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Abstract C-3, -4, -5, and -6-Alkenyl oximes react with electronegative olefms at the nitrogen atom via 
a Michael addition or ene-type process to generate the corresponding C-alkenyl nitrones which undergo 
an mtramolecular cycloaddltion The cycloaddition can occur by one of two modes leading to either 
bridged- or fused-lsoxazolldines The latter IS preferred in most cases except that of the C-(3-alkenyl) 
nrtrone which gives exclusively the bridged-ring product and the C-(4-alkenyl)nitrones derived from N- 
allylpyrrole-2-carboxyaldehyde oxime which gives both bridged- and fused-nng isoxazolldines 

In the preceding paper in this series the tandem Michael addition-1,3-dlpolar cycloaddltlon process was 

analysed in terms of four broad synthetic vanants depending on whether each component of the tandem 

process occurred In an inter-or mtra-molecular fashion ’ This paper IS concerned with a sub-set of Class 

2 processes I e intermolecular Michael addition-mtramolecular 1,3-dlpolar cycloadditlon Class 2 

processes provide particularly attractive and flexible synthetic methodology because the dlpolarophlle can 

be located within the oxime (Scheme 1, type 1) such that when the oxlme undergoes Michael addition 

a C-(n-alkenyl)-nltrone IS generated Alternatively the dipolarophlle and Michael acceptor can be located 

within the same molecule, In which case an N-(n-alkenyl)-nitrone IS generated by the Michael addition 

reaction (Scheme 1, type 2) The former methodology IS discussed tn this paper whilst the latter approach 

forms the subject of the succeeding paper in this series 3 

In the type 1 sub-set of the class 2 processes the intermediate C-(n-alkenyl)-nitrone can potentially 

give nse to a fused- or bndged-ring product (Scheme 1) whilst the type 2 sub-set involvmg an K(n- 

alkenyl)-nltrone always leads to bndged-ring products although the cycloaddltion can stil occur by two 

reglochemlcally distmct processes (Scheme 1) Intramolecular cycloaddition reactions of nitrones have 

attracted much attention475 as key steps in the synthesis of natural products and the methodology 

inherent in Scheme 1 provides a significant and substantial extension of such processes Invariably the 
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Scheme 1. (I) l,a I 3,b - bonding (Ii) 1,b / 3,a - bonding 

oxlmes are mixtures of E- and Z-tsomers but this has no untoward effect on the tandem processes since 

E * Z mterconversion IS facile under the reaction conditions employed 

C-(3-Alkenyl)nltrones The reaction of (1) with benzyl acrylate was studied The type 1 tandem process 

(Scheme 1) could conceivably lead to either (2) or (3) In both cases a highly strained transition state 

would be Involved and this was reflected In the high temperature (mesitylene, 165’C, 18h) necessary to 

bring about reaction and the low yield The reaction mixture comprised the bridged-ring isoxazolidme (2) 

(19%) together with a mixture of 2 1 adducts’ and decomposltlon products The bndged-nng structure 

was assigned on the basis of ‘H-2D-COSY studies To our knowledge this IS the first reported example 

of a successful C-(3-alkenyl) nitrone cycloaddltion 
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(1) 

(3) h02Bn 

C-(CAIkenyQnitrones Pioneenng work by LeBel had established that C-(4-alkenyl)nltrones 

derived from N-methyl hydroxylamme and the appropriate alkenyl aldehyde/ketone almost without 

exception undergo cycloaddltlon via the type 1 (I) pathway (Scheme 1) to give as-fused blcycllc 

lsoxazolidmes 6 It therefore came as no surpnse that oxlmes of ally1 esters of a-keto acids (4a-e), 

although diffenng in the nature of the linking chain [CO-O versus (CH&,], react with benzyl acrylate or 

phenyl vinyl sulphone to give (5a-f) in 28-71% yield (Table 1) No bridged-ring products (6) were 

detected 

o - 

(41,. R = Me 
b R = 2 - thlenyl 
c. R = 3 - mdolyl 
d. R = o - nitrobenzyl 
e. R = p - 0,NC6H, 

(5) a. R = Me, X = COzBn 
b. R = Me, X = SOIP h 
c. R = 2 - thienyl, X = SO,P h 
d. R = 3 - indolyl, X = SOZP h 
e. R = 0 - nitrobenzyl, X = SO,P h 
f. R = p - 02NC6H4, X = SOzPh 

(6) -x 
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The stereochemlstry of cycloadducts (5a, b) was established by n 0 e studies, In pamcular a 

posrtive n 0 e between the nng junctron Me group and HA (see experimental sectron), whilst that of (5~) 

was established by a srngle crystal X-ray structure determination 3 The remaining cycloadducts (5d-f) 

are assumed to have analogous stereochemistry The brcycllc isoxazolldrnes @a-f) could anse from the 

Z-nrtrone vra an exo-transltlon state (7) or from the E-nltrone via an endo-transltron state (8) In both 

transitron states n-overlap between the carbonyl group and the nrtrone moiety IS essentially zero The 

initial configuration of the nitrone will be dictated by the developing stenc InteractIons between R(or R’) 

and the electronegative olefrn In the Mrchael addrtron (or ene-type)’ transItIon state (9) + (10) The E 

* Z nltrone InterconversIon barners4 are In the range 20-35 k cal mol-’ and are comparable to, though 

probably somewhat above, the activation energies for the cycloaddition step However, E + Z nrtrone 

R 

(9) (10) 

Table 1 Tandem Michael addition-cycloadditron of oximes of ally1 esters of a-keto acids (4a-e) with 

monosubstituted electronegative olefrns a 

Oxime Michael Acceptor Time(h) Product Yii)b 

4a benzyl acrylate 24 

4a phenyl vinyl sulphone 11 

4b phenyl vinyl sulphone IO 

4c phenyl vinyl sulphone 18 

4d phenyl vinyl sulphone 16 

4e phenyl vinyl sulphone 20 

a 

b 

All reactions carned out In bollrng xylene under reflux 

Isolated yield, yield estimated by p m r In brackets 

5a 69(100) 

5b 71(100) 

5c 37(61) 

5d 50(58) 

5e 61(78) 

51 28(65) 
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InterconversIon can also occur via fragmentation (10) + (9) and oxlme lsomensatlon Both endo- and 

exo-transition states have been observed for nltrone cycloadditions,7 with the former preferred in the 

absence of untoward stenc effects The reglospecificity of the process, type 1 (I) rather than type 1 (II) 

(Scheme l), arises from the well known entropic bias for 5versus 6-membered nng formation in the 

forming subsidiary ring (ring B) in (5) and (6) ‘18 together with the resultant supenor frontier orbital overlap 

In the transition state leading to (5) compared to that leading to the alternative 6/5bndged ring product 

(6) Weinreb has recently reported an example of an intramolecular nitrone cycloaddition to an ally1 ester 

moiety ’ 

The stereochemical outcome of analogous tandem processes on the oximes (11 a) and (11 b) was 

interesting Thus the aldoxime (1 la) reacted (xylene, 140°C, 24h) with phenyl vinyl sulphone to give the 

trans-fused product (12) (74%), whilst the corresponding ketoxime (11 b) reacts with benzyl acrylate and 

phenyl vinyl sulphone to give the as-fused products (13a) (73%) and (13b) (76%) respectively The ring 

junction stereochemistry In (12) and (13 a,b) was assigned on the basis of n 0 e data In particular in 

the case of (12) the absence of an n 0 e between HA and H6, whilst In (13 a,b) positive n 0 e ‘s were 

observed between the ring junction Me group and HA LeBel has reported that both of the corresponding 

N-methyl nitrones (14 a,b) give cls-fused oxazolidmes 6 However, in these cases the reaction 

temperature was substantially lower (60-llO’C), and nitrone cycloadducts are known to equilibrate at 

higher temperature I5 The trans-fused product (12) could arise from the Z-nitrone and an endo-transition 

state or the E-nltrone and an exo-transition state (15) The former transition state IS geometrically 

unattainable (the four reacting centres cannot be suitably aligned) 

(11) a. R = H 
b. R = Me 

I-= 
L R 

-&O 

lJf e 

(14) “d pIAe 
. - 

.L 
-0. +0 -x7 N\ 

AH 
(15) 
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(16) 
(17) a. X = COzB n 

b.X=SOzPb 
(18) a. X = CO,Bn ‘x 

c. X = COMe 
b. X = SOzPh 
c. X = COMe 

(19) 

The N-allylpyrrole oxlme (16), which comprised a ca 2 1 mixture of E- and Z-isomers, reacts (xylene, 

1 40°C, 18h) with benzyl acrylate to give a complex mixture of products from which (17a) could be isolated 

in 30% yield No bridged ring isomer (18a) was isolated from this reaction However, carrying out the 

reaction at lower temperature (MeCN, 60°C) using the Z-oxime gave small amounts (9-l 2%) of both (17a) 

and (18a) together with the nltrone (19) (39%) Nitrone (19) was obtained as a single Isomer, the 

stereochemistry of which was established by n 0 e studies Heating (19) in xylene at 1 10°C afforded a 

1 1 6 mixture of (17a) and (18a) in quantitative yield A similar reaction (MeCN, 80°C, 18h) of Z-( 16) with 

phenyl vinyl sulphone gave a 1 1 mixture of (17b) and (18b) in 86% yield Methyl vinyl ketone reacted 

(MeCN, 80°C, 16h) with Z-(16) in an analogous manner to give a 1 1 2 mixture of (17~) and (18~) in 81% 

yield In this case the conformational flexibility of the linking chain between oxime and dlpolarophlle IS 

restricted by the pyrrole ring and thts prevents the correct alignment of the four reacting centres tn the 

