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Mm&act--1.3~Dipolar cycloaddition of nitrile oxides. gcneratcd from nitrocthanol and nitroacctaldehyde 
derivatives 3. 21 and 22, rcspcctively~ and of benzonitrilc oxide to Cvinyldioxolanes 1, 2 gave ca 4: I 
eryrhro/threo mixtures of correspondmg isoxazolincs. LAH reduction of eryfho isoxazolincs procecdcd 
with similar (cu 4: I) selectivity to furnish protected ribo-amino-polyols 11, 15.19, DL- and D&idosamincs 
31 and 33, respectively, as main products. The DL-lividosamine derivative 33 was obtained pure by 
crystallization. In the ~scrics. the corrcsoondina ribo/urubitw mixture o-31/~-32 was transformed to the 
known a-methyl tAividosaminide 1~37.~ - 

A. MCXCROUND 

1,3-Dipolar cycloaddition of nitrile oxides B to al- 
kenes A allows for the construction of a variety of 
functionalized carbon skeletons5 The in situ gener- 
ation of these dipoles from either hydroxamic acid 
chlorides (Huisgen’s method’~‘) or nitroalkanes 
(Mukaiyama’s procedure’*‘), in the presence of di- 
polarophiles, today is the most useful way to carry 
out these cycloadditions. The cycloadducts, isoxa- 
zolines C, may serve as precursors for various classes 
of compounds, provided that suitable ring cleavage 
reactions are at hand. *.’ The general concept [eqn (a) 
in Scheme 11. outlined in 1976,’ has proved very 
fruitful in our hands,‘O and in others,‘&” and is 
increasingly used in natural products* synthesis.‘b’2 
Synthetic problems to assemble structures thus often 
may be solved by adding up [2 + 31, i.e. by proper 
choice of respective building blocks A and B. 

A particularly appealing conversion of the isoxa- 
zoline nucleus is complete reduction, to furnish 
y-amino alcohols. I3 Our investigations of this process 
showed lithium aluminium hydride (LAH) in ether to 
be the most convenient reducing agent so far, both 
for preparative ease and what concerns asymmetric 
induction by (non-coordinating) ring substituents 
favouring “erythro” formation” [qn (b) in Scheme 
I]. The y-amino alcohol unit is present in several 
natural product c1asN.g. ammo polyols. amino 
sugars, and amino acids-many of these exhibiting 
notable physiological or pharmacological proper- 
tiesI A long-term project was started therefore, to 
systematically elaborate solutions for the various 
structural and stereochemical problems associated 
with syntheses of these classes, based on the iso- 
xazoline route.8*‘0 

tin early experiments the dithiane derivative of 
nitroacctaldchydP was t~scd:~’ the cycloaddition with 1 
gave impure product in moderate yield (380/,); the LAH 
reduction product could not bc obtained pure.* Fortu- 
nately, a convenient synthesis of nitroaataldehyde dialkyl 
acctals. by Rent and Royer,a appeared just in time. 

Requisite building blocks with protected hydroxy- 
methyl and formyl groups in the nitrile oxide part, to 
be carried through the cycloaddition and LAH reduc- 
tion step, have already been described.‘b’* A study of 
directing elfects of groups bearing 0-functionality’& 
has confirmed the additivity of ring substituent effects 
noted previously.” The following paper is concerned 
with two aspects of amino sugar synthesis via iso- 
xazolines, the specific target being o-lividosamine 
(Zamino-2,3dideoxy-D-r&o-hexose). constituent of 
aminoglycoside antibiotics lividomycin A and B.” 

