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Crystals of the title compound, C31H28F3OaSb.½C2H4C12, are triclinic, space group Pi ,  with a = 11-828 (1), 
b = 13.851 (1), c = 10.516 (1)/~, a = 103.65 (1),fl = 113.03 (1),),= 84.14 (1) ° and Z = 2. The structure 
has been refined by the least-squares method to an R value of 0.028 on the basis of 6159 observed reflexions 
collected by diffractometry. The Sb complex is monomeric and exhibits a distorted octahedral coordination. 
The fluorinated ligand is hydrated at the carbonyl group next to the CF 3 group, to form a terdentate ligand, 
3,3-dihydroxy-l-ketone, in which three O atoms are bonded to the Sb atom in facial positions. The Sb-  
O(alcohol) distances are 2.050 (2) and 2.042 (2) A, and the Sb-O(carbonyl) distance is 2.568 (2) A. The 
three Sb-C bonds, 2.122 (3), 2.112 (3) and 2-127 (2) A, make angles ranging from 101.1 (1) to 103.9 (1) ° 
owing to the repulsions among the three bulky tolyl groups. 

Introduction Experimental 

It is well known that a carbonyl or an aldehyde group 
attached to an electron-attracting group is liable to 
hydration to form a gem-diol. A typical example is 
chloral hydrate. However, a metal compl6x with such 
an organic ligand had not been reported, although the 
carbonate ion is a common inorganic gem-diol ligand. 
Recently, the first example of a complex of this type has 
been found for the reaction product of a triaryl- 
antimony(V) compound with trifluoroacetylacetone 
(Ebina, Ouchi, Yoshino, Sato & Saito, 1977; Ebina, 
Uehiro, Iwamoto, Ouchi & Yoshino, 1976). In this 
compound, the fl-diketone is hydrated at the carbonyl 
group next to the trifluoromethyl group, being conver- 
ted to a 4,4-dihydroxy-2-ketone ligand in which the 
gem-diol moiety forms a four-membered chelate ring 
with the Sb atom. 

In this paper, the structure of the related compound 
with hydrated benzoyltrifluoroacetone is described. 

Colourless crystals of the title compound were grown 
by recrystallization from a mixture of dichloroethane 
and petroleum spirit. They are unstable in air, losing the 
solvent of crystallization. Preliminary cell dimensions 
and the space group were determined from oscillation 
and Weissenberg photographs. The cell dimensions 
were refined by least-squares calculations on the basis 
of 20 values of higher-order reflexions (37 ° < 20 < 
55 °) measured on a diffractometer. The density was 
determined by flotation in an aqueous solution of 
potassium iodide. 

The crystal data are: C31H2sF303Sb.½C2H4C12, F W  
676.82, triclinic, a = 11.828 (1), b = 13.851 (1), c = 
10.516 (1) ]k, a = 103.65 (1), fl = 113.03 (1) ,) ,  = 
84.14 (1) ° , U = 1540.6 (3) A 3, Z = 2, D m = 1-45, 
D x = 1.46 g cm-3; space group P i  (No. 2);/~(Mo Ka) 
(2 = 0.7107 A) = 10.46 cm -1. 

The intensity data were collected on a Rigaku 
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au tomated  four-circle diffractometer  with Mo Ka 
radiat ion monoch roma ted  by a graphite plate, the 0--20 
scan technique being employed.  A crystal  specimen 
was shaped into a sphere approximately  0-45 m m  in 
diameter,  and sealed in a thin-walled Lindemann-glass  
capillary. Three s tandard reflexions were moni tored 
every 50 reflexions. Their  intensities decreased by about  
2 . 5 %  during the data  collection owing to radiat ion 
damage.  Da t a  were corrected for this effect and for 
Lorentz and polarizat ion factors. No  correction was 
applied for absorpt ion or extinction. 7059 independent  
reflexions were measured  up to 20 = 55 °, of  which 
6159 with IFI > 3tr(IFI) were used for the structure 
determinat ion and refinement. 

