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Abstract: The structure of N-formyl, N-acetyl-N-methyl, and N-acetyl glycosylamines has been studied by NMR
spectroscopy in solution, single crystal X-ray diffractometry, and corroborated by PM3 semiempirical calculations.
The resuits quite agree with an gn#i conformation around the glycosydic bond for these substances.
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iliimately responsible for their function and properties, is far from being fully

understood. Thus, the amide funct.mn is present not only in numerous glycopeptides? and glycolipids® but also
in naturaily-occurring carbohydrate antibiotics such as istamycins* and calicheamicins.> NMR spectra of these
substances usually exhibit two signal sets, which at first glance may be attributed to the existence of Z and E
isomers as a consequence of the restricted rotation around the CO-N bond. Afew years ago we proposed a set
of NMR rules that have allowed us to assign the preferred geometry of a wide range of amido- and
thioamidosugars classed together in series I-III (Table 1).6 For compounds of series IIT (Sugar-NH-CRX), only
one signal set is observed and attributable to Z isomers. It has been quite gratifying to see how these empirical
rules have been successfully used by other colleagues and ourselves to effect the configurational assignment of
numerous N-acylaminosugars.’

The spectroscopic behavior of amidosugars emerges from the magnetic anisotropy originated by the amide
function. In the classical model proposed by Paulsen and Todt,8 it is possible to visualize the substituents
around the planar amide bond as two conical regions that tilt up and down (Figure 1). NMR resonances show
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that a substituent iocated at the a position is more shielded than a . In the case of amides of series I and I which
exist in solution in Z-anti and E-anti configurations, and for those of series III in Z-anti, the sugar proton
geminal to the amide group is found in the relative dispositions a' (Z-anti) and a (E-anti), thereby accounting
for the different chemical shifts observed.$

Table 1. Rules for configurational assignment of amides and thioamides (X = O, S) of series I and I1.6

serie I, Sugar-NH-CHX serie II, Sugar-NR-CRX
Bnisugan) (2) > Sri(sugan) (E) SH(sugar) (£) > SH(sugar) (E)
S (sugan) (D) < d¢(sugar) (E) 8c(sugar) (£) < 8c(sugan) (E)
8¢y () <8¢y (E) Scx () > 8¢y (E)

8cHx (£) > d¢chx (E) When R = sat. alkyl group:

JN}LCHO ~0(2); JN.H;C.H_O =9.2-11.3 (E) 5\(;]);2”31{(2)[: 8C)fQH3 (E)

J =5.0-6.1 0] =9.5-14.1 en R = benzyl group:
NH,CHS (@) Inm,cHs (E) Soxcits ) > Boxcr (B)
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It is assumed that the conformation around the g :yCGSid OnG piays an important ro in the
properties of carbohydrate derivatives. Thus, the stable conformations found in C-glycosides have been
frequently attributed to steric effects.® N-nucleosides adopt at the anomeric position intermediate dispositions
between the extreme syn and ansi conformations.'® The conformation of agiycones in O-glycosides can be

associated with the existence of anomeric!!-!2 and exo-anomeric effects.!> However, these conformations are
far from a coplanar disposition between the glycosidic proton and the amide group. Moreover, in the light of
NMR experiments,® conformations other than anti cannot be excluded. It is therefore necessary to conduct a
further study, especially by unequivocal solid state X-ray analysis and corroborated by theoretical estimations of
the energetic barriers, in order to confirm the empirical correlations established by NMR spectroscopy. In this
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coniexi, we were encouragea Dy prekus resuits on glyCOdmlﬂlneS, for which Slemell’lCﬂ.l calcuiations
SUppOI‘I the conformationai asmgnmems obtained Dy ‘ﬂ— and ”L-NMK 14 In the case of gIYCOSyl amlaes,

optumzauon of geomemes and heats of formation has also been estimated l]SlIlg the MNDO-PM3 method.15.16

RESULTS AND DISCUSSION

Syntheses. For this study we have prepared the glycosyl amides 1-10 bearing simple substituents (H or
Me) in order to facilitate the further computation of such structures. Unprotected derivatives (e.g. 2, 5, 6, 9,
and 10) have also been included for comparative purposcs, because these substances had not been previously
examined.®

uHr

( RT P\1
RO\ RO\~ |

N~coR? AUV~ coR2
OR OR

1 R=Ac,R'=R2=H
2R=R =R2=H
3 R=Ac, R'=R2= Me 4 R=Ac, R'=R%=Me
B R=H R'=R2=Me 6 R=H, R' =R2 = Me
7 R=Ac,R'=H, R?= Me 8 R=Ac, R'=H, R%= Me
9 R=R'=H, RZ = Me 10 R=R'=H, R2 = Me

acetic formic anhydride.18 Glycosyl a,..zdes 3 an d 4 were preparcd by acetylation of N-methyl-3-D-
oslnconvranacvlamine (1 2) ar -xvlanvranocvlamine (1 ) regnectively ikewice 12 and 13 were nrenared by
£:UCopyranesyaming (1 &) Or -Xy:opyranosyamune (2 8, réspeCuvely. LIXewiIse, 1 4 and 2 3 wCre preparc oy
ranntinn nf tha nnmcnnnd;nq aldncac with a Q0L asthannlic enlntinn Af mathulamina an advantagannce nentaral
LLUAVLIVLL UL uiv vullvayuuuul& ALlUUNLD Wil a 1 /v LHIAL VIV OVLULIUVLL UL LIV UL Y radiliney, Al auvcululs\./uuo PIULWUI
over the previous syntheses described by Mascioriniand coworkers.!® Finally, the glycosyl amides 7 and 8
ez emao o ¥ i et dhis ema el B L T A1 AT L 20 T ikl L dai T ccniionn siina e rdiindad
CIC pIcpdItd aCCOrdiilg 0 UIC ICUI0U DY 15DCH alld FIUSIL™Y JCPIVICLCUUIN U1 TYULOXY1 EIUUDS dd COllducicu
1 £ 1 P | 1A A1 =210 <10 2D 1+ 020 1.1 1 Al o RS LY o SR R,
Dy 0oilo Wlng [ﬂe itteraiure pl'O[OLUIS yieual g &<t D7, DY, ILV, 11UV, dIUOUgn wiin Soine modairicauons to
favor the Cl'yS[BJJlZﬁUOH of these subsiances experlmenta )
OAc OH o H
oS0 oS0 H HON~——Q T
AcCL T |9 Dt 1 H O Q- N~ Me
AcO NHa HO N-Me OH
OAc OH
11" 12 13

