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between the metallocenes which, in the case of the iron
derivatives, is more pronounced for 5d (AE, ,, = 345 mV)
than for the silyl-bridged compound 3 with M = Fe (AE, »
= 210 mV#).

While 5d,e are diamagnetic, the paramagnetic com-
pounds 5a,b,c showed striking differences when studied
by 'H NMR spectroscopy. The paramagnetic 'H NMR
shifts at 298 K'° of §b (§Par,, = —39.3/-60.4 (H2-5), 36.7
(CH.,)) and of 5c (§Peraye, = 319 (H2-5), 111.1 (CH,)) are
very similar to those found for substituted mononuclear
cobaltocenes and vanadocenes.’® In particular, the signals
for H2-5 of 5¢ are not resolved, as is found for many other
vanadocenes.!® It follows that 5b,c have two and six un-
paired electrons, respectively, and that the electron spin
coupling is very small. This has been confirmed by a
temperature-dependence study, according to which the éee-e
values closely follow the Curie law.

In contrast, the 'H NMR spectrum of 5a (Figure 1) is
much different from what is known for substituted nick-
elocenes.’® The signal shifts of H2-5 (§P2"2yg, = -122.1/

(14) Atzkern, H.; Hiermeier, J.; Kohler, F. H.; Steck, A. J. Organomet.
Chem. 1991, 408, 281.

(15) The signal shifts were measured relative to the solvent signal and
calculated relative to the corresponding signal shifts of 5d. Shifts to low
frequency have a negative sign.

(16) (a) Kohler, F. H.; Geike, W. A. J. Organomet. Chem. 1987, 328,
35. (b) Kéhler, F. H,; Doll, K.-H. Z. Naturforsch., B 1982, 37, 144. (c)
Kéhler, F. H.; Doll, K.-H.; Prossdorf, W. J. Organomet. Chem. 1982, 224,
341. (d) Kohler, F. H. J. Organomet. Chem. 1976, 110, 235. Note that
we have changed the sign convention since.

-100.6) and of CH; (6P, = 117.9) are only about half
as big as usual, and the signals are much narrower. The
temperature dependence of the proton signal shifts is also
shown in Figure 1. There is no linear correlation of §rera
with 1/T and, hence, a strong deviation from Curie be-
havior. Instead, all absolute shift values increase with the
temperature after passing through a minimum. This is
characteristic of a strong antiferromagnetic coupling. The
coupling can be adjusted by substitution. Thus, for the
parent binickelocene (CpNi),C,,Hs* the signal shifts of
H2-5 (P20, = ~160.7/-132.8) and of Cp (072, = -140.8)
are also far from those of simple nickelocenes. However,
the proton signals of the fulvalene ligand are more shifted
than in the case of 5a, which means that the antiferro-
magnetic coupling is somewhat smaller.

Unlike the predominantly Coulombic interaction be-
tween the metallocene moieties, which are rather similar
(cyclic voltammetry), the magnetic exchange varies. In the
decamethylbimetallocenes the latter effect is so pro-
nounced that the influence of the metal on the magnetism
may be studied conveniently. We are currently extending
this work to other paramagnetic bimetallocenes.
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Summary: The ethylene complex [(Ar’0),Ti(n3-C,H,)-
(PMe;)] (Ar'’O = 2,6-diphenyiphenoxide) reacts with
PhCH,N=CHPh to produce the 2-azatitanacyclopentane
complex [(Ar''0),Ti(CH,CH,CHPhNCH,Ph)], which un-
dergoes coupling reactions with alkynes and benzonitrile
to produce new azametallacycles with loss of ethylene.

The last few years have seen an expansion of interest
in the chemistry of transition-metal metallacyclic com-
pounds.! In the case of the group 4 metals extremely
useful synthetic methodologies have been built up around
the formation and reactivity of metallacycle rings con-

(1) (a) Collman, J. P.; Hegedus, L. S.; Norton, J. R.; Finkey, R. G.
Principles and Applications of Organotransition Metal Chemistry; 2nd
ed.; University Science Books: Mill Valley, CA, 1987; Chapter 9. (b)
Ingrosso, G. In Reactions of Coordinated Ligands; Braterman, P. S., Ed.;
Plenum Press: New York, London, 1986; Vol. 1, p 639. (¢) Schore, N.
E. Chem. Rev. 1988, 88, 1081. (d) Negishi, E. Chem. Scr. 1989, 29, 457.
(e) Chappell, S. D.; Cole-Hamilton, J. Polyhedron 1982, 1, 739. (f) Ne-
gishi, E. Pure Appl. Chem. 1981, 53, 2333. (g) Erker, G.; Kruger, C.;
Muller, G. Adv. Organomet. Chem. 1985, 24, 1. (h) Hessen, B.; Teuben,
J. H. J. Organomet. Chem. 1988, 358, 135. (i) Yasuda, H.; Tatsumi, K.;
Nakamura, A. Acc. Chem. Res. 1985, 18, 120.

