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The mass spectral fragmentation of (cycle-Gexo-C,H,R)Mn(O,, (R = H, 
CN; OMe, OEt, O-t-&r, NHMe, NHPh) has been examined. When R = H or CN, 
complete decarbonylation precedes any fragmentation of the organic ligand. 
For the other complexes, the only process able to compete with decarbonyla- 
tion of the molecular ion is loss of R*. Such behaviour is discussed in terms of 
charge localisation effects. 

Introduction 

In an earlier publication [23, one of us discussed the mass spectral fragmenta- 
tion of transition metal 7r-complexes in terms of charge localisation and its conse- 
quences. In that paper, it was suggested that fragmentation of organometallic 
molecular ions by loss of small neutral molecules such as Hz, rather than by 
the loss of radicals such as H’, reflects not only the relative activation energies 
of the processes in question but also the fact that the metal atom may act as 
the site of charge localisation. Thus in molecular ions of complexes of the 
type LM(CO)3 (L = a z-bonded organic ligand), charge localisation at the metal 
atom means that the electronic configuration of the Egand L may well be dif- 
ferent to that of the free-ligand molecular ion, Lt For example, if L is an even- 
electron ligand, perhaps a diene, then it can maintain its even-electron nature 
in LM(C0)3t whereas L* will, of necessity, be odd-electron. If the approach 
suggested by McLafferty [3] is then applied to these ions, the molecular ion of 
the free ligand may be expected to undergo preferential radical loss producing 

* For part III see tef- 1. 



‘~.~eri_e!e~~~~-da@ht@r ion, wJ&the complexed ligand in deco@@osing f&m 
ai eGe-electri;n siti$ioti_ (w&h- respect to ,the q%aqiC titiiety) ,zxG$: yi+ld -an.. 
= evh-e~ectro~p ~e&&and retain ttie even-electron eharaeter~of-the organic 

mc+w in the:metdt;bonded daughter ion. Hovkver,~,thi&pproach is purely a 
-- ‘rationa& o-f-the results&oted in ref. 2 and on that basis there is no means of 

assessing.the relative importance of activation ene&es and charge localisation. 
He&&e present a study of cycloheptadienyltrictibonylmanganese and some of 
its derivativti which gields’a better insight into these two’effects; 

Results and~discussion 
, 

In seeking to test the-impor&ce of relative activation energies versus charge 
localikation effects on the fragmentation of the molecular ions of metal-bonded 
organic ligandswe have examin ed the mass spectra of (cycle-G-exe-C,H,R)Mn- 
(CO), (I, R =. H; II, R = 0CH3; III, R = OC&H,; IV, R = OC(CH,),; V, R ? NHCH,; 
VI, R = NHCBH,; VII, R = CN). As the organic ligand is a five-x system, ionisa- 
tion involving au electron of predominantly metal character will maintain the 
odd-electron configuration of the organic &and. If fragmentation of the organic 
l&and is solely governed by activation energy considerations, then the only 
processes able to compete with decarbonylation of the molecular ion will be loss 
of H2 or ‘RH fiorn C(6) and C(7). That is, the fragmentation will be exactly analo- 
gous to that of derivatives of zyclohexadienetriearbonyliron [2,4]_ If, however, 
electronic configuration is of some importance, then the organic moiety might 
expel a radical, R‘ or H’ ; therby achieving an even-electron configuration. 

The molecular ions of all complexes show decarbonylation as. their principal 
route of decomposition. in the case of I, no fragmentation of the organic ligand 
is observed until all carbonyl groups have been lost. A similar situation was 
observed for (cycle-C,H,)Fe(CO), [S] in which formation of [C,H,Fe(CO),]* 
was only observed for n = 1 and 0, and for (cycle-C,H,X)V(CO), (X = H, Me, 

TABLE1 

MA&SPECTRUMOFI 

m/e ZLeIative intensity Metstable supported fragmentations 

232 23.1 232 -, 204 
204 X4-6 204+176 
176 12.3 176-148 
148 100.0 148+146 
146' 31.5 148+ 92 
93 11.5 148+ 56 
92 10.0 1464 91 
91 87:7 93- 91 
80 10.8 91+ 65 
77 18.5 
65 15.4 
57 11.5 
56 42.3 
55 Sk.2 
43 13.1 
41. 169 
39 17.7 
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MASSSPECTRUh'IOFII 

m/e Relativeintensity 

,262 3.8 
234 4.6 
231 2.0 
206 6.2 
203 2.4 
178 18.4 
175 10.3 
148 10.3 
147 4.9 
146 19.5 
123 15.4 
121 4.6 
120 5.1 
119 5.1 
106 18.4 
105 20.0 

