JIAIC[S

COMMUNICATIONS

Published on Web 01/06/2004

Mono- and Diaminocarbenes from Chloroiminium and -amidinium Salts:
Synthesis of Metal-Free Bis(dimethylamino)carbene
Michael Otto, Salvador Conejero, Yves Canac, Vadim D. Romanenko, Valentyn Rudzevitch, and
Guy Bertrand*

UCR-CNRS Joint Research Chemistry Laboratory, UMR 2282, Department of Chemistrgrditgiof California,
Riverside, California 92521-0403

Received October 30, 2003; E-mail: gbertran@mail.ucr.edu

Deprotonation of formamidinium salts is by far the most popular Scheme 1 @
way to generate diaminocarberfed major advantage of this

method is that deprotonation is a rapid reaction, even at low (/-Pr)ler\l % O (FPTIN
temperatures. However, hindered strong anionic bases are required,  (i-Pr),N (FProN- 4
especially for open-chain diaminocarbenes, which have higkgr p
value$ and are more susceptible to addition of nucleophilic species cr ) MeoN
than imidazolium ions; yet side reactions are sometimes obsérved. MeN () .- ©2 .

) e P>—Cl
Moreover, for nonhindered diaminocarbenes, the use of strong MeoN' o MexN' 5
anionic bases carrying alkali metal counterions produces complexed
carbened. All attempts so far to remove the metal from bis- Me Me
(dimethylamino)carbene have resulted in the destruction of the N CI 0 N
carbené®?it has also been reported that even by using crown ethers, <:D>—C| - <: > :
tertiary complexes involving the metal are fornfédilkali metal ’}‘ 2c 'T‘ 3¢
coordination to carbenes is particularly important with regard to Me Me
the rate and mechanism of the dimerization. Alder suggested that i
metal ions might act as Lewis acid catalysts for dimerization, as is (PN, C! (i) (PN, B s
observed for protonsput strong complexation might also eventu- E)>_C' E N(i-Pr)
ally suppress dimerizatioi:522All of the other methods known 2d-f 2

to generate diaminocarbenes, which includes desulfurization of
thioureas, involved drastic experimental conditions and are not
easily applicable to unhindered carbenes. Here, we report a new
synthetic route allowing for the formation of stable metal-free
diaminocarbenes and transient monoaminocarbenes.

d= p-MeO-CgHy; e= Cl; f=H
a(i) Hg(SiMes), (1.1 equiv), THF,—78 °C; —MesSiCl, —Hg.

Importantly, the lithium complex d8b was reported to have a half-
life at room temperature of a few hours in THF and a few days in

Bis(trimethylsilyl)mercuryl’ is known as a silylating agetit toluene before the on-set of dimerization occuri®die observed
and has been used to dechlorinate dichlorostanffeames borane&; a much shorter half-life, a few hours at@ prior to decomposition
allowing for the generation of stannylenes and borylenes. This that lead to a complex mixture, with no traces of dimer being
reagent, which is highly soluble in classical solvents, appeared to detectable. These results clearly show that alkali metal complexation
be an interesting candidate for the generation of aminocarbenesconsiderably stabilizes the carbene moiety. Moreover, although this
from chloroamidinium and -iminium salts, themselves readily does not demonstrate that free diaminocarbenes cannot dimerize
prepared from commercially available urea or amides. in the absence of catalysts, it does raise the question.

To test the validity of this approach, we first added a THF ~ Only one stable tetrahydropyrimid-2-ylidene, bearing bulky
solution of the mercury derivativd to a THF suspension of  isopropyl groups at nitrogen, has been repoffekb test the scope
chlorotetra(isopropyl)formamidinium chloridf@at —78 °C. After of our new synthetic method, we reactedith 1,3-dimethyltetra-
the mixture was warmed to room temperature, a clear yellow hydropyrimidin-2-ium chloride2c.2¢ The metal-free carbengct?
solution with a drop of mercury metal was observed. The mercury was obtained, although with only 50% conversion. Carb@mis
was readily separated, and after evaporation of the solvent andperfectly stable at room temperature and can even be sublimed at
chlorotrimethylsilané?® carbeneawas obtained in near quantitative 40 °C. However, traces of bis(trimethylsilyl)mercury also
yield (Scheme 1)! The spectroscopic data f@a were identical sublimed under the same conditions, preventing the isolation of
to those previously reportédout obviously in the case &a, the pure carbendc. Not surprisingly, addition of 1 equiv of lithium,
buttressing effect of the isopropyl groups prevents complexation sodium, and potassium bis(trimethylsilyl)amide to toluene solutions

of alkali metals.

