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Abstract-New variations for 1.3-dipolar nitrile oxidecycloadditions to reluctant dipolarophiles furan and 2- 
methylfuran are presented. The furoisoxazoline adducts 6 and 7 are shown to represent highly advanced, yet 
versatile precursors for derivatives of novel C6 and C, amino sugar derivatives, accessible by subsequent 
highly stereoselective modification (addition of HO/OCH, or HO/OH) and/or LiAlH, reduction. 

INTRODUCTION 

Isoxazolines with additional oxy functions play a key 
role in a general scheme to synthesize amino polyols, 
amino sugars or amino acids from respective alkene 
and nitrile oxide building blocks.6 In each step of the 
isoxazolineroute7 (cycloaddition,chemo-regioselective 
modification, and reductive cleavage) significant 
stereoselection is achieved.6 With fully substituted 
aminodeoxyaldoses as the target class (cf. A), the 
specific problem to be solved at the isoxazoline 
precursor stage is to get access to the two series of 4- 
oxygenated isoxazolines, i.e. B and C of Scheme 1. 

The 4,5-trans(erythro) configuration, as depicted in 
B, could be obtained by regio- and stereoselective endo- 
deprotonation/hydroxylation.9 Subsequent reduction 
by lithium aluminum hydride’Osl’ gave access to the 
ribo series (synthesis of n,L-phytosphingosine).9s’ ’ It 
seemed equally desirable to build up the 4,S-cis 
arrangement, as shown by C, as this would create xylo 
and/or arabinojlyxo units on reduction.3*4*6 

Another problem concerns generating either relative 
configuration at the fourth stereocentre, located in the 
side-chain of respective isoxazolines, cf. D and E. 
Cycloadditions to derivatives of a-chiral allyhc 
alcohols were shown to lead to erythro products D 

preferentially,‘z which are precursors to ribo mm- 
pounds such as D-lividosamine.” However, the 
strategy leading to intermediates of type C. detailed 
below, implies an obvious solution to generate the 
(additional) threo(syn) relationship as shown in E. 

NITRILE OXIDE-FURAN CYCLOADDITIONS 

Cycloaddition constitutes the most straightforward 
approach to cis4oxygenated isoxazolines C (and 
tram isomers B). Yet, nitrile oxides are known to 
cycloadd to vinyl ethers or esters to furnish the 
undesired S-oxygenated derivatives with high re- 
gioselection. l4 This is well rationalized for the parent 
compounds using MO arguments,1c17 and ap- 
parently applies likewise to variously substituted enol 
derivatives that we have prepared and submitted to 
nitrile oxide cycloadditions.4 

Our efforts, based on results of uryl nitrile oxide 
reactions with furans as reported by Caramella, 
Griinanger, Houk and co-workers’*-19 at first gave low 
yields of monocycloadducts when aliphatic nitrile 
oxides were used. This is not surprising, as nitrile oxide 
dimerization to give furoxans is the usual, dominating 
reaction when sluggishly reacting dipolarophiles are 
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used under the “standard” conditions of the 
Mukaiyama procedure. 1s*20 A further difficulty in 
these reactions is the work-up,as the by-products N,N’- 
diphenyl urea and others” often hamper the isolation 
ofthe pure adducts. A systematic study then established 
optimum conditions to obtain furan adducts 6 from 
aceto- and benzonitrile oxides 5d and e, respectively, as 
well as from glycolonitrile and glyoxylonitrile oxide 
derivatives L-c (Scheme 2 and Table 1). 

The addition of boron trifluoride-ether complex in 
catalytic amounts (procedures D and G, see Table 1) led 
to a major improvement in the benzo- and acetonitrile 

oxide cases. The corresponding 3-phenyl- and 3- 
methyl-3a,6a-dihydrofuro[2,3d]isoxazoles ((Lfuro- 
isoxazolines”) 6e and d, respectively, could be 
isolated easily, as the usual furoxan formation was not 
observed.22 This could not be extended to the reactions 
of the other nitrile oxides Sa-c, however, probably due 
to the lability of the protecting groups towards the 
Lewis acid catalyst. For these nitrile oxides the use of 
dilution conditions with rather long addition/reaction 
periods and l+diisocyanatobenzene as the dehydrat- 
ing agent proved successful (see Table 1, procedures B 
and C). Satisfactory results were obtained, regardless of 
the purity of the diisocyanate used :(a) reactions with a 
very impure sample (assay co 30% ; amorphous, almost 
insoluble) could be run in an autoclave for 2-4 weeks, 
producing up to 20 g of adduct in one run (Table 1, 
procedure B); (b) with pure diisocyanate (crystalline) 
the reactions proceeded faster; the nitro compounds 
3a-c were added to a suspension of the diisocyanate in a 
dilution set-up with refluxing furan 1 or 2-methylfuran 
2, and the adducts were obtained pure after flash 
chromatography (procedure C, Table 1 and 
Experimental). 

The successful outcome of these reactions, optimized 
in the course of several years, constitutes the basis 
for many synthetically useful, highly regio- and 
stereoselective transformations of the furoisoxa- 
zolines,3*4*6 some of which are described below. 

ADDTIIONS TO THE FURAN PART 

OF FUROl!SOXAZOLlNES 

Furoisoxazolines Band 7 correspond to isoxazolines 
of type C (Scheme 1); they represent highly advanced 
precursors of racemic amino sugars, as seen by 

Table 1. Yield of furoisoxazolines 6.7 

Compound R’ RZ Equiv. of I or 2 Yield (%) Procedure 

6a 

6b 

6c 

6d 

6e 

7a 

7b 

7c 

H CH,O’Bu 10 
56 

240 
H CH(OEt)s 140 

H .-gx f 

H CHJ 28 
28 

H Ph 1400 
69 
11 
70 

H,C CH,O’Bu 40 
200 

H,C CH(OEt), 57 

H,C --<;> :E 

25.5 A 
40 

6678 z 
45 B 

68-76 C 
23 B 
71 

7 As 

(91 zc, 
D 
EC 

12.2 EC 
18.5 F 
48 G 
44 B 
68 C 
52 B 
68 C 
48 B 
61 C 

a For details see Experimental. Procedure A: phenyl isocyanate, dilution set-up. Procedure 
B : 1,4diisocyanatobenxene (assay 30”/,) ; reaction with 1 run in autoclave at 70-80”, with 2 in 
flask at refiux. ProcedureC :diisocyanate(pum);dilution set-up. ProcedureD:carried out asin 
A, but F,B-OEt, added. Procedure E: Huisgen’s in situ method, HCl elimination with EtsN, 
addition time 2 hr (cf. Ref. 14a); work-up by chromatography (preparative run). Procedure F : 
similar to E, but dilution set-up. Procedure G : as in F, but F,B -OEt, as catalyst. 

b Ref. 4a. 
O Ref. 186. 
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comparison with theclassic Fischer projection formula 
F (Scheme 3).23-26 

Due to the nature of the two double bonds, 
electrophiles E’ should add to the electron-rich C=C 
bond of the dihydrofuran moiety, whereas nucleophiles 
like”hydride” from LiAlH,, will attack the C=N bond 
of the isoxazoline part. For both, approach to the 
bicyclic structure from the exo face will be highly 
preferred. 

Addition of HO/OCH3 by oxidation with MCPB in 
methanol 

The furoisoxazolines 6 and 7, respectively, are labile 
towards acid: attempted methanol addition in the 
presence of a catalytic amount of ptoluenesulfonic 
acid caused 6a to open to the corresponding a-fury1 
oxime. m-Chloroperbenzoic acid in methanol though, 
gave the desired methyl trans-hydroxyfuranoside 8a in 
90% yield, in a 95: 5 diastereomer ratio (d.r.).t This 

MCPB. CH30H 

B Ho_.f 
OC - 250 

I l3-rylo~ 

R*= CH,O+E!u ??: 90%; d.r.95:5 

R2= 4;) 8% : quant.; 
d.F. 95:s 

parallels literature reports on the analogous reaction 
with dihydropyran (trans/cis 90: 1O),27 and is 
rationalized by prior exo-epoxidation and, again, 
highly stereoselective epoxide opening by methanoll’ 
(Scheme 4). 

Treatment of the furanoside &I, an analytically pure 
oil, with methyl iodide/potassium hydroxide in 
DMS02’ gave a crystalline methyl ether, 9, in 90% 
yield, as a single diastereomer. The MCPB oxidation of 
the furoisoxazoline acetal 6c likewise furnished the 
protected dialdehyde 8c in high yield, as a 95 : 5 anomer 
mixture with xylo configuration. Oxidation of the 
methylfuran adduct 721 proved less selective, as the 
corresponding methyl furanoside 1Oa (88%) consisted 
of an 87 : 13 mixture. 

