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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-O-benzylated
3-p-glucopyranosyi-6-nitroindoles; from 2,3,5-tri-O-benzyl-D-ribofuranosyl bromide
and 6-nitroindole, anomeric per-O-benzylated 6-nitro-3-p-ribofuranosylindoles were
obtained. Starting from 2,3-O-isopropylidene-5-O-p-nitrobenzoyl-D-ribofuranosyl
bromide, the individual o and f anomers of the O-protected 3-D-ribofuranosyl
derivatives of indole, S-bromoindole, 5-nitroindole, or 6-nitroindole were synthesised.
Treatment of the « anomers with acid gave the corresponding f# anomers. After O-
deprotection, 3-f-bD-ribofuranosyt derivatives of 5- and 6-nitroindole were obtained.
2,3-Di-0-p-toluoyl-p-ribofuranosyl chloride and 6-nitroindole gave the anomeric
1-(2-deoxy-D-erythro-pentofuranosyl)-6-nitroindoles and 3-(2-deoxy-p-erythro-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. Indole C-nucieo-
sides are model compounds in the synthesis of 9-nucleosides of 9-deazapurines.

We have described?-? the reaction of indoles with giycosyl halides containing a
participating 2-acyloxy group. Indole or 5- or 6-nitroindole and 2,3,4-tri-O-acetyl-f-1L-
arabinopyranosyl bromide in boiling benzene in the presence of silver oxide and
molecular sieve yielded a mixture of per-O-acetylated 1-x-L-arabinopyranosylindole,
3-x-L-arabinopyranosylindole (the first indole C-nucleoside), and 1,2-O-[1-(indol-1-
yDethylidene }-B-L-arabinopyranose, or the corresponding 5- or 6-nitro derivatives.
Under similar conditions, tetra-O-acetyl-«-D-glucopyranosyl bromide or 2,3,5-tri-O-
benzoyl-D-ribofuranosy! bromide produced only 1,2-0O-(indol-1-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,0Ac or
CH,OBz substituents of the ribofuranose or glucopyranose derivatives.

8 o4

1 2

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-O-benzyl-D-glucopyranosyl
bromide* (3), 2,3,5-tri-O-benzyl-D-ribofuranosyl bromide® (4), 2,3-O-isopropylidene-
5-O-trityl-D-ribofuranosyl chloride® (5), 2,3-O-isopropylidene-5-O-p-nitrobenzoyl-D-
ribofuranosyl bromide” (6), and 2-deoxy-3,5-di-O-p-toluoyl-D-erythro-pentofurano-
syl chloride® (7).

CH,08z!
2 CHR0BzI CH,OR CH,OR
o} o} _© o)
0Bzt Br Br X Ci
BzIO :
OBzt B2I0 OBzl o o OR
N/
3 4 CMe,
5Xx=CILR = Tr 7R = p-MeCgH,CO

6 X = Br,R = p-NO,GgH,CO

6-Nitroindole and 3 produced an anomeric mixture (17% yield) of per-O-
benzylated 3-D-glucopyranosyl-6-nitroindoles (8). 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-O-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-O-Isopropylidene-5-O-trityl-D-ribofuranosy! chloride (5) has been used
for the preparation of C-nucleosides®. However, in the reaction with 6-nitroindole,



3-B-D-RIBOFURANOSYLINDOLES 21

CH,0Bzt
CH,0Bz!
N
o H
BziIO OBzi
NO, NO,
[od ﬂ 8 O(ﬂ 9

5 decomposed and no indole-sugar derivative was isolated. Similarly, no indole
nucleosides were obtained by the reaction of § 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-D-ribofuranosyl 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 5-bromoindole
gave aff-mixtures of the 3-(2,3-O-isopropylidene-5-O-p-nitrobenzoyl)-p-ribofurano-
sylindoles (10-17) in yields of 38-479%,. The compounds were isolated by p.l.c. In
all cases, & anomers were preponderant (for 15 and 14, the of-ratio was 3:1; for the
other pairs of isomers, it was ~4:1). Glycosylation with 2,3-O-isopropylideneribose
derivatives yields mainly «-nucleosides''-!?, probably because of participation by

