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Asymmetric Diels-Alder reaction of sorbaldehyde O -methyloxime 1d with chiral chloronitroso derivative 2 of
D-mannose, followed by osmylation of the primary cycloadduct, led to diol 6a with excellent enantioselectivity
(ee > 99%; Scheme 1). Catalytic hydrogenolysis of 6a gave 1,6-dideoxy-p-allo-nojirimycin (7a). Nucleophilic ring
opening of cyclic sulfate 8 allowed a straightforward synthesis of 1,6-dideosynojirimycin (11) and of 1,6-dideoxy-
D-gulo-nojirimycin (12; Scheme 2).

Introduction. — The 1,5,6-trideoxy-1,5-iminohexitols (w-deoxyazasugars), which are
2-methylpiperidinetriols, are interesting compounds because of their L-fucosidase- and
glycosyl-transferase inhibitory properties [1] [2]. The fucose derivative 1,5-dideoxy-1,5-
imino-L-fucitol is a potent o -L-fucosidase inhibitor [4] [5]. A number of such iminoalditol
derivatives have been synthesized via chemical transformation of naturally occurring
saccharides [3] [4] [6] [7] or by biochemical synthesis using aldolases [2] [5] [8].

We describe herein the synthesis of three chiral 5S-amino-1,5,6-trideoxysugars, 7a, 11,
and 12, belonging to the p-allo, D-gluco, and D-gulo series, respectively. The applied
methodology has already been developed in the racemic series by hetero-Diels-Alder
cycloaddition of sorbaldehyde (hexa-2,4-dienal) dimethyl acetal (1b) with acyl-nitroso
dienophiles as the key step [9] [10]; osmylation of the adduct and hydrogenolysis of the
N-O bond led to 5-amino-5,6-dideoxy-Dr-allose and to racemic (£)-7a [9]. To obtain
enantiomerically pure aminosugars, we used chloronitroso dienophile 2 [11]. Asymmetric
hetero-Diels-Alder addition of 2 with acetal 1b gave the primary cycloadduct in moderate
yield only [12]; to the contrary, the O -methyloxime 1d led ¢asily to the chiral p-allo-aza-
sugar 7a; mono-inversion of the intermediary diol gave access to the b-glucose and to the
D-gulose series. Using a similar approach, the L-allo compound had been prepared by
Wyatt et al. by reaction of the cyclic sorbaldehyde-ephedrine amino-ether derivative with
an acylnitroso dienophile [13]. The D-gluco compound 11 had been obtained by Wong et
al. using aldolases along with some chemical reactions [1] [8]. A preliminary communica-
tion for the synthesis of 7a from 1d was published [14].

Diels-Alder Cycloadditions and Osmylations. — D-Allose Series. Kresze, Vasella, and
coworkers demonstrated that chiral chloronitroso dienophile 2 reacts with 1,4-disubsti-
tuted dienes, particularly with ethyl sorbate (= ethyl (E,E)-hexa-24-dienoate), in
MeOH/CHCI, to give optically active N-substituted 3,6-dihydro-2 H -oxazines with excel-
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lent enantiomeric excess, along with mannonolactone § [11]. When we applied these
conditions to sorbaldehyde 1a or its dimethyl acetal 1b, no corresponding cycloadducts
were obtained (different conditions were required for this purpose [12]); the only product
which could be identified was 3-hydroxy-6-methylpyridine. The known oxime 1e [15]
did not lead to any well defined cycloadducts either. However, the O-methyloxime 1d
underwent the expected cycloaddition (Scheme 1).
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The (Z)/(F)-oxime mixture 1d was easily prepared by condensation of sorbaldehyde
1a with O-methylhydroxylamine in EtOH. As already observed in the racemic series [12],
the reaction of 1d with dienophile 2 in MeOH/CHCI, at —10° was a concerted reaction
and led to a cis/trans mixture 3a/3b, since diene 1d was a 88:12 mixture of the (2E,4E)-
and (2E,4Z)-isomers. Furthermore, both 3a and 3b were (EF)/(Z)-oxime mixtures. Ad-
ducts 3a/3b were separated from mannonolactone § by water extraction and N-protected
{benzyl chloroformate/Na,CO,) at once to give 4a/4b. As observed previously [9] [10], the
sterically more hindered trans-isomer 4b did not react in the subsequent hydroxylation
with catalytic osmium tetraoxide/N -methylmorpholine ¥ -oxide (NMO) in acetone/H,O
[16], whereas the cis-isomer 4a led to diol 6a which was easily separated by chromatogra-
phy (albeit as a (E)/(Z)-oxime mixture). Hydrogenolysis over Pd/C of 6a gave directly
1,6-dideoxy-D-allo-nojirimycin (= 1,5-imino-1,5,6-trideoxy-p-allitol; 7a) which was
characterized as its crystalline tetraacetate 7b.

