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Abstract—Nor-tropane related bicyclic (6+5) iminocyclitols with an ether bridge and different substituents (hydroxymethyl, aminomethyl,
and aminoethyl) on C-1 are prepared starting from a B-p-psicofuranosyl cyanide. The method involves an internal nucleophilic attack of a sta-
bilized amide ion on a 5-mesyloxy derivative. The intermediate N-acetyl O-protected iminocyclitols present atropoisomerism due to restricted
rotation of the N—CO amido bond. Conformational aspects of the prepared compounds are discussed.

© 2007 Elsevier Ltd. All rights reserved.

1. Introduction

The iminocyclitols are a type of sugar analog in which the en-
docyclic oxygen atom has been substituted by a nitrogen
atom. These compounds have biological and pharmaceutical
importance as they are inhibitors of glycosidases and glyco-
syltransferases,! and consequently, they can be useful in
the treatment of metabolic disorders and inflammatory pro-
cesses.! ™ The first iminocyclitols were discovered as natural
products, although they were difficult to isolate, at least in
multigram scale. In the last 15 years, much effort has been di-
rected to the synthesis of five-, six-, and seven-membered
monocyclic and bicyclic polyhydroxyalkyl iminocycli-
tols,” in many cases sugar derivatives being the starting
materials for these syntheses. However, much less effort
has been put into the synthesis of bicyclic iminocyclitols
with an ether bridge (1) (Fig. 1), in spite of the restricted
conformational properties of these compounds, which can
be interesting for possible biological studies. A dihydroxy-
3,6-anhydro iminoheptitol was prepared by Kilonda® starting
from 1-amino-1-deoxy-p-glucitol; the same compound was
later obtained starting from a dibenzyloxy-dihydroxy-perhy-
droazepane.9 At the same time, the iminocyclitols 1 are
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Figure 1.
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structurally related with bicyclic alkaloids with nor-tropane
skeleton (2), which have biological activity as competitive
inhibitors of glycosidases.!®!" Related bicyclic alkaloids
having hydroxy(alkoxy)methyl groups instead of hydroxy
groups have also been described.'? Recently, we have de-
scribed!® the preparation of azasugar thioglycosides, using
a cyclization reaction through an amide ion.

Now, we report the synthesis of the iminocyclitols with an
ether bridge 9, 13, and 16 starting from the glycofuranosyl
cyanide 3.'* Compounds 13 and 16 are homoaminoaza-
sugars,'> and can be useful for preparing azasugar-isothio-
cyanates, homonucleosides, and related compounds.16

2. Results and discussion

The 6-0-benzyl-2-cyanopsicofuranose derivative 3,'* which
is easily prepared from 1,2:4,5-di-O-isopropylidene-f3-p-
fructopyranose, was reduced with lithium aluminum hydride
to obtain (Scheme 1) the amino derivative 4, which was in
situ acetylated to give 5 in 87% yield from 3. The position
6 of 5 was debenzylated by hydrogenation (Pd—C) to get 6,
in which was introduced a good leaving group by treatment
with mesyl chloride (— 7).

Tables 1 and 2 show selected "H and '3C NMR data of pre-
pared compounds, respectively. The spectra of 5 showed sig-
nals for two acetyl groups (see also Section 3) and its '3C
NMR spectrum had no signal for a C=N group. The reso-
nance of C-6 in 6 showed a shielding of 7.5 ppm with respect
to the same signal in 5, indicative of the deprotection of the
corresponding hydroxyl group. The presence of the mesyl
group in 7 was evident from the signals at 3.09 (‘H) and
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Scheme 1. Compounds showing atropoisomerism are indicated as na and nb. The major (Z, na) compound is showed. Reagents and conditions: (i) LiAlH,,
Et,0; (ii) Ac,O/Pys; (iii) H,, Pd—C, AcOEt; (iv) CIMs/Py, rt; (v) NaH, DMF; (vi) NaN3;, DMF; (vii) MeOH, HCI; (viii) KCN, DMF.

38.1 (!3C) ppm and from the deshielding of the signals for
Hé6a and H6b (0.27-0.33 ppm) and C-6 (6.3 ppm).

Treatment of the mesyloxy derivative 7 with sodium hydride
in DMF produced the tricyclic compound 8. The reaction
involves O-deacylation and cyclization by intramolecular
nucleophilic attack of a stabilized amide ion'*!” (17,

Scheme 2) on C-6. Reaction of 8 with HCI in methanol
yielded the N- and O-unprotected target compound 9. The
NMR spectra (*H and '3C) of compound 8 showed two series
of signals corresponding to two atropoisomers, 8a and 8b, by
restricted rotation of the N—CO bond (see below). The 2D
NOESY spectrum showed EXSY'® peaks relating signals
of the two different spin systems. No significant changes

Table 1. Selected 'H NMR data (8 ppm, J Hz) for compounds 5-16 at 500 MHz in CDCl;
Hla Hilb H3 H4 H5 Ho6a Ho6b CHzNH 1374 J475 ‘15’53 jsvﬁb
5 4.26 423 4.52 4.79 4.09 3.82 3.67 3.83, 3.17 6.0 6.0 0 2.5
6 4.39 4.17 4.66 4.97 4.11 3.79 3.64 3.81,2.98 6.0 45 0 —
7 433 4.18 4.63 4.66 4.16 452 431 3.62, 3.36 6.5 5.0 2.5 35
CHon H7 H6 H5 H4a H4b H2a H2b J6,7 J57(, ]4.(,,5 J4b75
8a 3.60, 3.42 423 4.64 4.11 3.63 3.12 4.21 2.60 59 0 =0" 2.5
8b 3.60, 3.45 4.50 4.38 4.15 4.03 2.62 3.68 3.16 59 0 =0 2.5
9 3.71, 3.60 4.30 4.25 4.02 2.84 2.73 2.87 2.83 6.5 0 2.5 1.4
CHzOMS H7 H6 H5 H4a H4b H2a H2b Jﬁ,7 ]5,6 -143,5 J4h’5
10a 442,423 4.32 4.73 4.24 3.67 3.16 4.20 271 5.8 0 =0" 24
10b 442,423 4.61 4.45 4.27 4.06 2.65 3.75 3.26 5.8 0 =0 2.4
CH,N; H7 H6 H5 H4a H4b H2a H2b Jo7  Jse  Jus Javs
11a 3.53 425 4.70 4.20 3.66 3.14 4.14 2.66 59 0 =(0" 2.5
11b 3.53 4.53 4.43 4.24 4.04 2.64 3.68 3.20 59 0 =0" 2.5
CH,NH, H7 H6 H5 Hda Hdb H2a H2b o7 Jss Jaas Tavs
12a 2.80, 2.66 4.24 4.64 4.12 3.63 3.11 4.28 2.54 59 0 =0° 2.5
12b 2.80, 2.66 4.50 4.38 4.15 4.03 2.61 3.79 3.07 59 0 =0° 2.5
13 2.90, 2.84 4.28 4.26 4.03 2.81 2.70 2.76 2.64 6.5 0 2.5 =0
CH,CN H7 H6 H5 Hda Hdb H2a H2b o Jss Tias Tivs
14a 2.87,2.71 443 4.60 4.34 3.57 3.39 4.48 2.94 5.5 0 =0° 2.3
14b 2.81 4.44 4.61 4.36 4.33 2.87 3.75 3.40 55 0 =0"
CH,CH,NH, H7 H6 H5 Hda Hdb H2a H2b Jor Jss Taas Tavs
16 3.18, 2.18, 1.86 4.18 4.26 4.12 2.76 2.11 2.73 2.01 6.3 0 =0° 2.0

