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X=Y-ZH Systems As Potential 1,3-Dipoles. Part 3312
Generation Of Nitrones From Oximes
Tandem Michael Addition-1,3-Dipolar Cycloaddition Reactions

Class 2 Processes in Which The Dipolarophile Is Located Within The Oxime

Paul Armstrong,2 Ronald Grigg,"b Frances Heaney?,
Sivagnanasundram Surendrakumar® and William J Warnock 2
a Chemistry Department, Queens University, Belfast BT9 5AG

b School of Chemistry, Leeds University, Leeds LS2 9JT

(Recewved in UK 22 March 1991)

Abstract C-3, -4, -5, and -6-Alkenyl oximes react with electronegative olefins at the nitrogen atom via
a Michael addition or ene-type process to generate the corresponding C-atkenyi nitrones which undergo
an intramolecular cycloaddition The cycloaddition can occur by one of two modes leading to either
bndged- or fused-isoxazolidines The latter 1s preferred in most cases except that of the C-(3-alkenyl)
nitrone which gives exclusively the brnidged-ning product and the C-(4-alkenyl)nitrones derived from N-
allylpyrrole-2-carboxyaldehyde oxtme which gives both bridged- and fused-ring isoxazoldines
In the preceding paper in this senes the tandem Michael addition-1,3-dipolar cycloaddition process was
analysed in terms of four broad synthetic vanants depending on whether each component of the tandem
process occurred in an inter-or intra-molecular fashion ' This paper 1s concerned with a sub-set of Class
2 processes i e Intermolecular Michael addition-intramolecular 1,3-dipolar cycloaddition Class 2
processes provide particularly attractive and flexible synthetic methodology because the dipolarophile can
be located within the oxime (Scheme 1, type 1) such that when the oxime undergoes Michael addition
a C-(n-alkenyl)-nitrone 1s generated Alternatively the dipotarophile and Michael acceptor can be located
within the same molecule, in which case an N-(n-alkenyl)-rutrone I1s generated by the Michae! addition
reaction (Scheme 1, type 2) The former methodology is discussed in this paper whilst the latter approach
forms the subject of the succeeding paper in this sernies 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 involving an N-(n-
alkenyl)-nitrone always leads to bndged-ring products although the cycloaddition can still occur by two
regiochemically distinct processes (Scheme 1) Intramolecular cycloaddition reactions of nitrones have
45 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 Invanably the

attracted much attention
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oximes are mixtures of E- and Z-tsomers but this has no untoward effect on the tandem processes since

E = Z interconversion Is facile under the reaction conditions employed

C-(3-Alkenyl)nitrones The reaction of (1) with benzy! acrylate was studied The type 1 tandem process

{Scheme 1) could conceivably lead to either (2) or (3) In both cases a highly strained transttion 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 compnsed the bndged-rning i1soxazolidine (2)

(19%) together with a mixture of 2 1 adducts' and decomposition products The bridged-ring structure

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

of a successtul C-(3-alkenyl) nitrone cycloaddition
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C-(4-Alkenyl)nitrones Pioneenng work by LeBel had established that C-(4-alkenyl)nitrones
denved from N-methyl hydroxylamine and the appropriate alkenyl aldehyde/ketone almost without
exception undergo cycloaddition via the type 1() pathway (Scheme 1) to give cis-fused bicyclic

6

i1soxazolidines ° It therefore came as no surpnse that oximes of allyl esters of o-keto acids (4a-e),

although differing 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 brdged-rning products (6) were
detected

X
R [o) Ha
O‘L o
- to —— o(aso
~N-OH RZ N N
R l\' o R |\|
X X
(4)a. R = Me (5)a. R = Me, X = CO,Bn
b R = 2 - thienyl b. R = Me, X = SO,Ph
¢. R = 3 - indolyl c. R = 2 - thienyl, X = SO,Ph
d. R = o - nitrobenzyl d. R = 3 - indolyl, X = SO,Ph
e R=p-0,NC(H, e. R = O - nitrobenzyl, X = SO,Ph
f.R = p- OzNC6H4, X = SOzph
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The stereochemistry of cycloadducts (5a, b) was established by n O e studies, In particular a
positive n O e between the ning junction Me group and H, (see expenimental section), whilst that of (5¢)

was established by a single crystal X-ray structure determination 3

The remaining cycloadducts (5d-f)
are assumed to have anaiogous stereochemistry The bicyclic Isoxazohdines (5a-f) could anse from the
Z-nitrone via an exo-transition state (7) or from the E-nitrone via an endo-transition state (8) In both

transition states n-overlap between the carbonyl group and the nitrone moiety 1s essentially zerc The
initial configuration of the nitrone wili be dictated by the developing stenc interactions between R(or R‘)

and the electronegative olefin in the Michael addition (or ene-type)1 transition state (9) — (10) The E

« Z nitrone interconversion barners? 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 nitrone

Og—0 Me(R')
=< -H
o _
N7 Me®) O\TN/ o
R R -0
(7 (8)

H
/

o X
N (7 — i)\N—/_X

R'—/( - R-_/( «%/

R R
9 (10)

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

monosubstituted electronegative olefins 2

Oxime Michael Acceptor Time(h) Product \ﬁeld(%)b
4a benzyl acrylate 24 5a 69(100)
4a phenyl vinyl suiphone 11 5b 71(100)
4b phenyl vinyl sulphone 10 5¢ 37(61)
4c pheny! vinyl sulphone 18 5d 50(58)
4d phenyl vinyl sulphone 16 5e 61(78)
de phenyl viny! sulphone 20 5t 28(65)

a All reactions carried out in boiling xylene under reflux

b Isolated yield, yield estimated by p m r in brackets
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interconversion can also occur via fragmentation (10) — (9) and oxime isomensation Both endo- and
exo-transition states have been observed for nitrone cycloaddmons,7 with the former preferred in the

absence of untoward stenc effects The regiospecificity of the process, type 1(i) rather than type 1(i)
(Scheme 1), anses from the well known entropic bias for 5-versus 6-membered nng formation in the
forming subsidiary nng (ring B) in (5) and (6)1 8 together with the resultant superior frontier orbital overiap
in the transition state leading to {5) compared to that leading to the alternative 6/5-bridged ring product
(6) Weinreb has recently reported an example of an intramolecular nitrone cycloaddition to an allyl ester
moiety s

The stereochemical outcome of analogous tandem processes on the oximes (11a) and (11b) was
interesting Thus the aldoxime (11a) reacted (xylene, 140°C, 24h) with phenyl vinyl sulphone to give the
trans-fused product (12) (74%), whilst the corresponding ketoxime (11b) reacts with benzyi acrylate and
phenyi vinyl sulphone to give the cis-fused products (13a) (73%) and (13b) (78%) respectively The ring
junction stereochemistry in (12) and (13 a,b) was assigned on the basis of n O e data In particular in
the case of (12) the absence of an n O e between H, and Hg, whilst in (13 a,b) positive n O e 's were
observed between the nng junction Me group and H,  LeBel has reported that both of the corresponding
N-methyl nitrones (14 ab) give cis-fused oxazolidines 6 However, in these cases the reaction
temperature was substantially lower (80-110°C), and nitrone cycloadducts are known to equilibrate at
higher temperature 15 The trans-fused product (12) could arse from the Z-nitrone and an endo-transition
state or the E-nitrone and an exo-transition state (15) The former transition state 1s geometncally
unattainable (the four reacting centres cannot be suitably aligned)

