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Synthesis and Structure of an Enantiomerically Pure C, Symmetric
Ferrocenyl Carbene

by Diego Broggini and Antonio Togni*

Department of Chemistry, Swiss Federal Institute of Technology, ETH-Honggerberg,
CH-8093 Ziirich (Tel.: 016322236; e-mail: togni@inorg.chem.ethz.ch)

The straightforward, high-yield synthesis and X-ray structural analysis of the air-stable planar-chiral
bis(ferrocenyl)carbene 1,3-bis-{(1R)-1-[ (1R)-1-(trimethylsilyl )ferrocen-2-yl]ethyl}imidazol-2-ylidene (5) is re-
ported. Compound 5 is obtained in four steps from the amine [(1R)-1-(dimethylamino)ethyl]ferrocene (1) upon
diastereoselective silylation, methylation, nucleophilic substitution by imidazole, and deprotonation. The X-ray
crystal structure of the free carbene shows the typical conformational features of the 1,2-disubstituted ferrocenyl
units, as found in other ferrocenyl ligands derived from 1.

1. Introduction. — Stable N-heterocyclic carbenes (NHCs) [1][2], mostly bearing
bulky substituents at the N-atoms, are becoming ubiquitous ligands in organometallic
chemistry [3] and homogeneous catalysis [4—11] as phosphine substitutes [12]. However,
chiral enantiomerically pure derivatives are still quite rare, and only a very limited
number of applications have been reported [13—17]. Furthermore, chiral ferrocenyl
derivatives have proven very successful in asymmetric catalysis, as ligands often
displaying both central and planar chirality, because of their great synthetic versatility
[18]. These two observations prompted us to develop a simple synthesis of a ferrocene-
based carbene for use as a monodentate ligand in asymmetric catalysis. We reasoned
that such a preparation should start from a readily available chiral ferrocene derivative
that would also be set up for a modular construction of possibly a range of related
compounds. Most sensibly, this starting material should be the amine 1 ([(1R)-1-
(dimethylamino)ethyl]ferrocene, Scheme) because of both its typical diastereoselective
ortho-lithiation chemistry and the ease of nucleophilic replacement of the amino group by
a variety of nucleophiles. Very recently, Bolm et al. reported a more elaborate preparation
of a monoferrocenyl carbene starting from a chiral ferrocenyl sulfoxide [19].

2. Results and Discussion. — For a more straightforward preparation of a chiral
ferrocenyl carbene, we thus chose to work with the known compound 2, which is
obtained in high yield after lithiation of 1 with ~BuLi and addition of Me;SiCl, as
shown in the Scheme. Subsequent methylation in acetone in the presence of 4.5 equiv.
Mel led to the ammonium salt 3 in 90% yield. This compound is sensitive to moisture
and is best stored under Ar at —20°, as it readily undergoes an elimination reaction to
give the corresponding vinyl ferrocene. The 2D “N,'H HMQC NMR spectrum of 3
shows a signal at 6 39.2 ppm that displays coupling only with the Me H-atoms at the
stereogenic center (MeCH, 3/(H,N) =7 Hz). Reacting 2.3 equiv. of 3 with imidazole in
MeCN afforded, after double substitution, the imidazolium salt 4 in 70% yield as a pale
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Scheme. Four-Step Synthesis of the Stable Carbene S from the Commercially Available Amine 1in 57% Overall
Yield
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yellow powder. This material is air-stable and shows typical 'H-NMR signals for the
imidazolium H-atoms at 6 10.26 ppm (NCHN) and 6.87 ppm (HC=CH), and for the
C-atoms at ¢ 134.4 and 120.0 ppm in the BC-NMR spectrum.

Compound 4 could be quantitatively converted to the target carbene 5 by
deprotonation with 1.5 equiv. -BuONa in THF, the course of the reaction being
monitored by 'H-NMR. After evaporation of the solvent, carbene 5 was dissolved in a
pentane/toluene mixture, filtered, and crystallized at —78°. The carbene is clearly
identified in the *C-NMR spectrum by the signal at § 212.6 ppm. Further evidence is
provided by the high-field shift of the signals of two olefinic H-atoms at 6 6.24 ppm,
though this could also derive from the anisotropic shielding of the two ferrocene units,
depending on the conformation.