NMR Spectroscopy. Table 2 shows the most important proton and carbon resonances of compounds 1 -
10. As expected, either O-protected or unprotected giycosyl amides follow the general behavior observed
previously for similar amidosugars.> Compounds 1-6 showed two signal sets although chemical shifts were
largely dependent on the solvent (Table 2).
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Table 2. Selected NMR data for compounds 1-1¢
Compound  Solvent 8 H-1 §C-1 8NCO  SNCHO JNCXCHy Jyyyu.i Inmcno 9 NCH; 6 NCHy

1Z CDCLy 5.33t 76.5 161.2 8.26s 93 ~0

1E CDCi3 4.7% 81.9 163.6 8.22d 10.5 10.5

¥4 DMSO-dg 4.76i 77.8 i61.5 8.07s 5.0 -0

2E DMSOd, 435t 836 1652 8.07d 95 102

2Z DMSO-dg+D,0  4.80d 8.11s

2E  DMSO-d+D,0 444 8 11s

2Z CsD¢N 4.58t 79.2 1624  7.45-7.40m 8.8 ~0

2E CSDSN 3.83%t 847 165.8  7.45-7.40m 9.6 9.6

2Z  CDN+DO  484d 7.77s

2E CDN+DO  421d 7.76s

3z CDCl, 5.87d 79.58 293 2987
3E CDCl, 5.01d 85.40 285 2714
4Z CDCl, 5.78d 80.24 291 29.83
4E CDCl 5.05-492m 86.03 285 2705
5z DO 5.39d 8244 17705 2234 292 3063
SE DO 4.90d 87.38 176.09 21.56 2.78 2776
6Z DMSO-ds+D;0  5.16d 2.19

6E  DMSO-Gs+D;0  4.60d 2.66

6Z DMSO-dg 8245 171.37 22.55 25.64
SE DMSO-a 87.75 17084 21.80 26.46
7Z CDCly 5.29t 78.04 23.26 9.3

82 CDCly 5.20t 78.54 23.12 93

9Z DMSO-d; 4.69 7946  169.76 22.90 9.1

9Z D,O 491t 80.41 176.68 23.37
16Z DMSO-d 4.60t 80.51 170.15 23.05 9.0
10Z DMSO-du+D,0 457d 8109 17338 23.57

10Z CsDN 562 8195 170.82 2333 9.0

The resonances of H-1 and C-1 can be easily identified and have diagnostic value for the assignment of both
omers, which show large variations in the chemical shifts (A8). For unprotected amides 2, S, and 6 the N-CO

group was more deshielded for E than for Z isomers. This is also true for ()—nmtemed lecnsvlamuleq although

oV was IRC ACACTLALR AWV L. 2 4 22UVARIL O, aixy 1 oARLAL GRS Y14LIRLS,

the assignment was often complicated by the presence f er groups. Likewise, the methyl group of the

‘e e moiaty recanated further downfield for 7 than for Ficomere In the cace of comnound 2. the N-CHO
PRANYS UEJIWENIELY )W) AVIUIIAUC U LUl Uil UV YYIRLIWIG 1VL £ VUL 1V Ay LJVARIVI D AEL WAL/ OV UL \/Ullll_lllull\‘-, iAW A Y NrAANS
mentnne chawrad tha cama ne cimilar chific far hath icamore and rancannantly tha nccianmant af thic cional ran
pl LVULLY SHIIUWUU LIV SAllIU UL Oillllidal S11HI W 1UL UV 1IDVIHIVLD dllg \«Uuovquvuu IV @OO1R1IEVIEL UL 1O Sl ial vall
nnnnnnnn a: 16 Cooling cnnctante alen menvidad o valisahls infarmation far tha accignmant of Z/E
bUlllCLlIlle UL« UI 1 ull \,Uuplulg LUIDLALIL dldU PlUVlUUU d valuauUlG 11iiuiiliailuil 11Ul uie aooxsxuubuc UL L4
configurations. Jyy cno €xhibited larger valucs for E (~9.5-10.5 Hz) than for Z isomers (~0 Hz). However, the

values of Jyy; g1.; Were not able to discriminate between syn- and ansi-periplanar conformations.®
Derivatization procedures such as methylation, acetylation, or trimethyisilylation constitute current strategies

that facilitate the structural characterization of polysaccharides.?? We have therefore considered the
spectroscopic behavior of N-methyl amidosugars. Although a general tendency could not be found,$ for
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________ b o

somers. The N-monosubsiii
evidenced by the analys sofl

Pl & 1 .

of H-1 for compound 9 (4.69
ppm, DMSO-d,).

Table 3 also displays the relative populations of Z and E isomers. In the case of the N-formyl derivative 2
the Z isomer was prevalent, while for unprotected N-methyl amidosugars 5 and 6 the major isomers had E
configurations in the range of solvents studied. Thus, spectroscopic data of compounds 1-10 are consistent

with Z-anti or E-anti configurations in accordance with other amidosugars.®

1‘—-

) was similar to that of this proton in the Z isomer of 2 (4.

