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Abstract: In the 1.3dipolar cycloaddition of the cyclic drone lc and the acyclic drones Sal, 12a, b with dimethyl 
makate in re&wing chloroform not only the expected cycloadduds with ckon6guration of tbe hvo ester groups 
were formed but also such with trans+xm6gumtion. This phenomenon is not limited to chloroform, but was also 
observed in polar solvents as cyclohexane and n-hexarm. However, there is no clue for either a non-concerted 
reactioncourseorasubsequentconversionoftkcis-prodwtstetmns+MW ingeneral.Rather,c4wersionof 
dimethyl makate to dimethyl fmuamte xems to be responsible for tbe folmation of the tranwddtuted 
cycloadduc& This conversion can be induced by small quantities of N-alkylhydroxylamine formed from slight 
decomposition of drones under the reaction umditio~ or by small quantities of nitrone deriwtives possessing a 
NOW moiety such as N-hydruxy enamine tautomers or drone dimexs. 

The 1.3~dipolar cycloaddition of various acyclic aldonitrones with acceptor-substituted alkynes revealed 

steric effects on the regioselectivity of the reaction.1 This was attributed to the possibility that the reaction can 
proceed via transition states which are derived from the Z-contiguration as well as from the E-configuration of 
the nitrones. In principle, similar steric effects are expected for the reaction of acyclic nitrones with alkenes. 
However, in this case the situation is more complicated, since now diierent stereoisomers can arise in addition 
to the different regiosisomers.2 But the formation of two regioisomers can be circumvented by using 
disubstituted alkenes with identical substituents as dipolarophiles. By the reaction of such cis-alkenes with 

acyclic nitrones cycloadducts A can be formed either from the Z-nitrones by an endo-attack or from the E- 

nitrone by an exo-attack. On the other hand, formation of the cycloadduct B would result either from an exo- 
attack to the Z-form or from an endo-attack to the E-form.3 Thus it would not be distinguishable, whether the 
cycloadducts arise preferently by exo- or endo-attack and what is the steric infhtence of substituents Rr and R2 

on the reaction course.4 
This is not true for cyclic nitrones which are Sxed in the E-configuration. To this end we studied at first 

the reaction of some cyclic nitrones with dimethyl maleate @MM) as well as with dimethyl tbmarate (DMFU). 
Surprisingly, we found that in the reaction of one of the cyclic nitrones not only the two expected 

products were formed, but also two additional adducts which were formally derived from the addition of 
DMFU. Extending our studies to the reaction of acyclic nitrones with DMM we found again cycloadducts with 
trans-figuration of the two ester groups among the reaction products. Thus, we were confronted with the 
question whether the 1.3-dipolar cycloaddition of these nitrones proceeds, at least partially, in a non-concerted 
way5 or what else is the reason for the appearance of the wrong tmns cycloadducts. 
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Cjdoaddi&n of Qclic Nitmnu with Dimethyl Malcetc (DMM) and Dimethyl Fnumwate (DMFU) 

The reaction of l-pym%e-N-oxide (la) with DMM was already studied by Ali et aL6 in chloroform at 
50°C. They obtained a 83: 17 mixture of cydoadducts 3a and Ja, which showed characteristic lH-NMR signals 

of the proton 3-H at 4.86 and 4.70 ppm, respectively. When we performed the reaction between nitrone lb and 
DMM in refluxing chloroform, compound 3b resdthg from exo-attack of the dipolarophile was the sole 
product. This was also found by Gandoffi et al.’ when they studied this reaction in benzene at 20% 
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Surprisingly, the cycloaddition of nitrone le with DMM atforded four products. Compounds k and 4c 
were formed in 38 and 52% yield of the isolated material, respectively, the two other products were shown to 
be the cycloadducts 6 and 7 (yield 3 and 6%, respectively). The latter were prepared independently by reaction 
of lc with Dh@IJ in the ratio 32:68. After separation from the trans products 6 and 7, a mixture of compounds 
3c and 4c did not show any isomerization atler tinther heating in chloroform for one week. Neither compound 
4d nor compound 4e reacted with DMh4 under identical conditions. 

The structures of compounds 3c and 4c were assigned by their 3-H chemical shifts (3~: 4.83 ppm, 4c: 
4.69 ppm) in analogy to the compounds 3a and 4s (3a: 4.86 ppm, 4a: 4.70 ppm), where in each case the signal 

of the proton at the endo-side of the bicyclus appears at lower field. Further contlrmation comes from the 
position of the rH-signal of the methyl group Rs and of some of the W-signals of the diastereomers k, 4c, 6 
and 7 (see table 1). Thus the iH-signal as well as the i3C-signal of the methyl group is shifled to higher field if 
the ester group is in cis-position (3c, 6) compared to the compounds with the ester group in trans-position. In 
the same way the C-6 signal is shifted to higher field by a cis-standing ester group (4c, 7).* 

Table 1. Characteristic iH- and W-NMR Chemical Shifis in CDCI, (in ppm) 

‘H (CH,) “C (CH,) 13C (6-C) 

3c 1.21 21.5 37.8 
4c 1.34 24.7 32.4 
6 1.20 21.8 35.5 

7 1.35 23.6 32.9 

The behaviour of the cyclic nitrones 1 in the cycloaddition with DMh4 may be rational&d as follows: 
There are two opposite effects, a steric effect destabiing the endo-transition state thus favouring the 
formation of exo-product and a non-steric e&ct (presumably electrostatic and similar interactions) which tends 
-to favour the endo-approach.9 In the case of nitrone la the steric effect is decisive, thus the exo-product 3a is 
the major product. Introduction of two methyl groups as substituents Ri (lb) reinforces the steric 
destabilization of the endo-transition state, consequently 3b is the sole product. Contrary, with a methyl group 

as substituent Rs as in lc the exo-transition state is destabilized by steric interaction compared to la, the endo- 
product 4c being formed in excess relative to 3c. The increasing steric destabilization in the case of nitrones Id 

and le prevents the cycloaddition completely. In the reaction of lc with DMFU the steric hindrance for the 

formation of compound 7 should be less than for the formation of 6, because in the former case one of the two 
ester groups is exo-orientated to the NO-moiety whereas it is endo-orientated in the latter case, while the steric 
interaction of the second ester group with the methylene moiety is not very different from that with the methyl 

group. The preferred formation of cycloadduct 7 is in line with this consideration. 
However, the main question that arose at this point was why the trans-products 6 and 7, with respect to 

the position of the two ester groups, were formed in reaction of lc with DMM. Did they arise by a non- 
concerted 1.3-dipolar cycloaddition caused by the increased steric hindrance of the formation of the new 
carbon-carbon bond?5 Or are there some effects that gave rise to an isomerization of Dh4M to DMFU under 
the reaction conditions?10 To this end we studied the reaction of DMM with several acyclic nitrones possessing 
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alkyl groups at the nitone carbon atom. 11 Reaction with DMFU was also undertaken to get the corresponding 
cycloadducts for comparison. 

Cycroadditin of Acyclic Nitrones with Dimethyl Fwnamte (DMFU) 

The reaction of &ones 8 with DMFU in refluxing chloroform afforded mostly isoxazolidines 9 as the 
sole cycloadducts. Only with nitrones 8d and 8g small amounts of the diasteromeric isoxazolidines 10d and 
log (20 and lo%, respectively) were formed along with compounds 9d and 9g. 
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The structure of 9g was determined by an X-ray analysis,12 confirming the all-trans position of the 
substituents at C-3, C-4 and C-5 (see Figure 1). Both ester groups occupy a quasi-axial position, the torsional 

angle between the ester groups was found to be 150.4”, whereas the torsional angle of the qua&equatorial 
hydrogen atoms 4-H and 5-H is only 92.6’. Both these hydrogen atoms form an angle of approximately 30“ 
with the respective ester group in the vicinal position. The tert-butyl group and the hydrogen atom 3-H are 
arranged in an almost ecliptic manner (torsional angle = 16.4”). 

