.

ELS

=

Carbohydrate Research 310 (1998) 129-133

CARBOHYDRATE
RESEARCH

Note
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bulky substituant for effective regioselective
difunctionalisation of cyclomaltohexaose
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Abstract

Methodology based on the use of the “supertrityl” group (=—C(p-Bu'-C4Hy)3) allows con-
venient difunctionalisation of cyclomaltohexaose. The AD regioisomer was obtained in an overall
yield of 30%. © 1998 Elsevier Science Ltd. All rights reserved
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The regioselective multifunctionalisation of the
cyclomalto-oligosaccharides (cyclodextrins, CDs)
has attracted much attention in recent years [1]
owing to the fact that their ability to give inclusion
complexes with a range of guest molecules in
aqueous solution can be combined with many
other useful properties such as catalysis [2,3] and
molecular recognition [4,5]. Pure di- and trisub-
stituted regioisomers of a-CD have been produced
from linear di- and trisaccharides using che-
moenzymatic cyclisations [6—8]. Alternatively, by
capping the primary hydroxyl face of the CDs with
tailor-made disulfonated bridging molecules,
Tabushi et al. [9,10] prepared all possible difunc-
tionalised regioisomers of B-CD in a very selective
manner. However, overall yields did not exceed

* Corresponding author. E-mail: dmatt@chimie.u-strasbg.fr

15%. Attempts to achieve the required selectivity
with less synthetically demanding groups such as
naphtylsulphonyl [11-13], tosyl [14,15], mesi-
tylsulfonyl [16], azido [17], tert-butyldimethtylsilyl
[18] and trityl [19] were made with only limited
success except for the preparation of tri- and
tetratritylated derivatives of «-CD which could
be isolated in about 20% yield after flash
chromatography [20,21].

In this communication, we show how the bulki-
ness of the easily accessible tris(4-tert-butylphe-
nyl)methyl group [22] can be exploited to
discriminate between primary hydroxyl groups and
allows the preparation of gram-scale quantities of
disubstituted «-CD derivatives from native a-CD.
For simplification, we propose to name this bulky
group ‘‘supertrityl”.

Tris(4-tert-butylphenyl)methyl chloride (1) was
obtained by reaction of methyl 4-zert-butylbenzoate

0008-6215/98/$—see front matter © 1998 Elsevier Science Ltd. All rights reserved

PITIS0008-6215(98)00139-6



130 D. Armspach, D. Matt|/Carbohydrate Research 310 (1998) 129-133

with the Grignard reagent derived from 4-bromo-
tert-butylbenzene followed by chlorination of the
resulting carbinol with acetylchloride according to
a previously described procedure [22].

1 (STrCI)

Reaction of a solution of «-CD in N,N-di-
methylformamide with the triarylmethyl chloride 1
(3 equiv) in the presence of 4-N,N-dimethylamino-
pyridine (DMAP) and Et3N at 50 °C for 18h [23]
gave a mixture of polysubstituted species. The lat-
ter was treated in N,N-dimethylformamide with
iodomethane after deprotonation of the remaining
hydroxyl groups using sodium hydride (Scheme 1).
This methylation facilitates product separation.
Flash chromatography then afforded the AD iso-
mer 2 (30%, Ry 0.43), the AC isomer 3 (27%, Ry
0.26), the AB isomer 4 (8%, Ry 0.12) as well as
small amounts of trisubstituted (8%) and mono-
substituted (12%) species.

Stoddart et al. [24] reported that 4-fert-butyl-
triphenylmethyl ethers undergo spontancous
cleavage, even in the absence of acids. Such
instability was not observed in our case since all
products are stable in the solid state as well as in
solution. They can be submitted to chromato-
graphy over silica gel without noticeable hydrolysis
occurring.

The 'H NMR spectra (Fig. 1) reflect the sym-
metry of the difunctionalised CDs. For example,
three signals are observed for the anomeric protons
(H-1) in 2 in agreement with its expected C, sym-
metry. For asymmetrical 3 and 4, the number of H-
1 signals is doubled. Furthermore, whereas all H-1
protons in 2 and 3 as well as in monosubstituted 5
appear in the same relatively narrow chemical shift
region (AS§ = 0.45 ppm), this is not the case in 4
whose H-1 signals are much more widespread
(AS = 1.3 ppm). Considerable steric interaction
between the tris(4-tert-butylphenyl)methyl groups in
4 is probably responsible for such a dramatic change.

