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219. Deoxy-nitrosugars
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Summary

The separate, radical denitration with Bu;SnH of the pyranose derivatives
3, 4,9, and 10 gave in good yields exclusively the ‘C-glycosides’ S and 11, respec-
- tively (Scheme 1). Similar reduction of the cyclohexyl derivatives 15, 16, 19 and 20
gave 4:1 mixtures of 17, 18, 21 and 22, respectively, always with predominant
formation of an axial C,H-bond. In the furanose series a divergent behaviour was
observed for the D-mannose-derived nitro ethers 25 and 27 and the p-ribose-derived
nitro ethers 30 and 31, respectively, in that the former two gave isomerically
homogeneous reduction products (26 and 28, respectively; Scheme 3) and the latter
a 1:1 mixture of the diastereoisomers 32 and 33 (Scheme 4). The stereochemical
results were explained on the basis of the stereoelectronic effect of the ring O-atom,
the preferred conformation of the intermediate, pyramidal alkoxyalkyl radicals and
steric effects in the trioxabicyclo[3.3.0]octane ring system.

1. Introduction. — Tertiary nitroalkanes are reductively denitrated by treatment
with the sodium salt of methanethiol [2], with ethylene glycol and KOH [3], with
N-benzyl-1,4-dihydronicotinamide [4] or with tributyltin hydride (Bu;SnH) [5] [6].
As far as it is known, these reactions follow a radical-chain mechanism and proceed
via planar radical intermediates. As expected, the few stereochemically relevant
reductions so far studied occur without stereospecificity [2] and with a variable
diastereoselectivity [7] which is difficult to predict?).

In the case of conformationally biased a-nitro ethers, however, the analogous
reductive denitrations are expected to occur with a high degree of diastereoselec-
tvity.

Iy 5th Communication: [1].
2)  The steric course of the similar reduction of thionoesters [7-16] and tertiary benzoates [17] by
Bu;SnH has been explained by steric and polar factors.
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It is known that the intermediates, viz. alkoxyalkyl radicals, are pyramidal [17-20] and thaf the
non-bonded C-orbital prefers an orientation which allows conjugative delocalization®) with the n-type
orbital on the O-atom [22], i.e. a (pseudo)axial orientation in 1-oxacycloalk-2-yl radicals [23] {24]. This
is substantiated by a stereoelectronic preference for the radical abstraction of (pseudo)axial a- and
f-H-atoms in conformationally biased cyclic ethers [21] [23] [25-29]%). The same stereoelectronic effect
should also control the reverse reactions and this has been shown for the H-transfer to 1,3-dioxanyl
radicals [27].

We wished to check, if the radical denitration with BusSnH of carbohydrate
nitro ethers such as 3 and 4 (Scheme 1) will indeed diastereoselectively lead (via a
common intermediate 1) to the corresponding anhydroalditol such as 5 with two
equatorial side chains. Further insight into the stereoselectivity of this reaction was
expected from the reduction of conformationally biased nitrocyclohexanes
(Scheme 2) and from conformationally more flexible furanose derivatives (Scheme 3
and 4). Since such tertiary carbohydrate nitro ethers are easily available [31] from
1-deoxy-1-nitroaldoses [32] [33] vie Michael additions or via the Henry reaction,
the reductive denitration would open a way to ‘C-glycosides’ (= anhydroalditols)
which have attracted much recent interest (see e.g. [34-48] and ref. cited therein).

BnO O

(o)
BnO O\
BnO &'R
BnO
1

Results. - Base-catalyzed reaction of the D-gluco-deoxynitroaldose 2 [32} [33]
with excess paraformaldehyde followed by acetylation gave the nitro ethers 3 and 4
in a yield of 56% and with a ratio of 85:15 (\H-NMR). The isomers were separated
by prep. HPLC. Their IR spectra showed NO,-bands at 1552 cm™! (major com-
pound) and 1566 cm™! (minor compound); the assignment of the anomeric configu-
ration was based on the observation that the IR absorption of an axial NO,-group
of secondary nitro ethers is shifted to lower wave numbers [33]. Separate treatment
of 3 or 4 with Bu3SnH in the presence of a,a’-azoisobutyronitrile (reflux in benzene)
gave the 2,6-anhydroalditol 5 in yields of 95 and 87%, respectively, and traces of
minor compounds that were not isolated. The configuration of 5 was proven by its
transformation into the alcohol 6°) and further into the meso-pentabenzyl ether 7.
The meso nature of 7 was evident from its '"H- and '3C-NMR spectra. The similar
reaction sequence starting with the p-manno-deoxynitroaldose 8 [32] [33], gave the
tertiary nitro ethers 9 (65%) and 10 (12%). Again, separate treatment of 9 and 10

3 See[21] and ref. cited therein.

4 A similar stereoelectronic control in the cleavage of a C,0-bond is described in [30].

5)  Partial solvolytic displacement of the NO,-group occurred during the reaction, see [31].

6) The 'H-NMR spectra and the specific rotation were different from those of the anomeric alcohol
obtained by Sinayp et al. {37]. We thank Professor Sinay for the relevant spectra.
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with Bu,SnH, as above, gave the protected 2, 6-anhydro-p-glycero-p-galacto-heptitol
11 as the only observed isomer, Deprotection of 11 (deacetylation to 12 followed by
hydrogenolysis) gave the known [49], free anhydroheptitol 13.

To evaluate the influence of the ring-O-atom on the diastereoselectivity of the
reduction, we treated the tertiary nitro compounds 15, 16, 19 and 20 with Bu;SnH
under the same conditions as above. The crystalline nitro alcohols 19 and 20 were
obtained (>95%, 7:3) from 1-(tert-butyl)-4-nitrocyclohexane (14) [50] [51] and
acetylated to give 15 and 16. Their configuration was inferred from the "H-NMR
spectra. The signals of the equatorial H-C(2 and 6) were very similar to those
found for the corresponding H-atoms of 14 and were interpreted according to
Huitric & Trager [50].

