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Synthesis and structures of the six-coordinate donor-acceptor 
complexes R3(C6H402)Sb. . .L (R = Ph, L = O S M e  2 or ONCsHs;  

R = Me, L = ONCsH5 or N C s H s )  and 
R3(C2H402)Sb. . .L (R = Ph, L = ONC5Hs; R = C1 or C6F5, L = OPPh3) 
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One-pot oxidation of R3Sb (R = Ph. Me, CI. or CtF 5) with tert-butyl hydroperoxide in 
the presence of 1,2-diols and monodentate donor compounds was studied. The structures of 
the resulting neutral organic donor-acceptor Sbv complexes, Ph3(C6H402)Sb...OSMe 2. 
Ph3(CtH402)Sb...ONCsH ~, Me3(C6H402)Sb...ONCsH 5, Me3(CtH402)Sb..-NCsH 5, 
Ph3(C2H402)Sb...ONCsH 5, and CI(CtFs)2(C2H~O2)Sb...OPPh 3, were established by X-ray 
diffraction analysis. In these complexes, the coordination environment about the Sb atoms is 
a distorted octahedron. The Sb--O(N) distances and the Sb--O--E angles (E = S. N, or P) 
vary over wide ranges. 

Key words: one-pot oxidation reactions, six-coordinate Sb v complexes, synthesis, X-ray 
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The radical activity series (A. N. Nesmeyanov, G. A. 
Razuvaev, and M. S. Karash), which characterize the 
stability of organometallic compounds of main-group 
metals (Hg, Pb, Sn, Sb, Bi, etc.) with respect to ex- 
change reactions under the action of metal halides or 
H-acids, have been known as early as the 1930s. These 
investigations formed the basis of the chemistry of com- 
pounds of main-group metals with the simplest struc- 
tures, corresponding to the formal valences of metal 
atoms. Later on, the chemistry of main-group metals, in 
particular, of antimony, took two paths, viz., the syn- 
thesis of high-coordinate compounds t-9 and the syn- 
thesis of low-coordinate compounds, l~ 

The majority of six-coordinate donor-acceptor Sb v 
compounds are halide complexes of the HalsSb...L type 
(L is a donor molecule). 1-9 Much less is known about 
the structures and properties of RsSb...L complexes (R 
is an organic ligand), tt , lz The present work is devoted 
to studies of the characteristic features of coordination 
of monodenta te  donor  molecules (L = OSMe 2, 
ON CsHs~ NC_~-arl 5, and OPPh3)-~o Sb. atoms in organo- 
metallic compounds of the R3R'Sb v type (R and R'  are 
monodentate and bidentate organic ligands, respectively) 
and to elucidation of the factors that affect the geometry 
of the donor-acceptor Sb...L bonds. 

Results and Discussion 

The six-coordinate R3R'SbV...L complexes were pre- 
pared by oxidation of R3Sb (R = Ph, Me, CI, or C6F5) 

with tert-butyl hydroperoxide in the presence of 1,2-di- 
ols and monodentate  donor compounds according to 
Scheme I. Presently, these reactions are widely used in 
the synthesis of  various bismuth- and ant imony-con-  
taining organic compounds  j3-15 
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Complex R [R3] L x 

1 Ph OSMe 2 1 
2 Ph ONCsH 5 1 
3 Me ONCsH 5 1 
4 Me NCsH s 1 
5 Ph ONCsH 5 1 
6 [CI(C6Fs) 2] OPPh3 2 
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X-ray diffraction analysis of the complexes 
Ph3(C6H402)Sb...OSMe 2 (1), Ph3(C6H402)Sb...ONC5H5 
(2), Me3(C6H402)Sb...ONC~H 5 (3), MeflC6HaO2)Sb... 

NCsH 5 (4), Ph3(C2H402)Sb. . .ONCsH 5 (5), and 
CI(C6Fs)2(C2H402)Sb...OPPh 3 (6) demonstrated 
that the coordination environment about the Sb atoms 
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Fig. 1. Molecular structures of complexes 1 (a), 2 (b), 3 (c), 4 (d), 5 (e), and 6 (/). For complex 2 (b), the structure of one 
independent molecule is shown; for complex 6 CO, the Ph rings in Ph3PO are omitted. 
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is a distorted octahedron (Fig. 1, a--eL The chelate 
ring (C6H40 2 or C2H40 2) and two R groups (Ph, 
Me, or C6F5) lie in the equatorial plane. The third R 
group (Ph, Me, or CI) and the L donor molecules are in 
the axial positions. The axial C(Ph or Me)--Sb--O(N) 
and CI - -Sb- -O  angles in complexes 1--6 vary in 
the range of  171.7(2)--177.4(2) ~ The sums of the 
O--Sb--O,  O--Sb--C,  and C- -Sb- -C angles in the 
equatorial plane vary. in the range of 355.2--359.8 ~ . 
The Sb atoms deviate f rom the equatorial plane 
of the OOCC fragments in the direction opposite 
to the addit ionally c oo rd i na t e d  L molecules by 
0.27--0.30 ,~ in complexes 1 ~ 5  and by 0.10 ~, in com- 
plex 6. 

The Sb--C bond lengths in complexes 1--6 vary. in 
the range of  2.112(5)--2.184(9) A (Tables 1--6), the 
Sb--C(C6F5) distances in complex 6 (2.153(9) and 
2.184(9) ,~) being somewhat larger than the analogous 
Sb--C(Ph) distances in the structures of 1, 2, and 5 
(2.132(7)--2.161(4) ,~). The Sb--C(Me) bonds in com-  
plex 4 (2.112(5)--2.125(5) ~) are slightly shorter than 
the corresponding bonds in complex 3 (2.138(10)-- 
2.148(10) A), which is, apparently, due to more sub- 
stantial steric repulsions between the substituents in the 
latter compound. On the whole, the Sb--C bond lengths 
in complexes 1--6 are comparable with the lengths o f  
the analogous bonds in other antimony compounds 
(2. II 5(4)--2.188(5) ~.).16 The Sb--CI distance in corn- 

Table 1. Selected bond lengths (d) and bond angles (co) in complex 1 

Bond d/'fx Angle r Angle to/deg 

Sb(1)--O(1) 2.048(2) O(I)--Sb(1)--O(2) 797(1) O(2)--Sb(I)--C(7) 87.9(I) 
Sb(t)--O(2) 2.049(2) O(I)--Sb(I)--O(3) 82.8(1) O(3)--Sb(1)--C(13) 82.5(1) 
Sb(1)--O(3) 2.336(2) O(2)--Sb(I)--O(3) 80.8(I) C(I)--Sb(I)--C(13) 100.3(I) 
Sb(I)--C(t) 2.139(3) O(I)--Sb(t)--C(I) 95.)(I) C(7)--Sb(1)--C(135 100.9(I) 
Sb(I)--C(7) 2.133(3) O(2)--Sb(I)--C(I) 96.0(I) O(3)--S(I)--C(25) 102.0(2) 
Sb(I)--C(13) 2.140(3) O(3)--Sb(I)--C(l) 176.4(I) O(3)--S(1)~C(26) t06.4(2) 
S(1)--O(3) 1.532(2) O(15--Sb~I)--C(7) 163 .1(1)  C(25)--S(I)--C(26) 95.7(2) 
S(I)--C(25) 1 .814(5)  O(3)--Sb(1)--C(7) 84.1(I) Sb(I)--O(1)--C(19) 112.4(2) 
S(I)--C(26) 1 .776~4) C(I)--Sb(I)--C(7) 97.5(I) Sb(1)--O(2)--C(24) 112.4(2) 
O(I)--C(t9) 1.352(3) O(I)--Sb(I)--C(13) 87.7(I) Sb(l)--O(3)--S(l) 122.6(1) 
0(2)--C(24) 1.360(4) O(2)--Sb(1)--C(13) 160,3(1) 

