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Heteroeyelie N-Glycosides. VL

The Reacltion of Glycosyl Azides with Propiolic Acid and Methyl Propiolate.

G. Alonso, M. T. Garcia-l.opez, G. Garcia-Munoz, R. Madrofiero, and M. Rico

Instituto de Quimica Organica General, Departamento de Quimica Medica
Juan de la Cierva, 3

The synthesis of a series of Neglycosylu-triazoles las been accomplished by the I, 3-dipolar

cycloaddition of several glycosyl azides to methyl propiolate and propiolic acid. In most of the

cases the two isomeric p-triazoles were obtained. Structural and anomeric configuration assign-

ments for the N-glycosides obtained were made on the basis of NMR data. None of the com-

pounds possessed appreciable biological activity against HeLa eells in culture and mouse Sarcoma

180.

In previous papers in this series (1,2) we reported the
application of glycosyl azides to the preparation of hetero-
eyelic Nglycosides derived from benzotriazole and 4(5)-
phenyl-1.2 B-triazole. As it was shown (2), glycosyl azides
added 1o phenylacetylene to give a mixture of the two
possible isomeric v-triazoles in almost equal amounts.

In the present investigation glycosyl azides (1) were
reacted with methyl propiolate and propiolic acid to yield
a pair of isomeric v-triazoles (I1 1 1), exceptions heing
Uie reaction with 2-0-tricldoroacetyl-3,1.0-tri-O-acetyla-
D -glycopyranosyl azide and the reactions using propiolic
acid which led 1o only one of the isomers, the corres-
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ponding I A-substituted v-triazoles.  Nevertheless, in the
other cases when the two isomers were obtained, the
| A-substituted v-triazole (1) was the predominate one.

Inorder to find a method for recognising the positional
isomers of N-glycosides the use of NMR spectroscopy
appeared to be the most promising. A study of the NMR
speetra was made, especially on the chemical shifts of the
H-1 protons (1,5-disubstituted derivatives) and -5 protons
(I 4-disubstituted derivatives) as well as on solvent induced
shifts. As Flguero, Gonzidlez and Jacquier have shown (3)
in a previous study of the chemical shifts of H-4 and H-5
protons in  I-methyl-1,2 3-triazole and H-5 proton in
[-methyl-4-bromo-1.2 3-triazole and also in some other
azoles, the proton nearest to the substituted nitrogen atom
(I1-5) is the most sensible to both solvent induced effects
and nature of the substituent on the nitrogen atom.

Table | contains the cliemical shifts data obtained in
deuteriochloroform and DMSO for H-A and H-5 protons
in the various N-glycosyl-v-triazoles along with the A7
values (AT = Tgeyteriochloroform = THMS0)-

[t can be seen that in the cases when both isomers were
available and it was possible to record the corresponding
NMR spectra in both deuteriochioroform and DMSO, the
proton resonance values of 115 in both solvents were
considerably lower than the corresponding H-4. A much
higher AT value was observed in | 4-disubstituted com-
pounds than in the othier derivatives, showing the existence
on those N-glycosides of a proton (I1-5) (3) near to the
nitrogen atom where the sugar moiety is bonded.

When only one of the isomers was available, the
unequivocal structure assignment was made on the basis
of the 1 value of the corresponding triazolic proton.

The products obtained starfing with propiolic acid
(only a single isomer in cach case), and assigned as the
I 4-disubstituted v-triazoles 11 (R = H, R" = a and R = H,
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TABLE 1

Chemical Shifts for Triazolic Ring Protons

(10% solutions, 7-values)
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HC=—=C- COOR

5 4

R'-NI\'%;N
CCl3D PMSO
R = CH, R'=a 1.44 0.77
R=CHj R'=b 1.07
R=H R'=a == 0.90
R = CH; R'=4d 0.89
R=H R'=d 1.04
R = CHy R'=¢ 1.51 0.86
R =Clly R'=e 1.62 0.89

* AT Tdeuteriochloroform - "TDMSO-

R" = d) on the basis of their NMR spectra, when esterified
with diazomethane yielded the compounds 1I (R = CHj,
R’ = a and R = CH;, R’ = d) identical to those obtained
starting with methyl propiolate.

