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Fig. 1. Molecular structure and numbering scheme for tris- 
(2-pyridyl)phosphine. Hydrogen atoms are numbered according 
to the C atom to which they are bonded (Johnson, 1971). 

reflections 314, ~14 and 714 were excluded from the 
final refinement owing to poor agreement. At con- 
vergence R = 0 . 0 4 6 ,  w R = 0 . 0 5 6 ,  w = [ o 2 ( F ) +  
0.0028F2] -1, S =  1.47, (A/a)max<O'O01, (Ap)max = 
0-94, (Ap)mi n - - - -0 .27 e A-3; no extinction correction. 
Scattering factors for all atoms given in S H E L X 7 6  
(Sheldrick, 1976). All calculations on V A X l l / 7 8 5  
computer system. Atomic parameters given in Table 1, 
bond distances and angles in Table 2;* the numbering 
scheme used is shown in Fig. 1. 

Related fiterature. The title compound, (2-py)3P, has 
been shown by spectroscopic methods to function 

* Lists of structure factors, thermal parameters, H-atom param- 
eters and mean-plane data have been deposited with the British 
Library Document Supply Centre as Supplementary Publication 
No. SUP 44593 (13 pp.). Copies may be obtained through The 
Executive Secretary, International Union of Crystallography, 5 
Abbey Square, Chester CH 1 2HU, England. 

primarily as a tridentate ligand through the three N 
donor atoms, e.g. [M{(2-py)3P}2](CIO4)2 for M =  Mn, 
Co, Ni, Cu and Zn (Boggess & Zatko, 1975), for 
M =  Co (Boggess & Zatko, 1976; Hafeli & Keene, 
1987) and for M =  Fe (Boggess, Hughes, Chew & 
Kemper, 1981). However, both monodentate P and 
bidentate P,N coordination have been reported for the 
(2-py)3P ligand in a series of Ru and Rh compounds, 
e.g. RuHCI{(2-py)aP}a and RhCI{(2-py)aP}2 (Kurtev, 
Ribola, Jones, Cole-Hamilton & Wilkinson, 1980). The 
only crystallographic characterization of a compound 
containing (2-py)3P is that for the [Ru{(2-py)3P}2] 2+ 
cation in which (2-py)aP adopts the more common 
tridentate mode of coordination (Stephenson, Keene, 
Snow & Tiekink, 1988). 

The Australian Research Grants Scheme is thanked 
for support. 
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Propane-l,2,3-triearboxylic Acid (Triearballylic Acid) 
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Abstract. C6HsO 6, M r -  176.12, orthorhombic, Pbca, 
a = 1 1 . 8 9 ( 2 ) ,  b = 2 3 - 9 6 ( 3 ) ,  c = 5 . 3 8 ( 2 ) A ,  V =  
1532.68 A 3, Z = 8, D x = 1.53 Mg m -a, ;t(Cu Ka) = 
1.5418 A, g = 1.118 mm -~, F(000) = 736, T =  293 K, 
R = 0.062 for 603 reflexions. The molecule has no 

* To whom correspondence should be addressed. 
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unusual bond lengths or angles. Molecules are linked 
into double sheets by hydrogen bonding similar to that 
found in citric acid although the molecular confor- 
mations are different. 

Experimental. Colourless crystals from water, very 
few of adequate diffraction quality. Preliminary 
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Table 1. Atomic coordinates (x  104) and equivalent 
isotropic thermal parameters (,/k 2 x 103) with e.s.d.'s in 

parentheses 

Ueq ~l~jUtjal a3 avaj. 

x y z Ueq 
Cl 7924 (7) 4178 (3) -2324 (14) 29 (2) 
c2 8269 (5) 3556 (3) -2168 (12) 22 (2) 
c3 7282 (5) 3145 (3) -2056 (12) 24 (2) 
c4 8836 (6) 4536 (3) -3508 (14) 29 (2) 
05 9439 (5) 4375 (2) -5181 (1 i) 51 (2) 
06 8879 (5) 5053 (2) -2589 (12) 51 (2) 
c7 9107 (5) 3454 (3) -68 (14) 24 (2) 
08 9028 (4) 3070 (2) 1441 (9) 32 (i) 
09 9961 (4) 3819 (2) -72 (10) 35 (1) 
c 10 6454 (6) 3233 (3) 74 (13) 24 (2) 
Oll 6558 (4) 3584 (2) 1704 (9) 32 (1) 
o12 5606 (4) 2868 (2) -14 (10) 34 (1) 