Separate reduction of the acetates 15 and 16 gave a mixture of the denitrated
acetates 17 and 18 in a high yield and with a ratio of 83:17, as determined by
"H-NMR spectroscopy’) and GC. Similarly, the separate reduction of the alcohols
19 and 20 gave a 4:1 mixture (\H-NMR) of 21 and 22 [53] in over 95%. The acetates
17 and 18 and the alcohols 21 and 22 could not be separated, but pure samples
of the srans- and cis-tosylates 23 and 24 [54] were obtained by HPLC.

7y Based on the integrals for the acetoxymethyl group. Both diastereomers had been prepared and
characterized [52}.
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The behaviour of five-membered, tertiary nitro ethers was checked for trioxa-
bicyclo[3.3.0Joctane derivatives of the p-manno®)- and D-ribo-series (Scheme 3
and 4). Compound 25 [31] upon reduction with BuySnH, gave the 4,7-anhydro-
aldonitrile 26 as the main product (58%)°). The configuration at C(4) of 26 was
deduced from its '"H-NMR spectrum (J (4,5)=3.8 Hz[55]). Similar reduction of the
dodecosulose 27 [31] gave (89%) the anhydro compound 28 as a single, crystalline
isomer. Here again, the value of 3.7 Hz for J(7,8) is consistent with a 7,8-cis-
configuration (signal assignment by 'H-shift-correlated 2-D NMR spectroscopy).
Separate reduction of the psicofuranose, derivatives 30 and 31 (from 29, see [31]),
however, gave a 47:53 mixture'?) of the allo- and altro-anhydroalditols 32 and 33
in a combined yield of 90 and 87%, respectively (Scheme 4). Their configuration
was determined by transformation of 32 into the meso-diacetate 36 and of 33 into
the known [56] diacetate 37. This was achieved by detritylation (FeCl; [57], 78%)
of the mixture of 32/33, separation of the alcohols 34 and 35, and then, on one
hand, back-tritylation to pure 32 and 33 and, on the other hand, acetylation to 36
and 37.

Discussion. - The reductive denitration of the conformationally biased, tertiary
nitro ethers of the pyranose series leads to ‘C-glycosides’ in good yields and - ac-
cording to expectation - with a diastereoselective formation of an axial C, H-bond.
In the furanose series, the explanation of the diastereoselectivity requires an
evaluation of both steric and stereoelectronic factors. Since the tertiary nitro ethers
are obtained from carbohydrate derivatives with inverse polarity at the anomeric
center [31], this access to ‘C-glycosides’ complements earlier methods.

8)  Configurational prefix refers to the furanose ring only.

The IR spectra of three by-products were not consistent with the structure of diastereoisomers.

The ratio was determined by HPLC. The same ratio of products was obtained from a reduction
of 30 with Bu,SnHj.
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The assumption of a common intermediate - an alkoxyalkyl radical such as 1 -
is in agreement with the formation of the same product(s) from either anomeric
starting material. The high tendency for the axial C,H-bond formation in cyclo-
hexanes makes it difficult to evaluate the extent of the stereoelectronic effect of
the ring-O-atom. The stabilizing conjugative interaction in tetrahydropyran-2-yl
radicals seems to be rather weak (from the degree of pyramidalization at C(1) as
deduced from the hyperfine coupling constants, see [21]) and a similar reactivity
of the cyclohexyl- and tetrahydropyran-2-yl radicals has been proposed [21]. The
influence of the axial configuration of the vicinal alkoxy substituent in 9 and 10
is not required for the diastereoselectivity.

2-Alkoxyalkyl radicals prefer a coplanar arrangement of the non-bonded, singly occupied orbital
and the C,0O-bond [58). This effect can influence the steric course of radical reductions as inferred from
the following examples'!). Reduction of either epimer of 38 (Bu3SnH) gave a 4:1 mixture of 39 and
40 [17} (Scheme 5; the coplanar arrangement mentioned cannot be attained without ring distortion;

Scheme 5
CH, CHj
BzO OCH, R! OCH,
[o) OBn R2 OBn
38 39 R'=COCH,
Q R2=H
Bz = -CCgHjy 40 R'=H
R?=COCH,
Ph—~0 o Ph—1~0
o — o 0,
Bz0 4cp, 07 ocH,
41 42
CHaSiO CH, CH4
0 2n 0
CH30 ——  CH30
CH30 0CH, CH3aO och,
43 44

1y For a discussion of the stabilizing effect of -alkoxy groups on C-radicals see [59).
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45 46

the steric behaviour is very similar to the cyclohexyl case). Reduction of 41 gave 42 exclusively [17]
(additional influence of the axial C(1),0-bond). Reduction of either epimer of 43 resulted in a 1:1
mixture of the epimeric, monodeuteriated reduction products 44 [14] (coplanar arrangement of the
non-bonded C-orbital and the C(5),0-bond and preference for an attack anti to the C,0-bond against
the tendency for axial C,O-bond formation).

The relatively high proportion of endo-attack by BusSnH on the intermediate
D-ribo-radical is surprising, particularly when compared to the results in the
D-manno-series. This can be explained as the result of a steric effect, favouring
exo-attack and a stereoelectronic effect, favouring endo-attack in the p-ribo and
exo-attack in the p-manno-series. The stereoelectronic effect depends on the con-
formation of the furanose-ring in the intermediate radical'?). This conformation is
dominated by the preferred pseudoequatorial orientation of the endo-dioxolanyl
side chain in the D-manno-radical 45 and the exo-trityloxymethyl side chain in the
D-ribo-radicals 46 (cf. [55]). The different conformation of the furanosyl ring in 45
and 46 entails pyramidalization of the non-bonded C-atom in the endo-direction
in the D-ribo-series and in the exo-direction in the D-manno case. This means that
the stereoelectronic effect is at least as strong as the steric bias for exo-attack on a
trioxabicyclo[3.3.0]octane system assuming the extreme case of conformational
homogeneity around the radical center.

