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converts furfurylamines with hydroxymethyl (5) or glucosyloxymethyl substituents (16) into
the respective 6-substituted 3-pyridinols 9 and 19, whereas the N-methyl-furfurylamines 10 and
17 elaborate the N—methyl-pyridmium betaines 13 and 22. Combination of this multistep
one-pot reaction wiih the large scale-feasible generation of hydroxymethyifurfurai (4) from
D-fructose and its O-glucosyl analog 15 from isomaltulose, together with their ready
conversion into furfurylamines by reductive amination, opens up a preparatively satisfactory,
3-step "reaction channel* from inexpensive sugars to hydrophilic 3-pyridinols, of interest as
intermediate chemicals for drugs of the pyridostigmine type and agrochemicals.

© 1998 Elsevier Science Lid. l'l&n[b reserved.
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As our fossile resources become less and as the pressure on our environment for using biomass-derived,
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for the conversion of carbohydrates — they represent 95 % of the annually renewable biomass — into building

blocks with industrial application proﬁles Despite substantial recent efforts towards this end,>™* the huge

deficiency being the non-availability of appropriate methodology for their conversion into nitrogen
heterocycles. Although the transformation of sugars into trace amounts of N-heterocycles occurs extensively on
exposure of foodstuffs to heat (Maillard reaction®), and despite of the fact that various nitrogen heterocycles
have been generated from saccharide derivatives,® procedures meeting preparative standards are scarce, one
being the recently worked out three-step conversion of D-xylose, D-glucose or isomaltulose into pyrazoles with
a versatile hydrophilic substitution pattem 7 Another practicable 3-step sequence allows the conversion of
pentosanes or pentoses into 3-pyridinol (3), involving acid-induced dehydration to furfural (1), reductive
amination to furfurylamine (— 2),” and subsequent oxidation with hydrogen peroxide,'® the last step
conceivably proceeding through the stage of a 2,5-dihydroxy-2,5-dihydrofurfurylamine, which elaborates the

pyridine nucleus via dehydration to a 5-aminopentenal intermediate and intramolecular aldimine formation.

0040-4020/98/$ - see front matter © 1998 Elsevier Science Ltd. All rights reserved.
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This straightforward 3-step protocol for the acquisition of 3 from pentoses is contrasted with a six-step
procedure required for the conversion of D-fructose into 6-hydroxymethyl-3-pyridinol (9)!! - considerably
more laborious, since the oxidative conditions usabie for 2 — 3 (30 % H,0, in 3 N HCI, 30 min reﬂuxm) cannot
be applied to a furfurylamine such as 5§, carrying readily oxidizable hydroxyl groups; hence, N- and O-blocking

(5 > 6) had to precede oxidation, which was effected electrochemically in methanol (— 7) and entailed
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provide a more direct and efficient protocol for the conversion of suitable hexoses or disaccharides into
pyridinols with hydroxymethyl (e.g. 9) or glucosyloxymethyl residues (e.g. 19), as their biologically relevant

improved resorbability but a higher biodegradability as well. As a result, we
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substituted furfurylamines (e.g. 16) into the corresponding 3-pyridinols 9 and 19, to opening up a simple, large

scale-adaptable 3-step "reaction channel" to hydrophilic pyridines from D-fructose and isomaltulose.
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RESULTS AND DISCUSSION
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(5) to pyridinol 9 : chlorine or bromine in water, i.e. hypochlorous and hypobromous acid generated in situ,

N-bromosuccinimide in dimethy! sulfoxide or dioxane in the presence of water or followed by its addition, and

ahtoinad hy o

¢ obtained by simply exposing t 0 °C for
affording the 3-pyridinol 9 in crystalline form in an 85 % yield. That the hydroxymethyl group survives these
oxidative conditions is not unexpected, as bromine water is long known to convert aldohexoses into their
aldonic acids without harming primary and secondary hydroxyl functions; ~ surprisin
multistep conversion occurs under these exceedingly mild conditions, i.e. 1,4-addition of bromine (— 11),
hydrolysis of the dibromide to the cyclic bis-hemiketal 12, elimination of water to the respective open-chain

