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Summary

The mass spectra of the benzocyclobutadieneiron complexes CgHgFe(CO),
and CsH Fe(CO).E(CcH;); [E = P, As and Sb] have been studied at 80 eV. These
complexes undergo fragmentations involving unimolecular carbonyl dissociation
and (Cg¢Hjs)3E elimination which are similar to those of the related manganese
complexes, (7-L)Mn(CO); and (7-L)Mn(CO),E(C¢H;); [L = cyclopentadienyl,
indenyl and fluorenyl; E = P, As and Sb]. Noteworthy are the ions [CsH1,
[CsHeFel', [CeHal® and [CsHiFel’, which have been assigned the structures of
the free and coordinated benzocyclobutadiene and benzyne, respectively. In
tiie case of the more volatile derivative, CsH,Fe(CO),, these ions are formed by
processes which are supported by the presence of appropriate metastable ions.
The presence of a free benzocyclobutadiene ion, [CsH]’, in the mass spectra
of these iron complexes contrasts with the failure to detect related cyclobuta-
diene (or substituted cyclobutadiene) ions in the mass spectra of the other
cyclobutadienemetal complexes. The enhanced stability of [CsgHs]" compared
with that of [R;C:]1" (R = H, CH;, C,H; etc.) may be explained from its fused
ring structure.

Introduction

During the past several years the mass spectra of a variety of cyclobuta-
dienemetal complexes such as R;C:M(CO); [M = Fe; R=H [2,3],CH, [3] and
CeHs [1]1: M= Ru; R = H [2], CH; [2] and C.H; [4], R4CsCoC:H; [R = H
[5], aryl [1,6], (CH;)sSi [6], etc.], (CeHs):CsCoCoH, [1], CsH4RhCH; [7],
R;C;M(CO); [M = Cr, Moand W; R = H and CH,] [2] and [(CH:):C.]-Mo-
(CO). [8], have been reported. These spectra have revealed that the loss ot

* For part II see ref. 1.
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cyclobutadiene ring (R4C;) from the metallic ions occurs via two successive
eliminations of acetylene (R.C.) fragments and the absence of the free cyclo-
butadiene ions [R3C;]" and [R1C3]?". Recently, the mass spectrum of the tita-
nium complex (CgHs);C,;TiCgH;g has been reported [9] to contain a metastable
ion in support of a process involving involving the elimination of neutral
(CcH;)sC; fragment from the molecular ion as well as evidence to the existence
of ion [C;gH.0]", which could be that of free tetraphenylcyclobutadiene. These
features in the spectra of the titanium complex were observed in addition to
the two-step sequence of unimolecular (C¢,H;).C. elimination process, origina-
ting in the molecular ion, which is supported by the presence of the appropriate
metastable ions as well as the metallic fragment ion [CsHsTiC.(CsH;).]1". The
above studies indicate that the dissociation of the cyclobuiadiene to metal
bond under electron-impact conditions occurs by two possible pathways, 1

and 2, of which the former appears to be much more common. Distinction
between these pathways on the basis of metastable ions alone may be misleading,
since the summation of the two steps in pathway 1 should give rise to the same
metastable ion as that of pathway 2.

— —RA-CH —Ra2C> +
M]° 2% [R.CM) 222 [R,CMTT 25 M)

pathway 2 pathway 1

In order to extend the knowledge on the behavior of cyclobutadienemetal
complexes under electron-impact conditions, we have 2xamined the mass spectra
of the benzocyclobutadieneiron complexes CsH,Fe(CO).X [ X = CO, Ph;P, Ph;As
and Ph;Sb]. The mass spectra of these compliexes are of special interest in view of
the possible production of novel benzyneiron ions by processes involving acet-
ylene elimination from benzocyclobutadieneiron-containing ions.