We thank the Swiss National Science Foundation and Sandoz AG, Basle, for generous support and
Prof. Dr. H. Fischer and Dr. H. Paul for helpful discussions.

Experimental Part

General Remarks. See [61]. Benzene was extracted with conc. H,SO, washed with H,O and
distilled from Na. DMF was distilled from CaH,, anh. MeOH from Mg. Paraformaldehyde and
a,a’-azaisobutyronitrile (AIBN) were obtained from Fluka. Bu;SnH was prepared according to a
procedure of Kuivila [62]. Acetylations were carried out at 0° in pyridine/Ac,O 2:1. Excess of pyridine
and Ac,O were removed at 40°/0.5 Torr. TLC: Substances were detected by spraying the plates with
0.025M I; in 10% aq. H,SO4 or with a 10% solution of phosphomolybdic acid in EtOH, in each case
followed by heating at about 200°. GLC was performed on a Hewlett-Packard 5880 apparatus using a
SP 2100 column, anal. HPLC on a Kontron apparatus (LC pump 4/0) with a UV detector, prep. HPLC
on a Du Pont 8800; detection by differential refractometer.

12y Assuming both kinetic control and a low activation energy for H-transfer from Bu;SnH (2.95 to
3.97 kcal/mol for alkyl radicals [60]).
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General Procedure for the Reductive Denitration. A 3-necked flask equipped with a condenser,
a dropping funnel and a gas inlet tube was dried at 120° and then cooled under Ar. Freshly distilled
Bu3SnH (5 mmol) and AIBN (0.2-0.4 mmol) in benzene (5 ml) were added dropwise within 1-2 h
to a degassed, boiling solution of the nitro compound (1 mmol) in benzene (15 ml). When TLC
indicated the disappearance of the nitro compound, the cooled mixture was concentrated and the
residue was purified by chromatography on SiO,.

1-O-Acetyl-3,4, 5, 7-tetra-O-benzyl-2-deoxy-2-nitro-p-gluco-heptulopyranoses (3 and 4). To a stirred
solution of 1.5 g (2.6 mmol) of 2,3,4,6-tetra-O-benzyl-1-deoxy-1-nitro-p-glucopyranose (2) [32] in
50 ml anh. MeOH were added 790 mg (26 mmol) of paraformaldehyde and 72 mg (0.5 mmol) of
K,CO;. The mixture was stirred for 3 h at r.t., poured into 150 ml Et;O and extracted with H,O.
The crude product was purified by flash chromatography [63] (60 g SiO,, Et;O/hexane 1:2) yielding
870 mg (56%) of a material, 500 mg (0.83 mmol) of which were acetylated affording after flash
chromatography (25 g SiO;, Et;O/hexane), 530 mg (quant.) of 3/4. Ry 0.45 (hexane/AcOEt 2:1). The
anomers were separated by prep. HPLC (Zorbax-Sil, Et;O/hexane 4:1, k’=2.1 for 3, k’=2.5 for 4).

Data of 3. [alfs+55° (c=1.6, CHCly). IR: 3085w, 3065w, 3030 sh, 3005m, 2910w, 2870m, 1751s,
1567s, 15525, 1495m, 14525, 1382sh, 13655, 1220s, 1120 sh, 1091s, 10725, 1028s, 693m. 'H-NMR:
7.45-7.10 (m, 20 arom. H); 4.85-4.35 (m, 11 H); 4.30-3.70 (m, 5 H); 1.93 (s, CH3). 13C-NMR: 169.45 (s);
138.04 (s); 137.67 (s); 137.41 (5); 136.54 (s); 128.43 (d); 128.33(d); 128.21 (d); 128.05 (d); 127.93 (d);
127.82 (d); 127.74 (d); 127.63 (d); 127.47(d); 110.62(s); 79.51(d); 76.54 (d); 76.12(d); 75.90 (d);
75.23 (1); 74.32(2); 73.95(1); 73.23 (r); 68.09 (¢); 63.83(); 20.56 (g). MS (70 eV): 552 (<0.2), 503
(<0.1), 444 (<0.1), 429 (< 0.1), 413 (< 0.1), 397 (<0.1), 353 (< 0.1), 307 (< 0.2), 271 (< 0.3), 259 (< 0.5),
253 (2), 181 (6), 91 (100), 43 (5).

Ca7HyNOy (641.73)  Calc. C69.25 H6.13 N2.19% Found C69.13 H640 N 2.1%

Data of 4. [af}s +2.4° (c=1.6, CHCI3). IR: 3090w, 3065w, 3030 sh, 3005m, 2955m, 2925m, 2870m,
17485, 15665, 1558 sh, 1495w, 14525, 1381m. 1365s, 1280 sh, 1220s, 1158m, 1073s, 1028s, 693m. 'H-NMR:
7.50-7.05 (m, 20 arom. H); 5.10-4.40 (m, 10 H); 4.35-3.60 (m, 6 H); 1.98 (s, CHs). 13C-NMR: 169.83 (s);
138.02 (s); 137.59 (s); 137.34(s); 136.45(s); 128.47 (d); 128.38 (d); 128.30 (d); 128.23 (d); 128.13 (d);
127.83 (d); 127.76 (d); 127.70 (d); 127.48 (d); 109.84 (s); 81.18 (d); 79.17(d); 76.72 (d); 76.17 (d);
74.80 (£); 73.98 (); 73.80 (¢); 73.40 (r); 68.68 (£); 62.24 (¢); 20.59 (g). MS: indistinguishable from that of 3.