The configuration of these furanosides becomes 
evident from ‘H- and “C-NMR data, and from the 
comparison of these with literature data of related 
compounds. 26 Notably, the ‘H-NMR spectra of I, c 

Ot Bu 

!:90% (from Bgl; 

d.r. > 97:3 

CHa 

Scheme 4. 

t To indicate the (dia)stereoselectivity of a reaction, we and 9 show singlets for the absorptions of H-S and H-6 
prefer the use of(diu)stereomer percent ratios. In our view, this 
is moreuseful than(i)numbe.rslike3.7: 1,19: 1,240: l,etc.;(ii) 

(for the numbering see Scheme 4), indicative of a trans, 
t 

diastereoselectivity expressed by “d.s.“. i.e. the main 
runs arrangement of the H atoms at C-5, C-6 and C-6a. 

diastereomer’s percent figure [cf. S. Thaisrivongs and D. 
Further, the ‘%I-NMR absorptions of the anomeric 

Seebach, 1. Am. Chem. Sot. 105.7407 (1983), footnote 133 or 
carbon atoms at co 110 (major isomers) and 103 ppm 

(iii) the use of “diastereomer excess” figures ‘d.e.” (Ekewise : (minor isomers) for &I and c show that the 5-OMe and 

“e.e.“). The use of diastereomer percent ratios, by contrast, 6-OH substituents of the furanoside part must be 
directly relates to the yield attainable; it also favours the arranged in a trans fashion in the major, and cis in the 
evaluation of these figures in terms of free enthafpy dierenas minor components. The reference values, taken from 
of diastereomeric transition states. /?/a-methyl xylo- and lyxo-furanosides, are co 109.5 and 
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103 ppm for the anomeric carbon atoms fs-D-X$: 
109.7, a-D-lyxo: 109.2, botb with MeO/OH trans; &D- 
lyxo: 103.3, a-D-xyio: 103.0 ppm, for cis arrange- 
ments).29 Considering the &fusion of the two 5- 
membered rings30 (Jja6. = 7.5-8 Hz for &, c, 9 and 
lOa), the main products of these oxidations, &I and c 
(and 9), can safely be assigned the @-xylo configuration. 
Accordingly, the major isomer 1Oa obtained by 
oxidation of the methylfur~ adduct 7a, is assigned the 
xylo configuration also. The minor isomer (Je6. = 3-5 
Hz) may belong to the /yxo series. The relative 
configurationat theanomericcentreof 1Oacouldnot be 
established. 

Addition of HO/OH by oxidation with osmium 
tetroxide~~~0 

The his-hydroxylation of the C!=C enol ether bond 
of61 was effected with the osmium tetroxide/N-methyl 
morpholine-N-oxide system,29 which had been applied 
successfully in the furan/nitrone cycloadduct .seriesz3 
A 57% yield of a 1: 1 mixture of anomers 11 resulted; 
this, on ketalization with ~methox~ropane/p 
toluen~ulfo~c acid, afforded a single acetonide 12, as 
judged from 13C-NMR. The ‘H-NMR couplings of 12 
indicated the anti-fusion of the tricycle corresponding 
to the a-xylo configuration (Scheme 5), in accord with 
literature data.23a26 Thus, both the /I- and a-anomer of 
the xylo series were accessible from furoisoxazoline 6a. 

ADDlTION TO THE LSOXAZOLINE 
PART OF FUROISOXAZOLINES 

Synthesis of xylo and ido-aminodeoxysugar derivatives 
by LAH reduction 

The furoisoxazolines 6 and 7 were reduced with 
Iit~~aluminum hydride(LAH)inether,ac~rdingto 
the previously reported procedure.*o*32 As expected 
from earlier results with related substrates (cyclopen- 
tane analogues),10~32 the corresponding amino 
alcohols 13 and 14-i.e. aminodeoxy furanoid glycals 

tfhreo) IXYIOJ 

Table 2. Stereoselective reduction of furoisoxazolines 67 to 
produce furanoid aminodeoxy glycals 13,14 

Compound R’ RZ Yield (“/o) d.r.’ 

13a H CH,O’Bu 86 >95:5 
13b H CH(OEt), 88b 94:6 

13c H --Q 72’ 94:6 

136 H :Hb 35 >95:5 
t3e H Ph -_d - 
14a H& CH,O’Bu 63 >97:3 
14b H,C CH(OEt), 67 94:6 

14c H,C ..g> 72 93:7 

‘From peak ~tios/inte~~s of 13C-NMR recordings at 
100.6 MHz (13a at 226 MHz); cf. Ref. 32. 

b Slightly deviating elemental analysis. 
’ 84% of spectroscopically pure crude product. 
d See text. 

-generally were obtained in good yield and 
diastereoselection (Table 2). 

The 13C-NMR data of these dihydrofuran deriva- 
tives 13 and 14, on comparison with those of the 
cyclopentane serie~~~ (xylo/lyxo 3 96 : 4), did not 
permit unambiguous assignment of their configura- 
tions. However, the small but very consistent shift 
differences of the signal pairs of diaatereomers confirm 
that the main isomer in each case had the same relative 
configuration. The ‘H-NMR data are more informa- 
tive. The coupling constants Jbj (for 13b-d; 523 for 14b, 
c) of the major diastereomers show values of 2.5-3.0 
Hz throughout. This is in accord only with the xylo 
arrangement, since by analogy with other y-amino 
alcohol diastereomers,‘3*32 these amino alcohols are 
likely to exist as H-bridged species with preferred 
conformations H and I as depicted left. A more 
conclusive argument for the predominant formation of 
the xylo isomers is, that hydride delivery from the exo 
face corresponds to the major pathway observed in all 
LAH reductions of bicyclic or cis-4,5-disubstituted 
isoxazolines met so far.4*32-34 

Ass~nfromTable2,thed.r.figur~ofthemethyland 
t-butoxymethyl products 13d, a and 14a are somewhat 
higher than those found for theacetals 13b, c, 14b, and C. 
In terms of energy (AAGC) this represents an effect of ca 
0.5 kcal mol-’ (136 vs MC). This decrease in 
stereoselectivity on adding ether functions in the 
isoxazoline 3- or 5-side-chains has been encountered 
before.i’.13 

The LAH reduction of the phenyl compound 6e 
failed to produce any of the expected amino alcohol. 
Work-up with acetic anhydride gave a mixture 
containing up to so”/, of N-benzylacetamide, isolated 
by flash chromatography and identified by NMR, IR 
and m.p. comparison with an authentic sample. We 
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Scheme 6. 

interpret this to be the result of a novel anionic [2 + 3e] 
cycloreversion, 3s taking place after hydride addition to 
the C=N bond. The intermediate, with a severely 
crowded endo-phenyl group, collapses to give the 
“aromatic” furan and a phenyl-stabilized oximate, 
which is reduced further by excess LAH (Scheme 6). 

The methyl furanosides 8a, c, 9, lOa, and the 
acetonide 12 were reduced successfully by the usual 
procedure, see Scheme 7. The diastereomer com- 
position of the products in each case corresponded to 
that of the starting compounds. This again demon- 
strates uniform hydride delivery to the exo face (uide 
in~u) of the c&fused bi- or tricyclic isoxazolines. The 
values of the coupling constants Jb5 of 4.0,3.3, and 2.0 
Hz in the spectra of I%, 16, and 18, respectively, agree 
well with that expected for a three (anti) configuration 
at these centres. For a related compound of the gluco 
series (nojirimycin), epimeric at C-5 (CH-NH& a 
value of 8.7 Hz was reported.*3 The couplings in the 

o+Eiu - 0+!3, 

77% [95.51 

78% [> 97.31 

g LB/. 95 51 12: ; 79 I [ > s5.51 

O’B” - 2’3, 

oh - o’au 
HO NH2 

!? [> 97.Jl !? ;84% [> 97:Jl 

Scheme 7. Stereoselective synthesis of aminodeoxy 
furanosida. 

furanose part show the relative configuration there 
unchanged. The furanosides lSa,l6, and the acetonide 
18 are thus assigned the B-id0 and a-ido configuration, 
respectively, with conformationscorresponding to that 
shown by H. 

