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Abstract: Thermodynamic stability of 3-C-nitro-D-glucal and -D-allal derivatives as well as the
corresponding Sa-carba sugars was reproduced by ab initio (6-31G*) cdlculaions. The calculations dlso
predicted that 3-C-nitro- D-guld should be more stable than its 3-epimer, in spite of strong bias for a
nitro group at C-3 to occupy the equatorial position.  This prediction was experimentally proved.

© 1998 Elsevicr Science Ltd. All rights reserved.

Under thermodynamicaily controlled conditions a nitro group of 3-C-nitropyranoside derivatives has a
strong tendency to occupy the sterically less crowded equatorial or quasiequatorial position. '

We now report the first exception,? to our best knowledge: 3-C-nitro-D-gulal 13 having the quasiaxial
nitro group is thermodynamically more stable than its 3-epimer 14.

Vasella, et al, * proved that the anomeric nitro group predominantly occupies the axial position (anomeric

effect’). This is explamed at least partly, in terms of stabilization of resonance structures originating from n,s-

considerable amount of allal 1 is formed in equilibrium (the ratio of 1 : § =
ratio of glucal to allal in the 5a-carba 3-nitro sugar (the ring oxygen atom is replaced by a methylene group)
should be higher than that in the 3-nitro sugars. This speculation is proved as follows. Treatment of 3-C-
nitro-5a-carba-DL-allal 3° with N, N-dimethylaminopyridine in CDCl, afforded a ~ | : 8.7 mixture of 3 and 7’.

Almost the same equilibrium mixture was obtained by similar treatment of the glucal 7.
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Fig. 1
Contribution of this hyperconjugative stabilization is supported by ab initio calculation® (6-31G* with full
optimization in CHCL,).  3,4-Dihydro-4-nitro-2H-pyran 9 having the quasiaxial nitro group was more stable
than its 3-epimer 10 by 7.1 kJ/mol. The difference decreased to 1.1 kJ/mol in the case of 3-nitrocyclohexenes

11 and 12
x4 ald 1 4.
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kJ/mol and that between 4 and 8 is 6.3 kI/mol, while the free energy calculated from its equilibrium (at 25C)
was 2.3 kJ/mol and 5.3 kJ/mol, respectively. Bond length® and NBO analyses'® support the different degree of
hyperconjugation between the ring oxygen atom and the B-nitroolefin moiety (Table 1).

Why is the glucal 6 slightly more stable than its 3-epimer 2, in spite of the hyperconjugation? In the
optimized conformations of 2H-dihydropyran derivatives 9 and 10, one of the N-O bond in the nitro group was
almost eclipsed to the C3 - C4 bond (sugar numbering) (Table 1). On the other hand, in the allal 2,

conformation of the nitro eroup largelv deviated from the eclinsed one (Tablel). undoubtedly to reduce the steric
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and electrostatic repulsion due to O4.  If the dihedral angle (ONC3C2) was fixed to the value (106° for 2 and

1170 £, R, rr 1°L._..1 el

112°for 6) obtained in the corresponding 2H-dihydropyran and others were optimized, 2 and 6 became less

stable than the fully optimized ones by 7.1 and 1.1 ki/mol, respectively. This should be the main reason why
the glucal 6 is slightly more stable than its 3-epimer 2.
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more stable than the galactal 16 by 8.3 kJ/mol.

Table 1. Heat of formation (HF), bond length, dihedral angle, and NBO analysis of nitro compounds calculated
by 6-31G* including solvent via the Onsager reaction model (e=4.81)

P YT 1T e n RN g a1 o | T-0%¢y kl/mol
omp. r (nanrec) Bond 1engtn (A) (sugdr Illll'l’lDel’lIlg) pnearai angic -
05-Cl C1-C2 C2-C3 ZONC3C2 (Nos ¥ o)
2| 6980167774 1.3398 13244 1.4997 58° 497 (191.6)
6| -698.9175006 1.3436 1.3221 15077 90° 27.0 (169.0)
4 | -663.1031828 1.5073 13210 1.5047 38° 434
8 | -663.1055711 1.5079 1.3200 1.5099 85° 228
9 | -472.3100788 1.3329 13244 1.5005 106° 470 (204.1)
10 | -472.3073888 1.3372 13223 15048 112° 278 (182.1)
11 | -436.4965405 1.3207 1.5088 109° 39.1
12| -436.4961075 1.3200 1.5107 107° 223
15 | -6989174007 1.3328 1.3217 1.4971 100° 47.3(200.7)
16 | 698.9142333 1.3399 1.3192 1.4938 183° 31.3 (176.1)
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14 R = NOg, R2 = H, B3 = Ph :

15 R'=H,R%2=NO,, R®=H 17 18

16 R'=NO5, R2=H,R3=H

As had been already reported,” however, reaction of the D-threo isomer 19 with Et,N in CH,Cl, (employed
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for the double bond migration o orresponding D-erythro isomer) stopped at the step of the nitronate 17.

Different from the case of the nitronate 17, the nitronate 18 should be destabilized by A" strain'' and
smoothly protonated. Expecting that removal of the counter ion should be so destabilized the nitronate 17 as to
promote the protonation, we have performed the reaction in the presence of potassium fluoride and 18-crown-6
instead of Et,N and obtained the D-gulal 13 in high yield'? as judged from its '"H NMR spectrum. The D-gulal
structure for 13 was chemically confirmed as follows. Treatment of 13 with m- chloroperoxybenzoic acid in
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CH,Cl, afforded a mixture mainly consisting of two products, from which 4,6-O-benzylidene-1-O-m-
hlorobenzoyl-3-deoxy-3-C-nitro-8-D-gulopyranose (20) and -a-D-idopyranose (21)"° were isolated after
HPLC. The present calcuiation determined only thermodynamic stability of model compounds.  Therefore, in
order to prove whether the experimental results are agreed with the calculation or not, it is necessary to confirm
that the epimerization at C-3 occurred under the reaction conditions employed. When the D-gulal 13 was
treated with KF under the same conditions except the addition of small amounts of CH,COOD, complete
deuteration at C-3 of 13 took place, indicating that H-3 was acidic enough for abstraction and probably

epimerization occurred.  Under the same conditions, the double bond migration and deuteration occurred from
the nitroolefin 19,

the nmitrooie
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R = m-CgH4(CI)CO
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