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complexes into titanafuranone metallacycles under the action of air
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Abstract

b bas been shown that carbon dioxide reacts with acetylene complexes of titaocene Cp, TURC L R) (R = Ph, SiMe ) at room
temperatre and atmospheric prossaee o form binuclear o-alkenyleasboxylate complexes of wivatent ttamum Cp, TiC(R) = C(R)-
COOTCp, containing wo fused chelate cyetes and o tricoordinated oxygen atom. The interaction of these binuclear carboxylate
compleses with air oxygen at 20°C resubts in sapid formation of titanafuranone metallacyeles Cp, TIC(R)=C(R)-C(O)-O. X-ray diftrac-
ton studies of complexes Cp TICESIMe )= 0(8iMe )-COOTICP, and Cp. TIEPIN=C Pn-C(0)-Obave been carmed out. © 1997
Elsevier Science S.A,
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Me) [2.3]. the interaction with carbon dioxide results in
the formation of titanafuranone metailacycles. e.g.:

1. Intreduction

Acetylene complexes of titanium react readily with

carbon dioxide to give products the structure of which is . P Ph
. el {]
dependent on the nature of the initial complex. In the o A7 0'e .
. . . N “()a e cpCpT
case of tolane complex of pentamethyltitanocene CpepTi !\ v Lo rer '\OAQ,O
Ph

CpCp " Ti(PhC,Ph) [1] and mixed phosphine-acetylene
complexes of titanocene Cp,Ti(RC,RIPMe;) (R = H,
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The reaction of CO, with bisCirimethylsilyDacetylene
complex of permethyltitanocene
Cp; Ti(Me,SiC,SiMe,) is accompanied by displace-
ment of the acetylene ligand from the titanium coordina-
tion sphere and carbon dioxide undergoes disproportion-
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ation yielding Cp, Ti(CO), and binuclear carbonate
complex of titanium (111 (Cp; Ti),CO, [4].

s 0,

20°C . L e, ®

sCps /ﬁ/ﬁm + 4CO; —» 2CpTi—0-Cy_ .TiCp; +

n\c\a y
Mes

+ CpiTi(CO): + SMesSiC=CSiMe,

Another type of carbon dioxide reaction is realized in
the interaction of CO, with tolane and bis(trimethyl-
silyDacetylene complexes of titanocene Cp,Ti(PhC, Ph)
(D) 5] and Cp,Ti(Me,SiC,SiMe,) (1) [6,7]. Earlier (8]
we have briefly reported that as a result of this reaction
unusual binuclear o-alkenylcarboxylate complexes of
trivalent titanium Cp,TiC(R)=C(R)-COOTiCp, (R = Ph
(I11), SiMe,(IV)), containing two fused chelate cycies
and a tricoordinated oxygen atom, are produced. In the
present paper the synthesis, structure and some chemi-
cal properties of these carboxylate complexes are de-
scribed in detail.

2. Results and discussion

The interaction of carbon dioxide with complexes 1
and 11 was studied in the solutions of aliphatic hydro-
carbons (n-hexane, n-pentane) at room temperature and
atmospheric pressure. Under these conditions, T and 11
rapidly reacted with CO, to give binuclear o-alken-
ylearboxylate complexes 11 and IV in 76=82% yields.
As a result of the reaction corresponding free acetylene
was also obtained.

R
e =
2 Ep:™i + COy —— gpm\b + RC=CR
R

\m 30
Cpali’
R=Ph Q1)
R=5Me; (1) R=-Ph am
R=8iMe, V)

The formation of carboxylate complex
CpCp * TiC(Ph)=C(Ph)-COOTICpCp° of similar com-
position has been proposed earlier by Dixneuf et al. [1]
in the reaction of CO, with tolane complex of pen-
tamethyltitanocene  CpCp * Ti(PhC,Ph), however this
compound has not been isolated and characterized.

It is interesting that, in contrast to I and II, the
analogous benzyne complex of titanocene Cp,Ti(o-
CH,). produced during thermal decomposition of

Cp,TiPh, [9], does not give the corresponding binuclear
carboxylate complex in the reaction with CO,. In this
case, the final reaction product is titanabenzofuranone
metallacycle [10].

The structures of complexes III and IV have been
established by spectral and chemical means as well as
by X-ray diffraction studies.

