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ABSTRACT 

Ethyl 2,3-dideoxy-2-isopropylamino-u-o-arohinu-hexopyranoside N-oxyl and its 2’-danalogue have 
been studied by variable-temperature e.s.r. spectroscopy. At low temperature, two frozen conformers (5, a”_* 
= 15.5 G; and 6, aH_? = I .8 G) were found. Semi-empirical quantum mechanics and molecular mechanics, 
using specially developed parameters for hydroxylamines and nitroxyls, helped to assign an almost eclipsed 
geometry (O-N-C-2-C- 1 - IO”) to 5 and a compromise between a staggered and the nearest eclipsed 
conformation (0-N -C-2-C- I - 80”) to 6. 

INTRODUCTION 

Deoxyhydroxyamino sugars can be prepared readily by several pathways’“. The 

major interest in these compounds resides in the closeness of their structures to their 

sugar models and their spontaneous oxidation to nitroxyl free radicals, the e.s.r. spectra 

of which provide information on structure that cannot be obtained by other spectro- 

scopic methods. The imino-N-oxyl group is an almost perfect model of the carbonyl 

group and, when it replaces the oxygen bridge of a blocked disaccharide4, it gives 

information on the steric demand of the two sugar moieties. We have shown5 that an 

axial nitroxyl is free to rotate, and, at room temperature, there are different conforma- 

tions. We now report on these conformations. 

RESULTS AND DISCUSSION 

Ethyl 2,3-dideoxy-2-(N-hydroxy-N-isopropylamino)-~-D-arab~no-hexopyran- 

oside6 (I) and its 2’-deuterio analogue 2 spontaneously oxidised to the corresponding 

nitroxyl derivatives’, 3 and 4, respectively. Glycoside 1 exists in the 4C, conformation in 

the solid state and in solution.6 The same conformation is assumed for 3 and 4. 

Em. spectroscopy. -The e.s.r. spectra of 3 and 4 were measured at temperatures 

in the range - 50” to + 120” for solutions in 1,2_dimethoxyethane and diglyme (Table I). 

Comparison of the spectra allowed the assignment of aH_2 and u,.,.. Eventual long-range 

couplings were not resolved and are included in the line-width (r). 

* Author for correspondence. 

000%6215/91/$03.50 0 1991 ~ Elsevier Science Publishers B.V 



236 J. M. J. TKOYCHET cl (Ii. 

0x1 

1 X=FI 

2 X=D 

At ~0 . two frozen conformers 5 and 6 were found in the ratio -4:5. The 

hyperfine coupling constants were extracted best from the spectra of a colution of 3 in 

dimethoxyethane at -45 From the relationship’ [u,,;Ci == (25 i I)cos211], adapted 

from that of Rassat and co-workers’ (a,!Ci .= 26 cos’ci) where 0 is the dihedral angle 

between a vicinal C H bond and the p, orbital of the nitrogen atom. the ii valurs th;Li 

corresponded to N,,_? were ?X & I .5 for 5 and 74.4 5 O..? for 6. This finding gi\,rs four 

possible values of the dihedral angle cp: (C-l C-2 !+ 0: t ‘of 5 i%-d, 3nti the same 

number for 6 (6a-d). NO~C oi these conformers is perfectly rciip~ed or staggered and 

they are rotated by 12 & 1 from ;I pure conformation. Thib result 15 reminiscent of thy 

fact that. when a double Iloud is assumed to cchpse a vicinai group. a dihedral angle of 

2. 10’ is often found by X-ray diffraction (see. for example, ref. 8 ). When the tempera- 

ture was increased. coalescence was observed and the signals then sharpened :o give the 

time-averaged spectra. The time-averaged value of LE,,.? wab luv~er than the mean izrlue 

of the frozen conformers 5 and 6, and decreased with increase in temperarure: the ratio 

(5],‘[6] was 7:3 at 75 for :I solution in I ,7-dirrleths~vett-~~~~~~. 