92 32.4 
91 100.0 
85 9.2 
77 11.6 
65 29.5 
57 43.2 
55 55.4 
43 54.1 

Meta+tablesupportedfragmentations 

262-234 
234'206 

206+178 
178-148 
178'123 
148-147 
148-146 
148- 92 
148+ 56 

3.46- 91 
123+ 91 
91+ 65 

TABLE3 

MASSSPECTRUMOFIII 

m/e Relative intensity Metastablesupported fragmentations 

276 10.9 
248 4.7 

231 2.5 
220 8.8 
203 2.0 
192 37.5 
175 4.5 
148 34.4 
147 10.0 

146 18.1 
137 33.4 
120 5.3 
109 6.3 
107 9.8 
100 22.8 
92 18.5 
91 93.8 
SO 13.6 
i9 11.3 
77 10.9 
69 20.8 
65 25.3 
56 50.0 
55 100.0 

41 10.0 
39 24.7 

276-248 
2484220 

231-'203 
220+192 
203-175 
192-'148 
192-137 
148- 146 
148- 92 

148+ 56 
X46+120 
146+ 91 
1374 109 
x37-+ 91 
91-+ 65 



MASSSPECTRUM OFT 

3&s 10.3 

276 3.2 
248 10.0 

231 4.2 
220 16.1 

203 1.2 

175 3.2 

164 35.5 

163 7.1 

162 35.5 _ 

147 11.0 

146 12.5 
128 67-7 

121 8.7 
110 11.0 

108 8.4 
92 25.5 

91 93.6 

80 12.4 

79 . 10.7 
77 11.2 

66 26.1 

63 9.4 
59 22-Y. 

57 45.2 
56 38.7 

55 100.0 
43 26.5 

41 64.5 
39 45-2 

304-276 
276'248 
248+220 
231'203 
220-164 
203-+175 
x75-,147 

X64+163 
164+X62 
164+X47 

146-+ 91 
914 65 

Ph) which showed loss of H, from [(C,HBX)V]* [7] [(C,H9)Mn]? (m/e 148) 
shows three routes of decomposition which are supported by metastable ions. 
These are: (a) loss of Hz, (b) formation of MnH+ and (c) formation of C,H,t. 
of which (a) is the most important. This might be expected for an ion which 
has undergone three successive decarbonytition reactions each of which will 
reduce the internal energy of the daughter ion such that only fragmentations 
of low activation energy are observed [5]_ 

The three alkoxy derivatives (II, III and IV) all show a second route for decom- 
position of the molecular ion accompanying decarbonylation. In each case 
this involves loss of OR’ (R = CH,, C2Hs, C,H, j. The resulting ion, [C,H&ln- 
(CO),]’ undergoes subsequent stepwise elimination of carbon monoxide mole- 
cules. None of the three molecular ions shows any loss of Hz, RH or H . The 
decarbonylated ions, [(C,H,OR)Mn]* alI give rise to the elimination of even- 
electron neutrals. Thus, for II and III loss of RCHO (R = H, CH,) is observed 
yielding [(C,H,)Mn]? (m/e 148) which does not fragment in a manner strictIy 
comparable with that discussed above for I. In addition to the routes outlined 
for I, H’ is also lost (metastabie observed). The ion [(C,H,OBu-t)Mn]t produced 
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TABLE5 

MASS SPECTRUMOFV 

m/C?. Relativeintensity Metastablesupportedfragmenktions 

261 2-7 261-233 

233 5.3 233-205 

231 1.7 205-177 

205 5.9 203+175 
203 1.0 x77+147 

177 11.8 1774122 

175 2.3 175+120 

148 3.5 148-'146 

147 3.3 147-+146 

146 3.3 146+ 91 
122 100.0 122+ 91 

120 27.7 914 65 

91 43.5 
80 8.2 
77 10.0 
65 14.1 
56 15.3 
55 824 
43 9.4 

42 24.7 

41 15.9 
39 19.4 

from IV, being unable to transfer from the a-carbon atom of the side chain 
does not show loss of C,H,O, but does eliminate C4H,. A range of structures 
can be written for the daughter ion of this fragmentation (m/e 164). However, 
as one route for its decomposition that can be confirmed by the presence of 

