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The mass spectra of the benzocyclobutadieneion cornFlexes C,H,Fe(CO), 
and CsH6Fe(CO)IE(C6H5)J [E = P, As and Sb] have been studied at 80 eV. These 
complexes undergo fragmentations involving unimolecular carbonyl dissociation 
and (C6H5),E elimination which are similar to those of the related manganese 
complexes, (n-L)Mn(CO)3 and (n-L)Mn(C0)2E(C6H5)3 [L = cyclopentadienyl, 
indenyl and fluorenyl; E = P, As and Sb]. Noteworthy are the ions [C,H,]‘, 
[CsH6Fe]‘, [C6H3]’ and [C,H,Fe]‘, which have been assigned the structures of 
the free and coordinated benzocyclobutadiene and benzyne, respectively. In 
t:ie case of the more volatile derivative, C,H,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, [C,H,]‘, 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 [C,H,]’ compared 
with that of [R,C_,]’ (R = H, CHJ, C6H5 etc.) may be explained from its fused 
ring structure. 

Lntroduction 

During the past several years the mass spectra of a variety of cyclobuta- 
dienemetal compleses such as RGM(C0) 3 [M = Fe: R = H [ 2,3], CH 3 [ 31 and 
C6H5 [l]: M = Ru; R = H 121, CH, [2] and C6HS [4], R&CoC,H, [R = H 
[51, ~1 [1,61, (CHASi [61, etc.], (GHs)-~CJCOGHT [II, CqH;IRhCsHj [71, 
RJCqM(CO)-l [M = Cr, Mo and W; R = H and CH,] [2] and [(C,H,),C,],Mo- 
(CO)? [81, h ave been reported. These spectra have revealed that the loss ot 

* For put If tee ref. 1. 
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cyclobutadiene ring (R4Cq) from the metallic ions occurs via two successive 
eliminations of acetylene ( R2G) fragments and the absence of the free cyclo- 
butadiene ions [ RSC4]* and [ R4CJ] I+. Recently, the mass spectrum of the tita- 
nium complex (C6H5)4C4TiC8H8 has been reported [9] to contain a metastable 
ion in support of a process involving involving the elimination of neutral 
(C,Hj),C, fragment from the molecular ion as well as evidence to the existence 
of ion [Cz8HZ0]‘, 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 (C6HS)ZCz elimination process, origina- 
ting in the molecular ion, which is supported by the presence of the appropriate 
metastable ions as well as the metallic &agment ion [C,H,TiC,(C!,H,),]‘. The 
above studies indicate that the dissociation of the cyclobutadiene 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 metatiable ions alone may be misleading, 
since the summation of the two steps in pathway 1 should give rise to the same 
met&able ion as that of pathway 2_ 

pathway 2 pathway 1 

In order to extend the knowledge on the behavior of cyclobutadienemetal 
complexes under electron-impact conditions, we have sramined the mass spectra 
of the benzocyclobutadieneiron compleses CsH6Fe(C0)21X [X = CO, PhJP, PhxAs 
and Ph$b]. The mass spectra of these compleses 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 benzocyclobutadiezeiron carbonyl derivatives 
and ethynylbenzene (Tables 1 and 2), were recorded aL 80 eV on a Hitachi 
RMU-7E, mass spectrometer. The solid samples were intrclduced into the spec- 
trometer under vacuum (- 10mb Torr) through astainless steel u&4. The inlet 
temperature was kept at 110°C for C,H,Fe(CO), and ethynylbenz.?ne, and at 
120°C for C,H,Fe(CO),E(C,Hj), [E = P, A s and Sb] _ The ionization chamber 
temperature was maintained at 200°C for all samples. Intensities, corrected for 
background, of molecular ions and fragment iorx 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 [C,H,]‘, which is also the relative 
intensity of the same ion in the spectrum of C8H,Fe(CO)3. The me&table ions 
observed in the mass spectra of the benzocyclobutadieneiron carbonyl deriva- 
tives and ethynylberuene 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 
(??e, 5.84; j6Fe, 91.68; “Fe, 2.17 and “Fe, 0.31%) and antimony (“‘Sb, 
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TABLE 1 

