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45. Studiee of Organometallic Compounds XVI1) 
The Crystal Structure of Di-p-ethoxy-bis(dibenzy1ethoxy-titanium(1V)) 

by Helen Stoeckli-Evans 
Institut de chide,  IJnivcrsitd de NeuchAtel, Suisse 

(29. XI. 74) 

Summary. The crystal structure of di-pcthoxy-bis(dibenzy1ethox y-titaniurn(IV)), r(EtO),’Ci- 
(CHgPh)B]B, has been determined from analysis of photographic X-ray data. Thc crystal system 
is monoclinic, a = 7.93(2), b = 15.99(2), c = 13.40(2) A, p = 92.7(3)”, space group PZ,/c. Tho 
molecule is a dimcr situated about a crystallographic centcr of symrnctry. The two Ti atoms arc 
joined‘ by oxygen bridges. Each Ti atom is pcnta-coordinated in thc form of a distorted trigonal 
bipyramid. 

1. Introduction. - The present work is part of our study on organometallic 
compounds having Ti(IV)-C a-bonds. We wish to report on the X-ray crystallo- 
graphic analysis of diethoxy titanium dibenzyl, originally prepared by Zucchini et ul. 
[l] [Z]. This compound was found to be a dimer on the basis of molecular weight 
determination and from the NMR. spectrum at room temperature [Z]. Two quartets 
found at z = 5.58 and 5.91 were assigned to  the CH, protons of the ethoxy groups, 
one pair of which probably bridges the two Ti . ri t oms. 

The present analysis establishes the s tt ucturc to bc di-p-ethox y-bis( dihenzyl- 
ethoxy-titanium (IV)) . 

2, Experimental Part. - Diethoxy titanium dibenryl w a s  prepared by thc reaction uf 
tetrabenzyl titanium with a stoichiometric amount of ethyl alcohol in pentanc [2]. The product 
obtained was recrystallized from cther giving largc rectangular red crystals. No density determina- 
tion could bc made owing to the sensitivity to oxygen and moisture. For X-ray andysis the 
crystals werc sealed in Lirrdsmarrn glass tubes under nitrogen. 

Prehminary oscillation, Wekm&wg and prccession photographs itidicatcd a monoclinic cell : 
a = 7.93(2), b = ~ S . W ( Z ) .  c = 13.40(2) A, p = 92.7(3)’. v = 1697 As, spacc group PZ,/c, z = 4 

The layers Okl - 7kl were rccorded by the cqiri-inclination Weissenbwg mcthod, using 
Ni-filtered CuKa radiation ( A  = 1.5418 A) on rnultiplo-film packs. Intcnsities werc cstimated 
visually by comparison with a standard calibration strip. h total of 2439 reflections were rncasurcd 
and corrected for Loverrta-polarization effects. A spot shapc correction [3] was also applied. 1485 
reflections were considered ‘ o h c d ’  and uscd in all submqucnt calculations. 

(Tiq8H&,, M.W. = 320.3). D, = 1.25. 

3. Structure Analysie and Refinement. - The Patterson synthcsis revealed 
a dominant peak in a general position at  3.2 A from the origin. Assuming that this 
is a Ti-Ti vector, it follows that thc molecule is binuclcar with a center of symmetry 
at the origin. The position of the Ti atom is confirmed by a strong vector in the 
(u, l/*, w) HarRer section, and also on the (0, v, I/*) Hurker line. 

A ‘heavy-atom’ Fo-synthesis (R = 44%) revealed all but 10 of the light atoms 
in the dimer. These were found in a second F0-synthesis. Two rounds of isotropic 

1) A series of studies of organometallic compounds pursued undcr the dircction of Prof. A. Jacob 
. Guillamod, in the  same institute. 
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full-matrix least-squares refinement lowered R to 16%. After refinement of the 
inter-layer scaling two cycles of anisotropic block-diagonal least-squares analysis, 
with an overall scale factor, reduced R to 10.3%. All hydrogen atoms were then 
located in a (F, - F&synthesis and included in structure factor calculations at 
calculated positions but not refined (B = 4 A*). Refinement was terminated at 
R = 8.9% when the majority of parameter shifts were less than 0.4 e.s.d. Unit 
weights were used throughout (justified by the uniform distribution of the quantity 
(w(F,, - Fc)z)). Tables of observed and calculated structure factors and anisotropic 
thermal parameters are available from the author. 

