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Abstract The lirsr mdolc analoguc of nuclcosldc I_([~-p-rlhofuranosyl)~ndolc has been prepared by 

the “mdohnc mdolc method” 

Tbc condcnsarlon of S-O-trltylrlbosc wth lndohnc rcsulrcd m S-O-rrlrylrlbofuranosyllndoline (II) whose 

rcwylauon led IO I_(r~-~S’-~rnlyl-2’.3’.dl~~~cc~ylrlboranosyl~~ndol~ne (III) The appropnatc mdolc 

dcnvattvc IV was ohtatncd by dchydrogcnallon ol III The rcmotrl ol lntyl and accryl protccnng groups 

gave I_(I,-P-rlhofurirnosylllndolc (VI) The structure ol VI uas conlirmcd hy SalO, oxldalton ;LS well 

as by NMR and IR spectral analysis 

I-(;I,Y~~OSYLISIX~LES arc’ of mtercst s among Ihc analogucs of nuclcoslda some 
substances possess high biological activity. Furthermore. the introduction of a 
glycosyl residue into an indok derivative containing pharmacologically active groups 
may result in a compound with new valuabk properties. This work has been stimu- 
lated by the discovery of tubercidine and toyocamycin antibiotics which are pyrrolo- 
pyrimidine analogues of nuclcosides. ’ ’ The methods us4 for the synthesis of purine 
or pyrimidine nucleosides can not be applied 10 the synthesis of I-glycosylindoles. 
but application of the indoline-indok method. for the inrroduction of substituents 
into the benzne nucleus of the indok system. made it possible lo synthesize I-(D-D_ 
glucopyranosyl)indole,-’ l4D-p-galactopyranosyl)indole, 14r+ribopyranosyl)-in- 
dole’ as well as I-(t+ribopyranosyl)-6-nitroindole and 14t>-p-ribopyranosyl)+ 
aminoindolc. 

By boiling S-O-tritylribose (I) with indoline in alcohol crystalhne I_(D+-5,-O- 
tritylribofuranosyl)indoline (II) was obtained and acctylated lo l-tt+5’-Mri~yl-2’. 
3’-di-0-acetylribofuranosyl)indoline (Ill). The latter was dehydrogenated by boiling 
with dicyandichlorquinonc in xylene. When chloranile was used in this reaction only 
ncgligiblc amounts of the indok derivative IV wecc obtained. 

In addition lo 1 +-p-5’Qtrityl-2’.3’diQacetyl-ribofuranosyl)indok (IV) a mixture 
of substances was also obtained in the course of dehydrogenation of III. To 
separate IV, the reaction mixture was subjected to column chromatography with 
aqueous silicic acid in benzene and the process was checkal by TLC (Fig. I). The 
first fractions containing indok substances were not identilied. Thes fractions were 
followal by triphcnylcarbinole. then fractions containing IV and finally fractions 

’ K AnTal. G hakamura and S Suzaky. J Anfthwr~cs. To&go At& 201 (1957) 

’ Y Mtzuno. M lkchara and K A Watanabe. (‘hem Phurm Bull. 7’14)~ It (X). 1091 (1963) 

’ N. N Suvorov and %I. N. Preobrazhcnskaya %hOCh 31. 1839 (IWI); Chem ~hsrr. 56 14386 (IWZJ. 

’ M S I’reohra?hcnskaya M M Vlgdorchlk and S N Suvorob. Rwlogrrullp ucrw compounds p ho 

I;rd “Nauka”. Moskva ( 1965). (‘hem Ahw 64. 790 (1966) 
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containing unreacted III. l-u-~-5’-O-Trityl-2’,3’di-O-acetylribofuranosyl)indole (IV) 
is an amorphous substance without a clearly defined m.p. 