This straightforward five-step synthesis of allo-aminosugar 7a was achieved with
acceptable overall yields (32% from 1a) and excellent enantiomeric excess (ee). Similar
yields were obtained for the synthesis of racemic (+)-7a using acylnitroso dienophiles (ca.
35% from 1a [9] [10]). The previously reported asymmetric synthesis of 7a (by us) was
achieved in 20 % overall yield from 1a [12] and for the L-enantiomer in only 10% [13].
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D-Glucose and D-Gulose Series. To enter the D-glucose and D-gulose series from the
preceding D-allose one, a single and specific configurational inversion was required. For
that purpose, we used the Sharpless method, i.e., formation of a cyclic sulfate followed by
a nucleophilic ring opening[17]. Thus, reaction of 6a with thionyl chloride in pyridine and
oxidation of the cyclic sulfites with Ru""/NalQ, led to cyclic sulfate 8 (74%). Nucleo-
philic ring opening with ammonium benzoate in DMF followed by acid hydrolysis of the
sulfate monoester and by saponification of the benzoate ester led in 53 % overall yield to
a 85:15 mixture of trans-diols 9a and 10a. The preferred formation of 9a resulting from
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inversion at C(3a) of § can easily be rationalized by stereoclectronic requirements: axial
nucleophilic attack at C(3a) of 8 is obviously preferred over an equatorial one at C(7a).
Separation of the diols was performed by flash chromatography after reductive N-depro-
tection (hydrogenolysis over Pd/C at room temperature) to 9b/10b, yielding 9b as a
crystalline compound and 10b as an oil. Hydrogenolysis at 55° of the major product 9b
led directly to enantiomerically pure piperidinetriol 11, i.e., to 1,6-dideoxynojirimycin,
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and hydrogenolysis of the minor compound 10b gave 1,6-dideoxy-D-gulo-nojirimycin
(12). The 1,6-dideoxynojirimycin (11) was obtained in 6 % overall yields from 1a.

Absolute Configurations. — Kresze, Vasella, and coworkers have already demon-
strated that hetero-Diels- Alder cycloaddition of ethyl (E, E)-hexa-2,4-dienoate with chiral
dienophile 2 gave the (3R,6R)-cycloadduct with ee > 95% [11b]. Since we use a similar
diene and the same chiral dienophile 2, we can conclude that the major cycloadduct 3a
has also the (3R,6R)-configuration. Consequently, the target molecules 7a, 11, and 12
appear to be D-piperidinose derivatives. This point was confirmed for compounds 7a and
11 by comparison with reported data [8c] [13] (see below). The ee values were measured
using HPLC (Chiralpack AD and Chiralcel OD) by comparison of the major chiral diol
6a with the racemic (+)-6a: ee > 99 % for 6a. Racemic (£)-6a was prepared by reaction of
1d with the acylnitroso derivative BnOCONO [10} (— (£)-4a/(£)-4b) followed by osmy-
lation and chromatographic separation.

