (193) 
C(18) --N(2) 

H(201) / /  \ / 
O(1) C(20) 

/ \ 
H (203) H (202) 

Fig. 1. Molecular formula and atomic numbering. 
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was P] ,  and provided starting coordinates for Br, 
S(1) and S(2). 

A Fourier synthesis, phased on these atoms in the 
usual way, immediately revealed the remainder of the 
molecular skeleton. A difference Fourier, subtracting 
out the NBID molecule was relatively featureless in 
the vicinity of the assumed atomic sites, but had in the 
asymmetric unit four peaks clustered together, and in 
positions suggestive of a molecule of dimethylform- 
amide. Including one such molecule in the moleculai 
weight per asymmetric unit, the discrepancy between 
the observed and calculated densities was eliminated 
(Table 1). After several cycles of refinement with an 
overall isotropic temperature factor, the reliability H(2) H(3) 
index for the photographically measured data re- H(5) 
mained above 30%, which was rather unsatisfactory, H(6) 
and it was decided to re-collect the data with a diffrac- H(71) 
tometer, as described above. All subsequent discussion H(72) H(8) 
will refer to the diffractometer data. H(12) 

Block-diagonal refinement with isotropic temper- H(14) 
ature factors led to a residual of 16% for the new data H(15) 
set. Introduction of anisotropic thermal parameters H(16) 

H('I7) 
further reduced R to 9.3 %. At this stage a difference H(18) 
Fourier map was calculated using the low-angle data H(191) 
(sin 0/2=0.32 ,~-~) and revealed peaks at or near all H(192) 
the expected hydrogen positions with the exception of H(193) H('201) 
those associated with the dimethylformamide mol- H(202) 
ecule, which apparently undergoes rather large thermal H(203) 

motion. The hydrogen atoms were placed at stereo- 
chemically reasonable positions, and included in the 
refinement with isotropic thermal factors. All atoms 
were then further refined to convergence, the final R 
value for the reflections with l > 2 a ( I )  being 8-5%. 
The weighting scheme was similar to that described by 
Stout & Jensen (1968) for diffractometer data. The 
final parameters for the non-hydrogen atoms are given 

Table 3. Fractional hydrogen coordinates ( × 10 3) 
and thermal parameters (,~2) 

x y z B 
143 (15) 014 (11) 244 (10) 1.9 (25) 
258 (14) 037 (10) 472 (10) 3.0 (25) 
541 (14) 346 (11) 527 (I0) 4.5 (25) 
428 (14) 313 (10) 312 (9) 5.4 (23) 
486 (14) 131 (10) 655 (9) 5.0 (23) 
597 (14) 200 (10) 671 ('9) 6.7 (23) 
189 (13) 214 (9) 657 (9) 0-0 (20) 
613 (13) 436 (10) 795 (9) 5.8 (21) 
112 (12) 630 (9) 932 ('8) 3.4 (19) 
267 (13) 839 (10) 1075 (9) 3.1 (22) 
522 (15) 831 (11) 1053 (10) 8.5 (26) 
668 (15) 636 (I0) 958 (10) 6.7 (25) 
837 (16) 163 (12) 470 (11) 4.0 (28) 
900 (19) 369 (14) 473 (13) 5.6 (35) 
952 (19) 330 (14) 330 (13) 14.1 (35) 
779 (18) 374 (13) 351 (13) 9.5 (35) 
691 (19) 168 (14) 157 (13) 13.7 (35) 
846 (19) 121 (14) 163 (13) 10.3 (36) 
678 (19) 100 (14) 183 (13) 4.9 (36) 

Fig. 2. Molecular packing 
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T a b l e  4. Observed and calculated structure.factors ( x 10) 
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T h e  o b s e r v e d  a n d  c a l c u l a t e d  s t r u c t u r e  f a c t o r s  a r e  g i v e n  ( B a l d w i n  & D u n c a n ,  1 9 7 1 a ,  b ) .  

i n  T a b l e  4 .  A t o m i c  s c a t t e r i n g  f a c t o r s  w e r e  t a k e n  f r o m  T h e  m o l e c u l a r  p a c k i n g  is  i l l u s t r a t e d  i n  F i g .  2 a n d  

International Tables fo r  X-ray Crystallography ( 1 9 6 2 ) .  t h e  c l o s e r  i n t e r m o l e c u l a r  c o n t a c t s  a r e  l i s t e d  i n  T a b l e  5.  

