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SYNTHETIC COMMUNICATIONS, 29( 14), 2507-2513 (1999) 

SYNTHESIS OF A NOVEL SUGAR CYCLOTRIVERATRYLENE BY 
INTRODUCTION OF 0-GLYCOSYL GROUPS 

R Mathew Thomas and D. S .  Iyengar* 

Organic Division-11, Indian Institute of Chemical Technology, 
Hyderabad- 5 00007, India. 

Abstract : Introduction of sugar moieties to the periphery of the cyclotrivaatrylene 
skeleton is described. 

The preparation of new macrocyclic molecules of well defined cavities is 

important in the design of synthetic host systems for the encapsulation of guest 

molecules particularly in aqeous media which have attracted the organic chemists 

in recent years. 

As frequently seen in biological systems the formation of inclusion 

complexes by hydrophobic interactions in water plays an significant role in the 

capture and discrimination of organic guests. 

Since most of the organic compounds have non-polar moieties, water soluble 

cyclophanes constitutes a versatile protocol to mimic this aspect, because they 

* To whom correspondence should be addressed 
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2508 THOMAS AND IYENGAR 

are l l l y  synthetic compounds whose water solubility is provided either by ionic 

centers2 or polar neutral  residue^^?^ located near to, or remote fiom the cavity. 

There have been few examples of water soluble host compounds bearing a 

bowl-shaped structure except cyclodextrins. Particularly the water soluble 

cyclotriveratrylenes are interesting because of their uuique molecular architecture 

composing of well defined structural features which have been exploited as 

molecular  receptor^^.^ towards neutral lipophilic guest molecules in aqueous 

solution. 

In this paper, we wish to report the first example of a new chiral 

cyclotriveratrylene by introduction of glycosyl residues to the periphery of the 

cyclotriveratrylene cavity which would be of great value for the development of 

a new class of synthetic receptor with the molecular recognition ability. 

Initially we attempted the glycosylation of racemic cy~lotriphenolene~ 1 

with 0-(2,3,4,6-tetra-O-benzyl-a-D-glucopyranosyl) trichloroacet- amidates 2 us- 

ing TMSOTf or BF;OEt, as activator in C q C l ,  at room temperature. But the 

reaction was unsucceslll probably due to severe steric interactions between the 

substrate and the sugar (Figure-1). 

Figure-1 

I 
1 2 

Then we envisaged to choose a sugar with a two carbon spacer 

attached to the anomeric position which would probably minimhe the steric 
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NOVEL SUGAR CYCLOTRIVERATRYLENE 2509 

interactions between the donor and the acceptor. For this purpose we have 

utilised 2-bromoethyl-2,3,4,6-tetra-O-acetyl-D-D-glucopyranoside9 5 as starting 

ideal precursor which was obtained fiom penta-0-acetyl-D-glucose 3 following 

a simple known sequence (Figure-2). 

Figure-2 

5 3 4 

Reagents : i) Ac,O, HBr(*); ii) 2-Bromoethanol, Ag,CO,. 

Treatment of bromide 5 (3 eq) with 1 in presence of NaH (3.3 eq) in 

DMF at 80°C for 26 h fUrnished a diastereomeric 6 in 60% yield 

which on deacetylation with sodium methoxide in methanol afforded the title 

compound 7 in 93% yield. Attempts to obtain the pure diastereomer were 

unsuccessful (Figure-3). 

Figure-3 

6 : R = A c  
7 : R = H  
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2510 THOMAS AND IYENGAR 

The quantitative analysis studies showed that sugar 7 was water soluble 

upto 3.7 x 10” M at room temperature. Preliminary complexing behaviour of 7 

was attempted using 1-anilinonaphthalene-8-sulfonate (ANS)” as a guest 

compound in 25% aqueous methanol. Gradual addition of 7 (0.3 x M) to 

ANS solution (0.3 x lom7 M) showed fluorescence quenching of the A N S  without 

causing sigruficant changes in the blue shift of the fluoroscent spectra. This 

unusuaf observation of A N S  in the presence of the host 7 is not clearly understood, 

however the results suggest that the host 7 might have not encapsulated A N S  

into its molecular cavity. 

In conclusion we have described the introduction of chiral polyhydroxylated 

residues to the cyclotriveratrylene fiame work which should provide an entry 

into molecular recognition of suitable guest species in both aqueous and organic 

media. Currently we are actively pursuing these objectives and the results will 

be reported elsewhere. 

Experimental 

Melting points were uncorrected. Optical rotations were measured on JASCO 

DLP-370 digital polarimeter. ‘H NMR spectra were recorded on JEOL FX 9Q 

FT NMR 200 MHz using TMS as internal standard. Mass spectra were per- 

formed on FAB mode using MNBA as the matrix. 