? The 2D COSY long range showed a correlation between H4a and H5, but this small coupling was not resolved in the 'H NMR spectrum, precluding the

determination of the value of Jy4, 5.
® The lineshape of both, H-4a (H4b for 13) and H-5, suggest the existence

of a small coupling (<1 Hz) between these protons.
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Table 2. Selected '*C NMR data (125 MHz) for 5-14, 16

Cl C2 €3 C4 C5 C6 CHNH
5 642 849 836 808 837 69.8 437
6 630 85.1 840 816 861 623 43.1
7 630 853 830 806 81.1 686 425
CH,OH c1 C7 €6 C5 4 2
8a 605 833 818 825 777 471 455
8b 605 828 826 81.8 779 427 499
9 638 856 753 751 842 480 510
CH,OMs c1 C7 C C5 4 2
10a  69.1 81.0 819 825 785 467 444
10b 693 80.6 820 826 788 422 487
CH,N; cl C7 € C5 4 2
11a 514 824 819 826 782 467 45.1
11b 515 820 819 828 785 423 495
CH,NH, cl C7 C6 C5 4 2
12a 427 832 819 826 779 471 459
12b 427 837 819 827 779 428 505
13 443 843 761 756 843 481 525
CH,CN cl C7 C6 C5 4 2
14a 213 80.8 824 835 791 474 469
14b 210 802 823 834 799 427 517
CH,CH,NH, ClI C7 C6 C5 C4 C2
16 308, 37.0 84.6 760 757 837 555 617

were observed by comparison of the corresponding 3Jy i
values (see Table 1 and Section 3) of 8a and 8b, which is in-
dicative of no conformational changes in the tricyclic sys-
tem. The 'H and '>C NMR spectra of N-acetyl derivatives
10-12 and 14 (see below) also show two series of signals,
and their NOESY spectra also have EXSY peaks. However,
the same spectra of the amino compounds 9, 13, and 16 have
only one signal series and no EXSY peaks were observed;
consequently the atropoisomerism is due to restricted rota-
tion of the N-CO amido bond.

In order to characterize the interconversion of the atro-
poisomers of 8, a variable-temperature 'H NMR study was
performed. Ten experiments were carried out in DMSO-dg
at different temperatures from 303 to 393 K. These spectra
showed broadening of the signals with increasing tempera-
ture, and coalescence at different temperatures for different
kinds of protons. At the highest temperature employed, some
signals were still very broad, which suggests a high-energy
barrier between the two atropoisomers. This observation is
also supported by NOESY experiments carried out in
CDCl; at 253 K. Under these conditions, no interchange
(EXSY) peaks were observed, and ¢ and J values of the
two series of signals were similar to those measured in the
spectrum obtained at 303 K, indicating no conformational
changes on decreasing the temperature. The energy barrier

N
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Scheme 2. Mechanism of the cyclization step.

4697

for the internal rotation was measured at the coalescence
of H-5 (Fig. 2, T.=333 K). Despite the small rotamer popu-
lation difference (Ap=0.06), the data were treated as an
exchange between two unequally populated sites.'” The
chemical shift separation at 303 K for this proton between
the two rotamers is 17.7 Hz. From these data, the rate con-
stants for the conversions 8a— 8b and 8b — 8a were calcu-
lated as 33.3s~! and 37.5s7, respectively, and the
substitution of these values into the Eyring equation'® gave
the values 17.3 and 17.2 kCal/mol for AG7 (8a— 8b) and
AGZ (8b— 8a), respectively.

Treatment of 8 with mesyl chloride in pyridine gave the
mesyl derivative 10a (10b), which by reaction with sodium
azide in DMF yielded 11a (11b). Catalytic hydrogenation of
11 produced 12a (12b), which by simultaneous deacetyl-
ation and deacetalation with HCl in methanol was trans-
formed into the target methyl aminoazasugar 13. The
signals at 3.09 (3.07) (‘H) and 36.6 (36.7) ppm ('3C) in
the NMR spectra of 10a (and its rotamer 10b), together
with the deshielding in the resonances of the CH,OMs group
supported the presence of the mesyl group. The azido group
of 11a (11b) was evident from the IR absorption at
2105 cm™!, which was not present in the IR spectrum of

393K
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3563 K

343K
333K
323K

313K
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Figure 2. 'H NMR peaks corresponding to H-5 in the two rotamers of 8 in
DMSO-dj at various temperatures.
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12a (12b). The NMR spectra of 13 showed signals for only
one spin system.

The reaction of the mesyl derivative 10 with potassium cya-
nide afforded in high yield the azasugar acetonitrile 14a
(14b), which was treated with lithium aluminum hydride
to give 15. During this reaction, the cyano and acetyl groups
were simultaneously reduced. Compound 15 was directly O-
deprotected to produce the azasugar ethylamino derivative
16 in 92% yield. The presence of C=N group of 14a
(14b) was evident from the signals at 2300 cm ! (IR spec-
trum) and 116.0 ppm ('3C NMR spectrum). The '3C NMR
spectrum of compound 16 had no signals for an isopropyli-
dene group, the resonances for the N-ethyl group appeared at
52.8 (CH,) and 12.0 (CH3) ppm, and the signals for the
amino-ethyl group were at 37.0 and 30.8 ppm.

