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Summary

A study of elect*on-unpact mduced processes of thn:ty substltuted styrene——
bis(tricarbonyliron) complexes XC¢ Hs C(R*)=CRF [Fe(CO); 12, and of some ten
corresponding styrene free ligands is described. All the mass spectra of the or-
ganoiron complexes are characterized by the consecutwe losses of carbon mon-
oxide followed by loss of one or two iron atoms

[LFexCO) ] @ Lrey (), €l Lre @,

Dependmg on the nature of the substltuent X and its posmon on the styrene
ligand, the organic moiety-in LFe" ruptures in four main modes: (d) loss of
neutral methane when X =H, CHj, C;Hs, CH;0 and F; R®*=CH, and Rf=H;

(e) loss of neutral acetylene when X =H, CH;0; R® =H and R? = CHj; (f) loss of
HX when X = halogen, R* = H, CH, and R# = H; (g) loss of iron. In the halogen-
containing organouon complexes, the ionic fragment LFe;’ predominates in the
mass spectra. It is characterized by its tendency to lose a neutral alkyne mole-
cule to yield the con'espondmg ionic¢ fragment of diiron—halogenobenzene

- [mode (b)]. Unlike the organoiron complexes which eject neutral. molecules
the corresponding free ligands tend to lose mainly radical species.

, The preparation and properties ‘of nine hitherto unreported styrene—bls-
(tncarbonyhron) complexes are descnbed :

Introdut:tion .

Since 1964 extenswe mvestlgatlons of the relatlonshlp between the struc- S
ture of organometalhc compounds and their fragmentation patterns on electron -
impact have been described in the literatuce [1], and similarities have been: .
pointed out between the behavior of these materials and that of orgamc com-: L

pounds [2] In addltlon to sunple bond. cleavage neutral molecule elnnmatlon




was also found w1th and ‘without new bond forrnatlon [3] Often new bond *’or—' -

mation was explained by rearrangement involving a cyclic transition state with: . -

the metal atom in the ring [4]. For such cases, variation'in’ the abundances of .

’ peaks could be attributed to the distances between atoms or groups of atoms i in- *.’ :

N volved in the ehmmatlon ‘if no rearrangement occurred prior to such a process

E - We. report here the results of the mass spectral study of a senes of styrene—

bls(tncarbonyhron) complexes [(A), (I)— (XXX) in the Tables] The prepara- - .
tion and description of most of the complexes have been given in an earlier pub-

. lication [5]. Previously unreported complexes [(VII), (IX), (XI), (XIV),

(XXVI)—(XXX)] and deuterium-labelled analogs of the: complexes of a-methyl-

. styrene and p-chloro-a-methylstyrene, all of which have been prepared by -

- photocheniical reaction of the styrene with Fe(CO)s, are described in the Ex-

' penmental Section. .

Results and dlscussmn

A few of the fragmentation trends that evolved in which iron remains on _
the orgamc skeleton are summa.nzed in Scheme 1. Tn most cases the molecular

. SCHEME 1

(a) Stepwxse loss of 6 CO. (b) ‘Where X =hal, R®= CHj3, H: R[g~ H. (c) For all substltutxon (d) Where R°‘
. CHaz: RE='H: X =H, CH3, C¢Hs. CH30. F. (e)R“-H Rf’-cn3 X = H, CH0. () R®=CH4, H;RP = HiX=

- kal! (g) For all substitution.
(CO)5Fe +

=CH » Fe [CaHaR%R” - Fe] ¥

—e"|(@ S —CH\(@ - (f)/-HX

Yo 2Fe

(M-6CO)* = LFe,
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ion peak is apparent but only in very low abundance All mass spectra a.re :
characterized by the consecutlve loss of neutral CO .and the metal atoms” [modes -
(@), (c)and (8)],a fragmentation sequence ‘well-documented for metal carbonyl
complexes [1c]. A dommant peak in most of the spectra studied was that in

ohinh Fe, Flho Tn rafaread ne T oAt
which one iron remains on the .Luua.ub usa.uu This ion will be referred to as LFe

(ligand—iron) and will assume the role of the base peak in reference to relative: - ‘
abundances. In none of the cases studied where iron remains in the ionic frag-

' ment was there observed loss of carbon from the original six-membered ring of -
the ligand. Rather the rupture of the organic moiety involves elimination from
ring positions and from the sidechain, and both the relative intensities of frag-
ments and the type of fragmentation are affected seriously by the nature of the
substituent w.nd its position on the styrene ligand. Whereas in the fragmentation
of the organoiron complexes neutral species are generally extruded (e.g.; H,,
CHa, halH), in the corresponding free ligands, loss is mainly of radical species”
(e.g.; H, CH;, hal). Such comparisons on a more quantitative basis are given in
Table 1. Modes of fragmentation in the complexes as a function of substitution
are discussed below and compared with general trends observed in the free
ligand.

