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Abstract

A chronological summary of the contributions made by researchers in Nottingham, UK, to developing the scope for the
intramolecular Stille reaction in target natural product syntheses, e.g. leinamycin, the virginiamycins, macrolactin A, rhizoxin, the
amphidinolides, lophotoxin, and pateamine, is described. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

The palladium(0)-catalysed Stille coupling reaction
between an organostannane reagent and an organic
electrophile has become one of the revered methods for
the synthesis of 1,3-dienes and other conjugated polye-
nes in contemporary organic synthesis [1–3]. Over the
past decade, developments and applications of the
scope for the reaction in the synthesis of complex
macrocyclic structures of natural origin have been re-
ally quite awesome [4,5]. A few years ago, we captured
a flavour of the momentum in this area in a review of
the applications of the intramolecular Stille reaction [6].
At the same time, we surveyed the range of methods
available for the synthesis of the organostannane and
electrophile components used in the reaction. Our re-
search group in Nottingham has been particularly inter-
ested in exploring the scope for the intramolecular Stille
reaction in the synthesis of macrocyclic constructs for
almost a decade, and we would like to believe that we
have contributed in a significant way in this area. As a
tribute to the late J.K. Stille, we now present a person-
alised and chronological summary of the contributions
we have made to exposing the scope of the intramolec-
ular Stille reaction in target macrocycles of particular
biological interest to us over the past decade.

2. Discussion

2.1. Leinamycin

Leinamycin 1 is a novel antitumor antibiotic sub-
stance isolated from Streptomyces [7]. Its structure is
based on an unusual 1,3-dioxo-1,2-dithiolane ring sys-
tem which is spiro-fused to a thiazole containing 1,3-di-
ene macrolactam. We began work on the synthesis of
the sulphur-containing portion of this structure in 1988,
culminating in several approaches to this unit [8]. At
the same time, we applied the Stille reaction to the
functionalised precursor 2 under what have become
known as Farina conditions i.e. Pd(AsPh3)4,·THF,
reflux [9], to produce the macrolactam unit 3 in
leinamycin [10]. Although Piers et al. [11] described the
first examples of intramolecular Stille reactions, in 5-
and 6-ring carbocyclic syntheses, our application to
leinamycin was one of the first illustrations of its use in
the formation of macrolactams and of relevance to
natural products [12,13]. Fukuyama et al. [14] have
subsequently published a concise total synthesis of
leinamycin using a macrocyclisation strategy not based
on the Stille reaction or its variants. This novel natural
product and its analogues are presently undergoing
extensive biological evaluation [15]. Since this early
excursion into the intramolecular Stille reaction we
sought other targets to apply the general methodology,
including macrolactin A, the virginiamycins, rhizoxin,
pateamine, the amphidinolides, and lophotoxin.
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2.2. The �irginiamycin 14,15-anhydropristinamycin

The virginiamycins are relatively ‘old’ antibiotic sub-
stances isolated from microorganisms [16]. They show
structures based on a common 23-membered macrolide/
bis-macrolactam accommodating an oxazole and a con-
jugated polyene segment. They are used commercially
as food additives to improve growth of cattle, and as
cholecystokinin (CCK) antagonists for treatment of
anxiety and cancer withdrawal [17]. Their total synthe-
sis had been pursued for several decades, but in 1996
the research groups of Meyers [18], Schlessinger [19],
and ourselves [20] simultaneously outlined total synthe-
sis of (− )-madumycin (4), (− )-virginiamycin M2 (5),
and anhydropristinamycin IIB (6), respectively.

Our own synthesis had, as its focus, the application of
the intramolecular Stille reaction from 7 under Farina
conditions which led to the macrolactam triene 8 in an
acceptable 30% yield. We also applied the same macro-
cyclisation strategy to a range of alternatively function-
alised Stille precursors in a program designed to
synthesise other virginiamycin analogues, but none of
these was as successful as the conversion 7�8.