Experimental

The mass spectra of several benzocyclobutadieineiron carbonyl derivatives
and ethynylbenzene (Tables 1 and 2), were recorded av 80 eV on a Hitachi
RMU-7E, mass spectrometer. The solid samples were intruduced into the spec-
trometer under vacuum (~10-° Torr) through a stainless steel iniet. The inlet
temperature was kept at 110°C for CsHsFe(CO); and ethynylbenzane, and at
120°C for CsHFe(CO).E(C:H;); [E = P, As and Sb]. The ionization chamber
temperature was maintained at 200°C for all samples. Intensities, corrected for
background, of molecular ions and fragment ions in the spectra of these com-
plexes are given relative to an arbitrary value of 1000.0 chosen for the base
peaks. Intensities in the spectrum of ethynylbenzene are given relative to a
value of 80, chosen for the base peak that of [CsH¢]®, which is also the relative
intensity of the same ion in the spectrum of CgH,Fe(CO);. The metastable ions
observed in the mass spectra of the benzocyclobutadieneiron carbonyl deriva-
tives and ethynylbenzene are given in Table 3. Ions having high M/z value were
determined with the aid of an internal PFK (perfluorokerosene) standard. The
characteristic isotopic distribution of elements, in particular those of iron
(**Fe, 5.84; *°Fe, 91.68; 5'Fe, 2.17 and *%Fe, 0.31%) and antimony (**'Sb,



TABLE 1

THE MASS SPECTRA OF CgHgFe(CO)3 AND CgH ;C=CH

M9 Ion Relative intensity
CgHgF2(CO)3 CgHs;C=CH
242 {CgHgFe(CO)3Y 73
214 [CgHgFe(CO)a 1* 137
186 [CgHgFe(CO)1* 119
158 [CgHgFel* 1000
132 [CcH Fel® 767
107 [CgHgF2(CO)y12" 18
106 [CqH2Fe}” 36
102 [CgHgl" 80 £0
93 [CgHgFe(CO)12*, [C3HFe}"* 155
79 {CgHgFel2* 6
77 [CeH;1* 5 > 1(=0.7)
76 [CeH ' 23
65 I_Csl"lsl'b 6
61 [CsH4)" 8
63 [CsH_ﬂ' 10 5
62 [C5HA)" 7 3
61 [CsH1" 11 2
56 [Fel* 299
52 {CiHaY" 8 1
51 [CgHgl?*: [CaH3™ 25 6
50 {CiHA)" 23 8
49 [CsH] 1 1
39 (C3H;1* 7 2
38 C3Hal"; [CeHil?" 8 1
37 [C3H])' 5 > 1(=0.03)
26 ICaHa Y 4 > 1(=0.6)
25 [C2H]* 3 > 1(=0.2

2 Monosotopic Dresentation, using the most abundant 1solopes of the elements involved.

TABLE 2

THE MASS SPECTRA OF CgHgFe(CO)1E(CgH3s)3. E = P, As AND Sb

A1/:% values are given 1n parentheses

fon Relatwve intensity

E=P F. = As E = 5b
lons coniaining iron
[CgHFe(CO)2 E(CeHs) 31" 1(~0.3) (376) 3 (520) > 1(~0.2) (366)
[CgHFe(COYE(CgHs5)31” 14~0.3) (448) 4 (492) > 1(~0.1) (538)
{CgHgFeE(CgH ) 31" 1 (420) 12 (164) 2 (510)
[(CeHs5)3EFe}’ 12 (362) 1 (108)
[(CzHs)2EFe)* 5 (241) 5 (285) > 1(~0.1) (331)
{C)2HgEFel" 2 (239) 7 (283)
{CgHFeE(CgHs) 312" 6 (210)
{CgHgFeE]" 10 (279)
[CgHeFel* 10 (158) 6 (158) 23 (158)
[CegHsFel* 6 (133) 1 (133) 2 (133)
[CecHsFel® 33 (132) 18 (132)
[CsHJFEI‘ 10 (119
[CsHaFel? 7 (118 9 (118)
[Cs;H:Fel? 18 (106, 17 (106)

{confinued)
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TABLE 2 (contmued)

