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Summary

Electron impact (EI) and negative ion chemical ionization (NCI) mass spectra of
twenty-four derivatives of dicyclopentadienyltitanium(IV) dichloride and eleven
derivatives of allyldicyclopentadienyltitanium(IIT) were investigated. For EI spectra
of these 24 compounds most of the molecular ion peaks were not discernible. The
characteristic fragment ions (M — Cl)*, (M — 2C))*, (M — 2HC))t, (M — RC;H,)*
and (RC;H,)* were observed. The NCI mass spectra of these 24 compounds
exhibited strong molecular ion peaks and a series of ions giving structural informa-
tion.

The EI mass spectra of n’-allyldi-n’-cyclopentadienyl-titanium(III) compounds
showed molecular ion peaks with low intensity and a series of cyclopentadienylti-
tanium ions and ions characteristic of allyl groups.

Introduction

The mass spectra of (7>-CsH;),MX, (where M =Ti, Zr, Hf; X=F, Cl, Br, I)
[1-4] have been reported. The spectra are relatively simple and show competitive
loss of the halide and C;H; after ionization. In all cases, the highest m/z ion is the
monomeric parent molecular ion. In this paper, an extensive#%ys\has been made of
twenty-four derivatives of dicyclopentadienyltitanium(IV) dichloride and eleven

* For part IV see ref. [8]
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derivatives of allyldicyclopentadienyltitanium(III). The fragmentation pathways are
discussed.

Results and discussion

The electron impact (EI) mass spectra of compounds (7°-RC;H,),TiCl,, 1-24,
are
( RCsH4),TiCL,

1. R=CHgj 9. R =CH,=CHCH_ 17. R =CyHgOCH,CH,
2. R=C3Hg 10. R =CH3CH=CHCH,
3. R=n-~-C3H7 11. R=CH;=CCH;
4. R=n~C4Hg 18. R=
5 R=n~CsHy CHj3
6. R=CH3(CH2), CH 12. R=(CH3)2C=CHCH2 CeHs

13. R=CH=CHC (CH3)>

CH, 14, R=CH2=CHCH

7. R=cyclo -~ CsHg 19. R=
8. R =cycio-CgHyq n-CaHy

15. R=CHp = CHCH2CH == CHCH3 m-CH3CgHg.

16. R = CH30CH2CH2

20  R=

p-CH3CeHa

21. R=CgHsC(CH3);

22. R=CgHsC(CH3) (CHs)

23, R=CgHsC(CyHs),

24. R = p-CH30CgH,4C (CHs),
listed in Table 1 (only ions of importance are listed). In most of these spectra,
molecular ion peaks were not discernible; only for compounds with an alkyl
substituent were molecular ion peaks of low intensity observed. The major degrada-
tion pathway of the molecular ions formed from the complexes involved the
successive elimination of chlorine to form intense peaks corresponding to (M — Cl)*
and (M — 2CD)*, respectively. In addition to the elimination of two chlorines;
elimination of 2HC1 also occurred competitively. Another degradation pathway
consisted of elimination of the substituted cyclopentadienyl ligand giving intense
peaks corresponding to the (M — RC;H,)™" ion. Elimination of C,H,, C;Hg and
2H from n-C,H,C;H, produced intense peaks at m/z 91, 79 and 77, respectively
(Scheme 1).

Unlike the spectra of derivatives of unsubstituted cyclopentadienyl, the spectra of
compounds 1-8 contain a very intense peak corresponding to (M — 2HCI)*, which
has a greater intensity than that of (M — 2Cl)*. Introduction of an alkenyl group or
another complex substituent into the cyclopentadienyl ring (9-24) causes an in-
crease in the intensity of the (M — 2C]) peak which is greater that of the (M — 2HCl)
peak (excepting compound 15) (see Table 1). Of special interest is the occurrence of
a prominent adduct ion (M- Cl+ C,H,,_,) (n=3-4) in the spectra of com-
pounds 9-11. The product was postulated to have arisen from the reaction of the
initial (M — C)* product with a neutral molecule C,H,, _, (n=3-4).

(Continued on p. 120)
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~C.H ~C3H, -2H
(CrH)* €«—2°  (n-CuHgCsHg)* — 25 (CeH7)* ———> (CgHg)*
m/z9 m/z 121 m/z 79 m/z?77
-n-C4HgCsH --cl --Cl
(N-C4HgCHATICl ) €822 74, ((n_CHgCaH ) TiC )t ——— > (M-Cl)* —— > (M-2C1)t
m/z 239 Mt m/z 360 m/z325 m/z 290
—HCL -2HCL ~C4Hg -C4Hg
(CoHyTiCI )+ (M-2HC1)* (M-CL=C,Hg)* (M -2CI-C4Hg)*
m /z 203 m/z 288 " m/z269 m/z234
-Cs4Hg
(M=2HCL-C4Hg)}
m/xz 232
SCHEME 1
~-H +
——> (CpHyp )7
—(CgHs),Ti
CH1 ———————— (CpHzp- 1)t —
(CHjy)x —2H
——> (CpHap 307
(CoMglpTi ) —
-CsH ~CgH
2 (CoHg)Ti ——> 2% Tit
(CHy)y
/ m/z 113 m/z 48
~CpHap.
CHa P20 (CoHTi ]
m/z 178
~CoH + -~CgH +
L2 3 CoHgTi > 25 T >
m/z 152 m/z 87
(CgHgs)t
~CHy
m/z65
CH
il
C+
m/z 73

