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Table II. Competition Studies of la with Alkene Pairs

yields,
entry alkenes product ratios combined
1 CH,=CHPh 3a +4a =100 86%
CH,=CHCO,Me 4b =36
2 CH,=CHPh 3a +4a=100
CH,=CHOEt 3¢=23
3 CH,=CHCO,Me 4b =100 73%
CH,=CHOEt 32a=70

similar to those involved in the reactions of 1 with alkenes and
found no evidence of rearrangement. For example, neither
treatment of 7 with Fe,(CO)y in THF at 60 °C for 1 h under argon
nor at 50 °C for 1 h under 60 psi of CO produced any change
in 7 (92-95% recovery of 7).

These results delineate a new reaction of Fischer-type carbene
complexes with functionalized alkenes and demonstrate remarkable
regioselectivity and generality. While dipolar and long-lived
diradical intermediates appear to be unlikely in the key carbon-
carbon coupling step, the basis for regioselectivity is not yet ap-
parent.
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three-membered ring: (a) Casey, C. P.; Scheck, D. M.; Shusterman, A. J.
J. Am. Chem. Soc. 1979, 101, 4233-4236. (b) Rajaram, J.; Ibers, J. A. Ibid.
1978, 100, 829-838. (c) Cushman, B. M.; Brown, D. B. J. Organomet. Chem.
1978, 152, C42-C44. (d) Al-Essa, R. J. Puddephatt, R. J.; Quyser, M. A,;
Tipper, C. F. H. Ibid. 1978, 150, 295-307. (e) Brown, D. B.; Viens, V. A.
Ibid. 1977, 142, 110-121. (f) Johnson, B. F. G.; Lewis, J.; Tam, S. W, Ibid.
1976, 101, 4201-4211. Direct rearrangement of 2-carbomethoxy-1-meth-
oxy-2-phenylcyclopropane to 4 (R = Ph, X = CO,Me) catalyzed by Pt(II)
and Ru(II) has been observed: Doyle, M. P.; Leusen, D. V. J. Am. Chem.
Soc. 1981, 103, 5917-5919.

(14) Ethyl 2-ethoxy-2-phenylcyclopropanecarboxylate was prepared by the
reaction of ethyl diazoacetate with a-ethoxystyrene at 60 °C in the presence
of a catalytic amount of anhydrous cuprous sulfate. See: Doyle, M. P,; van
Leusen, D.; Tamblyn, W. H. Synthesis 1981, 787-789.
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While many BH,™ derivatives of the transition elements have
been prepared and characterized,! few AlH,™ transition-metal
complexes have even been claimed, and none are structurally well
understood.? We now report some 1,2-bis(dimethyl-

(1) Marks, T. J.; Kolb, J. R. Chem. Rev. 1977, 77, 263~-293.

Figure 1. Structure of MnBr,(dmpe),. Only one of the two dmpe con-
formations is shown, and the thermal ellipsoids of the CH; and CHj,
carbons clearly show the motion involved in moving from one confor-
mation to the other, which corresponds to a twist about the equatorial
2-fold axis along the vector jointly the midpoints of the CH,-CH, bond
and the metal atom. Important bond lengths (A) and angles (°): Mn-Br
2.666 (5), Mn-P 2.655 (6); Br-Mn~-P 90.7 (2), P-Mn-P 78.7 (2).

Figure 2. Structure of the centrosymmetric dimer [(dmpe),MnH,AlH,],.
Important bond lengths (A) and angles (°): Mn-P(1) 2.206(3), Mn-
P(2) 2.218 (3), Mn-P(3) 2.218 (3), Mn-P(4) 2.215 (3), Mn-H(la) 1.61
(3), Mn-H(1b) 1.63 (3), Al-H(12) 1.81 (3), Al-H(1b) 1.81 (3). Al-H-
(2a) 1.80 (3), AI-H(2b) 1.51 (3), Al-H(2a) 1.64 (3); H(1b)-Mn-H(la)
98 (1), P(1)~-Mn-P(2) 84.0 (2), P(3)-Mn-P(4) 83.1 (2), H(1a)-Al-H-
(1b) 85(1), H(la)~Al-H(2b) 96 (1), H(la)-Al-H(2a) 108 (1), H-
(1b)-Al-H(2b) 138 (1), H(1b)~Al-H(2a) 112 (1), H(2a)-Al-H(2a*)
75 (1), H(1b)-Al-H(2a*) 111.6 (12).

phosphino)ethane (dmpe) complexes of manganese and the first
X-ray crystal structure of a tetrahydridoaluminate transition-metal
complex.

