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ABSTRACT 

The reaction of indole with a glycosyl halide containing a non-participating 
group at position 2 in the presence of silver oxide and molecular sieve in dry benzene 
yielded an O-substituted 3-glycosylindole (indole C-nucleoside). 2,3,4,6-Tetra-O- 
benzyl-D-glucopyranosyl bromide and 6-nitroindole gave anomeric per-0-benzylated 
3-D-glucopyranosyi-6-nitroindoles; from 2,3,5-tri-O-benzyl-D-ribofuranosyl bromide 
and 6-nitroindole, anomeric per-0-benzylated 6-nitro-3-D-ribofuranosylindoles were 

obtained_ Starting from 2,3-O-isopropylidene-5-O-p-nitrobenzoyl-D-ribofuranosyl 
bromide, the individual Q and /l anomers of the O-protected 3-D-ribofuranosyl 
derivatives of indole, 5-bromoindole, 5nitroindole, or 6-nitroindole were synthesised. 
Treatment of the CI anomets with acid gave the corresponding /I anomers. After O- 
deprotection, 3-/3-D-ribofuranosyl derivatives of 5- and 6-nitroindole were obtained. 
2,3-Di-0-p-toluoyl-D-ribofuranosyl chloride and 6nitroindole gave the anomeric 
1-(2-deoxy-D-er-~,tl1r-o-pentofuranosyl)-6-nitroindoles and 3-(2-deoxy-D-q~rhr-o-pento- 
furanosyl)-6-nitroindoles. 

INTRODUCTION 

In contrast to N-indole nucleosides, which have been widely studied, there is 
no general procedure for the synthesis of 3-nucleosides of indoles. Tndole C-nucleo- 
sides are model compounds in the synthesis of 9-nucleosides of 9-deazapurines. 

We have described’F3 the reaction of indoles with glycosyl halides containing a 
participating 2-acyloxy group. Indole or 5- or 6-nitroindole and 2,3,4-tri-O-acetyl+-r- 
arabinopytanosyl bromide in boilin g benzene in the presence of silver oxide and 
molecular sieve yielded a mixture of per-0-acetylated l-r-t_-arabinopyranosylindole, 
3-z-L-arabinopyranosylindole (the first indole C-nucleoside), and 1,2-O-[ 1 -(indol- l- 
yl)ethylidene]+t_-arabinopyranose, or the corresponding 5- or 6-nitro derivatives_ 
Under similar conditions, tetta-0-ace@-a-D-glucopyranosyl bromide or 2,3,5-tri-O- 
benzoyl-D-ribofuranosyl bromide produced only 1,2-O-(indol-l-yl)- or 1,2-O-(indol- 
3-yl)-alkylidene derivatives (I or 2). The absence of N- or C-nucleosides from the 

*Previous communication, see ref. 1. 
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products of these reactions can be explained by the steric effect of CH,OAc or 
CH,OBz substituents of the ribofuranose or glucopyranose derivatives_ 

Therefore, we concluded that for the preparation of C- or N-glycosylindoles by 

this method it is necessary to use glycosyl halides that have a non-participating group 
at position 2 and therefore cannot form 1,2-indolylalkylidene derivatives. 

RESULTS AND DISCUSSION 

We now describe the interaction of indoles in boiling benzene in the presence 
of silver oxide and molecular sieve with 2,3,4,6-tetra-0-benzyl-D-glucopyranosyl 
bromide’l (3), 2,3,5-tri-0-benzyl-D-ribofuranosyl bromide’ (4), 2,3-O-isopropylidene- 
5-0-trityf-D-ribofuranosyl chloride6 (5), 2,3-0-isopropylidene-5-O-p-nitrobenzoyl-D- 
ribofuranosyl bromide’ (6), and 2-deoxy-3,5-di-O-p-toluoyl-D-eryt~zro-pentofurano- 
syl chlorides (7)_ 

