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The C-arylglycosides are a large family of natural products 
which generally exhibit a wide variety of antibiotic, antitumor, 
and antifungal activities. For instance, the papulacandins are a 
group of spiroketal C-arylglycosides which exhibit selective 
antifungal activity against Candida albicans. C-Anthracycli- 
none glycoside structures are found in antineoplastic natural 
products including vineomycin, urdamycin, and kidamycin.* 
Most synthetic routes reported to C-arylglycosides feature 
formation of the carbon-carbon bond between carbohydrate 
and aromatic  precursor^.^ However, alternative approaches 
which feature postcoupling assemblage of carbohydrate4 or 
aromatic components5 have been reported. Herein we report a 
novel strategy for constructing the core skeletons of two families 
of C-arylglycosides represented by structures 1 and 2 by 
rhodium-catalyzed alkyne cycl~trimerization~~~ with C-alkynyl- 
carbohydrate substrates. 
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Our initial goal of assessing the viability of metal-catalyzed 
alkyne cyclotrimerization for C-arylglycoside synthesis required 
preparation of a C-alkynylcarbohydrate substrates (Scheme 1). 
Addition of 2-(trimethylsily1)ethynylmagnesium bromide to 
2-deoxy-~-g~ucono~actone 39 followed by dehydration of the 

(1) (a) Traxler, P.; Fritz, H.; Richter, W. J. Helv. Chim. Acta 1977, 60, 
578. (b) Gruner, J.; Traxler, P. Experientia 1977, 33, 137. 

(2) Review: Rohr, J.; Thiericke, R. Nut. Prod. Rep. 1992, 103. 
(3) Reviews: (a) Postema, M. H. D. Tetrahedron 1992, 48, 8545. (b) 

Caramillo, C.; Knapp, S. Synthesis 1994, 1. Also see: (c) Suzuki, K. Pure 
Appl. Chem. 1994, 66, 2175. (d) Parker, K. A,; Koh, Y.-h. J .  Am. Chem. 
Soc. 1994, 116, 11149. 
(4) (a) Danishefsky, S. J.; Phillips, G.; Ciufolini, M. Carbohydr. Res. 

1987,171, 317. (b) Hart, D. J.; Leroy, V.; Merriman, G. H.; Young, D. G. 
J. J.  Org. Chem. 1992, 57, 5670. 

(5 )  (a) Bolitt, V.; Mioskowski, C.; Kollah, R. 0.; Manna, S.; Rajapaksa, 
D.; Falck, J. R. J. Am. Chem. Soc. 1991, 113, 6320. (b) Yamaguchi, M.; 
Okuma, T.; Horiguchi, A,;  Ikeura, C.; Minami, T. J.  Org. Chem. 1992, 57, 
1647. (c) Hosoya, T.; Takashiro, E.; Matsumoto, T.; Suzuki, K. J. Am. Chem. 
Soc. 1994. 116. 1004. 

(6) (a) Collman, J. P.; Kang, J. W.; Little, W. F.; Sullivan, M. P. Inorg. 
Chem. 1968, 7, 1298-1303. (b) Muller, E. Synthesis 1974, 761. (c) Grigg, 
R.; Scott, R.; Stevenson, P. Tetrahedron Lett. 1982, 23, 2691. (d) Grigg, 
R.; Scott, R.; Stevenson, P. J .  Chem. Soc., Perkin Trans. I 1988, 1357. (e) 
Neeson, S. J.; Stevenson, P. J. Tetrahedron 1989, 45, 6239. (0 Magnus, 
P.; Witty, D.; Stamford, A. Tetrahedron Lett. 1993, 34, 23. 

(7) For a comprehensive review of [2 + 2 + 2]-cycloadditions, see: 
Schore, N. E. In Comprehensive Organic Synthesis: Selectivity, Strategy, 
and Eflciency in Modern Organic Chemistry; Trost, B. M., Fleming, I., 
Eds.; Pergamon Press: New York, 1991; Vol. 5 ,  Chapter 9.4, pp 1129- 
1162. 

(8) For representative synthetic approaches to C-alkynylglycosides, 
see: (a) Buchanan, J. G.; Edgar, A. R.; Power, M. J. J. Chem. Soc., Perkin 
Trans. 1 1974, 1943. (b) Rouzaud, D.; Sinay, P. J. Chem. Soc., Chem. 
Commun. 1983, 1353. (c) Ichikawa, Y.; Isobe, M.; Konobe, M.; Goto, T. 
Carbohydr. Res. 1987, 171, 193. (d) Zhai, D.; Zhai, W.; Williams, R. M. 
J.  Am. Chem. SOC. 1988, 110, 2501. (e) Bolitt, V.; Mioskowski, C.; Falck, 
J. R. Tetrahedron Lett. 1989, 30, 6027. 

(9) Rollin, P.; Sinay, P. Carbohydr. Res. 1981, 98, 139. 

0002-786319511517-6605$09.00/0 

Scheme 1. Synthesis of C-Anthracyclinone Glycosides" 
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a Reagents and conditions: (a) BrMg-CZC-TMS, THF; (b) Poc13, 
pyridine, CH2C12, 43% (two steps); (c) 50% aqueous NaOH, 10 mol 
% BnNEt3C1, MeCN, 90% (d) TBAF, THF; then AczO, pyridine, 15 
mol % DMAP, CH2C12, 92% (e) 5 or 6,20 mol % ClRh(PPh3)3, EtOH, 
78 "C; 35% for 9; 58% for 10. 

