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In a recent communication (2) we reported some preliminary results on 

the fragmentation of ferrocenes containing a carbooyl substituent in the 

oC-position to the cyclopentadienyl ring. 

One of the more interesting observations reported for these compounds 

was the appearance of fragments II in the mass spectra of ferrocene derivatives 

Of structure I. These fragments, II, arising from the transfer of the group R1 

to the metal atom with concomitant cleavage of the bond between the substituted 

cyclopentadienyl ring and the iron atom, then gave rise to the ions III by 

cleavage of the remaining cyclopentadienyl ring. + 

1 ) 
We now wish to report further results obtained in OUT laboratory in the 

course of a systematic investigation of mass spectral measurements of 

q-bonded organometallic compounds. 
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The aame type of frmntation pattern, leading to formation of ions 

each u III, appears to be a muoh more general phenomenon then ml&t have beep 

anticipated just on the basis of our ferrocene reeulte (2). 

Thus, en analyeir of the fmgmentation pattern of substituted buta- 

dimeiron triqle, IV, under electron impact (3). ehamd the preeence of 

frament III in aI the rpwtra we have inveetigated a0 far. 

Iv 

t 

- Fe-@ + 1 3 
III 

Tke m/e values end the abundance (% x50] of the major fra,genta 

obeerved in the maee spectra of IV are tabulated In Table 1. 

The came type of fragmentation wae observed in the meee apectre of 

substituted ereneohrcmium tricarboryrl derivativee, V, end eubstituM cyman- 

trenes, VII, (4). 

The data for the major fra@mnte observed b the mass spectra of 

several 6f the oompounde V end VII are given in Tablea 2 and 3 respectively~ 

It ie intereating to note at this point that the ion [Metal-R’] + 

has even bee:1 observed in the mass epectra of compounds where R1 la not 

tiediately {attached to the carbon atom in the o(-position to the ‘ii_i@ro- 

carbonmetal isystem. (See for emmple compound8 3b and 30 in Table 3). The 
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effect of the position of subatituents in the fragmentation'pattam of T- 

bonded organometallic compounds is being further investigated in our labora- 

A rather surprising result observed in the mass spectra of the 'ii- 

hydrocarbonmetal tricarbonyl derivatives investigated is the appearance of a 

fragment whose m/e value corresponds to [LRlM]', (where kbydrocarbon ligand 

and M= metal atom). This arises from the molecular io; (L- -R )M(CO)3] * [ I1 

minus the three carbon monoxide carbonyls giving ~L-E-R$~]+. followed by 

the loss of the carbonyl function to which the R1 substituent is attached. 

The suggested pattern of fragmentation, namely ~-~-i?lMCO)~ '4 

4 CL% 
+ is supported by the observation of the corresponding metastable 

peaks (in several of the measured spectra) as well as by finding the expected 

isotopic abundance (in the case of the iron and chromium derivatives). 
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TABLE 1 

a/e Values (and Abundance $ z 
50 
) of Major Fragments 

in the Mass Spectra of Meneiron Tricarbonyls 

ION+ 

L.Fe(CO$ 

L.Fe(CO& 

L.Fe(CO) 

L.Fe 

L 

Fe-R1 

Fe 

L 

252 
(3.43) 

224 
(3.6) 

196 
(6.27) 

168 
(14.1) 

112 
(1.25) 

$32) 

Compound 

& kz 

253 251 
(1.63) 

225 223 
(4.9) 

197 195 
(9.18) 

169 167 
(13.3) 

113 111 

(1.48) 

74 72 
(2.07) 

56 (;676) 

&i le 

253 282 
(2.37) 

225 254 
(3.34) 

197 226 
(6.56) 

169 198 
(3.23) 

113 142 
(0.64) 

74 (4'35, 

56 (:663) 

If. 

310 
(1.31) 

282 
(1.09) 

254 
(2.56) 

226 
(3.33) 

170 
(0.65) 

a 1 c a e 2 

R1= OH CD 
MI2 

ND 
2 

OH OCH 
3 

R2 = 
CH3 cB3 CS3 CS3 co2H co2m3 

II= Diene Ligand 
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TABLE 2 

m/e Values (and Abundance d r50) of Major Fra@aenta 

in the Mass Spectra of &enechromlm Trlcarbonyla 

MICrW3 

ION+ 

ArHCr(CO)3 

ArHCr(C0)2 

ArHCr(C0) 

Al-HCr 

ArH 

Cr-R1 (R1= OH) 

Cr-R1 (R1,oCR,) 

Cr 

288 
(5.2) 

232 
(1.6) 

204 
(18.2) 

152 
(2.46) 

($02) 

