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Summary

Chemical and electrochemical one-electron oxidation reactions of
n5-C5H5Fe(CO)2R (R = Me, PhCHZ, PhCH2CH2) in methylene chloride in the presence
of added chloride ion yield n5—C5H5Fe(CO)2C1 and RC1, apparently via the 17

electron complexes, [n5—C5H5Fe(C0)2R]+ and n5-C5H5Fe(CO)2-.

Electrophilic cleavage reactions of transition metal-carbon o bonds
are currently generating considerable interest, largely because of the diversity
of reaction paths and mechanisms [1]. For instance, in the case of compounds of
the type ns-CsHSFe(CO)ZR, cleavage with halogens [2] and mercury(Il) salts [3]
often appears to proceed via essentially two-electron transfer processes
involving formally iron(IV), eighteen electron intermediates such as 1 and 2.

|
L >

+

/Fe\ X- C/ FE\
£ AN
C R OC R

0

1
o~ ~s



“IN0 paLdded 3a£ 30U SjuaWLLadXD A43aW0[NoY
‘3U344N2 punouByoeq Joj pajdaddod

mgm.mmz_m> u Spw QgL + mAa

1) 243k sjeijudlod SisA(o43da|3 °4a3auwo[no) (e3ibiq 0LE |BPOW Juvd ®
Y3tm paddinbs pmumo_pcwpom JLuo4309|a Buijuam e sem pasn juawdinb3 ‘{99 papLALPp ® UL ‘334043293
buryuoddns se _u2¢=m W L0 pue eoﬁoquu W 1°0 ‘xe)dwod 3jow m-op X €°2 “9p0432913d BuLyuom 3jLydeay
*09S/AW 0§ @104 ueds $934|0432313 Butluoddns A_uzqzm W20 40) qo_uz¢pu

W G600 pue .Npumxu pazeusblixoap uL xa(dwod jo suoLanyos | m-o_ X £~ “3p04303|D BULYAOM UOGJRD
Asse|b e paAfoAul SjuswLaadx3 *UDP40I4 WAO4BABH G[O| L3P0 uoLjeworg e yiim paddinba wa3sks

£435118Y204393(3 OL| L3POW JUYd © Sem pasn quaudinby -aouadasad (%19%3 ut 1N'23 W L°0) L0Bw/bY sh

(9)

(®)

280t Ud%HO[udand]0094%5)-

g
,08°0+ 4aHa[ Edd10024%59- U
260+ udHolE(aH0)a0901%4)-
190" i+ WL (4d0) d 10094 59-
(298) 10%a%Houg *(428) 10%(00)4H%0- (£) £€6°0 8e" L+ 4dHa%Ha%(09) 2% 0- U
(%90) 1% “(262) 1%(00)2a%50- 1 (2) €50 82" L+ 4¢°Ho%(09) 23S0~ u
JLE L+ a1 soa% (0224~ u
| (122) 19%(09)3%5- 1 (€) 160 £2° L+ 9H°(09) 2440~ cU
. : (sauswiaadxa .- (5310}
nﬁmvﬁm_zv $30Npoad SLSA|04308(3 . 9 mm d punodtiog
40 *ou) u ("3

Cc38

1EQ JL4JBWOLNOY pue JpJjauwwel(0p | algel




C39

Both 1 and 2 can produce a variety of products, although the former
preferentially yields alkyl halide.

There have also, however, been a number of reports of cleavage of
compounds of the type ns—CSHSFe(CO)ZR by the typical one-electron oxidants,
cerium(IV) and coppe~(I1) [4-6]. When the reactions are carried out using an
alcohol, R'OH, &5 solvent, the major organic product is the ester, RCOZR',
yields decreasing as R' becomes larger. Although few mechanistic data are
available, it seems to Le generally believed that the initial step is the formation
of the seventeen electron intermediate, [nS-CSHSFe(CO)ZR]+ (g). This could then
undergo either rearrangement to an acyl species, which would be attacked at the
acyl carbon atom by the nucleophilic solvent with displacement of ester (1), or
direct attack at a carbonyl group followed by reductive elimination of ester (2)

n%-CgHgFe(CO),R ~&> [n’-CsHgFe(CO),R]*
(1) 7 RON(2)
[n5-C5HsFeCO(COR)]*  n5-CgHgFeCO(CO,R' IR + H'
'OH
RCQR' + ut RCO,R'

Either pathway would explain the observed retention of configuraticn at
R [5,6]. Interestingly, chlorine and bromine have been found to yieid acy!l
products under certain conditions, suggesting perhaps that these reagents can
function as both one- and two-electron oxidants [6]-

In an effort to study the chemistry of species such as 3, we have
undertaken a comparative study of both the chemistry of compounds of the type
n5—C5H5Fe(CO)2R with halogens and copper(II) salts, and the electrochemistry,
including cyclic voltammetry and coulometry experiments. A similar approach
with oxidative cleavage reactions of alkylcobaloxime complexes has proven to be
very fruitful [7], and it was hoped that comparison of the products from chemical
and electrochemical oxidation experiments run under closely similar conditicns
would shed some light on the nature of the oxidative cleavage reactions of the
iron compounds.