SO,Ph

(13) a. X =CO,Bn
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The N-allylpyrrole oxime (16), which compnsed a ca 2 1 mixture of E- and Z-isomers, reacts (xylene,
140°C, 18h) with benzyl acrylate to give a complex mixture of products from which (17a) could be isolated
in 30% yield No bridged nng 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 (9-12%) of both (17a)
and (18a) together with the nitrone (19) (39%) Nitrone (19) was obtained as a single isomer, the
stereochemistry of which was established by n O e studies Heating (19) in xylene at 110°C afforded a
11 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) 1n an analogous manner to give a 1 1 2 mixture of (17¢) and (18c) in 81%
yield In this case the conformational flexibility of the linking chain between oxime and dipolarophile 1s
restricted by the pyrrole nng and this prevents the correct alignment of the four reacting centres n the
E-nitrone exo-transition state analogous to (15) which would have lead to the trans-fused i1somer of (17)
The ngidity and angular disposition of the nng substituents imparted by the pyrrole ring also raises the
fused-ring transition state energy of the type 1(1) process (scheme) allowing the bndged-nng transition
state of the type 1(u) (scheme) to compete effectively We have previously reported the formation of a
dimernic cycloadduct (20) from (16) via a nitrone generated by an intramolecular ene-type process 10 The
Hamr spectra (CDCl,) of the bndged ning cycloadducts (18) showed multiple signals, some of which
were broad, indicating the operation of a stereodynamic process Addition of one drop of tnfluoroacetic
acid to the n mr sample resulted in both simplification of the spectrum and sharpening of the broad
signals  The resultant "Honmr spectrum was entirely consistant with one stereoisomer of the
iIsoxazohdine (18) m which protonation had occured with high stereoselectivity on one face of the
1soxazolidine nng nitrogen atom Both the "Hand BCnmr spectra of protonated (18) showed only
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traces of the epimenc N-protonated isomer in contrast to the spectra of the unprotonated compounds
which showed substantial 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
conjugated to the nitrogen atom having the lowest tnversion barner " Thus the observed spectral
changes when (18) 1s protonated indicate the stereodynamic process i1s nitrogen inversion and suggest
the incorporation of the hydroxylamine moiety into the bicyclo [32 1] system of (18) increases the
inversion barrier somewhat

% ‘aHp
n=1
NOH Hy
(22) a. X = CO,Bn
CH)) # b. X = SO,Ph
21) a.n=1
b.n=2 =2
Me\ ,O NF
N -l\\H
N
H
(24) (25) (26)

2-(3/ -Butenyl)cyclohexanone oxime (21a) reacts stereospecifically with benzyt acrylate and phenyl
vinyl suiphone in boiling xylene to give products formulated as (22a) (70%) and (22b) (69%) The relative
stereochemustry of H, and Hg 1s based on a positve nOe between the two protons Tne
stereochemistry of (22a,b) differs from that tentatively assigned by Japanese workers to the corresponding
N-methyl cycloadduct (24)12 However, the latter stereochemistry was assigned without the benefit of
n O e data The likely transition state for the formation of (22a,b) i1s one involving exo-addition to the Z-
nitrone 1 e (25) or endo-addition to the E-nitrone In both transitton states the 2-(3’-butenyl)-snde chain
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occupies an axial onentation which avoids the A'3-strain present in the equatonal conformers 13 we
have observed a similar transition state geometry in the intramolecular cycloaddition of the related
azomethine yhde (26) 4 |t should also be noted that the Japanese work referred to above was carned
out at 25°C whiist our reaction was performed at 140°C Nitrone cycloadducts are known to equilibrate
at temperatures above 110°C 1°

The 2-(3’ -butenyl) cycloheptanone oxime (21b) 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 O e studies
did not show any enhancements between proton H, and Hp and the relative stereochemistry of these
two protons I1s therefore assigned as trans in (23) The corresponding N-methyl analogue has been
reported prevuously12 but its stereochemistry was not estabhshed

C-(5-Alkenyl)mtrones The N-methyl C-(5-hexenyl)nitrone (27a) 1s reported to give 3 1 1 mixture
of (28a), (30a) and (31a) on heating at 110°C in ’(oluene,a’15 whilst nitrone (27b) gives the bridged ring
product (30b) exclusively 16

R3
x>
RZ _
+
R! \l\ll’o
R
(27)

(30) (31) R = Hy
R? = Hc Hp
(@ X = CHy R = Me, R'=R?=R’=H ’
(b) X = CH,, R = Me, R%=Ph, R'=R=H R
(© X = 0, R = (CH,);CO,Bn, R'=Me, R>=R%=H . /\/LR
(d X = CH,, R = R!'=Me, R?2=R*=H
(¢) X = CH, R = (CH;),CO,Bn, R'=R3=Me, R’= Hy Me )\AN,OH

() X = CHy R = (CH,),SO,Ph, R'=R*-Me, R’= Hy

(32)a. X=0,R=H
b. X = CH,, R =Me
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We examined the behaviour of the related oxime (32a) with benzyl acrylate in boiling xylene The
tandem process, which is presumed to proceed via nitrone (27c) furnished a 3 1 52 mixture of (28c),
(29¢), (30c) and (31c) Preparative t| ¢ of the mixture afforded pure samples of the three major 1Isomers
and detaled pmr studies {400 MHz, decoupiing and NOEDS (Table 2)] established their
stereochemistnies LeBel has reported the intramolecular cycloaddition of (27d) at 110°C  The product
in this case 1s a 1412 3 mixture of (28d), (29d), (30d) and (31) At higher temperatures increasing
amounts of cis-fused 1soxazohdines were observed Y5 LeBel's studies lead him to conclude that trans-
fused adducts

Table 2 NOEDS data (CDCl,) for bicyclic 1soxazolidines denved from C-(5-alkenyl)nitrones

nOe (%)
Proton
iradiated Ha Hg Hg Hy He He Hg Hy H Hg  C(8)Me Me®  NCH,
Ha 1 4 2
28 Hy 5 3 3
Hp 25
C(8)Me 3 1 1
Ha 1 6
30c HE 4 5 4
C(8)Me 2 1
Ha 4 4 2 3 5
e Hg 3 3 5 3
H, 3 4 18 3
Me® 2 1 4
Ha 4 3 3
Hg 3 10
He 4 3 12 6
31c Hg 5 2 5
He 4 7 20
C(8)Me 2 1 3

a For proton labelling see (29) and (30) X=HJ, HK, R2=HB, R3=HC, Hp

b C(4)-a-Me
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predominate under conditions of kinetic control whilst cis-fused adducts predominate under
thermodynamic control This accords with observations on the relative stability of cis- and trans-
hydnndenes 7 The most noticeable difference between the two sets of results is the increased amount
of cis-isomer (28¢) and the decreased amount of trans-isomer (30c) in our case relative to LeBel’s results
This reflects the higher temperature (140°C versus 110°C) in our reaction which results in more of the
thermodynamically more stable cis-isomer

(+)-Citronellal oxime (32b) (1 1 mixture of E- and Z-isomers) reacts (xylene, 140°C, 24h) with
benzyl acrylate to give a 5 5 1 mixture (95%) of (30e) and (28e), a result entirely consistant with LeBel's
results using the corresponding N-methylnitrone 6.15 The isomer mixture was not separated but NOEDS
data (Table 2) confirm the trans-nng junction and the equatonal position of the methyl group in (30e)
The stereochemistry of (28e) 1s based on that given by LeBel for the N-methyl analogue An analogous
reaction (xylene, 140°C, 14h) (32b) with phenyl vinyl sulphone afforded 1soxazolidine (30f) as the major
component (ca 60% by p m r) of a complex mixture

The oxime of diacetone acrylamide (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 junction stereochemistry I1s assigned on the basis of a positive n O e
between H, and the nng junction Me group Examination of molecular models suggests the most
favourable transition state I1s 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 previously reported the reaction of (36a) with methyl acrylate in pyndine at 80°C to give
a mixture of (37a) and (38) 18 Acrylonitrile 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 vinyl sulphone as
the dipolarophile gave {37¢) (90%) The cis-nng junction stereochemistry was established by nO e
studies The nng junction coupling constants [Jag (37b), Jog 6 9Hz, (37¢), Jag 6 6 Hz] compare
favourably with that (J 7Hz) reported for (37, R=H)19 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)nitrones One example of this type was studied Thus the oxime (36b) reacted
sluggishly with benzy! acrylate in boiling xylene However, when the reaction was repeated in boiling
mesitylene (165°C, 18h) a 54% yield of the cis-fused isoxazolidine (40) was obtained together with a
mixture of 2 1 acrylate oxime cycloadducts and decomposition products The N-methy! nitrone counterpart
has been described by Oppolzer19 although the rning junction stereochemistry was not specified The nng
junction stereochemistry of (40) was indicated by the value of J4g (9 4 Hz) and confirmed by n O e data
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b. X = SO,Ph
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(36) a.n =1
b.n=2 (37) a. R = (CH,;),CO,Me COMe  (38)
b R =( Hz)zCOan
c.R= (Cﬂz)stZPh
n=2
(0]
|j\
N\O/\/COZBH
(39)

Expernimental General details were as previously described 21

Oximes and their Precursors.