2.3. Macrolactin A

The triple 1,3-diene contained within the macrolide,
macrolactin A (9), isolated from a deep sea marine
bacterium [21], provided us with a unique opportunity
to use a combination of inter- and intra-molecular Stille
reactions to synthesise this unusual macrocyclic
polyene. Macrolactin A is an extremely cytotoxic com-
pound which, amongst other things, inhibits B16–F10
murine melanoma cancer cells and mammalian Herpes
simplex viruses, and we embarked on its synthesis in
1992 shortly following the publication of its structure.
Thus, we first synthesised the iodide 10 and the stan-
nane 11, and then coupled them to give 12. The 1,3-di-
ene 12 was later elaborated to the Z-vinyl iodide 13,
which was next coupled to the boronic acid 14 [2,22]
leading to the E,E,Z,E tetraene 15. The synthesis of the
protected macrolactin A was completed by intramolec-
ular coupling from 16 under Farina conditions which
led to 17 in an unoptimised 58% yield [23]. Unfortu-
nately, we experienced difficulty in deprotecting the
OMe residues in 17 which frustrated us in completing
the total synthesis of the natural product. Subsequent
to these studies, Smith et al. [24] described an almost
identical synthetic strategy using different protecting
groups, and these authors were able to secure a synthe-
sis of the natural product.
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2.4. Rhizoxin

Rhizoxin (18) is the most highly functionalised spe-
cies among a unique class of secondary metabolites,
isolated in small quantities from the pathogenic fungus
Rhizopus chinensis, which is the aetiologic agent of rice
seedling blight [25]. Many other related metabolites
have been isolated from the fungus including the conju-
gated 1,3-diene (rhizoxin D) 19, which is a logical
biogenetic precursor to rhizoxin. We embarked on syn-
thetic studies towards rhizoxin in 1993 coincidental
with the publication of the first synthesis of this intrigu-

ing metabolite by Ohno et al. [26]. A number of other
research groups later published syntheses of the didese-
poxyrhizoxin 19 [27,28]. Our own design to the polyene
macrolide portion in 19 differed from previous ap-
proaches in that we chose to use the intramolecular
Stille reaction from the vinylstannane–vinyl iodide 22
as a key stratagem. Thus, the precursors 20 and 21 were
synthesised and then coupled under Wadsworth–Em-
mons olefination conditions leading to the unsaturated
ester 22. A Stille cyclisation of 22 under Farina condi-
tions then produced the corresponding polyene
macrolide 23 in 48% yield, which was subsequently
elaborated to didesepoxyrhizoxin (rhizoxin D) 19 [29].
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2.5. Amphidinolides A and B

The amphidinolides are an ever-expanding family of
polyene, polyol-based macrolides isolated from dinoflag-
ellates of the genus Amphidinium which show potent
anti-tumour activity [30]. Amphidinolide A (24) was the
first of the series to be characterised [31], closely followed
by amphidinolides B1 and B2 (25a and b), [32]; amphidi-
nolide T5 was described in the literature during 2001 [33].
Amphidinolide A features a 20-membered macrolactone
core which accommodates three exo-methylene groups,
two of which are also parts of 1,4-diene units. Although
there was some precedent [34], the equivalent sp2–sp3

coupling equivalent of the Stille (sp2–sp2) reaction was

less commonly used in 1992 when we decided to examine
this approach to the core macrolide system in amphidi-
nolide A. Much to our pleasure, a coupling reaction from
the vinyl stannane–allyl chloride 26 proceeded quite
smoothly under Farina conditions, and gave the macro-
cyclic 1,4-diene 27 in an agreeable 38% yield [35]. The
formation of 27 was accompanied by small amounts of
the corresponding Z-isomeric and allylic positional iso-
mer products. In contemporaneous studies we have also
described a concise synthesis of the unique ene-tetrol unit
28 [36], and very recently we have completed a total
synthesis of the amphidinolide A stereostructure 24
involving a novel sp2–sp3 Stille reaction from the precur-
sor 29 derived from 28 [37].
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Not all intramolecular Stille reactions we have inves-
tigated, however, are successful. A case in point is the
approach we made to amphidinolide B (25). Thus, we
synthesised both the carboxylic acid and the alcohol
precursors, and then coupled them to provide the key
ester intermediate 30, but much to our chagrin we have
not yet been able to effect a Stille macrocyclisation
from 30 to 31, under a wide range of conditions [38,39].
Instead, the major product from this reaction has been
the symmetrical dimer resulting from Piers-type vinyl-
stannane–vinylstannane coupling of 30. We believe
that the problem most likely has its origin in the steric
congestion associated with the bulky TBS protected
t-alcohol adjacent to the vinyl iodide residue in 30.
Further work is now in progress to circumvent this
issue, which will hopefully lead to a successful synthesis
of amphidinolide B [40].