Figure 1. ORTEP view of 4 emphasizing the central coordination
sphere. Selected bond distances (A) and angles (deg): Ti-0(5),
1.816 (2); Ti—0(6), 1.829 (2); Ti-N(1), 1.910 (2); Ti-N(4), 1.886
(2); N(1)-C(2), 1.277 (3); C(2)-C(3), 1.529 (4); C(3)-N(4), 1.466
(3); O(5)-Ti-0(6), 124.10 (8); N(1)-Ti-N(4), 81.9 (1).

taining the metallocene (Cp,;M) subunit.2® Recently our
group has been exploring the reactivity of unsaturated
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organic molecules bound to titanium aryloxide fragments
such as [Ti(OAr”),] (OAr” = 2,6-diphenylphenoxide).” We
wish to report here on the formation and reactivity of a
series of azatitancycle compounds formed by the coupling
of unsaturated organic substrates by this metal fragment.

(2) (a) Carney, M. J.; Walsh, P. J.; Hollander, F. J.; Bergman, R. G.
J. Am. Chem. Soc. 1989, 111, 8751. (b) Walsh, P. J.; Hollander, F. J;
Bergman, R. G. J. Am. Chem. Soc. 1988, 110, 8729. (c) Vaughan, G. A.;
Hillhouse, G. L.; Lum, R. T.; Buchwald, S. L.; Rheingold, A. L. J. Am.
Chem. Soc. 1988, 110, 7215. (d) Vaughan, G. A,; Sofield, C. D.; Hillhouse,
G. L.; Rheingold, A. L. J. Am. Chem. Soc. 1989, 111, 5491. (e) Petersen,
J. L.; Egan, J. W., Jr. Organometallics 1987, 6, 2007. (f) Ho, S. C,;
Henteges, S.; Grubbs, R. H. Organometallics 1988, 7, 780. (g) Doxee, K
M.; Mouser, J. K. M. Organometallics 1990, 9, 3012. (h) Meinhart, J. D.;
Grubbs, R. H. Bull. Chem. Soc. Jpn. 1988, 61, 171.

(3) (a) Binger, P.; Muller, P.; Benn, R.; Mynott, R. Angew. Chem., Int.
Ed. Engl. 1989, 28, 610. (b) Swanson, D. R.; Rousset, C. J.; Negishi, E,;
Takehashi, T.; Seki, T.; Saburi, M.; Uchida, Y. J. Org. Chem. 1989, 54,
3521. (c) Alt, H. G.; Denner, C. E.; Thewalt, U.; Rausch, M. D. J. Or-
ganomet, Chem. 1988, 356, C83. (d) Fisher, R. A.; Buchwald, S. L.
Organometallics 1990, 9, 871. (e) Erker, G.; Dorf, U.; Rheingold, A. L.
Organometallics 1988, 7, 138. (f) Takahashi, T.; Fujimori, T.; Seki, T
Saburi, M.; Uchida, Y.; Rousset, C.; Negishi, E. J. Chem. Soc., Chem.
Commun. 1990, 182. (g) Schmidt, J. R.; Duggan, D. M. Inorg. Chem.
1981, 20, 318.