T h e  c l o s e s t  c o n t a c t  i n v o l v i n g  t h e  d i t h i o c a r b o x y l a t e  
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b e  w e a k l y  i o n i c ,  a l t h o u g h  t h e r e  is  c l e a r l y  n o  d i r e c t  
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t h e  m o l e c u l a r  s t r u c t u r e  o f  a n  a d d u c t  f o r  w h i c h  t h e  c h a r g e d  g r o u p .  A p a r t  f r o m  a n  i n t e r a c t i o n  w i t h  C ( 1 7 )  

a v a i l a b l e  c h e m i c a l  d a t a  w e r e  e q u i v o c a l .  T h i s  o b j e c -  ( 3 . 7 8  ,~ )  t h e  c l o s e s t  a p p ] o a c h  o f  t h e  b r o m i n e  a t o m  is 

t i v e  w a s  a c h i e v e d ,  a n d  t h e  s t r u c t u r e  d e t e r m i n a t i o n  3 . 9 6  ,~ ,  b e i n g  a c r o s s  a c e n t e r  o f  i n v e r s i o n  t o  a s y m m e -  

p r o v e d  p a r t i c u l a r l y  w o r t h w h i l e  i n  t h a t  t h e  r e s u l t  w a s  t r y - r e l a t e d  a t o m .  A s  is  a p p a r e n t  i n  F i g .  2 ,  t h e  c e n t r o -  

d i f f e r e n t  f r o m  t h a t  t e n t a t i v e l y  p r o p o s e d  a t  t h e  o u t s e t ,  s y m m e t r i c a l l y - r e l a t e d  i s o q u i n o l i n i u m  r i n g s  o v e r l a p  

a l t h o u g h  f u l l y  c o n s i s t e n t  w i t h  c h e m i c a l  a n a l y s e s  c a r r i e d  s o m e w h a t ,  a n d  t h e r e  a r e  m a n y  m u t u a l  c o n t a c t s  r a n g i n g  
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Table 5. Intermolecular contacts 

All intermolecular contacts less than 3.75 A are included. 
Roman numerals indicate molecules at the following sym- 

metry-related positions: 
I: ( 1 - x , l - y , l - z ) ;  II: ( 1 - x , l - y , 2 - z ) ;  III: (2 ,1-y , l -z) .  

NBID-NBID DMF-NBID 
S(1)--C(12) III 3.78/~ 
S(1)--C(6) III 3.48 
N( I )--C(15) II 3.48 
N(1)--C(16) II 3.41 
C(9)--C(16) II 3-65 
C(9)--C(17) II 3.54 
C(8)--C(16) II 3.46 
C(12)-C(15) II 3.32 
C(12)-C(14) II 3.55 
C(12)-C(16) II 3.66 
C(11)-C(16) II 3.69 
C(I 1)-C(11) II 3.52 
C(11)-C(10) II 3.61 
C(11)-C(14) II 3.75 
C(11)-C(17) II 3.58 
C(IO)-C(17) II 3.38 
C(3)--C(7) I 3.44 

O(1)--N(1) 3"64/~ 
O(1)--C(8) 3.20 
C(20)-C(15) 3.75 
C(20)-C(2) 3.66 
N(2)--C(2) 3"57 
O(1)--C(3) 3.37 
C(18)-C(5) 3.51 
C(18)-C(6) 3.69 
N(2)--C(6) 3.67 

upwards from 3-4 A in this region of the molecule 
(Table 5). The close approaches involving the dimethyl- 
formamide molecule of crystallization are also listed 
in Table 5. The oxygen atom approaches within 3.25 A 
of C(7), and within 3.20 A of C(8), these being the two 
closest approaches noted for the whole structure. 

