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2,3,4,6-Tetra-U-benzyl-l-Q-trifluoroacetyl-~-D-giucopyranose (1) is shown 

to react smoothly with aryl ethers in the presence of a Lewis acid in dichloro- 
metbane at room temperature to afford C-~-glucosylarenes with high stereo- 
selectivity and in very high yield. 

Much attention has been focused on the stereoselective synthesis of C- 
glycosyl compounds, not only for the preparation of naturally occurring examplesIb, 
but also for the homologation of sugars to serve as chiral templates for more- 
complex synthetic targets2. For this purpose, it is important to select both the 
leaving group at the anomeric position and the activator in the alkylation. Many 
reports on the synthesis of l-ally1 ~-C-~lycosy1 derivatives ‘have appeared re- 
centIy3-5, but only Schmidt et ~l.~ and Williams et ~1.~~ using O-glycosyl-trichloro- 
acetimidates and pyridyl thioglycosides, respectively, have synthesized C-glycosyl- 
arenes stereoselectively. We have found that D-gkICOSyl 4-nitrobenzoate* and 3,5- 
dinitrobenzoatela react with aryl ethers to give C-j3-o-glucosylarenes in most cases. 
We now report a highly stereoselective and mild method for the synthesis of C-D- 
glucosylarenes from 1 in high yields. 

RESULTS AND DISCUSSION 

Compound 1 reacted with aryl ethers to afford generally the /3 anomers. The 
yield of C-~-glucosylarene depended on the reactivity of the aryl ether and the 
Lewis acid. The best catalyst was BF, - Et@, but anhydrous AlCI, gave a low yield 
because HCl in AK& cleaves the benzyl groups in 1 giving many by-products. 
Anhydrous ZnBr, is a weak Lewis acid and the yields were very low, even at 
extended reaction-times. Interestingly, when 1 reacted with 1,3_bis(trimethyl- 
siiyl)oxybenzene in the presence of BF,.Et,O, the a anomer was the only product, 

*Studies On C-Glycosyl Compounds XIV, for part XIII see ref. la. 
‘To whom correspondence should be addressed. 
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TABLE I 

C-D-~LU~~SYLARENESF~~~MT~~RA-O-RE-NZ~I.-~-D-OL~CO~~~_ ‘~KIF~,U~K~ACETAI-E (1) 
_I---_~~~ __~ _~._ _I_.__~~~_ ~_l_-._.l-ll-_~-_.__ _______._.___l_I 

Aryl ethers Lewk Reaction C-o-Giucosyi- Yield Ratio of 
acid ~on~it~~n$ arene (“/of nnomer_9 (a: $$I 

/--25”) 
-.-.-..-- ---..._ I._ ---.._--_- _....__. l-.._^ 

R = 1,3,5-(NH?), BF,. Et@ CHQ,, 5 min R = 2,4,6-(RI&), 99 0: 1 
AICI, CW,C12, 5 min 91 n: I 
ZnBr, CH,Cl,, 5 min (3) 61 0:l 

R = 1,3-(MeO).2 RF,. Et,0 CH,CI,, 5 min R = 2,4-(MeT)), 81 0:l 

(4) 
A&de BF,.Et,O CH,CI,, 5 min R = 4-Me0 (5,6) 86 1:4 
R = 1,3-(Me,SiO), BF,Et,O CH,Cl,, 5 min R = 2,4-(OH), 95 I:0 

AICI, CH,CI,, 5 min 85 1:2.3 
ZnB1; W&l,, 1.5 min (7,8) 67 0:I 

“.--_ ---~-..- --~_- __-~-----. 

and if anhydrous AlCI, or ZnBr, was used, an a$ mixture was obtained in which 
the p anomer preponderated. Anisole also gave a 1: 4 rr,fi anomeric mixture. 

fn the synthesis of aflyl C-glycosyl compounds, the ty anomer is always the 
main product. The ally1 group is rather small and the difference in stability between 
the a and p anomers is very small. Consequently, the oxocarbonian ion derived 
from 1 by the SNZ mechanism shoufd preferentiaI~y accept ~ucleophi~es from the LY 
(axial) side through operation of the anomeric effeetY. In the case of C-glucosyi- 
arenes, the p anomer is much more stable than the a: anomer, and it may be 
supposed that the stability of the C-glucosylarene controls the stereochemistry of 
the reaction rather than the anomeric effect, as in the C-glucosylation of 1,3,5-tri- 
methoxybenzene, 1,3-dimethoxybenzen~ and anisole. If the aryl ether group is 
Iarge, as with ~,3-di(trimethyIsiIyIoxy)benzen~, it becomes difficult for it to 
approach C-l of the oxocarbonium ion and so the anomeric effect again controls 
the reaction pathway. In this instance, the LY anomer is obtained instead of the p 
anomer, as shown by S&hmidt et ~1.~ when ~-g~ucosyl trichloroacetimidate was 
treated with the same nucleophile. We have also found 1,3-di(t~methy~silyloxy)~ 
benzene reacted with 1 using anhydrous AU, or ZnBr, as the catalyst to give an 
anomeric mixture in which the /!I anomer preponderated. 

