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Summary 

The syntheses and the resu!ts of mass spectrometty and rnfrared spectro- 
scopy are reported of cyclooctatetnenehtruum chlonde and its adducts wrth 
the donor molecules THF, drethylamme, pyrrolrdme and pyrrdme Smgle cry- 
stal X-ray drffractron shows the chionae to be tetramenc, [C~H~TICI]J, and the 
adduct with THF duneric, [C8H8TiC1 THF]: 

introduction 

Lehmkuhl and Mehler [ 11 briefly reported the electrochemrcal preparation 
of CBHsTICl - THF and CBHsT~Ci C5H,N and the forrnahon of CsHBTICl upon 
heatmg the pyndme adduct m vacuum In vrew of our mterest m cyclooctatet- 
raenetrtann_rm complexes and the possible use of C,H,TlCI as a startmg matenal 
m their preparation, we have studled the synthesis of C6H8~CI and some ad- 
ducts C8H,TKll - L (L = donor molecule) and mvestrgated some of theu- proper- 
tres The crystal structures of CsHsTKl and CsHsTrCl THF were studred by 
X-ray drffractron. the compounds were found to consist of tetramenc molecules 
[ CBHsT~Cl14 and drmers [ C8H8TrCI TH F] 2, respectively 

Results 

C8HsTrCI THF was prepared by reaction of TICI, 3THF and K&H8 m 
borhng THF Crystals suitable for X-ray drffrachon were obtamed by recry- 
stalhzatlon from THF 

CsHsTrCl was obtamed by repeated washing of CsHsT~Cl THF with ether 
Crystals sunable for X ray drffractron l vere obtamed by recrystallrzatlon from 
C,H,(=I 
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Adducts C,H8TEI L, where L = dlethylamme, pyrrolldlne or pyndme, 
were obtamed by reaction of CBH,T~CI THF mth the donor L m hexane The 
compounds were putied by recrystalllzatlon from C,H5CI 

Sundar espenments startmg from the adducts C8H,TlCl L show an m- 
crease m stability of CBHs’l’ICl L m the sequence L = THF < dlethylamme < 
pyrroltdme < pyndme The same stability sequence was found m DTA e\per 
unents (heatmg rate B”C/mm), the observed decomposltlon temperatures are 
L = THF, 13O”C, L = dlethylamme, 190% L = pyrrolldme, 245”C, L = py 
ndme, 270°C 

The mfrared spectra of the compounds CsHsTICl L show the absorp 
Ixons of n-bonded CsHB rmgs, together bvlth the absorptlons of the coordm 
ated donor molecules L (Fig 1) 

No Ions contammg the hgands L were found m the mass spectra of CsHB 
TICI - L, mdlcatmg ehmmatlon of L m the mass spectrometer under the con 
&tlons employed (200-25O”C, 10” Torr) The compound C8H8TSl (and the 
adducts C8H,TlCl - L) show the following degradation pattern 

m = 374 m- 187 m = I87 m = 26 m = 161 m = 78 m = 83 

(C&,TICI)‘, ;*“=“;z* C~HBTZI’ = C,H,TICI- = T:CI’ 
m+ = 1386 me=428 

This scheme accounts for the metastable peabs at m* = 138 6,93 5 and 42 8 
observed m the m?ss spectrum, other metastable peaks were observed at mr = 
58 5 (due to CeHs* -&HI + CgH6+) and m* = 57 6 (C&H,* -C,H, --c C,H,‘) 
The presence of the eons C,HSTl:! CI1’ and &H2T~2C12* In the mass spectrum 
(Table 1) suggests that the GHsTI groups m the parent molecule are lmked by 
chlorme atoms, sunllar as m [ (CgH5)?TlCl Jz 

The magnetx susceptlblllty of CBHsTICl and of CBH8TKI L with L = 
THF and dlethylamme was determmed m tne range 100-300 K, after correction 
for mduced diamagnetism a CS.ux-Werss behavlour was found with p = 1 65 B M 
per TI atom 
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TABLE 1 

MASS SPECTRUhl OF [C~H~TIC~~J 

Only peaks due Lo tie solopes ‘IT, and %I are grcrn 

m/s Rel ant Ion m/z Rsl ml IOn 

& 
37-l 8 91 3 CiH,’ 

231 10 

C,bti,6TllCjz 

C,HSTI~CI- 83 18 TKI’ 

205 3 78 21 C6H,- 

187 100 

C&T14 

C~HQTICI 77 11 Cc.H,- 
161 PO 73 .s C-HT,’ 

152 7 

C6HbTn~l+ 

CbHhTl 65 !? C,H,+ 

150 6 CsH6T,+ 63 3 CsH3’ 

126 5 CbH,T,+ 52 5 CaHa+ 
124 3 C6H T,’ 51 11 CA; 

113 5 C,H,Tn* 50 6 
10-t 30 CsH.%+ 

C-lHZ 
-t8 6 T! 

