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F(1) 
F(2) 
O 
Sum 

Table 6. Bond strengths in LizSnF6.2H20 

Sn Li H(1) H(2) 
0.68 (x 4)j" 0.17 (x2 ) t  0.09 ( x 2 ) t  0.06 (×2)  
0.64 (x 2)I" (x2)* 0.14 (x 2)I" 0.06 

0.18 ( x 2)1- 0.81 0.81 
4.00 0.98 0.99 0.99 

Bond strengths (s) calculated after Brown & Shannon (1973) using the parameters 

So R0 N 
Sn-F 0.667 1.969 6.3 
Li -F  0.5 1.547 4.0 
Li-O 1.0 1.378 4.165 

in the equation s = so(R/Ro)-n. Hydrogen bond strengths estimated. 

* Multiplicity around anion. 
1" Multiplicity around cation. 

Sum 
1.00 
0.98 
1.98 

hedron compared with the TiF6 octahedron and the cor- 
respondingly larger distortion in the environment of 
Li (see Table 5). A bond strength calculation (Table 6) 
indicates that the hydrogen bonding scheme is probably 
similar to that in the Ti compound. 

This research was supported by a grant from the Na- 
tional Research Council of Canada who also awarded 
one of us (EAM) a scholarship. 
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Abstract. CsHt406NP.H20, monoclinic, space group 
P2~ with a=9.566 (5), b=7-324 (5), c=7.657 (5) A, 
fl--106.72 (2)°; dmoas--1.51, dc,,c= 1.507 g c m  -3 for 
Z = 2 ;  #(Cu Kc0=25.6 cm -1. The absolute configura- 
tion has been confirmed from the intensities of 710 
Bijvoet pairs hkl and hfcl, using the Cu K~ anomalous 
scattering of phosphorus and oxygen atoms. Bond 
lengths and angles are reported with e.s.d.'s of about 
0.004 A and 0.3 °. 

Experimental. A suitable crystal was selected from a 
sample of L-~-glycerylphosphorylethanolamine mono- 
hydrate (hereafter GPE. HzO), which was prepared by 

* Present address: Medical Foundation of Buffalo Research 
Laboratories, 73 High Street, Buffalo, New York 15203, U.S.A. 

Baer & Stancer (1953) and was kindly supplied by 
Professor Baer of the University of Toronto. In order 

~ 0(3) 

/ 9  
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Fig. 1. The atomic nomenclature, conformation, and absolute 
configuration for the L-c~-GPE zwitterion. 
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to decrease er rors  due to X- ray  absorp t ion ,  the plate-  
like crystal ,  o f  d imensions  0.4 x 0.2 x 0.05 man, was 
e m b e d d e d  in a spherical  bead  of  epoxy resin of  d iam-  
eter 0.4 mm,  a n d  p (Cu  K e ) ~  7 cm -1. The d a t a  were 
measu red  on a compute r -con t ro l l ed  four-circle au to-  
mat ic  d i f f rac tometer  using nickel-fil tered Cu Kc~ radia-  

tion. The crystal  was m o u n t e d  with  b, the longest  
d imension,  at  an angle of  14.07 ° f r o m  the d i f f rac tom- 
eter re axis. Intensit ies were measu red  for  1580 reflec- 
t ions wi th  sin 0/2_<0.59 A -1, using 0/20 scans at  a 
ra te  of  2°/min and  b a c k g r o u n d  counts  of  20 sec at  
each scan limit. The da t a  included 710 Bijvoet pairs  
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Fig. 2. The crystal structure of L-~-GPE. H20 in projection down the b axis. Hydrogen bonds are shown dotted. 

Table  1. Atomic positional ( x  104) and anisotropic thermal parameters for L-c~-GPE. H 2 0  

The temperature factor is T=exp [-(fl~lh2+f12zkZ+f13312+2fl12hk+2fl13hl+2f123kl)]. The e.s.d.'s are given in parentheses and 

N 
C(2) 
C(1) 
O(1) 
P 
O(3) 
0(4) 
0(2) 
C(l l)  
C(12) 
0(12) 
C(13) 
O(13) 
o ( w )  

refer to the least significant figure in the parameter value. 

x y z f in  fl22 fl~a fl12 fl13 flz3 

3124 (3) 4031 (4) --3871 (3) 0"0083(3) 0"0110 (5) 0"0089 (4) 0"0000 (3) 0"0027 (3) 0"0003 (4) 
3679 (4) 2174 (5) -3206 (4) 0"0133 (4) 0"0109 (8) 0"0114 (5) 0"0023 (5) 0"0050 (4) --0"0003 (4) 
4428 (4) 2153 (5) -1219 (4) 0"0104 (4) 0"0145 (7) 0-0119 (6) 0"0026 (5) 0"0049 (4) 0"0010 (5) 
3463 (2) 2855 (3) - 2 5 4  (3) 0"0074 (2) 0"0151 (5) 0"0102 (3) 0-0020 (3) 0-0032 (2) 0"0005 (3) 

