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Axial-chiral mono- and biscarbene complexes of chromium 
containing the 1,l-binaphthyl skeleton have been obtained 
in both racemic and enantiopure forms in a one-pot reaction 
starting from lithiated 2,2-dimethoxy-l,1 -binaphthyl (1) and 
hexacarbonyl chromium via the Fischer route. An X-ray 

structure analysis of the biscarbene complex 2 reveals that 
the biscarbene iunctionalization significantly increases the 
dihedral angle defined by the biaryl planes. The enantiopure 
complexes have been characterized by CD spectroscopy. 

Introduction 

Fischer-type carbene complexes have become valuable re- 
agents in stereoselective organic synthesis as a result of their 
potential in both metal and ligand-centered C-C bond for- 
mationr21. A chiral modification of this class of compounds 
may be based on either the incorporation of chiral infor- 
mation into the carbcne ligand, the coligand sphere or on 
a chiral metal centerr3I. So far, synthetic efforts have fo- 
cussed on optically active alkoxy- and aminocarbene com- 
plexes bearing a chiral centcr in the heteroatom carbene side 
chainr4I. In contrast, examples of a chiral-modified carbon 
carbene side chain are rareL5]. Applications in dia- 
stereoselective synthesis include aldol and Michael ad- 
ditionL61, ben~annulation[~][~1 and photochemical cycload- 
dition reactionsL*]. 

As part of our ongoing series of studies of stereoselective 
syntheses we became interested in optically active metal 
carbenes bearing an axis of chirality. We concentrated on 
the 1,l'-binaphthyl skeleton which has been the subject of 
an increasing amount of interest in stereoselective synthesis 
and asymmetric catalysis during the past two decadesL9I, 
and we now report on its metal -carbelie functionalization. 

Synthesis of Binaphthyl Chromium Carbenes 

In order to incorporate the 1,l'-binaphthyl skeleton into 
the carbene side chain we focussed on the Fischer route. 
Lithiation of racemic 2,2'-dimethoxy- 1,l '-binaph thy1 ( I )  
using n-butyllithium at room temperature in the presence 
of TMEDA has been rcported in the literature['"]; however, 
we found that an unsatisfactory mixture of mono- and bis- 
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metalated products was obtained under these conditions. 
Thus, it was necessary to further optimize the reaction in 
order to improve the yield of the desired his-lithiated 2,2'- 
dimethoxy- 1,l  '-binaphthyl and to reduce the formation of 
the mono-lithiated counterpart. Best results on a 5 mmol 
scale were obtained using an excess of tert-butyllithium at 
-40 "C over 6 hours which allowed up to 63% bismetal- 
ation as indicated by quenching experiments with trimethyl- 
silyl chloride" '1. Addition of hexacarbonyl chromium to a 
solution containing the lithiated binaphthyls generated the 
acyl chromate intermediates which underwent alkylation 

Scheme 1 .  Preparation of biscarbene complex 2 and monocarbcne 
complex 3 
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with trimethyloxonium tetrafluoroborate at ambient tem- 
perature lo give the methoxycarbene complexes 2 and 3 in 
moderate yields. 

Under these conditions and during the chromatographic 
workup a partial decarbonylation of the monocarbene com- 
plex 3 occurred which resulted in concomitant formation of 
the carbene-chelate complex 4. Whereas column chroma- 
tography ah rded  pure biscarbene complex 2, carbene che- 
late 4 (which is less soluble than 3) was isolated as a black 
solid by crystallization from petroleum etherldiethyl ether. 

Scheme 2. Decarhonylation of monocarbene complex 3 lo mono- 
carbene chelate complex 4 
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Temperature-Dependent NMR Studies 
The 'H-NMR spectrum of the biscarbene complex 2 

shows broad signals ror the methoxy groups attached to 
the aromatic system and the carbene atom and also for the 
aromatic protons in the positions 7, 7', 8 and 8'. This obser- 
vation may be explained in terms of a hindered rotation of 
the carbcne methoxy group around the cc.lrhene- 0 bond 
which evidently influences both the aromatic methoxy 
groups and the aromatic 7, 7 ' ,  8, 8'-hydrogen atoms. We 
suggest that the orientation of the carbene methoxy group 
controls the conformation of the aromatic methoxy group 
in such a way that it interferes with the aromatic prolons 7 
and 8 of the neighboring binaphthyl system as demon- 
strated for the E and the Z configuration of the Ccalbene-O 

bond (Figure 1). 
To further investigate this problem we extended our stud- 

ies to temperature-dependent 'H-NMR measurements. 
When the temperature was raised to 323 K the methoxy 
and the aromatic hydrogen signals of biscarbene complex 2 
became sharp, whereas lowering the temperature to 233 K 
lead to a clean double set of signals for the aromatic and 
the carbene methoxy groups combined with an additional 
complex signal system arising from the aromatic protons. 
This result is in agreement with the idea that an E/Z iso- 
merization across the Cclubene-O bond is responsible for 
the cooperative mobility within the molecule. By variation 
of the tcmperature in steps of 3 K the coalescence tempera- 
ture for the EIZ isomeration of the carbene methoxy group 
was determined lo be 295 K which corresponds to a free 
enthalpy of activation of 55.4 kJ/mol[i2]. 

