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Interaction of carbon dioxide with the bis( trimethylsilyi) acetylene 
yltitmocene: synthesis and structure of 
mplex of permethyltitanocene ( Cp; Ti) 

It hS been shown th;rt in Ihe intwstion of curbon tlioxidc whh the bis(lrinv~hylsityl)acctylene complrx of perrncthyltitanocene 

Cpi Ti(Me,SiC,SiMe,), full disptmment of bis(trimcthyIsilyl);~cetytcnc from 111~’ titanium coordination sphere takes plucc :mJ carbon 

dioxide undergoes ~lisproponionation to form Cpi Ti(CO), ml the binuclenr carbotmu complex of p~mlethyltitanocene (Cp; ‘I‘i),CO %. 

The slructurc of (Cpi Ti),CO,~ has been cslublishd by X-ray diffraction study. Smcturat data on the related chtorilic-conraininF 
carbon:ae c*oaptex Cpi Ti(Cl)CO,,TiCp~ ilrc illso reported. 

At present a number of acetylsnc complexes of ti- 
t:macenc pcrmctl~yltitai40ccllc and pentumethylti- 
tmxene ’ cantuining no :dditiOnill stihiliting IigilndS 
(CO or tertiary phosphine) ure known [I-9]. All these 
complexes hitve u structure close to that of titanacyclo- 
propene, but they differ markedly from each other in 
their reitctivity. particularly manifested in their reactions 
with citrbon dioxide. 

‘I’hl~s. in tht2 intcruction Of the t<9lilnC COlllplCX Of 
I~~~t~t~~~Cthyltitit~~ocCn~ CpCp ’ TiWhC, 1%) with c:trbon 
dioxide. the insertion of a CO, molecule into the ‘I34 
bow_l of the titanacyclopropene ring takes pli)Ct: with 

furmtion of a 1itilnilfUrXlO~K lllCtdlilCyClC [!I]. 

; Corresponding author. 
Dece;~d I6 August 1995. 

The reaction 0f Cill4~0~1 dioxide with t(9liltlC. bidtri- 
~lCthylSilyI~i~CCtyl~nC ild pl~rnyI(trimetl~ylsilyI)acctyl- 
cne complexes of titanacenc Cp,Ti(R’C2R”) (R’ = 1~’ 
= I%; Ii’ = R’ = SiMe,: R’ = Ph. R’ = SiMc,) results 
in the displacement of appr0xilllillCly 0.5 mol of free 
XXtyl~n~ ittltl the fOrnKltiOl1 Of UlIUSUi~l binuclear (T-d- 
kenylciu%oxylate complexes of trivalent titanium. 
Cp,‘l’iC(R’ )-C(R’ )-C(O)OTiCp,. containing two fused 
dielate cycles and il tricoordinated oxygen atom 
[6,7, IO. I I 1. 
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+ R’C=CR’ 

In the present paper one more type of carbon dioxide 
reaction is described, which we observed on studying 
the interaction of CO, with the bis(trimethylsily1) 
acetylene complex of permethyltitanocene Cp;Ti(Me,- 
SiC,SiMe,) (I). It has been found that in the course of 
this reaction, full displacement of the acetylene ligand 
from the titanium coordination sphere takes place, and 
carbon dioxide undergoes disproportionation to give 
Cp; TMCO), and a binuclear carbonate complex of 
permethyltitanocene (Cp; Ti),CO, (II). For preliminary 
reS4iL. .&i R&S. [6,12]. 

2. Results and discussion 

On contact of the hexanc solution of the acetylene 
somplex I with carbon dioxide at room tempcruture, the 
reaction mixture rupidry darkens and dark green crystals 
of the carbonate somplex If are precipitated. If the 
solution after separation of II is evaporated in vacuum, 
Cp; TiKY3, can k found in the dry residue by meant 
of Ifi spectroscopy ( veg - 1936 ml I855 cm = ’ 1. 

