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Summary

The syntheses and the results of mass spectrometry and infrared spectro-
scopy are reported of cyclooctatetraenetitanium chlonde and its adducts with
the donor molecules THF, diethylamine, pyrrolidine and pyridine Single cry-
stal X-ray difiraction shows the chlonae to be tetramenc, [ CgHzT1Cl},, and the
adduct with THF dumene, [CsH:TiCl THF}.

Introduction

Lehmkuh! and Mehler {1] briefly reported the electrochemical preparation
of CgHgT1Cl - THF and CgHgT1Cl CsH,N and the formation of CgHgT1Cl upon
heating the pyridine adduct in vacuum In view of our interest in cyclooctatet-
raenetitanium complexes and the possible use of CgHgT1Cl as a starting material
in thelr preparation, we have studied the synthesis of CgHzT1Cl and some ad-
ducts CgHgTiCl - L (L. = donor molecule) and investigated some of theiwr proper-
ties The crystal structures of CgHgTiCl and CgHgTiCl THF were studied by
X-ray diffraction, the compounds were found to consist of tetrameric molecules
[CsHsTiCl]s and dimers [CgHsTWCl THF]., respectively

Results

CgHgThCl THF was prepared by reaction of TiCl; 3THEF and K.CgHjg 1n
boiling THF Crystals suitable for X-ray diffraction were obtained by recry-
stallhization from THF

C3zH:TiCl was obtained by repeated washing of CgHgT1iCl THF with ether
Crystals suitable for X ray diffraction were obtained by recrystalhzation from
C.H;Cl
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Fig. 1 Infrared abrorplion spectra of [CgHgTi1Cl] 3 and [CgHZTICl THF|»

Adducts CgHgThCl L, where L = diethylamine, pyrrolidine or pyndine,
were obtained by reaction of CgHzTi1Cl THF with the donor L in hexane The
compounds were purified by recrystallization from C,H;Cl

Siumuar expertments starting from the adducts CgHgTiCl L show an in-
crease 1n stabiity of CsHgThCl L in the sequence L = THF < diethylamine <
pyrrolidine < pyridine The same stability sequence was found in DTA exper
mments (heating rate 2°C/min), the observed decomposition temperatures are
L = THF, 130°C, L = diethylamine, 190°C, L = pyrrolidine, 245°C, L. = py
ndine, 270°C

The infrared spectra of the compounds CgHsTiCl L show the absorp
tions of m-bonded CsHy rings, together with the absorptions of the coordin
ated donor molecules L (Fig 1)

No 10ns containing the higands L were found 1n the mass spectra of CgHg
TiCl - L, indicating ehmination of L 1n the mass spectrometer under the con
ditions employed (200-250°C, 10~° Torr) The compound CzHTiCl (and the
adducts CgHgTiCl - L) show the following degradation pattern

m = 374 m = 187 m = 187 m =26 m =161 m=T8 m=83

(CsH,TIC1)% ;‘fs"—%‘:-‘. C.H,ThCl' ﬂ_, CeH TICH = —CoMs  Tier

This scheme accounts for the metastable peaks at m™ = 138 6, 93 5 and 42 8
observed 1n the mass spectrum, other met.astable peaks were observed at m™

58 5 (due to CgHg® —C.Hs —+ C¢Hg") and m™ = 57 6 (CgH," —C.H, - C,H, )
The presence of the 1ons C,H;T1.Cl." and C;H,T1,Cl," in the mass spectrum
(Table 1) suggests that the CgHgT1 groups 1n the parent molecule are inked by
chlorine atoms, similar as 1n [(CsH;).ThCl].

