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Bicyclic Azasugars Containing a Glycosidic Heteroatom:
D-Xyilose Analogues
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Abstract. Bicyclic azasugar analogues of D-xylose containing a glycosidic heteroatom have been prepared and
charantarizad hey Worauy amretallaseanbie amd RIMAD cinandincanie s o S P N EPS RIS RSNt LOT H S R . o
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6 membered; 7-membered analogues are either unstable or do not form. o-Anomers are present when the
glycosidic heteroatom is O or S but not N, and even then they are less favored than the corresponding p~anomers.
© 1999 Elsevier Science Ltd. All rights reserved.
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Naturally-occurring compounds which resemble sugars but have a nitrogen atom in place of the ring
oxygen of sugars have been termed azasugars. Because many of these compounds inhibit glycosidases, they
1 . 1 4. ~ N e e A - < N N N Lt o~ 1 .
have been the subject of substantial interest. " These azasugars trequently have been the objects of synthetic

efforts, and, in addition, a great many analogues of the natural products have also been prepared with the aim
of finding compounds with improved inhibitory properties. In the deveiopment of glycosidase inhibitors, it is
voary dacirahla th AdAignnvar wwave ta meadiiaa calantitit: far o cingla ~lace AL amerimas ar avan amang nemehare
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nitrogen atom. Most have lacked a heteroatom comparable to the gly cosidic oxygen atom present in sugars. It
is well known that glycosidases are exquisitely selective arding the anomeric configuration of their

substrates and are consequently named based on that selectmty, for example, as o-glucosidases. This
selectivity is apparently a consequence of the placement within the active sites of these enzymes of catalytic
carboxylic acid residues which serve to protonate the glycosidic oxygen atom. A few azasugars have been
reported which contain a singly-bonded glvcomdw heteroatom; these include the natural products nojirimycin
1° and related compounds mannopnmycm and galactostatm (all three exist as mixtures of anomers), the
unusual natural product kifunensine 2,° synthetic 1-B-amino-1-deoxynojirimycin 3," and thia-analogues such as
4% and 5. More recently we have reported the preparation of bicyclic diazasugars such as 6.'*'" It appears
that those azasugars with a singly-bonded glycosidic heteroatom and a strong preference for a single anomeric
configurauon (2, 3, and 6) are very selective inhibitors of the glycosidases that cleave glycosides of the same
anomeric configuration; those azasugars that are mixtures of anomers (1 and related compounds) or have no
anomeric heteroatom (1-deoxy analogues) are not selective and inhibit both o- and p-glycosidases. Azasugars
whlch possess an anomeric heteroatom may act as pseudosubstrates of glycosidases, and this may account for
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with nearly exclusively o-configurations and others which are essentlallv onlv B-anomers. Our previous
experience with octahydropyrido[ 1,2-a]pyrimidines such as 6 has shown that the “glycosidic” nitrogen atom has
an extremely strong preference for an equatorial orientation relative to the piperidine ring. For example, 7 and 8
are the preferred conformations for the o-D-ribose and B-L-arabinose analogues, respectively; two axial hydroxyl
groups are preferred over one and an axial NHR group which is consistent with reported A-values for these
groups * and the possible involvement of an exo-anomeric effect.’”” Based on the presumed desirability of
mimicking a sugar glycoside in the 'C, conformation, we have also set conformational control as another of our

In light of these observations, we have set as research objectives the preparation of b
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objectives. Herein we report the syntheses, configurations and conformational preferences of D-xylose azasugar
analogues 9 in which X and n have been varied.
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Our previous syntheses of bicyclic diazasugars have involved initial preparation of sugar aminals
followed by internal displacement of a hydroxyl group which was activated in situ. Application of this
method to prepare bicyclic azasugars that were not octahydropyrido[1,2-a]pyrimidines failed when attempts
to prepare the requisite heterocycles 10 led to the xylosy]amines 11 instead. A simple approach to
overcoming this problem involved blocking and concomitanily acuvanng the primary hydroxyl group of xylose
{e.g. 12) to allow both formatxun of the requisite h

give the desired products 9."
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The synthesis of a terminally blocked and activated D-xylose derivative began with readily available
1,2-O-isopropylidene-5-O-tosyl-a-D-xylofuranose 14. Although 14 itself could be deblocked to 15, a
functional precursor to the final products, the instability of 15 prompted the conversion of 14 to bromide 16
followed by deblocking with trifluoroacetic acid to the more stable bromide 17."
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To confirm the utility of this synthetic approach, an aqueous solution of 17 was treated with 1,3-
propanediamine to give known bicyclic diazasugar 6 which could be isolated by simply treatin;:, the reaction
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anomer (lRR) crysta ~.H.z__d from a conce

