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CpPPhy), 724 (d, J = 3 Hez, CpPPhy), 70.6 (Cp). *P NMR
(CDCly): 6 12.8. IR (CH,Cly): vo—go 1682 cm™. Anal. Caled for
Cyo3HsFeOP: C, 69.37; H, 4.81. Found: C, 69.30; H, 4.86.
N-[(1R)-(+)-1-Phenylethyl][1’-(diphenylphosphino)-1-
ferrocenyl]methylimine (6). A benzene (20 mL) solution
containing 5 (0.50 g, 1.3 mmol), (R)-methylbenzylamine (0.16 g,
1.3 mmol), and camphorsulfonic acid (5 mg) was heated at 40 °C
for 2 h. The solvent was removed under reduced pressure to afford
crude 6 as an orange oil. This product was used in the preparation
of 7 below. 'H NMR (CDCl,): 6 7.88 (s, 1 H, CH=N), 7.42-7.26
(m, 15 H, phenyls), 4.63 (g, J = 1.6 Hz, 1 H, Cp), 457 (q, J =
1.7 Hz, 1 H, Cp), 4.32-4.24 (m, 5 H, Cp and CHMe), 4.06-4.02
(m, 2 H, Cp), 1.50 (d, J = 6.6 Hz, 3 H, CH;). 3C NMR (CDCl,):
6 159.2 (CH=N), 145.2 (ipso phenyl from amine), 1388 (d, J =
8 Hz, doubled due to chiral environment, ipso carbon of PPh),
1334 (d, J = 19 Hz), 128.8 (Ph), 128.2 (Ph), 128.2 (d, J = 13 Hz,
PPh), 126.6 (Ph), 126.5 (Ph), 81.2 (ipso Cp carbon), 73.8 (d, J =
15 Hz, CpPPhy), 73.7 (d, J = 15 Hz, CpPPh,), 71.9 (apparent
triplet, J = 3 Hz, Cp), 71.6 (CHCH,), 69.9 (Cp), 69.3 (d,J = 9
Hz), 24.2 (CHy). 3P NMR (CDCly): 5 12.0.
1’-(Diphenylphosphino)-1-[((R)-methylbenzylamino)-
methyl]ferrocene (7). To a THF solution (10 mL) chilled to
0 °C containing LiAlH, (0.10 g, 2.6 mmol) was added a THF
solution (5 mL) containing 6 (0.48 g, 0.96 mmol) in one portion.
The cooling bath was removed and the mixture allowed to react
for 2 h. The mixture was quenched (0.1 g of H,0, 0.1 g of 10%
NaOH, 0.3 g of Hy0), dried over K,CO,, and filtered, and the
solvent removed under reduced pressure. The crude product was
subjected to column chromatography with use of gradient elution
(0% to 5% MeOH in CH,Cl,). The major yellow band was
collected and the solvent removed to afford 7 as an orange oil (0.40
g, 83%). 'H NMR (CDCl,): § 7.32-7.25 (m, 15 H, phenyls), 4.26
(t,J = 1.8 Hz, 2 H, Cp), 4.06 (t, J = 1.8 Hz, 2 H, Cp), 4.04-3.96
(m, 4 H, Cp), 3.73 (q, J = 6.6 Hz, 1 H, CHCHj), 3.20 (d, J = 13
Hz, 1 H, CH,), 3.15(d,J = 13 Hz, 1 H, CH,), 1.53-1.42 (brs, 1
H, NH), 1.31 (d, J = 6.6 Hz, 3 H, CH;). BC NMR (CDCl,): 6
145.9 (ipso phenyl, amine), 139.1, 139.0 (d’s, J = 10 Hg, ipso PPhs,,
doubled due to the chiral environment), 133.4 (d’s, J = 20 Hz,
0.01 ppm difference for d's), 128.5 (doubling observed), 128.1 (d’s,
J = 7 Hz, doubling observed), 126.9, 126.7 (phenyl C’s of amine),
87.8 (ipso of CpCH,NHR*), 75.9 (ipso of CpPPhy), 73.2 (d, J =
14 Hz, CpPPhy), 71.3 (d, J = 4 Hz, CpPPhy), 69.5, 69.2, 69.0, 68.9
(CpCH,NHR*), 57.6 (benzylic CH), 46.2 (CH,), 24.6 (CH,). 3'P
NMR (CDCly): 6 11.8. Anal. Caled for Cy HgFeNP: C, 73.97;
H, 6.01. Found: C, 74.20; H, 6.18.
1’-(Tri-n-butylstannyl)-1-ferrocenecarboxaldehyde (8).
Compound 8 was prepared from 1 (2.07 g, 2.71 mmol) in a manner
similar to that above (i.e. 5). Purification was achieved by using
column chromatography with gradient elution (0% to 5% ethyl
acetate in hexane) to afford 8 as a red oil (1.10 g, 82%). 'H NMR
(CDCly): 69.95 (s, 1 H,CHO), 4.74 (t,J = 1.8 Hz, 2 H, Cp), 4.53
(t,J =1.8Hz 2 H, Cp), 448 (t,J = 1.6 Hz, 2 H, Cp), 4.10 (t, J
= 1.6 Hz, 2 H, Cp), 1.60-1.561 (m, 6 H, CH,), 1.39-1.32 (m, 6 H,
CH,), 1.06-1.01 (m, 6 H, CH,), 0.92 (t, J = 7.2 Hz, 9 H, CH;). 13C
NMR (CDCly): 6 193.4 (C=0), 75.9 (Cp), 73.2 (Cp), 72.1 (Cp),
69.5 (Cp), 29.1 (CH,), 274 (CH,), 13.7 (CH,), 10.2 (CHj). Anal.
Caled for Cy3HggFeOSn: C, 54.91; H, 7.21. Found: C, 54.98; H,
7.24.
1’-(Tri-n -butylstannyl)-1-[(dimethylamino)methyl]-
ferrocene (9). A methanol solution (20 mL) containing cam-
phorsulfonic acid (0.45 g, 1.9 mmol) was saturated with di-