(4) (a) Buchwald, S.L.; Nielson, B. Chem. Rev. 1988, 88, 1047. b) Alt,
H. G.; Herrmann, G. S. J. Organomet. Chem. 1990, 390, 159. (c) Rajan-
Babu, T. V.; Nugent, W. A; Taber, D. F.; Fagan, P. J. J. Am. Chem. Soc.
1988, 110, 7128. (d) Fagan, P. J.; Nugent, W. A. J. Am. Chem. Soc. 1988,
110, 2310. (e) Prins, T. J.; Hauger, B. E.; Vance, P. J.; Wemple, M. E;;
Kort, D. A.; O'Brien, J. P.; Silver, M. E.; Huffman, J. C. Organometallics
1991, 10, 979. (f) Vance, P. J; Prins, T. J.; Hauger, B. E.; Silver, M. E.;
Wemple, M. E.; Pederson, L. M.; Kort, D. A.; Kannisto, M. R.; Geerligs,
S. J.; Kelley, R. S.; McCandless, J. J.; Huffman, J. C.; Peters, D. G.
Organometallics 1991, 10, 917. (g) Blenkers, J.; de Liefde Meijer, H. J.;
Teuben, J. H. Organometallics 1983, 2, 1483. (h) Blenkers, J.; Hessen,
B.; van Bolhuis, F.; Wagner, A. J.; Teuben, J. H. Organometallics 1987,
6, 549. (i) Chen, J.; Kai, Y.; Kasai, N.; Yamamoto, H.; Yasuda, H.;
Nakamura, A. Chem. Lett. 1987, 1545. (j) Yamamoto, H.; Yasuda, H;
Tatsumi, K.; Lee, K.; Nakamura, A.; Chen, J.; Kai, Y.; Kasai, N. Or-
ganometallics 1989, 8, 105. (k) Sontag, C.; Berke, H.; Sarter, C.; Erker,
G. Helv. Chim. Acta 1989, 72, 1676. (1) Erker, G.; Aul, R. Organometallics
1988, 7, 2070. (m) Erker, G.; Nolte, R.; Kruger, C.; Schlund, R.; Benn,
R.; Grondey, H.; Mynott, R. J. Organomet. Chem. 1989, 364, 119. (n)
Swanson, D. R.; Negishi, E. Organometallics 1991, 10, 825.

(5) (a) Buchwald, S. L.; Kreutzer, K. A.; Fisher, R. A. J. Am. Chem.
Soc. 1990, 112, 4600. (b) Buchwald, S. L.; Watson, B. T.; Huffman, J. C.
J. Am. Chem. Soc. 1987, 109, 2544. (c) Shur, V. B.; Burlakov, V. V.;
Volpin, M. E. J. Organomet. Chem. 1988, 347, 77. (d) Tumas, W.;
Wheeler, D. R.; Grubbs, R. H. J. Am. Chem. Soc. 1987, 109, 6182. (e)
Negishi, E.; Swanson, D. R.; Cederbaum, F. E.; Takahashi, T. Tetrahe-
dron Lett. 1987, 28, 917. (f) Negishi, E.; Holmes, S. J.; Tour, J. M.; Miller,
J. A,; Cederbaum, F. E.; Swanson, D. R.; Takahashi, T. J. Am. Chem. Soc.
1989, 111, 3336. (g) Sibade, M. B.; Farona, M. F.; Zarate, E. A.; Youngs,
W. J. J. Organomet. Chem. 1988, 338, 347. (h) Nugent, W. A.; Thorn,
D. L.; Harlow, R. L. J. Am. Chem. Soc. 1987, 109, 2788. (i) Buchwald,
S. L.; Nielson, R. B. J. Am. Chem. Soc. 1989, 111, 2870. (j) Erker, G.;
Zwettler, R.; Kruger, C.; Hyla-Kryspin, L; Gleiter, R. Organometallics
1990, 9, 524.

(6) (a) Park, J. W.; Henling, L. M.,; Schaefer, W. P.; Grubbs, R. H.
Organometallics 1990, 9, 1650. (b) Ausema, J. B.; Hessen, B.; Teuben,
J. H. Recl. Trav. Chim. Pays-Bas 1987, 106, 465. (c) Erker, G.; Fromberg,
W.; Kruger, C.; Raabe, E, J. Am. Chem. Soc. 1988, 110, 2400. (d) Erker,
G.; Humphrey, M. G. J. Organomet. Chem. 1989, 378, 163. (e) Erker, G.
Angew. Chem., Int. Ed. Engl. 1989, 28, 397. (f) Erker, G.; Aulbach, M.;
Mena, M,; Pfaff, R.; Sosna, F. Chem. Scr. 1989, 29, 451. (g) Erker, G.;
Dorf, U.; Mynott, R.; Tsay, Y.; Kruger, C. Angew. Chem., Int. Ed. Engl.
1985, 24, 584. (h) Erker, G.; Dorf, U.; Kruger, C.; Tsay, Y. Organo-
metallics 1987, 6, 680. (i) Erker, G.; Pentrenz, R. J. Chem. Soc., Chem.
Commun. 1989, 345. (j) Calderazzo, F.; Pampaloni, G.; Pallavicini, P.;
Strahel, J.; Wurst, K. Organometallics 1991, 10, 836.