Table 3. Populations of Z/E isomers for compounds 1-10

Compound Solvent Z/F ratio
i CDCly 100/50
2 DMSO-d; 100/71
y DMSG-¢+D,0 100/60
~ £Y TN N1 1AN TN
“ CsDsN 100770
e ™ NLTY. N 1NNIAD
-~ \_45].151"!'!)2\_] ERVV L F A
3 CDCly 100/41
A (61D 18] 1 SN
g LN 13 AV OV
& Nn.) L1/100
5 DO 81/100
6 DMSO-4. AR/100
6 DMSO-g; 8/100
6 DMSO-¢+D,0 62/100
7 CDCly 100/0
8 CDCl 100/0
9 DMSO-d;; or DO 100/0
10 DMSO-4; or CsDsN 100/0

X-Ray Crystallography. Structural analyses by this technique reveal the stable conformers in the solid
state, so that for comparative purposes with equilibriain solution, crystallographic diagrams are extremely
useful. Glycosyl amides with different substitution patterns have been subjected to X-ray diffractometry.?3

No satisfactory crystals could be obtained for the unprotected derivative 2. However, the crystal structure of
1 with atom numbering is presented in Figure 2. Some hydrogen atoms have been omitted for the sake of
clarity. X-Ray crystallographic data show an anfi-periplanar conformation of the Z configuration, which is in
accordance with the structure of the major isomer in CDCl; solution (Table 3). In contrast, N-methyl

xylopyranosylamine 6 adopts the E configuration in the solid state (Figure 3), which agrees with the preferred
structure in solution. In the case of N-monosubstituted glycosyl amides, suitable crystals could be obtained for
_nratectad () and nnnratected (@) derivativac (Fionuree 4 and §. resnectivelv) Aoain, the crvstalline structure
UPIURA LU T/ aliU UHPIUIAWU LS j ULLITVAU VLS L ApuIitls T aliu J, iUopPliuVUily j. Sgaiil, wiv Vi yIwiilin Swuviily
ravnale tha graatar ctahility nf 7 icamare which cnrreannnde with tha citnatinn foannd in enlntinn
1vveald uiv vailvl dwuiiie Ui £ 1OVILILA O, VWWilIVILL \i\.’ll\/ﬂ!lulluﬂ YYLULL MW SIVUAMIVILL AVUULIM 1R DULULLULL.
Thi | S, | NP, .. nonntntivra dihadenl analac fAar a Anmman ctensrtiiral arrangosmant for
14U SUIILALL VO UlICULdl aligity 10U a CULLLIIVIE stuliuidl dllaligTiivlit 1ul

glycosidic position close to an anti-periplanar disposition. Heavy atoms arc in a nearly coplan:
according to the values of dihedral angles such as C|-N-C,-O, and C,-N-C,-B, whereas major deviations (up
to 30%) were found for dihedral angles involving hydrogen positions.

)
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Figure 3. Molecular structure of compound 6
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o A
! J\\l B 1, A =B = hydrogen

o o 6, A =B =carbon
""" % 8 and 9, A = hydrogen, B = carbon
H O
Angle/Compound 1 6 8 9

H-C,N-A 159.4 165.3 -154.7 1702
H-C,-N-C, 12 -165 232 29.7
C,NC,B 164.6 09 -178.7 1774
C,-N-C,-0, 31 -179.6 15 4.1
AN-C,0, -167.0 14 179.4 -162.0
ANC,B 0.7 1772 08 19.5

Semiempirical Calculations. The semiempirical MNDQO-PM3 method!3-16 has been utilized for the
optimization of geometries and the calculations of heats of formation as a function of the dihedral angle @, in the
cases of compounds 2, 5, 9 and for models 14-16 (Figures 6-8). The starting value of ® = 0° refersto a

amide oroun. The suear moiety was fixed in a conformatio nge enerov wae minimized nrevionelv In t
NCE group, 20¢ sugar moeiety was 1xed 1 a coniormaucn wiQse energy was mimmizeg previously. 2n U
ahnunémnnf;nnpﬂ ctrmrtmirae twn ennfarmatinnal minima are lacated ~rlaca ta N° and T2N° and anarav mavima
QAUUYVTIIIVIIWBVIIVU OLLULVTUIVY,y LYV U LULILUVILIMAUUHIIAL IAITHIG Al v IUVAILU VIVOU WU VU QAL L VYV Allu v 1ianiiiia
L] o
around 120" and 270
H CH,OH GH,OH
H":'O ,\’;l .H_LO A".“ .H_,A‘kzg ..l? HO-— 2 o) '?
H Nog-H  H N. ;20 o N, . H Ho N_ -0
HO Iv® HO!Y® 5 HO 1vo HO IAe 5
H. e} H. ) H, I's) H, |
b i 01 n b s 1 LI
447 (D =0 44E (D = 0% 27 (h = 0°) 2E (& =0Q°)
Wi W — v g L 7 = \v — v g s e " =g bk 0 7

S -245 gg A
~ A\
SN L\
N’

3
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The calculations do not predict significant differences between Z and E isomers, not even in the case of
formamides, because the energy differences are close to the experimentai error. This observation agrees with the
situation found in solution and thus, NMR spectra of formamides 1 and 2, or N-disubstituted amidosugars 3-6
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exhibit two signal sets. However, the theoretical results for compound 9, or the model 16, are SUTprising since
N-monosubstituted amidosugars exist as singie isomers as evidenced by NMR analyses. It is also worthwhile
to note that in all the cases the minima correspond with an anfi-periplanar conformation (& = (0°),

particular case of the E-isomer of 2 the difference with a synperiplanar conformation (@ = 180°) is very smaii

(Figure 6).

though in the
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Figure 7. Heats of formation versus the dihedral angle @ for the conformational equilibrium of compound 5 and model 15
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Figure 8. Heats of formation versus the dihedral angle & for the conformational equilibrium of compound 9 and model 1 6.