The NOESY experiments were conclusive for the Z, E assign-
ment of the N-acetyl derivatives 8a/8b, 10a/10b, 11a/11b,
12a/12b, and 14a/14b (a is the major isomer and b the mi-
nor). In all cases, the observed NOEs for the methyl group
of the N-Ac moiety were key for this determination. Thus,
the observation of NOE interactions for this methyl group
with protons H4a and H6, for the major atropoisomer (com-
pounds a), and with protons H2a and H7 for the minor (com-
pounds b), clearly indicates a Z and E configuration for the
major and minor, respectively. Furthermore, these NOE:s, to-
gether with those observed for H6 and H7, allowed the stereo-
specific assignment of the prochiral protons H4a/H4b and
H2a/H2b. For these diastereotopic methylene protons, the
most-deshielded signals in the 'H NMR spectra, that is,
H2a and H4a, correspond to the protons located in the con-
cavity (endo protons) of the nor-tropane related part of the
structure (H2a is the pro-S proton at C2 and H4a is the pro-
R at C4). As an exception, only for 8a/8b in CDCI; was the
E isomer observed as the major product, at 303 K as well
as at 253 K. This assignment is coherent with the observed
chemical shifts in the 'H and '3C NMR spectra of these com-
pounds, specially for the methylene groups located at the vic-
inal positions of the N-Ac (positions 2 and 4), from which we
can deduce the opposite effect that the anisotropy of the car-
bonyl group exerts in these positions in both atropoisomers.
Comparing the Z and E isomer, a shielding effect was con-
stantly observed at C4 (approx. 4.5 ppm) in all cases, and
a corresponding opposite effect at C2 (deshielding of approx.
4.5 ppm). Similarly, H4a for the Z isomer and H2a for the E
isomer, were the protons most affected by the deshielding
effect of the carbonyl, in agreement with a closer proximity
of the carbonyl to these protons.

These products have semirigid structures, whose most prob-
able conformations are 8C5 and B3 (Scheme 3). There are
various NMR data that allow us to distinguish between
both conformations. For an 3C5 conformation, a long-range
coupling through a W pathway between H2a and H4a would
be expected, as well as a 1,3-diaxial NOE between H2b and
H4b, whereas for a B® conformation, the small coupling
would be between H2b and H4b and the NOE would relate
H2a and H4a. Despite all 'H NMR spectra showing broad-
ened signals for H2a and H4a, attributable to a hidden small
coupling constant, in no case was the resolution enough to
determine the value of this coupling constant. For com-
pounds 8a/8b, 10a/10b, and 11a/11b, the 2D COSY long-
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Scheme 3. Conformations of the oxazine ring of compounds 8, 10-12,
and 14.

range experiments confirmed the expected coupling by the
observation of a cross peak between H2a and H4a. These
data clearly indicate an 3C; conformation. Unfortunately,
the crucial 1,3-diaxial NOEs could not be detected in the
NOESY spectra due to the proximity of these expected cor-
relations to the more intense EXSY peaks. Only in the case
of 8a/8b, which was also studied in chloroform at low tem-
perature (253 K), did the absence of exchange peaks in these
conditions permit the observation of the NOE between
H2b and H4b, confirming the 8C5 conformation. Since the
'H and '3C NMR spectra of 8a/8b indicate that there is no
conformational change either by changing the solvent
from DMSO-dg to CDCl;, or by lowering the temperature
from 303 K to 253 K in the latter solvent, we could expect
the same 8C; conformation in all cases. Additionally, the
aforementioned closer proximity of the carbonyl group to
H2a and H4a for the E and the Z isomer, respectively, to-
gether with the observed NOEs between the methyl group
of the N-Ac and H6 for the Z isomer and H7 for the E isomer,
can be considered as an exclusive features of the 8C5 confor-
mation, since for the B3 conformation the N-Ac group
should be located far away from H6 and H7. The coupling
pattern observed for H5 and the vicinal protons H4a and
H4b is also in agreement with this conformation, since for
the B% conformation we would expect a higher value for the
Ja 5 rather than lower and similar values observed for Jy, 5
and Jup, 5. Figure 3 shows the energy-minimized structure®”
of the major rotamer 8a.

For the bicyclic compounds 9, 13, and 16 the NMR data were
also in agreement with the 8C; conformation. In the case of
the fully deprotected compounds 9 and 13, the most notice-
able difference in comparison with the other bi- or tricyclic
compounds was the change in the order of appearance in the

Figure 3. Main conformation (oxazine ring and amido bond) of rotamer 8a.
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'H NMR spectra of the signals corresponding to the methyl-
enes 2 and 4. Thus, in both compounds the pro-R proton at
C4 is H-4b, instead of H-4a, and for 9 the pro-S proton at C-2
is H-2b, instead of H-2a. For all these bicyclic structures, and
likewise the other studied compounds, the signals corre-
sponding to the long-range coupled protons characteristic
of the 8C; conformation (H2b/H4b for 9, H2a/H4b for 13,
and H2a/H4a for 16) presented a broadened lineshape, indic-
ative of the presence of this small coupling. For compound
13, a further confirmation was provided by the 2D NOESY
spectrum, which showed a small correlation between H2b
and H4a, the 1,3-diaxial interaction characteristic of the pro-
posed conformation.

In conclusion, the glycosyl cyanide 3 is a suitable starting
material to prepare conformationally restricted iminocycli-
tols with an ether bridge, with nor-tropane related structure,
and different functionalizations on C-1. The key step is a
cyclization reaction using a stabilized amide ion. All the
reactions are highly stereoselective. The 8C; is the main con-
formation for prepared compounds in DMSO-dg and/or
CDCls.

