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Heating a benzene solution of the COT-coordinated diiron bridging alkoxycarbene complexes [Fe
{u-C(OGH5s)Ar} (COu(n8-CgHg)] (1, Ar = CeHs; 2, Ar = p-CH3CgHy; 3, Ar = p-CRCeH,) in a sealed
tube at 85-90 °C for 72 h gave the bicycloolefin-coordinated tricarbonyliron dimerd fjFeCoHg(Ar} -

(COX]2 (10, Ar = CgHs; 12, Ar = p-CH5CeHa; 14, Ar =

p-CRCgH,) and bridging arylcarbene complexes

[Fex{ u-C(H)Ar} (CO)(178-CgHg)] (11, Ar = CgHs; 13, Ar = p-CHzCgHy; 15, Ar = p-CRCsHa). A similar
thermolysis of H-indene-coordinated diiron bridging alkoxycarbene complex{[#€(OC,Hs)CeHs} -
(CON(n*n*-CoHg)] (4) yielded the ring addition product [REC(OGHs)CeHs(#72,7°-CoHg)} (CO)] (16).
The ™-indene-coordinated diiron bridging arylthiocarbene complexeg {FE(Ar)SGH4CHs-p} (CO)-
(7*m*-CoHg)] (8, Ar = CgHs; 9, Ar = p-CeHsCeH4) were heated similarly to afford the isomerizeld-7
indene-coordinated diiron bridging carbene complexes witi&&sH,CHs-p ligand, [Fe{ u-C(Ar)(12n°-
CoHg)} (u-SCGH4CH3-p)(CO)q] (17, Ar = CgHs; 19, Ar = p-CgHsCsHs4), and the acyliron compounds
[Fe(COY(C=0O) C(H)Ar(17°-CyHg)}] (18, Ar = CgHs; 20, Ar = p-CeHsCsHa,). The structures of complexes
14, 16, 17, and18 have been established by X-ray diffraction studies.

Introduction

Our interest in the synthesis, structure, and chemistry of

reportec® 8 However, a few examples of olefin-coordinated
dimetal bridging carbene or carbyne complexes are kfiévn
In a continuation of our interest in developing the methodologies

alkene-metal carbene and carbyne complexes stems from theof the synthesis of olefin-coordinated metal carbene and carbyne

possible involvement of these species in many reactions
catalyzed by organometallic compouridsThe chemistry of
di- and polynuclear metal bridging carbene and carbyne

complexes, we have found a facile method for the preparation
of dimetal bridging carbene and carbyne complexes, that is, to
conduct the reactions of olefin-ligated dimetal carbonyl com-

complexes has been receiving considerable current attentionounds, such as [E-CO)(CO(»°-CeHe)], with aryllithium
largely because of the interesting chemical properties exhibited reagents followed by alkylation with EDBF, to give cyclooc-

by such complexes. A number of di- and polymetal complexes

containing bridging carbene and carbyne ligands have beencomplexes [Fgu-C(OGHs)Ar}(CO(r®CeHg)] (1, Ar

synthesized by Stone et&ind Keister, and a series of diiron

tatetraene (COT)-coordinated diiron bridging alkoxycarbene

CeHs; 2, Ar = p-CH3C5H4; 3, Ar = p-CFgCeH4) (eq 1)10

bridging carbene and carbyne complexes have also been To develop a new synthetic method for the preparation of
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Cycloolefin-Coordinated Diiron Bridging Carbene Complexes
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diiron cationic bridging carbyne complexes containing different
cycloolefin ligands toward nucleophiles, we investigated the

reactions of pentacarbonyH?indenediiron, [F&CO)(13,1°-

CyHg)], a dimetal compound bearing only terminal CO ligands,

with aryllithium reagents, which gave a new type éf-ihdene-
coordinated diiron bridging alkoxycarbene complexes{ke
C(OGHs)Ar} (CO(n*n*-CoHg)] (4, Ar = CeHs; 5, Ar =

p-CsHsCeHy) (eq 2)1 and carried out the study of the reactivities

H H

H H
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oc._ _co  -60—-30¢C H,0, 0°C “Fe——Fel_ @
_Fe Fe ocC \ / co
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4, Ar=CgHs

5, Ar = p-CgH5CgH,

of their cationic bridging carbyne complexes {eCAr)(CO-
(n*n*-CoHg)]BF4 (6, Ar = CeHs; 7, Ar = p-CgHsCgHa),
prepared by the reactioHsof diiron bridging alkoxycarbene
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happens when the cycloolefin-coordinated diiron bridging
carbene complexes containing a bridging carbene ligand and a
cycloolefin ligand are subjected to thermolysis? To explore
thermolysis reactivity of such bridging carbene complexes and
to compare their thermolysis reactivities with that of COT-
coordinated diiron Fischer-type carbene complexes, we chose
COT-coordinated diiron bridging alkoxycarbene complexeg-[Fe
{/L-C(OCsz)Ar}(CO)4(178-C3H8)] (1, Ar = CgHs; 2, Ar =
p-CH3CgHg; 3, Ar = p-CRCgHa), 7H-indene-coordinated diiron
bridging alkoxycarbene complex [Fe--C(OGHs)CgHs} (CO)-
(7**CoHg)] (4), and analogous bridging arylthiocarbene
complexes [Fg u-C(Ar)SGH4CHs-p} (COM(17* 17*-CoHg)] (8, Ar

= C¢Hs; 9, Ar = p-CeHsCeH4) as starting materials for the
thermolysis reactions, which afforded a series of novel thermal
decomposition products. In this paper, we report these unusual
thermolysis reactions and the structures of the novel thermolytic
products.