In terms of availability, we believe that our
method based on the use of “‘supertrityl” offers

significant advantages over previous methodologies
since gram-scale quantities of pure disubstituted a-
CDs can be prepared without using HPLC pur-
ification procedures. The regioselectivity of such
difunctionalisation could be further improved by
using even larger groups such as dendrimers.

HO, OH
Ho. OH
m 1) STCl, DMAP, NEt,
DMF, 50°C, 18h
2) NaH, Mel
DMF, 25°C, 5h

(OH)12
MeO, OMe MeO, oSTr STro, OM:
STro. 0°Tr STrO. ¢ OMe  spq T © OMe
(OMe)sz (OMe), (OMe)y,
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Fig. 1. Part of the '"H NMR (CDCls;) spectra (anomeric H
region) of the disubstituted isomers 2-4 and the mono-
substituted «-CD 5. The asterisk indicates the presence of
residual CH,Cl,.
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1. Experimental

General methods.—Cyclomaltohexaose (a-CD,
Wacker) was dried at 0.1 mmHg and 120 °C for
24 h. Solvents were dried by conventional methods
and distilled just before use. CDCl; was passed
down a Scm-thick alumina column and stored
under nitrogen over molecular sieves (4 A). 'H and
BC-{TH} NMR spectra were recorded with an FT
Bruker AC 200 instrument. '"H NMR spectral data
were referenced to residual protiated solvents
(7.35ppm for CDCl3) and '3C chemical shifts are
reported relative to  deuteriated  solvents
(77.0ppm for CDCIl;). The mass spectra were
recorded on a ZAB HF VG Analytical
spectrometer using m-nitrobenzyl alcohol or tet-
raglyme (2,5,8,11,14-pentaoxapentadecane) as a
matrix for FAB or a PerSeptive Biosystems Vestec
spectrometer in positive linear mode at SkV accel-
eration voltage with 2,5-dihydroxybenzoic acid as
matrix for MALDI-TOF. For column chromatog-
raphy Geduran SI (E. Merck, 0.040-0.063 nm) was
used. Routine thin-layer chromatography analysis
were carried out on Silica Gel (Merck Kieselgel 60
GF;s4) with detection by charring with H,SO,.
Elemental analysis were performed by the Centre de
Recherche Chimie, Strasbourg, analytical service.

Procedure for disubstitution—To a solution of
dry a-CD (7.000 g, 7.20 mmol) in anhydrous N,N-
dimethylformamide (DMF) (175mL) and
triethylamine (7mL) was added tris(p-tert-butyl-
phenyl)methyl chloride (9.650g, 21.60 mmol, 3
equiv) and 4-dimethylaminopyridine (DMAP)
(0.400g, 3.27mmol). The solution was stirred
overnight at 50 °C, then poured into water
(600mL), and the precipitate was collected by fil-
tration over Celite. The Celite and precipitate mix-
ture was dried under vacuum before being
extracted several times with hot hexane to remove
excess tris(p-tert-butylphenyl)methyl chloride. The
residue was then extracted with dichloromethane
and the filtrate evaporated to dryness. The result-
ing glassy solid was dried under high vacuum for
4h at 110 °C to remove entrapped water. TLC
(Si0,, butanone/isopropanol/water 7:1:1) showed
three spots, corresponding respectively to mixtures
of tritritylated (R, 0.62), ditritylated (R, 0.55) and
monotritylated species (R, 0.40). To a solution of
the crude product in dry N,N-dimethylformamide
(200mL) was added sodium hydride (10.5g, 60%
dispersion in oil). The mixture was stirred for 1h,
and then iodomethane (14 mL) was added dropwise

so that the suspension temperature did not exceed
35 °C. Excess sodium hydride was destroyed by
careful addition of methanol, water (600 mL) was
subsequently added, and the mixture extracted
several times with ether. The combined organic
extract was washed with water and dried. Removal
of the solvent in vacuo gave a glassy solid which
was subjected to column chromatography (SiO»,
ethyl acetate/hexane, step gradient:
35:65—50:50—75:25—100/0), to give five frac-
tions:

