Thefirst chiral diimido chelate complexes of molybdenum and tungsten:
transition metal diimido complexes on the way to asymmetric catalysis
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The first complexes [M(TADDAMINat)Cl,(dme)] (M = Mo
(2), W (4)) containing a chiral diimido ligand regime have
been synthesized; 2 has been structurally characterized and
used as catalyst for C-C and C-N bond formation reac-
tions.

Transition metal imido complexes[MV!(NR).X ] have attracted
considerable attention as isolobal analogues of group 4
metallocene complexes[cp,M'VX].1 Thismay well makethese
diimido complexes, chelating ones in particular, promising
aternatives to the well known,2 highly efficient ansa-metal-
locenes for olefin polymerisation and other C—C or C—N
coupling reactions.Although few applications of diimido com-
plexes in catalysis are known,3 no successful use in enantiose-
lective transformations has been described so far.

Gibson et al. first reported chelating bis(arylimido) com-
plexes, one of them revealing a solid state structure of Co-
symmetry.4 However, this compound was found to be config-
urationally unstable in solution at room temperature. Here, we
present the synthesis of the first chiral C,-symmetric diimido
complexes of molybdenum 2 and tungsten 4 derived from the
enantiomerically pure chiral diamine 1.

Our efforts towards the synthesis of chira five-membered as
well as seven-membered chelate complexes containing sp2
carbon atoms in the ligand backbone failed, in accordance with
thework of Siemeling et al.5 In order to render the system more
flexible we decided to use an entirely aiphatic backbone
containing only sp3 carbons in our chelate. The ligand
TADDAMIN  {(4S59-2,2-dimethyl-o,«,o’ ,o’-tetraphenyl-
1,3-dioxolan-4,5-dimethanamine} 1 reported by Seebach et al .6
the amine derivative of the TADDOL family, which has proven
its high efficiency in asymmetric synthesis,” looked very
promising to us. Following the well established route for the
synthesis of diimido complexes of the type [Mo(NR),Cl,(dme)]
from Na,M 00O, in the presence of Me3SiCl—Et3N,3 we obtained
[Mo(TADDAMINat)Cl,(dme)] 2 in 95% yield (Scheme 1).1
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Scheme 1 Synthesis of molybdenum complex 2. Reagents and conditions:
i, NapM 0Oy, 1, MesSiCl, EtsN, dme(Mo: 1: MesSiCl: EtsN = 1:1:20:20),
12 h, 85 °C.

Crystalsof 2 suitablefor X-ray structure determinationt were
grown from a saturated toluene solution. Each unit cell contains
one solvent molecule (Fig. 1).

Group 6 metal complexes of the constraint-geometry [TAD-
DAMINat]4- ligand type are isoelectronically related to the
well known [TADDOLat]2~ complexes of group 4 metas
described by Seebach in ref. 9. Table 1 compares the most
important structural features of the structurally characterized
titanium TADDOLato complex 310 with its isoelectronic
TADDAMINato molybdenum counterpart 2. Similar bonding
distances and bond angles indicate comparable metal ligand st-

Fig. 1 Themolecular structure of [Mo(TADDAMINat)Cl,(dme)] 2 (toluene
omitted for clarity). Selected bond lengths (pm) and angles (°): Mo—N(1)
173.7(2), Mo-N(2) 173.9(3), Mo—-Cl(1) 240.7(1), Mo—Cl(2) 240.0(1), Mo—
O(3) 236.6(2), Mo-O(4) 238.0(2), C(1)-N(1) 145.8(4), C(4)-N(2
145.6(5); N(1)-Mo—N(2) 99.52(13), C(1)-N(1)-Mo 148.7(2), C(4)-N(2)—
Mo 148.7(2), CI(1)-Mo-Cl(2) 158.23(4), O(3)-Mo-O(4) 68.91(9).

Table 1 Comparison of bond lengths (A) and angles (°) in the molybdenum
complex 2 and the titanium complex 3
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Mo—N—C  148.7/148.7 Ti—O0—C  147.1/145.2
N—Mo—N 99.5 0—Ti—0 97.2

bonding interactions and similar constraints within the iso-
electronic TiO, and MoN;, structural units.