In conclusion the present study demonstrates for the first time, in an unequivocal fashion, that glycosyl
amides exist preferentially as anfi isomers around the glycosidic bond, both in solution and in the solid state.
Furthermore, these data have been supported by semiempirical calculations.
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EXPERIMENTAL

General Methods. All solvents were purchased from commercial sources and used as received unless
otherwise stated. The reactions and the purities of compounds were monitored by TLC performed on precoated
silica gel plates with a fluorescent indicator (Merck 60 GF,4,). Melting points were determined on an
Electrothermal apparatus and are uncorrected. Optical rotations were measured at 20 + 2 °C on a Perkin-Elmer
241 polarimeter at 589 (D-line), 578, 546, 436, and 365 nm. IR spectra were recorded on Perkin-Elmer 399

I at JO 7 (477111 ), diill Ll reifg

and FT-IR MIDAC spectrophotometers. Solid samples were recorded on KBr (Merck) pellets. 1H- (400 and
204 MH7) and 13C_NMR (100 and 80 3 MH2) enectra were recorded on Rmiker AC 200-F and Rruker 400
......... ) and PC-NMR (100 and 50.3 MHz) spectra were recorded on Bruker AC 200-E and Bruker 400
AC/PC spectrometers in different solvent systems. Assignments were confirmed by homo- and hetero-nuclear
Annhla_wacnanamna NMEDT (Adictartinnlace anhancamant by nalasioatinn teanafoe) and wvorsa hla tamnartizma
UUUUILTIVOUVRAIIVL, LJILE § \ULLVIMIVILIIODO Vlillalivieliivint U_y yuxaubauuu trainivvl j, alild vaiiduviv 38 IPCIGLWU
Avwnarmmants Qamao nanimling nanotante nanld ha manciiered ofia N avahomas TAMC srae 1o ad no tha jrtamal
CAPCIA | § 1w DUIIIC CUUpIL ls CUIDEAIIL LUUIU DU LICd>UL J Cz\blldllgﬁ. 11IVIO Wdd UdHTU ad UIT HIWI

1
PRPINGUE PRSI B2 g n <z, pugy | i I A M 5 Y | b
COHCCICA 011 4 DICINCIS F4 auioimnauc

standard (6 = 0.0 ppm) and a
diffractometer at 298 K, using Mo-Kow radiation (A = 0.71073 A) monochromatized by a highly oriented
graphite crystal. The crystal stability was monitored using three standard reficctions every 97 reflections and the
data were scaled accordingly. Data were collected employing the 26-6 scan technique in the range 2.0° < 28 <
60.0° for compounds 1 and 8, 2.0° < 26 < 55.0° for compound 6, and 1.0° < 20 < 60.0° for compound 9. The
structures were solved by direct methods (SHELXTL.IRIS) and refined by full-matrix least squares. Geometry
optimizations and heats of formation were estimated using the semiempirical method!5.16 MNDO-PM3
(Modified Neglected of Diatomic Overlap-Parametric Mcthod 3),16 based on the NDDQ approach (Neglect of
Diatomic Differential Overlap) from MOPAC programs?4 and implemented in the Convex 210 computer of the
University of Extremadura. The methodology for determining the heats of formation as function of dihedral

angles has been described above.

2,3,4,6-Tetra-O-acetyl-N-formyl-p-D-glucopyranosylamine (1).2°> To a solution of 2,3,4,6-
tetra-O-acetyl-B-D-glucopyranosylamine! 7 11 (1.0 g, 2.9 mmol)in ethyl acetate (8 mL) was added acetic formic
anhydride (2.4 mL), and the reaction mixture was kept at room temperature for 6 h. The solvent was evaporated
to dryness and the residue was crystallized from ethanol (0.7 g, 62%). M.p. 145-147 °C; [al575 +20° (¢ 0.5,
CHCl,), [literatre:2% m.p. 147-148 °C; [a]s7g +21° (¢ 0.5, CHCl;). NMR spectra have also been previously
described.6-23

£ -~ ana iea svnntle

_____________ Vamat . £9Y 21 1T /N 12 P A Y qnnl Y £
- 1 \V.0 g, 1.D0 1HHULl} H Hiculanuiy<.o

ormyl-8-D-glucopyranosylamine (2).2! To a solutio
mL) was added 1M sodium methoxide (0.15 mL) and, after 24 h at 4 °C the reaction mixture was neutralized

T

with Dowex 50W (H™). The mixture was filiered and the resulting solution was evaporated to give a white solid