methylamine while being chilled in an ice bath. A methanol .

solution containing 8 (1.07 g, 2.13 mmol) was transferred to the
amine/methanol mixture and stirred for 2 min; then NaBH3;CN
(0.50 g, 7.6 mmol) was added in one portion. The cooling bath
was removed and the mixture stirred for an additional 30 min.
The mixture was diluted with ether (100 mL) and washed with
water (3 X 100 mL), brine (100 mL), and then dried over K,COs.
The solvent was removed and the crude product purified by
chromatography employing gradient elution (0 to 15% ethyl
acetate in hexane). The third yellow band was collected to afford
pure 9 (0.70 g, 62%). 'H NMR (CDCl,): 6 4.27 (t,/ = 1.7 Hz,
2H,Cp), 411 (t,J =1.8Hz, 2H, Cp), 4.04 (t,J = 1.8 Hz, 2 H,
Cp), 395 (t,J = 1.7 Hz, 2 H, Cp), 3.27 (s, 2 H, CH,), 2.16 (s, 6
H, NCHjy), 1.60~1.51 (m, 6 H, CH,), 1.39-1.32 (m, 6 H, CH,),
1.05-1.01 (m, 6 H, CH,), 0.92 (t,J = 7.2 Hz, 9 H, CH,). *C NMR

0276-7333/90/2309-0856$02.50/0

(CDCls): ¢ 83.1 (ipso CpCH,), 74.9 (Cp), 71.0 (w satellites, CpSn),
70.0 (CpCH,), 68.9 (ipso CpSn), 68.0 (CpCH,), 59.4 (CpCH,), 44.8
(NCHjy), 29.2 (CH,), 27.4 (CHy), 13.7 (CHy), 10.3 (CHy). Anal.
Calcd for CosHygFeNSn: C, 56.43; H, 8.15. Found: C, 56.37; H,
8.25,

