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ABSTRACT 

Upon treatment with tin(W) chloride, l-0-acetyl-2,3,5-tri-O-benxyl- and l- 
0-acetyl-2,3,5-tri-O-(3-methylbenxyl)pentofuranose (D-ribo, wmzbino) umkrgo 
intramolecular FriedelXMts alkylation of the aromatic substituent at O-2 to give 
unusual internal C-glycosyl compounds (isochroman derivatives) in high yield. The 
tlnal products are also partially debenxylated at O-3 or O-5 (up to 25%) under 
these conditions. By contrast, the correspondlug methyl glycosides are poor sub- 
strates for the intramolecular C-arylation reaction, as methyl 2,3,5-tri-0-(3-methyl- 
benxyl)-/M-ribofuranoside was found to give preponderantly methyl 3,5-di-0-(3- 
methylbenyl)-ED-ribofuranoside (11) (49%), and the C-arylation product in 39% 
yield only in the presence of the same Lewis acid. The competitive formation of 11 
is thought to be due to the anomerixation of the substrate leading to a tin(W) 
complex coordinated with O-l and O-2, which promoted the cleavage of the benxyl 
group at O-2. These reactions provide a novel and efficient C-arylation method and 
suggest a new approach to selectively protected D-ribofuran~ derivatives. 
Evidence for the uncommon C-arylated structure of the new products was gained 
from their ‘H- and *3C(APT)-n.m.r. spectra. 

INTRODUCI’ION 

As they contain both a reactive aromatic ring and an electrophilic center, 
2-0-benxylated glycosides and analogs constitute potential substrates for intra- 
molecular FriedeKrafts reactions. Surprisingly, although benxylated glycosyl 
carboxylatesj and halides4 have been frequently used in O- and C-glycosylation 
reactions catalyxed by hard Lewis acids, such a behavior has never been observed. 
In the course of our investigations on the synthesis of novel C-glycosyl compounds, 
we have recently uncovered’ the ability of benxylated glycofuranosyl acetates to 

*For preliminary reports of part of this work, see ret%. 1 and 2. ‘IIds work was supported by the Donors 
of the Petroleum Research Fund, administexd by the American Chemical Society, and by graat CA- 
19203 from the National Cancer Institute, National Institutes of Health. 
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undergo readily intramolecular Garylation upon reaction with a Friedel-Crafts- 
type catalyst. Further unexpected results were obtained2 when D-ribofuranose 
derivatives bearing three 3-methoxybenxyl substituents were treated with tin(IV) 
chloride, as they underwent an unprecedented intramolecular double C-arylation 
resulting from the internal alkylation of the groups at O-2 and O-3. 

In order to determine the feasibility of the intramolecular C-arylation starting 
from the more readily accessible methyl glycosides, we examined the tin(IV) 
chloride-mediated reaction of a methyl glycoside containing activated benzyl 
groups, namely methyl 2,3,5-tri-O-(3-methylbenyl)-#l-D-ribofuranoside (lo), as 
well as that of the corresponding I-0-acetylglycosyl compound 2. We wish to 
describe, in this article, the full details of our investigations on benxylated and 
3-methylbenxylated pentofnranose derivatives, provide evidence for the structure 
of the new compounds, and propose a mechanism accounting for our observations. 
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RESULTS AND DISCUSSION 

Treatment of 1-0-acetyl-2,3,5-tri-O-benyl-gD-ribofuraaose (1) and -a,/$~- 

arabimfuramse (7) witb tin(W) cbknide afforded, in l-2 h at room temperature, 
the corresponding C-arylation products 3 and 8 in yields of 46 and 60% l , re.spe.c- 

tively; both reactions also gave a small amount of a more polar product (t.1.c.) that 
was isolated (21%) in the case of the arabino series and identified as the 5-O-deben- 
xylated analog of 8, compound 9. Under the same conditions, l-0-acetyl-2,3,5-t& 
O-(3-methylbenzyl)-BD-ribofuranose (2) led preponderantly to a product result- 
ing, as expected, from the intramolecular alkylation of the benxyl group in pm 

position with respect to the activating substituent (compound 4,55%), as well as to 
a trace (7.7%) of the isomeric ortho-alkylation product 6. In addition, compound 
5, which arose from the debenxylation of the final product at O-3 in this case, was 
isolated in a yield of 11%. The position of the i?ee hydroxyl function in 5 and 9 was 
revealed by the presence of HOCI+l couplings in the ‘H-n.m.r. spectrum for a 
solution in (2H)chloroform. 