103 19 CsH7. 39 8 
98 3 C_,HzTx 

l CJH 3- 
36 3 HCI 

hletastablc peak, m l 1386935585576-l28 

Structure of cyclooctatetraenetltamum chlonde 

The crystal structure of cyclooctatetraenet~tanlum chlorrde (at 100 K) 
was determined by smgle-crystal X ray dtffractlon methods usmg a Noruus 
CAD4 computer controlled dtifractometer _Tne compound IS tetragonai (a = 
10 763 A, c = 13 657 A) with space group 142171 The unit cell contams four 
tetramenc molecules [ C8H8~CI]4 

Central in the tetramenc molecule IS a hexahedron of TI and Cl atoms 
lymg on alternate vertlces_The symmetry of the hexahedron IS close to z3m, 
although only symmetry 4m IS requued by the space group The hevahedron 
faces resemble the T&l2 rhombs found m [C8H8T~CI THF], (see below) The 
hesahedron IS surrounded by four CBH8 rmgs which are in bonded to the TI 
atoms and Ile roughly perpendicular to the body dmgonals of the heuhedron 
A stereo view of the molecule LS gven m Fig 2 

FI& 2 SLereo \,ew of [C~H~TICII~ Tbe q umbenng of the atoms IS UI accordance wltb Table 5 
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TABLE 2 

INTERATOMIC DlSTAhCES (IN 4) 4hD SOME AhGLES Ihl LCgHaTKll~ 

Standard demallons III units of tie last decunal place are gwen HI imruentbeser 

TrCl 2557<2) lx 
TI-CI 2 609 (1) b 

CTI-CI-TI 97 16” (5) 2x 
CTI-CI-Tl 102 12- (3) lx 

<Cl-Tv-CI 81 52O (4) 2~ 
<Cl-TI-CI 7- 79O (3) IX 

TlR--cl 2 378 (7) 2x 
T1-C2 e345 (6) 2x 
TI-C3 2 336 (8) 2r 
T1X-I 2 333 (8) lx 

Cl-Cl’ 1 355 (10) 
Cl<2 i 358 (11) 
c2-C3 139-l (12) 
c3<4 1 -13-l t 12) 
C-l -C4’ 1 385 (13) 

Ddonces from Cg plant 
Tl +1 -l90 
Cl -0 002 
c2 +0 006 
c3 too11 
c4 -0 009 

Interatomic distances and some bond angles are even m Table 2 Each 
TI atom has 1 Cl nelghbour at a distance of 2 557 9 and 2 Cl at 2 609 %, more- 
over, every Tl atOm IS n-bonded to a CaHa nng The cyclooctatetraene rings 
contam a crytilographlc mu-ror plane The rings are not quite planar (Table 2) 
and the metal atom does not he exactly above the centre of the ring, but IS dls 
placed away from the Cl (and Cl’) atoms This LS evldent from the TI-C dis- 
tances and IS also reflected UI the C-C drstances, the C-C distances mvolvmg 
Cl berg shorter than the other d&ances The coordtnatlon of the cyclooctatet- 
raene nng at TI, therefore, IS less regular than m (CaHa)TI(C,H,) [ 21 The hy- 
drogen atoms of the cyclooctatetraene Ilgands U-I [CaHaTICI]4 are displaced out 
of *be nng planes, towards the TI atoms Although the posItIons of the hydro 
gen atoms were not refmed, it can defmltely be stated that the Tl(&Hs) units 
m the molecule have an umbrella like shape, sun&~ configurations have been 
found for other M(n-C,H,) groups (M = metal) and have recently been dls 
cussed by Hodgson and Raymond [3] 

A nsd-body analysis by Crulckshank’s method [4] shows rhat the ther- 
mal motion of the carbon atoms of [&HanCl], can be described In rather good 
approxlmatlon ~1 terms of nsd-body hbratlon and translation of the Ctl rings 
The largest hhratlon axis 1s approkrmately perpendicular to the nng plane, the 
largest translation axis perpendxular to a muror plane The bond lengths 
given III Table 2 are corrected for the effect of hbration, the corrections are 
0.022 X for C-C and 0 023 % for T1-C 