The non-hydrogen bond lengths and angles for 
NBID and in the dimethylformamide molecule are 
illustrated in Fig. 3. Standard deviations in the bond 
lengths range from 0.011 to 0-018 A except for the C-S 
and C-Br bonds which are 0.010 and 0.008 A. For the 
angles, the standard deviations range from 0.6 to 1.0 ° 
except in the dimethylformamide molecule, where they 
range from 1.1 to 1.3 °. The bond lengths involving 
hydrogen atoms are listed in Table 6. 

Table 6. Bond lengths involving hydrogen atoms 

C(2)--H(2) 0.88 (12)/~ C(16)-H(16) 0-85 (13)/~ 
C(3)--H(3) 1.08 ( 1 2 )  C(17)-H(17) 0.90 (13) 
C(5)--H(5) 0.99 (12) 
C(6)--H(6) 1.01 ( 1 2 )  C(18)-H(18) 0-70 (12) 
C(7)--H(71) 0.88 ( 1 1 )  C(19)-H(191) 1.01 (15) 
C(7)--H(72) 0-88 ( 1 2 )  C(19)-H(192) 1.08 (16) 
C(8)--H(8) 1.04 ( 1 1 )  C(19)-H(193) 1.11 (16) 
C(12)-H(12) 0.84 ( 1 2 )  C(20)-H(201) 1.05 (16) 
C(14)-H(14) 0.89 ( 1 1 )  C(20)-H(202) 1.12 (17) 
C(15)-H(15) 1.17 ( 1 1 )  C(20)-H(203) 0-66 (17) 

None of the interatomic distances appears to depart 
significantly from expected values (International Tables 
.for X-ray Crystallography, 1962, Vol. III, p. 275). 
One of the more interesting features of the structure 
determination is the dithiocarboxylate group (III) for 
which we have not been able to find a strictly compar- 
able example in the crystallographic literature. The 
observed C-S bond lengths in NBID, 1.693 (10) and 
1.649 (10)A, are probably not significantly different, 
and have an average value of 1.671 A which, according 

to the carbon-sulphur  bond length vs bond order plot 
of Abrahams (1956), corresponds to a double-bond 
character of 70 %. 

s-  S 
\ / /',,, 

C-C -O-C M 
/ \ \ , , , "  

S S 
(III) (IV) 

S S 
\ /',,, \ / /  

N-C M C-C 
/ \ , , , "  / \ 

S NH2 
(v) (vI) 

A comparison can be made between this carbon-  
sulphur bond length and those observed in a number 
of crystal structures in which the xanthate group is 
complexed to a variety of metals, as indicated by (IV). 
In cadmium ethylxanthate (Iimura, Ito & Hagihara, 
1972) two xanthate groups complex the cadmium in a 
distorted tetrahedral arrangement, and the four 
independent C-S bonds are all essentially equal, 
ranging from 1.685 to 1.691 ~.  In cobalt(Ill) ethyl- 
xanthate (Merlino, 1969) there is approximate octa- 
hedral coordination with the C-S bond lengths ob- 
served to be 1.674 and 1.671 A, essentially similar to 
those in the cadmium complex and in NBID. In other 
xanthate complexes, e.g., with lead (Hagihara, Wata- 
nabe & Yamashita, 1968), the metal-sulphur distances 
are significantly different, as are the carbon-sulphur 
bonds, so that a direct comparison with NBID cannot 
be made. 