The final positional parameters and intcratomic distances and angles arc given 
in Tables 1 to 3. 

Table 1. Fiml positional parameters (estimatcti standard deviations X 104 in parentheses) 

A t o m  ula. vlb zlc 

Ti 0.0271(3) 0.020(3(1) 0.1163( 1) 
O(1) - 0.1149(7) 0.0467(4) O.0056( 5) 
C(1) - 0.2640(15) 0.1011(8) 0.0131(9) 
C(4 - 0.2167(19) 0.1920(9) 0.01 97 (1 0) 
O(4  - 0.0’762(10) 0.0883(5) 0.2062 (6) 

- 0.1500(20) 0.1426 (1 0) 0.2845(11) 
c (4) - 0.3215(21) 0.1216(13) 0.3030(13) - 0.0083(15) - 0.0685(8) 0.2058(9) 

0.1285( 15) - 0.0857(7) 0.2757(8) 
0.1134(17) - 0.0374(8) 0.3637(9) 
0.2449(18) - 0.0344(9) 0.4290(9) 

C(3) 

( 7 5 )  
C(6) 
C(7) 
C(8) 

W 1 )  

C(9) 0.3860(19) - 0.0784(9) 0.4118(10) 
C(10) 0.4069(18) - O.lZM(9) 0.3250(10) 

0.2779(17) - 0.1295(8) 0.2590(9) 
0.1288(9) CP2) 0.2647(15) 0.0779(8) 

CP3) 0.2714(14) 0.1528(8) 0.0669(9) 
W 4 )  0.3211(15) 0.1487(8) - 0.0371(Y) 
C(15) 0.3145(16) O.ZZOS(9) - 0.0952(9) 
W 6 )  0.2559(18) 0.2%7(9) - 0.0571 (10) 

0.2088(19) 0 2994 (8) 0.0465 (1 1) W 7 )  
C(18) 0.2145(17) 0.2ZY3(S) 0.1049(9) 

Table 2. Road lengths (A) (estimated standard deviations X 1P in parentheses) 

Ti.. . . . Ti’ 3.197(3) C(7) - C(6) 1330(18) 
Ti - C(6) 2.820(11) C(8) - C(9) 1.?50(21) 
Ti - C(13) 2.958(12) C(9) - C(10) 1.410(21) 
Ti‘ - 0(1) 2.104(7) C(10) - C(11) 1.323(19) 
Ti - O(1) 1.865 (7) C(11) - C(6) 1.403(183 
O(1) - C(1) 1.475(1.4) Ti - C(12) 2.091(12) 

O(2) - C(3) 

C(1) - C(2) 1.502(19) C(12) - C(13) 1.459(17) 
Ti - O(2) 1.837(8) C(13) - C(14) 1.467(17) 

1.501(18) C(14) - C(15) 1.390( 17) 
C(3) - C(4) 1.433(23) C(15) - C(16) 1.404(20) 
Ti - C(5) 2.147( 13) C(lt5) - C(17) 1.454(21) 
C(5) - C(6) 1.400( 16) C(17) - C(18) 1.359(19) 
C(f4 - C(7) 1.419(17) C(18) - C(13) 1.415(17) 
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Table 3. Bond an81es (dcgrees) (estimated standard deviations X 10 in parentheses) 

Ti - 0(1) - Ti' 

Ti' - 0(1) - C(l) 

0(1) - Ti - O(2) 
Ti - O(2) - C(3) 

O(1) - Ti - C(12) 
O(1) - Ti - C(5) 
O(1) - Ti - O(1') 
O(2) - Ti - C(12) 
O(2) - Ti - C(5) 

O(1') - Ti - C(12) 
O(1') - Ti - C(5) 
C(5) - Ti - C(12) 

