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Oxametallacycles [Fe(CsMes)(CO){C3(CgH,4-0-CI)(CO,Me)-
(R)O?}(Fe-0%)] (2, R = OMe; 4, R = Me) are accessible from
the chelate (chloroaryl)carbene complex [Fe(CsMes)(CO)-
{C(OMe)CgH,4-0-Cla}(Fe-CI®)][OTf] (1) upon treatment with
the appropriate carbanions. Their formation arises from the
lability of the chlorine atom. The related phosphonium salt

[Fe(CsMes)(CO){C3(CgH4-0-PMe3)(CO,Me)(OMe)O?}(Fe-
O][OTH] (3) is formed only for the bis(ester) derivative, via
Ar-Cl bond activation. No reaction occurs for 4, for which the
coordination of the acetyl group has been supported by an
X-ray analysis.

Aryl halides coordinating to metal centers are the focus
of general interest especially for the functionalization of
aromatic rings.™!! Halogenoarenes can be activated towards
nucleophilic displacement by 1n® complexation to electron-
deficient transition-metal centers.?) We have previously re-
ported that Ar—CI bond cleavage can be achieved by com-
plexation of the halide group.l®! Moreover, alkyl halide
complexes M(n*-XR) have been shown to undergo nucleo-
philic attack at the a-carbon atom in the presence of Lewis
bases. 11l This led us to investigate the reactivity of the
electrophilic chelate (chloroaryl)carbene complex!”! [Fe-
(CsMes)(CO){C(OMe)CgH,4-0-ClP}(Fe—CI?)][OTH] (@)
towards stabilized carbanions possessing coordinating car-
bonyl groups. Here, we report the access to new oxametalla-
cycles, the lability of the chelated group, Cl versus C=0,
involved in the formation of these species allows to induce
nucleophilic aromatic substitution.

Complex 1 reacts at —80°C (1 h) with a THF solution
of NaCH(CO,Me), affording the oxametallacycle [Fe-
(CsMes)(CO){C3(CgH,4-0-Cl)(CO,Me)(OMe)O?}(Fe—0?)]
(2) which is isolated after chromatography as a green pow-
der (Scheme 1). The complexation of the carbonyl group is
evidenced by the 3C-NMR spectrum (CDCIls); the most
characteristic features are the signals at 6 = 262.4 (Fe—C,),
124.9 [C(CO,Me)], and 177.3 (C—0) for the carbon atoms
of the metallacycle. The low-field *3C shift of the C, reson-
ance is intermediate between that of a carbene carbon atom
and that of an alkenyl group, in agreement with two pos-
sible mesomeric forms. We assume that the formation of 2
results from an a attack by the nucleophile to give the C—C
intermediate adduct, subsequent dissociation of the chlor-
ine atom by the coordinating carbonyl group leads to the
formation of a new five-membered ring (Scheme 2). Eventu-
ally, a spontaneous elimination of MeOH produces a more
stable conjugated ring, i.e. the final product. Subsequent
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Scheme 1. Reagents and conditions: i) NaCH(CO,Me),, THF,
—80°C; ii) PMe;
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addition of PMe; to the reaction mixture affords the corre-
sponding phosphonium salt [Fe(CsMes)(CO){C3(CgH,4-0-
PMe;3)(CO,Me)(OMe)O?}(Fe—ON][OTH] (3). The presence
of the PMe; group is clearly established by NMR spec-
troscopy; its resonance is located at 6 = 24.1 in the
SIP{IH}-NMR spectrum (CDCI;). The 2J(P—Hga,) and
1J(P—Ca;) coupling constants of 15.6 Hz and 89 Hz,
respectively, support the presence of the phosphorus atom
on the aromatic ring. We assume that the formation of such
species requires the activation of the Ar—CIl bond by the
organo—iron fragment, the C=0 group would be labile en-
ough to be in equilibrium with the corresponding chloro-
chelated species.
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not dissociate in such conditions, the phosphorus-substi-
tuted derivative is only formed for the bis(ester)-contain-
ing complex.

In summary, oxametallacycles — depending on the labile
character of the chelated group — allow Ar—CI bond acti-
vation under mild conditions, a process which is mediated
by the organo—iron fragment acting as a Lewis acid.["
Studies on carbanions possessing other functional groups
with different labile properties are under progress.

Figure 1. Molecular structure (ORTEP drawing) of 4
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[@ Selected bond lengths [A] and angles [°]: Fe—01 1.951(3), O1—-C12 1.254(6), C12—C13 1.429(6), C13—C14 1.387(6), Fe—C14 1.920(5);
Ol1-Fe—C14 81.4(2), Cl4—Fe—C23 90.7(2), O1—Fe—C23 98.1(2), Fe—0O1-C12 115.6(3), O1—-C12—-C13 116.9(4), C12—-C13—-C14

112.2(4), C13—C14—Fe 113.8(3).

Treatment of 1 with NaCH(CO,Me)(COMe), in which
two different coordinating functions are present, gives
[Fe(CsMes)(CO){C3(CsH4-0-Cl)(CO,Me)(Me)O}(Fe—0?)]
(4) in which the acetyl group is complexed to the iron
center. Green crystals are obtained in 50% yield after purifi-
cation by chromatography. The **C resonances of the metal-
lacycle [6 = 277.4 (Fe—C,), 126.0 C(CO,Me), 207.6
(C—0)] are similar to those of 2, the acetyl group giving
rise to a lower field signal. The molecular structurel® of
4 (Figure 1) confirms the proposed structure. The acetyl
fragment coordinated to the iron center displays bond
lengths which are closely similar to those of the chelate
complex [Fe(CsHs)(tBUNC)[CgF,-0-C(O)Me](Fe—0?)].[%
The bond lengths of the five-membered ring are in agree-
ment with a delocalized system.