One may also compare the C-S bond lengths with 
those observed in dithiocarbamates (V). For example 
in the square planar nickel complex of diethyldithio- 
carbamate (Bonamico, Dessy, Mariani, Vaciago & 
Zambonelli, 1965) the two C-S bonds are 1.700 and 
1-713 A, and in hydrazinium hydrazinedithiocarb- 
oxylate, (Braibanti, Manotti Lanfredi, Tiripicchio & 
Logiudice, 1969) in which the di thiocarbamat)  anion 
participates in hydrogen bonding, rather than metal 
chelation, the C-S bond lengths are 1.695 and 1.723 A, 
indicating slightly less double-bond character than for 
the dithiocarboxylate group in NBID. 

On the other hand the C-S bond in the thioamido 
group (VI) of 2-thiamidopyridine and in 4-thiamido- 
pyridine (Downie, Harrison, Raper & Hepworth, 
1972) are both shorter (1.657 and 1.65/~), reflecting 
higher double-bond character. 

The equation of the best-fit least-squares plane 
through the isoquinolinium nucleus is 

- 0.0060X+ 0.7287 Y -  0.6848Z = - 5-311/~ 

while that through the four atoms of the dithiocarb- 
oxylate side chain is 

0 .1268X- 0.4127 Y -  0.9020Z = - 7-300 ~ .  

The equations of these planes are given for coor- 
dinates measured in/~ relative to an orthogonal coor- 
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dinate frame with the X axis parallel to a, and the Z 
axis parallel to e*. 

A 2 '2 test shows that the isoquinolinium ring system 
is significantly non-planar. The departures from 
planarity, which are relatively small (Table 7), and 
presumably due to crystal packing forces, appear to be 
due primarily to the formation of a shallow dihedral 
angle between the two rings, along the line joining 
C(10) and C(ll) .  The dithiocarboxylate side chain is 
planar within experimental error, and makes an angle 
of 71.6 ° with the isoquinolinium plane. Takano, 
Sasada & Kakudo (1966) have suggested that non- 
coplanarity is due to steric hindrance between side- 
chain atoms, and ring atoms ortho to the side chain, 
and that it is the van der Waals approach distance which 
defines the non-planarity angle. As the dithiocarboxylate 
group in NBID tends toward a coplanar configuration, 
impossibly short non-bonded interactions occur be- 
tween one of the sulphur atoms and C(14). However it 
is not these contacts which are the closest ones in the 
crystal structure. Rather, the closest non-bonded 
approaches made by the sulphur atoms [excluding 
C(9)] are S(1)-C(10) (3.380 A) and S(2)-C(8) (3.273 A). 
The distances from C(14) are 3.449 A for S(1) and 
3.695A for S(2), and from H(14) are 2.86A for 
S(1) and 3.77 A for S(2). The expected carbon-sul- 
phur van der Waals distance is 3.35 A (C=1.50; 
S=1.85 A), although shorter approaches (2.96 and 
3-15 A) have been observed in 4- and 2-thioamido- 
pyridine (Colleter & Gadret, 1967; Downie et al., 1972). 

Table 7. Deviations from planarity 

Isoquinolinium nuc leus  Bromobenzyl ring 
N(1) -0"011 (7) A C(1) 0"009 (10) .~ 
C(8) -0"027 (8) C(2) -0"003 (11) 
C(9) 0.006 (8) C(3) - 0.006 (11) 
c(10) 0.032 (8) c(4) 0.005 (9) 
C(ll) 0.033 (8) c(5) 0.002 (11) 
c(12) 0.008 (10) c(6) -0.011 (11) 
C(14) 0.004 (10) C(7)* 0.083 (10) 
C(15) -0.031 (10) Br* 0"042 (1) 
C(16) -0"040 (11) 
C(17) 0-000 (10) 
C(7)* -0.062 (10) 
C(13)* -0.024 (9) 

Dithiocarboxylate group 
C(9) - 0"001 (13) 
C(13) 0.004 (8) 
S(1) 0-000 (3) 
S(2) 0.000 (3) 

Dimethylformamide 
O(1) 0.007 (14) 
N(2) 0.008 (10) 
C(18) -0.020 (14) 
C(19) 0"010 (20) 
C(20) -0.015 (19) 

* These atoms were not included in the calculation of the 
best-fit plane. 

