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ABSTRACT

6-Amino-2,5-anhydro-6-deoxy- and -1,6-dideoxy-D-glucitol (44), as well as
some of their derivatives, were synthesized, starting from D-mannitol. 3,4-Di-O-
allyl-1,2:5,6-dianhydro-D-mannitol was converted into the 2,5-anhydro-6-bromo
compound 8, the bromine atom of which was replaced by azide. The allyl groups
were removed by treatment with Pd—C in ethanol-acetic acid—water, and the azido
group was reduced with hydrogen sulfide—pyridine. The amino group formed was
methylated by using formaldehyde—formic acid, yielding the 1-N-6-O-methylene
compound as the main product, which is resistant towards reduction with boro-
hydride. Treatment of 8 with activated zinc in acetic acid gave, instead of the ex-
pected 6-deoxy derivative, the (acyclic) S-enoalditol.

The synthesis of 44 was conducted via 2,5-anhydro-1,6-di-O-tosyl-D-mannitol
(36), which was obtained from 1,6-di-O-benzoyl-3,4-O-isopropylidene-D-mannitol
in satisfactory yield. Ditosylate 36 was converted into a 2,5:3,6-dianhydro
monotosylate which, on reduction with lithium aluminum hydride, gave the 1-
deoxy derivative. Opening of the 3.6-anhydro ring with hydrobromic acid led to the
6-bromo compound, which was converted, via its azide, into 44.

INTRODUCTION

In previous studies, the synthesis of “double-headed” muscarine analogs,
having two terminal, trimethylamino groups, was described'. As these com-
pounds possessed no muscarine-like biological activity, the synthesis of structurally
more closely related derivatives, such as 1 and 2, containing only one terminal tri-
methylamino group, was decided on.
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RESULTS AND DISCUSSION

For the synthesis of compound 1. a 2.5-anhydro-D-glucitol derivative carry-
ing a good leaving-group at C-6 was needed. Such compounds can be obtained
from 3.4-di-O-alkyl-1.2:5.6-diaphydro-D-mannitols, as, on treatment with hydro-
bromic acid. the corresponding 2.53-anhydro-6-bromo-D-glucitol derivatives are
formed in good yield®. As all hydroxyl groups must be free in compound 1, alkyl
substituents that could be selectively removed from the intermediates had to be
used for O-3 and O-4. For this purpose. the allyl group was chosen as it can be
readily split off under neutral® or weakly acidic conditions™.

As the starting material, the diallyl diepoxide 6 was used: this was originally
obtained? from 3.4-di-O-allyl-D-mannitol (3) via its dimesyl diacetate 4, but. on a
larger scale, a more convenient method was applied, involving the conversion ot 3
into its 1.6-ditosylate (5), which, without purification, was treated with sodium
methoxide. The resulting diepoxide (6) could, by distillation, be separated from
the contaminating 2,5-anhydro ditosylate (7)., which ix probably formed via the
1.2,6-tritosylate. present in the crude reaction-mixture.
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Treatment of diepoxide 6 with conc. hydrobromic acid gave, besides the 6-
bromo derivative 8 (68%) expected. the 1.6:2,5-dianhydride 14 (L0 ), which
could be separated by column chromatography. Dianhydride 14 could also be ob-
tained from 8 by treatment with sodium methoxide.

For removing the O-allyl groups. compound 8 was boiled. in the presence of
Pd—-C as the catalyst. in ethanol-acetic acid-water’. Deblocking of the O-alkyl
groups. to afford 12, proceeded in two steps. removal of the less-hindered group on
0-4 being the faster process, yielding 10 as the intermediate The reaction was
complete after 10 h. but the product could be purificd only by column chromatog-
raphy. When, instead of 8, its l-acctate (9) was submitted to the same reaction, the
deblocking process was slower, and. cven after 16 h. a 1:1 mixture of 11 and 13
could be separated after acetylation.

Treatment of bromide 12 with sodium azide in aqueous N, N-dimethylform-



6-AMINQ-2,5-ANHYDRO-D-GLUCITOLS 211

amide at elevated temperature afforded the expected azide 17, which was purified
by column chromatography. The same compound could be obtained in a
much higher yield by converting triacetate 13 into its azide (18), and submitting 18
to Zemplén deacetylation. The azido group was converted into an amino group by
means of hydrogen sulfide in pyridine, a very convenient reagent for the reduction
of terminal azides'®-°. During this procedure, the O-acetyl groups of 18 underwent
partial O— N acetyl migration; thercfore, the crude acetylated amine was directly
hydrolyzed with hydrochloric acid, to yield the deacetylated compound 23 in satis-
factory yield. The latter was N-methylated, using formaldehyde—formic acid’. Be-
cause of the proximity of the 1- and 3-hydroxyl groups, the formation of N, O-
methylene derivatives as byproducts could be expected' . According to 'H-n.m.r.-
spectral investigation, the product obtained was a complex mixture which, on re-
peated treatment with formaldehyde—formic acid, was only slightly changed.

It was presumed that the hypothetical N,O-methylene derivatives 24 and 26
would be reduced to the corresponding dimethylamino derivative 21 on treatment
with borohydride, as a similar transformation was observed’ in the case of the
analogous 2,5-anhydro-1,6-dideoxy-1,6-bis(dimethylamino)-L-iditol. However,
borohydride treatment of the crude, multicomponent, methylation product af-
forded, besides the dimethylamino derivative 21, the 1-N,6-O-methylene com-
pound 26 as the main product (ratio 1:2). The latter proved to be stable towards
borohydride, indicating that, although it must be formed via intermediate 25, there
exists no equilibrium under neutral conditions between 25 and 26. That means that
the 8-membered dioxazine ring is more stable towards hydrolysis than the 6-mem-
bered, oxazine ring'+*.

The pure 6-(dimethylamino) compound 21 could be obtained from the
foregoing mixture by crystallization, and it was converted with methyl iodide into
the trimethylamino derivative 1. It is interesting that this iodide 1 possesses a re-
versed, temperature-dependent solubility in acetone, as it is fairly soluble in the
cold solvent, but crystallizes on heating the solution.

The dibridged methylene compound 26 was purified by column chromatog-
raphy, and, on treatment with methyl iodide, was converted into its quaternary salt
27.

In further experiments, we tried to reduce the 6-bromide 8 to the correspond-
ing 6-deoxy compound 28, which would be a good starting-material for the synthe-
sis of muscarine antipodes. As the reagent, sodium cyanoborohydride in
hexamethylphosphoric triamide (HMPT), recommended by Hutchins ez a/. ? for the
selective reduction of a halogen atom in a terminal position, was first used. At 90°,
compound 8 was completely consumed in 10 h, but the 6-deoxy derivative 28 was
formed as only a minor component (8.2%), and the main products were the di-

*$tructure 26 was proved by *C-n.m.r. spectroscopy, as C-1 (being involved in the ether bridge) ap-
peared at 68.1 p.p.m., whereas, in 21, C-1 of the terminal hydroxymethyl group gave a signal at 61.7
p.p-m. In 24, C-1 should possess a similar shift.
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19 R == NH.* HCI 21 R - NMe - HCY 22 R .= &c

20R = NMe-:-HCl 23 1 = H

24 25 26 R = NMe «HCl
27 R = Nde Y17

anhydride 14 (38%) and the unsaturated derivative 29 (259%). The structure of the
latter was unambiguously proved by 'H-n.m.r. spectroscopy. as well as by g.l.e.~
m.s.

The formation of 29 is a process analogous to the conversion of 6-bromo-6-
deoxyglycosides into their S-eno-aldehyde derivatives on treatment with activated
zinc in aqueous ethanol, a reaction investigated in detail by Bernet and Vasella'"
in 1979. When sodium borohydride was used instead of cyanoborohydride., and di-
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methyl sulfoxide as the solvent, only the dianhydride 14 and the 6-deoxy derivative
28 were formed, but in significantly lower yiclds (14 and 7%, respectively).

To avoid formation of the 1,6-anhydro ring, basic conditions had to be
avoided; therefore, bromide 8 was hydrogenated in the presence of Pd-C and
barium carbonate'!, but no reaction took place. Similar, negative results were ob-
tained when sodium borohydride was used in the presence of acetic acid'?. On the
other hand, when zinc powder, activated with CuSQ,, was applied in aqueous ace-
tic acid'?, only the 5-enoalditol 29 was formed (in high yield).