Thus, as shown by the total yield of C-glycosylated products in each case, the 
intramolecular FriedelXrafts reaction of benxylated 1-0-acetyl-glycofuranoses is 
a convenient process leading specifically to &substituted isochroman derivatives 
and, thereby, providing an efficient synthetic method for this heterocyclic systems. 
This process is much easier than the corresponding intermolecular C-glycosylation 
of aromatic or heteroaromatic compounds, which have been successful only with 
highly electron-rich systems, such as anisole6, di- or tri-methoxybenxene6-10, 
ferrocene6, furane6, and indole ll; the Lewis acid-catalyzed Gglucosylation of 
benzene itself and toluene required drastic conditions and led to mixtures of prod- 
ucts12. It is interesting to note that 2,3,5-tri-O-benxyl-D-ribofuranosyl bromide 
reacted” preferentially by an intermolecular process when treated with indole 
derivatives and silver oxide, albeit in low yield (16%). 

By contrast with that of the furanoses, the reaction of benxylated 1-O-acetyl- 
hexopyranoses with the same .Lewis acid gave a mixture of several partially Ode- 
benxylated products, possibly including Gglycosyl derivatives, both in the gfuco 
and in the manno series”. Further investigations are in progress to elucidate the 
behavior of these important substrates. 

The C-glycosylated structure of the final products (3,4, and 8) is supported 
‘by the absence of signals of functional groups in their i.r. spectrum and by their 
lack of reactivity toward potassium permanganate, which rules out the isomeric un- 
saturated structure resulting from elimiuation of acetic acid (1,4-anhydro-2,3,5-t- 
O-benyl-D-crythro-pent-l-enitol r4J5)**. Many features of their ‘H-n.m.r. spectra 

*AU yields are after isolation hy column chromatography, or crystallizatiion, or both. 
**See comments in ref. 1. The data reported for this compound in refs. 14 and 15 arc di&rcnt and 
the&ore subject to caution. 
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point toward their unusual constitution (a substituted ck-3,3a,5,9b-tetrahydro-W- 
furo[3,2-c][2]benzopyran system): the number of aromatic protons, the chemical 
shift of H-l (H-9b in polycyclic system) (6 4.68-4.82), and the magnitude of the 
geminal coupling constants of the benzyl methylene groups. The protons at C-5 of 
the polycyclic system exhibited indeed a jJPI value consistently larger (14.5-15.1 
Hz) than that usually found in O-benzyl groups (12 Hz), a difference attributable 
to the change of the average position of the CH, group with respect to the aromatic 
*system in the cyclic structure 16. Furthermore, the substitution pattern of the tri- 
substituted aromatic ring in compounds 4-6 was revealed by the multiplicity of the 
isolated signals of H-6 (s in 4 and 5, d in 6) and H-9 (d in 4 and 5, absent in 6) 
(polycyclic system numbering) in the ‘H-n.m.r. spectra. Finally, the coupling con- 
stants for the D-ribofuranose component indicated clearly a conformation close to 
3T2 or 3E for the 5-membered ring, a typical conformation for 1 ,Zc&fused bicyclic 
pentofuranoid systems17 and, thus, rule out a structure which would have resulted 
from the intramolecular alkylation of the benzyl group at O-5. 

The most convincing evidence for the structure of the C-arylated products 
was provided by the W-n.m.r. spectra; an APT experiment performed on com- 
pounds 3 (see Fig. l), 4, and 8 revealed indeed the presence offour aromatic quater- 

-I- J,,, I,, 

60.00 

Fig. 1. ‘3GN.m.r. spectrum at 125.76 MHz of compound 3 (APT-experiment). 
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nary carbons (seven in the case of 4), which demonstrated the existence of an addi- 
tional alkylation site on one of the aromatic rings; furthermore, the signal of the 
former anomeric carbon (G9b) appeared at a much higher field (8 73-gO) than in 
a normal furanoside (C-l, S 100-110) and, thus, confirmed the C-glycosylated 
structure of the fhutl products. 

The behavior of methyl glycoside 10 in the presence of tin(W) chloride was 
found to be remarkably different from that of the corresponding I-0-acetylglycose 
2; the C-arylated product 4 was obtained, indeed, in a yield of 30% only, the major 
product being methyl 3,5-di-0-(3-methylbenxyl)-o-rAbofuranoside (11) (49%). 
No trace of the j?l-~ anomer was detected. The change of chemical shift of H-2 upon 
acetylation allowed an unambiguous assignment of the position of the free OH 
group in 11. In order to explain the selective cleavage of the group at O-2, we 
suggest (see Scheme 1) that compound 10 underwent a tin(IV) chloride-mediated 
anomerixation (see ref. 18 for examples of Lewis acid-catalyxed anomerixation of 
methyl glycosides) to the corresponding a-~ anomer which forms a favorable 
chelate with the reagent (14)*, by way of an intermediate such as 13; this inter- 
mediate also led, competitively and irreversibly, to compound 4 by an internal 
SuAr reaction. The tin(W) complex in 14 activated the 2benxyl ether function and 
promoted its cleavage to 3-methylbenxyl chloride and a 2-O-trichlorost~yl inter- 
mediate (W), from which 11 was formed upon hydrolytic processing. 

t MeOSnClJ 

I 
14 

SEAr 

I 

"20 

4 11 

Scheme 1. 

