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Summary

Thermal decomposition of (CsH;),Ti(CH;), in alkane or benzene solution
vields primarily methane, with only traces of ethane. Methane is produced by
hydrogen abstraction from both the cyclopentadienyl rings and from the methyl
groups, but never from the alkanes or benzene. A scheme of decomposition is
suggested involving two paths, each with a two stage formation of methanes. A
very much slower ethane formation competes with the second stage. Strong evi-
dence exists for slow hydrogen exchange between the cyclopentadienyl rings
and the methyl groups prior to significant production of ethane. Decomposition
in diethyl ether yields methane, much of it arising through hydrogen abstrac-
tion from the ether. Decomposition in CCl, and C,Cl, yields mainly methane -
but also some methyl chloride and ethane. Both diethyl ether and C,Cl, almost
block methane formation through ring attack.

Introduction

Only brief references have appeared [1—3] to the thermal decomposition of
dicyclopentadienyldimethyltitanium(IV) although there have been several stud-
ies of dicyclopentadienyldiphenyltitanium(IV) [1—7] and of dicyclopentadienyl-
dibenzyltitanium(IV) [6—9]. This paper reports a preliminary study of the ther-
mal decomposition of (Cs;Hs),Ti(CH;), and compares the findings with those
reported for related compounds. Emphasis is on the role of the solvent.

Experiméntal

(a) Prepardtion of materials )
All stages of the preparation were carried out either within a glove box or
within a vacuum rock as described previously [10], although the product com-
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‘{pound is not air sensitive. and was handled in the open atmosphere once prepar- -
“ed-and punfied Startmg materra]s ‘were purchased in pure grades and purified as -
’-necessary Solvents.-were. dned dlStllled under vacuum -and stored in the dry box
before. mtrogcn was admitted. (CsHs)zTrclz and solutrons of the organohthlum _
compound were.used as’ purchasea L s
T (CsDs )2'1‘1012 was prepared by the méthod of Martln et a.l [11 12] mth some
.-vanatlons 2-methy1a]lylmagne51um chloride was uséd rather than the croWl
. ether was removed and cyclohexane added without filtering to remove magne—
-sium chloride, ‘and D, was used to generate the hydnde “The cyclopentadrenyl
' nngs in the fmal product were 30% deuterated.
“(Cs Hs) Ti(CH 3)2 Was prepared by a modrfrcatron of the method of Clauss a.nd
‘Bestian {13]. Two droppmg funnels were charged in the glove box, one with
25 ml ofal.0 M solution of me hylhthmm in diethyl ether and the other with .
50 mlof diethyl ether. A three neck, 150 ml flask containinga stirrer bar was

: charged otitside the box with 2.87 g (0. 115 mol) of (CsHs),TiCl,. The dropping

" funnels were attached and the flask evacuated up to the funnel stopcock The
flask was maintained at 10°C and shielded from light while first the ether, then
the methyllithium solution, were slowly added with stirring. The resulting
orange-brown solution was allowed to stir for 20 min. Decomposition of excess

‘" methyllithium by adding ice/water created two liquid layers. The ether layer

- 'was separated and the orange product obtained by evaporating the solvent under
vacuum. These crystals were then recrystallized: from n-pentane. Orange needles

- in 80—85% yield were obta.med The rnatenal was stored in the dark at 255 K
prior to-use. .

(b) Thermal decomposition studies
" The standard vessel for decomposition studies in solution was a simple glass
~tube sealed by a stopcock and fitted with a taper joint. The solution in question
was injected into the tube, and the tube evacuated while the solution was frozen
“at liquid nitrogen temperatures. The stopcock was closed, and the contents
warmed to whatever temperature was required. For decomposxtlon in the solid
state, the same simple tube described above was used Some studies were also
conducted using break-seal iubes.
Gas-hquld chromatography and NMR spectrometry were used to 1dent1_fy
products and mass spectrometry to determine deuterium content. For mass
—spectrometry, accurate determination of 1sotop1c distribution for a given chem-
ical species was enhanced by taking successive samples at approximately 80,
200 and 273 K. Instrumentdtion utilized involved a Bruker HX-60 for NMR -
spectrometry, A.E.I. MS-10 for mass spectrometry, Beckman IR-10 and Perkin—
Elmer 180 for IR spectrometry and a Hewlett—Packard 5750 for gas-liquid
' chromatography.v . :

Results and dlscussmn

, Data on the volatlle products of thermal decomposrtlon are summarlzed in
»Table 1

b(a) Decomposxttons m benzene and in alkanes L ) :
Expenmnnts 11 to 16 demonstrate that h Jdrogen atoms ongmally present in
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- the cyclopentadlenyl rmgs are eventually found 1n the methane. However the

_ _deutenum content is 51gmf1cantly lower- than that in the rings, so that ring at- -

- tack is not the only mechanism operating. The absence of CH,D among the '

_ products in experiments 8 and 5, and the. SImﬂanty of the products in experi-

~ ments 12 and 138, suggest that nelther benzene nor alkanes provide a source of
hydrogen, further evidence against the free radical mechanism favoured by early
investigations [1,2]. Other methyl groups must therefore supply some of the
hydrogen.

