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Summary
The mass-analyzed ion kinetic energy (MIKE) spectra of some monosubstituted

ferrocenes having an unsaturated moiety in the «- or S-position to the cyclopenta-
dienyl ring and B-phenyl-y-ferrocenoylbutyric acid are presented and discussed.

Introduction

JTon kinetic energy spectrometry allows the study of unimolecular reactions and is
a unique source of information on thermochemistry, molecular structure, isotopic
quantitation and reaction dynamics [1].

In this paper we have concentrated on the MIKE spectra of compounds 1-9 with
the objective of increasing knowledge of the effects of substituents on the fragmenta-
tion processes. The investigation was directed towards assessing the similarities and
differences between compounds 1-9, which we synthesized in order to study their
chemical reactions, structures and spectrometric characteristics. The formulae and
names of the compounds studied are given in Table 1.

Experimental

Compounds 1-9 were synthesized as described in refs. 2, 3 and 4. The measure-
ments were made on a CEC 21-110B mass spectrometer at 70 eV with an accelerat-

* For Part XV see V. Rapi¢ and N. Filipovi¢-Marini¢, Org. Mass Spectrom., submitted.
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TABLE |
FORMULAE AND NAMES OF THE COMPOUNDS STUDIED

FeCOCH=CRR!
R R - -
1 H Ph /?&‘l‘rn enovistyrene
2 NH, CONHNH, a-Ammo-fS-Terrocenovilacrylic avid hvdraszide
3 NH, CO, E Ethyl a-amino-B-ferrocenoviaerviuie
4 NHPh COLFt Ethyl af A-phenviamino)-S-fercocenoviaerviate
R R R )
R CH. H w EﬁvImpmr;;cn\riwt;rz':lzr.A .
H COL kL (CH L LCOLH CE-1-Erhvl hivdeogen 2-ferrocenvl
methylenegluturate
7 H COH CHLCOH 1 1) 2-Ferrocenvimethyienesuecinie acid
8 H CO,H (CH L) COH (Fe2-Fereocen imerthvleneglutarne acid
9 FeCOCH,CH(PIMCH COH A-Phens by-ferroconovibutyre acid

“Fe= CoHFeC H .

ing voltage of 6 kV. The samples were introduced from a heated inlet at ca. 10 * Pa.
The unimolecular MIKE spectra indicated decomposition of wolecular tons i the
third field-free region between the magnetic analvser and the «econd clectrostatic

TABLE 2
MIKE SPECTRA OF COMPOUNDS 1-4

1 FcCOCH=CHPh (M" = 316)

Py 298 (M - HLO) 287 (M~ CHOY, 27200 - HL,O=CoHL, 02510 Cot
23 - CH, - COy, 213 (FcCO T IR6 (Bt 3 185 (Cy HFe '
178 (CH . COCH=CHPh™ -~ H.O) 163 (C M, 7

2 FeCOCH=C-CONHNH, (M7 = 313)
!
NH.
#1295 (M —H,0), 282 (M — NHNH,). 253 (M —~ HCONHNH. 1, 248 (A7 ~C.H ).
230 (M = CoHL = HaOn 213 (FeCO™ 1 186 (Fe ™ 1. 185 (C, H Fe

3 FcCOCH=C-COOC Ho (M7 = 327

NH.
v 309 (M~ HLO) 298 (M~ CHOY 281 (M — EIOH), 262 (M — C H.)
253 (M~ HCOOED), 234 (M C L. — COy. 233 (M~ C.H. ~ CHOY,
227 (M~ CH, — OED. 213 (1eCO ™ ) 186 (Fe™ 1 185 (CL HLFo ™ s

4 FcCOCH=CCOOQEL (M~ = 403;

NHPh
iy 3RS (M - HL0), 374 (M — CHO). 357 (M - EtOH), 338 (M — C.Hy).
329(M - HCOOE. 313 (M - C.H, - CON. 299 (M — C Ho - OF, 281,
264 (M —CHg ~ HCOOED, 235 (M - C Ho ~- HCOOF - HCOW 213 (FeCO )
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TABLE 3
MIKE SPECTRA OF COMPOUNDS 5-9

5 Fc-C=CH, (M " = 226)

|
CH,

m}: 210 (M —CH,). 200 (M —C,H,), 199 (M — C,H,), 198 (M —C,H,),
197 (M —C,H,), 186 (Fc* ), 161 (M —C,H), 153, 145 (M —CsH ~ CH,).
133 (M —C(H, —C,H,), 121 (M —~CsH, — C,H,)

(CH,),COOH
6 FcCH=C~ (M™* =356)
COOC, H,
m?: 338 (M —~H,0), 328 (M — C,H,), 310 (M — HCOOH — EtOH), 296 (M — CH,COOH),
291 (M = C,H). 282 (M —HCOOE), 273 (M — C,H, —H,0),
268 (M — CH,COOEY), 262, 251, 245 (M — CH; — EAOH)

CH,COOH
7 FeCH=C ~ (M* =314)
COOH
m3: 296 (M — H,0), 270 (M — CO,), 249 (M — CsH;), 231 (M — C;H; — H,0).
224 (M —HCOOH - C0O,), 204 (M — C;H, — COOH), 185 (C ,,HyFe™)

