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一、中文摘要

   探討金屬碳烯化合物的性質，特
別是碳烯配位體在金屬間的轉移及
碳烯配位體的穩定性。

關鍵詞：雙胺碳烯，配位體，轉移

Abstract

    This report includes the studies of
conversion of diamino-substituted
carbene complexes into the isocyanide
by  acylation and carbene transfer
between metal ions.

Keywords: diaminocarbene, ligands, transfer
reactions.

二、緣由與目的
Diamino-substituted carbene

complexes have received much attention
recently due to the discovery that nitrogen
atoms direct carbene ligands to be good σ-
donors, similar to phosphines.1- 8  Such
carbene ligands are able to incorporate with
various metal ions to form stable
complexes.1-8 The unusually stable palladium
complex [MeNCH=CHN(Me)C]2PdI2 was
found by Herrmann and coworkers to be an
useful catalyst for the Heck reaction.3d

However, the nitrogen-substituted carbenes
of these studies are typically tertiary amines;
few are secondary amine moiety.9  As
mentioned, the better the donor nitrogen, the
stronger the metal-carbon bond in the related
metal complexes.   Thus electronic
modification of the donor character of the

nitrogen substitutents  in order to weaken
the metal-carbon bonds becomes an
interesting prospect.  It has been reported
that the N-acylated products of
(CO)5Cr=C(NHR)R' have better reactivities
toward alkynes in annelation reactions.10  As
part of our studies on the properties of metal
carbene complexes,  we have prepared the
cyclic diamino-substituted carbene complex
1 which holds secondary amine moieties.
In view of the modification of secondary
amine functionality,  we report that
isocyanide complexes are formed instead of
N-acylated carbene species when
diaminocarbene 1 is reacted with acylating
agents.

Besides, transition metal complex -
mediated carbene transfer reactions are
important tools for organic synthesis,  but
the simple transfer of carbene ligands
between metal ions is rare.    Since
diaminocarbene can act as a donor ligand,
transfer between metal ions is amenable to
study.  In a previous investigation,  we
were able to prepare the cyclic diamino-
substituted carbene complexes 1 via the
reaction of W(CO)6 with the amino-
phosphinimine (H2NCH2CH2N=PPh3)
followed by alkylation.  Herein we report
that the diaminocarbene can be transferred to
other metals.

三、報告內容

Part I Conversion of diamino-substituted
carbene complexes into the isocyanide

The reaction of 1c with an excess of benzoyl
chloride in the presence of pyridine at 100 oC
did not provide the N-acylated carbene
product as expected. Instead the isocyanide
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tungsten complex 2c was obtained in 92 %
yield.  The isocyanide complex was
characterized by both spectroscopic and
elemental analyses.  The infrared spectrum
of 2c in dichloromethane clearly shows the
carbonyl and isocyanide functionalities of the
molecule.  Thus absorptions at 2174(w), at
2068(w) and 1948(s), and  at 1697 and
1660(s) cm-1,  are consistent with the
coordinated isocyanide , the
pentacabonyltungsten and the amido-
carbonyl moieties.

Under the same conditions,  both
chromium and molybdenum carbene
complexes (1b and 1c) yielded their
corresponding isocyanide complexes
(equation 1).  In addition,  cyclic
diaminocarbene in different ring sizes, such
as 1d, proceeded under the same type of
reaction to yield 2d.  We also tried to
prepare the mono-acylated product,  but we
found that a mixture of mono-benzoylated
amido-isocyanide complexes 3 and 2 (ca 2 :
1 ratio) was obtained from the reaction of an
equimolar amount of carbene and acylating
agent at the temperature of refluxing a
tetrahydrofuran solution.  Other acylating
agents under various conditions also provide
the corresponding N-acylated isocyanide
complexes.  Treatment of 1c and 1d with an
excess of acetic anhydride in the presence of
sulfuric acid or acetyl chloride in the
presence of pyridine produced 4a and 4b,
respectively.

It is reported that aminocarbene
chromium complexes [(CO)5Cr=C(R)NHR]
readily underwent acylation with acetic
anhydride or di-tert-butyl dicarbonate in the
presence of 4-(N,N-dimethylamino)pyridine
at 25 oC.10  Diamino-substituted carbenes,
however, do not react with acyl chloride
under mild conditions, which is attributed to
the high stability of such complexes.  But at
elevated temperatures, the acylation proceeds,
followed by the cleavage of the C-N bond to
form the isocyanide complex.