E-nltrone exo-transition state analogous to (15) which would have lead to the trans-fused isomer of (17) 

The rigidity and angular disposition of the ring substltuents imparted by the pyrrole ring also raises the 

fused-ring transition state energy of the type 1 (I) process (scheme) allowing the bridged-ring transition 

state of the type 1 (II) (scheme) to compete effectively We have previously reported the formation of a 

dimeric cycloadduct (20) from (16) via a nitrone generated by an intramolecular ene-type process lo The 

‘H n m r spectra (CDCl3) of the bridged ring cycloadducts (18) showed multiple signals, some of which 

were broad, mdlcating the operation of a stereodynamic process Addition of one drop of tnfluoroacetlc 

acid to the n m r sample resulted In both simplification of the spectrum and sharpening of the broad 

signals The resultant ‘H n m r spectrum was entirely consistant with one stereoisomer of the 

isoxazolidme (18) tn which protonatlon had occured with high stereoselectivlty on one face of the 

lsoxazolldme ring nitrogen atom Both the ‘H and 13C n m r spectra of protonated (18) showed only 
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traces of the eplmenc N-protonated Isomer In contrast to the spectra of the unprotonated compounds 

which showed substanttal amounts of both stereoisomers Nitrogen InversIon barriers In acyclic 

hydroxylamines range from ca 8 5-15 kcal mol-’ with hydroxylamines in which aryl substituents are 

con]ugated to the nitrogen atom having the lowest inversion barner ” Thus the observed spectral 

changes when (18) IS protonated indicate the stereodynamic process IS nitrogen inversion and suggest 

the incorporation of the hydroxylamine moiety into the bicycle [3 2 1 ] system of (18) Increases the 

inversion barrier somewhat 

(21) a. n = 1 
b. n = 2 

(24) 

(22) a. X = COzBn 
b.X=SO,Pb 

HA 

F+ (23) 

(25) 

2-(3’-Butenyl)cyclohexanone oxlme (21 a) reacts stereospeciflcally with benzyl acrylate and phenyl 

vinyl sulphone in boiling xylene to give products formulated as (22a) (70%) and (22b) (69%) The relative 

stereochemWy of HA and H8 IS based on a positive n 0 e between the two protons Tne 

stereochemistry of (22a,b) differs from that tentatively assigned by Japanese workers to the correspondmg 

N-methyl cycloadduct (24)‘* However, the latter stereochemistry was assigned without the benefit of 

n 0 e data The likely transition state for the formatlon of (22a,b) IS one lnvolvmg exo-addltlon to the Z- 

nltrone I e (25) or endo-addition to the E-nltrone In both transition states the 2-(3’-butenyl)-side chain 
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occupies an axial onentatlon which avoids the All3 -strain present in the equatonal conformers l3 We 

have observed a similar transition state geometry In the intramolecular cycloaddltlon of the related 

azomethme ylrde (26) l4 It should also be noted that the Japanese work referred to above was carned 

out at 25’C whilst our reaction was performed at 140°C Nltrone cycloadducts are known to equilibrate 

at temperatures above 11 O°C l5 

The 2-(3’-butenyl) cycloheptanone oxime (21 b) reacts with phenyl vinyl sulphone in boiling xylene 

over 20h to give a single tncyclic product (23) in ca 95% yield (p m r ) (60% isolated yield) N 0 e studies 

did not show any enhancements between proton HA and HB and the relative stereochemlstry of these 

two protons IS therefore assigned as trans in (23) The corresponding N-methyl analogue has been 

reported previously12 but its stereochemistry was not established 

C-(5-Alkenyl)mtrones The N-methyl C-(ti-hexenyl)nitrone (27a) IS reported to give 3 1 1 mixture 

of (28a), (30a) and (31a) on heating at 1 10°C in toluene,6*‘5 whilst nltrone (27b) gives the bridged ring 

product (30b) exclusively l6 

(27) (28) (29) 

(a) X = CH,, R = Me, R’=R2=R3= H 

(b) X = CH,, R = Me, R’=Ph, R’=R3=H 

(c) X = 0, R = (CH&COzBn, R’=Me, R2=R3=H 

(cl) X = CH,, R = R’ =Me, R2=R3= H 

(e) X = CHz, R = (CH,),COZBn, R’=R3=Me, R2= HB 

(f) X = CH,, R = (CH2),S02Ph, R’=R3=Me, R2= H, 

(31) R2 = H, 

R3 = H,, H, 

(32) a. X = 0, R = H 
b.X=CH,, R =Me 
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We examined the behavlour of the related oxlme (32a) with benzyl acrylate In bollmg xylene The 

tandem process, which IS presumed to proceed via nitrone (27~) furnished a 3 1 5 2 mixture of (28c), 

(29c), (30~) and (31~) Preparative t I c of the mixture afforded pure samples of the three major isomers 

and detailed p m r studies [400 MHz, decoupling and NOEDS (Table 2)] established their 

stereochemistries LeBel has reported the Intramolecular cycloaddltion of (27d) at 11 O°C The product 

In this case IS a 1 4 12 3 mixture of (28d), (29d), (30d) and (31) At higher temperatures Increasing 

amounts of as-fused isoxazolidmes were observed ‘5 LeBel’s studies lead him to conclude that trans- 

fused adducts 

Table 2 NOEDS data (CDCI-J for bicycllc lsoxazolldmes derived from C-(5-alkenyl)mtrones 

Proton 

lrradlated HA HB HC HD HE HF HG HH HI HK C(8)Me Meb NCH;, 

HA 

30~ HE 

C(8)Me 

HA 

30e HC 3 

HI 3 

Meb 2 

4 

1 6 

4 5 4 

4 2 3 5 

3 5 3 

18 3 

4 

HA 4 3 

HB 3 

HC 4 3 12 

31~ HG 5 

HE 4 7 20 

C(8)Me 2 1 3 

3 

10 

6 

5 

a For proton labellmg see (29) and (30) X=HJ, HK, R*=HB, R3=HC, HD 

b C(4)-a-Me 
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predommate under condttlons of kinetic control whilst cis-fused adducts predommate under 

thermodynamic control This accords with observations on the relative stability of CIS- and trans- 

hydnndenes l7 The most notrceable drfference between the two sets of results IS the Increased amount 

of as-isomer (28~) and the decreased amount of trans-isomer (30~) in our case relative to LeBel’s results 

This reflects the higher temperature (14O’C versus 1 10°C) in our reaction which results in more of the 

thermodynamically more stable as-isomer 

(+)-Citronella1 oxime (32b) (1 1 mixture of E- and Z-isomers) reacts (xylene, 140°C, 24h) with 

benzyl acrylate to grve a 5 5 1 mixture (95%) of (30e) and (28e), a result entirely consistant with LeBel’s 

results using the corresponding N-methylnltrone 6,15 The isomer mixture was not separated but NOEDS 

data (Table 2) confirm the trans-ring junction and the equatonal position of the methyl group In (30e) 

The stereochemistry of (28e) IS based on that given by LeBel for the N-methyl analogue An analogous 

reaction (xylene, 140°C, 14h) (32b) with phenyl vinyl sulphone afforded isoxazolidme (30f) as the major 

component (ca 60% by p m r ) of a complex mixture 

The oxime of dracetone acrylamrde (33) (E/Z-isomer mixture) reacts with benzyl acrylate and 

phenyl vinyl sulphone in boiling xylene to give a single cycloadduct, (34a) (52%) and (34b) (100%) 

respectively, In each case Ring ]unction stereochemistry IS assigned on the basis of a positive n 0 e 

between HA and the ring Junction Me group Examination of molecular models suggests the most 

favourable transition state IS probably that involving the Z-nitrone and an exo-transition state (35) In this 

transition state the incipient 6-membered ring assumes a boat-conformation 

We have prevrously reported the reaction of (36a) with methyl act-ylate in pyndme at 80°C to give 

a mixture of (37a) and (38) ‘* Acrylonitnle gives an analogous mixture In these previous studies an 

excess of methyl acrylate was employed In contrast, heating (36a) with benzyl acrylate (1 mol) in boiling 

xylene afforded (37b) as the sole product A similar reaction in toluene using phenyl vlnyl sulphone as 

the dipolarophile gave (37~) (90%) The cis-nng junction stereochemistry was established by n 0 e 

studies The ring junction coupling constants [JAB (37b), JAB 6 9Hz, (37~) JAB 6 6 Hz] compare 

favourably with that (J 7Hz) reported for (37, R=H)” Padwa*’ has independently reported the 

preparation of (37~) using our methodology The possible role of the O-Michael adduct (39) in the tandem 

process was briefly explored Heating (39) in boiling xylene (140°, 24h) failed to give any cycloadduct 

(37b) A more extensive study of O-Michael adducts will be reported at a later date 

C-(6-Alkenyl)nltrones One example of this type was studied Thus the oxrme (36b) reacted 

sluggishly with benzyl acrylate in boiling xylene However, when the reaction was repeated in boiling 

mesrtylene (165’C, 18h) a 54% yield of the as-fused rsoxazolrdme (40) was obtained together with a 

mixture of 2 1 acrylate oxrme cycloadducts and decomposition products The N-methyl nitrone counterpart 

has been described by Oppolzer” although the ring Junction stereochemistry was not specified The nng 

Junction stereochemistry of (40) was indicated by the value of JAB ( 9 4 Hz) and confirmed by n 0 e data 
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NOH 

(33) 

$$ ) Hi&$ 

H R 

(34) a. X = COzBn (35) 
b. X = SOzPh 

N 
‘OH 

(36) a. n = 1 
b. n = 2 

n=2 

(37) a. R = (CH& - - _ p&Me 
b. R = (CH2),C02B n 
c. R = (CH&G02P h 

LUZMe 

$gii cq~co*Bn 
%/LO “HD 

COzBn (39) 
(40) 

Expenmental General details were as previously described *’ 

Oxlmes and thew Precursors. 