Allyl Esters of a-Keto Acids General Procedure

A solution of a-keto acid (10mmol) and allyl 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
100ml) and water (1 x 100ml) The organic layer was separated, dned (Na,S0,) and concentrated to
furnish the crude product which was punfied as detaled below
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Allyl 2-thiopheneglyoxylate The product (88%), b p 94-100°C/0 5 mmHg, was obtained as a pale yellow
oll after a reaction time of 6h (Found C, 5485,H, 40 CgHgO5S requires C, 55 1, H, 4 1%), m/z (%)
196(M™, 7), 111(100) and 83(7), 3 8 13, 7 84 and 7 20(3 x m, thienyl-H), 6 10 and 4 86(2 x m, CH=CH,),
and 5 41(m, 2H, OCH,)

Allyl 3-indoleglyoxylate After a 20h reaction time the product (68%) was obtained as golden plates, m p
161-163°C) (Found C,6835,H,46,N,59 Cy3H4NO3 requires C, 68 1, H, 4 8, N, 6 1%), m/z(%)
229(M*, 12), 144(100), and 116(13), 8[(CD5),CO] 11 34(br s, 1H, NH), 8 41(d, 1H, 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, OCH,)

Allyl 2-nitrophenylpyruvate The product (64%) distilled as a viscous pale orange oil, b p 266°C/0 1
mmHg, after a reaction time of 20h (Found C, 5775, H, 42, N, 565 C,,H,{NOg requires C, 57 85,
H, 4 45, N, 5 6%), m/z(%) 294(M*, 0 5), 164(42), 136(72) and 41(100), 5 8 11, 7 62, 7 50 and 7 43(4 x
m, ArH), 6 0 and 5 38(2 x m, CH=CH,), 4 80(m, 2H, OCH,) and 4 54(m, 2H, ArCH,)

Allyl 4-nitrophenylglyoxylate After a 4h reaction time the product (84%) was obtained as a pale orange
ol, bp 150°C/0 8mmHg (Found C, 560, H, 39, N, 595 C,{HgNOg requires C, 56 15, H, 3 85, N,
5 95%), m/z(%) 235(M™*, 05), 150(100), 104(37) and 41(32), 8 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 solution of the allyl ester (10mmol), and hydroxylamine hydrochionde (11mol) in a mixture of
pyndine (2g) and ethanol (25ml) was boiled under reflux for 3h  The solvent was then removed under
reduced pressure, the residue taken up in 11 ethyl acetate/chloroform (100ml), and washed with
saturated brine (50ml) The organic phase was separated, dned (Na,SO,), and evaporated to dryness
The residue was purified as noted below

B. To a stirred suspension of the aldehyde or ketone (50mmol) and hydroxylamine hydrochlonde (3 82g,
55mmol) 1n 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 chioride
(2 x 50ml) After washing with water (2 x 50ml) and drying (Na,SO,) the solvent was evaporated to leave
the crude oxime which was either distilled under reduced pressure or crystallised from an appropriate
solvent

2,2-Dimethyl-4-pentenal oxime(1) Prepared by method B The product (66%) distiled as a colourless
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2 2-Dimethyl-4-pentenal oxime(1) Prepared by method B The product (66%) distilled as a colourless
oll, bp 52-54°C/0 05mmHg, which compnsed the pure E-oxime (Found C, 6625, H, 1015, N, 112
C,H,3NO requires C, 66 0,H, 10 3, N, 11 0%), v,,,, 3300, 1633, 1430, 1380, 1360, 992 and 945 cm'1,
miz(%) 127(M*, 13), 112(8), 95(6), 86(100), 69(13), 55(10) and 41(46), & 8 9(br s, 1H, OH, exchanges
in D,0), 7 34(s, 1H, CH=N), 5 83(m, 1H, CH=CH,), 5 04(m, 2H, CH=CH,), and 2 13(d, 2H, CH,), 1 09(s,
6H, 2 x Me)

Allyl pyruvate oxime (4a) Prepared from allyl pyruvate22 using method B  After stirnng over-night the

oxime precipitated as a white sohd (64%) which crystallised as colourless plates of the Z-isomer
(presumably H-bonded) from petroleum ether-benzene, mp 86°C (Found C, 5065, H, 66, N, 975
CgHgNO3 requires C, 50 35, H, 6 35, N, 9 8%), v, 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), 5 10 30(br s, 1H, OH,
exchanges with D,0), 5 96(m, 1H, CH=CH,) 5 31(m, 2H, CH=CH,), 4 74(m, 2H, OCH,), 2 12(s, 3H, Me)
Allyl 2-thiopheneglyoxyiate 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,415,N,65 CgHgNO4S
requires C, 51 2, H, 4 3, N, 6 65%), m/z(%) 221(M*, 32), 126(13) and 41(100), 8 9 01(br s, 1H, OH), 8 07,
762 and 7 10(3 x m, thienyl-H), 6 12 and 5 43(2 x m, 3H, CH=CH,) and 4 82(m, 2H, OCH,)

Allyl 3-indoleglyoxylate oxime {4¢c) Prepared by method A The product (37%) crystallised as fawn plates
from chloroform, m p 141-142°C (Found C, 636, H, 495 N, 114 C13H12N203 requires C, 639, H,
495, N, 11 45%), m/z(%) 244(M*, 44), 159(12), 142(100) and 116(11), 8[(CD4),CO] 11 19 and 10 91(2
x br's, OH, E- and Z-isomers), 8 23(s, 1H, ArH), 738 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, OCH,) and 2 99(br s, 1H, NH)

Allyl 2-nitrophenylpyruvate oxime (4d) Prepared by method A The product (60%) crystallised as
colourless needles from chioroform, m p 106°C (Found C,54 4,H,46,N, 1065 C4oHoN50g requires
C, 5455, H, 46, N, 10 6%), m/z(%) 264(M*, 2), 218(5), 207(6) and 41(100), 5 9 92(br s, 1H, OH), 7 94
and 7 40(2 x m, 2 x 2H, ArH), 592 and 5 34(2 x m, CH=CH,), 4 68(m, 2H, OCH,) and 4 32(s, 2H,
ArCH.,)

Allyl 4-nitrophenyliglyoxylate oxime (4e) Prepared by method A The product (65%) crystallised from
methylene chlonde-hexane-ethyl acetate as colouriess rods, mp 165-170°C (Found C,528,H,40,N,
1085 Cq4H;oN,Og requires C, 52 8, H, 4 05, N, 11 1%), m/z(%) 250(M*, 13), 165(4), and 41(100), &
12 0(br s, 1H, OH), 829 and 7 82(2 x m, 2 x 2H, ArH), 598 and 5 42(2 x m, CH=CH2), and 4 70(m, 2H,
OCH,)

N-Allylpyrrole-2-carboxyaldehyde oxime (16) A mixture of N-allylpyrrole-2-carboxaldehyde (10 Og, 0 074
mol), hydroxylamine hydrochionde (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-allyl pyrrole-2-carboxaldehyde oxime

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 distilation under reduced pressure (bp 86-92°at 05 mm) it
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(several months) was accompanied by slow iIsomensation to the pure Z-isomer (Found C, 6405, H,
675N, 185 CgH,oNo0 requires C, 64 0,H, 6 7, N, 18 65%), v,,,, 3300, 1615, 1400, 1305, 1075, 930,
820 and 730 cm™, m/z(%) 150(M*, 100), 133(40), 118(82), 106(25) 93(57), 79(2) and 41(34), 5 8 16(br
s, 1H, OH, exchanges in D,0), 8 06(E) and 7 36(Z) (s, 1H, CH=N), 7 34-6 17(m, 3H, ArH), 5 94(m, 1H,
CH=CH,), 5 18 and 4 96(m, 2H, CH=CH,) and 4 75 and 4 62(m, 2H, NCH,)

