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A study of electron-impact induced processes of thirty substituted styrene- 
bis(tricarbonyliron) complexes XC, I‘L1 C( R” )=CRs [ Fe(CO), ]*, and of some ten 
corresponding styrene free ligands is described. All the mass spectra of the or- 
ganoiron complexes are characterized by the consecutive losses of carbon mon- 
oxide followed by loss of one or two iron atoms: 

[LFe,(CO),]” (a) LFez’ @+ LFd’ @?+ L’ 

Depending on the nature of the substituent, X, and its position on the styrene 
ligand, the organic moiety-in LFd ruptures in four main modes: (d) loss of 
neutrel methane when X = H, CH3, C6H5, CH,O and F; R* = CHB and RP = H; 
(e) loss of neutral acetylene when X = H, CH@; R” = H and RP = CH,; (fl loss of 
HX when X = halogen, Ra = H, CH3 and RP = H; (g) loss of iron. In the halogen- 
containing organoiron complexes, the ionic fragment LFeG’ predominates in the 
mass spectra. It is characterized by its tendency to lose a neutral alkjrne mole- 
cule to yield the corresponding ionic tigment of diiron-balogenobenzene 
[mode (b)] . Unlike the organoiron complexes which eject neutralmolecules; 
the corresponding free ligands tend to lose mainly radical species. 

The preparation and properties ‘of nine hitherto unreported styren&bis- 
(tricarbonyliron) complexes are described. 

Introduction 

Since 1964 extensive investigations of the-rektionship between the strut- ; 
4n.r~ of organometallic .compoundS and their fragmentation pattk& tin electron 
impact have been described in the literature [I], and sim&uitieS h&e been: _. 

pointecj out between-the behavior of these m.ateriak and’that of organic conk -. 
pounds 1235 T.ri .eddition .to~&x+e-bond. clekvage; neutral mole+rle elimination _ : 
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:. was also four& with a&without new bond formation [3] ._ Often new bond .for-. I: 
.-I:ni&ion .was ex&ined by -rear&ngemeut involviug a cyclic @&&ion: state with : : 
.I .the_metal atom in the ring [ 4]_ For such c$.$es;. variation in. the abundances _of 

peaks could be attrib,uted to the’distances between atoms or groups of atoms in- : 
-- volve&.in the elimin&ion,.if no rearran gement occurred prior to such a.process. 

: We rel%$&&e. the results ofthe mass s@&ral st-udy of a series of styrene 
bis(tric&bonyliron) complexes:[ (A),-(I) : (XXX) in the Tables]. The prepara- : 
tion &d description of most of the complexes h&e been give.n in an earlier pub- 
lication [5 J. Previo~usly unreported complexes [(VII), (IX), (XI), (XIV), 
(XXVI) --.(xXx)] and deuterium-labelled analogs of the complexes bf cy-methyl- 
styrene and p-chloro-c-methylstyrene, all of which have been prepared by 
photochemical reaction of the styrene with- Fe(CO),, are described in the Ex- 
perimental Section. 

Results and discussion 

A few of the fragmentation trends that evolved in which iron remains on 
the organic skeleton are summarized in Scheme 1. In most cases the molecular 

SCHEME 1 

(a) &epwise loss of 6 CO. (b) Where X = hal. Ra = CH3, H; Ro= H. (c) For all subskution. (d) Where RQ= 

CH3: R@= H: k = H. CH3. C&s. CH30. F. (e) Ra = H: Rfl = CHS: 
taL (rr) Fdr all &bstitution; 

X=H.CHSO.<nR”=CH,.H:R~=H:X= 

(A) 



ion tie&. is apparent, btit. &l$ h, Q&y I& $&d&k&-Allma& .kp&trk+ke -. ; ., 
characterized b$~the’c&xecutiv& l&S of tik&~~CO$nd tkie &e& ato& [&o&s 
(a), (c) and (g)] , a fragmentation skauentie well-do&mented for metal ‘ckbonyl 
complexes [ lc] . A dominant peak in most of the spectra studied was that m 

._ 

which one iron remains on the intact ligand. This ion -will be.referred to aS LF&’ 
(ligand-ironj 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 l&and. Rather the rupture of the organic moiety involves elimination from 
ring positions. and from the sidcchain, and both the relative intensities of frag- 
ments and the type of fragmentation are affected seriously by the natureof the 
substituent ad its position on the styrene ligand. Whereas in the fraamentation 
of the organoiron complexes neutral species are generally extruded (e.g.; II*, 
CH4, halH), in the corresponding free ligands, loss is mainly of radical species‘ 
(e.g.; H, CHs, 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 
&and. 

Methyl substitution 
When methyl was substituted at the cY-position of the original styrene (R” = 

CH3, R@ = 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-lacetylene [mode (d), Scheme 1 and (I) - (XI), Table 23 _ Thus, the 
complex of ar-methylstyrene-d, with all deuterium in the sidechain gave exclu- 
sive elimination of a CD4 molecule (Scheme 2)*. 