Ally1 Esters of cr-Keto Acids General Procedure 

A solution of a-keto acid (10mmol) and ally1 alcohol (15mmol) In benzene (20ml) was boiled under reflux 

for 4-20h with a catalytic amount of p-toluene sulphonic acid using a Dean-Stark apparatus The reaction 

mixture was allowed to cool, and then washed with saturated aqueous sodium bicarbonate solution (2 x 

1 OOml) and water (1 x 1 OOml) The organic layer was separated, dried (Na$304) and concentrated to 

furnish the crude product which was purified as detailed below 
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Ally1 2-thlooheneqlvoxylate The product (88%), b p 94-lOO’C/O 5 mmHg, was obtamed as a pale yellow 

011 after a reaction time of 6h (Found C, 54 85, H, 4 0 C,H,O,S requires C, 55 1, H, 4 I%), m/z (%) 

196(M+, 7), 11 l(lO0) and 83(7), 6 8 13, 7 84 and 7 20(3 x m, thienyl-l-l), 6 10 and 4 86(2 x m, CH=CH,), 

and 5 4l(m, 2H, OCH,) 

Allvl 3-mdoleolvoxvlate After a 20h reactlon time the product (68%) was obtained as golden plates, m p 

161-163’C) (Found C, 68 35, H, 4 6, N, 5 9 C13H11N03 requires C, 68 1, H, 4 8, N, 6 l%), m/z(%) 

229(M+, 12), 144(100), and 116(13), S[(CD,),CO] 11 34(br s, lH, NH), 8 41(d, lH, ArH), 8 27, 7 54 and 

7 25(3 x m, 4H, ArH), 5 38 and 5 24(2 x m, CH=CH,), and 3 80(m, 2H, OCH2) 

Ally1 2-nitroohenvlovruvate The product (64%) distrlled as a VISCOUS pale orange oil, b p 266’C/O 1 

mmHg, after a reaction time of 20h (Found C, 57 75, H, 4 2, N, 5 65 C,2H, ,NO, requires C, 57 85, 

H, 4 45, N, 5 So/), m/z(%) 294(M+, 0 5), 164(42), 136(72) and 41(100), 6 8 11, 7 62, 7 50 and 7 43(4 x 

m, ArH), 6 0 and 5 38(2 x m, CH=CH2), 4 80(m, 2H, OCH,) and 4 54(m, 2H, ArCH,) 

Allvl 4-nltrophenylqlyoxylate After a 4h reaction time the product (84%) was obtamed as a pale orange 

011, b p 150°C/0 8mmHg (Found C, 56 0, H, 3 9, N, 5 95 C,, H9N05 requires C, 56 15, H, 3 85, N, 

5 95%), m/z(%) 235(M+, 0 5), 150(100), 104(37) and 41(32), 6 8 35 and 8 25(2 x m, 2 x 2H, ArH), 6 0 

and 5 42(2 x m, CH=CH,), and 4 92(m, 2H, OCH,) 

General Procedures for Oxime Formation 

Two general procedures were employed 

A A solutton of the ally1 ester (lOmmol), and hydroxylamtne hydrochlonde (llmol) in a mixture of 

pyndme (29) and ethanol (25ml) was boiled under reflux for 3h The solvent was then removed under 

reduced pressure, the residue taken up in 1 1 ethyl acetate/chloroform (lOOmI), and washed with 

saturated bnne (50ml) The organic phase was separated, dried (Na2SO4), and evaporated to dryness 

The residue was punfred as noted below 

B. To a stirred suspension of the aldehyde or ketone (50mmol) and hydroxylamme hydrochlonde (3 829, 

55mmol) in water (40ml) was added a solution of sodium carbonate (5 77g, 55mmol) In water (20ml) 

The mixture was stirred overnight at room temperature and the product extracted Into methylene chloride 

(2 x 50ml) After washing with water (2 x 50ml) and drying (Na2S04) the solvent was evaporated to leave 

the crude oxlme which was either distIlled under reduced pressure or crystalllsed from an appropnate 

solvent 

2,2-Dlmethvl-4-pentenal oxlme(l) Prepared by method B The product (66%) distilled as a colourless 
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2,2-Dlmethvl-4-oentenal oxlme(l) Prepared by method B The product (66%) dlstllled as a colourless 

011, b p 52-54’C/O 05mmHg, which comprised the pure E-oxlme (Found C, 66 25, H, 10 15, N, 11 2 

C7H,3N0 requires C, 66 0, H, 10 3, N, 11 O%), vmax 3300,1633,1430,1380, 1360,992 and 945 cm-‘, 

m/z(%) 127(M+, 13), 112(a), 95(6), 86(100), 69(13), 55(10) and 41(46), 6 8 9(br s, lH, OH, exchanges 

In D,O), 7 34(s, 1 H, CH=N), 5 83(m, 1 H, CJ-CH,), 5 04(m, 2H, CH=W,), and 2 13(d, 2H, CH,), 1 09(s, 

6H, 2 x Me) 

Allvl ovruvate oxime (4a) Prepared from ally1 pyruvate2’ using method B After stirring over-night the 

oxlme precipitated as a white solid (64%) which crystalllsed as colourless plates of the Z-isomer 

(presumably H-bonded) from petroleum ether-benzene, m p 86’C (Found C, 50 65, H, 6 6, N, 9 75 

C6H9N03 requires C, 50 35, H, 6 35, N, 9 8%), vmax 3240, 1715, 1415, 1171, 1030, 940, 776 and 750 

cm-‘, m/z(%) 143(M+, 4), 98(5), 87(22), 86(22), 58(29), 57(24), 41(100) and 39(19), 6 10 30(br s, 1 H, OH, 

exchanges with D,O), 5 96(m, 1 H, CH=CH2) 5 31 (m, 2H, CH=CH,), 4 74(m, 2H, OCH,), 2 12(s, 3H, Me) 

Ally1 2-thioohenealvoxvlate oxime (4b) Prepared by method A The product (54%) crystallised as 

colourless needles from benzene-pentane, m p 80-88’C (Found C, 51 45, H, 4 15, N, 6 5 C9H9N03S 

requiresc, 51 2,H, 43,N,665%),m/z(%)22l(M+, 32), 126(13)and41(100),6901(brs, lH,OH),807, 

7 62 and 7 10(3 x m, thlenyl-H), 6 12 and 5 43(2 x m, 3H, CH=CH,) and 4 82(m, 2H, OCH,) 

Ally1 3-mdolealvoxvlate oxime (4~) Prepared by method A The product (37%) crystalllsed as fawn plates 

from chloroform, m p 141-142’C (Found C, 63 6, H, 4 95, N, 11 4 C,3H,2N203 requires C, 63 9, H, 

495, N, 11 45%), m/z(%) 244(M+, 44), 159(12), 142(100) and 116(11), S[(CD,),CO] 11 19 and 1091(2 

x br s, OH, E- and Z-isomers), 8 23(s, 1 H, ArH), 7 38 and 7 12(2 x m, 2 x 2H, ArH), 6 03 and 5 37(2 x 

m, 3H, CH=CH,), 4 85(m, 2H, 0CH2) and 2 99(br s, 1 H, NH) 

Allvl 2-nitroohenvlovruvate oxime (4dl Prepared by method A The product (60%) crystalllsed as 

colourless needles from chloroform, m p 106’C (Found C, 54 4, H, 4 6, N, 10 65 C,2H,2N205 requires 

C, 54 55, H, 4 6, N, IO So/,), m/z(%) 264(M+, 2), 218(5), 207(6) and 41 (loo), 6 9 92(br s, 1 H, OH), 7 94 

and 7 40(2 x m, 2 x 2H, ArH), 5 92 and 5 34(2 x m, CH=CH,), 4 68(m, 2H, 0CH2) and 4 32(s, 2H, 

ArCH2) 

Allvl 4-nitroohenvlalvoxvlate oxime (se) Prepared by method A The product (65%) crystallised from 

methylene chloride-hexane-ethyl acetate as colourless rods, m p 165-l 70°C (Found C, 52 8, H, 4 0, N, 

10 85 C, ,H,0N205 requires C, 52 8, H, 4 05, N, 11 1%), m/z(%) 250(M+, 13), 165(4), and 41 (loo), 6 

12 O(br s, lH, OH), 8 29 and 7 82(2 x m, 2 x 2H, ArH), 5 98 and 5 42(2 x m, CH=CH2), and 4 70(m, 2H, 

CCH,) 

N-Allvlovrrole-2-carboxvaldehvde oxime (16) A mixture of N-allylpyrrole-2-carboxaldehyde (10 Og, 0 074 

mol), hydroxylamme hydrochloride (6 4 g, 0 092 mol) and sodium acetate (9 4 g, 0 115 mol) was stirred 

In aqueous acetonitnle (50 ml) for 16 hrs After the usual work-up N-ally1 pyrrole-2-carboxaldehyde oxlme 

was isolated as a VISCOUS liquid (8 33 g, 75%) The p m r spectrum of the product indicated it comprised 

a 3 2 mixture of (E)- and (Z)-oximes On distillation under reduced pressure (b p 86-92’ at 0 5 mm) It 
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(several months) was accompanied by slow lsomensatlon to the pure Z-Isomer (Found C, 64 05, H, 

6 75, N, 18 5 C8H,0N20 requires C, 64 0, H, 6 7, N, 18 65%), vmax 3300,1615,1400,1305,1075,930, 

