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Stannocenes and 2 exhibit a similar chemical behavior
toward HBF,, which cleaves the molecules. Analogous to
the formation of cation® [(CsMe;)Sn]* we obtain a cationic
dinuclear species. The constitution of the brown solid

2 + HBF, — [(C;H;)Co(C,;B,C)Sn]*BF, + 1

follows from analytical and *H NMR data.!® It exhibits
a large high-field shift for the proton of the 1,3-diborolenyl
ring in comparison to that of 2. An excess of HBF, de-
stroys the sandwich 1.
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(13) 'H NMR (THF-d,, Me,Si): §4.41 (s, 5), 2.3 (m, 2), 1.8 (m, overlap
with THF-dg), 1.08 (tr, 6), 0.90 (s, 6), 0.05 (s, 1).

Possibilities of 1,1-Dimethylsiiole as a Ligand in
Transition-Metal Chemistry

Gary T. Burns, Ernesto Colomer, and
Robert J. P. Corriu*

Laboratoire des Organométalliques

Laboratoire Associé au C.N.R.S. No. 349

Université des Sciences et Techniques du Languedoc
34060 Montpellier Cédex, France

Received May 9, 1983

Summary: 1,1-Dimethylsilole is an effective ligand for
transition-metal complexes. Direct displacement of car-
bony! ligands from Fe,(CO), and Co,(CO)4 results in the
stable complexes (n*-C,H,SiMe,)Fe(CO), and [(n*-
C,H,SiMe,)(CO),Co],, respectively. (n*-C,H,SiMe,)-
(CO),Fe undergoes carbonyl replacement with PPh;.
Cleavage of the cobalt-cobalt bond is achieved with both
iodine and sodium amalgam. The anion obtained from the
reduction with sodium amalgam displaces chioride in
Ph,SnCl. Displacement of 1,5-cyclooctadiene in (1,5-C-
OD),Ni and (1,5-COD)Mo(CO), affords the Ni° sandwich
complex (7*-C,H,SiMe,),Ni and the molybdenum complex
(n*-C,H,SiMe,),Mo(CO),, respectively.

Transition-metal complexes of substituted siloles are
well-known' and are interesting as potential sources of the
unknown (n®-silacyclopentadienyl)metal complexes.

Recently two groups reported the synthesis of 1,1-di-
methylsilole?? from the readily available 3,3-dimethyl-3-
silacyclopentene, thus potentially allowing access into
C-unsubstituted silole-transition-metal complexes. The
recent report by Dubac and co-workers on the trapping

(1) Abel, E. W.; Blackmore, T.; Whitley, R. J. J. Chem. Soc., Dalton
Trans. 1976, 2484 and references therein.

(2) Laporterie, A.; Mazerolles, P.; Dubac, J.; Iloughmane, H. J. Orga-
nomet. Chem. 1981, 206, C25; 1981, 216, 321.

(3) Burns, G. T.; Barton, T. J. J. Organomet. Chem. 1981, 209, C25.
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of 1,1-dimethylsilole with iron carbonyl* prompts us to
report our results concerning the complexation of 1,1-di-
methylsilole with iron, cobalt, molybdenum, and nickel.

1,1-Dimethylsilole (prepared from the benzoate ester I®
was collected in THF at -196 °C. After being warmed to
0 °C, the solution was transferred to a flask containing an
excess (twice the equimolar amount) of Fey,(CO)q and
stirred at 0 °C for 40 min. After this time the solution was
warmed to room temperature and allowed to stir for 2 h.
Removal of the solvent afforded an oil that was chroma-
tographed on silica gel with hexane. The yellow band was
collected and concentrated to afford a yellow oil that was
shown by 'H NMR to be the silole complex III and the
dimer of dimethylsilole? in 90:10 ratio. Pure III? was ob-
tained by elution with hexane through a short silica gel
column containing 10% AgNO; (52% yield based on I)
(Scheme I).