SiMe, 

2Cpb Ti=- 0--C 

VI) 
+Cp; Ti(CO)z + SMe,SiC 

Complex 111 can also synthesized by bubbling CO, 
through the reaction mixture. resulting from the interac- 
tion of Cp~TiCI, with eyuimolur amounts of magne- 
sium and bis~trimethylailyl~ucetylena in TWF, but in this 
case small amounts of red-brown crystals of another 
carbonate complex, III, are obtained along with II. The 
X-ray structural data for III (see below), as well as the 
chemical implications, enable us to formulate it tenta- 
tively as the chlorine-containing carbonate complex 

Cp; Ti(Cl)CO,TiCp; , apparently formed due to the 
presence of incompletely reduced Cp; Tic! in the solu- 
tion. 

Complex II consists of dark green paramagnetic 
crystals (m-p. 294-296°C (dec.) under A& sensitive to 
air oxygen and moisture. The complex is readily soluble 
in THF and benzene and poorly soluble in n-hexane. 
The structure of II has been proved by spectral and 
chemical methods as well as by an X-ray diffraction 
study. 

The measurements of magnetic susceptibility of the 
complex indicate that it contains two unpaired electrons. 
The molecular weight determination (cryoscopically in 
benzene) shows that the complex has a binuclear struc- 
ture in the solution. 

The IR spectra of II (in muorolube and KBr pellets) 
within the range or‘ the stretching vibrations of the 
carbonate group (1300-16~ cm” ) display a strong 
broad absorption band at 1413 cm-’ and two bands of 
medium Lltensity at 1376 and 1491 cm-‘. The latter 
two bands can also be assigned to the bending vibra- 
tions of thi: methyl groups in cyclopentadienyl rings. 

The interaction of II with HCI in ethanol at 20°C 
leads to ihe rapid formation of CO, and Cp; TiCI, 
(after the oxidation of resulting Cp; Tic! in air) in the 
ratio 1 : 2 with quantitative yields. 

(Q; Ti),CB, + 2HCI a 2Cp; TiCI+ CO2 + Hz0 

All these data suggest that II is the binuclcar curban- 
ate complex of ~rrnetti~ltit~lt~~~n~ (Co>; Ti),CQ,. An 
X-ray diffraction study of II bus confirmed this conelu- 
sion (see below). 

It is interesting that on studying the inoeraetion of 
Cp,Ti(CO), with carbon dioxide, Floriani and cowork- 
ers [13] isolated titanocene carbonate of similar eompo- 
sition but of tetranuclear structue [(Cp,Ti&CO,], (IV). 
as follows from X-ray diffraction data. 

4Cp,Ti( CO), + 4C0, 

Cp,Ti 
A 

------+ Cp,Ti 1, 
‘0 

c-0: ‘&-c 0%. 
0”. 

:TiC& 
‘\ ,’ 

Cp,Ti 

(IV) 
+ 1W.N 

We recently obtained the same complex IV by reac- 
tion of the tert-butyl(trimethylsilyl)acetylene complex of 
titanocene Cp,Ti(‘BuC,SiMe,) with carbon dioxide in 
n-hexane [7]. 
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Fig. I. Structure of the carbonate complex (Cp; Ti),CO, (II). 

In the IR spectrum of IV (Polytrichlorofluoroethyl- 
ene mull), carbonate groups are characterized by ab- 
sorption bands at 1475(m-s) and 1425(s) cm- ’ [ 131. On 
dissolving in THF or toluene, the light green complex 
IV forms dark blue solutions. 

Subsequently. Bottomley et al. [ 141 have found that 
freshly prepared solutions of IV in THF or toluene are 
in reality green, and only turn blue with time; moreover, 
in blue solutions the IR bands of the carbonate group 
are observed at I580 and 1355 cm- ’ rather than at 
1475 and 1425 cm-’ as in the solid complex. This 
result was explained by the dissociation of the tetranu- 
clear complex IV in solution to form the hinuclear 
carbonate comple.. V: 

[((‘Pr’l’i)$DJ1 w II 2( c’p,l’i) ,c’O, 

w w 

The complex IV can be quantitatively obtained again 
by evaporution of the solvent to dryness. 

