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Introduction

The interaction of reactive organic intermediates with metal

because there have been relatively few examples of metal
clusters containing heteroatom-substituted carbene ligeflas.
isolation of2 and 3 in this work exhibits a pronounced effect
of the substituents of the carbene-carbon on the rotation of the
C—0 bond of the methoxycarbene.

Experimental Section

All reactions were performed under an atmosphere of pure nitrogen
using standard Schlenk techniquéSolvents were purified, dried, and
distilled under nitrogen prior to use. Fe(G@A\ldrich), SeQ (Strem),
[EtsN]Br (Merck), CRSOsMe (Aldrich), and HGECCH,Br (Merck)
were used as received without further purification,f§i[SeFeg(CO)]*
was prepared by the published method. Infrared spectra were recorded
on a Perkin-Elmer Paragon 500 IR spectrometer as solutions ip CaF
cells. ESI (electron spray ionization) mass spectra were obtained on a
JMS D-300 mass spectrometer using MeCN as the solvent.!Hihe

surfaces in metal-catalyzed organic reactions attracts bothNMR and3C NMR spectra were taken on a JEOL 400 instrument at

inorganic and organic chemistlevertheless, little was known
in the area of main group transition metal clusters with organic

399.78 and 100.53 MHz, respectively. Elemental analyses of C, H,
and N were performed on a Perkin-Elmer 2400 analyzer at the NSC

species, and the roles of main group elements and transitionRegional Instrumental Center at National Taiwan University, Taipei,

metals have been even less explogéd.o better understand

the influence of main group transition metal clusters on organic

fragments, we explored the reaction of the tetrahedral cfuster
[SeFg(CO)]2~ with propargyl bromide. We describe in this
paper the synthesis of the novel acyl cluster anigg-fe)Fe-
(COX(uz-1t,nt,n3-C(O)CHCCH)]~ (1) and the isolation of the
trans and cis isomers of the Fischer-type cluster carbenes (
Se)Fg(CO)(us-ntntn3-C(OMe)CHCCH), 2 and 3.

Although the isomerization of Fischer-type mononuclear
carbene complexes is a well-known phenomendrthe isola-

Taiwan.

Reaction of [EuN],[SeFg(CO)o] with HC =CCH,Br. To a solution
of 1.10 g (1.45 mmol) of [EN].[SeFg(CO)) in 40 mL of CH,Cl,
was added 0.13 mL (1.46 mmol) of HECCH,Br. The resulting
solution was stirred at ambient tempeature for 27 h to give a yellowish-
brown solution which was filtered, and the solvent was removed under
vacuum. The residue was extracted with,CH, and the CHCI, extract
was washed with hexanes and then recrystallized with hexangs/CH
Cl, to give 0.540 g (0.776 mmol) of [EN][(us-Se)Fe(CO((us-
7tntn3-C(O)C(H)CCH)] ([EtaN][1]) (54% based on [BN][SeFe-
(COX)). IR (vco, ether): 2055 w, 2026 vs, 1922 s, 1956 s, 1940 m,

tion of both cis/trans rotamers of the alkoxycarbene complexes 1924 w cm. Negative ion (ESI-MS):n/z566.7. Anal. Calcd (found)

in the solid state has been inaccessible because of the rapi

exchanging rate about the.fmens=O bond® As for Fischer-

type cluster carbene complexes, this issue remains unexplore
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or [EtsN][1]: C, 36.24 (36.26); H, 3.33 (3.13); N, 2.01 (2.08MH
MR (400 MHz, DMSO#s, 299 K): 6 2.98 (s, CH), 2.94, 2.59 (2s,
H,) (chemical shifts not given for [EN]"). 13C NMR (100 MHz,
MSO-ds, 299 K): 6 257.6 (FeG=0), 216.5, 212.8, 212.1, 211.6,
209.1, 209.0 (FeCO), 109.0 (C€H,), 87.4 (CH), 60.6 (Ch
(chemical shifts not given for [EX] 7). The crystals of [EN][ 1] suitable
for X-ray analysis were grown from hexanes/ether-20 °C.