Support for such a cooperative mobility is provided by 
the "C-NMR spectrum which at 298 K exhibits only seven 
rather broad signals in the range between 6 = 134 and 122 
for the aromatic carbon atoms. Lowering the temperature 
to 273 K revealed a complex system of signals between 6 = 

134 and 121; two pairs or additional signals belween 6 = 
148 and 144 may be assigned to the methoxy-substituted 
aromatic carbon atoms. The cooperative mechanism de- 
scribed above obviously leads to a broadening of the signals 
if the 13C-NMR spectrum is recorded close to the tempera- 
ture of coalescence and thus prevents the detection of the 
remaining signals of the binaphthyl system at 2% K.  

Figure 1. Cooperative inobility of methoxy groups and interaction 
with aromatic hydrogen atom in complex 2 
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Molecular Structure of Biscarbene Complex 2 

The molecular structure of the raceniic biscarbene coni- 
plex 2 was established by X-ray analysis (Figure 2) in order 
to deterrninc the conformational preference of the carbene 
niethoxy group and to quantify the dihedral angle between 
the naphthyl groups. 

In the solid state both carbene methoxy groups adopt the 
E configuration with respect to the Cc.irbene-O bond. While 
the oxygen atom of the aromatic methoxy group lies in the 
plane of the naphthyl group the Ccarhene-C(3) axis deviates 
by 10" from the plane [C(1) -C(2)-C(3)]. Compared with 
2,2'-dimethoxy-l,1 '-binaphthyl (l)[l3] the torsion angle be- 
tween the aromatic inethoxy group and the naphthylene 
plane increases from 15" to 56" [C(l)-C(2)-0(2)-C(12)]. 
The aromatic and thc carbene mcthoxy groups occupy op- 
posite sides of the naphthyl system which is indicative of 
the steric interaction between these groups described above. 
On the other hand, the exocyclic angle C( l)-C(2)-0(2) 
increases to 124" reflecting the steric interaction to the 
neighboring naphthyl half. 

In comparison with the racemic 2,2'-dimethoxy-l, 1 '-bi- 
naphthyl (1) the dihedral angle 0 between the two binaph- 
Lhyl systems [C(2)-C( l)-C(l')-C(2'}] is reduced from 
110" to 75". We suggest that this result reflects the balance 
of steric interactions between the bulky metal-carbonyl 
moieties on one side and between both naphthyl ring sys- 
tems on the other side. In addition, the C(1)-C(1') bond 
connecting both naphthyl units is slightly, though not sig- 
nificantly, lengthened to 1.507(6) A when cornpareg with 
the nonmetalated binaphthyl precursor 1 [1.488 (7) A]. 

Optical Properties of Complexes 2 and 4 

To explore the optical properties imposed by the chiral 
axis of the biaryl skeleton we extended our studies to the 
enantiopure analogs. As described above for the racemic 
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Figure 2. Molecular structure of (R, 53-2r"l: thermal ellipsoids are 
drawn at the 30% probability level 
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Selected bond lengths [A] and angles ["I: C(1)-C(1') 1.507(6), 
Cr(l)-C(ll) 2.011(3), C(l )-C(2)-0(2) 124.3(3), 
C(3)-C(2)-0(2) 114.2(3), C(9)-C(l)-C(l')-C(9') 75.07(3). 
C(2) - C(3) - C(11) - O( 1) 78.7 1 (3 ) ,  C(1) -C(2) - C(3)- C( I 1) 
169.6(3), C(l )-C(2)-0(2)-C(12) 56.1(3). 
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series, (R)- and (9-2,2'-dihydroxy- 1,l '-binaphthyl have 
been modified into optically active biscarbcne and mono- 
carbene chelate complexes 2 and 4. The CD spectra re- 
corded for both the ( R )  and the (9 enantiomers of biscar- 

Figure 3. CD-spectra of (R) -  and (S)-brscarbene complex 2 and 
(R)- and (S)-monocarbene chelate complex 4 
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Figure 4. UVIVIS-spectra of (H)-biscarbene complex 2 and (R)-  
monocarbene chelate complex 4 
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bene complex 2 and monocarbene complex 4 represent ac- 
curate mirror images in both the form and intensity of the 
signals (Figure 3). 