In light of this mechanism, the behavior of the 1-0-acetylglycoses (1,2, and 
7) can be just&d by the facts that the acetoxy group is a stronger Lewis base than 
the methoxy group, and that the acetate ion acts as a bidentute ligund yielding a 
chelatetype complex with the reagent 20, thereby allowing the intermediate corre+ 
sponding to l3 to undergo an SBAr reaction exclusively. It is not excluded that a 

l l%is interpretation is supported hy the strong afhity of tin(W) chloride for oxygenated ligands and its 
high tendency to form kxacoo rdinated complexes19. 
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glycosyl chloride might also be formed as an additional intermediate in this reac- 
tion. 

By decreasing the reactivity of the benxyl substituents towards an SEAR 
reaction it should be possible to achieve the 2-O-debenxylation of the methyl 
glycosides chemoselectively. Indeed, using 4-chlorobenzyl groups, we have been 
able to obtain exclusively the 2-Gdebenxylated product; this very useful reaction 
will be described in a separate publication2r. 

In conclusion, the intramolecular C-arylation of benxylated sugars afforded a 
novel method for the creation of a carbosbon bond between the anomeric 
center and an aromatic system, an unusual structural feature present in natural 
products such as C-glycosyl flavonoids and several antitumor antibiotics (nogala- 
mycin, chromoxymycin, etc.). Because of the presence of this linkage, the synthesis 
of these materials is extremely difficult, and the intramolecular C-arylation method 
should provide a useful tool in this field. 

FXPERIMENTAL 

General methods. - Melting points were determined on a Fisher-Johns ap- 
paratus or on a Thermolyne microscope apparatus and are uncorrected. Optical 
rotations were measured with a Perkin-Ehner model 243 automatic polarimeter 
for solutions in a 0.1~dm cell at 22 f3”. 1.r. spectra were recorded with a Perkin- 
Elmer 283B spectrophotometer. ‘H-N.m.r. spectra were recorded at 60,300,360, 
or 400 MHZ, and 13C-n.m.r. spectra at 125.76 MHz, for solutions in (W)chloroform 
with tetramethylsilane as the internal standard; chemical shifts (8) are given 
downfield from the signal of Me,Si. Chemical shifts and coupling constants were 
obtained from first-order analyses of the ‘H-n.m.r. spectra. 13C-N.m.r. spectra were 
recorded in the APT-mode; (+) and (-) are used to indicate positive (quaternary 
and methylene) and negative (methine and methyl) amplitude of the signals. Mass 
spectra were recorded on a g.l.c.-m.s. HP-5995 system using the direct inlet probe. 

Analytical t.1.c. was performed on precoated glass-plates with Merck silica 
gel 60 F-254 as the adsorbent (layer thickness 0.25 mm). The developed plates 
were air dried and irradiated with U.V. light, or sprayed with a solution of ammo- 
nium phosphomolybdateU (or both), and heated at 12&14fP. Column chromatog- 
raphy was performed on silica gel 60 (70-230 mesh) and flash chromatographyu on 
silica gel 60 (230-400 mesh). The following solvent systems (v/v) were used; (A) 
1:3, (B) 1:2, (C) l:l, (D) 2:3, (E) 2:1, and (F) 3:2 ether-hexanes. Solvents were 
evaporated under reduced pressure and below 40“. The C-arylated compounds are 
numbered as given in Scheme 2. 

