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ABSTRACT 

The direct coupling reaction of mribosyl fluoride with 
typical 7-excessive aromatic heterocycles such as 
furan, thiophene, pyrrole, benzofuran, benzothio- 
phene, and indole and their trimethybilyl derivatives 
was performed in the presence of boron trifluoride to 
afford the corresponding C-nucleosides in moderate 
to good yields. 

INTRODUCTION 
As a part of our study directed toward C-nucleo- 
side synthesis [l], we aimed to develop a straight- 
forward preparation of C-nucleosides having typ- 
ical 7-excessive heterocycles as the base moiety. The 
direct coupling of a protected D-ribosyl bromide 
with lithium salts of aromatic heterocycles has been 
known to undergo many side reactions [ 1 g] . How- 
ever, our preliminary experiments showed that D- 
ribosyl fluoride was a good candidate for direct 
coupling with aromatic heterocycles and further 
the use of aromatic heterocycles substituted with 
a trimethylsilyl group could incease the yield. 
Herein, we wish to report a facile coupling reac- 
tion of D-ribosyl fluoride with 7-excessive hetero- 
cycles. 
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Glucopyranosyl fluoride has been utilized ex- 
clusively for the 0-glucosylation reaction in or- 
ganic synthesis [2]. On its application to carbon- 
carbon bond formation [3], Suzuki and co-workers 
have reported only the glucosylation of aromatic 
compounds such as phenol and naphthol deriva- 
tives [3h]. 

RESULTS AND DISCUSSION 
It was found that when aromatic heterocycles 2, 
such as furan, thiophene, pyrrole, and their ben- 
zoderivatives, were allowed to react with 2,3,5-tri- 
0-benzyl-p-D-ribofuranosyl fluoride 1 [4] in the 
presence of boron trifluoride etherate, the corre- 
sponding C-nucleosides 4 were obtained in mod- 
erate to good yields. 

Then we attempted to increase the yield of 4 
by utilizing aromatic heterocycles activated by a 
TMS group. In this case, the electrophilic substi- 
tution of the aromatic heterocycles occurred at their 
ipso- and/or 5(3)-positions and the expected in- 
crease of total yield (ipso-substituted products 4 and 
5(3)-substituted products 5 )  was observed, except 
in the cases of pyrrole, benzothiophene, and indole 
(Scheme 1). 1 -Phenylsulfonyl-2-TMS-indole did not 
undergo a clean coupling reaction. The formation 
of 5 is not particularly surprising, because, in the 
reactions of 2-TMS-furan, 2-TMS-thiophene, and 
1 -methyl-2-TMS-pyrrole with several acylating re- 
agents, the corresponding 5-substituted products 
were formed [ 5 ] .  It is a general tendency that elec- 
trophilic substitutions of benzothiophenes and in- 
dole take place mainly at the 3-position, resulting 
in the formation of 4e, 4f, and 5e [6]. The electron 
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densities of HOMOS in benzofuran, benzothio- 
phene, and indole derivative were calculated by 
PM3 (CACheo MOPAC version 6.10, Stewart) and 
are shown in Figure 1. The computed results sup- 
port the experimental facts. 

Compounds 5 could easily be converted to 4 by 
protodesilylation [7]. Thus, each reaction mixture 
was subjected to the usual desilylation procedure 
(CF3C02H or p-TsOH/H20/THF, rt or 70°C) to give 
only 4 [4a: 72% (a/p = 1/5); 4b: 78% (a lp  = 9/ 
5 ) ] .  The results are summarized in Table 1. 

The structures of 4a, 4b, 4d, 4e, and 4f and their 
TMS derivatives were determined by comparison 
with the NMR data of their deprotected products 
[lg,lh] The structures of 4c and 5c were deter- 
mined by the Jl.2. values of their NMR data (a-forms 
of 4c and 5c: J1. ,2 .  = 2.0 and 2.2 Hz; p-forms of 4c 
and 5c: J1.,2f = 4.6 and 3.1 Hz). 