Cy7HyNOy (641.73)  Calc. C69.25 H6.13 N2.19% Found C69.45 H 627 N 2.04%

1-O-Acetyl-2,6-anhydro-3,4, 5, 7-tetra-O-benzyl-D-glycero-D-gulo-heptitol (5). A) From 3. Denitration
of 285 mg (0.44 mmol) of 3 gave, after chromatography (30 g SiO;, AcOEt/hexane 1:4) 250 mg (95%)
of 5, [a]=—44° (¢c=13, CHCly). IR: 3090w, 3065w, 3030sh, 3005m, 2910sh, 2870m, 1740s,
1497m, 1455m, 1385 sh, 1365m, 1310w, 1220s, 1150m, 10955, 1065s, 1030s, 695m. 'H-NMR: 7.45-7.07
(m, 20 arom. H); 5.00-4.05 (m, 10 H); 3.90-3.30 (m, 7 H); 2.00 (s, CH3). 3C-NMR: 170.53 (s); 138.35 (s);
138.10 (s); 137.92 (s); 137.62 (5); 128.36 (d); 128.31(d); 128.27 (d); 128.20 (d); 127.93 (d); 127.77 (d);
127.62 (d); 127.51 (d); 127.44 (d); 87.10 (d); 79.14 (d); 78.28 (¢); 78.03 (d); 77.00 (¢); 75.50 (d); 75.01 (d);
74.97 (2); 73,40 (1); 68.85 (7); 63.47 (¢); 20.91 (g). MS (70 eV): 505 (2), 399 (1), 291 (1), 181 (8), 91 (100),
43 (5).

C37H4907 (596.76)  Calc. C7447 H6.76%  Found C7441 H 6.64%

B) From 4. Denitration of 55 mg (0.086 mmol) of 4 gave 45 mg (87%) of 5. IR and 'H-NMR
spectra indistinguishable from those in A4.

2,6-Anhydro-1,3,4, 5, 7-penta-O-benzyl-D-glycero-D-gulo-heptitol (7). A solution of 130 mg (0.22
mmol) of § was kept at r.t. in 7.5 ml of 2% NaOMe in MeOH for 30 min (TLC, AcOEt/hexane 1:2).
The solvent was evaporated and the residue was purified by flash chromatography (15 g SiO;, Et,0)
giving crude 6 (quant.) as a colourless oil, which was crystallized from AcOEt/hexane. Colourless
needles, m.p. 93.0-93.5°, [ali = +8.6° (c=1.1, CHCl3). IR: 3595w, 3460 br., 3090w, 3070w, 3035 sh,
3005m, 2920 sh, 2870m, 1496m, 1454s, 1398w, 1362m, 1306w, 1220 br., 1146s, 1098s, 1064 sh, 1028s,
1000m, 694m. 'H-NMR: 7.45-7.05 (m, 20 arom. H); 4.97-4.43 (m, 4 CH,—Ph); 4.00-3.20 (m, 9 H);
2.15 (br., OH).

A mixture of 120 mg (0.22 mmol) of 6, 120 mg (2.2 mmol) of KOH, 250 ul (2.2 mmol) of benzyl
chloride and 3 ml dioxane was kept at 50°for 15 min and then diluted with 5 ml of Et,0. The KOH
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was filtered off and the filtrate was concentrated. Flash chromatography (25 g SiO,, hexane/Et,0 3:1)
afforded 123 mg (86%) of 7 as colourless crystals, m.p. 55.0-55.5°, IR: 3090w, 3065m, 3030 sh, 3005s,
2910 sh, 2870s, 1496m, 1454s, 1362m, 1310w, 1154m, 1092s, 1060s, 1030s, 694m. 'H-NMR: 7.45-7.05
(m, 25 arom. H); 4.90-4.45 (m, 5 CH,Ph); 3.87-3.30 (m, 9H). I3C-NMR: 13845 (s); 138.07 (s);
13796 (s); 128.14 (d); 128.10 (d); 127.69 (d); 127.56 (d); 127.43(d); 127.31(d); 87.07(d); 79.00 (d);
78.26 (d); 75.36 (¢); 74.82 (¢); 73.31 (1); 69.04 (). MS (70 eV): 553 (3), 339 (2), 249 (2), 181 (17), 91 (100).

C4HyyOg (644.82)  Cale. C78.23 H6.88% Found C77.96 H 6.67%

1-O-Acetyl-3,4, 5, 7-tetra-O-benzyl-2-deoxy-2-nitro-p-manno-heptuolopyranoses (9 and 10). A solution
of 285 mg (0.5 mmol) of 2,3,4,6-tetra-O-benzyl- 1-deoxy- 1-nitro-n-manno-pyranose (8) [32] in 5 ml
of DMF, 150 mg (5 mmol) of paraformaldehyde and 28 mg (0.2 mmol) K,CO; was kept at r.t. until
disappearance of 8 (20 min) as indicated by TLC (hexane/AcOEt 2:1) and then poured into 25 ml
of Et;0. Normal workup gave a residue, which was dried iv. and acetylated (0°, 30 min). TLC
(hexane/Et;O 3:1) showed 4 spots, the major ones (= fastest and slowest moving ones) corresponded
to 9 and 10. The residue obtained after evaporation of the solvent was separated by flash chroma-
tography (40 g SiO,, Ei;O/hexane 1:4), giving 205 mg (65%) of 9 (a-D), 42 mg (12%) of 10 (§-p)
and 56 mg of two nonidentified by-products. All compounds were slightly yellow oils.