In order to localize the energetic position of the 'Bb elec- 
tronic transition of the naphthalene chromophore we re- 
corded UVNIS-spectra of the (R)-biscarbene complex 2 
and (R)-monocarbene chelate complex 4 and we found ab- 
sorption maxima at 234 nm for complex 2 and at 235 nm 
for complex 4. The absorption maxima for the metal-ligand 
charge-transfer transition (MLCT) are at 406 nm for (R)-2 
and 468 nm for (R)-4 (Figure 4)[l41. 

The CD spectrum of the symmetric (R)-bischromium- 
biscarbene 2 reveals a negative exciton CD couplet originat- 
ing from thc 'Bb electronic transition which, together with 
the solid-state structure of the racemic component, is com- 
patible with a cisoid conformation (0 < 100")['s]. In con- 
trast, the nonsymmetrical (R)-monocarbene chelate com- 
plex 4 shows a positive couplet (0 > l l O o )  indicating a 
transoid conformation. The energy for this transition ob- 
served in (R)-biscarbene complex 2 resembles that observed 
for the nonmetalated precursor 1 whereas the transition in 
(R)-monocarbene chelate complex 4 is shifted to lower en- 
ergy (Table 1). Only a weak CD effect was detected for (R)- 
2 and (R)-4 in the MLCT range. 

We have demonstrated that metal-carbene-modified bi- 
naphthyls reveal unexpected spectroscopic properties in the 
solid state and in solution which reflect the interaction be- 
tween the bulky metal-carbonyl fragments. Benzannul- 
ation studies directed towards densely functionalized bi- 
phenanthrenyls arc underway and will be reported in due 
course. 

We thank Dr. S. Grimnre for valuable discussions and M. Hubel 
for recording the CD spectra. Financial support from the D Y U ~ S S C ~ P  
Furscliungsge~eiiise~iaft (SFB 334), the Graduievtenkalkg ,,Spektro- 

Table I .  CD data of (Rj-1, (R)-2  and (R)-4 in CHC13 

Compound Circular dichroism [dnP3 mol- ' cm-'] 
(~m,J[nml 

( a - 1  
(R)-2 

+ 84 (227); - 161 (241 j; + 14 (289); + 9 (323) 
+ 67 (226); -117 (241); + 9 (260); -18 (299): 
+ 6 (348); -3 (425) 
- 114 (238); + 34 (268); -1.5 (316); + 4 (332); 
+ 2 (405) 

( 0 4  
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skopie isolierter und kondensierter Molekiile" and the Fonds der 
CherniJehen Zndustrie is gratefully acknowledged. We further thank 
Merck AG for providing us with enantiopure (R)- and (S)-l.l-di- 
hydroxybinaphthyl. 

Experimental Section 
General: All operations were performed under argon. Solvcnts 

were dried by distillation from sodium-potassium or sodium hy- 
dride; petroleum ether 40-60 "C. - ' H  and I3C NMR: Bmker 
DRX 500. Chemical shifts refer to those of residual solvent signals 
based on 6TMS = 0.00. - FT-IR: Nicolet Magna 550. - MS: 
Kratos I H  Concept. - Melting points: Biichi SMP 20, uncor- 
rected. - Elcmental analyses: Heraeus CIIN-0-Rapid. - CD and 
UVIVIS: 0.02 cm path-length cell, Jasco J-720 spectropolarimetcr. 