a SI-RATEGY 

A number of the synthetic problems that regio- and 
stereoselective access to various aminodesoxy- 
aldoses and related products poses, may be simplified 
using isoxazoline precursors D-H2.1kJ0 (Scheme 2). 
For example, type D has been obtained by iso- 
xazoline Canion hydroxylation;‘66 its highly selective 
reduction to 2,3&ribo aminodiols’” enabled a short 
route to phytosphingosine.‘bb &-Oxygenated iso- 
xazolines E and resulting 2,3+xylo derivatives are 
part of the amino polyol variety accessible via furan 
adducts F.2.‘b300*2’ From F by hydroxylation furano- 
side C, a cyclic analog of H. is obtained also, to furnish 
ido derivatives on reduction, exemplified by the syn- 
thesis of 5-epi-nojirimycin derivatives.‘ti Stereo- 
selective access to isoxazolines H of eryrhro 
configuration was part of our studies’ bearing on 
n-facial selectivity in nitrile oxide cycloadditions to 
achiral olefins such as buten-3-01 (in collaboration 
with Prof. K. N. Houk and his gro~p)~ and 
3-buten-1,2-diol and derivatives.” For the synthesis 
of lividosamine, 2-vinyl-l.3dioxolanes (i.e. ketals of 
butenediol I) would serve as equivalents of I which 
had exhibited the highest (co 4: I) diastereoselectivity 
in model cycloadditions. 23u As a suitable synthon for 
formyl nitrile oxide J, dialkyl acetals of nitro- 
acetaldehydti’ should be convenient, as the diethyl 
derivative’” in our hands had already served to this 
purpose in a satisfying manner.t’73’ The main ques- 
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tions regarding the success of the projected liv- 
idosaminc synthesis then concerned the extent of 
asymmetric induction in the LAH reduction 
step,-the O-substituents in the S- and 3-side chain of 
the isoxazoline ring system might show a detrimental 
effect’Q (cf Scheme 3); second, product isolation/ 
purification after protective group manipulations was 
new territory, as all o-lividosamine syntheses known 
did constitute carbohydrate remodeling.‘9bc 

C. DIRECI’NE EFFECT OF THE DIOXOLANIYL 
GROUP; L4MlNO-2&DIDFSOXYHEXlTOIS AND 

l-AMINO-l-PHENYL3,4,SPFiNTANEl’RlOIS 

The antidirecting effect of a 5-alkyl group in 
isoxazoline reductions bv LAH” is decreased slightly, 
both with tetrahydropyranyloxy groups present in the 
5”- and 3a-positiont’6” (Scheme 3). The directing 
effect of the now necessary dioxolanyl 5-substituent 

tLAH and similar reductions of isoxazolines proceed by 
(i) stereoselective hydride transfer to C=N guided by 
Lie. _ . 0 coordination, (ii) N-O cleavage; in catalytic hy- 
drogenation and sodium/protic solvent reductions by N-O 
cleavage first, rhen C=N hydrogenation of the resulting 
acyclic intermediate in a stereorandom fashion.” 

iThis could be done due to intramolecular C&H.. . NH, 
hydrogen bridges present in these amino alcohols, which 
therefore consistently show characteristics of six-membered 
species.Ia5.14 

was studied therefore with model isoxazolines S-9. 
The building blocks used were the vinyl dioxolans 1,27 
2,h and the nitrile oxide precursors 3,16 4S (Scheme 4). 
As expected?’ erythro/threo mixtures of the corre- 
sponding isoxazolines were obtained in a z 4: 1 ratio 
(Table in Scheme 4). The main product in each case 
was assigned the same configuration on the basis of 
very consistent ‘%I NMR shift differences for each 
cycloadduct pair (Table 1). As 9 had been shown to 
belong to the eryrhro series by X-ray analysis,= this 
could be derived for 5 and 7 likewise. The minor 
isomers-6, 8, and lO-thus constituted rhreo com- 
pounds. 

