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wR = 0.059 
S = 1.955 
1358 reflections 
145 parameters  
H atoms riding ( C - - H  

0.95 A) 
w = 4FoZ/[o'Z(F 2) 

+ O.O004F 41 
(m/o')max ---- 0.003 

Extinction correction: 
isotropic (Zachariasen, 
1963) 

Extinction coefficient: 
0 .18(1)  x 10 -5 

Atomic scattering factors 
from International Tables 
for X-ray Crystallography 
(1974, Vol. IV) 

Tab le  1. Fractional atomic coordinates and equivalent 

isotropic displacement parameters (1~ 2 ) 

Ueq = (1/3)Ei~jUija?a~ai.aj. 
x y z Ueq 

Cll 0.39882 (6) 0.0936 (3) 0.00000 0.0658 (3) 
c12 0.44907 (7) 0.6548 (3) 0.24897 (8) 0.0660 (3) 
C1 0.5098 (2) 0.008 (1) -0.0047 (2) 0.0448 (9) 
c2 0.5405 (3) -0.152 (1) -0.0644 (3) 0.056 (1) 
C3 0.6307 (3) -0.224 (1) -0.0690 (3) 0.061 (1) 
c4 0.6847 (3) -0.134 (I) -0.0134 (3) 0.058 (1) 
C5 0.7328 (3) 0.388 (1) 0.2314 (3) 0.065 (1) 
c6 0.7020 (3) 0.550 (1) 0.2901 (3) 0.073 (1) 
c7 0.6134 (4) 0.633 (1) 0.2974 (3) 0.0,57 (1) 
C8 0.5590 (3) 0.545 (1) 0.2401 (3) 0.053 (1) 
C9 0.5320 (2) 0.282 (1) 0.1184 (2) 0.0448 (9) 
ClO 0.7075 (2) 0.126 (1) 0.1091 (3) 0.056 (1) 
Cll 0.5625(2) 0.114(1) 0.0564(2) 0.0411 (9) 
c12 0.6538 (2) 0.033 (1) 0.0506 (2) 0.047 (1) 
c13 0.5861 (2) 0.376 (1) 0.1763 (2) 0.044 (1) 
c14 0.6778 (2) 0.293 (1) 0.1716 (3) 0.049 (1) 

Tab le  2. Selected geometric parameters (A, o) 

Cll---c1 1.745 (4) c6--c7 1.411 (8) 
c12--c8 1.756 (4) c7--c8 1.376 (7) 
c 1---c2 1.339 (6) c8--c13 1.397 (6) 
Cl--Cl ! 1.434 (6) c9---c 11 1.385 (6) 
c2----c3 1.421 (7) c9---c13 1.389 (6) 
c3--c4 1.352 (7) c10--c12 1.391 (6) 
c4--c12 1.415 (6) c10--c14 1.388 (7) 
c5----c6 1.327 (7) Cl 1--c12 1.447 (5) 
c5---c14 1.423 (7) c13---c14 1.453 (5) 

Cll---Cl--C2 118.5 (3) c12---c10--~i4 123.3 (4) 
Cl l~ l - - -c11  117.5 (3) Cl---c11----c9 124.8 (3) 
c2---c 1---c 11 124.0(4) c1---Cl 1---c 12 115.5 (3) 
c1--c'2---c3 119.2 (4) c9--c i  I---c12 119.7 (3) 
c2--c3--c4 120.4 (5) c4--c12---c10 123.0 (4) 
c3--c4----c12 121.6 (4) c4---c12--c11 119.3 (4) 
c6---c5---c 14 121.4 (4) ClO----c12---c11 117.7 (4) 
c5---c6---c7 122.2 (5) c8---c13--c9 124.8 (4) 
c6---c7--c8 117.4 (4) c8--c13---c14 116.6 (4) 
c12--428---c7 117.2 (4) c9---c13---c14 118.6 (4) 
c12---c8--c13 118.8 (3) c5--ci4--~10 123.2 (4) 
c7---c8----c13 124.1 (4) c5----c 14----c13 118.4 (4) 
Cl 1--c9----c13 122.3 (3) ClO--Cl4----Cl 3 118.4 (4) 

The crystal used for analysis was mounted in a capillary to 
prevent  sublimation. The structure with the opposite sense 
of  the polar axis was refined under identical circumstances,  
however ,  no significant coordinate shifts or differences in 
agreement  indices were noted. The reported configuration was 
arbitrarily chosen. 