1’-(Diphenylphosphino)-1-[(dimethylamino)methyl}-
ferrocene (10). A THF solution (10 mL) of 9 (0.50 g) maintained
at =78 °C was treated with n-BuLi and allowed to react for an
additional 30 min. Phy,PCl was added to the mixture and the
cooling bath removed. The mixture was diluted with ether and
an aqueous workup applied. Final purification was achieved by
column chromatography on alumina with CH,Cl,/MeOH as eluant
(gradient elution) to afford analytically pure 10 as an orange solid
(0.35 g, 86%, mp 106-108 °C). 'H NMR (CDCly): 6§ 7.40-7.27
(m, 10 H, phenyls), 4.32 (t,J = 1.7 Hz, 2 H, Cp), 4.10 (t,J = 1.7
Hz, 2 H, Cp), 4.05 (g, J = 1.8 Hz, 2 H, Cp), 4.02 (t, J = 1.8 Hz,
2 H, Cp), 2.98 (s, 2 H, CH,NMe,), 2.10 (s, 6 H, NCH;). 3C NMR
(CDCly): 6139.2 (d, J = 10 Hz, ipso PPh), 1334 (d, J = 20 Hz,
phenyl), 128.5 (phenyl), 128.1 (d, J = 7 Hz), 84.0 (ipso CpCH,),
73.3 (d, J = 156 Hz, CpPPhy), 71.3 (d, J = 4 Hz, CpPPh,), 71.2
(CpCHy, 69.3 (CpCH,), 58.5 (CHy), 44.7 (CH;). 3P NMR (CDCly):
6 11.8. Anal. Calcd for CosHyFeNP: C, 70.27; H, 6.13. Found:
C, 70.00; H, 6.21.

Transmetalation Study of 1,1’-Bis(tri-n-butylstannyl)-
ferrocene with More Than 1 Equiv of n-BuLi. A THF so-
lution (20 mL) of 1 (0.98 g, 1.3 mmol) was treated with n-BuLi
(3.9 mmol) and allowed to react at =78 °C for 1 h. The mixture
was quenched with an excess of methanol (20 molar equiv), and
solvents were removed under reduced pressure. The product ratio
{ferrocene/ 1-(tri-n-butylstannyl)ferrocene!?) was determined by
NMR spectroscopy.
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Summary: The reaction of [Mn(CO);]~ with SCCI, in
pentane at room temperature produces minor amounts
of a mixture of Mn,(CO);CS and Mn,(CO),,, isolated from
the solution. The main reaction product, which is insolu-
ble in pentane, consists of a CO- and Cl-containing ionic
material. In the presence of 18-crown-6, [K(18-crown-
6)] [Mn(CO),Cl,] is formed exclusively. The thiocarbonyl
derivative, which could not be separated from Mn,(CO),,
was identified and characterized by mass, IR, and 5°Mn
NMR spectroscopic methods, which also showed that
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Scheme I

KIMn(CO)s]

Mnp{CO)CS + Mny(CO)yo +
Mn(CO)sCl {traces) + brown material

s=ccCl, -

[K(18-crown-6)] [Mn{CO)s)

[K(18-crown-6)] [Mn{CO)4Cl,] +
Mny(CO)qy (traces)

Mn,(CO),CS exists as a mixture of the cis and trans iso-
mers. Further, the formation of Mn,(CO),CS was dem-
onstrated by reactions with PPh; and Br,.