2,5-diketone, and the concluding cyclo-imine formation with elaboration of the pyridine ring.
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The procedure can also be applied fo furfurylamines with secondary amino groups, which are readily
prepared by replacing ammonia with a primary amine in the reductive amination, e.g. 4 — 10 (91 %). Thus,

- - 41 AT e A1 PR3P, [P S - Y .,

when exposing 10 to bromine water, the N-methyi-3 3-oxidopyridinium betain is ob

ine 13 is obtai
selective carbamoylation of the pyridine-3-OH (CICONMe, in pyridine, 2 h at 0 °C), 13 is cleanly converted
(82 %) into 14, a 6-hydroxymethyl analog of the parasympathomimetic pyridostigmine (24, cf. below).

Gratifyingly, the bromine water treatment for the conversion of furfurylamines to 3-pyridinols is also
applicable to analogs carrying glycomd e residues, as the ac1d1ty building up through generation of HBr during
cordingly, the 5-glucosyloxym
furfurylamine (16) — readily accessible from technically produced'® isomaltulose by acid dehydration to the
respective furfural 15,'7 and ensuing reductive amination'” — gave the 6-glucosyloxymethyl-3-pyridinol (19),

solable in 75 % vield as an amorphous product, yet readily characterizable as such or as its highly crystalline
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pentaacetate 21. The conversion 16 — 19, however, is accompanied by a side product (10 %) that proved to be

the 2-bromo derivative 20, obviously formed by bromination of 19,
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Exposing glucosylated furfurylamines with secondary amino groups to bromine water at 0 °C, e.g. the

1 Aaa

<yl pyridinium betaines 22 and 23 are

“““““““ 17 and 18, the respective N-all
smoothly elaborated. Here too, the selective 3-O-carbamoylation of 22 is readily accomplished, to provide the

now highly hydrophilic pyridostigmine analog 25. Both analogs, 14 and 25, exhibited cholinesterase inhibitory

tension properties of the N-tetradecyl-pyridinium salt 23 showed it to have a critical micell concentration of

0.126 mmol/L, comparable to those of technical sugar tensides'® and long-chain pyridinium salts.'®
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EXPERIMENTAL

ing its (uncorrecied values): Bock monoskop instrument. Spectral measuremenis:
Perkin-Elmer 241 (rotations), Varian MAT 311 A (MS), and Bruker WM 300 instruments ('H at 300, *C NMR
at 75.5 MHz, respectively). TLC on Kieselgel 60 F,, plastic sheets (Merck) was used to monitor the reactions

and tn accertain thae mritv nf the nwvhn‘l’c Aat, hnn wae affectad with TTUV_licht nr hu rharring urith enlfiein
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acid. Col hromatography: Kieselg (63-200 mesh, Macherey-Nagel).
6-Hvdroyvmethvl-3-nvridinal (9. A solution of 5-hvdroxvmethvl-2-furfurvlamine i o
6-Hydroxy thyl-3-pyridinol (9). on o1 J-hydroxymethyl-Z-turturylamime (3)  (2.00g,

s~

5.7 mmol) in 20 mL of water was cooled to 0 °C, and a M solution of bromine in MeOH (19 mL, 1.2 molar
equiv.) was added dropwise with stirring over a period of 15 min. After another 30 min the mixture was

allowed to warm to rt, and was neutralized by the addition of a weakly basic ion exchange resin (Amberlite

TD A Q MLI-

Z 1nal Tha idria Ahtninad nflar avan $3em
1RA-00, UIl LU]. 1i). 10 Ti U

a silica gel column (4 x 28 cm) with 6:1 EtOH-2.5 % aqueous NH,. Evaporation of the eluate to dryness and
crystallization from acetonitrile gave 1.66 g (85 %) of 9 as colorless needles; mp 124-125 °C (ref.: mp 123-
125 °C!"! and 124-125 °C*. '"H NMR (DMSO-d,): 8 4.48 (s, 2 H, 6-CH,), 4.54 (s, 1 H, 6-CH,0H), 7.27 (dd,

