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smoothly from visual models to packing refinement to 
'before and after' views, all within a few minutes. This 
would not only lead to quicker model evaluation, but 
would also help avoid the occasional problem of false 
minima that can arise when PCK5 is used blindly. 
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The Crystal and Molecular Structure of tt Heteronium Bromide 
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The crystal and molecular structure of ~-hydroxy-l,l-dimethylpyrrolidinium bromide 0~-phenyl-2-thio- 
pheneglycolate (e heteronium bromide) Cash 22NOaSBr, was determined by single-crystal X-ray diffrac- 
tion techniques. The crystals were orthorhombic, Din= 1"5 g cm -a, space group Pna2~, Z=4,  a=  
18-596 (1), b= 8.049 (9), and c= 12.297 (8)/~. The structure was solved using 1671 observed independent 
reflections to yield a final R value of ?-044. 

Introduction 

The crystal structure of the anticholinergic drug 3-hy- 
droxy-l, l-dimethylpyrrolidinium bromide ~-phenyl- 
2-thiopheneglycolat~ (heteronium bromide) has been 
solved. Heteroniuni bromide inhibits the muscarinic 
action of acetylcholine and thus suppresses secretory 
processes as well as other physiological functions 
(Chernish & Rosenak, 1965; Shay & Komarov, 1945). 
Heteronium bromide, therefore, has been therapeuti- 
cally employed to reduce acid secretion in animals with 
duodenal ulcers (Shay & Komarov, 1945), and as a 
general antispasmodic agent (Ryan & Ainsworth, 
1962). 

The ability of heteronium bromide to elicit the re- 
sponses is presumably due to its structural similarity 
with that portion of the acetylcholine molecule which 
bonds at the muscarinic receptor site. Many X-ray 
structural studies have been conducted in an attempt 
to define the three-dimensional structure of the recep- 
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tor sites involved in these events (e.g. Meyerh6ffer, 
1970; Meyerh6ffer & Carlstr6m, 1969). The specific 
stereochemistry of the receptor site will require further 
investigation of the resolved isomeric compounds which 
function as anticholinergic agents. 

Experimental 

Heteronium bromide was obtained from the Eli Lilly 
Drug Co. as a powdered racemic compound prepared 
by the method of Ryan & Ainsworth (1962). The c~ 
and fl diastereoisomers were resolved by fractional crys- 
tallization from methanol/ethyl acetate (1:4 v/v) to 
yield the pure ~ isomer with a m.p. of 208-211 °C. Anal- 
ysis of the crystalline 0c isomer yielded C=52.39% , 
H = 5-33 %, compared to the theoretical C = 52.43 % 
and H = 5.38 %. The crystals used for the X-ray anal- 
ysis were grown by the vapor-diffusion method using 
a methanolic solution of the compound and ethyl ace- 
tate as the vapor phase. The approximate unit-cell di- 
mensions and the space group were determined from 
photographs with Mo Kc~ radiation. The density was 
obtained by the flotation method using a mixed solvent 
of tetrabromoethane and ether, 
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The  systemat ic  absences are consis tent  wi th  space 
groups  Pnma or Pna21. Since there  are four  molecules  
per  uni t  cell, and no mi r ro r  plane or center  of  inver- 
sion for he t e ron ium bromide ,  the appropr i a t e  space 
g roup  is Pna2~. 

In tens i ty  da ta  were collected wi th  a Syntex P 1 auto-  
d i f f rac tometer  using graphi te-crys ta l  m o n o c h r o m a t i z e d  
Cu K~ rad ia t ion  and  a 0-20 scan mode.  The  crystal  
had  d imens ions  of  0.25 x 0.25 × 0.625 mm,  a l inear  ab- 
sorp t ion  coefficient of  45.77 cm -~, and  was or iented 
abou t  the b axis. The  in tens i ty  da ta  were t aken  at a 

Tab le  1. Atomic coordinates for C18H22NOaSBr ( ×  104) 