R’ 
5 6 

Scheme 2. 
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Methyl 2,3,5-ti-O-(3-nrethyrbenzyl)-gD-ribofur (10). - Pentane- 
washed NaH (0.5 g, 20.8 mmol) was added to dry dimethyl sulfoxide (20 mL) and 
the mixture stirred for 30 min at 25”. A solution of crude methyl D-ribofuranoside24 
@:a -1O:l) (1.0 g, 6.89 mmol) in dimethyl sulfoxide (5 mL) was then carefully 
added, followed by 3-methylbenxyl chloride (2.8 mL, 21 mmol). After 2 h at 25”, 
the excess of reagent was removed by addition of methanol (1 mL), and the mixture 
poured into a separatory funnel containing ether (100 mL) and ice (50 g). The 
organic phase was separated, the aqueous phase washed with ether (50 mL), and 
the combined organic phases dried (Na.$O,) and evaporated. The syrupy residue 
was submitted to flash chromatography (A) which afforded 10 (1.64 g, 57%); an 
analytical sample was obtained by column chromatography (I?); syrup, [a]hs +26.5” 
(c 1.2, chloroform); t.1.c. (C) RF 0.53; e 3020,2915,2860,1610,1593,1490,1460, 
1358, 1157,1105, 1075,1030,945,775,740, and 690 cm-l; ‘H-n.m.r. (60 MHZ): 8 
2.37 (s, 9 H, 3 ArCH,), 3.37 (s,3 Q, OCHa, 3.63 (m, 2 H, H-5A,5B), 3.90 (dd, 
1 H, J12 1.0, & 4.5 Hz, H-2), 4.08 (dd, 1 H, JscI 6.8 Hz, H-3), 4.38 (m, 1 H, H-4), 
4.55,4.62 and 4.68 (3 s, 3 H,, 3 Art&j, 5.08 (br. s, 1 H, H-l), and 7.28 (br. s, 12 
H, 3 MeC&CHJ; m.s.: m/z 105 (lOO%), 79 (4), 77 (3), 103 (3), 135 (3), 209 (3), 
91(2), 143 (2), 281 (2), . . ., 339 (0.2, [M - C&, - CH,OH]+), and 371 (~0.1, 

[M - W-U+). 
Anal. Calc. for (&J-f~O~ (476.61): C, 75.60, H, 7.61. Found: C, 75.58; H, 

7.63. 
I-O-Acetyl-2,3,5-tri-O-(3-methylb~~l)nzyl)-gD-ribofuranosc (2). - A solution 

of 10 (1.0 g, 2.1 mmol) in a mixture of peroxide-free 1,ddioxane (25 mL) and M 
aqueous HCl(l0 mL) was heated at reflux for 3 h. The mixture was cooled down 
and made neutral with M aqueous NaOH. The organic solvent was evaporated 
under reduced pressure, the remaining mixture extracted with chloroform (25 mL), 
the organic phase washed with saturated aqueous NaHCO, (10 ml), then with 
water (10 mL), dried (Na#O,), and evaporated. The syrupy residue was submitted 
to flash chromatography (C) which afforded pure 2,3,5-tri-O-@-methylben@)-o- 
ribofuranose (0.74 g, 76%), t.1.c. (C) RF 0.26; e 3410 cm-* (OH). Acetylation of 
this material with acetic anhydride (2 mL) in pyridine (6 mL) afforded, after stand- 
ard proce&ng, a quantitative yield of l-O-acetyl derivative 2. An analytical sample 
was obtained by column chromatography (R) and crystallixation from ether- 
hexanes;m.p.39-41.5o,[a]~0+51o(c1.2,chloroform),t.l.c. (C)R,O.44; e3020, 
2920,2865,1745 (C=O), 1610,1593,1498,1460,1230,1100,1040,1010,945,775, 
747, and 690 cm-l; lH-n.m.r. (60 MHx): 8 1.93 (s, 3 H, COCH,), 2.35 (s, 9 H, 3 
AK&), 3.67 (m, 2 H, H-5A,5B), 3.96 (d, 1 H, Jr3 -0, & 4.2 Hz, H-2), 4.16 (dd, 
1 H, J3,, 7.5 Hz, H-3), -4.37 (m, 1 H, H-4), 4.50 (br. s, 2 H), 4.54 (s, 2 H) and 
4.69 (AB, 2 H) (3 ArCHJ, 6.27 (s, 1 H, H-l), and 7.23 (m and s, 12 H, 3 
MeC&CH.J; m.8.: m/z 105 (loO%), 43 (14), 106 (ll), 79 (5), 77 (4), 143 (4), 103 
(3), 119 (3)s 91(3), 121(2), - . ., and 339 (0.4, [M - C$$ - CH,COOH]+). 

