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Abstract 

The reactions of [Fe,{ p-C(CN)SMe,}(p-CO)(CO),(Cp),]SO,CF, (1) (Cp = +Z,H,) with alcohols 
and alkoxides have been investigated. Nucleophilic attack of the oxygen atom on the p-C carbon with 
displacement of the Me,S molecule was observed in all cases. The resulting p-cyanoalkoxycarbene 
derivatives [Fe,{p-C(CN)OR}(p-CO)(CO),(Cp),l (R = Me, 2a; Et, 2b; ‘Pr, 2~; CH,Ph, 2d; 
CH,CH=CH,, 2e; CH,CH,NMe,, 2f; CH,CH,OH, 2g; C,H,, 3a; C,H,-o-NO,. 3b) have been 
characterized spectroscopically. The complex [Fe,( p-C(CN)OCH,CH=CH,}(p-CO)(CO),(Cp),] (2e) 
undergoes a photolytically-promoted intramolecular CO substitution by the olefinic termination to give 
[FeFe( p-C(CN)OCH,CH=CH,}(I_L-CO)(CO)(Cp)2] (5). which was be subjected to an X-ray diffraction 
study. Some structural features were as expected, in particular the location of Cp in a cis disposition with 
respect to the CN group. The molecule is asymmetric as a consequence of the coordination of the ally1 in 
the place of a terminal CO group; the configurations of the four chiral centres are discussed. 

Introduction 

The limited success of the Fischer method in the synthesis of p-carbene contain- 
ing cluster complexes [l] could account for the scarcity of dinuclear p-alkoxycar- 
benes reported up to now. However, several routes to this type of derivative are 
known. Stone and co-workers have described a general synthetic method involving 
attack of zerovalent metal complexes (Pd, Pt) on mononuclear alkoxycarbene 
complexes [2]. Similarly [Fe,{ p-C(OMe)H}(p-CO)(CO),(Cp),l was obtained by 
reaction of [Fe{C(OMe)H}(CO),(Cp)]+ with [Fe(CO),(Cp)]- [3]. The addition of 
RO- to cationic dinuclear p-alkylidyne, which might provide a simple route to 
p-alkoxycarbenes [4], has been mainly applied to reverse the formation of p-al- 
kylidyne complexes [2] (eq. 1). Furthermore, in some cases, these latter derivatives 
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Table 1 

IR data for the p-carbene complexes u 

Compound v(CN) v(C0) (cm- ‘) 
(cm- ‘) 

[Fe,(~-C(CN)SMe,l(~-CO)(C0)2(C~),lS0,CF, (1) 
[Fe,(~-C(CN)OMcl(~-CO)(CO),(Cp),l @a) 
[Fe,{~-C(CN)OEt)(~-CO)(CO)z(Cp),l (2b) 
[Fe,(~-C(CN)OiPr)(~-CO)(CO),(Cp)21(2c) 
[Fe,(~-C(C:N)OCH,Ph}(~-CO)(CO),(Cp),l (a) 
[Fez{ @Z(CN)OCH,CH=CH,}(p-CO)(CO),(Cp),] (2e) 
[Fe,(~-C(CN)OCH,CH,NMe, I(P-CO)(C%(CP)~I (20 
[Fe,(~-C(C:N)OCH,CH,OH)(~-CO)(CO),(Cp),l G&z) 
[Fc,(~-C(CN)OPh}(~-CO)(CO),(Cp),l Pa) 
[Fe,{~-C(CN)OC,H,o-NO,}(~-CO)(CO),(Cp)~I Ob) 
[Fe,{ ~-C(CN~OCO~e)(~-CO~~CO~,~Cp~,l(4) 

[FeF’e(lL-C(CN)OCH,CHkH1)(&O)(CO)(Cp)Z] (5) 

Li Spectra obtained in CH,Cl, solution. ” In CH,CN. 

2175~ h 2013s. 1982w, 1834m’ 
2163~ 2007s, 1971w, 18OOm 
2162~ 2007s, 197Ow, 1798m 
2161~ 2005s, 1968w, 1796m 
2164~ 2007s. 1971w, 18Olm 
2164~ 2007s. 1971w, 1800m 
2165~) 2007s, 1971w, 1801m 
2164~ 2006s. 1971w, 18Olm 
2164%) 2013s. 1979w, 1806m 
2169~ 2016s. 1981w, 1809m 
2175~ 2011 s, 1976w, 1809m. 

