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Abstract - The direct arylation of either antipodes of 2,3,5-tri-Q-benzyl 
arabinofuranose (D-2 and L-2) at the anomeric sites by means of bromomagnesium 
salts of activated phenols (la-d) in 1,2-dichloroethane furnishes B-D- and 
a-L-arabinofuranosylphenols (D-3 and L-3) with very high margin of regio- and 
stereoselectivity. 

There is current intense interest on the synthesis of C-glycosilated aromatic compounds, 

which emanates from their biological and synthetic relevance. 1 Among the existing routes to 

these substances, 
2 

the Lewis acid-promoted arylation of glycoside donors by means of 

activated aromatic species forms the basis of several synthetic procedures which often result 

in good stereocontrol and efficiency. 3 In the context of our studies about the use of 

co-ordinating metal phenolates as selective arylation reagents of sugar derived compounds, 
4 

we report here a new simple synthetic entry to arabinofuranosyl aromatics based on direct 

arylation of either antipodes of 2,3,5-tri-G-benzylarabinofuranose with bromomagnesium salts 

of certain phenols in an apolar solvent. 

Attack by activated bromomagnesium phenolates la-d occur at the anome ric centfe of 

arabinofuranoses D-2 and L-2 leading to the corresponding arabinofuranosylphenols 3 and 4 

with very high level of regio- and stereocontrol. Scheme I Illustrates the reactions and 

Table I lists the synthetic results. 
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While conducting the reactions with la and lb at room temperature under magnetic 

stirring resulted in acceptable yields of C-glycosylated compounds, reactions employing 

phenolates lc and Id required sonication and reaction temperatures of 4O’C in order to obtain 

synthetically useful conversions. However, in all the cases, excess amounts of phenolates (4 

mol equiv.) were necessary to consume all of the sugars, 

The arylation proceeded regio- and stereoselectively being the phenol o-r%&-position 

solely sybstituted with B-D- and a-L-anomers 3 produced either predominantly or exclusively. 

It is noteworthy that the minor C-glycosides 4 undergo clean and quantitative epimerization 

into anomers 3 under the influence of EtMgBr in 1,2-dichloroethane at ambient temperature, 

suggesting that the epimeric composition of the final reaction mixtures might be the result 

of a thermodynamic control.5 

Evidence for the structure and stereochemistry of 3 and 4 was provided by ‘H NMH 

studies, Compounds 3 having 1 ‘,2’-c& stereodisposition (0-D and a-l-compounds) show a small 

vicinal coupling constant (Jl, 2, c4Hz). whilst anomers 4 (1’,3’-t-ran?; a-D and B-L compounds) 

have it larger (J1,,2, > bH.z).‘The assignments were corroborated by NOEDS experiments. Thus, 

irradiation of H-l’ signal in compounds 3 resulted in strong enhancement of H-2’ and H-4’ 

signals, whereas these effects were absent in the minor anomers 4. 6 Furthermore, compounds 4 

show positive NOE’s between H-l’ and H-3’. and between H-l’ and H-5’. 
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Table 1,‘Synthesis of Arabinofuranosyl Phenols 3 and 4. According to Scheme I. 

Phenol Sugar Conditionsa Productsb YleldC 8:a [a] ‘Oe 
d 

D 
ratio 

la 

lb 

IC 

Id 

la 

lb 

D-Z 

D-2 

D-2 

D-2 

L-2 

L-2 

tA) 

(B) 

(A) 

(Al 

(A) 

(8) 

D-3a 
D-4a 

D-3b 

D-3c 
D-4c 

D-3d 

L-3a 
L-4a 

L-3b 

67 85: 15 +38.63 
+16.00 

75 <98:2 +42.68 

86 88:12 +66.12 
+16.60 

69 c98:2 + 6.77 

65 85:15 -37.14 
-25.71 

73 c98:2 -40.23 

Conditions: (A), at 4O’C under sonication for 48 h; .(Bl, at 2O’C, under magnetical 

stirring for 24 h. 
b Except for D-3d tm.p. 74-75’C) all compounds are oily substances. 