The configuration of the 6-amino-l&dideoxy- 
ketoheptose derivative 17 cannot be deduced on this 
basis, as the respective coupling amounts to 6.0 Hz. 
However, by analogy with the steric course of LAH 
reductions of the other cases, the ido configuration of 
the major diastereomer seems likely. The same 
argument applies to the dialdose derivative 15~. In this 
case only a poorly resolved ‘H-NMR spectrum was 
obtained. However, the I%-NMR chemical shift 
values, in particular that for C-4, strongly suggest the 
same configuration, i.e. ido, when compared with those 
obtained from 1Sa (Table 3). 

To summarize some of the merits of the approach 
outlined, xylo furanoid glycals of aminodeoxy aldoses, 
dialdoses or ketoaldoses are accessible in two steps, 
with high stereoselectivity, and overall yields of 41 
(14b)-67% (13a, b). With MCPB oxidation included, 3- 
step routes to 5-amino-S-deoxy-ido-furanosides of 
both the a- and b-type are at hand, with 28-5 1% overall 
yields (for 18 and Ha, respectively); the ido-dialdose 
furanoside 15c is prepared in 69% from the 
nitroacetaldehyde acetal3c. Besides the potential use of 
these compounds as versatile intermediates, it is worth 
noting that these compounds are (racemic) 5- 
epimers/analogues of nojirimycin (D-ghK0 series), a 
potent inhibitor of intestinal mammalian di- and 
oligosaccharases. 37 If desired, removal of the t-butyl or 
neopentylidene protecting groups should be feasible 
(for the former, this has been successful with the case of 
Cdeoxyristosamine, 38 for the latter in the course of a 
synthesis of D-lividosamine”). The synthesis of 
enuntiomerically pure amino sugars (derivatives) by this 
approach, on the other hand, seems difficult, as 
preliminary experiments with R-glyceronitrile oxide 
acetonide/2_methylfuran gave a 1: 1 mixture of 
adducts. 

CONCLUSION 

Furoisoxazolines 6 and 7, obtained in one step by 
cycloaddition of aliphatic nitrile oxides with furan 1 or 
2-methylfuran 2, are precursors in the synthesis of 
racemic amino sugars of both familiar and novel 
structures. Additional reactions to the enol ether C=C 
bond of these cycloadducts, as described, include the 
highly stereoselective attachment of HO/OCH, and 
HO/OH groups.” Due to the shape of the [3.3.0]- 
bicyclicskeleton offuro- and dihydrofuro-isoxazolines, 
LAH reductions likewise show high diastereoselection, 
to lead to a variety of amino sugar derivatives of the 
xylo and ido series, respectively. 

This approach lends itself to many variations, in 
which many of the following features may be combined 
at will. 

(1) Synthesis of amino sugars of different chain length 
as determined by choice of building blocks. 

(2) Choice of oxidation states at both the nitrile oxide 
and the furan termini. 

(3) Production of furanoid glycals, or of B- or a- 
furanose structures. 

(4) As indicated,6 oxidative C=C fission at the 
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Table 3. “GNMR chemical shiits of furanoid gtycals 13,14, and furanose derivatives 15-18” 

Com~und c-1 c-2 C-3 G4 C-5 C-6 Other 

13a 
13b 

13c 

13d 
158 

16 
15c 

18 

17 

14a 

14b 

14c 

148.5 
148.3 

0;:;) 

(148:7) 
148.8 
109.9 

(~~) 

111:2 

105.1 

C-l c-2 

106.3 86.3 
80.6 78.1 

75.8 
78.7 

74.2 51.0 
74.3 52.8 

(73.5) (54.0) 
74.1 53.3 

(;;;) 

81:6 

(ii;) 

52.0 
(78.9)b (51.7) 
81.5 52.2 
82.0 55.2 

78Sb 

c-5 

52.0 

G6 

65.2 
104.0 

(102.5) 
101.7 

(‘O$i 

(2:;) 
65.5 

102.9 

65.8 

c-7 

t-Bu : 27.5,73.4 
@Et), : 15.2,62.7,63.7 

CMe, : 21.5,23.0,30.1; CH, : 76.9 

t-Bu : 27.5,73.2 ; OMe : 55.6 
(55.8) 
t-Bu : 27.6,73.2 ; 2 OMe : 55.6,57.6 
CMe,: 21.9,23.4,31.1; OMe: 56.0; 
2 CH, : 78.1,78.2 
t-Bu: 27.5,73.1; CMe, : 26.3,26.9,111.3 

16.7 109.8 81.8 78.9 82.2 52.2 63.9 t-Bu: 27.5,73.1; OCH,48.8 
(19.7) (103.4) (79.7) (85.1) (51.6) (64.9) (48.6) 
13.8 158.4 101.5 84.3 75.2 51.0 65.0 t-Bu: 27.5, 73.3 

C-7 C-6 C-5 C-4 C-3 C-2 C-i 

13.7 

13.8 

158.3 101.8 81.6 75.6 
(158.7) (loO.5) (83.0) (74.8) 
158.4 lOl.Pb 81.7 75.4 

(159.0) (1~.4~b (82.4) (74.5) 

53.1 104.2 (OEt), : 15.1,15.7,62.9,63.7 
(104.0) 

$4::’ 101.7b CMe, : 21.7,23.0,30.3; CHz : 77.0 
(54.2) (100.2)” 

D Mostly recorded as CDCI, solutions at 100.6 MHz (see Experimental); 6 in ppm; (): minor isomer. 
‘Tentative assignment. _ 

, 

furoisox~lina stage results in chat-shortening at the 
furan terminus, to give rise to C, derivatives from furan/ 
or 2-methylfuran/C,-nitroalkane building blocks. 
These extensions of the above approach, including 
means to achieve stereocontrol in the isoxazoline 
reduction, will be the subject of a future report.40 

For general remarks see Ref. 13 and earlier papers cited 
therein. 

Starting mutertab 
Preparation of nitrite oxide precursors 3a, q4’ c, and 4d, see 

procedures and quotes given in Ref 13. 

Furoisoxazolines 6 and 7 
3 - t - Butoxymethyl - 346~ - dihydrofio[2,3 - d]isoxazole 

(69) ; Procedure A : 30 ml (330 mmol) of phenylisocyanate and 
20 g (135 mmol) of 3a in a dilution set-up were added to a soln 
of 1 ml (3.6mmol) of EtsN in 1OOml of furan (1) at reflux (50- 
60”; addition rate ca 1.2 mm01 h- * for 3a, cu 7 mm01 h-t for 
isocyanate; total ca 100 hr). The ppt formed was filtered off, 
and excess fizran removed by ~stillation to leave 17.82 g of a 
brown oil. Kugelrohr distillation (QY’/O.OS Torr) gave 13.47 g 
of a yellow oil, consisting of &I and furoxan (2.2: I by ‘H- 
NMR). Fractional distillation (Spaltrohr column) afforded 
6.78 g (25.5%; b.p. 80“/0.05 Tort) of 6a as a slightly yellow, 
analyti~lypureo~.IR(fi~m~: 31~~w~,2980,1610,1395,1370, 
11~,~050,920,8~,810,720~-*.‘H-NMR(CD~~~~:~ 1.26 
[C(CH,),], 4.14 and 4.34 (AB, CHz), 5.26 (6-H), 5.78 (6a-H), 
5.88 (3a-H), 6.56 (S-H) ; coupling constants : JJs. = 8.5, Js6 
=3,J 56r = 1, Jsen = 2, JAB = 8.5 Hz. 13C-NMR (CDCI,): 6 
27.3 [CCH,),), 5.5.4(CH,), 74.2 E(CH3)3], 86.7 and 88.8 (C- 
3a, C-6a), 101.0 (C-6), 148.9 (C-S), 154.4 (C-3). (Found: C, 
60.76; H,7.57;N, 7.46. CalcforC,,H,sNO, (197.2): C, 60.90; 
H, 7.67; N, 7.10x.) 

Procedure B: 36.75 g (250 mmol) of 3a, 112 g of i,4- 
~isocyanato~~ene (Bayer, assay co 30x)), 2 ml (14.4 mmol) 

ofEt~N,aad 11(l4mol)off~~(l~we~s~ at 7%80”for 
24 hr in a 2 I autoclave. On distillation of the mixture excess 
furan (780 ml) was recovered, the residue treated with 1 1 of 
CHzCl,, filtered and concentrated in vacua. This left 35.78 g of 
a slightly yellow oil (C: furoxan 4: 1, from ‘H-NMR); 
fractional distillation as above gave 19.67 g (40”/,) of 
analytically pure 68. 