The magnetic susceptibiity of CgHgTiCl and of CgHaTiCl L with L =
THF and diethylamine was determined 1n tne range 100-300 K, after correction
for induced diamagnetism a Curie—Weiss behaviour was found with £ =1 65 BM
per Ti atom



TABLE 1
MASS SPECTRUM OF [CgHgTiCll4

Only peaks due to the 1sotopes 38y and J’CI are given

m/e Rel int lIon mfle Rel 1nt lon
374 8 C1oH 6T 10Cl2 91 3 Cc;H,'
231 10 C,HsT1;Cly’ 83 18 TiCl*
205 3 CaHaTi3Cla 78 21 CeHo ™
187 100 CgHgTiCi" 77 11 CoH,~
161 20 CgHoTiCT 73 - C-HT'"
152 7 CgHgTt" 65 2 C,H,"
150 6 C5H°T|: 63 3 CsHj'
126 ) CGHOTI. 52 5 C.;H.;.
124 3 CeH T 51 11 CiH;
113 5 c,H,T" 50 6 CiH-~
104 30 CSHS: 18 6 Ty
103 19 CgH,' | 39 8 C3H;
98 3 CiHaT 36 3 HCI

Metastable peahsm® 1386 93 558 5576 128

Structure of cyclooctatetraenetitamium chlornde

The crystal structure of cyclooctatetraenetitanium chloride (at 100 K)
was determined by single-crystal X ray diffraction methods using a Nontus
CAD4 computer controlled diffractometer The compound 1s tetragonal (e =
10 763 A, c = 13 657 A) with space group /42m The unit cell contains four
tetrameric molecules [CsHgThCl],

Central in the tetrameric molecule 1s a hexahedron of Ti and Cl atoms
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lying on alternate vertices The symmetry of the hexahedron is close to 43m,
although only symmetry 4m 1s required by the space group The hexahedron

faces resemble the T1,Cl. rhombs found in [CgHgT1Cl
hexahedron is surrounded by four CsHg rings which are 7 bonded to the Ti

THF]. (see below) The

atoms and he roughly perpendicular to the body diagonals of the hexahedron
A stereo view of the molecule is given 1n Fig 2

]

Fi1g. 2 Stereoview ol [CgHgTiCily The numbenng of the atoms is 1n accordance with Table 5
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TABLE 2
INTERATOMIC DISTANCES (IN 4) AND SOME ANGLES IN LCgHgTICl] 4
Standard deviations 1n umts of the last decumal place are given 1n parentheses.

Tr—Cl 2557 (2) 1« ci1—c1' 1 355 (10)
T1—Cl 2609 (1) 2x ci1—c2 1358(11)
<Tr—Cl—T 97 16° (5) 2x c2—3 1391 (12)
Tr—Cl—T 102 127 (3) Ix c3—4a 1434 (12)
ci—c4' 1 385 (13)
<Cl-T1—Cl 81 52” (1) 2« Distances from Cg planc
<CH—T1—C1 7~ 79" (3) 1x T +1 490
c1 —0 002
T™—C1 2 378 (7) 2x c2 +0 006
T™—C2 2345 (6) 2x C3 10011
TI—C3 2 336 (8) 2% (o} —0 009
TI—C4 2 333 (8) 2x

Interatomic distances and some bond angles are given 1n Table 2 Each
Th atom has 1 Cl neighbour at a distance of 2 557 3 and 2 Cl at 2 609 %, more-
over, every Ti atom 1s 7-bonded to a CgHs rning The cyclooctatetraene rings
contamn a crystallographic murror plane The rings are not quite planar (Table 2)
and the metal atom does not he exactly above the centre of the ring, but 1s dis
placed away from the C1 (and C1’) atoms This 1s evident from the T1i—C dis-
tances and is also reflected in the C—C distances, the C—C distances involving
C1 being shorter than the other distances The coordination of the cyclooctatet-
raene ning at T, therefore, is less regular than in (CsHg)Ti(C,H,) [2] The hy-
drogen atoms of the cyclooctatetraene ligands in [CygHsT1Cl]s are displaced out
of the nng planes, towards the T atoms Although the positions of the hydro
gen atoms were not refined, 1t can definitely be stated that the Ti(CgHg) umts
in the molecule have an umbrella like shape, simiar configurations have been
found for other M(w-C,H,,) groups (M = metal) and have recently been dis
cussed by Hodgson and Raymond [3]