Structural Analyses. — All oximes described above were mixtures of a major (£)- and
a minor (Z)-oxime, with the exception of 10a ((E)-oxime only). The NMR data (CDCl,)
of each pair of (E)- and (Z)-0 -methyloximes are quite similar (the signals of H—C(1") at
the C=N bond appears at ca. 7.5 ppm for the (E)-oximes and at ca. 6.7-7.0 ppm for the
(Z)-oximes; see Table 1).

The conformation of the N-acylated diols 6a, 9a, and 10a could be determined as a
consequence of the severe steric interaction between the N-acyl substituent and the
vicinal Me—C(3) group. To minimize the above cited steric interaction [18], this latter
group appears to be strictly axial. Chiral diol 6a is analogous to the racemic diol we
had synthesized from sorbaldehyde dimethyl acetal using a similar methodology
(MeON=CH moiety replaced by (MeO),CH)[10]. J Values and, therefore, conformation
and relative configuration are closely related (see 6a in Scheme 2); e.g., H—C(5) and
H—C(6) are both axial (large J(5,6) values). As to diol 9a, all *J values are small, and since
H—C(5) is now equatorial, a W-type long-range coupling *J(3,5) appears. Diol 10a shows
some large *J, iLe., J(4,5) and J(5,6) indicating that H—C(4), H—C(5), and H—C(6) are
axial. Thus, the configurations at C(5) in 9a and C(4) in 10a are inverted with respect to
the ones of 6a (see Scheme 2).

N-Deprotection of 9a led to 9b which has a different conformation (in D,0),
Me—C(3) being now equatorial and H-C(3), H—C(4), and H-C(5) being axial (large
J(3,4) and J(4,5) values). This effect is not general; 6b appears to be in a conformational
equilibrium and 10b seems to be in the same conformation as N-acylated 10a.

Stereostructures of aminodeoxypiperidinose sugar derivatives 7a, 11, and 12 follow
from those of their oxazanediol precursors. Since the ring N-atom is no longer acylated,
the vicinal Me—C(3) substituent is equatorial and dictates the conformation of the
piperidine ring. '"H-NMR Data of these compounds are characterized by large J(1a,2)
values which correspond to the axial H—C(2) (Table 2). All substituents of the glucose
derivative 11 are equatorial, the corresponding vicinal H,H-coupling constants being
large. The L-enantiomer of 1,6-dideoxy-D-allo-nojirimycin (7a) has already been de-
scribed [13]. The "H-NMR data of the latter are very similar to those of 7a and the [a],
values of the corresponding tetraacetyl derivatives are opposite. 'H- and *C-NMR Data
and [a], of 1,6-dideoxynojirimycin (11) are known [8c] and parallel those of the com-
pound synthesized by us.



HELVETICA CHIMICA ACTA — VOl.79 (1996)

564

01 69 €T 9t I'¢ 8¥ 001 LTl 971 9°¢ 16'¢ €0t (484 SI°E 0°€¢ 4|
£9 96 16 16 s 601 €Tl 9I'l $$T €0°€ 6T°€ (45 60°¢ 8Y'T T
0’1 9 001 LT 8T €5 011 rArdl 1 €LT €TE 90y L€ 8LT 69T 172
€Dr ©09r  Ewr Gor €9r @)r (@er (GieDr SN ()Do-H »do-H ©0-H @0-H (MO—"H (1O>—"H

"dSL(*Q) prepuess feurnuy 'zH ul ¢ ‘wdd ut ¢ Y 00¢ ‘ZHW 0§ "TL pup ‘11 ‘8L sav3nsdxoapoupuy fo (OFQ) v1ivq Y WN-H,; 'T1GBL