Ion Relative intensity

E=P E = As E=Sb
[CgHeFel?* 4 « 79 6 (719
[Fe)* 139 ( 56) 8 ( 56) 10 { 56)
Nor-melallic rons contaiming E (P, As and Sb)
[(CgHs)3E]Y 59 (262) 1000 (306) 150 (352)
[CisH2E}" 15 (223)
[(CeH5)E* 4 (185) 166 (229) 133 (275)
[Ci-HgEl" 25 (183) 642 (227) 65 (273)
ICgHgE]" 6 (133) 9 (177)
[(Ce¢Hs)3E" 5 (131) 206 (153)
ICs¢HGEL® 77 (199)
[{(CgHs)HEL 10 (108) 1000 (198)
[CsH,E]" 303 i 86)
[C3HET" 37 { 85)
[CiHsE) 91 ( 8%
[C4H4E]" 10 ( 83)
ICiH3E]" 4 ( 82
[C3H4E)* 174 ¢ 71)
{C3H3E]? 47 ( 70)
[C3H-E]" 97 ( 69)
1C>H3EL 1000 ( 58)
ICaH,EL" 740 { 57)
1el* 6 ( 31) 14 (75 27 (121)
Organic 1ons
ICiHp 1Y 80 (155)
[Cy3H 0l 4 (159) 208 (154) 530 (154)
[C(1Hgl* 5 (152) 208 (152) 116 (152)
IC 1 Hel" 16 (141) 4 (141) 1 (141)
iCy M1 a (139)
[CioHgl’ 6 (128) 30 (128) 18 (128)
[CoH,]" [ (115) 31 (115) 16 (115)
[CgHgl" 34 (104) 4 (o
{CgH7)’ 16 (103) 7 (103) & (103)
[CsHel" 5 (102) 18  (102) 13 (102)
[CsHs1" 25 (101) 1 (101)
{CqH 1’ 50 (9 28 &3}
iCsHel" 10 (« 78) 31 ( 78) 33 ¢ 78)
I[CeHsl" 17 « 77) 49 (1D 239  77)
[CeH41® 6 ( 76) 14 ( 76) 17 ¢ 76)
fCsHsI" 12 ( 65) 4 ( 65)
IC5H 31" 2 (6% 1 ( 64)
[CsH31" 9 ( 63) 13 ( 63) 8 ( 63)
[CsHs1" 10 ( 53) 2 ( 53)
[CiH4)* 10 ( 52) 7 (52 10 ( 52)
[CiH 31" 30 ¢ 51) 61 ( 51) 8 ( 51)
[C3HAY* 12 ( 50) 12 ( 50) 22 ( 50)
[C3H,1" 590 ¢ 43) 137 ( 43) 33 C 13)
[CaHgl™ 342 ( 42) 126 ( 42) 23 < 12)
IC3Hs5]" 549 ¢ 41) 60 ( 41) 13 ( 41
[C3H31* 160 ( 39) 21 ( 39) 17 (¢ 39)

@ Monoisotopic presentation, using the most abundant isotopes of the elements involved.



TABLE 3

METASTABLE 1ONS (47 *) IN THE MASS SPECTRA OF BENZOCYCLOBUTADIENEIRON CARBONYL
DERIVATIVES AND ETHYNYLBENZENE

Relative intensities are given 1n parentheses, s = strong, m = medium, w = weak, vw = very weak