CH,CH,COOH
8 FcCH=C 7 (M* =1328)
COOH
m7: 310 (M —H,0), 290, 284 (M — CO,), 282 (M — HCOOH), 268 ( M —~ CH,COOH),
263 (M —C,Hy), 245 (M — CyH, —H,0), 233, 218 (M — C;H, — COOH),
199 (FcCH,* ), 171

9 FcCOCHz?—ICHZCOOH (M* =376)
Ph
m¥: 358 (M —H,0). 330 (M —HCOOH), 316 (M —CH,COOH). 311 (M — CsHy),
293 (M —C,H, —H,0), 283 (M — C,H, — C0), 265 (M — C,H, — HCOOH),
228 (FcCOCH, " ), 213 (FeCO™ ), 199 (FeCH, ¥ ), 185 (C,oHoFe ™)

analyser. The voltage applied to the second electrostatic analyser was scanned in a
range from E=E_ to E=0. When a selected ion [M]" passes through the third
field-free region of the above mass spectrometer it may unimolecularly fragment;
scanning the electric sector voltage downwards from the value which transmits
[M]" (E=E,) produces the well-known ion kinetic energy spectrum. We consider
only ions which undergo exclusively metastable dissociations.

m1+' [M+] = m, "+ my

The MIKE spectra for the molecular ions of compounds 1-9 are shown in Tables 2
and 3; the suggested compositions of the m, fragments lost from [ M *"] are shown in
parentheses in this case.

Results and discussion

Cais et al. [5] have reported the EI mass spectra of some derivatives of ferrocenyl-
acrylic acid but there has been no previous report on the MIKE spectra of this type
of compound.



408

Some obvious conclusions can be drawn from the data in Tables 2 and 3. Firstlv.
fragmentation leads mainly to the formation of [M - H.O]" jons for all the
compounds. except for compound 6. which does not contain oxygen. It is suggested
that the presence of a carboxyl group facilitates elimination of an H.O molecule.
formed from a carboxylic OH group and a hvdrogen atom originating from the
side-chain or the cyclopentadienyl ring. Second. the appearance of the frugment
[M — C;H,]" indicates the occurrence in all cases of & simple cleavage resulting in
the loss of an unsubstituted cyvclopentadienyl group from the molecular ton. This is
1o some extent in accord with previous studies by Innorta ct al. if
the dissociation energy for the bond between the iron atom and the cvelopentadienyi

who found that

ring could be lower than for that between iron and the substituted ring. Addition-
ally. in all the spectra some characteristic fragmentation patterns. onginating from
the ferrocene moiety are observed: 185 [C.H FeC. H 17 186 [C.H. FeC H.] . 17]
[C.H . FeC,H, ], 121 [C.H Fe] .

Another decompositions of metastable M ™ jons involves the cleavage m the
ligands adjacent to the ferrocenyl group. In the compounds containing the carbo-
xylic group eliminations of HCOOH., CH,COOH. ctc. are observed. On the other
hand. in compounds with ligands containing two carboxyvlic groups decarboxvlation
[M--CO,]" and the combined loss [M - CO. - HCOOH]  are favoured The
climination of EtOH. HCOOEL or CH,COOE takes place in compounds contaimn-
ing carboxylate groups.

The relative intensities of the above mentioned ions for compound 1-9 varv from
10 7 to 10 * with respect 1o the intensity of M " in cach case. The MIKE spectra
of the molecular ions of 1-9 show some peaks which were not seen in the EI mass
spectra or appeared only in verv low abundance (= 1%,

3

Compounds 1-4

The MIKE spectra of compounds 1--4 (Table 2) showed the expected cleavage on
both sides of the carbonyl group giving rise to the fragments FeCO™ and
[CsH FeC H, ], The cleavage of the bonds between the iron and two cvelopenta-
dienyl rings then gives corresponding [M — C H. ] ions and O H . Fe” ion. Accord-
ing to Mandelbaum and Cais [7] the more interesting mode of the fragmentation of
monosubstituted ferrocenes having a carbonyl group « 10 the cvelopentadienyl
group involves the formation of rearranged ions in which & group originating from
the ligands becomes associated with the metal atom. It can be assumed that similar
rearrangements lead to the formation of [ M — (C.H. + CO)" ions (compounds 1. 2.
3).

Compounds 5--8

The most important fragmentation of the molecular ions s loss of H.O -, CO,
and cleavage of the side chain (Table 3). The 328" peak for compounu 6 corre-
sponds to a McLafferty rearrangement of the ester group (CO,En) with loss of an
ethyvlene unit (C.H ).

Compound 9

This compound fragments mainly by a-cleavage at the carbonyl group (Fe€C O~
and Fc¢™) (Table 3). More interesting is the formation of the ion with »° 199. The
occurrence of rearrangement similar to that revealed in nvestigations of the priman



409

@<, O Qo Do
— e \ H — Fe — Fe
O O © ©)
a b c d
SCHEME 1

a-benzoylcarbenium ions [8] can be suggested for a-ferrocenoylcarbenium ion. It is
assumed that the loss of CO from ion a and the formation of d may proceed during
the rearrangement via a three-membered cyclic transition state (b) and subsequent
rearrangement to the ferrocenylacetyl ion ¢ (Scheme 1). However, the McLafferty
rearrangement arising from y-hydrogen atom and the carbonyl group adjacent to the
ferrocenyl giving the FcC(OH)=CH, ion (228) is also a possibility [9].
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