ANOMALQUS NUCLEOSIDES AND RELATED COMPOUNDS
XVIO.* SYNTHESIS OF 1- AND 2-GLYCOSYLBENZOTRIAZOLES

V. P, Chernetskii, E. E. Rengevich,
L.S. Usenko, and I, F, Franchuk

N;- and N,-benzotriazolylribo~, -xylo-, and -glucopyranosides were synthesized in a search
for nucleic exchange antimetabolites by the condensation of the silver or chloromercury salt
of benzotriazole with acetobromo sugars with subsequent removal of the protecting groups.
The silver salt results in the predominant formation of N;-glycosides, while N,-glycosides
predominate in the mixture when the mercuric salt is used. The site of addition of the sugar
to the base and the g8 configuration of the glycoside center were proved on the basis of the
UV, IR, and PMR spectra. The antitumorigenic activity of the synthesized benzotriazolyl-
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glycosides was established.

Benzotriazole and a number of its derivatives, which are structural analogs of purine, have biological
activity [2-5]. An increase in activity, a broadening of the spectrum of biological activity, and a reduction
in toxicity can be expected when they are glycosylated.

The synthesis of Ny-benzotriazolylglycosides including ribofuranose, and gluco-, galacto-, and arabo-
pyranose residues by the silyl method was described in [6,7]. There are no data on their biological activity.

We have synthesized N,- and N,-benzotriazolylribo- (IX and XII}, -xylo- X and XIII), and -gluco-

pyranosides (XI and XIV).
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Fig.1., UV spectra in ethanol: 1) 1-
methylbenzotriazole; 2) 1-8 -D-ribo-
pyranosylbenzotriazole; 3) 2-methyl-
benzotriazole; 4) 2-g -D-ribopyran-
osylbenzotriazole.

The condensation of the chloromercury () or silver (II)
salt of benzotriazole with acylated haloglycosides in refluxing
xylene results in the formation of a mixture of isomeric acylated
benzotriazolylglycosides. The silver salt gives predominantly
N, -substituted benzotriazoles, while the chloromercury salt
gives primarily N,~glycosides. The acetyl protecting group was
removed with ammoniacal methanol,
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*See [1] for communication XVII.

Molecular Biology and Genetics Sector, Academy of Sciences of the Ukrainian SSR, Kiev. Translated
from Khimiya Geterotsiklicheskikh Soedinenii, No. 10, pp. 1429-1432, October, 1971. Original article sub-

mitted June 23, 1970.

© 71974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17¢th Street, New York, N. Y. 10011.
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means,
electronic, mechanical, phatocopying, microfilming, recording or otherwise, without written permission of the publisher. A
copy of this article is available from the publisher for $15.00.

1334



"%%°G H 938 D
*%%'G H 9°39 O
%S HEIT¥S D

‘poje[nolED "HI'S H *0°E€S D
‘porenore D) “%F°'S H *9°8S D
‘poyemorR) "%0°S H *E€°PS O

punod ¢
Ipunod,
‘punody,

‘JOUBYIO SEM JUSA[OS UOTIBZI[[RISAIO oYL,
‘JOUBYloUWL SBM JUOATOS UOIIBZI[[BISAID AR
‘1Asourafdoon]B1£1008-0-BI301-9°F ‘G ST DOV pue ‘[AsousiAdo[fx-(- §-141008-0O-111-3°¢‘Z SI qgov
‘I4souerfdoqri-q-g-1£190€ ~O-1X3-F°€*g SI Yoy ‘[dsourafdoos]d st O ‘[dsomeafdordx st g ‘1Asoueaddoqia s1 Ve