CH,OBzl 

Bz,OkqBr IIIIB. F&X 

ABZl “BzlO OBZI 0 
\ 1” 

3 4 CMea 

5 X= CI.R = Tr 

6 X = E3r.R = p-NO&H4CO 

Cl 

7 R = pMeC,H.,CO 

6-NitroindoIe and 3 produced an anomeric mixture (17% yield) of per-O- 
benzylated 3-D-glucopyranosyl-6-nitroindoles (S)_ Similarly, 6-nitroindole and 4 
yielded the anomeric mixture 9 (16% yield)_ Attempts to isolate the individual 
anomers from these mixtures were unsuccessful. In the p.m.r. spectra of the mixtures 

8 or 9, there were NH signals, but indole 3-H signals were absent. The p.m.r. spectra 
demonstrate the presence of two anomers for 8 and for 9. The i-r. spectra contained 

bands at 3400 cm-’ characteristic of NH-stretching_ Per-0-benzylated N-nucleosides 
of 6-nitroindole were absent from the reaction mixtures. 

The rather low yields of the C-nucleosides prompted a study of other glycosyl 
halides. 2,3-0-Tsopropylidene-5-0-trityl-D-ribofuranosyl chloride (5) has been used 
for the preparation of C-nucleosides ‘_ However, in the reaction with 6-nitroindole, 
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5 decomposed and no indoie-sugar derivative was isolated. SimiIarly, no indole 
nucleosides were obtained by the reaction of 5 with 5- or 6-nitroindole in dry aceto- 
nitrile at room temperature in the presence of silver oxide and molecular sieve, under 
the conditions successfully used for the condensation of 5 with silver acetylide or 
silver ethyl propiolate*‘. 

2,3-O-Isopropylidene-5-O-p-nitrobenzoyl-ranosyi bromide (6) was 

found to be the most suitable glycosylating agent for the synthesis of indole C- 
nucleosides. The reaction of 6 with indole, 5- or 6-nitroindole, or S-bromoindole 

gave a/j’-mixtures of the 3-(2,3-0-isopropyIidene-S-O-p-nitrobenzoyI)-o-ribofurano- 
syylindoles (10-17) in yields of 38-47°k. The compounds were isolated by p.1.c. In 
a11 cases, cz anomers were preponderant (for 15 and 14, the cc/?-ratio was 3 : 1; for the 

other pairs of isomers, it was - 4 : I). Glycosylation with 2,3-O-isopropylideneribose 
derivatives yields mainly cr-nucIeosides”*‘2, probably because of participation by 

TABLE I 

DATA FOR NEW INDOLE DERIVATIVES 

Com- M_p.” [a]?,0 (c, CHCf3) Fofmd (%) Calc. (%) Formula 

pound (degrees) (degrees) C HNC HN 

10” a 
ll* a 
12b a 

136 a 
14 a 
15 a 
16* a 
17 a 
19 a 
20 152-153~ 
21 a 
22 I.%-156~ 
24* a 
34(35)b 119-120” 
38 
39* 
40 

- 17.0 (0.75) 
-20.0 (1.0) 
-21.5 (1.0) 
- 12.0 (1.0) 
-27.6 (0.5) 
- 16.8 (0.5) 
- 15.0 (I .O) 

i-3.5 (1.0) 

-33.0 (l.o=) 
- 10.0 (LOC) 
- 16.4 (1.0) 

f13.0 (OS=) 

61.3 5.0 6.6 61.1 5.2 6.2 

51.3 4.2 5.6 51.6 4.3 5.2 CaaHzlBrNzOr _ Hz0 
57.0 4.4 8.7 57.1 4.4 8.7 CSH~INZOLI 
56.1 4.7 8.5 56.1 4.5 8.5 GaHr1N30!, _ 0.5 Hz0 