Data collection: CAD-4 Operations Manual (Enraf-Nonius ,  
1977). Cell refinement:  CAD-4 Operations Manual. Data 
reduction: MolEN PROCESS (Fair, 1990). Program(s) used 
to solve structure: direct methods (MULTAN80; Main et al., 
1980). Program(s) used to refine structure: MolEN LSFM. 
Molecular  graphics: ORTEPII (Johnson, 1976). Software used 
to prepare material for publication: MolEN CIF IN. 
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gen bonds, n-Butyl(carboxymethyl)dimethylammonium 
bromide has two molecules in the asymmetric unit. The 
orientation of the alkyl chain relative to the polar part 
of the molecule is different in the two compounds. 

Comment 
In a systematic study, analogies between the crys- 
tal structures and properties of monomolecular lay- 
ers of homologous N-n-alkylcarboxybetaines at the 
water surface have been investigated. It is of in- 
terest, therefore, whether structure analogies between 
the three-dimensional crystals and the two-dimensional 
monolayers resulting from comparable lateral in- 
termolecular interactions in the layer planes can 
be found. The homologous N-n-alkyl-N,N-dimethyl- 
ammonioacetic acid hydrobromides of general formula 
RN+(CH3)2CH2COOH.Br - are suitable candidates for 
a systematic investigation of the effect of alkyl chain 
length on the molecular packing within the crystal. It is 
well known that the surface activity of amphiphiles de- 
creases with decreasing chain length. Amphiphiles con- 
taining only short alkyl chains are no longer surface 
active and no self-assembly can be observed. It is the 
objective of this work to obtain information on the spe- 
cial structural features of N-n-alkylcarboxybetaines with 
short alkyl chains. 

This is the third publication in a series of crystal 
structures of N-n-alkylcarboxybetaines. In the preceding 
publications of this series, the structures of the n-octyl 
and n-undecyl analogs of the title compounds were 
presented (Rudert, Schulz, Reck, Vollhardt & Kriwanek, 
1995a, b). In the following discussion, the two title 
compounds will be referred to as ethyl betaine, (I), and 
butyl betaine, (II). 

CH 3 CH 3 CH~ /CH 3 

(I) (II) 

Ethyl betaine has one molecule in the asymmetric 
unit, whereas the asymmetric unit of butyl betaine 
contains two independent molecules, A and B, with 
slightly different conformations, and two independent 
Br- anions. The orientation of the alkyl chain relative to 
the polar part of the molecule, and therefore the torsion 
angles C31--C32--N1---C2 and C32--N1---C1--C2, 
are different in the two compounds (Tables 2 and 4; 
Fig. 1). 

Atoms O1, 02, C31 and C32 are coplanar in all mol- 
ecules, the maximum deviation from the least-squares 
planes being less than 0.01.4,. The distance of the N 
atom from this plane is 0.13 (2)/~ in ethyl betaine, 
and 0.26 (3) and -0.08 (5)A in molecules A and B, 

Ol 

Br 
C31 (...., ~ ~  

(a) 

c2 c  _ c3A 

C 3 3 A ~  ~ q l ~  

k..d M,, ~ C32A Q.) ~ ) O 2 A  

(b) 

Fig. 1. PLATON (Spek, 1990) drawings of (a) ethyl betaine and (b) 
molecule A of butyl betaine. The ellipsoids enclose 50% probability 
and hydrogen bonds are symbolized by thin lines. 

respectively, of butyl betaine. Consequently, the distance 
between the partially negative O1 atom and the N1 atom 
is rather short, being° 2.895 (8)/~ in ethyl betaine, and 
2.96 (1) and 2.95 (1) A in butyl betaine. So far, this type 
of conformation has been found in all other alkyl betaine 
compounds. 