The phenylsulfonyl groups of 4c and 5c could 
be removed in 80-90% yields by a modified treat- 
ment employing potassium hydroxide in dioxane 
solution containing a suitable crown ether (see the 
Experimental section) [S]. When the a-form of 4b 
was treated for 1 hour under these reaction con- 
ditions it changed to a mixture of a- and P-forms 
(a/p = 5/2). Therefore, 2-ribosyl aromatic heter- 
ocycles were found to undergo epimerization un- 
der the specified reaction conditions. 

c+ 

Next, compounds 4 were deprotected in the 
usual manner using boron trichloride, and the a- 
and P-epimers could be separated by recycling 
preparative HPLC. In order to examine the stereo- 
selectivity of this reaction, the use of the a-epimer 
in place of P-D-ribofuranosyl fluoride produced no 
significant effect on the distribution of products. 
Therefore, the electrophilic substitution of the het- 
erocycles is considered to proceed via an SN cut 1 
type of reaction. 

In conclusion, the present reaction affords a 
simple method for the synthesis of C-nucleosides 
bearing several kinds of n-excessive heterocycles. 
Further, compounds 5 obtained by this method are 
synthetically useful because they can be converted 
to the corresponding iodo, acyl, and alcohol deriv- 
atives by iododesilylation [9], acylation [lo], and 
butoxide-catalyzed addition reaction to an alde- 
hyde [l 13 respectively. 

EXPERIMENTAL 
General 
Microanalyses were performed with a Perkin-El- 
mer 2400 elemental analyzer at the Chemical 
Analysis Center of Chiba University. IR spectra were 
recorded on a Hitachi 215 spectrometer. Mass 
spectra were obtained on Hitachi M-60 and JEOL- 
JMS-HX1 10 mass spectrometers. 'H NMR spectra 
were measured [CDC13 as a solvent (unless speci- 
fied otherwise) using tetramethylsilane (TMS) as 
an internal reference] with JEOL-JNM-FX270, JNM- 
GSX400, and JNM-GSX500 spectrometers. Chem- 
ical shifts are expressed in 6 values. 2D 'H NMR 
(COSY and NOESY) data were measured with JNM- 
GSX-400 and JNM-GSX-500 spectrometers. Wak- 
ogel C-200 and C-300 were used for TLC and Wak- 
ogel B-5F for preparative TLC (pTLC). Recycling 
preparative high performance liquid chromatog- 
raphy (HPLC) was performed with a Japan Ana- 
lytical Industry LC-908 instrument. 

E+ 

benzo fur an benzothiophene l-phenylsulfonylindole 

FIGURE 1 
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TABLE 1 Synthesis of 4 and 5 via Coupling of 1 with 2 
or 3 

6.33 (m, 2H, furan 3,4-H), 7.16-7.37 (m, 16H, furan 
5-H, Ph-H). 

lsolated Yields (“!o ) 
Het-R 2 and 3 
(Heterocycles) ( R )  4 ( d P )  5 ((YIP) 

Furan 2 (HI 
(4 3 (2-TMS) 
Thiophene 2 (H) 
(b) 3 (2-TMS) 
Pyrrolea 2 (HI 
(c) 3 (2-TMS) 
Benrofuran 2 (H) 
(4 3 (2-TMS) 
Benzothiophene 2 (H) 
(e) 3 (2-TMS) 
Indoled 
(f) 2 (HI 

20 (2/11) - 
28 (1 /2) 

58 (3/2) 20 (2/1) 

44 (1 /21) 
50 (2/7) - 

79 (13/3) - 
3 (6/1) 66 

10 (4 
51 (a)b - 
0 33 (9/4y 

- 
43 (9/2) 23 (a)  

88 ( l / l ) e  - 
“1 -PhenylsuMonylpyrrole. 
*BenzyCprotected 3-benzothienyl-~-ribose. 
“Benzyl-protected 3-[2-(trimethylsilyl)benzothienyl]-D-ribose~ 
dl -Phenylsulfonylindole. 
“Benzyl-protected 3-indolyl-D-ribose. 

Materials 
2,3,5-Tri-O-benzyl-P-~-ribofuranosyl fluoride [4] 1- 
phenylsulfonylpyrrole [ 121, 1 -phenylsulfonylindole 
[ 121, and TMS heterocycles [5] were prepared ac- 
cording to the literature. 