- The results of cyclic voltammetry and exhaustive controlled potential

electrolysis experiments, all run in dried and purified methyiene chioride, are

listed in Table 1. Voltammetric experiments in the presence and absence of
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added chloride ion gave essentially identical results. As expected [8], the
ease of oxidation of the compounds ns-CsHsFeCOLR tends to parallel the electron-
donating ability of the ligands, while the number of electrons, -n, abstracted
from each of the dicarbonyl compounds is unity. The initial products of.all the
oxidations are clearly very labile, as the cyclic vo!tammetrx experiments showed
no reduction peaks on the reverse scans, even at scan rates as high as 200 V/sec.
Similar experiments in ethanol and acetonitrile gave analogous results.

The coulometric experiments discussed here were carried out in the
presence of chloride ion, in part in order to facilitate comparisons with halo-
genation studies of, for instance, n5—CsH5Fe(CO)ZCHZCH2Ph [2], in part because
the reactions are less complicated than when run in the absence of chloride
ion (see below). Although some decomposition to inorganic iron-containing
material occurred, as shown by the yields of products and a coating on the
angde which had to be occasionally removed, the reactions were quite clean.
Moniforing the three coulometric experiments carried out to this point by
infrared spectroscopy revealed only n5—C5H5Fe(CO)2C1 as an iron-containing
product, there being no acyl species detected.

For purposes of comparison, chemical oxidations with CuC12-2H20 have
also been carried out. Although, as expected [4-6], reactions of both
n5-C5H5Fe(C0)2CH2Ph and n5-C5H5Fe(C0)2CH2CH2Ph with CuCl,-2H,0 in methanol
yielded the esters, PhCHZCOZMe and PhCHZCHZCOZMe, respectively, reaction cf the
benzyl complex with excess CuC12-2H20 in méthy]ene chloride proceeded essentially

as in (3), all yields being based on the amount of iron compound reacted.

n5—C5H5Fe(C0)2CH2Ph + 2CuCl,-2H,0 —> n5-C5H5Fe(C0)2C] + PhCH,C1 + 2CuCl (3)
82% 87% 76%
The close similarity in products of the chemical and electrochemical
oxidations in methylene chloride, both carried out in the presence of chloride
ion, is consistent with the postulate that a common intermediate is

[ns-CsHsFe(CO)ZCHZPh]+ (s) (4). As benzylic compounds are generally quite
1+ CuCl, —> 4+ cuCl (4)

susceptible to nucleophilic substitution reactions, a reasonable reaction of 4



Cc41

with chloride ion would involve displacement of the radical, n5—C5H5Fe(CO)2-,

from 4 as in (5) [7]:
4+ €17 —> nO-CgHgFe(C0),- + PhCH,CI (5)

The species n5-C5H5Fe(CG)2- has been generated photochemically in
methylene chloride and réadi]y abstracts chlorine from the solvent to form
n5—C5H5Fe(CO)2C?~[9],-the major iron-containing product of the oxidation reactions.
The radical would probably also react with copper(Il) chloride, however, as in
(6) [101:

n°-CHFe(CO), + CuCl, —> n°-CghgFe(C0),C1 + CuCl (6)

Reaction (3) is the sum of reactions (4), (5) and (6), suggesting the
validity of the postulated steps. The relatively low yield of CuCl, on the other
hand, may suggest that some of the n5-C5H5Fe(CO)261 results from reaction of the
radical with solvent rather than with the copper(II) chioride. Reaction of the
radical with the solvent is presumably the only source of n5—C5H5Fe(C0)2C1 in the
coulometry experiments. v

Coulometry experiments with the methyl and phenethyl compounds,
ns-CSHSFe(CD)ZR (R = Me, CHZCHZPh), yielded the same types of products as were
obtained with the benzyl compound. Furthermore, coulometry experiments with
n®-CgHgFe(C0),CH,CH,Ph, Tabelled with carbon-13 to the extent of 5%, yielded
phenethyl chloride in which the methylene carbon atoms had been scrambled, while
similar oxidation of ;ﬂggnghCHDCHDFe(CO)Z(ns—CSHs) yielded PhCHDCHDC1 with
predominant retention of configuration; these are the same results obtained from
chlorination experiments [2], suggesting a possible similarity in mechanism.

On the other hand, as-mentioned above, oxidation with copper(II) chloride in
methanol gives ester, while chlorination in methanol gives phenethylmethyl ether [2].

Other complications arise when coulometry experiments are carried out
in the absence of chloride ion. Whereas acyl products are absent in the experiments
described above, several acyl compounds seem to be produced when electrolyses are
carried out using only a perchlorate salt as supporting electrolyte. These and
the phenethyl experiments are being investigated further.
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