TABLE1

DATA FOR NEW INDOLE DERIVATIVES

Com- M.pea [2)¥ (c, CHCl3)  Found (%) Calc. (%) Formula

pound (degrees) (degrees) C H N C H N

10° a —17.0 (0.75)

11% a —20.0 (1.0) 61.3 50 66 61.1 52 6.2 C23H2N207-0.75 HO
125 a —21.5 (1.0)

132 a —12.0 (1.0) 513 42 56 516 43 52 C23H2BrN:0O; - H20
14 a —27.6 (0.5) 57.0 44 8.7 57.1 44 8.7 CaH21N30s

15 a —16.8 (0.5) 56.1 47 85 56.1 4.5 8.5 Ca23H21N3Os - 0.5 H20
16° a —15.0 (1.0)

17 a +3.5(1.0) 552 44 8.8 551 46 8.4 C23H2N3Os - H:0

19 a 526 4.1 92 527 4.5 9.6 Cs0Hi17N30s -0.75 H.0O
20 152-153¢ —33.0 (1.09 514 52 93 51.5 50 9.2 CizsH1aN20g - 0.5 H20
21 a —10.0 (1.09) 507 55 9.1 507 51 9.1 CisHisN20g-0.75 H20
22 155-156¢ —16.4 (1.0) 540 4.1 79 540 42 7.3 CzH23N3012-0.5 HaO
240 a 53.5 4.8 53.5 4.9 C21H2:N20yp - 0.5 H20
34(35)® 119-120° -+13.0 (0.5° 543 44 75 546 4.7 7.1 Cs7H2sN3Ou - 1.5 HaO
38 67.6 5.1 55 677 5.1 54 CaH26N:=07

39 53.8 5.6 53.6 54 Ci13H14N205 - 0.75 H-0
40 536 5.6 53.6 54 Ci13H14N205 - 0.75 H20

23 Amorphous. *Structure confirmed by mass spectrometry. <Methanol.



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

‘s|eusis SuiddejoaQq 45T 1D

441)
bl (T€)
9¢'1 178 Ay 0'S ot's L. L8'L wL SI'L 14 (0) €1
(Lzo)
8¢'l )
S9'l q 9y LY 08't——10'S 9IS 0 08'L aCE'L — 9¢'8 @u
(1o
Pe'l (Te)
§s'l w8 %4 0°S 6£°S 80°L 0Z'8 (o) 11
(82°0)
LE'l Ty
§9'f 61'8 0g'y ol's 6C°S $6'9 0r'8 (g) o1
(5)
(1) «S°H SH b H LH &H AH ¢H v-H S-H 9H LH HN
SND  CONZg sitojo.d andng . stojodd ajopiy (oymnSiios)
(2t ) [ urdd) syys oniayd punodiion

TI0ANIONOYY-G YO HTOUNT 10 SHALLYAIM:Q ';mOZ<~5"_O=E.Q.Q.m AHL, 04 nYLVA “U'NW'd

HEATEVL



23

3-B-D-RIBOFURANOSYLINDOLES

"AOFQD Ul *6ST 1T #DCADn

90 a4 4 4 0T’s 8y's 958 89L  £T8  §9'8 91
60T
£r'e
9I'T Ll 1A A A4 N I 9¢°L 'L 808 Tl 8T ST
[AX
81'C 8i's  O¥Y 08y  9t's pLS  08L—0S'L 808 698 968 X4
(09)
ov'e ocy 80  fL 1L 108 9L'8 a7
#'y)
01's-0t's  OU'Y 06 SIS L WL g6l 898 a6l
¥2'0) ,
pe'l @
8¢°1 €y oty p0's 66 SEL  8¥L YO8 9L'8 168 (®) L1
(L0
6¢'! @)
99'1 LA T 0 4 08y 08y——0% 9§  ¥EL OFL 008 19'8 176 () 91
(&0
SH SH WwH  &H ZH JIH LH (-H 9°H ¥-H HN
(N)  (o7) - -
8 SONZ el D3 1ojo.1d ajopt
WO IO ONzg suojo.d wing suojo.d ajopuy P
(zH w p Curdd) sifys ponusid punoduio)