Data of 9. [af = +54.5° (c=1.4, CHC). IR: 3090w, 3060w, 3030 sh, 3005m, 2925m, 2870m, 17525,
1560 sh, 1554s, 1495s, 1454m, 1365m, 12205, 1104s, 1072s, 1028m, 694m. 'H-NMR: 7.43-7.03 (m, 20
arom. H); 5.10-4.02 (m, 12 H); 3.95-3.70 (m, 3 H); 3.60 (dd, J=9.0 and 2.5, H—C(4)); 1.97 (s, CHy).
I3C-NMR: 169.17 (s); 138.07 (s); 137.77(s); 137.45(s); 137.20 (s); 128.41 (d); 128.36 (d); 128.20 (d);
128.17 (d); 127.93 (d); 127.84(d); 127.77(d); 127.70 (d); 127.60 (d); 127.39 (d); 111.95(s); 79.91 (d);
77.88 (d); 75.54(1); 74.95(1); 7443 (d); 73.34(1); T3.06(1); 72.83(d); 68.28(1): 64.51(r); 20.49 ().
MS (70 eV): 505 (0.3), 503 (0.5), 413 (0.5), 373 (2), 304 (3), 253 (3), 181 (21), 91 (100), 43 (20).

C37H30NOg (641.73)  Cale. C69.25 H6.13 N219% Found C6899 H594 N 2.13%

Data of 10. [a} = —38.8° (¢=1.7, CHCl3). IR: 3085w, 3060w, 3030 sh, 3005m, 2955m, 2925m,
2870m, 1754s, 1577s, 1558sh, 1453m, 1367m, 12155, 1097s, 10525, 1028s. 'H-NMR: 7.45-7.05
(m, 20 arom. H); 4.95-3.60 (m, 16 H); 2.00 (s, CH;). 3C-NMR: 169.53 (s); 138.30 (s); 137.79 (s);
13736 (s); 137.11 (s); 128.50 (d); 128.24 (d); 128.15 (d); 128.10 (d); 128.01(d); 127.83 (d); 127.78 (d);
127.65 (d); 127.53 (d); 127.44(d); 127.29 (d); 12699 (d); 109.46 (s); 80.83 (d); 77.89 (d); 76.25(d);
7591 (1); 74.80 (1); 74.11 (d); 73.56 (£); 73.20 (1); 68.56 (¢); 60.97 (1); 20.39 (g). MS (70 eV): 594 (< 1),
552 (< 1). 443 (< 1), the other peaks corresponded to those of 9.

C37H39NOg (64173)  Cale. C69.25 H6.13 N2.19% Found C69.54 H6.36 N2.16%

1-O-Acetyl-2, 6-anhydro-3,4, 3, 7-tetra-O-benzyl-D-glycero-p-galacto-heptitol (11). A) From 9. De-
nitration of 51 mg (0.08 mmol) of 9 was terminated after 2!, h (TLC, hexane/AcOEt 3:1). Evaporation
of the solvent and flash chromatography of the residue (15 g SiO,, hexane/Et,0 2:1) gave 40 mg (84%)
of 11, [a}p= +5.7° (c=1.3, CHCl3). IR: 3090w, 3065w, 3030 sh, 3005m, 2870m, 1740s, 1495w, 1453s,
13775, 12255, 1135sh, 1110s, 1050s, 1028s, 694m. 'H-NMR: 7.50-7.05 (m, 20 arom. H); 5.15-4.40
(m, 8 H); 4.40-3.32 (m, 9 H); 1.97 (s, CH3). 3C-NMR: 170.44 (5); 13831 (s); 138.14 (s); 128.36 (d);
128.19 (d); 128.07 (d); 127.95 (d); 127.78 (d); 127.56 (d); 127.44 (d); 84.83 (d); 79.88 (d); 75.74 (d);
75.22 (d,1); 74.18 (1); 73.42 (d,1); 72.63 (1); 69.45 (1); 63.59 (1); 20.91 (g). MS (70 eV): 505 (2), 446 (<0.2).
413 (<0.2).291 (<0.5), 201 (1), 181 (7). 105 (3). 91 (100), 57 (22), 43 (15).

C37Hy007(596.73)  Cale. C7447 H6.76% Found C74.63 H7.01%

B) From 10. In an analogous way, denitration of 60 mg (0.09 mmol) of 10 gave after flash
chromatography (25 g SiO,, hexane/Et;0 2:1) 27 mg (49%) 11. The '"H-NMR and IR spectra of this
product were identical with those in 4.

2,6-Anhydro-p-glycero-p-galacto-heptitol (13) [49]. A solution of 480 mg (0.8 mmol) of 11 in
40 ml of a 2% solution of NaOMe in MeOH was kept for 1 h at r.t. Usual workup (Et,0, H,0) gave
428 mg (96%) of 12. Slightly yellow oil, [a]= +15.1° (c=1.5, CHCl3). IR: 3590w, 3480 br., 3085w,
3065w, 3030 sh, 3002m, 2865m, 1495m, 1454m, 1362m, 1086s, 1047s, 1028s, 909s, 690m. 'H-NMR:
7.48-7.05 (m, 20 arom. H); 5.07-4.40 (m, 4 CH,Ph); 4.07-3.25 (m, 9 H); 1.95 (br., OH).
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A solution of 120 mg (0.22 mmol) of 12 in 2.2 ml of AcOH was hydrogenated for 2.5 h in the
presence of 60 mg of 10% Pd/C. After disappearance of the starting material (TLC, EtOH/H,0 7:3),
the precipitate was filtered off (Celite) and washed with EtOH. The filtrate was concentrated and the
residue was purified by chromatography (10 g SiO,, EtOH/H,0 9:1) and then by distribution between
H,O and AcOEt. Lyophilisation of the aq. solution yielded 36 mg (85%) of 13 as a colourless solid,
which was crystallized from EtOH, m.p. 129-130° ([49]: 142-144°), [a} = —33.4° (c=1.5, H,0) ([49]:
[alp= —33.6°).