(Z.2) 

302 
(5.3) 

246 
(2.12) 

218 
(24.7) 

166 

(0.7) 

(Z7) 

(Z.9) 

318 282 

(2.65) (5.0) 

290 - (0.82) 

262 226 

(4.9) (3.0) 

234 (25.5) tE.0) 

182 146 
(0.61) (0.5) 

(Z.2) Go) 

268 

(3.86) 

212 

(1.7) 

184 
(18.0) 

132 
(3.3) 

(::.6) 

366 
(3.35) 

310 
(5.2) 

282 

(20.2) 

230 
(12.7) 

(Z.7) 
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TABLE 2 

m/e Values (and Abundance d x 
50 

) of Major Frqmmts 

in the Mass Spectra of Cymantrenes 

a 

ION+ -i-OH 

2 

L.Hn(CO)3 w(7.5) 

L.Mn(C0)2 220(0.13) 

L.Mn(CO) 192C4.85) 

L&l 164c34.1) 

Mn-oH 72c17.7) 

Mn 55c12.4) 

1 -cH2-cH2- -OH 

2 

276tO.76) 

24d1.51) 

22Oc1.51) 

192(10.6) 

72C9.5) 

55b.34) 

8 -m=rcJE- -OH 

22 

274C5.95) 

246cO.32) 

21d4.34) 

190(15.;) 

72c6.44) 

55(13.8) 

L=: 
sH4 
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The possible generality of this type of fragmentation is hinted at by 

the variety of examples enumerated in Table 4. 

We should like to note that as far as ws ars aware there are no reported 

examples of similar decarbonylation of carboxylic acids, or their derivatives, 

under electron impact. Indeed, our own measurements of metal-free diene carbo- 

xylic acids do not show such decarbonylations. Noreover. we have observed that 

the peak corresponding to such decarbonylation is also absent from the mass 

spectra of ~orgsnometallic compounds in which the group 8 l - -R is not directly 

bonded to the metal-carrying ‘ii_.organic moiety (for example compounds such as 

3b and Jc in Table 3). This observation has led us to suggest a possible mecha- 

nism of decarbonylation under electron impact in which the second step, migration 

of R 
1 

from 81 -R to the metal might be considered analogous to the methyl migra- 

tion recently suggested (5) in the mechanism for the thermal decarbonylation 

of ecetylnanganese pentacarbonyl, CI$COMn(CO),. 

The next feature of interest we wish to mention in this preliminary commu- 

nication, has been observed in the mass spectra of q-bonded organometallics 

containing two or more metal atoms per molecule. 

The data for some of the compounds investigated are summarized in Tables 

5 and 6 and the structural formulae of these compounds are drawn in Fig.1. 
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TABLE 4 

m/e Values, Abundances (% x5C) and Hetastable Peaks 

of fragments Involved in Exhaustive Decarbonylation. 

t- N (L - 
1 

-R )w(co)7 
I 

+- UL - ii - R1)M-J + -3 pq+ 

Compound 
No. 

F? M 
de 
of 

metastable 

h?d+ 
%z,, Peak 

de 

la 

lb 

lc 

Id 

le 

If 

2a 

3a 

08 Fe 140 

OD Fe 141 

NE2 Fe 

ND2 Fe 

OH Fe 

139 

141 

170 

0CH3 Fe 198 

OH Cr 176 

OH Mn 136 

8.65 116.5 

6.0 

3.55 115.8 

2.3 

1.18 146 

2.33 173.5 

3.04 152 

0.71 
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Structural Formulae of ConPounds Collected in Tables 5 and 6. 

2095 

5b 

5d 

6e 

6d R=CH 
3 
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TABLE 2 

m/e Values (and Abundance $ x 
50 
) of Major Fragments in 

the lkms Spectra of T-Bonded Organometallics Containing 

Two Chromium or Chromium and Iron Atoms in the ssme Moletie. 

ION+ 58 5b SC 5d 5e 5f 

IJ4~*(co)5 

~Wco), 
~Wco), 
mWco)* 
mV(co) 

LCrCr 

L&Fe 

LFe 

Icr 

L 

Cr-Fe 

Cr-Cr 

Fe 

Cr 

478(0.25) 

'394(0.25) 

;'58(15.0) 

x6(8.55) 

m(o.388) 

52t14.0) 

5W1.35) 

446(1.1,6) 

418(2.25) 

362(3.7) 

310(8.2) 

258c4.85) 

lW(O.1) 

5*(9.0) 

502(0.97) 

418k.52) 

3Ml.l) 

362(1.65) 

334(1.52) 

282l14.5) 

230(9.4) 

K&0.28) 

52k7.6) 