Table 2. Selected bond lengths (d) and bond angles (co) in complex 2 (for two independent molecules A and B) 

Bond d/A Angle co/deg Angle to/deg 
A B A B A B 

Sb(I)--O(I) 2.074(4) 2.060(4) O(1)--Sb(l)--O(2) 79.7(2) 80 .0 (2 )  O(I)--Sb(I)--C(13) 89.3(2) 86.6(2) 
Sb(1)--O(2) 2.055(4) 2.062(4) O(l)--Sb(l)--O(3) 81.6(2) 83 .0 (2 )  O(2)--Sb(1)--C(13) 161.1(2) 161.9(2) 
Sb(l)--O(3) 2.266(5) 2.275(5) O(2~--Sb(1)--O(3) 83.5(2) 83 .9 (2 )  O(3)--Sb(I)--C(13) 79.7(2) 82.5(2) 
Sb(I)--C(I) 2.150(7) 2.153(7) O(I)--Sb(I)--CII) 90.1(2) 94 .9 (2 )  C(1)--Sb(1)--C(13) 101.3(2) 98.9(2) 
Sb(1)--C(75 2.141(6) 2.132(7) O(2)--Sb(I)--C(1) 94.1(2) 94 .2 (2 )  C(7)--Sb(I)--C(13) 100.0(2) 101.1(2) 
Sb(I)--C(13) 2.154(7) 2.152(6) O(3)--Sh(I)--C(I) 171.7(2) 177.4(2) Sb(I)--O(I)--C(19) 112.1(3) 112.1(4) 
O(I)--C(19) 1.375(8) 1.363(6) O(I)--Sb(I)--C(7) 162.1(25 160.7(2) Sb(1)--O(2)--C(24) 113.4(4) 112.6(3) 
O(2)--C(24) 1.349(7) 1.364(7) O(2)--Sb(1)--C(7) 87.0(2) 88 .4 (2 )  Sb(I)--O(3)--N(I) 119.1(4) 122.3(3) 
O(3)--N(I) 1.340(6) 1.330(6) O(3)--Sb(I)--C(7) 84.9(2) 80 .5 (2 )  O(3)--N(1)--C(25) 118.6(5) 119.4(5) 

C(I)--Sb(I)--C(7) 102.9(2) 101.3(3) O(3)--N(1)--C(29) 119.9(4) 119.0(6) 

Table 3. Selected bond lengths (d) and bond angles (to) in complex 3 

Bond d/A Angle co/deg Angle to/deg 

Sb( t)--O( I ) 2.062(5) O( I )--Sb( i )--0(2) 79.3(2) C( l)--Sb(I)--C(2) 101.3(4) 
Sb(I)--O(2) 2.058(5) O(l)--Sb(I)--O(3) 81.8(2) O(I)--Sb(I)--C(3) 93.7(3) 
Sb(1)--O(3) 2.345(6) O(2)--Sb(I)--O(3) 81.9(2) O(2)--Sb(1)--C(3) 92.7(45 
Sb(I)--C(I) 2.148(10) O(I)--Sb( I)--C(I) 159 ,0(4)  O(3)--Sb(I)--C(3) 173.5(3) 
Sb(I)--C(2) 2.142(10) O(2)--Sb(I)--C(I) 87.2(3) C(I)--Sb(1)--C(3) 102.9(5) 
Sb(I)--C(3) 2.138(10) O(3)--Sb(I)--C(1) 80.5(4) C(2)--Sb(1)--C(3) 100.2(5) 
O( I )--C(4) 1,356(8) O( I )--Sb( I )--C(2) 88.0(3) C(2)--Sb( 1 )--C(3) 100.2(5) 
O(2)--C(9) 1.356(8) O(2)--Sb( I )--C(2) 162,4(4) Sb( 1)--O( I )--C(4) 112.9(45 
O(3)--N(I) 1.341(7) O(3)--Sb(I)--C(2) 84.3(4) Sb(I)--O(2)--C(9) 113.6(4) 

Sb(I)--O(3)--N(I) 119.0(4)  O(3)--N(I)--C(10) 120.7(6) 



Six-coordinate donor-acceptor Sb v complexes Russ.Chem.Bull., ~'bl. 48. :Vo. 9, September, 1999 1725 

Table 4. Selected bond lengths (d) and bond angles (tt)) in complex 4 

Bond d/;~ Angle to/deg Angle to/deg 

Sb(I)--O(1) 2.061131 O(1)--Sb(])--O(2) 79.0111 N(I)--Sb(I)--C(2) 83.5(11 
Sb(I)--O(2) 2.059(3) O(I)--Sb(I) --N{I) 79.411)  C(I)--Sb(1)--C(2) 101.0t21 
Sb(1)--N(I~ 2.595(3) O(2)--Sb(I)--N(I) 77.9(I) O(l)--Sbr 94.7(2) 
S,b(I)--C(I) 2.125(51 O(1)--Sb(I)--C(I) t61 .2(2)  O(2)--Sb(1)--C(3) 96.7(2) 
Sb(I)--C(2) 2.125141 O(2)--Sb(I)--C(I) 8 7 . 8 ( 2 )  N(I)--Sb(I)--C(3) 172.612) 
Sb(I)--C(3) 2.112(51 N(I)--Sb(I)--C(I) 84 .8 (2 )  C(I)--Sb(1)--C(3) I00.1(2) 
O(I)--C(9) 1.347151 O(I)--Sb(1)--C(2) 87.4111 C(2)--Sb(I)--C(3) 100.8(21 
O(2)--C(14) 1.347(51 O12)--Sb(I)--C12) 158.6(I) 
N(I)--C(4) 1.326151 
N(1)--C(8) 1.33815) 

Table 5. Selected bond lengths (d) and bond angles (01) in complex 5 

Bond d/,;~ Angle o~/deg Angle ro/deg 

Sb(l)--O(I) 2.001131 O(I)--Sb(l)--O(2) 81.8(I) O(I)-Sbtl)--C(I3) 96.9111 
Sb(l)--O{2) 2.040(3) O(1)--SB(I)--O(3) 78.1(I) O12)--Sb(1)--C(13) 96.311) 
Sb(l)--O(3) 2.377(3) O(21--Sb(I)--O(3) 83.7111 O(3)--Sb(I)--C(13) 174.9111 
Sb(I)--C(I) 2.161141 O(I)--Sb(1)--C(I) 159.7( I )  C())--Sb(I)--C(13) 101.4(1) 
Sb(I)--C(7) 2.14614) O(2)--Sb(1)--C(l) 87.4(I) C(7)--Sb(1)--C(13) 95.0111 
Sb(I)--C(13) 2.142(41 O(3)--Sb(I)--C(1) 83.7111 Sb(1)--O(1)--C(24) 112.3(2) 
O(I)--C124) 1.419(6) O(1)--Sb(I)--C(7) 87.4111 Sb(1)--O(2)--C(25) 112.112) 
O(2)---C125) 1.412(4) O(21--Sb(I)--C(71 165.3111 Sb(I)--O(3)--N(t) 125.4t21 
O(3)--N(1) 1.332(4) O13)--Sb(I)--C(7) 84.3(I) O13)--N(I)--C(191 119.013) 
N(I)--C(19) t.345151 C(1)--Sb(1)--C(7) 9 9 . 7 ( 1 )  O131--N(I)--C(23) 120.113) 
N(I)--C123) 1.354(51 