3. Experimental
3.1. General methods

Melting points were determined with a Gallenkamp appara-
tus and are uncorrected. A Perkin—Elmer Model 141 MC po-
larimeter, 1-cm tubes, and solutions in CH,Cl,, at 589 nm,
were used for measurement of specific rotations. IR spectra
were recorded for KBr discs on a Bomen—Michelson MB-
120 FTIR spectrophotometer. Mass spectra (EI, CI, and FAB)
were recorded with a Kratos MS-80RFA or a Micromass Auto-
SpecQ instrument with a resolution of 1000 or 60,000 (10%
valley definition). For the FAB spectra, ions were produced
by a beam of xenon atoms (67 keV), using 3-nitrobenzyl
alcohol or thioglycerol as matrix and Nal as salt. TLC was
performed on Silica Gel HF,s,4, with detection by UV light
or charring with H,SO,. Silica Gel 60 (Merck, 70-230 and
230400 mesh) was used for preparative chromatography.

NMR experiments were recorded on a Bruker Avance 500
spectrometer (500.13 MHz for 'H and 125.75 MHz for
13C) equipped with a 5 mm inverse detection probe. All
experiments were performed at 303 K, except for the variable-
temperature 'H NMR study of 8. The samples were thermi-
cally equilibrated at the corresponding temperature before
measurement. The probe temperature was calibrated with
a standard sample of 80% ethyleneglycol in DMSO-dg. Sam-
ple concentrations were typically in the range 10-15 mg per
0.6 mL of the deuterated solvent. Chemical shifts are given
in parts per million, using the residual protonated solvent
signal as reference. 'H and '3C assignments were confirmed
by 2D conventional COSY and HSQC experiments. 2D
NOESY experiments were carried out by using conventional
pulse sequence with a mixing time of 400 ms, a recycle delay
of 2 s, and 2048 transients per spectrum in all cases.

3.1.1. 1-Acetyl-2-acetylaminomethyl-6-O-benzyl-2-deoxy-
3,4-0-isopropylidene-B-p-psicofuranose (5). Lithium alu-
minum hydride (159 mg) was added at 0 °C to a solution of

2 (257 mg, 0.805 mmol) in super-dry diethyl ether (8.7 mL).
The resulting suspension was stirred at room temperature for
3 h and afterward 414 pLL of a 1 M solution of K,CO5 was
carefully added. The reaction mixture was filtered through
Celite, dried (MgSO,), and evaporated to dryness. The ob-
tained residue was dissolved in dry pyridine (3.3 mL) and
cooled to 0 °C. Acetic anhydride (1.7 mL) was added and
the mixture was kept stirred at 0 °C for 3 h. The solution
was poured into ice water and extracted with CH,Cl,, the or-
ganic layer was separated, washed with 2 N H,SO,, saturated
aqueous sodium hydrogencarbonate, and water, dried
(MgS0,), filtered, and evaporated to dryness. The residue
was purified by column chromatography using ether/hexane
4:1 and ether as eluents to give a syrup. Yield 87%; [a]%
+33 (¢ 0.9, CH,Cly); CIMS m/z 408 [(M+H)*]; IR 3311,
3097, 2964, 2874, 1746, 1651, 1547, 1460, 1397, 1262,
1087, 880, 809 cm~'; '"H NMR (500 MHz, CDCl3) 6 7.29—
7.38 (m, 5H, Ph), 6.51 (m, 1H, NHAc), 4.79 (t, 1H,
J34=J34=6.0, H-4), 691 (d, 1H, J,,,=11.0, HCHPh), 4.52
(m, 2H, H-3,HCHPh), 4.26,4.23 (each d, each 1H, J,,,,,=12.0,
H-1a, H-1b), 4.09 (m, 1H, H-5), 3.83 (dd, 1H, J,,,,=14.0,
Jyucn,=9.0, HCHNH), 382 (d, 1H, Jeer=
11.0, H-6a), 3.67 (dd, 1H, Jse,=2.5, H-6b), 3.17 (dd, 1H,
JNH,cH,=3.0, HCHNH), 2.09, 1.52 (each s, each 3H,
CH,CO), 1.50, 1.30 (each s, each 3H, (CH;),C); '*C NMR
(125.7 MHz, CDCl3) ¢ 1709, 170.8 (2CO), 137.7-127.9
(Ar), 114.1 ((CH3),0), 84.9 (C-2), 83.7 (C-5), 83.6 (C-3),
80.8 (C-4), 74.2 (CH,Ph), 69.8 (C-6), 64.2 (C-1), 43.7
(CH,NH), 27.2, 25.4 (2(CH3),C), 22.5, 21.0 (2CH5CO);
HRCIMS m/z obsd 408.2010 calcd for C,;H30NO7 408.2022.

3.1.2. 1-Acetyl-2-acetylaminomethyl-2-deoxy-3,4-0-iso-
propylidene-p-p-psicofuranose (6). To a stirred solution
of § (241 mg, 0.592 mmol) in ethyl acetate (40 mL), 10%
Pd-C (40 mg) was added. The obtained solution was kept
at room temperature and stirred under hydrogen atmosphere
for 2.5 h. The mixture was filtered through Celite and evap-
orated to dryness. The resulting crude was purified by col-
umn chromatography on silica gel using dichloromethane/
methanol 25:1 as eluent to give an amorphous solid. Yield
96%; [a]dt +18 (¢ 1.4, CH,Cl,); FABMS m/z 340
[(M+Na)*]; IR 3451, 3285, 3090, 2986, 2938, 2901, 1740,
1651, 1572, 1443, 1377, 1292, 1211, 1072, 974, 864,
783 cm~!; 'H NMR (500 MHz, CDCls) 6 6.59 (d, 1H,
Jnu,cH,=5.0, NHAc), 4.97 (dd, 1H, J34=6.0, J45=4.5,
H-4), 446 (d, 1H, H-3), 4.39 (d, 1H, Jy,1,=11.0, H-1a),
4.23 (m, 1H, OH), 4.17 (d, 1H, H-1b), 4.11 (m, 1H, H-5),
3.81 (d, 1H, J,,,=14.0, HCHNH), 3.79 (d, 1H, Je, 6=
14.5, H-6a), 3.64 (m, 1H, H-6b), 2.98 (dd, 1H, HCHNH),
2.12, 2.02 (each s, each 3H, CH3;CO), 1.53, 1.34 (each s,
each 3H, (CH;),C); '3C NMR (125.7 MHz, CDCls)
0 171.7, 171.6 (2CO), 113.9 ((CH;),C), 86.1 (C-5), 85.1
(C-2), 84.0 (C-3), 81.6 (C-4), 63.0 (C-1), 62.3 (C-6), 43.1
(CH,NH), 26.9, 25.2 (2(CH;3),0), 23.5, 21.2 (2CH3CO);
Anal. Calcd for C4H3NO7: C, 52.99; H, 7.31; N, 4.41.
Found: C, 52.87; H, 7.08; N, 4.34.