of 3cresulted in the formation of the corresponding complexes as

Having demonstrated the validity of our approach, we then study shown by the resulting®C NMR data (Table 1). All of these

the reaction ofl with the nonhindered chlorotetramethylformami-
dinium chloride2b.®° The reaction was carried out in THF a8
°C and was monitored bYC NMR spectroscopy. Two signals were

complexes are stable at room temperature and show no tendency
to dimerize.
The bis(trimethylsilyl)mercury route is not limited to the prepara-

obtained at 259.7 and 42.2 ppm. As expected, the carbene carbortion of stable carbenes. Indeed, with the same experimental
chemical shift is substantially deshielded as compared to those ofconditions, the dimers of thp-methoxyphenyl- £/Z = 90/10),

the experimentally observed lithium complexes (23&44.0 ppm),
but very close to the calculated values (246285.1 ppmya42
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chloro- E), and hydrogeno-K) diisopropylaminocarbendd—f

were obtained in good yield8.Obviously, the energy barrier for
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Table 1. 13C NMR Data (ppm) of Metal-Free Carbene 3c, and of
Its Li, Na, and K Complexes

NCH, (1)

43.9
47.4
47.3
43.8

NCHs

41.4
42.1
41.8
42.1

CH,

20.9
20.8
20.9
21.2

Cearbene

242.7
219.4
224.9
241.0

3c
3c—Li
3c—Na
3c—K

@
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a (i) Hg(SiMes)2 (1.1 equiv), THF,—78 °C; —Hg.
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the dimerization of carbene&l—f is inferior to that for diamino- (10)
carbenes because the vacant carbene orbital is much lower in energy
due to the donation of only one nitrogen lone géir. 11

It is important to note that the counterion associated with the
starting materials plays an important role. When the trifluoro-
methanesulfonate salts @b,c were used instead of the chloride
salts, carbene8b,c were not obtained; instead, the trimethylsilyl
amidinium saltssb,c were formed and isolated in almost quantita-
tive yields (Scheme 213

The latter results shed light on the possible mechanisms involved 12)
in these reactions. As postulated independently by Mitéhatid 13)
Eisch et al8 the first step is probably a metathesis reaction with
formation of the mercury derivativg@'® Then, chloride can induce
the fast elimination of chlorotrimethylsilane, and subsequent
decoordination of the metal affords the carb&én contrast, in
the presence of a weakly coordinating species such as trifluoro-
methanesulfonate, the lifetime 6fis sufficient for it to undergo
elimination of mercury metal, giving the trimethylsilyl amidinium
saltsb. The latter does not react with chloride to aff@&dshowing
that it is not the intermediate in the formation of carbenes (Scheme
3).

Despite the large number of routes known to generate stable or
transient carbenés;16very few have as broad an applicability as
the new synthetic method reported here. Because dechlorination
occurs under very mild experimental conditions, we are currently
investigating the possibility of preparing persistent halogeno- or
even hydrogenoaminocarbenes bearing a bulky amino group.
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General procedure for the synthesis of carbéhed THF-dg solution

(2.0 mL) of 1 (0.8 mmol) was added dropwise &78 °C to a THFdg
suspension (2.0 mL) ¢ (0.7 mmol). The reaction was monitored By

and 3C NMR spectroscopy. After being stirred for 20 min-a¥8 °C,

the mixture was warmed to room temperature, giving a clear solution
containing a drop of mercury metal. The solution was transferred with a
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affording carbenes. The same experimental procedure was used to
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(0) and mercury derivatives are toxic.
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