......... d from 1centrated solu of the mixture in ethanol. Upon n of the
crystals in D,0, an qulllbnum mixture containing A) of the a-anomer (18a) was established w1th l ess than

three days. Analysis of 'H-'H three-bond coupling constants for the protons of the azasugar ring (see Table 1)
established the confonnanons of the anomers as shown in 18a and 18f; due to signal overlap, in some
instances a coupling constant for 18a was obtained from only one signal. In contrast to compounds 7 and 8
which prefer conformations with the anomeric nitrogen atom equatorial to the piperidine ring, compound 18«

preters to have the anomeric oxygen atom ax1a1 This must be a consequence of the presence of a strong endo-
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for the repulswe steric 1nteract10ns mtroduced by the axial anomeric xygen tom Both anomers of
the preferred conformations of the anomers of D-xylose.
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Table 1. Selected 'H-"H NMR Coupling Constants of Bicyclo[4.4.0]azasugars in D,0

HQG,, 7 HO,, 7 +
10 L
i 9)\ 2 oo 9)\ 2
HU™ 8 Y ga X HO™ 8 YgaN
Au Ay H
A 4 i
6, 18a, 18, 19 20
) 1 - cwew N
Compounds J (Hz)
No. X S bca Jooos S5 g Jos Js
bax qu 0¢q,/ vax./ 1, 8,Y Y.,5a
6 NH 11.7 4.9 11.0 9.5 9.3 8.9
18a 6] 11.0 4.9 11.0 9.8 9.8 3.1
100 m 11 77 A0 1N O noA -
10 U 1.7 +4.Y 1u./ Y.2 Y.4 /.0
19 NCH; 11.7 4.9 10.7 9.3 9.3 8.8
p11) 117 &N 07 Fe e} on 01
A 11.7 Y 7.0 7.5 7.0 7.5
Since none of the a-anomer of compound 6 was observed, preparation of an N-substituted analogue
wirno vinAortalia b Aot aeanliean dlas afCaad ~F tlatn cnsla e li gl o o O /M ] A . ]
A5 BHUCILARCLL WU UCLCTITIHIC HHE CLICUL O ULS SUDSHIULOI 011 anoIneric preiCrence. Lompouna 1/ was ircdica
Wifh N-l‘r‘\eth!ll-1 I-nronanadiamine and a mivhirse af twna nradnecte in ahat a §¢1 ratin wae nhtainad fram
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which the major was obtained nure by repeated crystallizations. 1 IMR snectral data (Table 1) showed this
TYALLLAL MW 1MW) VAR TY WMo Vuidaliva }lul\d UJ L\.«yvutwu NIJ DLUILLLGVIVILYD A1 LWiIViLIN JPUVLI“I WaLa \J“ iw } [S2SSVALAVIV BN TSP

compound to be 19 which was present in solution as only the B-anomer. X-ray structure analysis (see Figure 1
and Table 2) confirmed this structure and showed the methyl group to be axial in the crystalline state. The
conformation of 19 in solution was also confirmed by observation of Nuclear Overhauser Effects (NOE’s)
between H-6ax, H-8, and H-9a, and the orientation of the methyl group in solution was also determined to be
primarily axial by the observation of NOE’s between it and the H-3ax and H-9 protons Such a preference for
an axial N -rnethyl group has been prev1ou:~.ly obbervcd in related heterocychc systems' % and may be ascrlbed to
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equxvalents of methyldmm to the reaction. It was th en possxble to punfy it by crystalllzatlon H NMR
spectral data (Table 1) suggested that the minor component was also a B-anomer, and its structure was
determined by X-ray crystallography to be 20 (see Figure 2 and Table 2); a very strong exo-anomeric effect is
suggested to be present in this compound by the much shorter (0.177 A) length of the N,-Cy, bond than that
of the N;-Cy, bond."* The influence of triethylamine on the product ratio may be a consequence of it
scavenging HBr and freeing the more basic and more nucleophilic methylamino group for participation in the
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Figure 1. X-ray Structure of [7R-(7,8(,9¢,9ax)]-Octahydro-1-methyl-2 H-pyrido
[1,2-a]pyrimidine-7,8,9-triol (19)

Figure 2. X-ray Structure of [5S-(5¢,7B,8¢,9B,9aP3)]-Octahydro-7,8,9-trihydroxy-5-methyl-2 H-
pyridof1,2-a]pyrimidin-5-ium bromide (20)
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with the a-anomer (210) constituting 30% of the mixture at equilibrium. As with the oxygen analogue, the p-
anomer crystallized. Three-bond 'H-'H coupling constants (Table 3) for the anomers were consistent with the
conformations shown in 21a and 21B; difference NOE’s were used to confirm the conformational assignments
and distinguish between H-3a and H3b. Like 18a, the a-anomer prefers to have the glycosidic atom axial.