Table 6. Selected bond lengths (d) and bond angles (to) in complex 6 

Bond d/~ Angle o~/deg Angle 0)/deg 

Sb(1)--CI(I) 2.532(2) CI(I)--Sb(I)--O(I) 90 .6 (2 )  O(2)--Sb(I)--C(I) 88.7(3) 
Sb(l)--O(t) 1.97418) CI(I)--Sb(1)--O(2) 96 .6 (2 )  O(3)--Sb(I)--C(1) 86.9(3) 
Sb(l)--O(2) 1.96217) O(l)--Sb(I)--O(2) 8 2 . 7 ( 3 )  CIII)--Sb(I)--C(7) 90.9(3) 
Sb(1)--O(3) 2.125161 CI(I)--Sb(I)--O(3) 175.2121 O(I)--Sb(1)--C(7) 89.7(3) 
Sb(1)--C(1) 2.184191 O(I)--Sb(1)--O(3) 8 9 . 7 ( 3 )  O(2)--Sb(1)--C(7) 169.4131 
Sb(I)--C(7) 2.153191 O121--Sb({)--O13) 8 8 . 2 ( 3 )  O13)--Sb(1)--C171 84.4(3) 
P(I)--O(31 1.515(7) CI(I)--Sb())--C(I) 93 .5 (2 )  C(I)--Sb(I)--C(7) 98.3(4) 
O(I)--C(13) 1.372115) O(I)--Sb(I)--C(I) 170.9131 Sb(1)--O(3I--P(1) 143.214) 
O121--C(141 1.3811161 

plex 6 (2.532(2)7k) is substantially larger than the 
Sb--CI distances in donor-acceptor complexes of anti- 
mony pentachloride (2.29--2.39 .&))-9 

The Sb--O(CoH402) bonds in complexes 1--4 
12i048(21--2,074(41 ~.) a r e  longer than ihe  S b "  
O(C2H40 ~) bonds in complexes 5 and 6 (2.002(3) and 
2,039(3) A in 5 and 1.962171 and 1.974181 a, in 6). The 
corresponding bonds in molecule I (2.048(2) and 
2.049(2) 3,) are somewhat shorter than those in 2 
(2.074(4) and 2.055(4) ,~,; 2.060(4) and 2.062(4) ,;, in 
two independent molecules), 3 (2.062(5) and 
2.058(5) 2X), and 4 12.061131 and 2.059(3) a,). Note- 
worthy is the substantial difference in the Sb--O dis- 
tances in the chelate ring of the first independent 

molecule of complex 2 (2.074(4) and 2.055(4) ~.) as 
well in complex 5 (2.002(3) and 2.039(3) ~). 

The C--O distances in the five-membered metalla- 
cycles in complexes 1--4 and 6 have close values and 
Vary in the range of  1.3;1715)-- 1.381116) -,~. The  C - O  
bond lengths in complex 5 (I.413141 and 1.430161 ~) 
are larger than the analogous bonds in complexes 1--4 
and 6. Note that the C--O bonds (I.349(7) and 
1.375(81 ~), like the Sb--O bonds, in the first indepen- 
dent molecule of complex 2 are nonequalized. 

The Sb--C and Sb--O distances in the acceptor 
Ph3(CdH402)Sb molecules of complexes 1 and 2 are 
close to the corresponding distances observed in the 
previously studied complexes Ph3(CdH402)Sb...OH2 
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(2.137--2. 143 A; and 2.048 and 2.049 A,, respectively) 11 
and Ph3(CrH402)Sb...OPPh 3 (2.139(6)--2.153(6) A; and 
2.046(4) and 2.049(4) A, respectively). 12 On the whole, 
the Sb--C and Sb--O distances in complexes 1--6 are 
comparab le  with the analogous  distances in the 
Ph3(C6H402)Sb molecule (2.099--2.114 A. for Sb--C 
and 2.060 and 2.010 & for Sb--O). tl Therefore, the 
geometric parameters of the acceptor R3R'Sb molecules 
in complexes 1--6 are only slightly affected by the 
coordination of the donor L molecules. 

The coordination of DMSO and pyridine oxide to 
the Sb atoms of the acceptor R3R'Sb molecules (1--3 
and 5) leads to a slight elongation of the S--O and 
N- -O bonds. The O(3"~--S(1) distance in complex 1 
(I.532(2) A) and the O(3 ) - -N( I )  distances in com- 
plexes 2, 3, and 5 (I.340(6) (I.330(6)). 1.341(7), and 
1.332(4) A., respectively) are substantially larger than 
the corresponding distances in the molecules o f  
noncoordinated DMSO (1.497 ~)17 and pyridine oxide 
(1.304 ,~)17 The S(1)--C(25) and S(I)--C(26) distances 
in complex 1 (1.814(5) and 1.776(4) ,4.) are also some- 
what different from the corresponding distances in the 
noncoordinated DMSO molecule (I.809 ~).t7 The 
N- -C and C- -C  distances in the pyridine oxide residues 
in complexes 2, 3, and 5 vary in the ranges of  1.335(9)-- 
1.355(7) A, (N- -C)and  1.352(6)--1.390(7) A (C--C). 

The coordination of  the pyridine and triphenyl- 
phosphine oxide molecules in complexes 4 and 6 is not 
accompanied by a substantial distortion of  their geom- 
etry. The C- -C  ( I . 364(7 ) - -1 .379(9 )~ )  and C - - N  
(I.326(5) and 1.338(5) ,~) distances in complex 4 virtu- 
ally coincide with the analogous distances in the free 
pyridine molecule (1.379 and 1.337 A, respectively). 17 
The P - - O  distance in complex 6 (1.515(7) A) nearly 
coincides with the corresponding distances in the 
noncoordinated C3P=O fragments (1.489 ~)!7 and with 
the P- -O distance in the Ph3(C6H402)Sb...OPPh 3 com- 
plex (1.494(4) A). Iz 

The 0 (3 )  atoms of the pyridine oxide groups (in 2, 
3, and 5) lie in the plane of  the pyridine ring. The 
average deviations of the 0 (3 )  atoms from this plane are 
0.006 (0.005), 0.023, and 0.044 ~ in complexes 2, 3, 
and 5, respectively. The angles between the planes of  
the central CCSbOO fragments and the pyridine mol- 
ecules are 31.3 ~ (35.2~ 28.3 ~ and 52.8 ~ in complexes 
2, 3, and 5, respectively. In complex 4, the angle 
between the planes of the central CCSbOO fragment 
and ~he coordinated-pyridine molecule is 89.4 ~ 