820 and 730 cm-‘, m/z(%) 150(M+, loo), 133(40), 118(82), 106(25) 93(57), 79(2) and 41(34), 6 8 16(br 

s, 1 H, OH, exchanges rn D,O), 8 06(E) and 7 36(Z) (s, 1 H, CH=N), 7 34-6 17(m, 3H, ArH), 5 94(m, 1 H, 

Ctj=CH2), 5 18 and 4 96(m, 2H, CH=Cti2) and 4 75 and 4 62(m, 2H, NCH2) 

2-(3’-Butenvkvclohexanone oxime (21 al A mixture of 2-(3’-butenyl)-cyclohexanone (50mmol),23 

hydroxylamme hydrochloride (5 21 g, 75 mmol) and sodium acetate (6 15g,75 mmol) in water (50ml) was 

heated to 50’ for 3 hr After cooling the mixture was extracted with methylene (2 x 50ml), the organic 

layer washed with water (2 x 50ml), dned(NaS04) and the solvent evaporated The residual 011 was 

dlstllled to afford the product (67%) as a colourless oil, b p 72-76’C/O 05mmHg (Found C, 71 6, H, 

10 55, N, 8 6 CIOH,,NO requires C, 71 8, H, 10 25, N, 8 4%), vmax 3250, 1645, 1438, 990 and 908 

cm -‘, m/z(%), 167(M+, 4), 152(12), 113(69), 98(13), 81(43), 67(34), 55(45) and 41(100), 6 8 95(brs, lH, 

OH, exchanges In D,O), 5 81 (m, 1 H, CE=CH,), 4 98(m, 2H, CH=Cl-i2), 2 68-l 36[m, 13H, CH, (CH2)6] 

2-(3’-Butenvlkycloheptanone oxime (21 b) Prepared in an analogous manner to that described above 

but stirring and heating at 60°C for 6h The product (51%) dIstIlled as a colourless oil, b p 84- 

88'C/O 03mmHg, which comprised a 7 3 mixture of geometric isomers (Found C, 72 95, H, 10 75, N, 

755 C,,H19NOrequ~resC,729,H, 1055,N,775%),m/z(%) 18l(M+, 18), 166(15), 164(18), 153(12), 

152(10), and 127(100), 6 8 99(br s, 1 H, OH), 5 80(m, 1 H, Cf-J=CH,), 4 98(m, 2H, CH=Clj2), 3 26 and 

2 87(m, 1 H, methme CH isomers), and 2 45-l 08(m, 14H, 7 x CH2) 

3-Allvloxvbutvraldehvde oxlme (32a) Prepared by method B from 3-allyloxybutyraldehyde 24 The product 

(64%) was a colourless oil, b p 64-65’/0 2mmHg, which comprised a 1 1 mixture of E- and Z-isomers 

(Found C, 58 8, H, 9 45, N, 9 75 C,H13N02 requires C, 58 7, H, 9 15, N, 9 8%), vmax 3300, 1638, 

1420, 1081,993 and 923 cm-‘, m/z(%) 85(55), 69(3), 57(3), 55(3), 43(27), 41(100) and 39(1 l), 6 9 40(br 

s, 1 H, OH, exchanges with D20), 7 49(E) and 6 88(Z) (2 x t, 1 H, CH=N), 5 90(m, 1 H, Ctj=CH,), 5 23(m, 

2H, CH=Cl-12), 4 OO(m, 2H, OCH,), 3 70(m, 1 H, OCl-l(Me), 2 49(m, 2H, CH,-CH=N), and 1 21(2 x d, 3H, 

Me) 

Dlacetone acrvlamlde oxlme (331 Prepared from diacetone acrylamide (Aldrich) using method B After 

stirring overnight the oxlme precipitated as a white amorphous solid which was crystalked from ether to 

yield the product as colourless prisms (54%), m p 85-95’C, comprising a 65 35 mixture of the geometnc 

Isomers (Found C, 58 45, H, 8 6, N, 15 5 C9H,6N202 requires C, 58 65, H, 8 75, N, 15 2%), vmax 

3500-3000(br), 1655, 1621, 1561, 1408, 1244, 967, 882 and 811 cm-‘, m/z(%) 184(M+, 1), 167(10), 

112(71), 98(15), 72(12), 58(100), and 55(40), 6 9 5(br s, lH, OH, exchanges in D,O), 5 39 and 6 09(2 

x br s, lH, NH), 6 27-5 92(m, 2H, CH=CH,), 5 55(m, lH, Ci-J=CH,), 2 65 and 2 61(2 x s, 2H, CH, C=N), 

1 98 and 1 93(2 x s, 3H, Me), and 1 53 and 1 44(2 x s, 6H, 2 x Me) 
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Cycloadducts. 

General Procedure A so&on of the alkenyloxlme (10mmol) and the electronegative olefin (benzyl 

acrylate, phenyl vmyl sulphone) (1 Ommol) In dry xylene (60-l 20ml) was boiled under reflux for 10 - 24h 

The solvent was then evaporated under reduced pressure and the residue purified as noted below Yields 

and reaction times for (5a - f) are collected in Table 1 

2-(2’-Benzvloxvcarbonvlethyl)-6.6-dlmethvl-2-aza-3-oxabicvclo[2 2 llheotane (21 A solution of oxime (1) 

(2 549, 20mmol) and benzyl actylate (3 249, 20mmol) in mesitylene (50ml) was boiled under reflux for 

18h under an argon atmosphere The solvent was removed in vacua to leave a dark brown oil which on 

distillation afforded the product (1 lg, 19%) as a pale yellow oil, b p 120-l 30°C/0 01 mmHg (Found 70 8, 

H, 8 1, N, 4 8 C,7H23N03 requires C, 70 55, H, 8 0, N, 4 85%), 2940, 1725, 1460, 1448, 1162, vmsx 

920, 750, 730, 699 and 408 cm-‘, m/z(%), 289(M+, 16), 233(17), 232(66), 95(8), 91(100) and 41(11), 

6 7 32(m, 5H, ArH), 5 12(s, 2H, CH2Ar), 4 32(m, 1 H, 4-H), 2 92 and 2 84(2 x m, 2H, NCH2), 2 86(m, 1 H, 

l-H), 2 58(t, 2H, CH,CO), 1 93(m, lH, 7-H), 1 86(d, lH, J 22Hz, 7-H), 1 35(m, lH, 5-H), 1 2l(dd, 5-H), 

and 1 11 and 0 97(2 x s, 2 x 3H, Me) These assignments were made with the ard of the ‘H-2D-COSY 

spectrum 

1 -Methvl-2-(2’-benzvloxvcarbonvlethvl)-8-oxo-2-aza-3,7-dioxablcvclof3 3 Oloctane(5al The product 

dIstilled as a pale yellow oil, b p 175-180°C/0 01 mmHg (Found C, 63 0, H, 6 3, N, 4 6 C16HlgN0, 

requires C, 62 95, H, 6 25, N, 4 6%), m/z(%) 305(M+, 6), 261(7), 170(10), 156(14) and 91(100), 67 33(m, 

5H, ArH), 5 13(s, 2H, ArCH2), 4 42 and 4 15(2 x dd, 2 x 1 H, Jgem 9 7Hz, Jv,c 7 4 and 2 9Hz, 2 x 6-H), 

4 0 and 3 77(2 x dd, 2 x 1 H, J9em 8 9 Hz, Jv,c 7 1 and 1 8 Hz, 2 x 4-H), 3 35(m, 1 H, NCHii), 3 O(m, 2H, 

NCtj and 5-H), 2 68(m, 2H, CH, CO), and 1 42(s, 3H, Me) 

1 -Methyl-2-(2’-~henvlsulohonvlethvl)-8-oxo-2-aza-3,7-d~oxabicyclo~3 3 Oloctane (5bl The product (71%) 

crystallised from benzene as colourless prisms,, m p 113-l 14’C (Found C, 53 9, H, 5 4, N, 4 55 

C,,H,,NO,$ requires C, 54 0, H, 5 5, N, 4 5%), m/z(%) 311 (Mn’, 16), 267(44), 238(38), 169(34), 126(60), 

112(37), 77(84) and 43(100), 6 7 92(m, 2H, ArH), 7 59(m, 3H, ArH), 4 41 (dd, 1 H, J 7 6 and 9 7Hz, 4-H), 

4 09(dd, 1 H, J 2 9 and 9 7 Hz, 4-H), 3 67(d, 2H, 2 x 6 - H), 3 44 and 3 15(m, 4H, CH2CH2), 2 95(m, 1 H, 

5-H), and 1 41(s, 3H, Me) 

1 -(2’-Thienvl)-2-(2’-ohenvlsul~honvlethyl)-8-oxo-2-aza-3,7-d~oxab~cvclo~3 3 Oloctane(5c) The crude 

product, obtained as a maroon 011, was tnturated, with ether-hexane to furnish a purple solld which 

crystallised from ethyl acetate-hexane to give the product (37%) as colourless rods, m p l14°-1150C 

(Found C, 53 85, H, 4 65, N, 3 5 C,,H,,NO& requires C, 53 65, H, 4 75, N, 3 7%), m/z(%) 379(M+, 

5), 335(21), 194(79) and 77(100), 6 7 87 and 7 60(2 x m, 5H, ArH), 7 39, 7 15 and 7 02(3 x m, 3 x 1 H, 
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ArH), 4 46(&f, 1 H, J 9 6 and 7 OHz, 2-H), 4 23(dd, 1 H, J 9 7 and 2 2Hz, 2-H), 4 06(dd, 1 H, J 8 3Hz, 4-H), 

3 87(dd, 1 H, J 8 9 and 2 3 Hz, 4-H), 3 40 and 3 22(2 x m, 5H, NCH2CH2 and 3-H) 