(7) (a) Durfee, L. D.; Rothwell, I. P. Chem. Rev. 1988, 88, 1059. (b)
Durfee, L. D,; Hill, J. E.; Kerschner, J. L.; Fanwick, P. E.; Rothwell, 1.
P. Inorg. Chem. 1989, 28, 3095. (c) Hill, J. E.; Fanwick, P. E.; Rothwell,
I. P. Inorg. Chem. 1989, 28, 3602. (d) Durfee, L. D.; Hill, J. E.; Fanwick,
P. E.; Rothwell, I. P. Organometallics 1990, 9, 75. (e) Hill, J. E.; Profilet,
R. D.; Fanwick, P. E.,; Rothwell, I. P. Angew. Chem., Int. Ed. Engl. 1990,
29, 664. (f) Hill, J. E.; Fanwick, P. E.; Rothwell, I. P. Organometallics
1990, 9, 2211. (g) Hill, J. E.; Fanwick, P. E.; Rothwell, I. P, Inorg. Chem.
1991, 30, 1143. (h) Hill, J. E.; Fanwick, P. E.; Rothwell, I. P. Organo-
metallics 1991, 10, 18. (i) Hill, J. E.; Balaich, G. J.; Fanwick, P. E
Rothwell, I. P. Organometallics 1991, 10, 3428.
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A benzene solution of the deep purple n*-ethylene com-
plex [(Ar”0),Ti(n*C,H,)(PMe,)]® reacts slowly with 1
equiv of PhCH,N=CHPh to produce a light orange solu-
tion of the 2-azatitanacyclopentane complex [(Ar”0),Ti-
(CH,CH,CHPhNCH,Ph)] (1; Scheme I).° Both the 'H
and 3C NMR spectra of 1 are consistent with its formu-
lation as a metallacyclic compound and not a mixed-olefin,
Schiff base complex.” However, the CH,CH, fragment
within 1 can readily be displaced by other unsaturated
molecules. Heating a mixture of 1 and 3-hexyne or phe-
nylacetylene in benzene at 80 °C for 15 min results in
elimination of 1 equiv of ethylene and formation of the
corresponding 2-azatitanacyclopent-4-ene complexes 210
and 3!! (Scheme I). The coupling reaction with PhC=CH
was found to be highly regioselective, producing only the
3,5-regioisomer (Scheme I)!? with no evidence for the
formation of the other regioisomer after 3 was heated at
80 °C for hours. The regiochemistry was confirmed by
hydrolysis of the metallacyclic compounds 2 and 3 to
produce the corresponding allylic amines (Scheme I).!3

(8) Hill, J. E.; Fanwick, P. E.; Rothwell, I. P. Organometallics, sub-
mitted for publication.

(9) Anal. Calcd for TiCsgHgNO, (1.CHy): C, 82.94; H, 5.88; N, 1.67.
Found: C, 82.63; H, 5.95; N, 2.05. 'H NMR (C,D,, 30 °C; é): 6.63-7.43
(aromatics); 3.89 (d), 3.24 (d, CH,Ph); 3.75 (t, CHPh); 2.21 (m,
TiCH,CH,,); 1.39 (m), 1.15 (m, TiCH,). Selected *C NMR (CgDs, 30 °C;
8): 160.4, 160.1 (Ti-O-C); 85.9 (TiCH,); 64.2 (CHPh); 57.1 (CH,Ph); 33.7
(TxCHZCHz)

(10) Anal. Caled for TiCsHgNOQ, (2): C, 82.44; H, 6.05; N, 1.72.
Found: C, 82.84; H, 6.27; N, 1.87. 'H NMR (C¢D, 30 °C; 8): €.76-7.61
(aromatics); 4.35 (s, CHPh); 3.14 (d), 2.90 (d, CH,Ph); 1.40 (q), 1.26 (m,
CH,CHy,); 0.55 (t), 0.40 (t, CH,CHj). Selected *C NMR (C;Ds, 30 °C; 6):
218.2 (TiCEt); 160.7, 160.4 (Ti-0-C); 139.8 (TiCEtCEt); 61.7 (CH,Ph);
55.5 (CHPh); 27.2, 23.8 (CH,CHj,); 14.8, 13.1 (CH,CH,).