The isoxazolines 5/6, without separation, were 
subjected to LAH reduction to produce, in quan- 
titative yield, a mixture of 2-amino-2,3dideoxy- 
hexitol derivatives 11-14. A “C NMR spectrum 
revealed that the four stereoisomers had been formed 
in a 63: 17: 13: 7 ratio. Apparently, the eryrhro iso- 
xazoline 5 had been transformed to 11 and 12, again 
with co 4: 1 diastereoselectivity (cf Table in Scheme 
4); 6 had furnished 13 and 14 with lower, i.e. ca 2: 1. 
selectivity. Analyses of the “C NMR chemical shift 
differences, in particular of the C-2 and C-4 signal 
groups, could be effected on the basis of empirical 
rules derived from previous work on the deter- 
mination of relative configurations and con- 
formations of simple y-amino alcohols;$‘W.‘4 (Table 
2). The main products of the two epimer pairs, 11 and 
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13 were assigned the same relative configuration confirmed by the results obtained on rth~t.io~~ of 
concerning C-4/C-2 (erythro). With the C-S/C-4 enriched erythro (90: 10) and rhreo (75: 25) phenyl 
relationship retained during the reduction, assign- isoxazolines 7 and 8 to give IS/l6 and 17/l% pairs, 
ments then were made as depicted in Scheme 4, i.e. respectively, as the main isomers. Further, pure 9 was 
11 = do, 12 = urubino, 13 E lyxo, 14 E xylo! reduced to give 19120 in a 85: 15 ratio. 

These considerations and conclusions were The above results with dioxolanyl substituents 



VOLKER JiiGw and RUDOL.F Sctiotis 

CH~O’BU 

11 (riba) 
=- 

Ph 

15 (ribo) 
x- 

16 (arabino) 
_- 

HON=CCI-Ph 

% 
HzO’Bu 

-N 

2 (three) 

% 
d 

‘Bu 

‘H 
NH2 

12 (arabino) 
-- 

‘4”“sr 

Ph 

H NH2 

17 (lyxo) PI 

fi (xylo) 

Ph 

8 (three) 5- 

2 (erythro) 

10 (threa) =- 

19 (ribo) 
P- 

2 (arabino) 

I 
Diastereomer ratioa I 

Cycloeddition LAH redbction 

1 + 3 - S/6 x:22 5.6 (78:221-11/12/13/14 63:17:13:7 
P = =I mm a__- 

1 + 4 - 7/a 65:15 7,8 (90:10)-15/16 El:19 **I 
m P =I cc= SC 

7.8 (25:75)-= 17/18 l +I 66:34 
s= 

2 + 4 - 9/10 El:19 9 -19/20 65:15 
= E IP = Pm a 

l J 
Scheme 4 . 

l Racemic compounds; for clarity, the drawings show enantiomers of one series (see 1,2) only.-**Not 

determined. 

Scheme 4. 

agree well with those of the THPO-methyl grouplQ 
(Scheme 3). It was hoped, that the acetal group in 
3-position required for the entry to the aminohexose 
series, would not decrease this selectivity markedly. 

D. DL-LMDOSAMINE DERIVATIVES 

For the synthesis of the target amino sugar, D-35, 

a number of experiment.5 was carried out to evaluate 
the suitability of protecting groups for the two basic 
components, the butendiol I and nitroacetaldehyde J. 
Vinyl dioxolanes 1 and 2 were opposed to nitro- 
acetaldehyde diethyl acetal 21 (Mukaiyama 
conditions’) to furnish erythro/rhreo isoxazoline pairs 
23124 and 25126 (Scheme 5). Again ca 4: 1 dia- 

stereoselectivity was noted. At this stage, diethyl 
acetal protection caused some difficulties due to 
partial hydrolysis during chromatographic attempts 
to separate the eryfhro/lhreo pair 2!5/26. Similarly, 
the amino alcohol mixture formed on reduction of 
2.3124 could not be obtained in an analytically pure 
form, so a more stable acetal protecting group was 
required. 

Compound 21 therefore was converted to the 
nitromethyl dioxane 22,m on treatment with neo- 
pentyl glycol Ze/p-toluene sulfonic acid (catalyst) at 
90” (87% yield). Cycloadditions of 22 with 1 and 2, 
carried out as above, gave isoxaxoline pairs 2712g and 
B/30 in near quantitative yield. The eryzhro isomers 
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Table 1. ‘%I NMR chemical shifts of erythro/fhreo isoxazolines S-10, 23-30 (in CDCL,, 6 in ppm) 

Ccapolbnd oC_lf, G c-5 c-4 c-3 C-1. 