Although the number of thiocarbonyl complexes has
increased enormously in the course of the last few years,
thiocarbonyl derivatives of binary carbonyl complexes of
the type M,(CO),, in which one or more CO groups are
replaced by the homologous CS ligand, have been limited
to M(CO);CS (M = Cr, Mo, W)? and Fe(C0),CS;? no ex-
ample of a binuclear or oligonuclear complex has been
described. The four compounds were prepared from the
corresponding carbonyl dianions and thiophosgene. The
unstable species Ni(CS), was identified by mass spec-
troscopy. The development in the field of transition-
metal thiocarbonyl compounds including seleno- and
tellurocarbonyl analogues has been summarized in several
review articles.58

In this paper, we describe the formation of Mny(CO),CS,
the first thiocarbonyl derivative of zerovalent manganese,
and the characterization of this complex by spectroscopy
and chemical reactions.®

Results and Discussion

When K[Mn{(CO);] is allowed to react with SCCl, in
pentane, a yellow solution is produced along with a dark
brown solid as the main reaction product. From the so-
lution a mixture of Mny(CO)4CS and Mn,(CO),, can be
isolated with an overall yield of about 14%. The dark
brown solid is insoluble in pentane and other nonpolar
solvents but soluble in THF. The nature of this material
is as yet unclear. The IR spectrum exhibits no bands in
the region of a terminal or bridging CS ligand. Some
Mn(CO);Cl can be separated from this material by sub-
limation.

When the reaction is carried out in the presence of 18-
crown-6, the pentane-insoluble material is identified as
[K(18-crown-6)}[Mn(CO),Cl,] and is obtained in nearly
100% yield; only traces of Mny(CO),, and no CS-containing
material are formed in this case (Scheme I). The IR bands
of the [Mn(CO),Cl,]™ anion in the »(CO) and 6(CO) region
are not identical with the bands of the insoluble material
formed in the absence of 18-crown-6. The latter is prob-
ably a mixture of oligomeric Cl- and CO-containing ionic
species; K[Mn(CO),Cl;] is presumably present only as a
minor component.

(2) Dombek, B. D.; Angelici, R. J. J. Am. Chem. Soc. 1973, 95, 75186.

(3) Petz, W. J. Organomet. Chem. 1978, 146, C23.

(4) Yarbrough, L. W., II; Calder, G. V.; Verkade, J. G. J. Chem. Soc.,
Chem. Commun. 1972, 705.

(5) Yaneff, P. V. Coord. Chem. Rev. 1977, 23, 183.

(6) Butler, 1. S. Acc. Chem. Res. 1977, 10, 359.

(7) Broadhurst, P. V. Polyhedron 1985, 4, 1801.

(8) Gmelin Handbuch der Anorganischen Chemie; Springer-Verlag:
New York, 1989; Organoiron Compounds Vol. B 15; pp 260-79.

(9) Presented at the XIIIth International Conference on Organo-
metallic Chemistry, Sept 1988, Turin, Italy; Abstract No. 24.
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Figure 1. 89.28-MHz %*Mn NMR spectrum of a mixture of
Mn,(CO),, (main signal) and Mn,(CO)4CS, isomers I and II (0.11
M in THF/THF-dg): (A) sweep width 125 kHz, time domain
1024K, pulse width 10 us, relaxation delay 0.5 s (the two peaks
indicated with asterisks are due to the scanning technique); (B)
section close to the main signal, resolution enhanced, sweep width
45.5 kHz, time domain 8200K.

Chart 1

co c¢o
| ,co [cs
OC—/MI'\—-,MFI—CO
co’| co’l
co  co

co co
| O |,°0
0C —Mn—Mn—CS
co’| ¢o’l
co  co
I I

From the spectroscopic results, the content of Mny(C-
0)4CS in the mixture of Mny(CO),, and Mn,(CO)4CS has
been estimated to be about 9%; this corresponds to about
a 1.6% yield of the thiocarbonyl complex. Unfortunately,
attempts to separate the two compounds chromatograph-
ically have thus far failed. Similar physical properties
apparently prevent easy separation of the two complexes.

