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Summary: Nitrile oxide cycloodditions to 3-butene-1,2-dial and derivatives thereof show 

varying degrees of erythro selectivity, ranging from 0 to co. 0.9 kcallmol. Some of these 

results are rationalized qualitatively on the basis of the Felkin-Anh-Houk model. 

A concept to use the isoxazoline route2 for the synthesis of amino sugars was detailed recent- 

ly. 
1 ,3 One of the problems associated is how to achieve stereocontrol concerning O-functionality at 

C-4/C-5 as present in 2-amino-2-de oxyhexoses 1, and a solution via nitrile oxide/furan adducts was 

presented. 
la 

The C-4/C-5 part may also be related to isoxazolines 2, in turn accessible from nitrile = 

oxides 4 and cr-chiral olefins 3 such as 3-butene-2-01 (X = H, Y = OH) or 3-butene-1 ,2-diol = 

(X, Y = OH). The success of this scheme then depends on the diastereoselectivity of the cyclo- 

addition step, i. e. 3 + 4 + 2.4 = 

OH OH 

HO,++0 _ *--’ 

HO NH2 

i*R L 

O-N 

1 2 3 L = = = = 

In order to determine this, a variety of olefins 2 were reacted with various nitrile oxides 

4.‘b1c,4-7 This letter gives a selection of resutts with the diol 3a and derivatives (see Table l), = 

with some reasoning concerning transition state conformations. 
8 == 

The relative configurations of 

diastereomers of z (except zf) were determined by chemical and spectroscopic correlation with 

the main isomer of 2h,’ 

configuration. 
10 == 

which was shown by single crystal X-ray analysis to have erythro 

This parallels recent results of Kozikowski’s cycloaddition to 2s 
5b 

and Torssell’s 

findings with 5-vinylisoxazolines. 
5c 

In all cases, formation of the erythro odduct is favoured (see Table). Diastereomer ratios 

(d.r.s) exceeding or equal to 4 : 1, however, are found with vinyl-substituted 5-membered rings 

39 - zi= only. Still useful selectivities (3 : 1) are exhibited by the cyclic boronate 21, and the 

bis-silyl ether $i. Derivatives with vinyl attached to rings of other sizes (z%, Zlf, 2’1_) or open- 

chain aikenes (3a - c) are less or non-selective. == = Further, the diastereoselectivity found with 9s 

is insensitive to electronic and steric alterations in the nitrile oxide part, as the results with 

various dipoles 4 (R = CH3, 5b COOEt,5b mesityl, 
lb 

t-butoxymethyl, 
Ib,c,Sb 

dlethoxymethyl gb) 
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Table. Diastereomer ratio (d.r.1 of is oxazolines 2 from benzonitrile oxide cycloadditions to 

butenediol and related olefins 3’ 

= 

= 

2 x Y yield a& 
d.r.c = 

(crude; %) lerythro : threoJd (kcal/mol) 

(a) 

Cb) 

Cc) 

Cd) 

Ce) 

Cf) 

(g) 

Ch) 

(i) 

Cj) 

Ck) 

OH OH 

OC(C6H5)3 OH 

0SiMe3 OSiMe 
3 

OAc OAc 

-O- 

-co-NH- 

-0-CMe2-O- 

-0-C(CH2)5-O- 

-o-co-o- 

-O-BPh-O- 

-O-co-co-O- 

67 

(quant.je 

65 

67 

99 

78 

aa 

quant. 

a3 

74 

(3ajf 

61 : 39 0.26 

54 : 46 0 

75 : 25 0.64 

53 : 47 0 

69 : 31 0.47 

59 : 41 0.2 

a5 : 15 o.94d 

al : 19 0.7gd 

a2 : la 0.88 

75 : 25 0.67 

66 : 34 0.39 

a) Structures and configurations of 2 were secured by chemical/spectroscopic correlations; correct elemental 
analyses for G, 2c (for mixture and pure threo, m-p. 
(for mixture , purTerythr0, 

85 - 87’C), threo-2e (m.p. 88 - 91°C), If, 2g 

erythro, m-p. 73.5’C). 
m.p. 80 - 81°C, and pure three, 70 - 71.5’C)Tz (for mixture and pure 

b) Cycloadditions (Huisgen's in situ procedure) at 25'C (2, g at O'C). Alkenes were obtained commercially, 
as gifts or according to standard procedures. 

c) Diastereomer ratios from 13C NMR integration of crude products, cp. ref. 11. 
d) The term erythro Cthreol corresponds to the relative configuration of erythrose (threose). 
e) Crude yield "107 %", with ca. 10 $ of foroxan; f3C-CI)OH detritylation gave 39 % of a. 
f) Over-all yield of 3 after hydrolysis and acetalization. 

illustrate. Further, the diastereoselectivity of cycloadditions with 23, 35, and 39 is not subject to 
-- =_ 

solvent effects, as was checked with CCl4, pyridine, acetonitrile, DMF, DMSO, and ethanol. 