™\
o MBS ey R
2 HOg HO
210 21B
Table 2. Crystal Data and Summary of X-ray Experimental Conditions®
Compound 19 20
Formula C9H18N203 CnggBTN203
Formula Weight 202.25 283.17
F (600) 1320 584
Crystal size, mm 0.7x0.3x0.08 0.5x0.22x0.16
u, mm’ 0.096 3.577
Crystal system Orthorhombic Orthorhombic
bp ce group P2,2,2, P2,2,2,
a, A 8.804 (2) 6.4679 (6)
b, A 11.956 (4) 12.832 (2)
c, A 29.854 (11) 13.812 (2)
v, A? 3143 1146.3
z 12 4
Dx, g/cc 1.283 1.641
29 range, deg 4.0t045.0 4.0 10 50.0
Independent data 2536 (Rint = 0.0219) 1231 (Rint = 0.041)
Data/restraints/parameters 2507/0/380 1231/0/139
Final R indices [I>20 (I)] R; = 0.0528, wR* = 0.1176 R; = 0.0339, wR® = 0.0812
Goodness of fit on F* 1.096 1.051
Largest peak and 0.258 0.565
hole in difference map, eA™ -0.244 -0.510

® Tables containing the structure determination summary, atomic positional and thermal parameters, bond lengths, and bond angles
for these compounds have been deposited in the Cambridge Crystallographic Data Center. These data can be obtained from the
Director, Cambridge Crystallographic Center, University Chemical Laboratory, Lensfieid Road, Cambridge, CB2 IEW, U.K.

When 17 was treated with 1,2-ethanediamine, two products formed which could not be separated.
However, it was possible to assign conformational structure 22 (a f-anomer) to the major component based on
analysis of its "H-'"H NMR coupling constants (Table 3). It was not possible to definitively assign the
structure of the minor compound, but based on its '*C NMR signals, it appears to be ring-contracted analogue
23 which might arise through the intermediacy of an epoxide.'”” When 17 was treated with 2-aminoethanol, a
mixture of products formed that appeared to be primarily the anomers of compound 24. The latter had very

aithar ha nnrifiad ar ~ranceammantly nhowo/\fn'ﬂved v l” ‘TJ 1'0\ Hawsbvor

mlterl O'uk“‘*" and could Y}." LILLINGE UG }_’Ullll\ru Ulg \/UIID\—HUUILLLJ, CIIAL AL L U.) 1V VYW YW,

1
111 A5 OLuUllllY 4Aiiv: vuoruiug v

uantitative '>C NMR and '3C chemical shift comparison with 180 and 188 led to the conclusion that 24 was
1:2 mixture of a- and p-anomers. This was based on two characteristics of the '*C NMR spectra of 18a and
183 and also xylosides and glucosides: the anomeric carbon and the 3-position carbon of the p-anomers appear

considerably farther downfield than the corresponding carbons in the a-anomers or any other carbons in these

-
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types of compounds. The major anomer had peaks at 94.3 and 77.2 ppm while the minor had a peak at 92.4
ppm with the next highest at 73.9 pp

H20 HO H Ho H H
22 23
H.0O HOA/.?\ J \ﬁ\b
e HUO nv
240 24p

Tak1, 1 [P PR ) byy Tyyam ral 1 ra oA oA [ S
labie 3. Selected H- H NMR Coupling Constants of Bicycio[{4.3.0]jazasugars in D,0
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T
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HO"7 Y 8a
AU
(0}
Comnonnde JF {11-)
VinpuUWnaS J \i14)
No. X
Sax,5eq JSen,é Sax.6 J6 7 J‘L& J&Sa
21a S 10.7 4.9 9.3 10.3 9.3 49
21p S 11.2 5.4 10.8 9.3 9.3 93
22 NH 11.2 5.4 10.7 8.5 8.9 8.7
A ttammmba 4 mramare kingalin asaciinanr analaniiee e wrhink o = A Fomm oo i d O cxrmmen st crrmrmocdtsl
SALIVHIPLL WU PICTPAIT DILYCLL dZdsURdl alldlVg S 1 WILICLL 1 — & (500 COLLIPUUNIUL 7 ) WEIC HTUL dULLEOOIUL
Treatment of 17 with 1 4-butanediamine cave a mixture of four unstable nroducts which were not analvzed
atment or 1 1th La-Dutanecdiamine gave a mixture of four unstabie progucts wiicn were not analyzed

further. On the other hand, 4-amino-1-butanol gave principally the monocyclic azasugar 25 whose structure
was deduced by comparison of its '*C NMR spectrum with “that of the product 26 derived from reaction of N-
methylamine with 17. Compound 25 had limited stability and was not characterized further.

n

HOS L~/ ™\ HOX ) ~CHa
HO Cl)H ( HO Cl)H

o5  CHoOH 5

[~}

In conclusion, bicyclic azasugar analogues of D-xylose containing a glycosidic heteroatom (N, O, and §)
have been prepared and structurally characterized. Those compounds with a six-membered ring fused to the
azasugar rmg have long-term stability in aqueous solution, but those with fused five-membered rings, with the

excepnon of the thiazolidine analogue have limited sraolmy Those with fused seven-membered l'lIlgS €1
+ .