SAALLYAINEA T10UNIOULIN-G FHL Y04 »VLYA "WH'd

H1314vlL



T. N. SOKOLOVA, 1. V. YARTSEVA, M. N. PREOBRAZHENSKAYA

24

ZH 9~ "WIPIIEHs *A0PAD UIp 'OSTOW UL ‘DD U, ‘s|eusis Suidde|isng,

(69'2)
VO § e
£1'T =Wy - =0t = veL  I8L L' TE'6 ab?
092
£1'T
91T s 8ty 9%t 8IS cAm.mv BO'L—8'L  S0'8 076 4
4)
09'¢ vy w0 L9t v 06'L  2¢'8 102
8T8 00t oS $9'L br'8 81
(0z'0)
se'l ©'c)
§¢°1 n81'8  TEY 80°S 88 6SL ILL  beL v Y6 (0) oST
(sz0)
Wl
Ly’ oS8 oYY 96V WSTS WL 9L 8L v IE'6 (g) ob¥
(&)
(ovn) (o) SH SH »H  &H H JH H #H H LH  HN
L WO Saw) SoNzg Stojoud aping suojoad ajopuy (uovnsiyuon)
(2 up [ “wedd) sifiys ponuayn punodioy

SIALLVAIYEC TTOANIOULIN-G AHL HOA (,§7) VAV “U'W'd

ALHTEVL



3-B-D-RIBOFURANOSYLINDOLES

X
N
H
'/I-m\
NH
CH;0R CH,OR NH
+ o]
o H
B
X
o O o O
N/ N
CMe, CMe,
x
10.12.,14 ,16
11,13.,15,17
NH NH
CH30R CHOH
Q (o]
—_—
X X
HO OH HO OH
18,19 20,21

|

Q' "y
N N
CH,OR CH,OAc
(o) lo}
X X
AcO OAc

AcO Oac
22 R = ac 24 R = ac
23R = H 25 R = n

26 R' = Ac

R = p-NO,CgHCO

10.11 X = H

12,13 X = 5-Br Hzc/ o oo
14,15.18,20,22.24 X = 6~NO, %

16,17,19.21,23,25,26 X = 5-NO,

Q O
N/
CMey*

27

25

the 5’-O-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 10-12, 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,

upfield shifts of the H-1’ signals for g-nucleosides compared with the z-nucleosides!?.
Usually, J,. ,- for f-nucleosides is smaller than for the corresponding a-nucleosides’3,
but this rule failed with the isomers described herein, as it did for the nucleosides of
pyrrolo(2,3-d)pyrimidines'* and benzimidazoles'®. The criterion'® for the determina-
tion of configuration of 2,3-O-isopropylidene derivatives of nucleosides (48cy,
>0.15 for the B anomer and 4dcy, <0.15 for the o anomer) should be limited to
ribofuranosyl compounds containing no 5’-substituent. However, for the pairs of
anomeric C-nucleosides described herein, 43¢y, for the o« anomer was smaller than
for the corresponding f anomer. This trend has also been described for other 5'-
substituted C-nucleosides'”’. The H-4 signal for the « anomer (11, 13, 15, or 17)
was at lower field than that for the corresponding f anomer (10, 12, 14, or 16). The
Me signals for the o anomers were more shielded than for the corresponding f
anomers. To remove the O-isopropylidene group, the action of acids on the nucleo-
sides 10-17 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 yields 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.