1 -(3’-lndolvl)-2-(2/-~henvlsulphonvlethvl~-8-oxo-2-aza-3.7dtoxabtcvclol3 3 OloctaneW) The crude product 

was obtamed as a black VISCOUS 011 Flash chromatography (sllca, ether-hexane, 3 2) afforded the 

product (50%) which crystalllsed from benzene as colourless plates, m p 157-l 58’C (Found C, 60 8, 

H, 4 85, N, 6 5 C21H20N206S requrres C, 61 15, H, 4 9, N, 6 S%), m/z(%) 412(M+, 3), 368(8), 227(41), 

199(27), 77(69) and 43(100), 6 8 60(br s, 1 H, NH), 7 1 O-7 75(m, 1 OH, ArH), 4 35(m, 3H, 2 x 2-H and 4-H), 

3 92(dd, 1 H, J 8 7 and 2 5 Hz, 4-H), 3 66(m, 1 H, 3-H) and 3 35 and 3 25(2 x m, 2 x 2H, NCH2CH2) 

1 -(2’-Nitrobenzvl)-2-(2’-ohenvlsulphonylethvl)-8-oxo-2-~a-3,7-dioxabicyclo~3 3 Oloctane(5e) The crude 

product was obtained as a brown oil Flash chromatography (silica, ether-hexane, 5 3) afforded the 

product (61%) which crystalllsed from hexane-methanol as buff plates, m p 145-l 46’C (Found C, 55 6, 

H, 4 75, N, 6 35, C,,H,,N,O,S requires C, 55 55, H, 4 65, N, 6 5%) m/z(%), 432(M+, 5) 296(24), 

141(45) and 77(100), 6 7 90 and 7 52(2 x m, 9H, ArH), 4 1 (dd, 1 H, J 9Hz, 2-H), 3 9(dd, 1 H, J 9 5 and 

3 8Hz, 2-H), 3 52(m, 5H, 2 x 4-H, ArCH2 and CHSO2Ph) and 3 21 (m, 4H, NCH2, CHS02Ph and 3-H) 

1 -(4’-Nitroohenvl)-2-(2’-ohenvlsuIohonvlethyl~-8-oxo-2-aza-3,7-d~oxabicyclol3 3 Oloctane(5f) The crude 

product was obtained as a yellow solid Crystallisation from ethyl acetate-hexane furnished the product 

(28%) as colourless hexagonal plates, m p 200-202°C (Found C, 54 5, H, 4 25, N, 6 4 C,gH,8N207S 

requires C, 54 55, H, 4 35, N, 6 7%), m/z(%) 418(M+, 2) 374(6), 223(21), 205(13), 141(14), and 43(100), 

6 8 11, 7 68 and 7 52(3 x m, 9H, ArH), 4 5(dd, 1 H, J 9 8 and 7 2Hz, 2-H), 3 90(m, 2H, 4-H), 3 42(m, 3H, 

NCH, CH2S02Ph) and 3 OO(m, 2H, NCH and 3-H) 

2-(2’-Phenvlsulphonvlethvl)-2-aza-3-oxabicvclof3 3 Oloctane(l2) Prepared from 5-hexenal oxrme and 

phenyl vinyl sulphone Purification by flash chromatography (SIO,), elutrng wrth 7 3 v/v ether-hexane 

afforded the product (74%) as colourless pnsms, m p 43’C (Found C, 600, H, 69, N, 50 

C,4H19N03S requires C, 59 75, H, 6 8, N, 5 O%), vmax 1493, 1483, 1290, 1330, 1016, 855, 730, 684 

and 522 cm-‘, m/z(%) 28l(M+, 27), 139(76), 126(100), 81(37), 77(46), 67(21), 60(20) and 41(21), 

6(C6D6), 7 80(m, 2H, ArH), 6 97(m, 3H, ArH), 3 6O(t, 1 H, J 8 4Hz, 4-H), 3 42(m, 2H, CH2S02), 3 16 and 

2 92(2 x m, 2H, NCH2), 2 85(dd, 1 H, J, 5 6 2Hz, 4-H), 2 65(br t, 1 H, J 6 5Hz, I-H), 2 38(m, lH, 5-H), , 

1 54-l 02(m, 6H, 3 x CH2), ‘H NOEDSY(%) rrradratron of 1-H resulted In enhancement of the signal for 

NCH2(6), irradiation of 5-H caused enhancement of the signals of the as-4-H(5) and the as-6-H(6) 

1 -Methvl-2-(2’-benzyloxvcarbonvlethvl)-2-aza-3-oxabicvclo13 3 Oloctane(l3a) Prepared from methyl pent- 

4-enyl ketone oxime25 and benzyl acrylate with a 24h reaction time The product (73%) distilled as a 
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colourless 011, b p 125-129’C/O 1 mmHg (Found C, 70 25, H, 7 95, N, 5 05 Cl,H23NO, requires C, 

70 55, H, 8 0, N, 4 85%), vmsx 2940, 1725, 1448, 1160, 750, 732 and 696 cm-‘, m/z(%) 289(M+, 25) 

274(g), 140(40), 95(36), 91(100) and 55(12), 6 7 34(m, 5H, ArH), 5 13(s, 2H, CH, Ar), 3 92(br t, 1 H, J 

8 lHz, 4-H), 3 29(dd, lH, J4,5 5 OHz, 4-H), 2 95(t, 2H, NCH2), 2 67(t, 2H, CH,CO), 2 42(m, 1 H, 5-H), 

1 85-l 20(m, 6H, (CH&), 1 16(s, 3H, Me), ‘H NOEDSY(%) lrradlatlon of 5-H caused enhancement of 

the signal for 1 -Me(5), Irradiation of 1 -Me caused enhancement of the signals for 5-H(3) and NCH,(S) 

1 -Meth~l-2-~2’-phenvlsuIphonvlethvl)-2-aza-3-oxab~cvclol3 3 Oloctane(l3b) Prepared from methyl pent-4- 

enyl ketone oxlme and phenyl vinyl sulphone with a reachon time of 7h Flash chromatogrpahy (SIO,) 

elutlng with 1 1 v/v ether-petroleum ether afforded the cycloadduct (78%) as a colouness 011 (Rf 0 3) 

(Found C, 61 15, H, 7 2, N, 4 8 C15H21N03S requires C, 61 0, H, 7 15, N, 4 75%), m/z(%) 295(M+, 

7) 277(18), 140(36) and 83(100), 6 7 84(m, 2H, ArH), 7 50(m, 3H, ArH), 3 63(br t, lH, 4-H), 3 41 (m, 2H, 

CH,SO,Ph), 2 97(t, 3H, NCH2 and 4-H), 2 28(m, 1 H, 5-H), 1 80-l 09(m, 6H, 3 x CH,) and 1 05(s, 3H, 

Me), ‘H NOEDSY (%) irradiation of 5-H caused enhancement of the signal for l-Me (3) and vice versa 

Cvcloadducts (17a) (18a) and nitrone (19) 

a A 3 2 mixture of (E)- and (Z)-N-allylpyrrole-2-carboxaldehyde oxlme and benzyl acrylate were reacted 

In boiling xylene for 24h according to the general procedure The resulting dark brown 011 was punfled 

by flash chromatography (S102) elutlng with ether to afford the product (17a)(30%) as colourless prisms,, 

m p 76-78’C (Found C, 68 95, H, 6 35, N, 8 85 C,,H,oN,O, requires C, 69 2, H, 6 45, N, 8 95%), 

vmax 2870, 1731, 1452, 1350, 1217, 1365, 745 and 720 cm-‘, m/z(%) 312(M+, 17) 118(100), 91(14), 

105(7) and 65(3), 6 7 34(m, 5H, ArH), 6 54-5 98(3 x m, 3H, pyrrole-H), 5 13(s, 2H, CH2Ar), 4 45(br m, 

1 H, 4-H), 4 14(m, 2H, 1-H and 4-H), 3 99-3 73(m, 3H, 5-H and 2 x 6-H), 3 16(m, 2H, NCH2) and 2 73(m, 

2H, CH,CO) 

b A solution of (Z)-N-allylpyrrole-2-carboxaldehyde oxime (500 mg, 3 33 mmol) In dry acetonltnle (25 

ml) was stirred and heated to 60°C under a nitrogen atmosphere for 36 hrs Removal of the solvent gave 

an orange VISCOUS oil (0 99g) whose p m r spectrum Indicated a mixture of compounds mcludlng signals 

for the unreacted oxime Punflcatlon by flash chromatography (SIO,, 9 1 v/v ether-ethyl acetate) afforded 

unreacted starting materials followed by (17a) and then (Isa) When the column was eluted further (1 1 

v/v ether-ethyl acetate) the nltrone (19) was obtained as a VISCOUS liquid 

(m) Colourless prisms (123 mg, 12%) m p 76-78’C, ldentlcal to that described above 

(m) Obtained as a colourless VISCOUS liquid (97 mg, 9%) (Found C, 69 15, H, 6 4, N, 9 15%), m/z(%) 

312(M+, 42) 221(7), 136(20), 118(100), 106(27), 91(83), and 77(25) The p m r spectrum of this 

compound contains broad signals due to a conformatlonal equlllbnum and shows the presence of a 1 1 25 

mixture of two mvertomers When one drop of tnfluoroacetic acid was added to the CDCI, solution, the 

spectrum simplified and sharpened and showed the presence of mainly one N-protonated species 

S(CDCl3 + 1 drop CF3C02H) 7 29-7 38(m, 5H, ArH), 6 76(t, 1 H, J 1 1 Hz, pyrrole-H), 6 40(dd, 1 H, J 1 3 
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and 3 6 Hz, pyrrole-H), 6 27(t, IH, J 3 2Hz, pyrrole-H), 5 45(d, IH, J 4 6Hz, NCH-pyrrole), 5 25(d, lH, 