Procedure C : A soln of 294 mg (2.0 mmol) of 3a in 25 ml of 1 
at 50” bath temp by means of a dilution set-up was added to a 
suspension of diisocyanate (641 mg 4.0 mm01 ; pure, with m.p. 
91-92”) and Et,N (0.i ml, 0.72 rmnof) in furan (10 ml ; total co 
480 mmol) within 2 d and stirred at 25” for another 3 d. The 
mixture was filtered through silica and concentrated to give 
4i2mgofaycl~owoil,ofwhich25Omgweresubmitt~to~~h 
chromato~aphy on silica (pet ether/EtOAc 95 : 5) to atTord 
186mg(78%~ofcolorl~~pure~and 2Omg~l2%~of4,5-bis~t- 
butox~ethyl)furoxan [‘H-NMR (CDCI,): S 1.26 and 1.29 
(CH,), 4.42 and 4.56 (CH,)]. A IO mmol run gave 1.29 g (66%) 
of pure 6a. 

3 - Diethoxymethyl - 3a,6a - dihydrojkro[2,3 - d]isoxnzole 
(6b) : According to Procedure C, a 2 mmol run gave 498 mg of 
crude material as a brown oil, of which 300 mg were purified as 
above; yield of 66 194 mg (76x), pale yellow oil; b.p. 90- 
93*/0.05 Tort+. A 10 mm01 run gave 68x, a 150 mmol run 
(Procedure B) gave 14.35 g (45% ; 55% based on 3b consumed) 
of aual~ic~ly pure 6b. JR (film): 3100 (w), 2980,1600,1050 
(sb),QOOcm-‘.‘H-NMR(CDCI,):tJ 1.23(2CH,),3.36-3.40(2 
CH,), 5.33 [CH(OEt),], 5.26 (dm, 6-H), 5.80 (dm, 6a-H), 5.93 
(d. 3a-H), 6.63 (dm, 5-H); coupling constants : Jss6* = 8.5, Js, 
= 2.5 Hz. r3C-NMR (CD&): 6 15.Oand 15.1 (CH,), 63.2 and 
63.3 (C)f,), 88.0 and 88.2 (C-3a, G6a), 96.9 EH(OEt)z}, IO.8 
(C-6), 149.5 (C-S), i53.6 (G3). (Found : C!, 56,25 ; H, 7.38 ; N, 
6.53. Calc for &,H15N0., (213.2): C, 56.33; H, 7.09; N, 
6.57x.) 

3 - (5,5 - Dimethyl - 1,3 - dioxan - 2 ” yf) - 3a,6a - 
dihydrofuro[2,3 - dlisoxazole (SC). From 1.752 g (10 mmol) of 
3c in 125 ml of furan, with 3.203 g (20 mmol) of diisocyanate 
and 0.5 ml (3.6 mmol) of Et,N in 50 ml of 1 (total 2.45 mol); 
addition time 4 d at SO”, then another 4 d at 50” and 3 d at 25” 
according to Procedure C. For work-up the crude product was 
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filtered through basic alumina to afford 2.173 g of a light- 
yellow oil. 1.087 g of this material was putied by tlash 
chromatography (column 50 x 2.5 cm ; pet ether-EtOAc 8 : 1). 
Yield of&SC&&7l%)as acolourlessbil, thatcrystallized on 
standing (m.p. 54-56”). IR (KBr): 3100 (w). 2960, 1620 (w), 
1470,114O,111O,105O,1020,9OOcm-L.’H-NMR(CDCI,,4OO 
MHz) : 6 0.78 and 1.27 (S-CHs,, and 5’-CH, _), 3.57 and 3.59 
(d, 4’- and 6’-H,3,3.74 and 3.76 (dd, 4’- and 6-H,), 5.32 (dd, 6- 
H), 5.43 (s, 2’-H), 5.85 (ddd, 6a-H), 5.96 (d, 3a-H), 6.62 (5-H); 
coupling constants: Jsa6. = 8.5, J,, = 2.5, J,,, = 1.0, J,,, 
= 2.5: J.., = 11. l J = 2.5 Hz (dioxane part). ‘%-NMR 
(CDCi,)%21.8, i2.8 (2 5’-CH,), 30.3 (C-Si77.i (C4’, C-6’). 
87.7 and 88.4 (C-3a, C&), 96.0 (C-2’), 100.6 (C-6), 149.7 (C-5). 
152.8 (C-3). (Found : C, 58.43; H, 6.79; N, 6.59. Calc for 
C1 ,H,sNO* (225.2): C, 58.66; H, 6.71; N, 6.22x.) 

3 - Methyl - 3a,6a - dihydrofiro[3,3 - d]isoxazole 66; 
Procedure D: A soln of 3.75 g (50 mmol) of nitroethane (36) in 
50 ml of 1 in a dilution set-up during 8 d was added at RT to a 
mixtureof20ml(182mmol)ofphenylisocyanate/l0drops(co 
2 mmol) of F,B * 0EtJ0.5 ml of Et,N in 50 ml of 1 (total : 1.4 
mol of furan). After removal of solids and excess furan the 
crude product was dissolved in ether and passed through basic 
alumina (10 g), then concentrated in uacuo to leave 3.47 g of a 
light-yellow oil. Pure furoisoxazoline 6d was obtained 
therefrom by column chromatography (30 g of silica; 
cyclohexane_EtOAc 7.5 : 1); yield 1.76 g (28%) of a colourless 
oil, b.p. 53-55”/0.05Torr. IR (film): 3100(w), 1680,1610,1440, 
1145, 106Ocm-‘.‘H-NMR(CDCl,,9OMHz):6 1.3(CH,),5.2 
(dd, bH), 5.6 (m, 3a-H), 5.8 (m, 6a-H), 6.5 (dm, 5-H); coupling 
constants : J 3.h, = 8, Js6 = 3, Js6. = 1, J,,, = 2 Hz. ‘%- 
NMR(CDC1,): 6 11.4(CH,), 85.9and90.8(C-3a,C-6a), 101.2 
(C-6). 148.3 (C-5). 152.2 (C-3). (Found: C, 57.58; H, 5.43; N, 
11.21. Calc for C,H,NOI: C, 57.59; H, 5.64; N, 11.19”/) 

3 - Phenyl - 3a,6a - dihydrofuro[2,3 - dlisoxarole Q; 
Procedure G : 15.54 g (100 mmol) of hydroximolyl chloride 4e 
in lOOmI offuran at 25” were added within 10d to asoln of28 
ml(2@Ommol)ofEt,Nand lOdrops(cu2mmol)ofF,B~OEt, 
in 400 ml of 1 (total of furan: 7 mol). Furan (430 ml) was 
recovered from the mixture by distillation. The remainders 
were dissolved in 100 ml of CHICI,, washed with water (2 
x 100 ml), dried (Na,SO,), and concentrated in uacuo to leave 
16.34 g of a brown solid, containing 6e, diphenylfuroxan, and 
Et,NHCl (‘H-NMR). After column chromatography (80 g of 
silica; cyclohexane-EtOAc 4: 1) 8.89 g (48%) of 6e was 
obtained ;colourless oil, solidifying after several days, m.p. 44- 
46”(lit.‘*‘4546’).1R(CC1~:3060(w), 1610,1360,1140,1060, 
9OOcn-‘. ‘H-NMR in ag&ment &ith dataofRef. 18b. 13C- 
NMR(CDCI,):687.6and 88.4(C-3a.C-6a). 100.9(C-6): 127.1. 
128.0, i28.5a;;h 129.8(C,H,), lh8.6(C-5). ii3.8(C:3).(iound I 
C, 70.78; H, 4.75; N, 7.53. Calc for C,,H9N0, (187.2): C, 
70.58; H, 4.85 ; N, 7.48%.) 

3 - t - Butoxymethyl - 5 - methyl - 3a$a - dihydrofiroC2.3 - 
d] isoxozole(7a) : According to Procedure C, from 1.472 g (10.0 
mmol) of 3a, addition at 80” (bath temp) within 3 d. stirring 
continued at 80’ for 3 d ; filtration through celite, distillation of 
excess 2-methylfuran (2) (100 ml of 2 recovered), filtration 
through basic alumina. Crude product : 2.352 gofa brown oil ; 
flash chromatography of 1.176 g of this material yielded 716 
mg (68%) of analytically pure 7~ as a yellow oil. Application of 
Procedure B (in a flask ; 26 d at reflux ; see preparation of 6s) 
gave 44% of pure 7a after fractional distillation with a 
Spaltrohr column (200 mm01 of 3a; 18.73 g of 7~. b.p. SO- 
90°/ca 0.005 Torr). IR (Ccl.): 2990, 1660, 1380, 1190, 1075, 
1040,940,905 cn-‘. ‘H-NMR (CDCI,, 90 MHz): b 1.27 [s. 
C(CH,),], 1.86(m,3-CH,),4.20and4.4O(AB,CH,),4.93(m,b 
H), 5.71 (dm, 6a-H), 590(3a-H); Jaa6, = 8, JAB = 12 Hz 13C- 
NMR (CDCI,, 100.6 MHz): 6 13.0 (5-CH,). 27.2 fC(CH3,l. - - “,“-. 
55.6(CH,),74~0~(CH,),]~87.9and~88.2(C:3a,C-6a),97.0(C- 
6). 154.4(C-3). 159.2(C-5). (Found: C. 62.62: H. 8.09: N. 6.50. 
d&for C,,ji,,NO; (2il:l): C, 62.54; H, 8.li; N, 6.6j%.) 

