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Abstract: Stable chair conformation with more axial substituents (axial-rich conformation) of pyranoses derived 
from L-rhamnose and D-mannose is described. The naturally stable ring conformation of L-rhamnose (104) 

and D-mannose (4Cl) was flipped by introduction of a TBS group into a hydroxyl group at C-3 and a TPS 

group into a hydroxyl group at C-4 to give4C~ and ~C 4 conformers, respectively. © 1999 Elsevier Science Ltd. All 
rights reserved. 
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A chair conformation of pyranose with more equatorial substituents is generally predominant. However, 

chair conformation with more axial substituents (axial-rich conformation) sometimes results. Lemieux and 

Morgan reported pyridinium salt 1 with a positive charge on the Cl-substituent is enforced to take 104 

conformation due to attraction between the charge and a lone pair of the ring oxygen: Tius and coworker 

reported a tetrahydropyrane ring of 2 has 1C 4 when three hydroxyl groups at C3, 4, and 6 (sugar numbering) 

were protected by TBS groups. 2 Similar conformational flip was observed in 3 by Hosoya and Suzuki. 3 Both 

examples are based on the repulsion of the 1,2-trans-disilyl ethers of 2-deoxysugar. On the other hand, Kiss 

and Arnold reported that the C-5 aliphatic substituent has a strong tendency to assume an equatorial position. 

Thus, in a pyranose derivative 4 a smaller equatorially linked C-5 methyl group pushes the larger benzyloxy 

groups into the axial posit ion: We report herein the first example of pyranoses with axial-rich conformat;.on 

by introduction of silyl groups into 3- and 4-OH groups ofrhamnose and mannose. 
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We preliminarily probed the actuality of a stable axial-rich conformer by disilylation of dioi 5a prepared 
3 1H from L-rhamnose. The value of Jm-m on NMR was used as an approximate index of the conformational 

change. When the ring conformation is flipped, two hydrogen atoms on C1 and C2 would take axial conformation 
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to show coupling constant of 6-8 Hz. Disilylated compounds 5b-d, however, showed a small value (0-3.2 Hz) 

on 1H NMR. Because the coupling constant of the diol 5a was 0 Hz, a small change in the ring conformation 

occurred in di-O-dimethyloctadecylsilylated 5c and di-O-TBS 5d. The changes were, however, insufficient to 

induce flipping. Treatment of 5a with bigger TPSC1 did not afford a disilylated product. On the other hand, 

NMR data of 6 that has a TBS ether at C-3 and TPS at C-4 suggested the pyranose ring was flipped to a 

3,4,5-triaxial conformer. The coupling constant of 6 between HI and H2 was 6.6 Hz (60 °C in C6H6). 5' ii The 

other coupling constants between the neighboring protons on the pyranoside ring were H2-H3:2.7 Hz, H3-H4: 

2.7 Hz, and H4-H5:4.4 Hz. NOESY spectra showed correlations between H1 and H6, and also between H2 

and methyl protons of the TPS group. 

o-"'-.~ 
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The 'flipped' rhamnoside 6 was prepared as follows. TBS etherification of 7, 6 followed by DIBALH 

reduction of benzylidene acetal 8 afforded 3-OH product 9 and 2-OH 10 in 30% and 60% yield, respectively. 

Introduction of a TBS group to the hydroxyl group of 9 did not proceed at room temperature. The reaction, 

however, was easily accomplished at 100 °C within 30 min to give 6 in 100% yield. Since the increased steric 

hindrance around the equatorial 3-OH of 9 (IC 4) prevents the silylation, the reaction only took place via a 

minor 3,4,5-triaxial conformer (4C1) (Scheme 2) which has enough space for the introduction of TBS. The rate 

of equilibrium should be slow at room temperature, and thus 100 °C was required. Once the TBS group is 

introduced, the conformation is fixed based on the steric repulsion of TPS and TBS groups. In contrast, TBS 

etherification of 10 with axial 2-OH was achieved easily at room temperature to give 11 in 99% yield without 

forming any flipped product. 
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Reagents and conditions: (a) TPSCI (1.5 equiv), imidazole (1.6 equiv), DMAP (0.5 equiv), 110 °C, 12 h, 87%; (b) DIBALH (3 
equiv), CH2C! 2, 0 °C, 32 h, 90%; (c) TBSOTf (2 equiv), 2,6-1utidine (2.2 equiv), DMF, 100 °C, 30 rain, 100%; (e) TBSOTf (2 
equiv), 2,6-1utidine (2.2 equiv), DMF, rt, 5 rain, 99%. 