1738m 
2178~ 1958s, 1787m 

appear as a singlet. Likewise the 13C NMR spectra show only one large Cp signal. 
Considerations based upon hindrance by the p-C substituents and the analogy 
between 2asg and the closely related compounds [Fe,{ p-C(CN)X}(p- 
CO)(CO),(Cp),] (X = SCH, [8], N(CH,)COSCH, [9]). for which a cis-A geometry 
was found by an X-ray study, suggest that 2a-g also adopt the c&A geometry, in 
which the OR group is opposite to the more hindered Cp ligands. However the ‘H 
and 13C NMR spectra of complexes 2a-g in the Cp region reveal the presence of 
small amounts of the tram isomer and indicate the absence of the c&B. For 
example, in the case of 2b, the ‘H NMR spectrum (in CD&I,) shows, in addition to 
the resonance at 4.80 from the cis isomer, equally intense signals at 4.88 and 5.08 
ppm attributed to the trans isomer (cis/trans ratio approximately 10/l). Likewise, 
in the 13C NMR spectrum equally intense Cp resonances, attributed to the tram 
isomer, are observed at 92.2 and 91.9 ppm. The predominance of the cis isomer with 
the bulkier P-C substituent on the side of the terminal CO groups is consistent with 
the results obtained for related diiron p-carbene complexes [lo]. 

Despite the spectroscopically-indicated cis nature of 1 [ll], the observed mixture 
of isomers for the 2a-g derivatives, can be accounted for in terms of the well known 
AdamssCotton [i2] mechanism of cis-tram isomerization in dinuclear metal sys- 
tems with bridging ligands, including p-carbene complexes [13]. 

The reactions of 1 in acetonitrile with phenol or o-nitrophenol are very slow, 
probably because of the lower basicity of phenols, while reactions with NaOPh or 
NaOC,H,-o-NO, immediately afford the corresponding [Fe,{ p-C(CN)OR}(p- 
CO)(CO),(Cp),] (R = Ph, 3a; o-NO&H,, 3b) derivatives in 60-75% yield. The 
spectroscopic properties of complexes 3a, b are as expected (Tables 1 and 2). Shifts 
of the v(C0) and v(CN) frequencies to higher wavenumbers compared with those 
for compounds 2a-g (e.g. 2169, 2016,198.1,1809 of 3b vs. 2163, 2007, 1971,180O of 
2a in CH,Cl,) reflect the decreased electron donor properties of the phenols. 

The reaction of 1 with HOCH,CH,NMe, was carried out in order to compare 
the reactivity of an alcohol with that of a tertiary amine. We had previously found 
that treatment of 1 with an excess of tertiary amines, such as NMe, or DABCO 
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(DABCO = 1,4-diazabicyclo[2.2.2]octane) gave the cationic adducts [Fe,{ p- 
C(CN)NR,}(p-CO)(CO),(Cp),]+ [14]. In spite of the higher basicity of the amino 
group, HOCH,CH,NMe, reacts with 1 to yield exclusively the alkoxycarbene 
derivative 2f (eq. 2); this indicates that the ammonium derivatives [Fe,{ p- 

C(CN)NR,}(~-CO)(CO),(Cp),l+ are less stable than the neutral cyanoalkoxy 
complexes. 

The versatility of the sulphonium salt 1 in reactions with oxygen donor 
nucleophiles is also evident in the reaction with sodium acetate, which affords the 
red air-stable 4 in 69% yield (eq. 3). 

NC, ,SMe, + NC, ,0&H, 
oc, c co 1 CH ,coo co 

CP 
,Fe’$$-$Fe< 1 - 

oc, c 
(3) 

: 
CP 

~ SMr> 
CP 

,Fe’r>Fe< 

g 
CP 

(1) (4) 

To the best of our knowledge, complex 4 and [Fe,{ p-C(H)OCOCH,}(CO),] [9b] 
are the only examples of dinuclear p-acetoxycarbenes so far described. The IR 
spectrum of 4 (Table 1) shows v(C0) bands at 2011s 1976m, 1809m, and 1738m 
cm-’ (in CH,Cl,) co ststent with a cis configuration, the last band is attributed to n 
the acetoxy group. In addition a weak band at 2175 cm-’ v(CN) is observed. The 
‘H NMR spectrum of 4 in CD&l, (Table 2) also supports the cis configuration, 
since it shows only singlets at 4.88 (Cp) and 1.96 ppm (Me). 

We had previously described the intramolecular CO substitution that occurs in 
photolysis of [Fe,{ p-C(CN)SMe}(p-CO)(Co),(cp),l, to give [FeFe{ p-C(CN)SMe}- 
(P-CO)(CO)(C~)~] in which the bridging ligand is $-C-S coordinated [8]. In an 
analogous reaction the complex [W,{ p-C(H)CH=CMe,}(CO),,] generates the dou- 
ble bridged derivative [WW{ p-C(H)CH=CMe2}(C0),] by intramolecular replace- 
ment of a CO ligand by the C-C double bond [15]. 