TABLE6 

MASSSPECTRUMOFVI 

m/e Relativeintensity Metastablesupportedfragmentations 

323 9.3 3234295 
295 1.0 255-267 

267 5.3 267+239 

239 36.7 2314203 

237 17-O 239+237 
231 3.0 2394184 

211 6.7 239-+147 

203 1.2 237+182 

184 27.0 
182 26.0 
147 21.3 

106 43.3 
93 21-7 
91 33.4 
77 18.3 
65 7.3 
64 15.3 
63 24.3 
56 22.0 
55 100.0 
41 16.5 
39 32.3 



r13*0._ -i;__ -1 - _:,: : 

- .: 

metast,ible.~or& i ioss of:&? it pk~ably has the &u&&e [(&I,OH)Mn~. : I 

-If th.&.the~case-then.the -fork&ion o&z/c~~64 mu& involve-a four-membered, 
.,t&&&.n~~_ _P&&a&n_of C,.q&m ph,enetole has e. been shownto 

involve a four-membem~d trar&tion‘st& [S]; .The.ion at tij’e 164 ak& -shows 
~tdh&&i~n’qk-k; &&loss of Hy;both of which-are metastable supported_ 

Both V&d VI show loss of -NHR’ (R S-Me, Ph) as the only fragmentation 
able-to compete with~dkarbonylation of the molecular ion. Fragmentation of 
the deckrboriylated ions, [(C&&HR)Mn]? differs from thatof the related 
alkbxy ions in that both show loss of RNH’as the only metastable’sripported 
decomposition other than metal&ligand bond cleavage. The spectrum of V does 
show an ion at m/e 148 which could arise via CH,=NH elimination, analogous 
to that of II, however, there are no metasmble-ions to support this fragmenta- 
tion. 

The spectrum of VII is extremely simple_ The molecular ion fragments only 
by decarbonylation and the ion [(C,H,CN)Mu]* (m/e 173) shows loss of HCN 
as its only route of decomposition (metastable ion observed). The reason for 
this atypical behaviour is not clear, however, it is interesting to note that S-exe- 
cyanocyclohexadienetricarbonyliron fragments in a different manner to other 
compounds of this type [9]. 

Thus, in summary, molecular ions of the complexes (cycle-6_exo-C,H,R)Mn- 
(CC), (R = MeO, EtO, t-BuO, MeNH, PhNH) all ahow radical loss as the only 
process able to compete with decarbonylation. The other two complexes studied 
(R = H,.CN) show only decarbonylation of the molecular ion. We believe this 
supports our earlier contention 123, that charge localisation is an important fac- 
tor m-the fragmentation of such ions. Nevertheless, it must be emphasised that 
there are exceptions to this generalisation, the most notable of which is proba- 
bly the loss of R’ radicals by the molecular ions of some substituted cyclohepta- 
triene compkxes, (7-ezo-C,H,R)Cr(CO), [IO]. In these cases, charge transfer 
from the metal to the fragmenting organic &and probably occurs in the transi- 
tion state thereby yielding the 6r-tropylium ion coordinated to chromium(O). 

TABLE? - . 

MASSSPECTRUMOFVII 

m/e ReJ.ativeintemity 

257 4-2 

229 3.4 
201 3.5 

173 9.2 
146 31.5 
11s 2.4 
116 3.5 
91 88.5 
89 5.0 
81 12.3 
65 18.1 
63 6.9 
56 19.8 

55 100.0 
41 6.1 
39 21.2 

Metastablesu~ported fra~entations 

257+229 

229+201 
201+173 

173+146 
1464 91 
146-' 55 
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Experimental 

All complexes were prepared by published procedures [ 111 and gave satis- 
factory analyses, IR and NMR spectra. Mass spectra were recorded on an Al31 
MS 9 operating at 70 eV and 100 PA trap current. Fragmentation patterns were 
recorded at 1000 resolution and any ion assignments in question confirmed by 
mass measurement at 10 000 resolution performed by the peak matching tech- 
nique. 
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