2-(3-Butenyl)cyciohexanone oxime (21a) A muxture of 2-(3/-butenyl)-cyclohexanone (50mmol),23

hydroxylamine hydrochlonide (5 21g, 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(NaSO4) and the solvent evaporated The residual ol was
distilled to afford the product (67%) as a colourless oil, b p 72-76°C/0 05mmHg (Found C, 7186, H,
1055, N, 86 C,oH{7NO requires C, 71 8, H, 10 25, N, 8 4%), vy, 3250, 1645, 1438, 990 and 908
cm'1, miz(%), 167(M*, 4), 152(12), 113(69), 98(13), 81(43), 67(34), 55(45) and 41(100), 5 8 95(br s, 1H,
OH, exchanges in D,0), 5 81(m, 1H, CH=CH,), 4 98(m, 2H, CH=CH,), 2 68-1 36[m, 13H, CH, (CH,)g]
2-(3'-Butenyl)cycloheptanone oxime (21b) Prepared in an analogous manner to that described above

but stirnng and heating at 60°C for 6h The product (51%) distilled as a colourless ol, bp 84-
88°C/0 03mmHg, which compnised a 7 3 mixture of geometric 1somers (Found C, 7295, H, 10 75, N,
755 Cy4H;gNO requires C, 729, H, 10 55, N, 7 75%), m/z(%) 181(M*, 18), 166(15), 164(18), 153(12),
152(10), and 127(100), & 8 99(br s, 1H, OH), 5 80(m, 1H, CH=CH,), 4 98(m, 2H, CH=CH,), 3 26 and
2 87(m, 1H, methine CH 1somers), and 2 45-1 08(m, 14H, 7 x CH2)

3-Allyloxybutyraldehyde oxime {32a) Prepared by method B from 3-allyloxybutyraldehyde 24 The product
(64%) was a colourless oll, b p 64-65°/0 2mmHg, which compnsed a 1 1 mixture of E- and Z-isomers
(Found C, 588, H, 945, N, 975 C;H,3NO, requires C, 587, H, 9 15, N, 9 8%), v, 3300, 1638,
1420, 1081, 993 and 923 cm™, m/z(%) 85(55), 69(3), 57(3), 55(3), 43(27), 41(100) and 39(11), 3 9 40(br
s, 1H, OH, exchanges with D,0), 7 49(E) and 6 88(Z) (2 x t, 1H, CH=N), 5 90(m, 1H, CH=CH,,), 5 23(m,
2H, CH=CH,), 4 00(m, 2H, OCH,), 3 70(m, 1H, OCH(Me), 2 49(m, 2H, CH,-CH=N), and 1 21(2 x d, 3H,
Me)

Diacetone acrylamide oxime (33) Prepared from diacetone acrylamide (Aldrich) using method B After

stirnng overnight the oxime precipitated as a white amorphous solid which was crystallised from ether to
yield the product as colourless prisms (54%), m p 85-95°C, compnsing a 65 35 mixture of the geometnc
isomers (Found C,5845,H,86,N, 155 CgH16N202 requires C, 58 65, H, 8 75, N, 15 2%), Vmax
3500-3000(br), 1655, 1621, 1561, 1408, 1244, 967, 882 and 811 cm'1, m/z(%) 184(M*, 1), 167(10),
112(71), 98(15), 72(12), 58(100), and 55(40), 8 9 5(br s, 1H, OH, exchanges in D,0), 5 39 and 6 09(2
x br's, 1H, NH), 6 27-5 92(m, 2H, CH=CH,), 5 55(m, 1H, CH=CH,), 2 65 and 2 61(2 x s, 2H, CH, C=N),
198 and 1 93(2 x s, 3H, Me), and 153 and 1 44(2 x s, 6H, 2 x Me)
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Cycloadducts.

General Procedure A solution of the alkenyloxime (10mmol) and the electronegative olefin (benzyl
acrylate, phenyl vinyl suiphone) (10mmol) in dry xylene (60-120ml) was boiled under reflux for 10 - 24h
The solvent was then evaporated under reduced pressure and the residue punfied as noted below Yields
and reaction times for (5a - f) are collected in Table 1

2-(2/-Benzyloxycarbonylethyl)-6,6-dimethyl-2-aza-3-oxabicyclo[2 2 1]heptane (2) A solution of oxime (1
(2 54g, 20mmol) and benzyl acrylate (3 24g, 20mmol) in mesitylene (50ml) was boiled under reflux for

18h under an argon atmosphere The solvent was removed 1n vacuo to leave a dark brown oil which on
distillation afforded the product (1 1g, 19%) as a pale yeliow oi, b p 120-130°C/0 01mmHg (Found 70 8,
H,81,N,48 C,;Hy3NO, requires C, 70 55, H, 8 0, N, 4 85%), v,5, 2940, 1725, 1460, 1448, 1162,
920, 750, 730, 699 and 408 cm'1, m/z(%), 289(M*, 16), 233(17), 232(66), 95(8), 91(100) and 41(11),

8 7 32(m, 5H, ArH), 5 12(s, 2H, CH»Ar), 4 32(m, 1H, 4-H), 2 92 and 2 84(2 x m, 2H, NCH,,), 2 86(m, 1H,
1-H), 2 58(t, 2H, CH,CO), 1 83(m, 1H, 7-H), 1 86(d, 1H, J 22Hz, 7-H), 1 35(m, 1H, 5-H), 1 21(dd, 5-H),
and111and 097(2 x s, 2 x 3H, Me) These assignments were made with the aid of the 'H-2D-COSY

spectrum

1-Methyl-2-(2/-benzyloxycarbonylethyl)-8-oxo-2-aza-3.7-dioxabicyclo[3 3 Oloctane(5a) The product
distilled as a pale yellow oll, b p 175-180°C/0 01mmMg (Found C, 630, H,63,N, 46 Cy6H1gNOg
requires C, 62 95, H, 6 25, N, 4 6%), m/z(%) 305(M*, 8), 261(7), 170(10), 156(14) and 91 (100),87 33(m,
5H, ArH), 5 13(s, 2H, ArCHz), 442 and 4 15(2 x dd, 2 x 1H, Jgem 9 7Hz, ch 7 4 and 2 9Hz, 2 x 6-H),

40and377(2xdd, 2 x 1H, Jgem 89 Hz, J, 7 1and 18 Hz, 2 x4-H), 335(m, 1H, NCHH), 3 0(m, 2H,

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

1-Methyl—z-(2’-phenvlsuIphonvlethyl)-8-oxo-2-aza-3.7-d|oxgmyclol3 3 OJoctane (5b) The product (71%)
crystallised from benzene as colouriess prisms, mp 113-114°C (Found C, 539, H, 54, N, 455
C4H{7NOgS requires C, 54 0,H, 5 5, N, 4 5%), m/z(%) 311 (M*, 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, 1H, J 7 6 and 9 7Hz, 4-H),
409(dd, 1H, J29 and 9 7 Hz, 4-H), 367(d, 2H, 2 x 6 - H), 344 and 3 15(m, 4H, CH,CH,), 2 95(m, 1H,

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

1-(2/-Thaenvl)-2-(2/-phenvlsulphonvlethyl)-8-oxo-2—aza-3.7-d|oxab|cvclo[3301octane(50) The crude

product, obtained as a maroon oll, was triturated, with ether-hexane to furnish a purple solid which
crystalised from ethyl acetate-hexane 10 give the product (37%) as colourless rods, mp 114°115°C
(Found C,5385,H,465,N,35 C,,H,,NOGS, 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), 739, 715and 702(3 x m, 3 x 1H,
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ArH), 4 46(dd, 1H, J 9 6 and 7 OHz, 2-H), 4 23(dd, 1H, J 9 7 and 2 2Hz, 2-H), 4 06(dd, 1H, J 8 3Hz, 4-H),
387(dd, 1H, J 89 and 2 3 Hz, 4-H), 3 40 and 3 22(2 x m, 5H, NCH,CH, and 3-H)

1-(3-Indolyl)-2-(2’ -phenylsulphonylethyl)-8-oxo-2-aza-3,7-dioxabicyclo[3 3 Oloctane(5d) The crude product
was obtained as a black viscous ol Flash chromatography (silica, ether-hexane, 3 2) afforded the

product (50%) which crystallised from benzene as colourless plates, mp 157-158°C (Found C, 60 8,
H,485N,65 C,yHygN,O5S requires C, 61 15, H, 4 9, N, 6 8%), m/z(%) 412(M*, 3), 368(8), 227(41),