Synthesis of C-Nucleosides; Typical Procedure 
To a solution of 2,3,5-tri-O-benzyl-P-~-ribofurano- 
syl fluoride (84 mg, 0.2 mmol) and each trimeth- 
ylsilyl-substituted or nonsubstituted aromatic het- 
erocycle (0.6 mmol) in dry CH,CI, (1 mL) was added 
BF,. OEt, (0.17 mL, 1.4 mmol) at -78°C. After being 
stirred for 1 hour at  the same temperature, the re- 
action mixture was treated with NaHCO, aq (3 mL), 
extracted with CH2C12, dried over MgS04, and con- 
centrated under reduced pressure. The residue was 
purified in the usual way using pTLC on silica gel. 

2-( 2,3,5-Tri-O-benzyl-~-ribofuranosyl)furan 
(4a). Oil; IR (neat) 2840, 1095 cm-’, HRMS (FAB) 
calcd for C30H3005Na (M + Na)’: 493.1991; found: 
493.1994. Anal. calcd for C3oH3005: C, 76.57; H, 6.43; 
found: C, 76.75; H, 6.29. ‘H NMR (500 MHz, CDCI3): 
(a-fom) 6 3.60 (dd, lH, 5’-H, I,,, = 8.0, J4,,5’ = 3.0 
Hz), 3.74 (dd, lH,  5’-H, Jgem = 8.0,14’,5’ = 2.8 Hz), 
4.10-4.26 (m, 3H, 2’,3’,4’-H), 4.28-4.65 (m, 6H, 
benzyl-H), 5.12 (d, lH, 1’-H, J1,,2, = 3.6 Hz), 6.39 
(dd, lH, furan 4-H, J = 3.3, 1.9 Hz), 6.49 (m, lH, 
furan 3-H), 7.12-7.42 (m, 16H, furan 5-H, Ph-H). 

(p-form) 6 3.60 (d, 2H, 5’-H, J4,,5. = 4.3 Hz), 4.04 

lH, 2’-H, J 1 . , 2 .  = 6.0, J2. ,3t  = 5.1 Hz), 4.28 (dd, lH, 
4’-H, J3.+.  = 4.7, J4s,5, = 4.3 Hz), 4.47-4.65 (m, 6H, 
benzyl-H), 5.03 (d, lH, 1’-H, J1 . ,2 ,  = 6.0 Hz), 6.31- 

(dd, lH, 3’-H, J 2 , , 3 *  = 5.1, J3e.4’ = 4.7 Hz), 4.16 (dd, 

2-(2,3,5-Tri-O-benzyl-~-ribofuranosyl)thiophene 
(4b). Oil; IR (neat) 2830, 1080 cm-’. HRMS (FAB) 
calcd for C3&3004SNa (M + Na)’: 509.1763; found: 
509.1771. Anal. calcd for C30H3004S: C, 74.05; H, 
6.21; found: C, 73.90; H, 6.07. ‘H NMR (500 MHz, 
CDCl,): (a-form) 6 3.59-3.77 (m, 2H, 5’-H), 4.03 (dd, 
lH, 2’-H, J1.,2t = 3.3, J2,,3,  = 3.7 Hz), 4.24-4.28 (m, 
2H, 3‘,4’-H), 4.34-4.60 (m, 6H, benzyl-H), 5.33 (d, 
lH, 1’-H, J1.,,’ = 3.3 Hz), 6.96-7.08 (m, lH, thio- 
phene 4-H), 7.16 (d, lH, thiophene 3-H, J3,,4, = 2.2 
Hz), 7.18-7.20 (m, lH, thiophene 5-H), 7.22-7.33 
(m, 15H, Ph-H). 

(p-form) 6 3.60 (d, 2H, 5’-H,J4r,5s = 4.4 Hz), 3.91 
(dd, lH,  2‘-H, J1.,2. = 6.6, J2r,3’ = 5.0 Hz), 4.01 (dd, 

4’-H, J3,,4. = 3.8, J4f,5, = 4.4 Hz), 4.49-4.63 (m, 6H, 
benzyl-H), 5.26 (d, IH, 1’-H, J1. , , .  = 6.6 Hz), 6.95 
(dd, lH, thiophene 4-H, J = 3.9, 4.9 Hz), 7.05 (m, 
lH, thiophene 3-H), 7.21-7.34 (m, 16H, thiophene 

lH, 3’-H, J2,,3’ = 5.0, J3t.4’ = 3.8 Hz), 4.31 (dd, lH, 

5-H, Ph-H). 

