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Abstmcl: Atdoxzmes and keioxtmes react wtth a range of b~un~tlonal Mlchae~ ~cep~or-dipolarop~le subsrrates 

comprtsrng funcnonahsed I ,3-, 1,4- and I S-drenes vra a tandem process rnvolvmg an N-alkenyl tutrone mtermeduzte 

The I .3-drenes react regw- and srereo-specrfically to grve 1 -ara-7-oxablcyclo[Z 2 Ijhepranes whdst slencally 

unenc~red aryl aldoxtmes and 1,4-drenes grve l-aza-2-oxa~i~clo~3 2 I]ocrane derrvanves Keloxmaes and 1,4- 

drenes grve nuxtures of 1 -aza-2-oxa- and I -aza-8-oxa-brcyclo[3 2 I]octanes I.5Dunes and keloxlmes react regzo- and 

stereo-specafically 10 gave I-aza-boxabrcyclo[3 2 ljocrane denvatrves whilst benzaldoxrme gives a 1 I rm*ture of 

epanenc I-~a~-oxablcyclo~3 2 Ijoctanes together wrrh traces of two eprmerrc 1 -aza-2-oxabuzyclo[3 2 l]ocmnes The 

regro- and stereo-chenucal outcome of the tandem process 1s controlled by rhe length and nature of the lmkmg cham 

m rhe brfunctwnal substrate and the steric mteracnons between subsntuenls on the oxlme and d$polarophde m the 

trans~tlon state A crystal structure of one of the I-aza-l-oxabtcyclof2 2 lfheptanes 1s reported 

The oxlme tandem Michael addmon-1,3-dtpolar cycload&tion process 1s capable of four broad synthetic 

vitllants (classes) depending on whether each component of the tandem process occurs in an inter- or intra- 

molecular fashlon.3 Although our current data does not allow a distmcuon to be made between an inmal 

Mtchael addition or ene- like process (1) + (2)3” this unc~~nty does not stilly affect the analysis of the 

reaction’s synthetic scope. Class 2 processes are p~icu~~ly wide ruing and synthetically flexible because 

the dipolarophile can be located within the oxime (Class 2, type l),’ or the Michael acceptor and ~pol~ophiIe 
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can be combined in a bifunctional reagent (Class 2, type 2). The former methcxlology proceeds via a C-alkenyl 

mtrone and was discussed m the preceedmg paper of this series.’ The latter methodology involves an N-alkenyl 

mtrone intermediate (Scheme 1) and forms the subject of this paper. A further significant difference between 

the Class 2 type 1 and 2 processes is that the former can give rise to etther a fused- or bridged-ring product 

(and invariably gives the fused-ring product)’ whilst the latter process can only furnish bridged-nng products 

(Scheme 1). However, the class 2, type 2, process can furnish two different bridged-ring products dependmg 

on the regtochemistry of the cycloaddition step (Scheme 1). The regioselectivity of the cycloadditton step is 

dependent on the length and nature of the chain linking the Mtchael acceptor and dipolarophile as wtll become 

apparent below. In the cases considered herem (N- 3- and-Calkenyl nitrones) only endo-transition states are 

stereochemically achievable and this greatly stmphfies the potential steteochermcal complexities of the products 

Scheme 1. Class 2, type 2 processes (i) 1,a / 3,b - bonding (ii) I,b / 3,a - bonding. 

N-(3-Alkenyl)nitrones. The reaction of both aldoxtmes and ketoximes (3) with the 1,3-dtenes (4a) and (4b) 

was studied. The mmal Michael addition furmshes the N-(3-alkenyl)mtrone (5) * (6) whtch can undergo 

cycloaddition to either (7) [Scheme 1, path (I)] or (8) [Scheme 1, path (it)]. In all cases studied (8) was the 

sole product (Table 1). 

P.m.r studies of the cycloadducts from the reaction of (3) with (4) faded to dtstmgutsh unequivocally 

between the alternative structures (7) and (8). However, the r3C n.m.r. spectra of the products clearly favoumd 

structure (g), e.g. the chemical shtft of the bridgehead tetrasubstttuted carbon atom C(4) tn (8d) occurs at 92.3 

Hz The calculated chemical shift of C(4) in (8, X=P(O)Ph,) 1s 93.4Hz whilst the calculated chemical shift for 

the analogous bridgehead carbon atom in (7) is 71 3Hz 5,6 Furthermore, a single crystal X-ray structure 
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o- 
R’ 

X 

R A \N.OH + x x Z=-“‘@$H 

(3) (4) a. X=C02M e 

-+--* R1&H 

; 

b. X=P(0)Ph2 
(5) x 

c. X=S02P h 
II 

H (9) 

(6) X 

a. R,R’=( CH&, X=C02M e 

b. R,R’=(CH,),, ‘X=C02Me 

c. R=H, R’=p-MeOCsH,,X=COzMe 

d. R,R’=(CH,),, X=P(O)Ph, 

e. R,R’=(CH& X=P(O)Ph, 

f. R=H, R’=Ph, X=P(O)Ph, 

g. R=R’=Me, X=P(0)Ph2 

Table 1. Reaction of oximes (3) with 1,3-dienes (4) to give 1-aza-7-oxabicyclo[2.2.l]heptanes(S). 