H H
l | |,
ROH,C of ROH,C 4 H ROH,C T
Nt T
=}
B8
o] o o o ©
N/ N/ N/
C™Me; CMe, ChMe,
28 29 30
CH,OR CH,OR CH,OR
o o) o
8 —_—— e B
+ +
H—O O HO O O OH
./ Vi N
cMe2 /c\ /C\
Me Me Me Me

3 32 33
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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 « anomers 11 or 13 in alcohol or 1,4-dioxane 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 M aqueous, methanolic
hydrochloric acid (10M HCl-methanol, 1:10) yielded 6-nitro-3-(5-O-p-nitrobenzoyl-
B-b-ribofuranosyl)indole (18). 5-Nitro-3-(5-O-p-nitrobenzoyl-f-p-ribofuranosyl)in-
dole (19) was obtained by treatment of 16 or 17 or 16 + 17 with 909, CF;COOH.

The action of M aqueous, methanolic hydrogen chloride on 17 gave a new
compound, acetylation of which afforded an O-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 «— 3 anomerisation cannot be excluded). Com-
pound 36 has been obtained'® by the action of acid on 1-(2,3-O-isopropylidene-«-D-
ribofuranosyl)pyrrole. The structure 34 (35) was supported by mass-spectrometric
data. Peaks corresponding to m/z values of M* (567), M* — OCMe, (509), B + 30
(232), and B (202) are diagnostic.

NO,
NO>
CHa0R CHaOH
O O
N N
AcO O-—CMe, Ac OAc HO O~ -~ ;
CMe,
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 § 7.65 and 6.68 (2 s, H-1',2"), 5.88 (bd,
splitting 6.8 Hz, H-3"), 5.70-5.50 (m, H-4"), 4.84 (m, J;- 5., 2.8, J5.,, 5 12.4 Hgz,
H-5a), 4.53 (m, J, 5 5.8 Hz, H-5'b), 2.66 (NAc), 2.15 (OAc), 2.13 and 2.08
(CMe;). The J,- ,- and J,. 3. values are close to zero, indicating that the dihedral
angles for H-1'/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 f-p-xy/o configuration.
However, a reasonable mechanism of epimerisation at C-3’, leading to 35 with the
B-p-xylo configuration, cannot be proposed. Therefore, the x-D-ribo structure 34 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.l.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-O-acetyl
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TABLE 'V

C.D. DATA FOR THE 3-D-RIBOFURANOSYLINDOLES

Compound Major maxima Minor maxima

(configuration) A, nm (6 x 1073)

10 (B) 220 (—15.8) 255 (+-2.2)

11 () 254 (+6.85) 285 (—1.45), 293 (—0.5)

12 (B 228 (—23.2) 280 (+-2.55)

13 () 255 (+7.95) 280 (—0.5), 287 (+4-0.15)

. 296 (+0.85)

14 (B) 272 (—4.3) 228 (+0.8), 340 (+04)

245 (—1.1D

15 () 262 (+4.8) 245 (—1.75), 320 (+1.35)

16 (B) 255 (—3.75), 275 (+4.0) 266 (+0.75), 360 (—0.8)

17 (@) 245 (+4.0), 276 (—1.5) 350 (—0.8)
308 (+2.4)

20 (B) 260 (—1.65) 230 (+0.55), 290 (+4-0.39)

34(35) 230 (+6.27), 260 (—5.24) 350 (—1.03)
280 (+3.37)

derivative 22; likewise, the 5-nitronucleoside afforded the di-O-acetyl derivative 23.
Acetylation of 20 yielded the N-acetyl-2,3,5-tri-O-acetyl 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-acetyl compounds in yields higher than those from S-nitroindole deriva-

 [6]-10”

4+

Fig. 1. C.d. spectra in ethanol: 1, 3-(2,3-O-isopropylidene-5-O-p-nitrobenzoyl-a-p-ribofuranosyl)-6-
nitroindole (15); 2, 3-(2,3-O-isopropylidene-5-O-p-nitrobenzoyl-g-p-ribofuranosyl)-6-nitroindole

