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Figure 1. Preliminary structure'® of the anion core in [Et,N],-
{[MoFe;S,Cly(Clycat)]s(uy-S) (u3-NyH)J:CHICN.  The structure has
been drawn from crystallographically determined coordinates with use
of the program Molecular Editor, and the catecholate phenyl rings have
been omited for clarity.

data obtained from the best obtainable, albeit poor quality, crystals.
The core structure in I1 (Figure 1) has been drawn on the basis
of crystallographically determined coordinates and is presented
with the intention of showing atomic connectivity. The anion has
approximate C,, symmetry and is located on a crystallographic
mirror plane that contains the u,-S and the side-on, bridging N,H,
ligand and bisects the Mo—Mo and Fe-Fe intercube vectors. Most
of the interatomic bond distances and angles in II and III are
reasonable. Unfortunately the unacceptably high standard de-
viations of these values preclude a comparison of II or I1I to the
structures of the u,-S or u,-OH analogues. A meaningful com-
parison can be made between the Mo—Mo distance in 1T (5.22
(1) A) and that in [ (4.248 (9) A) and demonstrates the re-
markable flexibility of the basic structure in accepting bridging
ligands with differing steric demands.

The syntheses of 11 and II1 demonstrate the feasibility of in-
troducing nitrogenase substrates in an “end-to-end” bridging mode
within two u,-S-bridged cubane subunits and establish a metho-
dology for the rational synthesis of analogous mixed-cubane
clusters. Whereas Il and I1I posess Mo—L~-Mo bridges (L = CN-,
N,H,) and a stoichiometry of no direct consequence to the nit-
rogenase active site problem, mixed clusters analogous to Il and
I1I that contain MoFe,S, and Fe S, as subunits could be bio-
logically relevant. The latter will provide the first examples of
molecules with Mo—-L~Fe bridges, will have a biologically relevant
Fe:Mo:S ratio, and will be potentially capable in the heterobi-
metallic coordination of nitrogenase substrates. A Mo—u,-S-Fe
unit has been suggested previously!® as a possible site for the
activation and reduction of N, in nitrogenase.

An intriguing question arises as to whether, under strongly
reducing conditions, clusters similar to I, I1, and I1I or derivatives
(perhaps with homocitrate?® in place of the catechol ligands) can
be obtained with N, as an intercube bridging ligand. Toward this
goal the reactivity of I, II, and III, and of analogous “mixed”
clusters!! that contain Fe,S, and MoFe,S, subunits, currently is
under investigation.
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(18) Black crystals of 1I.CH;CN (MW 2042) are orthorhombic with space
group Pmcnand a = 15.502 (6) A, b = 19.661 (4) A, ¢ = 27.024 (6) A, and
Z=4,d,. = 1.64 g/cm’ d,, = 1.63 g/cm’; MW, = 2020 % 20. Sin-
gle-crystal X-ray diffractometer data were collected for 11 and the structure
was solved by a combination of heavy-atom Patterson techniques, direct
methods, and Fourier techniques, All atoms in the anion were located, how-
ever, due to the poor quality of the crystal and limited data (II: Mo Ka, 26,,,,
= 35°, 1317 data with / > 30/); a satisfactory model for the disordered Et,N*
cations in the structure has not yet been found. At present with a complete
anion refined but only parts of the Et,N* cations included in structure factor
calculations R = 0.16. All attempts to obtain better crystalline derivatives
of 11 have failed. With the expectation that it will be possible to obtain
high-quality data from better crystals, perhaps with different counterions,
deposition-of crystallographic data is not warranted at this time.

(19) Hardy, R. W. F.; Burns, R. C; Parshall, G. W. In Inorganic Bio-
chemistry; Eichhorn, G. L., Ed.; Elsevier: Amsterdam, 1973; pp 745-793.