]
M*= "15””10 Ay Ay My—A1,
CgHgFe(COl 3
189.2 (s) [CgHFe(CO)31* [CgHgFe(CO)a )t co
161.6 (m) [CgHgFe(CO)a1* {CgHgFe(CO)1* co
134.2 (s) [CgHgFe(CONY* [CgHFel* co
110.3 (s) [CgHFel? [CeH sFel’ CaH>»
85.1 (m) [CeH sFel* (CiHaFe)* CaH»
81.6 (m) [CaHaFe]” {CiHFel* CH
56.6 (m) [CgHyl* [CeH 41T CaHa
55.9 (vw) [CgHeFelCO)}* {CgHgl* Fe:CO
CgHgFe(CO)2P(CgH5) 3
181.0 (m) [(Ce¢Hs)APY [C HgP)* Ha
128.2 (w) [(Ce¢Hs)aP1" [Ci2Hol” P
90.5 (vw) [(CeHs5)aP1* [Ci1aH 101" CeHs. P
39.1 (w) [C3H7)' {C3H51" Ha
CgHgFe(CO)2As(CeH3) 3
225.0 (m) [(CgH3)aAs)"T [C)>HgAs)' Ha
224.2 (m) [(CgHsg)3AsFel” [(CeHs)pAsFel* CeH
150.0 (m) [Cy2H ol [C)2Hgl1" Ha
75.5 (m) [(Cél"ls):;:\sl1h lC|:H8]' Ha: As: CgHs
CgHgFe(CO)aSb(CH3) 3
273.0 (m) [(CeHs)a123sb1* [Ci2Hg!23sD)* H»
271.0 (m) [{(CeHs)2 ' 2sb)f {CyaHg!2lsb]* Ha
112.9 (s) [(C¢Hs)3123Sb1” [CeH51235D1* 2CgH 5
111.4 (s) [(CcH;)3121Sb1Y [CeHs!21Sb)Y 2CeH;
86.2 (w) [(CgH )2 !21sb)? {Cy2H 01" t21sb
85.6 (w) [(CeHs)at23sb1Y [CiaH 01" 1235p
Ce¢HsC=CH
56.6 [CgHel* [CeHAl" CyH»

2 Monowsotopic presentalion using the most abundant 1sotopes of the elements involved, except for
antimony 1n which case the metastable 10ns containing both 121Sb and !23Sb 1colopes are given.

57.25 and '*?Sb, 42.75%), helped in recognizing many of the fragment ions.
In the mass spectrum of CgHgFe(CO); the peak at M/z 93 due to [CzgHFe-
(CO)J* and [C;HFe]’ was resolved at M/AM ~6500 into a doublet having the
ratio of 3/1, respectively.
The complexes CsHFe(CO); and CzH¢Fe(CO),P(C.Hs): were prepared
by known procedures [10}. The method of preparation of CsH,Fe(CO),E-
(CeHs)s, E = As (m.p. 142-143°C; found: C, 64.44; H, 4.04; O, 6.30; calcd.: C,
64.64; H, 4.06;0,6.15%) and E = Sb (m.p. 119-121°C; found: C, 59.57; H,
3.70;0,5.76; calcd.: C, 59.30; H, 3.73; 0, 5.64%), and their chemical and
physical properties will be reported elsewhere [11]. Ethynylbenzene was pur-

chased from Matheson, Coleman and Bell (East Rutherford, N.J.).
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Discussion

CeH Fe(CO);

The mass spectrum of the benzocyciobutadieneiron tricarbonyl complex
(Table 1) is of particular interest since sufficient metastable ions (Table 3)
were observed to incicate many of the fragmentation processes depicted in
Scheme 1. In the fragmentation processes involving metallic ions (Scheme 1),

SCHEME 1
THE PROPOSED FRAGMENTATION SCHEME OF THE METALLIC IONS IN THE MASS SPECTR UM

OF CgHgFe(CO)a
CqHgFe(CO),
+e”
-2e-
+
[CeHgFe(CO), ]
~-CO

' ¥
[CeHeFE(CO), ]

