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A33STRACT 

Condensation of 6-nitroindoline with 5-U-trityk-arabinose, -D-fucose, -D- 

arabinose, or -r_-rhamnose gave the corresponding I-gIycosyl-6-nitroindolines, from 
which, after acetylation, dehydrogenation, and removal of protecting groups, l-a- 
and -j&L-arabinofuranosyl, I-/3-D-fUCOpyrZt.IIOsyl, l-a-D-arabinopyranosyl, and l-a- 
and -j?-L-rhamnopyranosyl derivatives of 6nitroindole were obtained. The sotigura- 
tion of the arabinose and fucose derivatives was established by p.m.r. spe:troscopy. 
Comparison of the p.m.r. and cd. spectra of the products obtained from the glycos~l- 
nitroindoles by application in sequence of periodate oxidation, borohydride recix%~n, 
and acetylation allowed assignment of the configuration of the rhamnose derivatives. 

INTRODUCTION 

Giycosylindoles are of interest as potential anticancer substances; I-CL-L- 

arabinopyranosyl derivatives of indole and some substituted indoles inhibit the 
growth of transplanted tumours in mice r. We now report the synthesis of some 
analogues of I-a-L-arabinopyranosylindole. 

RESULTS AND DISCUSSION 

Reaction of 5-U-trityk-arabinofuranose with 6nitroindoline in boiling alcohol, 
in the presence of ammonium sulphate, gave 6-nitro-1-(5O-trityl-L-arabinofuranosyl)- 

indoline (1) which, with acetic anhydride-pyridine, Save the diacetate 2. Dehydro- 
genation of crude 2 with active manganese dioxide in boiling benzene gave l-(2,3-di- 
O-acetyl-5-U-trityl-a-~-arabinofuranosyl)-6-nitroindole (3) and its @ anomer (4) in 
the ratio 19 : 1. Treatment of 3 and 4 for 5 min with boiling 80 o? acetic acid effected 

detritylation and gave 5 and 6. Deacetylation of 5 afforded I-a-L-arabinofuranosyl-6- 
nitroindole (7; 54 % overall yield). Some data on 3-5 and 7 are given in Tables I and II. 

The p.m.r. data (Table II) confirm the CL contiguration for 3,5, and 7, and the 
fi configuration for 4 and 6. For the pairs 3/4 and 5/6, the signal for the anomeric 
proton of the j? anomer is domeId relative to that of the c1 anomer. These data agree 
with the finding 2s3 that the deshielding of the anomeric proton in nucleosides where 
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NQ2 

I 

0 

OR w Q N 

TrOH2C 

6R 

lR=H 

2R=Ac 

3R= Ac,R’= Tr ; a anomer 

4 R = Ac,R’= Tr ; f3 anomer 

5R = Ac.R’=H ;U onomer 

6R= Ac.R’=H ;,d at~~mer 

7 R = R’= H:aanomer 

the aglycon and HO-2’ are cis is greater than that for the truns analogues. Due to the 
anisotropy of the indole moiety, the signals for AcO-2’ of the @ compounds 4 and 6 
are considerably up-field of the corresponding signals for the a anomers 3 and 5. 
Likewise, H-4’ in 3 or 5 is deshielded in relation to H-4’ in 4 or 6, because of the 
anisotropy of the aglycon, in a manner analogous to that for D-ribosyl derivatives of 
5- and 6-fluoroindole’. 

Using the above reactions, D-fucose was converted into I-j?-D-fucopyranosyl-6- 

nitroindoline (8) and the triacetate (9), and thence, via 10, into l-j?-D-filcopyranosyl- 
6-nitroindole (11). 

