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On the Mechanism of Photochemical Decarbonylation of
Acetyldicarbonyl-n3-cyclopentadienyliron

John J. Alexander

Contribution from the Department of Chemistry, University of Cincinnati,
Cincinnati, Ohio 45221. Received July 18, 1974

Abstract: It is demonstrated that decarbonylation of 5°-(CsHs)Fe(CO),13C(O)CHj either photochemically or in the mass
spectrometer occurs with loss of a terminal carbonyl group. The intermediate resulting from the photochemical process
undergoes nucleophilic attack by triphenylphosphine faster than methyl migration. Mass spectra of 7°-(CsHs)Fe(C-
0),13C(0O)CHj; show differences in the fragmentation patterns which depend on the ionization energy. At 20 eV considera-

bly more scrambling and loss of 13CO is observed than at 70 eV.

Insertion and abstraction reactions involving metal-car-
bon bonds are well known in organometallic chemistry.!
Carbon monoxide was one of the first small molecules
found to give insertion products with metal alkyl com-
plexes.2

CH,Mn(CO); + CO == CH,C(0O)Mn(CO); (1)
A

Two points are worthy of note in regard to reaction 1: first,
that the reaction is thermally reversible to give the product
resulting from CO abstraction out of the Mn-C bond; sec-
ond, that the terms insertion and abstraction merely de-
scribe the structure of the product compared to that of the
reactant. Indeed, it has been shown? that the “inserted” CO
in reaction 1 is one of the CO’s originally bonded to Mn.

Cyclopentadienyliron dicarbonyl alkyls and acyls will un-
dergo reactions analogous to eq 1; however, much more vig-
orous conditions are required to effect these.4:3

@—Fe(CO»CHS + 00 ==, @—Fe(CO)zC(O)CHS
2000 psi
@)
1
@—Fe(CO)QCCHS LN @—Faco)zcm +00 (3)

This fact has discouraged mechanistic studies on cyclopen-

tadienyliron carbonylation reactions where the entering nu-
cleophile is CO.

Our recent work on the chemical decarbonylation of or-
ganometallic acyl complexes® using chlorotris(triphenyl-
phosphine)rhodium(I) led us to investigate the mechanism
of decarbonylation of 73-(CsHs)Fe(CO),'*C(O)CH3 under
photolytic conditions. The results of this investigation are
reported here along with some information on fragmenta-
tion pathways of #3-(CsHs)Fe(CO),'3C(O)CH; and
n%-(CsHs)Fe(13CO)(CO)CHj3 in the mass spectrometer.

Experimental Section

Materials, Solvents and chemicals were reagent grade and were
used without further purification except for tetrahydrofuran which
was distilled from calcium hydride. Chromatography was carried
out on columns of acid-washed Grade I Woelm alumina.
73-(CsHs)Fe(CO),'3C(O)CH3 was prepared by a previously pub-
lished procedure.6 Purification was accomplished by repeated vac-
uum sublimation at 40° onto a Dry Ice-cooled probe. The com-
pound exhibited terminal CO stretches at 2021 (s) and 1968 (s)
cm™! in hexane. The acyl stretches occurred at 1671 (m) for
12C=0 and 1636 (m) cm~! for '3C=0.

Decarbonylation of #°-(CsHs)Fe(CO),!3C(O)CH3. The acetyl
complex (0.50 g, 2.3 mmol) in 100 ml of hexane was irradiated
under N3 in a quartz vessel for 30 min with a Hanovia 450-W mer-
cury vapor lamp. The solution was reduced in volume under a ni-
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Table I. Mass Spectra of n*(C H,)Fe(CO),"*C(O)CH,