THE MASS SPECTRA OF C8H5Fe(C0)3 4ND C6H j(=--CH 

hlf? Ion RelaLlre lnlensly 

242 tC8&,Fe(CO)3]+ 
21-l [C8H6Fe(CO)? ]+ 
186 ]CR&F~(CO,] + 
158 ]Ca&iFe]+ 
132 ]C~HJF~]+ 
107 [C8H&e(CO)?] ‘+ 
106 [CqHZFe)’ 
102 ]C8H61f 
93 ]C8H6Fr(CO)]‘+. [C3HFe]’ 
79 [CsH,$=e]2 + 
77 ]CbH 51’ 
76 ]C6H41+ 
65 lCgHjl+ 
64 ICjHJl+ 
63 ICsH31’ 
62 CCsH,l- 
61 IC5Hl’ 
56 [Fe]’ 
52 IQHql* 
51 ICt3Hgl’+: [C4H31- 
50 IC.aH~l+ 
49 IC..rHl’ 
39 [C3H3I+ 
38 IC3H~l*: [C6H41z+ 
37 IC3Hl’ 
26 ICzH,]’ 
25 @HI* 

Cs&,Fe(CO)3 Cd_r;C=CH 

73 
137 
119 

1000 
767 

18 
36 
80 60 
15;5 

6 
5 > 1(=0.7) 

23 
6 
8 

10 5 
7 3 

11 2 
299 

8 4 
25 6 
23 8 

4 1 
7 2 
8 1 
5 ‘/ l(‘O.03) 
4 > l(sO.6) 
3 > l(;-0.2) 

o h~O~Olso~OPlC PreSentatioo. USUlg the most abundant Lsolopes oi rhe elements inrol\ed. 

TABLE 2 

TtIE hlASS SPECTRA OF CSH6Fe(CO)?E(C#j)j. E = P. AS AND Sb 

M/l” dues are wveo LD parenLheses 

IOIl ReleUve mle~lly 

E= P E = AS 

Ions conlalnrng IrOn 

ICs&,FdCO)? E(C&s)31* > 1(_0.3) (476) 3 (520) 

ICeH6Fe(CO)E(C6Hs)3I’ > !!‘-0.3) (448) 4 (492) 
CC6H6FeE(C6H~)31- I (420) 12 (464) 

IIC&)3EFe1* 12 (362) 

I(C$is)zEFel+ 5 (211) 5 (285) 
[CIzH6EFe1+ 2 (239) 7 (283) 
ICgHt,FeEU&Hs)31’* 6 (210) 
[CSH6FeE1+ 
[Cd-kFel* 10 (156) 6 (158) 

ICgHjFel’ 6 (133) 4 (133) 
ICfl-~Fel’ 33 (1321 
[CjHaFel+ 10 (1191 
[CSH~Fel+ 7 (118) 
[tZaH~Fel+ 18 (106? 

E = Sb 

> 1(-o.?) (X.6) 
> l(_O.l) (538) 

2 (510) 
1 (408) 

> I(-0.1) (331) 

10 (279) 
23 (158) 

2 (133) 
18 (132) 

9 (118) 
17 (106) 
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TABLE2 (cOntuX.Wd) 

Ion RelaL~ve ullen~ty 

E=P E = As E-Sb 

ICsH6Fe12+ 
I Fel+ 

4 ( 79) 
139 ( 56) 

JCjH;EJ+ 
JC3ffjEJ’ 
IC3HzEJ+ 
IC~HJEJ+ 
lC?H2EI+ 
IEJ, 

ICIZHII J+ 
UW-ho~+ 
ICIZHSJ 
ICI I&J+ 
ICI 1H71’ 
cclow8J’ 
JC9H71’ 
JC8H8 1+ 
tC@+J* 
[CS%J* 
CCSHj I’ 
CC7H71’ 
iCt$%t* 
Jc&ji’ 
1%&J’ 
tW%J+ 
IC$-hl’ 
CCsH3J+ 
lC,Hsl’ 
W,&J’ 
IGH3J’ 
CC$-J~J+ 
CC1H71+ 
JC$-JcjJ* 
IC3H51’ 
IwJ3J+ 