i)R 6R 

BR= H 10R = AC 

QR=Ac 11 R = H 

Analytical and p.m.r. data for 8-11 are given in Tables I and III, respectively. 
The magnitude (9 Hz) of .T1.,2,, for S-11 indicates that H-l and H-2 are tmm-diaxial, 
that the configuration is B, and that the conformation is “C,. The signal for AcO-2 
is shifted upfield by 0.25 p.p.m. in going from the indoline 9 to the indole 10, because 
of the anisotropy of the indole ring. This difference confkns the trum-diequatorial 
relationship of ‘the indole ring and AcO-2’, and reflects the preferred anti-conformation 

at the C-I’-N bond4. 
The a-D-arabinopyranosyl derivatives 1215 were obtained from D-arabinose 

and 6nitroindoline by using the reactions previously noted; analytical and p.m.r. data 
are given in Tables I and II, respectively. The magnitude (9-10 Hz) of J1t,2n and 
J 2s,3. indicates the axial orientation of H-1’,2’,3’, the a configuration, and the ‘C, 
conformation. 
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l2R= H 

13 R = AC 

14 R = AC 

15 R = H 

Comparison of the p.m.r. data for the indoline and indole derivatives 13 and 
14 reveak the anisotropic effect of the indole nucleus on the chemical shift of AcO-2 
in 14. 

Application of the above reactions to L-rhamnose gave, first, a mixture of 
6-nitro-1-j3-L-rhamnopyranosyhndoline and its cc anomer, as indicated by the double 
p.m.r. signais for Me-5’. The mixture was acetylated and the products were dehydro- 
genated to give a mixture of anomers (16/17) from which crystalline 6-nitro-1-(2,3,4- 
tri-O-acetyl-/I-L-rhanmopyranosyl)indoIe (16) was then isolated and deacetylated to 
give 6-nitro-1-/3-L-rhamnopyranosylindole (18). Deacetylation of the residual anomeric 
mixture (16/17) and repeated t.1.c. of the product gave the a. anomer 19, from which 
the triacetate 17 was obtained. The analyticaI data for 16 and 18 are given in Table J, 
and the p.m.r. data for 16-19 in Table III. 

16 R = AC 17 R = AC 

18R= H lSR= H 

The p.m.r. data for 16 and 17 do not allow unequivocal determination of the 

stereochemistry. From the values (9.5 Hz) of J3s,4n and .i48,5S for the j? anomer 16, 
a ‘C, conformation may be inferred; J1c,2e for 16 is 1.5 Hz. 

The p.m.r. spectrum for the cc anomer 17 in CDCI, contains a broad, two- 

proton singlet at 6 5.97 for H-1’,2’. In CsD6, the signai for H-2’ is a broad triplet at 
S 6.05 (signal width, 5.6 Ha), and that for H-l’ is shifted up-fieId and merges with 
the signals for H-3’ and H-4’, forming an unsymmetrical, three-proton multiplet at 
6 5.28-5.60. Thus, it may be concluded that Ji.,,. for 17 is > 2 Hz. 

Magnin et al.’ have shown -that the carbohydrate moiety in acetyIated L- 
rhamuopyranosyl derivatives of indole and 5-nitroindole is in the ‘C, conformation; 
for a pair of anomers, they suggested that the anomer having the larger JI.,2. vaIue 
has H-l’ axial and H-2’ equatorial, i.e., it is the ,!I anomer. However, for c1- and B-L- 
rhamnopyranose and the methy glycosides in the ‘C, conformation, it has reeentiy 
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been shown6 that the a compounds have the higher value of J1 s,2 ,. In the reactions 
described herein, we presume that the preponderant formation of the fl anomer 16 

is due to the preference of the bulky 6-nitroindole residue for the equatorial position 
(20). This view is supported by the conformational instability of the a anomer 17 
which, in solution, exists as an equilibrium of ‘C, and 4C, conformers (21+22). 

N 
MC! 0 

AcO @a OAK 
OAc 

NO2 

20 

AcO 

21 

Since the structure of the rhamnopyranosyl derivatives 18 and 19 could not be 
rigorously established by the p.m.r. method, the products of periodate oxidation 
w*re studied. Periodate oxidation of 1-glycosylindoles results in almost concurrent 
attack of the carbohydrate and indole moieties. However, the presence of a nitro 
group stabilises the aglycon and selective oxidation of the carbohydrate portion is 
possible’. Oxidation of 1-a-L-arabinopyranosyl (23), l-a-L-arabinofuranosyi (7), 
1-/3-r>-fucopyranosyl (ll), I-/3-r_-rhamnopyranosyl (18), and l-cr+rhanmopyranosyi 
(19) derivatives of 64troindoIe with periodic acid at room temperature gave the 
corresponding “dialdehydes” 24-28, which showed no i.r. absorption for carbonyl 
and had p.m.r. spectra indicative of complex mixtures of hydrated, cyclic acetal forms. 