J 5 96 Hz, OCH), 5 11 (s, 2H, CH2 Ph), 4 16(dd, 2H, J 1 5 and 6 2 Hz, pyrrole NCH2), 3 46 and 3 08(2 

x q, 2 x 1 H, bndge CH2), 2 95(m, 1 H, NHCH CH2), 2 83(m, 2H, CH2C02), and 2 59(d, 1 H, J 12 8 Hz, 

NHCHCH,) 

(l9) Obtamed as a colourless VISCOUS liquid (403 mg, 39%) (Found C, 69 05, H, 6 35, N, 9 1 

C,,H,,N,O, requrres C, 69 2, H, 6 45 and N, 8 95%), vmax (nujol) 1740, 1650, 1600, 1525, 1310, 1155, 

735 and 700 cm-‘, m/z(%), 312(M+, 33), 296(6), 295(10), 162(6), 150(6), 133(11), 118(100), 106(21), 

91(68) and 77(18), 6 7 83(d, 1 H, J 3 7 Hz, pyrrole-H), 7 41 (s, 1 H, CH=N), 7 31 (s, 5H, ArH), 6 BO(d, 1 H, 

J 1 7 Hz, pyrrole-H), 6 28(t, 1 H, J 3 2 Hz, pyrrole-H), 5 SO(m, 1 H, Clj=CH2), 5 1 S(d, 1 H, J 10 6 Hz, =CH), 

5 12(s, 2H, CH2Ph), 4 94(dd, 1 H, J 1 0 and 17 1 Hz, =CH), 4 51 (d, 2H, J 4 8 Hz, pyrrole-NCH2), 4 16(t, 

2H, J 6 2 Hz, NCH2), 3 09(t, 2H, J 6 2 Hz, CH,CO,), S(13C) 170 G(carbonyl carbon), 135 1, 128 1(2C), 

127 9, 127 7(2C), (phenyl carbons), 123 6, 116 8, 116 1, 108 B(pyrrole carbons), 125 2(C=N-O-), 133 1, 

125 5(olefmlc carbons), and 66 2, 59 9, 49 1 and 31 4(allphatlc carbons) 

c A solution of nitrone (19) (50 mg) In xylene (0 5 ml) was heated at 1 10°C for 16 h to give a 1 1 6 

mixture of (17a) and (1 Ba) in quantitative yield 

Cvcloadducts (17b) and (1 Bb] A solution of N-allylpyrrole-2-carboxaldehyde oxlme (500 mg, 3 33 mmol) 

and phenyl vmyl sulphone (560 mg, 3 33 mmol) In dry acetonltnle (25ml) was boiled under reflux, under 

a nitrogen atmosphere for 18 hrs Removal of the solvent afforded an orange gum, whose p m r 

spectrum indicated the presence of two isomers in the ratlo 1 1 Punflcatlon by flash chromatography 

(ether) afforded (17b) (423 mg, 40%) and (1 Bb) (372 mg, 35%), together with a mixed fraction (117 mg, 

1 1%) 

(m) Obtained as colourless rods, from methanol m p 122-124’C (Found C, 60 5, H, 5 65, N, 8 9 

C,6H,8N203S requires C, 60 35, H, 5 7 and N, 8 8%), m/z(%) 318(M+, 52), 6 7 85(d, 2H, J 7 7 Hz. ArH), 

7 63(t, 2H, J 7 2Hz, ArH), 7 52(t, 2H, J 7 7 Hz, ArH), 6 54(t, 1 H, J 1 2Hz, pyrrole-H), 6 24(t, 1 H, J 3 1 Hz, 

pyrrole-H), 5 91 (d, 1 H, J 2 8 Hz, pyrrole-H), 4 32(br s, 1 H, NCH), 4 OS(dd, 1 H, J 8 5 and 10 7Hz, OCH), 

4 02(br s, 1 H, OCH), 3 79(m, 2H, pyrrole-NCH2), 3 60(br d, 1 H, J 8 6 Hz, CH), 3 46(t, 2H, J 7 1 Hz, 

NCH$, and 3 20(t, 2H, J 6 3 Hz, CH, SO2 Ph) Addition of a drop of tnfluoroacetlc acid to the CDC13 

solution sharpens the broad smglet at 64 32 to a doublet at 65 6O(J 6 6 Hz) 

(i&) Obtained as colourless VISCOUS oil (Found C, 60 0, H, 5 5, N, 8 4%), m/z(%) 318(M+, 39), 150(B), 

136(S), 125(5), 1 lB(lOO), 106(S), Sl(10) and 77(30), the ‘H NMR (CDC13) spectrum of th1.s compound 

shows broad signals due to conformatlonal equlllbnum 6 7 83(2H), 7 62(1 H) and 7 53(2H) (ArH), 6 52, 

6 08 and 5 91(3 x 1 H, pyrrole H), 4 62 and 4 81 (br s, 1 H, NCH), 4 21 (br d, 1 H, OCH), 3 92(br s, 2H, 

pyrrole NCH,), 3 35(br m, 2H), 2 40-2 SO(br m, 3H), 2 20(d, 1 H, J 11 3 Hz), G(CDC13 + 1 drop TFA) 

7 80&l, 2H, J 7 6 Hz, ArH), 7 66(t, 1 H, J 7 4Hz, ArH), 7 55(t, 2H, J 7 6 Hz, ArH) 4 91 (d, 1 H, J 5 6 Hz, 

NHCH-pyrrole), 4 75(d, 1 H, J 4 2 Hz, OCH), 4 03(s, 2H, pyrrole NCH$, 3 36-3 58(m, 2H, bridge CH,), 

3 11 (m, 1 H, NHCH), 2 63-2 83(m, 2H,), and 2 36(d, 1 H, 11 SHz, CH SO,Ph), 6(13C, CDC13 + 1 drop 
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TFA) 138 5,134 4,129 6(2C), 128 2(2C), (phenyl carbons), 123 2,121 9,109 6,109 1 (pyrrole carbons), 

76 0, 58 3, 52 2, 52 1, 47 9 and 35 ‘I(akphatrc carbons) 

Cvcloadducts (17~) and (18c) A solutron of N-ally1 pyrrole-2carboxaldehyde oxrme (500 mg, 3 33 mmol) 

and methyl vinyl ketone (233 mg, 2 8 ml, 3 33 mmol) in dry acetonitnle (30 ml) was stirred and boiled 

under reflux under a nitrogen atmosphere for 16 hrs Removal of the solvent gave an orange VISCOUS 

oil, whose p m r spectrum indicated the presence of two regio-isomenc cycloadducts in the ratio 1 1 2 

Purification by flash chromatography (SO,, 9 1 v/v ether-ethylacetate) afforded both isomers 

(17c) Obtained as colourless needles (270 mg, 37%), from ether-petroleum ether (40-600), m p 73-74’C 

(Found C, 65 55, H, 7 55, N, 12 80 C,,H,,N,O, requnes C, 65 43, H, 7 32 and N, 12 72%) m/z(%) 

220(M+, 55) 163(7), 133(10), 118(100), 106(22), 105(45), 104(38), and 91(9), 6 6 56(s, lH, pyrrole-H), 

6 27(t, 1 H, J 3 0 Hz, pyrrole-H), 5 99(d, 1 H, J 3 3 Hz, pyrrole-H), 4 43(br s, 1 H, pyrrole-NCH), 4 17(dd, 

2H, J 8 1 and IO 6Hz, OCH,), 3 97(dd, 1 H, J 3 4 and 10 7 Hz, pyrrole-NCH)< 3 89(m, 1 H, OCH,Cti), 

3 77(dd, 1 H, J 3 5 and 8 7 hz, pyrrole-NCH), 3 11 (m, 2H, N-CH2), 2 87 and 2 71(2 x m, 2H, COCH2), and 

2 18(s, 3H, COCH3) 

(&) Obtained as a colourless VISCOUS 011 (324 mg, 44%), (Found C, 65 1, H, 7 25, N, 12 75%) m/z(%) 

220(M+, 32), 119(g) and 118(100), this compound exists as a 1 1 2 equrlrbnum mixture of two mvertomers 

at room temperature The p m r spectrum in CDCl8 shows signals due to both the mvertomers 6 6 61 

and 6 51(1 H, 6 14 and 6 10(1 H, 6 00 and 5 94(1 H, (3 x 1 H, pyrrole H), 4 81 and 4 71(2 x d, 1 H, J 4 4 and 

4 9 Hz, OCH), 4 27(d, 1 H, J 4 1 Hz, NCH), 3 86-4 07(m, 2H), 3 03(m, 1 H), 2 57-2 95(m, 4H), 2 21-2 46(m, 

1 H), and 2 17 and 2 14(2 x s, 3H, COCH3) Addition of a drop of CF3C02H to the CDC13 solution 

sharpens the spectrum and shows signals for mainly one protonated isomer The solutron eventually 

becomes blue In colour G(CDCI, + 1 drop CF3C02H) 6 80, 6 41 and 6 28(3H, pyrrole H), 5 44(d, 1 H, 

J 4 6Hz, NHCH), 5 31 (d, 1 H, J 6 0 Hz, OCH), 4 24(AB d, 2H, J 13 6Hz, pyrrole-NCH2), 3 38(m, 1 H, NH 

CljCH2), 2 91-3 11 (m, 4H), 2 62(d, 1 H, J 12 8Hz, COCH), and 2 22(s, 3H, COCH3) 

l2-(2’-Benzyloxvcarbonylethvl)-ll-oxa-l2-azatricvclol7 3 0 0”‘ldodecane (22a) Prepared from oxime 