"PAUIIAPION (y O U ZH I'T = (€)1 (,
7 owiayag Ul JULIBQUINU ONEWI)SAS (B9 AYI| PAIdQUINU SI § “DUIUAUD 104 (3 "N 67€ Vv (; °A®D Ul £ 1967 :(P)O~HO ‘Tt (($)O~HO  "0v = ($D-HOS)r
ST HD-HO 16T HHO-HO (; M eee v (o wdd L€/ 38 H—Iv "dnoss [Azuag (; "spunodwod parpuis [[e Jo INON=HD 10§ P3STL 1 (,1)D—H “30UIUSAUOD 10 (,

I's 8 ‘07 8 2 rv2 69 88'¢ - 74! £PL WY SL'E SL'E e () q01
0t ¥'6 I'6 8 0L 06°¢ 0T’s 671 L 61t 96°¢ 6L'E 95t (7) L11)!
19 6'S (4 9'8 99 16'¢ - ST'1 7L 0T's 06'¢ LY'E £0°¢ W(2)

6 19 I's 68 99 16'¢ - P11 18°L we 06'¢ LY'E S0°€ (€c)] %6
P 0T I'e 61 €L 88°¢ (449 8’1 9.9 8T'S 104 6L'E 8T (2

€9 Sl I'¢ 81 €L 06'¢  TTSITS 67’1 05°L 9Lt 96°¢ 38'¢ 6Ty (@D L3
€ $'6 Lt 91 ¥L 6'€ ST'§ 141 9L 98t s 00°§ 3:27 (1) (8
(%4 £¢ £¢ $'9 L9 06'€ - 81T €0°L 06'+ 86°€ 6v°€ 44 (2)

(14 oL €€ 4 69 L8E - vl L 8¢y 107 EL'E €€ (@ Q9
8¢ 001 o€ v €L 16'c  €T°S 8I°S 1€°1 SL'9 91°S ¥8°€ ¥8€ 397 ((2)

(14 9'6 [43 4 'L 88°¢  TTS6IS (431 PrL €9% 80°F 88°¢ 4% 4 GG €9

GCror  ©9r  SYr For GWOr 0N G*HD W GLDO-H ©@D~-H ©>-H Wd-H (©>-H

OIS prepuels ewu] ZH ul 7 ‘wdd w1 ¢ X 00€ “ZHW 05T "4 “BOL puv q°B6 ‘8 ‘q ‘89 souvzox( Jo (1OAD) viv@ YWN-H,; "1 S19EL



HEeLVETICA CHIMICA ACTA — Vol. 79 (1996) 565

The support of the Centre National de la Recherche Scientifique (URA-135) is gratefully acknowledged. We
also wish to thank the Fondation pour I'Ecole Nationale Supérieure de Chimie de Mulhouse for a Ph. D. grant to one
of us (H.S.), and Mrs. C. Strehler for the enantioselectivity data as determined by HPLC.

Experimental Part

General. Hexa-2,4-dienal was obtained from Lancaster, ammonium benzoate from Prolabo, RuCly-3 H,O
from Aldrich, and O-methylhydroxylamine- HCI, sodium periodate, 5% Pd/C catalyst, N-methylmorpholine-N-
oxide (NMO), OsO,, benzyl chloroformate, and tetrapropylammonium periodate (PryN)IO4 from Fluka. Am-
berlyst-15 (H™) was a gift from Rohm & Haas. SOCl, and Et;N were distilled. Usual solvents were freshly distilled,
CH,Cl, was kept over Na,COy5. Flash chromatography (FC): silica gel (Merck 60, 230-400 mesh). TLC: Al-roll
silica gel (Merck 60, Fys54). M.p.: Kofler hot bench or Biichi-SM P-20 apparatus; corrected. [ ]p Values: Schmidt-
Haensch-Polartronic- Universal polarimeter; at 20°. IR Spectra (cm™)): Perkin-Elmer 157 G and 590 B. 'H- and
BC-NMR Spectra: Bruker AC-F250, using double-irradiation techniques; SiMe, or natrium trimethylsilyl(D,)-
propionate ((D4)TSP) in D,O ((H-NMR) and CDCl;, CD;0D or (in D,0) CH,0H or dioxane (*C-NMR;
6(CDCl3) 77.0, 6(CD;0D) 49.0, in D,O § (CH;0H) 50,0, d(dioxane) 67.4 rel. to SiMe,) as internal standards;
¢ in ppm and J in Hz. High resolution (HR) MS: MAT-311 spectrometer; in m/z (%); measured at the Uni-
versity of Rennes. Microanalyses were carried out by the ‘Service Central de Microanalyses’ of the CNRS,
F-69390 Vernaison.

