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Summary : 

The acylation of some iron carbonyl complexes of OL, ~-unsaturated &de- 
hydes and ketones by (MeCO)‘BFZ has been investigated and the structure of . . 
the salts obtained is discussed on the basis of IR and PMR spectra. Some chem- 
ical reactions of the cationiti complexes have been studied and they-were found 
to display high reactivity towards nucleophilic reagents. 

Introduction 

A study of the reactions of complexes of 01, p-unsaturatedketones showed 
a considerable change in the chemical properties of the unsaturated ligand.upon 
coordination. We have found that ar, &unsaturated ketones lose their highreac- 
tivity towards nucleophilic reagents when coordinated with &I Fe(CO)i -group. 
Such changes are obviously due to the strong-back donation of electrons from 
.metal to ligand (i.e. to the electron releasing properties of the iron.c&bonyl 
group). The eleetrophilic activity of the double bond and the adjacent ketonic 
carbonyl group are thus decreased. For extipIe;P-chlorovinyl ketones-exhibit 
high reactivity towards trirnethylamine and the thiophenolate an+’ [J-,.2]. giv- 
mg under mild conditions the substitution products quantitatively. How@+r,_.~~ 
coordinated @hlorovinyl ketones do not react, &d under more drastic conditions 
the complexes decompose f 3,4] . 

The reaction of -methoxide or thiophenoxide ions. witn .&on- titrachrbonyl. .- .- 
complexes of 01, &dibenzoy$ethylene and methyl P-benzoylacrjrl&e re~siritsiri.. :. 
metal-+gand rr-bpnd.cleavage and reductionof the c&bonT&rbon doubieibond .‘:_ 
[ 51. while free iigands afforded’adducts of the nue~eophile~tdth@_ double-b&id ‘. : 
[S-9] .-.Such different chemical behaviourof the coordinated.tid’i%e ligands-; 
isillus~tec!~~_:Ieactionsl-~d.-2.’ _ _. . . . _. ;- ..: : ,__ : ._. :I_~~~::-:(~.-_-: :..:::; :-..I_ 
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I- &r at&&& at inducing the ketonic carbonyl group in the coordinated 
a, &unsaturated ketones to react with nucleophilic reagents (e.g. hydrazines) 
failed! The-attempted cyclization of coordinated c&dibenzoylethylene into a .- 
heterticyele with hydrazine [ iO] , was also unsuc&essful, ahbough the respective 
non-coordinated compound readily gave 3.6-diphenylpyridazine on treatment 
with hydrazine [ll] . 

Results and discussion 

It may be assumed that j3isubstituted a, /3-unsaturated carbon& compounds 
if Ir-coordinated with zero-valent iron should react with electrophilic reagents; 
we therefore studied the acylation of iron tetra- and tri-carbonyl complexes of 
a, /3-unsaturated aldehydes and ketones using acetylium tetrafluoroborate 
(CH&O)‘Bs as the acylating agent [ 123. The action of (MeCO)*BFT on both 
iron tetra- and tricarbonyl complexes (I) and (II) yields the same result, the 
cationic complexes (III) being isolated-in both cases. 

Fe(CO14 

fyleCO%F~ 
c 

MeOH 

UIO-IIc) 

(lIo.IlT~.: R= Me.R’= H; 
IIt+I!a:~ R-A H , R’= Ph; 

~ItcJUc:R = R’= Phi 

The compounds. which were obtained as yellow crystalline substances, decom- 
posesIowly in-air; They are well’soluble in nitromethane and.stable when treated 
with~a~strong acid such-as trifluoroacetic acid but they de&impose very easily on 
$rk$ment with nucleophiljc Solvents. For example ‘they will eliminate tlw acetyl 
~~Up_When-~issol~~‘in.~ethanol, toe give the irtin tzicarbonyl cdmplex- (II). 
Such an etiy cleavage of the acetyl-group may be evidence-of bonding through 
the oxygen,inthe~&tion (III). 
::--.-- - 
_- _.-“: _J$$+‘the d&a available it is not: p&Sibley &o de&&e u~&&&&l~ b&v&n 
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Complex IR<cm-l)(Nujol) Chemical shifts (6 ppm) SjGn-spin coupiing constaIits 
(in CF3COOH) <Hz) 

v<C=O) v(C”_-O) HA HB. HX Hy cH3 J<AX) J<BX) J<AB) J[XY) 

(IIIQ 1630 2140 2.55 5.06 5.50 2.90 14 9 2.6 
2080 2.24 
2065 

<II=) 1640 2120 4.55 5.88 7.95 2.05 15 5 
2080 
2050 

(IIIC) 1630 2120 4.47 6.62 2.32 14.2 
2080 
2055 

structures (A) and (B) for complex (III), but comparison of the spectra of our salts 
(Table 1) with those of allylic tricarbonyliron complexes [13;i4] indicates 
structure (A) to be more plausible. The complete X-ray analysis of adducts (IV) 
and (V) of butadieneiron tricarbonyl with MeCO+ or S02BF3 indicates a similar 
structure [15,16]. The iron atom in the ally1 cation (IV) has been found to fill 
up its valence electronic shell with electrons from the acyl oxygen [ 13,161. The 
stretching frequencies of complexes (III) and (IV) are practically coincident and 
thus one may assume similar release of electrons in our complexes. The assumed 
positive charge,distribution in (III) over the whole allylic system including the 
metal atom agrees with the short wave shift of CEO stietching frequencies 
(2140-2050 cm? ). 

FOP the alternative structure (B) the =O absorption would-be expect& in 
the region of 2080-2000 cm-’ analogously to cation (VI) which is generated upon 
protonation of iron ticarbonyl cr,&u.nsaturated ketone complexes 1171.’ 