Glivicky [6] proposed two schemes consmtent w1th these data for the decom—
position of (CsHs),TiR,, and Boekel et al. [7], in a carefu: study, showed that
both schemes operate, and are of comparable 1mportance ‘for the case where
R = phenyl. The two schemes, expressed for R = methyl, are shown below. A
step for the formation of ethane is added, in accordance with the data reported

here.

SCHEME 1

(CsHs),Ti(CHs), B (CsH;)(CsH,)Ti(CH;) + CH,
(2a) | (2b) :
(C:F ),Ti+ CH;y; (CsH;)(CsH,)Ti+3 C.Hg
SCHEME 2
(C:H,).Ti(CH.), ? (C.H,),Ti(CH,) + CH,
(C))]
(CsH)(CH,)Ti(CH,3)
(5a) (5b)
(CsH,),Ti + CHE (CsH,)(CsH,)Ti + 4 C,Hj

Table 2 summarizes the isotopic distributions expected in the products of
each part of the two schemes. These calculated values are based on a model in
which each molecule of (CsH;),Ti(CH3), has, originally, the average isotopic
distribution, three deuteriums among the ten hydrogens on the rings.

Table 3 shows the final distribution expected from various combinations of
the steps shown in Table 2. Many variations could be postulated, such as varying
relative importance of Schemes 1-and 2, or varying degrees of completion of
the methane producing steps in each scheme Such variations do not affect the
following comments.

Methane in e_{penments 11 12, 13 and 14 contains too httle CH3D for
Scheme 1 (Table 3, line 1) and too much for Scheme 2 (Table 3, line 3) but
agree well with a postulate that the two are comparably important (Table 3,
line 5). Neither Scheme, however, can explam the observed distribution in
ethane without an additional hypothesis: Ethane has not been observed pre- -
viously [3] and is present in minute quantities. It has an exceptionally high
deuterium content, mcludmg substantial amounts of C,H;D; and C,H,D,.
These last materials cannot arise by either reactions 2b or 5b.

Itis suggebted that mgmﬁcant exchang" of proton oceurs between methyl
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TABLE2 B _
DISTRIBUTION 'OAF ISOTOPES IN PRODUCTS OF EQUATIONS 1 TO 5 (SCHEMES 1 AND 2) FOR
MATERIAL USED

‘Reaction product distribution

(a) First step processes

1 - Methane CH4/CH3D 100 : 43

3 Methane CH4 100

(b} Second step processes assuming no scrambling

2a - Methane CH4/CH3D 100 : 43

2b Ethane C2Hg 300

S5a Methane CH4/CH3D/CH,>D5 100 : 85 : 18

5b Ethane C2Hg/C2HsD/CoH D, 100: 85: 18

(c) Second step processes assuming total scrambling after initial process
2a’ Methane CH,/CH3D/CH;D5/CHD3; 58:100:35: 2

2b’ Ethane C2Hg/C2HsD/C7HgD7/CoH3D3 45 : 100 : 76 : 23
5a’ Methane CH4/CH3D/CH,D5/CHD3 50 : 100 : 43 : 4

5b’ Ethane C2Hg/CoHsD/CoH 4D, /CoH3D3 39 - 100 : 89 - 33

groups and cyclopentadienyl rings. Exchange between ring hydrogens and hy-
dride hydrogens has already been established for the species (CsH)(CsH,)TiH
[14], which also exchanges hydrogens with D,.

Separate experiments indicate that such exchange does not occur in (CsHs),-
Ti(CH;), prior to decomposition. Material with partially deuterated rings was
stored at 255 K for four weeks and at ambient temperature (both as a solid and
in a benzene solution) for an hour before being treated with aqueous HCl. The
resulting methane contained no deuterium. Similarly infrared spectra of material
stored over even longer periods show no evidence of deuterium in the methyl
groups. It is therefore believed that exchange occurs subsequent to decomposi-
tion beginning (i.e. subsequent to processes 1 and/or 3). This evidence also im-
plies that no ethane is formed in a process simultaneous with reactions 1 or 3.
Since there is no hydrogen exchange in the undecomposed material, such a
process could produce C,Hg only. The high proportion of deuterium in the
ethane shows that most, and probably all, must be formed subsequent to ex-
change and therefore subsequent to processes 1 and 3. On the other hand, most
of the methane formed in the second stage (processes 2a and/or 5a) must be
formed prior to exchange. Table 3, lines 2, 4 and 6, show that a much higher
level of CH,D, would otherwise be observed.