2- (2, 3, 5- Tri -0-benzyl-D-ribofuranosy1)pywole. 
A mixture of compound 4c (121.8 mg, 0.2 mmol), 
18-crown-6 (52.8 mg, 0.2 mmol), KOH (1.0 g, 17.9 
mmol), CH30H (2 mL), and dioxane (2 mL) was 
stirred for 1 hour at  room temperature. The re- 
sulting mixture was quenched with 1 M HC1 (15 
mL), extracted with CH2C12, dried over MgS04, and 
concentrated under the reduced pressure. The res- 
idue was purified by pTLC on silica gel (eluent: ethyl 
acetate/hexane, 5 :  1, R, = 0.4); yield; 85%, Oil; IR 
(neat) 3260, 2840, 1440, 1100 cm-’. HRMS (FAB) 
calcd for C30H3204N (M + H)+: 470.2331; found: 
470.2336. Anal. calcd for C30H3104N: C, 76.73; H, 
6.65; N,  2.98; found: C, 76.69; H, 6.58; N, 3.19. ‘H 
NMR (500 MHz, CDC1,): (&-form) 6 3.69 (dd, lH, 

H, .Igem = 10.2, J4f,5t = 2.1 Hz), 3.93-4.76 (m, 9H, 
2‘,3‘,4’-H, benzyl-H), 5.22 (d, lH, 1’-H, J1, ,2 ,  = 2.0 
Hz), 5.89-6.05 (m, 3H, pyrrole 3,4,5-H), 7.15-7.38 
(m, 15H, Ph-H), 9.42 (brs, lH,  pyrrole 1-H). 

5’-H, Jgem = 10.2, J 4 ’ , 5 ,  = 1.7 Hz), 3.98 (dd, lH, 5’- 

@-form) 6 3.51 (dd, lH, 5’-H, Jgem = 10.1, J4’,5‘ 
= 3.3 Hz), 3.60 (dd, lH, 5’-H, Jgem = 10.1, J4,,5* = 
3.4 Hz), 3.93-4.76 (m, 9H, 2’,3’,4’-H, benzyl-H), 5.18 
(d, lH, 1’-H,J1.,,. = 4.6 Hz), 6.05-6.19 (m, 3H, pyr- 
role 3,4,5-H), 7.15-7.38 (m, 15H, Ph-H), 9.29 (brs, 
lH, pyrrole 1-H). 

2-(2,3,5-Tri-O -benzyl-mribofuranosyl)benzofuran 
(4d). Oil; IR (neat) 2850, 1450, 1080 cm-’. HRMS 
(FAB) calcd for C34H3205 (M)+: 520.2250; found: 
520.2261. Anal. calcd for C a 3 2 0 5 :  C, 78.44; H, 6.20; 

(a-form) 6 3.62 (dd, lH, 5‘-H, Jgem = 11.0, J4j ,5c = 

Hz), 4.09-4.63 (m, 9H, 2‘,3‘,4’-H, benzyl-H), 5.23 
(d, lH, l’-H,J1.,2. = 3.5 Hz), 6.87 (s, lH,  benzofuran 

found: C, 78.70; H, 6.07. ‘H NMR (500 MHz, cx13): 

3.5 Hz), 3.78 (dd, lH,  5’-H, Jgem = 11.0, J4,,5* = 2.8 
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3-H), 7.09-7.56 (m, 19H, benzofuran 4,5,6,7-H, Ph- 

(p-form) 6 3.65 (dd, lH, 5’-H, I,,, = 6.7, J4,,5, = 
HI. 

4.1 Hz), 3.71 (dd, lH, 5’-H, Jgem = 6.7, J4r.5, = 3.9 
Hz), 4.12 (dd, lH, 3‘-H, J2S.3’ = 5.2, J3’.4’ = 5.0 Hz), 
4.26 (dd, lH,  2‘-H, J1*,2, = 5.5, J 2 , , 3 ,  = 5.2 Hz), 4.35 
(ddd, lH, 4’-H, J3t.4, = 5.0, J4,,5* = 4.1, J42.5. = 3.9 
Hz), 4.53-4.65 (m, 6H, benzyl-H), 5.18 (d, lH, 1’- 
H,JlV2. = 5.5 Hz), 6.70 (s, lH, benzofuran 3-H), 7.07- 
7.49 (m, 19H, benzofuran 4,5,6,7-H, Ph-HI. 