+te-
-C’O/ \
-2e-

[ceHeFetcor]t [ceHeFetca,]?t
-co -co
[ceHerel® [CHFe(co]?*
~C,H, -co
[C H Fel® [CoH Fe]??
_Czl-y X\CGH“
[CoH Fel™ [Fel*
-CH
[c,HFe] *
ol
[Fe]l™

the monopositive molecular ion (#{/z = 186) degrades via two different path-
ways, by the simultaneous elimination of CO and Fe to give [CsH]' (3/z =
102) and the further loss of the remaining carbonyl group to afford [CgHsFel*’
(M/z = 158) which is the most abundant ion in the spectrum. A two-step se-
quence involving successive losses of,two C,H, fragments from the carbonyl
free ion, [CsH,Fel’, gives rise to the}ion [CeHsFe) (M/z = 132) and [CsH.Fe}”
(M/z = 106), respectively. The latter ion undergoes CH elimination to give
[C;HFe]® (M/z = 93). Also included in Scheme 1 are the proposed fragmenta-
tions involving the dipositive ions, [CsH¢Fe(CO).]1*" (M/z = 107) and [CsH¢Fel*’



333

(M/z = 79) as well as that at M/z = 93 which, in part, is due to [CzHFe(CO)]*".
The tentative structures of some of the metallic ions, in the spectrum of

CsH¢Fe(CO);, may be derived by carefully considering their processes of produc-

tion and decay. There are two main routes to explain the fragmentation of

the carbonyl free benzocyclobutadieneiron ion and they are depicted in Schemes

2 and 3. According to Scheme 2, the benzocyclobutadieneiron first undergoes

SCHEME 2

STRUCTURES PROPOSED FOR SOME OF THE METALLIC IONS iN THE MASS SPECTRUN OF
CgHgFe(CO)3

+
H ]
H r-H
Fe
H T H
H
1“:2”2
+ M. * 45 ¥
C T H =" - 720N
i—Fe| <C2H2 | " ll-Fe| —=2H2 o ci,_Fe
E’ H . CH
H
P CA
CH
-CH
- C,H, —CoH3
c ¥ c 2 r
-C + -C,H /AN
[lll—Fe] — [Fe] 2 C\ Fel
C cH |

the elimination of C,H. to give benzyneiron ion, [C,H:Fe]®, which then de-
grades further to free benzyne and [Fel®. Alternatively, the benzyne.ron ion
eliminates the neutral fragments C,H, and CH 1n succession to give m-buty-
nyliron and w-propynyliron type ions, respectively. The structure of :.-buty-
nyliron for [C:H ;Fel’ is preferred over the 7-butyneiron type since an ior with
the latter structure should favour undergoing the elimination of C,H, to give
[CaFe]’ instead of the observed elimination of CH which affords [C;HFel’. An
alternative route of fragmentation envisaged for the benzocyclobutadieneiron
ion, Scheme 3, involves two successive eliminations of C.H; fragments from
the benzo-ring to give a diradical cyclobutadieneiron which then eliminates
neutral CH fragment to afford the 7-propynyliron type ion [C;HFe]’. A clear
distinction between the fragmentation modes described in Schemes 2 and 3 may
not be possible unless it could be determined first whether the major fragmen-
tation steps in the mass spectrum of CsHsFe(CO); are analogous to those char-
acterized in the spectra of the other cyclobutadienemetal complexes. The re-
semblence between the appearance potentials of related metallic ions in the
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SCHEME 3
ALTERNATIVC STRUCTURES PROPOSED FOR SOME OF THE METALLIC IONS IN THE MASS

SPECTRUNM OF CgHgFe(CO)3
+
H -
H H
. I! Fe
H H
H

—CoH,
+
o H
. Fe
HC /@E
cht
-CH;

mass spectra of CgH¢Fe(CO); [13] and C;H,;Fe(CO); “ indicates that these
ions are generated by processes of similar energetics. This analogy suggests that

