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Summary

The mass spectra of (7-CsH;s),M,, (CO)(L),(L’) (M = Mn, Re; L. = CO,
P(C¢Hs)s, P(OC¢Hs)s; L is a vinylidene ligand) are reported and characterised by
strong dehydrogenation of the rhenium complexes. In bimetallic analogues, the
Re—Re bond is stronger than the Mn—Mn.

Fragmentation of Mn- and Re-(cyclopentadienyl)carbonyl complexes
containing CO and PX, ligands has been studied earlier [2—4].

We have studied the mass spectra of Mn- and Re-cyclopentadienyl complexes
containing vinylidene ligands, including monometallic complexes CpMn(CO),-
(C=CHPh) ** (I), CpRe(CO),(C=CHPh) (II), CpMn(CO)(PPh,)(C = CHPh) (III),
CpMn(CO)[P(OPh),;](C=CHPh) (IV) and bimetallic complexes (V—VIII)
[5—T7].

Cp(CO),M — M(CO),Cp Cp(CO),Mn(C,6H,0)Mn(CO).Cp
(VII)
I
CHPh Cp(CO),Re[C=C(Ph)C(Ph)=CH,]Re(CO),Cp
(V, M = Mn) (VI, M = Re) (VIII)

Compounds II, VI and VIII contain the polyisotopic element Re (the stable
isotopes are '**Re and '8’Re having relative abundances 0.3707 and 0.6293, res-
pectively [8]). The presence of polyisotopic elements considerably complicates
the quantitative interpretation of mass spectra because it bars a direct compari-
son of intensities of ions containing different numbers of atoms of the poly-

(continued on p. 174)

* For part X see ref, 1.
** Cp = w-cyclopentadienyl and Ph = phenyl throughout the paper.
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TABLE 1
MASS SPECTRUM OF CpMn(C0)2(C=CiiPh) (I) (T} = 45°C)

fon m/e Relative Metastable ions

intensity

m/e Transition

Pt 278 6 177.2 278 = 222 + 2CO
P — CO* 250. 0.3 64.9 222 - 120 + CgHg
CPMDCBH6+ 222 32 25.2 120—+ 535 + Cs5Hj
CgHsMn"' 156 1
CsHgMnt 120 100
CgHg* 102 9
CgHgt 76 3
Mnt 55 40
‘TABLE 2

MASS SPECTRUM OF CpRe(CO)2(C=CHPh) (1) (T; = 140°C)

Ion mfe Relative Ion m/fe Relative
intensity intensity
4 410 23 C7H3Re™ 274 4
pP--CcO* 382 28 CsHzRe? 273 1
pP—2CO* 354 100 CsHRe* 272 1
P— 2CO — H;" 352 5 CsHsRet 252 4
pP— 2CO — 2H,* 350 6 CsH3zRet 250 6
C3H3Re(CgHg)" 328 23 CsHyRe™t 249 5
C 1H7Re+ 326 8 CsHRet 248 5
Cj1HsRet 324 7 C3H3Ret 226 2
CHReCgHg* 302 13 C3HzRe™* 225 6
CgoHsRet 300 7 C3HRe*t 224 7
C7H7Re* 278 4 CHRe* 200 3
C7HsRet 276 3 Re* 187 8
C7HzRe* 275 5 CgHg" 102 2
TABLE 3

MASS SPECTRUM OF CpMn(CO)(PPh)3(C=CHPh) (III) (Tj = 40°C)

Ion m/fe Relative Metastable ions

intensity

m/e Transition

Pt ’ 512 1.6 457.5 512 — 484 + CO
P— cot 484 8 301.5 484 — 382 + CgHg
CpMnPPhgt 382 100
Mn(PPh,)CgHa* 316 2
PPh3* 262 50
(CgH4)oPMnt 238 3
CpMn(C=CHPh)" 222 2
CpMn(CgHg)* 196 7
C1oHgP" 183 76
Ci12Hg* 152 12
C;1Hgt 141 4
CpMnt 120 48
PPht 108 40
CgHg”" 102 36
CsHg" 66 32
CsHs* 65 20

Mn¥t 55 36
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TABLE 4
MASS SPECTRUM OF CpMn(CO)[P(OPh)31(C=CHPh) (IV)

