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The tremendous success of N-heterocyclic carbenes (NHC) asScheme 1. Donor Capacity of Selected NHC Ligands?
organocatalysts and as ancillary ligands for transition-metal catalysis
is innately linked to their powerful two-electron donor capaéity.

If one takes the stretching frequency of the CO ligand in complexes
of type 1 as an estimate for the donor strength of the trans-disposed
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ligand L2 NHC's are distinctly more electron releasing than even AN Ph .
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In contrast to the phosphine series, however, where substantial mes” " Mes 6 Me I 3

electronic tuning can be easily accomplished, the dispersion of the 7 * 1990 + { -
donor capacities among the commonly used NHC's is exceedingly 1976|1980 [ .. | 2000 [ 2010 em
narrow (Scheme 2 In the extreme, it was even possible to alter R' = R? = NMe, C‘r'f_,f"fcrv' A R'=R2=ph
the steric properties of a given type of NHC over a wide range R" "E]‘e___"re’z

without any noticeable effect on the donor abifitySerious
electronic modulations require constitutional redesign (acyclic
carbene$,different size of the backbortegonor atoms other than Scheme 2 2
nitrogen® one rather than two heteroatoms in the ringtc.)52¢

Br. SH S
with the only important exception being the six-membered, boron N HS/‘@" 2N 1) A o z
containing NHC's8 pioneered by Bertran¥i These ligands are L\ —a)> h— N\ N— N lNEf’oe
designed such that variations of the substitueAtari?l R on boron 9 10 1 12
Br S

enable electronic modulations within a quasi-constant steric envi-

aFor data concerning other carbenes, see the Supporting Information.

ronment (Scheme 1). Outlined below is an alternative concept that \CN N_CN AN i
allows uncoupling of the electroplc and structulral parameters. ThIS 9. ' Neg 2 WN > N 'NOJ\H -
goal was reached by embedding the NHC into a planar chiral e f.9)
cyclophane scaffold that enjoys an effective electronic cross-talk 13 0" Nite, 14 15
between its layerd. BN o PN ) A

The preparation of the new type of ligand starts from the known NS Me X SN NMe N N\<N~Me
N-oxide 12 which was readily prepared by following a literature © R\ B -0
route (Scheme 2P O-Acylation with MeNC(O)CI followed by 16 17 ¢ 18 & o
reaction with TMSCNll furnished aza.trlend?) rather than the aConditions: (a) K@Bu, EtOH, 79%; (b) h, P(OMe}, 64%; (c)
expected 2-cyanopyriding4, as unambiguously proven by X-ray = mCPBA, CHCl,, 76%; (d) (i) N,N-dimethylcarbamoyl chloride, Ci€l;
crystal structure analysis (Figure 1, |€f)This previously unrec- (if) TMSCN, room temp; (e) 1,2-dichloroethane, reflux, 54% (over three

ognized opening of the pyridine nucleus is deemed to reflect the St‘fflps)?G(go/*_i- ﬁd{:%cat?'?’sﬁ Hosfz_f‘wcqgi‘(;“_t'ﬂ‘_tivﬁ? l(g)T:FC(ggo%Mgg'g{
strain of the cyclophane framework. ES X;;O, COHZ(C)IZ; (kﬁ(c?)g)?r?élb, 71%; (I(;’((:Iz), 'I(?I-iF, oooe

Gratifyingly, however,13 underwent a thermal s6electro-
cyclization/elimination process when refluxed in 1,2-dichloro-
ethane, thus furnishin@4 in respectable overall yielf. Routine
operations then allowed us to elaborate this compoundliit@
planar chiral analogue of the known imidazo[1,5-a]pyridinium salts
5.12 Reaction of16 with Ag,O followed by transmetallation with
[RhCI(cod)} readily gave the planar chiral rhodium compl&x
(Figure 1, right).

To assess the donor properties of the new carbé&feyas
converted to the corresponding carbonyl comdl8xThe stretching
frequency of itstrans-CO ligand atv = 1989 cni?! indicates that unit and the aromatic lid of the cyclophane in juxtaposition, the
the donor capacity of this novel planar chiral ligand rivals or even new ligand actually resembles the more basic carbenes with 6-
exceeds that of all other diamino-stabilized, five-membered NHC's membered or acyclic skeletons in electronic terms (cf. Scherffe 1).
known to date&c Equally striking is the fact that the incremental Next, we set out to probe whether remote electronic variations
gain in donor strength, expressed/® in going from5 to 18 is can be transmitted within the cyclophane scaffold. To this end, we
substantially higher than the effect of ring-annulation upon formal prepared the tetramethoxy and the tetrafluoro analogjfesd22
conversion of the parent compouddnto imidazopyridin-ylidene by adaptation of the synthesis pursued en route8& As might
5. By virtue of the through-space interaction between the carbene be expected from literature dath,the donor ability of the

Figure 1. Molecular structures o3 and17 in the solid state.
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Chart 1. Tetramethoxycarbene-Rh Complex 19 and appropriate substituent®Rn top of the bound metal center as shown
Conformational Preference of the Related Cyclophane 204 in the generic structurg?, such that the chiral binding pocket is
NG oN clearly defined. Work in this laboratory is ongoing to exploit these
MeO N NC CN structural features. Thereby, the basic nitrogen in, d4or 15
N\(‘ “C“; 19 provides opportunities for the separation of the enantiomers by
MeO Me R o osg ot o2AT> /20 conventional means. Moreover, we were able to obtain the
cl” co o ra 1 L . . . . 17
imidazolium saltL6in optically pure form by preparative HPL!
Chart 2. Fluorinated Planar Chiral Rh-Carbene Complexes and Acknowledgment. Financial support by the DFG, the Fonds
Overlay of the Molecular Crystal Structure of the Fluorinated der Chemischen Industrie, and the Spanish Ministerio de Educacio
Carbene Part of 21 (Yellow) and its Non-fluorinated Counterpart in y Ciencia (fellowship to M.A.) is gratefully acknowledged.
17 (Blue)*?
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