The Sb (1 ) - -O(3 ) - -S ( I )  angles in complex 1 
(122.6(1) ~ and the Sb( I )~O(3) - -N(1)  angles in com- 
plexes 2, 3, and 5 (119.1(4) ~ (122.3(3)~ 119.0(4) ~ and 
125.4(2)% respectively) are substantially smaller than the 
Sb(I ) - -O(3)- -P(I )  angle (143.2(4) ~ in complex 6 (see 
Tables I--6).  Note that in the Ph3(C6H402)Sb...OPPh3 
complex studied by us previously, lz the corresponding 
Sb( I ) - -O( I ) - -P ( I )  angle is 153.0(3) ~ The substantial in- 
crease in the Sb(I)--O(3)--P(t)  angle in complex 6 
compared to the analogous angles in complexes 1--3 and 

5 may be associated either with the transfer of  the elec- 
tron density from two lone electron pairs of  the O atom of 
the Ph3PO molecule or with nonbonded repulsions be- 
tween the donor and acceptor molecules of  complex 6. 
Analysis of the geometric parameters of the latter com- 
pound demonstrates that the mutual arrangement of the 
Ph rin~ (C(21)--C(26) in the donor molecule and 
C(1)--C(6) in the acceptor molecule) prevents a further 
decrease in the Sb( I ) - -O(3) - -P( I )  angle (the shortest 
distance between these rings, viz., C(I). . .C(21),  is 
3.425 .~., i.e., it is comparable with the average value 
for intermolecular C...C contacts (3.42 .~,)lS). The 
O(3)--P(1)--C(21) angle (112.6(4) ~ is somewhat la~er 
than the O(3)- -P(1) - -C(15)  and O(3)--P(1)--C(27)  
angles (107.1(4) ~ and 110.1(4) ~ respectively). 
An analogous situation was also observed in the 
Ph3(CoH402)Sb...OPPh3 comptex, t2 

Hence, the la~e values of  the Sb- -O- -P  angles in 
complex 6 and in Ph3(C6H40~)Sb...OPPh 3 are due to 
nonbonded interactions in the coordination sphere about 
the Sb atoms. However, it should be noted that the 
Sb--O--P angle in the CIsSb...OPMe 3 complex (141.3~ 1 
is also substantially larger than the corresponding angles 
in complexes 1--3 and 5, although nonbonded interac- 
tions in the former (similar to those in 6) are not 
observed. 

The Sb...O(N) distances in complexes 1--6 vary over 
a wide range (2.125(6)w2.595(3) A), the lower limit 
being comparable with the sums of the covalent radius 
of the Sb atom and the radii of  the O and N atoms (2.16 
and 2.17 ,~, respectively). 19 The Sb...O distances in the 
CIsSb...OR compounds t - 9  vary in the range of  1 .996t  
2.361 A, i.e., this range is somewhat shifted to smaller 
values. However, the Sb...O bond lengths in most of  
these compounds (1.996--2.151 A) !-5 are no larger 
than the sum of  the covalent radii of the Sb and O 
atoms (2.16 ~). 

The size of  the sixth coordination site in complexes 
1--6 is determined by the values of  the O- -Sb- -O and 
C--Sb--C dihedral angles (the O and C atoms are 
located in the equatorial planes of  the complexes). At 
large dihedral angles, a larger area of the coordination 
sphere about the Sb atom is accessible to coordination. 
The values of  the above-mentioned dihedral angles in 
complexes 1--6 vary within a narrow range (155.9-- 
158.6 ~ for 1--5 and 171.4 ~ for 6) and are virtually 
independent of  the Sb...O(N) distances. Note that the 
eoordi-n-a~i-on of  ~he-Sb a t o m  in the noncoordinated 
Ph3(C6H402)Sb molecule can be considered as a strongly 
distorted tetragonal pyramid. 11 The dihedral angle in 
the base of this pyramid is 140.8 ~ , which is somewhat 
smaller than the corresponding angles in complexes 
1--6. This suggests that it is at this site that the donor L 
molecules add to the acceptor  Ph3(C6H402)Sb mol- 
ecules. 

A comparison of  the Sb...O distances in complexes 
2, 3, and 5 containing the same donor molecules allows 
one to follow the effect of  the substituents in the 
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acceptor molecules of  these complexes on the lengths of  
the donor-acceptor bonds. The larger Sb...O distance in 
complex 3 (2.345(6) A.) compared to those in complex 
2 (2.266(5) and 2.275(5) A.) is consistent with the higher 
electron-donating ability of  Me groups compared to 
that of Ph substituents. The Sb...O distances, in turn, in 
complex 2 (2.266(5) and 2.275(5) ~) are smaller than 
the corresponding distance in 5 (2.337(3) ~,) due to the 
stronger e lec t ron-wi thdrawing properties of  the 
o-OC6H40-- group in complex 2 compared to those of  
the - -OCH2CH20- -  group in complex 5. In complex 6, 
the presence o f  the strong electron-withdrawing sub- 
stituents (CI and C6F5) in the accep~or molecule leads 
to the substantial decrease in the Sb...O distance 
(2.125(6) ,~) compared to the analogous distance in 
Ph3(C6H402)Sb...OPPh 3 (2.338(4) ,~).lz 

In the crystalline state, only complexes 1 and 6 
occur as isolated molecules. In the other structures, the 
molecules ale linked in infinite chains (2 and 4) or two- 
dimensional networks (3 and 5) via weak C--H. . .O 
interactions. The lengths o f  the intermolecular O...H 
contacts in complexes 2- -5  vary in the range of  2.39(3)-- 
2.57(5) A. Apparently, it is these intermolecular O...H 
interactions in the crystal structure of 2 that lead to the 
difference between the Sb(I ) - -O(I )  and Sb(I)--O(2) 
distances (2.074(4) and 2.055(4) A) as well as to the 
difference between the O ( I ) - - C  and O(2)--C distances 
(1.349(7) and 1.375(8) A) in one independent molecule 
compared to the corresponding distances in the second 
independent molecule. This is evidenced by the differ- 
ence in the len~hs of  the intermolecular contacts for 
two independent  molecules  of  complex 2. The 
O(lac)...H(28b) and O(lab)...H(28a) intermolecular dis- 
tances in the first independent molecule of  complex 2 
(2.39(5) A,) are shorter than the corresponding dis- 
tances in the second independent molecule of  this 
complex (2.54(5) A)(Fig .  2). 

Hence, donor-acceptor  complexes 1--6 are formed 
as a result of addition of  the donor L molecules on the 
side of the base o f  the distorted tetragonal pyramid, 
which is the coordination polyhedron about the Sb 
atoms of the acceptor molecules R3R'Sb v, the octahe- 
dral complexes R3R'SbV...L being formed. Analysis of  
the geometric parameters of  complexes 1--6 demon- 
strates that the lengths of  the donor-acceptor Sb...L 
bonds are affected primarily by the electronic factors 
(the donor and acceptor properties of the substituents at 
the Sb atomsL-To the contrary, the S b ~ E  angle i s  
determined to a larger extent by the steric Factors. 

Experimental 

The IH and 13C NMR spectra were recorded on a Bruker 
AC-200 spectrometer (200.13 and 50.32 MHz, respectively). 
The IR spectra were measured on a Specord 75 IR spectrom- 
eter as Nujot mulls. 