In solution the angle formed by the hydrogen atoms 4-H and 5-H differs from the angle in the crystalline 
state, because the tH-NMR coupling constant J 4/S was found to be 4.8 Hz.13 In the diastereomeric compound 

log, however, 3 415 increases to 10.3 Hz pointing to a quasi-axial position of these two hydrogen atoms. A 

similar situation arises for the diastereomers 9d and lOd, for which J 4/5 was found to be 5.9 and 8.8 Hz, 
respectively. 

As was already found for cycloadducts 3c.k and 617, the W-signal of the methylene group of 9g (Rz = 
CHr-CH,) appears at lower field (8 = 29.7 ppm) since the ester group is in trans-position compared to log (6 

= 25.0 ppm), where it is in cis-position. 
In addition, the stereochemistry of 9b, 9c and 9b was confirmed by NOE effects. Irradiation with the 

frequency of the proton at the tertiary C-atom of the isopropyl group of 9b and 9h gave rise to an increase of 
the signal intensity of 4-H, as well as irradiation with the frequency of the tert-butyl protons of 9c did. 
Comparison of the usual NMR data contirms the stereochemistry of the other compounds 9. 
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Figure 1. Molecular plot of 3SR,4SR,S~R~. 5-bi~m~hoxyc~onyl)-2-te~-bu~l-3-e~yl-i~~oiidine (9g) 

As expected reaction of nitrones 1 la and 11 b with Dh4FU in refluxing chloroform afforded cycloadducts 

12a and 12b, respectively. 
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The IH-NMR spectra of both cycloadducts reveal, however, a dynamic process of the molecules, 
indicated by line broadening of most of the signals at room temperature.14 In the spectrum of 12a in 
d~teroc~orofo~ at 213 K a doublet at 4.92 ppm (J = 4.4 Hz) was observed for the proton S-H of the major 
conformer, along with a second doublet for a minor conformer which corresponds to a portion of less than 5%. 
At 337 K in 1.2-dideuterotetrachloroethane a single doublet arises at 4.64 ppm (J = 4.7 Hz), indicating that 
now the exchange between the two conformations is fast with respect to the Nh4R-time scale. 

A similar situation arose for compound 12b. Two doublets at 4.95 ppm (J = 6.4 Hz) and 5.08 ppm (J = 
7.9 Hz) in the intensity ratio of 5:l were observed for the 5-H proton of the two conformers at 213 K in 
d~teroc~orofo~. With increasing temperature Ime broadening occurred gradually until at 307 K only a broad 
singlet at 4.89 ppm appeared. At 322 K the signal at 4.89 ppm was again split to a doublet (J = 7.0 Hz). 
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CycloadXtion of Acyclic Nibones with Dimethyl Male& (DMM) 

Nitrones Sa-81 were heated under reflex together with an equimolar quantity of Dh4M in chloroform as 
well as in cyclohexane or hexane for several hours. The ratio of the cycloadducts formed depends on the 
structure of the nitrone, but in some cases also on the solvent. The product ratios are summarized in table 2. 

8 2 13 14 

E = CO&k 

Table 2. Product Ratios from Reaction of Nitrones 8 with DMM 

Nitrone (13+14):(9+10) in (13+14):(9+10) in 13:14.) 
CHCI, c-C,H,, 

8a 85:1.5 90: 10”) 75:25 
8b 85:lS 90: 10”) 75:25b) 

SC 9O:lO 9O:lO 9O:lO 

8d 85:15 c) >95:<5 

8e 9O:lO c) e) 
8f 75:25 c) e) 

8g <5:>95 80:20“) 80:20’, 
8b <5:>95 3565 e) 

a) The ratio 13~14 is independent of the solvent in most cases; b) n-hexane instead of cyclohexane; c) no trans-cycloadduas 9 and 

10 could be detected; d) in n-hexane the ratio was 60:40; e) 14 could not be detected, f) in n-hexane the ratio was 70:30 

In fact, 4.5-trans cycloadducts 9 and sometimes 10 were formed along with the expected 4.5-cis 
cycloadducts 13 and 14 with few exceptions. Relatively small quantities of 4.5-trans cycloadducts 9 arose from 
nitrones &X-C, the product ratio in chloroform at one hand and in cyclohexane or hexane on the other hand did 
not change considerably. No 4.5-tram cycloadducts were formed from nitrones Sd-f in cyclohexane, whereas in 
chloroform between 10 and 25% of 4.5-trans cycloadducts could be detected. For the N-tert-butyl substituted 
nitrones 8g and h the solvent effect was dramatic. In chloroform only less than 5% of 4.5-cis cycloadducts 
were detected from both nitrones. However, in cyclohexane and n-hexane still 80 and 60%, respectively, of the 



Cycloadducts from nitrones and dimethyl maleate 1423 

expected 4.5~cis cycloadducts 13g/14g were formed. But the sterically more congested &one 8h atforded the 

cycloadductsl3h (cis) and 9h (trans) in a 35:65 ratio. 
In contrast to these results the C-phenylnitrone 8k yielded only a 3: 1 mixture of the 4.5-cis cycloadducts 

13k and 14k in refhrxing chloroform.15 Nitrones 8i and 81 did not react at all with DMM when the reaction 
mixture was refluxed in chloroform. 

Only the diastereomeric cycloadducts formed from nitrones 8a-c and k could be separated by 
chromatography. The product ratios in the reaction mixtures of the cycloadducts were determined from the 
relative intensity of the NMR signals of the proton 5-H. With the NMR data of the corresponding 4.5-tram 
cycloadducts 9 and 10 at hand these could be easily determined among the 4.5-cis cycloadducts 13 and 14. 

The distinction between 13 and 14 was possible by means of the chemical shift of protons 5-H. In the 

major compound 13 the signal of this proton appears at higher field compared to that of the minor compound 
14. This assignment was confirmed by NOE effects of 13~ and 13e. Irradiation of 13~ (R2 = tBu) with the 
resonance frequency of the tert-butyl protons caused an intensity increase of the signals of 3-H (3.4%) 4-H 
(4.8%) and 5-H (1.5%). A similar effect was observed when 13e was irradiated with the resonance frequency 
of the central proton of the isopropyl group at C-3, giving rise to an intensity increase of the signals of 3-H 
(2.7%), 4-H (1.9%) and 5-H (0.5%). 

Furthermore, the stereochemical assignment was confirmed by comparison of the ‘SC-signals of the CH, 

group (R2 = CH,-CHJ of 13a (24.3 ppm) and 14a (21.6 ppm), where the absorption at higher field indicates 
the cis-configuration of the ethyl and the ester group, as was already demonstrated for the diitereomeric pairs 
3cl4c, 617 and 9g/lOg. 

Nitrone 11a16 is more reactive than &ones 8. Thus cycloaddition with Dh4M took place even at room 
temperature giving almost quantitatively the expected 4.5-cis cycloadduct 15a. In refluxing chloroform and 
cyclohexane, however, the 4.5-trans cycloadduct 12a was also formed, the ratio of 15a:12a was 3:l and 9:1, 
respectively. Cycloaddition of llb17 with DMM afforded a mixture of 15b and 12b in the ratio of 3.4:1 in 
refluxing chloroform. Nitrone llc I* which is only stable in solution was refluxed with DMM in methanol 

giving the 4.5-cis cycloadduct llc with at best traces of the corresponding 4.5-trans cycloadducts. 
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As in the case of the isoxazolidines 12a and b two conformers could be observed for the isoxazolidmes 
15a-c at lower temperatures by NMR spectroscopy. The spectrum of 1% showed two doublets of the proton 
5-H at 4.76 (8.8 Hz) and 4.96 ppm (9.4 Hz) in the ratio 1: 1 at 213 K in deuterochloroform. Between 293 and 
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322 K they were fused to broad singlets, but in dideuterotetrachloroethane at 374 K a single sharp doublet at 
4.65 ppm (8.9 Hz) appeared, indicating a fast interconversion of the two cor&ormers at this temperature. 