Table 2. Interatomic distances (,/k) and angles (o) and 
hydrogen-bond lengths (A) 

C2-C 1 1.546 (8) C4-C 1-C2 112.1 (6) 
C4-C 1 1.523 ( 1 0 )  C3-C2-C 1 114.7 (5) 
C3-C2 1.533 (8) C7-C2-C1 111.6 (6) 
C7-C2 1.527 (9) C7-C2-C3 111.5 (5) 
C 10--C3 1.525 (9) C10-C3-C2 115.8 (5) 
O5-C4 1.213 (8) O5-C4-C 1 123.4 (6) 
O6-C4 1.334 (8) O6-C4-C 1 113.3 (6) 
O8-C7 1.230 (8) O6-C4-O5 123.2 (6) 
O9-C7 1.340 (8) O8-C7-C2 124.0 (6) 
O11-CI0 1.222 (8) O9-C7-C2 112.9 (6) 
O12-C 10 1.334 (8) O9-C7-O8 123.1 (7) 

Ol I-C 10-C3 124.6 (6) 
O12-C10-C3 111.8 (6) 
O12-C10-O11 123.5 (6) 

O5...O61 2.706 (7) 
O8...O 12 II 2.729 (8) 
O9...O1111 2.684 (8) 

Symmetry operations: (i) 2,x ,  l -y ,  - ( l + z ) ;  (ii) 1.5+x, y, 
1.5-z .  

photographs  indicated an or thorhombic  system. Unit- 
cell dimensions were refined f rom Okl and hk0 
Weissenberg photographs .  Intensity da ta  from equi- 
inclination Weissenberg photographs  of  a crystal  
0.5 × 0 .3  x 0.1 m m  mounted  initially on a (layers 0,1) 
and subsequently on e (layers 0-4) .  Intensities were 
measured  by the S E R C  Microdensi tometer  Service, 
Da re sbu ry  Labora tory .  2045 measured reflexions gave 
603 unique data ,  Rin t 0 .082,  all of  which were used in 
the refinement. Range  of  indices 0 < h  < 13, 0 < 
k < 2 7 ,  0 < 1 < 6 ,  2Omax 139 °. D a t a  corrected for 
Lorentz  and polarization terms but not for absorption.  
All calculations were performed on the Dundee  
Universi ty D E C  10 computer  using the p rogram 
packages  S H E L X S  (Sheldrick, 1986), SHELX76 
(Sheldrick, 1976), X A N A D U  (Roberts  & Sheldrick, 
1975) and PLUTO (Motherwell  & Clegg, 1978). 
Atomic  scattering factors  were taken from SHELX76.  

The direct-methods routine TREF showed all the 
non-hydrogen  atoms. The structure was refined by 
conventional  least-squares procedures and di f ference  

syntheses with isotropic and then anisotropic thermal  
parameters  for the non-hydrogen atoms. Skeletal 
( C - H )  hydrogen a toms were introduced in calculated 
positions using one refined overall isotropic thermal 
pa ramete r  [ U =  0 .039  (9) ,/k2]. The carboxylic-acid 
hydrogen a toms were located on difference syntheses 
and refined with a second overall isotropic thermal  
parameter  [U = 0 .078  (18)/~2]. Final  refinement 
minimizing ~wlF o -  IFcll 2, 120 refined parameters ,  
R = 0 .062,  wR = 0.078,  w = 6.3331/[a2(F) + 
0.000186F2] ,  mean  s h i f t / e . s . d . = 0 . 0 0 7 ,  max.  shift/  
e.s.d. = 0-036,  max.  Ap = 0.34,  min. Ap = 
- -0 .38  e/~-3.  

Final coordinates  are given in Table 1, with bond 
lengths and angles in Table 2.* The molecule is shown 
in perspective view in Fig. 1, molecular  packing is 
illustrated in Fig. 2. 

Related literature. Compar i son  with anhydrous  citric 
acid (Glusker,  Minkin & Pat terson,  1969), which differs 
only in the presence of  a hydroxyl  group on C2, shows 
a very similar pat tern of  hydrogen bonding (Fig. 2). The 
group C4, 0 5 ,  0 6  is linked to the same group of  

* Lists of structure factors, anisotropic thermal parameters and 
H-atom parameters have been deposited with the British Library 
Document Supply Centre as Supplementary Publication No. SUP 
44605 (5 pp.). Copies may be obtained through The Executive 
Secretary, International Union of Crystallography, 5 Abbey 
Square, Chester CH 1 2HU, England. 

