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Abstract—The photochemistry of glycosyl azides has been studied. Some of the azides. for example, -D-
giucopyranosyl or a-D-mannopyranosyl azide. were found to afford in good yield, on irradiation mth UV light, the
cmmmmm.hmM{uexmh.ﬁMﬂumeﬂqﬁe.Mw
observed the formation of an intermediate which, on standing in the dark, reverts back to starting material. A

rationalization of the two types of behavior is suggested.

In a previous communication' from this laboratory, some
preliminary results of an investigation of the photoche-
mistry of glycosyl azides were reported. It was found
that irradiation with UV light of a methanolic solution of
p-D-glucopyranosyl (1) or «-D-mannopyranosyl (3)
azide afforded in good yield the next-lower aldose,
namely, D-mbmose ) m; ﬂ-D-p_hc-
topyranosyl azide (4) gave D-lyxose (5) in 65% yield.

However, in the case of S-maltosyl (6), B-D-ribo-

furanosyl (7), or a-L-arabinopyranosyl (8) azide, there
was observed the formation of an intermediate which, on
standing in the dark, reverts back to starting material.
Although the photochemistry of various types of organic
azides has been extensively studied, the two types of
behavior exhibited by the glycosyl azides are unusual. In
the present article, full details of the above work are
described and, on the basis of the results of an in-
vestigation qf the dual behavior, a rationalization of the
phenomena is proposed.

“For Part |, see Ref. 1.
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The unexpected result obtained with B-maltosyl

Chemistry, Potish 22ide (6, 4-0-a-D-giucopyrancsyl-8-D-glucopyranosyl
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‘On leave from the Technical University of Warsaw (Poli-
technika), ul. Koszykowa 75, 00-662 Warsaw, Poland.

CH0H

OH

HO o Ms

HaOH
0 Ny " 0 m to;
OH —_— H OH ——— H  OH
H HO HO N
HO
2

chemistry of B-cellobiosyl azide (9, 4-O-B-D-glucopy-
ranosyl-8-D-glucopyranosy azide). When compound 9
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was irradiated in methanol, TLC indicated after 4 hr that
all of the starting compound had been converted into a
slower-moving material and a nonmigrating component;
no change was observed, even after 24 hr, The slower-
moving component was isolated by column chromato-
graphy and, on acid-catalyzed hydrolysis, yielded two
compounds which were identified by paper chromato-
graphy as glucose and arabinose; thus, the component
was, presumably, 3-O-g- Dglueopynnosyl—b-mbmou
(10, R=H). In a separate experiment, B-cellobiosyl azide
(9) was irradiated for ~ 3 hr, and the reaction mixture
was treated with acetic anhydride-pyridine; a crystalline
heptaacetate, presumably, 3-0-8-
b—;lmopymosyl—b-anbmou heptaacetate (16, R=Ac),
was obtained in 53% yield. Analogously, g-lactosyl
azide (11, 4-O-8-D-galactopyranosyl-S-D-glucopyranosyl
azide) underwent, on UV irradiation, a degradation to a
hexopyranosylpentose (12, R=H); a beptaacetate (12,
R=Ac) could again be obtained, in 51% yield.

Ho0H 20H

The above results indicate that the irradiation with UV
Mtdmpmpmwdymylandesshwldbeacon-
venient one-carbon, chain-shortening procedure in
synthetic carbohydrate chemistry. However. the results
obtained in the case of S-maltosy! (6), 8-D-ribofuranosyl
("), or a-L-arabinopyranosyl (8) azide were clearly
puzzling. In an effort to gain an insight into the structural
features required for the photochemwd degradation, a
number of substituted, monomeric glycosyl azides were
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irradiated. A particularly significant result was that
obtained from the irradiation of 2,3 4.6-tetra-O-acetyl-8-
D-glucopyranosyl azide (13). It was found that treatment
of the methanolic solution of the photoproduct with an
acidic ion-exchange resin afforded, in 37% yield, crystal-
line methyl 2,3,4,6-tetra-O-acetyl-D-gluconate (15). The
structure of 1S was assigned to the crystalline compound
on the basis of its 'H-NMR spectrum (Experimental).
Moreover, the methyl ester had the same m.p., TLC
mobility, and 'H-NMR spectrum as the compound
obtained by treatment with diazomethane of the acetylated
gluconic acid derived* from D-glucono-1,5-lactone. The
formation of compound 15 from the photoproduct can be
reasonably explained by formulation of the latter as the
D-gluconoimino-1,5-lactone 14. Compound 14 might be
considered to arise, on photolysis of the azide 13, by
elimination of molecular nitrogen and the intermediacy of a
nitrene. Significantly, the formation of a reversible inter-
mediate or a chain-degradation was also not observed on
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irradiation of 2-deoxy-B-D-arabino-hexopyranosyl azide
(16) or 2-O-methyl-B-D-glucopyranosyl azide (17). The
results obtained with compounds 13, 16, and 17 suggested
the involvement of a free OH group, on the carbon
adjacent to that bearing the azido function. in the two
processes observed with the other glycosyl azides.