(20) The presence of homocitrate in the FeMo cofactor of nitrogenase has
been detected recently. Hoover, T. R.; Imperial, J.; Ludden, P. W.; Shah, V.
K. Biochemistry 1989, 28, 2768.
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In connection with earlier observations that the variable hap-
ticity of halides plays a “lightly stabilizing” role for coordination
sites in some anion-promoted systems based on the complexes
[PPN][Ru3(X)(CO),), (X =Cl, Br, I; n = 11, 10, 9),"* we report
that amido, mercapto, and alkoxy groups modified by a pyridyl
substituent® give related activated species [PPN][Ru;(X-
(CsH,N))(CO),] ([PPN][1a-¢], n = 10; [PPN][2a-¢c], n = 9;
PPN* = (C6H5)3PNP(C6H5)3+; a, X= N(C6H5); b, X = S', C,
X = 0) that are involved in the equilibrium shown in eq 1.7

5
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Furthermore, the corresponding hydrido amido complex Ru;(u-
H)(u3-9*N(C¢H)(CsHN)(CO), (3a) is seen to activate alkynes
selectively via the alkenyl complex 5a and to promote an alk-
yne—ethylene codimerization® under mild conditions (Scheme I).

(1) (a) Lavigne, G.; Kaesz, H. D. J. Am. Chem. Soc. 1984, 106,
4647-4648. (b) Han, S.-H.; Geoffroy, G. L.; Rheingold, A. L. Inorg. Chem.
1987, 26, 3426-3428. (c) Han, S.-H.; Geoffroy, G. L.; Dombek, B. D.;
Rheingold, A. L. Inorg. Chem. 1988, 27, 4355-4361. (d) Han, S.-H.;
Geoffroy, G. L. Polyhedron 1988, 7, 2331-2339. (e) Han, S.-H.; Song, J.-S.;
Macklin, P. D.; Nguyen, S. T.; Geoffroy, G. L. Organometallics 1989, 8,
2127-2138. (f) Chin-Choy, T.; Harrison, W. T. A,; Stucky, G. D.; Keder,
N.; Ford, P. C. Inorg. Chem. 1989, 28, 2028-2029. (g) Rivomanana, S;
Lavigne, G.; Lugan, N.; Bonnet, J.-J.; Yanez, R.; Mathieu, R. J. Am. Chem.
Soc. 1989, 111, 8959-8960.

(2) (a) Zuffa, J. L.; Blohm, M. L.; Gladfelter, W. L. J. Am. Chem. Soc.
1986, /08, 552-553. (b) Zuffa, J. L.; Gladfelter, W. L. J. Am. Chem. Soc.
1986, 108, 4669-4671.

(3) For applied reactions of Ru/halide systems, see: (a) Dombek, B. D.
J. Organomet. Chem. 1989, 372, 151-161 and references therein. (b) Knifton,
J. In Aspects of Homogeneous Catalysis; Ugo, R., Ed.; Reidel Publishing
Company: Dordrecht, 1988; Vol. 6, 1-58 and references therein. (c) Cenini,
S.; Crotti, C.; Pizzotti, M.; Porta, F. J. Org. Chem. 1988, 53, 12431250 and
references therein. (d) Bhaduri, S.; Khwaja, H.; Sapre, N.; Sharma, K.; Basu,
A.; Jones, P. G.; Carpenter, G. J. Chem. Soc., Dalton Trans. 1990,
1313-1321.

(4) For recent reviews dealing with nucleophilic activation, see: (a) Ford,
P. C.; Rokicki, A. Adv. Organomet. Chem. 1988, 28, 139-217. (b) Lavigne,
G.; Kaesz, H. D. In Metal Clusters in Catalysis, Gates, B., Guczi, L,
Knozinger, H., Eds.; Elsevier: Amsterdam, 1986; Chapter 4, pages 43-88.
(c) Lavigne, G. In The Chemistry of Metal Clusters; Shriver, D., Adams, R,
D., Kaesz, H. D., Eds.; Verlag Chemie: Weinheim, 1990; Chapter S, pp
201-302.

(5) (a) Our interest in these ligands is related to our earlier work*® on
phosphidopyridyl groups. (b) Lugan, N.; Lavigne, G.; Bonnet, J .-J.; R&au,
R.; Neibecker, D.; Tkatchenko, 1. J. Am. Chem. Soc. 1988, 110, 5369-5376.

(6) Experimental details for the preparation and characterization of the
compounds are provided in the supplementary material.

(7) (a) [PPN][1a]: IR (#»(CO), cm™}, THF) 2066 (m), 2035 (vw), 2007
(vs), 1985 (vs), 1951 (m), 1935 (m), 1925 (sh), 1855 (vw), 18111800 (s, br).
(b) [PPN]{2a]: IR (»(CO), cm™!, THF) 2021 (s), 2012 (sh), 1975 (vs), 1934
(ms), 1912 (m), (842 (vw), 1793 (vs).