Hexa-2,4-dienal O-Methyloxime (1d). To a stirred soln. of NH,OMe-HCI (1.95 g, 23.4 mmol, 1.5 equiv.) inaq.
In NaHCO; (24 mi) and EtOH (20 ml), hexa-2,4-dienal (1a; 1.72 ml, 15.6 mmol) was added under Ar. After | h at
r.t., the mixture was extracted with Et,O, the org. soln. washed with H,O, dried (MgSO,), and evaporated to give
1d(1.4g,72%; (NE2EAE)(NZ2EAE)/(NE2EAZ)/(NZ,2EAZ) 63:23:10:4). Purification by distillation gave 1d
as yellowish resin or crystals. B.p. 63°/17 Torr. M.p. 13-14°. IR (CCl,): 2950, 2810, 1640, 1610, 1045, 990, 900, 860.
TH-NMR (CDCly): 7.78, 7.70, 7.09, 7.01 (4d, H—C(1) of (NE,2EAZ), (NE,2EAE), (NZ2EAZ), (NZ2EAE));
6.8-5.7 (m, 4 H); 3.92, 3.91, 3.88, 3.87 (45, MeO of (NZ,2E,4Z), (NZ,2EAE), (NE2EAZ), (NE,2EAE)); 1.82 (m,
Me(6)). No satisfactory elemental analysis.

(3R,6R)/(3S,6R)-3,6-Dihydro-3-methyl-2H-1,2-0xazine-6-carbaldehyde O-Methyloxime (3a/3b). To a soln.
of 2(3.82 g, 12.4 mmol, 1.1 equiv.) in CHCl; (38 ml) at —20°, 1d (1.41 g, 11.3 mmol) in EtOH (15 ml) was added.
The green soln. was stirred for 1 d at 0°, then 1.5 h at r.t. Et,O (50 ml) was added and the mixture extracted with 1N
HCI (5 x 10 ml). The combined aq. solns. were neutralized with 1N NaHCO; and extracted several times with
CHCl,. The org. phase was dried (MgSOy) and evaporated: 1.46 g (83 %) of 3a/3b 85:15 (NE)/(NZ) 2:1 to 3:1).

Benzyl (3R,6R)/(3S,6R)-3,6-Dihydro-6-[ (methoxyimino )methyl]-3-methyl-2H-1,2-0xazine-2-carboxylate
(4a/4b). To a stirred suspension of crude 3a/3b (1.46 g, 9.4 mmol) in IN Na,CO; (15 ml), benzyl chloroformate
(2.6 ml, 18.5 mmol) was added. After 6 h at r.t., the soln. was extracted with CH,Cl, and the org. phase dried
(MgSO,) and evaporated to give crude 4a/4b (3.63 g).

Benzyl (3R,4R,5R,6,8)-t-4,t-5-Dihydroxy-c-6-[ (methoxyimino )methyl |- t-3-methyl-1,2-oxazane-2-carboxy-
late (6a). To a stirred soln. of crude 4a/4b (3.63 g) in acetone (25 ml) and H,0 (10 ml) were added NMO (1.90 g,
14 mmol, 1.5 equiv.) and 5% OsQO, soln. in t-BuOH (9.3 ml) [16] [19]. After 4 days at 40°, some Na,SO; was added,
the acetone evaporated, brine (10 ml) added, and the soln. extracted with AcOEt (3 x 50 mli). The combined org.
soln. was dried (MgSO,) and evaporated and the crude 4b/6a chromatographed (silica gel (120 g), AcOEt): 4b (0.43
g, 16%) and 6a (2.25 g, 75%).