\

0%

A CO, Q
CpiTiPh, ———s | CpiTi —3e  CpiTi

Complex I is a grey- or black-coloured paramag-
netic solid (m.p. 261-263°C (dec.) under Ar), complex
IV is a dark green, paramagnetic crystalline solid (m.p.
214-216°C (dec.) under Ar). Both complexes are read-
ily soluble in THF and benzene and poorly soluble in
aliphatic hydrocarbons. The complexes are stable under
Ar at room temperature but decompose rapidly in the
presence of air and moisture.

IR spectra of complexes within the range of 1300-
1600 cm ™" exhibit two strong absorption bands (1501
and 1385 cm™' for IIL, 148! and 1344 cm™' for IV)
that can be assigned to stretching vibrations of carbox-
ylate group. The magnetic susceptibility of 11l and IV
measured in the temperature range of 77-300 K obeys
the Curie law (with the accuracy of 3%). the magnetic
moment of the complexes being equal 0 1.6 u, per
titanium atom in both cases. This value is close to that
of pute spin maguetic moment for Ti(IID (1.73 g,,) und
indicates that cach of the molecules of 11 and IV
contains two unpaired electrons.

In accord with its o-alkenylcarboxylate structure,
complex 1! readily reacts with HCl in ethanol at room
temperature to give Cp,TiCl, and trans-a-phenylcin-
namic acid in nearly quantitative yields.

Ph
o= 7 HCL/ EIOH P M
CpaTiy wé w————gn 2 CpTICL v JO=C
0\' Y H COoH
2 O
Cpalt°
thf)
CpaTiCl e CpaTicl,

Under similar conditions but on using DCl in D,0,
trans-a-phenylcinnamic acid, containing two deuterium
atoms, is produced.

The remarkable feature of complexes III and IV is
that they are capable of rapidly reacting with air oxygen
at room temperature, releasing one of titanocene units
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and forming titanafuranone metallacycles (V) [11] and
(VD).

N R R products of
. “>\( 2°C = o
Lpg“\ + 0y —» cp,n\ + oxadation
Q= Yo 0"y of CpTi
CP:T‘ R=Ph (V)
R=Ph QID) R=SiMe; (VD
R=8Pe 5 QV)

The mechzaaism of this interesting reaction becomes
understandable if one assumes that, along with the
resonance form A (see below), the resonance form B
(representing in fact the complex of corresponding ti-
tanafuranone (V or VI) with titanocene) makes certain
contribution into the electronic structure of o¢-alken-
ylcarboxylates III and IV. In the resonance form B, the
most sensitive site towards dioxygen attack is the
Cp,Ti(I) unit whose oxidation results in degradation of
binuclear o-alkenylcarboxylate structure of III and IV
producing titanafuranone.

"
\CK ‘O Q‘. n 0O
Cpq‘l‘i Cpg‘]'i
(A) (L3

Complexes 111 and 1V are apparently formed via the
step of displacement of acetylene ligand from 1 and [
by CO, followed by a rupid reaction of the intermediate
carbon dioxide complex [Cp,Ti- CO,] with an excess
of the acetylene complex yet unreacted. An alternative
mechanism involving an initial formation of the titana-
furanone then acting as a ligand in displacing acetylene
from the starting acetylene complex is not supported by
the experimental data which show that complex I does
not react with titanafuranone V in hexane at room
temperature.

Complex V is an air stable, red crystalline solid (m.p.
261-262°C (dec.) under Ar), sparingly soluble in
CH,Cl, and practically insoluble in ethereal and hydro-
carbon solvents. Complex VI is a yellow solid, less
stable than V. The structure of V has been proved by
anulytical and spectral methods and confirmed by an
X-ray diffraction study (see below). In contrast to V,
complex VI could not be isolated in the analytically
pure state but the spectral data for this compound are in
good agreement with its proposed titanafuranone struc-
ture.

Thus, IR spectra of both complexes V and VI within
the range of 1600-1700 cm ™' show very strong absorp-

tion bands (1630 cm™' for V and 1625 cin™! for VI)
that can be assigned to the stretching vibrations of
carbonyl CO group. Analogous »(CO) bands in this
region are displayed by other known titana- and zir-
conafuranone metallacycles [1-3,12,13]). The mass spec-
tra of V and VI exhibit parent ion peaks at m/e 400
and 392, respectively. The 'H NMR spectrum (200
MHz, CD,Cl,) of complex V shows a singlet of cy-
clopentadlenyl protons (8 6.51 ppm) and a multiplet of
phenyl protons (8 6.82-7.14 ppm). The singlet-to-mul-
tiplet intensity ratio is close to the theoretical value for

For elucidation of the structural peculiarities of syn-
thesized o-alkenylcarboxylates and titanafuranones X-
ray diffraction studies of complexes IV and V have
been carried out (see Figs. 1 and 2 and Tables 1-5).