A ngid-body analysis by Cruickshank’s method [{4] shows that the ther-
mal motion of the carbon atoms of [CsHzTiCl]; can be descnbed 1n rather good
approximation 1n terms of rigid-body hibration and translation of the Cy nings
The largest libration axis is approximately perpendicular to the nng plane, the
largest translation axis perpendicular to a muror plane The bond lengths
given 1n Table 2 are corrected for the effect of libration, the corrections are
0.022 A for C—C and 0 023 A for Ti—C

Structure of the THF adduct of cyclooctatetraenetitamium chlonde

The crystal structure of the adduct of cyclooctatetraenetitamum chioride
and THF at about 100 K was also determined by single-crystal X-ray diffrac-
tion methods The compound 1s monochnic with space group P2,/c The struc
ture 1s found to consist of dimenc molecules [CgHgThCl - THF],, there are two
crystallographically independent diumers, each of which 1s centrosymmetnc No
interatomic distances shorter than the Van der Waals distances are found be-

tween different dimernic molecules



Fig. 3 Stereo view of [CgHgTiCl
with Table 7

TABLE 3

THF]2 Only molecula I 15 shown The numbenng s in accordance
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INTERATOMIC DISTANCES (IN 1) AND SOME ANGLES I\ THE TWO CRYSTALLOGR APHICALLY

INDEPENDENT MOLECULES OF [CgHgT:Cl

THF ]

Standard deviations in unuts ot the last decumal place are given 1n parentheses

(a) MOLECULE I

CyHg nng Distances from Cg plane
Ti(1)—CI(}) 2 537(1) C(1)—C(2) 1 102(2) Ti(1) 1518
TiI(1)—CK1") 2 525(1) C(2)—C(3) 1 399¢(5) C(1) —0 005
<T1—C1-T 97 6~ C(3)—C(1) 1 408(4) Cc(2) —0 006
<CI—T1—C1} 82 4° C(4)—C(5) 1 400(5) C(3) 0 005
TiI(1)—0(1) 2 254(2) C(5)—C(6) 1 412(5) c(4) oo11
Ti(1)—C(1) 2 383(3) C(6)—C(7) 1 415(5) C(5) —0 015
—C(2) 2 392(3) C(7)—C(8) 1 203(5) C(6) 0002
—C(3) 2 395(3) C(8)—C(1) 1 107(6) Cc(7) 0003
—C(r) 2 380(3) Cc(8) 0 005
—C(5) 2 384(3) THF ligand H(1) 0155
—C(6) 2 377(3) C(9)—C1d 1 524(1) H{2) 0119
—CN) 2 375(3) C(10)—C(11) 1 520¢4) H(3) 0 207
—C(8) 2 373(3) C(11)—C(12) 1514(4) H) 0248
C(9)—0(1) 1 157¢3) H(a) 0143
C(12)—0(1) 1 450(3) H(6) 0138
H(7) 0 270
H(8) 0225
(b) MOLECULE 11
CgHg nng Distances ixom Cg plane
TiK2)—CI(2) 2 551¢1) C(13)—C(14) 1 389¢$) TiI(2) 1 530
Ti(2)—CI(2) 2517¢1) C(14)—C(15) 1 100(5) C(13) 0 003
<T1—C1—T1 98 1° C(15—C(16) 1 410(6) C(14) 0 030
<Cl-Th—Cl 816° C(16)—C(1T) 1 418(7) C(15) —000%
C(17)—C(18) 1 103(6) C(16) —0031
Ti(2)—0(2) 2 258(2) C(18)—C(19) 1 398(5) C(17) 0010
Ti{2)—C(13) 2 389(3) C(19)—CC2®» 1 402¢4) C(18) 0020
—C(11) 2 382(3) C(20)—C(13) 1 404(1) Cc(19) 0 004
r —C(15) 2 387(3) C(20) —0032
—C(16) 2 398(3) THF hgand H(17) 0134
—C(17) 2 374(3) C(23)—C(22) 1 529(5) H(18) 0 228
—C(18) 2 378(3) C(22)—C(21) 1 330(5) H(19) 0175
—C((19) 2 389(3) C(21)—C(21) 1 519(4) H(20) 0 149
—C(20) 2 403(3) C(23)—0(2) 1 462(1) H(21) 0191
C(24)—-0(2) 1 160(3) H(22) 0213
H{(23) 0 199
H(21) 0107
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The central parts of both dimeric molecules are almost planar T1,Cl,
rhombs In addition to its two Cl neighbours, each T1 atom 1s coordinated by the
oxygen atom of one THF hgand and by a CgHy nng which 1s a-bonded to the
metal There 1s no alternation in the C—C bond lengths in a CsHg ring A
stereo view of one molecule of [CzgHsTiCl THF], 1s shown in Fig 3, while
interatomic distances and some bond angles are given .n Table 3