Coordinates are given as fractions of cell edges. Standard 
deviations for the least significant digit are given in parentheses. 

x y z 
Br -2224 (0.4) -1262 (0.9) 0 
S -4668 (1) -4004 (2) - 1808 
N -2617 (3) -6699 (7) 1681 
O(1) -3602 (2) -6137 (5) -558 
0(2) - 2795 (3) - 6563 (8) - 1900 
0(3) -3791 (2) -8086 (5) -3152 
C(1) -1929 (4) -7122 (10) 2276 
C(2) -3147 (4) -8065 (9) 1866 
C(3) - 2465 (4) - 6472 (8) 474 
C(4) -2923 (4) -5071 (8) 2018 
C(5) -3406 (4) -4558 (8) 1080 
C(6) - 3050 (3) - 5304 (7) 65 
C(7) - 3403 (4) - 6631 (8) - 1568 
C(8) -4049 (3) -7164 (7) -2261 
C(9) - 4571 (4) - 8260 (7) - 1648 
C(10) -4329 (4) -9447 (8) -896  
C(11) - 4822 (6) - 10425 (10) - 360 
C(12) -5553 (5) -10270 (11) -585  
C(13) -5775 (5) -9132 (12) - 1333 
C(14) - 5344 (4) - 8222 (8) - 1836 
C(15) -4390 (3) -5553 (7) -2681 
C(16) -4475 (4) -5129 (8) -3749 
C(17) -4782 (4) -3479 (9) -3857 
C(18) -4911 (4) -2754 (9) -2899 
H(la)1"~ -1533 -6121 2143 
H(lb) - 2040 - 7242 3148 
H(lc) - 1713 - 8298 1958 
H(2a) - 2912 - 9256 1609 
H(2b) - 3288 - 8121 2733 
H(2c) - 3638 - 7821 1384 
H(3a) - 1945 - 5931 354 
H(3b) - 2493 - 7643 60 
H(4a) - 2502 - 4174 2134 
H(4b) - 3227 - 5197 2751 
H(5a) - 3433 - 3227 1018 
H(5b) - 3938 - 5046 1188 
H(6) -2814 4339 -418  
H(10) - 3759 - 9589 - 740 
HOD -4641 -11325 230 
H(12) -5941 -11039 -165  
H(13) -6346 -9025 -1505 
H(14) - 5556 - 7364 - 2437 
H(16) - 4331 - 5924 - 4428 
H(17) -4892 -2895 -4637 
H(18) -5145 -1530 -2808 
H(O3)§ - 3468 - 7470 - 2683 

(0)* 
(2) 
(5) 
(4) 
(5) 
(4) 
(6) 
(8) 
(6) 
(6) 
(6) 
(6) 
(5) 
(5) 
(6) 
(6) 
(7) 
(8) 
(9) 
(6) 
(5) 
(6) 
(8) 
(8) 

* Bromine has its z coordinate assigned a value of 0.0000. 
t Hydrogen positions have been calculated as described in 

text. 
:l: The number after the 'H' is the number of the carbon to 

which lhe hydrogen is connected. 
§ Hydroxyl hydrogen. 

1 ° min  -1 scan rate and  inc luded b a c k g r o u n d  coun ts  
for  I scan t ime on each side of  the peak intensi ty.  

D a t a  were collected for  1746 (hkl) and  1155 (h~i) 
i ndependen t  reflections. The  intensi ty  da ta  for  the 1746 
posit ive reflections [of which 1671 were observed;  
Iobs=3.0 tr(l)] were used in the s t ructure  de te rmina-  
t ion.  Three  s t anda rd  reflections were each mon i to red  
59 t imes dur ing  the da ta  col lect ion and used to cal- 
culate the s t andard  devia t ion  of  in tensi ty  a(I)= 1.7 %. 
No significant correc t ion  for crystal  decompos i t ion  
was required.  The  intensit ies were corrected for  
Loren tz  and  po la r iza t ion  factors.  An  el l ipsoidal  ab- 
sorp t ion  correc t ion  was made  to account  for a 10% 
var ia t ion  in the mean  intensi ty,  where [Fred2= 
K(t)A*(OX)Io/Lp. 