By contrast, no reaction with PMe; is observed in the
case of complex 4. This suggests that the acetyl group does
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Experimental Section

A THF solution of 1 (520 mg, 1 mmol) was treated at —80°C
with a freshly prepared THF solution of 2 equiv. of NaCH(CO,.
Me)(COR) (R = OMe, Me). After stirring for 3 h, the solution was
concentrated to dryness. Compounds 2 and 4 were extracted with
CH,CI, and chromatographed on alumina (eluent: pentane/Et,0).
Complex 2 (25%): *H NMR (200 MHz, CDCl,): § = 7.48 (dd,
3Jun = 7.8 Hz, 4y = 1.7 Hz, 1 H, Ar), 7.34 (dd, 3J,,, = 8.8 Hz,
“Jyn = 1.3 Hz, 1 H, Ar), 7.29 (td, 3Jyy = 7.6 Hz, “Jyy = 1.3 Hz,
1 H, Ar), 7.11 (td, 3y = 7.5 Hz, 4y = 1.7 Hz, 1 H, Ar), 3.89
(s, 3 H, OMe), 3.49 (s, 3 H, OMe), 1.45 (s, 15 H, CsMes). —
BC{*H} NMR (50.3 MHz, CDCl3): § = 262.4 (Fe—C,), 218.2
(CO), 177.3 (C-0), 161.9 (C=0), 150.9 (Ariso), 128.7 (Ar), 127.1
(Ar), 126.9 (Ar), 126.5 (Ar), 126.3 (Arg)), 124.9 (CCO,Me), 92.6
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(CsMes), 54.1 (OMe), 51.4 (OMe), 9.3 (CsMes). — IR (pentane,
cm™1): ¥ = 1934 (s, veo), 17248 (M, ve—o). — HRMS for
C,3H,5CIFeOs; m/z: caled. 472.0740 [M*]; found 472.0738. — It s
noteworthy that the disubstituted complex [Fe(CsMes)(CO)-
{C5(CsH4-0-CH(CO,Me),)(CO,Me)(OMe)0?}(Fe—0O%], in which
the chloride has been replaced by the dimethylmalonate anion, is
detected from the crude reaction mixture by HRMS (FAB) for
CyoH3sFeNaO;o; m/z: calcd. 623.1556; found 623.1543 [M* + Nal].

Complex 3 is obtained by addition of 3 ml of PMe; (1 M in
toluene) at —80°C to the reaction mixture prepared as decribed
above. Extraction with CH,CI, and crystallisation in CH,CI./Et,O
gave green microcrystals (17%). — *H NMR (300 MHz, CDCly):
5 = 7.86 (dd, 3Jpy = 15.6 Hz, %)y = 7.9 Hz, 1 H, Ar), 7.55 (m,
1H, Ar), 7.45 (m, 2 H, Ar), 3.84 (s, 3 H, OMe), 3.49 (s, 3 H, OMe),
2.28 (d, 2Jpy = 13.8 Hz, 9 H, PMes), 1.42 (s, 15 H, CsMes). —
13C{*H} NMR (75.47 MHz, CDCly): § = 261.5 (Fe—C,), 218.3
(CO), 176.1 (C-0), 162.1 (C=0), 155.1 (d, ZJpc = 8.7 Hz, Aripso),
132.5 (d, “Jpc = 3 Hz, Ar), 131.2 (d, 2Jpc = 12 Hz, Ar), 127.1 (d,
3Jpc = 13 Hz, Ar), 126.5 (CCO,Me), 126.4 (d, 3Jpc = 11 Hz, Ar),
115.6 (d, YJpc = 89 Hz, Ar), 92.0 (CsMes), 54.1 (OMe), 51.5
(OMe), 13.1 (d, YJpc = 56.7 Hz, PMes), 9.4 (CsMes). — 3P {*H}
NMR (121.5 MHz, CDCls): § = 24.11 (s, PMe3). — IR (CH,ClI,,
cm™1): ¥ = 1938 (S, veo), 1752 (M, ve—o). — Cu7H34FeF;06PS:
calcd. C 48.96, H 5.17; found C 48.95, H 5.27.

Complex 4 (50%). — *H NMR (200 MHz, CDCL): § = 7.43
(dd, 33y = 7.7 Hz, s = 1.8 Hz, 1 H, Ar), 7.36 (dd, 33,4 = 8
Hz, *Jun = 1.3 Hz, 1 H, Ar), 7.29 (td, 33 = 7.8 Hz, “Jpy = 1.4
Hz, 1 H, Ar), 7.12 (td, 3Jpn = 7.5 Hz, “Jpn = 1.7 Hz, 1 H, Ar),
3.50 (s, 3 H, OMe), 2.55 (s, 3 H, Me), 1.48 (s, 15 H, CsMes). —
BC{!H} NMR (50.3 MHz, CDCLy): § = 277.4 (Fe—C,), 217.3
(CO), 207.6 (C—0), 163.7 (C=0), 151.9 (Aripso), 128.7 (Ar), 127.2
(Ar), 126.9 (Ar), 126.6 (Ar), 126.5 (Arg)), 126.0 (CCO,Me), 94.3
(CsMes), 51.3 (OMe), 27.8 (Me), 9.3 (CsMes). — IR (CH,Cl,,
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cm™1): ¥ = 1930 (s, Vo), 1694 (M, ve—o). — Cu3H,sCIFeO,: calcd.
C 60.48, H 5.52; found C 60.43, H 5.47.
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