Ti - O(1) - C(1) 

O(1) - C(1) - C(2) 

O(2) - C(9  - C(4) 

O(2) - Ti - O(1') 

107.1 (1) 

130.6(1) 
112.1(4) 
96.9(1) 

176.0(13) 
112.9(5) 
118.4(1) 
522.3(0) 
72.9(0) 
96.9(1) 

369.8(2) 
87.5 (1) 

116.8(1) 

122.1 (0) 

92.1(1) 

94.1(1) 

Ti - C(5) - C(6) 
C(5)  - C(6)  - CL7) 
C(5) - C(6)  - C(11) 
C(6) - C(7) - C(8) 
C(7) - C(8) - C(9) 
C(8) - C(9) - C(10) 
C(9) - C(10) - C(11) 
C(10) - C(11) - C(6) 

C(12) - C(13) - C(14) 
C(12) - C(13) - C(18) 
C(13) - C(14) - C(15) 
C(14) - C(15) - C(16) 
C(15) - C(16) - C(17) 
C(16) - C(17) - C(18) 
C(17) - C(18) - C(13) 

Ti - C(12) - C(13) 

103.3(3) 
118.7(3) 
120.7(4) 
118.1(4) 
119.0(6) 
123.7(8) 
117.1(7) 
120.5(5) 
111.6(4) 
121.5(4) 
119.3(4) 
119.0(4) 

118.4(5) 
121.5(6) 
120.5(4) 

121.2(1) 

4. Results and Discuesion. - Fig. 1, a projection of the molecule on the (100) 
plane, also shows the atom-labelling scheme used. 

c 12 

C 

Pig. 1. Pvojsction of l i e  molecule on the ( 7 0 0 )  p l a ~ e  

Diethoxy titanium dibenzyl is a centrosymmetric dirner with penta-coordinated 
Ti atoms connected by oxygen bridges. The Ti coordination, shown in Fig. 2, corre- 
sponds to a distorted trigonal bipyramid (TBP). The equatorial plane of the TBP is 
formed by atoms 0(1), C(5) and C(12). with the Ti atom 0.19 A above it. One of the 
apical atoms, O(l'), is 0.27 A more distant from the Ti atom than the other, O(2).  
The atoms Ti, Ti', 0(1), O(l'), 0(2) and O(2') are nearly in a plane (Table 4). 
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I 

Fig. 2. Coordination around the &miurn atom in (EtO),Ti(CH,Ph), dkmer 

Table 4. Va'ariaus least-squares phnes in th6 tnolemle. 

Equation of planc for atoms Ti, Ti', 0(1), O(l'), O(2) & O(2'); 0.6087~ + 0.76074. - 0.2251~ 
= 0. Deviation in A: Ti, - 0.009; Ti', 0.009; 0(1), -0.006; O(l'), 0.006; O(2). 0.005; 0(2'), -0.005 

Equation of planc for benzyl group C(5) - C(11); 0 . 3 8 3 0 ~  + 0.7969~ - 0.4669~ + 2.4892 
= 0. Deviation in A: C(5). 0.001; C(6). -0.002; C(7), -0.004, C(8), 0.010; C(9), -0.010; C(10), 
0.005; C(11), 0.001. 

Equation of planc for benzyl group C(12) - C(18) ; - 0.9661~ - 0.2117~ - 0.31202 + 2.7127 
= 0. Deviation in A: C(12). 0.042; C(13), - 0.038; C(14), - 0.018; C(15), 0.033; C(16), - 0.001; 
C(17)n -0,003; C(18), - 0.016. 

In the dimers of ClaTi(OPh), [4] and Cl,Ti(OEt), [9]. the Ti(1V) atoms are also 
penta-coordinated and their molecular geometries are remarkably similar to that 
of the title compound. 

For the bridging Ti-0 distances, Ti-O(1) is 1.87 A while -l%l(l') is 2.10 A (com- 
pared with 1.91 and 2.12 A in dimer Cl,Ti(OPh), [4], and 1.96 and 2.03 A in dimcr 
Cl,Ti(OEt), [9]). The non-bridging Ti-0(2) distance is long (1.84 A) compared with 
1.77 A in dimer C1,Ti(OPh)s, and 1.74 A in dirner CI,Ti(OEt),, but shorter than the 
T i 4  distances (1.95 and 1.99 A) in rutile [7]. 