Experimental Section

All procedures were performed under a dry, oxygen-free N
atmosphere by using standard Schlenk techniques. All solvents
employed were reagent grade and dried by refluxing over appropri-
ate drying agents and stored oveA molecular sieves under;N
atmosphere. Benzene was distilled from sodium, while petroleum
ether (30 to 60°C) and CHCI, were distilled from Cakl The
neutral SiQ (Scientific Adsorbents Incorporated, 4én flash) used
for chromatography was deoxygenated at room temperature under
high vacuum for 12 h, and the neutral aluminax@d, 100-200
mesh) used for chromatography was deoxygenated at room tem-
perature under high vacuum for 16 h, deactivated with 5% w/w

complexe<t and5 with HBF,, respectively, toward nucleophiles  Nj-saturated water, and stored underatmosphere. Compounds
involving carbonylmetal anions. These reactions afforded a [Fex u-C(OGHs)Ar} (COu(;8-CgHg)] (1—3),1° [Fex{ u-C(OCHs)-
series of novel dimetal bridging carbene complexes. For Ar}(CO(1%n*CsHg)] (4, 5),'* and [Fe{u-C(Ar)SCsH4CHs-p}-
instance, cationi® and 7 react with NaS@H,CHs-p at low (CO(n*m*-CoHg)] (8, 9)* were prepared as previously described.
temperature to produce the bridging arylthiocarbene complexes The IR spectra were measured on a Nicolet AV-360 spectro-

[Fex{ u-C(Ar)SCsH4CHs-p} (CON(17%,7*-CoHg)] (8, Ar = CgHs; photometer using NaCl cells with 0.1 mm spacers. THANMR
9, Ar = p-CgHsCsHa) (eq 3)11 and 3C NMR spectra were recorded at ambient temperature in

acetoneds or CDCk solution with TMS as the internal reference

HH HH using a Varian Mercury 300 spectrometer running at 300 MHz.
Electron ionization mass spectra (EIMS) were run on a Hewlett-
OO OO Packard 5989A spectrometer. The HRMS spectrum was measured
°°>Fe\ /Fe/\°° BF, + NaSCgH,CHy-p %c» oc | 1o @) on a Finnigan MAT 8430 spectrometer. Melting points obtained
S VA oc” N “co on samples in sealed nitrogen-filled capillaries are uncorrected.
" A7 SCeHCHyp Thermolysis of 1 to Give [Fg 7*CgHg(CgHs)} (CO)3]2 (10) and
6, Ar= CeHs 8, Ar=CaHly [Fex{u-C(H)-CeHs} (CO)4(58-CsHg)] (11). A 0.300 g (0.65 mmol)

9, Ar = p-CeHsCoHy amount of compound was dissolved in benzene (20 mL) in a
quartz tube. The tube was cooled-&80 °C to freeze the benzene

It is well-known that the thermal decomposition of carbene solution and sealed under high vacuum. The sealed tube was heated
complexes usually results in dimerization of the carbene ligand to 85-90 °C for 72 h, during which time the deep red solution
to produce alkene derivativEsand that heating a Fischer-type turned dark and turbid. After cooling, the dark solution was
carbene complex with an olefin generally results in addition of evaporatedn vacuoto dryness. The residue was chromatographed
the double bond of the olefin to the carbene ligand to form ©Nn SiQ, with petroleum ether as the eluant. The yellow band which
cyclopropane productg:14Recently, we have shown a number eluted first was collected, then a brown-red band was eluted with
of thermolysis reactions of the olefin-coordinated monoiron Petroleum ether/CHCI/ELO (10:2:1). After vacuum removal of
alkoxycarbene complexes or their isomerized products and thet_he solvent from the above two eluates, the residues were rgcrystal-
COT-coordinated diiron Fischer-type carbene complexes,whichIlzed from petroleum ether/GRI, at —80 °C. From the first

. . fraction, 0.065 g (30%) of orange-yellow crystals d® was
produced a series of novel thermolytic produét¥ What obtained: mp 132134°C dec; IR (CHC,) #(CO) 2046 (s), 2034

(m), 1975 (vs, br) cm!; TH NMR (CDsCOCD;) 6 7.32-7.09 (m,
10H, GsHs), 5.88 (d, 2H,J = 4.5 Hz, GHg), 5.70 (t, 2H,J = 5.1
Hz, GHg), 5.47 (t, 2H,J = 6.3 Hz, GHg), 3.71-3.56 (m, 4H,
CoHg), 3.35 (d, 2H,J = 9.3 Hz, GHg), 2.28 (d, 2H,J = 4.5 Hz,
CoHg), 2.18 (d, 2H,J = 3.6 Hz, GHg): 13C NMR (CD,COCDs) 6

7, Ar = p-CHsCeHy
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211.2 (CO), 140.6, 128.6, 126.6, 125.14fs), 96.7, 90.4, 90.1,
77.5, 66.6, 63.3, 59.3, 58.1, 34.2; M¥e 610 (M* — 2CO), 582
(M* — 3CO), 554 (M — 4CO), 498 (M — 6CO), 386 [M" —

2Fe(CO})]. Anal. Calcd for GgHo0OgFe,: C, 64.90; H, 3.93.

Zhang et al.

(d, 1H, GHg), 4.27 (t, 1H, GHg), 3.60 (t, 1H, GHg), 3.11 (td, 1H,
CoHg), 2.44 (q, 2H, OEI,CHs), 1.61 (d, 1H, GHg), 0.96 (t, 3H,
OCH,CHs); 13C NMR (CD;COCD;) ¢ 220.96, 217.05, 206.41,
154.77, 129.24, 124.92, 92.13, 86.59, 78.89, 73.37, 68.37, 61.83,

Found: C, 64.35; H, 4.31. From the second fraction, 0.110 g (40%) 61.42, 46.61, 35.30, 20.98, 14.89; M%e 446 (M"™ — 2CO), 418

of purple-red crystallind 1'” was obtained: mp 216212 °C dec;
IR (CH,Cl,) »(CO) 2007 (m), 1978 (vs), 1944 (m) cth *H NMR
(CDsCOCD;) 6 9.39 (s, 1Hu-CH), 7.27-7.00 (m, 5H, GHs), 4.51
(s, 8H, GHg); MS m/e 362 (M — 2C0O), 306 (M- — 2CO — Fe),
194 [M*™ — 2Fe(CO)].