Addnct of triphenyl(pyrocateeholato- O, O)antimony(v) with 
dimethyl snlfoxide (1). A solution of tert-butyl hydroperoxide 
(0.31 g, 3.4 retool) in benzene (10 mL) was slowly added with 

H ( 2 8 ~  

~ ~  (2ac) 

~ ~ O(lac) 

' n(28b  

j ~ 0(I a b ) l  ~ 

) 

Sb(la) 

Fig. 2. Crystal structure of complex 2 (one independent mol- 
ecule is shown). 

stirring to a mixture of triphenytantimony (I.34 g, 3.4 retool), 
pyrocatechol (0.42 g, 3.4 retool), and DMSO (0.26 g, 
3.4 retool) in benzene (20 roLl. After completion of the reac- 
tion, volatile products were recondensed under reduced pres- 
sure. The solid residue was recrystallized from a I : 1 ben- 
zene--hexane mixture. Compound 1 was isolated in a yield of 
1.24 g (68%). m.p. 113 ~'C. Found (%): C, 57.59; H, 4.91; 
Sb, 22.25. C~6H2503SSb. Calculated (%): C, 57.88; H, 4.64; 
S b,...22:63.._ J.R, ..v/era?i!; 440 .(Sb--Ph);_ 60.0 (S!~--.O); 1235 
(C-O); 980 (S=O)~ ~H NMR (DMSO-d6), 8:2.50 (s, 6 H, 
CH3); 6.50--6.80 (m, 4 H, C6Ha); 7.30--7.70 (m. 15 H, C6H5). 

Adduct of triphenyl(pyrocatecholato-O,O)antimony(v) with 
pyridine oxide (2) was synthesized analogously from triphenyl- 
antimony (I.00 g, 2.8 retool), pyrocatechol (0.31 g, 2.8 mmol), 
pyridine oxide (0.22 g, 2.8 retool), and tert-butyl hydroperoxide 
(0.25 g, 2.8 retool). Compound 2 was isolated in a yield of 
1.13 g (75%), m.p. 58 ~ (dioxane--benzene--hexane 1 : 4 : 5). 
Found (%): C, 62.55; H, 4.59; Sb, 22.25. C29H24NO3Sb. Calcu- 
lated (%): C, 62.59; H, 4.32; Sb, 21.94. IR, v/era -1 440 
(Sb--Ph); 605 (Sb--O); 1250 (C--O, N--O). ~H NMR 
(CDCI3), & 6.50--6.90 (m. 4 H. C6H4); 7.30--8.20 (m, 20 H, 
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C6H 5, NCsHs). 13C NMR (CDCI3), ,5: 112.5, 117.4. 131.1, 
131.6, 144.1, 148.1 (C6H4): 124.2, 135.2, 139.1 (NCsHs); 127.3, 
127.9, 128.6, 134.1 IC6Hs). 

Adduet of triphenyl(ethylene glycolato-0, O)antimony(v) with 
pyridine oxide (5) was synthesized analogously from 
triphenylantimony (0.81 g, 2.0 retool), ethylene glycol (0.14 g, 

Table 7. Atomic coordinates (x 104) and equivalent 

Atom x y Z 

Sb(I) 7840(I) 416(1) 648(I) 
S(1) 8099(1) -3064(I) 556(I) 
O(1). 7580(I )  - -763(2)  1581(I) 
0(2) 8872(I) 442(2) 1461(I) 
0(3) 8346( I )  -1659(2) 278(I) 
C(I) 7420(2)  2300(3 )  1062(2) 
C(2) 7875(2)  3068(3 )  1680(2) 
C(3) 7631(2)  4 3 3 1 ( 4 )  1919(2) 
C(4) 6921(2)  4857(4 )  1531(3) 
C(5) 6464(2)  4t00(4) 928(3) 
C(6) 6708(2)  2823(3) 681(2) 
C(7) 8410(2)  1287(3)  -249(2) 
C(8) 8080(2)  2434(3)  -699(2) 
C(9) 8444(2)  3072(3)  -1258(2) 
C(10) 9141(2) 2577(3) -1386(2) 
C(II) 9466(2)  1432(4)  -957(2) 
C(12) 9097(2) 798(3) -392(2) 
C(13) 6816(2) -353(3) -123(2) 
C(14) 6783(2) -451(3) -971(2) 

isotropic temperature factors (Ueq) Ibr complex 1 

Ueq/~, 2 Atom x y Z U~q/A 2 

21(1) C(15) 6118(2) -956(4) --1485(2) 43(t) 
35(I) C(16) 5503(2) -1359(3) --1164(3) 48(1) 
29(I) C(17) 5537(2) -1286(4) -323(3) 45(1) 
28(I) C(18) 6189(2) -778(4) 198(2) 37(1) 
29(11 C(19) 8210(2) -1128(3) 2141(2) 26(1) 
27(1) C(20) 8201(2) -2112(3) 2752(2) 37(1) 
34(I) C(21) 8879(3) -2454(4) 3290(2) 49(I) 
43(1) C(22) 9566(2) -1831(4) 3224(2) 48(1) 
45(I) C(23) 9576(2) -839(4) 2610(2) 37(1) 
44(I) C(24) 8903(2) -498(3) 2077(2) 28(I) 
36(I) C(25) 8939(3) -4113(5) 540(5) 96(3) 
24(I) C(26) 7516(2) -3833(4) -325(2) 47(1) 
30(I) C(IS) 4035(3) 238(4) -2949(3) 57(2) 
36(I) C(2S) 4620(3) 38(5) -3373(3) 6l(2) 
36(I) C(3S) 4787(2) -1276(4) -3589(3) 49(1) 
42(I) C(4S) 4381(2) -2377(4) -3385(2) 50(1) 
34(1) C(5S) 3808(2) -2173(4) -2957(2) 52(1) 
26(I) C(6S) 3625(2) -861(5) -2744(3) 52(1) 
35(I) 

Table 8. Atomic coordinates (x 104) and equivalent isotropic temperature factors (Ueq) for complex 2 

