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Treatment of peracetylated 1-bromo-f-D-glycopyranosyl chlorides
with sodium azide in DMSO or, better, under PTC conditions, led
to the corresponding glycopyranosylidene 1,1-diazides, in fair to
excellent yield. Tetra-O-benzyl-D-glucono-1,5-lactone was convert-
ed into the corresponding diazide in 57 % yield on treatment with
trimethylsilyl azide in the presence of boron trifluoride—diethyl ether
complex.

Treatment of peracetylated f-D-glycopyranosyl chlorides
with excess N-bromosuccinimide under free-radical con-
ditions constitutes the only practical access to the corre-
sponding anomeric chlorobromosugars® 1, 2 and 3* (D-
gluco, D-manno, D-galacto configuration). Such dihalides
have opened several routes to previously unknown com-
pounds. For example, halogen exchange took place
readily in the presence of silver fluoride to give the cor-
responding anomeric difluorides! which, on deacetyla-
tion, afforded enzyme substrate analogs useful for inhi-
bition studies.?®> Under glycosylation conditions with
primary alcohols (MeOH, EtOH), 1 and 2 afforded the
corresponding sugar ortholactones in high yield.* Whe-
reas substitution of both halogen atoms in 1 by azide
anions was shown initially to give the corresponding dia-
zide 4,5 peracetylated D-glucono-1,5-ortholactones lend
themselves to exchange of one alkoxy group only® when
treated with trimethylsilyl azide in the presence of boron
trifluoride—diethyl ether complex. This offered a high-
yielding route to peracetylated alkyl 1-azido-D-glucopy-
ranosides (1(R)/1(S) ratio 2:1) which, in our hands,
could not be converted to diazides even under forcing
conditions. However, the obtained mono and diazides
were shown to undergo unprecedented and stereocon-
trolled ring expansions on photolysis”-® or thermolysis®
whereas treatment of diazide 4 with triphenylphosphine
led to a novel triazolo-fused sugar phosphinimine.!®
These synthetic developments required improved prepa-
rations of glycopyranosylidene 1,1-diazides which are
reported herein.

Our first reported synthesis of 4 from 1 in 60% yield
resorted to silver azide which is prone to explosive de-
composition. Use of sodium azide dissolved in a polar
aprotic solvent (DMF, HMPA, DMSO) offered a safer
alternative. Azidation in DMF generally requires heating
whereas HMPA was shown to promote dehydrobromi-
nation’ in the case of 1. These drawbacks guided our
choice towards DMSO as the solvent. Treatment of di-
‘halides 1, 2 and 3 with excess NaN; dissolved in DMSO
led to the desired diazides 4, 5 or 6 in 61 %, 8%, and
57% yield, respectively. The oily materials 4 and 6 con-
tained no impurities visible by *HNMR, so that no ad-
ditional purification was needed in most cases. Although
this procedure appeared satisfactory as regards to safety
and simplicity, yields ranged from low to moderate even

though TLC plates showed only traces (for 5) and often
no side products (for 4 and 6). Albeit substitution of
other encumbered anomeric bromides was shown to oc-
cur in high yield under similar conditions,! the observed
moderate selectivities could stem from the nucleophilic
reactivity of DMSO being able to compete with the des-
ired displacements. This assumption was supported by
the fact that trials to prepare 2,3,4,6-tetra-O-acetyl-f-D-
mannopyranosyl chloride by stirring the a-bromide in
the presence of anhydrous LiCl in DMSO failed, whereas
using the literature procedure!? resorting to HMPA was
successful.
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Phase-transfer catalysis!® represented another straight-
forward and mild method applicable to the synthesis of
sugar 1,1-diazides. However, warnings appeared in the
literature!4 to underline hazards due to possible reactions
between azide salts and halogenated solvents leading to
potentially unstable compounds. For this reason, di-
chloromethane was used for the transformation of 1, but
benzene instead appeared more appropriate in the case
of 2 due to the prolonged reaction times required for its
complete consumption. Since all the gathered data con-
cerning these reactions point to an Sy2 mechanism, the
low reactivity of 2 is most probably due to shielding of
the B face by the axial acetoxy group at C-2 (D-manno
configuration) hence, hindering bromine displacement.
The corresponding peracetylated D-mannopyranosylide-
ne 1,1-dichloride present up to ca. 10%* in 2 was even
less reactive since it could be detected by **CNMR in 5
after prolonged treatment. However, the yields recorded
under these conditions (82 %, 36%, and 65% for 4, 5
and 6 respectively) were significantly higher, confirming
the value of the PTC procedure.
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Diazide 8 was prepared by a different route from the
corresponding benzyl-protected lactone.'> Under acidic
catalysis, such a lactone has been shown to react with
diols*® or silyl-protected diols,'” to yield the correspond-
ing spiro ortholactones. Use of trimethylsilyl azide in-
stead appeared a convenient analogous way to the di-
azides. Indeed, compound 8 was obtained in 57 % yield
after purification by column chromatography.!® All the
prepared diazides were colorless and stable oils, which
showed no decomposition on storage at 0°C. In the IR
spectra, diazides 4, 5 or 6 show a single absorption band
near 2130 cm ™! (v N;), whereas two separated bands are
visible for 8.