199(27), 77(69) and 43(100), 58 60(br s, 1H, NH), 7 10-7 75(m, 10H, ArH), 4 35(m, 3H, 2 x 2-H and 4-H),
392(dd, 1H, J 87 and 25 Hz, 4-H), 3 66(m, 1H, 3-H) and 335 and 3 25(2 x m, 2 x 2H, NCH,CH,)

1-(2/ -N:trobenzyl)-z-(z/ -phenylsulphonylethyl)-8-0x0-2-aza-3,7-dioxabicyclo[3 3 OJoctane(5e) The crude
product was obtained as a brown ol Flash chromatography (silica, ether-hexane, 5 3) afforded the

product (61%) which crystallised from hexane-methano! as buff plates, m p 145-146°C (Found C, 5586,
H, 475, N, 6 35, CygHyoN,0,S requires C, 5555, H, 4 65, N, 6 5%), m/z(%), 432(M*, 5), 296(24),
141(45) and 77(100), 8 7 90 and 7 52(2 x m, 9H, ArH), 4 1(dd, 1H, J 9Hz, 2-H), 3 9(dd, 1H, J 95 and
3 8Hz, 2-H), 3 52(m, 5H, 2 x 4-H, ArCH,, and CHSO,Ph) and 3 21(m, 4H, NCH,, CHSO,Ph and 3-H)

1-(4/-N|troghenyl)-2-(2/-9henylsuIphonvlethvl)-8—0xo—2—aza—3,7-d|oxab|cvclo[3 3 OJoctane(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,1gH1gN075
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),
5811, 768 and 7 52(3 x m, 9H, ArH), 4 5(dd, 1H, J 9 8 and 7 2Hz, 2-H), 3 90(m, 2H, 4-H), 3 42(m, 3H,
NCH, CH,SO,Ph) and 3 00(m, 2H, NCH and 3-H)

2-(2’-Phenvlsxﬂphonvlethvl)-2-aza-3—oxablcvclor3 3 Oloctane(12) Prepared from 5-hexenal oxime and

phenyt vinyl sulphone Punfication by flash chromatography (SiO,), eluting with 7 3 v/v ether-hexane
afforded the product (74%) as colourless prisms, mp 43°C (Found C, 600, H, 69, N, 50
C14H19N038 requires C, 59 75, H, 6 8, N, 5 0%), v, 1493, 1483, 1290, 1330, 1016, 855, 730, 684
and 522 cm™!, m/z(%) 281(M*, 27), 139(76), 126(100), 81(37), 77(46), 67(21), 60(20) and 41(21),
8(CgDg). 7 80(m, 2H, ArH), 6 97(m, 3H, ArH), 3 60(t, 1H, J 8 4Hz, 4-H), 3 42(m, 2H, CH,S0,), 3 16 and
292(2 x m, 2H, NCH,), 2 85(dd, 1H, J4’5 6 2Hz, 4-H), 265(brt, 1H, J 6 5Hz, 1-H), 2 38(m, 1H, 5-H),
1 54-1 02(m, 6H, 3 x CH,), H NOEDSY(%) irradiation of 1-H resulted in enhancement of the signal for
NCH,(6), irradiation of 5-H caused enhancement of the signals of the cis-4-H(5) and the cis-6-H(6)

1-Methyl-2-(2’-benzyloxycarbonylethyl)-2-aza-3-oxabicyclo[3 3 Oloctane(1 3a) Prepared from methyl pent-

4-enyl ketone oxime2® and benzyl acrylate with a 24h reaction time The product (73%) distilled as a
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colourless oll, b p 125-129°C/0 1mmHg (Found C, 7025, H, 795, N, 505 C47H23NO4 requires C,
7055, H, 80, N, 4 85%), v, 2940, 1725, 1446, 1160, 750, 732 and 696 em ™, m/z(%) 289(M™, 25),
274(9), 140(40), 95(36), 91(100) and 55(12), 8 7 34(m, 5H, ArH), 5 13(s, 2H, CH, Ar), 392(br t, 1H, J
8 1Hz, 4-H), 329(dd, 1H, J4 5 5 OHz, 4-H), 2 95(t, 2H, NCH,), 2 67(t, 2H, CH,CO), 2 42(m, 1H, 5-H),
1 85-1 20(m, 6H, (CH,)5), 1 16(s, 3H, Me), H NOEDSY(%) irradiation of 5-H caused enhancement of
the signal for 1-Me(5), rradiation of 1-Me caused enhancement of the signals for 5-H(3) and NCH,(3)

1-Methyl-2-(2'-phenylsulphonylethyl)-2-aza-3-oxabicyclo[3 3 Ojoctane(13b) Prepared from methyl pent-4-

enyl ketone oxime and phenyl vinyl sulphone with a reaction time of 7h  Flash chromatogrpahy (Si0,)
eluting with 1 1 v/v ether-petroleum ether afforded the cycloadduct (78%) as a colourless ol (R; 03)
(Found C,6115,H,72,N, 48 CygH,,NOSS requires C, 610, H, 7 15, N, 4 75%), m/z(%) 295(M",

7), 277(18), 140(36) and 83(100), § 7 84(m, 2H, ArH), 7 50(m, 3H, ArH), 3 63(br t, 1H, 4-H), 3 41(m, 2H,
CH,S0,Ph), 2 97(t, 3H, NCH, and 4-H), 2 28(m, 1H, 5-H), 1 80-1 09(m, 6H, 3 x CH,) and 1 05(s, 3H,

Me), 'H NOEDSY (%) rradiation of 5-H caused enhancement of the signal for 1-Me (3) and vice versa
Cycloadducts (17a) (18a) and nitrone (19)
a A 32 mixture of (E)- and (Z)-N-allylpyrrole-2-carboxaldehyde oxime and benzyl acrylate were reacted

in boiling xylene for 24h according to the general procedure The resulting dark brown oil was punfied
by flash chromatography (S10,) eluting with ether to afford the product (17a)(30%) as colourless prisms,
mp 76-78°C (Found C, 6895, H, 635 N, 885 C,gH,oN,O5 requires C, 69 2, H, 6 45, N, 8 95%),
Vmax 2870, 1731, 1452, 1350, 1217, 1365, 745 and 720 cm'1, m/z(%) 312(M*, 17), 118(100), 91(14),
105(7) and 65(3), & 7 34(m, 5H, ArH), 6 54-5 98(3 x m, 3H, pyrrole-H), 5 13(s, 2H, CH,Ar), 4 45(br m,
1H, 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, NCH,) and 2 73(m,
2H, CH,CO)

b A solution of (Z)-N-allyipyrrole-2-carboxaldehyde oxime (500 mg, 3 33 mmol) in dry acetonitrie (25
mi) 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 including signals
forthe unreacted oxime Purtfication by flash chromatography (S10,, 9 1 v/v ether-ethyl acetate) afforded
unreacted starting matenals followed by (17a) and then (18a) When the column was eluted further (1 1
v/v ether-ethyl acetate) the nitrone (19) was obtained as a viscous liquid

(17a) Colourless prisms (123 mg, 12%), mp 76-78°C, identical to that described above

(18a) 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 pmr spectrum of this
compound contains broad signals due to a conformational equiibrium and shows the presenceofa1 125
mixture of two invertomers When one drop of tnfluoroacetic acid was added to the CDCl, solution, the
spectrum simphfied and sharpened and showed the presence of mainly one N-protonated species
3(CDCl; + 1 drop CF4CO,H) 7 29-7 38(m, 5H, ArH), 6 76(t, 1H, J 1 1 Hz, pyrrole-H), 6 40(dd, 1H, J 1 3
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and 3 6 Hz, pyrrole-H), 6 27(t, 1H, J 3 2Hz, pyrrole-H), 5 45(d, 1H, J 4 6Hz, NCH-pyrrole), 5 25(d, 1H,
J 596 Hz, OCH), 5 11(s, 2H, CH, Ph), 4 16(dd, 2H, J 1 5 and 6 2 Hz, pyrrole NCH,), 3 46 and 3 08(2
x g, 2 x 1H, bndge CH,), 2 95(m, 1H, NHCH CH2), 2 83(m, 2H, CHZCOZ), and 2 59(d, 1H, J 12 8 Hz,
NHCHCH,)