UV irradiation of III with an equimolar amount of Ph,P
in hexane resulted in the substitution of a carbonyl ligand.
The complex IV was obtained as yellow-orange crystals
after chromatography on silica gel with hexane and crys-
tallization (42% yield)¢ (Scheme I).

In an analogous synthesis of III, an excess of 1,1-di-
methylsilole was reacted with Co,(CO)g at 0 °C using
hexane as the solvent. Careful crystallizations from hexane
at ~78 °C afforded an orange solid that was shown by 'H
NMR spectroscopy to be a mixture of the two isomers V,
and Vg (32% yield based on Co,(CO)g)” (Scheme II). This
is surprising since in the case of the reaction of 1,1-di-

(4) Laporterie, A.; Iloughmane, H.; Dubac, J. J. Organomet. Chem.
1983, 244, C12.

(5) IIT: orange yellow oil; 'H NMR (5 relative to (CH3),Si in CCl,) 5.89
(m, Hy), 1.96 (m, H,), 0.83 (s, endo-CHj), —0.18 (s, exo-CHj); IR (cyclo-
hexane) » (CO) 2055 (s), 1985 (s) cm™!; mass spectrum, m/e (assignment)
250 (molecular peak).

(6) IV: orange crystals; mp 170.5-171.5 °C; 'H NMR (in C¢Ds, 8)
7.63-6.73 (m, aromatic), 5.00 (m, Hy), 1.17 (m, H,), 0.70 (s, endo-CHjy),
—0.14 (s, exo-CHj); IR (cyclohexane) v (CO) 1975 (s), 1920 (8) cm™; mass
spectrum, m/e (assignment) 484 (molecular peak). Anal. Caled for
CoeHosFeO,PSi: C, 64.46; H, 5.17; P. 6.40. Found: C, 64.61; H, 5.35; P.
6.53. .

(7) V (mixture of isomers A and B): 'H NMR (in CgDyg, 8) 5.48 (m, Hy),
5.18 (m, Hy), 2.71 (m, H,), 0.51 (s, endo-CH3), 0.45 (s, endo-CHj), —0.22
(s, exo-CHjy), —0.41 (s, exo-CH;). Isomer V,: red-orange crystals; mp
161-161.5 °C; 'H NMR (C¢Dg, 8) 5.18 (m, Hy), 2.71 (m, H,), 0.51 (s,
endo-CHj;), -0.22 (s, exo-CH,); IR (eyclohexane) »(CO) 2020 (s), 2000 (s),
1830 (m) cm™; mass spectrum, m/e (assignment)) 450 (molecular peak).
Anal. Caled for C;sH,,C0,0,Si,: C, 42.67; H, 4.44. Found: C, 42.52; H,
4.40.

0276-7333/83/2302-1901$01.50/0 © 1983 American Chemical Society
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methyl-2,5-diphenylsilole with Co,(CO)g only one isomer
was obtained (trans).! Pure V, was obtained either by
isomerization of Vg to V, by heating a mixture of the two
isomers for 3—4 h at 80 °C in toluene or by chromatography
in either acid-washed or neutral alumina.

Complex V is isostructural with [(»%-CzH;)(CO).Fel,
since both possess bridging carbonyls. Polarographic
measurements (with a dropping mercury electrode, plat-
inum wire as the anode, and a calomel-saturated electrode
as the reference) showed one wave at -1.46 V. This re-
duction potential is to be compared to that of {(n5-
CsH;)(CO),Fel,, -1.49 V, and of Co,(CO)g, 0.3 V.2

Reduction of complex V with a sodium amalgam® fol-
lowed by reaction with Ph;SnCl affords VI as yellow
crystals after chromatography on acid-washed alumina
(hexane/ether (1/1)) and crystallization from hexane
(Scheme III).