Fig. 1 shows the structure of complex IV. One can
see that the complex is indeed a binuclear o-alken-
ylcarboxylate derivative of titanium. An interesting fea-
ture of the complex is that its molecule contains a
tricoordinated oxygen atom and two fused chelate rings:
a four-membered TiO,C (Ti-O 2.258(3) and 2.094(4)
A) and a ﬁve-membered TiOC, (Ti-0 2.178(3), Ti-C
2.256(6) A). The tncoordmated oxygen atom forms
longer Ti~O bonds and a longer C-O bond (1.310(6)
A) than the two coordinated oxygen (C-O 1.266(5) A).

The bicyclic system in IV exhibits as a whole only
insignificant deviations from planarity: the Ti(1) and
Ti(2) atoms are displaced to opposite sides of the mean
O2)C(ANGIC(AXC(S) plane (planar within 0.05 A) by
0.143(5) and 0.146(5) A, respectively; both five-mem-
bered Ti(DO2)C(3)C(4)C(5) and the four-membered

C3 ¢

Fig. 1. Structure of complex IV.
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Fig. 2. Structure of complex V.

O(2)C(3O(6)Ti(2) cycles are planar within 0.03 A.
Two bis(cyclopentadienyDtitanium fragments show no-
ticeable geometric differences which are most probably
due to different coordination environment of titanium
atoms. Thus, the Ti(1)=C(Cp) bonds are on average
slightly longer than the Ti(2)=C(Cp) distances (see
Table 2). The Cp,Ti(1) moiety in molecule IV has a
nearly eclipsed conformation, whereas the conformation
of the Cp,Ti(2) moiety is intermediate between the
cclipsed and staggered (torsion angles
CONCP(1)CP(2)C(18) and C(23)Cp(3)Cp(4)C(30) are
equal to 8.6 and 24.0° respectively) °. At the same time
the difference in the dihedral angles between the planes
of Cp ligands at the Ti(1) and Ti(2) atoms (135.2 and
133.2°, respectively) may hardly be considered signifi-
cant. Complex III appears to have a similar structure.
An X-ray diffraction study of complex V * (Fig. 2,
Tables 4 and 5) has revealed that it is close in its
geometric parameters to other known titanafuranones,
e.g. VII[10,14] and VIII [12], as well as to the titanadi-
hydrofurane complex (IX), which we have studied pre-
viously [15] (see Table 1). It should be noted. however,
that, whereas the bond lengths and angles in metallacy-
cle V do not differ significantly from those in VII and

“Cpl1), Cpl2), Cp(3) and Cp(4) are the centroids of Up rings
C(13-17), €(18-22), €(23-27) and C(28-32), respectively.
For preliminary communication, see Ref. [11).

VIIL, the conformation of TiOC, cycle in V is rather
close to that of metallacycle in IX.

% Sw“.
e

Cpali \ Cftﬂ"‘\
oe, \

¢ )ﬂfr-(v'm(?ﬂ}
Cily
(vit) i) {x)

CpyTi ]:
Sotay,

Indeed, the five-membered TiOC, cycle in V, as in
IX, has an envelope conformation *: the displacement
of the Ti atom from the O(2)C(3)C(4)C(5) plane (planar
within 0.01 A, plane A) is 0.224 A: the folding angle
along the line O(2) - - - C{3) is equal to 8.0°. The orien-
tation of Ph rings in V does not essentially differ from
that found in IX. As might be expected, the dihedral
angles formed by the planes of these rings with plane A
are close to 90°: they are equal to 100.7 and 103.9° for
the planes Ph,_,, and Ph,,_,,. respectively.