For synthesis of the 1,6-dideoxy-6-(trimethylamino) derivative 2, there was
chosen, as the starting material 2,5-anhydro-D-glucitol (33), which can be obtained
either from 1,6-di-O-benzoyl-D-mannitol’*~!7 (30), or directly from D-mannitol
under acidic conditions'®~?*, Despite the fact that, according to g.l.c. investiga-
tions??, this very simple procedure gives a mixture of anhydrides containing 33 in
a yield of 47%, its separation is a very tedious process that lowers the preparative
yield dramatically. Even the separation of 33 from the crude mixture via acetala-
tion and subsequent tritylation®? or benzoylation?* gives the properly substituted
derivatives in a yield of only ~15%. In our hands, the latter two processes actually
gave much lower yields (5-7%); therefore, an alternative route was explored for
the synthesis of larger amounts of 33. To avoid the formation ot other anhydro de-
rivatives, which make the purification of anhydride 33 difficult, the tendency to for-
mation of the oxolane ring on C-2 and C-5 had to be increased. Under acidic condi-
tions, protonation of OH-2 (or OH-5)—transforming it into a leaving group—is the
crucial step for the formation of the 2,5-anhydro bridge. Protonation of all other
OH groups will automatically enhance the possibility of the formation of anhydro
derivatives with different structures. To avoid these reactions, OH-2 (or OH-5)
had to be converted by substitution into a strong leaving-group, thereby enhancing
the chance of 2,5-anhydro ring-closure.

Based on this consideration, the well known 1.6-di-QO-benzoyl-3,4-O-iso-
propylidene-D-mannitol'® (31) was converted with one equivalent of tosyl chloride
in pyridine into its crystalline 2-tosylate 32, which, on boiling with conc. hydro-
chloric acid in ethanol, was rapidly converted (via hydrolysis of the isopropylidene
group and subsequent elimination of p-toluenesulfonic acid) into the 1,6-diben-
zoate 34. The overall yield, calculated on D-mannitol, is only ~20% , but all of
these derivatives are crystalline, and readily purified. 2,5-Anhydro-D-glucitol (33)
could be obtained as a homogeneous syrup in quantitative yield by Zemplén de-
benzoylation of 34; its purity was proved by g.1.c. of its tetraacetate (35).
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Anhydride 33 was converted by sclective tosylation into the crystalline 1.6-di-
tosylate 36, which, on treatment with sodium methoxide in ethanol. gave the ox-
pected 2,5:3,6-dianhydro derivative 42. As OH-3 in 36 is cis-related to both tos-
yloxy groups, theoretically the formation of a 1,3-anhydro derivative could not be
precluded. but the tendency to ring formation is much greater for an oxolane than
for un oxetane. Neverthcless. the structure of 42 could also be proved chemically.
as, on treatment with lithium aluminum hydride in 1.4-dioxane. it was converted in
excellent yield into the I-deoxy derivative 40. which, on tosvlation, afforded 41.
both being identical with the 2.5:3.6-dianhydro derivatives described carlier™ .

When dianhydride 40 was treated with hydrobromic acid in acetic acid con-
taining acetic anhydride, the 3.6-anhydro ring was cleaved. and thec 6-bromo diace-
tate 38 was formed. The terminal bromine atom of 38 was exchanged with sodium
azide in M. N-dimethylformamide, and the 1-azido diacetate 39 obtained gave, on
deacetylation. the crystalline dihydroxy compound 43. This was reduced with hy-
drogen sulfide, and the resulting aminc 44 gave, alter methylation with tformal-
dehyde—formic acid, and treatment of the product with borohydride. the di-
mecthylamino derivative 45. which was converted with methyl 1odide into the cor-
responding quaternary salt 2 (X=I). The iodine in the latter was replaced by
chlorine on treatment with silver acetate, and reaction of the acctate with hydro-
chloric acid.

During the partial tosylation of 2,5-anhydro-D-glucitol (33), a 1.4,6-tritosylate
must have been formed (besides the ditosylate 36), as addition of sodium
methoxide to the mother liquor obtained after separation of 36 afforded the sym-
metrical galactitol epoxide 46. which is almost insoluble in chloroform.

Treatment of the dianhydro monotosylate 42 with sodium azide in N, N-di-
methylformamide gave syrupy azide 47, which was purified via its benzoate 48.
Alter debenzoylation. the azide was reduced with hydrogen (Pd-C as catalyst), and
the crystalline amine 49 resulting was converted into the dimethylamino derivative
50 with formaldehyde—formic acid. Methylation of §0 with methyl iodide afforded
the quaternary salt 51.

The 1.6-ditosylate 36 offered the opportunity to synthesize the “double-
headed™ 1.6-bis(trimethylamino) derivative having the D-gluco configuration (58),
which had thus far been obtained only as its racemate>. Treatment of 36 with tri-
methylamine [which, according to the literature™, afforded the 1.6-bis(tri-
methylamino) derivative 58 as its dibenzenesulfonate in the case of 2.5-anhydro-
1.6-di-O-(phenylsulfonyl)-D-glucitol] gave only the 2.5:3.6-dianhydro 1-tosviate
42. That means that trimethylamine does not react as a nucleophile. but as 4 base.
and the substitution reaction described in the literature indicates that the starting
material used must actually have had a structure different from that claimed, as al-
ready suggested= 2,

The tosyloxy groups of 36 rcacted with sodium azide in N, N-dimethylfor-
mamide at elevated temperature; the less shielded one {(on C-6), being the more
reactive, was exchanged first. On prolonged treatment with sodium azide. the
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mono-azide 52 obtained gave the 1.6-diazide 54. As the water-soluble azides could
only be separated with difficulty, the same reaction was applicd to the acetylated
ditosylate 37, yielding diazide 55 (via the monoazide 53) in excellent yield.
Deacetylation of 55 gave 54, which was reduced to the corresponding diamine 56.
Methylation with formaldehyde—formic acid, and subsequent treatment with
sodium borohydride, atfforded the 1,6-bis(dimethylamino) derivative 57, which was
converted into its quaternary salt 58 on treatment with methyl iodide.
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Nonce of the quaternary salts 1, 2, 51, and 58 posscssed muscarme-tike activ-
ity. For compound 2, this was rather unexpected. as it differs from muscarine only
in the configuration of C-3 and in the presence of un additional iydroxyl group on
C-4. According to the published structure-activity data”” for several analogs. the
configuration of ("-3 scems not to be essential for the biological activitv. as mus-
carone (the 3-keto derivative of muscaringe) is as active as the parent compound.

EXPERIMENTAI

General methods. — After organic solutions had been dried with sodium sul-
fate. all evaporations werce conducted 1in a rotary cvaporator under diminished
pressure. Light petroleum had b.p. 60-80°. Optical rotations were determined for
solutions m chloroform (¢ 1), if not stated otherwise. T.lc. was effected on
Kiesclgel G with (A) ethanol, (B) cthyl acctate, with cthyl sectate—carbon tetra-
chloride 1:1 (€Y, 1:2 (D3, T3 (80, 15 (F), 201 (G, and 301 (FD . with ethyl ace-
tate-1.2-dichloroethane 1:3 (7) and 1:9 (/). with ethyl acetate--cthanol 1:5 (K) and
1:9 (L), and with (M) 9: 1 ethanol—conc. ammonium hyvdroxide. For detechon. 101
(. IM potassium permanganate-M sulfuric acid was used at 1057, Column chro-
matography was performed on Kieselgel 30 (63-200 um). '“C-N.m 1. spectra (25.2
MHz) and "H-n.m.r. spectra (90 MHz) were respectively 1ecorded at room temper-
ature with a Varian XL-100 FT und 4 Varian EM-390 spectrometer. tor solutions
in (a) chloroform-d. with tetramethylsitane as the internal standand. (H) D-O. or
(c) dimethyl sulfoxide-d,,. with sodium $.d-dimethyl-Jd-silapentanc- f-sultonate as
the internal standard. G.l.c.-m.s. was conducted with a Hewlett—Pachard S990A
gas chromatograph—mass spectrometer using a glass column packed with 1% of
OV-1,at70 eV electron energy and 2,600 MeV multiplier voltage.