59 (262) 
15 (223) 

-? (185) 
25 (183) 

6 (133) 
5 (131) 

10 (108) 
303 < 86) 

37 I 85) 
91 ( 81) 
10 ( 83) 

4 ( 62) 
17-l I 71) 

-17 ( 70) 
97 ( 6-l) 

1000 I 58) 
740 ( 57) 

6 i 31) 

4 (154) 
5 (152) 

16 (141) 

6 (128) 
6 (115) 

3? (103) 
16 (103) 

5 (1021 

50 c 91) 
10 ( 78) 
17 ( 77) 

6 ( 76) 
12 ( 65) 

9 ( 63) 
10 ( 53) 
10 ( 52) 
30 ( 51) 
12 ( 50) 

590 ( -13) 
342 f -s2) 
549 ( -ll) 
160 ( 39) 

6 ( 79) 
8 ( 56) 

1000 (306) 

166 (229) 
642 (227) 

9 (177) 
206 (153) 

1.4 < 75) 

208 (154) 
208 (152) 

4 (141) 

30 (128) 
31 (115) 

7 (103) 
18 (102) 
25 (101) 

31 ( 76) 
49 ( 77) 
11 ( 761 

2 ( 64) 
13 ( 63) 

7 ( 52) 
61 < 51) 
12 ( 50) 

137 ( 13) 
126 ( 42) 

60 ( 11) 
21 ( 39) 

10 ( 56) 

150 (3523 

133 (2i5) 
65 (273) 

77 (199) 
1000 (198) 

27 

80 
530 
116 

1 
9 

18 
16 

4 
6 

13 
-1 

28 
33 

239 
17 

4 
1 
8 
2 

10 
8 

22 
33 
93 
13 
17 

(121) 

(155) 
(154) 
(152) 
(I-II) 
(139) 
(128) 
(115) 

(1OJJ 
(103) 
(102) 
(101) 
( 91) 
( 78) 
< 77) 
( 76) 
( 65) 
( 64) 
( 63) 
( 53) 
( 52) 
( 51) 
( 50) 
( 43) 
( 12) 
( 41) 
( 39) 

a hYonoisotopic presentatioo. using the mosl abundmt isotopes of the elements nwolved. 
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TABLE 3 

hfET.GTABLE 1ON.S (fir*) IN THE MASS SPECTRA OFBENZOCYCLOBUTADiENEIRON CARBONYL 
DERIVATIVES AND ETHYNYLBENZENE 

Rehtiw inlensaties are given m parentheses. s = strong. m = medium, w = weak, VW = very wvezk 

fir l = A,? Z/h11 (I hl I ‘U2 31, - %I? 

CgH6FdCO13 

189.2 (s) tC@bFe(CO)3I+ [C!jH6Fe(CO)z 1’ co 
161.6 (m) l’%H6Fe(CO)~I+ iCsH6Fe(CO)I+ co 
134.2 (s) tC8H6FdCO)IC ICsHbFel’ co 
110.3 (5) [‘%HbFel+ [C6H?Fel+ C?H? 

85.1 (m) IQ,HqFel+ [C4H2Fe]+ C,Hz 
81.6 (m) IC~H,F.ZI’ [CjHFel+ CH 
56.6 (m) 1C&,1+ CC6H41, CzH2 
55.9 (VW) tCsH6Fe;CO)]+ lCd461+ Fe; CO 

C!#6FdCOI,f’(C6li~13 

181.0 (m) [(C6HS)?PI’ ICIZHSPI+ HZ 
128.2 tw) Ic6Hs),PI+ IC~zHlol’ P 
90.5 (VW) I(C6H5)3Pl+ ICIZHIOI* C6Hj. P 
39.1 (w) [C3H71t IC3H51* Hz 