4b: Impure yellowish resin ((1I’E)/(1’Z) 2:1). '"H-NMR (CDCl,): 7.49 (d, J = 5.6, H—C(1") (E)); 6.92 (d,
J =42, H-C(1")(Z)); 5.9 (m, H-C(4), H-C(5)); 5.37 (¢, J = 5, H-C(6) (£)); 5.2 (m, CH,); 4.88 (¢, J = 5, H-C(6)
(E)); 4.50 (quint., J =7, H=C(3) (E)); 443 (m, H-C(3) (Z)); 3.86, 3.84 (24, MeO); 1.31, 1.30 (2d, J =6.7,
Me—C(3)).

6a: Yellowish resin ((1'E)/(1'Z) 74:26). [x ] = —41 (¢ = 1, CHCl). IR (CHCl5): 3500, 2950, 1710, 1410, 1310,
1140, 1090, 1050, 'H-NMR: Table 1. Anal. calc. for C;sH,oN,Oq (324.33): C 55.55, H 6.22, N 8.64; found: C 55.4,
H 6.4, N8.3.

Racemic (+)-6a. According to [20]: To a stirred soln. of 1d (0.2 g, 1.6 mmol) in CH,Cl, (2 ml) at 0° containing
some 4 A molecular sieves, (Pr,N)IO, (0.17 g, 0.5 mmol) and portionwise benzyl N-hydroxycarbamate [20]
(0.266 g, 1.6 mmol) were added. After 1 h, Et,O was added, the org. soln. washed with 1IN Na,CO; (containing some
NaHSO; for reduction of I,) and twice with H,O, the aq. soln. re-extracted with Et,O, and the combined org. phase
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dried (MgSO,) and evaporated. The crude adduct mixture (0.44 g) was osmylated as described for 6a in acetone
(4 ml) and H,0 (1.5 ml) with aqg. NMO (0.6 m!, 3.1 mmol, 2 equiv.) and 5% OsO, soln. (0.8 ml, and another 0.8 ml
after 8 h). After 1 day at 45°, chromatographic purification of the crude product gave impure (+)-4b (20 mg, 5%;
not further analyzed) and (&)-6a (0.27 g. 52%) as yellowish oil. Anal. calc. for C,sH,,N,O¢ (324.33): C 55.55, H
6.22, N 8.64; found: C 55.3, H 6.4, N 8.5.

HPLC Determination of ee Value of 6a. Two different HPLC columns were used. On a Chiralpak AD column
(hexane/i-PrOH 95:5, detection at 240 nm), (£)-6a showed an (R)/S ratio of 3603:3525 and 1 43.0 (3S,6R,VE/Z),
59.4 (3R,68,1’F), and 63.1 min (3R,68,1’Z); for purified 6a, fz was 59.8 min and no (35,6R) enantiomer was
detected ( < 0.5%). On a Chiralcel OD column (hexane/i-PrOH 95:5, detection at 240 nm), (+)-6a showed an
(R)/(S)ratio of 7242:7203 and 1 62.4 3RS,6SR,1°Z),73.0(3S,6R,1'E), and 85.4 min (3R,65,1"E); for chiral 6a, tp
was 63.6 (3R,65,1’Z) and 86.4 min (3R,6S,1'E) and no (35,6 R) enantiomer was detected ( < 0.5%).