5a 67.f 

la 65.4 
- 

7b 67.2 

ib 65.4 
- 

gc 66.9 

-c 
10 64.9 
-- 

234 66.8 
-- 

24 4 65.3 
-- 

xe 66.7 
-- 

26e 65.1 
-- 

27' 67.1 
-- 

28' 65.4 
-- 

299 66.9 

309 65.0 
c- 

76.3 80.5 38.1 

77.5 79.4 37.1 

76.1 81.3 37.7 

76.4 80.5 36.6 

75.7 81.5 37.8 

77.0 80.5 

76.1 80.6 35.1 

76.6 79.8 34.5 

75.9 80.9 35.5 

76.3 79.9 35.0 

76.1 81.0 35.5 

76.3 80.6 34.2 

75.9 81.2 34.8 

76.0 80.7 34.3 

158.0 

157.5 

156.6 

156.4 

156.6 

157.2 

156.9 

157.4 

156.6 

156.3 

97.5 

95.5 

95.9 

156.6 96.0 

156.4 95.9 

57.2 

129.4 

129.4 

97.4 

Acetonlde part: 25.1 25.3 26.4, 26.1, 109.6, 109.9; 

t-k: 27.4, 14.2. 

Acetonlde part: 25.1, 26.3, 26.8, 109.7, 109.9; 

phenyl: 126.8, 128.7. 

Cyclohexane partc23.7. 24.0, 25.1, 34.6, 36.6, 110.3: 

phenyl: 126.8 - 130.2. 

Rcetonide part: 25.1. 25.3, 26.3, 26.6, 109.7, 109.9; 

CE~: 15.0, 63.0, 63.1, 63.2. 63.3. 

Cyclohexane part: 23.8, 24.0, 24.1, 25.2, 34.6, 34.8. 

36.0, 36.5, 110.4; OEt: 15.1, 63.0, 63.1, 63.2, 63.2. 

Acetonlde part: 25.2, 26.4, 26.7, 109.7, 110.1; 

dmranyl part: 21.8. 22.8, 30.3, 30.5, 77.0. 

Cyclohexane part: 23.8, 24.0, 25.2, 35.6, 35.1, 36.4, 

36.6, 110.3, 110.7: dlowanyl part: 21.8. 22.9, 30.3, 

77.2. 17.3 (?). 

27 and 29 were obtained pure ( 2 95 : 5 according to 
“C NMR) applying gash chromatography on silica, 
in 53 and 55% yield, respectively. LAH reductions went 
smoothly. With 27, 89% of amino alcohols 31/32 
(ratio 78 : 22) were isolated. One crystallization of this 
material from hexane gave a 64”/, fraction where the 
content of the desired ribo isomer 31 had increased to 
89: 11. This worked even better with the cyclo- 
hexanone derivative 29: from the crude reduction 
product (quantitative yield; 33134 = 79: 21) after one 
careful crystallization we Ix.-lividosamine 
5,6-acetonide acetai 33 was collectedt. 

Exploratory experiments to remove both protec- 
ting groups from 31 and 33 gave the following 
informations: Organic acids such as 800/, acetic acid 
did not give pure hydrolysis products, which we 

tThe neopentyl glycol protecting group in several cases 
with related work in our group has shown some remarkable 
properties: (a) ease of a&al formation, stability towards 
hydrolysis; (b) high tendency to furnish crystalline products; 
(c) increased solubility of compounds with polar groups in 
hydrocarbon solvents; (d) NMR spectra less complicated 
than those of diethyl acetals, the methylene carbon signals 
appearing with ~ClJC_DCI, peaks. 

attribute to partial N-acylation; further, as ex- 
pe&dB both acetone and cyclohexanone ketals were 
cleaved more rapidly than the neopentyl glycol acetal. 
Complete deprotection, as evidenced by NMR, could 
be effected in the case of 33, when treated with 6N 
HCl/ 1,2dichloroethane. This system was devised to 
achieve complete separation of hydrolysis products 
neopentyl glycol/aminohexose hydrochloride, based 
on their contrasting solubility behaviour. However, 
no crystalline product could be isolated. As physical 
properties of racemic mixtures and pure enantiomers 
often differ considerably, subsequent derivatization 
to overcome this problem was deferred to efforts in 
the D series. 