Only one monomeric phosphine adduct of a manganese(II)
halide has been reported previously.? We find that MnBr, and
Mnl, react readily with dmpe in dichloromethane to give the
colorless octahedral complexes trans-MnX,(dmpe),, X = Br and
I. Both compounds are high-spin d* in toluene solution at 30 °C
(# = 5.9 up) and give X-band EPR spectra in toluene at -196
°C characteristic of S/, ground states with near-axial symmetry.*
X-ray crystal structure® of MnBr,(dmpe), confirms the trans

(2) (a) Wiberg, E; Lacal, R. V. Z. Naturforsch. B 1951, 6, 392-393. (b)
Schaeffer, G. W.; Roscoe, J, S.; Stewart, A. C. J. Am. Chem. Soc. 1956, 78,
729-732. (c) Monnier, G. Ann. Chim. 1957, (13), 2, 14-57; (d) Henrici-
Olive, G.; Olive, S. J. Organomet. Chem. 1970, 23, 155-157. (e) Wailes, P.
C.; Weigold, H. Ibid. 1970, 24, 405-411. (f) Kenworthy, J. G.; Myatt, J;
Symons, M. C. R. J. Chem. Soc. A. 1971, 1020-1024. (g) Jennings, J. R.
Brit. Pat. 1285871, 1972; Chem. Abstr. 1972, 77, P152348X. (h) Kost, M.
E.; Golovanova, A. 1. Izv. Akad. Nauk. SSSR, Neorg. Mater. 1978, 14,
1732-1734. (i) Labinger, J. A.; Wong, K. S. J. Organomet. Chem. 1979, 170,
373-384.

(3) (a) Warren, L. F.; Bennett, M. A. Inorg. Chem. 1976, 15, 3126-3140.
However, see: (b) McAuliffe, C. A. J. Organomet. Chem. 1982, 228, 255~-264
and references therein.

(4) Dowsing, R. D.; Gibson, J. F.; Goodgame, M.; Hayward, P. J. J. Chem.
Soc., A 1969, 187-193.

(5) Tetragonal crystals from toluene, space group P4,/ncm, with a =
14.014 (2) ,§ c=12.220 (7 A, V = 24002 A%, Z = 4 R = 0.072 for
720/1134 observed data [F, > 3¢(F,)] measured on a diffractometer (CAD4,
MoKe radiation, A = 0.71069 A, w/2 scan mode). The molecule lies on a
position of symmetry 2/m. The dmpe ligands are disordered over two con-
formations that leave the phosporus atoms unmoved, but the methyl and
methylene carbon atoms equally occupying two sets of positions (see Figure

1.
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stereochemistry (Figure 1), and the derived bond lengths agree
with the high-spin electronic configuration. The Mn-P distance
compares favorably with that found (2.625 A) in MnCl,(LL),,
LL = o-phenylenebis(dimethylphosphine).*

The reaction of MnBr,(dmpe), with excess LiAlH, in toluene
gives a yellow diamagnetic Mn! complex of stoichiometry Mn-
(AlH,)(dmpe),. Infrared stretches at 1740, 1610, and 970 cm™!
may be assigned to various Al-H and Mn-H-Al modes.5 In the
'H NMR spectrum, a MnHALI hydride resonance occurs at 9
-15.02 broadened due to the quadrupole moments of manganese
and aluminum. A terminal AIH signal at § +5.05 is similarly
broadened, although to a lesser extent; the ratio of bridging to
terminal hydrides is 1:1 by integration. The dmpe 'H and *C{!H}
NMR resonances indicate a cis-octahedral arrangement about
manganese, while the 3'P{!H} NMR spectrum is uninformative,
again due to quadrupolar effects.

In view of the rarity of transitional-metal AIH, complexes, we
have determined the X-ray crystal structure of Mn(AlH,)(dmpe),
(Figure 2).” In the solid state the compound exists as a cen-
trosymmetric dimer, [Mn(AlH,)(dmpe),],, due to the formation
of a Mn(u-H,)AIH (p-H),AlH,(¢-H),Mn bridge. The aluminum
atoms have trigonal-bipyramidal geometries. The dihydride
bridges are all formed from one axial and one equatorial hydrogen
atom on each aluminum. The central Al(u-H),Al unit is asym-
metric, with the long and short Al-H distances differing by ca.
0.2 A. Thus, the molecule can be thought of as a loosely bound
dimer, and this is compatible with the monomeric structure implied
by the solution NMR data. In the Mn(u-H),Al units, the Mn-H
distances are equal and shorter than the two Al-H distances by
0.2 A, indicating a strong affinity of the hydrides for the man-
ganese atom. The geometries about Mn are cis octahedral, with
the Mn-P distances trans to the hydrides being slightly shorter
than the Mn-P distances trans to each other.

Although this is the first example of a transition-metal AlH,"
complex to be structurally determined, other complexes containing
M-H-Al bridges have been examined crystallographically.® The
structure of [Ta(AIH,(OCH,CH,0Me),)(dmpe),],* is similar
to the manganese molecule described here, but as is often the
case,®** the hydrogen atoms were not located.

Alkylation of MnBr,(dmpe), with MgMe, in diethyl ether gives
red trans-MnMe,(dmpe),. This complex is low spin (u = 2.4 up);
evidently, the stronger ligand field strength of alkyls relative to
halides is sufficient to effect spin pairing. This is substantiated
by the X-ray crystal structure,’ which shows that the Mn-P
distances are ca 0.4 A shorter than in trans-MnBr,(dmpe),.