Crystals suitable for an X-ray-diffraction study were obtained by cooling a
saturated solution of 5 in toluene/pentane. Carbene 5 crystallizes in the monoclinic
space group P2,, but the molecule present in the asymmetric unit does not reside on the
twofold symmetry axis. An ORTEP view of 5 is depicted in the Figure. The structure
displays a typically small N(1)—C(8)—N(2) angle of 102° at the carbene center C(8)
compared to the values for imidazolium salts of 107.6°-109.7° [1][20—22]. The bond
lengths N(1/2)—C(9/10) and C(8)—N(1/2) are larger than the expected values for an
imidazolium salt [1][20-22], and confirm the carbene nature of 5. The overall
conformation of the molecule is approximately C,-symmetric such that the two Me;Si
groups are placed above and below the plane of the heterocycle. Relative to the same
plane, the two ferrocene moieties assume a pseudo-equatorial orientation, however,
protruding towards the region where a metal center should interact with the carbene
center. It is, therefore, reasonable to assume that they will be ‘sterically active’ in
complexes of 5. The conformation of the ferrocene side-chain reflects the one typically
observed also in Josiphos-type ligands, with the heteroatom substituent in a pseudo-
axial position with respect to each of the ferrocenyl units [18].
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Figure. ORTEP View (30% probability ellipsoids) of carbene 5 with H-atoms at calculated positions. Selected

bond lengths [A] and angles [deg]: N(1)—C(8) 1.364(6), N(1)—C(9) 1.380(6), N(1)—C(6) 1.471(6), N(2)—C(8)

1.357(6), N(2)—C(10) 1.376(6), N(2)—C(6A) 1.478(6), C(9)—C(10) 1.328(6), C(8)—N(1)—C(9) 111.9(4),

C(8)—N(1)—C(6) 121.9(4), C(9)—N(1)—C(6) 125.9(4), C(8)—N(2)—C(10) 113.0(4), C(8)—N(2)—C(6A)
120.2(4), N(2)—C(8)—N(1) 102.0(4).

3. Conclusions. — The simple synthesis reported here opens up a short route to a
variety of stable C,-symmetric chiral carbenes bearing two ferrocenyl groups. We are
currently exploring the coordination chemistry of 5, as well as potential applications in
asymmetric catalysis.

We are grateful to Heinz Riiegger for assistance with 2D-NMR experiments and to the ETH for a Ph.D
grant to D.B.

Experimental Part

General. [ (IR)-1-( Dimethylamino )ethyl [ferrocene (1) was generously provided by Solvias AG (Basel). All
commercially available reagents were used without further purification. MeCN and CH,Cl, were freshly
distilled from CaH,, acetone from CaSO,, Et,O from NaK, and THF from Na. All reactions were performed
under an inert atmosphere and air-sensitive substances were handled in a glove box. NMR Spectra: Bruker
DPX-250 and -300; ¢ in ppm, referenced to Me,Si (=0 ppm; 'H, 2Si) or solvent signal (*C;  (CDCl;) 77.0;
0 ((Dg)toluene) 137.5), J in Hz. MS: Finnigan TSQ-7000 for electrospray ionisation (ESI), and VG-TRIBRID
for electron impact (EI, 70 eV); m/z (rel. intensity in %).

(IR)-2-[ (IR )-1-(Dimethylamino)ethyl]-1-(trimethylsilyl)ferrocene (2). A soln. of #-BuLi in pentane
(41.2 ml; 1.65M, 77.8 mmol) was added at — 78° to a soln. of 20.0 g (77.8 mmol) of 1 in 200 ml of Et,O. After
stirring for 30 min, the soln. was warmed to r.t. and stirred for 1 h. The mixture was then cooled to —78°, and
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10.8 ml (85.4 mmol) of Me;SiCl were added. After warming to r.t. overnight, the soln. was treated with 50 ml of
H,O. The org. layer was washed with H,0O (3 x 50 ml) and brine (2 x 50 ml), and dried (MgSO,). Evaporation
of the solvent yielded a crude product that was purified by flash chromatography (hexane/Et,O containing 2%
Et;N):24.2 g (94.5%) of 2. Red oil. 'H-NMR (250 MHz, CDCl;): 0.25 (s, Me;Si); 1.22 (d, J = 6.6, MeCH); 2.04
(s, Me;N); 3.81 (¢, J=6.6, MeCH); 4.05 (m, 1 H, CH(cp)); 4.06 (s, 5 H, cp); 4.23 (¢t,/=2.4,1 H, CH(cp)); 4.28
(m, 1 H, CH(cp)).

Trimethyl{ (IR )-1-[ (IR )-1-(trimethylsilyl)ferrocen-2-yl Jethyl}ammonium lodide (3). Mel (20 ml,
330 mmol) was added dropwise to a soln. of 24.2 g (73.4 mmol) of 2 in 200 ml of acetone at 0°. After 2 h at
0°, the soln. solidified. Et,O was then added, the suspension was filtered, and the residue was washed with Et,O
(2 x50 ml) and a mixture Et,0O/acetone (5:1, 2 x 50 ml). The powdery material thus obtained was dried and
stored at —20° under Ar: 31.0 g (90%) of 3. '"H-NMR (250 MHz, CDCl;): 0.37 (s, Me;Si); 2.09 (dt, J = 6.9, 1.6,
MeCH);3.22 (s, Me;N);4.17 (¢,J =6.9, MeCH); 4.20 (s, 5 H, cp); 4.25 (dd,J =2.6,1.3,1 H, CH(cp)); 4.64 (m, 2
H, CH(cp)). “N-NMR (18.059 MHz, CDCl;): 39.2.