' The appearance potentials of the major metallic 10ns in the mass spectra of CgHgFe(CO)3 and
C3H4 Fe(CO)j3, cited below [13], were determuned according to thc procedure given mn ref. 21
on a modified thitac.n RMU-7E mass spectrometer with a Keithley 427 current ampfifier.
CgHgFe(CO)3: [C3HgFe(CO) 31", 7.43 £ 0.02; [CgHFe(CO):1% 8.08 = 0.02; [CgHgFe(CO)1*, 9.21
£ 0.02; [CgHgFel*, 11.33  0.62; [CoH3Fel*, 13.93 = 0.07 and [Fe]*, 16.00 * 0.2. C3H1Fe(CO)3
[C3iH Fe(CO)3]%, 8.21 = 0.02; [CiH Fe(CO)>1% 8.92 = 6.02; [C3H3Fe(CO)]", 10.11 ¢ 0.03:
[CaH3Fel®, 12.18 + 0.02: [CaH:Fel*, 13.85 ¢ 0.02 and [Fel’, 17.88 = 0.02 eV. These results are
part of a comprehensive study of fragmentation energetics of various cyclobutadienemetal com-
plexes which is currently in progress.
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the major steps in the fragmentation of the benzocyclobutadieneiron ion are
similar to those of the cyclobutadieneiron ion and therefore should follow the
two-step sequence earlier described as pathway 1 which is inclucded in Scheme
2. Incidently, the dissociation sequence of the benzyneiron ion starting with
the elimination of C,H., Scheme 2, appears to be rather minor since the sum
of relative intensities (R/) of the ions involved, TRI([C:H:Fe]" + [C;HFe])
~4.3, is considerably smaller than that of the iron ion, RI([Fe]’) ~ 76.7.
Insofar as Scheme 3 is concerned, the fragmentations described are in contrast
with pathway 1, since the ion [C,Fe]’, [C.HFe]" and [C.H,Fe]’, whose pro-
duction can be anticipaled from the decay of the diradical cyclobutadieneiron
ion according to this pathway, are not found at all in the mass spectrum of
CgHFe(CO);. Moreover, the five-step sequence leading to the formation of
[Fel® from [CgH¢Fe] according to Scheme 3, suggests that the former ion
should have been produced at a considerably higher appearance potential than
was actually found.

Some of the organic ions observed in the mass spectrum of CgH,Fe(CO);
could be formed directly by the elimination of iro» from the carbonyl-free
metallic ions described in Scheme 1. The production of other organic ions
may be explained in terms of processes involving the elimination of neutral
frapments (e.g., C.H., C.H, C, and CH) and dehydrogenation (Scheme 4). In

SCHEME 4

A FRAGMENTATION SCHEME, PROPOSED FOR THE FORMATION OF THE ORGANIC IONS IN
THE MASS SPECTRUM OF CgHgFe(COY;

[CoreFeco]’ 2P u ]t —S2a [eoh,]*
-CzH,
[C.Ju]"
—CH// -C,
/’ -C2H2
el PN
[csnz]*/ \[c.Lzl* o N e
-CH -H ~H
_Hl \\[c4H]+ ’—c:\ [caHs]" -CH l_H
fceHl? [CH]' = - [cH,1"

one case, namely the formation of [CsHs]" from [CgH¢]™, hydrogen migration
is presumed to occur in addition to C,H elimination. Noteworthy are the peaks
at A1/z = 51 and 38 which, in part, may correspond to the dipositive ions
[CsHe)*" and [CsH;]7', respectively. Thus, the possibility of having fragmenta-
tions via dipositive organic ions, although is not indicated in Scheme 2, could
not. be ruled out.
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The ions [CgHel" and [C,H,]", according to their route of formation
{Scheme 4) have been assigned the structures of benzocyclobutadiene and ben-
zyne, respectively. The monopositive benzyne ion has already been character-
ized previously in the mass spectra of several organic (e.g., dilodobenzene [14])
as well as organometallic (e.g., bis(o-iodophenyil)mercury [15]) systems, but
the monopositive benzocyclobutadiene ion has not yet been reported. In spite
of the notorious instability of the free cyclobutadiene (R;C;) ligand and its
ions [R;C;]" and [R.C;]?, the assignment of the benzocyclobutadiene struc-
ture to [CsHg]" is not altogether unreasonable since the generation and trapping
of a benzocyclobutadiene intermediate has already been reported [16]. The
benzocyclobutadiene ion, due to its fused ring structure, is expected to exhibit
considerably higher stability than the hypothetical cyclobutadiene ion. A
similar argument may also explain the non-transitory properties of the bip-
henylene molecule which has been studied extensively in recent years [17].
The possibility of having the benzocyclobutadiene ion rearrange upon forma-
tion to ions such as ethynylbenzene (egn. 1) or octadiyne-3, 5-diene (eqn. 2),
although it could not be ruled out completely, appears quite remote for the
folowing reasons. The mass spectrum of ethynylbenzene (Table 1), taken
under the same conditions as that of the iron complex, CgHsFe(CQC);, contains
relatively intense peaks at M/z = 65 and 64 which are conspicuously absent
from the spectrum of the iron complex. Thus, in spite of the observed C.H.
elimination from the mol«cular 1on of ethynylbenzene (M* = 56.6), the dif-
ferences existing between the spectra of the two compounds suggest strongly
against the rearrangement depicted in eqn. 1. The octadiyne-2,5-diene, if for-
med, should undergo cleavage preferentially at a saturated bond site rather
than a process of C,;H, elimination which would require the simuitaneous
cleavage of two unsaturated bonds.

