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C r y s t a l  d a t a  o f  a c e t y l  c h o l i n e  c h l o r i d e . *  By K. W. ALLEN, t The Crystallography Laboratory, The Universiey 
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While the  crystal  s t ructures  of acetyl  choline bromide 
and  iodide (Serum, 1956, 1959) have  both  been investi- 
gated,  t ha t  of the chloride has not.  This is almost cer tainly 
due to the difficulty of preparing satisfactory crystals. 
Acetyl  choline chloride ((CH3)3N.C2Hd0OCCHs.C1.) is 
ve ry  hygroscopic and  ext remely  soluble, giving a solution 
of high viscosity. At  25 °C. a sa tura ted  solution contains 
approximate ly  0.962 g.ml. -1, has a densi ty  of 1.19 g.ml. -1 
and  has a viscosity ra the r  greater  t han  tha t  of glycerine. 

W h e n  a solution near ly  sa tura ted  at  room tempera tu re  
is cooled to approximate ly  - 1 0  °C. the anhydrous  salt 
crystallizes slowly as clusters of needles. There was no 
evidence of hyd ra t e  formation,  which was the original 
cause of the investigation. Single crystals, moun ted  and 
sealed in glass capillaries were examined about  the needle 
axis [a] by  oscillation and Weissenberg methods  using 
fi l tered copper radia t ion and  by  the precession me thod  
using mo lybdenum radiat ion.  Provided  tha t  the sealing 
was satisfactory these moun ted  crystals remainod un- 
changed for a period of several weeks. 

The crystal  da ta  obtained were as follows: 
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Acetyl  choline chloride. (CHs)aN. C2H 4 . OOCCH a . C1. 

Orthorhombic.  Formula  weight 181.5. 
a = 6.28 _~, Uni t  cell volume 952 A 3. 
b = 9"93 A, 
c =15"26/~.  
Space group P212121. 

Systematic  extinct ions observed:  

h00 for h = 2 n ,  0/c0 for k = 2 n ,  001 for l = 2 n .  

Densi ty :  observed 1.202 g.ml.-1; calculated 1.27 g.ml. -1. 
Molecules per  uni t  cell 4. 

The densi ty  of the crystals was es t imated by floatat ion 
in benzene/chloroform mixtures.  I t  is recognized tha t  the  
value is not  very accurate  and is almost  certainly lower 
than  the t rue value because of the difficulty of freeing 
the crystals completely from the viscous mothe r  liquor. 
However  it is sufficient to confirm the number  of mole- 
cules per uni t  cell. 

There are no apparent  similarities be tween this struc- 
ture  and tha t  of the other  acetyl  choline halides. No 
fur ther  work on this s t ructure  is contemplated.  
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Dur ing  the course of the de te rmina t ion  of the s t ructure  
of t r ime thy lamine  oxide (Caron & Donohue,  1962), 
we felt t ha t  it would be desirable to carry out  addi t ional  
re f inement  of the s t ructure  of t r imethy lamine  oxide 
hydrochlor ide  (R6rat, 1960) by  making  full allowance 
for thermal  anisotropy and by including the effect of the 
hydrogen atoms. This ref inement  was carried out  on 
I~6rat's observed s t ructure  factors by both least-squares 
and  Fourier  methods .  The complete  details of the results 
of these calculations (Caron, 1962) will not  be presented 
here. 

The full ma t r ix  was used in the  least-squares treat-  
ment .  The weight ing funct ion used was tha t  of Hughes  
(1941), wi th  4Fmi n assigned a value of 2.4, The un- 
observed F 's ,  listed by  Rdra t  as zero, and F00e, which 
apparent ly  suffers from extinction,  were not  included 
in the calculations. The Fc were calculated with the form 
factor curves of Berghuis et al. (1956) for C, N, O, and Cl-, 
and the curve of McWeeny (1951) for H.  

The ref inement  was s tar ted at  Rdrat ' s  final pa ramete r  
values, omit t ing the hydrogen  atoms. Thus, the published 
2'c and R value (of 24.4%) were duplicated.  Convergence 
was reached after  the computa t ion  of a few cycles, 
during which R dropped to 15.6%. The coordinates of 
the  hydrogen  atoms were then  es t imated by assuming 
C--H bond lengths of 1.0 it ,  H - C - H  angles of l l 0  °, 

s taggered conformations of the me thy l  groups, and the  
presence of a proton on the oxygen a tom along the  
direction of the shortest  O . . .  C1 distance (2.95 /~). 
These coordinates, together  wi th  isotropic B values of 
6.0 A s, were in t roduced in the computa t ions  as variables, 
and the ref inement  was resumed. The u l t imate  R value, 
including the hydrogen  contributions,  was 14.0%. The 
final values of the various parameters  are shown in 
Tables 1, 2, and 3. 