The configurations at the anomeric carbon atom for
the glycopyranosides were established by their NMR
spectra. The anomeric protons appeared as doublets and
the values of the coupling constants were in the usual
range (8-10 Hz) for diaxial (8 configuration) coupled
protons. In the case of compound lI (R = CH;, R' = b)
the anomeric proton appeared also as a doublet but the
value of the coupling constant was 6.1 Hz which is more
characteristic for an « configuration. As for the ribo-
furanosyl derivatives 11 (R = CH;, R" = ¢) and I
(R = CH;, R = ¢) the anomeric protons also appeared as
doublets with a ]’ ' values of 2.8 and 1.3 Hz, respec-
tively.  Since these values are less than 3.5 Hz (4), the
configurations of these N-glycosides were assigned as 8.

When the carbomethoxy derivatives were treated with
methanolic ammonia, the corresponding deacetylated or
debenzoylated carboxamido compounds were obtained in
good yield.

Attention is called to the fact that in all the cases the
1,5-disubstituted compounds showed a UV absorption
maximum at slightly higher wave length than the corres-
ponding 1,4-disubstituted isomers.

ANl of the N-glycosides obtained, including the carbox-
amido derivatives, were screened in our laboratorics for
antitumor activity in cell culture tests against Helaa cells
at three dose levels (1, 10 and 100 ug/ml). Only one
compound, II (R = H, R" = d), showed a slight activity.
The N-glycosides 11 (R = CH;, R" = a; R = CHj, R' =¢;
R=CH;,R' =d;: R=CH;,R =¢; R=H,R'"=a; R=1H,

HC==—=C-COOR
14 5
Nz n-R
Ar* CCl3D DMSO AT*
0.67 1.89 1.54 0.35
- 1.88 1.59 0.29
0.65 1.83 1.52 0.31
0.73 1.82 1.59 0.23

R’ = d) were tested for toxicity and then screened against
mouse Sarcoma 180 according to the protocols of the
Cancer Chemotherapy National Service Center (5). None
of these compounds showed a significant activity at doses

of 350-400 mg/kg/day.

EXPERIMENTAL

Melting points were taken on a Kofler apparatus, NMR spectra
were recorded on a Perkin-Elmer R-10 spectrometer at room
temperature with TMS as an internal standard, the ultraviolet
spectra with a Perkin-Elmer 350 spectrophotometer and the infra-
red spectra with a Perkin-Elmer 257 spectrophotometer. Optical
rotations were obtained with a Perkin-Elmer 141 polarimeter.

T.lc. was performed with 0.25 mm chromatoplates of silica
gel GF554 (Merck) and spots were visualized with UV light of 254
my or with sulfuric acid in ethanol, 30%.

General Procedure for the Preparation of the N-Glycosides.

A mixture of 0.015 mole of methyl propiolate or propiolic
acid and 0.01 mole of the glycosyl azide in 50 ml. of toluene was
heated at reflux temperature for 10-12 hours. The reaction was
monitored by tl.c. (ethyl acetate-petroleum ether, 1:1). At the
end, the reaction products were separated and purified as specified
in each case.

4-Carbomethoxy-1-(2',3' 4',6"-tetra-0- acetyl--D glucopyranosyl)-
1,2,3-triazole 11 (R = CHj3, R’ = a) and 5-Carbomethoxy-1-
(2',3' 4' 6'-tetra-O-acetyl-g-D-glucopyranosyl)-1,2,3-triazole Il
(R =CHj3, R =a).

The solid which separated after cooling the reaction mixture
was collected by filtration. T.l.c. of this product (chloroform)
showed a single spot, visualized with sulfuric acid in ethanol, 30%.
Recrystallization from ethanol gave white needles, m.p. 212°,
[a]lp -33.7° (¢ 1.0, chloroform); U.V. A max (ethanol), 212 mu
(e, 12,400); NMR (deuteriochloroform, 7), 3.92 doublet (H,’,
J1'27 9.1 Hz). This compound was the N-glycoside II (R = CH3,
R' = a), yield, 57%.
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Anal, Caled. for C13H23N30111 C, 4-726, H, 503, N, 9.18.
Found: C, 47.25; H, 4.83; N, 9.07.

