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Communication 

CRYSTAL AND MOLECULAR STRUCTURE OF (Z)- 
AND (E)-3-DIPHENYLPHOSPHINOPROPENOIC ACID 

JAROSLAV PODLAHA, JANA PODLAHOVA and RENEE TRISKOVA 
Department of Chemistry, Charles University, 128 40 Prague, Czechoslovakia 

and 

JIRI NOVOTNY 
Department of Solid State Chemistry, Prague Institute of Chen.,,al Technology, 

166 26 Prague, Czechoslovakia 

(Received September 18, 1991) 

The structures of the title compounds were determined by X-ray diffraction: (2)-isomer, space group 
P2,/c, a = 7.968(1), b = 14.857(2), c = 11.669(2), p = 100.44(1)", 2 = 4, R = 0.048 for 1785 
observed reflections: (E)-isomer, space group P2,/c, a = 10.169(2), b = 15.910(2), c = 16.234(2), p 
= 93.03( 1)'. 2 = 8, R = 0.055 for 2421 observed reflections. The crystal structure of both isomers is 
composed of dimeric units in which the individual molecules are joined by twofold hydrogen bonds. 
While the dimers of the (Z)-isomer are centrosymmetric. those of the (E)-isomer involve two crystal- 
lographically independent molecules, differing considerably in conformation of the phenyl groups rel- 
atively to  the double bond plane. Except for configuration at the double bond, the bond distances and 
angles are  nearly identical for both molecular structures. 

Key words: (Z)-3-Diphenylphosphinopropenoic acid; (E)-3-diphenylphosphinopropenoic acid; crystal 
and molecular structure. 

INTRODUCTION 

During the study of the properties and structure of phosphinocarboxylic acids,' 
especially with regard to their use as extractants for platinum metals,2 it showed 
advisable to dispose sterically the phosphine and carboxyl groups at a distance 
enabling selective chelation of bulkier metal ions such as Rh(1) in the presence of 
a large excess of smaller ions, in particular Co(I1). The (Z)-isomer of 3-diphen- 
ylphosphinopropenoic acid is an obvious candidate for this purpose. The aim of 
this work was to determine the precise distance between the functional groups of 
this ligand by X-ray diffraction; for comparison, the structure of the (E)-isomer 
was determined as well. 

RESULTS 

Final coordinates of non-hydrogen atoms are given in Table I;  Table I1 compares 
important geometrical parameters for both structures. Tables of hydrogen atom 
coordinates, anisotropic displacement parameters and further distances and angles 
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TABLE I 
Fractional coordinates ( x 104) of non-hydrogen atoms with estimated standard deviations 

in parentheses 

AtM 

P 
01 
02 
c1 
c2 
c3 
C4 
c5 
C6 
c7 
CE 
c9 
c10 
c11 
c12 
C13 
C14 
C15 

(Z)-isomer (E) -isomer 
Molecule A Molecule E 

X L Y Y % 2 

V 

FIGURE 1 Perspective view of the molecule of (Z)-isomer. 

are available from the authors upon request. Pertinent data have been deposited 
at Cambridge Structural Database. Figures 1 and 2 show perspective views on the 
asymmetric units; crystal packing is obvious from Figures 3 and 4. 
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TABLE I1 
Important distances (A) and angles (") with estimated standard deviations in parentheses 

Distance (2)-isomer (E)-isomer 

(angle ) Molecule A Molecule B 

P-c1 

P-c4 
P-c10 

Cl-P-C4 
c1-P-c10 

c4-P-c10 
Cl-C2 
C2-C3 

P-Cl-C2 
Cl-C2-C3 

P-Cl-C2-C3 a 
C3-01 
C3-02 

C2-C3-01 
C2-C3-02 

01-C3-02 

01.. .02 

02.. .01 

A/B 
A/C 

B/C 
A/D 

1.824( 3 ) 

1.833( 3) 

1.873( 3) 
103.6( 1) 

99.8( 1) 
102.7( 1) 
1.328 ( 4 ) 

1.465( 5) 
126.6( 2) 

121.9( 3) 

0.5(4) 
1.313( 4 )  

1.233 ( 4 )  

114.3( 2) 
122.7( 2) 
123 .O( 2) 
2.675( 3) 

135.8( 3) 

109.9( 3) 

104.5( 5 ) 
15.1(3) 

1.803( 4) 1.803( 5)  

1.816( 5) 1.826( 5 )  

1.827( 5 )  1.825( 5) 
102.9( 2) 103.3( 2 )  

99.4( 2) 100.5( 2) 
105.2( 2) 105.5( 2) 

1.330( 6) 1.329( 6) 
1.467( 7) 1.471( 7) 
127 .O( 3) 127.5( 3 ) 