As already noted, the bond lengths and angles in V
are very close to those in VIl and VIIL. Thus, the
values of the Ti(1)-O(2) bond lengths in all three
complexes (1.965(3) Ain V, 1.945 A in VI, 1.997 A in

¥In the molecules of VIl and VI, the metallacycle is practically
planar.
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Table 1

Geometric parameters of five-membered metallacycles in complexes
IV, V, VII-IX

Complex v v vt vilm X
Bond lengths *

Ti(1)-0(2) 2178 1965 1945 1997 1830
Ti(1)-C{(5) 2256 2201 2201 2181 2190
0(2)-C(3) 1310 1327 1338 1300 1434
C(3)=0(6) 1.266 1.225 1256 1250 -
C(3)-C(4) 1487 1489 1453 1446 1.525
C)-C(5) 1369 1.340 1384 1336 1.332
Bond angles *

OQ)Ti(1X5) 758 780 786 796 787
Ti(HO(2)C(3) 1146 1203 1201 117.1 1263
0(2)C(3)0(6) 1150 121.7 1198 1200 -
0(2)C(3)C(4) 1214 1138 1157 1159 1056
O(6)C(3)C(4) 1236 1244 1242 1242 -
CGXICEIC(S) 1136 1168 1155 1199 1189
TiI(HCS)XCW) 1142 1101 1099 1076 1101

Folding angle along 2.1 8.0 05 0.5 4.7
the line 0(2)...C(5)

* Atomic numbering in all complexes corresponas to Fig. 1.

VIID) differ only slightly and correspond to an upper
limit of a rather wide range (1.75-1.96 A) found for
this type of bonds in oxygen derivatives of bis(cyclo-
pentadienyltitanium [16-18). The lengthening of the
Ti(1)-0(2) bond in V, VII and VIl is accompanied by
shortening of the endocyclic 0(2)-C(3) bond (1.327(5)
Ain V. 1.338 A in VIL 1300 A in VIID and is

Table 2

Boud lengths (A) for IV

TN 21781 Si(2)-C(8) 1.EHK6)
TUD-C(3) 2.256(6) Si2)-Cam LETH(B)
TD-CON) 2.4106) Si2)-CU1) 1.859(6)
TiKN=C(14) 2.408(5) Si2)-C012) 1.865(7)
TiN=CU1S) 2.386(8) a(2)-€() 1.310(6)
Ti(1)=C(16) 2.37%6) C(3)-((6) 1.266(5)
Ti(1)-CU?n 2.376(6) C()-C) 1A8T(T)
TiH=CUY) 2.395(6) Ct)-C(5) 1.369(7)
Ti(1)-C(19) 2.415(6) C(13)=C(i4) 1.399(8)
Til1)-CQ20) 2.406(6) C(13)-C17) 1.389(7)
Ti(N-C1) 23947 C(14)-C(15) 1.399(8)
Ti(N-C(22) 2.373() C(15}-C(16) 1.402(8)
Ti(2)-O(2) 2.258(3) C16)-C(i7) 1.396(9)
Ti(2)-0(6) 2.094(4) C(18)-C(19) 1.370(8)
Ti(2)-C(23) 2.381(7) C(18)-C(22) 1.378(9)
Ti(2)=C(24) 2.388(7) C(19)-C(20) 1.395(8)
Ti(2)-C(25) 2.370(6) C(20)-C(21) 1.363(9)
Ti(2)-C(26) 2.383(6) CQ21-C(22) 1.386(9)
Ti(2)-C(27) 2.373(6) C(23)-C(24) 1.398(9)
Ti(2)-C(28) 2.350(6) C@23)-C(27) 1.390(9)
Ti(2)-C(29) 2.338(6) C(24)-C(25) 1.411010)
Ti(2)-C(30) 2.365(6) C(25)-C(26) 1.389%(9)
Ti(2)-C(31) 2.377(6) C(26)-C27 1.368(9)
Ti(2)-C(32) 2.394(6) C(28)-C(29) 1.383(9)
Si(1)-C(4) 1.908(6) C(28)-C(32) 1.391(8)
Si(D)-C(7) 1.883(7) C(29)-C(30) 1.396(9)
Si(1)-C(8) 1.840(8) C@30)-C(31) 1.394(9)
Si(1)-C(9) 1.832(7) C(31)-C(32) 1.387(9)