TABLE IV 

PROPERTIFS OF COMPOUNDS 29-32 AND 34-38 

Compotind Yield RF u-v *JEtO= nm (log &) -* -max 2 Cd.: 

(%I (Silica gel) p3iOH 
-inns 9 

nm 0-u 

29 65” 
30 66= 
31 644 
32 66” 
34 65c 
35 70= 
36 66’ 
37 59” 
38 6” 

0.39d 
0.34d 
OSOd 
OSOd 
0.62e 
0.49= 
0.57= 
0.471 
0.37f 

250(3.89), 319(3.79), 352(3.68) 
250(3.93), 321(3.85), 365(3.76) 
252(3.98), 313(3.82), 360(3.7@ 
250(3.96), 320(3.88), 365(3.68) 
247(3.95), 316(3.83), 358(3.72) 
240(3.60), 316(3.83), 360(3.40) 
247(3.98), 315(3.86), 360(3.75) 
247(3.98), 315(3.87), 360(3.73) 
250(3.96), 320(3.88), 355(3.79) 

305 (il800) 
305 (+lsOo) 
305 (+ 1650) 
305 (- 1650) 
310 (il550) 
305 (fl500) 
305 (+2800) 
305 (-2800) 
310 (+650) 
267 (-950) 

%alculated on appropriate I-glycosyl&nitroindoIe. *Calculated on diaeetate 37. Kalculated on 
appropriate diol (or trial). dSolvent system: benzene-acetone (1: I). CSolvent system: benzene-acetone 
(4: 1). fSolvent system: carbon tetrachloride-acetone (10: 1). 
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TABLE VI 

MA.%? SPECIYRA OF ACETATES 34-38 

compouild Relative 
inremiry <“A 

Fragment 

34 350 6 
189 15 
87 100 

247 3 
43 75 

35 420 9 
261 13 

159 65 
247 9 

43 100 

36 364 10 
203 10 

101 63 

247 
43 

37 364 
203 

101 

247 21 
43 100 

38 364 
203 

4 
9 

101 39 
247 4 
43 100 

15 
loo 

21 
21 

74 

G3GrCH~Ac)+ 

zF--oAc)+ + 
&m~acHeo*c)+ 

CHa-OAc 
(AcO-CHS-CI%CH~OAC)+ 
(3%CH-CHa-OAc)* 
V=)f 

I 

(ACO-CH+ 

(B-CH-CI-I~A~)+ 
(AC)+ 

&CH&O-CHXH~-OAC)+ 
I 

(AcO-CH$i-Me)+ 
@-CH-CHs-OAc)+ 
(AC)+ 

mixture of the a- and #Crhamnosyl derivatives 18 and 19 followed by reduction and 
acetylation, was fractionated by t.!.c., and the pure ester 37 was saponified to give 
the alcohol 32. According to the p.m.r. data, the ratio of 18 and 19 in the initial 
mixture was ~6:l. 

Mass-spectra1 data for the acetates 34-38 are given in Table VI. Peaks for 
molecular ions @If) were observed, and decomposition of the molecular ions 
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paralleled that for the molecular ions of ethers’. Loss of the indole radical (B) from 
the most-branched a-carbon atom of the ether occurs, and other fragments are 
formed by cleavage of the ether C-O bonds (Table VI). 