C7H406(194.19) Calc. C4330 H727% Found C43.55 H 7.35%

trans- and cis-4-(tert-Butyl)-1-nitrocyclohexylmethyl acetates (15 and 16, respectively). A stirred solu-
tion of 110 mg (0.59 mmol) of 1-(tert-butyl)-4-nitrocyclohexane (14) [51], 178 mg (5.9 mmol) of para-
formaldehyde and 16 mg (0.12 mmol) of K,CO; in 3.5 mi of anh. MeOH was kept at r.t. until 14
had disappeared (3/, h; TLC, hexane/AcOEt 7:3). The mixture was diluted with 10 ml of Et,0O.
Usual workup gave a colourless solid (19 and 20). Acetylation of this solid gave, after flash chromatog-
raphy (20 g Si0y, hexane/AcOFEt 20:1), 104 mg (68%) of 15 and 46 mg (30%) of 16.

Data of 15. M.p. 84-86° (from hexane). IR: 3020w, 2960s, 2910 sh, 2870m, 2845w, 1746s, 1736 sh,
1545s, 1476w, 1458m, 1450m, 1428m, 1375m, 1365s, 1350w, 1336w, 1324w, 1220s, 1152s, 1142m, 838w.
TH-NMR: 4.29 (s, CHyOAc); 2.72 (d, J=12, Heq—C(2), Heq—C(6)); 2.11 (s, CHy); 1.95-1.00 (m, 7 H);
0.90 (s, 3 CHj3). 13C-NMR: 169.78 (s); 89.11(s); 69.75 (1); 46.82(d); 32.31(s); 31.58(r); 27.30(q);
22.55(9); 20.46 (g). MS (70 eV): 211 (< 1), 201 (4), 154 (6). 135 (6), 111 (7), 95 (21), 94 (25), 93 (41),
81 (10), 79 (16), 57 (100).

C;3HpNO,4 (257.33)  Cale. C60.68 H9.0l NS544% Found C6091 H9.06 N 529%

Data of 16. Colourless oil, b.p. 125°/0.01 Torr. IR: 3020w, 2965s, 2910 sh, 2875m, 1748s, 1736 sh,
1545s, 1480 sh, 1462m, 1448m, 1388m, 1374s, 1368s, 1339w, 1272sh, 1220s, 1050s. 'H-NMR: 4.53
(s, CH,0Ac); 2.47-1.50 (m, 6 H); 2.03 (s, CHj3); 1.43-0.97 (m, 3 H); 0.87 (s, 3 CHj3). 13C-NMR:
169.71 (5); 89.06 (s); 63.23 (1); 46.67 (d); 32.07 (s); 31.63 (1); 27.29 (g); 23.67 (1); 20.36 (g). MS: indistin-
guishable from that of 15.

C13Hp3NO, (25733)  Cale. C60.68 H90l N544% Found C60.68 HB879 N5.19%

The corresponding alcohols 19 and 20 were obtained by flash chromatography (SiO,, hexane/
AcOEt 10:1) of the crude addition product.

trans-4-(tert-Butyl)-1-nitrocyclohexylmethanol (19). M.p. 125-126°. IR: 3620m, 2965s, 2875m, 1538s,
1462m, 1447m, 1433m, 1370m, 1100w, 1060m, 840w. 'H-NMR: 3.75 (s, CH,0); 2.68 (d, J=12,
Heq—C(2), Heqg—C(6)); 2.20 (br., OH); 1.90-0.93 (m, 7 H); 0.87 (s, 3 CHy).

cis-4-tert-Butyl-1-nitrocyclohexylmethanol (20). M.p. 97.0-97.5°. IR: 3600m, 2970s, 2880m, 1538s,
1465m, 1400w, 1372m, 1344w, 1066s, 983w, 930w, 867w. IH-NMR: 4.00 (d, J=6, CH;0); 2.53-0.98
(m, 10 H); 0.88 (5, 3 CH3).

trans- and cis-4-(tert-Butyljcyclohexylmethyl acetates (17 and 18, respectively). A) From 15. Acetate 15
(100 mg, 0.39 mmol) was treated with Bu3SnH as described above. After 7 h, TLC (hexane/AcOEt 10:1)
indicated the disappearence of 15. The mixture was concentrated and the residue was purified by
flash chromatography (25 g Si0, hexane/AcOEt 40:1) yielding 78 mg (95%) of 17/18 (83:17, by
IH-NMR and GLC (140°)), colourless oil, b.p. (mixture) 125-130°/15 Torr. IR: 2940s, 2920 sh, 2880,
1727s, 1468w, 1450w, 1392w, 1365m, 1248s, 1220s, 1034m, 1025sh. 'H-NMR: 4.05 (d. J=17.5,
0.17 CH,0Ac); 3.84 (d J=6.0, 0.83 CH,0Ac); 2.03 (s, CH3); 1.96-0.90 (m, 10 H); 0.86 (s, 3 CHj3)
([52]: 4.03 (CH,0Ac of 18) and 3.81 (CH;0Ac of 17)). BC-NMR. 17: 170.93 (s); 69.64 (7); 48.03 (d);
37.24 (d); 32.41 (s); 30.12(2); 27.55 (q); 26.66 (1); 20.91 (g). 18: 164.05, 65.42, 48.30, 32.51, 31.69, 27.71,
27.47, 22.04, 20.99, ([52]: 64.81 (C(1) of 18); 69.54 (C(1) of 17). MS (70 eV): 157 (2), 156 (2), 152 (9),
137 (8), 97 (42), 96 (32), 95 (40), 94 (11), 81 (56), 79 (15), 68 (12), 67 (34), 61 (14), 57 (100), 56 (46),
54 (11), 43 (73).

C13HpuO; (21234)  Cale. C73.54 H1139% Found C 7326 H11.67%

B) From 16. An analogous denitration of 190 mg (0.74 mmol) of 16 gave 143 mg (91%) of 17/18
with the same ratio of the trans- to cis-isomer.