Methyl substitution

When methyl was substituted at the a-posmon of the onglnal styrene (R* =
CH;, Rf = H), a significant mode observed was that of elimination of a molecule
of methane from the ion LFe"" to yield the corresponding ionic fragment of
iron—arylacetylene [mode (d), Scheme 1 and (I)— (XI), Table 2]. Thus, the
complex of a-methylstyrene-d; with all deuterium in the sidechain gave exclu-
sive elimination of a CD4 molecule (Scheme 2)%.

SCHEME 2

CD, +*
: —CDg4

\ ‘- Fe —_— C=CD -~ Fe

CD, A

The presence of a second methyl group at a ring position does not affect the CH,
elimination (Table 2), nor is part of the methane derived from the ring methyl
group since in the absence of the a-methyl group [(XXIV), Table 2] no such
elimination is observed. In the a-methyl-substituted free ligands the cleavage of
methyl becomes a major mode of fragmentation comparable in importance to
methane elimination from the corresponding complexes (Table 1). o
When, on the other hand, methyl is present at the -positicn, ehmmatlun -
of a molecule of acetylene from LFe' is a dominant mode of fragmentatlon
[mode (e), Scheme 1 and (XII) and (XIII), Table 2], and no methane loss is ob-
served. Similarly in the free ligand loss of the methyl radical is suppressed and
. ‘here the major fragmentation processes are derived from cleavage of hydrogen
- atoms and C, and Cj; units (Table 1).-

The mass spectra of three methylstyrene complexes where methyl is at the-
: " (continued on p 71)

+-

* Methane ehmmanon from 5.5—d1methylcyclohexadienetnca.tbonyhron to glve the aromatxzed hgand
has been prevmusly reported [G] . . :
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Flg 1. Mass spectra of methylstyrene—bls(tn‘.a.tbonyhxon) 1somers

o, the B and the p~pos1t10ns of the hgand are’ represented in. Flg 1 to show the :
v_dramatlc dlfference in thelr modes of fragmentatlon T SR
,Halogen substztutzon S ' ‘ : . '
“When halogen (Br, Cl, F) is present ona 1'1ncr posxtlon the predommant
fragment containing iron is that compnsed of the ongmal styrene ligand and -
- two.iron. atoms: (LFez, Tables 3 ‘and 4). From' ‘this ion therei .observed; loss

of acetylene or propyne when the 51decham1s compnsed of a iimyl ’group ‘or an
_,',Eopropenyl group, respectlvely [mode (b), Scheme 1] It could e shown’ from L




- deutenum labellmg that the neutral alkyne lost is denved solely ﬁom the 51de- '
‘chain (Scheme 3). In contrast, while the loss of propyne from a-methyl-subsn- :
'tuted free styrene hgands is an important process in most cases,’ 1t becomes
' mmor when halogen is present on the nng (Table 1) o

_SCHEME3. - - e o o .,
T = ¢cs T+ ' S
c: « 2Fe —C30a CIOD - 2Fe
— - .\Cbz_ o : .

The LFe" ions containing halogen at a ring position are in relatively lower
abundance in the spectra, probably because they undergo facile elimination of a
hydrohalide molecule [mode (f), Scheme 1]. The order is HBr> HC1> HF, and
for a-methyl-substituted members of this series such fragmentation is at the
expense of methane elimination from the sidechain (Table 3). Halide elimination
from the corresponding free ligand was a comparable process to the loss of
hydrohalide from the complexed species (Table 1). At first glance it seems that

~ the ion formed might have a ferrobenzyne structure as a result of 1,2-dehydro-
halogenation from the ring. We found, however, that from the p-chloro-a-methyl-
styrene-ds complex where all deuterium is in the sidechain, HCl and DCl were

_eliminated to about the same extent. Furthermore, it appears that hydrogen loss
from the sidechain is preferred on comparison of HCI elimination from the
chlorostyrene isomers (Table 4), the 6-chloro-isomer showing far more than that
of the 4- and 5-chloro isomers. It is suggested that the elimination takes place
by way of a cyclic transition state in which iron plays a central role. Further
evidence for the interaction between iron and halogen is given by the appearance
of the FeX"ion in most of the mass spectra of the halogen complexes*.