An attractive rationalization of the two processes is
outlined in Scheme 1, using S-D-glucopyranosyl (18,
R=H) and A-maltosyl (18, R=a-D-glucopyranosyl)

=
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Scheme 1.

azides as examples. According to this suggestion, ex-
citation of the azido group in 18 is followed by in-
tramolecular azide insertion into the O-H bond of the
hydroxyl group at C-2 to give the intermediate 2.1 This
intermediate might revert to the starting azide, as in the
casc of g-maltosyl azide (18, R = a-D-glucopyranosyl),
or might yield the next-lower aldose by way of frag-
mentation of the tautomer 21, as in the case of 8-D-

tPaulsen ef al® Save recently shown that glycosyl azides, like
methyl glycopyranosides, exhibit an exo-anomeric effect, the
result being that the azido group, in the ground state, is oriented
towards the ring oxygen; however, in the excited state the
polarization is presumably the reverse of that indicated in 18,
that is, the «-nitrogen is electron-deficient relative to the ground
state (Ref. 6).

$We thank Prof. J. A. Page for these measurements.

@ﬂ.

glucopyranosyl azide (18, R=H). Support for this frag-
mentation was provided by the polarographic detection
of hydrogen cyanidet during the irradiation of B-D-
glucopyranosyl azide (18, R=H). The liberation of
hydrogen cyanide, however, is also consistent with two
other possible mechanisms for the degradation process

each involving the intermediacy of a p-hydroxy mtrene
(22) (Scheme 2). lnoncpathway.lzmymmngebya
12-hydrogen migration to give D-ghucomoimino-1,5-
lactone (23), which undergoes & tautomeric ring-opening
to afford D-glucononitrile (24); loss of hydrogen cyanide
from 24 yields D-arabinose (2). An mlogous mechanism
has been proposed by Binkley and Binkley’ to account
for the light-induced, one-carbon degradation of sugar
oximes. In the second pathway, the nitrene 22 is consi-
dered to rearrange to 28, which by loss of hydrogen
cyanide gives D-arabinose (2). The intermediacy of a
B-hydroxy nitrene has been postulated previously by
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glucopyranosyl azide (0.65 g, 0.0016 mole, B8%), PMR: 8 4.73 (d.
1H,J;2=8.0Hz, H-1),3.27 (t. IH. J;,= 9.0 Hz, H-2), 5.53 (¢, IH,
J34=9.0 Hz, H-3), 3.37-4.00 (m, 3H, H4, -5, 6ax), 4.35 (m, tH,
H-6eq),3.50(s. 3H.OCH;). 5.43 (s. 1H. PACH).7.27 (m. SH, PhCH).
7.05-8.17 (m, PHC»0).

The above product (0.65g, 0.0016 mole) was dissoived in dry
MeOH (50 mi), and a small lump of Na was added. The soin was
kept overnight, and then processed in the usual manner (sce
above)toy:eldnhomopneou(’l‘l.c benzene-EtOAc, 9:1
(viv)]  sample 2-O-methyl-g-0-
glucopyranosyl azide (0483, mxse mole, 98%). After recrys-
tallization from MeOH the had m.p, 98.5-99.5°, [Clp
49 (c, 1.95 in CHCL); IR: rul 3450 (OH), 2110cm™' (Ny);
PMR: 5 457 (4, 1H, J,12=8.0Hz, H-1), 297 ¢, I1H, J.5;=9.0Hz,
H-2), 3.27-3.93 (m, SH, H-3, 4, -5, -6ax, OH), 433 (m, 1H,
H-6eq), 3.62 (s, 3H, OCHy), 5.50 (s, 1H, PhCH), 7.37 (m, 5H, Ph).
Double-resonance experiments showed that the signals at 8 4.57
and 2.97 were coupled and thus confirming that the OMe group
was attached to C-2,

