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Abstract: The pinene-annulated cyclopentadiene (-)-1 forms iron carbonyl and dichloro-
titanium complexes from its less hindered w surface; the camphor-annulated 11gand (+)-4
exhibits analogous facial selectivity. The utility of complexes 3 and 5 as asymmetric

hydrogenation catalysts is evaluated.

Optically active cyclopentadienes have commanded attention recently as 1igands to
transition metals for the purpose of effecting asymmetric synthesis} However, the
results have been generally disappointing, perhaps because only one chiral substituent
has been present on the Cp ring. The preceding paper.| describes new synthetic metho-
dology that makes possible the expedient preparation of two optically pure, annulated
cyclopentadienes. Since both of these systems differ from the earlier prototypes by
possessing considerably greater conformational rigidity, we have investigated their

+complexation to iron and/or titanium, as well as the ability of the latter to effect
enantioselective hydrogenat1on.4

Heating 1 with 3 mol equiv of Fe(CO)g in n-octane
12.5% yield. The addition of cyclooctense as hydrogen acceptor improved matters to the
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29.5% level. Subsequently it was found that norbornene serves admirably in this capacity
and allows isolation of 2 in 70% yield. Thus, the Cp dicarbonyl hydride mechanistic
hypothes1s6 receives added experimental substantiation. X-ray crystallographic analysis
of 2 (dark brown crystals, mp 178 °C dec)’ revealed that coordination to fron occurs from
the m-face proximal to the methano bridge and that 2 crystallizes as the cis 1somer®
(Figure 1).

Figure 1. A computer-generated Figure 2. A computer-generated
perspective edge view of 2, view of 3.

The cyclopentadienide anions of 1 and 4 reacted with T1C14 in ether to give major
proportions of 3 (39%, deep red crystals, mp 240 °C dec) and 5 (23%, purple brown crys-
tals, mp 175-178 °C), respectively. The three~dimensional features of 3 were determined
to be as shown by X-ray analysis (Figure 2.7 That below-plane complexation had occurred
on both ligands in complex 5 was evident by spectral comparison with 3 and 6.9+10

The abi11ity of reduced forms of 3 and 5 to effect enantioselective hydrogenation of
2~ethyl-1-hexene (7) and a-ethylstyrene (8) is summarized in Table I. In our hands,
activation with n-buty]H*l:h‘Ium'l.I proved superior though less reproducible than the Red-Al
method.3"  The data reveal 3 to be an inferior catalyst to 5, which gives optical yields
greatly superior to any previously observed.3’4 Understandably, the systems do not dis-
tinguish the ethyl/n-butyl substituent pair in 7 as well as they do the ethyl and phenyl
groups in 8. Of mechanistic importance is the finding that the asymmetry introduced by 3
is antipodal to that realized with 5.
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Table I. Enantioselective Hydrogenation Results.

% enantiomeric excess {abs. config.)?

Method of L\/ [
Complex Temp activation n (8)

CeHs
3 20°¢ Red-A1 0.1 (R) 1.7 (8)
20°c n~Bul 1 ——— 2 (8
~20°C n-Bul 1 - 6.9 (3)
4 20°C Red-Al 2.2 (8) 14,1 (R
0°c Red=A1 ——— 23.7 (R)
~20° n-BuLiP -— 34

8The absolute configurational assignments for 3-methylheptane [Burwell, R. L. Jr.;
Gordon, G. S., IIT J. Am. Chem, Soc, 1948, 70, 31287 and 2-phenylbutane [Lardicci, L.;
Menicag11, R.; Salvadori, P. Gazz, Chim. Ital., 1968, 98, 7381 have been culled from the
1iterature. DSee footnote 4.

References and Notes

(1) This paper represents our 37th contribution to the chemistry of isodicyclopenta-
dienes. For part 36, see preceding paper in this issue.

(2) Author to whom inquiries concerning the X-ray crystal structure analyses should be
directed at the University of Delaware.

(3) (a) Le Moigne, F.; Dormond, A.; Leblanc, J.-C.; Moise, C.; Tirouflet, J. I.
Qrganomet, Chem. 1973, 54, C13. (b) Tirouflet, J.; Dormond, A.; Leblanc, J.-C., Le
Moigne, F. Tethrahedraon Lett. 1973, 257. (c) Leblanc, J.-C.; Moise, C.; Bounthakna, T.
Compt. Rend. 1974, 278C, 973. (d) Bounthakna, T.; Leblanc, J.-C.; Moise, C. 1bid. 1975,
280C, 1431. (e) Dormond, A.; Tirouflet, J.; Le Moigne, F. l. Organomet, Chem. 1975,
101, 71. (f) Leblanc, J.-C.; Moise, C. 1bid, 1976, 12Q, 65. (g) Leblanc, J.-C.,; Moise
C. Ibid. 1977, 131, 35. (h) Leblanc, J.-C.; Moise, C.; Tirouflet, J. Nouv. J. Chim.
1977, 211. (1) Cesarotti, E.; Kagan, H. B.; Goddard, R.; Kruger, C. J. Organomet. Chem.
1978, 162, 297. (J) Dormond, A.; Kolavudh, T.; Tirouflet, J. Ibid. 1979, 164, 317. (k)
Dormond, A.; Moise, C.; Dahchour, A Tirouflet, J. Ibid, 1979, 177, 181. (1) Cesarotti,
E.; Ugo, R.; Kagan, H. B, Angew, Chem.. Int. Ed. Engl. 1979, 18, 779. (m) Couturier,
S.; Tainturier, G.; Gautheron, B. 1, Organomet, Chem. 1980, 195, 291. (n) Cesarotti,