t

H
H YR _ +
HH [CGHS—C=CH] 1
H
¥ ¢ C CH+
H C—Cc=
H ZH HC?
.,’ _—— ’ (2)
H = HC
H \E—CECH

The detection of a novel benzynemetal ion in the mass spectrum of
CsHyFe(CO); is interesting, although not unique. The coordinated benzyne-
nickel ion {C,H4Nil.]" has previously been reported in the mass spectrum of
[CsHuNi(CO)I:]: [18], a complex thought to be a benzyne derivative. The
relative abundance ratios ([CsHeFe] )/([CsHg] ") = 13.5and ([C . HiFe]l")/([CsHa1")
=~ 33.0 provide an approximate indication of the stabilization-effect achieved by
coordinating tne labile ligands benzocyclobutadiene and benzyne on iron(I).
According to this approach the stabilization-gain in the case of benzyne is al-
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most three times greater than that of benzocyclobutadiene. The relative abun-
dance ratios ([CsHeFe]')/(ICsHiFe]’) ~ 1.8 and ([CsHe]")/(ICHs]") = 3.5
tend to indicate that while the complexed ligand ions exhibit comparable
stabilities, in the free state the benzyne ion is considerably more reactive and/
or thermally unstable than is Lthe benzocyclobutadiene ion. These results sug-
gest that a benzocyclobutadiene intermediate is likely to be more stable than
the benzyne intermediate. Although the pure benzocyclobutadiene molecule
has not yet been isolated, ample evidence to its existence has alreadv been ac-
cumulated. For example, Cava and Mitchell [16] have reported the generation
of benzocyclobutadiene, in situ, from the reaction of 1,2-diiodobenzocyclo-
butadiene and activated zinc dust and its trapping as a stable Diels—Alder ad-
duct with cyclopentadiene.

CH Fe(CO).E(CH;);, E =P, Asand Sb

The complexes CsH Fe(CO).E(CcH;); [E = P, As and Sb] studied in this
work possess sufficient volatility and thermal stability for their mass spectra
to be obtained (Table 2). These spectra show a relatively large number of frag-
ment ions of which rather few are metastable ions (Table 3}. The proposed
fragmentation processes of the metallic ions in the mass spectra of the iron
complexes CgH,Fe(CO).E(CsH;);, are depicted in Scheme 5. In all three cases
the mclecular ion was observed to undergo stepwise losses of its two carbony!l
groups. The resulting carbonvl-free ion, [CsHsFeE(C,Hs);1", degrades further
through two main pathways, by losing either the o-ligand (C¢Hs);E to give ion
[CsH,Fel’ or the CsH, ring to give ion [(C,H;);EFe] . The fragmentation of the
benzocyclobutadiene iron 1on via a two-step sequence involving successive losses
of two C,H. units may explain the formation of [C,H,;Fe]"and [C;H.Fe]".
Noteworthy are the identical C.H, elimination processes in the mass spectrum
of C,H,Fe(CO), which were supported by the presence of appropriate metastable
ions. Missing from the spectra of C;H Fe(CO).E(C¢H;), complexes is the ion
[C;HFe]’, whose formation by CH elimination from [C;H;Fel’ in the spectrum
of CgH,Fe(CO); was supported by the presence of an appropriate metastable ion
at AM/z = 81.6.