Based on starting 2. d Determined by ‘H NMR. e For CHC13 solutions; 2, see text. 

Mechanistically, we postulate that this arylation process occurs via the sequence of 

reactions outlined in Scheme II (D-arabinose shown). 

In the first step of the reaction, lactol ring opening occurs under the influence of 
_ 

bromomagnesium phenolate producing the camp lexed species 5.’ Subsequent regio- and 

stereoselective arylation at the aldehyde centre of 5 results in fozmation of the arylalditol 

salt 6, which undergoes rapid dehydration-annelation to 8-D-furanosylarene D-3 according to a 

mechanism which we have not be able to envision in detail. 8 Support for this sequence is 
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derived from isolation of an appreciable amount of Emanno-arabinitol intermediate 6aq in the --* 
reaction between la and D-2 (O’C, one week) and its quantitative transformation into the 

corresponding 8-furanoside D-3 by treatment with 3 mol equiv. of EtMgBr in dichloromethane at 

25’C. 

In cone lusion, we have presented here examples of arylation of arabinofuranose 

derivatives by bromomagnesium phenolates, as a strategy for the rapid assembly of aryl 

C-glycosides, with considerable regio- and stereochemical control. We are currently extending 

this procedure to other 

heteroaromatic compounds. 

furanose and pyranose derivatives+ as well as appropriate 

EXPRRIMENTAL 

1 
H NMR spectra were obtained on either a Bruker CXP-200 spectrometer at 200 MHz or a 

EZn~ts:~Et 19 
meter at 270 MHz. NOE difference spectroscopy was perfonned.on the latter 
C NMR on a Bruker AC-100 spectrometer. Deuterochloroform was employed as the 

solvent and internal TMS as the standard. Optical rotations were obtained on ‘a Autopol III 
polarimeter with a I-dm tube. Mass spectra were recorded on a Finnigan 1020 GC/MS Quadrupole 
System Operating at 70 eV. 

Reagents and solvents were purified and dried using standard methods, D- and 
L-2,3,5-tri-g-Benzylarabinofuranose (ca. 1:l a/8 anomers) were commercial products (SIGMA). 

Chromatography was performed on Merck Kieselgel (230-400 mesh), TLC was performed on 
Merck DC-Fertigplatten Kieselgel 60F-254. All sonicated reactions were performed by using a 
ELMA TRANSONIC-460/H Model ultrasonic cleaner with the reaction vessel completely submerged. 

Reaction of bromowgnesitmphenolates 1 with arabinofuranoses 2. To a solution of EtMgBr 
(6 mmol) in diethyl ether (20 mL) a solution of the appropriate phenol (6 mm011 in diethyl 
ether (20 mL) was added with stirring under nitrogen at room temperature. The ether was 
removed under vacuum, anhydrous 1,2-dichloromethane (50 mL1, and then a solution of 
arabinofuranose (1 mm011 in 1,2-dichloroethane (5 mL1 was added. 

The reaction mixture was kept for 24 h at room temperature for lb and lc. For la and Id 
the reaction vessel was sonicated for 48 h at 40’13. The mixture was quenched with saturated 
aqueous ammonium chloride and extracted with CH Cl or diethyl ether 

4 2 
(3x30 mL1 and the 

combined extracts were dried, concentrated un er reduced pressure, and purified by 
chromatography using the following solvent mixtures: 
8:2; lc:CHCl3; ld hexane/ethylether, 

la:CH2C12/MeOH, 20:l; lb:hexane/acetone, 
2:l. The following compounds were prepared in this 

manner , 

(D-3a). Colorless oil, 
s, OH), 7.4-6.9 (16H, m, 

= 2.69 Hz, H-61, 6.31 
Hz, H-l’), 4.57, 4.46, 

= 3.23, H-3’), 3.95 (lH, 
83.43+84.05, 84.70, 87.80, 105.67, 126.36, 127.17, 127.70, 150.00, 71.20, 155.11, 72.61, 158.38; 83.43, 

MS, m/e 512. Anal. Calcd for C32H3206: C, 79.98; H, 6.29. Found: C, 79.62; H, 6.37. 