55.2 4.4 8.8 55.1 4.6 8.4 CXIHZIN~O~ - Hz0 
52.6 4.1 9.2 52.7 4.5 9.6 CZDH~,NSOS - 0.75 H?O 
51.4 5.2 9.3 51.5 5.0 9.2 CIZHI.SNROG - 0.5 Hz0 
50.7 5.5 9.1 50.7 5.1 9.1 GsHI~NPOG - 0.75 Ha0 
54.0 4.1 7.9 54.0 4.2 7.3 CxHx1N301~ - 0.5 Hz0 
53.5 4.8 53.5 4.9 Cz~HzzNzO,o - 0.5 Hz0 
54.3 4.4 7.5 54.6 4.7 7.1 ChH~x,N3011 * 1.5 H?O 
67.6 5.1 5.5 67.7 5.1 5.4 C2gHesNzOi 
53.8 5.6 53.6 5.4 CI~H~~NZOJ - 0.75 Hz0 
53.6 5.6 53.6 5.4 CxiH14NzOj - 0.75 Hz0 

__.. ..-_ - 

“a, Amorphous. *Structure confirmed by mass spectrometry. CMethanol. 
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X 

0 
\ I0 

CMe, 

10.12.14.16 

nco 6AC 

22 R’ = A.t 

23 R’ = H 

R = p-N02C6H4C0 

10.11 x = H 

25 

HO OH 
X 

20.21 

24 R’ = At 

25 R’= !-I 

26 R’ = AC 

12.13 X = 5-Br HrC’ -.\ 
0 s; 0 

14.15.18.20.22.24 X = 6-NO2 ,’ 

16.17.19.21.23.25.26 X = 5-NO2 
‘(y 

“1 /O 
CM+. 

27 

the 5’4%acyloxy group and the formation of the intermediate structure 27. Some 
properties of the products are given in Table I, and the p.m.r. data in Tables II-IV. 

The p.m.r. data supported the assigned structures of the anomeric nucleosides. 
There were NH signals in the spectra of 13-17; for the compounds l&12, the signal 
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was overlapped by those for the aromatic protons_ There were no H-3 doublets at 
6 6.0-7.0 in these spectra. The i-r. spectra contained characteristic NH-stretching 

absorption at 3400 cm-‘. 
The assignment of anomeric configuration was based upon the well-known, 

upfieid shifts of the H-l’ signals for P-nucleosides compared with the x-nucleosidesi3. 

Usually, J,S,2, for j?-nucleosides is smaller than for the corresponding a-nucleosidesr3, 

but this rule failed with the isomers described herein, as it did for the nucleosides of 

pyrrolo(2,3-d)pyrimidines’4 and bsnzimidazoles’5. The criterionI for the determina- 

tion of configuration of 3,3-0-isopropylidene derivatives of nucleosides (zl 8,-rIJ 

>0.15 for the /3 anomer and d8cH, to. I5 for the c1 anomer) should be Iimited to 
ribofuranosyl compounds containing no 5’-substituent. However, for the pairs of 

anomeric C-nucleosides described herein, Ac~,-~, for the u anomer was smaller than 

for the corresponding /3 anomer. This trend has also been described for other 5’- 

substituted C-nucleosides”. The H-4 signal for the CL anomer (11, 13, 15, or 17) 
was at lower field than that for the corresponding /r anomer (10, 12, 14, or 16). The 

Me signals for the CY anomers were more shielded than for the corresponding p 
anomers. To remove the 0-isopropylidene group, the action of acids on the nucleo- 

sides lo-17 was studied under different conditions. In acid media, protonation of 

the oxygen atom of the ribofuranose ring or the oxygen atoms of the dioxolane ring 
can occur. For the former (28 or 30), opening of the ribofuranose ring (29) can occur, 
and subsequent cyclisation yieIds the thermodynamically more stable isomer (ribo- 
pyranose isomers are not formed, because position 5’ is blocked). Protonation of the 
dioxolane ring (for example, 31) is followed by cleavage of the ring and formation of 

the oxocarbonium ions (32 or 33) with subsequent loss of the isopropylidene group. 