The determination of the configuration of benzyiated C-glycosylarenes is very 
difficult, and Schmidt ei nl.” assigned the ~onfi~nration of compounds 3, 4 and 8 
after debenzylation. We found by using *I+% shift-correlation spectra that the 
two benzyiic protons of compounds 5 and 6 were not equivalent and coupled each 
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other to give two doublets. In addition to these doublets, there was another doublet 
which coupled with a quartet (J 4.8 Hz, H-l’ and H-2’ of the (IL auomer~ and a 
triplet (J 10 Hz, H-l’ and H-2‘ of the f? anomer). The r3C-n.m.r. chemical shifts of 
compound 6 were readily assigned by rH-13C shift~o~elation spectroscopy and 
foflowing the usual sequence of 13C-n.m.r. chemical shifts of sugar-ring carbons of 
glucopyranosides. After studying the 13C-n.m.r. spectra of several pairs of benzyl- 
ated C-glucosylarenes, we found that the chemical shifts (a,.) of the corresponding 
carbon atoms of the sugar ring in the jI anomers were almost the same and shifts 
for the a! anomers were similar to those of the /3 anomers. If there were ortho-sub- 
stituted groups in the agtycon, a,.,, and Sc., of the cy and /3 anomers became small. 
However, the difference of Sc for the correspon~ng carbon atoms of the sugar 
ring, between the LY and 8 anomers, was very obvious. The SC values of the j3 
anomers were 3-6 p.p_m_ larger than those of the ar auomers. This pattern may also 
be seen in the ~-glucopyranosides and used to determine the configuration of 
benzylated C-~-glucopyranosylarenes”O; see Table II. 

~e~er~~ ~et~~d~* - M.ps are uncorrected. Spectra were recorded with the 
following instruments; *H-n.m.r., Varian XL-300 (300 MHz) and Varian 400 (400 
MHz); ‘H-‘H and lH-13C shift-correlation spectra, Varian 400; 13C-n.m.r., JEOL 
JMNFX 100 (100 MHz); mass spectra, VG 20-250 g.l.c.-m.s., and VG ZAB GC 
g.l.c.-ms. The rH-n.m.r. spectra‘were recorded with Me,Si as the internal standard 
and 13C-n.m.r. with MezSO-d, as solvent and internal standard (39.6 p.p.m.). Pre- 
parative t.1.c. was performed on silica gel (W-40 Bm). 

2,3,4,6-Tetra-O-benzy~-l-O-tr~~oroacetyZ--cu-D-gfucopyrunose (1). - A mix- 
ture of 0.5 g (0.93 mmol) of 2,3,4,6-tetra-0-benzyl-o-u-glucopyranosen> 0.15 g of 
CF,C&Na and 3 mL of (CF,CO),O was heated to reflux for 30 min with stirring. 
After cooling, the mixture was diluted with CH,Cl, (10 mL), and then filtered 
through silica gel (W-80 pm). The silica gel was washed with CH&l, (2 X 10 mt), 
and the combined organic solution was concentraled in vacua to give 1 (0.65 g, 
lo%) as a colorless syrup; rH-n.m.r. (300 MHz, CDCI,): S 6.45 (d, 1 H, f 3.4 Hz, 

TABLE XI 

~~C-N.M,R.CFIEM~CALSHIFIS(~)OFSUGARRINGCARB~NSDF C-D-GLucosY~A~NES 
- - ___---___ 

Compound C-l c-2 c-3 c-4 C-5 C-6 
-- - 

3 75.2 78.7 S&S 78.2 80.2 69.1 
4 74.3 78.8 86.2 78.0 83.2 68.9 
5 77.8 72.4 80.5 72.2 80.0 49.9 
6 80.0 78.4 85.8 78.3 83.4 69.9 
7 73.8 77.5 a.2 74.0 79.4 68.9 
8 74.8 18.4 86.9 78.4 82.5 69.4 
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H-l), 3.60-5.50 (m, 15 H, sugar-ring protons and bcnzylic CH,), and 7.10-7.60 (ml 
ary1 protons). This compound was not purified further and used directly in the 
folIowi~~ reaction. 