(8) Alkyne-alkene codimerization is unprecedented in cluster chemistry
and rare for mononuclear complexes; see: (a) Heck, R. F. Organo Transition
Metal Chemistry; Maitlis, P. M., Stone, F. G. A., West, R., Eds.; Academic
Press: New York and London, 1974. (b) Heck, R. F. Palladium Reagenis
in Organic Synthesis. Academic Press: New York, 1985.
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The complex [PPN][Ruj(u;-n*-N(C4Hs)(CsH{N))(CO)s]
([PPN][2a])57 was prepared either (i) by treatment of Ru;(CO),,
with [K][N(C¢Hs)(CsH,N)], followed by metathesis with [PP-
N][CI] (yield, 80-90%), or (ii) by reaction of 2-anilinopyridine
with [PPN][Ru,(z-H)(CO),,] (THF, 60 °C, 2 h, 60% yield), or
finally, (iii) by reaction of 2-anilinopyridine with Ru;(CO),,
(C¢Hg, 80 °C, 2 h) leading to Ruj(u-H)(u;-n*-N(CgHs)-
(CsH N (CO), (32)87 (yvield, 85%), followed by deprotonation
of the latter with [PPN}[BH,] (yield, 90%). The complex
[PPN][Ru;(p-n*-N(C¢Hs)(CsH4N))(CO)yq] ([PPN][1a]) was
quantitatively obtained in situ by bubbling CO into a solution of
[PPN][2a] for 5-10 min at 25 °C. The anion route (i} is the most
efficient process for the preparation of 2-mercaptopyridine de-
rivatives. Routes i and ii are the only efficient ones for 2-
hydroxypyridine, leading exclusively to [PPN][Ru;(u-2-O-
(CsHN))(CO),0] ([PPN][1c]) (60% yield).® The X-ray struc-
tures of [PPN][1c] and [PPN][2a] have been determined.®

The complex Ru;(u-H)(u3-n*-N(C¢H;)(CsH{N))(CO), (3a)
was found to react with PPh,H at —40 °C over 2 min to give
Ruj(u-H)(p3-7-N(C¢Hs)(CsH N)) (CO)g(PPh,H) (4a).'!! The
occurrence of a transient species involving a terminal amido group
may account for the very low activation energy of this substitution,
as observed in eq 1 and in few related systems.*!?

The high substitutional lability of the hydrido species 3a,b was
confirmed by the reaction with alkynes (40-50 °C, 30-45 min)
giving selectivity the alkenyl derivative Ru;(u3-n2-X(CsHN))-
(u-9*(CxHs)CCH(C¢Hs)) (CO)q (5a, 90-95% yield; Sb, 70-80%
yield)®!3 via cis insertion into the metal-hydride bond.'* The
retention of the trimetallic unit in this reaction is in sharp contrast
with the behavior of related edge double bridged complexes
Ru;(p-H) (u-X)(CO),o (X = halide, C(O)R, C(O)NMe,)!?ab that

(9) 3a: IR (#(CO), cm™', cyclohexane) 2078 (m), 2050 (s), 2030 (vs), 2000
(m). 1993 (ms). 1971 (w), 1966 (w).

(10) da: IR (»(CO), cm™!, THF) 2058 (s), 2024 (vs), 1999 (s), 1975 (m),
1956 (w).

(11) (a) 4a undergoes rapid P-H bond activation to give the phosphido-
bridged species Ruj(u3-n?-N(CgH)(CsHN))(u-CO),(CO)4(u-PPhy).® (b)
Andreu, P. L,; Cabeza, J. A,; Riera, V.; Bois, C.; Jeannin, Y. J. Organomet.
Chem. 1990, 384, C25-C28.

(12) (a) Deeming, A. J.; Peters. R.; Hursthouse, M. B.; Backer-Dirks, J.
D. J. Chem. Soc., Dalton Trans. 1982, 321, 1205-1211. (b) Adams, R.:
Dawoodi, Z.; Foust, D. F.; Segmiiller, B. E. Organometallics 1983, 2,
315-323.

(13) 5a: IR (»(CO), cm™', THF), 2062 (m), 2034 (vs), 2007 (vs), 1995
(s), 1974 (m), 1936 (s), 1822 (mbr).