2, 5-Anhydro-t-deoxy-6-(trimethyvlamino )-D-glucitol 1odide (1), A stirred
sturry of hydrochloride 21 (0.6 g) in methanol (10 mL) was made basic, in the pre-
sence of phenolphthalein, with SM methanolic sodium methoxide (0.6 mL). Then
acctone (10 mL) was added, and the inorganic salt precipitated was filtered oft on
charcoal. Mcthyl jodide (1 mL) was added to the filtrate, and the mixture was kept
overnight at room temperature, and then evaporated The sohd residue was solu-
blc in cold acetone. but precipitated from the solution on heating. Reenvstallization
from cthanol gave pure 1 (0.62 p. 7277): m.p. 90-92° [y +17 (water): (-
n.m.r. data (b): 8 83.7 (C-2), 82.0(C-5). 79.7 and 77.9 (C-3,41), 0.2 (C-A), 623 (-
1) and 56.5 (t. J¢ 3.3 Hz, N-CH ).

Anal. Cale. for CoHagINO,: €, 32,44 H, 6.05; 1, 38.09: N, 4.20. Found: C.
32.30: H, 6.22:, 1, 37.81; N, 4.05.

2. 5-Anhydro-1.6-dideaxyv-6-(inmethylamino )-D-glucitol chloride (2, X=C1).
— A solution of hydrochioride 45 (1.4 g) in ethanol (10 mL.) was mcthylated as de-
scribed for 1. Aftler evaporation. a solution of the residue in water (20 ml.) was stir-
red with silver acetate (0.9 gj for 3 h. The precipitate formed was filiered off. and
the filtrate was saturated with hvdrogen sulfide to remove traces of soluble silver
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salts. The suspension was filtered with charcoal, and the filtrate acidified with conc.
hydrochloric acid, and evaporated. Then, ethanol was added to, and evaporated
from, the residue. which crystallized and was filtered off with 2-propanol—<ther, to
yield pure 2 (X=Cl) (1 g, 67%); m.p. 118-120°, [a]Z +44.4° (water); 'H-n.m.r.
data (b): 6 3.65 (m. H-6),3.22 (s, N-CHa3), and 1.26 (d, J, 6 Hz, H-1).

3,4-Di-O-allyl-1,6-di-O-p-tolylsulfonyl-D-mannitol (5). — To a stirred solu-
tion of 3.,4-di-O-allyl-D-mannitol® (3; 5.2 g) in dry pyridine (25 mL) was added a
satution of tosyl chloride (8.5 g, 2.2 equiv.) in chloroform (20 mL) during 30 min
at +5°. The mixture was kept overnight at room temperature, and then poured
into water. The precipitated oil was extracted with chloroform, and the extract was
processed in the usual way. to yield a syrup which, after column chromatography
(solvent D), gave ditosylate 5 as a pale-yellow syrup (5.3 g, 46.5%); R,. 0.55 (D);
[@]d® +15.5° "H-n.m.r. data (a): § 4.17 (m, H-1.6), 4.0 (m, H-2,5), 3.65 (m, H-
3.4),3.6 (OH). and 5.75, 5.2, and 4.0 (O-allyl}.

Anal. Calc. for CygH34,0,458,:C, 54.71; H, 6.00; S, 11.23. Found: C, 54.35; H,
5.83;S, 11.52.

3,4-Di-O-allyl-1,2:5,6-dianhydro-D-mannito! (6). — Compound 3 (131 g)
was tosylated as described for 5. but the chloroform solution of the crude reaction-
product was only concentrated to 1 L. Mcthanol (500 mL) and, after cooling to
+5°, 5M methanolic sodium methoxide (220 mL) were added. The alkaline
(phenolphthalein) slurry formed was stirred for 10 min, and then poured into
water. The organic solution was washed with water, dried. and evaporated. The re-
sidue gave, on distillation, pure 6 (61.7 g, 54%); b.p.q os* 98-100%; lit.* b.p.g 3 112—
115°.

3,4-Di-O-allyl-2,5-anhydro-1,6-di-O-p-tolylsulfonyl-D-glucitol (7). — The
dark-brown residue obtained after the distillation of 6 was mixed with hot
methanol (50 mL), and the suspension was filtered with charcoal. Crude 7 crystal-
lized from the chilled filtrate and was recrystallized from methanol (5 vol.); yield,
17.1 g. 6.2%: m.p. 76-77°, la] & +35.4% R 0.60 (£); 'H-n.m.r. data (a): 6 4.3-3.8
(m, H-1-6), 5.75, 5.2, and 4.0 (m, O-allyl), and 7.83, 7.35, and 2.45 (d, d, and s,
O-tosyl).

Anal. Calc. for C;gH3,06S5: C, 56.50; H, 5.83; 8§, 11.60. Found: C, 56.42; H,
5.90; 85, 11.97.

3,4-Di-O-allyl-2,5-anhydro-6-bromo-6-deoxy-D-glucitol (8) and 3,4-di-O-
allyl-1,6:2,5-dianhydro-D-glucitol (14). — A solution of diepoxide 6 (22.6 g) in
acctone (100 mL) was added dropwise to an ice-cold, stirred solution of conc. hy-
drobromic acid (25 mL) in acetone (25 mL). The mixture was stirred for 15 min at
room temperature, and was then made neutral with solid sodium hydrogen-
carbonate. The precipitated salts were filtered off, and the filtrate was evaporated.
The residue was dissolved in chloroform, and the solution washed with water,
dried, and evaporated; the syrup obtained was purified by column chromatography

*For comparison with earher work . pressures arc givenin torr, 1 torr =133.32 Pa.
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(solvent £). The fractions having Ry 0.25 gave. on evaporation, pure 8 as a syrup
(20.9 g. 687%); [a] +117 "H-n.m.r. data (a): § 4.3-3.8 (11-1 -5 3 45 (d. H-n),
and 575, 5.2, and 4.0 (m. O-allyl).

Anal. Cale. for C)-F, ,BrO,: C.46.91: H. 6.23, Br. 26.01. Found: C, 46.73:
H. 3.96; Br. 26.338.

The fractions having R,y (.45 gave. on evaporation, and distillation of the re-
sidue, pure dianhvdride 14 (2.2 g, 9.7% ) bup.y oy 808571 [a]p 23 3 "HenLmer.

data (a): & 4.2-3.5 (m, H-1.0}, and 5.8, 5.2, and 4.0 {O-allyi).

Anal. Cale for C-H O Co63.69 H R.02 Found: TS5 H R 11

The same dianhydride (14) resulted when bromide 8 (obtaned from 2.3 y of
diepoxide 6) in methanol (10 mL) and 5M methanolic sodium methoxsde (25 mL)
was boiled on a steam bath for 8 h. The residue obtained after evaporation was
dissolved in chloroform. und the »olution washed with water. dried. and evapo-
rated. to vield, after distillation. dianhvdride 34 (1.7 g 747 ) dentical with that al-
ready described.

Reduction of compound 8, — Method a. A solution ol bromide 8 (1 g) and
sodium cvanoborohvdride (1.2 g) in hexamethylphosphoric triamide (10 ml.) was
heated on a steam bath tor 10 h. when, according to t.l.c. (solvent ). the starting
material had all been consumed. The mixture was diluted with water, and extracted
with cther. The extract was washed with water, dried. and cvaporated. and the re-
siduc was purified by column chromatography (solvent 7).

The fractions having R, 0.60 gave, on evaporation, dianhvdride 14 (U 28 g,
384y identical with that already described.

The fractions having R (.15 gave. on evaporaton. 3.4-di-O-allyl-2 5-
anhydro-6-deoxy-D-glucitol (28; 0.06 g, 8.2%); '"H-n.m.r. data(a): 8§ 1 33 (d. J o 6
Hz, H-6),4.5-3.7 (m, H-1-5). and 5.9. 5.3, and 4.2 (m. O-allyl).

The fractions having Ry (.30 gave, on evaporation. 3.4-di-O-allyl-D-xvio-
hex-S-enitol (29; 0.18 g, 25% ) as a colorless liquid. [a]3d’ +16.3% msz: 41 (100), 43
(17).55(32). 57 (1O}, 61 (1D 97 (LD T3 () 131 (1.5, 139 (L) and 167 (0.6).