Table 3

Selected bond angles (°) for IV

O(Ti(1)C(5) 75.8(2) C(3)0(2)Ti(2) 88.1(3)
Q(6)Ti(2)0(2) 59.7713)  TiQXOATIR)  157.2(2)
C9)Si(1)C(8) 110.8(6) (6)C(3)0(2) 115.0(5)
COOSI(1NC(7) 101.4(5) A6)XC(3)C(4) 123.6(5)
C(8)Si(1)C(7) 105.4(4} O(2)C(3)C(4) 121.4(5)
C(9)Si(1)C(4) 117.5(3) O(6)C(3)Ti(2) 53.93)
C(8)Si(1)C(4) 109.9(3} 0(2)C(3)Ti(2) 61.3(3)
C(NSi(1)C4) 111.0(3) C@CBTI)  1745(3)
C(1S(2)C(12)  102.0(4) C(5)C(4XC(3) 113.6(5)
capsi(2)c(10)  111.1(4) C(5)C(4)si(1) 136.9%(4)
c(12)Si(2)c(10)  104.2(4) C(3)C(4)si(1) 109.5(4)
C(11)8i1(2)C(5) 112.2(3) CXC(5)8i(2) 123.6(4)
C(12)Si(2)C(5) 114.8(3) C)C(5)Ti(1) 114.2(4)
C(10)Si(2)C(5) 111.9(3) SiACGITI(H  122.2(3)
C)O(2)Ti(1) 114.6(3) CYO(6)Ti(2) 96.8(3)
Table 4 .

Bond lengths (A) for V

Ti(1)-0(2) 1.965(3) C(8)-C(9) 1.401(6)
Ti(1)-C(5) 2.2014) C(9)-CUM 1.365(7)
Ti(N-C(19) 2.376(5) c(10)-c11) 1.384(7)
Ti(1)-C(20) 2.376(5) can-caz) 1.383(6)
TN-C21) 2.378(5) C(13)-C>14) 1.380(5)
Ti(1=-C(22) 2.346(5) C(13)-C>18) 1.385(6)
Ti(1)-C(23) 2.381(5) C(14)-C(15) 1.404(5)
Ti(1)-C(24) 2.376(5) C(15)-CX16) 1.3726)
Ti(1)-C(25) 2.372(4) C(16)-Cc(17) 1.379(6)
Ti(1)-C(26) 2.38%4) Can-Cc@g) 1.387(5)
Ti(1)-C(27 2.347(8) CU19)-C(20) 1.38%(6)
Ti(1)-C(28) 2.36%(S) C19)=CQ23) 1LAT8(7)
a()-C(H 1.327(8) C(20)=C(21) 1.3547)
C(3)=0(6) 1.225(5) C(2N-C(22) 1L.ATH(T)
C(3)-C(4) 1LARNS) C(22)-C23) LATKR)
C(4)-C(5) 1.340(5) C(24)=C(25) 1.400(6)
C(4)-C(7) 1.807(5) C(24)-C(28) 1.382(6)
C(5)=C13) 1.499(5) C(25)=-C(26) 1.39(5)
C(N=C(8) 1.384(6) C(26)-C(27) 1.392(6)
C(7)-CU12) 1.380(6) CQN-CQR) 1.398(6)
Table 5

Rond angles (°) for V

O2Ti(1)C(S) 78.04(13)  C(NCEICY) 120.1(5)
C(3Y(2TiI(1) 120.3(3) COOCOIC(8) 120.5(5)
O6IC(3IN2) 121.7(4) OO 120.115)
A6)C(3)C(4) 124.4(4) C2CaDCa0)  119.45)
0Q)XC3X@ 113.8(4) cmca2yca) 122.2(5)
C(S)XC(4)C(3) 116.8(4) C(14)C13)CUIB)  117.74)
C(5XC4XC(7) 126.1(3) CUHC3)CS) 120.4(4)
C(C4XC(T) 116.9(4) CU8XC(13)C(5) 121.9(4)
C@X()Xa3)  121.34) C13XCU4CUs  120.X8)
CACSTI() 110.1(3) CU6)C(15)C(14)  119.6(5)
CU3CITI()  128.4(3) CUSCA)COT  119.9(4)
CUDCATCB)  118.0(4) ce)XOanCUy)  119.8(5)
CO12)(TC4) 119.6(4) cO3CULICUn  121.74)
C(BXC(T)C4) 122.4(4)
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apparently caused by the proximity of carbonyl group:
the Ti-O (1.830 A) and O-C (1.434 A) bonds in IX are
shorter and longer, respectively, than in V, VII and
VIII by ~0.1 A, A marked difference between the
molecules of V, VII and VIII, on the one hand, and the
molecule of IX, on the other hand, is also observed in
the value of Ti(1)O(2)C(3) bond angle (120.3(3), 120.1,
117.1 and 126.3° in V, VII, VIII and IX, respectively).
At the same time the Ti(1)-C(5) bond lengths and the
endocyclic Ti(1)C(5)C(4) and C(3)C(4)C(5) bond an-
gles are very close for all four molecules (Ti(1)-C(5)
2.201(4), 2.201, 2.181 and 2.190 A; Ti(1)C(5)C(4)
110.1(3), 109.9, 107.6 and 110.1° C3)C(4)C(S)
116.8(4), 115.5, 119.9 and 118.9° in V, VII, VIII and
IX, respectively) even though the C(4)=C(5) double
bonds in V, VIII and IX (1.340(5), 1.336 and 1.332 A)
are clearly shorter than the corresponding aromatic bond
in VII (1.38 A).