SCHEME 2 

The presence of a second methyl group at a ring position does not affect the CH4 
elimination (Table 2), nor is part of the methane derived from the ring methyl 
group since in the absence of the c-methyl group [(XXIV), Table 23 no such 
elimination is observed. In the cu-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). .- 

When, on the other hand, methyl is present at the P-position, elimination 
of a molecule of acetylene from LFe+' is a dominant mode of fkagmentation 
[mode (e), Scheme 1 and (XII) and (XIII), Table 21, and no methane-loss is ob- 
served. Similarly ki the free ligand loss of the methyl radical is suppressed, and. 
here the major fragmentation processes are derived from cleavage of hydrogen 
atoms and C2 and C3 units (Table 1). : 

The mass spectra of three methylstyrene complexes where methyl is tit-the- ; 

(cokinued on p. 71) 

* Methane elimination from 5,~ethylcy~~hexadienetricarbonylLro~ to give the &xnatizetJ Ii&a 
has been previously reported [61_- 

.:: : 
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deutiriwn labelling that the neutral a&e lost is derived solely from the side- 
i$aih (Ekh6me 3). In contrast; while the loss of propyne from &-methyl-subs& 
i+ted.fr& styrene ligands-is an important process in most cases, it becomes 
minor when hialogen is present .on the ring (Table 1). 

SCHEk3. 

.[&q; :.,, I”- [=,eD l *-:‘- 

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 (fl, Scheme 11. The order is HBr > HCl > HF, and. 
for cu-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 hee 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-o-methyl- 
styrene-& complex where all deuterium is in the sidechain, HCl and DC1 were 
eliminated to about the same extent. Furthermore, it appears that hydrogen loss 
from the sidechain is preferred on comparison of HCl elimination from the 
chlorostyrene isomers (Table 4), the 6-&loro-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*. 

A,@ substitution 
L? a series of complexes in which an aryl group is present at the cy-position 

of the l&and, 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 Q- 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 21 and minor los+ of methyl radical, formaldehyde 
and methanol from the two isomers of p-methoxy-ar-phenylstyrene [(XXIV) 
and (XXV), Table 51. When methyl is present at the p-position of either the (Y- 
a@ substituent or the complexed ring, there is minor cleavage of a molecule of 
hydrogen. [(XXVI) and (XXVII), Table 51, but when the me&thy1 group is at the 
o-position of the aryl substituent **; the elimination of neutral hydrogen from 

,.- 
8 Si+ks loss of.Hhal from the mono(tricarbonyliron~~o~~ene complexes [5] indicates that the 

@mination of Hhal is indeed from the LFe+iohand not e&nation of HFehal fro& the LFe$‘ion. 
-* * The cowSpondi$ isom& in which the o-methyl &oUp is p&sent 011 the’complked ring was not 

‘de&ted izi the rea&i& in ~hich(XXVIII) iapas synthekized; The steric requiremks in such a corn- 
-plex would presuk e ?.strong intemcg?n between the methyl group and.the a-phenyl substituek. 

: .: 
_. : 



F&CO), 

CXXPI) 

Cee(CO), 

(XxzIIj 

Fe(COj3 

(XXEUIj 

c&Polymethylene substitution (I-phenylcycloalkene complexes) 
Two complexes derived from 1-phenylcycloalkenes (B) showed dominant 

fragments resulting from the loss of neutral hydrogen molecules (Table 6). In 

Cco)3FeFH21n. 

FeKOl3 ._ 
<B) n= 1,2- 

the case of the 1-phenylcyclohexene complex (XXX) the direct loss of 4 hydro- 
gens points to a straightforward’aromatization of the cyclohexene (Scheme 4), 
for which precedence has been shown in the study of cyclohexadienetricarbonyl- 
iron 171. Thoughsuch elimination is also observed in the free l-phenylcyclo- 
hexene ligand, it is not the e&lusive pathway of Cagmentation; instead it is 
subdued by modes in which Carbon-containing species are cleaved (Table I). 

SCHEME 4 
.- 



~.--._‘-7.4-‘~:: .-:: .. , :. ;> 
,-;.:_‘_- _.. 1 

: -I. .r: I_ ;:J :. :. ; 1.. I., _, -_ : 
.: :. .: ... . . 

; 
L 

: : 
. . . . 