In conclusion, we propose three methods for preparing
anomeric sugar 1,1-diazides from either acetylated sugar
dihalides or tetrabenzyl D-glucono-1,5-lactone. In the
first case, halogen substitution was more efficiently achie-
ved by using PTC conditions as compared to treatment
with NaN; in DMSO. Both methods led, in fair to ex-
cellent yields, to the D-gluco and D-galacto diazides of
such a high grade that further purification could be avoi-
ded. Halogen displacement occurred less selectively in
the case of the less reactive D-manno configurated dihalide
2. Whatever the method, substrate reactivity decreased
in the following order: D-gluco > D-galacto > D-manno.
When applying the PTC method to unreactive substrates,
for safety reasons, benzene is to be recommended as the
organic solvent. Treatment of 2,3,4,6-tetra-O-benzyl-D-
gluconolactone with trimethylsilyl azide in the presence
of boron trifluoride—diethyl ether afforded the correspon-
ding benzylated 1,1-diazide. Since the required substrates
are readily available, the proposed methods constitute
simple, efficient and safe preparations of protected gly-
copyranosylidene 1,1-diazides.

Azidation Reactions in DMSQ; General Procedure:

A suspension of NaN; (0.78 g, 12mmol) in dry DMSO (12 mL)
was stirred at r.t. until the NaN; was completely dissolved (~ 1 h).
After addition of the chlorobromosugar (1.337 g, 3 mmol), the mix-
ture, protected from light with an aluminum foil, was stirred at r.t.
until completion of the transformation. Although the starting ma-
terial and the product have similar mobilities (R, ~ 0.65, EtOAc/
hexane 4: 6), disappearance of the substrate was indicated by the
absence of a pink-colored!® spot on the TLC plates after spraying
with a bromine-specific reagent. Although compounds 1, 2 and 3
were no longer present after 1.5, 24 and 2.5 h, respectively, stirring
was generally maintained for a longer time (5—12, 48 and 12 h) to
insure complete transformation of minor amounts of the more stable
gem-dichloride present (~ 10 %) in the starting material. Then, the
reaction mixture was diluted with water (20 mL) and extracted with
Et,0 (3 x 30 mL). Washing of the ether phase followed by drying
(Na,S0O,) and concentration led to a residue of high purity as shown
by 13CNMR. Column chromatography on silica gel with EtOAc/
hexane (4: 6) as eluent gave analytical samples of diazides 4 and 6
as colorless syrups in 61% and 57 % yields respectively, while 5
(8 %) remained contaminated by ca. 5% of the C-1 dichloride.

Azidation Reactions Under PTC Conditions; General Procedure:

A mixture of CH,Cl, (or benzene, for unreactive substrates) (13 mL)
and sat. ag NaHCO, (13mlL) containing Bu,NHSO, (1.018¢g,
3mmol), NaN; (1.95g, 30mmol) and the chlorobromosugar
(1.337 g, 3 mmol) was vigorously stirred at r. t. until TLC monitoring
showed complete consumption of the substrate (the reaction time
might vary depending on stirring efficiency). After separation of
the organic phase, the aqueous layer was extracted with CH,Cl,
(2 x 15mL). After drying (Na,SO,) and concentration, the residue
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from the final extractions and the main CH,Cl, phase!* were di-
rectly applied to a silica gel column eluted with EtOAc/hexane
(25:75) to give the pure diazide. When using benzene as the organic
phase and Et,O for extractions, the diazide obtained after solvent
removal was pure enough to avoid further purification steps, al-
though 5 contained the corresponding C-1 dichloride (~ 10%).
Applied to substrates 1, 2 and 3 this procedure (solvent, reaction
time, %) led to diazides 4 (CH,Cl,, 20 h, 82%), 5 (C;H,, 2-3
weeks, 36 %) and 6 (CsHg, 72 h, 65 %). Use of NaHCOj; in smaller
amounts (9 mmol) for preparing 5 did not improve the yield.

2,3,4,6-Tetra-O-acetyl-D-glucopyranosylidene Diazide (4); colorless

syrup; o], + 141 (c = 0.6, CHCl,).

UV (EtOH): 4,,,, (e): 264 (22), 218 nm (180).

IR (CCL): v = 2125cm ™! (N,).

'HNMR (CDCl,, 200.13 MHz): =537 (t, 1H, J,5,=9.9,

J34=9.6Hz H-3),523(d,1H, H-2), 516 (t, 1H, J, ; = 9.6 Hz,
H-4),4.17(dq, 1H, J5 5 = 4.6, J5 ;. = 2.1 Hz, H-5), 428 (dd, 1 H,

Js.¢ = 12.7 Hz, H-6), 418 (dd, 1 H, H-¢), 2.12, 2.11, 2.04, 200(4

s, 12 H, acetyl).