(14); 3, 6-nitro-3-f-p-ribofuranosylindole (20).
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Fig. 2. C.d. spectra in ethanol: 1, 5-bromo-3-(2,3-O-isopropylidene-5-O-p-nitrobenzoyl-a-p-ribo-
furanosyl)indole (13); 2, 3-(2,3-O-isopropylidene-5-O-p-nitrobenzoyl-a-p-ribofuranosyl)indole (11);
3, 5-bromo-3-(2,3-O-isopropylidene-5-O-p-nitrobenzoyl-f-b-ribofuranosyl)indole (12); 4, 3-(2,3-0-
isopropylidene-5-0-p-nitrobenzoyl-f-p-ribofuranosyl)indole (10).

tives. Similarly, acetylation of the previously described 3-a-L-arabinopyranosyl-6-
nitroindole?*®* gave the N-acetyl-2,3,4-tri-O-acetyl derivative, and 3-z-L-arabino-
pyranosyl-5-pitroindole 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 5-nitro derivative, and this is the
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reason for formation of the N-acetyl derivative. The p.m.r. spectra of the per-O-
acetylated nucleosides 22-26 contain signals for AcO-2" at § >2.09, whereas per-O-
acetylated a-nucleosides usually have'? this resonance at § <1.95. The c.d. spectra
of the C-nucleosides are shown in Table V. The isopropylidene derivatives of o«-
nucleosides (11, 13, 15, or 17) showed positive maxima at 230-270 nm, whereas the
corresponding 8 anomers (10, 12, 14, or 16) had negative maxima in this region. The
position of the strongest maxima for the « anomers of nitroindole nucleosides is
shifted to shorter waveiengths by 10 nm compared with the corresponding f# anomers
(Table V, Fig. 1). A similar shift of the maxima was found in the c.d. spectra of the
anomeric 5-fluoro-1-p-ribofuranosyluracils?®. In the c.d. spectra of the « anomers of
indole or bromoindole nucleosides (11, 13), the strongest maxima are shifted to
longer wavelengths by 27-37 nm compared with the corresponding f nucleosides
10 and 12 (Fig. 2). The c.d. spectrum of the unprotected nucleoside 20 is similar to
that of the 8 nucleoside 14 (Fig. 1).

The structures of compounds 10-13, 16, 24, 25, and 26 were confirmed by high-
resolution mass spectrometry. The mass spectra showed low-intensity peaks for
molecular ions. Peaks corresponding to m/z values of (B + 29)* and (S + 1)* are
diagnostic for C-nucleosides, whereas peaks (B + 1)* which are characteristic for
N-nucleosides were absent.

Anomeric 1-(2-deoxy-3,5-di-O-toluoyl-p-erythro-pentofuranosyl)indoles have
been recently obtained in the reaction of indole-sodium and 2-deoxy-3,5-di-O-
toluoyl-D-erythro-pentofuranosyl chloride in liquid ammonia. It is noteworthy that
O-deacetylation does not occur in this medium. After removal of protecting groups,
the individual « and § anomers of 1-(2-deoxy-D-erythro-pentofuranosyl)indole were
obtained*!.

The reaction of 6-nitroindole and 2-deoxy-3,5-di-O-p-toluoyl-pD-erythro-pento-
furanosyl chloride in the presence of silver oxide and molecular sieve in boiling
benzene gave a mixture of anomeric, per-O-acylated [- and 3-deoxynucleosides
(37 and 38) which were isolated by p.l.c. in yields of 30 % each. Zemplén deacylation
then afforded the anomeric mixtures 39 and 40. The anomers could not be separated
by tlc.

The mixture 39 was identified as N-nucleosides by the presence of a doublet
for H-3 in the p.m.r. spectrum. Such a doublet was absent from the p.m.r. spectrum

CHz0R CH,OR
o] O Ny
N /
OR OR
QX B-37 R = p-MeCgH,CO & p-38 R = p-MeCgH,CO

dﬁ-39 R=H aﬁ-40R=H
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of 40. The p.m.r. spectra also demonstrate the presence of two anomers. The i.r.
spectrum of 38 contained absorption for NH at 3390 cm™ 1.

