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ABSTRACT 

cis-Hydroxyl groups of hexopyranosides reacted with 9,9-dichlorofluorene to give fluoren-9-ylidene 
acetals, hydrogenolysis of which with AICIH, gave derivatives with axial fluoren-9-yl ether and equatorial 

hydroxyl groups. 1,6-Anhydro-2,3-0-fluoren-9-ylidene-P_D-mannopyranose (9) was an exception which 
gave a 2:3 mixture of 2- and 3-fluoren-9-yl ethers because of the marked distortion of the pyranose ring. The 

fluoren-9-yl ether groups could be removed easily by catalytic hydrogenation or by hydrogenolysis with the 
Lewis acid-type mixed hydride AICI,H. 

INTRODUC’TION 

Three types of reagents are generally used for the hydrogenolysis of carbohydrate 
acetals, namely, LiA1H,AlCl,‘.2, NaCN.BH,-acids’.‘, and borane-trimethylamine- 
A1C1,5. For dioxolane-type acetals of pyranosides, the direction of the ring cleavage is 
determined by the stereochemistry at the acetal carbon atom’. These highly stereo- 
selective reactions can be explained by the conformation of the dioxolane rings which 
depend on the e.yo or endo position of the bulky substituents7.*. The hydrogenolysis’ of 
isopropyhdene or phenylethylidene acetals followed the pattern of endo alkyl or aryl 
dioxolane-type acetals and gave axial ethers. The isopropyl ethers of carbohydrates are 
extremely stable and do not have any practical applications, and the acetophenone 
acetals gave mixtures of diastereomeric ethers which could not be used for preparative 
purposes. Hence, symmetrical acetals were sought, the hydrogenolysis of which would 
result in ether groups that could be removed easily. In this context, the preparation’and 
stereoselective hydrogenolysis” of diphenylmethylene acetals have been reported, and 
now we describe the synthesis of dioxolane-type fluoren-9-ylidene acetals and their 
hydrogenolysis to fluoren-9-yl ethers. 

* Dedicated to Professor Grant Buchanan on the occasion of his 65th birthday 
’ Author for correspondence. 

000%6215/91:$03.50 @ 1991 ~ Elsevier Science Publishers B.V. 





FLUOREN-9-YLIDENE ACETALS OF CARBOHYDRATES 415 

d la’ 
H3C 

e 

2 
0 R AKni2 

sac 0 R2 

HO HO 
9 J=t OH 

OG \F,‘O 

2 1 2 
R = 0CH3,R = H 

3 R 1 = SCH3 , R 2_ - H 

4 R'= H R2 = , SCHj 

5 R' = SPh ,R2 = H 

OBzl 

10 
11 

12 

OBzl 

GO 

OCH3 
I 

13 

OCH3 
1 y3 

H3C 0 

2- e 0 "1 
FI’ 

0 -qp-:R 
FI 

/O OG 

7 8 14 

HO 

9 15 16 



i -. 
5 

-2 LL 
-. -r 
T 



FLUOREN-%YLIDENE ACETALS OF CARBOHYDRATES 417 

TABLE III 

“C-N.m.r. data” 

Compound C-l c-2 c-3 C-4 c-5 C-6 c-9 Other signals 

2 98.43 76.49 78.39 74.31 66.43 17.92 113.10 55.00 (OCH,) 
3 81.29 77.70 78.73 75.94 66.15 17.60 113.23 13.40 (SCH,) 
4 82.12 77.63 79.90 77.54 15.29 18.04 113.70 14.63 (SCH,) 
5 83.89 76.11 78.52 76.01 67.03 17.37 113.33 - 
6 95.72 68.90 75.40 73.82 61.14 - 113.08 69.75 (OCH,Ph) 
8 99.02 73.71 74.57 66.69 64.93 16.72 113.04 55.32 (OCH,) 
9 99.54 69.90 75.90 72.16 76.99 64.54 113.07 ~ 

10 99. I5 76.90 71.33 73.89 67.55 17.63 81.10 54.86 (OCH,) 
11 83.91 78.51 71.83 74.00 68.39 17.55 80.61 13.76 (SCH,) 
12 86.63 78.38 71.06 72.31 69.18 16.84 80.54 - 
13 98.01 70.30 74.37 77.63 61.34 - 80.56 69.76 (OCH,Ph) 
14 99.64 77.44 66.65 72.95 66.25 16.44 8 1.85 55.02 (OCH,) 
15 102.05 64.65 77.19 70.63 75.80 65.77 82.49 - 
16 101.16 68.54 71.20 71.24 76.03 64.77 80.49 - 

’ Chemical shifts in p.p.m. 