-(2’,3’,5’-tri_O-Benryl-a-DT_arabinofuranosyl)-5-hydroxyphenol (I&4a). Colorless oil, 
= +16.00 (c 0.2, CHCl 1: H NMR (200 MHz, CDCl ) 6 7.75 and 7.48 (each lH, bs, OH), 

(15H, m, E-CH -Ph), 2.99 (lH, d, J 

~!;:ld’3J~~~~;H 
z 6.33 Hi, H-l’), 4.6-4.43tkH: 

8.34 Hj. H-31, 6.3-6.4 (2H, m, H-3+H-5). 4.96 

m, H-5’); MS, m/e 512. 
m, 0-CH2Phl. 4.10-4.30 (3H, m, H-4’. H-3’, 

C, 79:45; H, 6.j5. 
Anal. Calcd for C32H3206: C, 79.98; H, 6.29. Found : 

2-(2’,3’ .3;-tri_O -Benzyl-~-~arabinofuraposyl)-4,5-methylenedioxyphenol (D-3b). Color- 
less oil, [al = +42.68 (.c_ 9.6, CHC13): fl NMR (200 MHz, CDC13) 6 8.02 (lH, bs, OH), 
7.4-7.0 (15H,Dm, 0-CH,-PI’), 6.46 (2H, 2s, H-3 and H-61, 5.92 (2H, s, 0-CH2-01, 5.02 (IH, d, 
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2-(2;O3’,5’-tri~Benzyl-B-D-arabipofuranosyl)-4,6~imet~~phenol (D-3c). Colorless 
oil, [a] = t66.12 (c 2.7, CHCl ); 
(15H, ~I,~O-CH -Ph), 6.10 (1H d. 3 

H NMR (200 MHz, CDC13) 6 8.92 (lH, s, OH), 6.9-7.4 

5.48 (1H d 3 - 
= 2.34 Hz, H-41, 5.79 (lH, d, J = 2.34 Hz, H-61, 

H-4’), 4:07*&&‘J 
3.37 Hi, H-l’j:64.57, 4,46, 4.29 (each 2H, 3s, 0-cft;bPh), 4.18 (lH, m, 

H-31j;2;_7; :;;;‘~;*‘&‘;; 
ij388 Hz, H-2’). 3.97 (IH, dd, J t = 0.88, 

J = 3.51 Hz, 
73:2$: 80.55, 82.88, 84.45, 

C NMR d 55.12, 55.25, 59.55, ?l:%, 71.35, 
90.07, 94.55, 100.02, 127-129, 130.37, 133.78, 157.31, 159.62, 

161.18; MS, m/e 556. Anal. Calcd for C34H3607: C, 73.36; H, 6.52. Found: C, 73.11; H, 6.47. 

2-(2*,3*,5’-tri~-Benzyl-ar-D-arfbinofuranosyl~-$,imethoxyphenol (D-4c). Colorless 
oil, [a], = +16.60 (c 0.33, CHCl 1; H NMR (200 MHz, CDCl 1 6 8.33 (lH, s, OH), 7.4-7.1 (15H, 
m, 0-CH2-m), 6.09 (lH, d, J - I.34 Hz, H-3). 6.02 (lH, a, J = 2.34 Hz, H-61, 5.52 (lH, d, 

- 6.18 Hz 
:1;52i3H . s OCH’) 

H-l’), 4.6, 4.4 (6H, m, 0-CH2-Ph), 4.07-4.22 (3H. m, H-2’, H-3’ and H-4’), -__ 
3.72 (3H, s. OCH 1, 3.65 (2H, m, 