Treatment of complex V with a chloroform solution of
iodine gave, after crystallization, red-violet crystals of VII'!
(52% vyield) (Scheme III). The behavior of complex V
differs from many other [(n*-diene)(CO),Co], complexes
in which the halogen derivatives are not isolable and de-
compose to Co,(CO),.12 This set of reactions shows the
great stability of silole-cobalt complexes compared to that
of the parent conjugated diene complexes. The silole ring
behaves here as an n°-cyclopentadienyl.

The bis(n*-dimethylsilacyclopentadiene)nickel complex
was obtained by adding 1,1-dimethylsilole to a suspension
of {1,5-COD),Ni*? in toluene at —40 °C. The yellow sus-

(8) We are grateful to Dr. Monique Martineau for the polarographic
measurements.

(9) Cerveau, G.; Colomer, E.; Corriu, R.; Douglas, W. E. J. Organomet.
Chem. 1977, 135, 373.

(10) VI: yellow crystals; mp 85.5-86.5 °C; 'H NMR (C;sDg, 6) 7.73 and
7.17 (m, aromatic), 5.18 (m, H), 2.72 (m, H,), 0.47 (s, endo-CHj,), —0.36
(s, exo-CHy); IR (cyclohexane) »(CO) 2030 (s), 1980 (s) cm™; mass spec-
trum, m/e (assignment for '*Sn) 576 (molecular peak). Anal. Caled for
Co6H35C00,S8i1Sn: C, 54.29; H, 4.35. Found: C, 54.34; H, 4.42.

(11) VII: violet crystals; mp 69.5-71 °C; '"H NMR (8) 5.97 (m, H,), 2.40
(m, H,), 0.40 (s, endo-CH3), —0.36 (s, ex0-CHj); IR (cyclohexane) »(CO)
2070 (s), 2040 (s) cm™'; mass spectrum, m /e (assignment) 352 (molecular
peak). Anal. Caled for CgH,(ColO,Si: C, 27.29; H, 2.86. Found: C, 26.78;
H, 3.01.

(12) Newman, J.; Manning, A. R. J. Chem. Soc., Dalton Trans. 1973,
1593.
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pension became an orange solution from which an orange
oil was obtained. This oil was shown by 'H NMR and
mass spectroscopy to be the bis(silole) complex in an im-
pure state!* (Scheme IV). Attempts at purification by
column chromatography led to its decomposition.

The displacement of a 1,5-COD ligand from a transition
metal by the monomeric silole appears to be a general
method of entry into other silole~transition-metal com-
plexes. Hence, when a hexane solution of 1,1-dimethyl-
silole is added to a refluxing hexane solution of (1,5-CO-
D)Mo(CO), followed by chromatography on Florisil with
hexane the (n*-silole)sMo(CO), complex VIII is obtained
in 43% yield.!3 Irradiation of VIII with PhP in benzene
through a Pyrex filter (450-W external Hanovia lamp)
results in the displacement of a CO to afford IX (81%,
based upon reacted VIII)'¢ (Scheme V). The comparison
of the 'H NMR spectra of complexes VIII and IX shows
for the former two planes of symmetry since protons H,
(or Hg) are not distinguishable. One of these planes re-
mains in the latter since protons H, (or Hg) are non-
equivalent. However, methyl protons (exo and endo) are
identical for the two silole rings. This suggests that both
silicon atoms are in the same symmetry plane. These
structures are under investigation.

Dimethylsilole appears to be a good ligand for transition
metals since it is not displaced by phosphines!” (dis-
placement of a carbonyl takes place instead) and since it
behaves as a cyclopentadienyl ligand in the cobalt complex
which is isoelectronic and isostructural with [(5-CsHg)-
Fe(co)g]g.

Few n*-conjugated diene complexes of cobalt and nickel
are known!?!® and their reactivity seems to be markedly
different than for dimethylsilole complexes. Further
studies are in progress.

(13) Bogdanovic, B.; Kroner, M.; Wilke, G. Liebigs Ann. Chem. 1966,
699, 1.