The bent Cp,Ti sandwich in V has the usual geome-
try: Ti-C(Cp) distances range from 2.346 to 2.389 A,
the dihedral angle between the planes of the Cp ligands
is 133.2°. Unlike complexes VII-IX, wherein the Cp
ligands are in nearly perfectly eclipsed conformation,
the conformation of Cp rings in V is intermediate: for
example, the C(19)Cp(1)Cp(2)C(24) torsion angle is
equal to 20.9° (Cp(1), Cp(2) are the centroids of the
C(19-23) and C(24-28) Cp rings, respectively).

According to current concepts, repeatedly confirmed
by X-ray diffraction studies [19,2C), the X'-Ti-X?
bond angle between equatorial o-bonds in the bisector
plane of acyclic derivatives of the bent sandwiches
containing metal in d°-cofiguration lies generally in the
range of 94-97°, However, as noted in Ref. [15], this
rule is violated on furmation of small metallacycles.
Indeed, in all four molecules V, VI, VIII and 1X the
O(2)Ti(1)C(5) angles are nearly the same and equal to
78.0(1), 78.6, 79.6 and 78.71°, respectively.

A comparison of complexes IV and V shows (see
Table 1) +-at the addition of Cp,Ti moiety to the OCO
unit of titu-afur2none ring primarily affects the geomet-
ric parameters uf carboxylate part of the metallacycle: a
significant lengthening of the Ti(1)-0(2) bond. an in-
crease in the O(2)C(3)C(4) bond angle as well as a
decrease in the Ti(1)O(2)C(3) and O(2)C(3)0(6) bond
angles take place. At the same time, the conformation of
the five-membered metailacycle as a whole varies in-
significantly as a result of coordination of the Cp,Ti
group,

3. Experimental details

Experiments were conducted under Ar with careful
exclusion of air and moisture, Solvents were purified by
conventional methods and distilled before use over
sodium and calcium hydride (n-hexane, n-pentane and

Table 6
Crystal data and data collection perameters for IV and V
Complex CyH;330,8i,Ti,-  C,H,,0,Ti-
() V)
Mol. wt. 570.55 400.31
Space group Pbca P1
a. A 10.336(2) 8.833(2)
b A 18.336(2) 9.794(2)
A 31.656(4) 12.804(2)
a. () - 78.08(1)
B.() - 70.32(1)
Y. () - 63.85(1)
Cell vol., A} 5999.5 934.0
4 8 2
d (cale)), gem™? 1.263 1.423
u {calc.), cm ™! 6.35 4.76
Radiation MoK « MoK a
Temperature 20°C 20°C
Diffractometer STOE-IPDS STOE-IPDS
20,., 48.6 48.6
Scan method laser scanned
imaging plate

laser scanned

imaging plate
Total no. of unique refl. 3549 2820
No. of observed refl. 1896 1539
R1(on F for observed refl.) 0.0517 0.0492
wR2 (on F? for all eefl.) 0.1328 0.1038

benzene) or over PO, (dichlormethane) under Ar. Car-
bon dioxide was recondensed in vacuum and passed
through a column packed with P,O, prior to its intro-
duction into reaction, The IR spectra were measured on
Nicolet Magna 550 and Nicolet 7199 FT-IR spectrome-
ters in fluorolube, Nujol or KBr pellets. The NMR
spectra were recorded on Bruker WP-200-8Y spectrom-
eter. Magnetic susceptibility was measured by the Fara-
day method in the temperature range of 77-300 K. The
mass spectra were recorded on MS-30 instrument at 70
eV,

3.1. X-ray diffraction swdies of complexes IV and V

The crystal data and experimental details for IV and
V are presented in Table 6. All H atoms in IV and V
were placed in the geometrically calculated positions
and refined in the riding model approximation. All
calculations were carried out on DEC 3000 AXP 400,
DEC 3000 AXP 300 and IBM PC using SHELXS-86
[21), SHELXL-93 [22] and SHELXTL PLUS 5 (gamma
version) programs. Atomic coordinates in the structures
of IV and V are listed in Tables 7 and 8, respectively.