E.; Ugo, R.; Vitiello, L. J. Mol, Cat, 1981, 12, 63. (o) Dormond, A.; E1 Bouadili, A.;
Moise C. Tetrahedron Lett. 1983, 3087.

(4) Halterman, R, L.; Vollhardt, K. P, C. JTetrahedron Lett. 1986, 1461,



5602

(5) King, R. B.; Bisnette, M. B. ]. Organomet. Chem. 1967, 8, 287.

(6) (a) Hallam, B, F.; Mi11s, O. S.; Pauson, P. L. J. Inorg. Nucl. Chem. 1955, 1, 313.
(b) Pauson, P. L. Proc. Chem, Soc. 1960, 297. (c) Kochhar, R. K.; Pettit, F. J. Organo~
met. Chem, 1966, 6, 272.

(7) Crystal parameters: 2, 028H30Fe204, orthorhombic E212-|21, a=11.378(3), h =
11.903(3), ¢ = 18.168(5) A, ¥ = 2461 A3, Z=4, 1L = 12,1 em™), D (calc) = 1.463 b cm™3
crystal size 0.28 x 0.30 x 0.34 mm; of 6111 reflections collected, 4260 with E; > 4o(E)
were considered observed. R = 4.19%, R.\'LE = 4.88%, GOF = 0.984, A/ = 0.09, Alp) = 0.64
e A3, data/parameter = 10.7. 3, CpgH3gTiCl,s orthorhombic, B242,24, & = 7.349(3), h =
14.520(6), ¢ = 20.429(8) A, ¥ = 2180 A3, Z =4, U = 6.6 cm™ ', D (cale) = 1.332 g em™3,
crystal size 0.20 x 0.20 x 0.42 mm; of 3019 reflections collected, 2180 with E, > 4o(E)
were considered observed. RF_ = 4,39%, BM.E = 4,92%, GOF = 0,985, &/0 = 0,01, Mp) =

0.41 e R'3, data/parameter = 8.9. For both, Nicolet R3m/u diffractometer, MoKo radia-
tion, graphite monochromator, T = 293(1) K, data collection to the 1imit of availability
(2, 26 = 55% 3, 20 = 459), Unit cell parameters were derived from the least squares
fit of 25 reflections (21° < 26 < 279. Two octants of intensity data were collected
and not merged. No corrections for absorption or decay (each < 1%) were required. In
both cases refinement of a multiplicative factor for Af" showed that the reported
enantiomorph is unambiguously correct. A11 computer programs are contained in the
SHELXTL program libraries (version 5.1), Nicolet XRD Corp., Madison, WI. Crystal-
lographic parameters have been deposited with the Cambridge Crystallographic Data File,
University Chemical Laboratory, Lensfield Road, Cambridge, CB2 1EW, England and are
available from them, Please give a complete literature citation when ordering.

(8) X-ray data are available for this cis and trans forms of the parent Cp complex
[Mi11s, O. S. Acta Crystallogr. 1968, 11, 620; Bryan, R. F.; Greene, P. T.; Field, D.
S.; Newlands, M. J. Chem. Commun. 1969, 1477]. No attempt has been made to assess the
dynamic behavior of 2 [see Gansow, O.; Burke, A. R.; Vernon, W. D. J. Am. Chem. Soc,
1972, 94, 25501.

(9) Gallucci, J. C.; Gautheron, B,; Gugelchuk, M.; Meunier, P.; Paquette, L. A, Or=
ganometallics, submitted for publication.

(10) Most notably, the endo methyl group in 3 (at § 0.49) and the endo~ethano protons in
6 (at S 1.11) are significantly shielded relative to the uncomplexed 11gand.] while their
exo counterparts are 1ittle affected. The same long-range anisotropy is present in 5
(ng_d_q-CH3 = 0,26, 6_er-CH3 = 0.91), whose symmetry is also apparent by B MR,

(11)  Smith, J. A.; Brintzinger, H. H. J. Organomet. Chem. 1981, 218, 159.

(Received in USA 15 July 1986)