At present, nothing is known about the reaction mech-
anism. An electron transfer as the first step, generating
the radical [Mn(CO);]*, can be proposed. Dimerization of
this radical would explain the formation of Mny(CO),,.

The presence of Mn,(CO)¢CS in the pentane-soluble
material was evidenced by **Mn NMR, IR, and mass
spectroscopy and by chemical reactions.

The IR spectrum of the Mny(CO),o/ Mny(CO)oCS mix-
ture in a Nujol mull exhibits the characteristic pattern of
Mny(CO), in the 1(CO) region. However, at 1300 and 1280
cm™, two medium-strong bands appear, which are in the
typical region for terminal CS groups. Additionally, the
higher frequency band shows a shoulder at 1295 cm™. The
expected »(CO) bands for Mn,(CO)4CS are covered by the
strong bands of Mn,(CO);,, the major component.

Mn,(CO)sCS was also detected by *Mn NMR spec-
troscopy. Besides the main signal for Mn,(CO),4 (2326
ppm relative to KMnO, in H,0), the spectrum exhibits
four additional signals with lower intensities as shown in
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Table I. Mass Spectrum of the Mn;(CO),,/Mn,(C0O),CS

Mixture
m/z (rel m/z (rel
ion (Mny(CO)yp) intens) ion (Mny(CO)¢CS) intens)
FI Mode
EI Mode
Mn,(CO),q 390 (23.4) Mn,(CO)4CS
Mn,(CO), Mn,(CO)4CS
Mn,(CO), Mn,(CO),CS
Mn,(CO); Mn,(CO)¢CS
Mny(CO)q Mn,(CQO);C8
Mn,(CO)s 250 (39.8) Mn,(C0O),CS 266 (1.7)
Mn,(CO), 222 (94.4) Mn,(CO),C8 238 (1.68)
Mn,(CO), 194 (40.6) Mn,(C0O),CS 210 (2.0)
Mn,(CO), 166 (40.2) Mny(CO)CS 182 (1.7)
Mn,CO 138 (13.1) Mn,CS 154 (3.3)
Mn, 110 (100)

Figure 1. Two of these are relatively sharp and close to
the signal for Mn,(CO);, (-2372 and -2248 ppm) with
relative intensities of 1:2., The other two signals are
broader and located at —2082 and -2125 ppm. The two
sharp high-field signals can be attributed to the Mn(CO),
moieties, while the signals at lower field should correspond
to the Mn(CO)CS groups. The four signals and the ap-
pearance of two »(CS) bands in the IR spectrum can be
explained by the formation of two isomers that have the
CS ligand either in an axial (trans to a Mn(CO); group,
isomer I) or in an equatorial (trans to a CO group, isomer
II) position (Chart I). From the relative intensities, it
follows that the pair of peaks at -2372 and -2082 ppm
belongs to the minor isomer and the resonances at 2248
and —2125 ppm to the major isomer.

Shielding variations of a metal nucleus in a series of
similar complexes are mainly influenced by the overall
ligand strength, such that a ligand weaker than CO induces
deshielding of the metal nucleus.’® This has been shown,
inter alia, for the 6(°®Mn) values of Mny(CO);PPh,Et.1!
From various spectroscopic studies and theoretical con-
siderations it was deduced that the electron-withdrawing
capacity increases on going from CO to CS,'2 but CS is also
a better s-donor ligand than CO. From the §(5Mn) value
for Mn,(CO)oCS it is clear that, in a magnetochemical
series of ligand strength, thiocarbonyl is an overall weaker
ligand than CO in this Mn(0) complex. To assign the pairs
of signals to the two isomers, one can use relaxation ar-
guments: Isomer I, the trans isomer, with CS in the axial
position, gives rise to a field gradient at the **Mn nucleus
that is more than twice that of the cis isomer I1.1* Hence,
coupling of the field gradient with the quadrupole moment,
Q, of the %Mn nucleus (nuclear spin 3/,, @ = 0.33 X 102
m?) is more effective and relaxation times are expected to
be shorter in the trans isomer. The broader lines at -2248
and -2125 ppm are therefore assigned to isomer 1.