The rate of inter~nver~on k between the two conformers was determined by full line shape analysisJ9 of 
the signals of the N-CHs group in deuterochJoroform in the temperature range from -40 to +49*C as given in 
table 3. From the temperature dependence of the free enthalpy of interconversion A@ the following values 
were determined by means of the Gibbs-Hehnholtz equation: AH* = 80.3 kJ - mol-1, AS = 55.3 J . mol-1 . K-1. 

Table 3. Kate Constants and Free Enth~p~es for Coroner ~terconversion of Com~und 1% 

T(K) k(s-1) AC? (M . mol-1) T(K) k(s-1) A@ (kJ . mol-1) 

243 0.02 67.0 303 66.7 63.7 
277 3.33 64.9 307 100 63.5 
283 7.14 64.6 309 125 63.4 
288 13.3 64.3 313 200 63.0 
293 23.3 64.1 322 500 62.4 

Similar line broadening effects indicating the interconve~ion of two colorers were found in the rH 
NMR spectra of f5b in deuterochlorofbrm (213 K: doublets at 4.75 (9.4 Hz) and 4.62 ppm (9.6 Hz) ratio 2:1, 
277 K: two broad singlets at 4.71 and 4.59 ppm, 307 K: one broad singlet at 4.63 ppm, 322 K: doublet at 4.63 
ppm (9.5 Hz) and of 15a in dideuterotetrachloroethane (252 K: doublets at 4.51 (8.9 Hz) and 4.62 ppm (8.6 
Hz) ratio 3:1, 277 K: one broad singlet at 4.54 ppm, 337 K: doublet at 4.58 ppm (8.8 Hz)). 

Three possibilities have to be discussed to rationalize the formation of trans cycloadducts in the reaction 
of nitrones with DMM: 

l The ~clo~dition may proceed in a non-concerted course 
l The cis cycloadduct formed initially may undergo partial conversion to the tram cycloadduct 
l DMM may be converted directly to DMFU under the reaction conditions. 

With respect to the first possibility we could not find any indication for a non-concerted process. Usually 

the cycloaddtion proceeds faster in less polar solvents as n-hexane or cyclohexane than in the more polar 
chloroform. This is a strong argument against a non-concerted process via a dipolar inte~ediate.20 A 
mech~sm with a diradical as inte~ediate cannot be ruled out absolutely, but the reaction was neither afibcted 
by radical initiators nor by radical traps. 

With the exception of one special case to be discussed later the cis isoxazolidines were stable under the 
reaction conditions. Contrary, the formation of the trans isoxazolidines seems to be more easily reversible as 
was found for 9g in refluxing chloroform as well as in n-hexane. However, there are some other examples for 
this trend in the Iiteratnre.21 

DMM was not converted to DMFU in refluxing chloroform a&r four days. On the other hand, heating of 
nitrone 8g in chloroform afforded a small quantity of decomposition products after one day as was shown by 
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the rH-NMR spectra. After 10 days decomposition was considerable, tert-butylhydroxylamine being among the 
decomposition products. When the progress of the reaction between nitrone 8g and DMM in refluxing n- 
hexane was followed by iH NMR spectroscopy, a ratio of 4.5-cis- to 4.5-tram isoxaxolindes (13g/14g:9/1Og) 

of 2:1 was observed after two hours at 40% turnover. At this time traces of DMFU were detected together 
with a small quantity of a compound which was identified as methyl 2-tert-butyl-5-oxo-isoxaxoliclme-3- 

carboxylate (18) by independent synthesis and comparison of the NMR data. The cis-tram ratio 
(13/14g:9/1Og) decreased to 1.4: 1 within 24 hours, when the reaction was almost quantitative. Further heating 

of the reaction mixture for up to five days did not change this ratio. 

In refluxing chloroform the same reaction was slower. After two hours only about 15% of cycloadducts 
had been formed, the portion of 4.5-cis isoxazolidines being only in the order of 2%. Atler 24 hours about 70% 
of 4.5 tram-products (g/log) had been formed, but the portion of the portion of the 4.5-cis products (12113g) 

had been only insignificantly increased. At this time the formation of DMFU and compound 18 could be also 

observed. 
Thus it must be concluded, that under these reaction conditions conversion of DMM to DMFU occurs by 

means of traces of N-tert-butylhydroxylamine formed by partial decomposition of nitrone 8g. Since DMFU is 

more reactive in 1.3-dipolar cycloaddition than DMM,** it undergoes cycloaddition with the nitrone as it is 
formed, so that it cannot accumulate to a larger extent in the reaction mixture. Formation of 18 could be 
observed also during the reaction between nitrone 8h and DMM along with some DMFU. 

To prove the effect of N-tert-butylhydroxylamine on the reaction course we added a small quantity to 
the mixture of nitrone 8g and DMM in n-hexane. After heating the mixture for two hours half of the unreacted 
DMM had been converted to DMFU. Under these conditions the reaction proceeded much faster, so that after 
four hours only a small quantity of DMFU and traces of nitrone 8g could be detected. The ratio of 4.5-cis to 
4.5-tram isoxazolidmes was found to be 1:5 compared to 1.4: 1 without addition of N-tert-butylhydroxylamine. 

With this finding in mind we made sure that the starting nitrone was Ike of N-tert-butylhydroxylamine as well 

as that the solvent chloroform was free of acid and water. 
The conversion of DMM to DMFU by N-tert-butylhydroxylamine was proved independently. When the 

reaction of the hydroxylamine with DMM performed in deuterochloroform at room temperature was followed 
by rH-NMR spectroscopy, at first addition product 17 could be detected, Then the signals of DMFU appeared 

and sometimes later the formation of isoxazolidinone 18 was indicated. 
Obviously, compound 17 plays the crucial role in the conversion of DMM to the thermodynamically more 

stable DMFU. In particular at the temperature of the boiling solvents there may be a large number of 
conversions 2 + 17 + 5 by one molecule of N-tert-butylhydroxylamine before it is consumed for the 

formation of one molecule of 18. 

On the other hand, with other nitrones than 8g and 8h we were not able to detect a corresponding 
isoxazolidinone as by-product of the cycloaddition. Thus a second possibility has to be considered to 

rationalize the conversion of Dh4M to DMFU. Similar to the revertible addition of primary N- 
alkylhydroxylamines as N-tert-butylhydroxylamine to DMM giving intermediates like 17, secondary N.N- 
dialkylhydroxylamines can add to the double bond of DMM forming a CO-bonded intermediate which can 
subsequently eliminate DMFU. Thus, for instance, a 1: 1 mixture of DMM and N-hydroxypiperidine in 
deuterochloroform revealed the conversion of 20% of DMM to DMFU after two days at room temperature. 
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Since most of the nitrones 8 as well as lib are abEe to form t~torn~~ N-hydroplanes 19 and 
“nitrone dimers” 26,23 possessing a N.N-di~~dro~l~e moiety the existence of small quantities of these 
compounds in equilibrium with the parent nitrones also could be the reason for some conversion of DMM to 

DMFU. The corresponding N-hydroxy enamine and dimer 21 can be formed also from the cyclic nitrone lc.24 

Formation of a dimeric form 22 in equilibrium with nitrone 1 te seems possible. 