(14) Orange red oil: 'H NMR (CgDy, 6) 4.93 (m, H,), 3.56 (m, H,), 0.26
(s, endo-CHj), 0.00 (s, exo-CHjy); mass spectrum, m/e (assignment for
%Ni) 278 (molecular peak).

(15) VIIL: yellow crystals; mp 61-62 °C; 'H NMR (C¢Dy, 8) 4.84 (m,
4 H), 1.83 (m, 4 H), 0.40 (s, 6 H), —0.08 (s, 6 H); IR (hexane) »(CO) 1990
(s), 1940 (s) cm™; mass spectrum, m/e (assignment) 374 (molecular peak
with 9¥Mo). Anal. Calcd for C; H;Mo0O;Si,: C, 45.15; H, 5.37. Found:
C, 45.15; H, 5.49.

(16) IX: yellow crystals; mp 193-194.5 °C; H NMR (C:Dg, 6)
6.90-7.70 (m, 15 H), 5.20 (m, 2 H), 4.40 (m, 2 H), 2.00 (m, 2 H), 1.50 (m,
2 H), 0.65 (s, 6 H), 0.10 (s, 6 H); IR (cyclohexane) »(CO) 1890 (s), 1916
(s) cm™'; mass spectrum, m/e (assignment) 608 (molecular peak with
%Mo), 580 (loss of CO), 346 (loss of PhzP). Anal, Caled for
C;H3sMoOPSi,: C, 61.37; H, 5.82. Found: C, 61.50; H, 5.70.

(17) King, R. B. Inorg. Chem. 1963, 2, 936.

(18) Jolly, P. W. In “Comprehensive Organometallic Chemistry”;
Pergamon Press: Oxford, 1982; Vol. 6, p 183.
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Registry No. 1, 79005-20-2; I, 18135-88-1; III, 85944-69-0; IV,
87640-58-2; V,, 87640-59-3; Vg, 87680-14-6; VI, 87640-60-6; VII,
87640-61-7; VIII, 87640-62-8; IX, 87640-63-9; (CO),Fe,, 15321-51-4;
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dimer, 78484-34-1.

Synthesis and Structure of a Bimetallic
Diphosphenium Ion Compiex Containing a
Diazadiphosphetidine Ring

Donn A. Dubols, Elleen N. Duesler, and
Robert T. Paine*
Department of Chemistry, University of New Mexico
Albuquerque, New Mexico 87131
Received August 30, 1983

Summary: The reaction of NaMo[7°-(CH,)sCs](CO), with

CIPN(t-Bu)P(CI)N(t-Bu) in a 2:1 ratio in THF results in the
formation of a metallophosphenium ion complex Mo,-
H...——

[(CH3)sC5] CO)[PN(t-Bu)PN(t-Bu)]. The compound
has been characterized by IR and 'H, '3C, and 3'P NMR
spectroscopy, and the structure has been determined by
X-ray diffraction techniques. The neutral molecular com-
plex can be considered to be derived from the union of
the phosphorus atoms on a formal dicationic diazadi-

1
phosphetidine ring [PN(t-Bu)PN(t-Bu)?*] with the Mo at-
oms from two Mo[7*-<(CH;);C;](CO),” fragments.

Heterolytic cleavage of phosphorus—halogen bonds in
selected uncoordinated and metal-coordinated amino-
halophosphines is promoted with classical halide acceptors
and metal carbonylate nucleophiles. By utilizing this
procedure, dicoordinate aminophosphenium ions!
[(ReN)(X)P*], cationic metallophosphenium ion com-
plexes? M(CO),[(R,N)(X)P]*, and neutral metallo-
phosphenium ion complexes® M(CO),[(R,N)(X)P] have
recently been prepared. The majority of the compounds
have been obtained from monophosphine ligands, and only
a few attempts to prepare phosphenium ions from di-
phosphine precursors have been described. In particular,