Method b, A solution of bromide 8 (1 g) and sodium borohvdride (1.5 g) in
dimethyl sulfoxide (10 mL) was heated on a steam bath for 10 h. The cooled solu-
tion was acidified with M hvdrochloric acid und then extracted with ether. The re-
sidue obtained after evaporation of the dried cther solution was separated by col-
umn chromatography (solvent /). giving dianhydride 14 (0.1 g, 14973 and the 6-
deoxy compound 28 (.05 g. 794). both identical with those obtained 112 method 4.

Method ¢, To a stirred solution of bromide 8 (1.5 g) in acetic acwd (20 mL)
and water (18.5 mL) was added a suspension of zinc powder (3 g in a solution of
CuSO, (0.3 g) in water (1.5 ml.). The slurry was stirred for 5 h at 40 | when, ac-
cording to t.l.c. (£). the starting material had all been consumcd. and only one
major component (29) could be detected. The cooled slurry was filtered. the zinc
was washed with ethanol. and the filtrates were combined and evaporated. The re-
sidue was partitioned between chloroform and water, and the organic solution was
washed with water, dried. and cvaporated. The residue gave. after column chro-



6 AMINO-2,5-ANHYDRO-D-GLUCITOLS 219

matography (solvent C), pure 29 (0.85 g. 74%), identical with that obtained via
method a.

1-O-Acety!l-3,4-di-O-allyl-2,5-anhydro-6-bromo-6-deoxy-D-glucitol (9). — 'L'o
a solution of 8 (15.3 g) in pyridine (15 mL) was added acetic anhydride (10 mL),
and the mixturc kept overnight at room temperaturc, and then processed in the
usual way, to give, after column chromatography (solvent F), pure 9 as a syrup
(11.4 g, 73.5%); [a]& —19.4° R 0.75 (F); 'H-n.m.r. data (a): 8 4.4-3.8 (m, H-1-
5),3.40 (d, H-6), 5.8. 5.2, and 4.0 (m, O-allyl), and 2.06 (s, O-acctyl).

Anal. Calc. for C4H,BrOs: Br. 22.88. Found: Br, 22.60.

1.4-Di-O-acetyl-3-O-allyl-2,5-anhydro-6-bromo-6-deoxv-D-glucitol (11) and
1,3,4-tri-O -acetyl-2,5-anhydro-6-bromo-6-deoxy-D-glucitol (13). — A stirred solu-
tion of 9 (3.5 g) in ethanol (50 mL), acetic acid (35 mL), and water (35 mL) was
boiled in the presence of 109 Pd—C catalyst (3.5 g) for 16 h. The cooled slurry was
filtered. the filtrate evaporated, and the residue acetylated with acctic anhydride (5
mL)-pyridine (10 mL). The mixture was kept overnight at room temperaturc to
give, after the usual processing. a syrup which was separated by column chro-
matography (solvent F).

The fractions having Ry 0.60 gave, on evaporation, the monoallyl compound
11 (1.0 g, 28%); [a]Z® —7.5° 'H-n.m.r. data (a): § 5.15 (d, H-4), 4.5-3.8 (m, H-
1,2,3,5), 3.47 (d. H-6), 5.8, 5.2, and 4.1 (m, O-allyl), and 2.12 and 2.06 (s, O-
acetyl).

Anal. Calc. for C3HyBrQq: Br, 22.75. Found: Br, 22.87.

The fractions having Rg 0.55 gave, on evaporation, triacetate 13 (1.2 g,
34%); [@]& —16.2° "H-n.m.r. data (a): 8 5.28 (dd, H-4), 5.01 (dd, H-3). 4.33 (m,
H-2).4.22 (d. H-1), 4.07 (m, H-5).3.57 (d, H-6), and 2.12 and 2.06 (s. O-acetyl).

Anal. Cale. for C,H7BrO+: Br, 22.62. Found: Br. 22.65.

The same triacetate 13 (1.5 g, 85%) was obtained when compound 12 (1.1 g)
was acetylated with acetic anhydride (5 mL) in pyridine (7 mL).

2,5-Anhydro-6-bromo-6-deoxy-D-glucitol (12). — A stirred solution of 8
(6.15 g) in ethanol (80 mL). acetic acid (60 mL), and water {60 mL) was boiled in
the presence of 10% Pd—C catalyst (6.5 g). On t.l.c. (B), besides,the spot ol the
starting material (Rp 0.9), that of the 3-O-allyl derivative 10 (Rg 0.7) and com-
pound 12 (Ry 0.35) could be detected. After 10 h, the catalyst was filtered off, and
the filtrate was evaporated. Then, ethanol was added to. and evaporated from, the
residuc, and this procedure was repcated three times. The remaining syrup was
dissolved in ethanol (100 mL) and Kieselgel 40 (20 g) was added. The slurry was
evaporated to dryness, and the mixture was transferred onto the top of a column
prepared with ethyl acetate. The same solvent was used for elution. The fractions
having Ry 0.35 gave, on evaporation, pure 12 (3.3 g, 72%) as a syrup; [«]Z +1.7°
(methanol); "H-n.m.r. data (¢): § 4.1-3.4 (m, H-1-6), and 4.5 (s, OH).

Anal. Calc. for C¢gH;;BrO,: Br, 35.19. Found: Br, 34.98.

3,4-Di-O-allyl-2,5-anhydro-6-azido-6-deoxy-D-glucitol (15). — A solution of
8 (7 g) and sodium azide (2 g) in N, N-dimethylformamide (30 mL) and water (3
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mL) was boiled for 30 min. The dark-brown solution was cooled. and evaporated.
und the residue was partitioned between chloroform and water. The organic solu-
tion was washed with water, dried, and e¢vaporated, and the residue was purified by
column chromatography (solvent 7). The fractions having Ry O 60 gave. on evap-
oration. azide 15 (3.5 g. S77¢ ) ns a colorless syrup: [y’ +67.57 'Hen mor. Jata
(a): 6 3.3-38(m, H-2-5), 385, H-1. 340 (d. H-mY.and 59 5 3 and 3 9(m., (-
allyl).

Anal. Cale. for C,H,yN O, N 15,60, Found: N. [5.37,
1-0-Acetvi-3,4-di-O-alivi-2. S-anhivdro-t-azido-6-deoxs -D-giuctiol  (16)
Method «. A solution of 9 (3.3 g) and ~odiam azide (1 gy in N N-dimethylform-
amide (15 mL) and water (1.3 mL) was treated as described for compound 15, to
vicld. after column chromatography (solvent /). compound 16 (0.8 ¢ 25 777 ) as an
oil: [a]5' +50.4° Re 0.70 (F): 'Hen mor. data (o3 & L3-2.8 {m, TR 5103 40 1d.

H-6).59,52 and 3.9 (m. 2-allyh. and 2.10 (s {2-acetyi),

Method b. Azide 15 (1.5 g) gave, on acetylation with acetiv anhvdride (1.5
mL)-pyridine (3 mL), acetate 16 (1.4 g. 8377} identical with that obtamed vie
method a,

Anal. Cale. for C H-N;O N 13,49, Found: N. 13.30.

2.5-Anhvdro-6-azido-6-deoxy -D-glucitol (17). -~ Method ¢, A solution of
bromide 12 (3.6 g) and sodium azide (2 g) in N, ¥-dimethvifomamide €36 mL) and
water (3.6 mL) was boiled for 30 min. The dark-brows sutution was evaporated,
and then ethanol was added to. and cvaporated from. the ressidue. Therealter,
ethyl acetate (20 mL) and ethanoi (5 mL.) were added, and the precipitated nor-
ganic salts were filtered off. The Rltrate was diluted with cthyl accrote o 0 mlL,
Kicselgel 40 (20 g) was added. and the slurry was evaporated 1o dryvness. Colamn
chromatography of this material wus performed as deseribed for 12, o give azide
17 (1.9 g, 63.59) ax a colorless oil, Ry (030 (B e}y’ +45.5 (methanob), 'H-
n.m rodata{a): §4.4-3.8(m, H-1-5). 3.5 (m, H-b1.and 4.0 (~, O}

Methiod b, Zemplén deacetylation of triacetate 18 (3.3 g} afforded 17 (015 g
79% ). identical with tat obtained via method .