te
L
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but the B-anomers predominate; when the heteroatom is N, only a B-anomer is present. o-Anomers favor
having the glycosidic heteroatom axial to the azasugar ring while B-anomers have a very strong preference for
the heteroatom to be equatorial. Results of the evaluation of the inhibitory potency and selectivity of these
compounds will be reported separately.
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EXPERIMENTAL

General

Reactions were run at room temperature unless indicated otherwise. Thin-layer chromatography
LC) was run on Whatman Al Sii G/UV plates. Compounds were located on TLC plates by using molybdate
spray reagent {Ce(S0y),, 10 g; (NH;)¢Mo,0,44H,0, 25 g: H>O, 900 mL; 98% H,S0,, 100 mL]. Flash column

chromatography was performed on silica gel G (Fisher Scientific, S704-25, 60-200 mesh). Melting points were
determined on a Thomas Hoover capillary melting point apparatus and are uncorrected. Elemental analyses

/'v"l'

were determined by M-H-W Laboratories in Phoenix, AZ. Fourier Transform Nuclear Magnetic Resonance
(FT-NMR) spectra were recorded on a Varian 200, 300, or 500 MHz spectrometer; unless indicated
otherwise, 'H spectra were obtained at 500 MHz and C spectra at 125 MHz. HETCOR, COSY, and NOE
experiments were used to make assignments of the 'H and *C NMR spectra. The NMR program ‘gNMR’

> . . . . 1
{Cherwell Scientific Pu h,..h.mg, Ltd., Oxford, UK., 1996) was used to simulate the 'H NMR peaks for the
Drotons of the hydroxylated ting of cnmpoL ds 188 and 22 and H-2 turvugh H-4 of 19, and the reported

positive ion chemical ionization (CI) and xenon was used as the FAB gas with thloglvceml as the matrix.
High-resolution mass spectra (HRMS) were measured at 10,000 or better resolution and calibrated with high-
boiling perfluorokerosene (CI) or poly(ethylene glycol) (FAB). X-ray crystal and intensity data were
collected using MoKa radiation (% = 0.71073A) and a Siemens R3m/V automated diffractometer for compound

19 and a Bruker P4 diffractometer for compound 20.

[7R-(70,8B,90,9a0a)]-Octahydro-2H-pyrido[1,2-a]pyrimidine-7,8,9-triol (6). A solution of 17 (150
mg, 0.70 mmol) and 1,3-propanediamine (59 puL, 0.70 mmol) in water (2 mL) was stirred for 10 min and then
treated with Amberlite CG-400 ion exchange resin (hydroxide form) to remove HBr. Removal of the water

under vacuum gave a slightly yeuow syrup which gave colorless crystals of 6 (55 mg, 27%, mp 176.5-178°C)

~ mtla i 1 ONTRATY il 3 S TR SN 10
UIII Culaiiofn. INIYIR 5D e€ciral aata IUI' uce pI‘U(JUL[ (0) were lClCIlUC&l WlH‘l U‘lOSC reportea prevxousw

5-Bromo-5-deoxy-1,2-O-isopropylidene-o-D-xylofuranose (16)."5 A solution of 1,2-O-isopro-
:ne-5-0-tosyl-a-D-xylofuranose (14) (10.0 g, 29.1 mmol) and tetrameth ide

) AU RIel KRIUIC Sy &F.4 LUUL) QUL Wada

.n
'ﬂ

[
=~

117 mmol) in anhydrous DMF (180 mL\ under a nitrogen atmosphere was heated at 120°C for
reaction was followed by a TLC system of 40% EtOAc in hexane. A precipitate formed, and it was removed
by filtration. The DMF was evaporated under vacuum, and the residue was purified by silica gel
chromatography. Elution with 20% ethyl acetate in hexane gave 16 as a white powder (6.9 g, 94%, mp 99-
100°C). '"H NMR (200 MHz, CDCls, reference TMS) 6 5.96 (d, J = 3.4 Hz, 1H), 4.56 (d, J= 3.4 Hz, 1H),
4.43 (m, 2H), 3.51 (m, 2H), 1.93 (d, J = 5.2 Hz, OH, D,0 exchange), 1.52 (s, 3H), 1.33 (s, 3H); 13C NMR
(CDCl;, reference CDCl; 6 77.0) 6 112.1, 105.3, 85.0, 80.2, 74.4, 26.8, 26.8, 26.2. HRMS (Cl): caled for
CgH3BrOy: 253.0075 (M+1, 7Br), found 253.0086; 255.0055 (M+1, ®'Br), found 255.0056.