The trityl group was removed by boiling IV in go”,, acetic acid and the l-(u-j3-2’.3’- 
di-O-acetylribofuranosyl)indole (V) separated by column chromatography with 
aqueous silicic acid in benzene; the process being checked by TLC (Fig. I) The first 
fractions were unidentilicd indole substances followed by triphcnylcarbinok and 
unreacted IV. The product V was eluatcd with ethyl acetate as a dark-coloured oil. 
which according to paper chromatography. contained a small amount of P_pyrano- 
side and, probably. one or two z-anomeres. Crude I’D-p2’.3’-di-O-acetylribofur- 
anosyl)indole obtained after column chromatography was dcacetylated by the 
Zempkn method in the presence of barium methylate. l-(r)-g-Ribofuranosyl)indole 
(VI) was separated by column chromatography with AI,O, in an acetone water 
system (in ratio 7: I). the fractions being checked by TLC (Fig 2) It was found that m 
addition IO I-(u-g-ribofuranosyl)indok (VI) and imtial IjD-8_2’.3’di-&acetylribo- 
furanosyl)indole (V) the reaction mixture contained a substance (in a quantity of I “;,) 
for which during TLC on I,O, an R, value corresponding to authentic I_cD-/3- 
ribopyranosyl)indok (Fig. Q ) was obtamcd. In case of the chromatography on paper 
treated with borate buffer (ph X.7) in the systtzm n-butanol pyridine water (6:4:3) 
the N, value of the by-product agreed with that of authentic 1-(r+ibopyranosyl)- 



FIG I Chromatogram of products of dehydrogcnatlon (a) and dctnlylatton (b) rcachons 

on a thm layer of SI~ICIC aod m benzene I V R, 0, ? 111 R, 025; 3 IV R, 035; 4 ‘Trl- 

phcnylcarbmolc R, 0 5. 5 Nor-ldcnWicd substances of mdole nature R, 0 95 

I,‘Ic, 2 Chromalopram tfi reactiOn products of rhc dcacclylarwn d product V on a rhm 

layer of AI,O, In the acetone water (7 I) system. 

(a) I VI R, 0 I ?. 2 By-products R, 0 X2, 3 V R, IO 

th) 4 I-tr>-ft-rtbopyranosylhndolc R, 0 82 

indok (R, O-9) (l-@f&ribofuranosyl)indok R, 0.73). In some cases during the chroma- 
tography in this system it was possible to observe the formation ofanother by-product 
(with R, 032). This by-product and l@+-ribopyranosyl)indok could not be re- 
solvex! by TLC on AI,O,. 
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FIG 3 Plrpcr chromaraeram of acc[ylatcd rlbwhndolcs clhc d~mc~hylformam~dc cgclo- 

hcxanc. mowng phase) 

la) Acxlylalcd I-It)-p.rlbofuranosyltlndole R, 0 35 

tb) Products of the acxlylatlon of crude product V- I H, 0 26. 2 R, 0 35. 3 R, 043 

(CI Asetylatcd by-producls aflcr lsolaflon of producI VI. I R, 0 26. 2 R, 043 

td) I_(r,-B-In-O-acclyIrlbopvrano~yl)lndolc R, 043 

The acetylation of I-(D-P-ribofuranosyl)indo& and I-@-&ribopyranosyl)indole 
yielded the respective acetates. which analysed by chromatography on paper im- 
prcgnatcd with dimcthylformamide in cyclohexane showed R, values of the known 
I_(r,-P2’.3’.4’-tri-O-acctylribopyranosyl)indok and acetylated I_(@-ribofuranosyl)- 
indolc (Fig. 3). Fig. 3 also presents a chromatogram of a product obtained during 

C’l~,OH () 
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0 
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acetylation ofa detritylated substanclc (not participating in the deacetylation reaction). 
As it can be seen from the chromatogram that in addition to the acetylated 1+-p 
ribofuranosyl)indole, the mixture also contained acetylatal I+$-ribopyranosylb 
indole, as well as a spot corresponding to a substana whose structure was not identi- 
lied. These by-products are not formed during deacetylation of V, but occur during 
removal of the trityl group in acid media It is possibk that in addition to the recycli- 
zation with the formation of a ribopyranose derivative anometition also can take 
place. The mechanism of recyclixation seems to bc due to the formation of an acyclic 
carbonium ion (VII)’ which closes again The yields of a-anomers of furanose or 
pyranose can not be high due to conformational and conligurational difficulties. 