3 - Diethoxymelhyl - 5 - methyl - 3a,6a - dihydrofiroC2.3 - 
d] isoxazole 7b : According lo Procedure C as applied to 71. 
From 1.632 g (10 mmol) of 3b. addition in 2 d, stirring at 80 
continued for IO d. Filtration of the crude product through 

silica gave 1.728 g of dark-yellow oil; after flash 
chromatography(petether-ethylacetate9: 1) 1.374g(61%)of 
7b; orange oil. analytically pure. From a 100 mm01 run 
(Procedure B, cp. 74 1252 g (52%) of 7b were collected after 
Kugelrohr distillation (b.p. 90”/0.05 Torr; yellow oil). IR 
(film):3100(w),2970,1685,1660,1550,1380,1210,1110,1050, 
~~O,~~~~~~‘.‘H-NMR(CDCI,,~OMHZ):~~.~(~,~CH,), 
1.9 (m. 5-CH,), 3.4-4.0 (m, 2 CH,), 5.0 (m, 6-H), 5.3 Cs, 
CH(OEt),], 5.?(dm, 6a-H), 5.9(d, 3aIH); Jaa6. = 8.5 Hz. “C- 
NMR(CDCI,):6 13.3.15.Oand 15.1(3CH.I.62.2and63.2(2 
CH& 88.3 ad 89.3 (C:3a, C-6a), 96.6‘[CH(cEt),], 97.2 (C-8). 
153.7 (C-3), 159.9 (C-5). (Found: C, 58.25; H, 7.50; N, 6.16. 
CalcforC,,H,,NO,(227.3):C,58.14;H,7.54;N,6.160/) 

3 - (5.5 - Dimethyl - 1,3 - dioxon - 2 - yr) - 5 - methyl - 3a,6a - 
dihydrojiiro[2,3 --d]isoxarole 7c: Pkcedwe C was used, 
startinawith 1.752n(lOmmol~of3r:addition time3dat 80”: 
after fu>her reactioiior 15 da; 80” TLCshowed unreacted 3e; 
so 0.5 ml of Et,N and 10 mm01 of diisocyanate were added and 
the reaction continued for a total of 28 d; the usual work-up 
includingflashchromatography(qx7a)gave 1.341 g(56x)ofa 
yellowsolid,m.p.8~82”.1R(KBr):3120(w).2960,1660.1210, 
1100,1030,980,930,9@3cn-‘.‘H-NMR(CDC1,,4OOMHz): 
60.78 and 1.26(2 5’-CH,), 1.89(m, 5-CH,), 3.58 and 3.59(d.4’- 
and6’-H,,),3.73and 3.75(dd,4’-and6’-H,,),4.97(m,&H),5.40 
(s, 2’-H), 5.78 (dm, 6a-H), 5.92 (d, 3a-H); JJa6, = 8.5; J,,, 
= I 1.0,4J = 3.0Hz(dioxanepart). “C-NMR(CDCI,):6 13.2 
(5-CH,), 21.8 and 22.8 (2 5’-CH,), 30.3 (C-5’), 77.2 and 77.3 (C- 
4’, C-6’). 88.0 and 89.6 (C-3a, C-6a), 96.0 and 96.4 (C-2’. C-6). 
153.1 (C-3). 160.1 (C-5). (Found: C, 60.54; H, 7.44; N, 6.10. 
Calc for C,,H,,NO, (239.3): C, 60.24; H, 7.16; N, 5.85%.) 

MCPB oxidation of furoisoxazolines 6a, c and 7a 
/I - Xylo - 3 - t - butoxymerhyl - 6 - hydroxy - 5 - 

methoxytewahydrofuro [2,3 - d] isoxorole 8a : A soln of 1.73 g 
(IO mmol) of MCPB (85%) in 10 ml of MeOH at 0” within 15 
min was added to 986 mg (5 mmol) of 6a, dissolved in 30 ml of 
MeOH, and the mixture stirred for 16 hr at RT. 10 g of dried, 
strongly basicionexchangeresin(Lewatit@ M6OOG3, Bayer; 
the Cl- form was treated with 2 N NaOH, until complete 
exchange was seen by AgNO,-monitoring, Washing with 
MeOH, then acetone, and drying over PzOs gave a resin, 
which was used preferentially in a shaking apparatus to avoid 
excessive abrasion) were added and the mixture shaken for 16 
hr. Filtration through basic alumina, removal of the solvent on 
a rotary evaporator and drying over PIOJKOH left 1.10 g 
(90%) of analytically pure 8s as a yellow syrup, d.r. 95 : 5 (“C- 
NMR), b.p. 180”/0.05 Torr (Kugelrohr). IR (Ccl,): 3620 (w), 
3445(mb),2980,2825(w), 1370,1190,1110,1080,1050cn~‘. 
‘H-NMR(CDCI,,60 MHz):6 1.3[C(CH,),],3.2(b,OH),3.3 
(s,OCH~),4.2and4.3(AB,3-CH,),4.4(s,6-H),4.8(d,6a-H),5.0 
(s, 5-H). 5.7 (d, 3a-H); Jsa6. = 8 Hz. 13C-NMR (CDCl,, 100.6 
MHz; 90: 10 isomer mixture, obtained by running the 
reaction at 50”). p-xylo isomer (major): 6 27.5 [C&H,),], 55.1 
(5-OCH,), 55.6 (3-CH,), 74.5 E(CH,),], 79.6, 87.7 and 88.0 
(C-6a, C-3a), I lO.S(C-5), 157.6(C-3). z-Xylo isomer (minor): 6 
78.8 (C-6). 84.9 (C&), 88.8 (C-3a), 103.6 (C-5), 156.9 (C-3). 
(Found: C, 54.08; H, 7.67; N, 5.45. Calc for C,lH,,NO, 
(245.3): C, 53.86; H, 7.80; N. 5.71%.) 

Methyl ether 9 from 8a: !I00 mg (16 mmol) of powdered 
KOH wereadded to6mlofdrvDMSOand themixturestirred 
for 5 min at 25”. then mixed with 990 mg(4 mmol) of& in 2 ml 
of DMSO. After stirring for 2 min. 0.5 ml (8 mmol) of Me1 were 
injected, causing the mixture to warm up. After 30 min the 
mixture was versed into 20ml ofwater,extracted with CHICI, 
(2 x 20ml). and the organic solutes, after drying, concentrated 
to leave a greasy brown solid. This was taken up in CHzClz 
and the soln filtered through basic alumina to give, after 
crystallization from pet ether, 220 mg of colourless crystals. 
The mother liquor, &ted as aboveygave a second crop of 
identical material (total : 930 mg, 90% ; m.p. 77-78”) as a single 
isomer (d.r. > 97 : 3 from ‘%-NMR). IR (CDCI,): 2990.1460 
(w), 1110, 1050,102O. 950,880 cn- ‘. ‘H-NMR (CDCl,, 60 
MHz): 6 1.2 [C(CH,),], 3.2 and 3.4(5-and 6-OCH,), 3.8 (s, & 
H),4.1 and4.3(AB, 3-CHz),4.7(d,6a-H),4.9(s, 5-H). 5.6(d, 3a- 
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W;J 3.6. = 8, JAB = 12 Hz. ‘%-NMR (CDCI,, 100.6 MHz) : 6 
27.5 [C&H,),], 55.4(3-CH,). 55.1 and 57.7 (5-and 6_OCH,), 
74.3 ~(CH,),],8!i.l (C-6),87.3(C&),89.3(C-3a), 108.O(C-S), 
157.4 (C-3). (Found: C, 55.62; H, 8.15; N, 5.46. Calc for 
C,,H,,NOS (256.0): C, 55.59; H, 8.16; N, 5.4@$.) 