The mass spectrum of 39 exhibited mass ions at m/z 278 (M™*), 162 (B + 1)*,
and 117 (S)* consistent with the proposed structure.

H.p.Lc. 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-deoxynucleosides 40 was shown to be 2:3, the retention times being
13.97 and 14.40 min [aqueous methanol gradient (20—80%;; 25 min)].

EXPERIMENTAL

General. — P.m.r. spectra (internal Me,Si) were recorded with a Jeol INM-
MH-100 instrument, and i.r. spectra (KBr) with a Perkin—Elmer 283 instrument.
C.d. spectra were determined for solutions in ethanol with a Mark-III Dichrograph.
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
(80 eV) were obtained with a Varian MAT-311A instrument; samples were intro-
duced directly at 100-200° with an accelerating voltage of 3 kV and an emission
current of 3 mA. H.p.Lc. was performed on a 1084 B Hewlett—Packard instrument
(for 20 and 21) and a Lirec instrument (Jobin Yvon) (for 39 and 40) with a Li Chrosorb
RP-18 “Hibar” column (250 x 4 mm; particle diameter, 10 um) and an Altex detector
(model 153) operated at 254 am. T.l.c. was performed on Silufol UV254, and p.l.c.
on silica gel LL,s5, 5/40 um, with carbon tetrachloride-acetone mixtures 4, 4:1;
B,2:1; and C, 1:2. Substances were eluted from silica gel by methanol.

Condensations of 6-nitroindole. — (a) With 2,3,4,6-tetra-O-benzyi-D-gluco-
pyranosyl bromide. A mixture of 6-nitroindole (162 mg), Ag,0O (232 mg), dry benzene
(50 ml), and molecular sieve (Wolfen Zeosorb 4A Kugelform) was heated to boiling
in a stream of nitrogen. Solvent (~10 ml) was evaporated and a solution of the
glucosyl bromide (from 983 mg of 2,3,4,6-tetra-O-benzyl-1-O-p-nitrobenzoyl-p-
glucopyranose) in dry benzene (20 ml) was added dropwise during 2.5 h with very
slow distillation of solvent (~20 ml). The mixture was boiled for 20 h, cooled, and
filtered, and the insoluble material was washed with benzene and chloroform. The
combined filtrate and washings were concentrated, and the residue was dissolved in
chloroform (2 mi) and subjected to p.l.c. (solvent 4), to give 8 (R0.38; 120 mg, 17%).

P.m.r. data {CDCl3): 6 8.93 (s, NH), 8.19 {d, H-7), 7.85 (dd, H-5), 7.38 (d,
H-4), 7.34-6.90 (m, H-2, Ph), 5.25 (bd, J,.,- <4 Hz, H-1' of one isomer), and
5.04-3.44 (H-2'-H-6", H-1' of the other isomer, CH,).

(b) With 2,3,5-tri-O-benzyl-D-ribofuranosyl bromide. 6-Nitroindole (162 mg)
was treated with Ag,0 (232 mg) and the ribosyl bromide (from 725 mg of 2,3,5-tri-
O-benzyl-1-0-p-nitrobenzoyl-p-ribofuranose), as described in (@). P.lc. gave 9
(R 0.50; 90 mg, 16%).

P.m.r. data (CDCl;): 6 8.89 (s, NH), 8.25 (d, H-7), 7.90 (dd, H-5), 7.45 (d,



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

H-4), 7.41-7.04 (m, H-2, Ph), 5.28 (bs, H-1' of one isomer), and 4.64-3.24 (H-2'-5';
H-1’ of the other isomer).