13CNMR (CDCl,, 50.32 MHz): § = 170.49, 169.81, 169.32, 169.04
(C=0), 99.90 (C1), 72.08, 70.77, 67.55, 72.17 (C2, C3, C4, C5),
61.11 (C6), 20.63, 20.50, 20.50, 20.29 (4CI1,).

2,3 ,4,6-Tetra-O-acetyl-D-mannopyranosylidene Diazide (5); colorless
oil; [¢]y + 82 (¢ = 1.1, CHCIL,).

IR (neat): v=2130cm ™! (N,).

'HNMR (CDCl,, 300.13 MHz): 6 = 5.24 to 5.34 (m, 3H, H-2,
H-3, H-4), 414 (m, 1H, J; = 3.1, J; ¢ = 4.7 Hz, H-5), 4.30 (dd,
1H, Js ¢ = 123 Hz, H6), 4.25 (dd, 1H H-6'), 223 2.12, 2.07,
1.98 (4 s, 12 H, acetyl).

13CNMR (CDCl,, 50.3 MHz): § = 170.5, 169.6, 169.6, 169.1
(C=0), 99.5 (C-1), 72.6, 69.1, 64.8, 71.1 (C-2, C3, C4, C5), 61.8
(C6), 20.65, 20.65, 20.53, 20.49 (4CH,,).

MS (CI) NH,: mfz (%) = 432 [M + 18]*, 372 [M — N,]*.

2,3,4,6-Tetra-O-acetyl-D-galactopyranosylidene Diazide (6);

colorless syrup; {o],+ 155 (¢ = 0.7, CHCI,).

IR (neat):. v = 2130 cm ™! (N,).

'HNMR (CDCl,, 200.13 MHz): 6 =5.465 (dd, 1H, J; , =238,
Jys=11Hz H-4),5443 (d, 1 H, J23—103Hz H-2), 5205(dd

1H, H-3), 437 (t, 1H, J5 5 = ~ 6.5, Js 5. = ~ 6.5 Hz, H-5), 417

(d, 2H, H-6, H-6'), 2070 2.066, 1.986, 1983 (4s, 12H, acetyl).

13CNMR (CDCl,, 50.32 MHz): 6 = 170.29, 169.98, 169.75, 169.28
(C=0), 100.60 (C1), 71.49, 68.90, 67.02, 69.58 (C2, C3, C4, C5),
60.92 (C6), 20.61, 20.57, 20.48, 20.42 (4CH.,).

2,3,4,6-Tetra-O-benzyl-D-glucopyranosylidene Diazide (8):
2,3,4,6-Tetra-O-benzyl-p-glucono-1,5-lactone  (0.538 g, 1 mmol),
TMSN; (1.152g, 1.315mL, 10 mmol) and BF;-OEt, (0.568 g,
0.507 mL, 4 mmol) were dissolved in dry CH,Cl, (10 mL) at 0°C.
The reaction mixture was protected from light and stirred for 48 h
under nitrogen while temperature was allowed to rise to r.t. Com-
pletion of the reaction was indicated by TLC with CH,Cl,/EtOAc/
hexane (2:1:9) which showed the formation of a new, more mobile
compound together with minor polar contaminants. Addition of
sat. ag NaHCO, (20 mL) and workup led to a residue which was
purified by column chromatography (same eluent) to give 2,3,4,6-
tetra-O-benzyl-D-glucopyranosylidene diazide; yield: 0.347 g (57 %)
as a colorless syrup.

[¢], + 147.5 (¢ = 0.7, CHCL,).

IR (neat): v = 2130, 2110 cm ™! (N,).

"HNMR (CDCl,, 300.13 MHz): § =3.87 (ddd, 1H, J, s =9.5,
Js 6= ~3,J56 = ~15Hz, H-5), 3.83 and 3.73 (2t Jy3 =91,
J3 4= ~9.5Hz H-3, H-4),3.75 (dd, 1H, J4 - = 11 Hz, H-6), 3.72
(dd, 1H, H-6), 365(d 1H, H-2), 4.95, 4.87, 4.81, 4.79, 4.76, 4.61,
4.55,4.52(84,J,,,, = ~ 11 Hz benzyl), 7.1to 7. 4(m 20H, phenyl)
13CNMR (CDCl,, 50.32 MHz): § = 138.32, 138.02, 138.00, 137.41
(arom, ipso), 128.48, 128.23, 128.03, 127.91, 127.89, 127.84, 127.76
(arom CH), 101.59 (C1), 82.77, 76.85, 75.28, 84.14 (C2, C3, C4,
C5), 67.80 (C6), 75.96, 75.67, 75.17, 73.49 (C benzyl).
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