R’ NN-#--VR‘ 
I 
0 

R’, $ 
R 

N 

b IT 



Cycloadducts from nitrones and dimetbyl maleate 1421 

However, this possibility does not exist for nitrones 8c, f, l, k and I. In fact, nitrone 8k does not give the 

wrong 45trans isoxaxolidine. 8i and 81 do not at all react with DMM under the reaction conditions applied by 
us. Furthermore, we could not observe any conversion of DMM to DMPU with the latter nitrones, the educts 

being isolated unchanged. 
Nitrones & and f, however, afforded some 4.5trans isoxazolidines in reaction with DMM. Studying the 

reaction of 8c with DMM in boiling deuterochloroform we found a slight decrease of the quantity of the 45 

cis isoxazolidme 14c during the reaction course. Thus we assume that the sterically hindered 14~ undergoes 
partially a ring opening to a dipolar intermediate 23 which after rotation about the C.C-single bond forms the 
thermodynamically more stable 45trans isoxazolidine 9c by ring closure. 
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Experimental Part 

Elemental analyses were performed by the division Routine-Analytik, Fachbereich Chemie, University of Marburg. Spectra 

were recorded with following instruments: NMR: lH-NMR 300 MHz Bruker AC 300 if not quoted otherwise., or Broker AM 400, 

Bruker AMX 500; 13C-NMR 75 MHz Broker AC 300. Solvent CDC13, internal stanrkd residue of lH (6 = 7.25 ppm) or 13C of 

CDC& (S = 77.0 ppm) MS: Varian CH 7 (EI) and 711 (FD). - IR: Beckman lR 33. 

The solvents were dried by osual procedures. Chloroform was dried over CaCl2, distilled off and then again dried with 

active Al2O3. In a second pro&ore. chloroform was at first treated with cont. H2SO4, subsequently washed with water, then dried 

over CaCl2, distilled off and linally dried over molecular sieves 4 A. The chloroform treated in the=se two different ways did not 

show any differences on the prcduct ratios. 

The n&ones were prepared as de-scribed in reference 1. See also for references cited there. 

General procedure offhe I.3-dipolar cycloaddition. A solution of the nitrone 1, 8 or lln and an equhnolar portion of 

dimethyl maleate or dimethyl fomarate in 20 ml of the solvent (chloroform, cyclohexane or n-hexene) was retloxed for seveml 

days. After removal of the solvent under reduced pressure the residue was washed with 4 ml of cold diethy ether and dried under 

vacoum ( 1 Torr). Then the reaction product was purified by column chromatography with a mixture of diethyl ether and pe.trokum 

ether as solvent. Separation of diastereomers was only achieved with the isoxazolidines kk, 9g/lOg, 13a/14a and 13W14b. The 

ratio of the diastereomers formed was determined fkom the 1H NMR spectra by comparison of the integral ratio of the proton 

signals 3-H for products 3,4,6, 7 and 5-H for products 9, 10,12-15. 

(3~,4~,5~)-3.4-Bis(metho~bonyl)-8.8-dimethyl-2~xa-l~~i~lo[3.3. OJactane (36): Solvent chloroform, reaction 

time 2 d, yield 98’Y’ colourless solid, mp 43-45’ C from Et2O/petmleum ether. Cl2Hl9NO5 (257.3) Calcd C 56.01 H 7.44 N 5.44 

Found C 55.61 H 7.18 N 5.25. - MS@): m/e = 257 (24%, lki+) - IR (KBr): 1750 cm-t. - lH-NMR (400 MHz): 1.07 (s, 3H, CH3); 

1.35 (s, 3H, CH3); 1.60 (m, ZH, 7-H); 1.85 (m, lH, 6-H); 224 (m, lH, 6-H); 3.41 (dd, 3J = 4.0. respecbively, 7.5 Hz, lH, 4-H); 

3.73 (s, 3H, 0CH3); 3.76 (s, 3H, 0CH3); 4.24 (dt, t 3J = 4.0, rtspcdivcly, d 9.3 Hz, Hi, 5-H); 4.77 (d, 3J = 7.5 Hz, lH, 3-H). 
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Z-3.4-Bis(meth~~bonyl)-5-methyl-2-oxa-l~abi~lof3.3.OJ~t~e: FYoduct mixhue 3&c (ratio 38:53): Soh2nt 

chloroform, reaction time 14 d, yield 62% after separation from 6/7 (ratio 3:6), yellow oil. CtlH17N05 (243.3) Calcd C 54.31 H 

7.04 N 5.76 Found C 54.21 H 7.04 N 5.70 -MS@): m/e = 243 (19%, m - JR (neat): 1750 cm-t. Separation by cluomato@apby, 

solvent: chloroform/ethyl acetate 3:l afforded 3sR,4J?.S,5RS diastereomer k: ‘H-NMR: 1.21 (s, 3H, CH3); 1.42 - 2.21 (m, 4H, 6- 

H, 7-H); 3.12 (m, lH, 8-H); 3.47 (m, lH, 8-H); 3.68 (d, 3J = 8.2 Hz, H-I, 4-H); 3.72 (s, 3H, 0CH3); 3.78 (s, 3H, 0CH3); 4.83 (d, 

3J = 8.2 Hz, lH, 3-H).- 3R.Y,4RS,5R&tiastermer 4c: IH-NMR: 1.34 (s, 3H. CH3); 1.41 - 2.27 (m, 4H, 6-H, 7-H); 3.07 (dt, 3J = 

8.4 nxpectively, d 14.4 Hz, Hi, 8-H); 3.51 (m, H-I, 8-H); 3.63 (d, 3J = 8.8 Hz, lH, 4-H); 3.70 (s, 3H, 0CH3); 3.77 (s, 3H, OCH3); 

4.69 (d, 3J = 8.8 Hz, lH, 3-H). 

E-3.4-Bis(methoxycarbonyI)-S-me~yl-2-oM-l_az.3.0]octane:Product mixture 6l7 (ratio 32:68): solvent 

chloroform, reaction time 14 d , yield 42% brown oil. - CJlH17N05 (243,3) Calcd. C 54.31 H 7.04 N 5.76 Found C 53.98 H 7.08 

N 5.77. - MS@): m/e = 243 (19%; M+). - lR(neat): 1750 cm’ l. - 3RS,4RUKWiastereomer 6: lH-= 1.20 (s, 3H, CH3); 

1.47 -1.91 (m, 4H, 6-H, 7-H); 3.06 - 3.53 (m, ZH, 8-H); 3.49 (d, 3J = 8.9 Hz, lH, 4-H); 3.79 (s, 6H, OCH3); 5.00 (d, 3J = 8.9 Hz, 

lH, 3-H). - 3SR,4SR,SRS_diastereomer 7: IH-NMRI 1,35 (s, 3H, CH3); 1.47 - 1.91 (m, 4H, 6-H, 7-H); 3.06 - 3.53 (m, W, 8-H); 

3.71 (d, 3J=5.7 Hz, lH, 4-H); 43.79 (s, 3H, OCH,); 3.81 (s, 3H, OCH3); 4.96 (d, 3J=5.7 Hz, 1H; 3-H). 

Table 4. t3C NMR data of 3.4-Bis(methoxycarbonyl)-2+xa-l-azabicycio[3.3.O]octanes (chemical shift in ppm, solvent CDCl3) 

R’ R2 C-3(d) C-4(d) C-5(s) CA(t) C-7(t) C-8(t) R2(q) c=o (s) oCH&) 

3b Me Ha) 76.9 57.9 66.3(d) 35.6 31.1 68.4(s) - 170.0, 170.0 52.0, 52.0 

3c H Me 76.1 60.5 74.8 37.8 23.1 55.4 21.5 169.9, 170.3 51.9,52.2 

4c H Me 75.3 59.9 75.2 32.4 24.0 53.7 24.7 168.9, 169.8 51.7, 51.7 

6c H Me 78.8 59.1 74.7 35.5 21.6 54.9 21.8 165.2, 169.9 52.1, 52.4 

7c H Me 75.3 60.6 75.7 32.9 16.4 54.0 23.6 170.6, 171.8 52.1,52.4 

d ~1 = CH3: 6 = 23.5 and 26.4 ppm 

(3SR.4SR,5~-4.5-Bis(methoxycorbonyI)-3-ethyl-2-methyl-i~x~olidine (9a): Solvent chloroform, reaction time 2d, yield 

87%. yellow oil. - Cl0H17N05 (231.3) Cakd. C 51.94 H 7.41 N 6.06 Found C 52.35 H 7.40 N 6.15. - MS(EI): m/e = 231 (25%; 

M+). - JR(neat): 1740 cm- 1. - lH-NMR: 0.98 (t, 3J = 7.5 Hz, 3H, CH3); 1.60 (m, lH, HCH); 1.70 (m, H-I, HCH); 2.74 (s, 3H, 

NCH3); 2.80 (m, lH, 3-H); 3.56 (dd, 3J = 4.5 Hz respectively 7.5 Hz, lH, 4-H); 3.79 (s, 3H, 0CH3); 3.82 (s, 3H, OCH3); 4.83 (d, 

3J = 4.5 Hz, lH, 5-H). 