(19) Obtained as a colourless viscous liquid (403 mg, 39%) (Found C, 6905, H, 635, N, 91
C1gH2gN,03 requires C, 69 2, H, 6 45 and N, 8 95%), v, (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, 1H, J 3 7 Hz, pyrrole-H), 7 41(s, 1H, CH=N), 7 31(s, 5H, ArH), 6 80(d, 1H,
J 17 Hz, pyrrole-H), 6 28(t, 1H, J 3 2 Hz, pyrrole-H), 5 90(m, 1H, CH=CH,), 5 19(d, 1H, J 10 6 Hz, =CH),

512(s, 2H, CH,Ph), 4 94(dd, 1H, J 1 0 and 17 1 Hz, =CH), 4 51(d, 2H, J 4 8 Hz, pyrrole-NCH,), 4 16(t,
2H, J 6 2 Hz, NCH,), 3 09(t, 2H, J 6 2 Hz, CH,CO,), 8(130) 170 6(carbonyl carbon), 135 1, 128 1(2C),
127 9, 127 7(2C), (phenyl carbons), 123 6, 116 8, 116 1, 108 8(pyrrole carbons), 125 2(C=N-0"), 133 1,
125 5(olefinic carbons), and 66 2, 59 9, 49 1 and 31 4({aliphatic carbons)

¢ A solution of nitrone (19) (50 mg) in xylene (0 5 ml) was heated at 110°C for 16 hto gve a 1 16
mixture of (17a) and (18a) in quantitative yield

Cycloadducts (17b) and (18b) A solution of N-allylpyrrole-2-carboxaldehyde oxime (500 mg, 3 33 mmol)
and phenyi vinyl sulphone (560 mg, 3 33 mmot) in dry acetoninle (25ml) was boiled under reflux, under

a nitrogen atmosphere for 18 hrs Removal of the solvent afforded an orange gum, whose pmr
spectrum indicated the presence of two isomers in the ratio 1 1 Purification by flash chromatography
(ether) afforded (17b) (423 mg, 40%) and (18b) (372 mg, 35%), together with a mixed fraction (117 mg,
11%)

(17b) Obtained as colourless rods, from methanol mp 122-124°C (Found C, 605, H, 565, N, 89
C16H18N204S requires C, 60 35, H, 5 7 and N, 8 8%), m/z(%) 318(M*, 52), 8 7 85(d, 2H, J 7 7 Hz, ArH),
763(t, 2H, J 7 2Hz, ArH), 7 52(t, 2H, J 7 7 Hz, ArH), 6 54(t, 1H, J 1 2Hz, pyrrole-H), 6 24(t, 1H, J 3 1 Hz,
pyrrole-H), 5 91(d, 1H, J 2 8 Hz, pyrrole-H), 4 32(br s, 1H, NCH), 4 09(dd, 1H, J 8 5 and 10 7Hz, OCH),
4 02(br s, 1H, OCH), 3 79(m, 2H, pyrrole-NCH,), 3 60(br d, 1H, J 86 Hz, CH), 346(t, 2H, J 7 1 Hz,
NCH,), and 3 20(t, 2H, J 6 3 Hz, CH, SO, Ph) Addition of a drop of tnifluoroacetic acid to the CDCl5
solution sharpens the broad singlet at 84 32 to a doublet at 85 60(J 6 6 Hz)

{18b) Obtained as colourless viscous ol (Found C, 600, H, 55, N, 8 4%), m/z(%) 318(M*, 39), 150(8),
136(9), 125(5), 118(100), 106(9), 91(10) and 77(30), the TH NMR (CDCIS) spectrum of this compound
shows broad signals due to conformational equilibrium § 7 83(2H), 7 62(1H) and 7 53(2H) (ArH), 6 52,
608 and 591(3 x 1H, pyrrole H), 4 62 and 4 81(br s, 1H, NCH), 4 21(br d, 1H, OCH), 3 92(br s, 2H,
pyrrole. NCH,), 3 35(br m, 2H), 2 40-2 90(br m, 3H), 220(d, 1H, J 11 3 Hz), §(CDClz + 1 drop TFA)
780(d, 2H, J 7 6 Hz, ArH), 7 66{t, 1H, J 7 4Hz, ArH), 7 55(t, 2H, J 7 6 Hz, ArH) 4 91(d, 1H, J 56 Hz,
NHCH-pyrrole), 4 75(d, 1H, J 4 2 Hz, OCH), 4 03(s, 2H, pyrrole NCH,), 3 36-3 58(m, 2H, bridge CH,),
311(m, 1H, NHCH), 2 63-2 83(m, 2H,), and 2 36(d, 1H, 11 9Hz, CH SO,Ph), §('3C, CDCl, + 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 7(aliphatic carbons)
Cvcloadducts (17¢) and (18c) A solution of N-allyl pyrrole-2-carboxaldehyde oxime (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-isomeric cycloadducts in the ratio 112
Punfication by flash chromatography (SIO,, 9 1 viv ether-ethylacetate) afforded both 1somers

(17c) Obtained as colourless needles (270 mg, 37%), from ether-petroleum ether (40-60%), mp 73-74°C
(Found C, 6555,H,755,N,1280 C,,HgN,O, requnes C. 6543, H,732and N, 12 72%), m/z(%)
220(M*, 55), 163(7), 133(10), 118(100), 106(22), 105(45), 104(38), and 91(9), & 6 56(s, 1H, pyrrole-H),
6 27(t, 1H, J 3 0 Hz, pyrrole-H), 5 99(d, 1H, J 3 3 Hz, pyrrole-H), 4 43(br s, 1H, pyrrole-NCH), 4 17(dd,
2H, J 81 and 10 6Hz, OCH,), 397(dd, 1H, J 34 and 10 7 Hz, pyrrole-NCH)< 3 89(m, 1H, OCH,CH),
377(dd, 1H, J 3 5 and 8 7 hz, pyrrole-NCH), 3 11(m, 2H, N-CH,), 2 87 and 2 71(2 x m, 2H, COCH,), and
2 18(s, 3H, COCHj)

(18c) Obtained as a colourless viscous oil (324 mg, 44%), (Found C, 651, H, 7 25, N, 12 75%) m/z(%)
220(M*, 32), 119(9) and 118(100), this compound exists asa 1 1 2 equilibnum mixture of two invertomers
at room temperature The p mr spectrum in CDCl; shows signals due to both the invertomers 5661
and 6 51(1H, 6 14 and 6 10(1H, 6 00 and 5 94(1H, (3 x 1H, pyrrole H), 4 81 and 4 71(2x d, 1H,J 4 4 and
4 9 Hz, OCH), 4 27(d, 1H, J 4 1 Hz, NCH), 3 86-4 07(m, 2H), 3 03(m, 1H), 2 57-2 95(m, 4H), 2 21-2 46(m,
1H), and 217 and 2 14(2 x s, 3H, COCH,) Addition of a drop of CF3CO,H to the CDCly solution
sharpens the spectrum and shows signals for mainly one protonated isomer The solution eventually
becomes blue in colour 3(CDCly + 1 drop CF3CO,H) 6 80, 6 41 and 6 28(3H, pyrrole H), 5 44(d, 1H,
J 4 6Hz, NHCH), 5 31(d, 1H, J 6 0 Hz, OCH), 4 24(AB d, 2H, J 13 6Hz, pyrrole-NCH,), 3 38(m, 1H, NH
CHCH,), 291-3 11(m, 4H), 2 62(d, 1H, J 12 8Hz, COCH), and 2 22(s, 3H, COCH,)

12-(2'-Benzyloxycarbonylethyl)-11-oxa-12-azatncyclo[7 3 0 0'-81dodecane (22a) Prepared from oxime