And. Calc. for G,H,O, (504.62): C, 73.79; H, 7.19. Found: C, 73.61; H, 
7.03. 
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(2R,3R,3aS,9bR)-3-Benzyloxy-2-benzyloxymethyl-3,3a,5,9b-tetrahydro-ZH- 
firo[3,2-c][2]benzopyran (3). -To a solution of l-O-acetyl-2,3,5-tri-O-benzyl-sD- 
ribofuranoseZ (1) (209.5 mg, 0.45 mmol) (prepared by acetylation of 2,3,5-t&0- 
benzyl-D-ribofuranoseX~Z ) in dry dichloromethane (4 mL), was added under N,, a 
10% (v/v) solution (0.65 mL, 0.56 mmol) of SnCl, in dichloromethane, and the 
mixture stirred for 1.5 h at room temperature. The reagent was then removed by 
the addition, at O”, of saturated aqueous NaHCO,. Dichloromethane (10 mL) was 
added, the organic phase separated, washed with water (5 mL), dried (Na,SO,), 
and evaporated. The residue was submitted to column chromatography (D) which 
afforded crystalline 3 (84 mg, 46%). A sample was recrystallized from chloroform- 
ether-hexane, m.p. ill-112”, [cr]&O +8W (c 0.87, chloroform); t.1.c. (C) R, 0.37; 
V= 3025,2950,2915,2890, 2870,2790,1610,1497,1457,1350,1125,1085,1070, 
1058, 1043, 740, and 693 cm- ‘; ‘H-n.m.r. (300 MHz): 8 3.54 (dd, 1 H, Jz,zPa 3.7, 
J 2,A,2,B 11.0 Hz, H-2’A), 3.70 (dd, 1 H, JZz,B 2.2 Hz, H-Z’B), 4.08 (dd, 1 H, Js,sa 
3.9, Jti,* 2.9 Hz, H-3a), 4.19 (ddd, 1 H, Jz,s 8.8 Hz, H-Z), 4.27 (dd, 1 H, H-3), 4.45 
(d, 1 H, J 12 Hz), 4.57 (d, 1 H), and 4.57 (AR, 2 H, J 12 Hz, 2 OCH&H,), 4.68 
(d, 1 H, H-9b), 4.70 (d, 1 H, J5,,5e 15.1 Hz, H-5A), 4.85 (d, 1 H, H-5B), 7.00 (m, 
1 H), 7.15-7.35 ( several m, 12 H), and 7.38 (m, 1 H) (2 OCH,C&, H-69); lJc- 
n.m.r.: 8 66.78, 69.41, 72.35, and 73.30 [(+), C-Z’, C-5, 2 OCH&H,], 73.22, 
75.08, 79.09, and 79.25 [(-), C-2,3,3a,9b], 124.08 [(-), G9], 127.1!&128.19 and 
129.85 [(-), C-6-8, C-2-6 of 2 OCH&HJ, 131.36,134.70 [(+), C9a,5a], 137.77, 
and 138.30 [(+), C-1 of 2 OCH&H,]; m.s.: m/z91 (lOO%), 131 (19), 65 (9), 92 
(8), 132 (7), 105 (6), 43 (5), 104 (4), 77 (4), 133 (4), . . ., 311 (2, [M - C,H,]+), 
and 402 (0.1, [Ml*). 

Anal. Calc. for &H,O, (402.49): C, 77.59; H, 6.51. Found: C, 77.53; H, 
6.82. 

Reaction of 2 with SnCl,. - I-0-Acetyhibose 2 (250 mg, 0.495 mmol) was 
treated with SnC& (1 equiv.) as described for the preparation of 3. Separation of 
the processed reaction mixture by column chromatography (solvent B, then C after 
elution of major product) afforded, in order of elution, pure 6 (17 mg, 7.7%), 4 
(120 mg, 55%), and 5 (19 mg, 11.3%). 

(2R,3R,3aS,9bR) -3,3a,5,9b- Tetrahydro-7-methyl-3- (3-methylbenzyloxy)-2- 
(3-methylbenzyZoxymethyZ)-2H-firo[3,2-c][2]benzopyran (4). - Syrup, [al&O +70“ 
(c 1.2, chloroform), t-1-c. (C) R, 0.39; flA 3020,2910,2868,1610,1450,1357,1157, 
1115,1063,780, and 692 cm-r; ‘H-n.m.r. (360 ML-Ix): 8 2.32,2.338 and 2.342 (3 s, 
9 H, 3 ArCH,), 3.61 (dd, 1 H, J2,2,A 3.3, Jzv,,2,e 11.1 Hz, H-Z’A), 3.77 (dd, 1 H, 
Jzze 2.1 Hz, H-Z’B), 4.11 (t, 1 H, Jsh 4.1, Jsa,,,, 2.9 Hz, H-3a), 4.26 (td, 1 H, J2,3 
8.6 Hz, H-Z), 4.31 (dd, 1 H, H-3), 4.49 (d, 1 H, J 11.9 Hz) and 4.60 (d, 1 H), 4.59 
(d, 1 H, J 11.9 Hz) and 4.72 (d, 1 H) (2 AB, 2 OCH,Ar), 4.58 (d, 1 H, JZaaB 14.7 
Hz, H-5A), 4.73 (d, 1 H, H-9b), 4.88 (d, 1 H, H-5B), 6.89 (s, 1 H, H-6), 7.08-7.27 
(several m, 9 H, H-8, 2 MeC&CH,), and 7.33 (d, 1 H, J8,9 7.8 Hz, H-9); W- 
n.m.r.: 8 21.16, 21.29 [(-), 3 ArCHJ, 66.83, 69.46, 72.45 and 73.40 [(+), C-Z’, 
C-5,2 OCHzAr], 73.12,75.21,79.15 and 79.25 [(-), C-2,3,3a,9b], 124.48, 124.64, 
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and 124.94 [(-), C-9, C-6 of 2 CH&&&Me], l28.O3-128.62 and 129.77 [(-), C-6- 