.. 
. . : _L.. ,~-~ecl~~~~~-~f.~on~ and two molecules,of hydrogen ‘and.a.moiecule of I.:-. : 
~~thylone~om-~tho cy&p&ty~‘~compIe~ jz&Xj ~canndt.:X;e~iizte~r~~~inI~~s‘ 

.:. 
. . 

of &roma&&ti.on_ It,i$ ~an$&ted .mther that a-.partif not -ah: of -thcse~&ooes&es _’ 
.. _f_ ~&CUT C&certed -with Or after ‘&g &e&g &the &&open&&, Such r&&i. ’ 
.: op6ning m&W-proceed-in analogy to methane elimination from o-methyl-. -. 

styrene complex+; i:e.; with-the formation of phenylalkyne (Scheme-5); cleav- 
._ age *thin the‘ fi;ee ligand also indicates. rupture of the cyclopentene ring but ; 
..- with. elimination of radical fragments.” .1’ . 

SCHEtiE-5 .: 

m=l 

- _u 1 
+- 

, , C=CCy=CHCH3 - Fe, 

.rn = 1.2 

t-n= 1,2 

-Experimental. 

Mass spectra were carried out on a MAT CH-5 Spectrometer, using the 
direct inlet system. The electron energy was maintained at 70 eV and the ioni- 
zatidq current was maintained at 300 PA. .The abundances of ions are given in 
&rcentages relative to the LFe”’ peak ion. 

&l~styren&bis(trjcarbonyhron) complexes were synthesized -by photo- 
c&p+zi3 rez&on of the &y&e’ &b&ate. with Fe(CO)S according to the pioce- 
Are givti&~& +-.5. The f&e styren.e ligands of previoqly unreported complexes 
were prepared from~Grignard?reaotion of appropriate sub&at& and dehydration 
of the resulting &ohoJs -by. re&xin~_v& 2040% fi,S04. or distilling from. 
solid KHSO,.~Thes& sub&&es and their pr_&.&om .include.=-m-phenyl-ol-methyi- 

-:stylFene ES], ( a& one,-mC&C,$&MgBr), .mYmethoxy-ar-methylstyrene [9] t 
.. -..<mtm.~~~~acetopheno?~, CJ$&QI), ptmethylstyrenc [lo] ‘@-tolualdehyde, .’ 
,:- CH;MgI&I l;-phenjrl_l-@rtol~l)e~yl~~~ [ll] :(acetophenone, p-CI$C6)194MgBr), 
.i. .1-p~~~~l-l-(o~~o~yl)~~y~~ne. Eli] ~~~~~~ylacetophenone, C6H5MgBrj, .. 
:I .I;phen3iIcyclope~~n~~ [13] ‘(cyclopentarione~ .C&H&IgBr) and~l@ienylcyclo- 
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derived hoin these styrene materials are characterized by five.to six metal’ car: 
boriyl bands iqthe irifraredr@ion 1950 to 2060 Cm-’ (hiixane solution):. 
m-phenyl_ar_rrieth~~t~ene_CFe(C0),12 [(VII), purple needles; m.p. 131” (dec.), 
fiye CO ~bands; (QQ, r&l prisms, m-p.. 129” ‘(de&), five CO bands] ; m-methoxy- 
-ar-methylstyrene-[Fe(CO)a]z [(XI), orange needles, m.p. 124” (dec.), five CO 
bandsI*, p~methylsturene-[Fe(CO)3 I2 [(XIV), orange-red needles, m.p. 
126” (de&), five-CO bands]; l-phenyl-l-(p-tolyl)ethylene-[Fe(C0)3~~ [(XXVI), 
red prisms, m-p. 110” (dec.), six CO bands; (XXVII), orange-red plates, m-p. 
120” (dec.), five CO bands J; l-phenyl-1-(o~tolyl)ethylen~[Fe(CO)3]~ [(XXVIII), 
purple prisms, m-p. 110” (dec.), five CO.bands]*; I-phenylcyclopentene- 
[Fe(CO)a]z [(XXIX), red crystal, m-p. 146” (dec.), six CO bands] ; and l-phenyl- 
cyclohexene-[ Fe(CO),], [(XXX), orange-red crystal, m-p. 152’ (dec.), six CO 
bands]. : 

All new complexes reported here gave satisfactory e1ementar.r analyses (C, 
H; k Bemhardt, Microanalytisches Laboratorium, Elbach iiber Engelskirchen, 
West Germany)_ 

The NMR spectral data of the new complexes obtained from CDC13 solu- 
tions with TMS internal standard on a Jeol C-60H spectrometer are tabulated in 
Table 7; 

The deuterated bis(tricarbonyliron) complexes of cY-methylstyrene-d, and 
pchloro-cr-methylstyrene-cl, 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-chlorophenyhnagnesium bromide (in excess) with acetone-d, (1 ml in each 
case), and dehydration of the.aryldimethyl-& carbinol by distillation fkm a cata- 
lytic amount of KHSOa. Mass spectral analyses of the products obtained showed 
over 90% pentadeutero-substitution in each case. 
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* The !som&ie bi%tdearbOnYlirOn) complex of (XI) in hich the methoxy group is at the’ 3-position- 
. -., ,bkN~k &I %&is n&t ditected in &e~re~&~n mixtuze 
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