5-Bromo-5-deoxy-a-D-xylofuranose (17c) and S-bromo-5-deoxy-p-D-xylofuranose (178). A
solution 16 (2.0 g, 7.9 mmol) in TFA (8 mL) and H,O (2 mL) was stirred for 15 min. Water (15 mL) was
added, and the solvent was removed under vacuum. Then another 15 ml water was added and evaporated.
The same proceaure was repeated two more times. The residue was dlssow in water and treated with
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4.4 Hz, 1H, H-1), 4.32 (m, 1H, H-4, overlaps with H-4 of p anomer), 4.14 (dd, J = 3.6, 5.2 Hz, 1H, H-3), 3.98
(dd,J=3.6, 4.4 Hz, 1H, H-2), 3.41 (d, /= 10.7 Hz, 1H, H-5), 3.29 (dd, J=7.3, 10.7 Hz, 1H, H-5); *C NMR
(75 MHz, D0, reference acetone 8 29.80) § 95.7 (C-1), 78.1 (C-4), 75.4 (C-2), 74.8 (C-3), 29.8 (C-5). 178 'H
NMR (DO, reference acetone & 2.04) § 5.06 (br s, 1H, H-1), 4.30 (m, 1H, H-4, overlaps with H-4 of
aanomer), 4.06 (dd, J = 2.1, 4.5 Hz, 1H, H-3), 3.96 (br s, 1H, H-2), 3.50 (dd, J = 5.8, 10.3 Hz, 1H, H-5),
340 (dd, J = 2.1, 10.3 Hz, 1H, H-5); >C NMR (75 MHz, D,0, reference acetone & 29.80) & 101.6 (C-1),
81.5 (C-4), 80.0 (C-2), 74.4 (C-3), 29.9 (C-5). Anal. Caled for CsHBrO,: C, 28.19; H, 4.26. Found: C,

~NQ 1~ vv

28.12; H, 4.43.

1R (7~ Q910 Q0. Q
IR S WAL Io I Lo 2y 4

b
(7,88,9¢,9a0)]-hexahydro-2H,6 H-
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vacuum gave a slightly vellow syrup which upon crystallization from ethanol gave colorless crystals that were
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only the B-anomer (31 mg, 35%, mp 141-141.5°C). At equilibrium in D,O the ratio of a- (18a) to B-anomers
H, H-9), 4.11 (dd, J

3.

I

(188) was 12:88. 18a 'H NMR (D0, reference CH;0H 8 3. 30)64.48(d,J =3.1,Hz, 1 \
=4.8, 11.6 Hz, 1H, H-2eq), 3.75 (dt, J = 2.7, 11.6 Hz, 1H, H-2ax), 3532"( bscured, 1H, H-7), 3.45 (t
9.8 Hz, 1H, H-8), 3.43%° (obscured, 1H, H-9), 3.13 (dt, J =3.1, 13.7 Hz partly obscured, 1H, H- 4dx) 3. 09 (t,
J =11.0 Hz partly obscured, 1H, H-6ax), 2.92 (dm, J = 13.7 Hz, 1H, H-4eq), 2.64 (dd, J = 4.9, 11.0 Hz, 1H,
H-6eq), 2.21 (m, 1H, H-3ax), 1.19 (br d, J ~ 14.8 Hz, 1H, H-3eq); *C NMR (75 MHz, DO, reference
CH;0H 8 49.15) 8 89.0 (C-9a), 73.6 (C-8), 71.5 (C-9), 70.1 (C-7), 68.8 (C-2), 50.2 (C-4), 48.6 (C-6), 19.0 (C-
3). 188 'H NMR (D,0, reference CH;OH & 3.30) § 4.03 (dd, J = 4.8, 11.6 Hz, 1H, H-2eq), 3.55 (ddd, J =
4.9,9.3,10.7 Hz, 1H, H-7), 3.51 (m, obscured, 1H, H-2ax), 3.41 (d, J = 7.6, 9.4 Hz, 1H, H-9a), 3.28 (dd, J =
9.3, 9.4 Hz, 1H, H-8), 3.25 (dd, J= 7.6, 9.4 Hz, 1H, H-9), 2.95 (br d, J ~ 11.7 Hz, 1H, H-4eq), 2.82 (dd, J =
4.9, 11.7 Hz, 1H, H-6eq), 2.36 (ddd, J = 3.1, 12.0, 12.3 Hz, 1H, H-4ax), 2.13 (dd, J = 10.7, 11.7 Hz, 1H, H-
6ax), 1.85 (m, 1H, H-3ax), 1.57 (br d, J~ 13.7 Hz, 1H, H-3eq); 3C NMR (75 MHz, D,0, reference CH;0H &
49.15) 8 93.8 (C-9a), 76.6 (C-8), 73.5 (C-9), 68.6 (C-7), 67.3 (C-2), 55.0 (C-6), 52.2 (C-4), 24.7 (C-3). Anal.
Caled for CgH,sNO,: C, 50.78; H, 7.99; N, 7.40. Found: C, 51.00: H, 7.78; N, 7.51.