‘i’ ROH,C 0’ 
‘i ROW& o H ROH2C 

Y? 

c 

- w- 

I+ 
7 

- 
B- 

B 
- Y? 

0 
\ /” 

0 
\ /” 

0 
\ 1” 

CMe_a CM.+ CMeZ 

28 29 30 

CH*OR CHzOR 

s+ v 

+\i” 
CMe, 

Mb Lie 

31 
32 33 

,B 

CH,OR 

0 

Y? 

B 

+O OH 

\C 
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Due to the electron-donor properties of the indole heterocycle, protonation 
of the ribofuranose ring-oxygen atom and therefore anomerisation easily occur_ 
The action of picric acid on the CL anomers 11 or 13 in alcohol or 1,6dioxane at room 

temperature afforded the corresponding /? anomers 10 or 12. Attempts to remove the 
isopropylidene group by the action of hydrogen chloride, CF,COOH, or Dowex 

(H+) resin in various solvents caused extensive decomposition. 

The nucleosides 14 or 15, or a mixture thereof, in bt aqueous, methanolic 
hydrochloric acid (1Ohr HCl-methanol, 1 : 10) yielded 6-nitro-3-(5-O-p-nitrobenzoyl- 

P-D-ribofuranosyl)indole (18). 5-Nitro-3-(5-O-p-nitrobenzoyl-B-D-ribofuranosyl)in- 
dole (19) was obtained by treatment of 16 or 17 or 16 + 17 with 90% CF,COOH. 

The action of hr aqueous, methanolic hydrogen chloride on 17 gave a new 

compound, acetylation of which afforded an 0-acetyl derivative for which the struc- 

ture 34 or 35 is proposed. Intermediates for these products would be of the type 32 

or 33, since attack of the oxocarbonium ion on C-2 of the indole system would yield a 

dihydropyran derivative (previous u+j? anomerisation cannot be excluded). Com- 
pound 36 has been obtained’ ’ by the action of acid on I-(2,3-0-isopropylidene-Z-D- 

ribofuranosyl)pyrrole. The structure 34 (35) was supported by mass-spectrometric 

data. Peaks corresponding to m/r values of M* (567), Mf - OCMez (509), B + 30 

(232), and B (202) are diagnostic. 

OAc 

34 35 36 

The p.m.r. spectrum of 34 (35) in CDCl, at 25”, which contained no signals 
for pyrrole protons, contained signals at 6 7.65 and 6.68 (2 s, H-l ‘,2’), 5.88 (bd, 

splitting 6.8 Hz, H-3’), 5.70-5.50 (m, H-4’), 4.84 (m, JAe,5en 2.8, J5nn,5sb 12.4 Hz, 

H-5’a), 4.53 (m, J4s,jvb 5.8 Hz, H-5’b), 2.66 (NAc), 2.15 (OAc), 2.13 and 2.08 

(CMe,). The J,.,,, and J2F,3F values are close to zero, indicating that the dihedral 

angles for H-I’/H-2’ and H-2’/H-3’ are close to 90”. Dreiding models demonstrate 

that these dihedral angles are close to 90” for 35 having the p-D-xyh configuration_ 

However, a reasonable mechanism of epimerisation at C-3’, leading to 35 with the 

p-D-xyfo configuration, cannot be proposed_ Therefore, the Z-D-r&o structure34 seems 
to be the most probable. 

The unsubstituted C-nucleosides 20 and 21 were prepared by the action of 

methanolic ammonia on 18 and 19, respectively, and were homogeneous by h.p.1.c. 

in 30% methanol (retention times of 23.92 and 23.33 min, respectively). 