C-8, C-2 and C-45 of 2 CH&&Me], 128.49,134.60 [(+), G9a,5a], 137.74 (2 C), 
137.82, 137.95, and 138.28 [(+), C-l and C-3 of 2 CH&H&le]; m.s.: m/z 105 

(lOO%), 145 (31), 146 (ll), 106 (lo), 119 (7), 79 (a), 147 (5), 187 (5), 339 (5, [M - 

GJ-bl+h 175 (3), - . ., and 444 (1, Fr]t). 

Anal. Calc. for C&H=O, (444.57): C, 78.34; H, 7.26. Found: C, 78.40; H, 
7.36. 

(2R,3R,laS,9bR)-3,3a,5,9b-Tetr4hydro-3-hy&oxy-7-~~yl-2-(3-mcthylben- 
zyfoxymefJryJ)-2H-furo[3,2-c][2]benzopyran (5). - Recrystallized from ether- 

hexane,m.p. 82.5-84°,[a]~oO(c0.7,chloroform);t.l.c. (C)&0.14; e 3370 

(OH), 3O2O, 292O,286O, l615,1433,1370,113O, lO92,1O65,99O, 788,695, and 660 

cm-l; ‘H-n.m.r. (36OMHz): 82.33and2.35(2~,6H,2ArCH~),2.67(br. d, lH, 

J3,0r.r -10 Hz, HO-3), 3.69 (dd, 1 H, &,, 4.1, JzpAZa 10.7 Hz, H-2’A), 3.78 (dd, 

1 H, Jz2’s 2.9 Hz, H-2’B), 4.01 (ddd, 1 H, JZ9 8.5 Hz, H-2), 4.19 (dd, 1 H, J3,k 4.5, 
I%,% 3.3 Hz, H-3a), 4.47 (br. td, 1 H, H-3), 4.60 (AB, 2 H, J 12 Hz, OC.H#-2’), 

4.65 (d, 1 H, JsAm 14.7 Hz, H-5A), 4.82 (d, 1 H, H-9b), 4.84 (d, 1 H, H-5B), 6.89 

(s,lH,H-6),7.08-7.19(m,4H,Me~,~,7.23(d,lH,Js,~7.8Hz,H-8),and 
7.37 (d, 1 H, H-9); m.s.: m/z 105 (lOO%), 131 (51), 175 (47), 146 (45), 147 (4O), 

145 (38), 119 (34), 159 (26), 91 (26), 117 (23), . . ., 235 (7.6, [M - Cs&]+), and 

340 (2.6, [Ml+). 

Anal. C&z. for Cz&,Od (340.42): C, 74.09; H, 7.11. Found: C, 73.63; H, 
7.06. 

(2R&3aS,9bR)-3,3a,5,96- Tetrahydro-9-methyl-3-(3+nethyknxyloxy)-2- 
(3-methyfbenqloxymethyZ)-2H-jiuo[3,2-c][2]benxopymn (6). - Syrup, [a]&0 +54” 
(c0.52,chloroform);t.l.c. (C)&0.46;= 3020, 2915, 2860, 1605, 1465, 1345, 

1155,1115,lO8O, lO6O,92O, 770,730, and 690 cm-r; ‘H-n.m.r. (360 MHz): S 2.35 

(s, 6 H) and 2.43 (s, 3 H) (3 ArcH,), 3.63 (dd, 1 H, Jz&,, -3.5, Jz,,,Ze -10.5 Hz, 
H-2’A), 3.77 (dd, 1 H, JZ2’a -2 Hz, H-2’B), 4.08 (dd, J3,% -3.5, Jti,% -2 Hz, 
H-3a), 4.30 (m, 1 H, Jz9 -8 Hz, H-2), 4.36 (dd, 1 H, H-3), 4.58 (AB, 2 H, J -12 

Hz, OCH#), 4.62 (d, 1 H, J -12 Hz), and 4.75 (d, 1 H) (AR, OC&Ar), 4.62 (d, 

1 H, H-5A), 4.80 (d, 1 H, H-9b), 4.93 (d, 1 H, JsAa -15 Hz, H-5B), 6.90 (d, 1 H, 

la,, 7.4 Hz, H-6), and 7.08-7.23 (several m, 10 H, H-7,8,2 MeC&CH&; m.s. : m/z 

105 (lOO%), 145 (29), 106 (lo), 146 (9), 119 (8), 79 (8), 77 (8), 91(6), 103 (6), 118 

(5)s * . ., 339 (0.6, [M - C&I,,]+), 444 (0.1, Nt). 