Structure determination 

The structure was solved by the heavy-a tom method,  
the sharpened Patterson function being used to locate 
the Sb atom. The positions of  all other non-hydrogen 
a toms could be determined by successive Fourier  
syntheses of  electron density.  The structure was refined 
by  the block-diagonal  least-squares method with aniso- 
tropic thermal  factors. At  a later stage, the populat ion 
of  the solvent molecule was included in the full-matrix 
least-squares refinement. The positions of  all the H 
atoms were obtained f rom a difference Fourier  syn- 
thesis. Final  refinement was ca rded  out including the H 
atoms with isotropic thermal  factors. The final R value 

Table  1. Positionalparameters (x  104,for H x 103) 

x y z 

Sb 3165 (0) 2339 (0) 2856 (0) 
O(I) 1278 (2) 2838 (1) 3510 (2) 
0(2) 2727 (2) 3768 (1) 2587 (2) 
0(3) 1728 (2) 2439 (1) 1012 (2) 
C(1) 502 (2) 3434 (2) 2968 (3) 
C(2) 502 (3) 3812 (2) 1727 (3) 
C(3) 1653 (2) 3474 (2) 1392 (3) 
C(4) 1654 (3) 3925 (2)_ 202 (3) 
C(5) -465 (2) 3802 (2) 3545 (3) 
C(6) -384 (3) 3530 (2) 4772 (3) 
C(7) -1247 (3) 3875 (3) 5364 (4) 
C(8) -2195 (3) 4491 (3) 4735 (4) 
C(9) -2282 (3) 4761 (3) 3526 (4) 
C(10) -1419 (3) 4423 (3) 2926 (3) 
F(I) 1634 (2) 4924 (I) 537 (2) 
F(2) 2638 (2) 3660 (2) -118 (2) 
F(3) 667 (2) 3664 (2) --991 (2) 
C(11) 2621 (2) 895 (2) 2732 (3) 
C(12) 3520 (3) 227 (2) 3321 (4) 
C(13) 3227 (3) -734 (2) 3230 (4) 
C(14) 2030 (3) -1059 (2) 2537 (4) 
C(15) 1130 (3) -399 (2) 1935 (3) 
C(16) 1417 (2) 570 (2) 2030 (3) 
C(17) 1713 (4) --2112 (3) 2418 (5) 
C(21) 4641 (2) 1998 (2) 2164 (3) 
C(22) 5836 (3) 2155 (4) 3082 (4) 
C(23) 6800 (3) 1878 (4) 2631 (5) 

Table  1 (cont.) 
x y z 

c(24) 6590 (3) 1444 (3) 1259 (4) 
c(25) 5399 (4) 1276 (3) 337 (4) 
c(26) 4426 (3) 1557 (3) 777 (3) 
c(27) 7666 (4) 1157 (4) 784 (5) 
c(31) 4038 (2) 2882 (2) 5075 (3) 
c(32) 4826 (3) 3686 (2) 5606 (3) 
c(33) 5428 (3) 4013 (2) 7058 (3) 
c(34) 5239 (3) 3558 (3) 7994 (3) 
c(35) 4416 (3) 2782 (3) 7453 (3) 
c(36) 3821 (3) 2440 (2) 6006 (3) 
c(37) 5920 (4) 3883 (3) 9578 (4) 
c(s)* 390 (14) -218 (10) 5311 (15) 
Cl(S) 1399 (6) 943 (5) 6513 (7) 
H(2) -22 (2) 357 (2) 90 (3) 
H'(2) 46 (2) 454 (2) 194 (3) 
H(6) 27 (2) 309 (2) 519 (3) 
n(7) --119 (2) 369 (2) 622 (3) 
H(8) --278 (2) 472 (2) 515 (3) 
H(9) -294 (2) 520 (2) 309 (3) 
H(10) --147 (2) 462 (2) 210 (3) 
H(12) 435 (2) 44 (2) 378 (3) 
H(13) 385 (2) -118 (2) 365 (3) 
n(15) 31 (2) --61 (2) 145 (3) 
H(16) 80 (2) 102 (2) 162 (3) 
n(17) 206 (3) --266 (2) 179 (3) 
n'(17) 93 (3) --225 (2) 220 (3) 
H"(17) 246 (3) -247 (2) 302 (3) 
H(22) 602 (3) 246 (2) 406 (3) 
H(23) 762 (3) 200 (2) 329 (3) 
H(25) 522 (3) 95 (2) --65 (3) 
H(26) 358 (3) 143 (2) 10 (3) 
H(27) 758 (3) 51 (2) 21 (3) 
H'(27) 847 (3) 101 (2) 176 (3) 
H"(27) 765 (3) 168 (2) 21 (3) 
H(32) 496 (2) 401 (2) 496 (3) 
H(33) 599 (2) 457 (2) 743 (3) 
H(35) 425 (2) 247 (2) 807 (3) 
H(36) 327 (2) 190 (2) 567 (3) 
H(37) 614 (3) 452 (2) 983 (3) 
H'(37) 661 (3) 350 (2) 984 (3) 
H"(37) 550 (3) 366 (2) 1010 (3) 
H(S) 7 (4) -69 (3) 575 (4) 
H'(S) 73 (3) -76 (3) 486 (4) 