A sample (0.40g, 0.0013 mole) of 4,6-O-benzyhdeae»2~0-
methyl-8- azide was dissolved in 2ml of 1:1
(viv) water-AcOH, and the soin was heated on a steam bath for
15 min; TLC [EtOAc-EtOH-water, 45: 5:3 (v/v)] indicated the
consumption of starting material. Evaporation of the solution
under reduced pressure afforded a syrup, which was dissolved in
water. The agueous solution was washed with ether
®.p. mmwmmu«mg.mlzm 94%)
as a syrup, IR: »lo% 3460 (OH), 2115 ! (N;). Compound 17
was characterized as its tri-O-acetyl derivative by treatment with
8 1:1 mixture of AcyO-pyridine overnight. Two recrystallizations
of the product from MeOH gave 3 ,4,6-tri-O-acetyl-2-O-methyl-8-
D-dneopynnosylwdeueolodmneedluwhwhhdm.p 106~
1075, falo-25° (c, 198 in CHCL); IR: o 2120 (Ny),
1755 cm™" (C=0); PMR: 3 4.67 (d, 1H, J,, =83 Hz, H-1), 3.17 ¢,
1H, J;3=9.0Hz, H-2), 485-5.35 (m, 2H, H3, 4), 3.77 (m, 1H,
H-5), 420 (m, 2H, H-S, -6), 355 (s, 3H, OCHy), 2.02 (s, 3H,
0Ac). 2.08 (s, 6H, 20Ac). (Found: C. 45.18; H, 5.43: N, 12.03.
Cale. for C;sHyOsNy: C, 45.22; H, 5.51; N, 12.18%). The tri-O-
acetyl derivative (0.5 g, 0.00145 mole) could be converted into 17
(0.31 g, 0.00141 mole, 98%) by treatment with NaOMe solution.

Gmaafpmcm,forminm&nofm:ﬁam

The general irradiation procedure is illustrated by the ir-
radiation of B-D-glucopyranosyl azide (1). Compound 1 (1.5g,
0.0073 mole) was dissolved in dry MeOH (65 ml) and the soln
was irmadiated for 4 hr under N, in a borosilicate giass reaction-
vessel in which was mounted a 450-W Hanovia medium-pressure
mercury-arc lamp (Cat. No. 679A-36) contained in a water-cooled
quartz immersion-well fitted with a Vycor 7010 fiker-sleeve.
After 4hr, N, evolution ceased, and TLC [EtOH-benzene, 3:1
(v/v)] showed that all of the starting material had been consumed
and the presence of a slower-moving component and a noo-
migrating component; the mixture was concentrated, and the
former was isolated by column chromatography to
afford 2 (0.51g, 0.0034 mole, 479%). After recrystallization from
EtOH, the compound had m.p. 154-156", [a]p—105° {c, 1.0 in
H:0). A commercial sample of L-arabinose had m.p. 156-160°,
falp+105.1£0.3° (c, 3.0 in H,0) (after 22.5 hr). The PMR spec-
trum (D;0) was identical with that of the commercial sample of
L-arabinose.

Irradiation of p-o-mauuopymmyl azide (3). Compound 3
(1.5 g, 0.0073 mole) was irradiated, and the mixture was proces-
sed, according to the general irradiation procedure. Column
chromatography of the product, using 3:2:2 (v/v) benzene-
EtOAc-MeOH as cluant, afforded D-arabinose (0.65g, 0.0043
mole, 609} which, after from EtOH, had mp.
153-155°, {alp— 106° (c, 1.0 in H;0). The PMR spectmm(D;O)
was identical with that of a commercial sample of L-arsbinose.