Ion m/e Relative Ion m/e Relative
intensity int nsity
Pt 560 2 C12H9+ 153 29
P—cCO* 532 5 Cyi2Hgt 152 16
CpMn[P(OPh)31* 430 26 CsHsMn* 120 32
P(OPh)3+ 310 29 CgHg* 102 87
CpMnCgHg" 222 5 PhOH™Y 94 22
P(OPh),* 217 100 Ph+ 7T 74
CpMnOPh* 213 4 CsHg" 66 76
PhOPCgH4t 199 11 CsHs* 65 41
C;2H,00,% 186 11 Mnt 55 14
C3;2Hg0,* 185 8 CaHaY 51 20
Ph,0% 170 8
TABLE 5

MASS SPECTRUM OF CpMn(CO)2(CgHg)Mn(CO)2Cp (V) (Ti = 105°C)

Ion m/e Relative Ion m/fe Relative
intensity intensity
P+ 454 0.03 CpMn(CO),* 176 8
P— CcO* 426 0.05 CpMn(CO)* 148 27
P— 2CO* 398 0.16 CpMn* 120 100
P—a4cot 342 0.3 CgHg* 102 10
CpzMny(CO)3t 324 0.3 C3HMn* 93 6
Cp,Mny*t 240 0.7 C,HMn* 80 5
CpMn,(CO)s* 231 0.2 CsHg* ' 66 16
CpMnCgHg™ 222 1.5 CsHst 65 9
CpMn(CO)3* 204 19 Mn*t 55 88
TABLE 6

MASS SPECTRUM OF CpRe(CO)2(CgHg)Re(CO),Cp (VI) (T; = 110°C)

Ion m/e Relative Ion m/e Relative
intensity intensity

Pt 716 32 CisHgRep™ 572 10

pP—CO* 688 7 Ci14H;gRes* 550 2

P—2CO* 660 14 Ci4HgRes™ 548 11

P— 3CcoO* 632 34 Ci2HgRes* 524 8

P— 4cOt 604 100 Ci1oHgReyt 500 9

P—4CO — H4" 602 16 CgHgReqg™ 474 7

P— 4CO — 2H,* 600 11 CpRe(CO)CgHg* 382 33

P— 4CO — 3H,* 598 25 CpRe(CgHg)* 354 96

Ci16H12Reat 576 6 M —4CcO™ 302 20

Ci6HioRes" 574 14
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TABLE 7
MASS SPECTRUM OF CpMn(C0)3(C16H10)Mn(C0O),Cp (VII) (Tj = 190°C)

Ion m/e Relative Ion m/e Relative

intensity intensity
Pt 554 15 CpMn(CO)3* 204 100
P—2CO* 498 32 CisHjio* 202 6
P—4aCO* 442 66 PhaC,p* 178 29
CpMn(CO)2(C16H1 00+ 378 135 CpMn(CO),* 176 19
P—4CO —Cp* 377 24 Ci2Hg" 150 13
CpMn(COXC;sHig)* 350 3 CpMn(CO)* 148 16
CpMn(C1gH1g)* 322 78 CpMnt 120 69
CpMnCgHat 275 16 CgHgt 102 14
CpaMng™* 240 8 Mnt 55 32
Cjy3HgMn* 220 8

isotopic element. Moreover, the presence of one or more polyisotopic elements
masks certain elimination processes such as elimination of hydrogen atoms and
molecules.

In order to overcome these difficulties, the mass spectra of compounds II,
VI and VIII have been transformed to the monoisotopic form using AELITA
programme [9] (the mass spectra are listed in Tables 1—8). All the spectra con-
tain rather intense molecular ions (P") and thus provide unambiguous assign-
ments of molecular weights and compositions of the compounds studied.

The vinylidene complexes fragment in a rather simple way, following the
usual pattern for cyclopentadienylmetalcarbonyls of consecutive elimination
of the carbonyl groups to give the ions P —n CO*, CpML" and M".