Coutts and Wailes [ 151 have reported a blue carbon- 
ate complex of titanocene, to which a binuclear struc- 
ture Va or Vb was ascribed. 

B 
TiCp, 

w (Vb) 

The complex was prepared by the reaction of Cp,TiCl 
with an :KIUCO\IS solution d Na2C0,; it displavs absorI>- 
tion hands at 157(K,sh), 1530(s). and 1355ki) cm” ’ in 
6he IR spectrum (K13r pellet). According to Rottomley 
et al. [ 141, the samples of V, synthesized by the method 
of Ref. [IS], COlItihl solwnt. Removal of the solvent in 
vacuum gives agrin lhe light green tctrumcr IV. 

An X-ray diffraction study of complex II has shown 
that. unlike the carbonate co~~~plex of titonoccne, it 

Fig. 2. Structure of the chlorine-containing carbonate complex Cp; Ti(CI)CB,TiCp; (III). 
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retains the binuclcar structure in solid state. The carbon- 
ate ligand in II forms a bridge between two Cp; Ti 
units, one titanium atom (Tit 1)) in II being bonded to 
two oxygen atoms (o( 1) and O(2)) of the carbonate 
group, whereas the other atom (Ti(2)) is bonded to only 
one oxygen atom (o(3)) (Fig. 1). Complex III. differing 
from II by the presence of the chloro @and at the TX21 
atom, has a similar structure (Fig. 2). 

The structural and chemical resemblance of com- 
plexes II and III is also reflected in their geometric 
parameters, which differ in just a few details (Tables 1 
and 2). Thus, the four-membered TiO$ cycle is almost 
planar in both molecules (maximum deviations 0.001 
and 0.020 w for II and III respectively), and its mean 
plane practically coincides with the bisector plane of the 
bent sandwich at the Ti(l) atom (the dihedral angles 
Ti(l)O(I)C(I)C(2)/C(l I)C(12)C(13)C(i4)C(l5), 

Table I 
Bend length4 (.A) and sclfctcd band angles (“) for II 
Rod 1cngrh.s 
Ti(l)-c)(l) 
Ti(lLCX2) 
Ti(l)-C(II) 
TKl)=C(l2) 
‘I% I )- Cc 13) 
Ti( I )=C( 14) 
Td I ,-a I9 
‘Pi(l)-C(2I) 
Pi< I )=C((s,l.) 
Tl( I x+(13) 
Ml l-X(24) 
TI(I l=c’(ZS) 
TI(?I-O(J) 
TdD-cY.11) 
Ti(4l=t’(3!) 
‘PI(%)-C133) 
Ti(YZ!)-CI34) 
Ti(lXtJS) 
Ti(?Le(4l) 
Ti(%Le(41) 
Ti(;?LcI43) 
Ti(2LC144) 
1#D-@(45) 
%XlULYl, 
a2L=a I) 
a3Lxl I) 
CYllLtxll) 
aIl)-aiS) 
pi(ll)-all’) 
pYl2W.Xl3) 
fll2)-txl2’) 
CI I ;P)-a 14) 
Ul3) fl1.w 

I .486(243 
1.510(25) 
I .437(35) 
\.38(x21) 
1.3WHZl) 
I.51 l(20) 
I .43H( 70) 
lXll23) 
I .3W22) 

I 

I 
l.Sl.K!?) 
I .344t3.5) 
I .4w43) 
I .4Niw32) 
I ..975(29) 
I .405(43l 
I .3W4l) 
1X9(.11 1 
I .3’nNl 
I .53w 30) 
I .JHX(44) 