Fraction 1, mixture of 6*,6€,6F-tri-O-tris(p-tert-
butylphenyl)methyl-24,2B,2€ 2D 2E = 2F 3A 3B 3C 3D
3E 3F 6B,6P,6F-pentadeca-O-methyl-a-cyclodextrin
(6), 6*,68,6P-tri-O-tris(p-tert-butylphenyl)methyl-
2A 2B 2C 2D 2E OF 3A 3B 3C 3D 3E 3F 6C 6E 6F-pen-
tadeca-O-methyl-a-cyclodextrin (7), 62,68 6F-tri-
O-tris(p-tert-butylphenyl)methyl-24,28,2€ 2P 2E oF,
3A,3B 3€C 3D 3E 3F 6C 6D 6F-pentadeca-O-methyl-a-
cyclodextrin (8), 64,68,6C-tri-O-tris(p-tert-butyl-
phenyl)methyl-24 2B 2€ 2D 2E 5F 3A 3B 3C 3D 3E 3F
6°,6F,6F-pentadeca-O-methyl-a-cyclodextrin =~ (9)
(overall yield 1.5g, 8%), R, (hexane-EtOAc, 1: 1).
MS (MALDI-TOF): m/z: 411 [tris(p-tert-butyl-
phenyl)methyl "], 2027 [M-tris(p-tert-butylphenyl)-
methyl +Na™], 2044  [M-tris(p-tert-butylphe-
nyl)methyl+ K™*], 2438 [M+Na™], 2454
M+K™].

Fraction 2, 6*,6P-di-O-tris(p-tert-butylphenyl)-
methyl-24,2B 2C 2D 2E oF 3A 3B 3C 3D 3E 3F 6B 6C
6F,6F-hexadeca-O-methyl-a-cyclodextrin (2) (4.300 g,
30%). M.p. >250 °C; 'H NMR (200.1 MHz,
CDCls, 25 °C): §=1.28 (s, 18H, tert-butyl), 3.17 (s,
12H, 4x 0O-Me), 3.42 (s, 6H, 2x O-Me), 3.47 (s, 6H,
2x0-Me), 3.56 (s, 6H, 2x0-Me), 3.58 (s, 6H,
2x0-Me), 3.66 (s, 6H, 2x0O-Me), 3.70 (s, 6H,
2x0-Me), 2.87-4.19 (m, 36H, H-2, H-3, H-4, H-5,
H-6), 4.72 (d, 2H, 3J(H-1,H-2)=3.2 Hz, H-1), 4.99
(d, 2H, 3J(H-1,H-2)=3.2Hz, H-1), 5.08 (d, 2H,
3J(H-1,H-2)=3.2Hz, H-1), 7.23 (m, 12 H, AA’
part of AA’BB’ system of trityl), 7.33 (m, 12 H, BB’
part of AA’'BB’ system of trityl); '*C{'"H} NMR
(50.3 MHz, CDCl;, 25 °C): §=31.31 (C(CHj)3),
34.24 (C(CHs)3), 57.36, 57.98, 58.09, 58.43, 58.87
(6-O-CH3 and 2-O-CH3), 61.40, 61.62, 61.88 (3-O-
CH3), 62.14 (C-64P), 70.66, 70.71 (C-5BCEF),
71.07, 71.36 (C-6BCEF) 7191 (C-54P), 80.81,
80.99, 81.14, 81.32, 81.65, 82.06 [x2], 82.28 [x2]
(C-2, C-3, C-4), 85.51 (O-C(Ph)3), 97.31 (C-1A-D),
100.07, 100.21 (C-1BSEF) 12421, 128.20 (aro-
matic CH), 141.48, 148.98 (aromatic quaternary
C); MS (MALDI-TOF): m/z: 411 [tris(p-tert-
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butylphenyl)-methyl "], 1219  [M-2xtris(p-tert-
butylphenyl)-methyl + Na™], 1235 [M-2 x tris(p-tert-
butylphenyl)-methyl+ K *], 1630 [M-tris(p-tert-
butylphenyl)-methyl + Na™], 1646 [M-tris(p-tert-
butylphenyl)-methyl + K ], 2041 [M +Na "], 2057
[M+K+], C114H168O30 (20186) caled C 6783, H
8.39; found: C, 67.84; H, 8.33.