{7R-(70,8B,90,920)]-Octahydro-1-methyl-2 H-pyrido[1,2-¢] pyrimidine-7,8,9-triol (19). A solution
of 17 (107 mg, 0.50 mmol) and N-methyl-1,3-propanediamine (53 pL, 0.50 mmol) in water (2 mL) was stirred
10 min and then treated with Amberlite CG-400 ion exchange resin (hydroxide form) to remove HBr. 'H

NMR showed the presence of 19 and 20 in a ratio of 5:1. Evaporation of the water under vacuum gave a
IS DAV VS B § MR T, _4._ I'___I Lo o NSO/ ol -1 Falih N | PN pul ’\n Vo APy T
SHE lly ClIOW byrup pd.l'l UI Wl’llLﬂ Ll'yb 1HZEA ITOIN YO 70 CUIANOL 45 4 1 I lelUr€ 01 1Y and 4Zvu LO Ing) 1nc
filtvrata wirag ey ramaratad simadae craan nnd thham Arcotallivad frniaa atlininal ¢4 aivva tma1ea 10 FAK sy AA0L  am
itiatce wad PUIC‘LCU Undaer vacuuin anag wmen ¢ y:-l.auu.cu 1101411 Culalvl SIVC PUJC AF \ro 1115, v /0, 111})
148.5-150.5°C). 'H NMR (D,0, reference CH;OH & 3.30) § 3.46 (ddd, J = 4.9, 9.3, 10.7 Hz, 1H, H-7), 3.32
fdd T=QQ G2 H~» 1T 11OV 294Kt T=0721T7 11T TI.QY 2707 /A T=QQHH~» 1H H_.Qx) 201 (ddt T=270N
1M, & Q.0 Zed LRLg 1Ry 11 1], o h\d \I., v Zed L1L, 111y 11 0], rpe ey \U,d 0.0 114, 111,11 /a}, R R R et .\
3.9.12.2 Hz. 1H. H-2eq). 2.88 (ddt. J=2.0.3.9. 13.2 Hz. 1 -deq). 2.75(dd. J=4.9 11.7 Hz, 1H. H-6eq)
TSy el LAy LRy JATEVN )y £.U0U (MU U T LUy STy ATk Rddy 233 2ATHRA )y Ll T (BN LR 1L, b Y
2.75(dt, J= 3.0, 13.2 Hz, 1H, H-4ax), 2.34 (s, 3H, CH,), 2.24 (dt, /= 3.1, 12.2 Hz, 1H, H-2ax), 2.03 (dd, J =
10.7, 11.7 Hz, 1H, H-6ax), 1.94 (dddd, /= 3.9, 12.2, 13.2, 14.2 Hz, 1H, H-3ax), 1.31 (dddt, J = 2.0, 3.0, 3.1,

14.2 Hz, 1H, H-3eq); *C NMR (75 MHz, D,0, reference CH;OH & 49.15) § 81.0 (C-9a), 77.6 (C-8), 70.4
(C-9), 68.4 (C-7), 57.5 (C-6), 54.9 (C-2), 52.5 (C-4), 33.0 (CH3), 18.4 (C-3). Anal. Calcd for CoHgN,O3: C,
53.45; H, 8.97; N, 13.85. Found: C, 53.25; H, 8.85; N, 13.67.
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_ [55-(50,78,80,98,9ap)]-Octahydro-7,8,9-trihydroxy-5-methyl-2 H-pyrido[1,2-a] pyrimidin-5-ium

bromide (Z0). A solution of 17 (126 mg, 0.59 mmol), triethylamine (0.25 mL, 1.8 mmol), and N-methyl-1,3-
propanediamine (68 puL, 0.65 mmol) in water (2 mL) was stirred 10 min and then treated with Amberlite CG-
400 ion exchange resin (hydroxide form) to remove HBr. 'H NMR showed the presence of 19 and 20 in a ratio
of 1:2. Evaporation of the water under vacuum gave a syrup which produced colorless crystals of 20 (70 mg,

A10/7 ’\r\n ﬂin Try wve sy T w T

41%, mp 209-2106°C) from ethanol, '"H NMR (D,0, reference CH;CN 8 1. 94) 6 4.14 (d, J = 9.3 Hz, 1H, H-