LL S . ma ANAYASR YAIRI=Rg s U WO RSy & 215, VTR, TIT S 42

~ A . rr ~

1 H, H-4), 7.32 (d, 1 H, H-5), 8.09 (d, 1 H, H

n

-2), 10.0

AT -~ =TT

(brs, 1 H, 3-OH); J,,=2.5, J,; = 8.5 Hz. "C NMR
(DMSO-d,): 8 63.4 (6-CH,), 121.3, 123.3 (C-4, C-5), 135.8 (C-2), 151.6, 152.4 (C-3, C-6). MS (FD): m/z 125
(M"). 4nal. Calcd for C;H,NO,: C, 57.59; H, 5.64; N, 11.19. Found: C, 57.62; H, 5.68; N, 11.08.

2-Hydroxymethyl-5-(methylaminomethyl)furan (10). In a hydrogenation vessel a solution of 10.00 g
(79.3 mmol) of hydroxymethylfurfural (_4)21 in 100 mL of aqueous MeNH, (40 %) was stirred for 30 min at rt,

A hy tha addits
U U

tmacnhere for A0 h The
Uy e ad Of S

ll“l\l‘l.g IAA a lLJ Wegvll allllvﬂ}lll\ll\l A J ii. A Kl
catalyst was filtered off, washed with MeOH, and the fiitrate was concentrated in vacuo. Bulb tube distillation
(0.5 mbar, bath temp. 120-130 °C) yielded 10.19 g (91 %) of 10 as a colorless liquid. 'H NMR (DMSO-d,):
8226 (s, 3H, Me), 3.58 (s, 2 H, 5-CH,), 3.76 (brs, 2H, OH, NH), 4.35 (s, 2 H, 2-CH,), 6.14, 6.18 2d, 1 H

e io i ¢ 111

ATRATY /TR ACMA 1\, © 7

cach, H-3, H-4); J,, = 3.1 Hz. "CNMR (DMSO-d,): 6 35.6 ( 9 H
(C-3, C-4), 153.8, 154.4 (C-2, C-5). MS (FD): m/z 141 (M"). Anal. Calcd for C,H,NO,: C, 59.56; H, 7.85;
N, 9.92. Found: C, 59.23; H, 7.85; N, 9.96.

6-Hydroxymethyl-1-methyl-3-oxidopyridinium betaine (13). To a cooled (0°C) solution of

furfurylamine (10) (2.40 g, 17.0 mmol) in 80 mL of water was added dropwise a M solution of bromine in

MeO 78 mT) aver a neriod of 20 min and stirring was continued for 1 h. The resulting mixture was
I¥vIU\ L L \LJ llLL;l vUvwlrL 4a tl\uxvu A WV AL QUG DRLLLILE VY RGO WV aludaiee ARSa A Eas o
neutralized by the addition of a strongly basic ion exchange resin (Amberliie IRA-400, OH ™ form), filtered and

d
evaporated to dryness. Purification by elution from a silia gel column (3.5 x 26 cm) with 6:1 EtOH-2.5 %
urnished 1.85 g of 13 (78 %) as an uniform amorphous solid. 'H NMR (DMSO-d,): & 3.98 (s,

s
5
{
»
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L0, 1 1, VIL), V.00 (UU, 1 11, 117%), /.24 (U, 1 o 4, 1 ii, ri-4j,

4
9,J,5=9.0 Hz. "C NMR (DMSO-d,): § 43.2 (Me), 58.6 (6-CHy), 127.5 (C-5), 131.8 (C-6), 132.3 (C-4),

7 2R
71.30
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135.6 (C-2), 167.9 (C-3). MS (FD): m/z 139 (M"). Anal. Caled for C,H,NO,: C, 60.42; H, 6.52; N, 10.07.
Found: C, 60.22; H, 6.75; N, 9.95.