Alkylation of MnBr,(dmpe), with MgFEt, in diethyl ether gives
the yellow diamagnetic Mn! complex trans-MnH(CH,=
CH,)(dmpe), presumably by 3-hydride transfer in an intermediate
ethyl compound. The NMR parameters are consistent with a
trans-octahedral structure, with rotation of the ethylene being fast
on the NMR time scale. Only two other ethylene complexes of
manganese are known, both being carbonyl species.!®

(6) Nakamoto, K. “Infrared and Raman Spectra of Inoganic and Coor-
dination Compounds”, 3rd ed.; Wiley-Interscience: New York, 1978.

(7) Monoclinic, crystals from light petroleum, space group P2;/n, with a
= 93134, (2& A b =135154,(3) ,E c=16.912 (3) A, 8 = 97.01 (2)°,
V = 2121.5 A}, Z = 2 dimeric units, R, = 0.0415, (R, = 0.0455) for
3131/3716 observed data [F, > 30(F,)]. All the hydrogen atoms were ex-
perimentally located and freely refined with individual isotropic thermal
parameters.

(8) (a) Guggenberger, L. J.; Tebbe, F. N. J. Am. Chem. Soc. 1973, 95,
7870-7872. (b) Rettig, S. J.; Storr, A,; Thomas, B. S.; Trotter, J. Acta
Crystallogr., Sect. B 1974, B 30, 666-673. (c) Forder, R. A.; Prout, K. Ibid.
1974, B30, 2312-2317. (d) McNeese, T. J.; Wreford, S. S.; Foxman, B. M.
J. Chem. Soc., Chem. Commun. 1978, 500-501. (e) Kopf, J.; Vollmer, H-J.;
Kaminsky, W. Cryst. Struct. Commun. 1980, 9, 985-9880.

(9) Monoclinic, crystals from light petroleum, space group P2;/n, with a
=9.576 A, (2) A, b =12.642 &, (3) zf c=18.953(2) A, 8=190.13(2)° V
=1083.8 A%, Z=2,R =0.12 for 1234/1907 observed data. Refinement has
been hindered due to severe disorder of the dmpe ligands, and the results must
be considered preliminary. In spite of the problems, the centrosymmetric trans
structure is well-defined, and we consider the Mn-P and Mn~-C distances of
2.241 (5)-2.251 (4) and 2.20 (2) A to be reliable.
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The elaboration of molecular architecture around a carbonyl
group constitutes the most important approach for the synthesis
of complex molecules. Substitution at the a-position and replacing
the C-O bonds by C-C bonds, normally only one but occasionally
both C-O bonds,!? forms the heart of this approach. Improving
the efficiency and selectivity of this strategy represents an im-
portant goal. Based upon the concept of small strained rings as
pseudofunctional groups and their ease of introduction at a car-
bonyl group,? we envisioned a stereocontrolled approach for the
replacement of both C-O bonds of the carbonyl group (i.e., a
geminal alkylation) and simultaneous introduction of substituents
at the position « to a carbonyl group as shown in eq 1.

0 R
T — jﬁ: M

Vinylcyclopropanols are readily available from saturated ketones
by a straightforward process. Reacting the ketones with cyclo-
propyldiphenylsulfonium fluoroborate and powdered potassium
hydroxide in Me,SO at room temperature produces oxaspiro-
pentanes in virtually quantitative yield.> Extraction of the Me,SO
solution with pentane followed by exposure of the oxaspiropentane
solution to lithium diethylamide generates the vinylcyclopropanol
in 70-90% isolated yield as shown in Scheme I for cyclo-
pentanone.>* Chemoselective addition of an electrophile to the
double bond of 1 should initiate ring expansion to the cyclo-
butanone.*7 Since secosulfenylation® and secobromination® (a

(1) For reviews, see: Martin, S. F. Tetrahedron, 1980, 36, 419. Krapcho,
A. P. Synthesis, 1974, 383.

(2) For an approach based upon small ring conjuctive reagents, see: Trost,
B. M. Acc. Chem. Res. 1974, 7, 85. Pure Appl. Chem. 1975, 43, 563. For
some recent related work, see: Halazy, S.; Lucchetti, J.; Krief, A. Tetrahedron
Letr. 1978, 3971. Cohen, T.; Matz, J. R. Ibid. 1981, 22, 2455. Trost, B. M,;
Keeley, D. E.; Arndt, H. C.; Bogdanowicz, M. J. J. Chem. Soc. 1979, 99,
3088.

(3) (a) Trost, B. M.; Bogdanowicz, M. J. Tetrahedron Lett. 1972, 887; (b)
J. Am. Chem. Soc. 1973, 95, 5311.

(4) Trost, B. M.; Bogdanowicz, M. J. J. Am. Chem. Soc. 1973, 95, 289.
Trost, B. M.; Kurozumi; S. Tetrahedron Lett. 1974, 1929. Trost, B. M.;
Hishimura, Y.; Yamamoto, K. J. Am. Chem. Soc. 1979, [0/, 1328. Girard,
C.; Amice, P.; Barnier, J. P.; Conia, J. M. Tetrahedron Let:. 1974, 3329,
Girard, C.; Conia, J. M. J. Chem. Res. 1978, 183. Salaun, J.; Ollivier, J.
Nowuv. J. Chim. 1981, 5, 587.
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