Acetylation of the 6-nitro derivative .18 gave the N-acetyl-2,3-di-0-acetyl 
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TABLE V 

CD. DATA FOR THE 3-D-RIBOFURANOSYUNDO~ 

Compound Ma_ior maxima 
(configuration) i., nm (0 X IOm3) 

Minor maxima 

10 (8, 
11 (4 
12 (B> 
13 (=) 

14 (B> 

15 (a) 
16 (B) 
17 (a) 

20 0 
34(35) 

220 (-15.8) 
254 (;6.85) 
228 (-23.2) 
255 (i-7-95) 

272 (-4.3) 

262 (+4.8) 
255 (-3.75), 275 (+4-O) 
245 (+4-O), 276 (-1.5) 

308 (t2.4) 
260 (-1.65) 
230 (+6-U), 260 (-5.24) 

280 (+3.37) 

255 (+2.2) 
285 <--l-45), 293 (-0.5) 
280 (+2.55) 
280 (-O-5), 287 (-I-0.15) 

296 (t0.85) 
228 (+0.8), 340 (f0.4) 
245 (-1.1) 
245 (-l-75), 320 (f1.35) 
266 (+-O-75), 360 (-0.8) 

350 (-0.8) 

230 (t0.55), 290 (t0.39) 
350 (-1.03) 

derivative 22; likewise, the 5-nitronucleoside afForded the di-0-acetyl derivative 23. 

Acetylation of 20 yielded the N-ace@-2,3,5-tri-O-ace@ compound 24, and the 5- 
nitro isomer 21 gave a mixture of tri- (25) and tetra-acetyl(26) derivatives. Therefore, 
N-acetylation occurs only for nitroindole C-nucleosides, 6-nitroindole derivatives 

affording N-ace@ compounds in yields higher than those from 5-nitroindole deriva- 

-6- 

Fig. 1. Cd. spectra in ethanol: 1, 3-(~3-O-isopropylidene-5-0-p-nitrobenzo 
nitroindole (15); 2, 3-(2,3-0-isopropylidene-5-O-p-nitrobe~oyl-~-~-~bof~osyl)-~~~oindo~e 
(14); 3, 6-nitro-3-&xibofuranosylindole (20). 
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-10 

-15 

j 
‘I 
I 

I- 
I 

j 

Fig. 2. C.d. spectra in ethanol: 1, S-bromo-3-(2,3-O-isopropylidene-5-O-p-ni~robenzoyl-~-o-ribo- 
furanosyl)indole (13); 2, 3-(2,3-0-isopropylidene-5-O-p-nitrobenzoyl-~-~-ribofu~nosyl)indole (11); 
3, 5-bromo-3-(2,3-0-isopropylidene-5-O-g-ni~robenzoyl-~-o-ribofu~nosyl)indoIe (12); 4, 3-(2,3-0- 
isopropylidene-5-O-p-nitrobenzoyl-~-D-ribofuranosyl)indole (10). 

tives. Similarly, acetylation of the previously described 3-a-L-arabinopyranosyl-6- 
nitroindole2*3 gave the N-acetyl-2,3,4-tri-0-acetyl derivative, and 3-a-L-arabino- 

pyranosyl-5-nitroindole gave only the 2,3,4-triacetate. U.V. data indicate 5- and 6- 

nitroindoles to be more acidic (pK, 15-16) than indole, the pK, of 6-nitroindole 

being 0.5 smaller than the pK, of 5-nitroindole. Thus, the concentration of the 
corresponding anions of 3-ribofuranosyl-nitroindoles in the presence of bases will 
be higher for the 6-nitro derivative than for the Snitro derivative, and this is the 
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of 40. The p.m.r. spectra aIso demonstrate the presence of two anomers. The i.r. 
spectrum of 38 contained absorption for NH at 3390 cm-‘. 

The mass spectrum of 39 exhibited mass ions at I+ 278 (M ‘), 162 (B + I)+, 
and 117 (S)+ consistent with the proposed structure_ 

H.p.1.c. of the mixture 39 indicated the presence of two isomers in the ratio 
5:6 with the retention times 16.87 and 17.24 min, respectively. Likewise, the ratio 
of anomeric C-deoxynucIeosides 40 was shown to be 2 : 3, the retention times being 
13.97 and 14.40 min [aqueous methanol gradient (20-&O%; 25 min)]. 