~-Xylo-3-(S,S-dimefhyt-l,3-diox~-2-yl)-6-hydroxy- 
5 - methoxytetrahydrofiro[2,3 - d] isoxuzole(lk) : As described 
with &, 676 mg (3 mmol) of 6c were converted to lk (845 mg, 
“103X). obtained as an analytically pure, pale-yellow oil with 
ad.r.of95:5(‘%-NMR). IR(lilm): 3450(mb),2970,1470(m), 
1100, 1040,890 cm-‘. ‘H-NMR (CDCI,, 400 MHz): 6 0.77 
and 1.25 (2 S-CH,), 3.3 (s, 5-OCH,), 3.57 and 3.74 (A and B of 
twoAB,4’-and6’-CH,),4.35fsb,OH),4.39(~,6-H),4.&4(d,6a- 
H), 4.99 (s, 5-H), 5.40 (s, T-H), 5.75 (d, L-H); J3,6, = 7.5, J,, 
= 11.5 Hz. ‘“C-NMR (CD% 100.6 MHz). f?-xvfo isomer 
(major); 6 21.8 and 22.9 (2 5’-Cc,), 30.3 (C-5$,-j5.1 ~S-OCH,), 
77.2(C-4’, C-6’), 78.9 (C-6), 86.5 (C&), 88.7(C-3a), 95.8 (C-2’), 
110.1 (C-5). 155.8 (C-3). a-Xylo isomer: 6 59.9(5-OCH,), 78.6 
(C-6). 84.1 (C&), 86.9 (C-3a). 95.6 (C-2’), 103.2 (C-5). (Found : 
C, 53.09; H, 7.06, N, 5.10. Calc for C&H,,NO, (273.3): C, 
52.94; H, 7.03; N, 5.14x.) 

Xylo - 3 - t - butoxymetbyl - 6 - hydroxy - 5 - mthoxy - 5 - 
me~hyltetrohydroj’iio [2,3 - d] isoxazole 1Oa and isomer : From 
1.056 g (5 mmol) of 71, as described above for 8a, 101 was 
obtained as a yellow, analytically pure oil (1.137 g, 80%; d.r. 
87: 13from 13C-NMRpeak ratios). IR(film): 3420(mb),2980, 
1470(w), 1370,1200,1105,1055,890ctn-‘. ‘H-NMR(CDCl,, 
400 MHz), major isomer (xylo) : 6 1.25 [s, C(CH,),], 1.45 (s, S- 
CH,), 2.8 (sb, OH), 3.19 (s, 5-OCH,), 4.22 and 4.36 (s each, 3- 
CH,Ha),4.25 (s, 6-H). 4.81 (d, 6a-H), 5.68 (d, 3a-H); Jaa6, = 8, 
J,, = 11.5 Hz Minor isomer: 6 1.24 [s, C(CH,),], 1.42 (s, S- 
CH,), 3.35 (s, S-OCH,), 3.92(d, 6-H), 4.20and 4.32(d each, 3- 
CH,Ha),4.89 (dd, 6a-H), 5.35 (d, 3a-H); J,,,, = 8, J,,, = 3.5, 
JAB = 12 Hz “C-NMR (CDCI,, 100.6 MHz), major isomer 
(xylo):8 16_O(S-CH,),27.4 [C~H~)sJ,~.7(~~H~},55.7(3- 
CH,), 74.4~(CH~)~],8O.S(C-6~86.6(C-6a~,89.O(C-3a), 111.4 
(C-3, 157.0 (C-3): Minor isomer: 6 17.8 (S-CH,), 48.9 (S- 
OCH,1 84.1 and 84.8 (C-6. C-6al. 90.4 CC-3ah 106.0 (C-51. 

_I. 

(Found: C, 55.37; H, 8.175 N, 5&. C& for’C,,H,;NOi 
(259.3): C, 55.58; H, 8.16; N, 5.40”/,.) 

Osmiwn tetroxide oxidation of furoisoxazoline C 
B/a - Xylo - 3 - t - ~ox~hyl - S,6 - ~y&ox~~r~ydr~ 

firoE2.3 - dlisoxuzofe 11: A soln of cu l0 mg (0.04 mmol) of 
0~0, in 4 ml of So”/. aqueous acetone was warmed to 60”, then 
supplied with 0.70 g (5.2 mmol) of N-morpholine N-oxide 
hydrate(NMO).To thismixturewithin 3 hrasolnof 1.978(10 
mmol) of furoisoxazoline 6a in 10 ml of 8WA.acctone was 
dropped and some more NM0 (1.40 g, 10.4 mmol) added 
portionwise. The mixture was kept at 60’ and stirred for 2 hr ; 

acetone then was removed by distillation, affording a dark- 
brown oily residue, which was extracted with EtOAc (3 x 10 
ml).Theorganicsolventswerecombined,washed(twicewith 1 
N HCl/brine, once with sat NaHCO,/brine), dried over 
Na,SO,, and concentrated in vacua, to leave 1.61 g ofa brown 
oil, solidifying after several days. 1.0 g of this material was 
recrystallized from ether to furnish 0.87 g (57%) of colourless 
crystalsof i1,m.p. 102-107”,d.r. 1: 1 (13C-NMR).IR~CHCl~): 
3620, 2980, 1390 (m), 1360, 1060, 1040 CII-‘. ‘H-NMR 
(CD’& 60 MHz) : 6 I.2 [s, C(CH,),], 3.5 (bs, OH), 4.2 (AB, J 
= 12 Hz; 3-CH,), 4.65.7 (m, 4 CHO). ‘“C-NMR 
(CDCl,/H,CCN 1: 1,100.6 MHz) of 1: 1 anomer mixture: 6 
27.0 [CCH,),], 54.9 and 55.1 (3-CH,), 74.1 E(CH,),], 75.1 
and 79.9 (C-6), 83.6,87.0,87.2, and 87.7 (C-3a. Cda), 97.0 (C-S 
of&11). 103.6(C-Sofa-ll).(Found: C, 52.01, H,7.67;N, 5.99. 
Calc for C,,H,,NO, (231.2): C, 51.94, H, 7.41; N, 6.06x.) 

a-Acetonide of #a-II, a-xylo-3-t-b~oxy~thyI-S,~0- 
isopropylidmetetrahydtofuto[2,3-dlisoxazole (12) : 1.11 g 
(4.8 mmol) of the hemiacetal 11, 680 mg (6.5 mmol) of 2,2- 
dimethoxypropane, and a catalytic amount of pTsOH were 
dissolved in 15 ml ofbenzene, and themixture refluxed for 3 hr. 
cu 10 ml of solvents were distilled off slowly (azeotropic 
mixture ofbenzene-MeOH), and the remainders diluted with 
lOmlofCH~Cl~.Tothis3gof~sicionexch~ger~in(~~~ 

were added. The mixture was shaken overnight and gave, after 
removal of solvents, 1.28 g of a slightly impure (‘H-NMR) 
brown oil. Pure 12 was obtained on addition of 10 ml of 
CH,Cl,, subsequent filtration through basic alumina and 
removal of solvents ; 1.05 g of a yellow oil, that crystailizaf on 
additionofa~~lqu~tityof~tether,to~o~98Omg(75%) 
ofcolourless,crystalline 12,m.p. S2-53”.1R(CC1~):3000,1460 
(m), 1390,1230,1200,1170,1080,1030,890cm-’. ‘H-NMR 
(CDCI,, 400 MHz): d 1.24 [s, C(CH,),], 1.35 and 1.50 
[C(CH,),],4.18and4.27(deach.3-CH,Ha),4.7S(d, CH),4.92 
(d, 6a-H), 5.65 (d, 3a-H), 5.79 (d, 5-H); J,,, = 6.6. J,, = 3.5, 
J,,a = 12 Hz. (Found: C, 57.98; H, 7.82; N, 5.05. Calc for 
C,,H,,NO, (271.3): C, 57.55; H, 7.80; N, 5.02%.) 