The analogous tungsten complex [W(TADDAMINat)-
Cl(dme)] 4 was synthesized following a route used before in
our group.! Reaction of WO,Cl,(dme), prepared in situ from
WOCI412 with TADDAMIN 1 in the presence of EtzN and
TMSCI gave complex 4 as an off-white solid in 90% yield
(Scheme 2).1

Since d° imido complexes are excellent Lewis acids, we were
interested in the potential of enantiomerically pure 2 in various
stereoselective reactions. Recently Leung et al. described the
successful application of achiral group 6 organoimido com-
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Scheme 2 Synthesis of tungsten complex 4. Reagents and conditions: i,
WOCI, (1 equiv.), (MesSi),0 (1 equiv.), dme, O °C followed by 3 h at
40 °C; ii, TMSCI (8 equiv.), EtzN (5.6 equiv.), 1 (1 equiv.), dme, 6 d,
85 °C.

plexes in the ring opening of epoxides with TMSN3.13 Here we
disclose our first results under non-optimized conditions,§
using 2 as catalyst for the kinetic resolution of racemic styrene
oxide with TMSN3 and the enantioselective trimethylsilylcya-
nation of benzal dehyde with TM SCN. Whereas the transforma-
tion of styrene oxide resulted in up to 30% ee at 100%
conversion based on consumed TMSN; for the reaction of
benzaldehyde with TMSCN 20% ee at 100% conversion could
be obtained.4

As C,-symmetric complexes of this type are of high interest
for the stereosel ective polymerisation of «-olefins, we currently
are investigating their catalytic potential in this respect.

In conclusion, we present here the first chira diimido
complexes of molybdenum 2 and tungsten 4 and the application
of 2 asacatalyst for enantiosel ective transformations using C—
N and C-C bond forming reactions. Currently we areinvestigat-
ing modified ligand systems with sterically more demanding
aryl substituents in order to further improve the stereodiffer-
entiation using these complexes as a promising new class of
chiral Lewis acid catalysts.
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Notes and references

T Selected spectroscopic data. For 2: 1H NMR (300 MHz, CDCl3, 298 K):
60.76 (s, 6H, CH3), 3.72 and 3.89 (br s, 10H, CH3, CH, dme),25.21 (s, 2H,
CH), 7.20-7.54 (m, 20H, Ar-/Ar’-H). @Resolution at 223 K (400 MHz): &
3.72(d, 2H, CHy), 3.81 (s, 6H, CH3), 3.99 (d, 2H, CH,). 13C NMR (CDCl3,
75 MHz, 298 K): 6 27.1 (g, CH3), 62.6 (g, CH3 dme), 71.0 (t, CH, dme),
80.0 (d, CH), 94.9, 107.7 (s, CPh, and CMe,), 127.4, 128.0, 128.2, 128.3,
130.7 (d, Ar-/Ar’-C), 141.7 (s, Ar-Cipso), 142.7 (S, Ar-Clipss). MS (APCI
positive, MeCN): 719 (M + 1). apeg = —207.2(CHCl3, ¢ = 1 g 100 ml—1,
T = 298 K).

For 4: 1H NMR (CDCl3, 300 MHz, 298 K): 6 0.69 (s, 6H, CH3), 3.82 and
3.91 (br s, 10H, CH,, CH3 (dme)),2 5.05 (s, 2H, CH), 7.20-7.53 (m, 20H,
aryl-H). 2Resolution at 223 K (400 MHz): 63.79 (d, 2H, CH,), 3.97 (s, 6H,
CHj3), 4.03 (d, 2H, CH,). 13C NMR (CDCl3, 75 MHz, 298 K): 6 27.1 (q,
CH3), 55.8 (g, CH3 dme), 71.3 (t, CH, dme), 81.4 (d, CH), 90.3, 107.6 (s,
CPh, and CMey), 127.0, 127.1, 127.7,128.1, 130.7 (d, Ar-/Ar’-C), 144.1 (s,
Ar-Cipso), 144.5 (s, Ar-Clipso).
¥ Crystal data for C4H46CloMONO,4 2: M = 809.65, monoclinic, space
group P2; (no. 4), a = 1057.2(1), b = 1489.2(1), ¢ = 1251.9(1) pm, B =
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91.504(10), U = 1970.2(4) x 1030 m3, T = 223(2) K, Z = 2, y(Mo-Kw)
= 0.511 mm~—1, F(000) = 840, 6389 reflections measured, 6027 unique
(Rint = 0.0205) which were used in all calculations. The final wR(F5) was
0.0838 and R1 = 0.0319 (all data). A colorless, irregular quadertype single
crystal of 2 (dimensions 0.35 x 0.30 X 0.25 mm), recrystallized from
toluene, was used. The structure was solved using direct methods and
refined by full matrix least squares on F2. CCDC 182/1455. See http:/
/www.rsc.org/suppdatal/cc/1999/2381/ for crystallographic files in .cif
format.