Isolation of the Rotational Isomers of [3s-Se)Fg(CO)q(us-
ntntn3-C(OMe)CHCCH,), 2 and 3.To a solution of 0.91 g (1.31
mmol) of [E4N][1] in 30 mL of CH,Cl, was added 0.25 mL (1.94
mmol) of CiSO;Me in an ice-water bath. The resulting solution was
stirred in the ice-water bath for 45 min to give a yellowish-green
solution which was filtered, and the solvent was removed under vacuum.
The residue was extracted with 60 mL oL@t and the BO extract
was redissolved in 5 mL of Ci€l, and chromatographed with GH
Cly/hexanes (3:1) using a chromotron to give the first band of 0.08 g
of the known complex SEe(CO), the second red band of 0.06 g
(0.103 mmol) ofcis-(us-Se)Fe(CO)(us-n*nt173-C(OMe)C(H)CCH)
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Table 1. Crystallographic Data for
[EtN][(15-Se)Fe(COX((usn"n*n*-C(O)C(H)CCH)I([ELN][1]),
trans-(us-Se)Fg(CO(us-11, 1t 1%-C(OMe)C(H)CCH) (2), and
cis-(us-Se)Fe(COX(usnt 1t 7°-C(OMe)C(H)CCH) (3)

[EtN][1] 2 3
empirical formula GiH2sFesNO1gSe  GaHeFes016Se  GaHsFes016Se
fw 695.01 580.69 580.69
space group P(1) (No.2) P2i/c (No.14)  P2i/n(No.14)
a, 9.55(3) 9.552(3) 9.365(3)

b, A 12.35(3) 16.221(2) 16.258(2)

c, A 13.411(2) 12.574(3) 13.035(5)

o, deg 105.2(2)

B, deg 101.96(2) 104.91(2) 106.21(3)

y, deg 109.87(2)

V, A3 1357.1(6) 1882.5(7) 1905.9(9)

Zz 2 4 4

p(calc), g cn3 1.703 2.049 2.024

u, cmt 29.7 42.6 42.1
radiation,/ (A) Mo Ka, 0.7107 Mo ka, 0.7107 Mo K, 0.7107
temp,°C 25 25 25
residues:R%; R, 0.038; 0.032 0.026; 0.020 0.026; 0.020

aThe functions minimized during least-squares cycles \Rere |F,
— Fo/SFo andRy = [SW(Fo — Fo)¥SW(Fo)gY2

(3) (8% based on [EN][1]), and the third greenish-brown band of 0.057
g (0.098 mmol) oftrans{us-Se)Fe(CO)(us-1,n*13-C(OMe)C(H)-
CCH,) (2) (7.5% based on [EN][1]). 2: IR (vco, CHClL): 2079 w,
2052 vs, 2022 s, 1997 m, 1977 m, 1954 vwénEI-MS: m/z581.8.
Anal. Calcd. (found) fo2: C, 28.96 (28.94); H, 1.04 (0.98% NMR
(400 MHz, CDC4, 295 K): ¢ 4.28 (s, OMe), 3.59 (s, CH), 3.14 (s,
CHy) 2.91 (s, CH). 3: IR (vco, CH:Cly): 2073 w, 2048 vs, 2012 vs,
1995 s, 1978 m, 1954 w cth EI-MS: m/z581.8. Anal. Calcd (found)
for 3: C, 28.96 (28.90); H, 1.04 (1.013H NMR (400 MHz, CDCH,
295 K): 0 5.58 (s, CH), 3.80 (s, OMe), 3.26 (d, GH = 8 Hz), 2.46
(d, CH,, J = 8 Hz). Crystals of2 and 3 suitable for X-ray analysis
were grown from hexanes at20 °C.