While the structures of the two crystallographically independent mole-
cules are closely similar, some mmor, but significant differences may be noted
The CzH; nings of dimer 11 are very shightly buckled to a boat shape (cf Table
3) The nngs of dimer I, on the other hand, are planar (within 0 02 3), but the
Ti1 atom does not lie exactly above the center of the ring, but 1s slightly dis-
placed away from the C(2)—C(3) bond, this distortion 1s simiar to that ob
served 1n [CzgH;T1Cl];, but much less pronounced

In both dimeriec molecules the hydrogen atoms are again somewhat dis-
placed out of the nng planes, towards the T atom, giving the Ti(CsHs) units
an umbrella like shape (Fig 3), the distance of hydrogen from the ring planes
150 19 A on average (sd 005 A)

Comparing the structure of [CgHgTiCl THF]}, with that of other com
pounds contaming a (7 CsH,)Ti group, 1t 1s to be remarked that in both n-
dependent molecules of [CgHsT1ICl THF]. the distance of the metal from
the average ring plane (1 518 and 1 530 i for molecules I and 11, respectively)
1s somewhat larger than in [CgHsTiCl], (cf preceding section) and (CszHjg);Tha
[5]1 and much larger than in (CsHg)Ti(C,H,) [2] It may finally be remarked
that the molecular structure of [CgHzT1iCl THF], 1s reminiscent of that of
[CsHgCeCl - 2THF]. [6]

Experumental

Al} experiments were carried out under purified nitrogen Solvents were
purified by conventional methods and freed from ovygen by repeated degas
sing and saturation with nitrogen Commercial TiCl,, cyclooctatetraene, die-
thylamine, pyrrolidine and pyridine were used without further purification

Elementary analyses of T1, C and H were carried out at the Microanaly-
tical Department of this University under supervision of Mr A F Hamminga
Infrared spectra were recorded with a Hitachi EPI-G spectrophotometer The
samples were examined as mulls in hexachlorobutadiene (4000 1200 cm™)
and Nujo! (4000-400 cm ') between KBr discs Mass spectra were recorded by
Mr A Kiewiet with an AEI MS9 instrument Operating conditions energy
70eV, resolution 1000, accelerating voltage 8 kV, inlet temperature 200-250°C
The samples were introduced directly into the 10n source using a metal probe
The groups of peaks assigned to Ti-containing 10ns showed the normal 1sotopic
distnbution of T1, only peaks corresponding to **T1 and to *>Cl are histed n
Table 1

CgHngC[ THF

TiCl15(15 0 g, 97 mmol) was refluxed in 300 ml of THF unti the violet
compound was converted into the hght-blue complex TiCl; 3THF A solution
of K.CsHj prepared from 7 6 g of K (195 mmol) and 10 1 g of C:zHz (97 mmol)
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in 400 m!l of THF was added dropwise at reflux temperature After refluxing
for another two h the reddish-brown mixture was cooled to room temperature
Green crystals separated The supernatant solution was decanted and the crude
CgHgTiCl - THF was dried under reduced pressure at room temperature

Recrystallization from THF gave the pure compound Yield 16 2 g (62
mmol, 614%) (Found C, 55 40,55 36,H,6 30, 6 419, T1,18 42,18 39 C,-H,,-
ClOTicalc C,5552,H,6 21, Ty, 1845)