The ring flip is due to the two silyl protecting groups. Thus, deallylated compound 12a, debenzylated 

12b (the allyl group was simultaneously reduced to a propyl group), and 1,2-dihydroxy compound 12e 11 also 

maintaind the 3,4,5-triaxial conformation. Further, even the I~ isomers also kept the conformation. Methyl 

~rhamnoside 13a and cyclohexylmethyl ~rhamnoside 13b which were prepared from phenylthiorhamnoside 
• 7 1H 13c also had the 4C Z conformatxon. NMR coupling constants were H1-H2:3.7  Hz, H2-H3:3.4 Hz, 

H3-H4:4.4 Hz, and H4-H5:2.2 Hz for 13a, II and 3.4, 3.4, 4.4, and 2.4 (Hz) for 13b. 11 NOESY spectra of the 

compounds also assisted the conformation. In these cases, four of five substituents are axial. 
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Reagents and conditions: (a) DIBALH (3.0 equiv), CH2CI2, 0 °C, 2 h, 69%; Co) Nail (1.5 equiv), BnBr (2.0 equiv), DMF, 0 °C, 2 
h, 89%; then DDQ (1.5 equiv), CH2CI 2, rt, 2 h, 88%; (c) TBSOTf (2.4 equiv), 2,6-1utidine. DMF, 110 °C, 92%; (d) (1) 
deailylation: [Ir(cod)(MePh2P)2]PF6 (hydrogen activated). THF, rt, 50 min, then m-CPBA (3.0 equiv), THF-H20 (10:1), rt, 1.5 h, 
90% (2 steps), (2) introduction of SPh: PhSTMS (3.0 equiv), Znl 2 (3.0 equiv), (CH201)2, 60 °C, 6 h, 23% (detritylation took place 
simultaneously), (3) Ac20, pyridine, rt, 1 h, 96%. 
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Pyranose rings of D-mannose derivatives 17-19 were also enforced to take the axial-rich conformation 

(1 C4 ) by the introduction of TBS and TPS groups. Since reductive cleavage of benzylidene acetal $ gave an 

undesired 2-OH 10 as a major product, we chose anisilidene acetal 14 as the starting material in order to make 

good use of the selective reduction. Thus, 148 was selectively cleaved to give 3-O-MPM product 15 in 69% 

yield along with 8% of 2-O-MPM compound. Benzylation of 15 followed by cleavage of the MPM group 

gave 3-OH product 16. Introduction of a TBS group to the hydroxyl group at 110 °C provided 3,4,5-triaxial 17 

with IC 4 conformation. 9 Coupling constants between the neighboring protons on the pyranoside ring are 

H1-H2:7.1 Hz, H2-H3:2.4 Hz, H3-H4:2.4 Hz, and H4-H5: 4.4Hz. 11 NOESY spectra of 17 showed correlations 

at H-1 and H-6, H-2 and H-5, and also HI and methyl protons of the TBS group. The conformation was also 

confirmed by X-ray diffraction study. Thioglycoside 18 prepared from 17 in three steps was easily crystallized 

from methanol to give single crystals (rap 125.5-126.0 °C).n ORTEP drawing of 18 clearly showed the 104 

conformation (see figure). 1° Similarly to the case of rhamnose, the axial-rich conformation was kept due to the 

two silyl protecting groups. Even triol 19 thus maintained the 104 conformation, n It is significant that the 

3,4,5-triaxial pyranoses, 12c and 19, are stable without ring-opening or re-flip to 3,4,5-triequatorial conformation. 