2-Bromoethyl2,3,4,6-tetra-0-acetyl-aD-Glucopyranoside (5) 

Penta-0-acetyl-D-glucose 3 (6  g) in acetic a n h y ~ d e  (13 d) was stirred at 

0°C. Anhydrous hydrogen bromide gas was constantly bubbled into the solution 

till complete dissolution of the compound. Excess of solvent was removed under 
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NOVEL SUGAR CYCLOTRIVERATRYLENE 251 1 

vacuo extracted m chloroform washed with water, dried over CaC4 upon con- 

centration gave the crude a-D-glucopyronosyl bromide 4 (5.9 g, 93%). 

The above bromide 4 (9.2 g, 22.3 mmol), 2-bromoethanol(28 g, 225 mmol) 

was vigourously stirred at room temperature. To this anhydrous silver carbonate 

(17 g, 61.8 -01) was added in portions, efforvescence of CO, was observed 

and the mixture left for 24 h. The mixture was filtered and the filterate distilled 

to yield the crude which was crystallized &om ethanol to yield pure 5 4 g, 40%, 

[a], = 94.5 (c=3, CHC4, ntp. 117°C). 

'HNMR : 2.00 ( 3 y  s), 2.05 (3H, s), 2.15 (3H, s), 2.20 (3H, s), 3.80 (4H, m), 

4.15 (2H, m), 4.30 ( 1 6  m), 5.01 (3% m), 5.15 (lH,d). 

M.S. : m/z 455. 

2,7,12-lkiethoxy-3,8,13-tris [2-(2-hydroxyethoxy)-3,5-di~nethylcarbonyloxy-6- 

methylcarbonyloxymethyl tetrahydro-2H-4-pyranylacetyll 10,15-dihydro-5H- 

tribenzo [ a,d,g] cy clononene, (6) 

Sodium hydride (0.12 g, of a 60% (w/w) dispersion in mineral oil 2.9 mmol) 

was added to a stirred solution of 1 (0.25 g, 0.5 mmol) in DMF ( 5  ml) under 

nitrogen atmosphere. The mixture heated at 80°C for 0.5 h and cooled to room 

temperature. To this, 5 (1.6 g, 3.5 -01) in dimethylfommide was added and 

stirred at 100°C. The solvent was removed under vacuo and the dark brown 

residue extracted in dichloromethane (30 ml) washed With water dried over 

Na2S0, filtered and concentrated the residue, purified over neutral +O, eluting 

with benzene - ethylacetate 7:3 furnished 6 as a colourless solid 1.2 g, 60%, 

[aID = -24" ( ~ 0 . 9 3 ,  CHCb, ntp. 141°C). 
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2512 THOMAS AND IYENGAR 

'H NMR CDCl, : 6 1.47 (t, 9H, CH$HJ, 1.96-2.12 (4s, 36H, 12 COCq),  

3.52 (d, 3H, ArCH,Ar), 3.72 (m, 6H, 3CH,O), 4.02-4.10 (m, br, 12H, 

6C%C$OAr & 6CH2Ok), 4.194.20 (m 6H, CH20Ac), 4.22-4.30 (m, 3H, - 
CH-0), 4.62-4.70 (d, 3H, ArCHfi), 4.73-4.80 (m, 3H, CH-OAC), 4.90-5.10 (m, 

6H, -CHOAc), 5.12-5.18 (d, 3H, 0-CH-0), 6.81-6.83 ( 2 ~ ,  6H, ArH); MS (FAB) 

: m + H]+ 1572. 

2,7,12-Triethoxy-2,8,13-tris[2-(2-hy~oxyethoxy)-6-hydroxy methyl tetrahydro- 

2H-3,4,5-pyrantriol] 10,15-dihydro-5H-tribenzo[a,d,g] cyclononene, (7) 

Compound 6 (0.05 g, 0.03 -01) was dissolved in methanol (0.2 ml). To 

this sodium methoxide in methanol (0. lN, 0.3 ml) was added and stirred at room 

temperature for 1 h. Then it was quenched with amberlyst H+ resin. Solvent 

filtered and concentrated under vacuo to firrnish a semisolid 0.03 g, 93%, [a&, 

= -6.4 (c-2.5, C40H). 

'H NMR CDCl3 : 6 1.40 (t, 9H, CH2CH3), 3.10 (m, 6H, CqOH),  3.50 (d, 3 q  

ArCH,Ar), 3.70-3.81 (q 6H, -OCH,CH,), 4.01-4.15 (a 12H, 6Y CH&'H,- 

O h  &, 6Y CH,CH,Oh), 4.18-4.30 (q 9H, -CHOH), 4.32-4.40 (a 3H, CH- 

0), 4.61 (d, 3H, M y ) ,  4.91-4.95 (d, 3H, -0-CH-0), 7.01-7.11 ( 2 ~ ,  6H, AH); 

MS (FAB) : [M + H]+ 1068. 

Acknowledgement : One of the authors (RMT) wishes to thank UGC, New 

Delhi for the award of senior research fellowship and Dr. Soujanya for the valu- 

able suggestions. 
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