C~f-f@‘fCO)~AslCf,HjJ3 

225.0 (ml I(C&fj)?hl’ [CI?H$-I+ H? 
224.1 (m) IW%-lg)3AsFel+ [(C6H5)2hFel+ C&l: 
150.0 (m) lC12H1ol~ ICl2HSl’ H, 

75.5 (m) t(C6&)3Asl+ Icl?Hsl+ Hz: As: C,H5 

CsH@fC0~~SbtC#~l3 

273.0 (m) [(C6H5):133Sbl+ IC1?Hg’23Sbl+ H2 
271.0 (m) [(C6Hj)2”‘Sb]’ [C,~Hs’?‘Sbl+ H? 
112.9 (5) [(C6H5)31’3Sb]’ [CbHj”‘Sbl’ SC6Hj 
111.-l (5) I(C&I5)3’?ISbl+ [C&5’1’Sbl+ 3C6H 5 

86.2 (w) [(C6H5)~lz’Sb]+ (C,i+Ijol+ “IS,, 

85.6 (w) I(C6H5)2~~3.%1’ CCI?HIOI* 123C& 

C&/sC=CH 
56.6 tCsH61+ [C6H41C C?H:! 

o Monosotoplc presentalloo usmg the most abundant isoLopes of the element evolved. except for 
antimony u1 which case Lhe metasLrrble loos containmg boLh ’ ZlSb and lz3Sb ~o~opcs are g~beo. 

57.25 and lz3Sb, 42.75%), helped in recognizing many of the fragment ions. 
in the mass spectrum of C8H6Fe(C0)3 the peak at 1%1/z 93 due to [C8H6Fe- 
(CO)]” and [C3HFe]’ was resolved at 1cZ/mZ -6500 into a doublet having t,he 
ratio of 3/l, respectively. 

The complexes C8H6Fe(CO), and CsH6Fe(C0)2P(C6H5)3 were prepared 
by known procedures [lo]. The method of preparation of C8H6Fe(CO),E- 
(C6H5)3, E = As (m-p. 142-143°C; found: C, 64.44; H, 4.04; 0,6.30; calcd.: C, 
64.64; H, 4.06;0,6.15%) and E = Sb (m-p. 11%12l’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 [ 111. Ethynylbenzene was pur- 
chased from Matheson, Coleman and Bell (East Rutherford, N.J.). 
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Discussion 

Tbe mass spectrum of the benzocyciobutadieneiron tricarbonyl complex 
(Table 1) is of particular interest since sufficient met&able ions (Table 3) 
were observed to indicate many of the fragmentation processes depicted in 
Scheme 1. In the fragmentation processes involving metallic ions (Scheme l), 

SCHEME 1 

THE PROPOSED FRAChlENT.ATION SCHEME OF THE hlETALLlC IONS IN THE hlASS SPECTRUM 
OF C+i6Fe(CO)z 

C,H,FeKO), 

I 

+e- 

- 2e- 

[C,H,Fe(COla]+ 

I -co 

[C,“,FtLO), ] + 
-co / 

+e- 

\ - 2e- 

[C,H,FeKO)] + 
I 

[C,H,Fe(CO),] 2+ 
I c -co 

[G&Fe] + 
1 -co 

[C8H6Fe (CO)] 2 + 

I 
-co 

[c,H~F~I~+ 

CC, H2 Fe] + 

the monopositive molecular ion (M/z = 186) degrades via two different path- 
ways, by the simultaneous elimination of CO and Fe to give C&H,]’ (M/z = 
102) and the further loss of the remaining carbonyl group to afford [ CsH6Fe]” 
(M/z = 158) which is the most abundant ion in the spectrum. A two-step se- 
quence involving successive losses of two &Hz fragments from the carbonyl 
free ion, [GEI2Fe]‘, gives rise to th k- Ion [C6H4Fe]* (M/z = 132) and [C4H1Fe]’ 
(M/z = 106), respectively. The latter ion undergoes CH elimination to give 
[CaHFe]’ (M/z = 93). Als o included in Scheme 1 are the proposed fragmenta- 
tions involving the dipositive ions, [C,H,Fe(CO),]” (M/z = 107) and [CsH6Fe]” 
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(M/z = 79) as well as that at M/z = 93 which, in part, is due to [CBH6Fe(CO)]?‘. 
The tentative structures of some of the metallic ions, in the spectrum of 