Thermolysis of 2 to Give [Fg#%-CoHg(CeH4CH3-p)} (CO)3]2
(12) and [Fe{u-C(H)CeH4CHa-p} (CO)4(®-CsHg)] (13). As de-
scribed above for the thermolysis bfcompound (0.350 g, 0.74
mmol) in benzene in a quartz tube was heated to 85°C for

72 h. Subsequent treatment as described for the thermolydis of

afforded 0.098 g (38%) of orange-yellow crystallii® and
0.109 g (35%) of purple-red crystals 8.7 122 mp 126-128°C
dec; IR (CHCI,) »(CO) 2045 (s), 2033 (m), 1975 (vs, br) ci
IH NMR (CD3;COCD;) 6 7.35-7.02 (m, 8H,p-CH3CeHy), 5.83
(d, 2H,J = 4.8 Hz, GHg), 5.69 (t, 2H,J = 4.5 Hz, GHg), 5.63 (s,
1H, CHCIly), 5.46 (t, 2H,J = 5.1 Hz, GHg), 3.70-3.52 (m, 4H,
CoHg), 3.34 (d, 2HJ = 10.5 Hz, GHs), 2.26 (d, 2H,J = 4.6 Hz,
CgHg), 2.22 (s, 6Hp-CH3CgHy), 2.19 (d, 2H,J = 3.6 Hz, GHg);
MS m/e 638 (M" — 2CO), 582 (M — 4CO), 414 [M" — 2Fe-
(CO), 84 [CHCI,]. Anal. Calcd for GgH3zgOsF€:0.5CHCl,: C,
62.76; H, 4.24. Found: C, 62.31; H, 4.6F3 mp 201:-203°C
dec; IR (CHCIy) »(CO) 2006 (m), 1976 (s), 1942 (m) cth H
NMR (CDsCOCDs) 6 9.42 (s, 1H,u-CH), 7.14-6.91 (d, 4H,
p-CH3CgHy), 4.49 (s, 8H, GHg), 2.19 (s, 3Hp-CH3CsH4); MS nve
376 (Mt — 2C0), 320 (M — 2CO — Fe), 208 [M" — 2Fe(CO)].

Thermolysis of 3 to Give [Fg#7*CgHg(CeH4CF3-p)} (CO)3]2
(14) and [Fe{u-C(H)CeH4CF5-p} (CO)4(1%-CeHg)] (15). As de-
scribed above for the thermolysis @f compound3 (0.320 g,
0.60 mmol) in benzene in a quartz tube was heated t6985C

(M*+ — 3CO0), 362 (M- — 5CO), 317 (M — 5CO — OC,Hs), 261
[M* — 3CO — OC,Hs — Fe(CO}], 205 [CoHsC(CsHs)*]. Anall.
Calcd for G3sH1g06Fe: C, 55.02; H, 3.61. Found: C, 54.71; H,
3.60.

Thermolysis of 8 to Give [Fe{u-C(CeHs)(572175-CoHg)} (u-
SGH4CH3-p)(CO)q] (17) and [Fe(COR(C=O){ C(H)CeHs(17>-
CgHg)}] (18). CompoundB (0.104 g, 0.19 mmol) was dissolved in
benzene (20 mL) in a quartz tube. The tube was cooleeat°C
to freeze the benzene solution and sealed under high vacuum. The
sealed tube was heated to-8%0 °C for 48 h. After cooling, the
dark red solution was evaporatedvacuoto dryness. The residue
was chromatographed on A&; with petroleum ether/CkCl,
(10:1) as the eluant. The blackish band that eluted first was
collected, then a brown-yellow band was eluted with petroleum
ether/CHCI; (5:1). After vacuum removal of the solvent from the
above three eluates, the residues were recrystallized from petroleum
ether or petroleum ether/THF at80 °C. From the first fraction,
0.067 g (56%) of green crystals a7 was obtained: mp 158
160°C dec; IR (CHCI,) »(CO) 1984 (m), 1965 (vs), 1927 (s) cfn
IH NMR (CDsCOCDy) 6 7.10-6.91 (m, 9H, GHs + p-CHsCsH.),

6.23 (s, 1H, GHg), 5.64 (d, 1H, GHg), 5.60 (m, 4H, CHCl,), 5.51

(t, 1H, GHg), 3.41-3.37 (m, 2H, GHg), 3.15 (t, 1H, GHg), 2.21
(P-CH3CgHa), 1.90 (dd, 1H, GHg), 1.76 (dd, 1H, GHg); 1°C NMR
(CDsCOCDs) 6 224.9, 220.4, 218.1, 157.8, 142.3, 138.2, 136.9,
132.2, 129.3, 128.5, 125.8, 124.9, 101.0, 98.3, 90.7, 78.9, 78.1,
62.1, 58.5, 42.4, 32.7, 23.0; M&/e 316 (Mt — 3CO —
p-CHsCeH,S), 204 (M- — 3CO — Fe — p-CH5CeH.S), 115 (GHs

— 1)*, 84 (CHCI,"). Anal. Calcd for GeH1003SFe-2CH,Cly: C,
48.52; H, 3.35. Found: C, 48.35; H, 3.60. From the second deep

for 72 h. Subsequent treatment as described for the thermolysis ofred fraction, 0.015 g (12%) of orange crystallib@was obtained:

1 afforded 0.087 g (37%) of orange-yellow crystallidd and
0.120 g (41%) ofl5'7 as purple-red crystald4: mp 141-143°C
dec; IR (CHCI,) »(CO) 2048 (s), 2036 (m), 1978 (vs, br) cin
IH NMR (CD3COCD) 6 7.77—7.49 (m, 8H,p-CFsCgHa), 5.97 (d,
2H, J = 4.5 Hz, GHg), 5.72 (t, 2H,J = 7.2 Hz, GHg), 5.50 (t,
2H, J = 6.3 Hz, GHg), 3.72-3.54 (m, 4H, GHg), 3.36 (d, 2H,J
= 9.9 Hz, GHg), 2.40 (d, 2H,J = 14.8 Hz, GHg), 2.30 (d, 2HJ
= 4.8 Hz, GHg); MS m/e 690 (M* — 4CO), 634 (M — 6CO),
522 [Mt — 2Fe(CO})]. Anal. Calcd for GgH»4O06FsF&: C, 56.89;
H, 3.02. Found: C, 56.38; H, 3.3I5. mp 220°C dec; IR (CH-
Cly) »(CO) 2010 (m), 1981 (s), 1947 (m) crh *H NMR (CDs-
COCD;) 6 9.17 (s, 1Hu-CH), 7.44-7.38 (d, 4H p-CFsCeHa), 4.55
(s, 8H, GHg); MS m/e 374 [M* — Fe(COQ}], 346 [M* — Fe(CO)
— CQ], 318 [Mt — Fe(CO} — 2CQ], 262 [Mf — 2Fe(CO}].
Thermolysis of 3 in Benzeneds to Give 14 and 15.As
described above for the thermolysis Hf0.100 g (0.19 mmol) of
compound3 dissolved in benzends (7 mL) in a quartz tube was

heated to 8590 °C for 72 h. Further treatment as described for

the thermolysis ofl gave 0.025 g (34%) af4 and 0.036 g (39%)
of 15, which were identified by their IR antH NMR spectra.

Thermolysis of 4 to Give [Fe{ C(OC,Hs)CeHs(172,175-CoHag)} -

mp 130-132°C dec; IR (CHCI,) »(CO) 2021 (vs), 1962 (s) cm;

H NMR (CD3COCD;) 6 7.24-6.98 (m, 5H, GHs), 6.56 (d, 1H,
CoHg), 6.08 (dd, 1H, GHg), 5.44 (s, 1H, GHg), 5.33 (s, 1H, GHg),

4.60 (t, 1H, GHg), 3.25 (d, 1H, GHg), 2.91 (t, 1H, GHs), 2.77—

2.68 (m, 2H, GHg + CHCgHs); 13C NMR (CD3;COCD;3) 6 255.4,
216.2, 214.4, 143.9, 131.2, 129.5, 126.5, 121.8, 96.9, 94.2, 86.4,
84.9, 78.4, 63.9, 39.5; M8vVe 345 (M" — 1), 318 (M" — CO),

290 (Mt — 2CO0), 262 (M — 3CO), 234 (M — 3CO — Fe), 206
[CoHgC(H)CsH5s™]. Anal. Caled for GoH140sFe: C, 65.92; H, 4.08.
Found: C, 66.06; H, 4.26.

Thermolysis of 9 to Give [Fe{u-C(CeH4CoHs-p)(172,17°-CoHg)} -
(u-SCeH4CH3-p)-p)(CO)q] (19) and [Fe(COR(C=O){C(H)-
CeH4CoHs-p(175-CoHg)}] (20). As the same procedures described
above, 0.130 g (0.21 mmol) &in 25 mL of benzene in a quartz
tube was heated to 890 °C for 24 h. Subsequent treatment of
the dark resulting solution as described for the thermolysi8 of
afforded 0.055 g (44%) of green crystallit® and 0.016 g (17%)
of 20 as orange crystald9: mp 74-76 °C; IR (CH,Cl,) »(CO)
1984 (m), 1966 (vs), 1928 (s) crh *H NMR (CDsCOCD;) 6
7.64-6.92 (M, 9H, GHs + p-CH3CeHy), 6.28 (s, 1H, GHg), 5.67
(d, 1H, GHg), 5.54 (t, 1H, GHs), 3.44 (t, 2H, GHs), 3.19 (t, 1H,

(CO)¢] (16). Using the same procedures as those for the thermolysis CoHg), 2.21 (s, 3Hp-CH3CeH,), 1.93 (dd, 1H, GHg), 1.78 (d, 1H,

of 1, 0.200 g (0.42 mmol) o# in benzene in a quartz tube was
heated to 8590 °C for 72 h. After cooling, the dark red solution
was evaporateth vacuoto dryness. The residue was chromato-

graphed on AIO; with petroleum ether/CHCI, (10:1) as the eluant.

CoHs); 13C NMR (CDsCOCDs) 6 228.1, 224.6, 223.1(C0O), 157.8
(u-C), 141.9, 141.3, 137.5, 136.6, 131.9, 129.4, 127.4, 126.7, 126.5,
125.2, 119.6 (Hs + p-CHsCqH,), 101.8, 98.0, 90.6, 83.7, 81.3,
78.6, 77.9, 63.8, 62.1, 61.3, 58.2, 58.0, 42.4Hg, 23.0 @-

The brown-red band was collected. After vacuum removal of the CH3CgH4); MS m/e 362 [M* — 3CO — CgHsCgH4], 239 [MT —
solvent, the residue was recrystallized from petroleum ether or 3CO — CgHsCgHs — CH3CsH4S], 115 (GHg — 1)*. Anal. Calcd

petroleum ether/CkCl, at —80 °C to afford 0.084 g (45%) of
brown-red crystals ofl6: mp 144-146 °C; IR (CHCl,) v(CO)
2031 (s), 1986 (vs), 1963 (m), 1936 (m) th'H NMR 6 7.39—
7.04 (m, 5H, GHs), 5.13 (t, 2H, GHg), 5.01 (d, 1H, GHg), 4.81

for C3,H.305SFe: C, 64.14; H, 3.87. Found: C, 64.55; H, 3.48.
20: mp 58-60 °C; IR (CH,Cl,) »(CO) 2021 (vs), 1962 (s) cm;
IH NMR (CDsCOCDs) ¢ 7.58-7.08 (m, 9H,p-CeHsCgH.), 6.56
(d, 1H, GHs), 6.14 (dd, 1H, GHg), 5.45 (s, 1H, GHg), 5.36 (d,
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Table 1. Crystal Data and Experimental Details for Complexes 14, 16, 17, and 18