In compounds 29, 30, 34, 35 (from x-L-arabinosyl derivatives), 33, 38 (from 
the a-L-rhamnosyl derivative), 31, and 36 (from the /3-D-fucosyl derivative), the 
glycosyl centre (C-l’) has the R configuration; in compounds 32 and 37 (from the 
D-L-rhamnosyl derivative), it has the S cotiguration. In 29, 30, 34, and 35, there is 
no second chiral centre; in the L-rhamnosyl derivatives 32,33,37, and 38, the second 
chiral centre has the S cotiguration; and in 31 and 36, it has the R cotiguration. 
Thus, the derivatives @x,36) obtained from the #?-D-fucosylindole are enantiomers of 
the derivatives (32,37) obtained from the p-L-rhamnopyranosylindole, and diastereo- 
isomers of the derivatives (33,38) obtained from the a-L-rhamnopyranosylindole. 

The p.m.r. spectra (Table V) of the enantiomeric dials 31 and 32 and the 
diacetates 36 and 37 are very closely similar, whereas those for the diastereoisomeric 
diacetates 36 and 38 are significantly different. Thus, the structures assigned to the 
derivatives 18 and 19 are confirmed. 

Further confirmation of the structures of the 6-nitroindole derivatives was 
furnished by the c.d. data in Table IV. Compounds 29-31 and 34-36, which have the 
R cotiguration at the chiral centre associated with the chromophore group, display 
positive Cotton effects. Derivative 38 (from the a-L-rhamnosylindole) has a positive 
Cotton effect, whereas 32 and 37 (from the /l-L-rhamnosylindole) have negative Cotton 
effects. The c.d. curves for the enantiomers 31 and 32 or 36 and 37 are symmetrical 
to the X-axis. Thus, the S configuration can be assigned to C-l’ in 32 and 37, in 
agreement with the p.m.r. data. Unfortunately, the data available are not sufficiently 
accurate to allow quantitative comparison of Cotton effects for 29-32 and 34-38. 
The corresponding derivatives 29/30 and 34/35 having only one chiral centre (C-l’) 
show similar Cotton effects. Comparison of the c-d. data for 29-32 shows that the 
introduction of a second chirai centre (C-5’) causes co change in the Cotton effect. 
Coincidence of the configurations of the chiral centres at C-5’ and C-l’ increases the 
amplitude of the Cotton effect, as shown by comparing the data for the acetates 36 
and 37 with those for 34 and 35. Different chirality at C-l’ and C-5’, as in the acetate 
38, decreases the amplitude of the Cotton effect as compared with acetates 34 and 35. 

EXPERIMENTAL 

General. - P.m.r. spectra were recorded with a JEOL JNM-MH-100 instrument, 
U.V. spectra with a Unicam SP-800 spectrophotometer, c-d. spectra with a Roussel- 
Jouan II Dichrograph, and mass spectra with an LKB-9000 instrument operating at 
70 eV with an ion-source temperature cf 80-90” and the direct-insertion procedure. 
Optical rotations were determined with a Perkin-Elmer 241 polarimeter. Silufol 
UV-254 and silica gel LCL,,, 5/40 were used for t-lx. Unless otherwise specified, 
RF values refer to Silufol. The yields and properties of the 6-nitroindole derivatives 
are given in Tables I and IV. 
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I-(2,3-Di-0-acetyl-IO-trityl-a- and -@..-arabinofuranosyl)-6-nitroindole (3 and 
4). - A mixture of 5-O-trityl-r_-arabinose’ (1.55 g) and 6-nitroindoline’” (0.8 g) in 
ethanol (150 ml) was boiled for 12 h. The alcohol was evaporated, and acetic anhydride 
(8 ml) was added to a solution of the residue in dry pyridine (25 ml) at 0”. After 
storage overnight at 20”, the mixture was poured into ice-water (1 L), and the 
precipitate (2) was collected, dried in vamo, and stirred with manganese dioxide’ 1 
(12 g) in benzene for 4 h with azeotropic distillation of water. The cooled mixture 
was filtered and concentrated, and the residue was subjected to t.1.c. (silica gel; 
benzene-acetone, 20 : 1, 4 developments) to give 3 (1.72 g), RF 0.36, and 4 (0.09 g), 
RF 0.32. 