C-G~ucosylarenes ~generu~ rnetho~~. - Two drops of BF, . Et,0 (or 10 mg of 
anhydrous AICI, or 10 mg of anhydrous ZnBrJ was added to a mixture of 58.5 mg 
(0.093 mmol) of 1 and 0.186 mmol of aryl ether in 2 mL of CH,Cl, with stirring at 
room temperature under nitrogen. After 5 min (or 15 min for anhydrous ZnBr,), 
10 mL of 20% HCl was added and the mixture was extracted with ether. The extract 
was dried (MgSO,) and evaporated irt WCUD to give the crude product, which was 
purified by preparative t.1.c. using the following eluents: A, 7:3 cyclohexane-ether; 
or B, 4: 1 cyclohexane-EtOAc. 

l-{2,3,4,6-Tetra-0-benzyl-P-D-gEucopyranosyl)-2,4,6-trimeth~xybenzene~ (3). 
- The crude product was purified by preparative t.1.c. (eluent A) to give a yellow 
suryp; [a]&5 i-1.0” (c 8.0, Me&O); W-n.m.r. (300 MHz, Me,SO-d,): S 3.75,3.78, 
3.79 (3s, 3 x 3 H, 3 OCH,), 4.02 (d, 1 H, J 12 Hz, H-l’), 3.~5.~0 (tn, 15 H, 
sugar-ring protons and benzylic CH,), 6.25, 6.28 (2s, 2 H, H-3,5), and 6.80-7.50 
(m, 20 H, aryl protons). 

2,4-l)imethoxy-l-(2,3,#,6-tetra-O-benzy~-p-n-gl~co~yranosyl/h (4). - 
From the preparative t.1.c. (eluent A), the product was obtained as a yellow syrup, 
(c$j” t25.9” (c 1.4, Me&O); ‘H-n.m.r. (300 MHz, ~e~SO-~~~: S 3.75, 3.78 (Zs, 2 
X 3 H, 2 OCH,), 4.00 (d, 1 I-(, J 10 Hz, H-l’}, 3.50-5.00 (m, 1.5 H, sugar-ring 
protons and benzylic CH,), and 6.50-7.50 (m, 23 H, aryl protons). 

4-Methoxy-I-(2,3,4,6-tetra-O-benzyl-r-~-glucopyranosyl)bne (5). - This 
was obtained by preparative t.1.c. (eluent A), as a yellow syrup, [a],$” t-16.0” (e 
2.0, Me&O); *H-n.m.r. (400 MHz, Me,SO-d,): 6 3.78 (s, 3 H, OCH,), 5.16 (d, 1 
H, J 4.8 Hz, H-l’), 3.90 (q, 1 H, J 4.8 Hz, W-Z’), 3.00-5.00 (m, 15 H, sugar-ring 
protons and benzylic CH,), and 6.90-7.60 (m, 24 H, aryl protons}; m/z (e.i.>: 
630.2963 CM”). 

Anat. Calc. for C,,H,O,: C, 78.07; H, 6.72. Found: C, 77.82; H, 6.69. 
4-Mefhox~-1-(2,3,4,6-fetru-O-benzyI-~-~-g~uc~~~rano~~I~benz~e (6). -This 

was obtained by preparative t.1.c. (eluent A) as colorless crystals, m.p. 108.5- 
109.0”, fcxJ&” -5.3” (c 0.8, Me&O): “H-n.m.r. (400 MHz, Me,SO-d,): 6 3.75 fs, 3 
H, OCH,), 4.42 (d, 1 H, f 10 fiz, H-l’), 3.50 (t, 1 H, f 10 Hz, H-2’), 3.50-5.50 (m, 
15 H, sugar-ring protons and benzylic CH,), and 6.50-3.50 (m, 24 H, aryl protons), 

Anal. Calc. for C,,H,O,: C, 78.07; H, 6.72. Found: C, 78.26; H, 6.89. 
2,CRihydroxy-~-(2,3,4,6-tetra-O-benzyl-~u-w-glucopyranosyl)benzene (7), - 

This was obtained by preparative t.1.c. (eluent B) as a yellow syrup, [a]$5 i-53.0” 
(c 1.4, Me&O); “H- n.m.r. (300 MHz, Me,SO-d,: 85.70 (d, 1 H, 14.0 Hz, H-l’), 
3.50-5.00 (m, 15 H, sugar-rung protons and benzylic CH,), and 6.5@-7.50 (m, 23 H, 
aryl protons); m/z (e.i.): 632.2776 (M+), 

Anal. Calc. for C,H,O,: C, 75.93 ; H, 6.37. Found: C, 75.74; H, 6.33. 
2,4-Dihydroxy-l-(2,3,4,6-&etra-O-benzyl-p-~-gI~c~~yranosyE)benzene6 (8). - 

This was obtained by preparative t.1.c. (eluent B> as colorless crystals, m.p. 141.5- 



NOTE 129 

142.0”, [cYf&S -15.5” (c 0.9, Me&O); lH-n.m.r. (300 MHz, Me,SO-d,): 6 4.28 (d, 
1 H, J 9.0 Hz, H-l’), 3.50-5.00 (m, 15 H, sugar-ring protons and benzytic CHJ, 
and 6.30-7.50 (m, 23 H, aryl protons). 
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