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Recently, we established that the configuration of the
hydroxy groups in a starting material has a powerful
influence in facilitating the reductive couplings promoted by
samarium(ii) iodide[1] and in controlling the stereochemical
outcome.[2, 3] All of these hydroxy-directed carbon ± carbon
bond formation reactions proceed in good yields and provide
access to highly funtionalized molecules with excellent stereo-
control. Furthermore, the sense of the diastereoselectivity was
in full accordance with a chelation-control model. We have
now discovered that this new methodology allows the stereo-
selective construction of polyoxygenated six-membered car-
bocycles from carbohydrate templates. During the last
decade, organic chemists have been very interested in the
transformation of carbohydrates to carbocycles.[4] Although
most current approaches involve a radical methodology, only
a limited number of SmI2-mediated annulations of five-
membered ring carbocycles from carbohydrates have been
reported.[5]

As shown in Scheme 1, the six-membered ring carbocycles
can be accessed from the allyl sulfides 1 and 4, which are
prepared from methyl b-d-glucopyranoside and b-d-galacto-
pyranoside by simple carbohydrate manipulations.[6] When 1
was allowed to react directly with SmI2 (2.5 equiv) at room
temperature in THF/MeOH (5/1), the ring-closing reaction
proceeded with complete stereochemical control to furnish
the cis-1,3-cyclohexanediols 2 and 3 in a 75:25 ratio and in
excellent yield. Similarly, the cis-1,3-cyclohexanediols 5 and 6
(27:73) were exclusively obtained through the SmI2-mediated
reaction of 4.[9] Apparently, the corresponding d-hydroxy
aldehydes 7 and 8 must be generated in equilibrium processes
before the self-terminating 6-exo-trig ketyl ± olefin cyclization
mediated by SmI2 (Scheme 2).[10] This new annulation process
is of considerable synthetic utility not only because of
the observed high diastereoselectivity but also because of
the exceptional synthetic versatility of the cyclization prod-
ucts.

burger, N. C. Faibish, D. J. Pippel, P. Beak, J. Am. Chem. Soc. 1999,
121, 9522 ± 9530, and references therein.

[3] a) B. Kaiser, D. Hoppe, Angew. Chem. 1995, 107, 344; Angew. Chem.
Int. Ed. Engl. 1995, 34, 323 ± 325; b) T. Shinozuka, Y. Kikori, M.
Asaoka, H. Takei, J. Chem. Soc. Perkin Trans. 1 1995, 119 ± 120.

[4] a) R. W. Hoffmann, M. Julius, F. Chemla, T. Ruhland, G. Frenzen,
Tetrahedon 1994, 50, 6049 ± 6060; b) R. W. Hoffmann, R. K. Dress, T.
Ruhland, A. Wenzel, Chem. Ber. 1995, 128, 861 ± 870.

[5] High configurational stability has been achieved only through in situ
trapping or intramolecular rearrangement, see a) P. G. McDougal,
B. D. Condon, M. D. Laffosse, Jr., A. M. Lauro, D. VanDerveer,
Tetrahedron Lett. 1988, 29, 2547 ± 2550; b) P. G. McDougal, B. D.
Condon, Tetrahedron Lett. 1989, 30, 789 ± 790; c) H. J. Reich, M. D.
Bowe, J. Am. Chem. Soc. 1990, 112, 8994 ± 8995; d) K. Brickmann, R.
Brückner, Chem. Ber. 1993, 126, 1227 ± 1239.

[6] An example of a dipole-stabilized a-thiobenzyllithium compound that
is configurationally stable in diethyl ether is known, see D. Hoppe, B.
Kaiser, O. Stratmann, R. Fröhlich, Angew. Chem. 1997, 109, 2872 ±
2874; Angew. Chem. Int. Ed. Engl. 1997, 36, 2784 ± 2786.

[7] T. Ruhland, R. Dress, R. W. Hoffmann, Angew. Chem. 1993, 105, 1487;
Angew. Chem. Int. Ed. Engl. 1993, 32, 1467 ± 1468.

[8] a) W. Klute, R. Dress, R. W. Hoffmann, J. Chem. Soc. Perkin Trans. 2
1993, 1409 ± 1411; b) R. W. Hoffmann, W. Klute, R. K. Dress, A.
Wenzel, J. Chem. Soc. Perkin Trans. 2 1995, 1721 ± 1726; c) R. W.
Hoffmann, W. Klute, Chem. Eur. J. 1996, 2, 694 ± 700.

[9] For enantioselective reactions of nondipole-stabilized a-oxycarban-
ions in the presence of bisoxazolines, see a) N. Komine, L. Wang,
K. Tomooka, T. Nakai, Tetrahedron Lett. 1999, 40, 6809 ± 6812;
b) K. Tomooka, L. Wang, N. Komine, T. Nakai, Tetrahedron Lett.
1999, 40, 6813 ± 6816. We are grateful to Prof. K. Tomooka for helpful
discussions.