Atom x y Z Ueq/,~, 2 

Sb(IA) 3639tl) -2539(1) -4637(I) 23(1) 
O(IA) 3771(5) -3544(2) -5633(2) 27(1) 
O(2A) 1644(5) -2471(2) -5389(2) 27(I) 
O(3A) t832(5) -3512(3) -4478(3) 30(1) 
N(IA) 460(6)  -3873(3) -5017(3) 27(I) 
C(1A) 5355(7) -1750(4) -4949(3) 26(2) 
C(2A) 4807(8) -1318(4) -5420(4) 33(2) 
C(3A) 5900(9) -880(5) -5680(4) 43(2) 
C(4A) 7598(8) -868(4) -5496(4) 40(2) 
C(SA) 8168(8) -1299(4) -5042(4) 39(2) 
C(6A) 7082(8) -1713(4) -477214) 31(2) 
C(7A) 2699(7) -1662t4) -3721(4) 28(2) 
C(SA) 2466(9) -1828(4) -3058(4) 45(2) 
C(9A) 1828(10) 1252(5) --2467(4) 52(2) 
C(10A) 1431(9) -531(4) -2532(4) 43(2) 
C(IIA) 1680(9) -358(4) -3179(4) 46(2) 
C(12A) 2329(8) -932(4) 3764(4) 35(2) 
C(13A) 5295(7) -30t8(4) -3962(3) 25(2) 
C(14A) 6403(8) -2462(4) -3318(4) 37(2) 
C(15A) 7493(8) -2752(5) -2863(4) 45(2) 
C(16A) 7477(8) -3605(5) -3063(4) 40(2) 
C(17A) 6377(7) -4160(4) -3704(4) 29(2) 
C(18A) 5312(7) -3862(4) -4147(4) 29(2) 
C(19A) 26t5(7) -3600(4) -6260(3) 29(2) 
C(20A) 2496(8) -4197(4) -7003(4) 30(2) 
C(21A) 1208(8) -4254(4) -7595(4) 38(2) 
C(22A) 68(8) -3717(5) -7447(4) 42(2) 
C(23A) 196(8) -3094(4) -6709(4) 36(2) 
C(24A) 1472(7) -3044(4) -6117(3) 27(2) 
C(25A) 458(8) -4630(4) -5576(4) 31(2) 
C(26A) -920(8) -5027(4) -6121(4) 36(2) 
C(27A) -2326(8) -4649(4) -6113(4) 41(2) 
C(28A) -2296(7) -3873(5) -5535(4) 38(2) 
C(29A) -898(8) -3494(4) --4980(4) 33(2) 

Atom x y z Gq/,~ 2 

Sb(IB) 698(1) -2375(I) 197(1) 23(1) 
O(1B) 204(5)  -2118(2) 1304(2) 27(1) 
O(2B) 2672(5) -1450(3) 831(2) 29(1) 
0(38) 2329(5) -3229(3) 523(3) 36(1) 
N(1B) 3598(6) -2941(3) 1117(3) 27(1) 
C(IB) -816(7) -1528(4) -58(4) 30(2) 
C(2B) -1900(8) -1175(4) 424(4) 32(2) 
C(3B) -2845(9) -606(4) 268(4) 44(2) 
C(4B) -2684(9) -386(4) -363(4) 44(2) 
C(5B) -1592(8) -722(4) -835(4) 40(2) 
C(6B) -676(8) -1286(4) -677(4) 34(2) 
C(7B) 1982(8) -2692(4) -760(4) 31(2) 
C(8B) 1604(8) -3511(4) --t314(4) 37(2) 
COB) 2473(9) -3774(4) --1926(4) 43(2) 
C(10B) 3719(9) -3209(5) --1989(4) 47(2) 
C(IIB) 4103(8) -2421(5) -1450(4) 43(2) 
C(12B) 3254(8) -2153(4) -839(4) 37(2) 
C(13B) -1164(7) -3464(4) -162(4) 28(2) 
C(14B) -1178(8) -4051(4) 179(4) 34(2) 
C(15B) -2420(9) -4728(4) -69(4) 43(2) 
C(16B) -3679(8) -4839(4) -678(4) 43(2) 
C(.17B)--3~8(8) ..-4263(4) --IO30(4) 47(2) 
C(18B)-2473(8) -3568(4) -770(4) 35(2) 
C(19B) 1240(7) -1439(4) 1842(3) 27(2) 
C(20B) 1087(8) -1127(4) 2627(4) 33(2) 
C(21B) 2213(9) -436(4) 3147(4) 41(2) 
C(22B) 3456(8) -77(4) 2894(4) 42(2) 
C(23B) 3653(8) -401(4) 2115(4) 35(2) 
C(24B) 2544(7) -I080(4) 1595(3) 25(2) 
C(25B) 3332(8) -2833(4) 1834(4) 36(2) 
C(26B) 4653(9) -2559(5) 2456(4) 44(2) 
C(27B) 6220(9) -2404(5) 2328(5) 52(2) 
C(28B) 6451(8) -2522(5) 1585(5) 48(2) 
C(29B) 5136(8) -2799(4) 976(4) 39(2) 
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Table 9. Atomic coordinates (x 1041 and equivalent isotropic temperature factors (Ueq) for complex 3 

y z Leo/A" X 

Sb(1) 1596(I) 4898(I) -1268(11 50(I) 
O(1) 721(51 3838(4) -203(4) 48(t) 
0(2) 1006(51  6 2 1 8 ( 5 7  -281(4) 58(2) 
0(3) -489(5) 5097(61  -183814) 72(2) 
N(1) -1440(5) 5025(5) -1180(4) 47(11 
C(I) 1858(121 6338(10) -2333(7) 86(4) 
C(2) 1637(12) 3324(101 -2212(6) 81(31 
C(31 3415(91 4757(12) -583(9) 89(4) 
C(4) 340(6) 4490(6) 601(5) 42(2) 
C(51 -241(7) 3 9 7 1 ( 8 1  1425(51 59t21 

Atom x y Z b'eq/,~. 2 

C(6) -634(9) 4708(101  2202(5) 74(3) 
C(71 -480(0) 5951(10) 2163(51 68(3) 
C(8) 63(8) 6490(7) 1350(5) 61(2) 
C(9) 503(7) 5761(61 569(4) 44(2) 
C(10) -1953(81 3 9 5 0 ( 7 )  -947(6) 60(2) 
C(I1) -2915(81 3 8 6 0 ( 8 )  -266(8) 70(3) 
C(I2) -3343(7) 4888(10) 181(81 77(3) 
C(13) -2836(101 5992(10) -59(8) 76(3) 
C(14) -1886(71 6048(7) -735(7) 60(2) 

Table 10. Atomic coordinates 

Atom x y Z 6,,:q/.,,x- 

(• 104) and equivalent isotropic temperature factors (Ueq) for complex 4 

Sb(I) -100(I) -2561(11 -820(I) 41(11 
P(l) -1721(1) -2318(11 -3372(1) 42(I) 
P(2) -4109(I) -7338(I) -3378(1! 44(I) 
O(I) 1365(31 -3673(2) -425(I) 47(t) 
0(2) 1257(3)  -1376(21 -507(2) 49(1) 
O(31 -1168r -3538(3) -3402(2) 59(11 
0(4) -4629(3) -8554(3) -3410(2) 62(I) 
N(1) -1074(3) -2510(3) 368(2) 45(1) 
C(1) -1585(5) -1152(4) -945(2) 60(2) 
C(21 -1493(5) -4022(3) -789(2) 51(I) 
C(3) 962(6) -2610(5) -1748(2) 68(2) 
C(47 -1252(5) -1499(3) 642(2) 53(I) 
C(5) -1857(6) -1379(5) 1249(3) 69(2) 
C(6) -2328(6) -2375(6) 1603(31 79(2) 
C(7) -2139(61 -3440(5) 1332(31 71(21 
C(8) -1519(5) -3471(4) 720(2) 54(I) 
C(9) 2469(4) -3113(3) -220(2) 41(I) 
C(10) 3637(4)  -3686(4) 16(21 54(I) 
C(II) 4722(5) -3032(4) 219(3) 63(2) 
C(12) 4658(5) -1837(5) 183(3) 67(2) 
C(13) 3493(5) -1257(41 -60(2) 55(11 
C(14) 2401(41 -1879(31 -258(2) 41(I) 
C(151 -2495(4) -1791(4) -4077(2) 48(I) 
C(16) -3555(8) -2448(6) -4278(3) 95(3) 
C(17) -4183(9) -2087(7) -4825(3) 107(3~ 
C(18) -3700(7) -1114(6) -5173(3) 88(3) 
C(19) -2653(9) -487(7) -4979(3) 99(3) 
C(20) -2042(7) -807(5) -4434(3) 76(2) 
C(21) -315(41 -1304(41 -3262(2) 46(I) 