Table 2 
Bond lengths (A) and selected bond angles (“) for III 

Rorrd lenghs 
Ti(l&-O(1) 
-rtI~-o(2~ 
Ti(2)-Cl 
Ti(2)-0(3) 
0(1)-C(l) 
0(2)-C(l) 
a3)-c(I~ 
Ti(l)-C(lI) 
Ti(lkC(l2) 
Ti(l)-C(l3) 
TdlW(l4) 
Ti( I)-C(l5) 
Ti(lkC(21) 
Ti(l)-C(22) 
Ti( I )-X(23) 
Ti( I )X(24) 
TiI I )X(25) 
Til(2)-C(31) 
Ti(2kCX32) 
Ti(2)-C(33) 
Ti(2)-C(34) 
Ti(2LCI35) 
Ti(2k-C~41) 
Ti(2)-C(42) 
Ti(2)-6(43) 
Ti(%6(44) 
Ti(ZLC(45) 
ctlluxl2, 
all)-C(IS) 
CCll,-all’, 
CIl2)~~C~l.“+~ 
CYILD--C’Il2’) 
c’(lJ) aI41 
C(45)--(‘(4s’) 

2.151(4) 
2.144(4) 
2.415(2) 
1.9444) 
1.277(7) 
I .290(7) 
I .280(7) 
2.373(6) 
2.418(6) 
2.44fN7) 
2.4lW 
2.409(5) 
2.469(6) 
2.47 l(6) 
2.401(6) 
2.362(?) 
2.386(9) 
2.433(6) 
2.407I6) 
2.412(7) 
2.468(6) 
2.42X6) 
2.410(7) 
2.393w 
2.4347) 
2.443I7) 
X438(73 
I .423(9) 
I .402~8) 
I .SK!I IO) 
1.39l(lOl 
1.511~11) 
I .4lR( 111) 
I .JOR( I 2 1 

c(l3)-cxl3’) 
ctl4)-c(ls) 
c(14)-C(14) 
C(l5)-C~lS) 
C(2lkc(22) 
C(21)-a251 
C(21)-C(21’) 
C(22)-C(23) 
C(22)-C(22’) 
C(23wDl~ 
C(23)-C(23’) 
C(24,-C(ZS, 
C(24)-C(24’) 
C(2S)-C~:(‘s’) 
031 )-C(X) 
C(3l)-C(3S) 
C~31~-cx31’~ 
C(32LcY33) 
C(32LtX32’) 
cY33ka34~ 
C(33)-C(33’) 
c(34ka35) 
C(34)-cx34’) 
C(35ka35’) 
C(4l LC(42) 
Ci14lKx45) 
C~4lL-C~41’~ 
C~42wx~3) 
Ty42L”C(42’) 
Cx43)-(‘(44) 
C(4.3.-C’(43’) 
a441 -C(‘(clS) 
C(J4) C(W) 

I sow 12) 
1.387(S) 
1.520(11) 
1.513(9) 
I .401(9) 
I .402(9) 
I .523( IO) 
I .399(a) 
I .52’N9) 
1.392(4! 
I .49x IO) 
1.419(9) 
I.4941 I) 
1.4HtXl2) 
I ..?“)?I8 1 
I .4ON9) 
I .S I 2(O) 
I .4Ool9) 
1.531(10) 
I .412(9) 
1.502(1 I) 
I .424(Y) 
I .507( IO) 
l.S23(11) 
1.410(10) 
I .36SV~~ 
I .49w 12) 
I .382( IO) 
I.S2$( 13) 
I .402( IO) 
I .50X( 12) 
I .369( 10) 
I .50X( 11) 

Tit I )O( I NZ 1 KW/CGZ 1 )e(22)@(23)e(24)e(25) ;ue 
equal to l9.2, 17.5” snd 21.5. 17.W in II and III 
respectively). Both Cp; Ti units in molecules II and III 
are roughly “orthogonal” to one another, i.e. the VUC- 
tars connecting the centers of c’p’ rings form ungles 
close to 9W (X7.3 and HX.6° for II ml III respectively). 