I+-&Ribofuranosyl)indole is an amorphous powder which retains traces of 
solvent. 

The oxidation of VI in accordana: with the Malaprade method confirmed its 
furanose structure. Although indok could be oxidized with NalO,? at room tempera- 
ture this process proceeds very slowly (from 8 to 24 hr) In the course of oxidation of 
I-glycosylindole, the zdiole part of a molecule is probably attacked first. This was 
supported by results obtained during oxidation of l-(~~glucopyranosyl)ndole. 
I-(~+-ribopyranosyl)indole, l-@-/3-ribopyranosyl)&nitroindok and l-(t+ribo- 
furanosyl)indok (VI). Table I shows the relationship between the structure of l- 
glycosylindole and the number of moles of an alkali required for titration of the acid 
formed during oxidation. The relationship is given with respect to time intervals 
after mixing the oxidant and the substrate. 

‘TAB1.E I 

Rclatlonshlp bcrwccn glycosldc and alkah required for 

titration of acid formed dunng oxtdation. moles 

Time - -. _ .- 

iiq%gluco- Ido-bribe- I ir+nbo- 

pyranosylhndole pyranosyl(mdolc furanosylbndole 
. -.- --. 

IS mm I .0992 I 0995 I :OQ3 
I hr I.1041 I :0995 I :03 

2 hr 1.1.13 I :0995 I .019 

3 hr I.1 26 I.103 I :ozs 

24 hr I:I 32 I .I.39 I :040 

During the first hour the formation of one mole of formic acid was observed in the 
case of glycopyranosylindole but not in case of ribofuranosylindole. 

The structure of VI was confirmed by IR and NMR spectra The IR spectrum of VI 
differs from that of l-(c+ribopyranosyl)ndok in the “fingerprint” region. In the 
spectrum of VI the absorption assigned to the symmetrical ring-breaking of the 
furanose is observed in the region of 930 cm - ‘. Other absorption regions typical for 
furanoses are masked by the presence of the indok ring.‘. * 
’ P Nuhn and ci Wagner. Dir Phmwr~r 21. No 5.261 (1966) 

e L J Dolby and D L Booth. I Am Chum Sot. (111. 1049 (1966). 

1 S A Barker and R Stephens. J. Chm Sot 4550 11954). 

’ P Nanas. E Nemcs Nanau and E Cerlcttt. Gozr Chrm 1101 95966.975 (1965). 

JK 
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The NMR spectrum of l-(D-~ribopyranosyl)ndole (Fig 4) is characterized by 
the presence of a doublet with chemical shift T = 44 ppm and J = 9 c~s belonging to 
anomere proton. The value J indicates a g-configuration of the glycoside. Taking into 
account the constants of spin-spin interaction of other protons of the ring confotma- 
tion CI can be ascribed to the I-(r)-B_ribopyranosyl)indole. The NMR spectrum of VI 
is analogous to the spectra of nucleosides and resembles that of 9++ribofuranosyl) 
purine (antiobiotic nebularme’). The chemical shift of the anomere proton lies in a 
weaker held than in case of I+-P_ribopyranosyl)indok (T = 4.1 ppm. J = 5 c/s). The 
presence of a multiplet in the region of a strong field T = 6.27 ppm belonging to 

FIG 4 NMR spectra of I_(t~-I)_rthopyranos)-I)Indoklaand bland I_(t,-P-r,boluranos)lhndolc 

(c and dj. a and c m CI>,COCD,. h and d In CD,<‘O<:D, - <‘F,COOll 

fbt I Protons of tndolc nucleus. 2 H’ : 3 H2. H’; 4 H’. H’ 