14 16 172THF 18
formula GgH2406FcFe Co3H1806F&2 CasH3s05SFe CioH1403Fe
fw 802.27 502.07 667.38 346.15
space group P2;/c (No. 14) P2;/c (No. 14) P1 (No. 2) Pbca(No. 61)
a(Ah) 9.0696(10) 10.6638(10) 10.054(7) 7.163(3)

b (A) 13.3537(13) 12.0300(10) 10.371(7) 11.724(6)
c(A) 14.4026(15) 16.6822(14) 16.115(11) 36.548(17)
o (deg) 76.906(13) 90

B (deg) 99.971(2) 105.890(2) 77.329(11) 90

y (deg) 74.356(12) 90

V (A3) 1718.0(3) 2058.3(3) 1553.5(17) 3069(3)

z 2 4 2 8

Dcalcd (g /cn¥) 1.551 1.620 1.427 1.498
F(000) 812 1024 694 1424

u(Mo Ka) (cm™1) 9.24 14.48 10.41 9.94
orientation reflns: no.; 1259; 4.566-38.667 1502; 5.70840.203 1933; 4.49743.133 997; 4.45833.920
range (®) (deg)

data coll. range, @ (deg) 4.18-54.00 3.98-54.00 2.6451.00 4.46-54.00
no. of unique data, total 3746 4487 5703 3346

with | > 2.0Q(1) 2044 2465 3865 1380

no. of params refined 283 305 330 208
correct. factors, max. min. 0.66444.00000 0.812791.00000 0.8141+1.00000 0.774911.00000
R2 0.0629 0.0461 0.0790 0.0498

Ri? 0.1124 0.0673 0.2040 0.0903
quality of fit indicatof 0.925 0.790 1.022 0.795

max. shift/esd. final cycle 0.001 0.024 0.001 0.000
largest peak (eA3) 0.416 0.469 0.655 0.451

min. peak (e/A3) —0.351 —0.353 —0.658 —0.355

AR =3 ||Fo — IFcll/Z|Fol. Ry = [TW(IFol — IFc)TWiFo|Y% w = Llo¥(|Fol). © Quality-of-fit = [Sw(|Fol — |Fcl)(Nobs — Nparametend >

1H, GoHg), 4.61 (t, 1H, GHg), 3.31 (d, 1H, GHg), 2.78 (t, 1H, Table 2. Selected Bond Lengths (R)and Angles (deg) of
CoHg), 2.64-2.62 (m, 2H, GHg + CHCsH4CeHs-p), 1.20-1.12 Complexes 16-18

(m, 8H, CH(CH»)4CHz), 0.86 (t, 6H, G13(CH,)4CHa3); MS m/e 393 16 17 18
(M* — CO — H), 365 (M* — 2CO — H), 337 (M — 3CO— H),

Fe(1y-Fe(2) 2.7521(8) 2.531(2)
282 [M" — Fe(CO}], 281 [M* — Fe(CO) — H], 116 (GHs"), 86 Fe(1)-C(5) 2.157(3) 2.020(6)
(CsH14"). Anal. Calcd for GsH1g03FeCsHi4 (hexane): C, 73.23; Fe(2)-C(5) 2.046(5)
H, 6.34. Found: C, 73.56; H, 6.42. Eeg)):g(l) 2231(2) 1.965(5)
i i e .
16X-1r?y Crystal Strugture Determinations of Complexes 14, Fe(2)-S 22284(19)
, 17, and 18.The single crystals of complexdd, 16, 17, and Fe(1)-C(11) 2.212(3) 2.129(7)
18 suitable for X-ray diffraction studies were obtained by recrys-  ge(1)-c(12) 2.208(4) 2.135(7)
tallization from petroleum ether/Gil, or petroleum ether/THF C(1)-C(5) 1.569(6)
at—80°C. Single crystals were mounted on a glass fiber and sealed C(5)—C(13) 1.529(4) 1.558(8) 1.582(5)
with epoxy glue. The X-ray diffraction intensity data for the nine ~ C(1)-O(1) 1.142(4) 1.159(8) 1.198(5)
complexes were collected with a Bruker Smart diffractometer at SE%_)_C&;))” ifggg i'ﬁgg%) 1'1%3((2;
20 °C using Mo Ko radiation with anw—26 scan mode. C(11)-C(12) 1:366(5) 1:359(9) 1:342(5)
The structures ol4, 16, 17, and 18 were solved by the direct C(12)-C(13) 1.499(5) 1.510(9) 1.473(6)
methods and expanded using Fourier techniques. For the six C(13)-C(14) 1.552(4) 1.526(9) 1.511(5)
complexes, the non-hydrogen atoms were refined anisotropically C(6)—C(14) 1.490(4) 1.458(9) 1.493(5)
and the hydrogen atoms were included but not refined. The Fe(l)-Fe(2}-C(5) 51.05(16)
absorption corrections were applied using SADABS. The final cycle Egg)):géa;_':&(é)) 93.18(9) 7571'%(72()1 6)
of full-matrix least-squares refinement was based on the observed Fe(1)-Fe(2)-S ' 55.;18(6)
reflections and the variable parameters and converged with un-  fe(2)-Fe(1)-s 49.63(14)
weighted and weighted agreement to give the agreement factors Fe(1)-S—Fe(2) 55.37(5)
listed in Table 1. C(5)—Fe(1)-S 85.15(16)
The details of the crystallographic data and the procedures used C(5)-Fe(2)-S 84.63(17)
for data collection and reduction information fb#, 16, 17, and Fe(1-C(5)-C(13) 94.1(2) 97.4(4)
18 are given in Table 1. The selected bond lengths and angles for Fe(z)_c(s):C(B) 109.14)
- ) an Fe(2)-C(1)-C(5) 126.5(3)
complexesl6—18 are listed in Table 2, and the principal bond Fe(2)-C(1)-0(1) 121.8(3)
lengths and angles for compléx are presented in Figure 1. The C(5)-C(1)-0(1) 111.3(4)
molecular structures of4, 16, 17, and 18 are given in Figures C(6)-C(10y-C(11) 121.2(4) 119.9(6) 120.2(4)
1—4, respectively. The atomic coordinates @d/Be, anisotropic C(10y-C(11)-C(12) 118.8(4) 116.0(7) 117.9(5)
displacement parameters, complete bond lengths and angles, and ggg)):g&?):ggig ﬁgigg ﬁg;ggg ﬁg%ig
least-squares planes fdd, 16, 17, and 18 are given in the C(13)-C(14)-C(6) 112_'5(3) 103.'7(5) 109.'2(4)
Supporting Information. C(14)-C(6)—C(10) 120.0(3) 120.1(6) 119.5(4)
C(13)-C(5)—C(17) 115.6(3) 116.9(5) 112.2(4)