The colourless residue obtained by evaporation of the mother
liquor was dissolved in a small amount of ethyl acetate and
chromatographed on a silica gel column. The column was eluted
with mixtures of petroleum ether-ethyl acetate (4:1, 2:1, and
I:1). Two products were separated, first, 0.6 g. of 2,3,4,6-tetra-O-
acetyl-g-Dglycopyranosyl azide. Then 0.8 g. of a product was
eluted which was shown to be a mixture of the above N-glycoside
and a compound visualized with U.V. light. Separation of this
mixture was accomplished by thick-layer chromatography after 17
consecutive developments with chloroform (10 plates). From the
fluorescent band was obtained 0.37 g. of a solid which was
recrystallized from ethyl acetate-petroleum ether to give white
needles, m.p. 119°, [a]lp -20.3° (¢ 1.0, chloroform); U.V. A max
(ethanol), 224 myu (e, 7,180); NMR (deuteriochloroform, 7), 3.62
doublet (H,’, J1'2" 9.6 Hz). This compound was II1 (R = CHj,
R’ = a), yield, 8.5%.

Anal. Caled. for CygH,3N30,: C,47.26; H,5.03; N,9.18.
Found: C, 47.36; H, 5.07; N, 8.99.

4-Carbomethoxy-143',4",6"tri-O-acetyl--D glycopyranosyl)-1,2,3-
triazole I (R = CHj, R’ = b).

The precipitate, which formed on cooling the reaction mixture
at room temperature, was removed by filtration. T.Lc. of this
product (visualized with sulfuric acid in ethanol, 30%) showed a
single spot.  Recrystallization from ethanol gave 24% of Il
(R = CH3, R' = by m.p. 211°, [a]p +101.6° (¢ 0.56, chloroform);
IR, 3,459 cm™! (OH group); U.V. A max (ethanol), 213 my
(e, 11,050); NMR (dimethylfulfoxide-dg, 7), 3.59 doublet (H,’,
J1'276.1 Hz).

Anal Caled. for C gHy 1 N3O49: C,46.26; H,5.06; N,10.12.
Found: C, 46.70; H, 4.89; N, 9.84.

4-Carbomethoxy-142',3",4,6"tetra-O-acetyl-g-D-galactopyranosyl)-
1,2,3-triazole Il (R = CHj3, R’ = ¢) and 5-Carbomethoxy-1-
(2',3',4',6'-tetra-0-acetyl-ﬁ-D-galactopyranosyl)-l,2,3-triazole 11
(R = CH3, R =¢).

On cooling the reaction mixture, a solid separated. It was
filtered off and recrystallized from ethanol to give a white com-
pound m.p. 178°, [alp ~11° (c 0.6, chloroform); U.V. A max
(ethanol), 211 mu (e, 12,960); NMR (deuteriochloroform, 7),
3.98 doublet (H,", ]’ 2’ 8.7 Hz). This product was II (R = CH3,
R’ = ¢), yield, 69%.

Anal. Caled. for C;gH,3N30,: C, 47.26; H,5.03; N, 9.18.
Found: C,47.19; H, 5.14; N, 9.07.

The mother liquors were taken to dryness in vacuo, the residue
(1.12 g.) was dissolved in chioroform and the solution was applied
to 8 preparative t.l.c. plates (20 x 20 ¢m, and 2 mm thickness
silica gel, Merck PF;54). The plates were developed 2 times in a
mixture of chloroform-ethyl acetate (4:1) and 15 times in chloro-
form resulting in the separation of a compound which was detected
by a U.V. lamp (254 mu). Recrystallization from ethyl acetate-
petroleum ether afforded a solid, m.p. 126°, [o]p -5° (¢ 0.46,
chloroform); U.V. A max (ethanol), 225 mu (e, 8,770); NMR
(deuteriochloroform, 7), 3.67 doublet (H,’, J,’ 2’ 8.7 Hz). This
product was I11 (R = CHj, R’ = ¢), yield, 12.5%.

Anal. Caled. for CygH,3N301,: C,47.26; H,5.03; N, 9.18.
Found: C, 47.06; H, 5.08; N, 9.36.

4-Carbomethoxy-142"acetamido-2"deoxy-3',4',6'-tri-O-acetyl-8-D-
glucopyranosyl)-1,2,3-triazole II (R = CH;, R’ = d) and 5-Carbo-
methoxy-1-(2-acetamido -2'-deoxy-3',4’,6 -tri-0-acetyl-g-D gluco-
pyranosyl)-1,2,3-triazole III (R = CH;, R’ = d).