* s: solvent. 

was 0 .028  for all the 6159 observed reflexions. In the 
last cycle of  the calculation, all the parameter  shifts 
were less than one third of  the corresponding s tandard 
deviations. Unit  weight was given to all the reflexions. 
The scattering factors and anomalous-scat ter ing cor- 
rections for Sb, C, O, F and CI were taken from Inter- 
national Tables for X-ray Crystallography (1974). For  
H, the values given by  Stewart, Davidson  & Simpson 
(1965) were used. 

The final posit ional parameters  with their est imated 
s tandard deviations are listed in Table 1.* 

* Lists of structure factors and anisotropic thermal parameters 
have been deposited with the British Library Lending Division as 
Supplementary Publication No. SUP 33289 (40 pp.). Copies may 
be obtained through The Executive Secretary, International Union 
of Crystallography, 13 White Friars, Chester CH1 1NZ, England. 
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Description of the structure and discussion 

THE CRYSTAL STRUCTURE OF C31H28FaOaSb.½C2H4C12 

Table 2. Bond lengths (A) with their estimated 
standard deviations in parentheses 

The crystal comprises the neutral Sb complexes and 
1,2-dichloroethane molecules., In Fig. 1 is shown a 
projection of the structure along the c axis. A perspec- 
tive view of the complex is illustrated in Fig. 2, together 
with the numbering scheme. The relevant bond lengths 
and angles are given in Tables 2 and 3 respectively. 
Table 4 lists computed least-squares planes of the 
complex with their equations and the deviations of 
various atoms from these planes. 

The Sb complex is monomeric and the coordination 
around the Sb atom is a distorted octahedron. Three O 
atoms of the fl-diketone derivative and three C atoms of 
the p-tolyl groups are bonded to Sb in facial positions. 
As seen in Table 4, four donor atoms, O(2), O(3), 
C(11)  and C(31),  lie on the same plane (plane 1) and 
the Sb atom deviates from this plane toward the C(21) 
atom by about 0.44  A. If the orientation of  the three 
aryl rings is ignored, the complex possesses a pseudo- 

CH3 ~) CI O C O O ~ F 
Fig. 1. A projection of the structure along the c axis. 

C ~  C(7) 
C(I0(~,~ C(6) 

(2~C(5) 
~C0) 

F ( I ~  

C(34)r ~ C(371 

CO3)~ C(353 

c ( ~  CO61 
/'COD 

c(,6g c~2,) c(,,, 

C(25~' C(23) 

c(z~) 

Fig. 2. A perspective view of the Sb complex with 30% probability 
thermal ellipsoids (drawn with ORTEP, Johnson, 1965), and the 
numbering scheme. 