§ Conditions for catalytic epoxide ring opening reactions: styrene oxide:
TMSN3: 2 = 2:1:0.01, 3 d room temp; regioselectivity: 1-trimethylsilyl-
oxy-2-azido-2-phenyl ethane: 1-azido-2-phenyl-2-trimethylsiloxy ethane =
85:15 [c(2) = 6 mM]. Conditions for catalytic trimethylsilylcyanation
reaction: benzaldehyde: TMSCN: 2 = 1:1:0.05, 3 d, —25 °C. Enantio-
meric excess determined by chiral capillary GLC (CP-Chirasil-Dex CB).

1 P.W. Dyer, V. C. Gibson, J. A. K. Howard, B. Whittle and C. Wilson,
J. Chem. Soc., Chem. Commun., 1992, 1666; V. C. Gibson, J. Chem.
Soc., Dalton Trans., 1994, 1607.

2 H.-H. Brintzinger, D. Fischer, R. Millhaupt, B. Rieger and R.
Waymouth, Angew. Chem., Int. Ed. Engl., 1995, 34, 1143.

3 W.-H. Leung, M.-C. Wuy, J. L. C. Chim, M.-T. Yu, H.-W. Hou, L.-L.
Yeung, W.-T. Wong and Y. Wang, J. Chem. Soc., Dalton Trans., 1997,
3525; W.-H. Leung, M.-T. Yu, M.-C. Wuand L .-L. Y eung, Tetrahedron
Lett., 1996, 37, 891; M. P. Colesand V. C. Gibson, Polym. Bull., 1994,
33, 529; M. P. Coles, C. |. Daby, V. C. Gibson, W. Clegg and M. R. J.
Elsegood, J. Chem. Soc., Chem. Commun., 1995, 1709; D. Jan, F. Simal,
A. Demonceau, A. F. Noels, K. A. Rufanov, N. A. Ustynyuk and D. N.
Gourevitch, Tetrahedron Lett., 1999, 40, 5695.

4 V. C. Gibson, C. Redshaw, W. Clegg, M. R. J. Elsegood, U. Siemeling
and T. Turk, J. Chem. Soc., Dalton Trans., 1996, 4513; C. Redshaw,
V. C. Gibson, W. Clegg, A. J. Edwards and B. Miles, J. Chem. Soc.,
Dalton Trans., 1997, 3343.

5 U. Siemeling, T. Turk, W. W. Schoeller, C. Redshaw and V. C. Gibson,
Inorg. Chem., 1998, 37, 4738.

6 D. Seebach, A. K. Beck, M.Hayakawa, G. Jaeschke, F. N. M.Kuhnle, I.
Nageli, A. B. Pinkerton, P. B. Rheiner, R. O. Duthader, P. M. Rothe, W.
Weigand, R. Wunsch, S. Dick, R. Nesper, M. Worle and V. Gramlich,
Bull. Soc. Chim. Fr., 1997, 134, 315.

7 D. Seebach and A. K. Beck, Chimia, 1997, 51, 293.

8 P. W. Dyer, V. C. Gibson, J. A. K. Howard, B. Whittle and C. Wilson,
J. Chem. Soc., Chem. Commun., 1992, 1666.

9 Encyclopedia of Reagents for Organic Synthesis, L. Paguett (ed. in
chief), J. Wiley and Sons, Chichester, 1995, vol. 3, 2167.

10 K. V. Gothelf, R. G. Hazell and K. A. Jargensen, J. Am. Chem. Soc.,
1995, 117, 4435.

11 U. Radius, J. Sundermeyer and H. Pritzkow, Chem. Ber., 1994, 127,
1827.

12 V. C. Gibson, T. P. Kee and A. Shaw, Polyhedron, 1990, 9, 2293.

13 W.-H. Leung, E. K. F. Chow, M.-C. Wu, P. W. Y. Kum and L.-L.
Yeung, Tetrahedron Lett., 1995, 36, 107.

14 L.E. Martinez, J. L. Leighton, D. H. Carsten and E. N. Jacobson, J. Am.
Chem. Soc., 1995, 117, 5897 and references therein; X.-B. Zhou, J.-S.
Huang, P.-H. Ko, K.-K. Cheung and C.-M. Che, J. Chem. Soc., Dalton
Trans., 1999, 3303 and references therein.

Communication 9/07525I