3-(N,N-Dimethylcarbamoyloxy)-6-hydroxymethyl-1-methylpyridinium chloride (14). To a cooled
(0 °C) suspension of 900 mg (6.6 mmol) of 13 in dry pyridine (50 mL) was added dropwise 0.6 mL (6.6 mmol)
of N N-dimeth lva amoyl! chlo ride. After 2 h the ice bath was removed and the susn

encinn wac oty Ny an
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additional hour at rt. Subsequently, few drops of water were added, and the now clear solution was evaporated
to dryness. The residue was purified by dissolving it in dry ethanol followed by precipitation with dry ether:
1.30 g (82 %) of pyridinol carbamate 14 as colorless and hygroscopic crystals. 'H NMR (DMSO-d,): 8 2.97,
3.10 (2 s, 3 H each, NMe,), 4.30 (s, 3 H, 1-Me), 4.89 (d, 2 H, 6-CH,), 6.80 (t, 1 H, OH), 8.19 (d, 1 H, H-5), 8.52
(dd, 1H, H-4), 9.34 (d, 1H, H-2); J,,=2.1, J,;=8.9, Jy, 0y = 5.7 Hz. "C NMR (DMSO-d,): 8 36.4, 36.8
(NMe,), 43.7 (1-Me), 58.8 (6-CH,), 126.1 (C-5), 139.1 (C-4), 140.6 (C-2), 148.2 (C-6), 152.5 (C-3), 155.9
(CO). MS (FD): m/z 211 (M"). Anal. Calcd for C,H;;N,0;' CI™: C, 48.69; H, 6.13; N, 11.36. Found: C, 48.27;

uran (17). In a hydrogenation vessel,

Ayl 14t 2010188

»-0,

Raney nickel (2 g) was added to a solution of 5.00 g (17.4 mmol) of 5-glucosyloxymethyl-furfural (15)"7

60 mL of aqueous MeNH, (40 %), and the mixture was stirred for 3 d in a hydrogen atmosphere. Subsequently,
the catalyst was filtered off and washed thoroughly with MeOH. Freed from the solvent in vacuo gave a residue
which was purified by elution from a silica gel column (5 x 30 cm) with 6:1 EtOH-2.5 % aqueous NH,.
Evaporation of the solvents from the appropriate eluates gave 4.70 g (90 %) of 17 as an uniform solid foam;
[a]® +128 (c 1.0, MeOH). '"H NMR (DMSO-dy): § 2.27 (s, 3 H, Me), 3.07 (t, 1 H, H-4"), 3.21 (dd, 1 H, H-2),
3.38 (m, 1 H, H-5"), 3.39 (t, | H, H-3"), 3.45, 3.63 (2 dd, 1 H each, 2 H-6", 3.63 (s, 2 H, 5-CH,), 4.3 (brs, 5 H,

¥ 1

N AN / Y e
), 6.22, 6.35 (24, 1 H each, H-3, H-4);
5

13C NMR (DMSO-dy): 8 35.1 (Me), 47.2
(CAN 721 (C/SN QT A (CIN 107 A 1102 (C.2 C_AY 15072 183 R(CD C_8Y MRS (EDN): /7 30 INY Anal
w2 Jy 7.0 \7J Jy U RNTE Jy LU U, B IVLA \WTJ)y W)y LJVLy RJJ.0 (VT8 WTT )0 IVAD L AAJ. 11604 JUD \UVL ). A

Calcd for C,;H,,NO,: C, 51.48; H, 6.98; N, 4.62. Found: C
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2-(a-D-Glucopyranosyloxymethyl)-5-(n-tetradecylaminomethyl)furan (18). To a solution of 5.02 g
(17.4 mmol) of glucosyloxymethyi-furfural (15)'7 in 80 mL of CH,Cl, was added n-tetradecylamine (5.70 g,
26.1 mmol) and the mixture was refluxed for 1 h. Subsequently, the solution was cooled (0 °C), followed by the

addition of NaBH, (1.56 g, 17.4 mmol) and stirring for 20 h at rt. Decomposition of excessive NaBH,4 by the