Sb-O(l)  2.568 (2) C(11)-C(12) 1.388 (4) 
Sb-O(2) 2.050 (2) C(12)-C(13) 1.382 (5) 
Sb-O(3) 2.042 (2) C(13)-C(14) 1.381 (5) 
Sb-C(11) 2.122 (3) C(14)-C(15) 1.384 (4) 
Sb--C(21) 2-112 (3) C(15)--C(16) 1-390 (5) 
Sb-C(31) 2-127 (2) C(16)--C(11) 1-388 (4) 

C(14)-C(17) 1.507 (6) 
O(l)--C(l) 1.228 (3) 
O(2)-C(3) 1.404 (3) C(21)--C(22) 1.369 (4) 
O(3)-C(3) 1.398 (3) C(22)-C(23) 1.386 (6) 
C(1)-C(2) 1.517 (5) C(23)--C(24) 1.359 (6) 
C(1)-C(5) 1.488 (4) C(24)--C(25) 1.367 (5) 
C(2)-C(3) 1.537 (4) C(25)-C(26) 1.390 (6) 
C(3)-C(4) 1.526 (5) C(26)-C(21) 1.374 (4) 
C(5)-C(6) 1.393 (5) C(24)-C(27) 1.526 (8) 
C(6)-C(7) 1.384 (6) 
C(7)-C(8) 1-382 (5) C(31)-C(32) 1.390 (4) 
C(8)-C(9) 1.372 (6) C(32)-C(33) 1.390 (4) 
C(9)-C(10) 1.388 (5) C(33)-C(34) 1.382 (6) 
C(10)--C(5) 1-388 (4) C(34)-C(35) 1.384 (5) 
F(1)-C(4) 1.346 (4) C(35)-C(36) 1.388 (4) 
F(2)-C(4) 1.327 (4) C(36)-C(31) 1-382 (5) 
F(3)--C(4) 1.339 (3) C(34)-C(37) 1.516 (4) 

C(S)-C(S) '  1.114 (27) C(S)-CI(S) 1.964 (14) 

Table 3. Bond angles (o) with their estimated standard 
deviations in parentheses 

O(l)--Sb--O(2) 73-9 (1) Sb-O(1)-C(1) 122.2 (2) 
O(l)--Sb-O(3) 73.8 (1) Sb-O(2)-C(3) 92-7 (1) 
O(1)-Sb-C(11) 81.8 (1) Sb-O(3)--C(3) 93-3 (1) 
O(1)-Sb--C(21) 174.8 (1) O(1)--C(1)--C(2) 121.9 (3) 
O(1)-Sb-C(31) 79.7 (1) O(1)--C(1)--C(5) 119.3 (3) 
O(2)--Sb--O(3) 66.3 (1) C(2)--C(1)--C(5) 118.8 (2) 
O(2)-Sb-C(11) 150.3 (1) C(1)--C(2)--C(3) 112-2 (2) 
O(2)-Sb-C(31) 89.9 (1) O(2)-C(3)-O(3) 105.9 (2) 
O(3)-Sb-C(11) 91.0 (1) C(2)--C(3)-C(4) 1H).4 (2) 
O(3)-Sb--C(31) 148.2 (1) C(3)--C(4)--F(1) 111-9 (3) 
C(11)-Sb-C(21) 101.1 (1) C(3)--C(4)--F(2) 112-6 (3) 
C(11)-Sb-C(31) 102.4 (1) C(3)--C(4)-F(3) 112.3 (3) 
C(21)-Sb-C(31) 103.9 (1) C(1)--C(5)--C(6) 118.3 (3) 

C(6)-C(5)-C(10) 119.3 (3) 
C(5)-C(6)--C(7) 120.2 (3) 
C(6)-C(7)--C(8) 119-9 (4) 
C (7)--C(8)-C(9) 120.2 (4) 
C(8)-C(9)-C(10) 120.4 (3) 
C(9)-C(I0)--C(5) 120.0 (3) 

Sb-C(11)--C(12) 118.5 (2) 
C(12)-C(11)-C(16) 118.2 (3) 
C(11)-C(12)-C(13) 121.1 (3) 
C(12)-C(13)-C(14) 120.8 (3) 
C(13)--C(14)-C(15) 118.4 (3) 
C(13)-C(14)-C(17) 120.8 (3) 
C(14)-C(15)-C(16) 121.1 (3) 
C(15)-C(16)-C(11) 120.4 (3) 

Sb-C(21)--C(22) 121.8 (2) 
C(22)-C(21)-C(26) 117.8 (3) 
C(21)-C(22)-C(23) 121.2 (4) 
C(22)--C(23)-C(24) 121.1 (3) 