Structure of the W-IF adduct of cyclooctatetraenet~tzuuum chlonde 

The crystal structure of the adduct of cycIooct.atetraenetltananlum chlonde 
and THF at about 100 K was also determmed by smgle-crystal X-ray dlffrac- 
tlon methods The compound IS monoclmlc Hnth space group P2,/c The strut 
ture LS found to cons& of dunenc molecules [CaHSmCl - THF J2, there are two 
crystallographlcally mdependent doers, each of whxh s centrosymmetnc No 
mteratomlc dxtances shorter than the Van der Waals d&ances are found be- 
tween different drmenc molecules 
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Fig. 3 Slereo r,ew of ICgH8TKI THFl 2 Only molecule I 1s shown The numbermg IS 10 accordance 

UIUI Table 7 

T4Bl.E 3 

IXTE~ZATOMIC DIST~XCES (IN i) AYD SORE AhGus IX THE -ix 0 cil\ STALLOGR 4PHICALLY 

INDEPE\DENT hlOLECULES OF [CsHsTlCl ‘l-HF12 

Sundiud derlarnons L” umLs 01 Lhe last decunal place are abeo m pazcntieses 
(a) hlOLECULE I 

C,Hs mtz Dlslances from C8 Plane 

Tt(l+CI(i) 
Tn(Ib-Cltl’b 

CTI-CI-TI 
<Cl-TI-CI 

Tl(lI-O(l) 
T~(l)--Ctl) 

--CC?) 
-C(3) 
-a-r) 
-C(5) 
-C(6) 
-C(7) 
-c(S) 

(b) VOLECULE II 

2 537(l) 
2 525(l) 

97 6’ 
81 -lo 

2 254(2) 
2 383(3) 
2 392(3) 
2 39M3) 
2 380(3) 
2 384(3) 
:! 377(3) 
2 375(3) 
1373(3) 

C( 1 b-C(2) 
C(!?bC(3) 
C(3)-C(-!) 
C(JB-C(5) 
C(5ka6) 
C(6)-C(7) 
C(ikC(8) 
C(8)--c(l) 

THF lr&?and 

C(9)-C(lO) 
C~lO+c~11) 
C~llkC~l2) 
C(9)_0(1) 
C~12)-0~1) 

1 402(o) 

1 399(5) 

l-l08(4) 
1 400(5) 
1 412(5) 
1 -l15(5) 
1 403(6) 
1 JOi(6) 

1 524(-?) 
1 520(5) 
1514(4) 
1 -l57(3) 
1450(3) 

Tl(l) 1518 
C(1) -0 005 
C(2) -0 006 
C(3) 0 005 
C(1) 0011 
C(5) -0015 
C(6) 0 002 
C(7) 0 003 
C(8) Cl 005 
H(1) 0 155 
H(2) 0 119 
H(3) 0 207 
H(4) 0 216 
I+(a) 0 143 
H(6) 0 138 
H(7) 0 270 
H(8) 0 225 

Dlslances uom Cs plane 

T1(2)-Cl(2) 2 551(l) 
T1(2l-C1(2 ) 2 54?(l) 

<T1-CI--71 98 -lo 
<Cl-TI-CI 81 6O 

T1(2)--0(2) 
T1(2kC(13) 

-al41 
I -C(l5) 

4X16) 
-al7) 
4X16) 
-C(l9) 
-C(20) 

2 258(2) 
2 389(3) 
2 382(3) 
I, 387(3) 
2 398(3) 
L 374(3) 
2 378(3) 
2 389(3) 
2 403(3) 

THF l1gond 

C(23)-C(22) 

C(22I-cx21) 

a21 )+x24) 

C(23+0(2) 

c(24)--0(2) 

1389t-l) 
1 400(5) 
1 .l10(6) 
l-118(7) 
1 403(6) 
1 398(j) 
1 402(-l) 
1 404(4) 

1 529(5) 
1 530(5) 
1 519(-l) 
1 462t-1) 
1 460(4) 

T!(2) 1 530 
C(13) 0 003 
C(14) 0 030 
a151 -0 00-l 
C(16) -0031 
C(17) 0 010 
C(18) 0 020 
a191 0 004 
C(20) -0 032 
H(17) 0 134 
H(18) 0 228 
H(19) 0 175 
H(20) 0 l-l9 
H(21) 0 191 
H(22) 0 21-l 
H(23) 0 199 
H(W) 0 107 
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The central parts of both dunerlc molecules are almost planar T&II 
rhombs In addlhon to its two Cl nelghbours, each TI atom 1s coordrnated by the 
oxygen atom of one THF llgand and by a CsHs nng which 1s n-bonded to the 
metal There 1s no alternatIon m the C--C bond lengths m a C&H8 nng A 
stereo mew of one molecule of [C8Hs’IWI THF], IS shown In Fig 3, while 
mteratomlc dw!.ances and some bond angles are mven Ln Table 3 