X-ray Structural Characterization of Complexes [Et,N][1], 2, and
3. A summary of selected crystallographic data for,Mgf1], 2, and3
is given in Table 1. Data collection was carried out on a Nonius CAD-4
diffractometer using graphite-monochromated Ma Kadiation at 25
°C employing thef/20 scan mode. Ay scan absorption correction
was madé?! All crystals were mounted on glass fibers with epoxy
cement. Data reduction and structural refinement were performed using
the NRCC-SDP-VAX packagés,and atomic scattering factors were
taken from ref 13.

Structures of [Et4N][1], 2, and 3. The crystal of [EAN][1] chosen
for diffraction measurement was ca. 0.26 nn®9.33 mmx 0.40 mm,;
crystal2 had dimensions 0.40 mm 0.36 mmx 0.32 mm; crystaB
had dimension 0.23 mm 0.27 mmx 0.34 mm. Cell parameters were
obtained from 25 reflections with thef2angle in the range 22.86
33.88 for [ELN][1], 22.98 < 20 < 30.52 for 2, and 22.70 < 260 <
32.54 for 3. A total of 3197 reflections withl > 2.5 o(l) for
[EtsN][1] (2148 reflections witH > 2.50(]) for 2 and 2305 reflections
with I > 2.5 ¢(I) for 3) were refined by least-squares cycles. All the
non-hydrogen atoms were refined with anisotropic temperature factors.
Full-matrix, least-squares refinement led to convergenceRvith3.8%
andR, = 3.2% for [E4N][1], with R = 2.6% andR, = 2.0% for 2,
and withR = 2.6% andR, = 2.0% for 3.

The selected bond distances and angles foNJL], 2, and3 are
presented in Tables 2, 3, and 4, respectively. Additional crystallographic
data are available as Supporting Information.

Results and Discussion

When [EtN][SeFg(CO)]* was treated with propargyl
bromide in MeCN, the novel acyl complex W[1] was
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Notes

Figure 1. ORTEP diagram showing the structure and atom labeling
for the anionl.

Table 2. Selected Bond Distances (A) and Bond Angles (deg) for
[EtaN][(ua-Se)Fe(COX((usn*n*n*C(O)C(H)CCH)I([EtN][1])

(A) Distances

Se-Fe(1) 2.454(1) SeFe(2) 2.33(1)
Se-Fe(3) 2.366(1) Fe(3)C(13) 2.015(6)
C(10)-C(11) 1.419 (8) C(1yc@12) 1.401(9)
C(12-C(13) 1.500(8)
(B) Angles
Fe(1)-Se-Fe(2) 97.09(4) Fe(h)Se-Fe(3) 103.73(4)
Fe(2)-Se-Fe(3) 69.65(4) Fe(HC(11)}-C(10) 70.9(3)
Fe(1}-C(11-C(12) 69.2(3) Fe(3)C(13)-0O(10) 124.5(4)

Fe(3-C(13)-C(12) 117.3(4)

Table 3. Selected Bond Distances (A) and Bond Angles (deg) for
trans-(us-Se)Fe(CO)(us-n*1%1°-C(OMe)C(H)CCH) (2)

(A) Distances

Se—Fe(1) 2.456(1) SeFe(2) 2.324(1)
Se-Fe(3) 2.388(1) Fe(3)C(13) 1.924(5)
C(10-C(11) 1.403(6) C(1nc@2) 1.426(6)
C(12-C(13) 1.456(6) 0(16yC(13) 1.323(5)
(B) Angles
Fe(1)-Se-Fe(2) 95.72(3) Fe(hH)Se-Fe(3) 101.25(3)
Fe(2)-Se-Fe(3) 69.86(3) Fe(HC(11)-C(10) 72.2(3)
Fe(1)-C(11-C(12) 70.1(2) Fe(3)C(13-0O(10) 130.1(3)

Fe(3)-C(13)-C(12) 122.9(3)