Anal. Calc. for C&f&O, (444.57): C, 78.34; H, 7.26. Found: C, 78.39; H, 

7.36. 

(2S,3S,3aS,9bR)-3-Benzyloxy-2-benryloxy~~yl-3,3a,S,9b-tetrehydro-2H- 
fwo[3,2-c][2]benzopyran (8). - l-0-Acetyl-2,3,5-tri-O-benyl-L-az7 

(7) (d/3 -3:l) (300 mg, 0.65 mmol) was treated with SnCl, (1 equiv.) as described 

for the preparation of 3. The processed reaction mixture was submitted to cohmm 
chromatography (solvent B, then C) which afforded 157 mg (60%) of pure 8 and 

43 mg (21%) of its 5-0-debenzylated analog (9). Compound 8: syrup, [al&O -5.4 

~1°(C1.1,chloroform);t.l.c.(C)R,0.59;~3030, 29OO,286O, 16O5,1587,14%, 
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1454, 1370, 1285,109O (br.), 740, and 693 cm-‘; ‘H-n.m.r. (400 MHz): 8 3.61 (dd, 
1 H, Jz2’A 6.0, Jz’AzB 10.0 Hz, H-2’A), 3.65 (dd, 1 H, J,,,, 6.0 Hz, H-2’B), 4.00 
(d, 1 H, J3,3r eO.5, J2,3 4.0 Hz, H-3), 4.21 (d overlapping br. q, 2 H, J%,% 3.0 Hz, 
H-3a, H-2), 4.54 (A.B, 2 H, J 12.0 HZ, OCIf&H~), 4.64 (d, 1 H, J5A,SB 14.5 HZ, 
H-5A), 4.65 (AB, 2 H, J 12.0 Hz, OCH&H~), 4.75 (d, 1 H, H-9b), 4.76 (d, 1 H, 
H-5B), 7.05 (m, 1 H), 7.257.36 (several m, 12 H), and 7.48 (m, 1 H) (H-6-9, 2 
CHzC&); ‘3C-n.m.r. : 6 67.17, 70.61, 72.02, and 73.30 [(+), C-2’, C-5, 2 
OCHQ-I,], 74.11, 81.34, 82.98, and 86.71 [(-), C2,3,3a,9b], 124.08 [(-), C-91, 
127.22-128.32 and 130.31 [(-), C-6-8, G2-6 of 2 OCH,C,&], 130.44,134.88 [(+), 
C-9a,5a], 137.68, and 138.15 [(+), C-l of 2 OCH,C&]; s.m.: m/z 91 (lOO%), 131 
(17), 65 (lo), 105 (lo), 132 (9), 92 (9), 77 (7), 145 (6), 133 (5), 104 (5), . . ., 311 
(0.4, [M - C,H,]+), and 402 (0.3, [wf). 

Anal. Calc. for C&H,O, (402.49): C, 77.59; H, 6.51. Found: C, 77.15; H, 
6.57. 

(2S,3S,3aS, 9bR) -3- Benzyloxy -3,3a,5,9b - tetmhydro -2- hydroxymethyl-2H- 
f’ro[3,2-c][2]benxopyran (9). - Recrystallized from ether-hexane, m.p. 72-73”. 

blhO -51” (c 0.53, chloroform); t.1.c. (C) Rr0.23; c_ 3468 (OH), 3030, 2860, 
1605,1590, 1495, 1455, 1370, 1205,1090,1050 (br.), 875,802,740, and 695 cm-l; 
IH-n.m.r. (400 MHz): 2.11 (br. m, 1 H, HO-2’), 3.71 (br. ddd, 1 H, J2,2,A 4.5, 

JZX.OH 6.5, J~v,~B 11.5 Hz, H-2’A), 3.85 (br. dt, 1 H. JzZe 3, J,.,,, 3 Hz, H-2’B), 
4.10 (d, 1 H, J2.3 4.0, Jsa CO.5 Hz, H-3), 4.16 (br. q, 1 H, H-2), 4.21 (d, 1 H, J3r.9b 
2.8 Hz, H-3a), 4.65 (d, 1 H, J 11.8 Hz) and 4.72 (d, 1 H) (AB, 0CH2C&), 4.69 