(14) For polynuclear Ru—-alkenyl complexes, see: (a) Xue, Z.; Sieber, W.
J.; Knobler, C. B.; Kaesz, H. D. J. Am. Chem. Soc. 1999, 112, 1825-1833.
(b) Boag, N. M.; Sieber, W. J.; Kampe, C. E.; Knobler, C. B.; Kaesz, H. D.
J. Organomet. Chem. 1988, 355, 385~400. (c) Fissler, T.; Huttner, G. J.
Organomet. Chem. 1989, 376, 367-384. (d) Chi, Y.; Chen, B.-F.: Wang, S.
L.; Chiang, R.-K.; Hwang, L.-S. J. Organomet. Chem. 1989, 377, C59-C64.
(e) Dyke, A. F; Knox, S. A. R,; Morris, M. J.; Naish, P. J. J. Chem. Soc.,
Dalton Trans. 1983, 1417. (f) Fildes, M. J.; Knox, S. A. R.; Orpen, G.;
Turner, M. L.: Yates, M. 1. J. Chem. Soc., Chem. Commun. 1989, 1680-1682.
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Figure 1. Perspective view of the alkenyl complex Ruj(u-N-
(CeHs)(CsHN))(u-(C4H5)CCH(C¢H;))(CO)q (Sa). The phenyl sub-
stituent of the amido group has been omitted for clarity. Selected in-
teratomic distances (A) and bond angles (deg): Ru(1)-Ru(2) = 2.6786
(3), Ru(1)-Ru(3) = 2.8044 (4), Ru(2)~Ru(3) = 2.8198 (5), Ru(1)=N(1)
= 2.242 (3), Ru(2)~N(1) = 2.207 (3), Ru(3)-N(2) = 2.166 (3), Ru-
(1)-C(9) = 2.276 (3), Ru(3)-C(9) = 2.114 (3), Ru(1)-C(10) = 2.306
(3), C(9)-C(10) = 1.397 (4), Ru(1)-N(1)-Ru(2) = 74.03 (9), Ru-
(1)-C(9)-Ru(3) = 79.3 (1).

easily lose one metal center upon olefin insertion.

The structure of Sa (Figure 1) consists of a triangular ru-
thenium unit supported by a face-bridging anilinopyridyl group.
The bridging alkenyl group spans one lateral edge of the cluster,
and the coordination shell is completed by six terminal, one
bridging, and one semibridging carbonyl groups.

Instantaneous reductive elimination of the alkenyl group oc-
curred upon addition of a hydride donor like [PPN}[BH,] to a
solution of § (previously saturated with CO for | min), to produce
the anion [PPN][2] quantitatively.5 Catalytic hydrogenation of
1-phenyl-1-propyne to the corresponding cis-alkene was observed
under hydrogen in the presence of 3a as a catalyst precursor. It
was followed by isomerization to the trans derivative under our
nonoptimized reaction conditions.5:'8

More surprisingly, the alkenyl complex Sa was found to undergo
fast reaction with ethylene (I atm, 25 °C, 10 min) with recovery
of the starting complex 3a in up to 80% spectroscopic yield (see
Scheme I). The only resulting organic product, 1,2-diphenyl-
1,3-butadiene, was extracted by thin-layer chromatography on
silica plates and identified by '"H NMR and mass spectroscopy.®!’
Its formation occurs likely by ethylene insertion into the metal-
alkenyl bond, followed by 8-hydrogen elimination. Small amounts
of the colorless mononuclear n*-butadiene complex Ru(CO);-
(7*-(C¢Hs)CH=C(C4Hs)CH==CH,) (6) were eluted with hexane
in the fast-moving band containing the free ligand.'™8 This
indicates that the elimination of free butadiene competes with a
facile loss of the metal center on which this organic group is
assembled (Scheme I, dashed path). At the present stage of our
investigation, the cycle can be run up to three consecutive times
in a stepwise manner, with progressive poisoning by accumulation
of the side product 6.

(15) Crystal data for 5a: triclinic PT, No. 2, a = 10.424 (a) A, b= 18.795
(2) A, c=8964 (1) A, a =93.97 (1)°, 8 = 105.09 (1)°, y = 78.51 (1)°,
V=1661 (5) A}, Z = 2, u(Mo Ka) = 13.76 cm™}; R = 0.023, R, = 0.025
for 5502 reflections and 436 variables.

(16) THF, 40 mL; T = 65 °C, P(H,) = 40 atm; catalyst, 0.012 mmol;
substrate/catalyst ratio = 200; 100% conversion after 120 min with 99%
selectivity in alkene; [00% cis/trans selectivity during the first 30 min.