(11) Anal. Caled for TiCsHNO, (3): C, 83.34; H, 5.43; N, 1.68.
Found: C, 83.00; H, 5.54; N, 1.17. *H NMR (C;Dy, 30 °C; §): 6.43-7.61
(a:omatlcs) 6.74 (d TlCPhCH) 4.50 (d, CHPh); 3.23 (d),305 (d, CH,Ph).
Selected *C NMR (C;Dq, 30 °C; 8): 207.5 (TiCPh); 160.9, 160.6 (Ti~-O-C);
138.4 (TiCPhCH); 58 9 (CHPh) 56.6 (CH,Ph).

(12) Similar regioselectivity has been observed previously; see: (a)
Buchwald, S. L.; Wannamaker, M. W.; Watson, B. T. J. Am. Chem. Soc.
1989, 111, 776. (b) Buchwald, S. L.; Watson, B. T.; Wannamaker, M. W;
Dewan, J. C. J. Am. Chem. Soc. 1989, 111, 4486.
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Reaction of 1 with benzonitrile also occurs with elimi-
nation of ethylene to produce the 2,5-diazatitanacyclo-
pent-2-ene complex 4 (Scheme I).1* Compound 4 is suf-
ficiently stable to be isolated. However, over days in so-
lution it was found to isomerize to the 2,5-diazatitanacy-
clopent-3-ene derivative 5 (Scheme I),'® which was more
readily purified as its pyridine adduct 6. The kinetic
product 4 was subjected to a single-crystal X-ray diffrac-
tion analysis.l” Previous work has shown that 2,5-diaza-

(13) High-resolution MS for CHEtCEtCHPhNHCH,Ph: calcd,
280.2062; found, 280.2062. 'H NMR (CgDq, 30 °C; 8): 7.04-7.42 (aro-
matics); 5.62 (t, CHEt); 4.41 (s, CHPh); 3.63 (dd, CH,Ph); 1.97 (m,
CH,CHy); 1.32 (broad, NH); 0.94 (t), 0.80 (t, CH,CHj;). Selected 1*C NMR
(CgDg, 30 °C; 8): 68.7 (CHPh); 52.2 (CH,Ph); 21.6, 21.4 (CH,CH,); 14.9,
14.5 (CH,CH;). High-resolution MS for CHPhCHCHPhNHCH,Ph:
caled, 299.1674; found, 299.1668. 'H NMR (C¢Dg, 30 °C; 8): 7.0-7.45
(aromatics); 6.51 (d, =CHPh); 6.25 (dd, =CH); 4.26 (d, NCHPh); 3.65
(s, NCH,Ph); 1.89 (broad, NH). Selected *C NMR (C¢Ds, 30 °C; 8): 65.1
(NCHPh); 51.8 (NCH,Ph).

(14) Anal. Caled for TiCgsHyoN,O, (4-CiHg): C, 82.70; H, 5.51; N, 3.06.
Found: C, 83.32; H, 5.78; N, 2.99. 'H NMR (C¢Dq, 30 °C; 8): 6.73-7.62
(aromatics); 5.81 (s, CHPh); 3.72 (d), 2.96 (d, CH,Ph); 161.4, 160.7 (Ti-
0-C); 90.6 (CHPh); 53.5 (CH,Ph).

(15) (a) Isomerization of a 2-azatitanacyclopent-2-ene ring has been
reported; see: Cohen, S. A.; Bercaw, J. E. Organometallics 1985, 4, 1006.
(b) For the isomerization of 2-azametallacyclopentene rings see: Strickler,
J. R.; Wigley, D. E. Organometallics 1990, 9, 1605 and references therein.