3.3'-[ (R ,  S)-2,2'-Dimethoxy-II I '-binaphtliy~di~~l]bis~tnethox,~c~ir- 
bene) his(pentucarbon~ilc~iromiurn(OI] (2)  nnd 3-[ 1R,Sj-2,2'-& 
methoxy-1, I '-binaph thyl] lmethoxycarbene j tetracurhonylchromi- 
um(0) (4): 20 nil THF was addcd to a solution of 15 ml (25.5 
mmol) 1.7 M tert-butyllithium in hcxane at -78 "C. The mixture 
was stirred for 15 min, and then added to a solution of 2.0 g (6.4 
mmol) (R,S)-2,2'-dimethox~-binaphthyl in 70 ml THF at -40 "C 
and stirred for 6 h. After addition of 8.4 g (38.25 mmol) ol'hexacar- 
bony1 chromium, suspended in 20 ml of THF, the suspension was 
stirred for 5 h at -40 "C and for an additional 15 h at 0 "C. The 
solvent was removed in vacuo, the mixture dissolved in 70 ml of 
dichloromethane and 5.6 g (38 mmol) of trimethyloxonium tetra- 
fluoroborate were added. The mixture was stirred for 1 h at 0 "C 
and for another 1 h at 20 "C. The solution was filtered and the 
solvent was removed in vacuo. Chromatography (250 g or silica gel 
20 X 6 cm, 10 "C, petroleum etherldiethyl ether, 5x1) of the deep 
red residue yielded first the biscarbene complex 2 as a red solid 
followed by a mixture of the pentacarbonyl monocarbene complex 
3 and the tetracarbonyl monocarbene chelate complex 4. The mix- 
ture was dissolved in 20 ml of petroleum etheddiethyl cther (5: 1); 
black crystals of the carbene chelate complex 4 were obtained after 
thc solution was allowed to stand for several days at 20 "C. 

The enantiopure 3,3'-[(R) and (S)-2,2'-dimethoxy-l , I  '-bi- 
naphthyldiyl] bis(methoxycarbene)bis[pentacarbonylchromium(O)] 
and (R)- and (S)-2,2'-dimethoxy- 1,l '-binaphthyl)(methoxycarbene)- 
tetracarbonylchromiu(0) were prepared from (R)- and (S)-2,2'- 
dimethoxy-I, 1 '-binaphthyl by following the samc procedure. 

(R ,  Sj-2,2'-Dimcfhoxy-1,1 '-hinaphthjil (1): The compound was 
prepared according to ref.[lo]. - 'H NMR (500.13 MHz, CDC1,): 
6 = 3.76 (si 6 H, OCH3), 7.10 (d, 3JIIII = 8.4 Hz, 2 H. 8-H), 7.20 
(ddd, 3 J ~ ~ 1  = 8.4 Hz; 3 J ~ ~ ~ ~  = 6.8 Hz, 4,1HH = 1.4 Hz, 2 H, 7-H), 
7.31 (ddd, 3 J ~ ~ ~ 1  = 8.1 Hz, 3 5 H H  = 6.8 Hz, 4 J ~ ~  = 1.3 Hz, 2 H, 6- 
H), 7.46 (d, 3 J ~ ~ 1 1  = 9.0 Hz, 2 H. 3-H), 7.86 (d, 3 J 1 i ~  = 8.1 Hz, 2 
H, 5-H), 7.97 (d, 3 J I I ~  = 9.0 Hz, 2 H, 4-H). 

3,3 ' -[ ( R ,  S )  -2,2'-Dimethoxy- I ,  I ' -h in~iphth~ldi~l]bi .~lmethoxy-  
carbene)his(pentacarbon~lchromium(U)] (2): Yield 2.5 g (3.2 
mmol, SO%), m.p. 170 "C (dec.), Rf = 0.52 (pctroleum etheddiethyl 
ether, 5:l), red crystals. - IR (petroleum ether): P = 2064 cm-' 
(m, A;; C=O), 1953 (s, A:, E; C=O). - IH NMR (500.13 MHz, 

OCH3,,,hene)r 7.20 (d, br, lJHH = 8.4 Hz, 2 H, X-H and 8'-H), 7.30 
(dd. 3./HH = 7.3 Hz, 3JHH = 7.3 Hz, 2 H,  7-H and 7'-H), 7.45 (dd, 
3JHH = 7.1 Hz: 3 J ~ ~ ~  = 7.1 Hz, 2 H, 6-H and 6'-H), 7.55 (s, 2 H, 
4-H and 4'-H), 7.92 (d, 3 J H H  = 8.1 Hz, 2 H. 5-H and 5'-H). - 
I3C NMR (125.76 MHz, CDCI?): ti = 60.41 (OC€13aTc,m.), 65.69 

122.60 (br, Caryl), 216.28 (C=O,,,), 224.23 (C=O,,,,), 352.93 (br, 

1608 

CDCI1, 323 K): 6 = 3.23 (s, 6H, OCH1,, ), 4.40 (s ,  6 H, 

(OCHScarbene), 134.13, 129.48, 128.76, 127.68, 125.81, 125.38, 

Cr=C). - MS (FAB); m/z (oh): 781.9 (15) [M']. 669.9 (89) [M' - 

4 CO], 641.9 (100) [M+ - 5 CO], 614.0 (25) [M+ - 6 CO], 586.0 
(45) [Mt - 7 CO]. 558.0 (87) [M+ - 8 CO], 530.0 (42) [Mf - 9 
C o ] ,  502.0 (24) [M+ - 10 CO]. - C?,H220L4Cr2 (782.55): calcd. 
C 55.25, H 2.83; found C 55.29, H 2.89. 