Table 4. Selected Bond Distances (A) and Bond Angles (deg) for
cis-(ua-Se)Fe(COk(us1" ' i°-C(OMe)C(H)CCH) (3)

(A) Distances

Se-Fe(1) 2.4608(9) SeFe(2) 2.3287(9)
Se-Fe(3) 2.373(1) Fe(3)C(13) 1.936(4)
C(10-C(11) 1.401(9) C(11C(12) 1.436 (6)
C(12)-C(13) 1.431(6) O(16yC(13) 1.323(5)
(B) Angles
Fe(1)-Se-Fe(2) 94.89(3) Fe(¥)Se-Fe(3) 101.08(3)
Fe(2)-Se-Fe(3) 69.89(3) Fe(HC(11y-C(10) 73.5(3)
Fe(1)-C(11-C(12) 69.9(2) Fe(3yC(13-0(10) 116.3(3)

Fe(3-C(13)-C(12) 124.4(3)
obtained (eq 1). The X-ray analysis (Figure 1) shows that the
anion1 consists of three Fe centers with one-fre bond, in
which three Fe atoms are capped on the opposite sides by a Se
atom and by an allylcarbonyl ligand C(O)CHCghh the
fashion of uz-n,ntn°. Clusterl can be considered as a CO
insertion product, which is supported by the fact that the yield
of 1 is significantly increased (5485%) when the reaction is
performed under an atmosphere of CO. In terms of electron
counting, the C(O)CHCCHligand acts as a 5edonor and the
apical Se atom contributes 4@ bonding, which gives a total
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of 52e for the anionl, consistent with one FeFe bond in
this Fe cluster anion.

The m-allyl complexes are well-known; however, those
containing a-allylcarbonyl ligand are rar&1® To our best
knowledge, this type qiz-nt,5%,3-allylcarbonyl bonding mode
is unusual and unprecedentedlirthe bond distances of-€C
bonds in the allyl ligand are 1.401(9) and 1.419(8) A, indicative
of the double-bond charact€rand are close to those (1.417
and 1.434 A) in the related complexF80)%Cp(u-#1,7*-C(0)-
CPhCCH).16 Further, the presence of an acyl CO 1nis
spectroscopically indicated by an IR band at 1560 tend by
a 13C NMR resonance ad 257.61816 The 1°C—H COSY
measurement unambiguously showed that*HeNMR reso-
nances at 2.98 and 2.94, 2.59 correspond to the absorptions
of the CH and the CHof the allyl group, respectively.

2 (OC)sFe; -
(0C)sFe——Fe(00)s /e %Fe(CON
Se 0=GC :
HCGCHBr HiT:C\ o
Fe 3 CH
(CO)s (OC)3Fé// 2
1
(CO)s (CO)a
Me F F
\ e e~
e g Fe(COls /o-——C// o Fe(CO)s
B Me
1 + MeOSO; CF; — HC:?/C * HC\’? ~ @
(0c)Fd—CHe (0C) &Mz
2 (trans} 3 (cis)

Sincel is an acylate complex, the rational synthesis of a
Fischer-type iron cluster carbene by O-alkylation was therefore
attempted. It was found that the reaction could succeed with
CRSO;Me but not with Mel in CHCI, to form two isomeric
cluster carbene complexes (eq 2). Surprisingly, they could be
separated by chromatotron chromatography on silica gel with
the eluent of CHCly/ether (3:1) and were fully characterized
by spectroscopic methods and single-crystal X-ray analysis to
betrans(us-Se)Fe(CO)(us-11n7°-C(OMe)CHCCH) (2) (Fig-
ure 2) andcis-(us-Se)Fg(CO)(us-1tntn3-C(OMe)CHCCH)

(3) (Figure 3). The isomerg and3 are also 52e species, which
is in agreement with one Fd~e bond in these triiron clusters.