Anal. Cale. for CoH NG NO22. 21 Found: N 22 08

1.3 4-Tri-O-acervd-2, S-anhydro-6-azido-6-deoxy-n-glucitol (18, - A solu-
tion of bromide 13 (7 g) and sodium azide (2 g) m N A dincthy Hormamide (60
mL) and water (6 mL) was treated as described for compound E5. 1o gaive. after col-
umn chromatography (solvent £). pure 18 (3.8 g, 929 1 u~ a pale sellow svrup:
[a] ' +62.5° Ry 0.55 (£): "Henomor, data (@), 8 5.28 (dd, H-3), 495 (dd. H-4).
4.4-3.8 (m, H-1.2,5). 3.5 (m. H-6), and 2.10 and 2.07 {s. O acetvl}.

Anal. Cale. for C5H;N:O-: NL13.32 Found: N 13 1)

S A-DH-O-alivi-6-aming-2.5-anhivdro-6-deoxy -D-glucitol fivdrochloride (19)
—- Through a solution of azide 15 (6 g) in pynidine (60 mi.y and water (30 mL) was
passed a stream of hydrogen sultide The temperature of the reaction nuxture had
o be kept at 40° by gentle heating. {n 1 v. (M), besides the spot of the starting
material (R 0.95), only that of amine 19 (R, (170 was detected. Aler T 1 when
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the reaction was complete, acetic acid (6 mL) was added, and the solution was
evaporated. The residue was filtered on charcoal with the aid of M hydrochloric
acid (20 mL), to remove the precipitated sulfur, the filtrate was evaporated, and
ethanol was added to, and evaporated from, the residue. The syrupy 19 (5.3 g,
85%) so obtained was pure enough tor the next step. An aliquot (0.5 g) was further
purified by column chromatography (solvent M), yielding pure 19 (0.3 g); [«]3’
+47.4° (water); '"H-n.m.r. data (b): 6 4.3-3.7 (m, H-1-6). and 5.9, 5.3, and 4.1 (m,
O-allyl).

Anal. Calc. for C;H,,CINO,: C1,12.67; N 5.00. Found: C1,12.40; N, 4.88.

3,4-Di-O-allyl-2,5-anhydro-6-deoxy-6-(dimethylamino )-D-glucito! hydro-
chloride (20). — A solution of crude 19 (2.8 g) in aqueous formaldehyde (36%; 6
mL) and formic acid (909 ; 10 mL) was heated on a steam bath for 12 h. The solu-
tion was evaporated, and the residuc was filtered on charcoal with the aid of M hy-
drochloric acid (10 mL), to give, after evaporation, a syrup which was purified by
column chromatography (solvent A). The fractions having Rg 0.5 gave, on evap-
oration, pure 20 (1.3 g, 42%) as a pale-yellow syrup; [a]&® +47° (water); 'H-n.m.r.
data (b): 6 4.3-3.7 (m, H-1-6), 5.9, 5.3, and 4.1 (m, O-allyl), and 2.98 (s, N-
methyl).

Anal. Calc. for C,,H,,CINO,: Cl1, 11.51; N, 4.55. Found: Cl, 11.23; N_ 4.31.

2,5-Anhydro-6-deoxy-6-(dimethylamino)-D-glucitol hydrochloride (21). —
Method a. A solution of the dimethylamino compound 20 (1.5 g) in ethanol (20
mL), acetic acid (15 mL), and water (15 mL) was boiled in the presence of 10%
Pd-C (1.5 g). According to t.l.c. (M), the starting material (Rg 0.90) was slowly
converted, via the monoallyl derivative (Rg 0.55), into the unprotected 21 (Rg
0.35). After 62 h, when the reaction was complete, the catalyst was filtered off, and
the filtrate was evaporated. The residue was mixed with M hydrochloric acid (10
mL), the suspension filtered with charcoal. and the filtrate evaporated. Then
ethanol was added to, and evaporated from. the residue, and the syrup obtained
was purified by column chromatography (solvent M). The fractions having Ry 0.35
gave, on evaporation, a solid residue which was filtered with acetone, to yicld pure
21 (0.1 g, 9%); m.p. 150-151°, [@]Z’ +47° (water); 'H-n.m.r. data (c): § 4.2-3.7
(m, H-2-5), 3.60 (m, H-1). 3.25 (m, H-6), 10.4 (s. NH™"), 4.3 (s, OH), and 2.78 (s,
N-methyl).

Method b. A solution of amine 23 (5 g) in aqueous formaldehyde (36%; 10
ml.) and formic acid (909 15 mL) was boiled for 2 h. cooled. and evaporated. The
residue was dissolved in the same reagent, and the procedurc was repeated. The re-
sidue was mixed with water, the suspension filtered with charcoal. and the filtrate
evaporated. The residue was dissolved in ethanol (10 mL), and the solution was
made alkaline (in the presence of phenolphthalein) with M sodium hydroxide (15
mL). Then, sodium borohydride (2 g) was gradually added to the stirred solution,
and stirring was continued for 2 h at room temperature. The solution was acidified
with conc. hydrochloric acid (using Methyl Red as the indicator), and evaporated,
and then ethanol, and, subsequently, methanol (3 X 100 mL) were added to, and
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evaporated from, the residue, to remove water and boric acid. respectively. The
syrup so obtained gave two spots in t.J.c. (M), that of Ry 0.60 corresponding to
compound 26, and that of R, 0.45, to the dimethylamino derivative 21. According
to '*C-n.m.r. spectroscopy”. these two components were present in the ratio of
1:2. The syrup was dissolved in ethanol (15 mL). and the solution was kept for 2
days at —5°. The resulting crystals were filtered off, and washed with ethanol. to
give pure 21 (0.9 g, 15.7%), identical with that obtained 1ia method «.
with that obtained via method a.

Anal. Cale. for CgH CINO: C, 42.19; H, 7.96; CI, 15.57: N. 6 15 Found:
C.42.05,H,7.80. CL. 15.32: N, 5.98.

6-Amino-2,5-anhydro-6-deoxy-D-glucitol hyvdrochloride (23}, — A solution
of azide 18 (6.3 g) in pyridine (60 mL) and water {30 mL) was reduced with hydro-
gen sulfide as described for 19. The solution was evaporated. the residue dissolved
in M hydrochloric acid. and byproducts were removed by extraction with chioro-
form. The aqueous solution was cvaporated. yiclding a syrup (5.2 g) containing
mainly triacetate 22 and some of its N-acetyl derivative (which is tormed during the
reduction via an O-»>N acetyl migration). 'This crude syrup was dissolved in af hy-
drochloric acid (20 ml.), and the solution was boiled for 75 mm. The brown sohi-
tion was filtered with the aid of charcoal. the filtrate was evaporated. and then
cthanol was added to, and evaporated from, the residue. vielding 23 (2.9 4. 72.577)
as a pale-yellow syrup; [a]3’ +20° (water): R (.40 (M) "H-n.m r. data (0): 5§ 4.1~
3.3 (m, H-2-6) and 3.0 (m, H-1).

Anal. Cale. for C,H,CINO,: CL17.76: N, 7.01. Found: (1, I7 532: N, 6.83,

2,.5-Anhvdro-6-deoxy-6-(dimethylanunoj-{ -O.6- N -methyierne - - gluciiol
iodide (27). — The mother liquor of the dimethylamino derivative 24, obtained v
method £. was evaporated. The residue (1.8 g) was dissolved in ethanol, and the
solution was madc alkaline with SM methanolic sodium methoxide in the presence
of phenotphthalein. The precipitated inorganic salts were filtered oft. the filtrate
was evaporated, and the residue obtatned was purified by column chiromatography
(solvent M). The fractions having Ry 0.60 gave, on evaporation. 26 as frec base.
This was dissolved in acetone (20 mL}. and methyl iodide (3 mb) was added After
15 min at room temperature. the solution became turbid. and an oil separated The
mixture was kept overnight at room temperature, to give. after eviaporation. a
palc-yellow syrup which slowly crystaltized on standing at room temperaiure. Re-
crystallization from cthanol gave pure 27 (2.2 g, 69.874); m.p. 60637 [a]y +25°
(water); Rp0.85 (M); 'H-n.m r. data (¢): § £.3- 3.8 (m, H-2-5), 3.9- 3.4 (m, [I-1.6).
4.90 and 4.68 (d. d. N—CH>~0). and 3.22 (5. N-mcthyl).