a8 aurpri4d 81/ Gy— (00'9)a82 *(209)8L2 SL'O| 1801 €80 | 677 | TGl SOENETEELD 2802902 o) AIX
68 1M 22 ey — (60'7)98Z (S7'7)8L2 L0 | 980 | 980 | L'9F |89} YOENCIH'D | 5612 LIE q 1Y
16 mrEM eaBE— (01:%)582 :(91'7)8L2 SLO | 80 | 680 | L'9} | 89T FOENETHD) 5987 v X
98 - — (09'¢) 182 “(g8'¢)¥se 0L0 | 020 09'0| — |°— — 861 L6 o] dX
08 — — (c9'e)esg :(98'g)ese 29°0 | 090 [ 09'0 | 2'91 | 297 FOENEIHTTD 85T—LE1 q X
ql — — (0'€)282 (z8'e}yse 09°0 | 190 | 19'0 ] L9 | 697 YORNSTH') | g 1850} \ X1
0L UIIOJOIOTHD 228 07— (g0'7)982 *(60'7)8L2 960 0 | %60] €6 | 2'6 POENEEH™D) | 5861961 DoV | IIIA
8¢ JouBmo +2§'98— (L8'e)eez *(e6'e)8Le %60 | 0 180 | VIV | p0'1) LOPNTTHYD | 29119} gov - |'TiA
4 fouena s l8— (68'€)e8z *(L6'€)8LT S6'01 0 060 | ¥’ |TTH LOSNTHAD | 5851 LSt Vov | IA
99 U110} 00T +25 19— (17'€)esg Hov'glvee — = = =] = — 2 811 —LIE 29V | A
gy 103010113 #2088~ (79'8)28¢ H98'e)yez G601 0 | g60| ¥ 803 LOENSTHEED 5 gGI—YST gov | Al
Lz ULIOJOIOTTO 22€'g8— (gL'eizse *6L'e)vse 060 0 | 060! 15| TN HONUTHUD | q eSr—Ist voy | III
1USATOS an (2 Boy) -5120 | puno: .
% ‘PIOIX . * wn KT cpgoods An 0 g1V | PR prnuoy reorndurg 0, ‘duw Lo |dwog
uonelo: oyroadg fy % ‘N
AX— 11X 1A -IA IX-X1 ‘A-fp}

q
|

O
S

SO[0ZBIII0ZUS[AS0IA[D~Z pue ~T Jo sonpaedoid "1 A IAVL

1335



The site of addition of the carbohydrate residue to the base was established by comparing the UV
spectra with the spectra described in [8] for 1-methyl- and 2-methylbenzotriazoles (Fig. 1).

It is known that the stereochemistry of the glycoside bond in nucleosides obtained by this path is con-
trolled by the 2-acyloxy group of the sugar, Regardless of the initial configuration of the atoms attached
to Cy—C,, nucleosides with a trans C;—C, configurafion are formed in the process. On the basis of this,
one might have expected the formation of nucleosides with the 8 configuration of the glycoside center. In
fact, the PMR spectrum of XIV contains a doubiet signal from an anomeric proton with a chemical shift of
7 4.16 ppm and a spin—spin coupling constant of Jy,,, 8.9 Hz, which is characteristic for an axial hydrogen
attached to the glycoside atom of g -nucleosides [10].

The IR spectra of the free benzotriazolylglycosides have bands of medium or strong intensity at 890-
915 em™! that correspond to the deformation vibrations of an axial hydrogen atom attached to the glycoside
atom of g -sugars.

The molecular rotation of XIII (M]p-108) coincides with the rotation of g -methylxylopyranoside [11].

The pyranose form of the ring in the benzotriazolylglycoside is confirmed by periodate oxidation [1.9
and 1.98 mole of sodium periodiate, respectively, were expended in the oxidation of 1 mole of the benzotri-
azolylribosides (X, XII) and benzotriazolylxylosides X, XII)].

In acidic and alkaline media, the Ny-benzotriazolylglycosides are two to three times more stable than
the corresponding N, derivatives.

According to preliminary data, some of the synthesized benzotriazolylglycosides have antitumorigenic
activity in experimental tumors of mice and rats,

EXPERIMENTAL

Leningrad B paper was used for ascending chromatography in the following systems of solvents:
water-saturated butyl alcohol (A), butyl alcohol-saturated water (B), or butyl alcohol—acetic acid—water
(5:2:3) (C). The chromatograms were developed in UV light,

The UV spectra of ethanol solutions were recorded with an SF-4 spectrophotometer. The IR spectra
of KBr pellets were recorded with a UR-10 spectrometer. The PMR spectra of D,O solutions were re-
corded with a Varian-A60A spectrometer at 40°. The external standard was tetramethylsilane.