Complexes2 and 3 equilibrate quickly in the solution, and
the ratio is 2:1 at 25C. The!H NMR spectrum of2 can be
detected directly and gives absorptions 859, 4.28, and 3.14,
2.91, assignable to those of CH, OMe, and Cigspectively.

On the other hand, thtd NMR spectrum of3 unambiguously
showed the corresponding resonancesd at58, 3.80, and two
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Coord. Chem. Re 199Q 105 35. (c) Amouri, H. E.; Gruselle, M.
Chem. Re. 1996 96, 1077.
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Figure 2. ORTEP diagram showing the structure and atom labeling
for 2.

Figure 3. ORTEP diagram showing the structure and atom labeling
for 3.

doublets ab 3.26, 2.46 having = 8 Hz. This result confirms
that the G-methyl group of the cis isomer is more strongly
shielded by the CH group than that in the trans isomer, which
was assumed previously for the interpretation of the isomer-
ization of some mononuclear heterocarbene compléXes.
Complexes2 and 3 both show the continuous conjugated
double-bonding character in the-@carbene Cearvens Fe, and
Cearbens—allyl bonds. As Fischer-type carbene complexesnd
3 have a Gamens=O bond distance of 1.323(5) A, comparable
to the typical CG-O distances (1.291.35 A) in terminally
coordinated alkoxycarbene comple®gskurther, the bond
lengths of Fe-Cearpenein 2 and3 are 1.924(5) and 1.936(4) A,
respectively, which are somewhat longer than that (1.856(5) A)
in the cluster carbene K@s-NPh)(CO){C(OEt)PR1® but
significantly shorter than the sum (2.02 A) of the covalent radii
for Fe and C atoms for a single boidn addition, the Garhens~

(19) Williams, G. D.; Whittle, R. R.; Geoffroy, G. L.; Rheingold, A. L.
Am. Chem. Sod 987, 109, 3936.
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CHay distances (1.456(6) and 1.431(6) A) thand 3 are
indicative of double-bond character as wéll.

The rotation energy of the &nene=O bond was reported to
be more effectively affected by solvents or steric effects for
mononuclear chromium carbene compleXé$.In this study,
the presence of the S&e—CO cluster moiety and the extended
organic network should have a crucial influence on the rotation
of the C-O bond of the methoxycarbene. The line shape
analysis of the VT NMR spectfagave the rotational energy
of this cis/trans conversion, approximately 22.6 kcal/mol (94.6
kJ/mol)2* which is greater than those (1%%3.8 kcal/mol) for

(20) (a) Rogers, M. T.; Woodbrey, J. @.Phys. Cheml962 66, 540. (b)
Drago, R. SPhysical Methods in Chemistraunders: Philadelphia,
1977. (c) Crabtree, R. HThe Organometallic Chemistry of the
Transition Metals John Wiley & Sons: New York, 1988.

(21) Due to the thermal instability ¢f and 3, the line shape analysis of
the VT NMR spectra was carried out in the lower temperature ranges,

which gave exchange rates of approximately 3.13, 10.8, 19.3, 37.7,
51.4, and 60.9 for the temperatures of 27.8, 32.8, 37.8, 42.8, 47.8,

and 52.8°C, respectively. The Arrhenius relation calculation showed
that the rotational energy of this cis/trans conversion is about 22.6
kcal/mol (94.6 kJ/mol).

Notes

the chromium methoxycarbene complekasd allowed for the
isolation of2 and 3 at room temperature.

In summary, the novel S&~e—CO cluster anion [{s-Se)-
Fes(CO)(us-ntntn3-C(O)CHCCH)]~ has been synthesized
and the subsequent methylation led to the first isolation of the
rotational isomers of a Fischer-type alkoxycarbene complex in
the solid state. Our finding clearly demonstrates the pronounced
effect of substituents on the stabilization of thggens—O bond
of carbene ligands. Continuing investigation of the effect of other
main group transition metal clusters on this issue is underway.
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