Condensations of 2,3-O-isopropylidene-5-O-p-nitrobenzoyl-p-ribofuranosyl bro-
mide. — (a) With indole. Indole (351 mg) was treated with Ag,O (696 mg) and the
ribosyl bromide (from 1464 mg of 2,3-O-isopropylidene-i,5-di-O-p-nitrobenzoyi-D-
ribofuranose), as described in (&) for 6-nitroindole. P.l.c. gave 11 (Ry 0.22; 510 mg,
389%) and 10 (Rg 0.37; 120 mg, 9%). Mass spectrum of 11 or 10: m/z 438 (M ™),
323 (S + 1)*, and 155 (B + 29)™.

(b) With 5-bromoindole. The reaction of 5-bromoindole (588 mg), 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 above, yielded 13 (R 0.32; 500 mg, 31 %)
and 12 (Rg 0.39; 110 mg, 7%;). Mass spectrum of 12 or 13: m/z 516, 518 (M ™), 323
(S + 1)*,222, 224 (B + 28)*, 223, and 225 (B + 29)*.

(c) With 6-nitroindole. The reaction of 6-nitroindole (648 mg), Ag,0O (928 mg),
and the ribosyl bromide (from 2928 mg of 2,3-O-isopropylidene-1,5-di-O-p-nitro-
benzoyl-pD-ribofuranose) gave, after v.lc., 15 (Rg 0.10; 570 mg, 299%) and 14 (R
0.14; 170 mg, 9%).

(d) With 5-nitroindole. The reaction of 5-nitroindole (972 mg), Ag,0 (1392 mg),
and the ribosyl bromide (from 2928 mg of 2,3-O-isopropylidene-1,5-di-O-p-nitro-
benzoyl-p-ribofuranose), as described in (a), gave, after p.l.c., a mixture of 17 and
16 (Rp 0.20; 1370 mg, 46 %). After three developments with solvent A4, the « anomer
17 (Rg 0.16) and B anomer 16 (R 0.22) were isolated. Mass spectrum of 16: m/z
483 (M*), 323 (S + 1)¥, and 190 (B + 29)*.

Condensation of 6-nitroindole with 2-deoxy-3,5-di-O-p-toluoyl-p-erythro-pento-
Suranosyl chloride. — 6-Nitroindole (569 mg) was treated with Ag,O (696 mg) and
2-deoxy-3,5-di-O-p-toluoyl-D-erythro-pentofuranosyl chloride (1162 mg) in dry
benzene (130 ml), as described in (a). Mixtures of anomers 37 (Rg 0.50; 470 mg, 309;)
and 38 (R 0.31; 500 mg, 329,) were obtained.

6-Nitro-3-(5-O-p-nitrobenzoyl-B-p-ribofuranosyl)indole (18). — A suspension
of 15 or 14 (330 mg) in a 1:10 mixture of 10Mm 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 9)).

5-Nitro-3-(5-O-p-nitrobenzoyl-B-p-ribofuranosyl)indole (19). — A solution of
17 or 16 (250 mg) in 909, CF;COOH (10 ml) was kept at 20° for 1 h and then con-
centrated, and the residue was subjected to p.l.c. (solvent B), to give 19 (R 0.25;
180 mg, 79%,).

1-Acetyl-3-(2,3-di-O-acetyl-5-O-p-nitrobenzoyl-B-p-ribofuranosyl) - 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.l.c. of the residue (solvent C), gave 22
(Rg 0.43; 40 mg, 63 %).

3-(2,3-Di-O-acetyl-5-O-p-nitrobenzoyl-B-D-ribofuranosyl)-5-nitroindole (23). —
Similar acetylation of 19 (30 mg) gave, after p.l.c. (solvent B), 23 (Rg 0.50; 25 mg,
72%).
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3-B-p-Ribofuranosyl-6-nitroindole (20). — A mixture of 18 (150 mg) and
methanolic ammonia (5 ml) was kept at 20° for 12 h and then concentrated. The
residue was purified by p.l.c. (solvent C), to give 20 (R 0.22; 80 mg, 80%,).