Fragmentation of CpMn(CQO),(C=CHPh)(I) is shown in Scheme 1. The tran-
sitions proved by metastables are labelled with an asterisk. Consecutive (or sin-
chronous) elimination of both carbonyl ligands leads to the ion CpMnCgHg"

TABLE 8
MASS SPECTRUM OF CpRe(C0)3(C1sH|2(Re(CO); Cp (VIII) (Tj = 190°C)

Jon m/e Relative Ion m/e Relative
intensity intensity
pP* 818 23 Ci;gHjoRes* 600 4
P— co* 790 3 CigHjoRes ™ 598 4
P—2co* 762 2 CigHgRes* 596 3
P— 3CO" 734 9 CpRe(C0O),C16H12T 512 50
P— 4CO* 706 55 CioHgRes™ 500 9
P— 4CO — Hy* 704 11 CpRe(CO)C3sH 2% 484 9
P—4CO — 2H,* 702 18 CpReCjigH2" 4156 100
P— 4CO — 3H," 700 9 Cs1HjsRet 454 29
P—3CO — 4H,* 698 4 Cs1Hj3Re™ 452 43
P—4C0 — 5H,* 696 5 Cq3HjRet 450 4
CrqH gRes" 678 3 Cs1HoRe™ 448 21
Ca4H;gRes" 676 1 Ci9H;s5Re™ 430 2
Cz4H14Ret 674 [ CjgHj3Ret 428 3
Ca24H;jsRep* 672 1 CjoH;Re* 426 8
C24H oReg ™ 670 4 CjoHgRe™ 424 16
Cs4HgRes ™+ 668 1 CjgHsRet 422 5
C4HgRes™ 666 2 Rea(CO)* 400 10
018H15R22+ 604 5 Re2+ 372 10
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Schema 1. Fragmentation of CpMn(CO),(C=CHPh)under electron impact.

CPMn(CO),(C=ChPh) —"2 o cpMn(cO)(C=CHPR)*

P, m/e 278 m/e 250
N\Co %o

C, HPR' —CPMN_ cpMn(c=cHPn)y ——SHPA comnt
m/e 102 m/e 222 * m/e 120
x! - C,H, ~CgHg NS l—Cp
' CgH
+ + —Lgilg +
C36H4 CeHsMn - Mn
m/e 76 my/e 156 m/fe 55

which may further lose CsHsMn, CsHg, C,3H; or CgHg (the two latter processes
have been proved by metastables). The replacement of one of the carbonyl
groups in CpMn(CO), (the mass spectrum, see Table 9) with the phenylvinyli-
dene ligand greatly increases the extent of decarbonylation of the molecular
ion. In fact, the P — 2CO" to P" ions intensity ratio is about unity in CpMn(CO);
while the CpMn(CgH¢)"/P" ratio in the mass spectrum of T amounts to 5.3. This
may be due to the larger stability of the ion CpMn(CgH¢)™ compared with
CpMn(CO)".

The introduction of PPh; or P(OPh); into the molecule (see the mass spectra
of 11T and IV) further increases the stabilities of the decarbonylation products,
by a factor of 18 in the mass spectrum of III and by a factor of 9 in the mass
spectrum of IV {(with reference to the ion M — 2 CO" in the mass spectrum of
CpMn(CO);). Complexes IIT and IV both give rather intense free ligand 1ons
PPh3j and P(OPh)3; the further fragmentations of these ions parallel those ob-
served in the mass spectra of phosphines [1C] and phosphites [11].

The mass spectrum of CpMn(CO),(C=CHPh) contains an interesting ion ot
the composition CgH;Mn"* {m/e 156), formed by the elimination of the cyclo-
pentadiene molecule from the ion CpMn(C=CHPh)’, which probably has the
structure of manganese phenylacetenide, PhC=CMn". The formation of metal
acetylenide ions is characteristic for Mn and Re cyclopentadienyl complexes;
the mass spectra of CpMn(CO); and CpRe(CO),, in particular, contain the ions
C,HM" (M is Mn or Re, Tables 9 and 10, respectively). Metal acetylenide ions

TABLE 9
MASS SPECTRUM OF CpMn(CO)3* (T; = 20°C)