9a),3.97 (ddd, /= 5.0, 9.3, 11.7 Hz, 1H, H-7), 3.52 (m, 1H, H-4eq), 3.49 (dd, J = 9.3, 9.3 Hz, 1H, H-9), 3.48
fAdd I=5n 17711 1LY 1Y £~ 2 AS /A3 T_0O1 O T 11T TT O A A0 7ds T .. A 17 A 14 A~ IT 1YY YT
\ad, v = o.u, 12./ iZ, in, r1-0€q), 5.42 {4a, v = Y.5, 9.5 iz, 1, 1-8), 3.39 (at, J = 3.4, 15.2, 13.2 Hz, 1H, H-
davy) 114(dd T=81 170H> 10 II.7%¢) TN8 /A4 JT=11"7 1797 Us 11T LT . Lav) D0 /o ALY HITN D T
TRA S, JaiT (MU, v ~ely 1.7 Dady 111, I154AA ), 3.0 (UG, v 1i.7, 14,/ 114, 111, 11-0AA )}, L. 70 (S, 211, X113}, &1/
(ddd,.J=3.9,13.2, 13.7 Hz, 1H, H-2eq), 2.05 (m, 1 _lav) 160 (hrd J=156 Hr 1T H_2an) B30 NMR

5 [ - Abuy ALy LATLUNJy L U \Qldy 111y 1ATIAAJ, 1.UV (UL Uy v LU 1L, LId, 150Ny ), OIVIVEIN
(75 MHz, D,0, reference CH3;CN § 1.40) 6 85.6 (C-9a), 77.1 (C-8), 68.6 (C-9), 65.7 (C-4), 65.2 (C-7), 62.2
(C-6), 42.5 (C-2), 39.3 (CH3), 19.9 (C-3). Anal. Caled for CoH;gN,O3Br: C, 38.18; H, 6.76; N, 9.89. Found
C, 38.14; H, 6.61: N, 9.66

[6R-(60,78,8,8aB)]-Hexahydro-5H-thiazolo[3,2-a|pyridine-6,7,8-triol (21a) and [6R-
(60,78,80,8a0)}-hexahydro-5H-thiazolo[3,2-a]pyridine-6,7,8-triol (21B). A solution of 17 (398 mg, 1.88
mmol), 2-aminoethanethiol hydrochloride (218 mg, 1.92 mmol), and sodium carbonate (204 mg, 1.92 mmol) in
water (4 mL) was stirred overnight and then evaporated under vacuum. The residue was chromatographed on
silica gel eluting with 5% CH;O0H in CH,Cl, first followed by 8% CH;O0H in CH,Cl,. The product was
crystallized from ethanol as only the B-anomer (81 mg, 23%, mp 168-170°C). At equilibrium in D,0 solution,
the product consisted of a 3'7 mixture of o- (2ia) and B-anomers (21p). 2ia 'H NMR (uzu reference
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|6R-(60,7B,80,8a0)]-Octahydroimidazo[1,2-a]pyridine-6,7,8-triol (22). A solution of 17 and 1,2-
diaminoethane in water was stirred for 0.5 h and then treated with CG-400 anion exchange resin (hydroxide
form). The solvent was evaporated to give a gum whose 'H and >C NMR spectra showed a major and a minor
compound. The major was assigned structure 22: '"H NMR (DO, reference CH;0H 5 3.30) Major & 3.63 (m,
J=54,8.5,10.7 Hz, 1H, H-6), 3.29 (dd, J= 8.5, 8.9 Hz, 1H, H-7), 3.26 (dd, J, = 8.7, 8.9 Hz, 1H, H-8), 3.19
(dd, J= 5.4, 11.2 Hz, 1H, H-5eq), 3.06 (m, 1H, H-3b), 3.05 (m, 2H, H-2a and H-2b), 2.89 (d, /= 8.7 Hz, 1H,
H-8a), 2.43 (dt, J ~ 8.3, 11.2, 1H, H-3a), 2.18 (dd, J = 10.7, 11.2 Hz, 1H, H-5ax); *C NMR (D,0, reference
CH;0H 5 49.15) § 80.2, 77.9, 73.6, 70.3, 52.4, 51.0, 43.2. Minor *C NMR (D0, reference CH;0H & 49.15)
3 82.4,79.7, 754, 679, 62.8, 52.9, 39.3. HRMS (CI): caled for C;H;4N,O3: 175.1083 (M+1), found

175.1075.
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Reaction of 5-bromo-5-deoxy-D-xylofuranose with 2-aminoethanol. A solution of 17 (30 mg, 0.14
mmol) and 2-aminoethanoi (13 uL, 0.21 mmol) in D,0 (0.7 mL) was monitored by *C NMR which showed
the formation of a major and a minor product in an approximate ratio of 2:1. Based on their *C NMR
chemical shifts, the major and minor appear to be 24p and 24a, respectively. '*C NMR (75 MHz, D0,

reference CH3;0H 6 49.15) major: § 94.3, 77.2, 73.1, 70.1, 66.4, 50.6, 49.9; minor: 92.4, 73.9, 73.5, 70.6, 69.4,
£7Q &1 & LIDMMC /I anlad f- M 1T NN . 1742 NODT (AMALTY £hsemd 17£ AN
JL£0y 10U LINGYIO (W) LAl UL 713Ny, 170 UTL0 (VEIT L ], TOULIU 1 70.U700.