Determination of  the structure and refinement 

The locat ion of  the heavy a tom (Br) was de te rmined  
by a th ree-d imens iona l  Pa t te r son  technique.  The  
Four ie r  synthesis  ob ta ined  by using the s t ructure  fac- 
tors  phased  on the b romine  yielded all of  the posi- 
t ional  pa ramete r s  for  the n o n - h y d r o g e n  a toms.  Wi th  
these pos i t ional  pa ramete r s  and isotropic  t empera tu re  
factors  of  B = 4 . 0  for carbon,  3.0 for  oxygen,  3-5 for  
n i t rogen,  and  2.5 for  sulfur,  a value of  R = 0 . 2 3  was 
calculated.  One cycle of  an isot ropic  ful l -matr ix  least- 
squares  ca lcula t ion  on the n o n - h y d r o g e n  a toms  gave 
an R v a l u e = 0 . 1 0 .  

The  non -hyd rogens  were then subjected to a series 
o f  ful l -matr ix  an iso t rop ic  least-squares  calculat ions.  In 
the final cycles non-uni t -weigh ts  were in t roduced,  

where w=I/A2FZo+2ABFo+B2; final value A =0 .024 ,  
B = 0 . 8  (Pat terson,  1963). An  a n o m a l o u s  d ispers ion  
cor rec t ion  was made  using the fo rmula  F]=So - 
2Af'(A G + BH) - [(~f')2 jr_ (zlf, ,)2] [ H 2 -k- G 2] where f '  = 
- 0 . 7 6 5  and  f " =  1.283 accord ing  to C r o m e r  & Liber-  
m a n  (1970). 

H y d r o g e n  pos i t iona l  and  the rmal  pa ramete r s  were 
not  refined, but  pos i t iona l  pa ramete r s  were recalcu- 
lated to pos i t ion  t hem wi th  reference to shifts in the 
n o n - h y d r o g e n  a toms.  It  was no t  possible to locate the 
six me thy l  h y d r o g e n  a toms  [C(1)+C(2) ]  or the hy- 
droxyl  hydrogen  of  0(3)  f rom a difference Four ie r  map.  

0(2) 013) 

Fig. 1. Numbering, bond angles and distances for non-hydrogen 
atoms in ct heteronium bromide. 
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The weighting function used in the final least- 
squares cycle was w = I/[AF]2; where [AF] = A + B[Fobs] 
and A and B are obtained from a plot of  AF vs [AFobs] 
where 18 groups each containing an approximately 
equal number  of reflections were used. The linear plots 
gave a volume of 0.024 for A and 0-8 for B. 

The final cycle of  least-squares calculations gave an 
R value of  0.044 and a weighted R value of 0.061. 

The shift to error ratio in the final cycle was 0.30 
for the positional parameters,  and the final difference 
Fourier  synthesis showed no electron density in excess 
of  1 e A-3.  * 

The atomic coordinates and the thermal  parameters 
are listed in Tables 1 and 2. The X-RAY 70 system of  
programs (Stewart, Kundell  & Baldwin, 1970) was 
used. 

* A list of structure factors has been deposited with the 
British Library Lending Division as Supplementary Publica- 
tion No. SUP 30817 (10 pp.). Copies may be obtained through 
The Executive Secretary, International Union of Crystallog- 
raphy, 13 White Friars, Chester CH1 1NZ, England. 