EXPERIMENTAL 

General. - P.m.r. spectra (internal Me,Si) were recorded with a Jeol JNM- 
MH-IO0 instrument, and i.r. spectra (KBr) with a Perkin-Elmer 283 instrument_ 
Cd. spectra were determined for sohrtions in ethanol with a Mark-III ~ichrogr~p~_ 
U.v_ spectra were recorded for solutions in ethanol with a Unicam SP-800 instrument. 
Optical rotations were determined with a Perkin-Elmer 241 polarimeter. Mass spectra 
{SO eV) were obtained with a Varian MAT3llA instrument; samples were intro- 
duced directly at 100-200’ with an acceierating voltage of 3 kV and an emission 
current of 3 mA. H.p.1~. was performed on a 1084 B HewIett-Packard instrument 
(for 20 and 21) and a Lirec instrument (Jobin Yvon) (for 39 and 40) with a Li Chrosorb 
RP-I8 “Hibar” column (250 x 4 mm; particle diameter, ICI krm) and an Altex detector 
(model 153) operated at 254 nm. T.I.c. was performed on Silufol UV254, and p.l.c_ 
on silica gel r_r_255 S/40 irm, with carbon tetrachioride-acetone mixtures Al 4: I ; 

B, 3: 1; and C, 1:2. Substances were eluted from silica geI by methanol. 
Condetrsatiotrs of thtitroindole. - (a) With 2,3,4,6-terra-O-be~~z_$I--g/wi9- 

pyranosyi bromide. A mixture of 6-nitroindofe (162 mg), Ag,O (232 mg), dry benzene 
(50 ml), and moiecuIar sieve (Woifen Zeosorb 4A Kugelform) was heated to boiling 
in a stream of nitrogen. Solvent (- 10 ml) was evaporated and a solution of the 
ghicosyl bromide (from 983 mg of 2,3,4,6-tetra-@benzyl-l-O-p-nitrobenzoyl-o- 
glucopyranose) in dry benzene (20 m1) was added dropwise during 2.5 h with very 
slow distihation of solvent (-20 ml). The mixture was boiled for 20 h, cooled, and 
filtered, and the insoluble material was washed with benzene and chIoroform. The 
combined filtrate and washings were concentrated, and the residue was dissolved in 
chloroform (2 ml) and subjected to p.1.c. (solvent A), to give 8 (RF 0.38; I20 mg, 17 %)_ 

P.m.r. data (CDCI,): S 8.93 (s, NH), 8.19 (d, H-7), 7.85 (dd, H-S), 7.38 (d, 
H-4), 7.34-6.90 (m, H-2, Ph), 5.25 (bd, fl.,r, t4 Hz, H-l ’ of one isomer), and 
5.04-3.44 (3%2’-H-6’, H-l’ of the other isomer, CH,). 

(b) With 2,3,5-tri-0-bemyh-ribojhartosyl bromide. 6-NitroindoIe (162 mg) 
was treated with AgaO (232 mg) and the ribosyl bromide (from 725 mg of 2,3,5-tri- 
~-benzyl-l-O-~-nitrobenzoyl-D-ribofuranose), as described in (a). P.1.c. gave 9 
(& O-50; 90 mg, 16 %). 

P.m.r. data (CDCI,): 6 8.89 (s, NH), 8.25 (d, H-7), 7.90 (dd, H-5), 7.45 (d, 
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H-4), 7.41-7.04 (m, H-2, Ph), 5.28 (bs, H-l’ of one isomer), and 4.64-3.24 (H-2’-5’; 

H-l ’ of the other isomer). 