2220 HEeLVETICA CHIMICA ACTA — Vol. 66, Fasc. 7 (1983) — Nr.219

The mixture 17/18 was deacetylated by 2% NaOMe in MeOH giving 21/22. A mixture of 21 and 22
(81:19 by 'H-NMR) was also obtained by denitration of 19 or 20. B.p. (mixture) 120°/15 Torr. IR (CCly):
3640m, 3350 br., 2940s, 2860s, 1478m, 1468m, 1449m, 1392m, 1364s, 1236w, 1082w, 1032s, 1021m, 1008m.
TH-NMR (CCly): 3.48 (d, J=1.5, 0.19 CH,0); 3.30 (d, J=6.0, 0.81 CH,0); 2.89 (s, OH); 2.00-0.55
(m, 10 H); 0.86 (s, 3 CHa); ([53]: 3.47 (d, J="7, CH,0 of 22); 3.29 (d, J=75, CH;0 of 21)).

The mixture 21/22 was transformed into the toluenesulfonates 23/24 [54], which were separated by
analytical HPLC (Zorbax-NH;, hexane/THF 97:3) into 23, m.p. 95-96° ([54]: 95.5-96.0°) and 24, m.p.
82-83° ([54]: 83-84°).

4, 7-Anhydro-2, 3-dideoxy-5, 6: 8, 9-di-O-isopropylidene-D-glycero-n-galacto-nonononitrile (26). To the
degassed solution of 200 mg (0.58 mmol) of 25 [31] and 20 mg (0.12 mmol) of AIBN in 7.6 ml of
benzene was added slowly (1% h) a solution of 770 pl (2.90 mmol) of Bu3SnH in 2.4 ml of benzene.
The mixture was kept under reflux until 25 had disappeared (6 h, TLC, hexane/AcOEt 1:1)!13). The
solvent was evaporated. Flash chromatography (25 g SiO», hexane/Et,O 2:1) of the residue separated
only the excess of Bu3SnH from the mixture. Prep. HPLC (Zorbax-Sil, hexane/EtyO 2:1) of the
sirupy crude product afforded 100 mg (58%) of 26 as the main product. The IR spectra of 3 by-products
(small amounts) were not compatible with the structure of the epimer of 26.

Data of 26. B.p. 135-140%/10~* Torr, [af§=—21° (c=15, CHCly). IR: 29955, 29405, 2870m,
2250m, 1455m, 1384s, 1374s, 1230s, 1163s, 1111s, 1070s, 1053 sh, 998m, 982m, 866m, 842s. 'H-NMR
(200 MHz): 4.82 (dd, J=6.1 and 3.5, H~C(6)); 4.68 (dd, J=6.1 and 3.8, H-C(5)); 4.48-4.33 (m,
H—C(8)); 4.17-3.98 (ddd, AB-part of an ABX-system, H,C(9)); 3.72-3.60 (m, H—C(4)); 3.56 (dd,
J=173 and 3.5, H=C(7)); 2.60-2.45 (m, H,C(2)); 2.22-1.88 (m, H,C(3)); 1.45 (s, CHs); 1.44 (s, CH3);
137 (s. CH3); 1.33 (s, CHj). 13C-NMR: 118.98 (s); 112.10 (s); 108.53 (s); 81.23 (d); 80.68 (d); 80.47 (d);
79.20 (d); 72.67 (dy; 66.36 (1); 26.57 (g); 25.39 (q); 25.01 (q); 24.35 (g); 24.22 (1); 13.86 (1). MS (70 eV):
282 (22), 239 (1), 224 (4), 164 (7), 123 (11), 101 (47), 95 (16), 59 (19), 43 (100).

C1sH23NO5 (297.36)  Cale. € 60.59 H7.80 N4.71% Found C6035 H7.68 N 4.69%

6-Acetoxy-7, 10-anhydro-1,2: 3,4:8,9: 11, 12-tetra-O-isopropylidene-a -p-erythro-L-manno-p-galacto-
dodeco-1,5-pyranose (28). A solution of 230 ul (0.87 mmol) of BusSnH in 0.5 ml of benzene was added
dropwise to a solution of 100 mg (0.17 mmol) of 27 [31] and 12 mg (0.07 mmol) of AIBN in 3.4 ml
of benzene. The mixture was kept under reflux for 10 h until 27 had disappeared (TLC, CHCl3/
AcOEt 9:1). After evaporation of the solvent, the residue was purified by flash chromatography
(15 g SiO,, hexane/Et,O 6:4) yielding 85 mg (89%) of 28 as a colourless foam, m.p. 174-175° (dec.),
fallg= —45° (c=1.2, CHCL). IR: 2990s, 2935m, 1745s, 1452w, 13825, 1370s, 12255, 1166s, 1095s,
1070s, 1045 sh, 1005s. 'H-NMR (200 MHz): 5.71 (dd, J=9.3 and 4.9, H-C(6)); 549 (d J=5.1,
H—-C(1)); 4.89 (dd, J=6.4 and 3.7, H-C(8)); 4.70 (dd, J=6.4 and 3.8, H-C(9)); 4.61 (dd, J=28.0 and
2.5, H-C(3)); 4.40-4.16 (m, H-C(2), H-C(4), H-C(5), H~C(11)); 4.11-3.95 (ddd, AB-part of an
ABX-system, H,C(12)); 3.77 (dd, J=4.9 and 3.7, H-C(7)); 3.44 (dd, J=6.7 and 3.8, H-C(10));
2.03 (s, CH3); 1.57 (s, CHy); 1.44 (s, CHj), 1.40 (s, 2 CH;); 1.35 (s, CHj); 1.32 (s, CH3); 1.30 (s, CH3);
1.25 (5, CHj3). BC-NMR: 169.21 (s); 112.37 (s); 109.54 (5); 108.86 (5); 96.43 (d); 81.30 (d); 80.32 (d);
80.15 (d); 79.72 (d); 73.29 (d); 70.56 (d); 70.06 (d); 66.66 (¢); 66.58 (d); 26.60(q); 25.91(q); 25.75(q);
25.55 (g); 25.47 (q); 24.91 (q); 24.56 (g); 24.23 (g); 20.83 (g). MS (70 eV): 544 (< 1), 529 (29), 486 (1),
471 (2). 443 (2), 293 (5), 251 (5), 235 (5), 193 (8), 151 (6), 141 (6), 129 (6). 113 (18), 101 (60), 100 (38),
85 (17). 71 (17). 59 (28), 43 (100).