Atom x 3' Z Ueq/~, 2 

C(22) 1107(51 -1605(4) -3481(2) 58(2) 
C(23) 2234(5)  -876(5) -3407(3) 72(2) 
C(241 1960(6) 156(51 -3114(31 78(2) 
C(251 575(6) 471(51 -2903(3) 77(2) 
C(261 -574(5) -260(4) -2970(3) 63(2) 
C(27) -3145(4) -2161(4) -2735(2) 44(11 
C(281 -3282(5) -3051(51 -2254(2) 61(21 
C(29) -4325(7) -2955(8) -1742(3) 91(3) 
C(30) -5218(6) -1990(8) -170t(31 98(3) 
C(31) -5101(61 -1107(61 -2183(31 81(21 
C(32) -4080(4) -1193(4) -2703(2) 57(2) 
C(33) -2048(4) -6822(4) -4071(2) 48(I) 
C(34) -3272(6) 5898(5) -4463(3) 71(21 
C(35) -2352(8) -5581(6) -5000(3) 93(3) 
C(36) -1116(8) -6197(7) -5153(31 90(3) 
C(37) -747(8) -7113(77 -4758(3) 98(3) 
C(38) -1644(71 -7428(6) -4230(3) 85(2) 
C(397 -5603(4) -6298(4) -3279(2) 47(I) 
C(401 -5470(5) -5222(4) -3031(31 68(2) 
C(411 -6672(5) -4462(4) -2692(2) 78(2) 
C(42) -7982(5) -4795(4) -3135(21 79(2) 
C(431 -8100(51 -5846(6) -3381(31 74(2) 
C(44) -6921(5) -6617(51 -3458(2) 59(2) 
C(45) -3069(4) -7190(31 -2720(2) 44(11 
C(46) -2071(4) --6315(41 -2706(2) 54(I) 
C(47) -1361(5) -6229(5) -2173(31 67(2) 
C(48) -1620(6) -7013161 -1666(3) 77(2) 
C(49) -2594(6) -7906(5) -1683(31 77(2) 
C(50) -3320(5) -7998(4) -2211(2) 61(2) 

2.0 mmol), pyridine oxide (0.22 g, 2.0 mmol), and left-butyl 
hydroperoxide (0.36 g, 4.0 mmol). Compound 5 was isolated 
in a yield of 0.63 g (62%), m.p. 126 ~ (benzene--hexane-- 
dioxane, 3 : 6 : I). Found (%1: C, 59.25; H, 4.84; Sb, 24.11. 
C25H24NO3Sb. Calculated (%): C, 59,08i H, 4.73; Sb, 23.98. 
IR, v/cm-I: 590, 630 (Sb--O); 1220--1250 (N--O, C--O). 

Adduet of di(pentafluorophenyl)chloro(ethylene glyeolato- 
O,O)antimony(v) with triphenylphosphine oxide (6) was syn- 
thesized analogously from (C6Fs)2SbC1 (0.49 g, 1.0 mmol), 
tnphenylphosphine (0.26 g, 1.0 mmol), ethylene glycol (0.06 g, 
1.0 retool), and tert-butyl hydroperoxide (0.18 g, 2.0 mmol). 
Compound 6 was isolated in a yield of 0.37 g (40%), m.p. 
131 ~ (benzene--hexane, 2 : 3). Found (%): C, 49.84; 
H, 3.43; Sb, 13.71. C3sHzgCIFI003PSb. Calculated (%): 
C, 50.04; H, 3.18; Sb, 13.36. 1R, v/cm-l: 550 (P--Ph); 570, 
630 (Sb--O); 1080 (C--O); 970, 1090 (C--F); 1150 (P=O). 

Adduct of trimethyi(pyrocatecholato-O,O)antimony(v) with 
pyridine oxide (3). A solution of pyridine oxide (0.63 g, 
6.0 retool) and pyrocatechol (0.73 g, 6.0 retool) in anhydrous 
benzene (30 mL) was placed into a tube with two side arms. The 
second tube, contaln~/ag a solution Of tert-butyl hydroperoxide 
(0.54 g, 6.0 retool) in anhydrous benzene (10 mL), was joined 
to the first tube. The tubes were degassed and trimethylantimony 
(I.11 g, 6.0 mmol) was frozen into the first robe. A solution of 
tert-butyl hydroperoxide was slowly added with stirring to the 
mixture of the reagents in the fi~ tube. After 2 h, volatile 
products were removed and the solid residue was purified by 
recrystallization from a 3 : 6 : I benzene--hexane--dioxane 
mixture. Compound 3 was isolated in a yield of 1.65 g 
(74%), m.p. l l0 ~ Found (%): C, 45.49; H, 4.62; Sb, 32.7t. 
CI4HIsNO3Sb. Calculated (%): C, 45.44: H, 4.87; Sb, 32.93. 
IR, v/era-I: 590, 630 (Sb--O); 1220--1250 (N--O, C--O). 
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Table 11. Atomic coordinates (• 104) and equivalent isotropic temperature factors (Ueq) for complex 5 

Atom x y z Ueq/.~ 2 Atom x y Z Ueq/.~. 2 

Sb(l) 3022(t) 1728(i) 812(1) 17(1) C(II) 3864(3}  4242(4) -1081(2) 31(I) 
O(I) 4539(2) 1349(3) 695(1) 27(I) C(12) 3877(3) 3645(4) -407(2) 28(1) 
0(2) 3374(2) 943(3) 1792(I) 23(I) C(13) 2472(3) -339(4) 385(2) 22(I) 
O(3) 3782(2) 3959(3) 1255(I) 32(1) C(14) 3184(3) -1211(4) 35(2) 29(I) 
N(I) 3358(2) 4860(3) 1718(2) 24(I) C(15) 2873(4) -2491(5) -306(2) 38(2) 
C(1) 1 6 1 4 ( 3 )  2 6 3 1 ( 4 1  1227(2) 21(1) C(16) 1851(4)  -2933(5) -309(2) 43(2) 
C(2) 1 2 4 8 ( 3 )  4001(4) 998(2) 22(1) C(17) 1124(4)  -2082(5) 32(2) 41(2) 
C(3) 385(3) 4633(5) 1297(2) 31(1) C(18) 1435(3)  -789(4) 377(2) 31(1) 
C(4) -t32(3) 3887(5) 1817(2) 32(I) C(19) 3271(3) 6316(4) 1569(2) 33(I) 
C(5) 223(3) 2504(5) 2038(2) 30(I) C(20) 2880(3) 7 2 7 2 ( 6 )  2041(2) 36(I) 
C(6) 1 0 8 6 ( 3 )  1 8 7 1 ( 4 )  1743(2) 24(I) C(21) 2553(3) 6759(4) 2676(2) 34(I) 
C(7) 3018(3) 2861(4) --175(2) 21(1) C(22) 2625(3) 5257(4) 2817(2) 28(I) 
C(8) 2162(3) 2679(4) -633(2) 22(I) C(23) 3044(3) 4314(4) 2336(2) 25(1) 
C(9) 2150(3) 3269(4) -1299(2) 30(I) C(24) 4981(3) 462(8) 1242(2) 60(2) 
C(10) 3004(3) 4042(4) -1519(2) 31(1) C(25) 4454(3) 726(6) 1908(2) 42(1) 