A summary of achievements in the D,L-SerkS seems 

appropriate. The isoxazoline route makes accessible 
protected DL-lividosamines 3land 33 in 2 steps only. 
lsoxazolines of the erythro series, such as 27 and 29, 
were prepared in gram quantities, yields exceeding 
500/ With the instrumentarium of isoxazoline 
modification reactions elaborated so far>‘“*‘6b29 we 
may easily predict these compounds to serve as 
starting points for diastereoselective syntheses of a 
number of acyclic derivatives, be it amino com- 
pounds, aldols or other target molecules. Similarly, 
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Table 2. “C NMR chemical shifts of amino alcohols 11-20, 31-34 (in CDCl,, 6 in ppm) 

Coapound C-6 c-5 c-4 c-3 C-2 C-l 

II a __ 
I2 a 

_I 

J3a __ 

I4 a 
__ 

ZLb 

32 
b 

__ 

33 c __ 

EC 

67.2 79.3 74.0 35.9 52.6 

66.8 79.0 70.9 34.8 49.2 
67.8 

65.6 78.5 72.9 35.3 52.3 

66.0 79.6 69. I 36.4 48.9 

67.0 79.2 73.9 33.7 55. I 102.6 

77.9 70.4 32.7 51.3 102.7 

66.9 79.0 74.3 34.2 55.3 103.0 

66.8 77.8 71.0 33.2 51.7 103.2 

c-5 c-4 c-3 c-z C-l C-l’ 

66.5 78.9 73.2 40.4 56. I 146.3 

66.4 78.2 69.9 40.) 52.7 145.4 

65.6 78.9 72.4 40.2 56. I 146.1 

65.9 79.3 69. 3 41.4 52.8 145.3 

66.7 79.6 71.7 42.7 54.8 146. I 

79.4 70.3 43.2 52.9 146.3 

Acetonlde part: 25.4, 25.5, 26.6, 26.8, 109.3; t-ml: 21.6, 

72.9. 

Acetonlde part: 25.3, 26.6, 108.9; dloxane part: 21 .6, 

22.8, 29.4, 76.8. 

~yclohexane part: 23.9, 24.1, 25.4, 35.1, 36.5, 36.6, 

109.7; dloxane part: 21 .8, 23.0, 30.0, 30.2, 30.3, 30.8, 

77.1, 77.3. 

Acetonlde part: 25.1, 26.4, 108.8: phenyl: 125.4, 125.6, 

126.8, 126.9, 128.3, 128.5. 

Acetonlde part: 25.2, 26.5 (?), 109.3; phenyl: 125.8 - 128.8. 

Cyclohexane part: 24.4, 24.6, 25.8, 35.5, 37.0, 110.4, 110.5; 

phenyl: 126.8, 127.2, 127.5, 127.8, 129.2. Spectrum recorded 

I" CD,OD/CKl, 9:l. 

this should be valid with optically active derivatives 
as evident from the results in the D-series given below. 