In spite of the fact that complex III contains both 
‘NIli) and Tit IV) atoms within one molecuIc (“UC 1) and 
TiW atoms respectively). the geometrical parameters of 
their environments rcveat no :tpptttwil peculiarities. 
which might be directly attributed to the difference in 
the oxidation st;zte. The slight increase in the Ti(2)- 
ClCp’ J average bond length value (2.426 A> in III 
compared with those e),F Ti(tMXCp’ 1 (2.301 A) and 
TiW-C(Cp’ ) Gt.409 A) in II is hardly worth discus- 
sion taking into account the limited accuracy of both 
structures. 



The most important geometric difference between II 
anti IIB is observed in the values of C(1)0(3)Ti(2) bond 
angles. hl II this cu:gle is equal to 17% IF, i.e. the 
C(lW3)Ti(2) fragment is virtually linear here. In com- 
plex III this angle is noticeably smaller ( 164.6(4)“). As 
in the case of other bent sandwiches, the 0(3)Ti(2)CI 
plane of u-ligands in III approximately coincides with 
the bisector plane of the dihedral angle formed by the 
C(3 1 )X(35) and C(41 )X(45) planes of Cp * rings, the 
CITi(2)0(3)/C(3 1 )C(32)C(3?2C(34)C(35) and 
ClTi(2)0(3)/C(41)C(42)C(43)C(44)C(45) dihedral an- 
gles being equal to 20.5 and 20.6” respectively. In both 
complexes Cp; Ti sandwiches have nearly staggered 
conformations. 

The bond lengths and angles in the carbonate ligand 
in the structures of II and III are quite close and agree 
relatively well with analogous structural parameters for 
the above-mentioned tetranuclear carbonate complex IV 
[13]. Some shortening of the C(1)-O( 1) distance (to 
1.20(2) A) as compared with other C-O bonds in 11 
appears to be due to general rather low accuracy of the 
structure of II. because such shortening lacks support 
from the more accurate structure of III and has no 
reasonable chemical substantiation. 

The most notable feature of bond length distributions 
in complexes II and III is a significant shortening of the 
Ti(2)-O(3) bonds (1.93( 1) %, in II and 1.946(4) w in 
III) as compared with the Tic I j--0( 1) distances (2.13( 1) 
A in II, 2.151(4) R in III), which can be indicative of 
increased multiplicity of Ti(2)-O(3) bonds. The latter 
:~ssiunprion is in agreement with She filC1 Ihut the 

C( l)OU)Ti(2) bond angles in II and 111 are close to 
IMW+ Such high values of the bond angles show tha1 the 
O(3) atoni in bolh camplcxcs is in the stale close: to 
sp-Iiybrieli~irtioIr. 

3. ExpsrDmental details 

Expaimcnts weTI: curried out under Ar with careful 
exclusion of air oxygen and moisture. n-Hexane and 
benzene were purified by conventional methods and 
twice distilled before use over sodium under Ar. Carbon 
dioxide was recondensed in vacuum and passed through 
a column packed with P,O,. The initial complex I was 
synthesized by the method described in Ref. [6]. The IR 
spectrlr were recorded on Nicolet Magna 550 and Nico- 
let 7199 FT-IR spectrometers in Nujol, Fluorolube or 
KBr pellets. Magnetic susceptibility was measured by 
the Faraday method in the temperature range 77-300 K. 

Crystal hitit and X-ray qwrintcwt cktails for 11. 