From the relative intensities of all the signals, a Mny-
(CO)1p:Mny(CO)4CS ratio of about 11:1 was estimated.

The *C NMR spectrum of the Mny(CO),,/Mny(CO),CS
mixture in toluene-dg shows only the broad signals of the
carbonyl groups at about 218 and 221 ppm. The broad-
ening of the signals, which arises from the large quadrupole
moment of manganese, prevents detection of the signal of

(10) Rehder, D. Magn. Reson. Rev. 1984, 9, 125,

(11) Oltmanns, P.; Rehder, D. J. Organomet. Chem. 1985, 281, 263.

(12) Baibich, I. M.; Butler, I. S, Inorg. Chim. Acta 1984, 89, 73.

(13) Buslaev, Yu. A,; Kopanev, V. D.; Tarasov, V. P. Mol. Phys. 1978,

35, 1047.

Notes

the CS carbon atom.

The presence of the thiocarbonyl complex is also sug-
gested by mass spectroscopic studies. In the electron im-
pact (EI) mode, the mass spectrum of the mixture exhibits
low-intensity peaks for the corresponding thiocarbonyl
fragments in addition to the peaks for Mn,(CO),, but no
molecular ion for Mn,(CO)4CS. Similar to the fragmen-
tation of Mn,(CO),,, the first four peaks of the fragmen-
tation pattern of Mn,(CO)4CS, resulting from successive
loss of carbon monoxide, are absent. The fragments and
relative intensities are collected in Table I. In the field
ionization (FI) mode, however, the molecular ion of
Mn,(CO)oCS at m/z = 406 is observed at 18% intensity,
relative to the molecular ion of Mn,(CO),, at m/z = 390
{100%). Attempts to obtain a high-resolution mass
spectrum from the CS-containing peaks have failed be-
cause of the low intensities of these peaks. From the mass
spectroscopic results it can be deduced that the Mn,(C-
0),CS component in the mixture constitutes 5-10% of the
whole material. No ion with two or more CS groups was
detected.

The formation of Mny(CO)4CS is also suggested by
chemical methods. The Mny(CO),3/Mny(CO)4CS mixture
was treated with PPhy/ONMe; according to the method
for the preparation of monosubstituted derivatives of
Mny(CO),5.1* The IR spectrum of the product is identical
with that of an authentic Mny(CO),PPh, sample, but it
contains an additional weak band at 1265 cm™. This band
can probably be assigned to the »(CS) vibration of a
Mn,(CO)4(CS)PPh;, species, present in low concentrations.
Shifts of v(CS) bands to lower frequencies upon replace-
ment of CO by a phosphine group are typical and reflect
the greater electron-donating capacity of the phosphine
ligand.

Similarly, oxidation of the Mngy(CO),o/ Mny(CO),CS
mixture with Br, gives a material that is identical with
Mn(CO)sBr in its IR spectrum. A medium-weak band at
1320 em™, however, not found in Mn(CO);Br suggests the
presence of small amounts of Mn(CO),(CS)Br in the re-
action product. Sublimation of the oxidation product does
not markedly change the relative intensity of the »(CS)
band.

In the mass spectrum of the proposed Mn(CO);Br/
Mn(CO),(CS)Br mixture, fragments with the CS ligand
are detected. Low-intensity peaks are recorded for the
fragments Mn(CO),(CS)Br (m/z = 236), Mn(CO)(CS)Br
(m/z = 208), and Mn(CS)Br (m/z = 180) along with peaks
derived from the loss of Br and CO from the molecular ion
of Mn(CO),(CS)Br belonging to the fragments Mn(C-
0)4(C8) (m/z = 211), Mn(CO);(CS) (m/z = 183), and
Mn(CO)CS) (m/z = 127). All peaks of the thiocarbonyl
derivatives appear in intensities of about 1.5-3% relative
to the peaks of the corresponding carbonyl derivatives.