Slereoselective LAH reduction of jiiroisoxazolines 6, 7; 
synthesis of xylo-aminodeoxy @noid glycals 13,14 

6-t-Butyl ether of xylo-hexose firatwid glycal13a : General 
procedure. Cf. Ref. 32. LAH reductions were conducted in an 
inert atmosphere(N,);LAH was kept indryetherat 0”and the 
isoxazoline added as an ether soln or, if less soluble, as a pure 
substance. The reactions were monitored by TLC analyses. 
After hydrolysisofthemixture@er grammeof LiAlH,: l.Oml 
of H,d. 0.73 ml of 20”/, NaOH, l-3.5 ml H,O until-the ppt 
becamecolourless and tuanular4’1. CH,Cl, wasadded,stirred 
for ca 1 d, solids lilte& off anh washad thoroughly with 
CH,Cl,,and concentrated and dried inuacuo. Reduction of60 
(1.25 g, 6.34 mmol) with LAH (502 mg, 13.2 mmol) in ether (15 
and2Oml);r~~ion time2 hrat RT; yield l.lOg(86%)of Ha, 
colourless crystals, m.p. 74-75”, d.r. of crude product > 95 : 5 
(“C-NMR, 22.6 MHz). IR (Ccl,): 34OO(m),3m(mb), 3100 
(w),2980,1615,1365,1195,1150,1090,1035cm-’. ‘H-NMR 
(CD&, 90 MHz): 6 1.2 [s, C&H,),], 2.8 (b, OH, NH2), 3% 
3.S(ABofCH, andm of H-5),4.1 and 4.3(dm,4-H),4.9(ddd, 3- 
H), 5.3 (dd, 2-r-1). 6.6 (“d”, l-H); Jiz = 3, jt, = l,;,, = 3, Jjl 
= 8 Hz. 13C-NMR see Table 3. (Found : C. 59.47 : H. 9.58 : N. 
6.83. Calc for C,,H,,NO, (261.3): C, 59.68; &b.52;.H; 
6.69x.1 

6-Diethyl acetal o/ xylo-hexodialdose fianoid glycal, Mb: 
From 6b (640 mg, 3 mmol) with LAH (270 mg, 7.1 mmol) in 
ether (5 and 5 ml); hydrolysis after 2 d and further stirring for 1 
d,thenanother2dafteradditionof20mlofCH,Cl,/NalSOI; 
crude product as a slightly impure yellow oil (5j3 n&, 88$$, d.il 
94:6), that decomposed partly on attempted chromatogra- 
phic separation. IR (CCL): 3390 (w), 3300 fmb), 2980, 1665 
{m), 1 lie, 1060,lO~~ 93tjy 870 cm’1: ‘H-NtiR~(CDCl,, 400 
MHz): S 1.23 (m, 2 CH,), 3.31 (dd, S-H), 3.55 (sb, OH, NH,), 
3.53.8 (m, 2 CH,), 4.48 (d, H-6), 4.49 (dd, 4-H). 4.85 (dd, 3-H), 
5.16(dd.2-H),6.58(d. 1-H);J,, = 4.&J,, = 2.5,J1* = S.O,J,, 
= 2.5. J., = 7.5 Hz “C-NMR (CDCI,. 100.6 MHz): see 
Table. 3:“(Found: C, 55.71; H,‘ 9.41 ;-N, 6.84. Cal& for 
C,~H,~NO~(217.3):C,55.28;H,S.Sl;N,6.45%.) 

~Neo$entylg~~ol aced I$ xylo-hexodialdose jiianoid 
glycall3e: From 6e (676 mg, 3 mmol) and LAH (190 mg, 5 
mmol)inether (20ml); hydrolysis after 90min at 0” and 14d at 
RT, then stirring with CH,CI, (10 ml) for 14 d at RT; crude 
product asayellowsolid(577mg,84’j/,,m.p.87-9O”,d.r.94: 6); 
pure product as colourless crystals (from ether, 476 mg, 720/ 
m.p. 92-93”). IR (Ccl,): 3400(w), 332O(wb), 2980,161O. 1150, 
1100,1~,10~,9~,930~-‘.‘H-NMR(C~~,~MH~ 
fromcrudeproductf:60.75andl.18(2xs,CH,,andCH,.~, 
3.05 (sb, OH, NH,), 3.32 (dd, S-H), 3.45 and 3.48 (2 d of 
CH_,,H,& 3.64 and 3.68 (2 dd of CH,,H_,), 4.45 (d. 6-H), 4.45 
(dd, 4-H). 4.91 (ddd, 3-H). 5.24 (dd, 2-H). 6.56 (db, 1-H); J,z 
= 2.7, J,J = 1.0, J,, = 2.7, Jsl = 7.7, J*s = 2.7. J,,6 = 6.0; 
J = 11.5, *J = 2.7 Hz (dioxane part). 13C-NMR (CDCl,, 
ls&6 MHt,crude product): see Table 3. (Found : C, 57.41; H, 
8.29;N,6.07.CalcforC,~H,~NO*(2~.3):C, 57.63;H,8.35; 
N, 6.1 lx.) 

1,4-Anhydro-S-amino-2,5-dideoxy-xylo-hex-l- 
enitol 13d: From 66 (375.4 mg, 3 mmol) with LAH (233 
mg, 6.1 mmol) in ether (5 and 10 ml), hydrolysis after 2.5 hr at 
RT; colourless crystals (134 rn& 35%. m.p. lO>lW, d.r. 
195: 5). IR (Ccl&): 3400(w), 328O(wb), 3060(w), 2980,1615, 
1265, 1150, 1100, 1040, 920 cm-‘. ‘H-NMR (CDCI,, 60 
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MHz) : 6 1.3 (d, CH,), 3.0 (sb, OH, NH,), 3.4(dq, 5-H), 4.1 (dd, 
4-H). 4.9 (ddd, 3-H). 5.2 (dd, 2-H). 6.6 (db, 1-H); J12 = 2, J,3 
= 1,Jz3 = 3,J, = &J,, = 3,J,6 = ~HL”C-NMR(CDC~~, 
22.6 MHz): see Table 3. (Found: C, 55.78; H, 8.59; N, 10.71. 
Calcfor C,H,,NO,(129.2):C, 55.80;H.8.58;N. 10X4%.) 

‘I-O+Buryl xylo-heptulose fianoid glycal 140: From 7a 
(634 mg, 3 mmol) with LAH (114 mg, 3 mmol) in ether (5 and 5 
ml), hydrolysis after 2 hr at 0” and 14 hr at RT; analytically 
pure,“crude”product(yellowoil,410mg,63%,d.r. ~97: 3).IR 
(Ccl,): 3380 (w), 3300 (wb), 2960,1665 (m), 1380,1360,1180, 
1080rm-‘.‘H-NMR(CDC~,,~OOMH~):~~.~O[S,C(CH,),], 
1.84 rsb, 1-H (CH,)l, 3.3-3.5 rm, bH, 7-H (CH,), OH,.NH,I, 
4.22 cdd; 5-H), 4.8?&lm, 4-Hc4.90 (m, 3-H); J.; = 7, Js6 =b 
Hz. ‘“C-NMR (CDCl.. 100.6 MHz): see Table 3. (Found : C. 
61.37; H, lO.li; N, 6:jl. Calc for’CllH21N03 i215.3): C, 
61.37; H, 9.83; N. 6.19x.) 

Dielhyl metal of xylo-heptos-&ulose furanoid glycol Mb: 
From 7b (730 mg, 3.2 mmol) with LAH (114 mg, 3 mmol) in 
ether (5 and 5 ml), hydrolysis after 16 hr at RT with additional 
stirring for 1 d after addition of CH,Cl, (20 ml). The crude 
product (yellow-brown oil, 529 mg, 76%. d.r. 94: 6) was 
purified b$ addition ofether, filtrationfrom a yellow, fluffy pp1 
lo nive 7b as an analvticallv pure, brown oil (497 mp. 67%. IR 
(&1,):3380(w),33&(w),%0,1665(m), 11i0.1060,10~~~930 
cm-‘. ‘H-NMR (CD&, 400 MHz): d 1.2 (mc, 2 CH,), 1.88 
[sb, 7-H (CH,)], 3.29 (dd, 2-H). 3.5-3.8 (m. 2 CH,, OH, NH& 
4.46 (d, I-H), 4.49 (dd, 3-H), 4.87 (db, 4-H). 4.90 (sb, 5-H); J,, 
= 7.5, Jz3 = 3.0, Ja4 = 7.5 Hz “C-NMR (CDCI,, 100.6 
MHz, from crude product): see Table 3 for data of 96:4 
isomers. Impurities (< lo”/,) in crude product: 6 61.9, 93.1, 
99.4, 125.5,147.8.(Found:C,57.37;H,8.92;N,6.21.Calcfor 
C1,H,,N0,(231.3): C, 57.12; H, 9.15; N, 6.06x.) 