3820"1 (7) 2500 1877"5 (8) 0"00710 (8) 0"0082 (1) 0"0080 (1) 0"0008 (1) 0"00248 (7) 0-0011 (1) 
5426 (2) 2408 (4) 2726 (2) 0"0079 (2) 0"0170 (4) 0"0131 (4) 0"0001 (3) 0"0006 (2) 0"0028 (4) 
2940 (3) 3873 (3) 2537 (3) 0"0138 (3) 0-0119 (4) 0"0114 (4) 0"0038 (3) 0"0059 (3) 0"0015 (3) 
3262 (2) 503 (3) 2094 (3) 0"0083 (2) 0.0092 (4) 0.0217 (5) 0"0011 (3) 0"0072 (3) 0"0033 (4) 
1749 (3) 111 (4) 1919 (5) 0"0079 (4) 0"0096 (5) 0"0167 (7) 0"0016 (4) 0"0043 (4) 0-0020 (5) 
1643 (3) - 1868 (4) 2414 (4) 0"0078 (3) 0"0104 (6) 0"0098 (5) 0"0005 (3) 0"0030 (3) 0"0018 (4) 
1832 (3) -2950 (3) 963 (3) 0"0147 (3) 0"0105 (5) 0-0151 (4) 0"0035 (3) 0"0066 (3) 0"0025 (3) 

167 (3) -2279 (6) 2694 (4) 0"0081 (3) 0"0148 (8) 0"0153 (6) --0"0017 (4) 0"0039 (4) -0"0005 (6) 
- 122 (2) - 1269 (4) 4115 (3) 0"0085 (3) 0"0225 (5) 0"0154 (4) 0"0023 (3) 0-0043 (3) 0"0008 (4) 
1788 (3) -2024 (5) -2600 (4) 0"0108 (3) 0"040 (1) 0"0156 (5) 0"0026 (5) 0"0032 (3) 0"0033 (6) 

A C 29B - 12" 
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Table  1 (cont.) 

Hydrogen atomic parameters are x 103. 

x y z 

H(1)  2 1 8 ( 5 )  4 2 2 ( 8 )  - 3 6 6  (6) 
H(2 )  293 (5) 396 (8) - 5 0 9  (7) 
H(3 )  380 (6) 491 (9) - 3 4 2  (7) 
H(4) 275 (5) 130 (8) -355 (7) 
H(5) 438 (5) 174 (8) -387 (6) 
H(6) 453 (5) 89 (8) - 8 2  (6) 
H(7) 529 (5) 306 (8) - 9 6  (6) 
H(8) 120 (5) 30 (9) 81 (7) 
H(9) 138 (5) 88 (8) 281 (6) 
H(10) 245 (5) -198 (7) 349 (7) 
H(II) 230 (6) -410  (8) 130 (8) 
H(12) 30 (5) -350  (9) 289 (6) 
H(13) - 5 5  (5) -200  (8) 160 (7) 
H(14) 55 (5) - 152 (8) 524 (7) 
H(15) 172 (5) -216  (8) - 133 (7) 
H(16) 257 (6) -198 (8) -256  (6) 

(hkl and  h/~l) and  52 reflections with integrated inten- 
sity less than  1.25 o-(I). The latter were assigned in- 
tensity values of  g(1)/2. 

The phase  p rob lem was solved by a combina t i on  of  
Pat terson and  direct methods .  The complete  data  set 
(hkl and  hfcl) was used in ful l -matr ix  least-squares re- 
f inement  of  the parameters  listed in Table  1. The func- 
t ion min imized  was ~[AF/a(F)] 2 where o '2(F)=0"l  + 

h 

0"001[F[ 2, and  A F =  [Fracas[- [Fcatc[. Atomic  scattering 
factors were taken f rom International Tables for X-ray 
Crystallography (1968), except that  for hydrogen,  
which  was taken f rom Stewart, Davidson  & Simpson  
(1965). A n o m a l o u s  scat tering factors for phosphorus  
and  oxygen a toms were included ( A f ' = 0 . 2 ,  A f " = 0 . 5  
for phosphorus ;  Af' = 0.0, Aft '  = 0.1 for oxygen). Inde- 
pendent  ref inements  for enant iomer ic  crystal struc- 
tures converged at R values o f  0.029 and  0.039 respec- 
tively (R=~lAFl/~lFmeas[), conf i rming the absolute  

h 

conf igurat ion (Fig. l) which  was es tabl ished by Baer 
& Stancer (1953) f rom chemical  evidence. The differ- 
ent ia t ion of  the enant iomer ic  structures was enhanced  
by calculat ion of  Ranom = Y . l A m e a s  - -  Acatcl/~[Ameas [ where 

h h 
A =(F~Z-Fi~). This  residual  had  values of  0.58 for the 
L-structure (Table 1 and  Fig. 1) and  1.88 for the 
D-structure. The observed and  calculated (L-isomer) 
structure ampl i tudes  and  d-values  are listed in Table  2. 