No CS-containing product was obtained by reduction
of the Mny(CO)yp/ Mny(CO)yCS mixture with K/Na alloy;
[Mn(CO);]” was exclusively formed. No reaction was ob-
served with [NEt ]I at room temperature, which was
successfully used for the separation of W(CO)g/W(CO);CS
mixtures.!®

The spectroscopic results suggest clearly that, under the
conditions applied, Mny(CO)4CS is one of the reaction
products of thiophosgene with [Mn(CO);]". Our efforts
are now concentrated toward an increase of the yield of
the title compound.

(14) Koelle, U. J. Organomet. Chem. 1978, 155, 53.
(15) Dombek, B. D.; Angelici, R. J. Inorg. Chem. 1976, 15, 1089.
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Experimental Section

All procedures were performed under an atmosphere of dry
N, with use of carefully dried solvents saturated with N,. Column
chromatography was performed by using Al,O; (activity grade
III). The 5Mn NMR spectra were obtained on a Bruker ASM
360 spectrometer. IR spectra were recorded on a Perkin-Elmer
458 instrument. The electron injection (EI) and field ionization
(FI) mass spectra were measured on CH7 MAT and Varian 711
instruments, respectively. Mny(CO),, was used as commercially
obtained. K[Mn(CO);] was prepared from Mn,(CO),, with excess
Na/K alloy in THF solution. Removal of the solvent in vacuo
gave a greenish white powder that was used for the reaction.

Reaction of K[Mn(CO);] with C1,C=S8 in Pentane. A
solution of 1 mL of SCCl, (excess) in pentane was added to a
suspension of K[Mn(CO);] (1.80 g, 7.7 mmol) in pentane with

rapid stirring at 0 °C for about 10 min.'® After the mixture was
stirred for 30 min at room temperature, the reaction mixture was
filtered and the dark brown filtrate evaporated to dryness.
Sublimation of the orange yellow residue at 30-40 °C under high
vacuum followed by chromatography on Al,O; with pentane gave
a yellow crystalline material (300-350 mg, 12-14%) that was shown
by spectroscopic methods to be an approximately 9:1 mixture of
Mn,(CO); and Mny(CO)e(CS).

The dark brown material from the pentane filtrate exhibits
IR bands at 2140 m, 2100 sh, 2030 vs, 1960 sh cm™ in the »(CO)
region and 653 s cm™ in the 6(CO) region.

Reaction of [K(18-crown-6)][Mn(CO);] with C1,C=S. To
a suspension of K[Mn(CO);] (1.76 g, 7.5 mmol) in pentane was
added 18-crown-6 (1.98 g, 7.5 mmol) and the mixture stirred for
3 h at room temperature. Excess Cl,CS was added and the
pentane solution worked up in a manner similar to that described
above. Only small amounts of Mny(CO),, were obtained from the
pentane solution, and no CS-containing material could be detected
by IR spectroscopy.

Recrystallization of the pentane-insoluble material from
THF /pentane gave a yellow-green microcrystalline precipitate
of [K(18-crown-6)][Mn(CO),Cl,]. IR (Nujol): »(CO) 2095 m, 2005
s, 1980 s, 1932 s em™; 6(CO) 672 m, 644 m, 615 m cm™. The bands
are identical with those of [C(NMe,)3][Mn(CO),Cl,;] obtained by
an independent route.!” Anal. Calcd for [K(18-crown-6)][Mn-
(CO)Cly): C, 35.50; H, 4.47. Found: C, 34.97; H, 441.

Reaction of the Mny(CO),o/Mn,(CO)4CS Mixture with
PPh;, The mixture of Mny(CO);, and Mny(CO)4CS (120 mg) in
toluene was stirred with PPh; (80 mg) in the presence of ONMey
(20 mg) for 3 h. The mixture was worked up as described for the
preparation of Mny(CO)gP(CgHs)s.* The IR spectrum of this
material showed an additional weak band at 1265 em™, which
was assigned to a CS-containing complex present in low yields.