CngTlCl

CsH;TiCl THF (5 0g, 19 2 mmol) was stured 1n 200 m! of ether for 12 h
The supernatant solution was decanted Another portion of 200 ml of ether
was added and the procedure repeated

The greyish green compound CgHgTiCl was washed three times and dried
In vacuum at room temperature Yield 3 0 g (15 9 mmol, 83%) (Found C,
51 52, 51 55, H, 4 44, 4 47, T1, 25 51, 25 64 CgHsTiCl calc C, 51 25, H,
1 30, T1, 25 55% ) Crystals suitable for X-ray determination were obtamned by
recrystathization from C,H,Cl

CsHyTiCl (CH;CH.)-NH

CzHgTiCl THF (0 5 g, 1 9 mmol) was suspended 1in 50 m! of hexane
Diethylamine (O 28 g, 3 8 mmol) was added The mixture was stured for 20 h
at room temperature The supernatant solution was decanted, the crude CgHj-
ThCl (CH,CH.).NH washed with 50 ml] of hexane and finally dried under re-
duced pressure at room temperature Recrystallization from C,H,Cl gave the
pure compound Yield 0 31 g (1 3 mmol 70%) of green crystals (Found C,
5674,5588,H,741,718,N,5 28,526,T,18 23,18 18 Cz;H,TWCl (CH,
CH.).NH caled C,5530,H,735,N,537, T, 18 38% )

CsH;TiCl C,HyNH

CgHgTiCl C,HgNH was prepared by the procedure described for CgHg-
TiCl (CH,;CH.),NH starting from 0 5 g of CgH;TWC1 THF (1 9 mmol) and
0 27 g of pyrrohidine (3 8 mmol) Recrystallization from C¢H,Cl gave green
crystals of CgH;TWCl C.HzgNH Yield 0 31 g (1 2 mmol, 65%) (Found C,
55 80,55 78,H,670,6 72,N 541,568, T11865, 1866 C,Hs;TiCl C,H,-
NHeale C,5573 H,663,N,5 12, Ty, 18 52% ) CgH;TW\Cl C,;tHzNH can
also be prepared in a sumilar way starting from CgHsT1CI(CH,CH,),NH

CgHngCl C,HSN

CsH;ThCl C.H.N was prepared by the procedure described for CgHy
Ti1ClI (CH,CH.).NH starting from 0 5 g of CgH;ThCl THF (1 9 mmol) and
0 30 g of pynidine (3 8 mmol) Recrystallization from C,H,Cl gave brown cry-
stals of CgHzT1Cl - C;H,N Yield 0 16 g (0 6 mmol, 31%) (Found C, 58 75,
5903,H,506,525,N,526,495,T117 89, 18 01 CgH;TiCl C.H,N calc
C,5857,H,491,N,526, T, 17 97% ) CgHsTiCl C,H,N can also be pre-
pared 1n a sumudar way starting from CgHgT1(CH,CH,).NH or CsHThC4HgNH

Structure determination of [CsH3zTiCl]
Because of the sensitivity of [ CgHgTiCl}],; to air, the green crystals had to
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TABLE 4

DATA AND EXPERIMENTALS DETAILS OF THE STRUCTURE DETERMINATION OF
[CgHsgTCllg

Tetragonal Weissenberg photographs of zero and

Space group I119m h_gher layer hines supplemented by
wnformation from three-dimensional
Patterson synthesis

a=b=10763 A Least squares refinement on obsened
c=13657 A optimalised diffractometer angles ©
T=100K ¢ and x of 15 reftections, with
A(Mo Agyp) = 070926 and A(Mo hg2) = 071354 4
Dpg=14 glch Specific gravity by flotatior method
Z=2{1CgdgTiCli4 Dx = 1 573 gfem? (crystal coated with grease)
Intensities of one octant Computer operated Nomus diffractometer
of reciprocal space (CAD-1) Zr filtered Mo-radiation

© 2O scan all indices hkl 2 O
sin O/A < 080706 A" Reflections w th
I(net) < O wnere discarded
1011 independent F(hkl) Correcuons for L P and far absorption
values,h > k according to Busing & Levy [8] crystal
bounded by 8 planes ¢ = 136 cm "™
Equivalent rellections were averaged

be coated with a thin layer of grease As an additional safeguard towards oxi
dation of the crystal, the X-ray intensities were collected at about 100 K [7]
Detauls of the expennmental worh are listed 1n Table 4