Anal. Cale. for CoH INO,: €. 32.63; H, 5.47: 1, 38.32: N, 4 23 Found: (.
32,71, HL5.60: 1, 38.05; N. 413,

1.6-Di-O-benzoyl-3,4-di-O-isopropylidene-2-OQ-p-tolvisulfonyi-D-mannitof
(32). — To astirred solution of dibenzoate ' 31 (43 g) in dry pyridine {160 mL) was

“P3C-N.m r. data for 21 8 44.3 (N-methyl), tor 26 516 9 (Vomethyl} and 93 3 (N—CTE0)
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added a solution of tosyl chloride (21 g; 1.1 equiv.) in pyridine (40 mL) during 30
min at +5° The mixture was kept overnight at room temperature, to give, after
the usual processing, and evaporation of the chloroform solution, a syrup that crys-
tallized on treatment with methanol. [The crude tosylate 32 (41.4 g, 70.8%; m.p.
127-129°) obtained was pure enough for conversion into the anhydride 34.] Recrys-
tallization from acetone-cther gave pure 32, m.p. 128-130°, [«]3® +31° Rp 0.40
(F); '"H-n.m.r. data (a): 8 5.20 (m, H-2). 4.8-4.3 (m, H-1.3-6), 8.2-7.0 and 2.25
(m., s, O-tosyl), and 1.38 (s, O-isopropylidene).

Anal. Calc. for C3gH3,0,05: C, 61.62; H, 5.51; S, 5.48. Found: C, 61.52; H,
5.65;5,5.32.

2,5-Anhydro-D-glucitol (33). — Method a. A stirred slurry of crude diben-
zoate 34 (44 g) in dry methanol (200 mL) was made alkaline (in the presence of
phenolphthalein) with 5M methanolic sodium methoxide (0.5 mL). According to
t.l.c. (L), the 34 (Rg 0.90) was slowly converted, via its monobenzoate (R 0.55),
into 33 (R 0.15). When the reaction was complete (25 h), sodium ions were re-
moved by means of an ion-exchange resin, and the solution was evaporated. The
residue was partitioned between cther and water, the aqueous solution was evapo-
rated, and the colorless syrup was dried in vacuo over phosphorus pentaoxide, to
give 33 (19 g, 98.2%); [a] & +19.5° (water); lit.?? [«]2® +23.1° (¢ 2, water).

Method b. A solution of the distilled tetraacetate 35 (29 g) in methanol (100
mL} and 5M methanolic sodium methoxide (0.1 mL) was kept for two days at room
temperature, and was then processed as described for method a, to yield 33 (13.9
g, 93.5%), identical with that obtained via method a.

2,5-Anhydro-1,6-di-O-benzoyl-D-glucitol (34). — A solution of crude
tosylate 32 (100 g) in ethanol (1 L) and conc. hydrochloric acid (100 mL) was boiled
on a steam bath for 45 min, when, according to t.l.c. (E), the starting material (Rg
0.70) was completely converted into the anhydride 34 (Rg 0.1). The cooled solution
was made neutral by addition of solid sodium hydrogencarbonate, the suspension
filtered, the filtrate evaporated, the residue partitioned between ethyl acetate and
water, and the organic solution washed with water. dried. and evaporated. The re-
siduc was filtered with the aid of ether to yield dibenzoate 34 (48.2 g, 75.6%), m.p.
124-126°, pure enough for further reactions. Recrystallization from benzene af-
forded pure 34, m.p. 135-137°; Rg 0.45 (C); lit.>*> m.p. 135.5-138.5°%; 1it.>® m.p.
135-137°.

1,3,4,6-Tetra-O-acetyl-2,5-anhydro-D-glucitol (35). — Syrupy anhydride 33
(19 g) was dissolved in pyridine (100 mL) and acetic anhydride (70 mL), to give,
after the usual processing, syrupy 35, the purity of which was 98.5%, according to
g.l.c. Distillation afforded pure 35 (35.5 g. 92.4%); b.p.g s 171-173%; [«]3' 0°; R,:
0.30 (F). The "H-n.m.r. data were identical to those described??.

2,5-Anhydro-1,6-di-O-p-tolylsulfonyl-D-glucitol (36). — To a stirred solution
of anhydride 33 (16 g) in pyridine (100 mL) was gradually added tosyl chloride (42
g) at +10°. The solution was kept for 4 h at room temperature and was then poured
into ice—water. The precipitate was filtered off, washed successively with water and
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mcthanol, and recrystallized from cthanol, to give pure 36 (27 g. 57.5% ), m.p.
131-133°, [a]d’ +13.3° (pyridine): Rp 0.55 (E)

Arnal. Calc. for CaoHL3068,: C.50.83; H, 5.11; S, 13.57. Found: €. 50.82: H.
5.26:85.13.21.

3,4-Di-O-acervi-2,5-anhydro-1.6-di-O-p-tolylsulfonvi-p-glucitol  (37). —-
Acctylation of tosylate 36 (4.7 g) with acetic anhydride (5 mL) in pyridine (8 mL)
was complete in | h. Alter the usual processing., diacctate 37 was obtained as a col-
orless syrup (5.2 g, 9497); [a]y’ +12.5% Ry 4150 ¢£): "-numur. data (¢): 8 5.23
(dd. H-3). 4.95 (dd. H-4}, 4.4+ 3.9 (m, H-1.2.5.6). 7.80. 7 36, and 2 44 (d. d, ~, O-
tosyh). and 2.04 and 1.88 (5. O-acetyl).

Anal. Calc. for CoyHAxO,S>: C.51.78; H, 5.07. S, 11.52 Found: C, 51.52:
H, 5.17: 8, 11.08.

3.4-D1-O-acetyl-2.5-anhydro-6-bromo-1,6-dideoxy-D-glucitol (38). -— A solu-
tion of dianhydride 40 (4.4 g) in acetic anhydride (15 ml.} and 44 ml. of acetic acid
presaturated at 20° with hydrogen bromide was kept overnight at room tempera-
ture. and was then poured into ice-water. The precipitated syrup was extracted
with chloroform, to give, alter the usual processing, 38. as a colorless syrup (8.1 g,
8170y [a)y —14.5°0 Ry 0.70(E); "H-n.m.r, data {a): 8 3. 10 (d, H-3}, 4 96 (d. H-4),
4.17 (dq. H-2). 3.9 (m. H-5}, 3.50 (m. H-6). and 2.06 and 2.04 (5. (}-aceyl).

Anal. Cale. for CyH <BrQs: Br, 27.07. Found: Br. 2684,

3.4-Di-O-acetyl-2 5-anhydro-6-azido-1,6-dideoxv-D-glucicol (39). — Method
a. A solution of bromide 38 (7 g) and sodium azide {2 g} in V. N-dimethylform-
amide (35 mL) and water (3.5 mL) was heated on a steam bath ror 2 h. The solu-
tion was cooled. and cvaporated. and the residus partitioned between chlorotorm
and water The organic solution was washed with water. dried, apd evaporated, to
yield 39 as a pale-yellow syrup (5.2 g, 857%): [a]d +105% Ry .70 (E) "He-nomur.
data (a): 8 5.16 (d, H-3), 194 (d, H-4). 4. 18 (dq. H-2). 3.9 (m. H1-5). 3 n0and 3.30
(dd. dd. H-6.6"), 1.22 (d, H-1), and 2. 12 and 2.08 (s. s, (-acetyl)

Method b. Acetylation of azide 43 (1.7 g) with acetic anhydride (5 mL) in
pyridine (7 mL) afforded, after the usual processing, diacetate 39 (2 1 g, 8275,
identical with that obtaincd via method a.

Anal. Cule. for C,)H [N ,O4: N, 16.33. Found: N, 16.02.