2.6. Lophotoxin

Lophotoxin (32) is the name given to a unique fura-
nocembrane isolated from species of the Pacific sea
whip Lophogorgia [41]. The compound has potent neu-
rotoxic properties and binds in a selective and irre-
versible manner to acetylcholine recognition sites in
nicotinic acetylcholine receptors leading to paralysis
and asphyxiation, i.e. it is not a pleasant natural
product! Over several years, we have examined a num-
ber of synthetic approaches to this deceptively challeng-
ing target and its congeners [42]. These studies have
recently culminated in a successful synthesis of the
desepoxylophotoxin 33 using a strategy based on se-
quential carbanion alkylation (to 36) and intramolecu-
lar Stille coupling from 36, using the chiral building
blocks 34 and 35, leading to the furanocembranolide

37, followed by functional group manipulation [43].
Studies are in progress to effect the regio- and stereo-
chemically controlled bis-epoxidation of 33 leading to
lophotoxin itself [44].

2.7. Pateamine

Pateamine (38) is a somewhat striking and unusual
natural product which has been isolated from the
marine sponge Mycale sp. [45]. Its structure shows a
unique thiazole-containing 19-membered-bis-lactone
core which accommodates a E,Z-1,3-diene unit and is
substituted by an unusual all-E-trienamine residue.
Pateamine (38) exhibits potent immunosuppressant
properties with low cytotoxicity. We began synthetic
work on this compound in 1994 which climaxed some 5
years later in a total synthesis [46]. Our synthesis fea-
tured both the intra- and intermolecular Stille sp2–sp2

coupling reactions to elaborate the E,Z diene macrolide
40 (from 39) and the all-E-polyene side chain portion,
viz 41�42, [47]. Coincidentally, we also compared the
Stille reaction with the Heck reaction for elaborating
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the macrolide portion in pateamine from appropriate
precursors [48]. In every respect, and as expected, the
Stille coupling approach was immeasurably superior.

Acknowledgements

It is a pleasure to acknowledge the dedication, tenac-
ity, and enthusiasm of the doctoral students and Re-
search Fellows, named in the references, who have been
associated with the total synthesis studies described in
this review. We also thank the EPSRC and the EU,
together with AstraZeneca, GlaxoSmithKline, Merck
Sharpe and Dohme, and Pfizer who have generously
supported our research during the past few years.

References

[1] (a) D. Milstein, J.K. Stille, J. Am. Chem. Soc. 100 (1978) 3636.
(b) J.K. Stille, Angew Chem. Int. Ed. Engl. 25 (1986) 508.
(c) For recent reviews of the Stille reaction, see: V. Farina, Pure
Appl. Chem. 68 (1996) 73.
(d) V. Farina, V. Krishnamurthy, W.J. Scott, Organic Reactions
50 (1997) 1.

[2] (a) For reviews of the related Suzuki reaction see: N. Miyaura,
A. Suzuki, Chem. Rev. 95 (1995) 2457.
(b) A. Suzuki, J. Organomet. Chem. 576 (1999) 147.



G. Pattenden, D.J. Sinclair / Journal of Organometallic Chemistry 653 (2002) 261–268 267

[3] For various sp2–sp2 coupling protocols, see: F. Diedrich, P.J.
Stang (Eds.), Metal-catalysed Cross-coupling Reactions, Wiley-
VCH, 1998.

[4] For a review of the use of cross-coupling reactions in total
synthesis, see: K.C. Nicolaou, E.J. Sorensen, Classics in Total
Synthesis, Wiley-VCH, 1996, pp. 565–599.

[5] For general reviews of macrolide syntheses including di- and
triene-containing compounds, see: (a) R.K. Boeckman Jr., S.W.
Goldstein, in: J. ApSimon (Ed.), The Total Synthesis of Natural
Products’ vol. 7, pp. 1–139, Wiley-Interscience, 1973.
(b) K.C. Nicolaou, Tetrahedron 33 (1977) 683.
(c) I. Paterson, M.M. Mansuri, Tetrahedron 41 (1985) 3569.
(d) The methods used include aldol condensation, Peterson,
Wittig, and Horner–Wadsworth–Emmons olefinations, and
acetylide condensation–reduction. While olefin metathesis is
growing in popularity as a macrocyclisation method, it has only
recently been applied to the synthesis of conjugated dienes. See:
L.M. Martin Cabrejas, S. Rohrbach, D. Wagner, J. Kallen, G.
Zenke, J. Wagner, Angew. Chem. Int. Ed. Engl. 38 (1999) 2443.
(e) J. Wagner, L.M. Martin Cabrejas, C.E. Grossmith, C. Papa-
georgiou, F. Senia, D. Wagner, J. France, S.P. Nolan, J. Org.
Chem. 65 (2000) 9255.