C26H40012 (54460) Calc. C57.34 H 7.40% Found C5743 H 7.14%

1-O-Acetyl-2, 5-anhydro-3,4-O-isopropylidene-6-O-trityl-D-allitol (32) and -D-altritol (33). A) From 30.
Denitration of 800 mg (1.5 mmol) of 30 [31] afforded after 6 h (TLC, toluene/AcOEt 15:1) and
purification by flash chromatography (80 g SiO;, hexane/Et,O 4:1) 656 mg (90%) of 32/33 as a colourless
oil, slowly crystallizing from a concentrated E,O solution, m.p. 92-100°. Anal. HPLC (Zorbax-0DS,
MeOH/H,0/acetonitrile 1:34:65, 50°, k’=3.8 and 4.1) indicated a ratio of 46:54. 'H-NMR: 7.65-7.10
(m, 15 arom. H); 4.95-4.05 (m, H,C(1), H-C(2), H—C(3), H-C(4), H-C(5)); 3.50-3.05 (m, H,C(6));
2.12 (s, 1.6 CH3); 1.95 (s, 1.4 CH;3); 1.55, 1.49 (2 5, CHj); 1.35, 1.32 (2 5, CH3).

13y Detection: spraying with a vanillin reagent (1 g vanillin, 400 ml MeOH and 100 ml 50% aq. H,SOy),
followed by heating to about 200°.
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B) From 31. Denitration of 40 mg (0.075 mmol) of 31 [31] afforded after 8 h and flash chroma-
tography (15 g SiO,, hexane/Et,0 4:1) 32 mg (87%) of 32/33 in a ratio of 48:52 (\H-NMR).

1-O-Acetyl-2, 5-anhydro-3,4-O-isopropylidene-p-allitol (34) and -D-altritol (35). According to [57] a
solution of 290 mg (0.59 mmol) of a mixture of 32/33 in 70 ml of 1% MeOH in CH,Cl, was treated
with 12 mg of anh. FeCl;. After 2 h at r.t. 0.5 g of NayCO5 - 10 H;O was added, the mixture filtered
and the solvent evaporated. Flash chromatography (45 g SiO,, hexane/AcOEt 6:4) of the residue gave
48 mg (34%) of 34 and 65 mg (44%) of 35 as colourless oils.

Data of 34. [af=—62° (c=10, CHCl). TR: 3605w, 3030 sh, 2990m, 2935m, 2880 sh, 1742s,
1453w, 1383s, 13725, 12205, 1157m, 1116m, 1078s, 10415, 862m. 'H-NMR: 4.70 (dd, J="7 and 4, H-C(1));
4.52 (dd, J=7 and 3, H=C(1)); 4.35-4.00 (m, 4 H); 3.80 (dd, J= 12 and 3, H—C(6)); 3.60 (dd, J=12
and 4, H-C(6)); 2.43 (br., OH); 2.10 (s, CHj); 1.54 (s, CH,); 1.34 (s, CHj).

CpH 306 (246.26) Calc. C 53.65 H737% Found C53.60 H 7.26%

Data of 35. [alf§=+10.8° (c= 1.1, CHCly). TR: 3630w, 3030 sh, 2998m, 2942m, 2880 sh, 1740s,
1456w, 1386s, 13755, 12305, 1165m, 11225, 10785, 1040s, 875m. 'H-NMR: 4.90-4.00 (m, 6 H); 3.67
(t, J=4.5, H,C(6)); 2.22 (br., OH); 2.10 (s, CH3); 1.48 (s, CHs); 1.33 (s, CHa).

C;iHjg0¢ (246.26) Calc. C53.65 H737% Found C53.84 H 7.44%

1,6-Di-O-acetyl-2, 5-anhydro-3,4-O-isopropylidene-p-allitol (36). Acetylation of 48 mg (0.20 mmol)
of 34 gave after chromatography (10 g SiO;, hexane/Et,O 2:1) 42 mg (75%) of 36, b.p. 100°/10~4 Torr.
IR: 3025 sh, 2985w, 2925w, 2895 sh, 17425, 1450w, 1381m, 1370m, 1220s, 1155m, 1080s, 1040s, 862m.
TH-NMR: 4.55 (br.s, H-C(3) and H-C(4)); 4.45-3.95 (m, H,C(1), H-C(2), H—C(5) and H,;C(6));
2.10 (s, 2 CH3); 1.55 (s, CH;); L35 (s, CH3). BC-NMR: 170.34 (s); 114.43 (s); 8227 (d); 81.90(d);
64.25 (1); 27.37 (9); 25.48 (g); 20.77 (g)- MS (70 eV): 273 (24), 153 (25), 111 (12), 69 (15), 68 (15),
59 (11), 43 (100).

Ci3Hz07 (288.30)  Cale. C54.16 H6.99%  Found C 53.89 H 7.16%

1,6-Di-O-Acetyl-2, 5-anhydro-3, 4-O-isopropylidene-p-altritol (37) [56]. Acetylation of 65 mg (0.26
mmol) of 35 gave after chromatography (15 g SiO,, hexane/Et,O 2:1) 72 mg (96%) 37, b.p. 115-120°/
1074 Torr. [a}f) = + 1.6° (¢= 1.2, CHCly; [56]: +3° (CHCl3)). 'H-NMR: same as in [56].
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