TONA o e -__A-,,.l PR s ey e Fex asamazrn 1n a waciAdiia wrhinh o
addiiion of few arop of HOAc and removal of the solvent in vacuo left a 1 Siauc, wniCn w

=3
=3
']
g
i
a2
>

elution from an ion exchange resin column (Amberlite IRA-410, OH form, 4 x 17 cm) with MeOH and finally
7.80

by elution from silica gel (4 x 30 cm) with 5:1 acetone—HZO 2 (92 %) of 18 as a colorless solid foam;

1.2, MeOH). 'H NMR (DMSO-d)): 8§ 0.83 (t,3H fe), 1.23 (brs. 22 H. [CH.1. 136 (m, 2 H
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NCH,CH,), 2.45 (t, 2 H, NCH,CH,), 3.05 (t, 1 H, H-4", 3.18 (dd, 1 H, H-2"), 3.35 (m, 1
H-3'), 3.43, 3.61 (2 dd, 1 H each, 2 H-6), 3.60 (s, 2 H, 5-CH,), 4.33, 4.49 (2 d, 1 H each,
H-1), 6.14, 6.30 (2d, 1 H each, H-3, H4); J,, = 3.1, Jyemaciy = 12:8, o, = 68, Jncaycrr, = 6.5, Jyr = 3

Jyy=9.6,J54=92, Jyps =92, Jyg=5.6 and 1.0, Jy ¢ = 11.4 Hz. *C NMR (DMSO-d,): 5 13.9 (Me), 22.0-31.3
(ICH,],,), 45.7 (NCH,CH,), 48.6 (5-CH,), 60.2 (2-CH,), 60.8 (C-6"), 70.2 (C-4"), 71.8 (C-2'), 72.8 (C-3"), 73.2
(C-5", 97.6 (c-1'), 107.0, 110.1 (C-3, C-4), 150.0, 154.8 (C-2, C-5). MS (FD): m/z 485 (M"). Anal. Calcd for

C,H,;NO;: C, 64.30; H, 9.75; N, 2.88. Found: C, 64.39; H, 9.94; N, 2.78.

H, H-5", 3.36 (t, 1 H,
2-CH,), 471 (d, 1 H

methyl-2-furfurylamine (16) 17 (2.71 g, 9.4 mmol) in 20 mL of water was added dropwise a M solution of
bromine in MeOH (14 mL, 1.5 molar equiv.) over a period of 20 min. After an additional 1 h at this temp., the
solution was neutralized with a weakly basic ion exchange resin (Amberlite IRA-68, OH™ form). Filtration and
and evaporation of the filtrate yielded a residue, of which tlc revealed to contain 19 and its 2-bromo derivative
20 (R;0.13 and 0.35, resp., in 6:1 acetone-water), in an approximate 7:1 ratio. Separation was effected by
elution from a silica gel column (4 x 28 cm) with 6:1 acetone-H,O (second fraction cf. below). Removal of the

om the eluate with R; 0.13 (6:1 acetone-water) afforded 2.4 g (75 %) of 19 as an uniform solid foam;

Ty ¥T¥Y 1 1 TT YT Ay ~ Ty TY

O-d,): 83.11 (, 1 H, H-4), 3.26 (dd, i H, H-2"), 3.45 (m, 2 H, H-3',

42, 4.65 (2d, 1 H each, 6-CH,), 4.56 (brs, 1 H, OH), 4.78 (d, 1 H,

H-1"), 4.85 (brs, 1 H, OH), 4.93 (m,ZH,ZOH) 7.19 (dd, 1 H, H-4), 7.38 (d, 1 H, H-5), 8.08 (d, 1 H, H-2),
A

U E
,_
<
o0
—~
[
—
I\
(D
C)
\_
ns)

- T AN T = =Q& I =178 I =7 I —=Q& T =R T —QF
5, 1101, J-UIlj, Jjyy4 6.0 e 3. "3 . 0.0

( +~y  Yygem(6-CHy) Iy VT
JM.: 9.7 Hz. "C NMR (DMSO-d,): 5 60.8 (C-6'), 68.8 (6-CH,), 70.2 (C-4"), 71.8 (C-2'), 72.9 (C-3), 73.2
(C-1", 122.4, 122.5 (C-4, C-5), 136.7 (C-2), 148.0 (C-6), 152.7 (C-3). MS (FD): m/z 288 (MH").

or C;,H,;NO;: C, 50.17; H, 5.96; N, 4.88. Found: C, 50.20; H, 5.98; N, 4.76.