Description of the structure 

The molecular  structure of  heteronium bromide is 
shown in Fig. 1 which also includes the bond lengths 
and angles. Fig. 2 gives the stereoscopic ORTEP-gen- 
crated view of the molecule showing 50 % probabil i ty 
thermal  ellipsoids (Johnson, 1970). The gross molec- 
ular geometry includes a puckered pyrrol idinium ring 
connected through an ester (glycolate) l inkage to planar  
thiophene and benzene rings. The conformation of  the 
pyrrol id inium ring is shown in Fig. 3 giving deviations 
from a least-squares plane through the ring. The bond 
lengths in the ring are normal  with an average N + - C  
bond length of 1.504 A and an average C - C  distance 
of  1.527 A. The glycolate bridge, including the atoms 
C - C - O - C ,  shows deviations of up to 0.09 A from 

II 
O 

planarity.  Similar deviations were found in a previous 
structure containing a quinuclidine ring with a quater- 
nary nitrogen connected by a glycolate bridge to two 

Table 2. Anisotropic temperature factors for C1sH22NOaSBr 

Values of temperature parameters given are U~j x 10 -2, expressed in terms of root-mean-square amplitude of vibration in /~. 
Standard deviations of the least significant digits are given in parentheses. 

Isotropic temperature factors for hydrogen atoms were uniformly set at U=5.07 x l0 -2 (B=4-0). 

Ult U22 U33 ~ff12 ~r13 ~r23 

Br 6-7 (1) 5"0 (1) 4"6 (1) -0"4 (3) --1"5 (4) --0"0 (4) 
S 6-5 (1) 4.3 (1) 5.0 (1) 1.0 (8) 0.3 (9) --0-3 (9) 
N 3"3 (2) 3"0 (2) 3"0 (3) 0"3 (3) 0"6 (2) 0"0 (2) 
O(1) 4-2 (2) 3"4 (2) 2"9 (2) --0"3 (1) --0"3 (1) --0"4 (1) 
0(2) 4-0 (3) 5"8 (3) 3"6 (3) --0.2 (2) 0"3 (2) --0"4 (2) 
0(3) 5"0 (2) 3"4 (2) 3"3 (2) 0"5 (1) 0"6 (2) --0-8 (1) 
C(1) 4"6 (3) 6"5 (4) 4"1 (3) 0.6 (3) -0 .9  (3) 0"6 (3) 
C(2) 4"9 (3) 4"0 (3) 6"9 (5) -0.8 (2) 0.8 (3) -0"0 (3) 
C(3) 3.5 (3) 4.1 (3) 2.9 (3) 0.5 (2) 0.5 (2) -0.1 (2) 
C(4) 4.2 (3) 4.0 (3) 3.3 (3) 0.8 (2) -0 .2  (2) -0.8 (2) 
C(5) 5.0 (3) 3.8 (3) 3.6 (3) 0.2 (2) -0.6 (3) -1 .0  (2) 
C(6) 4.0 (3) 3.5 (2) 3.4 (3) 0-0 (2) -0.8 (3) -0.1 (3) 
C(7) 4-3 (3) 3.2 (3) 2.7 (3) -0.0 (2) 0.1 (2) 0.5 (2) 
C(8) 4.2 (3) 2.6 (2) 2-5 (2) 0.3 (2) -0-2 (2) -0-8 (2) 
C(0) 4-8 (3) 2.6 (3) 3.7 (3) -0 .4  (2) 0.0 (2) -0-7 (2) 
C(10) 6.2 (4) 3.2 (3) 4.1 (3) --0.0 (3) -0 .0  (3) -0.6 (3) 
C(ll) 11.7 (8) 3.8 (4) 4.6 (4) -0 .4  (4) 1.2 (4) 0.4 (3) 
C(12) 7.6 (5) 4.9 (4) 6.5 (5) -1 .4  (4) 3.0 (4) -0.8 (4) 
C(13) 6.8 (5) 6.2 (4) 7.2 (6) 1.0 (4) 0.0 (4) -1.5 (4) 
C(14) 4"8 (3) 4-1 (3) 3"8 (3) 1"1 (2) 0"0 (2) -0"5 (3) 
C(15) 3.4 (3) 2-7 (2) 3.2 (3) 0.1 (2) -0.1 (2) -0.7 (2) 
C(16) 3.5 (3) 3.8 (3) 5.0 (3) 0.2 (2) -0.1 (2) 0.2 (2) 
C(17) 5.1 (4) 4.6 (3) 6.4 (5) -0.3 (3) -1.6 (4) 1.1 (3) 
C(18) 5.1 (3) 3-6 (3) 8.6 (5) 0.6 (2) 0.0 (4) 0.2 (3) 