(21a) and benzyl acrylate and a reaction tme of 24h The resulting pale yellow ol was punfied by
preparative t | ¢(SIO,) eluting with 1 1 v/v ether-petroleum ether to afford the product (70%) as a viscous
colourless oil (Found C, 7305, H, 805, N, 405 C,,H,7NO, requires C, 73 05, H, 8 25, N, 4 25%)
Vimax 2915, 1725, 1447, 1163, 1005, 750, 735 and 697 cm'1, m/z(%), 329(M*, 100), 286(13), 180(61),
150(13), 135(84) and 91(69), & 7 35(m, 5H, ArH), 5 13(s, 2H, CH,Ar), 3 99(t, 1H, J 8 2 Hz, H_), 3 37(dd,
1H, Jpg 3 9Hz, Hp), 2 97(m, 2H, NCH,), 2 67(m, 2H, CH,CO), 252(m, 1H, Hp), 2 06(m, 1H, Hp) and
1.86-1 25(m, 12H, (CH,)g), H NOEDSY(%) Irradiation of H, caused enhancement of the signal for Hg
(7). rradiation of Hg caused enhancement of the signals for Hx(7) and Ha(5)
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12-(2/-Phenylsulphonylethyl)-11-oxa-1 2-azatneyclo[7 3 0 0 '®ldodecane (22b) Prepared in an identicai

manner to that descnbed above but using phenyl vinyl sulphone as the Michael acceptor The product
(69%) crystallised from ether as colourless prnisms, mp 79-81°C (Found C, 645, H, 765, N, 42
C1gHo5NO3S 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), & 7 94(m, 2H, ArH), 7 58(m, 3H, ArH), 3 80(t, 1H, He. J 8 1Hz), 3 94(t, 2H,
CH,SO,Ph), 3 24(dd, 1H, Hp, J 3 8Hz and 8 2Hz), 309(m, 2H, CH,N), 2 46(m, 1H, Hg), 2 03(m, 1H,
Hp) and 199-120(m, 12H, 6 x CH,), H NOEDSY(%) Irradiation of Hg caused enhancement of the
signals for Ha(5) and H(6) but had no effect on Hp. irradiation of H resulted in enhancements of
Hp(26) and Hy(8)

13-(2/ -Phenylsuiphonylethyl)-12-oxa-13-azatnicyclo[8 30 0 1'7|tr|decane (23) Preparedfromoxime (21b)

and phenyl vinyl sulphone with a 20 h reaction ttime The product (60%) crystallised from ether at -20°C
as colourless prisms, mp 74-75°C (Found C,6535,H,775,N, 395 C,gH27NO4S requires C, 65 3,
H, 7 8, N, 4 0%), m/z(%) 349(M*, 100), 292(30), 208(37) and 194(69), & 7 93(m, 2H, ArH), 7 58(m, 3H,
ArH), 3 62(br t, 1H, Hg), 3 46(m, 2H, CH,SO,Ph), 3 16 and 3 05(m, 3H, NCH,, + Hp), 2 40(m, TH, Hp),
189(m, 1H, Hy), 180-136(m, 13H) and 124(m, 1H), 'H NOEDSY (%) rradiation of Hg caused
enhancement of the signal for H(4), irradiation of H, caused enhancement of Hp(1)

Cis- and trans- 2-(2/-benzvloxvcarbonvlethvl)-8-methvl-2-aza—3,7-d|oxab|cvclo[4 3 Olnonane (28c) and
(30c) and 2-(2-benzyloxycarbonylethyl)-7-methyl-2-aza-3,6-dioxabicyclo[4 2 1]nonane (31¢) Prepared

from oxime (32a) and benzyl acrylate with a reaction time of 24h  Work up afforded a pale yellow oil
(100%) whose p m r spectrum showed It to comprise a 3 1 52 mixture of (28¢), (29¢), (30c) and (31c)
Distillation afforded a colourless oll (65%), b p 150-158°C/0 05mmHg whose p m r spectrum showed the
composition was approximately unchanged Preparative tic (Si0,) eluting with ether afforded pure
samples of (28c), (30c) and (31¢) Isomer (29¢) was not isolated but 1s charactensed by ap m r doublet
atd 1 25 (J 6 2 Hz) for the C(Me) group (Found (mixture) C, 67 0, H, 74, N, 4 55 Cy7H53NO, requires
C,6685 H,76, N, 46%), Vmax (Mixture} 2920, 1725, 1447, 1375, 1162, 750, 737 and 700 cm'1, m/z
(%) (mixture) 305(M*, 17), 248(12), 232(12), 178(13), 156(15), 91(100) and 55(18)

Cycloadduct (28¢) & 7 36-7 29 (m, 5H, ArH), 5 12(d, 2H, CH,Ar), 390(dd, 1H, He. Jeg 5 9Hz, Jep
8 OHz), 383(dd, TH, HE, Jgg, 11 4Hz, Jrg 6 7H2), 358(m, 1H, Hg), 3 56(t, 1H, Hg), 3 40(dd, TH, Hp,
Jpg 15Hz),322and 2 85(2 x m, 2H, NCH2), 288(m, 1H, Hp), 270(m, 2H, CH,CO}, 2 64(m, 1H, Hg).
165(m, 1H, H)), 1 56(m, 1H, H), and 1 11(d, 3H, Me, J 6 2Hz) Decoupling expenments on Hg and Me

support the assignments

Cycloadduct (30¢) 8 7 37-7 29(m, 5H, ArH), 5 12(d, 2H, CH,Ar), 4 05(dd, He, Jop 7 1 Hz, Jgp 9 9H2),
398(br d, 1H, He, Jgg 12 5 Hz), 3 76(dd, 1H, Hp, Jpg 94 Hz), 3 72(dd, 1H, Hg, Jgg 3 3 Hz), 3 34(m,
1H, Hg), 3 25(br m, 1H, Hp), 3 12:and 2 83(2 x m, 2H, NCH,), 2 73(br m, 1H, Hg), 2 65(m, 2H, CH,CO),
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1 74(br m, 1H, H)), 1 38(br m, 1H, Hy,), and 1 18(d, 3H, Me, J 6 2Hz) Decoupling experiments on H,,
H,y, He and Me support the assignments

Cycloadduct (31¢) 87 36-7 29(m, 5H, ArH), 5 12(d, 2H, CH,Ar), 4 35(dd, 1H, Hg, Jg 8 7THz, Jg, 2 9Hz),
3 88(m, 1H, Hg), 3 55(d, TH, Hy, Jyy), 13 OHz), 348(dd, 1H, H)), 3 35(m, 1H, Hp), 3 07 and 2 85(2 x m,
2H, NCH,), 2 66(m, 2H, CH,CO), 2 43(m, 1H, Hg), 2 26(d, 1H, Hp, Jpc 120Hz), 1 75(m, 1H, Hg)
1.38(m, 1H, Hg), and 1 10(d, 3H, Me, J 6 3Hz) Decoupling experiments on Hg, He and Me support the

assignments

Cis- and trans-2-(2/ -benzyloxycarbonylethyl)-4.4,8-tnmethyl-2-aza-3-oxabicyclo[4 3 Olnonane (28e) and

(30e) Citroneltal oxime (32b) reacted with benzyl acrylate over 24h to give a pale yellow oil (95%) whose
pmr spectrum showed it to compnse a 155 mixture of (28e) and (30e) Distillation afforded a
colourless oil (56%), b p 140-144°C/0 05mmHg whose composition was essentially unchanged Isomer

(28e) was not 1solated but 1s charactensed by a p m r doublet at 3 1 11(J 6 6Hz) (Found (mixture) C,
726,H,90,N,42 C,yHygNO5 requires C,7245,H,88,N, 4 25%), Vimay (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 10(d, 2H, CH,Ar), 3 24 and 2 85(2 x m, 2H, NCH,), 2 70(m, 2H, CH,CO),
237(br m, 1H, Hy), 1 85(m, 1H, H)) 180-1 60(m, 3H, Hg, H, Hy), 1 41(m, 1H, Hg), 1 23(s, 3H, 4-Me),
117(m, 1H, Hg), 1 04(s, 3H, 4-Me), 1 00-0 90(m, 2H, Hy, and Hp), 0 95(d, 3H, 8-Me, J 6 6 Hz)