(17) (a) '"H NMR for 1,2-diphenyl-1,3-butadiene, H,PhC=CPhCHy==
CH_H, (CDCly): 6 7.3-6.8 (Ph), 6.74 (dd, 1, Hy, J(HyH,) = 11 Hz, J(H;Hy)
= 17 Hz), 6.60 (s, 1 H, H,), 5.16 (d, 1 H, H,), 483 (d, 1 H, Hy). Mass
spectrum (EI): 206. (b) Spectroscopic data for 6: IR (»(CO), em™!, cyclo-
hexane) 2061 (s), 2001 (vs), 1989 (s). Mass spectrum (El), 392; '"H NMR
(CDCl,) & 7.3-6.8 (Ph), 5.44 (dd, 1 H, H,, J(HyH,) = 7 Hz, J(HHy) = 8
Hz), 2.28 (s, | H, H,), 1.81 (dd, | H, H,, J(H.Hy) = 3 Hz),0.75 (dd, | H,
H

d)-

(18) For related butadiene complexes, see: (a) Gambino, O.; Valle, M.;
Aime, S.; Vaglio, G. A. Inorg. Chim. Acta 1974, 8, 71-74. (b) Ruh, S.; von
Philipsborn, W. J. Organomet. Chem. 1977, 127, C59-C61.
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Curiously, this coupling reaction is only observed for the amido
derivative.'” There is a hint, here, that ruthenium carbonyl cluster
complexes activated by nitrogen bases may be potential synthons
for promoting carbon—carbon bond formation between different
kinds of olefins. The next challenge will be to render the co-
dimerization process catalytic.
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(19) While we were in the process for submitting this work, a parallel
report on vinyl ethylene combination appeared: Bruce, G. C.; Knox, S. A.
R.; Phillips, A. J. J. Chem. Soc., Chem. Commun. 1990, 716-718.
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Small-ring carbenes, i.e., divalent carbons in three-? and
four-membered rings,’ respectively, have successfully been used
for the construction of highly strained,* polycyclic compounds.
While inter- and intramolecular additions of cyclopropylidenes
and/or their corresponding carbenoids? are well-known, only in-
termolecular additions of cyclobutyliden(oid)s® to carbon double
and triple bonds have been reported in the literature.®

The addition of 3-butenyl substituted cyclopropyliden(oid)s 3,
gencrated from the corresponding geminal dibromocyclopropanes

* Dedicated to Professor Wolfgang Kirmse on the occasion of his 60th
birthday.

tState University of New York at Binghamton.

$ Fakultat fir Chemie, Ruhr-Universitat Bochum, 4630 Bochum, Federal
Republic of Germany.

(1) Carbene Rearrangements, Part 36. Part 35: Brinker, U. H.; Erdle,
W. Heterocycloalkylidene, In Houben-Wey! (Methoden der Organischen
Chemie); Regitz, M., Ed.; Thieme: Stuttgart, 1989; Vol. E19b, pp 623-663.

(2) Backes, J.; Brinker, U. H. In Houben-Weyl (Methoden der Organi-
schen Chemie); Regitz, M., Ed.; Thieme: Stuttgart, 1989; Vol. E19b, pp
391-510.

(3) Backes, J.; Brinker, U. H. In Houben-Weyl (Methoden der Organi-
schen Chemie); Regitz, M., Ed.; Thieme: Stuttgart, 1989; Vol. E19b, pp
511-541.

(4) Strained Organic Compounds, Chem. Rev. 1989, 89, No. 5. Venepalli,
B. R.; Agosta, W. C. Chem. Rev. 1987, 87, 339. Wiberg, K. B. Angew.
Chem., Int. Ed. Engl. 1986, 25, 312. Molecular Structure and Energetics;,
Liebman, J. F., Greenberg, A., Eds.; VCH Publishers, Inc.: Deerfield Beach,
FL, 1986; Vol. 3. Greenberg, A.; Liebman, J. F. Strained Organic Molecules:
Academic Press: New York, 1978.

(5) Friedman, L.; Shechter, H. J. Am. Chem. Soc. 1960, 62, 1002.
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974. Brinker, U. H.; Weber, J. Tetrahedron Lett. 1986, 27, 5371.
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Figure 1.

on treatment with methyllithium, provides an easy access to
trans-tricyclo[4.1.0.0'*]heptanes 4.7 Since an organometallic
route to cyclobutyliden(oid)s 1 containing an additional double
bond has not yet been uncovered, we chose to generate 1 via the
corresponding diazo precursor.