Fig. 1. Perspective view of the title compound. 

O 

Fig. 2. Stereo pair showing hydrogen bonding in the title compound. 
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Table 3. Comparison of torsion angles (°) for propane- 
1,2,3-tricarboxylic acid and citric acid 

Propane- 1,2,3-tri- Citric 
carboxylic acid acid* 

C4-C 1-C2-C3 -155.6 (6) -174.7 
C4-C I -C2-C 7 76.3 (5) 64.5 
C2-C 1-C4-O5 35-4 (6) 172.2 
C2-C 1-C4-O6 -147.1 (6) -8.2 
C 1-C2-C3-C 10 -57.0 (6) 171.1 
C7-C2-C3-C 10 71.1 (5) 68.7 
C 1-C2-C7-O8 133.3 (6) 111.4 
C 1-C2-C7-O9 -48.3 (5) -68.0 
C3-C2-C7-O8 3.6 (5) 51.0 
C3-C2-C7-O9 -178.0 (6) -129.6 
C2-C3-C 10-O11 -3.5 (5) -50.4 
C2-C3-C10-O12 178-1 (4) 129.6 

* Data from Glusker, Minkin & Patterson (1969) with atoms 
renumbered. 

another molecule across a centre of symmetry by two 
hydrogen bonds, and C7, 08, 09  is linked to C 10, O11, 
O12 of a molecule related by a glide plane, again using 
two hydrogen bonds (Table 2). However, the con- 
formations of tricarballylic and citric acids are quite 
different. Torsion angles are compared in Table 3. 

Although the calcium salt occurs widely in vegetables 
such as sugar beet, few metal complexes of tricarbal- 
lylic acid have been reported. These often have smaller 
solution formation constants than the corresponding 
citrates and precipitate as fine powders at relatively low 
pH (Barnes & Bristow, 1969). Attempts in this 
laboratory to prepare single-crystal specimens of these 
complexes have not yet been successful. 
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Abstract. C16H2oN2O10, Mr=400 .35 ,  orthorhombic, 
P212121, a = 11.581 (1), b- -  15.153 (1), c = 
10.787 (1) ]k, V =  1892.9/~3, Z = 4, D x = 
1.405 gcm -3, ~,(Cu Ka) = 1.5418/~, /t = 9.77 cm -1, 
F(000) = 840, T =  298 K, final R = 0.035 for 1933 
unique reflections [Fo 2 > 2t:r(Fo2)]. Five-membered lac- 
tam ring of title compound is in the envelope form. The 
pyranose ring adopts a distorted ~C 4 (D) chair 
conformation, contrary to the boat form [B0, 3 (D)] 
observed in solution. 

Experimental. Colorless prisms of the title compound 
were grown from ethanol solution. Crystal size 0.30 × 

* Present address: Research Development Corporation of Japan, 
Koishikawa 4-14-24, Bunkyo, Tokyo 112, Japan. 
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0.28 .x 0.13 mm, Enraf-Nonius CAD-4 x-cradle dif- 
fractometer, C u K a  radiation, graphite monochro- 
mator, 0-20 scan with scan speed 2.06-4.12 ° min -1 in 
0, scan width (0.50 + 0.14tan0) °. Range of indices 
0 < h < 1 4 ;  0 < k < 1 9 ,  0 < l < 1 3  (20<150°) .  Lat- 
tice constants determined based on 25 20 values 
(21 < 8 < 47°). Variation of standard < 1.5%; 2223 
unique reflections measured; 1933 observed reflections 
with Fo 2 > 2tT(Fo2). Systematic absences h00, h odd; 0k0, 
k odd; 001, l odd. No corrections for absorption. 
Structure solved by direct methods with MULTAN 
(Main, Woolfson & Germain, 1971). Refined by 
full-matrix least squares. The locations of all the H 
atoms were found on a difference-Fourier map. Non-H 
atoms refined with anisotropic thermal parameters, and 
H atoms with !sotropic thermal parameters (B = 
5.5 A2: fixed). ~,w(IFol - IF c I) 2 minimized; w = 1.0 
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