EXPERIMENTAL 

General methods. - Solutions were concentrated at 40” (bath) under diminished 
pressure. Chromatography was performed on Kieselgel 60. Optical rotations were 
measured with a Perkin-Elmer 241 automatic polarimeter at room temperature. The 
‘H- (200 and 400 MHz) and r3C-n.m.r. (50.3 MHz) spectra were recorded with Bruker 
WP-200 SY and Varian XLA400 spectrometers for solutions in CDCl, (internal 
Me,Si). Melting points were determined on a Kofler apparatus and are uncorrected. 
T.1.c. was performed on Kieselgel 60 F,,, (Merck) with A, 98:2; B, 95:5; C, 9:l; D, 8:2 
dichloromethane-acetone; and E, 9: 1 hexane-thy1 acetate, with detection by charring 
with sulfuric acid. 

Preparation offluoren-Y-ylidene acetals (2-6 and9). To a solution of the substrate 
sugar in dry pyridine (15 mL/g) were added 2 equiv. of 9,9-dichlorofluorene (1). The 
mixture was stirred for 4 days at 110” (monitoring by t.l.c., solvent A or B). The dark-red 
solution was then poured onto crushed ice, and, after 1 h, the residue was diluted with 
dichloromethane, washed with 0.5~ sulfuric acid and then with water until neutral, 
dried (Na$O,), and concentrated. The dark-red residue was passed through a short 
column of silica gel (solvent A). The appropriate fractions were combined and concen- 
trated to give the product (58-76%). 

Methyl 2,3-O-@oren-9-ylidene-cc+rhamnopyranoside (2). - Compound 2 
(76%), R, 0.42 (solvent B), had m.p. 166-167” (from ethanol), [cr]: +6” (c 0.85, 
chloroform). 

Anal. Calc. for C,,H,,O,: C, 70.57; H, 5.92. Found: C, 70.48; H, 5.91. 
Methyl 2,3-0-~uoren-9-ylidene-l-thio-r-L-rhamnopyranoside (3). -Compound 3 

(71%) R, 0.49 (solvent B), had m.p. 178-179” (from ethanol), [u]: -76” (c 0.4, 
chloroform). 



318 I 114\Jlit’1 1st i/i. 



FLUOREN-%YLIDENE ACETALS OF CARBOHYDRATES 419 

Anal. Calc. for C,,,H220,S: C, 67.01; H, 6.18. Found: C, 66.97; H, 6.20. 
Phenyl Z-O- (juoren-Y-yl) -I-thio-cc-L-rhamnopyranoside (12). -Prepared from 5, 

12 had m.p. 213-216”, [c(]E -47” (c 0.4, chloroform), R, 0.58 (solvent II). 
Anal. Calc. for C&H,,O,S: C, 71.40; H, 5.75. Found: C, 71.46; H, 5.73. 
*Benzyl 4-O-# uoren:9-yl)-/?-D-arabinopyranosidc (13). - Prepared from 6, 13 

had m.p. 166-168”, [cr]g - 119.5” (c 0.3, chloroform), R, 0.49 (solvent 0). 
Anal. Calc. for C,,H2,0,: C, 74.24; H, 5.98. Found: C, 74.30; H, 6.01. 
Methyl 6-deoxy-2-O-(fluoren-9-yl)-r-L-talopyranoside (14). -- Prepared from 8, 

14 had m.p. 169-170”, [z]: - 15” (c 0.5, chloroform), R, 0.69 (solvent D). 
Anal. Calc. for CzOH?205: C, 70.15: H, 6.47. Found: C, 70.12: H, 6.51. 
1,6-Anhydro-3-O-(~uoren-9-ylj-P-D-mannop~~ranose (15). ~ Prepared from 9,15 

(47%) had m.p. 176-178”, [a]: - 68” (c 0.6, chloroform), R, 0.46 (solvent D). 
Anal. Calc. for C,,H,,O,: C, 70.80: H, 5.62. Found: C, 70.84; H, 5.68. 

I,6-Anhydro-Z-O- (@oren-9-yl)-P-D-mannopyranose (16). - Prepared from 9,16 
(33%) had m.p. 144145”, [cr]: -62.5” (c. 0.2, chloroform), R, 0.36 (solvent D). 

Anal. Calc. for C,,H,,O,: C, 70.80; H, 5.62. Found: C, 70.76; H, 5.66. 
Removal of the,fluoren-Y-y1 ether by catalytic. hydrogenolysis. - To a solution of 

10 (300 mg, 0.87 mmol) in ethanol (30 mL) were added 10% PdjC (30 mg) and 3 drops of 
acetic acid, and the mixture was stirred under Hz. After 12 h, the only product was 
methyl a-L-rhamnopyranoside (140 mg, 900/,). 

Removal of thepuoren-9-y/ ether by hydrogenolysis with AlCl,H. ~ To a solution 
of 10 (100 mg, 0.30 mmol) in dry 1: 1 dichloromethane+zther (10 mL) were added 3 
equiv. of LiAlH, (34 mg) and 9 equiv. of AlCl, (350 mg), and the mixture was heated 
under reflux. After 2 h, t.1.c. (solvent B) indicated complete reaction. The mixture was 
diluted with ether, the excess of LiAlH, was decomposed by successive addition of ethyl 
acetate and water, the organic layer was concentrated, and the residue was crystallised 
from ethyl acetate to give methyl cc-L-rhamnopyranoside (40 mg, 74%). 
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