(3~,44SR.5~)-4.5-Bis(metho~arbony~-3-isopropyl-2-methyl-i~~oIidine (96): Solvent chloroform, reaction time 24 

yield 83%, yellow oil. - CllHlgNO5 (245.3) Calcd. C 53.87 H 7.81 N 5.71 Found C 53.83 H 7.70 N 5.54. - MS@l): m/e = 245 

(12%; M+). - IR(neat): 1740 cm-‘. - ‘H-NMR: 0.89 (d, 3J = 6.8 HZ, 3H, CH(a3)2); 0.94 (d, 3J = 6.9 HZ, 3H, CH(@3)2); 1.79 

(act, 3J = 6.8 HZ, lH, CB(CH3)2); 2.71 (s, 3H, NCH3); 2.82 (dd, 3J = 6.3, respeaively 6.8 HZ, lH, 3-H); 3.56 (dd, 3J = 4.8, 

respectively, 6.3 Hz, lH, 4-H); 3.73 (s, 3H, OCH3); 3.76 (s, 3H, OCH3); 4.83 (d, 3J = 4.8 Hz, IH, 5-H). 

(3SR.4SR,5SR)-4.5-Bis(methoxycarbonyI)-3-tert-butyl-2-~thyl-isox~olidine (SC): Sokent chloroform, reaction time 2 d, 

yield 85%, yellow oil. - C12H21N05 (259.3) Calcd. C 55.59 H 8.16 N 5.40 Found C 54.85 H 7.89 N 5.50. - MS@): m/e = 259 

(30%; M+). - IR(neat): 1750 cm-l. - lH-NM.k 0.89 (s, 9H, C(CH3)3); 2.77 (s, 3H, CH3); 2.91 (d, 3J = 4.9 Hz, lH, 3-H); 3.50 (dd, 

3J = 4.9, respectively, 7.6 Hz, lH, 4-H); 3.75 (s, 39 0CH3); 3.77 (s, 3H, 0CH3); 5.04 (d, 3J = 7.6 Hz, lH, 5-H). 

E-4.5-Bis(metho~~bonyl)-j-elhyl-2-isop~pyl-iso~oIidine: hoduct mixhrre 9d/lOd (ratio 80:20): solvent chloroform, 

reaction time 3d, yield 86%, brown oil. - C12H2lNOs (259.3) C&d. C 55.59 H 8.16 N 5.40 Found C 55.34 H 8.18 N 5.72. - 
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MS@): m/e = 259 (59%; h&). - IR(neat): 1740 cm-l. - 3SR,4SR,XWdiaskreomer 9d: lH-NMR: 0.94 (t, 3J = 7.4 Hz, 3H, CH3); 

1.06 (d, 3J = 6.3 Hz, 3H, CH(a3)z); 1.13 (d, 3J = 6.2 Hz, 3H, CH(a3)z); 1.47-1.75 (m, 2H, CH2); 3.01 (hpt, 3J = 6.2 Hz, H-I, 

a(CH3)z); 3.39 (m, 2H, 3-H, 4-H); 3.76 (s, 3H, 0CH3); 3.78 (6, 3H, 0CH3); 4.87 (d, 3J = 5.9 Hz, IH, 5-H). - 3sR4RT,SRS- 

diastereomer (1Od): lH-NMFtz 4.89 (d, 3J = 8.8 Hz, lH, 5-H). The other sigoals coold not be identified 

(3~.4SR5~-4.5-Bis(metharycabony1)-2.3-diisopropyl-isouuolidine (9e,): Solvent chloroform, reaction time 44 yield 

84%, yellow oil. - Cl3H23NO5 (273.3) Calcd. C 57.12 H 8.48 N 5.12 Foond C 57.04 H 8.47 N 5.10. - MSQ: m/e = 273 (42%, 

M+). - JR@&): 1750 cm-‘. - ‘H-NhrlR: 0.95 (d, 3J = 6.8 HZ, 3H, CH(a3)z); 0.98 (d, 3J = 6.8 HZ, 3H, CH(Q!3)2), 1.01 (d, 3J = 

6.1 HZ, 3H, CH(Cu3)2); 1.14 (d, 3J = 6.1 Hz, 3H, CH(CE3)2); 1.75 (m, lH, Cu(CH3)z); 3.01 (hpt, 3J = 6.1 HZ, lH, CH(CH3)z); 

3.26 (dd, 3J = 3.7 respectively, 7.6 Hz, lH, 3-H); 3.47 (dd, 3J = 3.7 respectively 7.2 Hz, lH, 4-H); 3.76 (s, 3H, OCH3); 3.78 (s, 3H, 

0CH3); 4.91 (d, 3J = 7.2 Hz, lH, 5-H). 

(3SR.4SR,S~-4.5-Bis(methoxycorbonyl)-3-tert-bu~l-2-iso~pyl-isox~olidine (9fl: Solvent chloroform, reaction time 6 d, 

yield 55% colourless oil. - Cl4H25N05 (287.4) Calcd. C 58.52 H 8.77 N 4.87 Found C 58.52 H 8.60 N 4.94. - MS(EI): m/e = 

287 (4%; M+). - lR(neat): 1750 cm-l. - lH-NMR: 0.94 (s, 9H, C(CH3)3); 1.02 (d, 3J = 6.0 Hz, 3H, CH(Cu3)-L); 1.16 (d, 3J = 6.2 

Hz, 3H, CH(CH3)z); 3.10 (hpt, 3J = 6.1 Hz, H-I, CH(CH3)-L); 3.27 (d, 3J = 3.8 Hz, lH, 3-H); 3.54 (dd, 3J = 3.8 respectively 8.2 Hz, 

lH, 4-H); 3.77 (s, 3H, 0CH3); 3.79 (s, 3H, OCH3); 4.93 (d, 3J = 8.2 Hz, lH, 5-H). 

E-4.5-Bis(methoxycarbonyI)-2-tert-butyl-3_etne: Product mixhue 9gjlOg (ratio 90: 10): solvent chloroform, 

reaction time 3 d, yield 75%. - Cl3H23NOs (273.3) Calcd. C 57.12 H 8.48 N 5.12 Found C 56.74 H 8.31 N 4.96. - MS(E1): m/e 

= 273 (6%; I@). - IR(neat): 1740 cm-l. Separation by chromatography, solvent Et2O/petroleum ether tiorded: 3SR,4sRXR- 

diastereomer 9g: white solid, mp 4S°C, Et2O/petrolemn ether. - lH-m 0.88 (t, 3J = 7.5 Hz, 3H, CH3); 1.05 (s, 9H, C(CH3)3); 

1.47 (m, H-I, HCH); 1.57 (m, lH, HCH); 3.37 (dt, d 3J = 4.6 respectively, t 8.8 Hz, lH, 3-H); 3.45 (t, 3J = 4.8 Hz, lH, 4-H); 3.71 

(s, 3H, OCH3); 3.74 (s, 3H, OCH3); 4.82 (d, 3J = 4.8 Hz, lH, 5-H). - 3sR,4R&5RSdiastereomer log: yellow oil. - lo-NMR: 0.88 

(t. 3J = 7.5 Hz, 3H, CH3); 1.05 (s, 9H, C(CH3)3); 1.25-1.65 (m, 2H, CH2); 3.47 (ddd, lH, 3J = 3.8, 8.0, respectively 10.0 Hz, lH, 

3-H); 3.63 (dd, 3J = 8.0 respectively, 10.3 Hz, IH, 4-H); 3.68 (s, 3H, 0CH3); 3.72 (s, 3H, 0CH3); 4.76 (d, 3J = 10.3 Hz, 1 H, 5-H). 