Cdl bJ’W39 A4 = 696.7, F(OOO) = 748, crystal di- 
mensions 0.3 X 0.2 X 0.2 mm3, triclinic, space group 
Pi, at 23°C a = 8.853(2), 6 = 12.212(4), c = 18.868(G) 

A, Q = 79.66(2), @= 56.88(2). y= 74.90(2)“. V = 
1937.4(9) A’, 2 = 2, dralr = 1.194 g cm- ‘. The X-ray 
diffraction experiment was carried out with a Siemens 
P3/PC diffractometer (23”C, graphite-monochromated 
MO K (Y radiation, A = 0.71073 A, tI/20 scan tech- 
nique, 8 I 25”. 5846 unique reflections collected, the 
value pL( AMo K IY) = 4.5 cm- ’ indicated no necessity 
for absorption correction). 

Table 3 
Atomic coordinates ( X IO’) and equivalent isotropic displacement 
coefficients (A2 X IO’) for II 

Ti(I) 
Ti(2) 
o(I) 
o(2) 
o(3) 
CI I ) 
alI) 
C(12) 
C(l3) 
C(l4) 
S(l.5) 
C(II’) 
C(I2’) 
C(l3’) 
C(l4’) 
C(l5’) 
C(2l) 
C(22) 
C(23) 
C( 24) 
C(25) 
c’(21’) 
C(?S’I 
C(W) 
w24’) 
C((%S’) 
C(31) 
C(32) 
C(33) 
C(34) 
C(35) 
C(31’) 
C(32’) 
C(33’) 
C(34’) 
C(35’) 
C(41) 
C(42) 
C(43) 
Cl441 
C(45) 
C(41’ 1 
C(42’) 
C(43’) 
C(44’) 
C(45’) 

1997(3) 
30343) 
21 lS(l2) 
2672( I I ) 
27?l( 17) 
2523( IX) 
476OCl8) 
4179(23) 
3406t.223 
343% 18) 
4328(20) 
582X( I9) 
4547(26) 
2720(24) 
3044 24) 
4730(30) 

-56Ml4) 
- 692( 16) 
-41(x17) 

- 44( 17) 
- l23( 17) 
:- WY 2 I ) 

-- 1x2%21) 
-HI4(2l) 

43(2%) 
%x(21) 

326427) 
1702(2%) 
I522(2%) 
300(X 26) 
4108(2(I) 
3976( 32) 
423( 29) 

- 38(24) 
329%3X) 
5829t22) 
4343( 29) 
2813~27) 
225ti25) 
346436) 
479ti 26) 
5455(42) 
1892(393 
6lN2H) 

3361(45) 
6401(35) 

294%2) 
6933(2) 
46948) 
375%&Q 
5595m 
4711(14) 
2492( I 4) 
2X12(15) 
213(1(16) 
1240(12) 
l420(14) 
3012(19) 
3853( 18) 
2147(21) 

lll(l5) 
705(25) 

3857( I I) 
371%13) 
2SO3( I?) 
1935(123 
27x0( 13) 
501 l(l4) 
46lK I61 
IOW7(16) 
69% 13) 

259Hl7) 
7656( 13) 
9975( 12) 
X748( 13) 
X915(13) 
816x15) 
6X51(17) 
7634( 16) 
9384 19) 
9913(17) 
813X(20) 
563(X 19) 
5X71(16) 
700’)(19) 
7478(18) 
6662(291 
4518(23) 
4982(25) 
7583(27) 
8655(21) 
6835(37) 

8501(l) 
6612(l) 
832 l(6) 
746X(5) 
7279t5) 
7701(9) 
8624(9) 
9251(12) 
9609(10) 
9257(9) 
8573( IO) 
8114(ll) 
9507( 12) 

1037X( IO) 
9545( 14) 
802% 14) 
8014((K) 
H7SSW 
9015(H) 
8432(W) 
77%+X) 
75m IO) 
022H 12) 
977W) 
H41H(ll) 
7035( 10) 
761(5(O) 
751883 
6X60(9) 
6656w 
9163(13) 
836ti IO) 
798o(ll) 
6529(12) 
6OHtxl3) 
7lS~Ml6) 
5R4%(H) 
5713(H) 
!wKx9) 
5333(9) 
56ltil2) 
6138(10) 
5826(1 I) 
5lOtil3) 
4x00( 12) 
5598( 14) 