Results and Discussion a Estimated standard deviations in the least significant figure are given

. . in parentheses.
An orange-red benzene solution of complexn a sealed P

quartz tube was heated with stirring to-880 °C for 72 h. After fin-coordinated tricarbonyliron dimer [F@%CgyHg(CsHs)}-
workup as described in the Experimental Section, a bicycloole- (CO)], (10) and a bridging arylcarbene complex jEe-
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Figure 1. ORTEP diagram o14. Selected bond lengths (A): Fe-
(1)—-C(13) = 2.110(4), Fe(1yC(14) = 2.037(5), Fe(1}C(15)=
2.039(5), Fe(1yC(16) = 2.094(5), C(11)C(12) = 1.555(5),
C(12)-C(13)= 1.513(5), C(13)C(14)= 1.409(6), C(14)C(15)
= 1.370(7), C(15)-C(16) = 1.399 (6), C(16}-C(17)= 1.518(5),
C(17>-C(18)=1.511(5), C(18)C(19)= 1.315(6), C(11)-C(19)
= 1.485(6).

Figure 2. Molecular structure 016, showing the atom-numbering
scheme with 45% thermal ellipsoids.

c9

Figure 3. Molecular structure 017, showing the atom-numbering
scheme with 45% thermal ellipsoids.

C(H)CeHs} (CON(178-CgHg)] (11) (eq 4) were obtained in 23%
and 40% isolated yields, respectively. The analogous thermoly-
ses of complexeg and3 gave the corresponding dimers [Fe-

Zhang et al.

Figure 4. Molecular structure 018, showing the atom-numbering
scheme with 40% thermal ellipsoids.

{774—C9H8(Ar)}(CO)3]2 (12, Ar = p-CH3C6H4; 14, Ar =
p-CFsCgHy) in 30—37% yields and bridging arylcarbene com-
plexes [Fe{ u-C(H)Ar} (COu(178-CgHg)] (13, Ar = p-CH3CeHy;

15, Ar = p-CRCgHy) in 35—41% yields (eq 4).

(COMFen
X CeHg or CDg
l 7 _co _sealed tube

N EERN
Fel— 0
c” e\C/F N 85-90°C, 72h

8 8

co

11, Ar= CgHg
13, Ar = p-CH,CH,
15, Ar = p-CF4CgH,

1, Ar= CgHs
2, Ar=p-CH,CeH,
3, Ar= p-CF3CqHy

10, Ar = CgHg
12, Ar = p-CH,CH,
14, Ar = p-CF3CgH,

The purple-red productdl, 13, and 15 are known com-
pound$’ whose structures have been established by X-ray
crystallography; they have been obtained by the reactions of
COT-coordinated diiron cationic bridging carbyne complexes
[Fex(u-CAr)(CO)(178-CeHg)IBF4 (Ar = CgHs, p-CHsCeHa,
p-CRCsHy),Y” prepared by treating bridging alkoxycarbene
complexes1—3 with HBF; with NaBH; in THF at low
temperature. The yellow dimer produdi8, 12, and14 shown
in eq 4 are the centrically symmetric compounds established
by microanalytical data and IRH NMR, and mass spectra, as
well as X-ray crystallography. The IR spectra of complek@s
12, and 14 containing two Fe(CQ)units showed only three
CO absorption bands at about 264548, 2033-2036, and
1942-1947 cnttin thev(CO) region, which are consistent with
their symmetry structures. In thel NMR spectra of complexes
10, 12, and 14, the proton signals of the bicycloolefin ligand
showed seven sets of peaks and the protons of the olefin
coordinated to the metal shift greatly upfield (at 3234 ppm)
as compared with that of uncoordinated olefin protons (at-5.97
5.46 ppm) (see Experimental Section). The structures of products
10, 12, and14 were further confirmed by the single-crystal X-ray
diffraction study of complexl4. The results of the X-ray
diffraction work for 14 are summarized in Table 1, and its
structure is shown in Figure 1. Thus, the spectroscopic data and
the results of the X-ray diffraction analysis indicate that the
formation of product4.0, 12, and14 was highly stereoselective
and only one stereoisomer was obtained (eq 4), presumably due
to the steric control.

The structure ofl14 (Figure 1) confirmed that it is a
bicycloolefin-coordinated tricarbonyliron dimer having a sym-
metric center. The original bridging carbene carborBihas
inserted into the COT ring and an annelation reaction occurred

(17) Zhang, S.; Xu, Q.; Sun, J.; Chen, J.Brganometallic2003 22,
1816.
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Scheme 1

s, ;7 _co

e

oc” N\ Neo
a’ W

110r13,15

10 or 12, 14

to form a bicyclic olefin ligand consisting of a six-membered
ring and a five-membered ring, an indene derivative. In complex
14, the two double bonds (C(13)C(14) and C(557C(16)) of

the cyclohexadiene moiety are iff-bonding coordination to
the Fe(CO) moiety, while the C(18FC(19) double bond of
the five-membered ring is retained. The two identical bicy-

cloolefin-coordinated tricarbonyliron species were connected by

each carbon atom (C(11)) of the five-membered ring moiety to
construct dimer4.
In the six-membered ring moiety of the bicycloolefin ligand,

Organometallics, Vol. 26, No. 10, 2635

experimental evidence, the proposed mechanism above is only
a speculation.