The Br - . . -N  + contacts and Br- . . .H-- -O hydrogen 
bridges build up a three-dimensional network. Because 
four C atoms are tetrahedrally bonded to the N atom, 
there are four potential coordination sites above the 
centers of the tetrahedral faces. The crystal structure 
of tetramethylammonium bromide (Cheban, Dvorkin, 
Rotaru & Malinovskii, 1987; Evans & Hughes, 1990) 
may serve as a model for this type of Br - - . .N  + 
interaction. One of these sites is occupied by the O1 
atom of the same molecule, while the other three sites 
are occupied by Br- anions. One exception is molecule 
B of butyl betaine, which is fourfold coordinated by Br- 
anions, the fourth Br- being at a distance of 4.025 (7) ,~ 
from atom O lB. 

Each Br- anion is coordinated by three or four 
N atoms, the distances being 4.161(7), 4.285(7) 
and 4.310 (7) ,~, for eth~'l betaine, 4.294 (8), 4.311 (7), 
4.655 (7) and 4.805 (7) A for Brl of butyl betaine, and 
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4 .225 (7), 4 .242 (7) and 4.697 (7)/~. for  Br2 o f  butyl  
betaine.  The  B r . . . O  dis tances  o f  the h y d r o g e n  bonds  
are 3 . 1 0 2 ( 6 ) ~ ,  for  e thyl  betaine,  and 3.075 (7) and 
3.122 (7 ) ,~  for  butyl  betaine.  S imi la r  contac ts  exist  in 
longer  cha in  be ta ine  c o m p o u n d s  (e.g. octyl  beta ine  and 
u n d e c y l  betaine;  Rude r t  et al., 1995a,  b), as wel l  as in 
be ta ine  h y d r o b r o m i d e  i tself  (Clastre,  1964). In contras t  
to the longer  cha in  beta ines ,  the title c o m p o u n d s  do not  
f o rm  layers.  

lc 
Fig. 2. SCHAKAL92 (Keller, 1992) drawing of the Br coordination 

in ethyl betaine, viewed in the [110] direction. The filled circle 
is Br and the shaded circles are N and O. The hydrogen bond is 
symbolized by a thin line and the Br..-N contacts by dotted lines. 

a\ 

X4 , 

< 

. \ 

\b 

Fig. 3. SCHAKAL92 drawings of the Br coordinations in butyl betaine 
(symbols as in Fig. 2). For clarity, the last three C atoms of the 
butyl chains are not shown. 

Experimental 
Both title compounds were synthesized according to a detailed 
description given for the preparation of N-n-alkyl-N,N-di- 
methylammonioacetic acid bromides (WOstneck, Kriwanek, 

Herbst, Wasow & Haage, 1992). A mixture of equimolar 
quantities of N,N-dimethylglycine butyl ester and ethyl or 
butyl bromide were refluxed for 7 h in dry methanol. The 
product was hydrolyzed by addition of methanolic KOH and 
refluxing for 1 h. Afterwards, aqueous hydrobromic acid (48%) 
was added until the solution became acidic. Finally, surplus 
inorganic salt was removed and N-ethyl- or N-n-butyl-N,N- 
dimethylammonioacetic acid bromide crystallized on cooling. 
The product was filtered off, dried over P205 under vacuum 
and recrystallized repeatedly from dry acetone containing 
small amounts of methanol. 