2.5:3,6-Dianhydro-1-deaxv-D-glucitol (40). — To a stirred solution of
tosylate 42 (13 g) in dry 1 4-dioxane (130 mL) was added lithium atuminum hydride
(4.2 g), and the mixture was stirred for 1 h at 1007, (The reduction starts at 80°,)
To the cooled slurry were successively added ethyl acetate (15 mL), water (4 mL).
aqueous sodium hydroxide (159, 4 mL). and water (12 mL), to decompose the ex-
cess of the hydride. The precipitate was filtered off. and washed with 1.4-dioxane.
and the filtrates were combined., and evaporated. The residue was passed through
a short column of silica gel. with ethyl acetale, to give, after evaporation.
dianhydride 40 as semisolid material (4.9 g, 87 79 ) pure enough for turther reac-
tions. Recrystallization from ethyl acetate—light petroleum attorded pure 40. m.p.
79-81°. [a}d’ +105.5° (water); Ry 0.55 (B Iit.™ mop. 81827 faff" +107.9°
(water).
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2,5:3,6-Dianhydro-1-deoxy-4-O-p-tolylsulfony(-D-glucitol (41). — To a solu-
tion of 40 (0.4 g) in pyridine (5 mL) was added tosyl chloride (0.8 g), and the mix-
ture was kept overnight at room temperature, to give, after the usual processing,
41, which was recrystallized from ether-light petroleum (0.70 g, 80.5%); m.p. 83~
85°, [@]& +62° 1it.° m.p. 85-86°, [«] & +60.1°.

2,5:3,6-Dianhydro-1-O-p-tolylsulfonyl-D-glucitol (42). — Ditosylate 36 (18
g) was dissolved in boiling ethanol (80 mL), the solution was quickly cooled to
room temperature, and SM methanolic sodium methoxide (8 mL) was added. From
the turbid solution was precipitated sodium tosylate, which was filtered off after 24
h. The filtrate was evaporated, and the residue partitioned between chloroform
and water. The organic solution was dried, evaporated, and the residue filtered
with the aid of methanol, to give 42 (9.7 g, 84.5%); m.p. 94-96°; this was pure
enough for further reactions. Recrystallization from methanol—water afforded pure
42; m.p. 102-103°, [« &’ +59°; Ry 0.50 (E); 'H-n.m.r. data (a): §4.54.1 (m, H-1-
5),3.92and 3.68 (d, d, H-6,6'), and 7.82, 7.38, and 2.45 (d. d, s. O-tasyl).

Anal. Calc. for C3H40,S: C, 51.99; H, 5.37; S, 10.68. Found: C, 51.92; H,
5.40;8,10.58.

2,5-Anhydro-6-azido-1,6-dideoxy-D-glucitol (43). — To a solution of azide 39
(5.7 g) in chloroform (20 mL) were added M methanolic sodium methoxide (0.1
mL) and methanol (20 mL). After 30 min, when, according to t.l.c., the reaction
was complete, the solution was made neutral with solid carbon dioxide, and evapo-
rated. The residue was passed through a short column of silica gel with the aid of
ethyl acetate, to give, after evaporation, and filtration of the solid residue with the
aid of carbon tetrachloride, pure 43 (3.6 g, 94%); m.p. 99-100°, [&|3’ +28°
(water); Ry 0.60 (B); '"H-n.m.r. data (b): § 4.19 (dq, H-3), 4.1-3.9 (m, H-3,4), 3.8
(m, H-5), 3.6 and 3.4 (dd, dd, H-6,6'), and 1.22 (d, H-1).

Anal. Calc. for C¢H{N3Os: C, 41.61; H., 6.38: N, 24.27. Found: C, 41.60; H,
6.45; N, 24.02.

6-Amino-2,5-anhydro-1,6-dideoxy-D-glucitol hydrochloride (44). — A solu-
tion of azide 43 (3.5 g) in pyridine (35 mL) and water {16 mL) was reduced with hy-
drogen sulifide as described for 19, to give hydrochloride 44 as a syrup (3.6 g, 98%);
[@]3" +46° (water); Rg 0.50 (M); "H-n.m.r. data (¢): § 4.16 (dq, H-2), 4.0-3.8 (m,
H-3,4), 3.2 (m, H-6), and 1.24 (d, H-1).

Anal. Calc. for C¢gH,CINO;: Cl, 19.30; N, 7.62. Found: Cl, 18.92; N, 7.48.

2,5-Anhydro-1,6-dideoxy-6-(dimethylamino)-D-glucitol hydrochloride (45).
— A solution of amine 44 (1.8 g) was methylated as described in method b for com-
pound 21. The syrup obtained on evaporation of the mecthanol solution was
dissolved in ethanol, and the solution was passed through a short column of silica
gel, to yield, after evaporation, a solid residuc. This was filtercd with the aid of 2-
propanol, and washed with ether, to give 45 (1.9 g, 89%); m.p. 152-154°, |a]&’
+57.7° (water); 'H-n.m.r. data (b): 5 4.1 (m, H-2), 4.1-3.9 (m, H-3-5), 3.1 (m, H-
6), 1.25 (d, H-1), and 2.93 (s, N-methyl).

Anal. Cale. for CgH 3CINO,: C, 45.38; H, 8.57; Cl, 16.74; N, 6.61. Found:
C,45.21; H, 8.66; Cl, 16.57; N, 6.50.
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2.5:3,4-Duanhyvdro-1 6-di-O-p-tofylsulfonyigalactirol (463 -~ T'he mother hig-
wor obtained after recrystallization of ditosylate 36 was treated, in the presence ot
phenolphthalein, with S8 methanolic sodium methoxide until the solution re-
mained permanently alkaline. The solid matertal that started o cnvstallize was
filtered off after 2 duys, and was washed with water 1o vetd pure cpoxide 46 (3.6
g): mop. 1181207 [a]d' O (dimethyl sulfoxide): "H-p nii e 627 3 s un, Hel-
A and 7.6, 7.5 and 2048 (d, dl s O-tosyl).

Anal. Cale, for Oy O8O 52 840 HL 38705 b L Pound O, 532.72 11,
490,58, 14 35,

2,5.:3,6-Duanbivdro-T-uzido-1-deoxy-p-glucitol (473, A solution of ben-
zoate 48 (8.2 g) m methanol (20 mL) containtng SM micthunofic rodum methoxide
(115 mEL) was kept for 2 h at joum temperature, and was then evaporated. The re-
siduc was freed of methyl benzoate by pussage through a ~hort column of silica ge!
with dichloromethane., and compound 47 was subsequently cluted with ethyl ace-
tate. to give. atter evaporation. coforiess, syrupy 47 (4.6 2 90 ) {ee] 96 5 U R,
0.40 (GY; "Henomur data (ed 5448 (d, H=5), 3236 G F-20 0 adns (m) B3,
+.00and 3.85(d. d. H-6.4 ) and 3.65 and 3 50 (d. 410

Anal. Calc. tor CoHyNO ¢ N 2SS, Found: N 2430

2.5: 3. 0-Dwanhvdro-T-azido-4-O-benzovi-f-deovv-D-giuctiel 38y - A solu-
tion of tosvlate 42 (15 g) and sodium azide (4 ) i V. AN-dimethyioimamide (100
mi.) was boiled for 45 min. cooled, and evaporated. The residuc was fissolved in
pyridine (30) mL.j and beazoy! chloride (10 ml  was added, At 1 h ar room tem-
perature, water (5 mb} was added, and, after 15 mim, the smxture was poured into

water. The azide was extracted with erher, (o give, after evaporation, and passage
of the residue through a short column of silica gel with the aid ot chlootorm, pure
48 asv a syrup (5.2 gL 3967 1 [ol 1R ST RL QTS () en o m e data {a): 8 5.37
(. H-d)y 4644 (m. H-2.5 04 234 (10 H-20 405 and 3 90 (dL d. o6 3, 265 and
350 (dd.dd -1 ) and & 2 7053 {O-benzovls

Anal. Cale, for C3H N0y N IS 260 Found: NL 1502,

[-Amino-2,5: 3, 6-diantivdro-1-deovv-p-glucitol (49), - A solution of azide
47 (3.4 g) in cthanol (35 nl} was hydrogenated sn the presence of (077 Pa-C
catalyst (0.2 2} for &b The catalyst was filtered oft, and the filtrate was evaporated,
to give a solid residue which was filtered off with the ad of acetone, vicld 2 8 g
(9773 mup 134-1367, {a ]+ 1027 (water), Ry 040 (M) Hen o Jata {0 8
1.3-3.9(m, H-2-6). and 3.80 and 3.55(d, d. 1.0 ) VY Cenmur dats (o) 582 0 (-
5).79.2(C-3). 77 S {C-A) 753 3(C-2) 748 (C-61, and 2.6 (C- 1.