Despite the existence of $-C-O coordinated I”-alkoxy carbene complexes [la,b], 
we found that photolysis of 2e in THF results in intramolecular replacement of a 
CO ligand by the double bond of the allylic moiety to give the p-carbene complex 
[FeFe{(p-C(CN)(OCH,CH=CH,)}(p-CO)(CO)(Cp)] (5). The nature of complex 5 
was unambiguously determined by an X-ray structural study. 

The molecular geometry is depicted in Fig. 1 and some relevant bond parameters 
are listed in Table 3. Most features of the molecule are the same as for other 
members of the family, [8,9], i.e. the iron atoms are formally four coordinate, there 
is a cis configuration of the Cp groups, there are two bridging ligands, a CO ligand 
and a disubstituted carbene unit, stabilizing the Fe-Fe interaction [2.535(l) A]. 
Peculiar to the present species is the alkoxy substituent at the carbene atom [C(3)] 
and the coordination of the olefinic termination of this substituent to Fe(l), 
replacing a terminal CO ligand. The ligand substitution results in an asymmetric 
molecule in which as many as four chiral centres [Fe(l), Fe(2), C(3) and C(5)] and a 
chiral ring [Fe(l)-C(3)-O(3)-C(4>C(5)] are formed. The crystal contains the 
racemic mixture but, in order to define the diastereoisomer the configurations of the 
stereogenic atoms have been assigned on the basis of Fig. 1. An analysis of the 
molecular stereogeometry shows that the formation of this diastereoisomer out the 
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[average 2.115(8) A], and the angles in the ring are all normal.) (iii) Coordination of 
the opposite enantioface to Fe(1) or the same enantioface to Fe(2) would result in 
short contacts between the ring hydrogens and the terminal CO ligand. (iv) 
Coordination to Fe(2) accompanied by inversion of the coordinated enantioface 
affords the enantiomer and accounts for the formation of the racemic mixture. 

The geometry of the /,-C(CN)(OR) fragment indicates that 0(3) does not 
participate in rr-interactions with the carbene atom, since the oxygen atom exhibits 
tetrahedral hybridization of its orbitals [C(3)-O(3)-C(4) 110.3(5)°] and there is no 
significant difference between O(3)-C(3)(carbene) and 0(3) C(4)(alkyl) distances 
[1.423(9), 1.438(9) A, respectively]. 

The spectroscopic properties of 5 are as expected. The IR spectrum, in CH2C12 
solution, in the v(CO) region, is similar to that of [FeFe{/x-C(CN)SCH3)}(/*- 
CO)(CO)(Cp)2] [8] (1958s, 1787 cm -a for 5 vs. 1959s, 1783m cm-1),  showing a 
single absorption for the terminal CO ligand at lower wavenumbers than that for 
the parent compound 2e. Owing to their non-equivalence, the Cp resonances of 5 
show two separate singlets in the 1H and ~3C NMR  (Table 2). The chelate ring in 5 
also makes the O C H  2 protons chemically non equivalent. As a consequence two 
corresponding sets of signals, at 8 4.06 and 2.04, are observed in the 1H N M R  
spectrum. 

Experimental 

All reactions were carried out under nitrogen by standard Schlenk techniques. 
Solvents were distilled under nitrogen from appropriate drying agents immediately 
before use: CH3CN and CH2C12 from Cal l  2, tetrahydrofuran from sodium benzo- 
phenone ketyl, n-pentane and hexanes from sodium wire. Infrared spectra were 
recorded on a Perkin Elmer 983-G spectrometer. 1H and 13C{1H} N M R  spectra 
were recorded on a Varian Gemini 200 spectrometer with SiMe 4 as internal 
standard. Melting points were determined with a Btichi instrument and are uncor- 
rected. Elemental analyses were determined by Pascher Microanalytical 
Laboratorium (Bonn Germany). The compound [Fe2{~-C(CN)SMe 2 }(/,-CO)(CO)2- 
(Cp)2]SO3C ~ (1) was prepared as previously described [6]. 

Synthesis of [Fe 2 { I*-C(CN)OMe ) (I*-CO)(CO)_,(Cp):] (2a) 
To a stirred solution of [Fez{/,t-C(CN)SMe 2 }( / I -CO)(CO)z(Cp)2]SO3CF 3 (1) (0.30 

g, 0.52 mmol) in CH3CN (10 ml) was added an excess of CH3OH (4 ml). The 
mixture was immediately passed through an alumina column (10 x 3 cm) with 
CHzC12 as eluent. The red solution obtained was evaporated to dryness under 
vacuum and the residue recrystallized from CH2C12 layered with n-pentane at 
- 2 0  °C to give red crystals of 2a. Yield 0.19 g (93%). M.p. 174-175 °C  (dec.) Anal. 
Found: C, 48.8; H, 3.4. C16H13Fe204N calc.: C, 48.65; H, 3.32%. 