P 4
101

0.2 g, 64%), m.p. 182-183 °C (dec.); [a]p -2° Lals7g 3" [olsqs -3°» [alasg -5°» [alags -6° (c 0.5, H,0); 8y
(DMSO-d,, Z isomer) 8.57 (d, 1H, NH), 8.07 (s, 1H, CHO), 5.13-4.94 (m, 30H), 4.76 (1, 1H, J, , 9.0,
Ji i 9-0, H-1), 4.60-4.53 (m, OH), 3.64 (m, 1H, H-6), 3.41 (m, 1H, H-6) and 3.18-3.03 (m, 4H, H-2, H-
3, H-4, H-5); (DMSO-ds, E isomer) 8.37 (t, 1H, J; xyt =ncno 10.2, NH), 8.07 (d, 1H, CHO), 4.35 (1,
IH, J, , 8.9, H-1) and 3.18-3.03 (m, 4H, H-2, H-3, H-4, H-5); (DMSO-d; + D,0, Z isomer) 8.11 (s, 1H,
CHO), 4.80 (d, IH, J, 9.0, H-1), 3.69 (m, 1H, H-6), 3.48 (m, IH, H-6, 3.31-3.23 (m, 1H, H-5), 3.31-
3.10 (m, 2H, H-3, H-4), 3.18-3.10 (m, 1H, H-2); (DMSO-d, + D,0, Eisomer) 8.11 (s, 1H, CHO), 4.4 (d,
1H, J, , 8.8, H-1), 3.69 (m, 1H, H-6), 3.48 (m, 1H, H-6), 3.31-3.23 (m, 1H, H-5), 3.31-3.10 (m, 2H, H-3
and H-4), 3.18-3.10 (m, 1H, H-2); (CsDsN, Z isomer) 8.70 (d, 1H, J; nyt 8.8, Japcro ~0, NH), 7.45-7.40
(m, 1H, CHO), 4.58 (t, 1H, J; , 9.0, H-1); (CsDsN, E isomer) 8.66 (t. 1H, J; ns =Jnpciio 9-6, NH), 7.45-
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isomer) 161.5 (CHO), 77.8 (C-1), 78.5, 77.3, 72.4, 69.

isomer) 165.2 (CHO), 83.6 (C-1), 78.4,
1

water (200 mL) and extracted with chloroform (3 x 100 mL). The organic layer was washed successively with
3M hydrochioric acid (3 x 100 mL), sodium hydrogencarbonate saturated solution (3 x 100 mL) and water (3 x
100 mL), dried over anhydrous magnesium sulfate and evaporated to afford a white solid that was crystallized
from ethanol (2.8 g, 66%); m.p. 111-113 °C, [a]p +45°, [als7g +46°, [alsss +53°, [alszs 4917, [a]35 +144°
(c 0.5, CHCly), [literature:'® m.p. 107-109 °C, [a]p +44° (¢ 1, CHCl,)]; v, 1740 (CO, ester) and 1665 cm!
(C=0, amide); 8y (CDCly, Z isomer) 5.87 (d, 1H, J;, 9.5, H-1), 5.33 (t, 1H, J, 3=/3 4 9.5, H-3), 5.08 (t,
1H, H-2), 5.05 (, 1H, J, 5 9.7, H-4), 4.22 (dd, 1H, Js ; 4.8, H-6), 4.12 (dd, 1H, Js ¢ 2.0, Jg ¢ 12.4, H-
6'), 3.83 (m, 1H, H-5), 2.93 (s, 3H, NMe), 2.08, 2.04, 2.01, 2.00 (45, 15H, 50Ac); 8y (CDCl;, E isomer)
530 (t, 1H, J34 9.4, H-3), 5.01 (d, 1H, J, , 9.2, H-1), 5.22 (1, 1H, J, 39.4, H-2), 5.10 (1, 1H, J, 5 9.9, H-
4), 4.24 (dd, 1H, J5 ¢ 5.0, H-6), 4.15 (dd, 1H, J5 ¢ 2.1, Js ¢ 13.0, H-6"), 3.80 (m, 1H, H-5), 2.85 (s, 3H,
NMe), 2.18, 2.11, 2.05, 2.02 (4s, 15H, 50Ac); 8- (CDCl,, Z isomer) 171.9, 170.6, 169.8, 169.6 (NCO and
0CQO), 79.6 (C-1), 74.0 (C-5), 73.2 (C-3), 68.4 (C-2), 68.3 (C-4), 62.0 (C-6), 29.9 (NMe), 22.2, 20.7,
20.6 (NCOMe and OCOMe); 8- (CDCly, E isomer) 170.1, 169.9, 169.3, 168.9 (NCO and OCO), 85.4 (C-1),
74.2 (C-5), 73.3 (C-3), 68.5 (C-2), 68.0 (C-4), 62.0 (C-6), 27.1 (NMe), 21.7 (NCOMe or OCOMe).

N-Acetyl-2,3,4-tri-O-acetyl-N-methyl-g-D-xylopyranosylamine (4).19 Starting from N-methyl-
B-D-xylopyranosylamine (13, 3.0 g, 18.4 mmol) and following the same protocol described for 12, the tide
compound was obtained (3,7 g, 61%); m.p. 121-123 °C; [a]lp +36°, lals7g +37°, [alsse +43°, [alsz6 +79°,
[a)z¢s +137° (c 0.5, CHCly), [literature:1® 124-126 °C, [a]p +38°, (¢ 2.5, CHCl,)]; vyax 1730 (C=O0, ester)
and 1650 cm-! (C=0, amide); 8y (CDCls, Z isomer) 5.78 (d, 1H, J; 5 9.4, H-1), 5.34 (t, 1H, J; 3=J3 4 9.6,
H-3), 5.05-4.92 (m, 1H, H-4), 5.04 (t, 1H, H-2), 4.09 (dd, 1H, J; 5 5.7, H-5), 3.45 (t, 1H, J; 5 11.6, J5 5.
11.6, H-5"), 2.91 (s, 3H, NMe), 2.08, 2.05, 2.03, 2.01 (4s, 12H, 40Ac); 8y (CDCl;, E isomer) 5.31 (1, 1H,
J149.2, H-3), 5.16 (t, 1H, J; ,=J, 3=9.2, H-2), 5.05-4.92 (m, 2H, H-1, H-4), 4.18 (dd, 1H, J; 5 5.6, Js 5.
11.4, H-5), 3.42 (1, 1H, J, 5 11.0, H-5"), 2.85 (s, 3H, NMe), 2.17, 2.06, 2.05, 2.00 (4s, 12H, 40Ac); 8¢
(CDCl,, Z isomer) 171.9, 169.9, 169.7 (NCO and OCO), 80.2 (C-1), 72.8 (C-3), 69.0 (C-4), 68.5 (C-2),
64.8 (C-5), 29.8 (NMe), 22.2, 20.6, 20.5, 20.4 (NCOMe and OCOMe); §- (CDCl,, E isomer) 170.6, 170.1,
168.1 (NCO and OCOQ), 86.0 (C-1), 72.9 (C-3), 69.0 (C-4), 68.6 (C-2), 65.0 (C-5), 27.1 (NMe), 21.6, 20.6,
20.5, 20.4 (NCOMe and OCOMe)