(d, 1 H, J,,.,, 15.0 Hz, H-5A), 4.78 (d, 1 H, H-9b), 4.81 (d, 1 H, H-5B), 7.08 (m, 
1 H), 7.28-7.40 (several m and d, 7 HI), and 7.46 (m, 1 H) (H-6-9, CH2Cas); m.s.: 
m/z 91 (100), 131 (74), 132 (27), 105 (18), 133 (14), 65 (ll), 104 (lo), 92 (9), 103 
(8)s 77 (8), - . ., 221 (0.2 [M - GH,]+), and 312 (0.1, [w+). 

And Calc. for C,&,,O, (312.37): C, 73.05; H. 6.45. Found: C, 71.89 (three 
samples); H, 6.62. 

Methyl 3,5-di-O-r3-methyZben%yZ)-cD-ribofuranoside (11). - Methyl 2,3,5- 
tri-O-(3methylbenzyl)-Pwibofuranoside (10) (300 mg, 0.63 mmol) was treated 
with SnCb (1 equiv.) as described for the preparation of 3. The processed mixture 
was submitted to column chromatography (solvent B, changed to D, then to C) 
which afforded, in order of elution, an unidentified impurity [6.8 mg; R, (C) 0.511, 
compound 4 (85 mg, 30%). and compound ll(115 mg, 49%); an analytical sample 
of 11 was obtained by column chromatography (P), syrup, [(r]# +108” (c 1.48, 
chloroform); t.1.c. (C) RvO.21; 4: 3550 (OH), 3020,2920,2860,1607,1590,1455, 
1413, 1355, 1090, 1030,780,740, and 690 cm-l; ‘H-n.m.r. (400 MHz): 8 2.32 and 
2.35 (2 s, 6 H, 2 ArCHs), 2.97 (br., 1 H, HO-2), 3.38 (dd, 1 H, J4,5A 4.5, JsAJe 10.5 
Hz, H-5A), 3.46 (dd, 1 H, J,,,, 4.0 Hz, H-5B), 3.48 (s, 3 H, OCH,), 3.79 (dd, 1 H, 
J2,3 7.0, JsA 3.1 Hz, H-3), 4.12 (br., 1 H, H-2), 4.17 (q, 1 H, H-4), 4.46 (AB, 2 H, 
J 12.0 Hz), 4.55 (d, 1 H, J 12.0 Hz) and 4.69 (d, 1 H) (2 OCH,Ar), 4.89 (d, 1 H, 
J12 4.8 Hz, H-l), 7.09 (m, 6 H), and 7.21 (m, 2 H) (2 CHrC&&H3); m.s.: m/z 105 

(loo%), 106 (15), 77 (8), 79 (8), 103 (5), 91 (4), 121 (4), 45 (3), 131 (2), 147 (2), 
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. . ., aud267(0.2, p - C&,1+). 
Anal. Calc. for a05 (372.46): C, 70.95; H, 7.58. Found: C, 70.71; H, 

7.55. 
Methyl 2-0-acetyl-3,5-di-0-(3-mcthylbenzyl)-aD-ribofuranosidc (12). - 

Compound 11 was acetylated under standard conditions; the resulting product (12) 
was purified by preparative t.1.c. (solvent C’); syrup, t.1.c. (II) R, 0.54 (note: 11 has 
R,O.Sl in solvent E); e 3020, 2920,2860, 1742 (C=O), 1610, 1490, 1457, 1375, 
1240,1125,1090,1065,1040 (br.), 780,743, and 695 cm-l; ‘H-n.m.r. (60 MHz): S 
2.28 (s, 3 H, OCOCH&, 2.37 and 2.41 (2 s, 6 H, 2 ArCH&, 3.54 (s and m, 5 H, 
OCH,, H-5A,5B), 4.06 and 4.23 (2 m, 2 H, H-3,4), 4.52 (s, 2 H) and 4.58 (AB, 2 
H, J 12 Hz) (2 OCH+r), 4.95 (dd, 1 H, JIJ 4.5, & 6.5 Hz, H-2), 5.16 (d, 1 H, 
H-l), and 7.23 (br. s, 8 H, 2 CH&J&Me); m.s.: m/z 105 (lOO%), 43 (32), 106 
(13), 103 (8), 79 (6), 77 (a), 191(5), 121 (5), 135 (4), 119 (4), . . ., 309 (0.5, [M - 
C&f,,]+), and 382 (0.5, [M - CH,OH]+). 
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