T8 :LS* H-2 H-2 
_._, /“, ius 

5a x = 0’ aH 
- 15.5 G 

5c x=0’ 

5b X = CHMeZ 5d X = CHMeZ 

6h X = CHMeq 6d x = CHINea 
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Fig. I. Heat of formation of 1 (AM1 Hamiltonian) ucrsus ‘pI: curve I computed by AMPAC (RHF), 
curve II by SCAMP (UHF). 

and 

Molecular mechanics. - For this type of conformational analysis where two 

dihedral angles are involved principally, molecular mechanics are more adequate than 
quantum mechanics, mostly in terms of computational time. Molecular mechanics 

strongly depend on the quality of the relevant parameters and, as no parameters existed 
for hydroxylamines and nitroxyls, they were developed in CHARMm16. The following 
new types of atom were created (Table II): NHY (NROH), HHY (NHOR), OHY 
(NROH), NZ (NO.), and OZ (NO’). In the general CHARMm energy function15, 

E = Eb + E, + E, + E, + EvdW + E,, + Ebb + E,, + E,,, 

where the last two terms represent constraints, only the bond potential (EJ, the 
bond-angle potential (E,), the torsion potential (E,), the improper torsion potential 
(E,), and the van der Waals term EVdW had to be parametrised explicitly for the new types 
of atom. For the EC, term, the shifted dielectric mode and an E, value of 1 .O were used, 

whereas for the EvdW term, the shifted van der Waals option was chosen. Hydrogen 
bonds, unlikely in this situation, were not taken into account. 

For the parametrisation, the classical strategy “Jo was used. The force constants of 
the internal energy terms were obtained by fitting to experimental vibrational data17. 
Other parameters were deduced from ab initio calculations’8 or from X-ray diffraction 
data of sugar hydroxylamines’,6, some by analogy with the parent compounds. When- 
ever possible, particularly for hydroxylamines, the parameters were fitted to X-ray 
diffraction data. All the parameters are collected in Table II. 

The conformational search was performed with QUANTA and CHARMm, the 
primary rotation being p, (increments of 10”); for each value of q,, a 360” rotation of q2 
(increments of 10”) was performed. For each set of q, and q2 values, the molecule was 
relaxed using the adopted basis Newton-Raphson algorithm (up to 500 steps). The 
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TABLE 11 

Parameters introduced in the CHARMm force field for hydroxylamines and nitroxylb 

A / I /ill.? 
-_I_ ---- 

NZ OZ 
NZ CH3E 

NZ C‘HIE 

NZ T’r 

NHY OHY 

NH1 C’H?E 
NH\ CHIE 

NHY C‘H1E 
NHY CT 

Nf1Y (‘6R 
NHY liHY 

k,,” 

50X.0 
308.0 

20X.0 
20)1.0 

240.0 

270.0 

2x0 0 

2RO.U 
270.1) 

3?(1.11 

436.0 
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Bond angles 

At1 At2 At3 

CH3E NZ OZ 40.0 120.0 

CHlE NZ OZ 40.0 120.0 

CT NZ OZ 40.0 120.0d 

CH3E NZ CH3E 35.0 120.0 

CHlE NZ CHIE 35.0 120.0 

CT NZ CT 35.0 120.0d 

HA CT NZ 50.0 109.47 

CHZE CHlE NZ 30.0 112.0 

CHlE CHlE NZ 30.0 112.0 

CH3E CHlE NZ 30.0 112.0 

CT CT NZ 30.0 112.0d 

CH3E NHY OHY 80.0 105.0 

CHlE NHY OHY 90.0 104.0 

CHZE NHY OHY 80.0 105.0 

CT NHY OHY 80.0 105.0 

CH3E NHY CH3E 45.0 109.47 

CHlE NHY CHlE 98.0 111.0 

CHlE NHY CHZE 98.0 111.0 

CT NHY CHZE 98.0 111.0 

CHlE NHY CH3E 70.0 109.0 

CT NHY CT 81.8 1 10.3d 

CHlE NHY C 77.5 116.0 

CT NHY C 77.5 116.0’ 