[6] M.A.J. Duncton, G. Pattenden, J. Chem. Soc. Perkin Trans. 1
(1999) 1235.

[7] (a) M. Hara, I. Takahashi, M. Yoshida, K. Asano, I.
Kawamoto, M. Morimoto, H. Nakano, J. Antibiot. 42 (1989)
333;
(b) M. Hara, Y. Saito, H. Nakano, Biochemistry 29 (1990) 5676.

[8] (a) G. Pattenden, A.J. Shuker, Synlett (1991) 717;
(b) G. Pattenden, A.J. Shuker, Tetrahedron Lett. 32 (1991) 6625;
(c) G. Pattenden, A.J. Shuker, J. Chem. Soc. Perkin Trans. 1
(1992) 1215.

[9] V. Farina, B. Krishnan, J. Am. Chem. Soc. 113 (1991) 9585.
[10] G. Pattenden, S.M. Thom, Synlett (1993) 215.
[11] (a) E. Piers, R.W. Friesen, B.A. Keay, J. Chem. Soc. Chem.

Commun. (1985) 809;
(b) E. Piers, R.W. Friesen, B.A. Keay, Tetrahedron 47 (1991)
4555;
(c) E. Piers, R.W. Friesen, S.J. Rettig, Can. J. Chem. 70 (1992)
1385;
(d) E. Piers, R.W. Friesen, J. Org. Chem. 51 (1986) 3405;
(e) E. Piers, R.W. Friesen, Can. J. Chem. 70 (1992) 1204.

[12] For an aryl iodide vinyl stannane macrocyclisation leading to a
synthesis of zearalenone see: A. Kalivretenos, J.K. Stille, L.S.
Hegedus, J. Org. Chem. 56 (1991) 2883.

[13] For some contemporaneous studies, see: (a) A.B. Smith III, S.M.
Condon, J.A. McCauley, J.L. Leazer Jr., J.W. Leahy, R.E.
Maleczka Jr., J. Am. Chem. Soc. 117 (1995) 5407.
(b) K.C. Nicolaou, A.D. Piscopio, P. Bertinato, T.K.
Chakraborty, N. Minowa, K. Koide, Chem. Eur. J. 1 (1995) 318.

[14] (a) Y. Kanda, H. Saito, T. Fukuyama, Tetrahedron Lett. 33
(1992) 5701;
(b) Y. Kanda, T. Fukuyama, J. Am. Chem. Soc. 115 (1993)
8451;
(c) T. Fukuyama, Y. Kanda, J. Syn. Org. Chem. Jpn. 52 (1994)
888.

[15] For reviews and leading references, see: (a) H. Zang, L. Breydo,
K. Mitra, J. Dannaldson, K.S. Gates, Bioorg. Med. Chem. Lett.
11 (2001) 1511.
(b) K. Mitra, K.S. Gates, Recent Res. Dev. Org. Chem. 3 (1999)
311.
(c) K.S. Gates, Chem. Res. Toxicol. 13 (2000) 953.

[16] (a) C. Cocito, Mirobiol. Rev. 43 (1979) 145;
(b) J.M. Paris, J.C. Barrière, C. Smith, P.E. Bost, in: G. Lucass,
M. Ohno (Eds.), Recent Progress in the Chemical Synthesis of
Antibiotics, Springer-Verlag, 1990.

[17] (a) K.T. Lam, R.L.S. Chang, O.D. Hensens, C.D. Schwartz,
D.L. Zink, USP 4 894 370.
See also: (b) M.G. Bock, Drugs of the Future 16 (1991) 631.
(c) Y.K. Lam, D. Bogen, R.S. Chang, K.A. Faust, O.D.
Hensens, D.L. Zink, C.D. Schwartz, L. Zitano, G.M. Garrity,
M.M. Gagliardi, S.A. Currie, H.B. Woodruff, J. Antibiot. 44
(1991) 613.