Anal. Calc. {or CoH (NOs- €0 39.65: 11, 7 60 N 068 Foand: C 39 46: H,
7.59:N.9.32

2,53, 6-Dianhydro-1-deoxy -1-(dimethvianine )-D-glucitod fivdrochioride

(50). — A solution ot amine 49(2.4 g} in aqueous tormaddehyde (3697 0 3 mL) and
formic acid (907 . 12 mbj was boiled for 3 h, The residuc obtamed on evaporation
wus filtered with the wid of © hedrachlone acid (30 mL ) on charcoal, The filtrate
was evaporated, and then water and ethanol were succesaveh added to, und



6-AMINO-2,S-ANHYDRO-D-GLUCITOLS 227

evaporated from, the residue. The solid material obtained was filtered off with the
aid of ethanol, yielding pure 50 (2.8 g, 80.7%); m.p. 223° (dec.). [a]} +45°
(water); Ry 0.65 (M); 'H-n.m.1. data (b): § 4.7-4.3 (m. 11-2-5), 4.05 and 3.90 (d,
d, H-6,6"),3.60 and 3.40 (d, d. H-1,1"), and 3.00 and 2.95 (s. s, N-mcthyl).

Anal. Calc. for CuH,CINO;: C, 45.82; H, 7.69; Cl, 16.91; N, 6.68. Found:
C,45.70; H, 7.63; Cl, 17.05; N, 6.55.

2,5:3,6-Dianhydro-1-deoxy-1-(trimethylamino)-D-glucitol iodide (51). — A
slurry of 50 (1 g) in cthanol (10 mL) was made alkaline (in the presence of phenol-
phthalein) with 4.4M methanolic sodium methoxide (1.2 mL), and was then diluted
with acetone (10 ml.). The precipitated salts were filtered off, and methyl iodide (1
ml.) was added to the filtrate. The quatcrnary salt, which started to crystallize, was

filtered off after 20 h, and was washcd with acetone, to yield pure 51 (1.3 g,

81.5%); m.p. >230°, [a]5 -+40.5° (water); 'H-n.m.r. data (b): § 4.7-4.3 (m, H-2—
5),4.00 (s, H-6), 3.7 (m, H-1). and 3.14 (s, N-methyl).

Anal. Calc. for CoHgINO,: C, 34.29; H, 5.75; 1, 40.27; N, 4.44. Found: C,
34.18; H, 5.92;1,39.98; N.4.52.

2,5-Anhydro-6-azido-6-deoxy-1-O-p-tolylsulfonyl-D-glucitol (52). — Method
a. A solution of ditosylate 36 (0.9 g) and sodium azide (0.15 g) in N, N-dimethylform-
amide (5 mL) and water (0.5 mL) was heated on a steam bath for 30 min, and was
then cooled and evaporated. The residuc was partitioned between cther and water,
and the organic solution was washed with water, dried, and evaporated, to yield,
after trcatment with ether, 52 (0.40 g, 61%); m.p. 90-92°, [a]3 +28°; R 0.40 (C);
"H-n.m.r. data (¢): 8 4.4-3.9 (m, H-1,2.5), 3.9-3.6 (m, H-3,4), 3.3 (m, H-6), and
7.82,7.50,and 2.45 (d, d, s, O-tosyl).

Method b. Diacetate 53 (1.5 g) yielded, after Zemplén deacetylation, 52 (1 g,
83%). identical with that obtained via method a.

Anal. Calc. for C3H7N3;0,8: N, 12.23; S, 9.33. Found: N, 12.20; S, 9.41.

3,4-Di-O-acety!-2,5-anhydro-6-azido-6-deoxy-1-O-p-tolylsulfonyl-D-glucitol
(53) and 3,4-di-O-acetyl-2,5-anhydro-1,6-diazido-1,6-dideoxy-D-glucitol (55). —
To a solution of 37 (6.6 g) in N, N-dimethylformamide (30 mL) was added sodium
azide (3.3 g), and the slurry was stirred for 2 h at 100°. The residue obtained by
evaporation was separated by column chromatography, using solvent E for elution.

The fractions having Ry 0.65 gave, on evaporation, diazide 55 (0.8 g, 22.7%)
as a syrup; [a]3’ +68°; '"H-n.m.r. data (a): 8 5.26 (d. H-3), 4.98 (d. H-4). 4.23 and
4.02 (m, H-2,5), 3.8-3.3 (m, H-1,6), and 2.12 and 2.08 (s, O-acetyl).

Anal. Calc. for C,H 4N,Os: N, 28.28. Found: N, 27.92.

The fractions having Ry 0.55 gave, on evaporation, monoazide 53 (2.4 g,
47.4%) as a syrup, [@]3® +46.3°; '"H-n.m.r. data (a): § 5.30 (dd, H-3), 4.95 (dd, H-
4), 4.3-3.9 (m, H-1,2,5), 3.6 and 3.4 (dd, dd. H-6,6'), 7.80, 7.30, and 2.45 (d, d,
s, O-tosyl), and 2.05 (s, O-acetyl).

Anal. Calc. for C;;H;;N;3055: N, 9.83; S, 7.50. Found: N, 9.70; S, 7.26.

The yield of diazide 55 could be increased to 78.5% by prolonging the rcac-
tion time to 14 h.
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2,5-Anhydro-1.6-diazido-1,6-didecxy-D-glucitol (54). — Method a. A solu-
tion of ditosylate 36 (4.7 g) and sodium azide (1.6 g} in M. N-dimethylformamide
(25 mL) was boiled for 1.5 h, cooled. and evaporated. The residue was partitioned
between ether and water. and the organic solution was washed with water. dried,
and evaporated, to vield 54 (1.8 g. 84%) us a syrup; [a]d’ +35.5%: Ry 0.55 (H); 'H-
n.m.r. data (¢): § 4.5-3.7 (m. H-2-5) and 3.52 (d, H-1.6).

Method b. Zemplén deacetylation of diacetate 55 (3 g) afforded 54 (1.95 g,
91%), identical with that obtained vio method a.

Anal. Cale. for CoH (N 05 N, 3924 Found: N, 38.90.

1.6-Diamina-2,5-anhydro-1,6-dideoxy-D-glucttol dinvdrochloride (56). —- A
solution of diazide 54 (6 g) in pyridine (60 mL) and water (30 mi ) was reduced at
50° with hydrogen sulfide. as described for compound 19. The reaction was com-
plete after 30 min, to give. after the usual processing. a solid residue which was
filtered off with the aid of cthanol, to afford pure 56 (3.6 g, 534.797), m.p. 173°
(dec.). [a]d’ +20° (water); Ry 0.23 (M): 'H-n.m.r. data (b): § 4 5 4.0 (in. H-2-5)
and 3.5-3.2 (m. H-1.6).

Anal. Calc. for CoH, (CLN-O5: C. 30,64, H. 6.85; C1, 30,160 N, 11.9],
Found: C, 30.55; H. 6 92: C1. 30.02; N, 11.72.

2,5-Anhydro-1,6-bis(dimethylamine)-1,6-dideoxy-D-glucitol dihydrochloride
(57). — A solution of diamine 56 (1.5 g) was methylated with formaldehyde—formic
acid as described for 21 (method b), to yield hydrochloride 57 as a solid foam (1.8
2.97%): [e]& +33° (water): R 0.65 (M): "H-n.m.r. data (b): § 4.5-1.0) (m. H-2—
5).3.35(d, H-1.6), and 2.93 (s, N-methyl).

Anal. Calc. for CyH-,CLNLO5: C, 41,25, H, 8.27; C1.24.35: N. 9 62, Found:
C,41.12; H, 8.30; C1, 23.86; N, 9.33.

2,5-Anhydro-1,6-bis(trimethylamino)-1,6-dideoxv-D-glucitol ditodide (58). —
A solution of dihydrochloride 57 (1.45 g) in ethanol was converted into the quater-
nary salt as described for compound 1. The salt, which crystallized from the solu-
tion. was filtered off. and washed with acetone. to give 58 (2.16 g. 867} m.p.
>240° {a]g’ +13.4° (water): 'H-n.m.r. data (). § +.43.9 (m. H-2-5). 3.7 (m. H-
1.6), and 3.25 (s, N-mcthyl).

Anal. Calc. for CoH- NG5 CL 28,69, H, 5.62; 1. 50.54: N. 5,57, Found:
C.28.53; H. 575, 1, 49.90: N_5.37.
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