574CO.l) 

546cO.2) 

518cO.2) 

4YO(O.61) 

462cO.2) 

406(0.92) 

354(13.7) 

302(4.3) 

52(15.8) 

482c3.78) 

426tO.87) 

398(3.8& 

370(3.97) 

342l2.81) 

314(12.9) 

262c1.26) 

258l8.25) 

206k.26) 

lc&.45) 

56l2.13) 

52(1*.7) 

406l4.85) 

350(3.0) 

322(6.89) 

294(5.15) 

266l8.8) 

238e(8.8) 

186(*.9) 

182c6.65) 

130(0.32) 

UX(3.32) 

56l1.83) 

52(13.5) 

L = Hydrocarbon Ligaod (see Fig.1) 
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TABLE 6 

m/e Values (and Abundance % x50) of Major Fragments in the 

Mass Spectra of $-Bonded 0 rganometallics Containing Two 

Manganese ok Manganese and Iron Atoms in the same Holecule. 

ION+ 6a 6b 6c 6d 60 

LdM2(co), 

LMs42(co) 

lMnMn 

ll‘we 

I& 

I&l 

L 

MII-Fe 

Mn-Mn 

Fe 

Mn 

458C12.8) 

374C7.05) 

346cO.78) 

X8(9.15) 

290(15.0) 

235c17.1) 

lso(1.9) 

llO(O.57) 

55(9.5) 

434c6.35) 646c7.5) 

350(10.8) 562t4.4) 

172(0.53) - 

294b.8) - 

266b8.3) 478c24.1) 

211(3.18) - 

156cO.53) 368c1.07) 

lll(<O.l) 

llO(1.23) - 

56c1.29) 

55cl5.6) 55c3.52) 

674c8.8) 

59OC3.13) 

506(23.2) 

451kO.l) 

396kO.l) 

lll(<O.l) 

56cO.63) 

55Cl.57) 

402h2.9) 

3ld21.3) 

263b.33) 

lll(O.33) 

56c2.0) 

55c2.83) 

L = Hydrocarbon Ligand (see Fig.1) 



2098 No.25 

These compounds under electron impact give rise to ions whose m/e valuea 

correspond to the F - M*]’ ion. We have observed the following ions: 

br - Cr It, br - Fe] l , ke - Nn] l and [No - Nn] l . In the case of the 

ions containing the iron and chromium atoms. the F - M*]+ ion has been 

confirmed by isotoplo abundance measurements. 

Anoth’w interesting featore observed for polymetal complexes has to do 

with the way #:arbon monoxide is lost from the metal friaarbonyl moieties. 

In the ease of dieneiron tricarbonyl compounds (Table 1) the carbon 

monoxide groups are lost in a stapwise manner. The same ia true for cymantrene 

derivatives (‘l?able 3) and for some of the arenecbromium tricarbonyl compounds 

(Table 2). 

The wme cracking pattern, namely stepwise loss of carbon monoxide 

groups, one al a time, has also been reported for the hexacarbonyls of chromium, 

molybdenum and tungsten (6). 

However, this pattern of fragmentation is completely altered the moment 

there ars at least two metal atoms in the same molecule bonded in suitable 

gositiona. 

For instance the diohromium derivative 5b (Table 5) shows the ions corres- 

ponding to the loss of three, four and six oarbon monoxide groups with no inter- 

mediate steps .rhereas the dichromium derivative 5a (Table 5) does exhibit the 

atepwise loss <of carbon monoxide. 

This feature is most strikingly shown by the data for the manganese trl- 

carbonyl derivatives collected in Table 6. In all these compounds, which contain 
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either two manganese atoms, or one manganese and one iron atoms, or two manganese 

and one iron atoms, three carbon monoxide groups are lost in one step.. Moreover, 

in the case of compounds 6c and 6d even the remaining three carbon monoxide groups 

are lost in one step. This suggested pattern is supported by the presence of the 

required metastable peaks in all,the measured spectra. 

We cannot yet offer a suitable explanation for this phenomenon. We might 

mention, in this connection, a recent report of a concerted elimination of two 

radicals which are initially attached to the same metal atom and which is ascribed 

to changes of valency of the bar. and metal atom occwing during the ion dissociation 

reactions (7). 

A final point which should be mentioned in this communication is the 

advantageous use we have made of the mass spectra of ferrocenes for distinguishing 

between homo- and hetero- disubstitu'ced ferrocenes. The presence or absence of 

the peak m/e = 121 for the ion [c~H~F~+ m the mass spectra of ferrocenes (2) 

may turn out to be a more sensitive criterion than the "g-lop rule" generally 

used in ferrocene chemistry (8). 
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