Reaction of S-bromo-5-deoxy-D-xylofuranose with 4-amino-1-butanol. A solution of 17 (27 mg,
).13 mmol) and 4-amino-1-butano! (12 ul.. 0.13 mmol} in D,O (0.7 mL) was monitored I-“: B(‘ NMR whicl
Vedo L1I221VAEJ WRIWS T WhALARALAS i L/MAMLRARWSE \lh HLJ’ Vel xluxu.u/ 1L uzv \UA ’ l‘lld‘, YYQO 113ViIMWVi v NLAIVALN YYikiwal
showed a single product that was assigned structure 25 based on comparison of its °C NMR spectrum with
that of compound 26. “C NMR (75 MHz, D0, reference C”;O” 8 49.135) § 82.7, 73.9, 72.6, 70.0, 61.8,
52.4,49.4,29.7,23.0. HRMS (CI): calcd for CoH|oNOs: 222.1341 (M+1), found 222.1343

[2R-(20,30.,4B,50]-1-Methyl-2,3,4,5-piperidinetetrol (26). To a solution of 17 (25mg, 0.12mmol) in
water (2 mL) was added 40% aqueous methylamine (30 uL, 0.36 mmol). After stirring for 10 min, the solvent
was removed under vacuum. Then another 2 ml water was added and evaporated. The same procedure was
repeated two more times to remove the excess methylamine. The residue was analyzed by NMR. 'H NMR
(D0, reference CH,OH & 3.30) 6 4.44 (d, / = 3.4 Hz, 1H, H-2), 3.42 (dd, J = 3.4, 9.3 Hz, 1H, H-3), 3.48
(dd, 1H, J = 9.3, 9.3 Hz H-4), 3.53 (ddd, J = 5.3, 9.3, 10.8 Hz, 1H, H-5), 2.63 (dd, J = 5.3, 11.2 Hz 1H,
H-6eq), 2.54 (dd, J = 10.8, 11.2 Hz 1H, H-6ax), 2.31 (s, 3H, CH,); "C NMR (75 MHz, D,0, reference
CH,OH & 49.15) d 84.5, 73.5, 72.4, 69.9, 50.8, 40.0. HRMS (FAB): caled for C¢H;3NO,:  164.0923
(M+1), found 164.0914,

A-l'dy Lrybiaﬂ(‘)graphu Determinations The structures of 19 and 20 were solved u:,mb dire
methods. It was apparent from the crystal data that the unit cell of 19 contained twelve molecules and in as
much as the compound crystallized in the space group P2,2,2;, that there are three molecules in the
asymmetric unit. This was verified by the solution of 19. In the refinement process all nonhydrogen atoms of
the two structures were refined anisotropically. Positions for all hydrogen atoms bonded to carbon atoms
were calculated while positions for the hydrogens bonded to oxygen and nitrogen atoms were found in
difference maps. All of the hydrogen atoms were allowed to ride on their neighboring heavy atom during the

refinement process. The structure of 19 was solved using the program ‘SHELXTL-PLUS’ (Siemens
Anmalotinal Wonnw Taotes M,‘_..t adicnn Wicnnmaor 100M Tha tae~oe 1 i

AA D ca n tha rafinamant and
Analy tical X- ray Instruments, Inc., Madison, Wisconsin, 1990). 1ne programs us€a in ine reimement ana
disnlav of 19 and the qnlnhnn rPFanPnt and disnlav of 20 are contained in the program package
dgispiay of 19 and the solulion, relinement nd display of 20 arc contamned in the program packag

*SHELXTL" PC, version 5.03 (Bruker Analytlcal X-ray, Madison, Wisconsin, 1994).
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he average bond iengms from the three molecules in the asymmeiric unit are: N;-Cy, = 1.467A and N;s-
Csa=1.480A. For comparison, other average N-C bond lengths in thls melecaie are: Ni-C, = 1.477A,

N-Cyp = 1.478A, NS-C4 =1 474A and N5-Cq = 1.458A.

The bond lengths are: N;-Cg, = 1.397A and Ns-Cg, = 1.574A. For comparison, other N-C bond lengths

in this molecule are: N;-C, = 1.466A, Ns-C4 = 1.530A, N5-Cs = 1.493A, and N;5-C¢ = 1.505A.

A similar transformation has been reported.” The '*C NMR signals at 67.9 and 62.8 ppm distinguish the
minor compound from all the bicyclic azasugars we have prepared and characterized but correspond more
closely with the 66.4 and 62.9 ppm reported for 1,4- dideoxy 1,4-imino-L-arabinitol, a monocyclic

nnnnnnnnn A T e I - e | T . RISy

Y 94 AA =11 5
analogue of compound 23 reported in Nash, R. J.; Williams, J. M., Bell, E. A. Phytochemistry 1985, 24,
1620-1622,

Peak position obtained from cross peaks of COSY spectrum.