In our previous investigation,  we were
able to obtain the N-alkylated products 5 by
the deprotonation of 1 with NaH followed by
treatment with various alkyl iodides.  By

adopting a similar strategy,  the di-anion 6
was prepared by the treatment of 1d with two
equiv. of n-butyllithium in tetrahydrofuran at
- 78 oC.  Followed by addition of an excess
of acetyl chloride to the dianion solution, the
reaction mixture was allowed to warm up to
room temperature slowly.  Monitoring the
acylation by NMR spectroscopy reveals that
the reaction took place at - 20oC, but the
observed outcome is the isocyanide product.
None of N-acylated carbene species was
detected by the NMR spectrometer.  As a
control run, the reaction of 6 with methyl
iodide was carried out under the similar
conditions, which provided the methylated
product 7 exclusively.  This indicates that
the first N -acylation takes place prior to the
cleavage of C-N bond. Such acylation also
results in the immediate cleavage of C-N
bond to provide the isocyanide product.

It is noted by Aumann and coworkers
that reaction of aminocarbene
(CO)5Cr=C(NH2)R with R'CHO in the
presence of base yields a mixture of 2-
azaallenyl complex and isocyanide complex
(CO)5CrCN-R 10.  The formation of the
latter complex is clearly involved the
migration of the substituent.  In our
investigation, the isocyanide complexes are
simply created via the cleavage of C-N bonds
and the driving force is presumably due to
the electronic destabilization of the amido
group toward the carbene functionality and
the relief of the steric interaction between the
substituted cyclic carbene constituent and the
carbonyl ligands.

Par t II Carbene Transfer  between Metal
Ions

The first indication of carbene transfer came
from the reaction of 8b with a 0.5 equimolar
amount of (PhCN)2PdCl2 in CH2Cl2 at room
temperature for 0.5 h.  During the reaction
period,  carbon monoxide gas evolved and a
dark colored material precipitated from the
reaction, which was identified as a mixture of
tungsten complexes originating from the
decomposition of the W(CO)5 fragment.
Diaminocarbene ligands were transferred
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from the tungsten metal to the palladium
center to form the bis-carbene complex 9 in
92 % isolated yield,  which then isomerized
to the more stable cis-isomer 10 upon
standing in solution.

When the N-substituent was an ethyl
group as in 8a,  reaction with an equimolar
amount (PhCN)2PdCl2 resulted in the
formation of the chloride-bridged dimer 11 in
84 % yield.  Although complex 9 formed
within a few minutes at room temperature,
complex 11 required several hours of
refluxing in chloroform for complete
conversion.  This suggests that p-
coordination of the carbon-carbon double
bond to the palladium metal ion plays a role
in both the rate of carbene transfer and the
structure of the product.  The palladium
carbene complexes are stable solids and were
characterized by analytical and spectroscopic
means.  In addition, the structure of 4 was
confirmed by a X-ray single crystal
determination.

Investigation of the carbene transfer
reaction with other transition metal
complexes was  also conducted.  Reaction
of 8a with (PhCN)2PtCl2 in dichloromethane
at room temperature for 48 h produced the
carbene complex 12 in 93 % yield,13 which
shows that  both carbene and carbonyl
ligand had been transferred.  Carbonyl
ligand transfer to the platinum and not the
palladium may be due to the stability of the
expected complexes.  To our knowledge,
such a synthetic route to a carbene-carbonyl
platinum complex is unprecedented.  The
infrared carbonyl absorption of stretching
appears at 2104 cm-1,  which is essentially
identical to that in cis-(PEt3)Pt(CO)Cl2 [2105
cm-1]. This implies that the electronic
donating ability of the diamino carbene
ligands is similar to that of a
trialkylphosphine.

Treatment of 12 with Me3NO resulted in
the formation of the biscarbene complex 6a.
It appears that a disproportionation reaction
took place to form the more stable biscarbene
complex, although under refluxing conditions,
the biscarbene platinum compound 13 was
obtained directly from the reaction of 8b with

(PhCN)2PtCl2 without the formation of a
carbonyl-carbene platinum intermediate.

The products formed with the palladium
and platinum reactions provides evidence
that p-bonding substituents on the carbene N
-atoms as well as the carbonyl ligand assist
the carbene transfer reaction.  Chromium
and molybdenum analogs of 1 undergo the
carbene transfer reaction with platinum and
palladium.  In addition, Rh(I) and Au(I)
carbene complexes 14 and 15 result from the
reaction of 8a with [Rh(CO)2Cl]2 and
(Me2S)AuCl, respectively. These Rh(I) and
Au(I) carbene complexes are essentially the
same as ones previously reported.  We are
currently working on developing this
chemistry as a route to generate other
transition metal carbene complexes.  With
sufficient information, it might be possible to
determine the mechanism of these reactions.
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