SCHEME 2. Possible fragmentation pathways for compounds 25-35.
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In an attempt to obtain a greater abundance of ions characteristic of the
molecular weight, we determined the NCI mass spectra of compounds 1-24 using
CH,, as the reagent gas. A selection of our results is presented in Table 2. The major
ions observed in all spectra are molecular ions, occurring mostly as base peaks.
Thus, the CH, negative ion chemical ionization (NCI) mass spectra are preferred
for providing molecular weight information. In addition to forming molecular ions,
the NCI mass spectra of compounds 1-24 exhibited a series of ions giving structural
information: (M + Cl)~, (M - Cl)” and (M + C1—- RC,H,)™ (except 16, 17). For
compounds 1-5, 7 and 17, the ions (M+ H—-R)", (M+2H—-R)", (M +Cl—
R+ H)™ and (M + Cl — 2R + 2H) ™ were observed. The adduct ion (M + Cl)~ was
formed by an ion-molecule reaction, because the chloride ion may have acted as a
nucleophile in the gas phase. The adduct ion (M + C.H,, ,)” (n=3-4) were
observed in the NCI mass spectra of compounds 9-11. Similar adduct ions
(M—-Cl+CH,,_,)* were seen in the EI mass spectra. The other ions (M —
CH,C(H;)", (M —-CH,)", (M—C,H,— C;H,)” and (M — CH;0CsH;) were
also observed for compounds 19-24, respectively.

The NCI technique is a successful and simple method for determining the
molecular weight and for obtaining valuable structural information of organome-
tallic compounds.

At present little is known about allyl complexes of titanium(III) or of the other
oxidation states of titanium. The compounds (C;H;),TiR (R = allyl, 1-methylallyl,
2-methylallyl, 1,3-dimethylallyl and 1,1-dimethylallyl), are extremely air-sensitive
complexes [5]. The infrared spectra indicate [5] that the allyl ligands are #-bonded

TABLE 3
EI MASS SPECTRAL DATA OF COMPOUNDS 25-35 (relative intensities in parentheses)
- Compound M* (CsH;),Ti* C,HTi* Other ions

25 261 178 113 152, 87,73, 48
21.0) (100) (53.8)

26 275 178 113 96, 81, 67, 55, 41
(7.0) (100) (33.0)

27 289 178 113 152, 87, 81, 55, 41
©.0) (100) 13.0)

28 317 178 113 140, 95, 81, 69, 55, 41
(7.0) (100) 17.0)

29 331 178 113 152, 81, 67, 41
4.0) (100) (28.0)

30 345 178 113 166, 111, 97, 83, 69, 55, 41
31 (89) Q)

31 373 178 113 194, 95, 81, 67, 55, 41
4.0 (100) (19.0)

32 233 178 113 87,73, 55, 41
.5) (100) (21.6)

33 261 178 113 152, 87,71, 57, 41
(6.4) (100) (20.0)

34 261 178 113 87, 67, 55, 41
amn (100) (31.0)

35 287 178 113 108, 93, 77, 53, 41

a1 (100) 12.9)
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to the metal, as are the cyclopentadienyl ligands. The mass spectra of allyl
complexes of Ti, Nb and Ta together with the methylallyl complexes of Ta were
reported in 1974 [6]. The fragmentation patterns of the complexes (CsHs), MR
(M =Ti, Nb, Ta) do not depend strongly on the nature of the metal or on the
position of the methyl group. In all cases fragmentation starts with elimination of
the allyl group. Recently alkenyldicyclopentadienyltitanium complexes have re-
ceived attention [7]. We have studied the EI mass spectra of allyldicyclopen-
tadienyltitanium(III) for compounds 25-35 and in all cases the molecular ion peaks

CHs
(CHy),
(CgHg),Ti ,Z (k=x+y)
(CHz)y
CH5
25 k=1 29. k=6 32. (CsHs)Ti 2
26. k= 2 30. k=7 \
33. (C5H5)2Ti I};—
27. k=13 3. k=9
28. k=5 34. (CsHs)Ti )

35. (CeHe)oTi

N

were observed, with low intensities. The prominent ions are listed in Table 3. The
fragmentation pattern of 1,3-disubstituted allyldicyclopentadienyltitanium com-
plexes is similar to that of the Cp,Ti(w-allyl) complex. The mass spectra of
compounds 25-35 show that the molecular ions decompose via two routes resulting
in the elimination of R and (C5H,),Ti and the formation of (CsH;),Ti* and R*.
The major metallic ions are formed by loss of C;H or C,H, from (C;H;),Ti, and
(TiC,H,)* was formed from (C;H,TiC,H,)" by elimination of C;H,. The R* ions
lose H or 2H to give (C,H,,)" and (C,H,,_3)".

Experimental

The mass spectra were recorded on Finnigan 4021 quadrupole mass spectrome-
ters. Methane was used as the NCI reagent gas at a pressure of 0.3 Torr. The source
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temperature was 200°C for NCI and 250°C for EIL The solid insertion probe was
used at 50-250°C. Some of the data of allyldicyclopentadienyltitanium compounds
were recorded on Varian Mat 311 at the Max-Planck Institut fur Kohlenforschung
in West Germany.
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