Fraction 3, 6%,6%-di-O-tris(p-tert-butylphenyl)-
methyl-24,2B,2C 2D 2E oF 3A 3B 3C 3D 3E 3F 6B 6D
6F,6F-hexadeca-O-methyl-a-cyclodextrin (3) (3.900 g,
27%). M.p. >250 °C; 'H NMR (200.1 MHz,
CDCls, 25 °C): §=1.28 (s, 9H, tert-butyl), 1.30
(s, 9H, tert-butyl), 3.07 (s, 3H, O-Me), 3.17 (s, 3H,
0O-Me), 3.25 (s, 3H, O-Me), 3.29 (s, 3H, O-Me),
3.43 (s, 3H, O-Me), 3.44 (s, 3H, O-Me), 3.45 (s, 3H,
O-Me), 3.47 (s, 3H, O-Me), 3.56 (s, 3H, O-Me),
3.58 (s, 3H, O-Me), 3.60 (s, 3H, O-Me), 3.61 (s, 3H,
O-Me), 3.62 (s, 3H, O-Me), 3.67 (s, 3H, O-Me),
3.70 (s, 3H, O-Me), 3.73 (s, 3H, O-Me), 2.86-4.24
(m, 36H, H-2, H-3, H-4, H-5, H-6), 4.79 (d, 1 H,
3J(H-1,H-2)=3.2Hz, H-1), 4.80 (d, 1H, 3J(H-1,
H-2)=3.2Hz, H-1), 4.96 (d, 1H, 3J(H-1, H-2)=
3.2Hz, H-1), 5.00 (d, 2H, 3J(H-1, H-2)=3.2Hz,
H-1), 5.10 (d, 2H, 3J(H-1, H-2)=3.2 Hz, H-1), 5.17
(d, 2H, 3J(H-1, H-2)=3.2Hz, H-1), 7.21-7.36 (m,
24 H, aromatic H): *C{!H} NMR (50.3 MHz,
CDCl;, 25 °C): §=31.38 [x2] (C(CHj)3), 34.32
[x2] (C(CHj3)s3), 57.36, 57.50, 57.82, 57.92, 57.99,
58.41, 58.55, 58.84 [x2], 59.04 (6-O-CHj3 and 2-O-
CH;), 61.17, 61.53, 61.72 [x2], 61.79, 61.89 (3-O-
CHj3), 62.38, 62.80 (C-64C), 70.05, 71.03 [x4],
71.20, 71.56 [x2], 71.72, 71.92 (C5, C-6BD-EF)
80.41, 80.77, 81.90, 81.06 [x2], 81.29, 81.49, 81.58,
81.72 [x2], 81.94, 82.04, 82.21 [x2], 82.31 [x2],
82.47, 82.83 (C-2, C-3, C-4), 85.62 [x2] (O-C(Ph)5),
97.22 [x2] (C-1A), 99.99, 100.00, 100.14, 100.34
(C-1BCEF) 12427, 128.50 [x2] (aromatic CH),
141.54, 141.74, 149.12 [ x 2] (aromatic quaternary C);
MS (MALDI-TOF): m/z: 411 [tris(p-tert-butyl-
phenyl)methyl*], 1630 [M-tris(p-tert-butylphenyl)-
methyl+Na™], 1646 [M-tris(p-tert-butylphenyl)-
methyl+K™*], 2041 [M+Na*], 2057 [M+K™*];
C] 14H168030'CH2C12 (20186 + 840) caled C
65.67, H 8.15; found: C 65.15, H 8.22.

Fraction 4, 6*,6B-di-O-tris(p-tert-butylphenyl)-
methyl-24,2B 2C 2D 2E oF 3A 3B 3C 3D 3E 3F (C 6D,
6F,6"-hexadeca-O-methyl-a-cyclodextrin (4) (1.2 g,
8.2%). M.p. >250 °C); 'H NMR (200.1 MHz,
CDCl;, 25 °C: §=1.10 (s, 9H, tert-butyl), 1.25
(s, 9H, tert-butyl), 3.08 (s, 3H, O-Me), 3.28 (s, 3H,
0O-Me), 3.30 (s, 3H, O-Me), 3.33 (s, 3H, O-Me),
3.43 (s, 6H, O-Me), 3.44 (s, 3H, O-Me), 3.45 (s, 3H,