A Rj7ANNT7e Koy SN2 4y 22 AV |

O, Jps = 0.0,

2-Bromo-6-(a-D-glucopyranosyloxymethyl)-3-pyridinol (20). The fraction eluted next in the above
column separation (R; 0.35 in 6:1 acetone-water) gave, upon evaporation of the solvents in vacuo, 0.36 g (10 %)
H). '"HNMR (DMSO-d,): § 3.10 (i, 1 H,
d, 1 H each, 2 H-6"), 442, 461 (2d, 1H
H, H-1"), 4.85 (brs, 2 H, 2 OH), 7.30 (d,

=129, 7., =36,J,,=96,J..=9.0,

vy Gy vy Ty Sy g

Jys=9.0, Joo=10.3 Hz. "CNMR (DMSO-d,): & 60.8 (C 6", 68.0 (6-CH,), 70.2 (C-4"), 71.8 (C-2), 73.0
C-3", 73.2 (C-5"), 98.1 (C-1"), 122.3, 122.7 (C-4, C-5), 129.2 (C-2), 148.3 (C-6), 150.3 (C-3). MS (FD):
m/z 368 (M[*'Br]H"), 366 (M[”Br]H"). Anal. Calcd for C,,H,BINO,H,0: C, 37.52; H, 4.72; N, 3.65. Found:

12516

—_
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anhydride, the mixture was stirred at rt overnight and subsequently quenched by pouring into a cooled, satd.
NaHCO, solution (50 mL). Addition of CH,Cl, (50 mL), separation of the organic phase, washing with water
(50 mL), drying (MgSO,), and removal of the solvent in vacuo gave a residue which crystallized on trituration
with methanol: 615 mg (71 %) of 21 as colorless needles; mp 108-110 °C; [a]Z +106 (¢ 1.0, CHCl;). 'H NMR
(CDCl,): 6 2.02, 2.03, 2.07, 2.10, 2.35 (5 5, 3 H each, 5 Ac-CH,), 4.06, 4.28 (2 dd, 1 H each, 2 H-6"), 4.10 (ddd,
1H, H—S'), 4.67,4.85(2d, 1 Heach, 6-CH,), 495 (dd, 1 H, H-2"), 5.10 (dd, 1 H, H-4'), 523 (d, 1 H, H-1"), 5.56
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~
N
I

Jgen1(6-CH2) B 3
(CDCl,): 5 61.8 (C-6'), 67.
130.0 8

cooled to 0 °C. Subsequently, a M solution of methanolic bromine (12.7 mL) was added dropwise over a period
of 30 min, the resulting mixture was neutralized with a weakly basic ion exchange resin (Amberlite IRA-68,
OH" form) and fil
silica gel column (3.5 x 20 cm) with 6:1 EtOH-2.5 % aqueous NH,: 1.76
Iy +115 MeOH). '"H NMR (DMSO-d): & 3.10 (t,

0,
9-3'), 3.47, 3.65 (2 dd, 1 H each, 2 H-6)
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8 H
1 H, H-2); J,,=2.5, J,s=9.0, Jmm,z) =13.0, Jjp = 3.6, Jyy = 9.6, Jy e =8.9, Jp 5 =92, Jy o= 5.4 and <1.0,
. C NMR (DMSO-d,): § 44.0 (Me), 60.8 (C-6"), 63.9 (6-CH,), 70.1 (C-4", 71.7

r (50 mL) was added 2 N HCI until pH 4

.b

as reached and the mixture was cooled
f a M solution of bromine in methanol was added dropwise over a period of
f

r17 522y ielded (.68 g (52 %) of 23 as a li ght brown amorphous

0] L1 £29 4o a

2 h. Purification
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powder; (]2 +76 (c 1.0, MeOH). 'H NMR (DMSO-d,): 6 0.85 (i, 3 H, Me), 1.30 (m, 22 H, [{CH,},,), 1.83 (m,