For the bridging ethoxy groups the angle Ti-O(1)-C(1.) is 122.1" compared with 
176.0" for the Ti-0(2)4(3) angle, Such a large angle has been observed (175') in 
the dimer of (PhO),Ti - HOPh [S], where the Ti(IV) atom is octahedrally coordinated. 

The Ti-Ti' distance is 3.197 A and thc Ti--O(l)-Ti' angle is 107.1", compared 
with 3.309 A and 109" in the dimer of (PhO),Ti - HOPh [53, and 3.274 A and 108.5" 
in the dimer of CI,Ti(OPh), [4]. The distances TGC(12) and Ti-C(S) are 2.091 and 
2.147 A respectively, compared with 2.08 in [(PhCH,),Ti],O [S] ,  and 2.13 A (mean) 
in (PhCH,),Ti [6]. As for the Ti.. . Cp distances, Ti-C(l3) is 2.958 %i with an angle 
at  C(12) of 111.6" (compared with 2.979 A and 113.4' in [(PhCH&Ti],O [S]), while 
Ti-C(6) is shorter (2.820 A) and the angle at C(5) smaller (103.3"). The shorter 
distance and smaller angle may be comparcd with those observed in (PhCH,),Ti [6]. 

The benzyl groups are planar (Table 4), thcir least-squares planes being at an 
angle of 112.2O to one another. 
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46. Zur Frage der Existenz isomerer, aquatorial koordtnierter 
1 : 2-Co(III)-Komplexe aus symmetrischen 

0,  0‘-Dihydroxyazofarbstoffen 
von Guido Schetty 

Zentrale Forschungslaboratnrien der Ciba-Gcigy . \GI  4000-Basel 

(20. I. 75) 

Summary. 2,Z’-Dihydroxy-3,3’-dimethyl-5, S’-di-t-kutyl-1, I.‘-azobcnzcne has been metallized 
to the 1:2-Co-(III)-complex. In  addition to thc main product a further complex was isolated by 
chromatography in a yield of about 2% and proved to  be an isomcr of t h e  main complex. l a c  
cause of the isomerism could not be elucidated. 

In [I] wurden erstmals isomere, aquatorial knordinierte Cr(II1)- und Co(II1)-1: 2- 
Kornplexe aus symmetrischen o,o’-Dihydroxydiarylazofarbstoffen bescliriebea. 
Nachdem ftir eine grossc Zahl isomerer 1 : 2-Co(III)-Komplcxc aus unsymmettisclierr 
o,o‘-Dihydroxydiarylazofarbstoffen die tN,/Nb-Isomeriev bewjesen werden konnte 
[2], besteht noch Unklarheit Uber die Struktur der aus symmetrischen Liganden 
entstehenden Isomeren. 

Irn Gegensatz zu den tN,/Ng-Isomeren I), welche im Falle von unsymmetrischen 
o, 0’-Dihydroxyazobenzolen oder von 2-Hydroxy-l,2’-amnaplitholen (1‘) als Liganden 
meistens in .giinstigen Mengenverhaltnissen entstchcn 1 1 I r21, daher auch leiclit cr- 
kannt und in praparativem MaBstabe isoliert werden konnen, treten die Isomeren 
aus den symmetrischen 0, 0’-Dihydroxydiarylazoliganden nur in sehr un tcrgcord- 
neter Menge (-1%) auf, weshalb sie leiclit der Ueobachtung (2.B. bei dunIiscliicht- 
chromatographischen Untersuchungen) entgehen und daliet a1s nicht existierend 
oder allenfalls als Nebenprodukte (z. €3. durch Oxydation zustande gcknmmene 
cDimere n) betrachtet und sogar angezweifelt werdcn konnen l) . 
1) Private Korreapondenzen mit Pachkollcgen . 