3SR,4SR,5SR)-4.5-Bis(methoxycarbony~-2-tert-bu~l-3-isopro~l-isox~olidine (9h): Solvent chloroform, reaction time 4 d, 

yield 71%, coloorless oil. - Cl4H25NOs (287.4) Calcd. C 58.52 H 8.77 N 4.87 Found C 58.37 H 8.83 N 5.07. - MS@): m/e = 

287 (2%, M+). - IR(neat): 1740 cm-‘.- ‘H-NMR: 0.92 (d, ‘J = 4.4 HZ, 3H, CH(Cu3)2); 0.95 (d, 3J = 4.3 HZ, 3H, CH(CE3)2); 1.11 

(s, 9H, C(CH3)3); 1.81 (m, lH, CH(CH3)2); 3.48 (t, 3J = 5.2 HZ, H-i, 3-H); 3.57 (dd, 3J = 5.0 respectively 6.6 HZ, H-I, 4-H); 3.75 

(s, 3H, 0CH3); 3.77 (s, 3H, 0CH3); 4.92 (d, 3J = 6.6 Hz, H-I, 5-H). 

(4SR.5~)d.5-Bis(methoxycarbonyI)-2-tert-bulyl-isox~olidine (12a): Solvent chloroform, reaction time 2 d, yield 87%, 

c&urless oil. - CllHl9N05 (245.3) Calcd. C 53.87 H 7.81 N 5.71 Found C 53.16 H 7.78 N 5.45. - MS(El): m/e = 245 (41”/.; 

h@). - IR(oeat): 1750 cm-‘.- IH-NMR: 1.14 (s, 9H, C(CH3)3); 2.87 (m, broad, lH, 3-H); 3.27 (m, broad, H-I, 3-H); 3.77 (s, 3H, 

OCH3); 3.79 (s, 3H, OCH3); 4.78 (d, 3J = 4.6 Hz, lH, 5-H). The signal of 4-H largely broadened at room temperature and 

superimposed by the signals at 3.77 and 3.79 cannot be located exactly. 

(4SR,S~)-4.S-Bis(methouycarbony1)-2.3.3-trimethyI-isoxazolidine (12b): Solvent chloroform, reaction time 3 d, yield 76% 

colourless oil. - C$-I17NO5 (231.1) C&d. C 51.94 H 7.41 N 6.06 Found C 51.02 H 7.31 N 6.23. - MS@): m/e = 231 (24%; 

M+). - DUneat): 1750 cm-l.- lH-= 0.93 (s, broad, 3H, CH3); 1.25 (s, 3H, CH3); 2.51 (s, 3H, CH3); 3.40 (d, broad, 3J appr. 

6.9 Hz, lH, 4-H); 3.71 (s, 3H, OCH3); 3.72 (s, 3H, OCH3); 4.80 (s, broad, lH, 5-H). - 13C-NMR: 14.3 (q, bmad, CH3); 24.0 (q, 

broad, CH3); 36.0 (q, broad, CH3); 52.2 (q, J = 146.1 Hz, 2OCH3); 55.0-70.0 (broad, C-4 and C-3); 74.6 (d, bmad, C-5); 171.8 (s, 

2D2CH3). 

The following reactions with dimethyl maleate wexe performed in cyclohexane. or n-hexane as well as in chloroform: 
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2-4.5-Bis(mehoxycar60nyl)-3sthyl-2-me~yl-i~x~olidine~ FWduct mixture 13a/14n (ratio 75:25): solvent n-hexane, 

reaction time 3 d, yield 75% after separation from 94 yellow oil. - Clt-,H17N05 (231.3) Cakxl. C 51.94 H 7.41 N 6.06 Found C 

52.04 H 7.42 N 6.30. - MS(EI): m/e = 231 (210/o; m. - IR(neat): 1740 cm-l.- Separation by chromatography (Et2O/pett&um 

ether) afforded: 3SR,4SR,5RS diastereomer 13x III-NMR (500 MHz): 0.96 (t, 3J = 7.5 Hz, 3H, CH3); 1.56 (m, lH, CH2); 1.65 

(m, H-I, CH2); 2.80 (s, 3H, NCH3); 2.88 (m, broad, H-I, 3-H); 3.42 (t, 3J = 8.5 Hz, H-I, 4-H); 3.69 (s, 3H, OCH3); 3.75 (s, 3J& 

0CH3); 4.68 (d, 3J = 9.0 Hz, broad, lH, 5-H). - 3sR,4RW?R_dia 14x IH-NMR: 1.02 (t, 3J = 7.4 Hz, 3H, CH3); 1.41 

(m, lH, CH2); 1.59 (m, lH, CH2); 2.75 (s, 3H, NCH3); 2.80 (m. bread, lH, 3-H); 3.71 (s, 3H, 0CH3); 3.77 (s, 3H, OCH3); 3.93 

(dd, 3J = 7.0 resp&ively, 8.9 Hz, lH, 4-H); 4.80 (d, 3J = 8.9 Hz, lH, 5-H). 

Z-4.5-Bis(metho~c~bonyl)-3-isopropyI-Z-me~yi-iso~olidine: Product mixture 13W14b (ratio 75:25): solvent n-hexane, 

reaction time 3 d, yield 74% after separation from 9b, colourless solid. - Cl lHl9N05 (245.3) Cal& C 53.87 H 7.81 N 5.71 Found 

C 53.90 H 7.84 N 5.69. - MQFD): m/e = 245 (lOO%, M+). - IR(neat): 1740 cm-l.- Sepamtion by chromatography 

(Et20/petroleum ether) afforded: 3SR,4SR,5RS-diastereomer 13b: lH-NMRz 0.96 (d, 3J = 3.0 I-IZ, 3H, CH(Cu3)2); 0.98 (d, 3J = 

2.9 Hz, 3H, CH(CH3h); 1.86 (m, lH, CII(CH3)2); 2.82 (s, 3H, NCH3); 2.89 (t, 3J = 7.0 Hz, lH, 3-H); 3.49 (dd, 3J = 7.0 

respectively 8.2 Hz, II-I, 4-H); 3.70 (s, 3H, OCH3); 3.77 (s, 3H, 0CH3); 4.62 (d, 3J = 8.2 Hz, lH, 5-H). - 3SR,4RWSR- 

diastereomer 14b: lH-= 0.94 (d, 3J = 5.0 Hz, 3H, CH(CE3)z); 1.04 (d, 3J = 6.7 Hz, 3H, CH(CH3)2); 1.93 (m, lH, 

CH(CH3)z); 2.82 (s, 4H, NCH3 respectively, 3-H); 3.72 (s, 3H, OCH3); 3.77 (s, 3H, 0CH3); 3.85 (t, 3J = 7.3 Hz, H-I, 4-H); 4.89 

(d, 3J = 7.3 Hz, lH, 5-H). 

Z-4.5-Bis(melhoxycarbonyl)-3-tert-butyl-2-~thyl-isoxazolidine: FYcduct mixWe lW14c (ratio 90:10): solvent 

cyclohexane, reaction time 3 d, yield 72% after separation from 9c, yellow brown oil. - Cl2H2lNO5 (259.3) Calcd. C 55.59 H 

8.16 N 5.40 Found C 55.62 H 7.91 N 5.41. - MS@): m/e = 259 (29%; I&). - IR(neat): 1750 cm-l.- 3SR,4SR%Wiastereomer 

lk: lH-NMR: 0.93 (s, 9H, C(CH3)3) 2.88 (s, 3H, CH3); 2.91 (d, 3J = 4.0 Hz, lH, 3-H); 3.49 (dd, 3J = 4.0 Hz resjwtively, 7.5 

Hz, lH, 4-H); 3.73 (s, 3H, 0CH3); 3.79 (s, 3H, 0CH3); 4.57 (d, 3J = 7.5 Hz, lH, 5-H). - 3SR,4RS,5SRdiastereomer 14~: lH- 

NMR: 4.88 (d, 3J = 5.9 Hz, lH, 5-H). The other signals could not be identified. 