Heterocyclic N-Glycosides. VI.
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The solid which separated after cooling the reaction mixture
was filtered off and recrystallized from ethanol to give white
needles, m.p. 270°, [«lp -53° (¢ 0.5, pyridine); U.V. X max
(ethanol), 210 mu (e, 12,900); NMR (deuteriochloroform, ),
3.78 doublet (Hy’, ]’ >’ 9.8 Hz). This compound was IT (R =
CH3, R’ = d), yield, 58%.

Anal. Caled. for C {gH24N 40 1o: C, 47.36; H, 5.26; N, 12.28.
Found: C,47.14; H,5.18; N, 12.03.

Concentration of the filtrate furnished a residue which was
purified by thick-layer chromatography. After four consecutive
developments with a mixture of ethyl acetate-ethanol (9:1), from
the band visualized with a U.V. lamp, a solid was obtained, m.p.
137° (ethyl acetate-petroleum ether), falp +9° (¢ 0.55, chloro-
form); U.V. A max (ethanol), 225 my (e, 8,150); NMR (deuterio-
chloroform, 7), 3.18 doublet (H,’, J;’ >’ 9.8 Hz). This product
was III (R = CHj, R’ = d), yield, 7%.

Anal. Caled. for C1gHa4N4019: C, 47.36; H,5.26; N, 12.28.
Found: C,47.64; H, 5.45; N, 12.14.

4-Carbomethoxy-142’,3",5"tri-O-benzoyl-8-D ribofuranosyl)-1,2,3-
triazole 11 (R = CH3, R’ = ¢) and 5-Carbomethoxy-142',3',5"-tri-
0-benzoyl-g-D -ribofuranosyl)-1,2,3-triazole I1I (R = CH3, R’ = ¢).

The insoluble residue which separated on cooling the reaction
mixture was filtered and recrystallized from a mixture of ethyl
acetate-petroleum ether to yield 1.25 g. of a white solid, m.p.
195°, [a]lp -73.7° (¢ 0.55, chloroform); U.V. A max (ethanol),
229 mu (e, 49,250); NMR (deuteriochioroform, 7), 3.48 (H’,
17,28 Hz); (dimethylsulfoxide-ds, 7), 3.20 (H*, ]’ 2’ 2.4 Hz2).
This compound was 1l (R = CH3, R’ = e)

Anal. Caled. for C39H25N300: C, 63.04; H, 4.37; Ns7.36.
Found: C, 62.90; H, 4.36; N, 7.46.

The filtrate was evaporated to dryness in vacuo to afford
1.08 g. of a tan solid. Thin layer chromatography using chloro-
form showed two ultraviolet absorbing species to be present.
Thick layer chromatography after seven developments with
chloroform was successful in resolving the mixture and the faster
moving band furnished 0.28 g. of 11 (R = CH3, R’ = ¢). The other
band yielded 0.23 g. of a white solid which was recrystallized from
ethyl acetate-petroleum ether, m.p. 54.56°, lalp -8.5° (¢ 0.59,
chloroform); U.V. A max (ethanol), 231 mu (e, 49,235); NMR
(dimethylsulfoxidedg, 7), 2.85 doublet (H,’, ]1”2' 1.3 H2).
This product was II1 (R = CH3, R’ = ¢).

Anal. Caled. for C39Hy5N309: C, 63.04; H, 4.37; N, 7.36.
Found: C, 62.93; H, 4.14; N, 7.08.

1-(2',3' 4" ,6'-Tetra-0-acetyl-g-D glucopyranosyl)-1,2,3-triazole-4-
carboxylic Acid I1 (R = H,R' = a).

The solid material which formed on cooling the reaction mix-
ture was filtered off and recrystallized from water, m.p. 178°,
[alp -35° (¢ 0.5 ethanol); NMR (dimethylsulfoxide-dg, ), 3.54
doublet (H,",J;’ 2’ 9.1 Hz), yield, 39%.

Anal. Caled. for C{7H;1 N30, C, 46.04; H, 4.74; N, 9.48.
Found: C, 46.01; H, 4.84; N, 9.50.