(lx!) ., 

: we have &u&d some chemical reactious of .salts (III) arid. we found thak the 
action of nucleophiles; e.g. alcchols or wtiter, results in rapid tiietivagti of t&z adetyl 
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In &e tieatment with aniline of (IIIb) the nucleobhile attacks not.only 
the '&etyl.group _but also the termin&l carbon of the ally1 group bonded to the 
CHS (=OO-substituent to give an iron tricarbonyl complex of cinnamic aldehyde 
anil (VI) and acetanilide (eqn. 6). It shouXd be pointed out that the iron fricar- 

H Ph 

PhNH2 - PhNHCOMe + i- PdiH$F; (6) 

PhN 

WiJ 

bony1 complex of cinnamic aldehyds (IIb) reacts considerably slower under 
the same donditions~ thus (IIb) probably is not an intermediate in.reaction 6. 

Experimental 

Au reactions were carried out under argon and in absolute solvents. IR 
spe&ra.in Nujol mulls were measured with a UR-IO spectrophotometer. PMR 
spectra were measured in trifluoroacetic acid using a Hitachi-Perkm-Elmer 
R-20 spectrometer. The complex (PhCH=CHCH=NPh)* l?e(CO)3 was prepared. 
by a previously ‘described method f 181, as was the solution of (MeCO)+ BFZ 
in nikomethane [12] _ 

Synth&is of (MleCQC~=CN, $?efCO)3 
Fe3{CO)32 (5.04 g) and 2 ml of MeCOCH=CH, (95% aqueoussolution) in 

benzene (30 ml) were stirred at 70-80” and filtered. Ofi evaporation of the 
solvent in vacua 1.05 g of (Ha), melting at room temperature, was obtained. 
The complex was purified by freezing off from petroleum ether. (Found: C, 
40-06; H, 3-16; Fe, 26.70; C$I~FeO~ calcd.: C, 40.04; JS, 288; Fe, 26.59%) 
PMR spectrum (C&K&): 3(Hh): 1_30,6(Hn): 2.00, s(Hx): 5.50 ppm. J(AX) 
9, J(BX) 6.5, J(AB) r Hz. IR spectrum: (cyclohexane) ZJ((%O): 2069; 2007 and 
1983cm-I. ’ 

ReaA3n of (MeC0Cf?=CH#e(CO/3 with (MeCO~‘.B~ .. 
._A filtered solution of ca. 0.05 mole of (MeCO)+BFz in 30 ml of n&o- 

methane w& added to 5.44 g (0.02 mole) of (II&) in 20 ml of nitrornethane~ .. 
at +7$‘.. --The mixture was allowed to rem,& at room .temperatur& for 1 hour,. 
it: was f&n~-filterad and the: solvent evaporated;. The residue was extracted with 
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hexane and re-filtered. 6.40 g (72%) of (II&j was obtained. The.crod&t.w’&. ‘.. 
recryskllised from trifhkoacetic a&id by addition of acetic Qcid;&&p. $30” :’ .- 
(dec.). .(Found: C, 32.04; H,-2;59; Fe;.16.53. CgHiBF4Fe0i calcd;: C;.3$81;’ -. 
H, 2.673 Fe, 16.43%.). 

Reaction Of (PhCOCHX!@h)Fe(CO); with (MeCO)‘BF;; : . . 

The’tiethod was similar to that described above. C&mplex (I&) w& ob- .. 
tained in 83% yield (3.95 g). The product was recrystallized from -acetic anhy- 
dride by addition of diethyl ether. M-p. 160” (dec.). (Found: C, 50.10; H,.3.06; 
Fe, 11.79. C,0H1SBF4Fed, calcd.: C, 50.25; H, 3.16; Fe, 11.68%.) 

Reaction of (PhCH=CHCHO)Fe(CO)3 with (MeCO)‘BF;; 
The reaction was carried out analogously to that described for comple5 

(IIa). (IIIb) was obtained Cl.90 g, (48%)]. The product was recrystallized from 
acetic anhydride by addition of diethyl ether. M-p. 127” (dec.). (Found: C, 
41.37; H, 2.70; Fe, 13.91. C,,H,,BF4FeOS calcd.: C, 41.84; H, 2.76; Fe; 
13.90%.) 

Reaction of (PhCOCH=CHPh)Fe(CO), with (MeCO)+ BF;; 
A filtered solution of 0.05 mole of (MeCO)‘BFY in 30 ml of nitromethane 

was added to 3.76 g (0.01 mole) of (Ic) in 20 ml of nitromethane at -7S”. The 
reaction mixture was allowed to remain at room temperature for 6 h. The mix- 
ture was filtered and the solvent evaporated. The residue was recrystallized from 
acetic anhydride by addition of diethyl ether. 2.57 g (54%) of (111~) was ob- 
tained. The product was identified by comparing its IR spectrum with that of 
the compound prepared from (IIc j and (MeCO)+ BFT. 

Reaction of (IIIb) with aniline 
A solution of 0.09 g of aniline in 3 ml of benzene was added to 0.12 g of 

(IIIb) in 3 ml of benzene. After 2.5 h the solvent was removed in vacua. TLC 
of the residue on alumina in petroleum ether/methylene chloride (4/l) gave 
0.08 g (65%) of (PhCH=CH_CH=NPh)Fe(C0)3 (VII) and 0.03 g (75%) of ace- 
tanilide. The products were identified by comparison of their IR spectra with 
spectra of authentic samples. 

A solution of 0.28 of aniline in 3 ml of benzene was added to 0.27 g of 
(IIb) in 3 ml of benzene. The reaction was folfoked by the changes in the IR 
spectrum of the reaction mixture. The IR spectrum showed practically no 
vibrations corresponding to the complex (VII) after 6 h. These vibrations appear 
after ca. 30 h. 
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