N-Acetyl-N-methyl-g-D-glucopyranosylamine (5).1° To a solution of N-acetyl-2,3,4,6-tetra-O-
acetyl-N -methyl-B-D-glucopyranosylamine (7, 0.5 g, 1.2 mmol) in methanol (3 mL) was added 0.1M sodium
methoxide (0.3 mL), and the reaction mixture was stirred at room temperature for 2 h. Then it was neutralized
with Dowex 50W (H™), filtered and evaporated to dryness to give a white solid (0.2 g, 67%), m.p. 100-102
"C; [aly +5°, [algqg +6°, [alsyq +6°, [alyq6 +8° (¢ 0.5, H,0), (literature:!? [a]p, -4° (¢ 0.4, H,O)}; v, 3300-
3400 (OH) and 1610 cm™! (C=0, amide); 8;; (D,0, Z isomer) 5.39 (d, 1H, J, , 8.8, H-1), 3.79 (dd, 1H, H-6),
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3,66 (dd, 1-H, H-6"), 3.59-3.44 (m, 2H, H-2, H-3), 3.43 (m, 1H, H-5), 3.34 (1, 1H, H-4), 2.92 (s, 3H,
1
1

AL M0 (o 2T NYAA) N Pionrmasy A QN 7A I 7 Q" LT 1\ 2 7&£ A4 10T LT _ LAY 2 £ 7AA
LVLVIC}, e\ JT D, IR, l‘bUlVIU},UH \UZU, ) laUlllLl}“I' U \u, i1, Jl 2 0.7, 11'1}, J./0 (uu, 111, 1171), J3.UJ \UU,
1-H, H-6"), 3.60 (t, 1H, H-4), 3.59-3.44 (m, 3H, H-2, H-3, H-5), 2.78 (s, 3H, NMe), 2.12 (s, 3H,
T, f‘l'\‘l-\ e TN M Ty ~ry 1 STV Q™ A 7, 1 ~NO ™ sy o Lo I Bo ] N T AW AN 7 ls) ralls Fa iV RN 20 N
NCOMej; 8. (D,0, Z isomer) 177.1 (NCO), 82.4 (C-1), 78.7 (C-5), 77.3, 70.5, 70.0 (C-2, C-3,C-4), 58.2

’vae) 22.3 (NCOMe); 8¢ u)zu, E isomer) 176.1 (NCO), 87.4 (C-1), 78.6 (C-5), 77.0, 69.9,

P e s U 1 P Pt

, C-4), 61.2 (C-6), 27.8 (NMe), 21.6 (NCOMe).

N-Acetyl-N-methyl-8-D-xylopyranosylamine (6).!° This compound was obtained according to
Masciorini ezadl. ,!? v_ . 3300-3400 (OH) and 1610 cm™! (C=0, amide); 8;; (DMSO-4; + D,0, Z isomer) 5.16
? max \ Pt had \~ § AR ~IYVYH L e 143 Pid Bl b g Wh ) WA
(d 1H. J. . 87 H-1). 370 (m. 1H H-4). 3.31-3.16 (m. AH H.2 H.3 H-5 H-5) 279 (c. 3H. NMe)
(d, 1H, 8.7, H-1), 370 (m, 1H, H-4), 331-3.16 (m, 4H, H-2, H-3 H-5 H-5'), 2.79 (s, 3H, NMe),
1.98 (s, 3H NCOMe); 8y (DMSO-d¢ + D,0, E isomer) 4.60 (d, 1H, Jy ., 8.3, H-1), 3.70 (m, 1H, H-4),
T21_2 1K (m 20T 7 T4 LI LIS LI RN 2 N&L 1+ — JT. . —1NQ IXI 2N VLK (= 2LT ATRAAN
e BT 1U UMy JKX, J4,5 V.2 J4‘5 LMty BRTL, L1™J, R1TJ ), J.U0 (L, J2’3 - J ’4 - 1.0, ll-J}, L0000 W, JI1, .l‘lvlc},
NYNY o ALY TN E &\, /TNRACY T Ly (DT 2\ 1"71 A ST O £ 7™ 1IN T 77 £ O L™ 78N Y YA
2.02 (s, 3H, NCOMej; 6¢c (DMSG-dg, Z isomer) 171.4 (NCGO), 82.5 (C-1), 77.7, 69.8, 69.7 {C-2, C-3, C-4),
L0 1 Ve &l -\ LILN AVA S V¥V Py o B L S 7arlaS W4 7 4~ 1 2 S 7aVaN O O faM Y o~~~ L T2 O )
08.1 {C-3), 25.6 (NMe), 22.6 (NCOML); 8¢ (DMSO-dg, E isomer) i70.1 (NCO), 87.8 (C-1), 77.5 , 70.2,
69.6 (C-2, C-3, C-4), 68.0 (C-5), 26.5 (N-Me), 21.8 (NCOMe).