Table II.  Mass Spectra of n®~(C, H, )Fe(CO)(* * CO)CH,

70 eV, 260° 20eV, 330°
Rel % Rel %
inten- label-.inten- label-

70 eV, 260° 20eV, 330°
Rel % Rel %
inten- label- inten- label-

Fragment mle sity? ing sity?  ing Fragment mle sityg  ing  sity@  ing
C,H,Fe(*2C0),'*C(O)CH,* 221 2.7 28 0.39 27 C,H,Fe(*2CO)(* *CO)CH,* 193 3.7 32 5.9 24
C,H,Fe(*2C0),'2C(O)CH,* 220 7.1 1.1 C,H,Fe(*?C0O),CH,* 192 9.7 19
C,H,Fe(*2C0),(**COY* 206 093 o 077 C,H,Fe(* 2CO)(* *COy* 178 16 4, L7 L
C,H, Fe(*2CO),* 205 2.7 2.1 C,H,Fe(*2CO),* 177 3.1 4.7
C,H,Fe(*?C0)! *C(O)CH,* 193 24 by 22 " C,H, Fe(*>CO)CH, *+ 165 44 o 12 |,
C,H,Fe(*?C0)!?C(O)CH,* 192 60 54 C,H,Fe(*2CO)CH,* 164 19 53
C,H, Fe(*2CO)(* *CO)* 178 2.1 30 1.5 16 C,H,Fe(*?CO)* 150 2.0 20 2.4 15
C,H,Fe(*2C0),* 177 5.8 8.1 C,H, Fe(* ?CO)* 149 7.8 13
C,H, Fe! 3C(O)CH3: 165 16 , )5 C,H,Fe(CH,)* 136 40 11

12 R
CsH Fe' *C(O)CH, 164 61 52 @ Relative to m/e 121 = 100.
C,H, Fe(* *COy* 150 88 23
CsH,Fe(’ ZCOI' 149 25 12 bonylated compounds are less than 10% of the most intense
C, H, Fe(CH,) 136 46 25 peak at m/e 121. The mechanism of photochemical decar-
@ Relative to m/e 121 = 100. bonylation must (as depicted in Scheme I) involve produc-

trogen stream and chromatographed eluting with hexane. After
evaporation of the solvent in a stream of nitrogen, the compound
was purified by sublimation onts a Dry Ice-cooled probe. The
product (obtained in 30% yield) had terminal CO stretches at 2015
(s), 2003 (m), 1964 (s), and 1933 (m) cm~! in hexane.

Decarbonylation of 5-(CsHs)Fe(CO);!3C(O)CH3 in the Presence
of P(C¢Hs)s. The procedure was that outlined above except that an
equimolar quantity of triphenylphosphine was added to the hexane
solution. Chromatography of the resulting mixture afforded four
bands. Band I gave 0.24 g (23%) of #°-(CsHs)Fe(!3C-
O)[P(CeHs)3;]JCHs. From maroon band II was isolated [4°-
(CsHs5)Fe(CO),]a (<0.1 g). Colorless band III contained triphen-
ylphosphine while band IV provided a trace amount of
7°-(CsHs)Fe(CO)[P(CsHs)3]1*C(O)CH;.

Products were identified by their infrared spectra.
75-(CsH;s)Fe(!3CO)[P(Ce¢Hs);]JCH; has a terminal CO stretch
centered at 1897 cm~! in CHCI; (lit. 1905 cm~! in Nujol?) corre-
sponding presumably to an overlap of '2CO and '3CO bands. The
parent peaks in the mass spectrum at m/e 455, 454 indicate that
the compound is 24% labeled with 13C. 53-(CsHs)Fe(CO)[P-
(CeHs)3]C(O)CH; displays in CHCI; a terminal CO stretch at
1923 cm~! and bridging CO stretches at 1590 (12C=0) and 1551
(13C=0) cm™! (lit. 1920 and 1598 cm™!, respectively®).

Physical Measurements. Infrared spectra were measured on a
Beckman IR 12 instrument calibrated vs. polystyrene using 0.1-
mm NaCl cells. Mass spectra were obtained on a CEC MS-9 in-
strument at The Ohio State University with an inlet temperature
of 260° and an ionization energy of 70 eV and also on a LKB 9000
combination gas chromatograph and mass spectrometer at the
University of Cincinnati College of Medicine with an inlet temper-
ature of 330° and an ionization energy of 20 eV. Relative intensi-
ties were found by measuring peak heights with a millimeter rule.
Peaks assigned as '3C-labeled fragments are corrected for natural
abundance of this isotope.

Results and Discussion

n%-Cyclopentadienyliron dicarbonyl acetyl labeled to the
extent of about 28% at the acetyl carbon with 13C was pre-
pared and photochemically decarbonylated to the corre-
sponding methyl complex (reaction 3). The extent of label-
ing in several fragment ions in the mass spectra of the reac-
tant and product compounds is reported in Tables I and II,
respectively. The important conclusion to be drawn from
the data in the tables is that substantially all the !3C origi-
nally incorporated into the acetyl position in the starting
compound remains in the methyl product from the photo-
chemical decarbonylation. The apparent slight increase in
extent of labeling in going from the acetyl to the methyl
product in one set of spectra is probably due to the fairly
large uncertainty in intensity measurement of the very weak
parent peaks. The relative intensities of the labeled and un-
labeled parent peaks in both the carbonylated and decar-

Scheme I
oc O oc O
S /|
@_Fe——‘SCCHa = Fe—CCH, —
N * N\
co co
oc 0 O
/| /
@—Fe—wccm +00 — @—Fe\TCHB

tion of an excited species with an appreciably weakened
bond between iron and a terminal CO. The terminal CO
then dissociates? leaving an unsaturated moiety which rear-
ranges with methyl migration to convert the bridging
13C=0 into a terminal !*C=0.