Ion mje Relative ion m/e Relative

intensity intensity
Pt 204 25 CoHMnt 80 7
P— CO* 176 7 CHMn* 68 2
P— 2COt 148 26 CsHg* 66 8
P— 3CO* 120 100 CsHs* 65 4
C3H,Mn* 93 7 MnH* 56 4
9

C3HMn* 92 2 Mnt 55 8
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TABLE 10
MASS SPECTRUM OF CpRe(CO)3 (Tj = 20°C)

Ton - m/fe Relative Ion m/fe Relative

intensity intensity
P+ 336 50 C3HjRe* 225 17
P—cCO" 308 24 C3HRe* 224 26
pP—2Cc0O* 280 100 C,HRet 212 4
P—3CO* 252 58 CHRet 200 18
CsH3zRe™ 250 27 CRe™ 199 5
CsHRe* 248 5 Ret 187 5
C3zH3Ret 226 20

possess high stabilities and may formally be regarded as structures containing
stable doubly charged metal cations and acetylenide anions, HC=C ™M™ [12].

The mass spectrum becomes much more complex on the replacement of
Mn in I with Re, that is on going to CpRe(CO),(C=CHPh) (II). Thus a dra-
matic increase in intensity of decarbonylation ions is observed; two additional
fragmentation processes occur that are absent from the mass spectrum of the
manganese complex. These are the fragmentation of the cyclcpentadienyl ring
leading to the ions C,H,Re (n = 1,3) and a very intense dehydrogenation process.
Similar phenomena are observed on going from CpMn(CO), to CpRe(CO)..

The mass spectra of the binuclear Mn and Re complexes (V and VI) differ
significantly from each other, first of all in that the mass spectrum of V con-
tains intense ions CpMn(CO);* and their fragmentation products, probably
resulting from thermal decomposition of the complex in the ion source. Apart
from that, the mass spectra differ in binuclear ion intensities. The sum of the
intensity of binuclear icns only amounts to 1% of the total ion current in the
spectrum of the Mn complex, whereas the rhenium derivative fragments to give
70% of binuclear ions. It thus appears that the Mn—Mn bond is less stable than
the Re—Re.

The molecular ion VI consecutively loses four ecarbonyl groups to give the
base ion Cp,Re,CgH," which furiher fragments by the usual scheme for
rhenium cyclopentadienyl complexes, via the elimination of the H, and C,H,
neutral molecules [2,4] (see Scheme 2).

The (P — 4 CO)" ion in the mass spectrum of 2,3-diphenylbutadienylidene
complex (VIII) consecutively loses five(!) hydrogen molecules to give the ion

Scheme 2. Fragmentation of the ion szRezcng

+ --H2 - _H2 +
CpyRe,CgHg CigHiyRe, —————=—® C,gH;Re,
m/e 604 m/e 602 m/fe 600
1_C2H2 ' l_csz l_Hz

C, H. Re* —THa ¢ H Rer C. Re, *
16 142 162 R 18FhoR €2

mje 578 mje 576 mjle 598
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Scheme 3. Fragmentation of the molecular ion VIIT.

CpRe(CO) ,(C,H,,)Re(CO),Cp"

16 12
m/e 818
- CpRa(CO),
. + +
CpRe(C gH,,)ReCp CpRe(CO),C\gH,,
mse 706 m/e 512
l —-H,. —H -CO
2 2
l =CpRe _
I—H,, —H, |-coC
B |
v Y
+ ~Hy, =Hp , —Hy, —H +
CogHRe, ' CoHgRe" a2 2 2 2 CpReCigHiz
mje 696 m/e 448 mfe 456

C,eH,,Re," (m/e 696, Scheme 3). This seems to be the first example of such a
large dehydrogenation under electron impact.

Undoubtedly, the rhenium atom plays the most important part in this pro- .
cess of successive elimination of five hydrogen molecules, unparalleled in or-
ganic mass spectrometry. ‘“Internal catalysis’’ by the central rthenium atom is
probably the moving force of the process. It should be noted that no such
processes are observed with manganese complexes.