CH3E C NHY 110.0 116.0 

CT C NHY 110.0 1 16.0d 

CH2E CHlE NHY 30.0 112.0 

CHlE CHlE NHY 90.0 110.0 

CH3E CHlE NHY 30.0 112.0 

CHlE CT NHY 30.0 112.0 

CHlE CHZE NHY 30.0 109.0 

CT CT NHY 42.0 lll.Od 

C6R NHY OHY 70.0 110.0 

C6R C6R NHY 90.0 120.0 

C6R NHY CHlE 70.0 115.0 

C6R NHY CT 70.0 11 s.o* 

HA CT NHY 50.0. 109.47 

HA CT OHY 44.0 109.47 

All At2 Al3 

NHY 

NHY 

NHY 

CH3E 

CHIE 

CT 

HHY 

NHY 

NHY 

NHY 

NHY 

NHY 

OHY 

OHY 

OHY 

OHY 

OE 

OE 

NHY 

NHY 

OHY 

OHY 

OHY 

OHY 

OHY 

CH2E 

NHY 

NHY 

oc 

C6R 

NT 

OE 

OE 

NX 

NX 

NX 

C6R 

OHY 

NHY 

NHY 

NHY 

NHY 

OHY 

OHY 

OHY 

OHY 

OHY 

NHY 

CHZE 

CHlE 

CT 

CHlE 

CT 

CHZE 

CT 

C 

C 

C 

CHlE 

CT 

CHlE 

CHlE 

CT 

so2 

so2 

so2 

CHlE 

CT 

CHlE 

CT 

C 

HA 

H 

0 

HHY 

HHY 

HHY 

OHY 

CH3E 

CHZE 

CHlE 

CT 

C 

C 

CHlE 

CHZE 

CT 

NHY 

NHY 

C6R 

C6R 

0 

CH3E 

CT 

CUAl 

CUAl 

CUAl 

CUAl 

CUAl 

oc 

oc 

oc 

NX 

NX 

NHY 

NHY 

NP 

k, 

70.0 

60.0 

84.0 

60.0 

60.0 

60.0 

60.0 

60.0 

60.0 

60.0 

60.0 

60.0 

60.0 

60.0 

60.0 

60.0 

go.0 

80.0 

70.0 

70.0 

80.0 

60.0 

60.0 

80.0 

80.0 

45.0 

70.0 

70.0 

144.0 

69.0 

75.0 

70.0 

70.0 

65.0 

65.0 

80.0 

4 

120.0 

109.47 

121.0 

107.0 

107.0 

107.0d 

105.0 

109.0 

109.0 

109.0 

109.06 

115.0 

113.0 

104.0 

104.0 

104.0‘+ 

109.47 

109.47 

114.0 

l14.0d 

115.0 

115.0 

l15.0d 

109.47 

109.47” 

100.0 

11 I .6 

l11.6d 

120.0 

109.0 

107.5 

113.0 

113.0d 

104.0 

104.0d 

115.0 

’ In kcal.m&‘. h In A. ’ In kcahol-‘.A-*. ’ Average value. ’ In kcal.mol-‘.rad~z. ‘In ‘. g In kcal.mol-‘. 

results were treated with UnimapO* to give a 3D conformational map (Fig. 2). The map 

contained two areas of generally low energy, which corresponded to the conformers in 
which the N-O bond lies inside the sugar ring (0” < p, < 120”), and to those for which p2 
is close to 300”, i.e., with N-O and H-2-C-2 antiparallel, allowing easy rotation about 
the C-2-N bond. These two areas delimited a zone of high energy, the maxima of which 
corresponded to values of qz close to either 120 or 240”. If the variation of energy versus 
qZ roughly presented a phase of 2x/3, no such regular trend could be observed for q,, the 
favourable values of which were 10, 90, 340, and to a lesser extent 230”. 

* A Trademark of UNIRAS A/S 
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Even when dealing with frozen conformers, one experimental hyperfine coupling 
value associated with one torsional angle can correspond to one or more conformers out 
of a set of four, and neither chemical intuition nor use of mechanical molecular models 
easily permits the correct assignments. The situation is much more elaborate and 
confusing when dealing with time-averaged spectra. 

Molecular mechanics, with parameters improved by fitting to more experimental 
data, may constitute a powerful and economical way to predict the conformation of 
sugar nitroxyls. 

EXPERIMENTAL 

The techniques used for e.s.r. measurements have been described”. The home- 
developed program used to simulate the e.s.r. spectra has been adapted to an IBM PC 
and its possibilities extended to the simulation of time-dependent processes. 

Quantum and molecular mechanics computations as well as graphical repre- 
sentations were performed on a Silicon Graphics IRIS 4D70GT workstation. 
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