25(l) 
34(l) 
54(4) 
45(4) 
75(6) 
47(7) 
56(7) 
73(9) 
69(8) 
546) 
65(7) 

127(12) 
121(13) 
ll3(12) 
134(13) 
218(20) 
37(S) 
46J6) 
M6) 
4%(j) 
40(h) 
‘M’H 

IO~II) 
M+(O) 
HMO) 
xc)( IO) 
M(x) 
%12(7) 
Q(K7) 
64(X) 
749) 

143(14) 
130(13) 
132(13) 
%02( 2 I 1 
153(16) 
RO( IO) 
649) 
7H( IW 
X5(11) 
9H( 14) 

2X4(26) 
202(24) 
182(19) 
23%27) 
254321 

* Equivalent isotropic “I defined as one third of the trace of the 
orthogonalized U,, tensor. 
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Crystcd duta and X-ray t.qxviment derails for III. 
C,, H,CITitO~. 1w = 732.2, F(OO0) = 1564, crystal di- 
mensions 0.4 X 0.2 X 0. I mm’, monoclinic, space group 
B2,/n, at 23°C a = 2 l&49(6), b = 20.203(6), c = 
8.975(3) A. @= 96.37(3), V = 3865(2) A’;‘, Z = 4, dcak 
= 1.258 g cme2. The X-ray diffraction experiment was 
carried out with a Philips-PW I 100 diffractometer (23°C. 

Tslbk 4 
Atomic coordinatrs ( X 10’) and equivalent isotropic displacetncnt 
coefficirnts (A” X IO’) for III 
Atom f V : U” * 

293901) 
4639(O) 
3744(l) 
3721(2) 
331 I(2) 
4171(2) 
3742(3) 
2325((r) 
240713) 
209X3) 
1X21(3) 
194X2) 
2X)1(3) 
27XX4) 
2039(5) 
1361((4) 
l602(3) 
280X3) 
30HH(3) 
MYJ(3) 
3753(d) 
X0&4) 
%?24(1) 
!NAMIb 
4ldW.t~ 
43w 4) 
.tll)H(b) 
4414.1) 
403lt3) 
4417(3) 
YO45(3) 
f(N2t3) 
J2IfKJb 
MlJ13) 
41MSb 
SW(d) 
SSWJ) 
49).1#LI) 
S.WJ(b) 
S72fxwJI 
WWJ) 
5Oio1 X3) 
GlB4) 
546IHSI 
rkw~4~ 
57tYrK 5 b 
47W4) 

1920(l) 
402(l) 
X9x(2) 

2609(4) 
285(43 
9444) 

I26HX6) 
37460) 
276500 
1362(X) 
I452(7) 
29l’W71 
5383(8) 
317Rl2) 
-l%II) 
223(O) 

3601(V) 
141M3) 
2lWY) 
2H51(H1 
I SWH) 
Ma(H) 
HHJ( 10) 

427tiH) 
4l%U 101 
wall) 

- 121#9~ 
_ XbL?(B) 
= 2(HW3 
- 392x73 
- I9l6w 
- l9l.W~ 
‘_, 13lMH~ 
- ?“iMIO) 
- 2067lItl) 
- 227wt 
- 216fJflO~ 

306X(6) 
243W) 
1351~3~ 
lW~7) 
25SW~ 
4176w 
2xw12~ 
IIXWH 10~ 
I IW 101 
3112fl2~ 

graphite-Fonochromated MO K cy radiation, A = 
0.7 1069 A. 6/2 8 scan technique, 8 I; 25”. 62 I2 unique 
reflections collected, the value pL( AMo K (Y) = 4.7 cm- ’ 
indicated no necessity for absorption correction). 