Scheme 4. Fragmentation of the molecular ion YL

CPMN(CO) ,(CigHyg) MN(CO),CD”

m/e 554
*,/-2CO -CpMn (CO),
CPMN(CigH,g) M (CO),Cp* COMN(CO),CygHio
mfe 458 mfje 378
* | -2CO CpzMny -CO
mje 240
CpMnN(CgH,5)MnCp”™ CpMN(CO)CigH,g
mje 442 mfe 350
l—co <CPMn l—co
+ —-Mn +
CpMn(C.rGHm)Mn CpMn(C16H1O)

m/e 337 mje 322
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The catalytic properties of rhenium and manganese are known to differ dras
tically [13]. The processes involving molecular oxygen are characteristic of ma
ganese catalysis whereas rhenium is an efficient catalyst of hydrogenation-dehy
drogenation reactions.

Dehydrogenation probably occurs via hydrogen transfer to the metal atom.
Therefore the process should depend mainly on coordinative undersaturation
of the ion involved. In fact, no dehydrogenation is observed until after the
elimination of one or several ligands from the molecular ion.

Comparison of fragmentations of the CpRe" ion in the mass spectrum of
CpRe(CO); and of the ions CpRe(C,¢H;,)ReCp” and CpReC;¢H;," in the mass
spectrum of VIII provides information about the source of hydrogen atoms.
The elimination of hydrogen is likely to occur from both cyclopentadienyl and
vinylidene ligands (CpRe successively loses two hydrogen molecules, CpRe-
C.:6H:." loses four and CpRe(C,¢H;,)ReCp five molecules). Unlike most transi-
tion metal mono- and bi-nuclear cyclopentadienylcarbonyl complexes which
fragment exclusively by successive elimination of carbonyl ligands, the P ions
from VII and VIII also eliminate the CpM(CO), particle (M = Mn, Re) (see
Schemes 3 and 4) to give CpMn(CO),(C;6H10)" (m/e 378) and CpRe(CO),-
(Ci6H12)* (n/e 512). This observation supports the suggestion that no metal—
metal bonds occur in the complexes.

Experimental

The mass spectra of I, ITI—V, VII, IX, X were recorded on an MX-1303
instrument and those of I, VI, and VIII on an AEI MS-30 spectrometer
ecguipped with a DS-50 data processing system. The conditions were: ion source
temperature 150° C, direct inlet system temperature 40—190° C. Inlet system
temperatures (7;) are indicated in Tables 1 to 10 for each particular compound.

References
1 D.V. Zagorevskii, Yu.S. Nekrasov and D.A. Lemez'lovskii, J. Organometal. Chem., 146 (1978) 279.
2 R.B. King, J. Amer. Chem. Soc., 90 (1968) 1417.
3 J. Muller and IX. Fenderl, J. Organometal. Chem., 19 (1969) 123.
4 V_F. Sizoi, Yu.S. Nekrasov, Yu.V. Makarov and N.E. Kolobova, J. Organometal. Chem., 94 (1975)

425,
5 A.B. Antonova, N.E. Kolobova, P.V. Petrovsky, B.V. Lokshin and N.S. Obezyuk, J. Organometal.
Chem,, 137 (1977) 55.
6 N.E. Kolobova, A.B. Antonova, O.M. Khitrova, M.Yu. Antipin and Yu.T. Struchkov, J. Organometal.
Chem., 137 (1977) 69.
7 V.G. Andrianov, Yu.T. Struchkov, N.E. Kolobova, A.B. Antonova and N.S. Obezyuk, J. Organo-
metal. Chem., 122 (1276) C33.
8 J. Charalambous (Ed.). Mass Spectrometry of Metal Compounds, Butterworths, London, 1975, p. 228
9 Yu.N. Sukharev and Yu.S. Nekrasov, Org. Mass Spectrom., 11 (1976) 1232.
10 D.H. Williams, R.S. Hard and R.G. Cooks, J. Amer. Chem. Soc., 90 (1968) 966.
11 J.L. Occolowitz and G.L. White, Anal. Chem., 35 (1963) 1179.
12 R.G. Denning and R.A.D. Wentworth, J. Amer. Chem. Soc., 88 (1966) 4619.
13 Ya.B. Gorokhovatskii (Ed.), Kataliticheskie Svoistva Veshchestv, T. IV (Catalytic Properties of Sub-
stances, Vol. IV), Naukova Dumka Publ., Kiev, 1977.