1-(2',3',4'-Tri-O-acetyl -8 ~D-ribopyranosyl)benzotriazole (III). A 4.5-g (13 mmole) sample of aceto-
bromoribose in 30 ml of xylene was added to a refluxing suspension of 3 g (13 mmole) of II in 250 ml of dry
xylene after one-fifth of the solvent was removed by distillation, and the mixture was refluxed for 3 h and
cooled. The silver bromide was removed by filtration, and the filtrate was vacuum-evaporated. The syrup
was diluted with a small amount of methanol, 15 mi of petroleum ether was added, and the mixture was al-
lowed to stand for crystallization to give 1.35 g of III as colorless prisms. According to UV spectroscopy,
the mother liquor contained a mixture of IIT and VI with predominance of the Ny~isomer.

Compound IV was similarly obtained (T'able 1).

1-@2',3',4',6'-Tetra~-O-acetyl-g -D~glucopyranosyl)benzotriazole (V). This compound was similarly
obtained. A small amount of absolute methanol was added to the syrupy residue after removal of the solvent,
and the mixture was allowed to stand for crystallization. Compound VIII (14%) precipitated initially.

Compound V crystallized rapidly at room temperature after removal of VIII from the mother liquor.

2-(2',3',4'-Tri-O-acetyl-g -D-ribopyranosyl)benzotriazole (VI). Condensation of 3.5 g (10 mmole) of
I with 3.35 g (10 mmole) of acetobromoribose was carried out by the method described for III. Compound I
reacted completely in 5-10 min. The mixture was refluxed for another 20-30 min, cooled, and the HgC1Br
was removed by filtration, The filtrate was treated twice with 100 ml of 30% potassium iodide solution,
washed with water, dried with sodium sulfate, and vacuum-evaporated, The syrup was diluted with a small
amount of absolute ethanol and allowed to stand for crystallization to give 2.24 g of VI, A mixture of III and
VI began to melt at 25° lower than the melting point of III. IR spectrum: V¢ _Harom 3072, 2995; vCc=0
1753; vc - 1230; dcHgarom 1080, 1050, 950, 782, 748; 6C1—-H 920 cm™!, According to UV spectroscopy,
the mother liquor contained a mixture of VI and III.
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Compounds VII and VIII were similarly obtained (Table 1).

18 -D-Ribopyranosylbenzotriazole (X). A solution of 0.5 g of Il in 50 ml of absolute methanol was
saturated with ammonia at 0° for 1.5 h and allowed to stand in the cold for 2 days. The cleavage of the
acetyl protecting groups was monitored by chromatography. The methanol solution was vacuum-evaporated
to a small volume, ether was added until turbidity was produced, and the mixture was allowed to stand in
the cold for crystallization to give 0.25 g of IX,

Compounds X-XIV were similarly obtained (Table 1). IR spectrum of X: YOH froad) 33505 YC —Harom
2935, 2898, OC —farom 1030, 995, 840, 790, 760; 6¢,—1 916 cm™ . IR spectrum of XII: ¥ Off proad) 3400;
YC—=Harom 2935, 2950; 8C _ H arom 1053, 990, 786, 755 6c,~m916 cm™,

Chloromercury Salt of Benzotriazole (I). A 5.95-g (50 mmole) sample of benzotriazole was dissolved
in a mixture of 50 ml of 1 N sodium hydroxide in 50 ml of ethanol, and the mixture was added dropwise with
stirring to a solution of 13.8 g (50 mmole) of mercuric chloride in 800 ml of 25% ethanol. The precipitate
was removed by filtration, washed with 25% ethanol, and dried to give 16.6 g (91%) of I as a white, insoluble
powder that did not melt up to 300°, Found: CI 9.6%. C¢H,ClHgN;. Caleulated: Cl110.0%.

Silver Salt of Benzotriazole (IT). This compound [32.4 g (89%)] was similarly obtained as a white
powder from 27.2 g (160 mmole) of silver nitrate and 19.3 g (160 mmole) of benzotriazole dissolved in a
mixture of 162 ml of 1 N sodium hydroxide and 162 ml of ethanol. Found; N 17,9%. CH,AgN,;. Calculated:
N 18.6%.
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