I-(2,3-Di-O-acetyl-a- and -/3-L-arabinofuranosyI)-6-nitroindole (5 and 6). - A 
mixture of 3 (I.72 g) and 80% acetic acid (17 ml) was boiled for 5 min, then cooled, 
filtered, and concentrated in vacua. The oily residue was subjected to t.1.c. (silica gel; 
chIoroform_ethyl acetate, 3 : 2). The zone with RP 0.19 was eluted to give 5 (0.9 g) 
as an oil. 

In a similar manner, 4 (0.09 g) was converted into 6 (0.04 g, 72.9x), R, 0.22. 
I-a-L-Arabinofuranosykhzi~roindole (7). - To a solution of 5 (1.25 g) in 

methanol (15 ml) was added methanolic 0.1~ sodium methoxide (3 ml). The mixture 
was stirred at 20° for 15 min, neutralized with Dowex-50(Hi) resin, filtered, and 
concentrated. The residue was triturated with water to give 7 (0.88 g) as a solid foam, 
RF 0.31 (benzene-acetone, 1: 1). 

I-fl-D-Fucopyranosylthifroindoiine (8). - A mixture of D-fucose (5.26 g), 
6nitroindoline (5.8 g), and ammonium sulphate (1.4 g) in ethanol (700 ml) was boiled 
for 12 h, cooled, stirred with active carbon (1 g) for 10 min, Cltered, and concentrated 
in vacua. The residue was triturated with chloroform to give 8 (7.23 g) as a solid 
foam, RF 0.27 (benzene-acetone, 2 : 3). 

6-Nitro-I-(2,3,4-tri-O-acetyZ-~-D-fucopyranosy~indoZine (9). - To a solution 
of 8 (6.73 g) in dry pyridine (150 ml) was added acetic anhydride (70 ml) at 0”. The 
mixture was stored overnight at 20° and then poured into ice-water (5 L). The 
precipitate (6.47 g) was collected, dried in vacua, and recrystalhsed from ethanol to 
give 9, m-p. 135-137O, R, 0.42 (benzene-acetone, 10: 1). 

6-Nitro-I-(2,3,4-tri-O-aceiyl_B-D-fucopyranosyl)indoie (10). - A solution of 9 
(5.47 g) in dry benzene (250 ml) was boiled and stirred with MnO, (28 g), with 

azeotropic distillation of water, for 7 h, and then cooled, filtered, and concentrated. 
The residue was crystalked from ethanol to give 10 (3 g), m.p. 146-147”, RF 0.32 
(benzene-acetone, 10: 1). 

I-/?-D-Fucopyranosyl-6-nifroindole (11). - Deacetylation of 10 (2.5 g), as 
described for 7, gave 11 (1.62 g), m-p. 105-107”, RP 0.43 (benzene-acetone, 2:3). 

I-a-r%ArabinopyranosyM-nitroindohne (12). - Reaction of D-arabinose (30 g) 
with 6-nitroindoline (3.5 g), as described for D-fucose, gave 12 as a solid foam, 
RP 0.5 (benzene-acetone, 2 : 3). 

6-Nitro-I-(2,3,#-tri-O-acetyl-a-D-arabinopyr~osy~i~oiine (13). - Acetylation 
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of 12 (4.2 g), as described for 8, gave 13 (5 g), m.p. 78-80” (from ethanol), RF 0.32 
(carbon tetracbIoride-acetone, 4: 1). 

6-Nitro-I-(2,3,4-tri-O-acety~-a-D-arabinopyranosy~in~ie (14). - Treatment of 
13 (4.5 g) with MnO,, as described for 10, gave 14 (3.44 g)), m-p. 157-157.5° (from 
ethanol), RF 0.23 (carbon tetrachloride-acetone, 4: 1). 

I-a-D-Arabinopyranosyl-6-nitroindole (15). - Deacetylation of 14 (2.2 g), as 
described for 7, gave 15 (1.5 g), m.p. 192-193” (from methanol), RF 0.23 (benzene- 
acetone, 2 : 3). 