Trans-2-(2-phenylsulphonylethyl)-4,4,8-trimethyl-2-aza-3-oxabicyclo[4 3 Olnonane (30f) Prepared from
oxime (32b) and phenyl vinyl sulphone with a reaction time of 14h  Work up followed by flash
chromatography (SiO,) eluting with 1 1 v/v ether-hexane afforded the product (27%) which crystalhsed
from hexane as colourless prisms, mp 99-101°C (Found C, 639, H, 81, N, 42 C,gH,;NO,S
requires C, 64 05, H, 8 05, N, 4 15%), m/z(%) 337(M*, 53), 254(34), 195(23) and 182(100), 8 7 89(m, 2H,
ArH), 7 58(m, 3H, ArH), 3 51 and 3 41(brm, 2H, CH2802), 330 and 2 85(br m, 2H, CH,N), 2 29(br m,
1H, Hp), 1 76(m, 2H, 2 x nng-H), 1 60(m, 2H, Hg and nng-H), 1 38(m, 1H, CHMe), 1 14(m, 1H, nng-H),
1 10(s, 3H, Me), 0 96(s, 3H, Me), 0 96(m, 1H, ning-H), 0 93(d, 3H, Me) and 0 90(m, 1H, ring-H), H
NOEDSY(%) rrachation of H, caused enhancement of the signal of CHMe(4) but not of Hg, irradtation

of CHMe caused enhancement of the signal for H,(3)

2-(2-Benzyloxycarbonylethyl)-1,8,8-tnmethyl-6-0x0-2,7-diaza-3-oxabicyclo[4 3 Olnonane (34a) Prepared

from oxime (33) and benzyl acrylate with a reaction time of 24h  Work up followed by flash
chromotography (S10,) eluting 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,658,H,75,N,815 C,gHogN20,4 requires
C, 6585, H,7 55, N, 8 1%), v, 3380, 1718, 1650, 1410, 1310, 1170, 951, 761 and 710 em ™, 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), & 7 34(m, 5H,
ArH), 6 85(br s, 1H, NH), 5 11(s, 2H, CH,AT), 4 23(dd, TH, Hp, Jpg 3 5Hz, Jp 9 7Hz), 381(dd, 1H, H,,
Jea 6 63Hz), 293(m, 2H, NCHy,), 2 86(dd, 1H, Hp), 2 66(t, 2H CH,CO), 1 83(d, TH, Hc, J 14 3Hz),
163(d, 1H, Hp), 133 and 126(2 x s, 2 x 3H, CMe,) and 1 18(s, 3H, Me)

2-(2-Phenylsulphonylethyl)-1,8,8-tnmethyi-6-0x0-2,7-diaza-3-oxabicyclo[4 3 Olnonane (34b) Prepared

from oxime (33) and vinyl sulphone with a reaction time of 16h Work up afforded the product (100%)
as a colourless solid which crystallised from ethanol as colourless prisms, mp 155-157°C (Found C,
579,H,67,N,81 C,;H,,N,0,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), & 7 91(m, 2H, ArH), 7 59(m, 3H, ArH),
6 31(brs, TH, NH), 4 06(t, 1H, HE), 3 67(dd, 1H, Hp, J 6 2 and 8 4 Hz), 3 43(m, 2H, CH,SO,Ph), 3 03(m,

2H, CH,N), 2 80(dd, 1H, Hp, J 6 1 and 9 7 Hz), 1 72(ABq, 2H, Hg and Hg), 1 32 and 1 27(2 x s, 2 x 3H,
CMe,) and 1 17(s, 3H, Me), H NOEDSY(%) 1rradiation of H, caused enhancement of 1-Me(5) and
Hg(6), irradiation of 1-Me caused enhancement of H,(9)

1-(2-Benzyloxycarbonylethyl)-1,3a,4,9b-tetrahydro-3H-1soxazolo[3,4-d]benzo[blpyran(37b) Prepared from

O-allyl-salicylaldehyde oxime (36a) and benzy! acrylate with a reaction time of 24h  The product (100%)
was a pale yellow ol A small sample was further purified by ptic (S10,) eluting with 4 1 v/v petroleum
ether-ether to yield a colourless ol (Found C, 7075, H, 635 N,41 Cy5H,yNO, requires C, 70 8,
H, 6 25, N, 4 15%), v,, 2940, 1720, 1480, 1443, 1162, 1059, 755 and 697 cm'1, m/z(%) 339(M*, 9),

283(22), 160(33), 145(24), 132(23), 131(49), 91(100) and 88(42), § 7 38-6 86(m, 4H, ArH), 7 32(s, 5H,
ArH), 5 11(s, 2H, CH,Ar), 4 18(t, 1H, Hg, J 8 2 Hz), 4 15(dd, TH, Hg), 4 10(dd, 1H, Hg), 3 8(d, 1H, H,,

J A 69Hz), 371(dd, 1H, Hp, Jpg 4 6Hz), 336 and 3 16(2 x m, 2H, NCH,), 3 02(m, 1H, Hg), and
2 73(m, 2H, CH,CO)

1-(2/-Phenylsulphonvlethy|)-1,3a,4,9b—tetrahvdro-3H-|soxazolo[3.4-d]-benzo[b]pvran (37¢) Prepared in

analogous manner to that described above from O-allylsalicylaldehyde oxime (36a) and pheny! vinyl
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 101-103°C, as colourless plates from ethanol
(Found C,6245,H,565 N,38 C,gH.90,5 requires C, 626, H, 555, N, 4 05%), m/z(%) 345(M*,
7), 289(15), 190(11), 160(29) and 131(100), d 7 85-6 88(m, 9H, ArH), 4 10(t, 1H, OCH), 4 05(dd, 1H,
OCH), 3 83(dd, 1H, OCH), 3 66(d, 1H, H,, J 6 6Hz), 3 48(m, 4H, OCH, CH,SO,Ph, CHN), 3 17(m, 1H,
CHN) and 2 94(m, 1H, Hp), 'H NOEDSY (%) 1rradiation of Hp results in enhancement of the signal for
Hg(8) and vice versa

Michael Adduct (39) A solution of oxime (36a) (1 77g, 1 mmol) in dioxan (10 ml) containing 20%

agueous sodium hydroxide (0 4 ml, 2 mmol) was stirred for 15 mins Benzyl acrylate (8 1g, 5 mmol) was
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then added dropwise over 5 min and the resulting mixture stirred at room temperature for 16h  After
neutrahising with 2N hydrochlonc acid the solvent was removed under reduced pressure and the residue
partitioned between chloroform and water The organic phase was separated, washed with water, dried
(Na,SO,4) and evaporated The residual oil was punified by flash chromatography to afford the Michael
adduct (1 8g, 54%) (R; 0 27) as a colourless oil (Found C, 70 55,H, 6 4,N, 3 85 CpgHy1NO, 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), 5 8 51(s,
1H, CH=N), 7 78(dd, 1H, ArH), 7 32(m, 6H, ArH), 6 92(m, 2H, ArH), 6 02(m, 1H, CH=CH,), 5 32(m, 2H,
CH=CH,), 514(s, 2H, ArCH,), 451(m, 2H, OCH,CH=CH,), 4‘45(1, 2H, OCH,) and 279(t, 2H,
CH,CO,R) Heating the Michael adduct (50 mg) in xylene-d,q at 140°C for 24h failed to yreld any (37b)
Cycloadduct (40} A solution of oxime (36b) (1 91g, 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 vacuo to
leave a dark brown oil which comprised the product (60%) together with uncharacterised matenal The
crude oll was purfied by flash chromatography (SiO,) eluting with 3 7 v/v ether-hexane to yield the
product (1 91g, 54%) as a pale yeliow ol which was too thick for distillation (Found C, 716, H, 6 65,
N, 385 Cy,qH,3NO, requires C, 71 35, H, 6 55, N, 3 95%), v,,,, 2910, 1720, 1595, 1445, 1160, 1010,
742 and 700 cm™!, m/z(%) 353(M*, 21), 191(15), 161(37), 159(32), 146(12), 118(15), 117(30), 107(28),
91(100), 79(21) and 55(56), & 7 49-6 91(m, 9H, ArH), 5 15(s, 2H, CH,Ar), 4 35(d, 1H, Hp, Jpg 9 4HZ),
4 16(t, 1H, Hg, J 83 Hz), 4 05(m, 2H, Hp), 3 40(t, 1H, Hp), 3 24-3 15(m, 2H, NCH,), 3 07(m, 1H, Hp),
2 77(t, 2H, CH,CO), 1 75(m, 1H, Hg), and 1 62(m, 1H, Hg), H NOEDSY(%) irradiation of H, results
in enhancement of the signals for Hg(8) and H(3), irradiation of Hy produced enhancements in the
signals for Hg(24) and H(4)
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