C8H6Fe(COJa, 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 VETALLIC IONS IN THE MASS SPECTRUhl OF 
C~H~F~(CO)J 

+ 

i 

C 
III - Fe 

_.t__ 
/,CH 

'3 

-=2 / 
-C,H 

& I 
t 

CC. ';Fe 
..>A 

CH" 

I -CH 

the elimination of C2Hz to give benzyneiron ion, [C,H,Fe]‘, which then de- 
grades further to free benzyne and [Fe]‘. Alternatively, the benzyne.ron ion 
eliminates the neutral fragments CzH2 and CH In succession to give n-buty- 
nyliron and n-propynyliron type ions, respectively. The structure of :.-buty- 
nyliron for [C,E~Fe]’ is preferred over the x-butyneiron type since an ion with 
the latter structure should favour undergoing the elimination of C&H, to give 
[&Fe]’ instead of the observed elimination of CH which affords [C,HFe]‘. An 
alternative route of fragmentation envisaged for the benzocyclobutadieneiron 
ion, Scheme 3, involves two successive eliminations of C2H2 fragments from 
the benzo-ring to give a diradical cyclobutadieneiron which then eliminates 
neutral CH fragment to afford the n-propynyliron type ion [C3HFe]‘. X 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 CSH6Fe(C0)3 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 

ALTERNATIVE STRUCTURES PROPOSED FOR SOME OF THE hlETALLIC IONS IN THE MASS 
SPECTRUM OF CsH6Fe(CD)3 

1 -CzH2 

[H@-] 

[ 1 
+ 

Fe 

mass spectra of C8H6Fe(CO)3 [ 131 and C41&Fe(CO)3 * indicates that these 
ions are generated by processes of simikr energetics. This analogy suggests that 

* The appearance POteflLlJkG Of Lhe maiOr meLah 10115 in the mass SpeCLra Of Cg&,Fe(CO)3 and 
C4F4FeWO)3. clled below 1131. were determmed accordmg to lhc procedure yven m ref. 21 
on 3 modified ki~taca~ RhIU-7E mass specLrometer with a Kellhley 427 current ampIdler. 
C~H~FS=ICO)J: fC#6Fe(CO)31’. 7.43 5 0.02; [CsHbFe(CO)~I+. 8.08 2 0.02; [QH6Fe(CO)I+. 9.21 
L 0.02; [CaH6Fel+. 11.33 t 0.02; [C‘H_IFe]‘. 13.93 z 0.07 and [Fe]‘. 16.00 t 0.2. CJHJF~(CO)J 
[C~~Fe(CO)31*. 8.21 5 0.02; IC~tiFe(CO),1+.8.92 I?. 0.02; [C~~Fe(CO)I*. 10.11 2 0.03; 
[Q&Fe]*. 13.18 5 0.02: fC~HzFel*. Z3.85 f 0.02 and [Fel’. 17.88 z 0.02 eV. These rest&s ztre 
part of a comprehenuve study of fragmentiiuon energebcs of various cyclobutadienemetal com- 
plexes which is cutTenUy in progress 