Ethyl betaine, (I) 
Crystal data 

C6H14NO~.Br- 
Mr = 212.09 
Monoclinic 
Cc 
a = 12.108 (7)/~, 
b = 7.277 (3) ,~, 
c = 10.835 (9) ,~, 
/3 = 107.58 (5) ° 
V = 910 (2) ,~3 
Z = 4  
Dx = 1.55 Mg m -3 

Mo Kc~ radiation 
A = 0.71073 ,~, 
Cell parameters from 24 

reflections 
0 = 11-17 ° 
# = 4.423 m m - I  
T = 294 K 
Plate 
0.45 × 0.40 × 0.03 mm 
Colorless 

Data collection 
Enraf-Nonius CAD-4 

diffractometer 
0/20 scans 
Absorption correction: 

scans (Fair, 1990) 
Train = 0.5745, Tmax = 
0.9998 

3201 measured reflections 
1741 independent reflections 

Refinement 
Refinement on F 
R = 0.052 
wR = 0.061 
S = 1.354 
1381 reflections 
92 parameters 
w = 4Fo2/[a2(Fo 2) 

+ 0.0016Fo 41 
(m/O')max = 0.036 

1381 observed reflections 
[I > 2~r(/)] 

Rint = 0.125 
0ma× = 24.97 ° 
h = - 14 ~ 14 
k = - 8  ---* 8 
l = - 12 ~ 12 
2 standard reflections 

frequency: 30 min 
intensity decay: 1.55% 

Apmax = 0.95 e ,~-3 
Apmin = --0.50 e ,~-3 
Atomic scattering factors 

from International Tables 
for X-ray Crystallography 
(1974, Vol. IV) 

Absolute configuration: 
determined by R value 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (,~2 ) for  (I) 

Ueq = (1/3)EiEjUija~afai.aj. 

x y z Ueq 
Br 0.3250 0.2044 (1) 0.8030 0.0624 (3) 
O1 0.1228 (6) 0.611 (1) 0.6489 (5) 0.078 (3) 
02 0.1869 (5) 0.3905 (9) 0.5449 (5) 0.070 (3) 
NI 0.0202 (5) 0.7976 (9) 0.4051 (5) 0.052 (3) 
C1 -0.0130 (8) 0.855 (2) 0.2652 (8) 0.091 (5) 
C2 -0.089 (I) 0.745 (3) 0.173 (1) 0.103 (7) 
C31 0.1309 (6) 0.542 (1) 0.5523 (6) 0.050 (3) 
C32 0.0800 (6) 0.611 (1) 0.4172 (6) 0.049 (3) 
C33 0.0982 (8) 0.941 (1) 0.4773 (8) 0.070 (4) 
C34 -0.0892 (6) 0.787 (1) 0.4463 (8) 0.072 (4) 
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Table 2. Selected geometric parameters (,~, o)for (I) 
O1---C31 1.192 (9) N 1----C33 1.47 (1) 
O2-.--C31 1.31 (1) N 1---C34 1.52 (1) 
N1---CI 1.51 (!) C!--C2 1.39 (2) 
N1---C32 1.52 (1) C31---C32 1.494 (9) 

C1--N1---C32 108.0 (7) N1--C1--C2 118 (1) 
C1--NI---C33 105.8 (7) O1----4231---O2 126.2 (7) 
CI--N1---C34 108.5 (6) O1--C31---C32 126.8 (8) 
C32--N1---C33 112.1 (5) O2---C31---C32 107.0 (6) 
C32--N1---C34 111.3 (6) N1---C32--C31 115.5 (6) 
C33---N 1---C34 110.9 (7) 

C32--N1--C1---C2 61.0 (13) O1---C31----C32--N1 5.3 (12) 
C1--N1---C32---C31 173.4 (7) O2--C31--C32--N1 - 174.5 (7) 

Butyl betaine, (II) 
Crystal data 

C8H18NO~.Br -  M o  Ka radia t ion 
Mr = 240.15 A = 0.71073 
Or tho rhombic  Cell  parameters  f rom 25 
P212121 ref lect ions 
a = 11.110 (7) ,~ 0 = 1 0 - 1 4  ° 
b = 13.428 (5) ,~, # = 3.596 m m  -1 
c = 15.038 (5) ,~, T = 294 K 
V = 2243 (2) ,~3 Pr ismat ic  