Id) I Protons 0r mdOlc nucleus ,? HI.3 It’. ii”.4 11’. 5 H’. II’ 

protons at C, is noteworthy. The values of constants of spin-spin interaction do not 
contradict the C,-endo conformation inherent in natural purine nucleosides. The 
values of [z]u and [M]n of VI are close to the [ zlo and [Ml,, values of a condensed 
pyrrole nucleoside (VIII).“’ 
For (VI): [z];” = -7.1”. [Ml;’ = -7.1 x 249.2 = - 1769.32 
For (VIII): [z];” = -6.7’. [M]iO = -6.7 x 269.2 = - 180364 

” ‘I’ Hashwtmc and H lwamura I’rrruhedron I.crrrrs No 6. 643 I IY66) 

” Y Mtzuno. M Ikehara. K A Watanabe and S Swakp. J Org Chrm 2.8. 3331 (IV631 
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According IO the data obtained by Jardetzky, unlike the pyrimidine nucleoside with 
C,-end0 conformation and positive specific rotation, ’ I.” the purine nucleosides have 
C,-endo conformation and negative specific rotation. As the value [z]n of condensed 
pyrrole nucleosides is smaller than that of the purine nucleosides it may be supposed 
that in case of condensed pyrrole nucleosides C2 the ribose atom lies just outside the 
plane of the furanose ring. 

The NMR spcc~m wcrc measured wrth TMS as rmcrnal standard usmg a JKMQH100 ms1rumcru 

posscssmg opcralmg frequency of 100 mc 

Iir~-~S’-Orrtr~/r~~ur~~~s~~~~o/i~ (111 lndolmc (2 I ml) was added IO a borhng soln of S-Mrtryl- 

nbosc (30 g) in abs IitOH (75 ml) and (he mtxiure was healed unda rcflux for 3 hr and 1hcn evaporarcd 

III IUCUO IO 4th of IIS uuual volume and kept m a refngeraror ovcrmghr The ppi was recrysialhzcd from 

abs ErDH wrlh acnvared charcoal yrcldmg 24 g (63 SOJ of Il. m p 132 135’ [a]: -2X 3 (c 3. Cl(Cl,) 

(Found. C. 77 7X; IL 6 33. N. 2 X3 C,,H,,NO, requrra. C. 77.98: H. 6 IX; Ir;. 2 XX”, ) 
I _(u-g-5’.@rrrryl-2’3 -dc-O-acerylrrho/urclnr~s~~~~[~/i~ (Ill) A~XIIC anhydndc (30 ml) was added IO the 

soln ol II (24 g) In dry pyndme (4X ml) and Ihe mixiurc incubated for 6 hr a1 20 and for I2 hr a( 0 

The soln uas then pourcd IWO ? I of Ice-waler and the pp~ Iihercd. washai wrih water and dncd ar 40’. 

yreldmg 24 g (86”,) of Ill. m p 65 67 The sampk for analvsrs was obiamai by rccrysialhrauon from 

FrOH waler (S:l) with charcoal. mp 70 71 [z]: + 7 36 k- 4. CIICI,) (Found. C. 74 XX: H. 603; 

S. 2 3X <:,,ll,,KO, requlra: C‘. 741). H. 6 10; N. ?-42”,) 

I-(1)-g-5 -O-rrcr~/-2’.3~-d~-0-acef~/riho/uronos~~Lndu& (IV) Compound I11 (24 g) was d(ssolvcd m hoi 

dry xylcne (Ro ml) and 2.S ml of IRK xylene wcrc then dlsirllal off from the win IO remove traces ol morsiurc 

Drcyandrchlorqumonc (IQ g) was added IO rhe resrdw and the mrxiurc surrcd for I hr ai 60 7@ and then 

heared under rcllux for 3 mm The colour changed from red IO brown and a pp of dlcyandrchlorhydro- 

qumonc was produced After kccpmg m a rcfngcraior ovcrmght the mass was hhcrcd and rhe Iilrraie 

evaporalcd rn I’UNO ‘The rcslduc was dlssolvcd m 7 ml of bcnzcnc and placed on a column wnh aqueous 