0O-Me), 3.47 (s, 3H, O-Me), 3.55 (s, 3H, O-Me),
3.57 (s, 3H, O-Me), 3.59 (s, 3H, O-Me), 3.65 (s, 3H,
0-Me), 3.69 (s, 6H, O-Me), 3.71 (s, 3H, O-Me),
2.78-4.42 (m, 36H, H-2, H-3, H-4, H-5, H-6), 4.28
(d, 1H, 3J(H-1, H-2)=3.2Hz, H-1), 4.85 (d, 1H,
3J(H-1, H-2)=3.2Hz, H-1), 4.97 (d, 1H, 3J(H-1,
H-2)=3.2Hz, H-1), 5.00 (d, 2H, *J(H-1, H-2)=
3.2Hz, H-1), 5.05 (d, 2H, *J(H-1, H-2)=3.2Hz,
H-1), 5.51 (d, 2H, 3J(H-1, H-2)=3.2Hz, H-1),
7.09—7.25 (m, 12 H, aromatic H), 7.33-7.45 (m, 12
H, aromatic H); "3C{'H} NMR (50.3MHz,
CDCl;, 25 °C): §=31.20, 31.40 (C(CHs3);), 34.16
[x2] (C(CH3)3), 57.33, 57.40, 57.60, 58.05 [x2],
58.31, 58.64, 58.77, 58.90 [x2] (6-O-CHj3 and 2-O-
CH;), 61.23, 61.43, 61.69, 61.79 [x2], 61.89 (3-O-
CH3), 62.77, 63.20 (C-6*-B), 70.77, 71.87, 70.93,
71.04, 71.07, 71.20, 72.90, 71.82, 72.54, 72.90 (C-5,
C-6%P-EF) 80,90 [x3], 81.11, 81.22 [x2], 81.36
[x2], 81.52, 81.85 [x3], 81.95 [x2], 82.03, 82.10,
82.18, 82.31 (C-2, C-3, C4), 8549, 87.23 (O-
C(Ph)3), 97.65, 99.22, 99.42, 99.81 [x3] (C-1),
124.14, 124.47, 128.43, 128.66 (aromatic CH),
141.81, 142.23, 148.89, 149.02 (aromatic qua-
ternary C); MS (MALDI-TOF): m/z: 411 [tris(p-
tert-butylphenyl)methyl *], 1630 [M-tris(p-zert-butyl-
phenyl)methyl + Na™], 1646 [M-tris(p-tert-butyl-
phenyl)methyl + K "], 2041 [M+Na*], 2057
[M+K+]; C114H168030'CH2C12 (20186+840)
calcd C 65.67, H 8.15; found: C 65.38, H 8.02.
Fraction 5, 6*-O-tris(p-tert-butylphenyl)methyl-
2A 2B 7€ 2D JE oF 3A 3B3C 3D 3E 3F 6B 6C 6D, 6F,6F-
heptadeca-O-methyl-a-eyclodextrin ~ (5) (l.1g,
12.8%) M.p. >250 °C; 'H NMR (200.1 MHz,
CDCls, 25 °C): §=1.26 (s, 9H, tert-butyl), 3.17 (s,
3H, O-Me), 3.25 (s, 3H, O-Me), 3.34 (s, 3H, O-
Me), 3.35 (s, 3H, O-Me), 3.36 (s, 6H, O-Me), 3.43
(s, 3H, O-Me), 3.47 (s, 9H, O-Me), 3.48 (s, 3H, O-
Me), 3.57 (s, 3H, O-Me), 3.59 (s, 3H, O-Me), 3.62
(s, 6H, O-Me), 3.64 (s, 3H, O-Me), 3.66 (s, 3H, O-
Me), 3.71 (s, 6H, O-Me), 2.89-4.21 (m, 36H, H-2,
H-3, H-4, H-5, H-6), 4.79 (d, 1H, 3J(H-1, H-2)=
3.2Hz, H-1), 5.01 (d, 4H, 3J(H-1, H-2)=3.2Hz,
H-1), 5.10 (d, 1H, 3J(H-1, H-2)=3.2 Hz, H-1), 7.24
(m, 12 H, AA’ part of AA'BB’ system of trityl),
7.34 (m, 12 H, BB’part of AA’BB’ system of trityl);
BC{'H} NMR (50.3MHz, CDCl;, 25 °C):
8=31.37 (C(CHs)3), 34.29 [x2] (C(CH3)3), 57.49,
57.69, 57.76, 57.82, 58.22, 58.35 [x2], 58.94 [x3],
59.03 (6-O-CH3 and 2-O-CH3), 61.39, 61.63, 61.76
[x2], 61.82, 61.89 (3-O-CHj3), 62.35 (C-6*), 71.03,
71.30, 71.39 [x2], 71.65 (C-6B-SDP-EF) 70,67, 70.94,
71.00, 71.13 [x2], 71.95 (C-5), 80.90, 81.16, 81.19
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[x2], 81.26 [x2], 81.62, 81.78, 81.92. 82.01, 82.08,
82.15 [x2], 82.24 [x2], 82.47 [x2], 82.54 (C-2, C-3,
C-4), 85.68 (O-C(Ph);), 97.38, 99.68, 99.81, 100.08
[x2], 100.50 (C-1), 124.26, 128.53 (aromatic CH),
141.58, 149.12 (aromatic quaternary C); MS
(FAB): m/z: 411 [tris(p-tert-butylphenyl)methyl "],
1234 [M-tris(p-tert-butylphenyl)methyl + Na *], 1644
[M+Na+]; C84H132030 (16220) caled C 6220, H
8.20; found: C 62.05, H 8.04.