Z = 8 0.70 x 0.60 × 0.28 m m  
Dx = 1.42 Mg  m -3 Color less  

Data collection 

E n r a f - N o n i u s  C A D - 4  
d i f f rac tomete r  

0/20 scans 
Absorp t ion  correct ion:  

ref ined f rom A F  
(DIFABS; Walker  & 
Stuart ,  1983) 

Tmin = 0.16, Tmax = 0.37 
2244 measu red  ref lect ions 
2244 independen t  ref lect ions 

Refinement 

Ref inemen t  on F 
R = 0.053 
wR = 0.052 
S = 2.190 
2052 ref lect ions 
224 parameters  

Uni t  weights  appl ied  
( A / o r ) m a x  = 0.045 
Apmax = 0.53 e/~-3 
Apmin = -0.23 e ,&-3 

2052 observed  ref lect ions 
[1 > Or(/)] 

0max = 25.01 o 

h =0- - -~  13 
k = 0 ---~ 15 
l = 0 ~  17 
2 s tandard  ref lect ions 

f requency:  30 min  
in tensi ty  decay:  1.23% 

Ext inc t ion  correct ion:  
isotropic (Zachar iasen ,  
1963) 

Ext inc t ion  coeff icient :  
0.89 × 10 -7  

A t o m i c  scat ter ing factors  
f rom International Tables 
for  X-ray Crystallography 
(1974, Vol. IV) 

Table 3. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (,42)for (II) 

Ueq = (1/3)EiEjUoaT aTai.a j. 

x y z Ueq 
Brl 0.57465 (9) 0.17574 (8) 0.38006 (7) 0.0509 (5) 
Br2 0.40039 (9) 0.14508 (7) 0.90787 (7) 0.0496 (4) 
OIA 0.2340 (7) 0.2165 (7) 0.3213 (5) 0.074 (5) 
OIB 0.7443 (7) 0.0837 (5) 0.8710 (6) 0.063 (4) 
O2A 0.3128 (6) 0.1338 (6) 0.4347 (5) 0.062 (4) 
O2B 0.6591 (6) 0.2323 (5) 0.8852 (6) 0.059 (4) 
NIA -0.0071 (6) 0.1558 (5) 0.3849 (5) 0.039 (4) 
N1B 0.9833 (6) 0.1785 (5) 0.8663 (4) 0.036 (3) 

C1A -0.0079 (9) 0.0958 (7) 0.2979 (5) 0.037 (4) 
CIB 0.9877 (9) 0.1193 (7) 0.7806 (5) 0.042 (5) 
C2A --0.1211 (9) 0.0999 (7) 0.2445 (5) 0.041 (5) 
C2B 1.113 (1) 0.0797 (8) 0.7580 (6) 0.050 (5) 
C3A --0.114 (1) 0.0220 (8) 0.1724 (6) 0.050 (5) 
C3B 1.110 (1) 0.0213 (8) 0.6716 (7) 0.060 (6) 
C4A -0.222 (1) 0.019 (1) 0.I 145 (8) 0.077 (8) 
C4B 1.234 (1) -0.0053 (9) 0.6397 (6) 0.059 (6) 
C31A 0.2234 (9) 0.1688 (7) 0.3889 (7) 0.049 (5) 
C31B 0.7517 (9) 0.1720 (7) 0.8749 (7) 0.049 (5) 
C32A 0.1081 (8) 0.1413 (7) 0.4332 (5) 0.041 (4) 
C32B 0.8660 (8) 0.2340 (6) 0.8717 (6) 0.040 (5) 
C33A -0.1061 (9) 0.1229 (8) 0.4470 (6) 0.053 (5) 
C33B 1.0792 (9) 0.2564 (6) 0.8685 (6) 0.045 (5) 
C34A --0.025 (1) 0.2663 (7) 0.3655 (7) 0.055 (6) 
C34B 0.999 (1) 0.1151 (7) 0.9478 (5) 0.045 (5) 