Condensations of 2,3-O-isopropyiide~~e-5-O-p-nitrobe~~~oy~-~-ribofz~ra~~osy~ bro- 

mide. - (a) Wit/z indole. Indole (351 mg) was treated with Ag,O (696 mg) and the 

ribosyl bromide (from 1464 mg of 2,3-O-isopropylidene-1,5-di-O-p-nitrobenzoyl-D- 

ribofuranose), as described in (a) for 6-nitroindole. P.1.c. gave 11 (RF 0.22; 510 mg, 

38 %) and 10 (RF 0.37; 120 mg, 9%). Mass spectrum of 11 or 10: m/z 438 (M’), 

323 (S + I)+, and 155 (B + 29)+. 

(b) Witlr Sbronzoindole. The reaction of 5-bromoindoie (588 mg), AgZO 

(696 mg), and the ribosyl bromide (from 1464 mg of 2,3-0-isopropylidene-1,5-di-O-p- 
nitrobenzoyl-D-ribofuranose), as described above, yielded 13 (RF 0.32; 500 mg, 31%) 
and 12 (RF 0.39; 110 mg, 7%). Mass spectrum of 12 or 13: nz/i 516, 518 (Mt), 323 

(S + l)‘, 222, 224 (B f 28)+, 223, and 225 (B + 29)+. 

(c) With 6-nitroindole. The reaction of 6-nitroindole (648 mg), Ag,O (928 mg), 

and the ribosyl bromide (from 2928 mg of 2,3-0-isopropylidene-1,5-di-O-p-nitro- 

benzoyl-D-ribofuranose) gave, after p.! c., 15 (R, 0.10; 570 mg, 29%) and 14 (RF 

0.14; 170 mg, 9x)_ 
(d) With 54troirtdole. The reaction of 5-nitroindole (972 mg), AgzO (1392 mg), 

and the ribosyl bromide (from 2928 mg of 2,3-0-isopropylidene-1,5-di-U-p-nitro- 
benzoyl-D-ribofuranose), as described in (a), gave, after p.l.c., a mixture of 17 and 

16 (R, 0.20; 1370 mg, 46 %). After three developments with solvent A, the rl anomer 

17 (RF 0.16) and p anomer 16 (RF 0.22) were isolated. Mass spectrum of 16: m/z 

483 (Me), 323 (S + l)‘, and 190 (B + 29)+. 
Condensation of 6-nitroindole wit/z 2-deosy-3,5-di-0-p-tolztoyl-D-erythro-pento- 

ftcranosy1 &oride. - 6-Nitroindole (569 mg) was treated with Ag,O (696 mg) and 

2-deoxy-3,5-di-O-p-toluoyi-D-er~~t~zro-pentofuranosyl chloride (1162 mg) in dry 

benzene (130 ml), as described in (a). Mixtures of anomers 37 (RF 0.50; 470 mg, 30 %) 

and 38 (RF 0.31; 500 mg, 32%) were obtained_ 
6-Nitro-3-(5-O-p-rlitrobetr~oyI-8_D-ribofitranos~?l)i~ldole (18). - A suspension 

of 15 or 14 (330 mg) in a 1: 10 mixture of 10Lw hydrochloric acid and methanol 

(15 ml) was stirred for 1.5 h at 20”. The green precipitate was filtered off and washed 

with water; to give 18 (270 mg, 89%). 

S-Nitro-3-(5-O-p-nitroben~oyi-~--oyl-B-D-ribofrrranosyi)i~zdoZe (19). - A solution of 

17 or 16 (250 mg) in 90% CF,COOH (10 ml) was kept at 20” for 1 h and then con- 

centrated, and the residue was subjected to p.1.c. (solvent B), to give 19 (RF 0.25; 

180 mg, 79%). 
l-Acety~-3-(2,3-di-O-acetyZ-5-O-p-~zitroben~o~~l-~-D-ribo~~ra~~osy~)- 6-nitroindole 

(22). - Treatment of 18 (50 mg) in pyridine (3 ml) with acetic anhydride (2 ml) for 
12 h at 20”, followed by concentration and p.1.c. of the residue (solvent C), gave 22 

(RF 0.43; 40 mg, 63 %). 
3-(2,3-Di-O-acetyZ-5-O-p-nitrobenzoyl-P-D-ribo~lranosy~)-5-nitroiildo~e (23). - 

Similar acetylation of 19 (30 mg) gave, after p.1.c. (solvent B), 23 (RF 0.50; 25 mg, 

72 ~0. 