3-B-D-Ribofuranosyl-5-nitroindole (21). — Similar treatment of 19 (310 mg)
with methanolic ammonia (8 ml) gave 21 (Rg 0.33; 170 mg, 829%;).

1-Acetyl-6-nitro-3-(2,3,5-tri-O-acetyl-B-D-ribofuranosyl)indole (24). — Acetyla-
tion of 20 (20 mg), as described for 18, gave, after p.l.c. (solvent B), 24 (R 0.41;
20 mg, 64%). Mass spectrum: mfz 462 (M™), 432 (M™ — NO), 402, 342, 282
(M* — n"MeCOOH, » = 1, 2, or 3), 360, 300, 240 M* — n"MeCOOH — C,H,0,
n = 1,2, or3),and 190 (B + 30 — MeCO)*.

5-Nitro-3-(2,3,5-tri-O-acetyl-f-D-ribofuranosyl)indole (25) and I-acetyl-5-nitro-
3-(2,3,5-tri-O-acetyl-f-p-ribofuranosyl)indole (26). — Treatment of 21 (60 mg) with
pyridine (3 ml) and acetic anhydride (2 ml), as described for 18, gave 25 (R 0.28;
40 mg, 49%) and 26 (Rg 0.33; 20 mg, 229). Mass spectra 25: m/z 420 (M), 360,
300, 240 (M* — n"MeCOOH, n = 1, 2, or 3), 204 (B + 43)™, and 190 (B + 29)%;
26: mfz 462 (M%), 402, 342, 282 (M* — n"MeCOOH, n = 1, 2, or 3), 360, 300, 240
(M* — #MeCOOH — C,H,O,n = 1, 2, or 3), and 190 (B + 30 — MeCO™).

1-Acetvl-3-(3-O-acetyl-5-O-p-nitrobenzoylpentosyl)-2-(or 3)-C,2'-O-isopropyli-
dene-5-nitroindole (34 or 35). — A suspension of 17 (200 mg) in M methanolic hydro-
chloric acid (11 ml) was stirred at 20° for 12 h, and then neutralised with saturated
aqueous NaHCOj3, and evaporated. A solution of the residue in acctone was filtered
and concentrated, and p.lL.c. then gave the compound (120 mg) with R 0.20 (solvent
B). Treatment of this compound with pyridine (4 ml) and acetic anhydride (2 ml),
as described for 18, yielded 34 (35) (Rg 0.42; 100 mg, 429%).

1-(2-Deoxy-p-erythro-pentofuranosyl)-6-nitroindole (39). — A mixture of
crude 37 (470 mg) and 0.1M methanolic sodium methoxide (15 ml) was stirred at
20° for 2 h. Dowex (H™ ) resin was added to obtain a pH of 7.0, the filtered solution was
evaporated, the residue was dissolved in methanol (1.5 ml), and p.l.c. (ethyl acetate-
methanol, 10:1) then gave 39 (Rg 0.56, 100 mg).

P.m.r. data (CD;OD) at 25°: § 8.55 (d, H-7), 8.02 (dd, H-5), 7.87 (d, H-2),
7.63 (d, H-4), 6.65 (d, H-3), 6.47 (m, H-1"), 4.50 (H-3"), 4.07 (H-4"), 3.90-3.50
(H-5',5"), and 3.0-2.0 (H-2’,2").

3-(2-Deoxy-p-erythro-pentofuranosyl)-6-nitroindole (40). — Similar treat-
ment of 38 (300 mg) with 0.1M methanolic sodium methoxide (10 ml) yielded 40
(R 0.36; 20 mg, 71 %,).

P.m.r. data (CD;OD) at 25°: 6 8.28 (d, H-7), 8.0-7.7 (m, H-4,5), 7.60 (s,
H-2), 5.46 (m, H-1'), 4.42 (H-3"), 3.99 (H-4'), 3.90-3.50 (H-5’,5"), 2.66 (H-2'a of
one isomer), 2.24 (H-2’b of one isomer and H-2",2’ of the other isomer).
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