3-(2,3,5-T~i-O-benzyl-~-ribofu~anosyl)benzothio- 
phene (4e). Oil; IR (neat) 2850, 1440, 1080 cm-I. 
HRMS (FAB) calcd for C34H3204S (M)+: 536.2021; 
found: 536.2023. Anal. calcd for C34H3204S: C, 76.09; 
H, 6.01; found: C, 76.03; H, 6.02. ‘H NMR (500 MHz, 
CDC13): (a-form) 6 3.66 (dd, lH, 5’-H, J,,, = 11 .O, 

= 2.5 Hz), 3.97,4.04 (d x 2, 1H x 2, benzyl-H, I,,, 

4.63 (m, 6H, 3’,4’-H, benzyl-H), 5.46 (dd, lH, 1’-H, 
J1..2r = 3.0, J1f,2 = 0.8 Hz), 6.84-7.37 (m, 17H, ben- 
zothiophene 5,6-H, Ph-H), 7.65 (d, lH, benzothio- 
phene 2-H, J1f,2 = 0.8 Hz), 7.71 (m, lH, benzothio- 
phene 4-H), 7.88 (m, lH, benzothiophene 7-H). 

3-(2, 3,  5-Tri - 0-benzyl-D-ribofuranosy1)indole. 
Desulfonylation of compound 4f was carried out 
by the same method as described in 2-(2,3,5-tri-O- 
benzyl-D-ribohnosyl) yyrrole. Oil; IR (neat) 3250, 
2800, 1420, 1060 cm- . HRMS (FAB) calcd for 
C34H3304N (M)+: 519.2410; found: 519.2388. Anal. 
calcd for C34H3304N: C, 78.59; H, 6.40; N,  2.70; 
found: C, 78.89; H, 6.40; N, 3.00. ‘H NMR (500 MHz, 
CDC13): (a-form) 6 3.64-4.69 (m, 1 lH, 2’,3’,4’,5’-H, 
benzyl-H), 5.45 (d, lH, 1’-H, J1,.2, = 3.4 Hz), 6.97- 
7.65 (m, 20H, indole 2,4,5,6,7-H, Ph-H), 8.16 (brs, 
lH, indole 1-H). 

J4,,5, = 3.3 Hz), 3.82 (dd, lH, 5’-H, Jgem = 11.0, J48,jr 

= 11.8 Hz), 4.24 (t, lH, 2’-H, J1,,2, = 3.0 Hz), 4.35- 

@-form) 6 3.66 (dd, lH, 5’-H, Jgem = 10.5, J4p.5’ 

= 3.6 Hz), 3.75 (dd, lH, 5’-H, Jgem = 10.5, .74,,5, = 
3.9 Hz), 4.11-4.35 (m, 3H, 2’,3’,4‘-H), 4.53-4.69 (m, 
6H, benzyl-H), 5.33 (d, lH, l‘-H, J1,,2, = 6.3 Hz), 
6.99 (dd, lH, indole 5-H, J4,5 = 8.0, J5,6 = 0.8 Hz), 
7.15-7.36 (m, 18H, indole 2,6,7-H, Ph-H), 7.65 (d, 
lH, indole 4-H, J4,5 = 8.0 Hz), 8.02 (brs, lH, indole 
1-HI. 

2-(2, 3, 5-Tri-O-benzyl-~-~ibofuranosyl)-5-(h‘imeth- 
yZsily2)furun (5a). Oil, IR (neat) 2890, 1720, 1120, 
850 cm-’. HRMS (FAB) calcd for C33H3705Si (M - 
H)+: 541.2410; found: 541.2415. ‘H NMR (270 MHz, 
CDC13): (a-form) 6 0.28 (s, 9H, TMS-H), 3.40-4.60 
(m, 11H, 2‘,3‘,4’,5’-H, benzyl-H), 5.28 (d, lH, 1’-H, 
J,.,. = 3.8 Hz), 6.09-6.55 (m, 2H, furan 3,4-H), 7.13- 
7.40 (m, 15H, Ph-H). 