3-[ IR ,S )  -2,2'-Dimethoxy-l, I ' -binaphtl~yl]jmetlzo.~~~carbe~ie)- 
tetracarhonylchvomiurnjai 14): Yield 1.2 g (2.3 mmol, 36'%), Rf = 
0.41 (petroleurn etheddicthyl ether, 5:1), black solid. - IR (dictliyl 
ether): C = 2017 cm-' (s, A]; C=O), 1945 (s, A;; C=O), 1917 (VS, 
Bl; C=O), 1862 (s, BL; C=O). - 'H NMK (500.13 MHz, CDC13): 
6 = 3.42 (s. 3 H, OCH,,,,,.c2,), 3.87 (s, 3 H, OCH3carbcnc)r 5.00 

3 J ~ ~  = 8 HZ, 1 H, 3'-H), 7.31 (dd, 3 J ~ ~  = 8 HZ, 3Jl~~f = 7 Hz, 2 
(s, 3 H, OCH3arom..C2); 7.09 (d, 3JHrr = 8 Hz, 1 H; 8'-H), 7.13 (d, 

H, 6-H and 6'-H), 7.38 (dd, 'JHH = 8 Hz, 3 J ~ ~  = 7 Hz, 1 H, 7- 
H), 7.42 (dd, 3,1HH = 8 Hz, 3 J H ~  = 7 Hz, 1 H3 7'-H), 7.48 (d, 
3 J ~ ~  = 8 HZ. 1 H. 8-H), 7.90 (d, 3 J ~ ~  = 8 HZ, 1 H, 4'-H), 8.01 
(d. 'JHH = 8 HZ, I H, 5'-H), 8.05 (S, 1 H, 4-H), 8.06 (d, ' J H H  = 8 
Hz, I H, 5-H). - 13C-NMR (125.76 MHz, CDCI,): 6 = 56.25 
(OCH3arom.-~~'), 67.94 (OCH3carbene): 72.31 (OCH3arom.-~2),  113.08, 
115.78. 116.94, 120.46, 124.12, 124.66, 125.75, 125.99, 127.51, 
128.28, 128.82, 128.99, 130.36. I3 1.1 1, I3 I .36, 133.23, 133.62, 

231.82, 232.06 (C=O,,,,,), 337.23 (C=Cr). - MS (FAB); mlz ('!A): 

CO], 408.1 (70) [Mf - 4 CO]. - C28H2007Cr (520.46): calcd. C 
64.62, H 3.87; found C 63.84, H 4.02. The cnantiopure complexes 
gave speclroscopic data identical with those listed above Tor the 
racemic compounds. 

Crystallogrphie Data ,for 2[161: Formula C36H2i014Cr2t molecu- 
lar mass 782.6, orthorhombic, space group Pccn (no. 56), Z = 4, 
u = 2530.3 (6), b = 823.2 (2), c = 1687.6(4) pm, V = 3.554 (2) 
nm3, pcalcd, = 1.46 Mg/rn-,, p(Mo-K,) = 0.68 mm-I, crystal di- 
mensions 0.45 X 0.40 X 0.15 mm, 4022 reflections (3136 unique; 
R,,, = 0.036) were measured with a Nicolet R3m diffractometer 
with graphite-monochromated Mo-K, radiation (h = 71.073 pm) 
at room temperature, 20,,, = 50" ( - I  5 lz 5 30% -I  5 k 5 9, - 1 
5 1s 20). The structure was solved by dircct methods (SHELXTL- 
Plus['6]) and refined on P by full-matrix least-squares techniques 
(SHELXL-93[171). All non-hydrogen atoms were refined aniso- 
tropically; the hydrogen atoms were refined by using a riding mod- 
el. R values: RI = 0.041 [for I > 20(1)], wR2 = 0.095 for 3136 
reflections with 237 parameters. Largest difference peak 0.196 e 
nm-l .lo3, largcst difference hole -0.221 e nm-3. 10'. 

The labelling of the atoms used in the publication varies from 
the original labelling as follows (original first): CIO+Cl, C1 1+C2, 
C 2 4 3 ,  C 3 4 4 ,  C4-CI0, CIkC11. 

135.87 (Car,!), 154.88 (C-2'), 160.40 (C-2), 215.20,215.52 (C=O,.,,), 

520.1 (17) [M+], 464.1 (31) [M' - 2 CO], 436.1 (100) [M+ - 3 
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