335 

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 included in Scheme 
2. Incidently, the dissociation sequence of the benzyneiron ion starting with 
the elimination of GH2, Scheme 2, appears to be rather minor since the sum 
of relative intensities (Rf) of the ions involved, CRl( [CJ-LFe]’ + [CJlFe]‘) 
~4.3, is considerably smaller than that of the iron ion, Rf( [ Fe]‘) = 76.7. 
Insofar as Scheme 3 is concerned, the fragmentations described are in contrast 
with pathway 1, since the ion [&Fe]‘, [C,HFe]‘and [CIHI,Fe]‘, whose pro- 
duction can be anticipatd from the decay of the diradical cyclobutadieneiron 
ion according to this pathway, are not found at aI1 in the mass spectrum of 
C8H6Fe(CO)J. Moreover, the five-step sequence leading to the formation of 
[Fe]’ from [CBH6Fe]* 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 mars spectrum of C,H,Fe(CO)x 
could be formed directly by the elimination of iro.7 from the carbonyl-li-ee 
metailic ions described in Scheme 1. The production of other organic ions 
may be explained in terms of processes involving the elimination of neutral 
fragments (e.g., CzHz, C,H, C, and CH) and dehydrogenation (Scheme 4). In 

SCHEhlE 4 

A FRAGhlENTATION SCHEhlE. PROPOSED FOR THE FORhlATION OF THE ORGANIC IONS IN 
THE hlASS SPECTRUhI OF CQH~F~(CO), 

[C,H,FeKO)]+ -co’Fe c [C,H,]+ -C,H [&H5]+ 

1 
-C,Hz 

kH* 1’ 

one case, namely the formation of [C,H,]’ from [CSH6]-, hydrogen migration 
is presumed to occur in addition to C,H elimination. Noteworthy are the peaks 
at Al/z = 51 and 38 which, in part, may correspond to the dipositive ions 
tGJ-b1+ and [C,I&]“, respectively. Thus, the possibility of having fragmenta- 
tions via dipositive organic ions, although is not indicated in Scheme 2, could 
not be ruIed out. 
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The ions [C&H,]’ 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., diiodobenzene [ 141) 
as well as organometallic (e.g., bis(o-iodophenyl)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 [RX,] l and [ R,C,] “, the assignment of the benzocyclobutadiene struc- 
ture to [C&H,]’ is not altogether unreasonable since the generation and trapping 
of a benzocyclobutadiene intermediate has already been reported [ 16]_ The 
benzocyciobutadiene ion, due to its fused ring structure, is espected to eshibit 
considerably higher stability than the hypothetical cyciobutadiene ion. A 
similar argument may also explain the non-transitory properties of the bip- 
henylene molecule which has been studied extensively in recent years [ 171. 
The possibility of having the benzocyclobutadiene ion rearrange upon forma- 
tion to ions such as ethynylbenzene (eqn. 1) or octadryne-3,5-diene (eqn. 2 j, 
although it could not be ruled out completely, appears quite remote for the 
following reasons. The mass spectrum of ethynylbenzene (Table l), taken 
under the same conditions as that of the iron complex, C8H6Fe(CO)3, contains 
relatively intense peaks at M/z = 65 and 64 which are conspicuously absent 
from the spectrum of the iron comples. Thus, in spite of the observed C,H, 
elimination from the molxular Ion 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 octadiyne3,5diene, 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 

[C,H,- C f CH]+ (1) 

I 
+ 

&CC” 
I (2) 

HC\ 
CH-C=CH 

The detection of a novel benzynemetal ion in the mass spectrum of 
C8H,Fe(CO)3 is interesting, although not unique. The coordinated benzyne- 
nickel ion [CJLNiI?]* has previously been reported in the mass spectrum of 
[C,?3,Ni(CO)I,]2 [18], a comples thought to be a benzyne derivative. The 
relativeabundance ratios ([C,H,Fe]‘)/( [C,H,]‘) = 13.5 and ([C,H,Fe] l )/( [C,H,]‘) 
= 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 ([&H,Fe]‘)/( [CJ-LFe]‘) = 1.3 and ([C,H,]‘)/( [W-L]‘) = 3.5 
tend to indicate that while the complesed iigand ions exhibit comparable 
stabilities, in the free state the benzyne ion is considerably more reactive and/ 
or Lhennally unstable than is the 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 esample, Cava and Mitchell [ 161 have reported the generation 
of benzocyciobutadiene, 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. 