[10] a) S. E. Gibson (neÁe Thomas), P. Ham, G. R. Jefferson, M. H. Smith, J.
Chem. Soc. Perkin Trans. 1 1997, 2161 ± 2162; b) A. Ariffin, A. J.
Blake, R. A. Ewin, N. S. Simpkins, Tetrahedron: Asymmetry 1998, 9,
2563 ± 2566. For a-oxycarbanions see also: c) R. A. Ewin, N. S.
Simpkins, Synlett 1996, 317 ± 318; d) S. E. Gibson (neÁe Thomas),
P. C. V. Potter, M. H. Smith, Chem. Commun. 1996, 839 ± 840; e) S. E.
Gibson (neÁe Thomas), P. C. V. Potter, M. H. Smith, Chem. Commun.
1996, 2757 ± 2578; f) R. A. Ewin, A. M. MacLeod, D. A. Price, N. S.
Simpkins, A. P. Watt, J. Chem. Soc. Perkin. Trans 1 1997, 401 ± 415.

[11] Reactions in diethyl ether or THF gave 2 with much lower stereo-
selectivity.

[12] For enantioselective reactions using bis-oxazolines, see a) A. K.
Ghosh, P. Mathivanan, J. Cappiello, Tetrahedron: Asymmetry 1998,
9, 1 ± 45; b) S. E. Denmark, N. Nakajima, O. J.-C. Nicaise, J. Am.
Chem. Soc. 1994, 116, 8797 ± 8798; c) M. Nakamura, M. Arai, E.
Nakamura, J. Am. Chem. Soc. 1995, 117, 1179 ± 1180; d) D. M.
Hodgson, G. P. Lee, Tetrahedron: Asymmetry, 1997, 8, 2303 ± 2306.
e) K. Tomooka, N. Komine, T. Nakai, Tetrahedron Lett. 1998, 39,
5513 ± 5516; f) V. Schulze, R. W. Hoffmann, Chem. Eur. J. 1999, 5,
337 ± 344; g) T. Kambara, K. Tomioka, Chem. Pharm. Bull. 1999, 47,
720 ± 721.

[13] a) W. C. Still, C. Sreekumar, J. Am. Chem. Soc. 1980, 102, 1201 ± 1202;
b) J. S. Sawyer, A. Kucerovy, T. L. Macdonald, G. J. McGarvey, J. Am.
Chem. Soc. 1988, 110, 842 ± 853. There is a reaction with partial inversion,
see J. Clayden, J. H. Pink, Tetrahedron Lett. 1997, 38, 2565 ± 2568.

[14] M. T. Reetz, M. W. Drewes, A. Schmitz, Angew. Chem. 1987, 99,
1186 ± 1188; Angew. Chem. Int. Ed. Engl. 1987, 26, 1141 ± 1143.

[15] a) R. Hirsch, R. W. Hoffmann, Chem. Ber. 1992, 125, 975 ± 982;
b) R. W. Hoffmann, M. Bewersdorf, Liebigs Ann. Chem. 1992, 643 ±
653. Configurational instability of the a-lithiobenzyl phenyl sulfide in
THF has been verified, see R. W. Hoffmann, T. Ruhl, J. Harbach,
Liebigs Ann. Chem. 1992, 725 ± 730.

[16] The barrier to racemization for the a-seleno- and a-thiocarbanions
having a bulky aryl group such as the duryl or mesityl group is known
to be significantly higher than for those with a phenyl group, see
refs.[3b, 5d]

[17] This hypothesis relies on several reactions involving the Hoffmann
test as well as MO calculations and will be discussed in detail in due
course.

[18] All complexes formed from the carbanions and the chiral ligands were
soluble in cumene.

[*] Prof. Dr. F. Matsuda,[�] Dr. T. Kan, Dr. S. Nara, T. Ozawa,
Prof. Dr. H. Shirahama
Department of Chemistry, Faculty of Science
Hokkaido University
Sapporo 060-0810 (Japan)
E-mail : fmatsuda@ees.hokudai.ac.jp

[�] Current address:
Division of Material Science
Graduate School of Environmental Earth Science
Hokkaido University
Sapporo 060-0810 (Japan)
Fax: (�81) 11757-5995

[**] The present work was supported by a Grant-in-Aid for Scientific
Research on Priority Areas (no. 09231201) from The Ministry of
Education, Science, Sports and Culture of the Japanese Government.
The authors are greatly indebted to Professor Dennis P. Curran
(University of Pittsburgh) for helpful discussions.

Supporting information for this article is available on the WWW under
http://www.wiley-vch.de/home/angewandte/ or from the author.