6-Nitro-Z-(2,3,4-tri-O-acetyl-a~-L-rh~nopyr~osy~indole (17,lfS). - A mixture 

of L-rhamnose (3 g), 6-nitroindoline (3 g), (NH&SO, (0.76 g), and ethanol (100 ml) 
was boiled for 12 h, cooled, stirred with active carbon (0.5 g) for 10 min, filtered, and 
concentrated in vaczzo. The residue was crystallized from methanol to give 6-nitro-l- 
a/3+rhamnopyranosylindoline (4.07 g), a portion (3 g) of which was conventionally 
treated with pyridine (70 ml) and acetic anhydride (30 ml) to give an anomeric 
mixture of triacetates (3.46 g). A portion (2.9 g) was treated with MnO, (12 g), as 
described for 9, to give a mixture of 16 and 17 in the ratio 5: 1 (p.m.r. spectroscopy) 
as a solid foam. Crysta!.hsation of the mixture from ethanol (30 ml) gave the /3 anomer 
16 (2.43 g), R, 0.45 (carbon tetrachloride-ethyl acetate, 4: 1). 

6-Nitro-l+-L-rhzzmnopyranosylindole (18). - Deacetylation of 16 (1 g), as 
described for 7, gave 18 (0.63 gj. RF 0.36 (ethyl acetate). 

6-Nitro-I-a-L-rlzamnopyrartosyZindole (19). - The mother liquor from the 
crystahisation of 16 was concentrated and the residue (0.5 g) containing 16 and 17 
was deacetylated, as described for 7. 6-Nitroindole was extracted from the product 
with chloroform, and the residue (0.28 g) was subjected to t.1.c. (silica gel, ethyl 
acetate, 4 developments) to give 18 (0.02 g), a mixture of 18 + 19 (0.07 g), and 19 
(0.07 g), RF 0.29 (ethyl acetate). 

Treatment of 19 (0.04 g) with acetic anhydride and pyridine, as described for 
8, gave the triacetate 17 (0.05 g, 94%) as an oil, [a];’ - 128” (c 1, chloroform), 
R, 0.45 (carbon tetrachloride-acetone, 4: 1). Mass spectrum: m/e 434 (5 %), 273 (IS), 
81 (48), and 43 (100). 

Periodate oxidation of I-glycosyl-6-nitroindoies and reduction of the resulting 
dialdehydes. - (a) To a solution of the I-glycosyl-6nitroindole (7, 11, or 23; 0.5 g) 
in methanol (20-100 ml) was added a solution of periodic acid (0.98 g; 0.49 g for 7) 
in water (20 ml). The mixture was stored overnight at room temperature and then 
extracted with chloroform. The extract was washed twice with water, dried (NazS04), 
filtered, and concentrated, and the residue was dried ipr YCICUO. 

The dialdehydes (24-26) were obtained as yellow, amorphous substances. A 
solution of each in ethanol (40 ml) was stirred with NaBH, (0.2 g) for 0.5 h at 20”. 
33ach mixture was treated with Amber& CG-12O(H+) resin to pH 6, filtered, and 
concentrated, and methanol (5 x 6 ml) was distilled from the residue. Each residue 
was eluted from silica gel with acetone to give the alcohol (29-31) as a yellow oil. 
Each alcohol was treated with acetic anhydride (5 ml) and pyridine (10 ml), as 
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described for 8, and the crude product was eluted from silica gel with acetone to give 
the acetate (34-36) as a yellow oil. 

(6) 6-Nitro-1-a/?-L-rhamnopyranosyLindoIe (0.34 g; 18 : 19, 6 : l), described 
above, was oxidised and reduced, as described in (a), to give a mixture of dials 32 
and 33 (0.2 g, 65 %) in the ratio 5 : 1 as indicated by p.m.r. spectroscopy. The mixture 
was acetylated, as described for 8, to give a yellow oil (0.17 g) which was subjected 
to t.1.c. (silica gel; chloroform, 4 developments). Fractions with R, 0.47 and 0.37 
were extracted with acetone to give the diacetates 37 (0.155 g) and 38 (0.015 g), 
respectively, as yellow oils. 

The diacetate 37 (0.06 g) was deacetylated as described for 7, the product 
was subjected to t.1.c. (acetone), and the fraction with RF 0.5 was extracted with 
acetone to give dio132 (0.03 g, 66%) as a yellow oil. 
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