Acknowledgement

The authors are grateful to Wacker-Chemie,
GmbH, Miinchen, for a supply of pure cycloma-
tohexaose.

References

[1] J.L. Atwood, J.E.D. Davies, D.D. Macnicol, and
F. Vogtle (Eds.), Comprehensive Supramolecular
Chemistry, Cyclodextrins. Vol. 3, Pergamon, Lon-
don, 1996.

[2] R.Breslow, J.B. Doherty, G. Guillot, and C. Lipsey,
J. Am. Chem. Soc., 100 (1978) 3227-3229.

[3] R. Breslow, J.W. Canary, M. Varney, S.T. Waddel,
and D. Yang, J. Am. Chem. Soc., 112 (1990) 5212—
5219.

[4] A.W. Coleman, C.-C. Lin, and M. Miocque,
Angew. Chem., 104 (1992) 1402—-1404.

[5] D.-Q. Yuan, K. Koga, M. Yamaguchi, and K.
Fujita, J. Chem. Soc., Chem. Commun. (1996)
1943-1944.

[6] S. Cottaz and H. Driguez, J. Chem. Soc., Chem.
Commun. (1989) 1088-1089.

[7] S. Cottaz, C. Apparu, and H. Driguez, J. Chem.
Soc. Perkin Trans. 1

[8] C. Apparu, S. Cottaz, C. Bosso, and H. Driguez,
Carbohydr. Lett. (1995) 349-352.

[9] I. Tabushi, K. Yamanura, and T. Nabeshima,
J. Am. Chem. Soc. 106 (1984) 5267-5270.

[10] 1. Tabushi, Y. Kuroda, M. Yamada, M. Higa-
shimura, and R. Breslow, J. Am. Chem. Soc., 107
(1985) 5545-5546.

[11] A. Ueno, F. Moriwaki, A. Azuma, and T. Osa, J.
Org. Chem, 54 (1989) 295-299.

[12] K. Fujita, T. Tahara, H. Yamamura, T. Imoto, T.
Koga, T. Fujioka, and K. Mihashi, J. Org. Chem.,
55 (1990) 877-880.

[13] K. Fujita, H. Yamamura, and T. Imoto, Tetra-
hedron Lett. (1991) 6737-6740.

[14] K. Fujita, A. Matsunaga, H. Yamamura, and T.
Imoto, Chem. Lett. (1988) 1947-1950.

[15] K. Fujita, T. Ishizu, K. Oshiro, and K. Obe, Bull.
Chem. Soc. Jpn., 62 (1989) 2960-2962.

[16] K. Fujita, A. Matsunaga, and T. Imoto, J. Am.
Chem. Soc., 106 (1984) 5740-5741.

[17] S. Hanessian, A. Benalil, and C. Laferriére, J. Org.
Chem., 60 (1995) 4786-4797.

[18] T. Tanimoto, T. Sakaki, T. Iwanaga, and K.
Koizumi, Chem. Pharm. Bull., 42 (1994) 385-
387.

[19] T. Tanimoto, T. Sakaki, and K. Koizumi, Chem.
Pharm. Bull., 41 (1993) 866-869.

[20] J. Boger, D.G. Brenner, and J.R. Knowles, J. Am.
Chem. Soc., 101 (1979) 7630-7631.

[21] C.-C. Ling, A.W. Coleman, and M. Miocque,
Carbohydr. Res., 223 (1992) 287-291.

[22] H.W. Gibson, S.-H. Leed, P.T. Engen, P. Lecava-
lier, J. Sze, Y.X. Shen, and M. Bheda, J. Org.
Chem., 58 (1993) 3748-3756.

[23] S.K. Chaudhary and O. Hernandez, Tetrahedron
Lett. (1979) 95-98.

[24] P. Ashton, D. Philp, N. Spencer, and J.F. Stod-
dart, J. Chem. Soc., Chem. Commun. (1992) 1124—
1128.