o 

Table 4. Selected geometric parameters (A, o) for (II) 
OIA---C31A 1.21 (I) NIA---C34A 1.53 (1) 
O1B---C31B 1.19 (1) NIA---C33A 1.51 (1) 
O2A---C3 IA 1.30 (1) C1A---C2A 1.49 (1) 
O2B---C31B 1.32 (1) CIB---C2B 1.53 (1) 
NIB---CIB 1.52 (1) C2A---C3A 1.51 (1) 
N IB---C32B 1.50 (1) C2B---C3B 1.52 (1) 
N IB---C33B 1.49 (1) C3B---C4B 1.51 (2) 
N 1B----C34B 1.50 ( 1 ) C3A---C4A 1.48 (2) 
NIA---CIA 1.54 (1) C31A---C32A 1.49 (1) 
N IA---C32A 1.48 (1) C31B--C32B 1.52 (1) 

CIB--N1B---C32B 109.5 (7) NIB---C1B--C2B 113.6 (8) 
C1B--N1B----C33B 111.3 (7) C1A----C2A--C3A 108.6 (8) 
C1B--N1B---C34B 113.2 (7) C1B---C2B---C3B 110.3 (8) 
C32B--NIB---C33B 105.7 (6) C2B---C3B--C4B 111.8 (9) 
C32B--N1B--C34B 109.6 (7) C2A--C3A---C4A 113.7 (9) 
C33B--N1B---C34B 107.3 (7) O1A---C31A--&)2A 124.4 (9) 
C1A--N1A--C32A 110.6 (6) O1A--C31A--C32A 126.3 (9) 
C1A--N1A---C34A 110.3 (7) O2A----C31A--C32A 109.3 (8) 
CIA--N1A---C33A 111.7 (7) O1B--C31B--&)2B 124.3 (9) 
C32A--N IA----C34A 109.5 (7) OIB---C31B---C32B 127.1 (9) 
C32A--NIA---C33A 106.7 (7) 02B--C31B----C32B 108.6 (7) 
C34A--NIA--C33A 107.9 (7) NIA--C32A--C31A 119.4 (7) 
NIA--CIA---C2A 116.3 (7) N1B---C32B---C31B 117.0 (7) 

OIA---C31A---C32A--NIA 12 (I) 
OIB----C31B---C32B--NIB - 2  (i) 
O2A--C31A---C32A--NIA - 168.3 (8) 
02B---C31B---C32B--NIB 176.0 (8) 
C31A---C32A--N1A--CIA 59 (i) 
C31B----C32B--N1B----CIB 63 (1) 
C32A--N 1A----C 1A---C2A 177.2 (7) 
C32B--N 1B--C IB---C2B 166.6 (7) 

For  e thyl  betaine,  all H a toms  were  ref ined as r iding,  except  for  
a tom H2,  which  was  ref ined independen t ly  f rom the pos i t ion  
o f  the 0 2  a tom.  For  butyl  betaine,  the posi t ions  o f  a toms  H2A 
and H2B were  found  by dif ferent ia l  Four ie r  synthesis .  All 
o ther  posi t ions  were  ca lcula ted  and all H a toms  were  ref ined 
as r iding on their  parent  a toms.  

For  both  c o m p o u n d s ,  data  col lect ion:  CAD-4  Operations 
Manual ( E n r a f - N o n i u s ,  1977); cell ref inement :  CAD-4  Oper- 
ations Manual; data  reduct ion:  MoIEN PROCESS (Fair, 1990); 
p rogram(s)  used to solve structures:  MULTAN80 (direct  meth-  
ods; Ma in  et al., 1980); p rogram(s)  used to refine structures:  
MolEN LSFM; molecu la r  graphics:  PLATON92 (Spek,  1990) 
and SCHAKAL92 (Keller ,  1992); sof tware  used to prepare ma-  
terial for  publ icat ion:  MolEN CIF IN. 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates, complete geometry and torsion angles have been 
deposited with the IUCr (Reference: K A l l l 8 ) .  Copies may be 
obtained through The Managing Editor, International Union of 
Crystallography, 5 Abbey Square, Chester CH1 2HU, England. 
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Abstract 

The title compound, CI1H2206P2, contains two tetrahe- 
dral pV atoms connected by a bridging methylene group. 
The two ~ vectors are rotated away from each other, 
with an O - - P . . . P - - O  torsion angle of -135.1 (1) °. 
Each P atom is contained in a six-membered ring with 
two O and three C atoms. The six-membered rings are 
in chair conformations, with the O atom of the 
moiety in an equatorial position. 