To examine the effect of different cycloolefin ligands of the
diiron bridging carbene complexes on the thermolysis reactions,
we investigated the thermolysis reaction oH-ihdene-
coordinated diiron bridging alkoxycarbene compkxunder
conditions similar to those in the thermolysis bf3. A deep
red benzene solution of in a sealed tube was heated with
stirring at 85-90 °C for 72 h to give a novel ring addition
product, [Fe{ C(OGHs)CeHs(17°,17>-CoHg)} (CO)e] (16), in 45%
yield (eq 5). An analogous ring addition product, fF&(OGHs)-

H H HH
0 EtO.

D CeH 6 S
oc._ co L s \| o ®

_Fe Fel_ sealed tube /
oc / Cco o _Fe Fe

85-90 C, 72h oc™ /N cOo
_c o¢ €O
Ar OEt
4,Ar=CgHg 16, Ar = CgHs

CsH4CeHs-p(172,175-CoHg)} (CO)], M a biphenyl analogue dif6,
has been obtained by stirring a @, solution of [Fe{u-

the C(13), C(14), C(15), and C(16) atoms lie in one plane, and C(OGHs)-CgH4CesHs-p} (CO(17*1%-CoHg)}] (5) at room tem-

the C(12), C(13), C(16), and C(17) atoms lie in another plane.
The dihedral angle between the two planes is 40.71 the
five-membered ring moiety, the C(11), C(12), C(17), C(18), and

perature for 12 h.
The structure of product6 was supported by its elemental
analysis, IR andH and'3C NMR spectroscopies, and X-ray

C(19) carbon atoms lie in the same plane. The dihedral anglesingle-crystal diffraction. The crystallographic investigation of

between the C(12)C(13)C(16)C(17) and C(11)C(12)C(17)C-

(18)C(19) planes is 63.22The benzene ring plane comprised

of C(2) though C(7) is oriented at an angle of 84.2&h respect

to the five-membered ring C(11)C(12)C(17)C(18)C(19) plane.
The formation mechanism for the produdi§, 12, and 14

and productd 1, 13, and15is not clear. A presumedly possible

16 reveals an unusual structure (Figure 2), which is quite
different from that of precursot, arising from theu-C—Fe(2)
bond in4 being cleaved and the-carbene carbon (C(5)) being
linked to a ring carbon (C(13)) of théH¢indene ligand, forming

a new carborcarbon bond (C(5)yC(13)) and leading to
formation of arvy?-bonding to coordinate to the Fe(C{)oiety

thermolysis pathway is shown in Scheme 1. Under heating, thein 16. Thus, the six-membered ring of théddndene ligand

cleavage of the-C—O bond of theu-C(OGHs)Ar ligand in 1

(or 2, 3) occurred to form a bridging carbene free radical
intermediate (a), which could either abstract a hydrogen to
produce bridging arylcarbene complgk, 13, or 15 or undergo

an insertion reaction of the-carbene carbon into the coordinated
COT ring aided by the metal iron accompanied by abstraction
of a CO ligand generated from the decomposition of starting
(or 2, 3) or intermediate (a) to form a diiron-coordinated nine-
membered-ring free radical intermediate (b). The free radical
electron of the intermediate (b) could undergo delocalization

carries a C(OgHs)CgHs group on C(13), and its configuration
and bond lengths have been changed due to the migration of
the u-carbene ligand C(Og1s)CgHs from Fe(2) to C(13) of

the G ring. In 16, the ring carbons C(11) and C(12) are
coordinated to Fe(1) in ap?-bonding, C(5) isv bound to Fe-

(2), and a CO group, generated from the decompositicghaf

an intermediate, is also coordinated to the Fe(1) atom. The Fe
Fe distance (2.7521(8) A) is the same within experimental error
as that of [Fe{C(OGHs)CeHaCsHs-p(17%17°-CoHg)} (CO)s)
(2.7512(7) A)1 The Fe(1)-C bond lengths of C(11) and C(12)

to yield intermediate (c). The latter, under the heating, underwent are 2.212(3) and 2.208(4) A, respectively. The structure of the

an annulation reaction, similar to [3, 8]rearrangement, to form

a bicyclic free radical intermediate (d) consisting of a six-

membered ring and a five-membered ring. Two bicyclic free

radicals (d) could form the dimé0 (or 12, 14) by dimerization.
Evidently, complexe40, 12, and14 were first obtained from

the expanded ring products formed by insertion of the bridging

carbene carbon into the cycloolefin ligand in the dimetal

six-membered ring moiety of theH¢indene ligand irl6is also
similar to that in [Fe{ C(OGHs)CsH4CeHs-p-(172,5%-CoHs)} -
(CO)]. 1

The formation pathway of thermolysis produd is similar
to that of [FQ{C(OC2H5)C6H4C6H5-p(172,175-C9H3)} (CO)s].ll
Under higher temperature (8@0 °C), theu-carbene ligand in
4 migrated from Fe(2) to a carbon atom (C(13)) of the six-

bridging carbene complexes. The source of the hydrogen atommembered-ring moiety of the#indene ligand, forming an?

at theu-carbene carbon in productd, 13, and15 could be the
solvent benzene or the cleaved g from the starting
compoundd—3. However, the solvent benzene can be excluded
due to the fact that the thermolysis of compo@id deuterated

bonding to coordinate to the Fe atomlif. This indicates that
complex4 is thermodynamically more stable than complex{Fe

{ C(OGHs)CH4CsHs-p(172,175-CoHg)} (CO)] and that the dif-
ferent aryl substituents on the bridging carbene ligand exert a

benzene (6Dg) under the same conditions as those in benzene great influence on the thermal stability of the diiron bridging

also afforded the bridging arylcarbene complExin similar
yield (39%) (eq 4). Thus, the most possible source of the H
atom at the:-C atom of complexe$l, 13, and15is the cleaved
OGCHs. The intermediate (a) might abstract a methylene
hydrogen from the OCHCH; group to produce productkl,

13, and 15. Due to no relative reference and lack of further

alkoxycarbene complexes.

To explore the effect of different bridging carbene ligands
of the diiron bridging carbene complexes on thermolysis
reactions and the resulting products, we studied the thermolysis
of 7H-indene-coordinated diiron bridging arylthiocarbene com-
plexes8 and9. The dark red benzene solution of compouBds
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and9, respectively, in a sealed tube was heated with stirring at C(14) is out of the C(10)C(11)C(12)C(13) plane by 0.7767 A.