(p-form) 6 0.22 (s, 9H, TMS-H), 3.58-3.63 (m, 

4.25-4.35 (m, lH, 4‘-H), 4.51-4.66 (m, 6H, benzyl- 

2H, 5’-H), 4.05 (dd, lH, 2’-H, J19 ,2$  = 5.6, J2’,3’ = 5.0 
Hz), 4.15 (dd, lH, 3’-H, J2G.38 = 5.0, J3S.4’ = 4.7 Hz), 

H), 5.08 (d, lH,  l’-H, J1,,2, = 5.6 Hz), 6.29 (d, lH, 

furan 4-H, J3,4 = 3.3 Hz), 6.53 (d, lH, furan 3-H, J3,4 
= 3.3 Hz), 7.22-7.35 (m, 15H, Ph-H). 

242, 3, 5-T~i-O-benzyl-~-ribofuranosyl)-5-(ttimeth- 
ylsily1)thiophene (5b). Oil; IR (neat) 2880, 1720, 850 
cm-’. HRMS (FAB) calcd for C33H3704SSi (M - H)+: 
557.2182; found: 557.2176. ‘H NMR (270 MHz, 
CDC13): (a-form) 6 0.29 (s, 9H, TMS-H), 3.55-4.64 
(m, 11H, 2’,3’,4’,5‘-H, benzyl-H), 5.37 (d, lH, 1’-H, 
J1*,2* = 3.2 Hz), 6.96-7.10 (m, 17H, thiophene 3,4- 

(P-form) S 0.30 (s, 9H, TMS-H), 3.65 (d, 2H, 5’-  

= 3.9 Hz), 4.27-4.34 (m, lH, 4’-H), 4.52-4.63 (m, 
6H, benzyl-H), 5.29 (d, lH, l’-H, J1,.28 = 6.3 Hz), 
7.18 (s, 2H, thiophene 3,4-H), 7.39-7.75 (m, 15H, 

1 -Penylsdfonyl-2-(2,3,5-m~-O-benzyl-~-ribofurano- 
sy2)-5-(t~imethy2si2yl)pywo2e (5c). Mp 1 16-124°C; 
IR (KBr) 2900, 1720, 1370, 1160,850 cm-’. HRMS 
(FAB) calcd for C3&4306NSSi (M)’: 681.2580; found: 
681.2579. ’H NMR (500 MHz, CDC13): (a-form) 6 0.31 
(s, 9H, TMS-H), 3.47-4.71 (m, 11H, 2’,3‘,4‘,5‘-H, 
benzyl-H), 5.26 (d, lH, 1’-H,J1,,2, = 2.2 Hz), 6.49 (d, 
lH, pyrrole 4-H, J3,4 = 3.3 Hz), 6.62 (d, lH, pyrrole 
3-H, J3,4 = 3.3 Hz), 7.21-7.51 (m, 20H, S02Ph-H, 
Ph-H) . 

(p-form) 6 0.31 (s, 9H, TMS-H), 3.47-4.71 (m, 
1 IH, 2’,3’,4’,5‘-H, benzyl-H), 5.27 (d, lH, 1’-H, J1,,2, 

= 3.1 Hz), 6.66-6.68 (m, 2H, pyrrole 3,4-H), 7.21- 
7.51 (m, 2OH, S02Ph-H, Ph-H). 

3-(2, 3, 5-T~i-O-benzyl-~ribofuranosyl)-2-(trimeth- 
ylsi1yl)benzofuran (5d). Oil; IR (neat) 2880, 1440, 
1250, 1030, 850 cm-’. HRMS (FAB) calcd for 
C37H4005Si (M)+: 592.2645; found: 592.2639. ‘H 
NMR (500 MHz, CDC13): (a-form) 6 0.33 (s, 9H, TMS- 

4.63 (m, 9H, 2‘,3‘,4’-H, benzyl-H), 5.33 (d, lH, 1’- 
H, J1,,2z = 3.0 Hz), 6.82-7.36 (m, 17H, benzofuran 
5,6-H, Ph-H), 7.46 (d, lH, benzofuran 7-H, J = 8.3 
Hz), 7.79 (d, lH, benzofuran 4-H, J = 7.4 Hz). 