34 T. N. SOKOLOVA, I. V. YARTSEVA, M. N. PREOBRAZHENSKAYA 

3 T. N. SOI~OLOVA, V. 1. MUKZANOV, XXD M. N- PREOBRAZHENSUYA, in Nov. Khim_ Geterotsiki., 

Vol_ I, Zinatne. Riga, 1979, p. 80. 
4 M. N. PREOBRAZHENSKAYA AND N. N. SUVOROV, Zh. Obstich. Ktiim., 35 (1965) 888-893. 
5 R. BARKER AND H. G. FLETCHER, JR., J. Org. Chem., 26 (1961) 46054609. 
6 R. S. KLEIN, H. OHRUI, AND J. J. Fox, J. Carbohydr. Nrrcfeos. Nttcleot., 1 (1974) 265-269. 
7 S. D. BERNARIX AND M. J. WEIGELE, J. Org. Chem.. 41 (1976) 287-290. 
8 M. HOFFER, Chem. Bet-., 93 (1960) 2777-2781. 
9 J. J. Fox, K. A_ WATANABE, R. S. KLEIN, C. K. CHU, S. TAM, U. REICHMAN, K. HIROTA, J.-S. 

H~AKG, E_ G. DE Ls HERAS, ADZ J. WEMPEX, in R. E. HARMON, R. K. ROBINS, AND L. B. 
TOW-SEND (Ed& Chemistry and Biology of Nttcleosides and Nttcleotides, Academic Press, New 
York, 1978, pp. 415139. 

10 F. G. DE LAS HERAS, S. Y.-K. TAM, R. S. KLEIN, AND J. J. Fox, J. Org. Chem., 41 (1976) 84-90. 
11 H. OHRUI AND S. EhlOTO, J_ Org. Chem., 42 (1977) 1951-1957. 
I2 H. OHRUI, G. H. JONES, J. G. MOFFA-IT, M. L. MADDOX, A. T. CHRISITNSEN, AND S. K. BYRAM, 

J_ Am. Chem. Sot., 97 (1975) 4602-4613. 
13 L. B. TOU’NSEND, in W_ W. ZORBACH AND R. S. TIPSON (Eds.), Synthetic Procedures in Nucleic 

Acid Chemistry, Vol. 2, Wiley-Interscience, New York, 1973, pp. 333-339. 
14 L. V. EKTOVA, V. N. TOLKACHEV, M. Z. KORNV~Z, AND M. N. PREOBRAZHENSKAYA, Bioorg. 

Khim., 4 (1978) 1250-1255. 
15 J. SOUTHON AND W_ PFLEIDERER, Chem. Bet-_, I11 (1978) 996-1005. 
16 J.-L_ IMBACH AND B. L. KAM, J. Carboit_vdr. Nttcleos. Nttcfeot., 1 (1974) 271-273. 
17 S_ Y.-K. T_xq R. S. KLEIN, F. G. DE LAS HERAS, AND J. J. Fox, J. Org. Chem., 44 (1979) 4854- 

4862. 
18 M. KAWANA AND S. EMOTO, Btdi. Chem. Sot. Jptt., 42 (1969) 3539-3546. 
19 J. A. MONTGOMERY, Carbohydr. Res., 33 (1974) 184-187. 
20 T. P. NEDOREZOVA, S. YA. MELKIK, AND M. N. PREOEIRAZHENSKAYA, Bioorg. Khim., 2 (1976) 

1205-1208. 
21 TAhf HUY~ DINH, M. R. RAYARD, AND J. IGOLEN, C. R. Acad. Sri., Set-. C, 283 (1976) 227-229. 