Aryl substitution :

. In aseries of complexes in which an aryl group is present at the a-position
of the ligand, there is no observed elimination of a neutral arene species from
LFe" analogous to methane elimination in the a-methyl series, nor is there rup-
ture of the aromatic carbon skeleton while iron remains on the fragment in which
the aryl substituent is at an a- or ring-position. Fragmentation of the organic
portion is derived only from substituents on the complexed portion or on the
free aryl group; e.g., elimination of methane from the isopropenylbiphenyl com-
plexes [(VII)— (IX), Table 2] and minor loss of methyl radical, formaldehyde
and methanol from the two isomers of p-methoxy-«-phenylstyrene [(XXIV )
and (XXV), Table 5]. When methyl is present at the p- posxtxony of either the -
aryl substituent or the complexed ring, there is minor cleavage of a molecule of
hydrogen [(XXVI) and (XXVII), Table 5], but when the methyl group is at the
o-posxtlon of the aryl substltuent** the ehmmatlon of neutral hydrogen from

. ¥ Similar loss of Hhal trom the mono(tncazbonyhron)—halostyrene complexes [5] mdxcates that the -
'_ eliminatlon of Hhal is indeed from the LFe" ion and not elimination of HF ehal !!om the LFez 1on. o
L - The cozrespondmg isome: in which the 6- methyl group is present on the complexed ring was not -
B detected in t.he reactmn in which’ (xxvm) was synthesized. The steric requu:ement.s in such acom-
plex wou.ld presume a sn'ong mteractxon between the methyl group -and the a-phenyl subshtuent
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: LFez ‘and’ LFe becom&s a ma]or process [(XXVIII), Table 5]. It is assumed for o
the latter case that a cyclic transition is involved in which the ongmal methyl
carbon serves as the bndge between the two rmg systems

Fe(CO)3 Fe(CO)3 -
EXX1TV) (XXV)
(co;;i, (c0)3re‘_‘, (cogpe‘__,
CH5
/ AN / N\ / N\
Fe(CO)3 F'e(CO)_-, Fe(CO)3
XXVI) (XXVII; (=TI

«,B3-Polymethylene substitution (1-phenylcycloalkene complexes)
Two complexes derived from 1-phenylcycloalkenes (B) showed dominant
fragments resulting from the loss of neutral hydrogen molecules (Table 6). In

(COiFe :

Fe(CO)3
(€=} n=12-

the case of the l-phenylcyclohexene complex (XXX) the direct loss of 4 hydro-
gens points to a straightforward aromatization of the cyclohexene (Scheme 4),
for which precedence has béen shown in the study of cyclohexadienetricarbonyl-
iron {7]. Though such elimination is also observed in the free 1-phenylcyclo-
hexene ligand, it is not the exclusive pathway of fragmentation; instead it is-

. subdued by modes in which carbon-containing species are cleaved (Table 1).-

SCHEME 4




_,;.The cleavage of one and two molecules of hydrogen and a molecule of
: thylene from the cyclopentyl complex (XXIX) cannot be, mterpreted in. terms

,.,_j"of a.romatlzatlon. Itis sugges*ed rather that a. part if notall of these processes
- J_»'_foccur concerted with or after ring opening of the cyclopentene Such ring- -
= {‘openmg might: proceed in analogy to methane elimination from a-methyl-:-

; styrene complexes, i.e.; with-the formation of phenylalkyne (Scheme 5). Cleav-
- age- within the free hgand also indicates. rupture of the cyclopentene ring but
o with ehmmation of rad1cal fragments : o

. SCHEME- 5.