2 H, NCH,CH,), 3.09 (t, 1 H, H-4"), 3.24 (dd, 1 H, H-2') 1 H, H-5"), 3.40 (t, 1 H, H-3"), 3.46, 3.65

(2 dd, 1 H each, 2 H-6"), 4.26 (m, 2 H, NCH,CH,), 4.50, 4.68 (2 d, 1 H each, 6-CH,), 4.74 (d, 1 H, H-1"), 5.1 (m,
H

N J =26 J =Q0 =12Q
=)

00 W ()
: L ©o
~
E

Il 3 V247 LeYUa W45 LY,y "gem(é <CHp) ~ 147>
=68, Jyp=3.5, Jz=95, Juu=92, Jys=90, Jyo=58 and <1.0, Jye=11.6Hz. "CNMR
(DMSO-d,): & = 13.9 (Me), 22.0-31.2 [CH,],), 55.9 (1-CH,), 60.8 (C-6"), 63.5 (6-CH,), 70.1 (C-4), 71.6 (C-2),
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73.2 (C-3"), 73.4 (C-5"), 98.0 (C-17), 127.3 (C-5), 129.7 (C-6), 132.2 (C-4), 135.6 (C-2), 168.2 (C-3). MS (FD):
m/z = 483 (M)

3-(N,N-Dimethylcarbamoyloxy)-6-(a-D-glucopyranosyloxymethyl)-1-methylpyridinium chloride
(25). A suspension of 712 mg (2.4 mmol) of 22 in 1:1 dry pyridine/dry DMF (80 mL) was cooled (0 °C),
mL (2.4 mmol) of N,N-dimethylcarbamoyl chloride was added, and stirrin

022m 10l) 0 ing was continued for Shat 0 °C.

Subsequently, the solution was hydrolyzed with few drops of water, evaporated to dryness and purificated from
a cellulose column (Avicel, Merck, 4 x 25 cm) with 4:4:1 EtOAc-EtOH-H,O to afford 830 mg (86 %) of 25 as
an uniform solid foam; [a]}y +99 (¢ 1.1, MeOH). 'H NMR (DMSO-d): 8 2.98, 3.11 (2 5, 3 H each, NMe,), 3.15
(dd, 1 H, H-4"), 3.31 (dd, 1 H, H-2"), 3.40 (m, 1 H, H-5"), 3.49, 3.64 (2 dd, 1 H each, 2 H-6"), 3.53 (t, 1 H, H-3"),
4.31 (s, 3 H, 1-Me), 4.59 (t, 1 H, 6'-OH), 4.88 (d, 1 H, H-1"), 4.95, 5.10 (24, 1 H, each, 6-CH,), 5.03 (d, 1 H,

3'-OH), 5.13 (d, 1 H, 4-OH), 5.25 (d, 1 H, 2'-OH), 8.38 (d, 1 H, H-5), 8.57 (dd, 1 H, H-4), 9.30 (d, 1 H, H-2);
J4=23, Ji5= 89, Jmocuy = 154, J,,=3.6, ,3=9.7, J3,=92, Jp5=92, Jso=5.3 and 1.0, J;,=10.1,

Jrron =63, Jyron=46, Joson=52, Jogou=>58Hz. "CNMR (DMSO-dy): 836.2, 36.7 (NMe,), 45.0
(1-Me), 60.6 (C-6"), 63.6 (6-CH,), 69.9 (C-4"), 71.6 (C-2"), 73.0 (C-3"), 73.5 (C-5"), 98.2 (C-1"), 126.7 (C-5),
138.9 (C-4), 141.2 (C-2), 148.5 (C-6), 151.5 (C-3), 152.2 (CO). MS (FD): m/z =373 (M").
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