The fragmentation of the ion [(C¢H;);EFe]" is suggested to occur by two
main pathways. The first pathway involving consecutive eliminations of C.H;,
2H and C,,H.E fragments may explain the formation of ions [(C¢H;).EFe]’,
[C,.HzEFe]  and the bare iron 10n, [Fe]’, respectively. The second pathway is
suiggested to include the following steps; phenyl migration with simultaneous
elimination of [(C¢Hs).E]’, elimination (possible step) and dehydrogenations
to give ions [CeHsFel’, [CsH;Fe] (ion not observed), [CsH;Fe]” and [C;H.Fe]’,
respectively (Scheme 5). The possibility of having the ions [C;H;Fe]’ and
[CsH.Fel’ originate from [C,HiFel’ by processes of CH elimination and dehy-
drogenation, respectively, was excluded since these ions are not present in the
spectrum of CgH¢Fe(CO),. An alternative route to ion {C¢H;Fe]” may involve
phenyl migration with simultaneous elimination of the C,HsE fragment from
[(CeHs):.EFe]".

The presence of the ions [CsHsFeP(CeHs);1?" (M/z = 210) and [CsHcFel]*”
(M/z = 79) in the mass spectra of the iron derivatives, CsHFe(CO).E(C:Hs)s,
suggests the possibility of having fragmentation processes involving dipositive
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SCHEME 5

A FRAGMENTATION SCHEME PROPOSED FOR THE FORMATION OF SOME OF THE METALLIC
IONS IN THE MASS SPECTRA OF THE IRON DERIVATIVES, CgHsFe(CO)> E(CgHs)3 [E =P, As
AND Sbl

CoHeFe(COL,E(CeHS);
+e-
-2e-
+
[CaHeFe (COY,E(CeHs)s]
l -co
+
[CeHeFe(COIE(CEHS)3]
-CO
[CeHeFeE(CHs L]

te- \iBHS
-2€; -(CH)LE

(CeHs)5 EFelt
6 'S

[CeHsFeE(C6H5)3]2+ [ceHsFel -CgHs etz
—(CgHg ), E -CoHe HE .
y E=P [(cf,HE,)zeFe]+ Lt [ceHsFe]
[C HsFe]2+ [CGHdFe]+ -Hz -CH
8
- +
T featere]” [eatare]
[catzFe]” -H
[CsHaFeT
-H
Y
[C5H2Fe]

ions. Several phenyl elimination processes from metal-free ions, supported by
metastable ions (Table 3), were observed in the mass spectra of these iron
derivatives. Some phenyl elimination processes also occur with metallic ions as
indicated for example by the presence of the antimony-containing ion
[CsHsFeSb]" (M/z = 279). Many of the metal-free ions in the mass spectra of
CsHFe(CO).E(CcHs); (Table 2), may be derived by omitting metallic iron
from the fragment ions described in Scheme 5. Other non-metallic ions in these
spectra probably originate in secondary fragmentation processes especially those
to do with the free ligands (CsH;):E (E = P, As and Sb). For instance, the 9-
phosphorenefluorenyl ([C,,HzP]") is a major component in the reported mass
spectrum of triphenylphosphine [19]. Likewise, the 9-heterofluoreny! ions,
[C..HsE]' (E = P, As and Sb), are all major components in the mass spectra of
the structurally related cyclopentadienyl-, indenyl-, fluorenyl- and pyrolyl-
manganese aicarbonyl derivatives, QMn(CO),E(C¢H;); [Q = C;Hs,CsH,,C, 3 Hy
and C;H;N; E = P, As and Sb] [20].
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