[18] F. Tavares, J.P. Lawson, A.I. Meyers, J. Am. Chem. Soc. 118
(1996) 3303.

[19] R.H. Schlessinger, Y.-J. Li, J. Am. Chem. Soc. 118 (1996) 3301.
[20] (a) D.A. Entwistle, S.I. Jordan, J. Montgomery, G. Pattenden, J.

Chem. Soc. Perkin Trans. 1 (1996) 1315;
(b) D.A. Entwistle, S.I. Jordan, J. Montgomery, G. Pattenden,
Synthesis (1998) 603.

[21] (a) K. Gustafson, M. Roman, W. Fenical, J. Am. Chem. Soc.
111 (1989) 7519;
(b) S.D. Rychnovsky, D.J. Skalitzky, C. Pathirana, P.R. Jensen,
W. Fenical, J. Am. Chem. Soc. 114 (1992) 671.

[22] See also: J.K. Stille, B.L. Groh, J. Am. Chem. Soc. 109 (1987)
813.

[23] R.J. Boyce, G. Pattenden, Tetrahedron Lett. 37 (1996) 3501.
[24] (a) A.B. Smith III, G.R. Ott, J. Am. Chem. Soc. 118 (1996)

13095;
(b) A.B. Smith III, G.R. Ott, J. Am. Chem. Soc. 120 (1998)
3935;
(c) See also: Y. Kim, R.A. Singer, E.M. Carreira, Angew. Chem.
Int. Ed. Engl. 37 (1998) 1261.

[25] (a) S. Iwasaki, H. Kobayashi, J. Furukawa, M. Namikoshi, S.
Okuda, Z. Sato, I. Matsuda, T. Noda, J. Antibiot. 37 (1984) 354;
(b) T. Tsuruo, T. Ohhara, H. Iida, S. Tsukagoshi, Z. Sato, I.
Matsuda, S. Iwasaki, S. Okuda, F. Shimizu, K. Sasagawa, M.
Fukami, K. Fukuda, M. Arakawa, Cancer Res. 46 (1986) 381.

[26] (a) M. Nakada, S. Kobayashi, S. Iwasaki, M. Ohno, Tetrahe-
dron Lett. 34 (1993) 1035;
(b) M. Nakada, S. Kobayashi, M. Shibasaki, S. Iwasaki, M.
Ohno, Tetrahedron Lett. 34 (1993) 1039.

[27] (a) A.S. Kende, B.E. Blass, J.R. Henry, Tetrahedron Lett. 36
(1995) 4741;
(b) D.R. Williams, K.M. Werner, B. Feng, Tetrahedron Lett. 38
(1997) 6825.

[28] (a) J.A. Lafontaine, J.W. Leahy, Tetrahedron Lett. 36 (1995)
6029;
(b) D.P. Provencal, C. Gardelli, J.A. Lafontaine, J.W. Leahy,
Tetrahedron Lett. 36 (1995) 6033;
(c) J.A. Lafontaine, D.P. Provencal, C. Gardelli, J.W. Leahy,
Tetrahedron Lett. 40 (1999) 4145;
(d) G.E. Keck, M. Park, D. Krishnamurthy, J. Org. Chem. 58
(1993) 3787;
(e) G.E. Keck, K.A. Savin, M.A. Weglarz, E.N.K. Cressman,
Tetrahedron Lett. 37 (1996) 3291;
(f) G.E. Keck, C.A. Wager, T.T. Wager, K.A. Savin, J.A. Covel,
M.D. McLaws, D. Krishnamurthy, V.J. Cee, Angew. Chem. Int.
Ed. Engl. 40 (2001) 231.

[29] (a) I.S. Mitchell, Ph.D. thesis, The University of Nottingham,
1996.
(b) D.A. Entwistle, J.P. Stonehouse, G. Pattenden, Tetrahedron
43 (2002) 493.

[30] (a) J. Kobayashi, M. Ishibashi, Chem. Rev. 93 (1993) 1753;
(b) J. Kobayashi, M. Ishibashi, Heterocycles 44 (1997) 543;
(c) T.K. Chakraborty, S. Das, Curr. Med. Chem. Anti Cancer
Agents 1 (2001) 131.

