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The stable singlet carbere=an be classified in three categories. |
Push-pull carbenesA are quasilinear. The interaction of the D o
substituent lone pair and the W substituent vacant orbital with the O
py and R orbitals of the carbene, respectively, gives rise to a 2
polarized allene-type system; the most representative carbenes of5_E— -~ p=c=w
this type are the (phosphino)(silyl)carbeh@Egure 1). Puskpush
carbene$ are bent, and tha-donation of the D substituent lone Figure 1. Electronic effects of the substituents for pugiull carbened\,
pairs results in a polarized four-electron three-centsystem; the push—push carbeneB, and carbene€ with a single electron-active group.
archetypical carbenes of this type are the diaminocarbehast,
carbene€ represented by (amino)- and (phosphino)(alkyl)carbenes
have only a single electron-active substituent (a strerdpnor)
and are also bent due to the presence of an hetereatarhon
double bond. On the basis of this classification, (amino)(silyl)-
carbenes should be of tyge and since (phosphino)(silyl)carbenes
have been known for more than 15 yedisjs rather surprising
that thus far none of these compounds have been described. Hergjgure 2. B3LYP/6-31g* optimized geometry ofia Selected bond
we report that in fact (amino)(silyl)carbenes are bent and, surpris- distances (&) and angles (deg):—€1 129.3, C%+Si 186.6, N-C1-Si
ingly, are not very stable. 133.1, CE:N—C2 118.0, CEN—-C3 127.2, C2N—C3 114.8.

(Phosphino)(silyl)carbenes are usually prepared by photolysis or g yeme 1
thermolysis of the corresponding diazo compounds, whereas

. : ; . . R R R 4 R
aminocarbenes are classically obtained by deprotonation of iminium R—+N\ 0. N-R _BuPhP R-N. P'Bu,Ph BuONa ;,Buzph
salts. None of these methods can be extrapolated to the synthesis Y Y Y b4 _

ino)(si i i i i i TH H,ro- 2 H 270" Tio
of (amino)(silyl)carbenes since neither amino-substituted diazo 2 TfO 3

ivati ivl- i imini : ) 'BuPh,SiLi
derivatives nor silyl-substituted iminium salts are known; both of Pr: 1b-4b: R = Hex: e
these compounds are probably unstable. Therefore, we turn our 2
attention to our recently published synthesis of carbenes by i-Pr

substitution reactions at a carbene ceht@€reatment of Alder’s
dimer1a° with 1 equiv of di¢ert-butyl)phenylphosphine, followed
by deprotonation with sodiurtabutoxide cleanly led to the carbene  examples of stable (phosphino)(silyl)carbenes, only one single-
precursor3a. Then, addition of the lithium salt dfbutyldiphenyl crystal X-ray diffraction study has been reporfed.

silane quantitatively afforded (according to multinuclear NMR) the ~ We performed ab initio calculations at the B3LYP/6-31g* |8vel
(amino)(silyl)carbenda, along with ditert-butylphenylphosphine on the experimentally observed carbdagFigure 2) and on related

R
S—SiPhylBy ~-H/SMINUES o\ Siph,fBu
H o THF-dg > 4

(Scheme 1). (amino)(silyl)4c—f, (amino)(germyl)g, (amino)(alkyl)¥, and (phos-
Carbenelahas a half-life of about 12 h at®, but quantitatively phino)(silyl)-8a,b carbenes (Table 1).

decomposes into the correspondiigy-imine 5 and propene within The singlet-triplet energy separation for the parent amino-

a few minutes at room temperature. This rearrangement is similar carbenesic, 6, and 7 increases with the electronegativity of the

to that observed for the-putyl)(di-i-propylamino)carbengln the second carbene substituent as predicted relatively early on for non-

hope of increasing the stability of such carbenes, we replaced theamino carbene¥.More importantly, the singlettriplet gap is much
i-propyl at nitrogen by bulkiec-hexyl groups. Carbentb is stable larger for the parent (amino)4¢ 20.9 kcal/mol) than that for the
for a few days at 0C and has even a half-lifetime of akiduih at (phosphino)(silyl)carbeneB@ 4.2 kcal/mol). This is in line with
room temperature. THEC NMR signals for the carbene carbon of the betterz-donor ability of the amino group. The values of the
4a (+377 ppm) andib (381 ppm) are shifted downfield by more ~ carbene bond anglel¢: 116.8;8a 133.7;8b: 151.T) coupled
than 200 ppm compared to that for (phosphino)(silyl)carbenes. This With the carborrsilicon bond lengths4c: 188.3;8a 183.8;8h:

is a good indication that carbenésio not belong to the family of ~ 180.5 pm) indicate a stronger interaction of the silyl group with
push-pull carbeneg\. Indeed, these signals are even at lower field the carbene center for the phosphino carbéhés fact, carbenes
than those for aryl-, alkyl- and even phosphino-amino carbenes 4 are much more similar to the (alkyl)(amino)carbefigsype C)
(300350 ppm), which are of typ€. All attempts to obtain crystals ~ than to the pushpull (phosphino)(silyl)carbenes (type A). In

of carbenes4 failed. It is noteworthy that, despite numerous Other words, for there is a very weak, if any, interaction between
the carbene lone pair and the vacaforbitals at silicon. This is

t University of California. a further demonstration th_at the sFa_blllzmg effect of an amino group
# Fakulta fir Chemie der Universita toward a carbene center is so efficient, that a second electronically
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Table 1. Calculated Geometric Parameters and Singlet/Triplet
Energy Separation for Carbenes 4 and 6—8

SIT gap carbene angle C-Si
carbene (kcal/mol) (deg) (pm)
4a PrN—C—SiPh'Bu 20.3 133.1 186.6
4c HoN—C—SiHs 20.9 116.8 188.3
4d MeaN—C—SiHs 22.3 126.6 186.6
de Me;N—C—SiMe; 20.5 129.8 187.0
4f iPrN—C—SiMe3 22.2 132.0 186.5
6 HoN—C—GehHs 23.4 112.3
7 HoN—C—CHjs 33.3 111.0
8a H,P—C—SiH3 4.2 133.7 183.8
8tz (H2N)P—C—SiH3 111 151.1 180.5

Figure 3. Thermal ellipsoid diagram (50% probability) &0 (H atoms
are omitted). Selected bond distances (A) and angles (deg):Cii1.3163-
(15), C1-Rh1 1.9935(11), CSil 1.9275(12), RhtC24 2.1076(13),
Rh1-C31 2.1331(11), Rh1C27 2.2405(10), Rh1C28 2.2375(13), N*
C1-Sil 124.03(8), N+ C1—-Rh1 123.67(8), SitC1—-Rh1 112.30(6).

Scheme 2
Ph,BuSi Bu
‘BUNC =N 9
RoN
4a — NR; NR;
1/2 [Rh(cod)Cl], Z th)—Sith'Bu co oC, )—SiPhZfBu
. ———  Rh

THF /-78°C e THF/tt o0’ g 11
10

active substituent is useles%. Note that the calculated carbene
bond angle forda (133.T) is rather large, but this is due to the
steric bulk of the substituents, as already observed for (amino)-
(alkyl)carbenesT. 111.0;'BUCNPr: 120.5).

Except diaminocarbene8), stable carbenes readily react with
isocyanides, and indeed additiontdBuNC at—40°C to 4acleanly
leads to keteneimin® (Scheme 2). In contrast to carberi2snd
C, push-pull carbene#\ are reluctant to act as ligands for transition
metals!? Therefore, it was of primary interest to evaluate the ligand
properties of4. Addition of carbenetato [RhCl(cod)} in THF at
—78 °C afforded carbene complekO, which was isolated by
column chromatography in 56% yield (based on dica?ah as
highly thermally and air-stable single crystals (mp 362 °C).

Compared to the known [RhCl(cod)(NHC)] complexéthel3C
NMR signal for the carbene center @b (306 ppm, d,%Jcrn =
33 Hz) is more deshielded and the.ens=Rh bond length
(1.993 Ay3is shorter (Figure 3). The carbonyl stretching frequencies
of cis{RhCI(CO)(L)] complexes are recognized as an excellent
measure of thers-donor andsw-acceptor properties of the ligand
L.14ab Complex11 was readily obtained by treatment of a THF
solution of 10 with CO at room temperature. The substitution of

the cod ligand by the stronger acceptor CO ligands shows the strong

donor capability of carbeng4cThe carbonyl stretching frequencies
of 11 (2072 and 1989 cnt) fall between those observed for the

analogous complexes featuring the very basic acyclic bis(diisopro-

pylamino)carben® (2057 and 1984 cmt) and the saturated

NHCs (2081 and 1996 cm),’4 and are very similar to those
observed with thetért-butyl)(di-i-propylamino)carbene (2070 and
1989 cnr?).”

These results show the usefulness of the substitution route for
the synthesis of original stable carbenes. They demonstrate that
(amino)(silyl)carbenes are not puspull carbenes as their phos-
phino analogues and therefore are excellent ligands for metal
centers. We are currently investigating cyclic versions of these
species as well as the catalytic properties of the ensuing transition-
metal complexes.
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