3.2. General procedure for the synthesis of compounds
7 and 10

Compound 6 or 8 (m mg) was dissolved in dry pyridine
(x mL) and mesyl chloride (y mL) was added dropwise at
0°C. The mixture was stirred at room temperature for
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24 h. The reaction crude was poured into saturated aqueous
sodium hydrogencarbonate at 0 °C, and extracted with ethyl
acetate. The organic layer was dried (MgSQ,), filtered, and
evaporated to dryness. The resulting residue was purified by
silica gel column chromatography using dichloromethane/
methanol 40:1 as eluent.

3.2.1. 1-Acetyl-2-acetylaminomethyl-2-deoxy-3,4-0-iso-
propylidene-6-0O-mesyl-B-p-psicofuranose (7). M=
234 mg (0.738 mmol), x=3.2 mL, y=280 puL, z=28 mL.
Amorphous solid; yield 76%; [a]® +37 (c 0.93, CH,Cl,);
FABMS m/z 418 [(M+Na)*]; IR 3420, 3079, 2928, 2856,
1752, 1657, 1561, 1521, 1466, 1371, 1116, 1069, 989,
751 cm™!; '"H NMR (500 MHz, CDCls) 6 6.30 (m, 1H,
NHAc), 4.66 (dd, 1H, J34=6.5, J45=5.0, H-4), 4.63 (d,
1H, H-3), 4.52 (dd, 1H, J56,=2.5, Jeaepb=11.5, H-6a), 4.33
(d, 1H, J1,,1p=12.0, H-1a), 4.31 (dd, 1H, Js=3.5, H-6b),
4,18 (d, 1H, H-1b), 4.16 (m, 1H, H-5), 3.62 (dd, 1H,
Jeem=14.5, Jnucn,=8.0, HCHNH), 3.36 (dd, 1H,
JNu,cn,=5.0, HCHNH), 3.09 (s, 3H, CH3S0,), 2.09, 2.01
(each s, each 3H, CH;CO), 1.51, 1.31 (each s, each 3H,
(CH3),C); '3C NMR (125.7 MHz, CDCls) 6 171.0 (2CO),
115.1 ((CH3),0), 85.3 (C-2), 83.0 (C-3), 81.1 (C-5), 80.6
(C-4), 68.6 (C-6), 63.0 (C-1), 42.5 (CH,NH), 38.1
(CH3S0,), 26.8, 25.1 (2(CH3),C), 23.2, 21.0 (2CH3CO);
Anal. Calcd for C;5H,sNOoS: C, 45.56; H, 6.37; N, 3.54;
S, 8.11. Found: C, 45.39; H, 6.33; N, 3.58; S, 7.86.

3.2.2. (1R,5R,6R,7R)-3-N-Acetyl-3-aza-7,8-(dimethyl-
methylenedioxy)-1-mesyloxymethyl-8-oxabicyclo[3.2.1]-
octane (10). M=166 mg (0.646 mmol), x=2.8 mL,
y=245 pL, z=25 mL. Amorphous solid; yield 85%; mixture
of two rotamers (10a and 10b) in a ratio of 1.25:1; [a]3" —60
(¢ 0.92, CH,Cl,); FABMS m/z 358 [(M+Na)*]; IR 2990,
2962, 2863, 1655, 1544, 1425, 1353, 1210, 1171, 1131,
1075, 980, 877, 829 cm—!; NMR data for rotamer 10a: 'H
NMR (500 MHz, DMSO-d) 6 4.73 (d, 1H, Js7=5.8, H-6),
4.42 (d, 1H, Jg,=11.0, HCHOMs), 4.32 (d, 1H, H-7),
4.24 (m, 1H, H-5), 4.23 (d, 1H, HCHOMs), 4.20 (d, 1H,
Jraop=13.4, H-2a), 3.67 (d, 1H, J4,4,=13.0, H-4a), 3.16
(dd, 1H, J4 5=2.4, H-4b), 2.71 (d, 1H, H-2b), 2.00 (s, 3H,
CH;CO), 1.38, 1.25 (each s, each 3H, (CH;),C); '3C NMR
(125.7 MHz, DMSO-dg) 6 170.0 (CO), 111.2 ((CHs),0),
82.5 (C-6), 81.9 (C-7), 81.0 (C-1), 78.5 (C-5), 69.1
(CH,OMs), 46.7 (C-4), 44.4 (C-2), 36.6 (CH3S0,), 25.8,
24.3 ((CH3),C), 21.3 (CH5CO); NMR data for rotamer
10b: 'H NMR (500 MHz, DMSO-ds) 6 4.61 (d, 1H,
J67=5.8, H-7), 4.45 (d, 1H, H-6), 4.42 (d, 1H, J.,,=11.0,
HCHOMs), 4.23 (d, 1H, HCHOMs), 4.27 (m, 1H, H-5),
406 (d, 1H, J4a,4b:l3'33 H-4a), 375 (d, 1H, JZa,2b:12-7’
H-2a), 3.26 (d, 1H, H-2b), 2.65 (dd, 1H, J4, 5=2.4, H-4b),
2.00 (s, 3H, CH;CO), 1.38, 1.25 (each s, each 3H,
(CH;),C); 3C NMR (125.7 MHz, DMSO-ds) ¢ 170.0
(CO), 111.2 ((CH3),0), 82.6 (C-6), 82.0 (C-7), 80.6 (C-1),
78.8 (C-5), 69.3 (CH,OMs), 48.7 (C-2), 42.2 (C-4), 36.7
(CH3S0,), 25.8, 243 ((CH3),C), 21.2 (CHsCO);,
HRFABMS calcd for Ci3H,;NO5NaS: 358.0936. Found:
358.0943. Anal. Calcd for C;3H,;NO-S: C, 46.56; H, 6.31;
N, 4.18; S, 9.56. Found: C, 46.47; H, 6.15; N, 4.19; S, 9.48.