From several space-group possibiities left after \Veissenberg inspections,
space group I42m unambiguously turned out to be the correct one, after
studying a three-dimensional Patterson synthesis When the (special) positions
of the one independent Ti and Cl atom were anisotropically refined, the four
mdependent C atoms could be found 1n two subsequent difference maps After
further refinement, the hydrogen atoms could be located from a difference
map ‘They were 1sotropically refined and later fixed at 1 08 3 from the C
atoms, without changing the observed C—H directions The index R = [S(AF)"/
T F,*1" decreased to 0 068 and R, = [Sw(AF)YZwFy’1* to 0 057, w being
the weight due to counting statistics

All calculations were performed on a Cyber 74-16 with the X RAY system,
version June 1972, of the University of Maryland The final parameters and
standard deviations as found by the least-squares program are listed 1n Table 5
A list of observed structure factors 1s available on request

Structure determination of {CgHgTiCl THF],

A crystal of maximum dimension 0 4 mm was selected for the intensity
measurements which were carried out at about 100 K Because of the sensitiv-
ity of the compound to oxygen and moisture, the crystal was coated with grease
Details of the data collection are listed 1n Table 6, together with cell parameters
The solution of the crystal structure was straightforward, starting with the lo-
cation of the Th and Cl atoms from a three-dimensional Patterson map In the



TABLE 5

CRYSTAL STRUCTURE OF [CgHgTiCll4

Final parameters and standard deviations (1n v nits of the last decimal place)
(2) COORDINATES AND TEMPERATURE PARAMETERS B OF THE HYDROGEN ATOMS
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x/a y/b </c
T 063333(8) 0 63333(8) 0 40472(0)
Ci 0 60763(10) 0 60763(10) 0 58976(13)
C(1) Q0 8216(6) 0 7326(7) 0 1514(5)
c(2) 0 8507(6) 06337(T) 0 3931(6)
C(3) 0 8042(8) 0 5813(6) 0 3076(6)
Cc(1) 0 7029(9) 06119(8) 0 2138(5) B(a?Y)
H(D) 0 8486 07498 05227 59
H(2) 09074 0 5584 01184 81
H(3$) 06786 05115 01908 92
H(3) 08088 0 4857 02840 69

(b) PARAMETERS U,; (IN 10~} A?) OF THE TEMPER ATURE FACTOR exp[—2n%(h’a**Uy, =

2ha*kb*Uya + )i

Uyy Uan Ui 2U;,2 2U>; 22Uy
T 157(3) 157(3) 199(5) —8(8) 32(7) 32(7)
Cl 161(1) 161¢3) 200(7) —8(9) —16(8) —16(8)
C(1) 263(29) 514(41) 142(35) —328(51) 202¢(62) 15(51)
C(2) 214(26) 486(39) 853(55) ~10(50) 615(90) 354(68)
C(3) 591(47) 301(33) 736(55) —261(63) —338(71) 1000(88)
C¢{1) 1153(81) 739(63) 310(30) —1366(126) —144(78) 661(81)
TABLE 6
DATA AND ENPERIMENTAL METHODS ON THE STRUCTURE DETERMINATION OF
[CgHT'Cl THFI
Monoclimie Wweissenherg photographs

Space group P2;/c

a =10779(1)

b = 14 304(1)
c=15478(3) 4
8 = 100 84(2)°
T = 100h

Dpy = 1 40 glem?
£ = 4 [CgHgTIC!
Dy =1 447 glcm

10307 independent
wntensities

THF12

9206 F(hkl) values

Least-squares refinement of an?O alues of
Ok! hO! and hkO reflections with
A(Mo h ) = 070926 A(Mo hya) = 071354 A

Specific gravity by flotation method

Automatic Nomus diffractometer

Zr filtered Mo radiation, ® 20 scan sin
O/A < 0B0¥1 A~! Reflections with I(net)
< 0 were discarded