WI&! the structures of the two cryst.alIographlcaIIy mdependent mole- 
cules are closely sun&~, some mmor, but slgnlflcant differences may be noted 
The CBHg nngs of duner 11 are very slightly buckled to a boat shape (cf Table 
3) The nngs of dmer I, on the other hand, are planar (wthm 0 02 A), but the 
TI atom does not Ire exactly above the center of the nng, but IS shghtly dls- 
placed away from the C(Z)-C(3) bond, this dlstortlon 1s slrnllar to that ob 
served m [C,H,TICI],, but much less pronounced 

In both dunerrc molecules the hydrogen atoms are aga.m somewhat dls- 
placed out of the nng planes, towards the TI atom, gvmg the TI(GH~) umts 
an umbreUa hke shape (Fig 3). the dutance of hydrogen from the ring pIanes 
IS 0 19 A on average (s d 0 05 r<) 

Compartng the structure of [ CBHBTiCl THF]? with that of other corn 
pounds contan-ung a (n &H,)TI group, It LS to be remarked that m both In- 
dependent molecules of [CBHsT~CI THF]? the distance of the metal from 
the average rmg plane (1 518 and 1 530 1 for molecules I and II, respectively) 
IS somewhat larger than m [C8HGT~CI14 (cf precedmg sectlon) and (C~HB)JTIZ 
151 and much larger than In (C,H,)TI(C,H,) [“_I It may fmally be remarked 
that the molecular structure of [C8HsT~CI THF], IS reminiscent of that of 
[&H&eCI - ZTI-IF]? [S] 

Erperunent.4 

AlI evperunents tiere carried out under purlfled nitrogen Solvents were 
punfied by conventIonal methods and freed from oxygen by repeated degas 
smg and saturation with rutrogen CommerclaI TICI,, cyclooctatetraene, die- 
thylamme, I?yrroIldule and pyrrdme were used without further purlflcatlon 

Elementary analyses of TI, C and H were carried out at the hllcroanaly- 
t~caI Department of this Unlverslty under supervlslon of Mr A F Hammlnga 
I&ared spectra were recorded with a Hltachl EPI-G spectrophotometer The 
samples were evamlned as mulls in heuachlorobutadlene (1000 1200 cm-‘) 
and NUJOI (4000-400 cm-‘) between KBr discs Mass spectra were recorded by 
Mr A Klewlet with an AEX MS9 mstrument Operatmg condltlons energy 
70eV, resoluhon 1000, acceleqtmg voltage 8 kV, inlet temperature 200-250°C 
The samples were Introduced duectly mto the Ion source usmg a metal probe 
The groups of peaks assigned to Tlcontalnmg Ions showed the normal Lsotoplc 
tibutlon of m, only peaks corresponding to ‘“TI and to “(71 are listed m 
Table 1 

mCIJ(15 0 g, 97 mmol) was refiuxed m 300 ml of THF until the violet 
compound was converted mto the light-blue complex TICI, 3THF A solution 
of K&H8 prepared from 7 6 g of K (195 mmol) and 10 1 g of CsHs (97 mmol) 
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m 400 ml of THF was added dropwlse at reflux temperature After refluumg 
for another two h the reddlsh-brown mixture was cooled to room temperature 
Green crystals separated The supematant solution was decanted and the crude 
CgHsT~Cl - THF was dned under reduced pressure at room temperature 

Recrystalhzatlon from THF gave the pure compound Yield 16 2 g (62 
mmol, 64%) (Found C, 55 JO, 55 36, H, 6 30,6 41R, TI, 18 42.18 39 CI?Hlb- 
CIOTI talc C, 55 52, H, 6 21, TI, 18 45 ) 

C,H,TICI THF (5 0 g, 19 2 mmol) was stu-red In 200 ml of ether for 12 h 
The supernatant solution was decanted Another portlon of 200 ml of ether 
was sdded and the procedure repeated 

The greylsh green compound C’,H,lWI was ltaashed three tunes and dried 
m vacuum at room temperature Yield 3 0 g (15 9 mmol, 83%) (Found C, 
51 52, 51 55, H, 4 44,4 47, TI, 25 51, 25 64 CsHsTiCl talc C, 51 25, H, 
1 30,T1,25 55% ) Crystals wtable for X-ray determmatlon were obtamed by 
recrystalllzatlon from C,H,CI 

CsH8Td2 (CH,CH,),NH 
CBHBT~CI THF (0 5 g, 1 9 mmol) ~%ras suspended In 50 ml of hexane 