1,5-fmino-1,5,6-trideoxy-p-allitol ( = 1,6-Dideoxy-p-allo-nojirimycin; 7a) [9]. A soln. of 6a (245 mg, 0.75
mmol) in H,O (2.5 ml) was hydrogenolyzed over 5% Pd/C (20 mg, after 8 h another 20 mg) at 50° for 1 d. After
elimination of the catalyst by centrifugation, the soln. was mixed with Amberlyst-15 (H"; 5 ml) and H,O (10 ml)
and stirred for 1.5 h. The resin was washed with H,O and extracted by stirring in IN NH,OH for 1 h and the aq.
soln. evaporated: 7a (79 mg, 72%). Brownish resin. 'H-NMR: Table 2 ; data similar to those of the L-isomer [13].
BC-NMR: 75.3 (C(4)); 72.7 (C(3)): 69.8 (C(2)); 50.1 (C(5)); 45.1 (C(1)); 18.2 (Me(6)).

(3R4R,5R,6S)-t-4,t-5-Dihydroxy-1-3-methyl-1,2-0xazane- c-6-carbaldehyde O-Methyloxime (6b). Hydro-
genolysis of 6a in EtOH at r.t. for 1 h gave 6b quantitatively. 'H-NMR: Tauble /.

2,3,4-Tri-O-acetyl-1,5-(acetylimino )- 1,5 6-trideoxy-p-allitol (Tb). At 30°, 7a (0.16 g, 1.1 mmol) was stirred for
2 d in pyridine (2 m}) and Ac,O (1 ml, 10 equiv.). MeOH was added and the soin. evaporated. Purification by FC
(AcOELt) gave 7b (0.12 g, 35%). Colorless crystals. M.p. 120° (i-Pr,0; [13]: 119-120° for L-isomer). [x]5 = +7
(c =1, CHCly; [13]: [x ] = —4 (c = 0.23, CHC,) for L-isomer). IR (KBr): 1745, 1730, 1650, 1440, 1373, 1250,
1228, 1070, 1055. *H-NMR (C,D,Cl,, 380 K; similar data is in [13]): 1.35 (d, J = 7.3, Me—C(5)); 2.04, 2.10, 2.11,
2.11 (45, 4 Ac); 3.27 (d, J = 15.2, H—C(1)); 440 (d, J = 15.2, H,,~C(1)); 4.74 (¢. J = 7.3, H-C(5)); 5.10 (dd,
J =24,4.6, H-C(4)); 5.21 (m, H-C(2), H-C(3)). Anal. calc. for C;4H, NO; (315.32): C 53.32, H 6.71, N 4.44;
found: C 53.1, H 6.7, N 4.3.

Benzyl (3aS,4S,7R,7aR )-3a,6,7,7a-Tetrahydro-4- (methoxyimino )methyl ]-7-methyl-4 H-1,3,2-dioxathiolo-
[4.5-d][ 1,2 Joxazine-6-carboxylate 2,2-Dioxide (8) [17]. To a stirred soln. of 6a (334 mg, 1.03 mmol) in CH,Cl, (3.3
ml) and Et;N (0.58 ml, 4.1 mmol) at 0°, a soln. of SOCl, (0.11 ml, 1.5 mmol) in CH,Cl, (0.3 m!) was slowly added.
After 10 min, Et,O (10 ml) was added and the org. soln. washed with H,0, dried (MgSO,), and evaporated. To the
crude oil in CHCl;/MeCN/H,O 3:3:5 (11 ml) at 0°, NalO, (0.4 g, 1.9 mmol, 1.9 equiv.) and RuCl;-3 H,0 (24 mg,
0.1 equiv.) were added under stirring. After 2 h, the same treatment as above gave 8 (283 mg, 74%). Yellowish oil
(VEY(1'Z)91:9). [«]¥ = —59 (¢ = 1, CHCI,). IR (CHCly): 2950, 1725, 1400, 1290, 1125, 1080, 1010. 'H-NMR:
Table 1. Anal. calc. for C;sH 3N,OqS (386.31): C 46.63, H 4.69, N 7.25, S 8.30; found: C 46.3, H4.5, N 6.8, S 8.0.