The mechanism depicted in Scheme I is very like the
mechanism of decarbonylation effected by Rh{P(Cs-
Hs);3]3ClL,6 the difference being that the terminal carbonyl
is not abstracted by the rhodium complex.

Whether the unsaturated intermediate persists for any
appreciable length of time under uv irradiation or whether
loss of terminal CO is essentially coincident with methyl
migration was investigated!? by carrying out the reaction in
the presence of an equimolar quantity of triphenylphos-
phine to compete for a vacant coordination position on the
iron.

Scheme II details possible pathways for the reaction of
n5-(CsHs)Fe(CO);13C(O)CHj; on irradiation in the pres-
ence of triphenylphosphine. Pathway A corresponds to the
case where attack on the unsaturated intermediate occurs
faster than methyl migration while pathway B corresponds
to more rapid methyl migration than triphenylphosphine at-
tack.

The experimental results allow a clear choice of pathway
A as accounting for the production of the #°-(CsHs)Fe(C-
O)[P(C¢Hs)3]'*C(O)CH3  and  #°-(CsHs)Fe(!3*CO)[P-
(CeHs)1]CHj; isolated. First, the fact that the final product,
75-(CsHs)Fe(13CO)[P(C¢Hs)3]CHs, is still 24% labeled
(vs. 28% predicted) is evidence that the conversion of the
bridging CO to a terminal one required by pathway B is not
occurring. If pathway B were effectively competing, the ex-
tent of labeling in the parent peak of the triphenylphosphine
methyl product would be lower than the 24% observed on
account of loss of terminal 13CO. Second, the triphenyl-
phosphine acetyl precursor!! to the final product contains
13C only in the acetyl position. By employing a solution of
unlabeled #°-(CsHs)Fe(CO)[P(CeHs)3]C(O)CH; in chlo-
roform as a reference, the infrared bands at 1923 and 1590
c¢m™! can be completely eliminated from the spectrum leav-
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CcO
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|
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/ /
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lhu lPPhﬁ
1500 1800
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@—Fe—cm +COo @—Fe—CHS
N AN
PPh, PPh,
+ +
Co co
/S /S
@—m—cm + 15CO @—m—cm
AN N
PPh, PPh,

(14% labeled) (14% labeled)

ing only the !*C=0 band at 1550 cm~!. This must mean
that the triphenylphosphine-substituted acetyl results from
attack on a coordinatively unsaturated (or solvated) inter-
mediate rather than from an attack on #%°-(Cs-
Hs)Fe(CO)(13CO)CH3 which would distribute the *CO
between bridging and terminal positions in the
7°-(CsHs)Fe(CO)[P(CeHs)3]C(O)CH;.!3

That the unsaturated intermediate undergoes nucleophil-
ic attack according to pathway A more rapidly than methyl
migration seems clearly established.

The presence of labeled fragments in the mass spectra of
these iron complexes permits some heretofore inaccessible
observations to be made regarding fragmentation patterns.
In interpreting the extent of labeling in various fragments in
terms of their origin in species of higher molecular weight,
we consider it unlikely that reactions in the mass spectrom-
eter would lead to incorporation of 13CO. Also, it should be
mentioned that some apparent inconsistencies in the label-
ing percentages are the result of experimental error which is
relatively more important for peaks of low intensity.
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King!2 has studied the mass spectrum of 7°-(CsHs)Fe(C-
0),C(0O)CH; under conditions quite similar to one set in
this work (source temperature 260°; 70 eV). He had ob-
served that the main features of the fragmentation of this
compound are stepwise loss of CO and competitive loss of
CH;. These fragmentation pathways were confirmed by
location of metastable peaks.

The results of our study on the acetyl starting material
presented in Table I are similar to those of King in showing
the presence of fragments corresponding to the stepwise loss
of CO. Moreover, the fact that the 13C content in the m/e
193, 192 set of peaks is the same as in the parent 221, 220
peaks shows that a terminal CO is the one lost by the parent
ion—a fact which earlier work could not reveal. The rela-
tive abundances of various peaks seem to indicate preferen-
tial loss of terminal carbonyls as compared to methyl
groups as long as there is a choice.