(21a) and benzyl acrylate and a reaction time of 24h The resulting pale yellow oil was punfred by 

preparative t I c(S102) elutrng with 1 1 v/v ether-petroleum ether to afford the product (70%) as a VISCOUS 

colourless 011 (Found C, 73 05, H, 8 05, N, 4 05 C20H27N0, requires C, 73 05, H, 8 25, N, 4 25%) 

vmax 2915, 1725, 1447, 1163, 1005, 750, 735 and 697 cm-‘, m/z(%), 329(M+, loo), 286(13), 180(61), 

150(13), 135(84) and 91(69), 6 7 35(m, 5H, ArH), 5 13(s, 2H, CH2Ar), 3 99(t, lH, J 8 2 Hz, Hc), 3 37(dd, 

lH, JDB 3 9Hz, Ho). 2 97(m, 2H, NCH,), 2 67(m, 2H, CH2CO), 2 52(m, lH, HB), 2 06(m, lH, HA) and 

1 86-l 25(m, 12H, (CH2)6), ‘H NOEDSY(%) irradiation of HA caused enhancement of the signal for HB 

(7), irradiation of HB caused enhancement of the signals for HC(7) and HA(5) 
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12-(2/-Phenvlsulphonvlethvl)-ll-oxa-l2-azatr~cvclol7 3 0 0 ‘161dodecane (22b) Prepared in an ldentrcal 

manner to that described above but usrng phenyl vinyl sulphone as the Mrchael acceptor The product 

(69%) crystallrsed from ether as colourless pnsms, m p 79-81’C (Found C, 64 5, H, 7 65, N, 4 2 

C,sH25N03S requires C, 64 45, H, 7 5, N, 4 15%), m/z(%), 335(M+, 55), 292(21), 278(14), 194(15), 

193(14) and 180(100), 6 7 94(m, 2H, ArH), 7 58(m, 3H, ArH), 3 80(t, 1 H, HC, J 8 1 Hz), 3 94(t, 2H, 

CH2SO,Ph), 3 24(dd, 1 H, HD, J 3 8Hz and 8 2Hz), 3 09(m, 2H, CH2N), 2 46(m, 1 H, H6), 2 03(m, lH, 

HA) and 1 99-1 20(m, 12H, 6 x CH,), ‘H NOEDSY(%) irradratlon of H6 caused enhancement of the 

signals for HA(5) and HC(6) but had no effect on HD, irradiation of HC resulted in enhancements of 

H,,(26) and H6(8) 

13-(2/-Phenvlsulphonvlethvll-1 Poxa-13-azatncvclol8 3 0 0 ‘171trldecane (23) Prepared from oxrme (21 b) 

and phenyl vinyl sulphone with a 20 h reaction time The product (60%) crystalksed from ether at -2OOC 

as colourless prisms, m p 74-75’C (Found C, 65 35, H, 7 75, N, 3 95 C,gH27N03S requires C, 65 3, 

H, 7 8, N, 4 O%), m/z(%) 349(M+, 100) 292(30), 208(37) and 194(69), 6 7 93(m, 2H, ArH), 7 58(m, 3H, 

ArH), 3 62(br t, 1 H, Hr.), 3 46(m, 2H, CH2S02Ph), 3 16 and 3 05(m, 3H, NCH2 + HD), 2 40(m, lH, H6), 

1 89(m, lH, HA), 1 80-l 36(m, 13H) and 1 24(m, 1 H), ‘H NOEDSY (%) rrradlatlon of H6 caused 

enhancement of the signal for HC(4), lrradratron of HA caused enhancement of HD(1) 

CIS- and trans- 2-(2’-benzvloxvcarbonvlethvl)-8-methvl-2-aza-3,7-dloxabIcvclof4 3 Olnonane (28~) and 

(30~) and 2-(2’-benzvloxvcarbonvlethvl)-7-methvl-2-aza-3.6-dloxablcvclol4 2 1 lnonane (31 c) Prepared 

from oxime (32a) and benzyl acrylate with a reaction time of 24h Work up afforded a pale yellow 011 

(100%) whose p m r spectrum showed it to compnse a 3 1 5 2 mixture of (28c), (29c), (3Oc) and (31~) 

Distillation afforded a colourless oil (65%), b p 150-158°C/0 05mmHg whose p m r spectrum showed the 

composition was approximately unchanged Preparative t I c (802) elutmg with ether afforded pure 

samples of (28c), (30~) and (31~) Isomer (29c) was not Isolated but IS charactensed by a p m r doublet 

at 6 1 25 (J 6 2 Hz) forthe C(Me) group (Found (mixture) C, 67 0, H, 7 4, N, 4 55 C,,H23N04 requires 

C, 66 85, H, 7 6, N, 4 6%), vmex (mixture) 2920, 1725, 1447, 1375, 1162, 750, 737 and 700 cm-‘, m/z 

(%) (mixture) 305(M+, 17) 248(12), 232(12), 178(13), 156(15), 91(100) and 55(18) 

Cvcloadduct (28~) 6 7 36-7 29 (m, 5H, ArH), 5 12(d, 2H, CH,Ar), 3 90(dd, 1 H, HC, JCB 5 9Hz, JCD 

8 OHz), 3 83(dd, 1 H, HF, JFC, 11 4Hz, JFB 6 7Hz), 3 58(m, lH, HE), 3 56(t, 1 H, HC), 3 4O(dd, 1 H, HD, 

JD6 1 5 Hz), 3 22 and 2 85(2 x m, 2H, NCH2), 2 88(m, 1 H, HA), 2 70(m, 2H, CH,CO), 2 64(m, 1 H, H6), 

1 65(m, 1 H, HI), 1 56(m, 1 H, HH), and 1 11 (d, 3H, Me, J 6 2Hz) Decoupkng expenments on H6 and Me 

support the assignments 

Cvcloadduct (30~) 6 7 37-7 29(m, 5H, ArH), 5 12(d, 2H, CH2Ar), 4 05(dd, HC, JCD 7 1 Hz, JC6 9 9Hz), 

3 93(br d, lH, HF, JFG 12 5 Hz), 3 76(dd, 1 H, HD, JDB 9 4 Hz), 3 72(dd, 1 H, HC, JBG 3 3 Hz), 3 34(m, 

1 f-f, HE), 3 25(br m, 1 H, HA), 3 12 and 2 83(2 x m, 2H, NCH,), 2 73(br m, 1 H, H6), 2 65(m, 2H, CH,CO), 
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1 74(br m, 1 H, H,), 1 38(br m, 1 H, HH), and 1 18(d, 3H, Me, J 6 2Hz) Decoupling expenments on HA, 

H,,, HC and Me support the assignments 

Cvcloadduct (31 c) 6 7 36-7 29(m, 5H, ArH), 5 12(d, 2H, CH2Ar), 4 35(dd, 1 H, H9, J9C 8 7Hz, J9,2 9Hz), 

3 880-n 1 H, HC), 3 55(d, 1 H, HH, JHf, 13 OHz), 3 48(dd, 1 H, HI), 3 35(m, 1 H, HA), 3 07 and 2 85(2 x m, 

2H, NCH,), 2 66(m, 2H, CH,CO), 2 43(m, lH, HC), 2 26(d, lH, Hg, JDC 12 OHz), 1 75(m, lH, HE) 

1 38(m, 1 H, HF), and 1 lO(d, 3H, Me, J 6 3Hz) Decouplrng expenments on H9, HC and Me support the 

assignments 

CIS- and trans-2-(2/-benzvloxvca~nvlethvl)-4.4,8-tnmethvl-2-aza-3-oxab~cvclo14 3 Olnonane (28e) and 

(30e) CItronellaI oxrme (32b) reacted with benzyl acrylate over 24h to give a pale yellow 011 (95%) whose 

p m r spectrum showed It to compnse a 1 5 5 mixture of (28e) and (30e) Drstlllatron afforded a 

colourless 011 (56%) b p 140-l 44’C/O 05mmHg whose cornpositron was essentially unchanged Isomer 

(28e) was not isolated but IS charactensed by a p m r doublet at 6 1 11 (J 6 6Hz) (Found (mixture) C, 

72 6, H, 9 0, N, 4 2 C20H29N03 requires C, 72 45, H, 8 8, N, 4 25%], vmsx (mixture) 2910,1725, 1448, 

1151, 870, 750, 735 and 697 cm-‘, m/z(%) (mixture) 331 (M’, 38) 316(8), 240(10), 195(20), 182(86), 

137(42), 109(19), 91(100) and 81(35) 

30e 7 37-7 26(m, 5H, ArH), 5 lO(d, 2H, CH2Ar), 3 24 and 2 85(2 x m, 2H, NCH2), 2 70(m, 2H, CH,CO), 

2 37(br m, lH, HA), 1 85(m, lH, HI) 1 80-l 60(m, 3H, H9, HJ, Hk). 1 41(m, lH, HE), 1 23(s, 3H, 4-Me), 

1 17(m, 1 H, HC), 1 04(s, 3H, 4-Me), 1 00-O 90(m, 2H, H,, and HF), 0 95(d, 3H, B-Me, J 6 6 Hz) 

Trans-2-(2’-ohenvlsulohonvlethvl)-4,4.8-tr~methvl-2-a~a-3-oxab~cvclo~4 3 Olnonane (30f) Prepared from 

oxlme (32b) and phenyl vinyl sulphone with a reaction ttme of 14h Work up followed by flash 

chromatography (SIO,) elutrng with 1 1 v/v ether-hexane afforded the product (27%) which crystallrsed 

from hexane as colourless prisms, m p 99-10l°C (Found C, 63 9, H, 8 1, N, 4 2 C18H27N03S 

requires C, 64 05, H, 8 05, N, 4 15%), m/z(%) 337(M+, 53) 254(34), 195(23) and 182(100), 6 7 89(m, 2H, 