C(23)--C(24)-C(25) 118.1 (4) 
C(23)--C(24)-C(27) 120.1 (4) 
C(24)-C(25)-C(26) 121.3 (3) 
C(25)-C(26)--C(21) 120.5 (3) 

Sb-C(31)-C(32) 120.6 (2) 
C(32)-C(31)--C(36) 119.3 (3) 
C(31)-C(32)-C(33) 120.2 (3) 
C(32)-C(33)-C(34) 120.8 (3) 
C(33)-C(34)-C(35) 118.5 (3) 
C(33)-C(34)-C(37) 121.4 (3) 
C(34)-C(35)-C(36) 121.3 (4) 
C(35)--C(36)-C(31) 119.9 (3) 
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symmetry plane (plane 2) consisting of Sb, C(21) and 
the atoms on the skeleton of the fluorinated ligand, 
except for 0(2) and 0(3). The dihedral angle between 
planes 1 and 2 is 83.5 °. 

The benzoyltrifluoroacetone precursor is hydrated at 
the carbonyl group attached to the trifluoromethyl 
group to form a terdentate ligand, 3,3-dihydroxy-1- 
ketone, which forms an unusual chelate ring, bicyclo- 
[3.1.1], with the Sb atom. The Sb--O(2) and Sb-O(3) 
distances are normal for an Sb-O(alcohol) bond 
(Shen, McEwen, La Plata, Hamilton & Wolf, 1968) 
and the O(2)-Sb--O(3) angle of 66.3 ° is acceptable 
for a four-membered chelate ring (Ferguson & Hawley, 
1974; Raston & White, 1976). On the other hand, the 
S b - O ( l )  distance, 2.568 (2) A, is very long. A similar 
value, 2.534 (8) ,/k, has also been observed for the 
hydrated Sb complex (Ebina, Ouchi, Yoshino, Sato & 
Saito, 1977). These values suggest a weak coordinating 
ability for the carbonyl O atom to Sb. 

The three Sb-C(tolyl) distances are equivalent 

Table 4. Least-squares planes and atom deviations 
(•) from them 

The atoms with asterisks were used in the calculations of the least- 
squares planes. 

Plane l 

-0-947X + 0-148 Y + 0-284Z = -1.148 

Sb -0.441 C(l l)* -0.011 
O(1) 2.119 C(21) -2-553 
0(2)* 0.019 C(31)* 0-012 
0(3)* -0.018 

Plane 2 

-0.411 X -  0-668 Y- 0.620Z = --4.552 

Sb* -0.072 C(6)* -0.049 
O(1)* 0.174 C(7)* --0.133 
0(2) 1.044 C(8)* -0.100 
0(3) --1.182 C(9)* 0.016 
C(1)* --0-149 C(10)* 0-095 
C(2)* -0-039 C(I 1) -1.646 
C(3)* 0-095 C(21)* -0.261 
C(4)* 0.119 C(31) 1.640 
C(5)* 0-067 

within experimental error, the mean value being 
2.120 (3) A. Owing to the repulsions among the bulky 
tolyl groups, the three C - S b - C  bond angles are 
greater than 100 °. Rather short interatomic contacts 
among the aryl groups, C(11).. .C(21), C(11). . .  C(31) 
and C(21). . .C(31),  are 3-269(5), 3.311 (4) and 
3.337 (4) ,/k respectively. As seen from Fig. 1, the aryl 
group trans to O(1) exhibits a larger librational motion 
around the S b - C  bond than the other aryl groups, this 
aryl group being situated in the most loosely packed 
environment. 

The 1,2-dichloroethane molecule has a trans confor- 
mation and its centre of symmetry coincides with the 
crystallographic inversion centre. The population of the 
solvent molecule was 0.427 (6) in the final refinement. 
The bond lengths of the molecule are absurd owing to 
the violent thermal vibration. 

No remarkable intermolecular contact is observed. 

The calculations were performed on a FACOM 230- 
48 c6mputer of this Institute and on a HITAC 
8800/8700 computer at the Computer Centre of the 
University of Tokyo. This research was aided by a 
Scientific Research Grant from The Ministry of 
Education, to which the authors' thanks are due. 
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