E. DLIV[WSAMINE; MFMYL N-ACENL4,&DI-o- 
AClVYL-a-D-LMDDSAMINIDE IX37 

The synthesis of Dlividosamine was started with 
the (S)-vinyl dioxolane (S>l, obtained from 
Dglyceraldehyde acetonide as described by Crawford 
et al.” and acetal 22 as above (Scheme 6). Pure 
erythro adduct ~-27 was isolated in 58% yield after 
low pressure liquid chromatography (LPLC) on sil- 
ica. LAH reduction of ~-27 again proceeded in high 
yield (94%). In contrast to the results in the D,L-series, 
repeated crystallization produced only 78: 22 
ribojarabino fractions of protected amino-dideoxy- 
hexoses D-31/~-32, that is epimer separation by this 
way was ineffective in the D-series! The mixture of 
D-31/~-32 therefore was hydrolyzed directly by 
means of the 6N HCl/I,2dichloroethane two-phase 
system (16 hr at retIux). The hexosamine hydro- 
chloride mixture of (D-35/D36)HCl was obtained in 
87% crude yield as a foam. This consisted of > 2 
compounds, according to “C NMR absorptions in 
the 90-100 ppm region, where C-l pyranose signals 
were expected;” this was interpreted with two pairs of 
anomers being present. Fortunately, Oda et al., in the 
course of their structure elucidation of lividomycin A, 

already described the conversion of Dlividosamine 
hydrochloride to a cot@urationally homogeneous, 
crystalline compound, the N,O,O-triacetyl glycoside 
D-37 (3 steps, 24% yield). ipo Following this route with 
the mixture of (D-351~36)HCI (Scheme 6) we ob- 
tained a mixture of triacetyl derivatives, which, 
finally, did not resist separation attempts. LPLC of 
this material on silica gave colourless needles, in 16% 
from D-31/~-32. The spectral (Experimental) and 
physical data of this product agreed well with the 
published data of authentic D-lividosaminide D-37: 
m.p. 139” as opposed to the literature value of 
134 _ 135” (dec.), and a,,% + 90.2” (c, 0.6, MeOH) 
found here, the literature value being + 90” (c, 0.12, 
MeOH).‘% 

The sequence described constitutes a short altema- 
tive access to lividosamine and derivatives, as com- 
pared to partial syntheses from glucosamine or glu- 
case derivatives.19 More efficient separation 
technique, not available in the course of this study, 
should permit an essentially three-step approach (6 
steps, when counti from D-mannitol, which serves 
as the actual D-glyceraldehyde acetonide source). 
Efficient syntheses of these and similar amino com- 
pounds, e.g. of higher/lower or branched amino 
sugars, by modification of key intermediates or build- 
ing blocks, are conceivable via isoxaxolines now, 
almost as easily as adding up [3 + 21. 
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duced clusters of colourless needles [49mg, 16% from 
D-31/r+32, m.p. 139” lit’* 134-135” (dec.)]. IR (KBr): 3325, 
1745, 1648, 1545, 1255, 105Octn’. ‘H-NMR (400.1 MHz, 
CDCl,): 6 1.66 (3-H.), 1.98 (NCGCH,), 2.03 and 2.09 (4 
and 6-OCOCH,), 2.25 (3-I-I& 3.42 (GCH,), 3.83 (5-H). 4.15 
and 4.22 (6H), 4.28 (2-H). 4.61 (I-H), 5.60 (NH); coupling 
constants: J,,= 3.5, J,= 12.5, J,=4.8, Jz,,=9.1, 
J,, = 11.6, J, = 11.3, J,= 5.0, J., = 10.3. Ju= 2.3 and 5.0. 
J, = 12.0 Hz- All data-m agreement with h?erature values 
from 100 MHz recordinn.‘* “C NMR (CDCI,. 100.6 MHz): 
d 20.7 and 20.9 (CH, of‘k and bOA& 23.3 {CH, of NAc). 
30.7 (C-3), 46.7 (C-2j, 55.0 (OCH,), 62:7 (Cdj, 66.2 and 68:i 
(C-4. C-5). 97.4 (C-11. 169.1. 169.3 and 170.7 (GCO and 
NCG). ii= +%.2” and a& = +250.8” (c LO.6 in 
CH,OH), lit’* aB = + 90” (c = 0. I2 in CH,OH). (Found: 
C, 51.44, H, 6.93; N, 4.60. Calc for C,,H,,NO, (303.3): C, 
51.45; H, 6.93; N, 4.43x.) 
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