Table 12. Atomic coordinates (• 104) and equivalent isotropic temperature factors (Ueq) for complex 6 

Atom x y z Ueff .~, 2 Atom x y Z U~q/.;X 2 

Sb(I) -3270(I) 2013(I) -661(I) 39(I) C(12) -1535(7) 1828(10) 549(6) 63(2) 
P(1) -2354(2) 4290(2) -1185(1) 41(l) C(13) -4344(8) 3080(12) 53(6) 79(2) 
CI(I) -4163(I) 383(I) -497(I) 33(1) C(14) -4638(8) 3496(12) -676(6) 75(2) 
O(1) -3494(5) 2672(7) 180(3) 61(2) C(15) -1198(7) 4480(8) -1141(5) 55(2) 
O(2) -4294(5) 2894(6) -1t29(3) 57(2) C(16) -940(10) 5305(11) --1541(8) 87(3) 
O(3) -2424(4) 3313(5) -752(3) 44(2) C(17) -24(10) 5467(13) -1485(9) 99(3) 
F(2) -4712(4) 1 3 3 5 ( 6 )  -2149(3) 70(2) C(18) 571(9) 4824(15) -1093(12) 120(3) 
F(3) -4543(6) 738(7) -3369(3) 95(2) C(19) 340(9) 4022(14) -708(9) 100(3) 
F(4) -2889(7) 520(7) -3611(4) 102(2) C(20) -575(8) 3827(9) -746(7) 68(2) 
F(5) -1397(6) 969(8) -2587(4) 93(2) C(21) -2934(7) 4t32(7) -2069(4) 51(2) 
FI6) -1574(4) 1 6 2 4 ( 6 )  -1352(3) 68(2) C(22) -3851(7) 4321(9) -2276(5) 58(2) 
F(8) -2217(7) -260(5) --695(5) 98(2) C(23) -4334(9) 4110(9) --2936(6) 78(2) 
F(9) -788(9) -1166(8) 126(8) 152(3) C(24) -3908(11) 3748(9) --3440(5) 89(3) 
F(10) 128(8) -142(12) 1277(8) 176(3) C(25) -2986(10) 3586(11) --3234(6) 80(3) 
F(II)  -319(7) 1871(10 )  1574(7) 148(3) C(26) -2506(8) 3785(9) -2565(5) 63(2) 
F(12) -1712(4) 2820(6) 713(3) 71(2) C(27) -2764(6) 5423(7) -838(4) 45(2) 
C(1) -3140(7) 1497 (7 )  -/680(4) 47(2) C(28) -2784(8) 5436(7) -121(5) 56(2) 
C(2) -3881(7) 1260 (8 )  -2222(5) 54(2) C(29) -3039(8) 6332(10) 146(6) 67(2) 
C(3) -3789(8) 943(8) -2863(5) 60(2) C(30) -3247(9) 7263(9) -227(6) 68(2) 
C(4) -3000(10) 818(8) -2981(6) 68(2) C(31) -3251(12) 7245(10) -966(8) 92(3) 
C(5) -2233(8) 1 0 7 7 ( 9 )  -2469(5) 61(2) C(32) -3004(I0) 6370(8) -1211(5) 74(2) 
C(6) -2322(7) 1 3 9 7 ( 7 )  -1819(5) 50(2) C(IS) -1833(20) 7937(21) 1820(16) 171(3) 
C(7) -2063(6) 1 3 0 7 ( 7 )  -38(5) 50(2) C(2S) -169t(17) 7256(20) 2210(12) 174(3) 
C(8) -1787(8) 292(8) -133(6) 63(2) C(3S) -2605(17) 6855(17) 2340(12) 146(3) 
C(9) -1058(10) -221(10) 279(9) 87(3) C(4S) -3333(13) 7372(17) 2067(10) 115(3) 
C(10) -558(12) 338(13) 874(10) 105(3) C(5S) -3307(17) 8167(20) 1670(12) 140(3) 
C(II)  -810(9) 1325(12) 998(7) 87(3) C(6S) -2491(20) 8479(19) 1525(13) 157(3) 

Adductof trimethyl(pyrocateeltolato- O, O)antimony(v) with 
pyridine (4) was synthesized analogously from trimethylantimony 
(0.83 g, 5.0 retool), triphenylphosphine (1.30 g, 5.0 retool), 
pyrocatechol (0.98 g, 5.0 mmol), and rert-butyl hydroperoxide 
(0.9 g, 10 mmol). The resulting compound was recrystallized 
from a 4 : 8 : I : I benzene--hexane--dioxane--pyridine mix- 
ture. Compound 4 was isolated in a yield of 1.62 g (51%). 
m.p. 80 ~ Found (%): C, 65.49; H, 5.11: Sb, 13.84. 
CsoH48NO4P2Sb. Calculated (%): C, 65.95; H, 5.28; Sb, 13.38. 

X-ray diffraction studies were carried out on a four-circle 
Siemens P3/CP diffractometer (graphite monochromator, 
Mo-Ka radiation, 0/20 scanning technique). The structures of 

complexes 1--6 were solved by direct methods and refined by 
the least-squares method with anisotropic thermal parameters 
for all nonhydrogen atoms. For complex 3 (the noncentro- 
symmeric space group), the inverted structure was also refined. 
The R factors for the inverted structure of 3 (0.057 and 0.072) 
were somewhat ta~er than those for the noninverted structure 
(0.054 and 0.067, respectively). The crystals of complexes 1, 4, 
and 6 contain C6H 6 (1 and 6) and Ph3PO molecules (4; two 
independent molecules per asymmetric unit) of sotvation. The 
positions of the H atoms in complexes 1, 2, and 5 (except for 
H(24a), H(24b) and H(25a), H(25b)) were located from differ- 
ence electron density syntheses and refined isotropically. The 
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H atoms in complexes 3, 4, and 6 were placed in geometrically 
calculated positions and refined isotropically using the riding 
model. The H atoms of the methyl groups in complexes 3 and 
4. the H atoms of the benzene molecule of solvation in 
complex 6, and the H(24a). H(24b), H(25a), and H(25b) atoms 
in complex 5 were refined with fixed thermal parameters C~s o 
equal to 0.08 ,~2 The remaining H atoms in complexes 3, 4, 
and 6 were refined with variable &~so. 

All crystallographic calculations were performed on a PC 
computer using the SHELXTL PLUS program package, z~ The 
selected bond lengths and bond angles in complexes 1--6 are 
given in Tables I--6, respectively. The atomic coordinates and 
equivalent isotropic factors are listed in Tables 7--12. The 
selected crystallographic characteristics and details of X-ray 
diffraction studies are given in Table 13. 
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F o u n d a t i o n  for  Basic Research (P ro jec t  N o .  96 -15 -  
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