Z-4.5-Bis(methoxycarbonyI)-3-ethyl-2-isopropyl-iso~olidine: Product mixture 13d/14d (ratio >95:<5): solvent 

cyclohexane, reaction time 3 d, yield 84%, brown oil. - Cl2H2lNO5 (259.3) Calcd. C 55.59 H 8.16 N 5.40 Found C 55.69 H 7.79 

N 5.47. - MS@): m/e = 259 (420/o; &). - IR(neat): 1750 cm ml.- 3SR,4SR,5RSdiastereomer 13d: lH-NMR: 0.96 (t, 3J = 7.5 Hz, 

3H, CH3); 1.14 (d, 3J = 6.5 Hz, 3H, CH(CX3)z); 1.19 (d, 3J = 6.2 Hz, 3H, CH(CH3)2); 1.44 - 1.79 (m, 2H, CH2); 3.17 (hpt, 3J = 

6.3 Hz, lH, CEI(CH3)2); 3.39 (m, 2H, 3-H, 4-H); 3.69 (s, 3H, OCH3); 3.74 (s, 3H, 0CH3); 4.66 (d, 3J = 7.6 Hz, lH, 5-H). - 

3SR.4RS.XiR-diastereomer 14d: lH-NMR: 4.68 (d, 3J = 9.6 Hz, lH, 5-H). The other signals could not be identified. 

(3~,4SR.5~)-4.5-Bis(methoxycor6ony~-2.3-diisopro~I-isorazoIidine (13e): Solvent cyclohexane, reaction time 4 d, yield 

92%, dark yellow oil. - C13H23N05 (273.3) Calcd. C 57.12 H 8.48 N 5.12 Found C 58.00 H 8.48 N 5.08. - MS(E1): m/e = 273 

(71%; &). - IR(neat): 1750 cm-l.- ‘H-NMR: 0.96 (d, 3J = 6.9 Hz, 6H, CH(CB3)2); 1.13 (d, 3J = 6.5 Hz, 3H, CH(CH3)2); 1.21 

(d, 3J = 6.1 Hz, 3H, CH(Cl13)2); 1.79 (m, lH, CEI(CH,),); 3.16 (d, 3J = 6.3 Hz, lH, CB(CH32); 3.36 (dd, 3J = 4.3 respectively, 

6.3 Hz, H-I, 3-H); 3.50 (dd, 3J = 4.3 respectively, 8.3 Hz, lH, 4-H); 3.69 (s, 3H, OCH3); 3.71 (s, 3H, OCH3); 4.62 (d, 3J = 8.3 Hz, 

lH, 5-H). 

(3SR.4SR.5RS)-4.5-Bis(metho~a~bony~-3-tert-butyl-2-isop~pyl-isox~olidine (138: Solvent cyclohexane, reaction time 7 

d, yield 52%, colourless oil. - Cl4H25NO5 (287.4) Calcd. C 58.52 H 8.77 N 4.87 Found C 58.29 H 8.90 N 4.82. - MS@): m/e = 

287 (6%; hK$. - lR(neat): 1750 cm-l.- lH-NMR: 0.94 (s, 9H, C(CH3)3); 1.04 (d, 3J = 5.8 Hz, 3H, CH(CB3)2); 1.23 (d 3J = 6.0 

Hz, 3H, CH(C&)2); 3.24 (hpt, 3J = 6.1 Hz, El, Cu(CH3)2); 3.45 (d, 3J = 2.4 Hz, lH, 3-H); 3.66 (dd, 3J = 2.4 xspectively 9.6 Hz, 

lH, 4-H); 3.71 (s, 3H, 0CH3); 3.73 (s, 3H, 0CH3); 4.70 (d, 3J = 9.6 Hz, lH, 5-H). 
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Z-4.5-Bis(nretho~~~~2-fe~~~~~~-3~~y~-~~~~o~j~ine: Product mixture 13g114g (ratio 80:20): solvent cyclohexane, 

reaction time 4d, yield 54%, colourless oil. - C13H23N05 (273.3) Calcd. C 57.13 H 8.48 N 5.12 Found C 57.03 H 8.21 N 5.10. - 

MS@): m/e = 273 (14%; hi+). - JR(neat): 1750 cm-l. - 3SR4SR,5RS-diastercomer 13g: 1H-NMR(500 MHz): 0.92 (t, 3J = 7.5 

Hz, 3H, CH3); 1.08 (s, 9H, C(CH3)3); 1.14 - 1.64 (m, ZH, CH2); 3.21 (dd, 3J = 2.9 mspectively 6.0 Hz, lH, 4-H); 3.28 (dt, 3J = 2.9 

mspectively 10.1 Hz, Hi, 3-H); 3.60 (s, 3H, 0CH3); 3.70 (s, 3H, 0CH3); 4.M (d, 3J = 6.0 Hz, H-J, 5-H). - 3.5WRLWR- 

diastemomer 14g: lH-NMR: 4.73 (d, 3J = 9.8 Hz, lH, 5-H). The other signals could not be identitied. 

Table 5. 13C-NMR data of 4.5~Bis-@ethoxycarbonyl)isoxazo1idines, Chemical shifts in ppm, Solvent CDC13 

R’ R2 C-3(d) C-t(d) C-5(d) R’ R2 C=D(s) DCH&) 