119.7( 4) 121.2( 4) 
177.6( 7) -174.5 (7) 

1.300( 6) 1.290( 6) 
1.239( 6 ) 1.230(6) 
115.5( 4) 114.5(4) 
121.9( 4) 122.4( 4) 

122.6( 4) 123.1 (4) 

2.654( 5) 
2.589( 5) 

153.2(5) 124.8( 5) 

70.8(5) 58.9(6) 

135.8( 7) 109.9( 8) 

9.2(5) 4.0(6) 
-~ 

a Torsional angle 
Angles between least-squares planes defined as follows: 

A: Cl,C2,C3,P; B: C4 to C9; C: C10 to C15; D: C3,01,02 
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7 

FIGURE 2 Perspective view of two crystallographically independent molecules of (E)-isomer. 

FIGURE 3 Projection of the unit cell of (Z)-isomer onto the bc plane. 
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FIGURE 4 Projection of the unit cell of (E)-isomer onto the bc plane. 

FIGURE 5 
taken as reference (molecule A in bold lines). 

Superposition of two independent molecules of (E)-isomer with the double bond plane 

Both structures are composed of dimeric units which are typical for solid car- 
boxylic acids. The pseudocentrosymmetric dimers of the (E)-isomer are composed 
of two independent molecules labeled A and B (Figure 5) .  The main difference 
between these two molecules consists, obviously as a result of crystal packing 
effects, in the conformation of the phenyl and, in a lesser extent, of the carboxyl 
groups relatively to the olefinic plane. The other intramolecular and hydrogen- 
bonding parameters are normal and typical for 1 ,Zdisubstituted olefins3 as well as 
for carboxylic acids4 and for an uncoordinated Ph,P group.5 The key distance 
between phosphorus and oxygen in the (Z)-isomer is 2.823(2) and therefore ideal 
for selective chelation since the atomic diameters in question are 2.90 and 2.66 fGr 
Rh and Co respectively. 
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TABLE 111 
Crystal data, measurement and refinement details 

Crystal dimensions (mm) 
Space group 

a ( 8 )  
b ( 8 )  
c ( A )  

v (J3), z 
P ( " 1  

DC, Dm (g 
Radiation 
Absorption correction 
F(000) 

Temperature (K) 
No.of reflections for latt. 

param.determination 
Diffractometer, scan mode 

(sin e / a  )max 
Stand.reflections (var.) 
Interval h; k; 1 
No.of reflctions measured 
independent by symmetry 
used [I > 1.96 u ( I ) ]  

Resid.electr.density (eft-3) 
Function minimized 
Weight 
A 
R, wR 

Rintr 

0.55~0.15~0.12 0.47~0.15~0.12 
P21/c (No.14) 

7.968( 1) 10.169(2) 
14.857( 2) 15.910 (2) 
11.669( 2) 16.234( 2) 
100.44 (1) 93.03( 1 ) 
1358.4(3), 4 2622.8(7), 8 
1.253, 1.24(1) 1.297, 1.29(1) 

Mo K d  , 1 = 0.71073 
None, )L = 0.192 mm-I 

536 1072 
293(1) 

18 (30" <20 <37') 19(27" <20 <33") 

3825 
2069 
1785 
0.25;-0.24 

c w  
A/(U2 

1.436 

CAD4, w / 2 0 
0 . 6 0  

2 after every 2 h ( <  0.5%) 
-9,9;0,17;-13;13 -12,12;0,18;-19,19 

9560 
4789 
2421 
0.22;-0.21 

Pol - 
Fo) + 0 

0.048, 0.051 
0.029, 1.0358 

F,I l 2  
0009 F2) 
0.630 
0.055,0.057 
0.033, 0.9794 

EXPERIMENTAL 

Polycrystalline samples of both isomers were synthesized according to the literature.6 Because of limited 
stability in solution, single crystals were obtained by as rapid crystallization as possible for forming X- 
ray-quality crystals: solutions saturated at 50°C in toluene ((Z)-isomer) or methanol ((E)-isomer) were 
cooled to 20°C during 1 h, followed by immediate isolation by decantation, washing with a little cold 
solvent and drying in vacuo. The melting points of the pure isomers are 109°C (Z-) and 114°C (E-) and 
the parameters of their NMR spectra agree with the published values.6 The density was determined by 
flotation in aqueous ZnC1, solution. Crystal data and details of measurement and refinement are 
summarized in Table 111. The structures were solved by direct methods (SHELXS-86') and refined by 
full-matrix least-squares (SHELX 76: for the (E)-isomer in two blocks). All hydrogen atoms were 
clearly discernible in difference maps but, except for H(01) and its H(Ol1) and H(021) analogues, they 
were constrained in theoretical positions since they proved to he unstable towards free refinement. 
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