(3R, 4R,58,68)-t-4,c-5-Dihydroxy-r-3-methyl-1,2-oxazane- c-6-carbaldehyde ~ O-Methyloxime (9b) and
(3R,4S,5R 68 )-c-4,t-5-Dihydroxy-r-3-methyl-1,2-0xazan-c-6-carbaldehyde O-Methyloxime (10b). To a soln. of 8
(1.60 g, 4.13 mmol) in DMF (16 ml) was added ammonium benzoate (1.15 g, 2 equiv.). The soln. was stirred at 90°
for 1 d and then evaporated to give a brownish oil (3.8 g). This crude sulfate was stirred in a soln. of dioxane (20 mi)
with H,SO, (60 pl) and H,O (20 pl) at r.t. After 2h, Na,CO, (1 g) was added and the soln. evaporated. The crude
benzoate was dissolved in MeOH (20 mtl), and Na,CO; (1 g) was added. The soln. was stirred 5 days at 50°, then
filtered, and evaporated. FC (AcOEt/cyclohexane 7:3, silica gel (80 g)) gave purified 9a/10a 85:15 (0.71 g, 53%).
'"H-NMR: Table I.

A soln. of 9a/10a (0.71 g, 2.19 mmol) in EtOH (7 ml) was hydrogenolyzed over Pd/C (43 mg) at r.t. for 2 h.
After centrifugation, the soln. was evaporated, and FC (AcOEt, silica gel (40 g)) gave 9b (239 mg, 58%) and 10b
(46 mg, 11%).

9b: Colorless crystals. M.p. 144-145° (AcOEt). [a]8 = —127 (¢ = 1, MecOH). IR (KBr): 3480, 3190, 3050,
2930, 2895, 2700, 1455, 1330, 1175, 1050, 1000, 910, 878, 828. 'H-NMR: Table I. Anal. calc. for C;H ,;N,O,
€190.20): C 44.20, H 7.42, N 14.74; found: C44.5, H 7.8, N 14 4.

10b: Colorless resin. Only characterized by 'H-NMR: Table 1.

1,5-Imino-1,5,6-trideoxy-p-glucitol ( = 1,6-Dideoxynojirimycin ; 11). As described for 7a, with 9b (0.10 g, 0.5
mmol), H,O (1 ml), and 5% Pd/C (6 mg; 6 mg after 8 h): 11 (47 mg, 61%). Colorless resin. [x]¥ = +13 (¢ = 1,
H,0); [a]f = +11 (c = 1, MeOH); [8¢]: [2]¥ = +12 (¢ = 2.5, H,0). 'H-NMR: Table 2. "C-NMR: 79.3 (C(3)};
71.7(C(4)); 712.3 (C(2)); 56.2 (C(5)); 50.0 (C(1)); 18.2 (Me(6)); similar data as in [8c]. MS: 147 (3), 130 (8), 129 (13),
112 (10), 73 (11), 69 (11), 58 (23), 57 (100, 56 (50), 44 (84). HR-MS: 147.0885 (C¢H | 3;NO7; calc. 147.08954).
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1,5-Imino-1,5,6-trideoxy-D-gulitol ( = 1,6-Dideoxy-p-gulo-nojirimycin; 12). As described for 7a, with 10b
(31 mg, 0.16 mmol), H,0 (0.3 ml), and 5% Pd/C (2 mg; 2 mg after 8 h): 12 (17 mg, 71%). Colorless resin.
[2]p = —3(c = 1,H,0). '"H-NMR: Table 2. *C-NMR (D,0): 73.3 (C(4)); 71.7(C(3)); 67.2(C(2)); 49.3 (C(5)); 45.2
(C(1)); 16.0 (Me—C(5)). MS: 147 (4), 130 (4), 129 (4), 112 (9), 73 (7), 69 (5), 57 (65), 56 (32), 44 (100). HR-MS:
147.0902 (C4H,;NO7 ; calc. 147.08954).
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