3.2. Svnthesis of complex I

0.516 g (1.45 mmol) of I was dissolved in 80 m! of
n-hexane under Ar, and the resulting solution was fil-
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tered. Argon was then carefully removed in vacuum,
and the flask with solution of I was filled with pure
CO,. Within 1-2 min grey powder or fine black crys-
tals of III appeared on the bottom and walls of the
flask. After 3 h the solution was decanted, and III was
washed with n-hexane and dried in vacuum. The yield
of I is 0.32 g (76%); m.p. 261-263°C (dec.) under Ar.
Analysis: Found: C, 72.60; H, 5.26; Ti, 16.50%; mol.
wt. 527 (cryoscopically in C¢H,). C3sH;,Ti,0, re-
quires: C, 72.68; H, 5.23; Ti, 16.56%; mol.wt. 578.

3.3. Synthesis of complex IV

1.04 g (4.02 mmol) of I was dissolved in 15-20 ml
of n-pentane under Ar, the solution was filtered and
(after removal of Ar in vacuum) was exposed to carbon
dioxide. Within few minutes the reaction mixture turned
green, and dark green crystals of IV appeared on the
bottom and walls of the vessel. After 3 h the solution
was decanted. Subsequent washing of the dark green

Table 7
Atomic coordinates (X 10*) and equivalent isotropic displacement
parameters (X 10%) for IV

Alom ¥ z Uleg), A?
Ti(1) - 397%(1) = 1040(1) =1532(1) 431
Ti(2) - 5920(1) 1035(1) - 1724(1) 43D
Si(D = 7624(2) =J396(1) =552(1)  66(1)
Si(2) = SIHH2) - 200%(1) -663(1)  62(D)
o) = S186(3) =~ T2 = 15211  3N1)
C(3) = 6021(8) =493 = 12102)  3701)
C4) =6212(4) - 688(3) =928(2)  422)
C(5) = §346(5) = 1 238(3) =991(2)  43(2)
6) = 6HINI) 544(2) = 117501)  45(1)
(8§ = Y074(6) -~ 1828) -85 135(4)
(R = T94(7) 243(5) = [85(3) 13044)
C(9) = 8317011) = 1273(5) =267(4)  224(8)
cQ10) = §029(9) = 189N(4) =87(2)  115(3)
can = 6746(7) = 2678(3) =423 104(3)
12 = 3954(7) =273%4) =801(3)  12(¢3)
13 = 2483(3) = 101%(4) =946(2)  S92)
C(14) - 1866(S) - 1390(4) 1276(3)  64(2)
C(15) = 1688(5) = 880(4) -1600(2)  7(2)
c6)  -2213(5) ~200(4)  =1480(3) 61(2)
can - 2704(5) - 305(4) =1073(3)  58(2)
cQ18) - 5574(6) - 1387(4) -2040(3)  70(2)
C(19) - 5303(7) - 2006(4) - 1814(2)  70(2)
C(Q0) ~4018(8) - 21924) ~1896(3)  76(2)
CQ1 ~ 3536(7) - 1692(5) -2172(3)  75(2)
C(22) = 4482(8) - 1177(4) =225%2)  7T0(2)
CQ3) -6512(7) 1162(5) -2447(2)  78(2)
CQ24) -~ 6633(9) 422(5) - 2348(3)  86(3)
C(25)  -7621(8) 365(4)  ~2042(3)  76(2)
C(26) ~ 810(H6) 1061(5) =196%3)  75(2)
c@n - 7415(7) 1546(4) -220%3)  7X2)
C28)  ~41116) 1455(3)  —-1345(3)  61(2)
C(29) - 3883(6) 1585(4) =1769(3)  74Q2)
C(30) - 4773(8) 2104(4) ~1910(3)  8%2)
c(@31) - 554%(6) 2285(3) - 1566(3)  69(2)
C(32) ~5132(6) 1894(3) -1216(2)  56(2)

Table 8
Atomic coordinates (X 10%) and equivalent isotropic displacement
parameters (X 10%) for V