Comment 
Bisphosphonate compounds are under study by phar- 
maceutical companies because of their potential med- 
ical applications. Ethane- 1-hydroxy- l ,  1-diphosphonic 
acid, CHaC(OH)(PO3H2)2 (EHDP), has been exten- 
sively studied (Francis & Centner, 1978) and the 

disodium salt of EHDP is currently used to treat os- 
teoporosis (Berkow & Fletcher, 1992). While EHDP 
and many of its salts have been structurally stud- 
ied, very few structures of the alkoxide derivatives 
of diphosphonic acid have been reported in the liter- 
ature (Allen & Kennard, 1993). We are interested in 
the structural changes in bisphosphonate and related 
compounds upon complexation to transition metals. In 
order to gain more insight into the structures of un- 
coordinated bisphosphonate compounds, we undertook 
the crystal structure determination of the compound 
CH2 [P(O)(OCH2)2C(CH3)2]2, (1). 

O O 
/O\11 II/O., 

P V  P 

(1) 

The pV atoms in compound (1) have slightly distorted 
tetrahedral geometries. In accordance with the predic- 
tions of VSEPR (valence-shell electron-pair repulsion) 
theory, the six angles subtended at the P atoms involv- 
ing both ~ bonds are all several degrees larger than 
the ideal tetrahedral value and range from 111.95 (9) to 
113.97 (9) ° (Bader, Gillespie & MacDougall, 1988). The 
remaining angles are significantly less than 109.5 ° and 
vary between 105.01 (8) and 107.18 (8) ° . The two 
bonds, PI=:O1 and P2==O4, are statistically equal and 
average 1.461 (3)A,. These values are comparable with 
the distances of 1.472 (6) and 1.438 (9)A observed in 
the structure of CBr2[P(O)(OCH3)2]2 and the distance 
of 1.453 (3)A reported for CCI2{P(O)[OCH(CH3)2]2}2 
(Vepsalainen, Nupponen, Pohjala, Ahlgren & Vainiotalo, 
1992). The average ~ bond length in ( R O ) 3 ~  
compounds is 1.449 (7) ,~, while the average bond 
length in R 3 ~  compounds is 1.489 (10)A, where R 
is a hydrocarbon group (Allen, Kennard, Watson, Bram- 
mer, Orpen & Taylor, 1987). 

The two tetrahedral P atoms are connected by a bridg- 
ing methylene group (Fig. 1). The P---Cll distances 
are statistically equivalent and average 1.802(5),~. 
The average P---C distance in R 3 ~  compounds is 
1.801 (11)A (Allen et al., 1987). The two P tetrahedra, 
linked by a methylene bridge, are nearly eclipsed when 
viewed down the P. . .P  vector. The torsion angle O1--  
P1..-P2---O6 is -23.0(1) °. The two ~ groups are 
rotated away from each other, with an O1--P1. - -P2--  
04 torsion angle of - 135.1 (1)°. 

The P1--O2 and P1--O3 distances are indistinguish- 
able and average 1.581 (3)A.. The P2---O5 and P2--  
06 distances are statistically different (5.9a); however, 
both values [ 1.587 (1) and 1.574 (2) ,~, respectively] are 
comparable with the average value of 1.581 (3)A ob- 
served for P1. Each O----P--O linkage is contained 
within a six-membered ring and each ring is completed 
by three tetrahedral C atoms. The six-membered tings 
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