Corrections for L P and for absorption according to
Busing & Levy [8] crystal bounded by 12 planes
=95 cm™!
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TABLE 7
CRYSTAL STRUCTURE OF [CgHgTiC! THF]3

Finzl parameters and standard deviations (1n uruts of the last decimal place) as calculated by the
Ieast-squares program

(a) COORDINATES AND TEMPERATURE PARAMETERS B OF THE HY DROGEN ATOMS

x/a y/b <Ic
Afolecule ¥
TI(1) 0 50132(4) 0 53353(3) 011921(3)
CK(1) 0 19066(6) 0 38725(4) 0 02542(3)
o(1) 0 7089(2) 0 5159(1) 01183(1)
C(1) 0 2827(3) 0 5596(3) 01182(2)
C(2) 0 3405(3) 06177(2) 0 1238(2)
C(3) 0 41537(3) 06833(2) 0 1696(2)
C(1) 0 5566(3) 06493(2) 0 2302(2)
C(5) 0 5868(3) 0 5624(2) 0 2704(2)
C(6) 0 5303(3) 04730(2) 0 2647(2)
[o{ ¥} ] 01160(4) 0 1355¢(2) 0 2173(2)
C(8) 03141(3) 04715(3) 0 1565(2)
C(9 0 7966(3) 0 5941(2) 0 1229(2)
C(10) 09137(3) 0 5514(2) 0 0968(2)
C(11) 09144(3) Q 4515(2) 0 1303(3)
Cc(122) 0 7826(3) 0 4330(2) 0 1469(2) B(A?)
H(1) 0 2013 0 5595 0 0653 34
H(2) 0 2910 06967 00761 26
H(3) 04731 0 7538 01458 12
H{1) 06366 06962 0 2398 25
H(5) 06821 0 5588 0 3073 19
H(6) 05931 0 1212 0 2997 26
H(7) 04132 0 3600 0 2158 32
H(8) 0 2571 01137 0 1267 37
H(S) 07512 06472 0 0783 37
H(10) 08149 06168 0 1906 17
H(1l) 09015 0 5542 0 0259 15
H(12) 09992 0 3867 0 1276 2>
H(13) 091410 0 1015 0 0859 55
H(11) 09907 0 1378 01849 63
H(15) 07362 03701 01189 11
H(16) 07821 0 1319 0 2165 62
afolecule 11
Ti(2) 0 09722¢1) 0 10116(3) 0 15553(3)
Ccuz) 0 09994(6) 0 19768(3%) 0 59619(4)
0o(2) 01883(2) 05372(1) 0 4197(1)
C(13) —0 03792(3) 0 2806(2) 0 3905(2)
Cc(14) —0 0146(3) 0 2663(2) 0 1809(2)
C(15) 0 0937(1) 0 2701(2) 0 5468(2)
C(16) 0 2218¢1) 0 2927(2) 05501(2)
C(17) 0 2935¢(3) 0 3243(2) 04878(3)
c(18) 0 2679(3) 0 3310(2) 0 3969(3)
C(19) 0 1605(3) 0 3338(2) 0 3307(2)
<(20) 0 0349(3) 0 3069(2) 0 3282(2)
c(21; 0 2336(3) 06710(2) 0 3422(2)
C(22) 0 3513(3) 06477(2) 0 1108(3)
C(23) © 3002(3) O 5805(2) 0 41725(2)
C(23) 01641(3) 05781(2) o 03317(2)
H(17) —0 1369 02774 0 3609 27
H(18) —0 0983 0 2577 0 5092 37
H(19) 0 0717 0 2638 06119 14
H(20) 0 2779 0 3020 06152 31

(continued)
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TABLE 7 (continued)

x/a y/b 2/c
H(21) 0 3859 0 3186 05194 38
H(22) 03472 03755 0 3768 49
H(23) 0 1751 0 3650 0 2698 14
H(21) —0 0220 0 3205 02642 21
H(25) 0 0630 0 5848 03111 313
H(26) 01971 0 5298 0 2876 31
H(27) 0 1831 07248 0 3702 27
H(28) 0 2538 06971 0 2807 21
H(29) 0 4005 07052 01472 34
H(30) 03157 06121 03779 17
H(31) 03674 0 5261 0 1966 30
H(22) 0 2751 06164 0 5282 36