Atom X ¥ : Uleq), A?
Ti(1) —-7770(1) - 7993(1) =2287(1) 27(1)
02) —9563(4) —8786(3) —2046(2) 35(1)
C(3) —11192(6) —7838(4) —-20544) 3&(1)
C4) —11427(5) —-6221(4) -2367(4) 2%(1)
C(5) - 9988(5)  —5932(4) —2636(3) 26(1)
o6) —12360(4) —8292(3) -1845(3) 64(1)
C(?) - 13279(5) —-5051(4) —2266(4) 29(1)
C(8) —14129(6) —4796(5) —3068(4) 4(1)
C(9) -~ 15851(6) —3692(5) -2936(5) 52(2)
C(10) - 16716(6) - 2875(5) —2014(5) 50(2)
C(11) —15900(6) -3137(5) -1196(5) 52Q2)
C(12) - 14198(6) —4224(5) -13354) 40D
c(13) = 10059(5) -4356(4) -3013(4) 26(1)
C(14) - 9420(6) - 3976(5) -4124(4) 36(1)
C(15) = 9466(6) =2509%(5) —4493(4)  44(1)
C(16) - 10148(6) - 1430(5) =373%(5)  44(1)
can - 10814(6) - 1782(4) -2628(4) 4201
c(18) - 10763(6) - 3235(4) -2275(4) o)
C19) -9210(7) = 7195(7) - 447(4) 53(2)
C(20) - 8143(8) ~ 640%(5) - 964(4) 48(2)
C@2n - 6444(7) =7422(8) =1192(4) 63(2)
C(22) - 6406(9) - 8864(7) = 84%35) 78(2)
C(23) = 8106(11) -8712(7) = 356(4) 74(2)
C(24) = 6981(6) = 7971(5) - 4255(4) 44(1)
C(25) = 5936(6) -7417(5) =3992(4)  43(1)
C(26) - 4827(6) = 8604(5) - 3442(4)  45(1)
C@2n - 5234(6) -~ 9858(5) -33234)  a47Q2)
C(28) - 65427 -9474(5) - 3844(4) 47(1)

crystals with pentane and drying in vacuum gave 0.94 ¢
(82%) of complex IV, m.p. 214-216°C (dec.) under Ar.
Analysis: Found: C, 59.60; H, 6.70; Ti, 16.71; Si,
10.01%. C,,H ,Si,Ti,0, requires: C, 61.05; H, 6.7].
Ti, 16.78; Si, 9.85%. Mass spectrum (m/e, 70 eV): 570
(M)*.

3.4. Reaction of complex IH with HCI

0.32 g (0.55 mmol) of Il was dissolved in 5 mi of
benzene under Ar, and 3 ml of 1.7 N solution of HCl in
ethanol was added to the resulting solution under stir-
ring. The solution rapidly became crimson. The reaction
mixture was exposed to the air for 1 h, a red precipitate
of Cp,TiCl, formed was filtered off, washed with a
small amount of benzene and dried. The yield of
Cp,TiCl, is 0.125 g (91%). The benzene filtrate, after
separa.ion from Cp,TiCl,, was evaporated to dryness,
and the residue was treated with 10 ml of aqueous
solution of 0.25 N NaOH. The obtained solution was
filtered, HC1 was added into the filtrate up to the acidic
reaction, and the aqueous acidic solution was evapo-
rated in vacuum to dryness. A solid residue was ex-
tracted with ether and the ether extract was evaporated
to dryness again to give 0.11 g (89%) of trans-a-phen-
ylcinnamic acid with m.p. 173-174°C (lit. m.p. is 172~
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174°C [23)). Analysis: Found: C, 80.27; H 5.59%.
C,sH,,0, requires: C, 80.34; H, 5.39%. Mass spectrum
(m/e, 70 eV): 224 (M)*.

3 5. Reaction of complexes HI and IV with air oxygen

0.244 g (0.422 mmol) of III was dissolved in 10 ml
of benzene under Ar, and the solution after filtration
was cxposed to dry air. Within 24 h, a mixture of red
fine-crystalline complex V and a yellow powder of
Cp,Ti oxidation products was formed. The solution was
stirred and, along with the powder products, decanted
from V. Complex V was then dissolved in a mixture of
50 ml of dichloromethane and 10 ml of benzene. The
subsequent slow evaporation of the filtered solution to
~ 5 ml under Ar produced red crystals of complex V
which were washed with benzene and dried in vacuum.
The yield of V is 0.114 g (67%), m.p. 261-262°C (dec.)
under Ar. Analysis: Found: C, 74.53; H, 5,13; Ti,
i!.SO%. C:stroTi02 requires: C. 75.01; H‘ 5.04; Tl.
11.96%. 'H NMR spectrum (CD,Cl,) §: 6.51 (s, 10H,
Cp); 6.28--7.14 (m, 10H, Ph) ppm.

The oxidation of TV with air oxygen was performed
in a similar way.
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