Table 1. Coordinates for the heavy atoms* 
All values have been multiplied by 10 a 

Least 
Atom I~6mt squares Fourier Final (a) 

C1 x 3967 3965 3967 3966 (2) 
y 6394 6386 6391 6388 (6) 

O x 2237 2235 2228 2232 (8) 
y 3441 3422 3422 3422 (9) 

N x 1439 1436 1437 1437 (4) 
y 5015 5015 5019 5017 (12) 

C 1 x 619 630 633 631 (6) 
y 3287 3305 330I 3303 (14) 

C 2 x 1442 1452 1445 1449 (8) 
y 6575 6532 6557 6544 (27) 
z 9136 9118 9111 9115 (]0) 

* For the molecule lying on the mirror plane at z= ~. 
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Table  2. Anisotropic temperature factors for 
the heavy atoms 

All values have been multiplied by 104 
Least 

Atom B R@rat squares (0) 
C1 I1 49 23 (1) 

22 343 315 (10) 
33 173 169 (6) 
12 - -  -- 17 (3) 

o 11 50 20 (2) 
22 351 272 (19) 
33 177 205 (12) 
12 - -  33 (10) 

N II  39 29 (3) 
22 274 228 (20) 
33 138 99 (10) 
12 - -  2 5  ( 1 0 )  

C 1 11 48 23 (3) 
22 334 232 (23) 
33 168 190 (15) 
12 - -  11  ( 1 3 )  

C 2 11 52 35 (3) 
22 360 316 (21) 
33 181 136 (11) 
12 - -  --7 (10) 
13 - -  - - 0  (7)  
23 - -  -- 125 (24) 

Tab le  3. Hydrogen coordinates and temperature .factors 
Positional parameters  have been multiplied by l0 a 

Least 
Atom* Assumed squares Fourier Final ((~) 

H e x 282 266 - -  266 (19) 
y 445 453 - -  453 (42) 
B 6.0 9"3 - -  9"3 (6.0) 

Hxl x 4 10 1 5 (17) 
y 426 407 431 419 (39) 
B 6.0 4"9 ~ 4"9 (3.6) 

I-Ii~ x 66 73 71 72 (6) 
y 222 225 174 200 (54) 
z 857 877 849 863 (30) 
B 6.0 3.0 - -  3.0 (1-6) 

Hux x 204 203 211 207 (9) 
y 756 739 745 742 (14) 
z 911 902 916 909 (16) 
B 6'0 1"1 - -  1"1 (1.1) 

I-I29 x 90 95 88 91 (8)  
y 765 779 792 786 (18) 
z 911 887 889 888 (7) 
B 6.0 02  - -  0.2 (1.1) 

~I~a x 144 141 156 148 (16) 
y 546 530 527 528 (11) 
z 1018 1004 1009 1007 (10) 
B 6.0 0-7 - -  0"7 (1.0) 

* H 0 is the proton bonded to the oxygen atom. The first 
subscript of the remaining hydrogen atoms designates the 
carbon atom to which they  are bonded. 

The  r a t h e r  smal l  decrease  of R u p o n  the  i n t r o d u c t i o n  
of t he  h y d r o g e n  sca t t e r ing  as well  as t he  B va lues  ob- 
t a i n e d  for t h e  h y d r o g e n  a t o m s  a n d  the i r  s t a n d a r d  devia-  
t ions  ind ica te  t h a t  t he  i n t e n s i t y  d a t a  do n o t  al low clear  
d e m o n s t r a t i o n  of t he  p resence  of t he  h y d r o g e n  a toms .  