(1) (a) Thomas, M. G.; Schultz, C. W.; Parry, R. W. Inorg. Chem. 1977,
16, 794. (b) Maryanoff, B. E.; Hutchins, R. O. J. Org. Chem. 1972, 37,
3475. (c) Fleming, S.; Lupton, M. K.; Jekot, K. Inorg. Chem. 1972, 11,
2534. (d) Thomas, M. G.; Kopp, R. W.; Schultz, C. W.; Parry, R. W. J.
Am. Chem. Soc. 1974, 96, 2646. (e) Kopp, R. W.; Bond, A. C.; Parry, R.
W. Inorg. Chem. 1976, 15, 3042. (f) Schuitz, C. W.; Parry, R. W. Ibid.
1976, 15, 3046. (g) Cowley, A. H.; Cushner, M. C.; Szobota, J. S. J. Am.
Chem. Soc. 1978, 100, 7784. (h) Cowley, A, H.; Cushner, M. C.; Lattman,
M.; McKee, M. L.; Szobota, J. S.; Wilburn, J. C. Pure Appl. Chem. 1980,
52,789. (i) Cowley, A. H.; Lattman, M.; Wilburn, J. C. Inorg. Chem. 1981,
20, 2916. (j) Baxter, S. G.; Collins, R. L.; Cowley, A, H.; Sena, S. F. J.
Am. Chem. Soc. 1981, 103, 714. Baxter, S. G.; Cowley, A. H.; Mekrotra,
S. K. Ibid. 1981, 103, 5572.

(2) (a) Montemayor, R. G.; Sauer, D. T.; Fleming, S.; Bennett, D. W.;
Thomas, M. G.; Parry, R. W. J. Am. Chem. Soc. 1978, 100, 2231, (b)
Bennett, D. W.; Parry, R. W. Ibid. 1979, 101, 755. (c) Bennett, D. W.;
Neustadt, R. J.; Parry, R. W,; Cagle, F. W. Acta Crystallogr., Sect. B
1978, B34, 3362. (d) Cowley, A. H.; Kemp, R. A.; Wilburn, J. C. Inorg.
Chem. 1981, 20, 4289.

(3) (a) Light, R. W_; Paine, R. T. J. Am. Chem. Soc. 1978, 100, 2230.
(b) Light, R. W.; Paine, R. T. Inorg. Chem. 1979, 18, 2345. (c) Hutchins,
L. D,; Campana, C. F.; Paine, R. T. J. Am. Chem. Soc. 1980, 102, 4521.
(d) Hutchins, L. D.; Light, R. W.; Paine, R. T. Inorg. Chem. 1982, 21, 266.
(e) Hutchins, L. D.; Duesler, E. N.; Paine, R. T. Organometallics 1982,
1, 1254,
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Scherer* observed that the combination of AlCl; and the
diazadiphosphetidine CH;PN(¢-Bu)P(C1)N(¢-Bu) results
in the formation of a monophosphenium ion CHJ"W
ﬁf\l(t-Bu)+ (1), while Keat® noted the formation of a

related monocation [Me,NPN(¢-Bu)PN(¢t-Bu)*] (2).
Cowley and co-workers™ have investigated similar chem-
istry of 2,4-dichloro-1,3-di-tert-butyldiazadiphosphetidine,
and even in the presence of excess AICl; only the mono-

cation [CIPN(¢-Bu)PN(¢-Bu)*] (3) was found. No evi-

dence for the formation of a dication [PN(¢-Bu)PN(¢-
Bu)?*] (4) was reported. Diazadiphosphetidine ligands
should provide a convenient template for the construction
of a number of unusual metallophosphenium ion com-

plexes,® and the rich chemistry of XPN(¢t-Bu)P(X)N(¢-
Bu) ligands with metal carbonylate reagents have been
examined in our laboratory.” We report here the synthesis
and molecular structure determination for the first bi-
metallic diphosphenium ion complex that can be consid-
ered to contain the dication 4.