85—90 °C for 24 to 48 h. After workup as described in the
Experimental Section, the green, crystalline complexeg[Fe
C(Ar)(172,7°-CoHg)} (-SCsH4CHz-p)(CO)] (17, Ar = CeHs; 19,

Ar = p-CgHsCgH4) and the orange compounds [Fe(G@
O){ C(H)Ar(nS-CgHg)}] (18, Ar = CGH5; 20, Ar = p-C6H5C6H4)
were obtained in 4456% and 12-17% yields, respectively (eq

H H
oc>F9 Fe\co saal:d :ube NIC\ A7 \ F CO ©
oc _—Fe—"
\ / 85-90°C, 24-48h / | ‘\s i
P 3 co
A7 NscH,CHyp
CH;
8, Ar = CgHs 17, Ar = CeHs 18, Ar = CeHs

9, Ar = p-CgHsCgHy 19, Ar = p-CgHsCgH, 20, Ar = p-CgHsCgH,

In contrast to the nearly equal distances in C(10) to C(13) of
the G ring in 8, in 18 the C(10)-C(11) (1.434(6) A) and
C(12)-C(13) (1.473(6) A) bonds are obviously longer than
C(11)-C(12) (1.342(5) A), indicating that the latter is a double
bond.

The thermolysis pathway to produdg and19 and products
18 and20 is not yet clear. We speculate that the formation of
17 and 19 could be via a migration of thp-CH3CgH4S group
from theu-carbene carbon (C(5)) to Fe(2) accompanied by loss
of a CO ligand from the Fe(2)(C@jnoiety and bonding of the
u-carbene carbon to a carbon (C(13)) of the six-membered ring
of the ™H-indene ligand to form the new carbenarbon bond
(C(5)—C(13)). Then the-CH3CsH4S group coordinates to Fe-
(1) to produce product? or 19. Productsl8 and20 would be
the further thermodynamic product ¥ and 19, respectively,
by losing both thg-CH3CsH4S ligand and Fe(1)(C@moiety

The structures proposed in eq 6 were based on their elementafrom 17 or 19 accompanied by bonding of an acyl group and a
analyses and spectroscopic evidence, as well as X-ray crystal-CO ligand, generated from the loss of the Fe(£€pecies, to

lography. Product47 and19 are formulated as the isomerized
7H-indene-coordinated diiron bridging carbene complexes with
au-SGH4CHs-p ligand. In both products, the original bridging
carbene ligand C(Ar)SgE4CHs-p (Ar = CgHs or p-CgHsCsHy)

is now au-CAr ligand bonded to a carbon of the @ng of the
7H-indene ligand, which was formed by migration of the
p-CHsCgH4S group from the bridging carbene ligand to the two
Fe atoms accompanied by loss of a CO ligand from the iron
atom (Fe(2)). The orange produdi8 and20 are formulated as
acyliron compounds in which thegQing moiety of the H-
indene ligand now carries a C(H)Aré€D) group. The structures
of products17 and 19 and productsl8 and 20 were further
confirmed by X-ray diffraction studies of complek7 and
complex18, respectively.

The X-ray structure 017 (Figure 3) shows a highly unusual
structure, which contains a capping=(CsHs) ligand and a thio-
bridged p-CsHsCsH4S ligand. Theu-C(5) is 2.020(6) A from
Fe(1), 2.046(5) A from Fe(2), and 1.558(8) A from C(13). The
structural features of the six-membered-ring portiori hare
very similar to those of the same unit1®, except the carrying
substituent is ar-CCsHs carbene ligand in the former but a
C(OGHs)CeHs group in the latter.

The Fe-Fe bond is bridged by @ SCsH4CsHs-p ligand with
the following dimensions: Fe(HFe(2) 2.531(2) Au-S—Fe-

(1) 2.231(2) Au-S—Fe(2) 2.2284(19) A. The FeFe distance

in 17is significantly shorter than that in the analogous complex
[Fex{ 1-C(OCHs)CeHs} (COM(r*7*-CoHs)] (2.6663(8) A} and
precursor compound (2.6754(8) A)! arising from the bridging
u-SCGsH4CHs-p group.

The molecular structure of8 (Figure 4) shows that the
configuration and bond distances of thd-ihdene ligand have
been changed by comparison with par@ntaused by the loss
of the Fe(CO) moiety and the transfer of the bridging carbene
carbon with a phenyl from the lost Fe(1) atom to the C(13)
atom of the indene ring. In the six-membered-ring moiety, only
C(10), C(11), C(12), and C(13) are in a plane0(0014 A);

the C(5) and Fe(2) atoms, respectively. Prolonging the heating
time or raising the thermolysis temperature leads to a decrease
in the yield of productL7 or 19 but an increase in the yield of
product18 or 20. The origin of the H atom on the C(H)Ar-
(C=0) group in productd8 and 20 could be the HA-indene
ligand or water, which is a contaminant in benzene or from
glassware. Compoundsand 9 and thermolysis product$7
and19 all showed a strong ion peak mfe 115 (GHg — 1) in
their mass spectra, which suggests that the methylene hydrogen
(—=CHy—) of the M-indene ligand could be dissociated and
indicates that it could provide a Hfor the formation of the
C(H)Ar(C=0) group under the thermolysis conditions. Thus,
the most probable source of the H atom on the C(H)A#()
group is the H-indene ligand of products7 and19 or starting
compounds8 and9.

In summary, we have found the remarkable thermolysis
reactions of the COT- andHzindene-coordinated diiron bridg-
ing carbene complexes, and a series of novel thermolytic
products were obtained. The thermolysis results indicate that
the different cycloolefin ligands and different bridging carbene
ligands exert a great influence on the thermolysis behavior of
the dimetal bridging carbene complexes and resulting products.
Further studies on the scope of these thermolysis reactions and
applications in organic and organometallic synthesis are being
carried out in our laboratory.
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