In conclusion, the pyranose rings of L-rhamnose and D-mannose were flipped to 401 and IC4, respectively, 

by the introduction of a TBS group into 3-OH and TPS into 4-OH group. 
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Figure 

C h e m  3D d rawing  o f  18 
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dd, 4.2, 2.9, H4), 3.97 (1, ddd, 6.4, 4.4, 3.4; H2), 4.22 (1, qd, 7.2, 4.2; H5), 4.25 (1, dd, 3.4, 2.97", H3), 5.03 (1, dd, 6.~,, 6.4; H1), 
7.16-7.22 (6, m), 7.69-7.80 (4, m). 13a: [oqt) z4 8.4 ° (c 0.41, CHCI3), 1H NMR: (CDCI~) 8 -0.19 (3, s), -0.01 (3, s), 0.79 (9, s), 
1.00 (9, s), 1.21 (3, d, 7.3; H6), 3.39 (3, s), 3.73 (1, dq, 7.3, 2.2; H5), 3.78 (1, dd, 4.4, 2.2; H4), 3.87 (1, dd, 3.7, 3.4; H2), 3.93 
(1, dd, 4.4, 3.4; H3), 4.61 (1, d, 12.5), 4.66 (1, d, 12.5), 4.73 (1, d, 3.7; H1), 7.25-7.45 (11, m), 7.60-7.63 (4, m). 13b: [~]o u 
14.8 ° (c 1.56, CHCIs), ~H NMR: (CDCI3) 6 -0.19 (3, s), -0.03 (3, s), 0.76 (9, s), 1.02 (9, s), 0.86-1.27 (6, m), 1.22 (3, d, 7.3; 
H6), 1.55-1.79 (5, m), 3.04 (1, dd, 9.3, 6.3), 3.67 (1, dd, 8.8, 6.3), 3.76 (1, dq, 7.3, 2.4; H5), 3.80 (1, dd, 4.4, 2A; H4), 3.86 (1, 
dd, 3.4, 3.4; H2), 3.91 (1, dd, 4.4, 3.4; H3), 4.55 (1, d, 12.2), 4.67 (1, d, 12.2), 4.83 (1, d, 3.4; HI), 7.23-7.42 (11, m), 7.62-7.66 

23 o 1 (4, m). 17: [ct] D 39.6 (c 1.01, CHCI3), H NMR: (CDCI3) 8 -0.46 (3, s), -0.24 (3,s), 0.56 (9, s), 0.90 (9, s), 2.93 (1, dd, 10.2, 
2.9, H6), 3.24 (1, dd, 10.2, 8.3; H6), 3.53 (1, dd, 4.4, 2.4; H4), 3.74 (1, dd, 7.1, 2.4; H2), 3.81 (1, dd, 2.4, 2.4; H3), 4.11 (1, ddd, 
8.3, 4.4, 2.9; H5), 4.16 (1, dddd, 13.2, 5.6, 1.5, 1.5), 4.49 (1, dddd, 13.2, 5.1, 1.5, 1.5), 4.63 (I, d, 12.0), 4.74 (1, d, 12.0), 4.84 
(1, d, 7.1; HI), 5.21 (1, ddd, 10.3, 2.9, 1.5), 5.37 (1, ddd, 17.3, 3.4, 1.7), 6.03 (1, dddd, 17.3, 10.3, 5.6, 5.1), 7.18-7.48 (30, m). 
18: [~t]D z2 48.0 ° (C 0.75, CHCI3), 1H NMR: (60 °C in CDCI 3) 8 -0.30 (3, s), -0.15 (3, s), 0.72 (9, s), 1.06 (9, s), 1.91 (3, s), 3.80 
(1, dd, 3.2, 2.9; H4), 3.86 (1, dd, 9.0, 2.4; H2), 3.90 (1, dd, 11.7, 4.2; H6), 3.95 (1, dd, 2.9, 2.4; H3), 4.15 (1, ddd, 8.3, 4.2, 3.2; 
H5), 4.34 (1, dd, 11.7, 8.3; H6), 4.53 (1, d, 11.5), 4.62 (1, d, 11.5), 5.28 (1, d, 9.0; H1), 7.20-7.46 (14, m), 7.59-7.64 (6, m). 19: 

21 o 1 [¢x] D 12.5 (c 0.39, CHCI 3, mixture of cc and [B isomers), H NMR: (~ isomer, CDCI 3) 8 -0.21 (3, s), -0.04 (3, s), 0.79 (9, s), 
1.08 (9, s), 3.26 (1, dd, 12.0, 3.6; H6), 3.71 (1, dd, 4.9, 2.4; H4), 3.85 (1, dd, 12.0, 8.5; H6), 3.87 (1, dd, 6.8, 2.9; H2), 3.99 (1, 
ddd, 8.5,4.9, 3.6; H5), 4.03 (1, dd, 2.9, 2.4; H3), 5.06 (1, d, 6.8; HI), 7.36-7.46 (6, m), 7.63-7.69 (4, H). 