Neopentyl glycol metal of xylo-heptos-&ulose fwnnoid 
glycal 14e : From 7c (718 mg, 3 mmol) with LAH (190 mg, 5 
mmol) in ether (20 ml); hydrolysis after 2 d at RT; stirring for 
anotherdafteradditionofCH,Cl,(lOml).Crudeproduct(685 
mg, 94%) as a yellow oil; wlourless crystals from ether/pet 
ether (crops of 43 1 and 95 mg, total 7r;/, ; m.p. 86-87 and 82- 
83”). A slightly impure third fraction was obtained in the form 
oflight-vellow crvstals(lO1 mp, 14X; m.p. 74-78”). IR (Ccl,): 
34O@mj, 3320(mb),2960,1670, ljL?O, li70,llOO; 1030, lti, 
930.920cm-‘.‘H-NMRICDCl,.4OOMHz~:60.74and1.1812 
s, CH ,_,andCH,_), I.82 [m,7%I(CH,)],j.O(sb,OH,NH;), 
3.29 (dd, 2-H). 3.46 and 3.49 (2 d of CH_,,H,), 3.63 and 3.67 (2 
dd of CH,,H_,,), 4.45 (d, I-H), 4.49 (dd, 3-H). 4.85 (dm, 4-H), 
4.90 (m, 5-H); .I,, = 6.0, J,, = 3.0, J,, = 7.5; J,, = 11, 4J 
= 2.7 Hz (dioxane part). ‘%-NMR (CDCl,, 400 MHz, from 
crude product): see Table 3 for data of 93: 7 isomers. 
Impurities (< 10%) in crude product: 6 45.4.70.8. (Found : C, 
59.46; H, 8.66; N, 5.69. Calcfor C,,H,,NO,(243.3): C, 59.24; 
H, 8.70; N, 5.76%.) 

Slereoselective LAH reduction ofdihydrojiioisoxazolines &, c, 
9,10,12; synthesis of aminodeoxy ido-furanoses Ha, c, 16-18 

Methyl 5 -amino-6-O-t - butyl- 5 -deoxy-t?-idofuranoside 
1Sa: According to the general procedure outlined for 139; 
from 8a (B/a 95: 5; 736 mg, 3 mmol) with LAH (228 mg, 6 
mmol) in ether (30 and 5 ml). Hydrolysis after 14 hr a1 RT, 
stirring continued for 5 d with addition oFNa,SO,, and for 12 
hr after adding ether/CH,Cl, (30 ml of each); light-yellow 
syrup (580 rng, 77%): IR @&)I 3380 (sb), 2980, 1190; 1070, 
1020. 810 em-1. IH-NMR ICDCI,. 400 MHZ): d 1.20 rs. 
C(Cti,),],3.17(ddd, 5-H),3.3b(dd,~H~,3.4O(s,‘OCH,),3.40 
(m,&H,,2OH,NH,),4.10(sb,2-HX4.11 (d,3-H),4.21 (dd,4- 
H),4.81(s, I-H);J,, = 5.O,J,s = 4.O,J,, = 7.4Jsa = 5.5,JAa 
= 8.5 Hz. “C-NMR (CD&, 100.6 MHz): see Table 3. 
(Found: C, 53.10; H, 9.02; N, 5.65. Calc for C,,H,,NO, 
(249.3): C, 52.99; H, 9.30; N, 5.62x.) 

Methyl5-amino-6-0-~-butyl-5-deoxy-2-O-methyl-~- 
idofuranoside 16: From 9 (8/a >97 : 3; 778 mg, 3 mmol) in 
ether (5 ml) with LAH (227 mg, 6 mmol). After 14 hr at RT more 
ether (10 ml) was added, and hydrolyzed as usual 4 hr later. 
Yield of 16: 620mg(78%)asayellow oi1;d.r. 297: 3. IR(film): 
34@O(sb), 2990,1190,1110,935 cm- ‘. ‘H-NMR (CDCI,, 400 

MHz): 6 1.20 [s, C(CH,),], 3.18 (ddd, 5-H), 3.30 (6-HA 3.40 
and3.41(2~,2OCH,),3.4O(m,6-H,,OH,NH,),3.68(bs,2-H), 
4.12(dd,4-H),4.25(dd,3-H),4.82(~, I-H);J,, = 1.0,J34 = 4.8, 
J,, = 3.3, J,, = 7.5, Jsa = 5.7, J, = 8.5 Hz. 13C-NMR 
(CDCI,, 100.6 MHz): see Table 3. (Found: C, 54.64; H. 9.40; 
N, 4.97. Calc for C,2HzsNOs (263.3): C, 54.73; H, 9.57; N, 
5.32x.) 

Methyl S-amino- 5-deoxy-6,6-O-neopentylidene-/?-ido- 
hexodialdo- 1,4-furanoside1Sc: Fromgc(470mg. 1.7mmol)in 
ether (20 ml), and LAH (332 mg, 8.5 mmol), added in portions; 
hvdrolvsis after 12 hr at RT, treatment with CH,Cl, (10 
&)/N&SO, for another hour. The crude product (colourless 
solid. 434 me 92%. m.o. (dec.) 136138”; d.r. >95:5), 
crys&llized frzm h&H,‘ga;e &lourless crystals (371 mg, 
79”/ m.p. 141-142”), IR (KBr): 3360,2960,1120,1100,1050, 
1020cm-‘.‘H-NMR(CDCIJCDsOD5: 1,4OOMHz):60.74 
and 1.17 (2 s, CHs,, and CH, 3. 3.44 and 3.46 (s and d(?), 
OCH, and 5-H), 3.65(m, 2CH,), 4.10(s, 2-H),4.15 (m, 3-H), 
4.40 (d, 6-H). 4.50 (bs, 4-H), 4.83 (s, 1-H); J,6 = 6.5 Hz ‘%- 
NMR (CD,OD, 100.6 MHz): see Table 3. (Found: C, 51.58; 
H, 8.52; N, 4.65. Calc for C1,H,,NO, (277.3): C, 51.97; H, 
8.36; N, 5.05%.) 

Me~hyl6-tino-7-O-~-butyl-1,6-dideoxy-ido-hept-2- 
ulofuranoside 17: From 1Oa (517 mg, 2 mmol) with LAH (304 
mg, 8 mmol) in ether (5 and 5 ml) ; hydrolysis after 2 hr at0” and 
14 hr at RT; work-up by addition of CH,Cl, (10 ml), stirring 
for I d. filtering, removal of solvent, and drying over 
P,O,/KOH in v&m Colourless, slowly solidfying oil (554 mg 
” 10Sno/ d.r. 87 : 13 ; m.p. 69-70” (main part) and 74-75”). IR 
(Ccl,): 3380 (mb), 2960, 1360, 1190, 1080, 1020 cm-‘. ‘H- 
NMR (CDCI,, 400 MHz): 6 1.20 [s, C(CH,),], 1.42 [s, 1-H 
ICH,ll. 3.13 (ddd. 6-H). 3.30 Is and sb, OCH, and OH, NH,), 
j.31 ~&3.48~2dd,7-H~and?-Ha),4.d2(d,3-fi),4.10(dd,4-fi), 
4.17 (dd, 5-H); J3* = 1.0, J1, = 4.5, Jsd = 6.0, JhA = 7.0, J,, 
= 4.5, JAB = 8.5 HL *“C-NMR (CDCl,, 100.6 MHz): see 
Table 3. (Found: C. 54.64; H, 9.40; N, 4.97. (24~ for 
C,,H,,N& (263.3): C, 54.73; H, 9.57; N, 5.32%.) 

5-Amino-6-0-1-butvl-5-deoxv-1,2-O-isopropylidene- 
a- idofuranose 18: From 12 (271 m-g, 1 mmol, di. ;37: 3) in 
ether (5 ml) with LAH (90 mg, 2.37 mmol) added portionwise; 
hydrolysis after 4d at RT, with stirring continued for 2 hr at RT, 
then with CH,C& (20 ml)/Na,SO, added, for another 2 hr. 
Colourless oil, slowly solidifying (231 mg, 84%, m.p. 53-55’ ; 
d.r. >97:3).1R(CC1,):3400(w),3000,1220,1200,1170,1075, 
~O~O~~I-‘.~H-NMR(CDC~,,~~~MHZ):~ 1.20[s,C(CH,),], 
1.30 and 1.48 [2 s, C(CH,),], 3.21 (ddd, 5-H), 3.32 and 3.41 (2 
dd. 6-H., 6-H.). 4.11 (dd,4-H), 4.25 (d, 3-H),4.47 (d, 2-H), 5.93 . . - 
(d,l-H);J,, = 3.5,J3* = 3.O,J,s = i.0, J,, = 7-7.3, J,a = 8.5 
Hz 13C-NMR ICDCl,. 100.6 MHz): see Table 3. (Found: C, 
56.88;H,8.89;N,5.10.~i3lalcforC,,jl,,N0,(273.~):C,56.71 i 
H, 9.15 ; N, 5.09x.) 
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