(16) tH NMR for 5 (C¢Dg, 30 °C; 8): 6.36-7.36 (aromatics); 4.21 (s,
CH,Ph). Selected *C NMR for 5 (C¢Dg, 30 °C; 8): 159.2 (Ti~0-C); 117.0,
115.0 (TiNHCPhCPh); 58.4 (CH,Ph). Anal. Caled for TiCgH uN,0, (6):
C, 81.30; H, 6.39; N, 4.59. Found: C, 81.67; H, 5.57; N, 4.49. 'H NMR
for 6 (CgDg, 30 °C; 8): 9.91 (broad NH); 6.13-7.60 (aromatics); 4.62 (s,
CC{'IzPh). Selected 1*C NMR for 6 (CgDy, 30 °C; 9): 160.6 (Ti-0-C); 56.4
(CH,Ph).

Articles

titanacyclopent-3-ene (ene-diamido) derivatives such as
5 are bent with fold angles close to 50°.!% In contrast, the
metallacyclic ring in 4 is rigorously planar (Figure 1). The
coordination environment about titanium is pseudotetra-
hedral. While the two Ti-N distances of 1.886 (2) and
1.910 (2) A are comparable to those found in ene~diamido
compounds of titanium,'® the C-N distances of 1.277 (3)
and 1.466 (3) A are consistent with the structure shown
for 4 (Scheme I).
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X-ray diffraction study and tables of crystal data and data col-
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factors, and bond distances and angles for 4 (23 pages). Ordering
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(17) X-ray crystal data for TiCgHgN,0,, (4-CgHg) at —50 °C: @ =
10.149 (2) A, 5 =13.738 (2) A, c = 17.774 (2) X, a = 9455 (1)°, 8 = 101.53
(1)°,y = 93.66 (1)°, Z = 2, d.gq = 1.260 g cm™ in space group P1 (No.
2). Of the 6271 unique data collected with Mo Ka radiation (4° < 26 <
45°), the 4728 with I > 30(J) were used in the final refinements to yield
R =0.035 and R,, = 0.038. Hydrogen atoms were placed in ideal positions
and were not refined.

(18) (a) Shur, V. B.; Berkovich, E. G.; Volpin, M. E.; Lorenz, B;
Wahren, M. J. Organomet. Chem. 1982, 228, C36. (b) Shur, V. B.; Ber-
nadyuk, S. Z.; Burlakov, V. V.; Andrianov, V. G.; Yanovsky, A. L;
Struchkov, Y. T.; Volpin, M. E. J. Organomet. Chem. 1983, 243, 157.

Rhenium—Platinum Mixed-Metal Clusters. Synthesis and
Solid-State Structural Characterization of
[Re,Pt(u-H),(C0)4(COD)] and of [Re,Pt(u-H);(CO),,]
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Istituto di Chimica Strutturistica Inorganica, Via G. Venezian 21, 20133 Milano, Italy
Recelved October 18, 1991

The reaction of [Re,(u-H),(CO);] with 1 equiv of Pt(COD), (COD = 1,5-cyclooctadiene) affords quan-
titatively the triangular cluster [Re,Pt(u-H),(CO)s(COD)], characterized spectroscopically and by X-ray
analysis. The crystals are monoclinic, space group P2,, with a = 7.217 (3) A, b = 17.081 (5) A, ¢ = 8.577
(3) A, 8=109.96 (3)°, and Z = 2. The refinements, based on 2037 significant reflections, gave final agreement
indices R and R, of 0.021 and 0.025, respectively. The ligand COD can be easily substituted by two PPh,
molecules. On the contrary, the reaction with 2 equiv of CO, at 190 K, leads to the substitution of COD
by one CO and one HRe(CO); molecule, giving the complex [Re;Pt(u-H)3(CO), ], whose structure has been
elucidated by X-ray analysis. It gives triclinic crystals, space group P1, with a = 11.764 (1) 4, b = 13.737
4) A, ¢ =15787 (3) A, a = 64.83 (2)°, 8 = 83.36 (1)°, v = 89.19 (2)°, and Z = 4. The refinements, based
on 4461 significant reflections, gave final agreement indices R and R,, of 0.031 and 0.032, respectively. The
structure contains a tetrametal cluster consisting of a Re,Pt triangle plus a Re atom, which belongs to an
unusual HRe(CO); two-electron donor ligand, bound to the platinum atom. The H NMR spectrum of
this complex shows, at 180 K, the presence of two isomers.

We are currently investigating rational approaches to
the synthesis of Re-Pt mixed-metal clusters, as potential

0276-7333/92/2311-1777$03.00/0

models or precursors to catalytic species. Following the
method developed by the Stone group,! trimetallacyclo-
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