9a Me Et 72.8 55.6 

9b Me iPr 76.9 52.7 

9c Me tBu 78.9 53.7 

9d iF’r Et 56.6 53.0 

9e Pr iPf 54.3 53.0 

9f if? tBu 53.7 52.9 

9g tBu Et 63.7 57.1 

911 tBu iPr 67.3 54.1 

log tBu Et 62.0 54.8 

128 tBu H 50.1(t) 50.7 

13a Me Et 72.7 56.1 

13b Me iPr 76.5 52.3 

13c Me tBu 78.1 53.4 

13d iPr Et 55.7 54.6 

13e iPr iFV 54.3 52.6 

131 iPr tBu 55.0 52.6 

13g tBu Et 63.9 55.2 

13k tBu iF’r 66.9 50.6 

14a Me Et 73.0 54.6 

14b Me iPr 76.2 54.7 

15a tBu H 49.2 50.2 

76.6 43.2(q) 9.4(q), 24.1(t) 171.0,171.9 52.252.2 

77.3 43.9(q) 17.1(q), 29.4(d) 170.3,172.3 52.0,52.0 

81.6 46.6(q) 26.6(q), 34.8(s) 169.7,173.2 52.7.52.8 

77.3 18.3(9),20.8(9),67.6(d) 10.6(q), 27.6(t) 170.3,172.4 52.4,52.4 

78.2 19.6(q),20.8@),72.7(d) 18.6(q),19.1(q),32.O(d) 169.7,172.7 52.2,52.2 

78.7 19.3(4),21.3(9),76.5(d) 26.6(q), 34.6(s) 169.3,173.3 52.4,52.4 

18.2 26.1(q), 59.2(s) 10.3(q), 29.7(t) 171.0,172.0 52.6.52.6 

79.6 26.5(q), 59.3(s) 16.7(q),19.4(q),32.6(d) 170.0,171.8 52.2,52.2 

77.9 26.5(q), 59.2(s) 11.1(q), 25.0(t) 169.2,170.2 52.0,52.3 

16.4 25.1(q), 57.1(s) - 172.0,172.0 52.5,52.5 

76.6 43.9(q) 9.7(q), 24.3(t) 169.. 171.2 52.2.52.2 

76.8 43.0(q) 16.6(q),19.2(q),28.8(d) 168.5 171.5 51.7,51.8 

79.8 47.9(q) 26.4(q), 34.0 (s) 169.1,171.9 52.2,52.2 

16.7 17.8(q),20.8(9),66.2(d) 9.8(q), 26.6(t) 169.3,171.0 51.8,51.9 

77.6 19.6@),21.3&),70.4(d) 17.2(q),18.1(q),30.9(d) 169.6,171.9 51.9,52.1 

79.7 19.6(q),21.7@),74.1(d) 26.3@),34.1(s) 170.5,172.1 51.7,51.7 

75.0 25.8(q), 58.3(s) 10.4(q), 30.1(t) 168.4,171.1 51.9,52.0 

75.7 25.9(q), 58.4(s) 15.3(9),19.7(q),32.O(d) 168.3,171.6 51.9,52.0 

75.5 43.6(q) 11.1(q), 21.qt) 169.9,170.4 51.9,52.2 

77.0 46.7(q) 2O.l(q),20.4(q),28.7(d) 169.0,169.5 52.1,52.4 

75.7 21.5(q), 57.5(s) - 169.5,170.3 51.9,51.9 

lk Me H 58W59.4 50.0/50.8 76.7 45.1(q) 169.2,170.3 52.1,52.1 

(3SR,4SR,SRS)-4.5-Bis(methoxycnrbonyI)-2-tert-bulyl-3-isop~pyl-i~x~olidine (13b mixed with 9h) (ratio 35:65): Solvent 

cyclohexane, reactiorttime 4 d, yield 13h 23%, colourless oil. - Cl4H25NO5 (287.4) CaJcd. C 58.52 H 8.77 N 4.87 Found C 58.14 

H 8.68 N 4.89. - MS@): m/e = 287 (2%; M+). - JR(neat): 1750 cm-l.- tH-NMR (500 MHz): 0.93 (d, 3H CH(CH3)2); 1.01 (d, 3J 

= 6.8 Hz, 3H, CH(CH3)2); 1.14 (s, 9H, C(CH3)3); 1.82 (m, lH, CH(CH3)-L); 3.35 (dd, 3J = 2.9 mspectively, 6.0 Hz, H-I, 4-H); 3.37 

(t, 3J = 3.1 Hz, H-J, 3-H); 3.68 (s, 3H, DCH3); 3.77 (s, 3H, 0CH3); 4.47 (d, 3J = 6.0 Hz, HI, 5-H). 

(4SR,SRS)-4.5-Bis(metho~~bonyl)-2-tert-bu~l-iso~olidine (Ha): Solvent chloroform, reaction time 2 d at room 

temperature, yield 84%, colourless oil. - CllHl9N05 (245.3) Cakd. C 53.87 H 7.81 N 5.71 Found C 53.80 H 7.57 N 5.50. - 

MS@): m/e = 245 (40”/0; M+). - JR(neat): 1750 cm-l.- ‘H-NMR: 1.16 (s, 9H, C(CH3)3); 3.26 (m, broad, 2H, 3-H); 3.27 , 3.70 (s, 
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3H, OCH3); 3.74 (s, 3H, OCH3); 4.69 (d, 3J = 8.8 Hz, HI, 5-H). The signal of 4-H largely bmadened at mom &npe&me and 

superimposed by the signals at 3.70 and 3.74 cannot be located exactly. 

(4SR,5~)-4.S-Bis(methoxycarbonyl)-2.3.3-himethyl-isoxazolidine (15b) mixed with 12b (ratio 3.4: 1): Solvent chloroform, 

reaction time 3 d, yield 15b 57% colourless oil.- Cl0Hl7N05 (231.3) Calcd. C 51.94 H 7.41 N 6.06 Found C 51.08 H 7.28 N 

6.20. - MS@): m/e = 231(19%; m. - IR(neat): 1750 cm-l. The signals of the IH- and 13C-NMR spectra are hugely bmadened 

at mom temperature, so that an tmtambiguous assigmnem is not possible. 

(4SR,5RS)-4.5-Bis(methoxycorbonyI)-2-methyl-isoxnrolidine (ZSC): To a solution of N-methyl-methyknamine-Naxide in 

methanol prepared from N-methylhydroz&tmine hydrochloride, formalin and triethylamine at room temperature, an 

approximately equimolar portion of dimethyl maleate was added. The reaction mixture was refluxed for 2 days. After removal of 

the solvent the residue was treated with diethyl ether. The remaining triethylamine hydrochloride was filtered off, the ethereal 

solution was dried with MgS04 and thereafter the solvent was evaporated. The residue was dried under vacuum (1 Torr) and 

subsequently purified by chromatography with Et20/petroleum ether, yielding 42% of a colourless oil. - C8Hl3N05 (203.2) C&d. 

C 47.29 H 6.45 N 6.89 Found C 47.19 H 6.50 N 6.84. - MS(E1): m/e = 203 (73%; l&). - IR(neat): 1750 cm-l. .- *H-NMR (500 

MHz., 322 K): 2.78 (s, broad, SH, 3-H and CH3); 3.69 (s,3H, broad OCH3); 3.73 (s, 3H, 0CH3); 3.78 (q, broad, lH, 4-H); 4.73 (s, 

broad, HI, 5-H). 

2-t-Butyl-3-methoxycorbonyl-isoxozo/idin&one (ZS). A solution of N-tert-butylhydroxylamine (1.0 g 11.1 mmol) and 

dimethyl maleate (1.6 g, 11.1 mmol) in chloroform (50 ml) was retluxed for one day. Evaporation of the solvent and 

recrystallization from diethyl ether affords 18 in 85% yield (1.88 g) as a white solid, mp 42’C from diethyl ether. C$l,5NO4 

(201.2) Calcd C 53.27 H 7.51 N6.96 Found C 53.37 H 7.55 N 6.87. - MS (EI): m/e = 201 (4%, M). - lR (KEtr): 1780, 1740 cm-*. 

- lH-NMR: 1.15 (s, 9H, C(CH3)3); 2.94 (dd, 3J = 9.5, 2J = 17.8 Hz, lH, 4-H); 3.08 (dd, 3J = 6.5, 2J = 17.8 Hz, lH, 4-H); 3.78 (s, 

3H, 0CH3); 4.16 (dd, 3J = 6.5 and 9.5 Ha, lH, 3-H).- 13C-NMR: 24.9 (q, J = 126.2 Hz, CEH,),); 33.4 (t, J = 137.5 Hx, CH2); 

52.9 (q, J = 148,0 HZ, OCH3); 59.2 (d, J = 144.0 HZ, CH); 61.6 (s, G(CH3)3); 170.7 (s, CO2CH3); 173.7 (s, CO). 

Dimethyl 2-(iV-tert-bu@-hydroqamino)succinate 17: could be detected by lH-NMR spectroscopy when N-tert- 

butylhydroxylamine and dimethyl maleate reacted in deutcrochloroform at room temperature. ‘H-NMRz 1.12 (6, 9H, C(CH3)3); 

2.82 (d, 3J = 6.8 Hz, 2H, CH2); 3.61 (s, 3H, OCH3); 3.66 (s, 3H, 0CH3); 4.10 (t, 3J = 6.8 Hz, lH, CH); 6.30 (s, broad, lH, OH). 

Crystul structure determination of 9g. Suitable crystals were grown and submitted to crystal X-ray analysis. Intensity data 

were collected in co-scan mode on a Enraf-Nonius CAD4 diffractometer at T = 188 K with graphite monochromated Cu K. 

radiation (Unit cell: a = 8.953 (4) A b = 9.469 (3) A, a = 68.34(4)‘, D = 83.35(3)“, y = 83.06’, V = 748 A3, space group Pl). 

The structure was solved by Direct methods and subsequent difference Fourier syntheses. The full matrix least square 

refinement with anisotropic displacement factors for all atoms except the hydrogen atoms yielded a R-factor of 5.8 for 2144 

reflections with I<So. The H atoms were refined using a riding model with fmed temperature thctors. For stmctme solution, 

refinement, tables and graphic representation the program system Shelxtl25 were used, the least square planea were calculated with 

the help of the program PLATON.26 
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