3-(2, 3, 5-T~i-O-benzyl-~ribofu~unosyl)-2-(t~meth- 
yZsiZy2)benzothiophene (Se). Oil; IR (neat) 2870, 
1440, 1250, 1100, 850 cm-’. HRMS (FAB) calcd for 
C37H4004SSi (M)+: 608.2417; found: 608.2413. ‘H 

H), 3.65-4.89 (m, 1 lH, 2’,3’,4’,5’-H, benzyl-H), 5.48 
(d, lH, 1’-H, J1.,2. = 2.3 Hz), 6.72-8.11 (m, 19H, 
benzothiophene 4,5,6,7-H, Ph-H). 

(&form) 6 0.44 (s, 9H, TMS-H), 3.65-4.89 (m, 
1 lH, 2’,3’,4’,5’-H, benzyl-H), 5.34 (d, lH, 1’-H, J1,,2, 

= 8.6 Hz), 6.91-8.11 (m, 19H, benzothiophene 

2-(~-Ribofuranosyl)thiophene. To a solution of 
4b (80 mg, 0.17 mmol) in CH2C12 (20 mL) was added 

H, Ph-H). 

H, J4*,5. = 4.3 Hz), 3.93 (dd, lH, 2’-H, J1,,2* = 6.3, 
J29.3, = 5.0 Hz), 4.02 (dd, lH, 3’-H, J2,,3, = 5.0, J3Z.4‘ 

Ph-H). 

H), 3.68 (dd, lH, 5’-H, J,, = 11.0, Jq,5, = 3.3 Hz), 
3.81 (dd, lH, 5’-H,Jge, = 1 1.0,J4,,5, = 2.5 Hz), 4.04- 

NMR (270 MHz, CDC13): (a-fom) 6 0.36 (s, 9H, TMS- 

4,5,6,7-H, Ph-H). 
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dropwise a solution of 1 M BCl, in CHzC12 (0.8 mL, 
0.8 mmol) at  -78°C. After being stirred for 1 hour 
at the same temperature, the mixture was added 
to dry CH30H/CH2C12 (1 : 1, 8 mL) and then neu- 
tralized with powdered NaHCO, at  room temper- 
ature. The resulting mixture was filtered and 
washed with dry CH30H. The combined filtrate and 
washings were condensed and purified by pTLC on 
silica gel (eluent: CHC13/CH30H, 9: 1, R, = 0.2); 
yield: 35%, ‘H NMR (270 MHz, CDC1JCD30D): (a- 
form) 6 3.67-4.37 (m, 8H, 2’,3’,4’,5’-H, 2’,3’,5’-0H), 
5.32 (d, lH, 1’-H,J1.,2. = 3.0 Hz), 6.97-7.10 (m, 2H, 
thiophene 3,4-H), 7.27-7.34 (m, lH, thiophene 5- 

(p-form) 6 3.67-4.37 (m, 8H, 2’,3’,4’,5’-H, 
2’,3’,5’-OH), 5.01 (d, lH, 1’-H,J1.,2. = 5.9 Hz), 6.97- 
7.10 (m, 2H, thiophene 3,4-H), 7.27-7.34 (m, lH, 
thiophene 5-H). Each anomer was separated from 
a mixture of a- and p-forms by HPLC (column: 
JAIGEL GS-320A (8 mm4 X 500 mm); eluent: 

3-(~Ribof~uanosyZ)indoIe. ‘H NMR (270 MHz, 
CDC13/CD30D): (a-form) 6 3.25-4.28 (m, 8H, 
2’,3’,4’,5’-H, 2’,3’,5’-OH), 5.05 (d, lH, 1’-H, J1. ,2 .  = 
6.0 Hz), 7.05-7.37 (m, 3H, indole 2,5,6,7-H), 7.68 
(d, lH, indole 4-H, J = 7.7 Hz), 9.46 (brs, lH, indole 

(p-form) 6 3.25-4.28 (m, 8H, 2’,3’,4’,5’-H, 

7.37 (m, 3H, indole 2,5,6,7-H), 7.61 (d, lH, indole 
4-H, J = 8.0 Hz), 9.54 (brs, lH, indole 1-H). Each 
anomer was separated from a mixture of a- and /3- 
forms by HPLC (column: JAIGEL GS-320 (20 mm+ 
x 500 mm); eluent: CH,OH; cycle: 12 times). 

HI. 

CH30H/H20,45: 55) .  

1-H). 

2’,3’,5‘-OH), 4.80 (d, lH, l’-H,J1,,2, = 9.0 Hz), 7.05- 
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