3.2.3. AR,5R,6R,7R)-3-N-Acetyl-3-aza-1-hydroxymeth-
yl-7,8-(dimethylmethylenedioxy)-8-oxabicyclo[3.2.1]-
octane (8). Sodium hydride (60 mg, 60% in paraffin) was

added to a solution of 7 (226 mg, 0.572 mmol) in dry
DMF (6 mL) containing molecular sieves, and the mixture
was stirred at room temperature for 12 h. The crude was
poured into water and coevaporated to dryness with ethanol
and toluene. The resulting residue was purified by column
chromatography on silica gel using dichloromethane/metha-
nol 30:1 as eluent to give 6 as a mixture of two rotamers (8a
and 8b) in a ratio of 1.25:1. Amorphous solid; yield 82%;
[]F —55 (¢ 1.0, CH,Cly); CIMS m/z 258 [(M+H)*]; IR
3428, 2990, 2936, 2872, 1649, 1458, 1371, 1275, 1204,
1172, 1069, 878 cm—!; NMR data for rotamer 8a: 'H NMR
(500 MHz, DMSO-d) 6 4.80 (t, 1H, Jon,cn,=5.5, OH), 4.64
(d, 1H, Js7=5.9, H-6), 423 (d, 1H, H-7), 421 (d, 1H,
J2aov=13.5, H-2a), 4.11 (m, 1H, H-5), 3.63 (d, 1H, J4y 4=
12.9, H-4a), 3.60 (m, 1H, CH,OH), 3.42 (dd, 1H, J,,,,=11.0,
CH,0H), 3.12 (dd, 1H, J4, 5=2.5, H-4b), 2.60 (d, 1H, H-2b),
1.98 (s, 3H, CH3CO), 1.35, 1.23 (each s, each 3H, (CH3),C);
13C NMR (125.7 MHz, DMSO-ds) 6 169.8 (CO), 110.5
((CH3),0), 83.3 (C-1), 82.5 (C-6), 81.8 (C-7), 77.7 (C-5),
60.5 (CH,OH), 47.1 (C-4), 455 (C-2), 259, 244
((CH;),C), 21.3 (CH;CO); NMR data for rotamer 8b: 'H
NMR (500 MHz, DMSO-dg) ¢ 4.83 (t, 1H, Jou,cn,=5.5,
OH), 4.50 (d, 1H, Js7=5.9, H-7), 4.38 (d, 1H, H-6), 4.15
(m, 1H, H-5), 4.03 (d, 1H, J4,4,=13.3, H-4a), 3.68 (d, 1H,
J2a2o=12.9, H-2a), 3.60 (m, 1H, CH,OH), 3.45 (dd, 1H,
Jeem=11.0, CH,OH), 3.16 (d, 1H, H-2b), 2.62 (dd,
1H, J45=2.5, H-4b), 1.98 (s, 3H, CH5CO), 1.35, 1.23 (each
s, each 3H, (CH3),C); '3C NMR (125.7 MHz, DMSO-dy)
0 169.9 (CO), 110.6 ((CH3),C), 82.8 (C-1), 82.6 (C-7),
81.8 (C-6), 77.9 (C-5), 60.5 (CH,OH), 49.9 (C-2), 42.7
(C-4),25.9,24.4 ((CH3),0), 21.3 (CH3CO). HRCIMS calcd
for C;,HoNOs: 258.1341. Found: 258.1339.

3.2.4. (1R,5R,6R,7R)-3-N-Acetyl-3-aza-1-azidomethyl-
7,8-(dimethylmethylenedioxy)-8-oxabicyclo[3.2.1]octane
(11). To a stirred solution of 10 (100 mg, 0.299 mmol) in dry
DMF (7.5 mL), sodium azide (150 mg, 2.30 mmol) was
added and the mixture was kept stirring for 2 h at 155 °C.
The reaction was monitored by TLC using ethyl acetate as
eluent. When the starting product was completely con-
sumed, the reaction mixture was poured into ice water and
extracted with ethyl acetate. The organic layer was dried
over MgSQ,, filtered, and evaporated to dryness. The ob-
tained residue was purified by silica gel column chromato-
graphy using ethyl acetate as eluent. Amorphous solid;
yield 86%; [a]® —77 (¢ 1.2, CH,Cl,); mixture of two ro-
tamers (11a and 11b) in a ratio of 1.25:1; CIMS m/z 283
[M+H)*]; IR 3416, 2995, 2931, 2105, 1644, 1422, 1374,
1358, 1215, 1112, 1072, 874 cm~!; NMR data for rotamer
11a: 'H NMR (500 MHz, DMSO-d¢) 6 4.70 (d, 1H,
J67=5.9, H-6), 4.25 (d, 1H, H-7), 4.20 (m, 1H, H-5), 4.14
(d, 1H, J2,2,=13.0, H-2a), 3.66 (d, 1H, J4,4,=12.9, H-
4a), 3.53 (m, 2H, CH3N3), 3.14 (dd, 1H, J4, 5=2.5, H-4b),
2.66 (d, 1H, H-2b), 1.99 (s, 3H, CH5CO), 1.38, 1.24 (each
s, each 3H, (CH3),C); '3C NMR (125.7 MHz, DMSO-dy)
0 169.9 (CO), 111.1 ((CH;3),C), 82.6 (C-6), 82.4 (C-1),
81.9 (C-7), 78.2 (C-5), 51.4 (CH;,N3), 46.7 (C-4), 45.1 (C-
2), 25.8, 24.4 ((CH3),0), 21.3 (CH3CO); NMR data for ro-
tamer 11b: 'H NMR (500 MHz, DMSO-de) 6 4.53 (d, 1H,
J67=5.9, H-7), 4.43 (d, 1H, H-6), 4.24 (m, 1H, H-5), 4.04
(d, 1H, J4,4v=13.4, H-4a), 3.68 (d, 1H, J,0,=12.7, H-
2a), 3.53 (m, 2H, CH;N3), 3.20 (d, 1H, H-2b), 2.64 (dd,
1H, J45=2.5, H-4b), 1.99 (s, 3H, CH;CO), 1.38, 1.24
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(each s, each 3H, (CH;),C); '3C NMR (125.7 MHz, DMSO-
de) 0 169.9 (CO), 111.1 ((CH3),C), 82.8 (C-6), 82.0 (C-1),
81.9 (C-7), 78.5 (C-5), 51.5 (CH,Nj3), 49.5 (C-2), 42.3 (C-
4), 25.8, 24.4 ((CH;3),C), 21.2 (CH;CO); HRCIMS calcd
for C,H19N4O4: 283.1406. Found: 283.1407.