Dlethylamme (0 28 g, 3 8 mmol) was added The mLxture was stu-red for 20 h 
at room temperature The supernatant solution was decanted, the crude CBHs- 
TICI (CH,CH2),NH washed with 50 ml of hevane and finally dried under re- 
duced pressure at room temperature Recrystalllzatton from C,H,CI gave the 
pure compound Y leld 0 31 g (1 3 mmol 70%) of green crystals (Found C, 
55 74,55 88, H. 7 41.7 18, N, 5 28, 5 26, TI, 18 23,18 18 C,H,TICI (CH, 
CH2)zNH calcd C, 55 30, H, 7 35, N, 5 37, TI, 18 38% ) 

CsHBT~Cl CaHBNH was prepared by the procedure described for CsHs- 
TICI (CH,CHz),NH startmg from 0 5 g of &H~TICI THF (1 9 mmol) and 
0 27 g of pyrrolldme (3 8 mmol) Recrystalllzatlon from C,H,CI gave green 
crystals of CsHsTICl CIHsNH Yield 0 31 g (1 2 mmol, 65%) (Found C, 
55 80,55 78, H, 6 70,6 ‘72, N 5 -l1,5 68, TI 18 65, 18 66 C,H,TICI C,H,- 
NH talc C, 55 73 H, 6 63, N, 5 42, TI, 18 52% ) CsHtiT~CI C4r-ISWH can 
also be prepared m a su-nrlar way startmg from CSHBT~CI(CH&H,),NH 

CgHgT&i C,H5N 
C,H,TKI C,H,N was prepared by the procedure described for CJHs 

TICI (CHJCH,)INH starttng from 0 5 g of CBHBTICl THF (1 9 mmol) and 
0 30 g of pyndtne (3 8 mmol) Recrystall~zatlon from C,H,CI gave brown cry- 
stals of CsHBTKl - C5H,N Yield 0 16 g (0 6 mmol, 31%) (Found C, 58 75, 
59 03, H, 5 06,5 25, N, 5 26,4 95, TI 17 S9,lB 01 CBH,T~Cl C,H,N talc 
C, 58 57, H, 4 91, N, 5 26, TI, 17 97% ) CsHBT~CI C,H,N can also be pre- 
pared in a sunkr way startmg from C,H,TI(CH,CH,)~NH or CsHpTGH~NH 

Strmture determnotlon of /CsHdT~Cl]4 
Because of the senslhv!ty of [ CBHBTIC1]_, to ax, the green crystals had to 
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TABLE 4 

DAT4 iLhlD EXPERIMENTALS DET9iLS OF THE STRUCTURE DETERnllN 9TION OF 
tC6ti6TlcII4 

Weusenbcrg photogmpbs of zero and 
h_nhu Irl,er Lines s,,pplementrd by 
mformauon from tbree-duneaslonal 
Pattenon SYPLbens 

a=b= 10763 4 
c = 13 657 .A 
T- IOOK 

23M = 1 4 glcm’ 
2 = 2 IC~~QTICI~~ DX = 1 573 g/cm3 

Intenmtiea of one ocfdnt 
of mrprocaJ spwc 

Least squares retiiemmt on obsersed 
optunaked dtffractometer angles E) 
Oand x of 15 reflections. ultb 
h(Uo ha,) = 0 70926 and h(Uo ho?) = 0 71354 A 

Specific grar,ty by [lotatmn method 

(crvsral coated u1U.1 gease) 

Computer operated Nomus drffractometrr 
(C 4D-l) Zr Wterrd hk-radutnn 
0 28 SCM ti lndnxshkl 5 0 
sari O/A < 0 80706 4-l Reflcctroos w tb 
I(oer) C 0 uere dtscarded 

1011 urdependent F(hI.1) 
vz4ues.h 3 k 

Corrections for L P and for absorptaoo 
accordmg to BUSUI~ 6 Levy I81 crystal 
bounded b\ 8 planes CI = 13 6 cm-’ 
Equlvaleot reflect,ons uere avenged 

be coated with a thm layer of grease As an addlhonal safeguard towards 0x1 
datlon of the crystal, the X-ray mtensltles were collected at about 100 K [7] 
DetaAs of the espenmental worh are listed m Table 4 