- H72

O[O -

,m=1,2'"'7- 7> S N m=12

l A . e
' l - =CyH, [@—CECCH=CHCH3 - Fem:|

B U R N m=12
S » S - + —Hy
: O v * Fep | or ==CCH3z- Fepy,
‘ ' m=1 ) ) +e
lic:zccsccw3 . Fém:l

m= 12 .
-Er:perirnentali, '

- . Mass spectra were carried out on a MAT CH-5 Spectrometer, using the
. d1rect inlet system. The electron energy was maintained at 70 eV and the ioni-

. zation current was maintained at 300 uA. The abundances of ions are. glven in
o percentages relative to the LFe" -peak ion. -
T (AL styrene—bls(tncarbonyhron) "omplexes were synthes1zed by photo-r
chem1ca1 reaction of the styrene substrate with Fe(CO)s according to the proce-
o 'dure g1ven in ref. 5. f_T‘he free styrene hgands of prevmusly um:eported complexes
. 'were prepared from Gngnard reaction of appropnate substrates and dehydratlon
- .of the. resultmg alcohols by reﬂuxmg w1th 20-40% HZSO4 or dlstﬂhng from. -

- 'solid KHSO,. These substrates and their precursors include: m-phenyl-oz-methyl—
'.r--}_styrene [8], (acetone m-C5H5C6H4MgBr), m-methoxy-a-methylstyrene [91 - :
i (m-methoxyacetophenone, ‘CH;Mgl);, p-methylstyrene [10] (p-tolualdehyde, )
-~ CH3Mgl), 1-phenyl-1- (p-tolyl)ethylene [11] (acetophenone, p-CH;CJLMaBr),
t'f1];’1-pheny1—1-(o-tolyl)ethylene [12] (o-methylacetophenone, C¢H;MgBr), - D
1-phenylcyc10peutene [13] (Cyclopentanone, CeHsMgBr) and 1-phenylcyclo- R

f1 : ; 'C_;HsMgBr) The bls(tncarbony]n'on) complexes S
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denved from these styrene matenals are cha.ractenzed by f1ve to six metal car-
. bonyl bands in the infrared region 1950 to 2060 ¢m™! (hexane solution):.
"_vm—phenyl—a-methylstyrene-—[Fe(CO)3]2 [(V 1), purple needles, m.p. 131° (dec. ),
* five CO bands; (IX), red prisms, m.p. 129° (dec.), five CO bands]; m-methoxy-
i -methylstyrene——[Fe(CO)ﬂz [(XI), orange needles, m.p. 124° (dec.), five CO

bands]*, p-methylstyrene—[Fe(CO); I, [(XIV), orange-red needles, m.p. '
©126° (dec ), five-CO bands]; 1-phenyl-1-(p-tolyl)ethylene—[Fe(CO)il, [(XXVI),
- ‘red prisms, m.p. 110° (dec.), six CO bands; (XXVII), orange-red plates, m.p:

120° (dec.), five CO bands]; 1-phenyl-1-(o-tolyl)ethylene—[Fe(CO);]. [(XXVIII),
_purple prisms, m.p. 110° (dec.), five CO bands]**; 1-phenylcyclopentene— -

[Fe(CO);]1, [(XXIX), red crystal, m.p. 146° (dec.), six CO bands] ; and 1-phenyl-
: cyclohexene—[Fe(COh]; [(XXX), orange-red crystal, m.p. 152° (dec.), six CO

' bands]

All new complexes reported here gave satisfactory elementary analyses (C,
H; A. Bernhardt, Microanalytisches Laboratonum, Elbach tiber Er‘gelskn:chen,
West Germany).

The NMR spectral data of the new complexes obtained from CDCl; solu-
tions with TMS internal standard on a Jeol C-60H spectrometer are tabulated in
Table 7. . .

: The deuterated bls(tnca.rbonyhron) complexes of a-methylstyrene-ds and

. p-chloro-a-methylstyrene-d; were prepared by usual photochemical reaction of
the deuterated substrate with Fe(CO)s [5]. Deuterium labelling of the substrate
was achieved by small scale Grignard reaction of phenylmagnesium bromide or
p-chlorophenylmagnesium bromide (in excess) with acetone-ds (1 ml in each
case), and dehydration of the aryldimethyl-d¢ carbinol by distillation from a cata-
lytic amount of KHSO,. Mass spectral analyses of the products obtained showed
over 90% pentadeutero—subsintutlon in each case.
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