Tricyclo[4.2.0.0"%]octane (2) resulting from the addition of the
divalent carbon in 1 to the double bond represents a unique
structure, comprising a three-, four-, and five-membered ring. In
the literature besides a geminal dichloro-substituted ketone three
pentasubstituted compounds with the carbon skeleton of 2 can
be found.! The connection of the cyclopropane and the cyclo-
butane ring in 2 by the ethano bridge can be in either a cis or a
trans fashion. The strain energy for trans-tricyclo[4.1.0.0'3]-
heptane (4) and the corresponding cis isomer has been calculated
to be 80 and 120 kcal/mol, respectively.” Of the five possible
isomeric, unbridged, tricyclic carbon skeletons containing three-,
four-, and five-membered rings sharing one common carbon atom,
2 comprises the highest computed strain energy (70.1 kcal/mol).'®

For the synthesis of the unknown 2-(but-3-enyl)cyclobutanone,
ethyl 3-chloropropanoate was converted to |-ethoxy-I-(tri-
methylsiloxy)cyclopropane.!!  Treatment with phosphorus tri-
bromide gave 1-bromo-I-ethoxycyclopropane,'? which with 4-
pentenal yielded 1-ethoxy-1-(1-hydroxy-4-pentenyl)cyclopropane.
With HBF, (50%) this compound rearranged!® to the required
cyclobutanone. The corresponding cyclobutanone with two methyl
groups on the terminal olefinic carbon was also prepared according
to this methodology.

The flash pyrolyses!* of the tosylhydrazone sodium salts of §
and 6 each at 250 °C (1075-10"* Torr) gave totally different
results. While it is assumed that from both § and 6 the diazo-
cyclobutanes 7 and 8 are formed, their reaction behavior differs
strongly. In 7 preferentially a 1,3-dipolar cycloaddition's to 14
takes place which isomerizes to the more stable pyrazoline 16.
The loss of nitrogen in 7 and the generation of carbene 1 competes
with the intramolecular 1,3-dipolar cycloaddition (ratio 3:7).

In carbene 1 the ring contraction reaction to 10 dominates over
the 1,2-hydrogen migration to 12 (ratio 94:6); in addition, 2-
(but-3-enyl)methylenecyclopropane, which seems to be a secondary
thermal product of 10, is formed. However, 2, the product re-
sulting from intramolecular addition of the divalent carbon in 1
to the double bond, is not found. Instark contrast to 7, 8 liberates
predominantly nitrogen to generate carbene 9, while the 1,3-dipolar
cycloaddition to 15 is only of minor significance (ratio 8:2). Not
surprisingly, the reaction pattern of carbene 9 is almost identical

(7) Skattebel, L. Chem. Ind. (London) 1962, 2146; J. Org. Chem. 1966,
31, 2789. Brinker, U. H.; Streu, J. Angew. Chem., Int. Ed. Engl. 1980, 19,
631. Brinker, U. H.; Wilk, G.; Gomann, K. Angew. Chem., Int. Ed. Engl.
1983, 22, 868; Angew. Chem. Suppl. 1983, 1228. Gleiter, R.; Krennrich, G.;
Brinker, U. H. J. Org. Chem. 1986, 51, 2899. Boese, R.; Blaser, D.; Gomann,
K., Brinker, U. H. J. Am. Chem. Soc. 1989, 111, 1501. Wiberg, K. B.;
Chaves, A. J. Am. Chem. Soc. 1989, 111, 8052.

(8) Carpino, L. A.: Gund, P.; Springer, J. P.; Gund, T. Tetrahedron Leit.
1981, 22, 371. Ishii, K.; Lyle, T. A.; Schweizer, W. B.; Frei, B. Helv. Chim.
Acta 1982, 65, 595.

(9) Wiberg, K. B. J. Org. Chem. 1985, 50, 5285. Wiberg, K. B; Bader,
R. F. W,; Lau, C. D. H. J. Am. Chem. Soc. 1987, 109, 985.

(10) Gund, P.; Gund, T. J. Am. Chem. Soc. 1981, 103, 4458. 1t is assumed
that the calculations were performed with the trans isomer of 2, though the
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