1,3-Bis{(IR)-1-[ (IR )-1-(trimethylsilyl) ferrocen-2-yl Jethyl}-1H-imidazolium Iodide (4). A soln. of 5 g
(10.6 mmol) of 3 and 0.314 g (4.6 mmol) 1H-imidazole in 40 ml of MeCN was stirred at r.t. for 72 h, whereby a
white precipitate formed. CH,Cl, (100 ml) and --BuOMe (100 ml) were added, and the org. layer was washed
with H,O (6 x 100 ml) and brine (3 x 100 ml), and dried (MgSO,). After filtration and evaporation, the raw
product was crystallized from CH,CL/Et,O, washed with Et,O, and dried: 2.45g (70%) of 4. 'H-NMR
(300 MHz, CDCl,): 0.11 (s, 2 Me;Si); 2.00 (d,J =6.8,2, MeCH);4.17 (dd,J =2.4,1.1,2 H, CH(cp)); 4.22 (s, 10 H,
cp); 4.47 (t,J=2.4,2H, CH(cp)); 4.57 (dd,J =2.4,1.1,2 H, CH(cp)); 5.77 (¢, J =6.8,2 H, MeCH); 6.86 (d, J =
1.6, 2 H, NCH=CHN); 10.26 (t, J=1.6, 1 H, N=CHN). *C-NMR (75.432 MHz, CDCl,): 0.84; 23.55; 57.54;
69.83; 69.94; 71.77; 72.44; 76.46; 88.75; 119.99; 134,39. ’N-NMR (50.664 MHz, CDCl;, ref NH;): 201. ESI-MS
(CH,Cl,, T(cap.) =150°, 20 V) 636.9. Anal. calc. for C;;H,sFe,IN,Si, (764.50): C 51.85, H 5.93 N 3.66; found:
C 51.96, H 5.93, N, 3.62.

1,3-Bis{(IR)-1-[ (IR )-1-(trimethylsilyl)ferrocen-2-yl Jethyl}-1H-imidazol-2-ylidene (5). To a soln. of 1g
(1.31 mmol) of 4 in 20 ml of THF were added 198 mg (1.76 mmol) -BuONa. After 3 h, 'H-NMR monitoring
showed complete conversion. The solvent was removed, and the product was extracted with toluene. The
material thus obtained was recrystallized from a mixture of pentane/toluene (3:1) at —78°: 792 mg (95%) of 5.
'H-NMR (300 MHz, (Dg)toluene): 0.30 (s, 2 MesSi); 1.67 (d, J =6.6,2 MeCH); 3.98 (dd, J=1.3,2.3,2 H, cp);
4.00 (s, 10 H, cp); 4.15 (t,/=2.3,2 H, cp); 427 (dd, J=1.3,2.3,2 H, cp); 5.74 (¢, ] = 6.6, 2 H, MeCH)); 6.24 (s,
NCH=CHN). BC-NMR (75.432 MHz, (Dg)toluene): 8 0.17; 23.16; 55.54; 69.29; 69.71; 70.09; 72.3; 75.51; 93.67;
115.58; 212.63. "N-NMR (50.664 MHz, (Ds)toluene, ref. NH;): 209. 2Si-NMR (59.595 MHz, (Dj)toluene):
—3.7.EI-MS (70 eV): 636.2 (0.15, M*), 400.1 (2), 352 (84), 284 (100) . Anal. calc. for C3;;HyFe,N,Si, (636.59):
C 62.26, H 6.97, N 4.40; found: C 61.53, H 6.85, N 4.23.

Selected Crystal Data for Carbene 5. Orange crystals (0.36 x 0.22 x 0.08 mm) My = 636.58, monoclinic,
space group P2, (No. 4), a=9.8226(14), b=12.4192(18), c=13.829(2) A, f=99.156(3)°, V=1665.4(4) A3,
Z=2, D,=1269 gem~3, 2=0.71073 A, 9923 reflections measured, 5283 unique, 352 parameters, agreement
factors R=0.0495, R, = 0.0853. Crystallographic data (excluding structure factors) for this structure have been
deposited with the Cambridge Crystallographic Data Centre as supplementary publication No. 180816. Copies of
the data can be obtained free of charge on application to CCDC, 12 Union Road, Cambridge CB21EZ, UK
(fax: (+44)1223336-033; e-mail: deposit@ccdc.cam.ac.uk).
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