Discussion. The confo rma t ion  of  the G P E  zwit ter ion 
in the crystal s tructure o f  G P E .  H 2 0  (Fig. 1), and  the 
significance which  this m a y  have in cont r ibu t ing  to an 
unders tand ing  of  structural  re la t ionships  in biological  
m e m b r a n e s  have been discussed elsewhere (DeTi t ta  & 
Craven,  1971; Sundara l ingam,  1972). We now report  
details o f  the bond  lengths and  angles (Table 3) and  
molecu la r  interact ions  (Fig. 2) in G P E .  H 2 0 .  

The bond  lengths and  angles are s imilar  to those 
found  in ~-glycerylphosphorylchol ine  ( A b r a h a m s s o n  
& Pascher,  1966). In par t icular ,  the sum of  the P - O  

Table  2. Observed and calculated structure amplitudes 
for L-~-GPE. HzO 

T h e  c o l u m n s  a re  k,  10lFo[, 101Eel, lOAo, 10A+. A n  a s t e r i sk  
a p p e a r s  to  the  r i g h t  o f  the  k i n d e x  f o r  t h o s e  r e f l ec t ions  f o r  

w h i c h  o n l y  F~,++ w a s  m e a s u r e d .  
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Table 3. Bond distances and bond angles, with e.s.d.'s, 

for  L-~-GPE. H20 

N C(2) 1.495 (4) A N----C(2)--C(1) 112.2 
C(2)--C(1) 1-483 (5) C(2)--C(1)--O(1) 109.4 
C(I)--O(1) 1.433 (4) C(1)--O(I)--P 119.4 
P----O(1) 1.590 (2) O(1)--P----O(2) 106.2 
P-----O(2) 1"582 (2) O(1)--P 0(3) 110.3 
Pro--O(3) 1.486 (2) O(1)--P----O(4) 105.2 
P----O(4) 1.489 (3) O(2)--P 0(3) 104.4 
0(2)--C(11) 1.443 (4) 0(2)--P----0(4)  110.3 
C(11)-C(12) 1.508 (4) 0(3)--P----0(4)  119.7 
C(12)-O(12) 1.418 (4) P O(2)--C(11) 122.3 
C(12)-C(13) 1.517 (5) O(2)--C(11)-C(12) 107.8 
C(13)-O(13) 1.407 (4) C(11)-C(12)-O(12) 107.9 

C(11)-C(12)-C(13) 111.0 
N...O(1) 2.827 (3) O(12)-C(12)-C(13) 109.4 

C(12)-C(13)-O(13) 113.8 
N-H 0.90-0-97 (5) 
O-H 0.74-1.00 (6) 
C-H 0.87-1.06 (5) 

The third hydrogen bond is with the ),-hydroxyl oxy- 
gen atom [N- . .O(13)  distance 2.831 (4) ,&.]. Each hy- 
droxyl group donates and accepts one hydrogen bond 

(3) ° with O . - . O  distances o f O ( 1 3 ) H . . . O ( W )  2.707 (4) A, 
(3) O(12 )H . . . 0 (4 )  2.693 (3) ]k, O(W)H. . .O(12)  2.800 (4) 
(3) A and O ( W ) H - . -  0(3) 2.728 (4) ~.  The water oxygen 
(1) 
(1) atom is 0.136 ,~ out of the plane of the three oxygen 
(2) atoms with which it is hydrogen bonded. Although 
(1) the phosphoryl oxygen atoms both accept two hydro- 
(l) gen bonds, the phosphate ester oxygen atoms are not 
(1) 
(3) hydrogen bonded. This is consistent with most other 
(2) crystal structures which contain molecules with phos- 
(2) phodiester linkages (Sundaralingam, 1969). 
(3) 
(3) 
(3) This research was supported by grants NS-02763 

and GM-01728 from the U. S. Public Health Service, 
National Institutes of Health. The programs for IBM 
1130 and 7090 computers which were used were those 
written or modified by Dr R. Shiono. 

bond lengths, 6.147 (9) A, in G P E . H 2 0  is within the 
range 6-177+0-030 A which has been observed in 16 
accurately determined crystal structures of phosphates 
(Calleri & Speakman, 1964). 

In the crystal structure of GPE. H20 , there is a 
three-dimensional network of hydrogen bonds which 
involves all N -H  and O-H donor groups. We do not 
consider the cationic NH + group to be intramolecular- 
ly hydrogen bonded because, although the intramo- 
lecular N H . . .  O distance is short (2.83 ,~), the N-H(1) 
• - .O  angle (86 °) is unfavorable. However, the NH~- 
group forms normal hydrogen bonds with three neigh- 
boring zwitterions. As might be expected, these in- 
volve both of the electronegative phosphoryl oxygen 
atoms [ N . . . O  distances 2-848 (3) and 2.708 (3) ,~]. 
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