ZUSCHRIFTEN

364 � WILEY-VCH Verlag GmbH, D-69451 Weinheim, 2000 0044-8249/00/11202-0364 $ 17.50+.50/0 Angew. Chem. 2000, 112, Nr. 2

Scheme 1. Cyclizations to form six-membered rings. Bn� benzyl.

Scheme 2. The chelation-control model.

In the cyclization products 2, 3, 5, and 6, the two hydroxy
groups are situated cis on the new six-membered rings
(Scheme 2). Thus, the high stereoselectivity can be again
explained by assuming a chelation-control model.[2] After the
single-electron reduction of the aldehyde part of 7 or 8,
chelation of the SmIII cation attached to the resulting ketyl
radical with the d-hydroxy group of 7 or 8 gives the requisite
species for the construction of the cyclic ketyl intermediate.
The ketyl radical center adds to the olefinic part through the
plausible transition states 9 and 10 or 11 and 12. The b-scission
reaction of the cyclic radical intermediates with a second

equivalent of SmI2 in turn leads to the cis-1,3-cyclohexanediol
products 2 and 3 or 5 and 6, respectively.

In stark contrast, the five-membered ring carbocycles were
constructed with complete chemoselectivity through a similar
SmI2-induced cyclization of the corresponding a,b-unsatu-
rated methyl esters 13 and 15 (Scheme 3).[6] Direct treatment

of 13 with SmI2 (5.0 equiv) at 0 8C in THF/MeOH (15/1)
provided the cyclopentanol 14 as the sole product in excellent
yield. The same cyclization of 15 affected exclusive formation
of the cyclopentanols 16 and 17 (68:32).[9]

When 2.5 equiv of SmI2 are added to 13 at ÿ40 8C in THF/
MeOH (15/1), the b,g-unsaturated methyl ester 18 was
obtained (Scheme 4). Furthermore, coupling cyclization of

18 with 2.5 equiv of SmI2 at 0 8C in THF/MeOH (15/1)
produced 14 as a single stereoisomer in 87 % yield. Therefore,
the SmI2-mediated reductive cyclizations of 13 and 15 may
involve sequential ring-opening and ketyl ± olefin annulation
reactions. Thus, the ring-cleavage reactions of tetrahydro-
pyran with SmI2 are initiated by the single-electron reduction
of the a,b-unsaturated ester moiety of 13 or 15, forming the
intermediate b,g-unsaturated methyl ester 18 or 19.[11] The
SmI2-promoted 5-exo-trig ketyl ± olefin cyclization of 18 or 19
generated in situ affords the observed cyclopentanol products
14 or 16 and 17, respectively.
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Scheme 3. Cyclizations to form five-membered rings.

Scheme 4. The pathway involving ring opening and ketyl ± olefin coupling.
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Neodymium(iii)-containing solids are the most popular
luminescent materials for application in laser systems.[1]

Inorganic NdIII compounds such as oxides, fluorides, phos-
phates, and their mixed matrices were investigated for the
capability of high power laser radiation by controlling the
NdIII density in matrices. The construction of strongly
luminescent NdIII materials in organic media would be
desirable for developing applications in novel organic NdIII

devices, such as organic liquid lasers, optical-fiber polymers,
organic electroluminescent devices, and near-IR immuno-
assays.[2] However, the energy gap theory shows that the
presence of CÿH or OÿH bonds in the vicinity of NdIII leads to
effective radiationless transitions by vibrational excitation of
CÿH or OÿH bonds, and this results in negligible emission
quantum yields.[3] Suppression of such vibrational excitation
in the NdIII system requires deuteration of CÿH and OÿH
bonds or replacement of CÿH bonds with CÿF bonds in
ligating molecules, and the use of deuterated solvents with low
vibrational frequencies. By using these strategies, various
researchers recently observed effective emission in certain
organic/NdIII systems.[4] However, an emission quantum yield
on the order of 10ÿ5 was never observed in solvents that
contain H atoms. Here we report on the luminescence of
novel NdIII complexes and the first observation of enhanced
luminescence of NdIII in a solvent of high vibrational
frequency, namely, undeuterated acetone, by using bis(per-
fluoroalkylsulfonyl)aminates as bulky ligands with low vibra-
tional frequencies.

Bis(perfluorooctylsulfonyl)amine (posH) was synthesized
by treating the corresponding perfluorooctylsulfonylamine
with perfluorooctylsulfonyl fluoride in the presence of
triethylamine (TEA) as base in THF, followed by acidification
with 10 % aqueous H2SO4. [Nd(pos)3] was prepared by
treating posH with neodymium oxide in water. For compar-
ison, we prepared [Nd(pbs)3] (pbs� bis-perfluorobutylsulfo-
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