Irvadiation of p-o-galactopymo:yl azide (4). Compound 4
(1.5g, 0.0073 mole) was irradiated, and the mixture was proces-
sed, according to the general irradiation procedure. Column
chromatography of the product, using 3:2:2 (viv) benzene-
EtOAc-MeOH as eluant, afforded 8 (0.71 3, 0.0047 mole, 65%)
which, after recrystallization from EtOH, had mp. 110-112°,
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[alo—14° (c, 1.0 in H;0). A commercial sample of D-lyxose had
m.p. 106 - 107", [a]p — 14° (¢, 6 in H,0). The PMR spectrum (D;0)
was identical with that of the commercial sample.

Irradiation of B-D-maitosyl azide (6). Compound 6 (153,
0.0041 mole) was irradiated as described in the general irradiation
procedure. Although there as very little N evolution during the
4br period of irradiation, TLC [EtOH-benzene, 3:2 (v/v)] in-
dicated that all of the starting compound had been converted into
a slower-moving material, which was revealed as an elongated
spotnmuveoflhcpremofmthnonecompoundm

mmmmmmsp&mdmemm
{determined with a smear obtained by rapidly evaporating a small
lhw)d:dnoubowmyabntmu~2130cm"amw
to an azido group, but showed a broad band centered at
~1670cm™". However, after the mixture had been kept for 2 hr
in the dark, the IR spectrum showed a weak absorption at
2125cm™". After S0 hr a very strong absorption attributable to an
azido group was observed in the spectrum; moreover, TLC
[EtOH-benzene, 3:2 (v/v)] indicated the presence of a consider-
able amount of starting material. Column chromatography, using
32(vh)m&bmzmudmm.mm0913dmm
azide € and 0.40 g of slower-moving material. The IR spectrum of
the latter showed a broad band at ~ 1620cm™'. This material
(0.40 g) was dissolved in dilute acid (37 ml water containing 0.5 mi
conc. HCJ), and the soln was heated at reflux temp. for 6 hr. The
soln was seutralized with Dowex 1-X8 ion-exchange resin (OH™
form), filtered, and the filtrate was evaporated. The resulting oil
was revealed by paper chromatography [n-BeOH-EtOH-water,
3:1:l(v!v)]utwocompomwhkhbdthemmo%u
those of glucose and arabinose.

Irradiation of p-D-ribofuranosyl azide (7). Compound 7 (1.5g,
0.0086 mole) was irradiated for 2 hr as described in the general
irradiation procedure. TLC [EtOH-benzene, 3:1 (v/v)] and the
IR spectrum (no azido absorption at ~ 2130 cm™') indicated that
all of the starting material had been consumed. The mixture was
evaporated, and column chromatography of the residual oil,
using 3:1 (v/v) EtOH-benzene as cluant, afforded the starting
material (0.6g, 40%). In a scparate cxperiment, the soln was
irradiated for 2 hr and then kept in the dark. Aliquots were taken
at intervals, cvaporated, and their IR spectra were obtained.
hmnymuemmmmmwafmwhrm“
strong absorption at 2120cm ™",

Mafa-tww:mo:ﬂma}&mmdl
(1.7g, 0.0097 mole) was irradiated as described in the general
undntnonproeedm’eforz.sh The IR spectrum did not show an
absorption at ~2130cm™ for the azido group, although there
was only a small amount of gas evolved. Irradiation for a further
5.5hr, addition of water (2 ml), and evaporation of the mixture
mmoammmm.mumu
2120cm™ (N;) and & strong signal at 1650-1700cm ",

Inudiaiouofﬁ-n—cdob‘oxﬁazﬁc(’)(ﬁommd!(wg,
0.0035 mole) was irradiated as described in the genersi ir-
radistion procedure for 4hr, at the end of which time gas
evoluuonhndoeuedmd'l'LC[CHC],-MoOH.!Z(vlv)lm-
dicated that all of the starting compound had been converted into
a slower-moving material and a noomigrating component.
Column chromatography, using 3:2 (v/v) CHCh-MeOH as elu-
ant, afforded a (TLC) sample of 18 (R=H) (0.53 g,
wnm«cs%)wmu(ah—ss.s'(c.s.zmmm