N-Acetyl-2,3,4,6-tetra-O-acetyl-8-D-glucopyranosylamine (7).2° This compound was prepared

in 86% yield according to the protocol described in the literature.2? Its NMR spectra have also been previously
reported.S

N-Acetyl-2,3,4-tri-O-acetyl-p-D-xylopyranosylamine (8).20 The conventional acetylation of
xylopyranosylamine with acetic anhydride and pyridine gave 8 (88%); m.p. 174-176 °C (ethanol); [a];, +28°,
[o)s,5 +29°, [alsse +33°, [alyge +62°, [0)45 +112° (¢ 0.5, CHCLy), [literature:2° m.p. 172-173 °C; [alp
+28.5° (¢ 2, CHCL)]; v, 3300 (NH), 1740 (C=0, ester) and 1670 cm-! (C=0, amide); 8, (CDCl,) 6.77 (d,
1H, J; =93, NH), 5.30 (t, 1H, J; , =9.6, H-3), 5.20 (t, IH, J, , = 9.4, H-1), 5.00 (m, 1H, H-4), 4.92
(L 1H, J, ;= 9.4, H-2), 4.08 (dd, 1H, J, = 5.7, H-5), 3.46 (i, 1H, J, 5.=11.3, Jg 5. = 11.3, H-5"), 2.08,
2.05, 2.04, 2,01, 1.98 (Ss, 15H, 50Ac); 5 (CDCl,) 170.9, 170.7, 169.8, 169.7 (NCO and OCO),78.5 (C-

1), 72.4 (C-3), 70.7 (C-2), 68.9 (C-4), 64.4 (C-5), 23.1 (NCOMe), 20.5, 20.4 (OCOM).

N-Acetyl-g-D-glucopyranosylamine (9).2° To a solution of 7 (3.0 g, 7.7 mmol) in methanol (15
mL) was added 1M sodium methoxide (0.9 mL), and the reaction mixture was kept at 0 °C for 6 h. The
resulting white solid was filtered, washed with cold methanol and recrystallized from ethanol-water (1.6 g,
91%); m.p. 262-264 °C; [alp -24°, [alsyg -24°, [alsss -27°, [alszs -33", [a)sgs -64°, (¢ 0.5, H,0),
(literature:2° m.p. 260 °C, [a]p -23"]; v max 3300-3400 (NH, OH) and 1650 cm™! (C=0, amide); 8;; (DMSO-d)
8.36 (d, 1H, NH), 4.98 (d, OH), 4.92 (t, OH), 4.87 (m, 20H), 4.69 (t, 1H, J; ,=J; yy=9.1, H-1), 3.17
(m, H-2, H-3, H-5), 3.07 (m, 2H, H-2, H-4), 3.63 (dd, 1H, J5 4 5.4, H-6), 3.39 (dd, 1H, J5 4 5.4, Js ¢
11.5, H-6"), 1.84 (s, 3H, NCOMe); &y (D,0)4.91 (d, 1H, J; , 9.1, H-1), 3.84 (dd, 1H, Js5 4 2.1, H-6), 3.70
(dd, 1H, J5 5.2, Jg ¢ 12.3, H-6"), 3.51 (1, 1H, J, 3 =J3 4=.9.2, H-3), 3.38 (1, 1H, H-2), 3.35 (1, 1H, J, 5
9.4, H-4), 7n3 (s, 3H, NCOMe); §- (DMSO-d;) 169.8 (NCQ), 79.5 (C-1), 78.5, 77.6, 72.5; 70.0 (C-2, C-

10y JEas INRLRSYEAL S, UT AN AVA.0 LYY

22.9 (NCOMe); 5. (D,0) 176.7 (NCO), 80.4 (C-1), 78.7 (C-5), 77.7 (C-3), 73.0

LA uu- L

l
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O (. 7u L AN Uivas ).
N-Acetyl-3-D-xylopyranosylamine (10).2° To a solution of 8 (1.0 g, 3.1 mmol) in methanol (5 mL)
added 1M sodium methoxide (0.3 mL), and the mixturc was neutralized with Dowex SOW (HY). The
resulting solution was evaporated and the residue was crystallized from cold ethanol (0.4 g, 38%); m.p. 224-
(

26 °C (dec.), [alp -1°, [alsqg -1°, [olsaq -1°, [aly36 +6°, [al3gs +25°, (¢ 0.5, H,0), [hteratuxe 20 213-214

[N
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°C, [alp -1° (¢ 2, HyO)]; v,,x 3400-3300 (NH, OH) and 1660 cm™! (C=0, amide); 8;; (DMSO-dj) 8.35 (d,

1LY WITTN &N /A NIIN A QA 7d NIIN A OO 71 NI A LN £ Y 1Y 2 £ £A3
1H, NH), 5.02 (d, OH), 4.94 (d, OH), 4.89 (d, OH), 4.60 (1, 1H, Jl = Jl NH—’U H-1), 3.62 (dd, 1H, .145

5.0, Js 5 12.0, H-5), 3.23 (m, 1H, H-4), 3.12 (m, 1H, H-3), 3.03 (m, 2H, H-2, H-5), 1.83 (s, 3H,

Ty 1A N YT &N AA-.