SI~ICIC acid IL = .30 cm. d - 30 mm) The product was clualai with benlrne and a check made by 

chromalography on a 1hm layer of SIIICIC acd m bcnrrne (Fig I) The cvaporatron of the fracirons 

conlarnmg only IV yrcldcd an 011 whrch was drssolvcd m 5 ml of E(Otl and poural mio 100 ml of Ice-waler 

A pp~ of IV (I 2 g: SO”,) tn the form of amorphous powder was oblamcd. [z];“ + IX 4 (c l-5. CHCI,) 

(Found. C. 75 19; Il. 59X. S. 2 21 <‘,611,,h’0,, rcqurrcs’ C. 75 I I, t1. 5 7X. N. 243”,) 

Iqr>-g-2 .3’-DtOacer~lrthr~~u~u~~ls~r)i~o~e (V) A mrxiurc coniarnmg I 2 g ol IV and 30 ml X0”, A&H 

was hcarcd under rcflux lor I5 mm and then mcubaicd for 48 hr a1 20 .ti AcOH was drsr(lkd din MCW 
McOfl wu added several urna IO rhc rcsrduc and also evaporated Finally rhc restduc was drssolvcd rn 

5 ml bcnrenc and pIa& on a column wr(h aqueous SI~ICIC acd (I. - 25 cm. d = 20 mm) The fracrrons 

dud wet-c checked by chromaiography m a thm layer of SIIICIC acd m benzene (Frg I) Aria rbe by- 

products and IV had been removed bcnrcnc was replaced by AcOEl and produa V clu~ai Fvaporairon 

of (he ArOFl ylcldcd V (04 g) m (he form of a darksolourcd 011 

Ii <‘h D Jardclrky. J Am Chem SW 82. 22Y (IY60) 

” Ch D Jardcrrky. I Am C’hem Sor 84. 62 (1962) 
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I-+~Ribojimv~~syf)indoindok (Vlk 4 Drop d barium me(hylatc soln were added IO V dlsaolvcd m 7 ml 

of abs MeOH and the mrx(urc kept for I2 hr a( 20’. Warcr (7 ml) and @IN H,SO, (ca I ml) were added 

until IRK soln had a pH of 5.5 6. Aha mixtng rhoroughly for 20 mm @5 g of RaCO, was added and rhc 

mixrurc srurcd for IO mm and (hen tiltered The Iihrarc was (reared wuh 0.1 g acnvarcd ncu~ral charcoal 

and cvaporalcd rn rylcyo The residue was dlssolval m 3 ml d accronc waler (7. I) m)xrure and placed on a 

column wuh Al,O, (L = 4Ocm. d = 2Omm). The fracnons clu~cd were checked by TLC (Fig 2) The 

fracnons conlammg only VI were collcc~cd and afla evaporauon yieldad & I2 g of VI (23 “0 srarung from IV) 

m ~hc form of amorphous subslancx slowly solubk m waler and pcrfcc~ly solubk I” alcohol and acetone. 

[xl;” -7.1 (c 2.g. CH,Otl) (Found: C. 6240. H. 620, N. 5 65 C,,H,,NO, rqulra. C, 6264; H. 606; 

N. 5.61 “,.) 

Oxidcrion ofglycusrlrndolcs I-(o-g-Glucopyranosyl)indok (0 5407 g) and NatO, (I 23 g) wem drssolvcd 

In H)ml of dlsrlllcd waler IO ml-samples d rhe reachon mrx(um were u(rarcd wuh @I N NaOH in the 

prcscncr of methyl-red 

I-(@-Ribopyranosylbndok and I-(o-g-nbofuranosyl)mdok wcrc oxidrzad under similar condulons 

See Table I. 
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