I n  o rde r  to ob ta in  a b e t t e r  idea of t h e  s t a t e  of reso lu t ion  
of the  h y d r o g e n  a toms ,  t he  t h r ee -d imens iona l  e l ec t ron  
d e n s i t y  func t i on  a n d  the  co r re spond ing  d i f fe rence  m a p  
were  p r e p a r e d  b y  us ing the  p a r a m e t e r s  a n d  phase  angle  
va lues  of the  last  l eas t - squares  cycle.  The  posi t ions of t he  

h e a v y  a t o m s  were  loca ted  in t he  usua l  w a y .  T h e  f inal  
va lues  of t he  coord ina tes ,  inc luding  b a c k  shif t  correc t ions ,  
are  g iven  in Tab le  1. E x a m i n a t i o n  of t he  d i f fe rence  m a p  
showed  tha t ,  e x c e p t  for  t he  p r o t o n  p r e s u m a b l y  b o n d e d  
to  t he  o x y g e n  a tom,  peaks  could  be f o u n d  for  all h y d r o g e n  
a t o m s  a t  or  n e a r  t he  leas t - squares  posi t ions.  Unfo r -  
t u n a t e l y ,  t he  ' h y d r o g e n  peaks '  h a d  he igh t s  v a r y i n g  
b e t w e e n  0.25 a n d  1.25 e .A -3 and,  in addi t ion ,  m a n y  
spur ious  peaks  of c o m p a r a b l e  he igh ts  could  be f o u n d  
e lsewhere .  

T h e  final  va lues  for  t he  a tomic  coord ina tes ,  p r e s e n t e d  
in Tables  1 a n d  3, r ep re sen t  t he  ave rage  of t he  :Fourier 
a n d  leas t - squares  resul ts .  The  s t a n d a r d  dev ia t ions  were  
de r ived  accord ing  to  t he  re la t ion :  a--(a~;s+A~-)½, w h e r e  
azs  is t he  leas t - squares  s t a n d a r d  dev i a t i on  a n d  A is 
t he  d i f fe rence  b e t w e e n  the  coo rd ina t e  va lues  as o b t a i n e d  
b y  t h e  :Fourier a n d  the  leas t - squares  m e t h o d s .  T h e  
t e m p e r a t u r e  fac to rs  a n d  the i r  s t a n d a r d  dev ia t ions  were  
ob t a ined  f r o m  the  leas t - squares  t r e a t m e n t  only.  Correc- 
t ions  to  t h e  b o n d  leng ths  impl ied  b y  the  an iso t rop ies  
de r ived  f r o m  the  Btl of Tab le  2 are  m u c h  less t h a n  t h e  
s t a n d a r d  er rors  in those  lengths .  

Table  4. Intramolecular distances and angles 
Atoms R@rat Present  work 

N-O 1.424 A 1.425 A 0.011 A 
N-C 1 1.495 1.475 0.010 
N-C~ 1.504 1-480 0-011 
C 1 . . .  O 2.94 2.948 0.010 
CI* . .  O-N 110"4 ° 109.9 ° 0.7 ° 
O-N-C 1 104.7 103-9 1" 1 
O-N-C 2 109"2 109.1 1"3 
C1-N-C 2 110.7 111.0 1.5 
C2-N-C2 111"8 112-3 1"4 

B o n d  d is tances  a n d  angles,  before  a n d  a f t e r  t h e  p r e s e n t  
r e f i nemen t ,  a re  g iven  in Tab le  4. The  d i f ferences  are  n o t  
large, w i t h  t he  excep t ion  of b o t h  C-IN b o n d  lengths ,  
wh ich  h a v e  b e c o m e  shor te r .  R@rat's longer  C - N  va lues  
do n o t  resu l t  f r o m  his neg lec t  of t he  h y d r o g e n  a t o m s  since 
essent ia l ly  ' the s a m e  shor t  va lues  were  o b t a i n e d  in this  
inves t iga t ion  a f t e r  t h e  two  f irs t  l eas t - squares  cycles  in 
wh ich  h y d r o g e n  sca t t e r i ng  was  also o m i t t e d .  T h e  com- 
par i son  of these  resul ts ,  inc lud ing  t h e  a b n o r m a l l y  smal l  
O-:N-C 1 b o n d  angle,  w i t h  those  o b t a i n e d  for  t r i m e t h y l -  
a m i n e  oxide  will be  discussed e l sewhere  (Caron & Dono-  
hue ,  1962). 

W e  wish to  t h a n k  Dr  Gus J .  P a l e n i k  for  t h e  use of his 
:Fourier a n d  leas t -squares  p rog rams .  All ca lcula t ions  were  
done  a t  t h e  W e s t e r n  D a t a  Process ing  Cen te r  on an  I B M  
7090. This  w o r k  was  s u p p o r t e d  by  a g r a n t  f r o m  t h e  
U.S.  A r m y  R e s e a r c h  Off ice - - -Durham.  
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