NCOMe); &, (DMSO-dg + D,0) 4.57 (d, 1H, J; , 9.0, H-1), 3.63 (dd, 1H, J; 5 5.0, Js 5 12.0, H-5), 3

(m, 1H, J; 5 3.6, H-4), 3.16 (t, 1H, J,3 = J5_ 4—90 i-3), 3.05 (m, 2H, H-2, H-5), 1.83 (s, 3H, NCOMe);
8y (CsDsN) 9.56 (d, 1H, NH), 7.28 (d, OH), 7.11 (d, OH), 6.92 (d, OH), 5.62, (1, IH, J, 5 =J; ny = 9.0,
H-1), 4.09 (dd, 1H, J, 5 3.2, J5 5. 11.2, H-5), 3.95 (m, 2H, H-4, H-5'), 3.83 (m, 1H, H-3), 3.56 (m, 1H, H-
2), 1,83 (s, 3H, NCOMe); 5 (DMSO-d;) 170.2 (NCO), 80.5 (C-1), 77.8 (C-3), 72.5 (C-2), 69.9 (C-4), 67.6
(C-5), 23.1 (NCOMe); 8¢ (CsDsN) 170.8 (NCO), 81.9 (C-1), 79.8, 74.3, 71.3 (C-3, C-2, C-4), 69.1 (C-5),

23.3 (NCOMe).
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ethanol and diethyl ether (2.6 g, 49%);. m.p. 79-81 °C ; [a]p -117, [‘1]578 -11°, [alsqe =137, [algae -20°, [alsgs
-28°, (c 0.5, H,0, in equilibrium), [literature:1® 74-76 °C; [alp +1° (¢ 3.7, 0.1 M ag. MeNH,)]; v ,ax 3300
(NH, OH), 2800 (Me) and 1500 cm-1 (NH); &, (DMSO-d;) 4.82 (m, 20H), 4,53 (bs, OH), 4,39 (bs, OH),
3.65 (dd, 1H, Jg ¢ 11.5, H-6), 3.58 (d, IH, J, ; 8.5, H-1), 3.41 (bs, OH), 3.40 (dd, 1H, H-6", 3.13 (t, IH,
J3 4 8.3, H-3), 3.02 (m, 2H, H-4, H-5), 2.87 (t, 1H, J, 3 8.7, H-2), 2.35 (s, 3H, NMe); 6y (DMSO-d, +
D,0)3.68 (dd, 1H, Js5 ¢ ~2, J¢ ¢ 11.7, H-6), 3.62 (d, 1H, J; ; 8.5, H-1), 3.45 (dd, 1H, Js5 - 4.8, H-6"), 3.18
(t, 1H, J; 4 8.3, H-3), 3.06 (m, 2H, H-4, H-5), 2.92 (t, IH, J,; 8.8, H-2), 2.35 (s, 3H, NMe); 84 (D,0)
3.96 (d, 1H, J; , 8.8, H-1), 3.94 (dd, 1H, J5 2.1, H-6), 3.75 (dd, 1H, J5 ¢ 5.4, Js ¢ 12.4, H-6"), 3.51 (t,
1H, J; 48.7, H-3), 3.43 (m, 2H, H-4, H-5), 3.24 (1, 1H, J,3 8.9, H-2), 2.48 (s, 3H, NMe); 5 (DMSO-dy)
92.1 (C-1), 71.8, 77.7, 73.6, 70.8 (C-2, C-3, C-4, C-5), 61.7 (C-6), 32.2 (NMc); c (D,0)91.4 (C-1),77.6
(20), 73.6, 70.7 (C-2, C-3, C-4, C-5), 61.6 (C-6), 31.7 (NMe).

N-Methyl-D-xylopyranosylamine (13).19 Starting from D-xylosc (5.0 g, 27.8 mmol) and following
the above protocol for 12, the title compound was obtained (5.0 g, 91%); m.p. 107-109 °C; [alp -36°, [als7g -
36°, [alsy -41°, [0lg36 -67", [als45 -99° (¢ 0.5, H,0, in equilibrium), [literature:19, m.p. 109-111 °C, [a]p -
30°, (¢ 3.3, 0.1 Maq. MeNH,)]; vpnax 3300 (NH, OH), 2900 (Me) and 1680 cm-1 (NH); &;; (DMSO-dy) 4.88
(m, 20H), 4.54 (bs, OH), 3.64 (dd, 1H, J, 5 5.2, J5 5. 11.0, H-5), 3.53 (d, 1H, J; ; 8.5, H-1), 3.23 (m, 2H,
H-4, OH), 3.07 (t, 1H, J; 4 8.6, H-3), 2.96 (t, 1H, J; 5. 10.7, H-5"), 2.86 (t, 1H, J, 3 8.5, H-2), 2.32 (s,
3H, NMe); 8y (D,0) 3.96 (dd, 1H, J, 5 5.4, H-5), 3.92 (d, IH, J; ; 8.9, H-1), 3.64 (m, 1H, H-4), 3.47 (1,
1H, J; 49.0, H-3), 3.33 (1, 1H, J, 5. 11.2, J5 5. 11.2, H-5'), 3.24 (1, 1H, J, 3 8.9, H-2), 2.47 (s, 3H, NMe);
8- (DMSO-dg) 92.7 (C-1), 77.2, 73.1, 69.9 (C-2, C-3, C-4), 66.6 (C-5), 31.9 (NMe); 5. (D,0)92.3 (C-1),
77.5, 73.6, 70.2 (C-2, C-3, C-4), 67.0 (C-5), 31.6 (NMe).

X-Ray data of compound 1 .23 Acolorless prism with the dimensions 0.32 x 0.26 x 0.24 mm was used
for data collection. The crystal system was determined to be monoclinic, space group P2,, a= 5.427(1) Ab=
8.010(1) A, ¢ = 21.454(1) A, B = 92.19(1)°, V = 931.9(4) A3, Z = 2, &(calcd) = 1.338 Mg m'3, linear
absorption coefficientp = 0.114 mm-1, and FW = 375.3 for C, sH,,NO,,, F(000) = 396. The total number of
reflections was 4182, 3262 independent [R, = 0.082], 1701 observed [F > 4.0c(F)]. The number of refined
parameters was 234. Final R = 0.054, wR = 0.068.
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X-ray data of compound 9 .23 A colorless prism with the dimensions 0.50 x 0.40 x 0.38 mm was used
2.,a=7862(1) A,b=9.425(1) A, ¢ =

=35

for data collection. Crystal system: orthorhombic, space group: P2
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