Depending on the inlet temperature and ionization ener-
gy, other features of fragmentation patterns seem to differ
for the acetyl complex. Scheme III depicts a proposed path-

Scheme I11
C;H,Fe(CO),!*C(O)CH,*
m/e 221, 220 (28% labeled)

.casl

\-co

CsH;Fe(CO), (13CO)* CsH;Fe(CO)
m/e 206,205 (26% labeled) m/e 193,192

1SCOCH3)4

(
(29% labeled)
-co k -CHg

CsH,Fe(1*COCH,)* CsH;Fe(CO)'*CO)*
m/e 165, 164 (21% labeled) m/e 178, 177 (30% labeled)

13¢o l \ -CHg
CsH;FeCH,* CH;Fe(13CO)*
m/e 136 m/e 150, 149 (26% labeled)

way when the temperature is 260° and ionization energy is
70 eV as employed by King.

The labeling of fragments strongly implies that fragmen-
tation along the major pathway proceeds by loss of terminal
carbonyl groups more rapidly than any rearrangement can
occur which would scramble the labeled CO. When both
terminal CO’s have been extruded to give CsHsFeC-
(O)CH3* m/e 165, 164, relative intensities suggest that
rearrangement and CO elimination to give CsHsFeCH,*,
mfe 136 is competitive with elimination of CH; to give
CsHsFe(CO)* m/e 150, 149. Consequently, the amount of
labeling in all carbonyl-containing ions is the same as that
in the starting compound.

The data in Table I also reveal that under these condi-
tions (70 eV) the principal source of CsHsFe(CO)(13CO)*
is loss of a methyl radical from CsHsFe(CQO)!3C(O)CH;*.
If CO loss from CsHsFe(CO)2(12CO)* were a significant
source of this fragment, one would expect the 13C content to
be lower than the 30% observed in m/e 178, 177. Likewise,
the most significant source of CsHsFe(*2CO)* appears to
be CsHsFel3C(O)CH;* since both are equivalently la-
beled. Any CsHsFe(}3CO)™* arising by carbonyl extrusion
from CsHsFe(CO)(}3CO)* would be expected to lead to a
decrease the labeling observed in the m/e 150, 149 peaks
since the loss of 12CO or 13CO should be equally probable
statistically. These observations are consistent with the
minor amounts of CsHsFe(CO),(}3CO)* and CsHsFe-
(CO)- (13CO)* as revealed by relative intensities.

Scheme IV shows the proposed fragmentation pattern of
7°-(CsHs)Fe(CO),3C(O)CH; when the inlet temperature
is 330° and the ionization energy is 20 eV.
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Scheme 1V

C;H;Fe(CO),"*C(O)CH;*
m/e 221, 220 (27% labeled)

.casi \.co
CsH;Fe(CO), (*CO)* C;H;Fe(CO)!*C(O)CH,"
m/e 206, 205 (27% labeled) m/e 193, 192 (28% labeled)
l-co /,/_’CHS l -co
C;H; Fe(CO)(*CO)* C;H;Fe!3C(O)CH,*
m/e 178, 177 (16% labeled) /e 165, 164 (25% labeled)
l-co 9 l Bco
CsH Fe(t*CO)* CsH;FeCH,*
m/e 150, 149 (16% labeled) m/e 136

A significant difference is evident on comparison with
Scheme III: namely, that the presumably longer lifetime of
ions excited by less energetic electrons permits more facile
loss of methyl group from the parent ion so that now
CsHsFe(CO),(3CO)*+ becomes the principal source of
CsHsFe(CO)(13CO)* with consequent reduction in the ex-
tent of labeling. Also, the 13C content of CsHsFe(!3CO)*,
mje 150, 149, makes it clear that this fragment must arise
from two sources: namely, loss of methyl by CsHsFe!3C-
(O)CH;* and loss of CO by CsHsFe(CO)(1*CO)*.

Again, the major pathway appears to involve preferential
loss of terminal CO more rapidly than rearrangement. In-
tensity measurements suggest a competition between rear-
rangement with loss of CO and extrusion of CH; for
CsHsFe!3C(O)CH;3™* at m/e 165, 164.

The mass spectra of the alkyl reported in Table II show
less satisfactory agreement with one another. The fact that
the two spectra are both of the same compound yet show la-

beling of 32 and 24% in the parent peak gives some measure
of the uncertainty in the labeling reported. Given this mag-
nitude of uncertainty, the data reveal essentially random
and preferential loss of the terminal carbonyls with less ten-
dency to extrude the methyl group. As expected, no features
attributable to a -C(O)CHj; group and its rearrangements
are discernible.
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