CJY$e(CO)~E(C&?j);, E = P. AS and Sb 
The complexes C,H,Fe(CO),E(C,H,), [E = P, As and Sb] studied in this 

work possess sufficient Jolatility 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 
compleses C,H,Fe(CO),E(C,H,),, are depicted in Scheme 5. In all three cases 
the molecular ion was observed to undergo stepwise losses of its two carbonyl 
groups. The resulting carbonyl-free ion, [CsHBFeE(CbH5)3]‘, degrades further 
through two maln pathways, by losing either the u-ligand (C6H5)3E to give icln 
[C&H,Fe]’ or the CsH, ring to give ion [(C,Hi),EFe]‘. The fragmentntlon of the 
benzocyclobutadiene iron Ion via a two-step sequence involving successive losses 
of two C2Hz units may esplain the formation of [C,H,Fe]‘and [C!,H,Fe]‘. 
Noteworthy are the identical C,H? elimination processes in the mass spectrum 
of CbH,Fe(CO), which were supported by the presence of appropriate metastable 
ions. Missing from the spectra of CsHbFe(CO)?E(C6Hj)l compleses is the ion 
[C3HFe]‘, whose formation by CH elimination from [&H,Fe]’ in the spectrum 
of CBH6Fe(CO)3 was supported by the presence of an appropriate metasta_ble ion 
at M/Z = 81.6. 

The fragmentation of the ion [(C,H,)JEFe]’ is suggested to occur by two 
main pathways. The first pathway involving consecutive eliminations of CtiHj, 
2H and ClzHsE fragments may esplain the formation of ions [(C,H,)2EFe]‘, 
[C,2HBEFe]’ and the bare iron ron, [Fe]*, respectively. The second pathway is 
suggested to include the following steps; phenyl migration with simultaneous 
elimination of [(&H,), El’, elimination (possible step) and dehydrogenations 
to give ions [C6HSFe]‘, [CjHqFe]’ (’ Ion not observed), [CjHJFe]’ and [C,H,Fe]‘, 
respectively (Scheme 5). The possibility of having the ions [C,H,Fe]’ and 
[C,H,Fe]’ originate from [C&Fe]’ by processes of CH elimination and dehy- 
drogenation, respectively, was escluded since these ions are not present in the 
spectrum of CsH6Fe(CO),. An alternative route to ion [&H,Fe]* may involve 
phenyl migration with simultarieous elimination of the C,H,E fragment from 
[(CbHS)IEFe]‘. 

The presence of the ions [CsH6FeP(C6Hj)3]” (M/z = 210) and [CsH6Fe]‘- 
(M/z = 79) in the mass spectra of the iron derivatives, CsH6Fe(CO),E(CbHS)J, 
suggests the possibility of having fragmentation processes involving dipositive 
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SCHEME 5 

A FRAGMENTATION SCHEhlE PROPOSED FOR THE FORMATION OF SOME OF THE METALLIC 
IONS IN THE MASS SPECTRA OF THE IRON DERIVATIVES. CS&,Fe(CO)_? E(C&l5)3 It? = P. As 
AND.%] 

C,H,Fe(CO),E(C,H,), 

I 

+ e- 

-2e- 

[~H,wco),EW~.)~]+ 

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 
[C8H6FeSb]’ (Wz = 279). Many of the metal-free ions in the mass spectra of 
CsH6Fe(CO)2E(C6H,)3 (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 fkaggentation processes especially those 
to do with the free l.igan& (C6Hs)jE (E = P, As and Sb). For instance, the 9- 
phosphorenefluorenyl ([C,,HsP]‘) is a major component in the reported mass 
spectrum of triphenylphosphine [ 191. Likewise, the 9-hetaofluorenyl ions, 
[C,,H,E]’ (E = P, As and Sb), are all major components in the mass spectra of 
the structurally related cyclopentadienyl-, indenyl-, fluorenyl- and pyrolyl- 
manganese ciicarbonyl derivatives, QMn(CO),E(C,H,), [Q = CjHs,C9H,,CIsHs 
and CJ&N; E = P, As and Sb] [20]. 
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