N N 

. • ¢ 

Fig. 2. Stereo view of ~ heteronium bromide. 
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benzene rings (Meyerh6ffer & Carlstr6m, 1969). Con- 
sidering only four atoms of the ester bridge, C-C-O 

II 
O 

gives a nearly planar configuration at the 0.01 level of 
significance. The carbonyl carbon lies furthest from the 
plane, its positive partial charge perhaps being at- 
tracted by the bromine's charge. The hydroxyl oxygen 
lies 0.41 A, below this plane while the carbon connected 
to the ester oxygen, O(6), lies 0.26 A, above this plane. 

Various 2-substituted thiophene rings have been re- 
ported (Nardelli, Fava & Giraldi, 1962; Block, Filip- 
pakis & Schmidt, 1967; Meyerh6ffer, 1970). The ring 
in the present structure at the 0.I level of significance 
is planar and symmetric as opposed to the asymmetric 
rings reported in Meyerh6ffer's (1970) structure. The 
sulfur lies only 0.008 A out of the plane of the other 
four atoms. The average C=C length in the ring is 
1.352 A, and the average C-S length is 1.731 longer 
than Meyerhoffer's value of 1.709 A,. A short contact 
distance of 3.04 A between the sulfur and ester oxygen 
is supportive of a van der Waals radius of 1.60 A as 
reported previously (Nardelli et al., 1962; Block et al., 
1967; Meyerh6ffer, 1970). 

The main significant deviations from normal bond 
lengths and angles occur in the benzene ring, with one 
short bond length of 1-249 A midway between double 
and triple bond length and one longer adjacent bond 
of 1.458 A. No short van der Waals distances are 
present that would indicate interaction with the faulty 
carbon C(14). 

The angle between the normals of the benzene ring 
and the thiophene ring is 79.3 °. The angles between 
the best planes of the glycolate bridge and the phenyl 
and thiophene rings are respectively 64.7 and 75.4 °. 
Significant distances with respect to definition of a 
receptor site are N+-C(8), 5.54 A,; N+-O(3), 6.43 A,; 
N+-O(2), 4.42 A,; N+-O(1), 3.34 A., and N+-C(7), 
4.25 A. A short intramolecular contact distance of 
2.703 ,~ is indicative of hydrogen bonding between the 
hydroxyl hydrogen and the carbonyl oxygen, as as- 
sumed in Meyerh6ffer & Carlstr6m's (1969) similar 
structure. 

Two asymmetric centers are present in heteronium 
bromide, one at C(8) and one at C(6). Determination 
was made that the configuration about these carbons 
was the same, either R,R or S,S. Since the c~ crystal 
contained both enantiomers, no further information 
could be obtained. According to the studies of Ellen- 
brock (1965) and Ariens & Simonis (1967) the ratio of 
activities of diastereoisomeric compounds similar to 
the present compound is dependent upon the con- 
figuration of the asymmetric carbon at the acyl end 
of the molecule as opposed to the asymmetric carbon 
at the choline or nitrogen-containing end of the mol- 
ecule. This leads to the prediction that the configura- 

(0'22) C(4) 

(-0-12) C(5) 

N (-0"23) 

/ 
C(6) 

C(3) (0"14) 

(-0"01) 

Fig. 3. Conformation of the pyrrolidinium ring, distances from 
the best least-squares plane of the five atoms are given in A,. 

tion around C(8) of the present compound would be 
significant. 
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