The methyl ester, prepared by adding an ethereal solution of
diazomethane to an ethyl acetate solution of II (R = H, R’ = a),
was shown to be identical to the compound II (R = CH3. R’ = a)
obtained starting from methyl propiolate by t.lc. and m.p.
comparison.
1{(2"Acetamido-2"-deoxy-3’ 4',6'-tri-O-acetyl-8-D gly copyranosy!)-
1,2,3-triazole-4-carboxylic Acid II (R = H, R'=4d).

The brown residue from the evaporation of the solvent was

recrystallized from methanol-ether using active carbon, to give a
solid, m.p. 228°, [a]p -56° (¢ 0.55, pyridine); NMR (dimethyl-



sulfoxide-dq, 7), 3.78 doublet (Hy7, ]2 9.8 Hz), vield, 0%
Anal. Caled. for CqHa2N4O o0 €, 40.15; 1, 4970 N, 12,60,

Found: €. 46.40; 11, 1.96; N, 12.71.
The methyl ester, prepared as above,

to 11 (R CHy, R™ -

was shown to be identical
d) obtained from methyl propiolate.

Deacelylation and Debenzoylation of the above N-Glycosides,
Preparation of Carboxyamides.

The protected N-glycosides (0.01 mole) were dissolved in 60
mi. of dry methanolic ammonia (methanol saturated with ammonia
at 0°) and the resulting solution was allowed to sland at room
temperature for 24 hours,  After removal of the methanol, the

compounds were purified as indicated in cach case,
4-Carboxamido-1 {g-D «lucopyranosyl)-1 2 3-triazole.

This compound was oblained from (R - CH3, R~ a) asa
white solid, m.p. 232° (methanol-water, 10:1 and then ether),
lalp 12° (¢ 0.5, water), vield, 90%.

Anal. Caled. for CoH 4N404: C, 39.41; H, 5.10: N, 2043,
Found: €. 39.15; H,5.15; N, 20.26.

S-Carboxamido-148-D lucopyranosyl)-1,2.3-triazole.

This compound was prepared from 111 (R - Cll3, R'- a); m.p.
201-202° (methanol-water, 10:1 and then ether), [¢|p #2°
(¢ 0.77, water), yield, 95%.

Anal. Caled. for Coll13N404: C, 39.41; H, 5.10: N, 20.43.
Found: €, 39.49: 11, 5.19; N, 20.63.

4-Carboxamido-14{8-D -galactopyranosyl)-1,2 3-triazole.

This compound was prepared by deacetylation of 1L(R = CH3,
R ¢); m.p. 237° (methanol-water, 10:1 and then ether), ladp
131.5° (¢ 0.54, water), yield, 90%.

Anal. Caled. for Coll 4N4Og: C, 39415 H, 5.10: N, 20.43.
Found: C, 39.25; H,5.22; N, 19.98.

5-Carboxamido-14{8-D -zalactopyranosyl)-{ 2, 3-triazole.

This compound was obtained from Ul (R - Clis, R" = e);
m.p. 235-236° (methanol-water, 10:1 and then ether), {0]p 126°
(¢ 0.43, water), yield, 80%).
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Anal. Caled. for Coll 4N3O4: €, 39412 1. 5.10; N, 20.43.
Found: (, 39.83: H,5.14; N, 20.10.

1 - Y . ot B
A-Carboxamido-1{2"acetamido-2"-deoxy-g-D-glucopyranosyl)-1,2,3-
triazole.

This compound was prepared from (R = Cliz, R'=d); m.p.
250° (methanol-water, 10:1 and then ether), [@]p -8.5% (¢ 0.61,
water), yield, 95%.

Anal. Caled. for €y H7N504-%CH;0H: €, 41.69; H,5.73;
N, 2t.t4. Found: C,41.65; H,5.81; N, 20.96.

A-Carboxamido-14g-D -ribofuranosyl)-1,2 3-triazole.

This product was obtained from 11 (R = CHj, R’ = e); mp.
204° (methanol-waler, 10:1 and then ether), [@]p - 51.5° (¢ 0.45,
water), yield, 70%.

Anal. Caled. for CgH1aN405: C, 39.32; H,4.91; N, 2291,
Found: €, 39.34; H,4.97; N, 23.29,
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