What are the factors causing n-facial selectivity of up to 0.9 kcal/mol? The absence of 

solvent effects indicates, that both hydrogen bond (with ‘22, 2b) and dipole interactions 12~3 are 
-- 

not responsible. Related cases reported recently - a Diels-Alder addition 
7b 

and a nitrile oxide 

cycloaddition (to zs)5b - have been interpreted on the basis of Houk’s generalized Felkin-Anh 
14 

transition state model of allylic substituents being staggered with respect to forming bonds, 
15 

cp. fig. 1. With a-chiral ally1 compounds 2 the question is, which substituent preferentially will 

occupy the anti-periplanar position, the alkyl group CH2X (the Large substituent) or the oxy 

substituent (Medium). It has been assumed, that anti alignment of alkoxy dominates, due to less 

unfavourable secondary orbital interactions of syn alkoxy vs. syn alkyl. 
7b 

Further, the relation to 

nucleophilic additions to carbonyl compounds anti to the group having the lowest energy fl* 

(C,-X) orbital has been invoked.5b”3 

Houk’s calculations do show the anti position of a methyl substituent in 1-butene reactions to 

be the preferred one throughout, but the relative steric requirements of outside (@) and inside 

(0 ) methyl positions are reversed for nucleophilic and electrophilic additions (H-, trajectory 

angle 123’, 0 preferred; BH3, 73’, @ most hindered!]! However, the nitrile oxide/alkene case is 

considered a mildly electrophilic reaction, with an O.... C trajectory angle of around 100’ (the 
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m. 1 - 

XCH2 

I 
erythro-2 

Fig. 2 -- 

threo -2 

C-4, C-5, 0 angle in 2L is 105.4’ from the X-ray data). An assessment of relative preferences of 

CH2X vs. Y groups for anti, 0 and @ alignment (cp. fig. 1,2) in the competing transition states 

therefore is not possible on this basis. 

Nevertheless, experimental results (Table 1) suggest, that transition state conformations with 

anti-periplanar alignment of the large group CH2X are the preferred ones in the pathways to both 

erythro and threo diastereomers of 2 as depicted in fig. 2: First, electronic variation of the C-X 
= 

bond (entries 2 - 5; g - i=) did not cause significant d-r. changes as expected when 6* orbitals of 

anti Y substituents were involved. 
16,17 

Second, steric arguments are in favour of anti alignment of 

the large group CH2X: 
17b 

the trityl derivative zp shows a d.r. close to that of the parent diol $2 

and the diacetate 3c. This is in accord with anti arrangements, but not with placement in one of == 

the sterically more demanding positions, 0 or @ . On the other hand, bis-silylation increases 

stereoselectivity by ca. 0.6 kcal/mol (3d vs. 23), indicating a sterically more hindered position for == 

Y in the threo transition state. Finally, any TS conformation with CH2X placed inside should be 

discriminated when opposed to an o-methyl group of mesitonitrile oxide as seen from Dreiding 

models; however, the experimental d.r. remained unchanged (with 39, see above). Still, more data =_ 

both from experiment and computation are necessary to rationalize these relatively small effects 

(in particular those from variations of the X----Y bridge) in a more quantitative way. For example, 

fig. 1 shows, that variation of substituents in position @ and (sem> of the a-chiral olefin 

should allow for specific changes of relative minima (and rotational barriers) of competing 

transition state conformations. 
17 

Studies relating to this are in progress, as well as studies 

concerning chiral nitrile oxides. 
18 

As a synthetic consequence, erythro-selective routes to various cleavage products of isoxazolines 

z are at hand. A recent example is a synthesis of 2-deoxy-D-ribose from Kozikowski’s group; 
5b 

In 

the context of the present program the reduction of respective isoxazolines 2 gave access to amino 
9b 

= 

sugars like DL- and D-lividosamine derivatives of type I_ 
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