Combination of CIPN(¢-Bu)P(CI)N(¢-Bu)® (5) with 2
equiv of NaMo[#®-(CHy);C5](CO);° in tetrahydrofuran
(THF) results in the evolution of 90% of 2 equiv of CO,
precipitation of NaCl, and the formation of a red-orange
air-sensitive solid, 6./%!1 These observations and the
spectroscopic and structural data described below are
consistent with eq 1.

The infrared spectrum of 6 in ¢yclohexane shows two
strong carbonyl bands at 2014 and 1931 cm™! which is
consistent with the presence of two terminal carbonyls on
each molybdenum atom. The positions of these bands are
similar to those reported for Mo[(CH3);C5](CO),NO (2015
and 1935 ¢cm™)!? and higher in frequency than the bands

found in Mo[(CHy)sCs](CO)o[PN(CH;)CH,CH,NCH,]
(1902 and 1810 cm™).!* This suggests that the di-
phosphenium ion 4 displays w-acceptor ability similar to

(4) Scherer, O. J.; Schnabl, G. Chem. Ber. 1976, 109, 2996.

(5) Keat, R.; Thompson, D. G. J. Chem. Soc., Dalton Trans. 1978, 634.

(6) Some aspects of the template-coordination chemistry of neutral
diazadiphosphetidine ligands have been examined: Chang, C. C.; Chen,
H. J; Thompson, M. L.; Norman, A. D. Inorg. Chem. 1979, 18, 1899.
Keat, R. Top. Curr. Chem. 1983, 102, 89. Burckett St. Laurent, J. C. T.
R.; Hosseini, J. S.; Nixon, J. F. Inorg. Chim. Acta 1980, 44, L17. Hawker,
P. N,; Jenkins, L. 8.; Willey, G. R. J. Organomet. Chem. 1976, 118, C44.
Jenkins, L. S.; Willey, G. R. J. Chem. Soc., Dalton Trans. 1979, 777.

(7) Preliminary studies have been described: Light, R. W. Ph.D.
Thesis, University of New Mexico, 1979.

(8) Scherer, O. J.; Klusmann, P. Angew. Chem., Int. Ed. Engl. 1969,
8, 752.

(9) The sodium salt was prepared by sodium amalgam reduction of
[(CH3)sCs]:Moy(CO)g: King, R. B.; Igbal, M. Z,; King, A. D. J. Organo-
met. Chem. 1979, 171, 53.

(10) Compound 6 was isolated under inert-atmosphere conditions.
The THF solution was filtered, and the filtrate was vacuum evaporated.
The resulting solid was extracted with benzene and recovered in 85%
yield by vacuum evaporation of the benzene. Carbon monoxide was
recovered in 90% yield from the original reaction mixture by using a
Toepler pump: infrared spectrum (carbonyl region, cyclohexane) 2014
(), 1931 em™!; 'TH NMR (benzene, Me,Si standard) § 1.65 (m, ¢-Bu
methyl), 2.24 (s, Cp* methyl); *C{*H} NMR (Me,Si standard) 6 103.25
(s, Cp* ring), 31.59 (m, ¢-Bu methyl) 11.37 (d, ®Jcp = 2.5 Hz Cp* methyl);
3P{*H} NMR (85% H,PO, standard) § 224.65 (s).

(11) The monometallic complexes Mo(CO),[5%-(CH;);C;]PN(¢-Bu)-

P(CD)N(*-Bu) and Mo(CO),(7*-C;H;)PN(t-Bu)P(C)N(t-Bu) have also
been prepared and fully characterized. These complexes will be described
in full along with 4 in a future paper: Dubois, D. A.; Light, R. W.; Duesler,
E. N.; Paine, R. T, to be submitted for publication.

(12) King, R. B,; Efraty, A.; Douglas, W. M., J. Organomet. Chem.
1973, 60, 125.

(13) Hutchins, L. D.; Duesler, E. N.; Paine, R. T., submitted for pub-
lication.
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