[31] (a) J. Kobayashi, M. Ishibashi, H. Nakamura, Y. Ohizumi, T.
Yamasu, T. Sasaki, Y. Hirata, Tetrahedron Lett. 27 (1986) 5755;
(b) J. Kobayashi, M. Ishibashi, H. Hirota, J. Nat. Prod. 54
(1991) 1435.

[32] (a) M. Ishibashi, Y. Ohizumi, M. Hamashima, H. Nakamura, Y.
Hirata, T. Sasaki, J. Kobayashi, J. Chem. Soc. Chem. Commun.
(1987) 1127;



G. Pattenden, D.J. Sinclair / Journal of Organometallic Chemistry 653 (2002) 261–268268

(b) M. Ishibashi, H. Ishiyama, J. Kobayashi, Tetrahedron Lett.
35 (1994) 8241;
(c) I. Bauer, L. Maranda, Y. Shimizu, R.W. Peterson, L. Cor-
nell, J.R. Steiner, J. Clardy, J. Am. Chem. Soc. 116 (1994) 2657.

[33] T. Kubota, T. Endo, M. Tsuda, M. Shiro, J. Kobayashi, Tetra-
hedron 57 (2001) 6175.

[34] (a) F.K. Sheffey, J.K. Stille, J. Am. Chem. Soc. 105 (1983) 717;
(b) L. Del Valle, J.K. Stille, L.S. Hegedus, J. Org. Chem. 55
(1990) 3019;
(c) J. Godschalx, J.K. Stille, Tetrahedron Lett. 21 (1980) 2599.

[35] C. Boden, G. Pattenden, Synlett (1994) 181.
[36] G.J. Hollingworth, G. Pattenden, Tetrahedron Lett. 39 (1998)

703.
[37] H.W. Lam, G. Pattenden, Angew. Chem. Int. Ed. 114 (2002)

508.
[38] M. Belén Cid, G. Pattenden, Tetrahedron Lett. 41 (2000) 7373.
[39] (a) E. Piers, T. Wong, J. Org. Chem. 58 (1993) 3609;

(b) G.D. Allred, L.S. Liebeskind, J. Am. Chem. Soc. 118 (1996)
2748;
(c) I. Paterson, J. Man, Tetrahedron Lett. 38 (1997) 695.

[40] For syntheses of other amphidinolides see: (a) D.R. Williams,
W.S. Kissel, J. Am. Chem. Soc. 120 (1998) 11198.
(b) D.R. Williams, B.J. Myers, L. Mi, Org. Lett. 2 (2000) 945.
(c) D.R. Williams, K.G. Meyer, J. Am. Chem. Soc. 123 (2001)
765.

[41] (a) W. Fenical, R.K. Okuda, M.M. Bandurraga, P. Culver, R.S.
Jacob, Science 212 (1981) 1512;
(b) S.N. Abramson, J.A. Trischman, D.M. Tapiolas, E.E.
Harold, W. Fenical, P. Taylor, J. Med. Chem. 34 (1991) 1798.

[42] (a) M.P. Astley, G. Pattenden, Synlett (1991), 335.
(b) M.P. Astley, G. Pattenden, Synthesis (1992), 101.
(c) M.S. Hadjisoteriou, G. Pattenden, unpublished results.

[43] M. Cases, F. Gonzalez-Lopez de Turiso, G. Pattenden, Synlett
(2001) 1869.

[44] In contemporaneous studies, I. Paterson and co-workers have
used a similar approach to a lophotoxin model system. I. Pater-
son, R.E. Brown, C.J. Urch, Tetrahedron Lett. 40 (1999) 5807.

[45] P.T. Northcote, J.W. Blunt, M.H.G. Munroe, Tetrahedron Lett.
32 (1991) 6411.

[46] (a) M.J. Remuiñán, G. Pattenden, Tetrahedron Lett. 41 (2000)
7367;
(b) See also: D.J. Critcher, G. Pattenden, Tetrahedron Lett. 37
(1996) 9107.

[47] For an alternative total synthesis of pateamine see: (a) R.M.
Rzasa, H.A. Shea, D. Romo, J. Am. Chem. Soc. 120 (1998) 591.
(b) D. Romo, R.M. Rzasa, H.A. Shea, K. Park, J.M. Langen-
han, L. Sun, A. Akhiezer, J.O. Liu, J. Am. Chem. Soc. 120
(1998) 12237.
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