The stn~ctures were solved by direct (II) and heavy 
atom (III) methods and refined by the full-matrix least- 
squares technique with anisotropic thermal displacement 
parameters assigned to all non-H atoms. The H atoms in 
both structures were placed in the calculated positions 
(with the sterically most favorable hypothetical orienta- 
tion of Me groups) and included in the refinement in the 
riding model approximation with common refined 
(structure 11; Ui,, = 0.187( 15) A’.“, and fixed (III; Lois, = 
0.17 ii’) temperature factors. The refinement in both 
cases was carried out against the set of observed struc- 
ture factors (2472 rcflcctions with F” 2 3o(F’) for II 
and 4976 reflections with F” 2 2ep(F”) for III) with 
the modified counting statistics weighting scheme M’ = 
l/[cr’(F)+pF’] ~p=O.O004 and 0 for It and 111 
respectively); the EIF( 1 F, I - I Fc 1)’ functional was 
minimized. The final residuals were R = 0.088 and 

R%, 0.104 for 11, R = 0.084 and i?,r = 0.089 for 111. 
In both cases the rather low precision of the structures 
was caused by the poor quality and, especially in the 
cast? of II, weak diffraction of the single crystals. These 
peculiarities may well be attributed to the statistical or 
dynamic disorder of the Cp‘ groups, manifested in the 
high displacement parameters of the methyl C atoms. In 
spltr of sllstihXl efforts to l~solve this disorder. no 
sensible alternative positions for the atoms of the Cp’ 
li~antls could lx! located in the difference syntheses. 

1.X0 g U.6# mmoi) of S was dissolved in 40 ml of 
n-hrxane under Ar, the solution was filtered and tufter 

room tcna~raturr. Within a few minuks the solution 
turned dark. and in about 2.5 h dark #Ten CPjStUlS Of II 
trpp~~nzd on the bottom and walls af the vessel. After 6 
h the solution was &canted. Subsequent washing of the 
dark green crystals with cold hexane and drying in 
vacuum gave 0.5s p of 11, m.p. 294-296°C (dec.) under 
Ar. After ktxping the decanted solution ovamight, an 
additional 0.24 g of II was precipitated. The total yield 
of II was approximately 0.79 g (75%‘0). Anal. Found: C, 



70.45; H, 8.86; Ti, 14.20 (mol. wt. 739, cryoscopically 
in C,H,). C,,H,,Ti,O, Calc.: C, 70.68; H, 8.68; Ti, 
13.75% (mol. wt. 697). 

The mother liquor, obtained after separating crystals 
of II, was evaporated to dryness in vacuum. The result- 
ing red-brown residue contained Cpi Ti(CO), . IR spec- 
trum (Nujol): v~,, 1936(vs) and 1855(vs) cm-‘. Lit. IR 
spectrum (n-hexane): u, 194o(vs) and 1855(vs) cm-’ 

1181. 

0.12 g (0.17 mmol) of II was dissolved in 3 ml of 
benzene under Ar in a Schlenk tube, which was then 
connected to a vacuum unit equipped with a gas burette 
and a Toepler pump. The benzene solution of 11 was 
frozen, degassed and mixed with 1 ml of previously 
degassed 6.5 N HCI solution in ethanol. Interaction with 
HCl led immediately to vigorous liberation of carbon 
dioxide which was transferred by the Toepler pump into 
the gas burette for the volume determination. The 
amount of CO, formed was 3.75 ml WI’P) or 0.167 
mmol (98%). All liberated gas was absorbed by an 
aqueous solution of RdOH), to give a white precipitate 
of barium carbonate. The solution obtained after reac- 
tion with HCI and measutament of the amount of CO, 
was evaporated to dryness in vacuum and the solid 
residue extracted with chloroform in air. l’he evapora- 
tion of the extract in vacuum gave 0.13 g or 0.33 mmol 
(97%) of dark red crystalline Cpi TiC12, m.p. 272- 
273°C (clcc.1. Lit. m.p. 27YC (dcc.1 [19]. 
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