A crystaliine hepta-O-acetyl derivative of 18 (R«H) was
obtained in the following manner. A sample (0.33 g, 0.0009 mole)
of 9 was irradiated for 2.75 br, and the solvent was evaporated
under reduced pressure to yield an amorphous material (0.302 g).
The material was trested with pyridine (3 ml) and Ac;O (3 ml) for
3br at room temp., and the mixture was evaporated then under
reduced pressure, Column chromatography of the residue, using
4:1 {viv) benzenc-EtOAc as cluant, afforded a homogencous
(TLC) material (0.29 g, 0.00048 mole, 53%) which crystallized on
trituration with cther. After recrystallization from MeOH the
product (10, R=Ac) had m.p. 156-158°, [a]p—54.5° (c.011 in
CHCL) [it:® mp. 196, [al™ - 168° (c, 4.5 in CHCY)); the
product was probably a mixture of anomers. (Found: C, 49.61; H,
5.37. Cake. for CsHsOny: C, 49.50; H, 5.65%).

Irradiation of p-D-lactosyl azide (11). Compound 11 (0.441g,
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0.0012 mole) was itradiated as described in the general irradiation
procedure for 1br. TLC [EtOAc-EtOH-water, 32:17:1 (v/v)]
indicated that all of the starting compound had been consumed: no
change was observed (TLC) to occur in the mixture during the
course of its being kept for 1 day in the dark. The soln was
evaporated, and the residue was treated with pyridine (5 mi) and
Ac20 (2.5 ml) for 2 hr. The mixture was evaporated under reduced
pressure to give a syrup (0.841 g). Column chromatography. usiag
3:2 (viv) benzene-EtOAc as eluant, afforded 12 (R=Ac) as a
homogeneous (TLC) glass (0.372 g, 0.00061 mole, 51%), {a], - 8.7°
(¢, 3.83 in CHCl) [lit.:® m.p. 157, [alp—29.4° (CHCL)]; the
product was probably a mixture of anomers. (Found: C, 50.10; H,
$.82. Cak. for CsH3On: C, 49.50; H, 5.65%).

Irradiation of 2.3.4.5-tetra-O-acetyl-B-D-glucopyranosyl azide
(13). Compound 13 (1.152g, 0.0031 mole) was irradiated as
described in the general immadiation procedure for 30 min, at the
end of which time gas evolution had ceased and TLC (benzene-
EtOAc, 3:2 (v/v)] indicated that all of the starting compound had
been consumed. Water (2 ml) and Rexyn 101 jon-exchange resin
(H* form) were added, and the mixture was stirred for 2 hr. The
mixture was filtered, and the filkrate was evaporated under
reduced pressure. Column chromatography of the residue, using
4:1 (v/v) benzene-EtOAc as cluant, afforded 15 (0.435 g, 0.00115
mole, 37%) which crystallized from benzenc and had m.p. 110-
113°. The IR and PMR spectra were identical to those obtained
for a sample of compound 1S5 prepared from D-glucono-1.5-
Iactone (see above). (Found: C, 47.27, H, 5.68. Calc. for
CisHxOn: C, 47.62; H, 5.86%).

Irvadiation of 2-deoxy-p-bD-arabino-hexopyranosyl azide
(16). A soln (see above) of 16 in MeOH was irradiated as
described in the general irradiation procedure for 1 br, at the end
of which time gas evolution had ceased and TLC [CHCl;-MeOH,
3:1 (v/v)) indicated that all of the starting compound had been
consumed. The soin was evaporated under reduced pressure, and
the residue was treated with Ac,O (2 ml) and NaOMe (0.15g) on
a steam bath for 110 min. The soin was dilnted with CHCl, and
the mixture was washed successively with NaHCO; aq and
water. The isolated product was observed (TLC, PMR) to be
very complex.

Irroadiation  of  2-O-methyl-p-D-giucopyranosyl  azide
(17). Compound 17 (0.348g, 0.0016 mole) was irradiated as
described in the general irradiation procedure for 1.5br, at the
end of which time gas evolution had ceased and TLC [EtOAc-
EtOH-water, 45:5:3 (v/v)] indicated that all of the starting
compound had been consumed. Evaporation of the soln under
reduced pressure gave a coloriess gum (0.351g) which was
treated with Ac;O (4 ml) and NaOAc (0.25 g) on a steam bath for
1hr. The mixture was processed in the usual manner, and the
product was chromatographed using 3:2:1 (v/v) benzene-
EtOAc-MeOH as eluant. The major fraction (0.094g) gave a
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complex PMR spectrum which showed an absorption attributable
to a OMe group.
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