ArH), 7 58(m, 3H, ArH), 3 51 and 3 41 (br m, 2H, CH,SO,), 3 30 and 2 85(br m, 2H, CH,N), 2 29(br m, 

1 H, HA), 1 76(m, 2H, 2 x ring-H), 1 60(m, 2H, H9 and ring-H), 1 38(m, lH, CHMe), 1 14(m, 1 H, ring-H), 

1 lO(s, 3H, Me), 0 96(s, 3H, Me), 0 96(m, IH, ring-H), 0 93(d, 3H, Me) and 0 90(m, lH, ring-H), ‘H 

NOEDSY(%) irradiatron of HA caused enhancement of the signal of CHMe(4) but not of H9, k-radiation 

of CfjMe caused enhancement of the signal for HA(3) 

2-(2-Benzvloxvcarbonvlethvl)-1 ,8,8-trimethvl-6-oxo-2.7-diaza-3-oxabicvclo~4 3 Olnonane f34a) Prepared 

from oxlme (33) and benzyl acrylate with a reaction time of 24h Work up followed by flash 

chromatography (S102) elutrng with 3 97 v/v methanol-ether afforded the product (52%) which crystallised 

as colourless prisms from ether, m p 75-78’C (Found C, 65 8, H, 7 5, N, 8 15 C19H2eN204 requires 

C, 65 85, H, 7 55, N, 8 l%), 3380, 1718, vmax 1650, 1410, 1310, 1170, 951, 761 and 710Cm-‘, m/z(%), 
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346(M+, 37) 331(38), 197(28), 140(30), 139(22), 124(20), 91(100), 88(30) and 58(13), 6 7 34(m, 5H, 

ArH), 6 85(br s, 1 H, NH), 5 11 (s, 2H, CH2Ar), 4 23(dd, 1 H, HD, JDB 3 5Hz, JDA 9 7Hz), 3 81 (dd, 1 H, Hc, 

JCA 6 63Hz), 2 93(m, 2H, NCH2), 2 86(dd, 1 H, HA), 2 66(t, 2H CH,CO), 1 83(d, 1 H, HD, J 14 3Hz), 

1 63(d, lH, HB), 1 33 and 1 26(2 x s, 2 x 3H, CMe2) and 1 18(s, 3H, Me) 

2-f2-Phenvlsulphonvlethvl)-1 .8,8-tnmethvl-6-oxo-2.7-dlaza-3-oxab~cvclof4 3 Olnonane (34b) Prepared 

from oxlme (33) and vinyl sulphone with a reactlon time of 16h Work up afforded the product (100%) 

as a colourless solid which crystalllsed from ethanol as colourfess pnsms, m p 155-l 5?C (Found C, 

57 9, H, 6 7, N, 8 1 C,,H,,N,O,S requires C, 57 95, H, 6 85, N, 7 95%), m/z(%) 352(M+, 16) 152(44), 

139(35), 124(36), 112(51), 77(64), 58(80), 55(34) and 43(100), 6 7 91 (m, 2H, ArH), 7 59(m, 3H, ArH), 

6 31 (br s, 1 H, NH), 4 06(t, 1 H, HE), 3 67(dd, 1 H, HD, J 6 2 and 8 4 Hz), 3 43(m, 2H, CH2S02Ph), 3 03(m, 

2H, CH,N), 2 80(dd, 1 H, HA, J 6 1 and 9 7 Hz), 1 72(ABq, 2H, HB and HC), 1 32 and 1 27(2 x s, 2 x 3H, 

CMe2) and 1 17(s, 3H, Me), ‘H NOEDSY(%) lrradlatron of HA caused enhancement of l-Me@) and 

HE(6), rrradratron of l-Me caused enhancement of HA(g) 

1-(2-Benzvloxvcarbonvlethvh-1 ,3a,4,9b-tetrahvdro-3H-isoxazolol3.4-dlbenzolblpvran(37b2 Prepared from 

0-allyl-saltcylaldehyde oxime (36a) and benzyl acrylate with a reactron time of 24h The product (100%) 

was a pale yellow oil A small sample was further punfled by ptlc (SiO,) elutmg with 4 1 v/v petroleum 

ether-ether to yield a colourless oil (Found C, 70 75, H, 6 35, N, 4 1 C20H2,N04 requires C, 70 8, 

H, 6 25, N, 4 15%) vmax 2940, 1720, 1480, 1443, 1162, 1059, 755 and 697 cm-‘, m/z(%) 339(M+, 9) 

283(22), 160(33), 145(24), 132(23), 131(49), 91(100) and 88(42), 6 7 38-6 86(m, 4H, ArH), 7 32(s, 5H, 

ArH), 5 11 (s, 2H, CH,Ar), 4 18(t, 1 H, HD, J 8 2 Hz), 4 15(dd, 1 H, HF), 4 lO(dd, 1 H, HE), 3 8(d, 1 H, HA, 

J /,8, 6 9Hz), 3 71(dd, 1 H, HD, JD8 4 6Hz), 3 36 and 3 16(2 x m, 2H, NCH2), 3 02(m, 1 H, H8), and 

2 73(m, 2H, CH2CO) 

I-(2’-PhenvlsulphonvlethvU-1 ,3a,4,9b-tetrahvdro-3H-lsoxazolol3.4-dl-benzo~blpvran (37~) Prepared In 

analogous manner to that described above from 0-allylsalrcylaldehyde oxrme (36a) and phenyl vrnyl 

sulphone in toluene with a reaction time of 16h Work up afforded an orange gum which upon flash 

chromatography with ether afforded the product (90%) m p 101-I 03’C, as colourless plates from ethanol 

(Found C, 62 45, H, 5 65, N, 3 8 C,,H,9O,S requires C, 62 6, H, 5 55, N, 4 05%) m/z(%) 345(M+, 

7) 289(15), 190(1 l), 160(29) and 131 (loo), 6 7 85-6 88(m, 9H, ArH), 4 lO(t, 1 H, OCH), 4 05(dd, 1 H, 

OCH), 3 83(dd, 1 H, OCH), 3 66(d, 1 H, HA, J 6 6Hz), 3 48(m, 4H, OCH, CH2S02Ph, CHN), 3 17(m, 1 H, 

CHN) and 2 94(m, 1 H, He), ‘H NOEDSY (%) rrradlatron of HA results In enhancement of the signal for 

Hg(8) and vice versa 

Michael Adduct (39) A solution of oxime (36a) (1 779, 1 mmol) in dioxan (10 ml) contamrng 20% 

aqueous sodium hydroxide (0 4 ml, 2 mmol) was stlrred for 15 mans Benzyl acrylate (8 lg, 5 mmol) was 
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then added dropwlse over 5 mm and the resultmg mixture stirred at room temperature for 16h After 

neutraksmg with 2N hydrochlonc acid the solvent was removed under reduced pressure and the residue 

partrtloned between chloroform and water The orgamc phase was separated, washed wrth water, dned 

(Na2S04) and evaporated The residual 011 was purified by flash chromatography to afford the Michael 

adduct (1 8g,54%) (Rf 0 27) as a colourtess 011 (Found C, 70 55, H, 6 4, N, 3 85 C,,H,, NO, requires 

C, 70 8, H, 6 25, N, 4 15%), m/z(%) 339(M+, 5), 160(24), 145(31), 107(23), 92(34) and 91(100), 6 8 51 (s, 

1 H, CH=N), 7 78(dd, 1 H, ArH), 7 32(m, 6H, ArH), 6 92(m, 2H, ArH), 6 02(m, 1 H, Cf+CH2), 5 32(m, 2H, 

CH=Cl$), 5 14(s, 2H, ArCH2), 4 5l(m, 2H, OCf&CH=CH$ 4’45(t, 2H, OCH2) and 2 79(t, 2H, 

CH,CO,R) Heating the Michael adduct (50 mg) In xylene-d,o at 1 40°C for 24h failed to yield any (37b) 

Cvcloadduct (40) A solution of oxime (36b) (1 9lg, 10 mmol) and benzyl acrylate (1 629, 10 mmol) in 

mesitylene (40ml) was boiled under reflux for 18 hr under argon The solvent was removed in vacua to 

leave a dark brown oil which comprised the product (60%) together with uncharactensed matenal The 

crude oil was punfied by flash chromatography (S102) elutrng with 3 7 v/v ether-hexane to yield the 

product (1 9lg, 54%) as a pale yellow oil which was too thick for dlsttllation (Found C, 71 6, H, 6 65, 

N, 3 85 C2, H28N04 requires C, 71 35, H, 6 55, N, 3 95%) vmax 2910, 1720, 1595, 1445, 1160, 1010, 

742 and 700 cm-‘, m/z(%) 353(M+, 21) 191(15), 161(37), 159(32), 146(12), 119(15), 117(30), 107(28), 

91(100), 79(21) and 55(56), 6 7 49-6 91 (m, 9H, ArH), 5 15(s, 2H, CH2Ar), 4 35(d, 1 H, HA, JAB 9 4Hz), 

4 16(t, 1 H, HE, J 8 3 Hz), 4 05(m, 2H, HC), 3 4O(t, lH, HD), 3 24-3 15(m, 2H, NCH2), 3 07(m, 1 H, He), 

2 77(t, 2H, CH,CO), 1 75(m, lH, HG), and 1 62(m, lH, HF), ‘H NOEDSY(%) lrradlatlon of HA results 

In enhancement of the signals for HB(8) and H,,.,(3), irradiation of HD produced enhancements in the 

signals for HE(24) and HG(4) 
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