From sev_eral space-group posslbllltles left after Welssenberg mspectlons, 
space group 142m unambiguously turned out to be the correct one, after 
studymg a three-dunenslonal Patterson synthesis When the (special) posltlons 
of the one mdependent TI and Cl atom were arusotroplcally refined, the four 
mdependent C atoms could be found m two subsequent difference maps After 
further refinement, the hydrogen atoms could be located from a difference 
map They were ~sotrop~cally refined and later fixed at 1 08 4 from the C 
atoms, Hnthout chang-mg the observed C-H due&Ions The index R = [C(W)‘/ 
CF,?] h decreased to 0 068 and R, = [ CW(AF)~/CWF,,‘] H to 0 057, w bemg 
the we&t due to counting statlstxs 

All calculahons were performed on a Cyber 74-16 with the X RAY system, 
version June 1972, of the Unlverslty of Maryland The foal parameters and 
standard devlahons as found by the least-squares program are listed m Table 5 
A 1st of observed structure factors LS available on request 

Structure determnation of iCaH8TtCi THFj, 
A crystal of mavrmum drmenslon 0 4 mm was selected for the mtenslty 

measurements whxh were carned out at about 100 K Because of the sensltlv- 
tty of the compound to oxygen and moisture, the crystal was coated w1t.h grease 
Deli of the data collection are ltsted m Table 6, together with cell parameters 
The soluhon of the crystal structure was strarghtforward, startmg w~t.h the lo- 
cation of the TI and Cl atoms from a three-drmeoslonal Patterson map In the 
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TABLE 5 

CR\ STAL STRUCTLRE OF IC8H~TKllJ 

Foul ~dramekrs and standard devwtions (m LIIJILS of lhe Ia=& decrmal place) 

(a) COORDINATES AND TEMPERATURE PARALIETERS B OF THE HYDROGEN ATOMS 

TI 0 63333(B) 0 63333(B) 
Cl 0 60763f 10) 0 60763tlO) 
C(1) 0 8216f6) 0 7326f7) 
C(2) 0 &507(6) 0 6347f7) 
C(3) 0 8oa2f8) 0 5813(6) 
C(4) 0 7029(9) 0 6119(B) 
H(1) 0 8.l86 0 7-198 
H(2) 0 9074 0 5584 
H(4) 0 6786 05415 
H(3) 0 8088 0 5857 

0 _(oa72(0) 
0 58976(13) 
0 4514(5) 
0 3931(6) 
0 3076(6) 
0 2438f5) B(42) 
0 5227 52 
0 J18.l 81 
0 1908 92 
0 1,840 69 

(b) PARAMETERS U,, (Ih lOa ;\?) OF THE TEMPER 4TL’RE F4CTOR erp[--ln’(h%*‘U,, + + 

2h.*kb’U,, + )I 

“11 Cl22 u33 3 U,? 2 uzj 2Ul3 

Tl 15i(3) 157(3) 199(5) -8(8) 32(7 1 32(7) 
Cl 161(-l) 161(a) 200(7) --8(S) -16(B) --16(B) 
C(I) 263f29) 51-1(-11) a-)2(35) -328f54) 202f62) 15f54) 

C(2) 21 a(261 J86(39) 853(55) -1Of50) 6-I5(90) 354(68) 

C(3) 591f47) 3Olf33) 736f55) -26 l(63) -338(7 1) lOOO(88) 
C(4) 1153(81) 739f63) 3-x0(30) -1366f126) -l.t4(78) 661f8J) 

T4BLE 6 

DAT+ AND E\PERIhlE\TAL VETHODS ON THE STRUCTURE DETERhllNATIOIU OF 
[CbHBTKl THFI 2 

Monocluuc 

Spece group Pa, IC 

0 = 10779(I) 

b = 14 30-l(1) 
c = 15 478(3) 4 

cl = 100 84(2f 

T = IOOh 

DM = 1 40 g/cm’ 
L = .l [CgH~TiCI 
Dx = 1 417 glem3 

THFI, 

Wclssenberg pholomphs 

Lea.%%quares rrflnement of nn7O \alues of 
fX/ h01 and hk0 re[lectmm UIUI 

At\10 h,,) = 0 70926 h(Mo ha:) = 0 71354 tt 

Specti~c ~~BVILY bt flotatux~ mclbod 

10307 mdependenl 
IoLCnslLICS 

\utom~L~c Nomus d!Ifriwlomeler 
Zr Wrcred MO racba~~oo. 0 20 scan tan 
O/h < 0 8Oll A-’ Reflecl~ons WIUI IWet) 
< 0 were discarded 

9206 F(hkl) values Correclmns for L P and for absorplioo accotis to 
Busmg & Levy 181 crystal bounded by 12 planes 

Jl=95cm-’ 