3.2.5. (1S,5R,6R,7R)-3-N-Acetyl-1-aminomethyl-3-aza-
7,8-(dimethylmethylenedioxy)-8-oxabicyclo[3.2.1]octane
(12). To a stirred solution of 11 (52 mg, 0.184 mmol) in ethyl
acetate (5.3 mL), 10% Pd-C (18 mg) was added. The ob-
tained suspension was kept at room temperature and stirred
under hydrogen atmosphere for 3 h. The mixture was filtered
through Celite and evaporated to dryness. Amorphous solid;
yield 98%; [a]3 —71 (¢ 0.7, CH,Cl,); mixture of two ro-
tamers (12a and 12b) in a ratio of 1.25:1; FABMS m/z 279
[((M+Na)*]; IR 3396, 2999, 2928, 2864, 1649, 1458, 1434,
1371, 1212, 1116, 1069, 1013, 870 cm~'; NMR data for ro-
tamer 12a: 'H NMR (500 MHz, DMSO-d;) 6 4.64 (d, 1H,
J67=5.9, H-6), 428 (d, 1H, J,,,,=13.3, H-2a), 4.24 (d,
1H, H-7), 4.12 (m, 1H, H-5), 3.63 (d, 1H, J4,4,=12.9, H-
4a), 3.23 (s, 2H, NH,), 3.11 (dd, 1H, J4,5=2.5, H-4b),
2.80, 2.66 (each d, each 1H, J,,,=13.0, CH,NH,), 2.54 (d,
1H, H-2b), 1.98 (s, 3H, CH;CO), 1.36, 1.24 (each s, each
3H, (CH;),C); '>*C NMR (125.7 MHz, DMSO-dg) 6 169.8
(CO), 110.6 ((CH3),0), 83.2 (C-1), 82.6 (C-6), 81.9 (C-7),
77.9 (C-5), 47.1 (C-4), 45.9 (C-2), 42.7 (CH,NH,), 25.8,
24.4 ((CH3),C), 21.4 (CH5CO); NMR data for rotamer
12b: '"H NMR (500 MHz, DMSO-ds) 6 4.50 (d, 1H,
J67=5.9, H-7), 4.38 (d, 1H, H-6), 4.15 (m, 1H, H-5), 4.03
(d, lH, J4a,4b:13~4’ H—4a), 3.79 (d, lH, Jza,2b=12.9, H—2a),
3.23 (s, 2H, NH,), 3.07 (d, 1H, H-2b), 2.80, 2.66 (each d,
each 1H, J,,,,=13.0, CH,NH,), 2.61 (dd, 1H, J4 5=2.5, H-
4b), 1.98 (s, 3H, CH5;CO), 1.36, 1.24 (each s, each 3H,
(CH;),C); '3C NMR (125.7 MHz, DMSO-ds) 6 169.8
(CO), 110.6 (CH3),C), 83.7 (C-1), 82.7 (C-6), 81.9 (C-7),
77.9 (C-5), 50.5 (C-2), 42.8 (C-4), 42.7 (CH,NH,), 25.8,
24.4 ((CH3),C), 21.3 (CH3CO); HRFABMS: calcd for
C12H20N204Na: 279.1321. Found: 279.1327.

3.2.6. (15,5R,6R,7R)-3-N-Acetyl-3-aza-1-cyanomethyl-
7,8-(dimethylmethylenedioxy)-8-oxabicyclo[3.2.1]octane
(14). To a solution of 10 (110 mg, 0.328 mmol) in dry DMF
(7.9 mL), KCN (165 mg, 2.53 mmol) and crown ether (18-
crown-6) (175 mg, 0.656 mmol) were added. The mixture
was stirred at 155 °C for 4 h and then poured into ice water,
extracted with ethyl acetate, dried over MgSQ,, filtered,
and evaporated to dryness. The obtained residue was purified
by silica gel column chromatography using CH,Cl,/MeOH
40:1 as eluent to give 12 as a mixture of two rotamers (14a
and 14b) in a ratio of 1.2:1. Yield 85%; [a]&® —26 (¢ 2.2,
CH,Cl,); CIMS m/z 267 [(M+H)*]; IR 2919, 2840, 2300,
1654, 1443, 1374, 1358, 1266, 741 cm~!; NMR data for
rotamer 14a: '"H NMR (500 MHz, CDCl5) 6 4.56 (d, 1H,
J6,7=5.9, H-6), 4.45 (d, 1H, J,.,,=13.3, H-2a), 4.39 (d, 1H,
H-7), 431 (m, 1H, H-5), 3.54 (d, 1H, J,.,,=12.9, H-4a),
3.39 (dd, 1H, J4, 5=2.4, H-4b), 2.91 (d, 1H, H-2b), 2.83 (d,
1H, J,.,=17.0, H-1'a), 2.67 (d, 1H, H-1'b), 2.09 (s, 3H,
COCHj5), 1.48, 1.30 (each s, each 3H, (CH3),C). '3C NMR
(125.7 MHz, CDClz) 6 170.5 (CO), 116.0 (CN), 113.1
((CH3),0), 83.5 (C-6), 82.4 (C-7), 80.8 (C-1), 79.1 (C-5),
474 (C-4), 469 (C-2), 259, 24.6 ((CH3),C), 21.6
(CH5CO), 21.3 (CH,CN); NMR data for rotamer 14b: 'H
NMR (500 MHz, CDCl3) 6 4.57 (d, 1H, Js7=5.9, H-6),

4.41(d, 1H, H-7),4.33 (m, 1H, H-5),4.29 (d, 1H, Jg0,,=12.9,
H-4a), 3.72 (d, 1H, J,.,,=12.6, H-2a), 3.36 (d, 1H, H-2b),
2.83 (d, 1H, H-4b), 2.77 (m, 2H, H-1’a and H-1'b), 2.10 (s,
3H, COCH3), 1.48, 1.30 (each s, each 3H, (CH;),C). 3C
NMR (125.7 MHz, CDCl3) 6 170.5 (CO), 116.0 (CN),
113.1 ((CH3),C), 83.4 (C-6), 82.3 (C-7), 80.2 (C-1), 79.9
(C-5), 51.7 (C-2), 42.7 (C-4), 25.9, 24.6 ((CH5),C), 21.5
(CH5CO), 21.0 (CH,CN); HRCIMS calcd for C,3H;oN,O,:
267.1345 Found: 267.1330.