TABLE 3
DISTRIBUTION OF ISOTOPES IN METHANE ARISING FROM VARIOUS POSSIBILITIES

CH4/CH3D/CH,D,/CHD3

Process 1 complete, process 2a to 50% completion, 100: 43 :0: 0
Process 1 complete, process 2a’ to 50% completion, 100 : 66 : 11 : 1
Process 3 complete, process ba to 50% caompletion, 100 : 17 :3
Process 3 complete, process 5a’ to 50% completion, 100:22:10:1
First and third above proceeding equally, 100 : 29 : 2

Second and fourth above proceeding equally, 100 : 41 :10:1




Whereas there is no ev1dence of dlrect partlclpatlon of a.lkanes or. benzene in -

' the decomposltxon processes expenment 7.shows that almost half the methane g _"

produced involves- abstractlon of a hydrogen from the solvent Moreover ex- _ -

periment 15.shows that with ether present little methane is produced by attack
on the cyclopentadlenyl nngs. o .

(c) Decomposmon in CCI4 and C2 Cl4 :

‘Brief examination of decomposition in these solvents showed that they ex- .
hibit similar behaviour. Methane is by far the most abundant volatile product
but methyl chloride and ethane appear in small amounts. Whereas in alkanes or -
benzene, the resuliing solution is green (when viewed against strong light) and
the product solid a green-grey precipitate as described by Bercaw et al. [14],
(C:H;).TiCl, and (CsH;)TiCl; are the major products in these solvents. Experi-
ment 16 shows that C,Cl,, like ether, blocks abstraction of hydrogen from the
rings. This is consistent with the observed nature of the product solid.

Comparzson wlth related systems

Thermal decomposition of alkyl-transition metal compounds has been ex-
plained, for alkyls having a hydrogen on a carbon f§ to the metal, in terms of an
olefin/hydride intermediate arising from the abstraction of a “S-hydrogen” as
established by De Vries [15]. Such an intermediate has been proven convincingly
in only a few cases, such as di-n-butylbis(triphenylphosphine)platinum(II) [16]
but there is considerable consistent evidence for many compounds. A somewhat
analogous intermediate, involving an ortho-phenyl position, has been put for-
ward for (CsH()‘)Ti(C(,HS)z‘ [17]

‘For methyl compounds, a-elimination via a carbene/hydride intermediate has
been proposed for methylchromium(III) compounds [18,19], (CH,).TiCl, [20]
and (CsH;).W(PR;)(CH;). [21]. For (C;H;),Ti(CHs),, it can only be said that
the evidence is not inconsistent with an intermediate hydride arising either from
the rings (Scheme 1) or from a methyl (Scheme 2). Conditions which favour
hydride formation lead :to rapid alkane elimination. Introduction of hydrogen
gas results in the facile and quantitative elimation of 2 CH,.

" If reversible hydride formation occurs in (CsHs).Ti(CH,)., involving the for-
mation of CsH, (Scheme 1) or CH, (Scheme 2), it can be seen that this process
would lead to hydrogen exchange in the reduced compound resulting from
processes 1 or 3, since the other potential hydrogen accepting group would be
present in each case. This would account for the highly deuterated ethane ob-
tained. The results imply, however, that the exchange process is slow compared '
to processes 2a and 5a but rapid compared to processes 2b and 5b.

“The attack on ethers has been observed for both CH,TiCl; [20] and (CsH;).-
Ti(CsHs), [7]. For both, it has been suggested [20,23] that abstraction follows -

" coordination, with the_additional suggestion, in the latter case, that coordina-
tion occurs only to a reduced species formed through an analogue of either
Scheme 1 or Scheme 2. In the case of (CsH;),Ti(CHs),, however, the absence
of CH;D indicates that ether blocks processes 1 and 4. This suggests that ether

_is coordinated from the beglnnmg, blocklng the necessary rearrangement of the
rmg : e



Decompos1t10n in CC14 and C.Cl, produceu some CH,CI. Although this is
analogous to the production of CHsCl from (CsH;).Ti(Ce¢Hs)» in CCl, [71, and
of CH;Cl from CH;TiCl; in both solvents [20,22], the proportion of RCl to RH
is very much lower in the case of (CsH;),Ti(CH;),.
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