In neither case is there significant departure from 
planarity (Table 7). These two planes are only 17.3 ° 
from parallel, and as may be visualized in Fig. 2, the 
dimethylformamide molecules are interleaved between 
successive bromobenzyl rings related by translation 
along the a axis. The dihedral angle between the 
bromobenzyl and the isoquinolinium planes is 108-5 °. 
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C{18) ~ N ( 2 )  

//~'213 'k~ 466 

0(I) C(20) 
(a) 

S(2) S(1) -...j27~/ 
118"1C(i3) 114"2 

c(14) 1~37 c('9) 117.o c(2) 
/ 4  9.~"~22~19.~'-... /~19.3~j19~ 
120"9 i18.C1] O) 118"4 C(3) ~ ; ( 1 )  . . . . .  

120'3 [ 119"4 1210 118"2 119"1 I 118"1 118'2 [ C116 ) 121"1 C(11) . . . .  N(1) C(4) 
" ' "~19 "~'~'2 O" 2 - ~  21"1,,-~20' 8 ~  10" 6 ~...~ 8 ~  ~ ,' ' '/ 122"8 122"8 C(6) 

c(17) c(12) c(7) c(5) 

The best-fit least-squares plane through the bromo- 
benzyl ring is 

0.7890X- 0.5898 Y -  0.1723Z= 0.207 ,& 

and through the dimethylformamide molecule 

- 0"9200X+ 0.3911 Y -  0-0235Z = 2.697 A. 

C(19) 

122"9 /  
C(18) N(2) 116"7 

/ 1 2 4 " 9 1 2 0 " 4 ~  

0(1 ) C(20) 
(b) 

Fig. 3. Bond lengths and angles. 
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The Crystal and Molecular Structure of Bacogenin-Al Dibromoacetate 
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The crystal structure of bacogenin-At dibromoacetate, C34Hs006BF2, has been determined in order 
to elucidate the molecular structure and absolute configuration of bacogenin-A1, C30H4804, a triter- 
penoid sapogenin isolated from Bacopa monniera. The crystals are orthorhombic with space group 
P21212~ and the unit-cell dimensions are a= 13.36, b=36.24, c=7.15 ,~, Z=4. The crystal structure 
was solved by the heavy-atom method and refined by the block-matrix least-squares method including 
anisotropic thermal parameters. The final R value for 1288 observed structure factors was 0.084. The 
absolute configuration was determined by the use of the anomalous dispersion of bromine atoms for 
Mo K0¢ radiation. The molecular structure of bacogenin-A~ was determined to be a partially modified 
dammarane-type triterpene. 

Introduction 

Bacogenin-At, C30H4804, is one of the sapogenins 
obtained on acid hydrolysis of bacoside A which was 
isolated from an Indian plant, Bacopa monniera 
(Kulshreshtha & Rastogi, 1973). On the basis of the 
chemical and spectroscopic data, bacogenin-A1 was 
shown to be a tetracyclic triterpene having a chemical 
structure formulated as (I)(Fig. 1). However, an alter- 
native formula having a methyl at C(24) could not be 
ruled out. 

Therefore, an X-ray stiucture analysis of bacogenin- 
At dibromoacetate (II) (Fig. 1), has been undertaken 
in order to establish the chemical structure of baco- 
genin-Al including its absolute configuration. 

Experimental 

Bacogenin-A1 was treated with bromoacetyl bromide 
in chloroform containing a few drops of pyridine to 

give bacogenin-A1 dibromoacetate. The product was 
recrystallized from MeOH to obtain colourless prisms 

2 3 ~  22 24 

21-...~ E { j 2 6  

1 9 .  

9 ~  ',14 
10 B 8 i 

RO ~ / - J 7  CH20R 

6 
28 29 

Fig. 1. Chemical formulae: (I) bacogenin-Al; (II) bacogenin- 
A, dibromoacetate. (I) R= H; (II) R = COCHzBr. 