3.2.7. (1S,5R,6R,7R)-1-(2'-Aminoethyl-3-aza-7,8-(di-
methylmethylenedioxy)-3-N-ethyl-8-oxabicyclo[3.2.1]-
octane (15). Lithium aluminum hydride (100 mg) was added
at 0 °C to a solution of 14 (50 mg, 0.188 mmol) in super-dry
diethyl ether (7.0 mL). The resulting suspension was stirred
atroom temperature for 18 h and afterward 1 mL ofa 1 M so-
lution of K,CO;3 was carefully added at O °C. The reaction
mixture was filtered through Celite, dried (MgSO,), and
evaporated to dryness. The residue was used as obtained in the
next reaction step. Amorphous solid; yield 64%; HRCIMS
calcd for Cy3H,5N>0O5: 257.1865. Found: 257.1878.

3.3. Preparation of compounds 9, 13 and 16

To a solution of 8, 12 or 15 (m mg) in methanol (x mL),
concd HCI (y pL) was added. The resulting solution was
stirred at 65 °C for 4 h and then evaporated to dryness.
The obtained residue was purified by ion-exchange resin
chromatography (Dowex50W8X) using 2 N aqueous ammo-
nia as eluent.

3.3.1. (1R,5R,6R,7S)-3-Aza-6,7-dihydroxy-1-hydroxy-
methyl-8-oxabicyclo[3.2.1]octane 9). M=51 mg
(0.198 mmol), x=5.2 mL, y=420 uL. Amorphous solid;
yield 98%; [a]d' —23 (c 2.4, MeOH); CIMS m/z 176
[(M+H)*]; IR 3420, 2928, 2856, 1649, 1450, 1355, 1116,
1045, 854, 767, 711 cm™'; '"H NMR (500 MHz, MeOD)
04.30(d, 1H, J¢7=6.5,H-7),4.25 (d, 1H, H-6),4.02 (m, 1H,
H-5),3.71,3.60 (each d, each 1H, J,,,,=11.5, CH,OH), 2.87
(d, 1H, J¢,,=12.5, H-2a), 2.84 (dd, 1H, J,.,,=12.0, J4u 5=
2.5, H-4a), 2.83 (d, 1H, H-2b), 2.73 (dd, 1H, J4s5=1.4,
H-4b); '3C NMR (125.7 MHz, MeOD) 6 85.6 (C-1), 84.2
(C-5), 75.3 (C-7), 75.1 (C-6), 63.8 (CH,OH), 51.0 (C-2),
48.0 (C-4); HRCIMS calcd for C;H4NO4: 176.0923.
Found: 176.0919.

3.3.2. (15,5R,6R,7S)-1-Aminomethyl-3-aza-6,7-di-
hydroxy-8-oxabicyclo[3.2.1]octane = (13). M=42mg
(0.164 mmol), x=4.3 mL, y=348 uL. Amorphous solid;
yield 98%; [a]d —49 (c 1.5, MeOH); CIMS m/z 175
[(M+H)*]; IR 3390, 2938, 2850, 1636, 1559, 1429, 1373,
1107, 1072, 866 cm™—!; '"H NMR (500 MHz, MeOD) 6 4.28
(d, 1H, J¢7=6.5, H-7), 4.26 (d, 1H, H-6), 4.03 (m, 1H, H-5),
2.90, 2.84 (each d, each 1H, J,=13.0, CH,NH,), 2.81
(dd, 1H, J g, =13.0, J4, 5=2.5,H-4a),2.76 (d, 1H, Jf,em:12.0,
H-2a), 2.70 (d, 1H, H-4b), 2.64 (d, 1H, H-2b); 3°C NMR
(125.7 MHz, MeOD) 6 84.3 (C-5), 84.3 (C-1), 76.1 (C-7),
75.6 (C-6),52.5 (C-2),48.1 (C-4),44.3 (CH,NH,); HRCIMS
calcd for C;H;sN>O5: 175.1083. Found: 175.1079.

3.3.3. (15,5R,6R,7S)-1-(2'-Aminoethyl)-3-aza-6,7-di-
hydroxy-3-N-ethyl-8-oxabicyclo[3.2.1]octane (16). M=
31 mg (0.164 mmol), x=5.2 mL, y=900 pL.. Amorphous
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solid; yield 92%; [a]® —26 (c 0.8, MeOH); CIMS m/z 217
[M+H)*]; IR 3761, 3423, 2932, 2810, 1634, 1561, 1402,
1336, 1185, 1096, cm~': 'H NMR (500 MHz, McOD)
5 4.26 (d, 1H, Js,=6.3, H-6), 4.18 (d, 1H, H-7), 4.12 (m,
1H, H-5), 3.18 (m, 2H, H-2'a and H-2'b), 2.76 (m, 1H, H-
4a), 2.73 (d, 1H, Jypn=109, H2a), 2.35 (q, 2H, g =
7.5, NCH,CH3), 2.18 (dt, IH, Jun=145, Jygre=
Jiaan=1.0, H-1'a), 2.11 (dd, 1H, J,en=11.0, Jy 5=2.0, H-
4b), 2.01 (d, 1H, H-2b), 1.86 (dt, 1H, Jypa=J 15 26=7.0,
H-1'b), 1.06 (t, 3H, NCH,CH3); '>*C NMR (125.7 MHz,
MeOD) 6 84.6 (C-1), 83.7 (C-5), 76.0 (C-7), 75.7 (C-6).
61.7 (C-2), 55.5 (C-4), 52.8 (NCH,CHs), 37.0 (C-2'), 30.8
(C-1"), 12.0 (NCH,CHj3). HRCIMS calcd for CoH,;N,O5:
217.1552. Found: 217.1553.
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