Scheme 2. Synthesis of C-Aryl Spiroglycoside" 
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a Reagents and conditions: (a) Li-CEC-TMS, THF, 57%; (b) 
Ac20, pyridine, 20 mol % DMAP, CH2C12, 57% (2.6:l mixture); (c) 
TMSOCH2CGCH, 10 mol % SnC14, 10 mol % AgC104, CH2C12; (d) 
50% aqueous NaOH, 20 mol % BnNEt3C1, MeCN, 67% (two steps, 
2.2: 1 mixture); (e) saturated HCECH in EtOH, 10 mol % ClRh(PPh3)3, 
0 "C, 89%. 

cyclic lactol intermediatelo afforded alkynylglycal4.I Straight- 
forward protective group manipulations afforded substrates 5 
and 6 .  Our first experiments with a stoichiometric rhodium 
metallacycle 8 (derived from diketodiyne 7)12 proved encourag- 
ing, as the C-anthracyclinone glycoside 9 was obtained in 46% 
isolated yield from 5. With protic solvents, a rhodium-catalyzed 
reactionI3 produced C-arylglycosides 9 and 10 in 35% and 58% 
yields, respectively. 

We have also explored this strategy for synthesis of the 
spiroglycoside structure 16 from bisalkynylcarbohydrate deriva- 
tives (Scheme 2) .  Addition of 2-(trimethylsily1)ethynyllithium 
to lll4 proceeds without elimination to give 12 as a mixture of 
anomers.I5 The C-alkynyl-0-propargyl substrate 15 is obtained 
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by Lewis acid-catalyzed glycosylationI6 of the anomeric acetates 
13 with 0-propargyl trimethylsilyl ether followed by alkaline 
desilylation of the synthetic intermediate 14. Cyclotrimerization 
of each anomer of the bis-terminal diyne 15 with a saturated 
ethanolic solution of acetylene and Wilkinson's catalyst provides 
an excellent yield of the corresponding unfunctionalized spiro- 
cyclic C-arylglycosides 16. 

The regioselectivity of rhodium-catalyzed alkyne cyclotri- 
merization with differently substituted diyne substrates has not 
been previously reported. To this end, diyne substrates 17- 
1917 were evaluated in various combinations with the simple 
monosubstituted alkynes 20-22 to afford a variety of substituted 
dihydroisobenzofuran products (Table 1). These results indicate 
that the magnitude of metu-selectivity is highly dependent on 
the steric size of the alkyne substituents. Whereas the methyl- 
substituted diyne 17 does not show high regioselectivity except 
upon reaction with the hindered monosubstituted alkyne 21 
(entries 1 -3), the sterically bulky tertiary alcohol-substituted 
diyne 18 gives only the metu-substituted aromatic isomers upon 
reaction with all three monoalkynes 20-22 (entries 4-6). 
Rhodium-catalyzed cyclotrimerization is compatible with the 
acid-sensitive alkoxyacetylene substrate 19 (entries 7-9), but 
diynes capped with one or two trimethylsilyl groups are 
unreactive. In contrast to cobalt-mediated cyclotrimerizations,I8 
the rhodium-catalyzed reaction is predominantly metu-regio- 
selective. In addition, oligomerization or dimerization of 
terminal alkyne-containing diyne substrates 15, 18, and 19 is 
only a minor side reaction with rhodium catalysis and is further 
minimized by the use of an excess of inexpensive monoalkyne 
components. 

Further studies are in progress to explore mechanistic factors 
responsible for metu-selectivity, as well as the application of 
cyclotrimerization strategies to the total synthesis of bioactive 
C-arylglycoside natural products. 
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Table 1. Regioselectivity of ClRh(PPh&-Catalyzed 
Cyclotrimerization 

I' ' ' diyne 
.. . 

H H 
meta ortho 

yield of aromatic products 
(isomer ratio) entry diyne monoalkyne 

1 R = CH3, R' = ~ B u  35%(m:0=1.7:1) 
R'=H(17) (20) 

2 17 R" = C(CH3)20H 54% (metaonly) 
(21 1 

3 17 Rn = CH2W 53% (m:  0 z1.8 : 1)a 
(22) 

4 R = C(CH3)20H, 20 36% (metaonly) 

5 18 21 60% (meta oniy)b 

6 18 22 52% (mefa only)" 

R'= H (18) 

7 R = OEt, 2 0  6l%(m:0=4:1) 
R' = CH3 (19) 

8 19 21 53% (metaonly) 

9 19 22 59% h: 0 = 4 :  1) 
~~ ~~ 

2 mol % ClRh(PPh& was used for this entry. Analytically pure 
compounds were obtained by conversion of aromatic products to the 
corresponding bis-0-trimethylsilyl ethers (excess 1 -(trimethylsilyl)imid- 
azole, THF, 20 "C, 16 h) followed by flash chromatography. The yield 
was 95% based on recovered diyne 18. 
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