Reaction of the Mn,(CO),o/Mny(CO);CS Mixture with Br,.
A mixture of Mny(CO),, and Mny(CO)gCS (270 mg) in CCly so-
lution was oxidized with Br, (120 mg, 0.75 mmol) according to
the procedure outlined in ref 18. Evaporation of the solvent and
sublimation of the residue gave a mixture of mainly Mn(CQO);Br
and small amounts of Mn(CO),(CS)Br. IR (Nujol): »(CS) 1320
em™,
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(18) Abel, E. W.; Wilkinson, G. J. Chem. Soc. 1959, 1501. See also:
Fehlhammer, W. P.; Herrmann, W. A,; Ofele, K. In Handbuch der
Priparativen Anorganischen Chemie; Brauer, G., Ed.; Enke-Verlag:
Stuttgart, 1981; Vol. III, p 1950.
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Summary: The structures of two tetramethyldisilyl com-
plexes of the (75-C4H,)Fe(CO), (n = 5, 4) system have
been determined by using X-ray diffraction methods,
[(7°-CsHs)Fe(CO),],Si,Me, (1) and Si;Me,[(n°-CsH,)Fe-
(CO),CH,], (I1). The Si-Si bond length in I, where the
two silicon atoms are attached to Fe atoms, is signifi-
cantly longer than that in 1I, where the two iron-contain-
ing moieties are connected via the cyciopentadienyl rings.
The two iron centers are conformationally trans with re-
spect to the Si-Si bond in I but gauche in the case of 11.
29Gi NMR data for the complexes reinforce the structural
data indicating that the two metals activate the Si-Si bond
in I.

The study of transition-metal-silicon complexes has
been an active area of research since Piper, Lemal, and
Wilkinson reported the first example, (n5-C;H;)Fe-
(CO);SiMeg, in 1956.2 Such interest stems in part from
the use of transition-metal complexes to catalyze reactions
of organosilicon compounds, most notably hydro-
silylation.?* However, recently the use of transition-metal
complexes to catalyze the formation and cleavage of sili-
con-silicon bonds has become a topic of considerable in-
terest,”” due to the upsurge in interest in polysilanes as
photoresist, preceramic, and photoconducting materials.®®

Oligo- and polysilyl derivatives of the (n*-C;H;)Fe(CO),
system have been particularly interesting since they have
been shown to exhibit a unique range of deoligomeriza-
tions,'%!! molecular rearrangements,!>!? and group mi-
grations.!%!2 Furthermore, such chemistry is not always
duplicated with other metal systems; for example, to date
the complexes of Re(CO); and (n5-C;H;)Ru(CO), have not
exhibited a similar rich chemistry.!*

The particular importance of the (n°-CyH;)Fe(CO),
systems resulted in various spectroscopic investigations
aimed at ascertaining the nature of the Fe—Si bond by such
techniques as Mossbauer,!® IR,!% and #Si NMR spectros-
copy.’® From such studies it has been suggested that there
is little significant retrodative r-bonding between the metal
atom and the silicon atom in complexes of the type (5°-
C;H;)Fe(CO),SiR,.

Structural analyses of such complexes are rare, due in
part to the generally noncrystalline nature of the com-
plexes. Drahnak et al. have reported the structures of two
(n5-CsH;)Fe(CO), derivatives of cyclic silylcyclopenta-
silane,!” and we have reported the structural analysis of
the single-disilyl complex (n5-CsH;)Fe(CO),SiMe,SiPh,.18
This latter study established that the Si-Si bond was
elongated with respect to that in Me,;SiSiPh;!? a situation

*Permanent address: Universidad de Guanajuato, Guanajuato,
Mexico.
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