TABLE 7 

(a) COORDINATES AND TELIPERATURE PARAMETERS B OF THE Ht DROGEN ATOMS 

,lJoIrcul~ 1 

n(i) 
Cl(l) 
O(l) 
C(l) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
a71 
C(8) 
C(9) 
alO) 
C(l1) 
C(1.z) 
H(l) 
H(21 
H(3) 
H(4) 
H(5) 
H(6) 
H(7) 
H(8) 
H(9) 
H(l0) 
Hfll) 
H<l?) 
H(l3) 
H(l4) 
H(15) 
H(l6) 

alolzcuI.- 11 

Tit21 
cw) 
O(2) 
a131 
C(14) 
C(15) 
C(16) 
C(17) 
C(18) 
a191 
P(20) 
c(2l: 
C(?2) 
cx23) 
C(24) 
H(17) 
tl(18) 
H(19) 
H<20) 

0 50132(4) 
0 49066(6) 
0 7089(‘) 
0 282-J(3) 
0 3405(3) 
0 45371(3) 
0 5566(3) 
0 5868(3) 
0 5303(3) 
0 4160(4) 
03141(3) 
0 7966(3) 
0 9137(3) 
0914-l(3) 

0 7826(3) 
0 1013 
0 2910 
0 4731 
0 6366 
0 6824 
0 5934 
0 4132 
02571 
07512 
0 8149 
09015 
0 9992 
0 9446 
0 9907 
0 i362 
0 782-1 

0 0972zx-1) 

0 09994(6) 

0 1883(Z) 
-0 0379(3) 
-0 0146(3) 

0 0937(-l) 
0 2218(4) 
0 293513) 
0 2673(3) 
0 1605(3) 
0 0349(3) 
0 2336(3) 
0 3513(3) 
0 3002(3) 
0 1641(3) 

-0 1369 
-0 0983 

0 0717 
0 2779 

0 53353(3) 0 11921(3> 
0 38725(-l) 0 02542f.J) 
0 5159(l) 0 1183(l) 
0 5596(3) 0 1182(2) 
0 6477(1-b 0 1238(2) 
0 6853(2) 0 1696(2) 
0 6493(Z) 0 2302(2) 
0 562-Z(2) 0 270-I(2) 
0 4730(2) 0 2647(2) 
0 4355(1-j 0 2173(2) 
0 4715(3) 0 1565(Z) 
0 594 l(2) 0 1229(2) 
0 5514(2’) 0 0968(2) 
0 4515f2) 0 1303(3) 
0 4330(2) 0 1469(2) 
0 5595 0 0653 
0 6967 0 0764 
0 7538 0 1458 
0 6962 0 2398 
0 5588 0 3073 
0 4212 0 2997 
0 3600 02158 
04137 0 1261 
0 6472 0 0183 
06168 0 1906 
0 5542 0 0259 
0 5867 0 1376 
0 4015 0 0859 
0 4378 0 1849 
0 3701 0 1189 
0 a319 0 2165 

0 40416(3) 
0 -l9768(4) 
0 5372(l) 
0 2806(2) 
0 2663(Z) 
0 2701(Z) 
0 2927(a) 
0 3243(2) 
0 3410(2) 
0 3338(2) 
0 3069(Z) 
0 6710(2) 
0 6477(2) 
0 5805(3) 
0 5781(2) 
0 2774 
0 2577 
0 2638 
0 3020 

0 45553(3) 
0 59619(4) 
0 4197(l) 
0 3905(2) 
0 4809(!!) 
0 5468t2) 
0 5501(2) 
0 4878(3) 
0 3969K4) 
0 3307m 
0 3282(2) 
0 3422(2) 
0 4108(3) 
0 47!!5(% 

. 0 3317(2) 
0 3609 
0 5092 
06119 
06152 

Lui?) 
34 
26 
43 
25 
19 
26 
32 
37 
37 
17 
15 
25 
55 
63 
41 
62 

27 
37 
44 
31 

(contmued) 
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TABLE 7 (conlmued) 

H(21) 0 3859 0 3486 
H(22) 0 3472 0 3755 
H(23) 0 1751 0 3650 
H(2-S) -0 0220 0 3205 
H(25) 0 0630 0 5848 
H(26) 0 1974 0 5298 
H(27) 0 1831 0 7248 
H(28) 0 2538 06971 
H(29) 0 4005 0 7052 
HGOJ 04li7 06121 
H(3lJ 0 36-i-1 0 5261 
H(3”J 0 2751 06164 

0 519-l 38 
0 3768 49 
0 2698 1-I 
0 2642 21 
03111 3-I 
0 28i6 31 
0 3702 27 
0 2607 21 
0 .I-!72 3-r 
0 3779 47 
0 4966 30 
0 5282 36 