: C: 73.361 H, 6.52. Found: C,373.27: H, 6.19. 
H-5’); MS, m/e 556. Anal. Calcd for 

C34H3607 ’ 

uranosyl)-2-naphthol (D-3d). White crystals, m.p. 
74-75 C, [al 7 34 il:‘;:l:“.‘s~~B~R:y~~:~~~~b~~~~ NMR 6 9 44 (1H s . - l 3 * OH), 7.9-6.6 (6H, m, H-Ar), 

= 3:37 H;,*H-i’), 4.62 (2H, s, 0C_lj2Ph), 4.51 
(;H m* OCH Phi, i.34 ?;H; i, ‘H-4’),‘4.;4 1iff”dd J 
4.06 (iH,%, 

H-2 ’ ) 
J 

5’ 
= 0.88, J3, 4’ = 3.07 H6, Hi3’1:*2;,;4 :;;:*s:~~& ;h;*“; ;3’(2H 

H-5’); MS, m/e 46!‘Anal. Calcd fdr C36H3405: C, 79.10; H, 6.27, Found: C,*79.i7;‘H, 6.49. 
m: 

-(2’,3’,5’-tri_0-Benzyl-ar-l-arabinofuranosyl)-5-hydroxyphenol (L-3a). Colorless oil. 
-37.14 (c 0.3, CHCl 1; spectral data are identical to D-3a. Anal. Calcd for 

C328320i: C, 79.98; H, 6.29. Foind: C, 79.50; H, 6.15. 

2~-(2’,3’,5’-tri~-Benzyl-B-L-arabinofuranosyl)-5-hydroxyphenol (L-4a). COlOrleSS oil, 
-25.71 (5 0.2, CHC13); spectral data are identical to D-4a. Anal. Calcd for 

: C, 79.98; H, 6.29. Found: C, 79.31; H, 6.20. 

2-(2’,3’,~~-tri~-Benzyl-cr-L-arabinofuranosyl)-4,5-methylenedioxyphenol (L-3b). Color- 
less oil, [a] - -40.23 (c 1.6, CHCl I; spectral data are identical to D-3b. Anal. Calcd 
for C33H3207: DC, 73.31; H, 5,97. Found:3C, 73.18: H, 5.55. 

I-(2’-4’-dihydroxyphenyl)-2,3,5-tri_0-benzyl-~manno-arabinitol (D-6a). To a solution of -- 
EtMgBr (6 mm011 in diethyl ether (20 mL) a solution of resorcin (la) (6 mm011 in diethyl 

stirring at O’C for one)week. Usual work-up affords 6a in 45% 
= +8.9 (c 2.0. CHCl ): H NKR (200 MHz, CDCl 1 6 8.60 (lH, S, 

2.31 Hz, H-3’). 6.24 (lH, 2dd- J 
6.71 (lH, d, 3,,,, = 8.21 Hz, H-6’), 6.12 (IH, d, J 

= 2.31 Hz, H-5’) 4 99 (1H d J3t5t r 
2.98 Hz, H-l), 4.46, 4.43, 4.39 ?d&h ;Hy’:i: O~&*~~I~ 4 05 (lH, m, Hl4),‘3.86 (iH,‘dd!*j) 2 
= 2.98, J2 3 = 6.92 Hz, H-3). 3.71 (lH, bs, OH),3?61 l2H: m, Hsa, H5b). * 

. 

Reaction of IMa with EtMgBr to D-3a. To a solution of EtMgBr (3 mm011 in diethyl ether 
(10 mL) a solution of D-6a (1 mmoI1 (5 mL) was added dropwise under nitrogen at room 
temperature under stirring. The reaction mixture was kept at room temperature for 4 h, then 
wor?ed up as described before. The crude mixture was directly *examined by H NMR. The unique 
product results D-3a. 
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