(b) PARAMETERS U\, (IN 10~ 4%) OF THE TEMPERATURE F ACTOR exp [—2; (h%a*?U;| + -
2ha®*kb*U a2+ N

Uy, Uaa Usas 2Uya 2Ua3 2U,3

VMolecule |

Ti(1) 113(2) 145(2) 141(2) 26(3) —31(3) 48(3)
ClI(1) 172(3) 120(2) 180(3) 6(1) 12¢3) 61(1)
o) 131(8) 121(8) 282(10) 15(12) 11(1%) 43(1%)
C(1) 159¢12) 631(24) 262(15) 68(28) —262(31) 111(22)
C(2) 244(14) 405(18) 277(15) 353(26) —71(26) 140(24)
C(3) 336(16) 240(14) 232(19) 199(21) —52(22) 150(24%)
C(1) 252(14) 299(15) 217(13) 43(23) —170(23) 73(22)
C(5) 242013) 381(17) 180(12) 192(24) —96(23) 3(21)
C(6) 411(18) 305(15) 191(13) 225(27) 153(23) 199(21)
C(?) 147(19) 303(16) 315(16) —116(29) —35(26) 116(30)
C(8) 276(15) 189(20) 351(17) —311¢29) —327(31) 379(27)
C(9) 162(11) 155(11) 405(17) —52(19) 20(23) —1(22)
C(10) 182(12) 222(13) 313(15) —32(20) 59(22) 120(21)
c(1n 217(14) 224(11) 622(23) 170(23) 294(29) 332(29)
c(12) 172(12) 184¢12) 160(18) 132(20) 239(20) 59(24)
Vlolecule I

TiI(2) 133(2) 104(2) 176(2) 12(3) 0(3) 15(3)
CI(2) 154(3) 166(3) 181(3) 63(4) —11(1) —26(3)
o(2) 205(9) 164(9) 214(10) —87(15) —6(15) 83(15)
Cc(13) 186(12) 145(11) 311(15) —80(18) —56(20) 14(21)
C(191) 411(17) 145(12) 320(16) —103(23) —27(22 330(28)
C(15) 714(25) 153(13) 193(14) 130(29) 69(21) 156(30)
C(16) 579(23) 182(14) 315(17) 278(29) —77(25) —186(32)
C(17) 206(14) 192(14) 781(28) 129¢(23) —318(32) —274(31)
C(18) 218(14) 163(13) 693(25) 4(21) —163(28) 368(30)
C(19) 385(17) 158(12) 315(16) 26(23) —38(23) 395(27)
C(20) 319(15) 154(12) 205(13) 36(21) —38(19) 20(22)
c(21) 398(17) 201(13) 348(17) —135(24) —30(24) 435(28)
C(22) 257(15) 329(17) 518(21) —265(26) —88(31) 322(29)
C(23) 211(13) 234(19) 139(19) —152(22) —34(26) 18(25)
C(24) 3514(16) 222(13) 239(14) —121(23) 25(22) 182(24)

later stages of the (anisotropic) refinement, a difference Fourer map Fo—F,
(Th, Cl, O, C) for low-angle reflections only, clearly showed all hydrogen atoms
Therr positions were at first 1sotropically refined and in the final stages fixed at
1 08 A from the C atoms, without changing the observed C—H directions Dur-
ing the final refinement cycles, the weighing scheme used wasw = [w_.™" +
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6 0004 F*]1™, w. being the weight based on counting statistics The index R =
[Z(AFY/ZFy?1" decreased to 0 0588 and R, = [Zw(AF)/ZwFy*1* to 0 0544
The final coordinates and standard deviations as calculated by the least-squares
brogram are histed 1n Table 7 A lhist of observed and calculated structure fac-
tors 1s available on request All calculations were performed on a Cyber 74-16
computer.
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