(b) PARAMETERS U, (IN IO-’ 4’) OFTHETEMPERAT~RE F4CTOR cxp [-2n’l(h2u*2U,, + I 
Zhho*kb’lJ,r 7 )I 

UII u22 u33 2”l? 2U23 2Ul3 

rlolccule I 

Tl(lJ 113(2) 
Cl(l) 172(3J 
O(I) 131(S) 
C(l) 159(12J 
C(2) 244(14J 
C(3) 336(16) 
C(4) 252(14) 
C(5) 242(13J 
C(6) 411(18) 
C(7) 1-l7(19J 
C(8) 276(15J 
C(9) 162(11) 
a 10) 182(12) 
C(1lJ 217(14J 
C(12’) 172(12J 

rlolecule II 
TI(!?) 133(2) 
Cl(“) 154(3J 
O(2J 205(Q) 
C(l3J 186(12J 
C(1-l) 411(17J 
a151 71-1(25) 
‘X16) 579(23J 
C(l7J 206(14) 
a 18) 218(1-l) 
C(l9J 385(17J 
C(20) 319(15) 
a21 J 398(17J 
Cr22) 257(15) 
C(23) 211<13J 
C(24J 354(16) 

145(Z) 
120(2J 
121(8J 
63lt2.l) 
-lO5(18J 
240(1-l) 
299( 15) 
381(17) 
305(153 
303(16J 
489(2OJ 
155(11) 
222(13) 
!?2~(14J 
181(12) 

10-l(2) 
166(3J 
16-l(9) 
145(11J 
115(12J 
153(13) 
182(14) 
192(1-s) 
163(13) 
158(12) 
154(12J 
201(13J 
329(17) 
244(14) 
222( 13) 

l-11(2) 
180(3J 
282(10) 
!?62(15J 
277(15J 
232(14J 
217(13) 
180(12) 
191(13) 
315(16J 
351(17J 
40X17) 
313(15) 
622(23) 
-l60(18) 

li6(2) 
181(3J 
24-l(10) 
311(15J 
320(16J 
193(1-l) 
345(17) 
781(28J 
693(25) 
345(16J 
205t 13) 
348(17) 
518(21) 
439(19) 
239(14) 

26(3J 
6(‘J 

15(12) 
68(28J 

353(26) 
199(24) 

43(23) 
192(24) 
225(27) 

--1’6(29J 
-3l-l(29J 

-52(19) 
---12(20) 
170(23J 
132(20) 

12(3) 
63(J) 

-87(15) 
-80(18J 

-105(23) 
130(29) 
278(29) 
129(23J 

4(21) 
26(23J 
36(21) 

-135(2-I) 
-265(26) 
-152(22J 
-121(23) 

-33(3) 
13(q) 
41(1-l) 

--162(31J 
-71(26) 
-52(22J 

-1iOf23) 
-96(23J 
153(23J 

-35(26) 
-327(31 J 

20(23J 
59(22J 

29.l(29) 
239(2a) 

O(3) 
--11(-t) 

-6(15) 
-56(2OJ 
-27(22J 

69(21) 
-77(25) 

-318(32J 
-163(28J 

-38(23) 
-38(19J 
-3Of24) 
-88(31 J 
-34(26) 

25(22) 

48(3) 
61(-o 
43(1-l) 

114(22) 
140(X, 
lSO(24J 

i3(22) 
3t21) 

199(34) 
-l-lb(30) 
379(1-i) 

-4(2!!J 
120(2lJ 
332(39) 

59(W) 

15(3) 
-26(-l) 

83(15) 
+I(21 J 

330(28) 
156(3OJ 

-486(32) 
--174(31) 

368(3OJ 
395(27) 

20(22) 
435(28) 
322(29J 

18(25) 
182(2,-r) 

later stages of the (arusotroplc) refinement, a difference Founer map F,-F, 
(Ti, Cl, 0, C) for low-angle retlechons only, clearly showed alI hydrogen atoms 
Their posltlons were at first ~sotrop~ally refined and m the final stages fired at 
1 08 4 from the C atoms, without changmg the observed C-H dlrectlons Dur- 
ing the final refinement cycles, the welghmg scheme used was w = [w,-’ + 
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0 0004 F]-‘, w, 

[z(AF)‘/zF,*] u, 
berg the weight based on countmg statlstrcs The index R = 
decreased to 0 0588 and R, = [Cw(u)?/zwF,‘] * to 0 0544 

The final coordmates and standard devmtlons as calculated by the least-squares 

program are lIsted m Tabie 7 A list of observed and calculated sh-ucture fac- 
tors IS av&ble on request AU cakulahons were performed on a Cyber 74-16 
computer. 
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