Synthesis of [Fe2{tx-C(CN)OR }(tx-CO)(CO)2(Cp):] (R = Et, 2b; 'Pr 2c; CH:Ph, 2d," 
CH_,CH=CH2, 2e," CH2CH2NMe 2, 2f, CH:CH:OH, 2g) 

These complexes were obtained by the procedure described for the synthesis of 
2a. 

2b. Yield 90%. M.p. 163-165°C (dec.) Anal. Found: C, 49.6; H, 3.5. 
C17H15Fe204N calc.: C, 49.92; H, 3.70%. 
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layered with n-pentane at -20°C. Yield 60%. M.p. 158-160” C (dec.). Anal. 
Found: C, 55.1; H, 3.4. C,,H,,Fe,O,N talc.: C, 55.18; H, 3.31%. 

Synthesis of [Fe,{ cl-C(CN)OC, H,-o-NO2 > (p-CO)(CO),(Cp),] (3b) 
Compound 3b was obtained by the procedure described for 3a. Yield 76%. M.p. 

160-162°C (dec.). Anal. Found: C, 50.4; H, 2.8. C2,H,4Fe20hN2 talc.: C. 50.24; H, 
2.81%. 

Synthesis of [Fe,{ p-C(CN)OCOCH, > (p-CO)(CO),(Cp),] (4) 
A solution of [Fe,{ p-C(CN)SMe,}( p-CO)(CO),(Cp),]SO,CF, (1) (0.24 g, 0.42 

mmol) in CH,CN (10 ml) was stirred with NaOCOCH, (0.20 g, 2.44 mmol) for 60 
min. After filtration through Celite, the red solution was evaporated to dryness 
under vacuum. The residue was dissolved in CH,Cl,, and the solution layered with 
n-pentane and set aside at -20” C to give crystals. Yield 0.12 g (69%). M.p. 
135-137°C (dec.). Anal. Found: C, 48.3; H, 3.02. C,,H,,Fe,O,N talc.: C, 48.27; H, 
3.10%. 

Synthesis of [Fei’e ( II-C(CN)OCH,CH=CH, > (p-CO)(CO)(Cp)_,] (5) 
A THF solution (30 ml) of 2e (0.12 g, 0.28 mmol) was irradiated under nitrogen 

for 30 min with light from a 500 watt low pressure ultraviolet lamp. The resulting 
brown solution was evaporated under vacuum and the residue chromatographed on 
an alumina column (3 X 10 cm) with a CH,Cl,-hexane mixture (2 : 1) as eluent. The 
first fraction contained some unchanged [Fe,{ p-C(CN)(OCH,CHCH,}(p- 

Table 5 

Fractional atomic coordinates for 5 

Atom x Y z 

Fe(l) 0.14024(4) 
Fe@) 0.12099(4) 
C(l) 0.1949(3) 
00) 0.2483(2) 
C(2) 0.1362(4) 
O(2) 0.1496(4) 
C(3) 0.0651(3) 
O(3) 0.0373(2) 
C(4) 0.0818(3) 
C(5) 0.1255(3) 
C(6) 0.1860(3) 
C(7) 0.0127(3) 
W) _ 0.0278(3) 
C(8) 0.1493(3) 
C(9) 0.0946(3) 
WO) 0.1109(3) 
WI) 0.1756(3) 
W2) 0.1993(3) 
W3) 0.0882(3) 
W4) 0.1501(3) 
(x15) 0.1536(3) 
'W6) 0.0938(3) 
W7) 0.0534(3) 

0.36960(10) 
0.11307(10) 
0.2178(S) 
0.1989(6) 
0.0186(10) 

-0.0545(9) 
0.2558(7) 
0.2424(7) 
0.2648(9) 
0.3795(9) 
0.3561(9) 
0.2941(8) 
0.3252(9) 
0.5901(6) 
0.5535(6) 
0.4722(6) 
0.4586(6) 
0.5314(6) 
0.1212(5) 
0.0760(5) 

-0.0495(5) 
-0.0818(S) 
0.0237(5) 

0.07979(8) 
0.02453(7) 
0.0995(5) 
0.1357(5) 
0.1377(6) 
0.2054(6) 
0.0310(5) 
0.0962(4) 
0.2040(6) 
0.2114(6) 
0.2449(6) 

-0.0695(6) 
-0.1475(6) 
0.0891(4) 

-0.0029(4) 
-0.0677(4) 
-0.0159(4) 
0.0810(4) 

-0.1409(4) 
-0.0893(4) 
-0.0334(4) 
-0.0505(4) 
-0.1169(4) 
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