Oxime 1,3-Diene 

cyclohexanone 4a 

cyclopentanone 4a 

p-MeOC,H, 4a 

cyclohexanone 4b 

cyclopentanone 4b 

C,H, 4b 

acetone 4b 

Solvent TemdC) Time(h) Product 

MeCN 80 16 8a 

MeCN 80 16 8b 

xylene 140 72 8c 

xylene 140 12 8d 

xylene 140 12 8e 

xylene 140 8 8f 

xylene 140 16 8g 

a. 75% conversion to products b. 80% conversion to products c. 60% conversion to products 

Yield( %) 

92 

65 

30 

68 

77b 

63 

6W 
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determinauon shows the benzaldehyde oxime cycloadduct of (4b) has structure (8f) (Figure 1). Thus the 

intermediate nitrone derived from (E)-benzaldoxime has the (Z)-configuration, e.g. (5, R=H, R’=Ph) rather than 

the (E)-configuration(5, R=Ph, R’=H). This accords with observations from alkylation reactions of oximes that 

(Z)-aldonitmnes are the observed products from E-aldoximes? 

FIGURE1 

In neither of the two pre-transition state conformers (5) and (6) is it possible to superimpose the two 

patrs of reacting cenues correctly for the desired cycloaddition w&out bond angle deformation. Thus the 

cycloaddition transition state will reflect a balance of angle deformation and the degree of asynchroniety of 

bond formation in the concerted process. Although tt is possible to account for the observed regiochemistry 

in terms of overlap of the reacting centres with the highest FM0 coefficients* it is believed that the key factor 

m determming the regiochemisuy is the angle strain developing at the single atom bridges in transition states 

leading to the bicyclo[2.2.1] systems (7) and (8). The deformation is energetically less demanding for sp3 

oxygen with a smaller initial bond angle (but higher force constant) compared to sp3 carbon. The endo- 

orientation of the X group in (8) reflects the lower energy transition state arising from conformer (6) as 

compared to conformer (9). Padwa has reported an example of a class 2, type 2, process involving the 

dt(phenylsulphony1) butadtene (4~) and leading to cycloadducts (8, X=SO,Ph). His MMX calculauons indicate 

that the transition state leading to (8) is ca. 2.5 kcal/mol below that leading to (7) 9 

N-(4-Alkenyl)nitrone. 

a. From 1,4-Dienes. A series of 1,4-dienes (10 a,b) and (1 la-c) have been evaluated as bifunctional Michael 

acceptor/dipolarophile components with (lOa) being the most extensively studied. The reaction of the aryl 

aldoximes (12a-d) and (17a) with (10a) occurs m boiling xylene to furnish a single cycloadduct (15a-e) m 

moderate to good yield (Table 2). Thus the aldoxtme C-atom forms the single atom bridge. The intermediate 

N(4alkenyl)nitrones can undergo cycloadditton to give either (15) [scheme 1, path (i)] or (16)[scheme 1, path 

(it)]. The incorporation of the SO2 group into the chant linking the Michael component and dtpolarophile 

allows reasonable alignment of the two pairs of reacting centres in both the pre-transition state conformers (13) 

and (14). Kmettc selection between the two appears finely balanced (see below) with developing non-bonded 

mteracuons m the transition state(s) responsible for the outcome of the cycloaddition. Thus the sterically most 

demanding aldoxime (17b) reacts with (10a) to give a 2: 1 mixture of (15f) and (16a) and similarly the 

ketoximes of cyclopentanone, cyclohexanone, and acetone, and the 4-piperidone oximes (18a,b) give mixtures 

of the respective cycloadducts (15) and (16) and (19) and (20) (Table 2). Interestmgly when cyclohexanone 
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(10) a. X=SOz 
b. X=P(O)Pb 

(11) a. R=Me, R’=H 
(12) a. Ar=Pb 

b. Ar= 4-MeOC& 
b. R=Me, R’=C02Me c. AI== 4-OzNCsH, 

c. R=Et, R’=CO,Et 
d. Ar= 2,4-(MeO)zCgH3 

(13) a. X=S02 
b. X=P(O)Ph 
c. X=CH2 

R’ 

(15) a. R=H, R’=Ph 

b. R=H, R’=4-MeOC6Hd 

c. R=H, R’=4-02NCsH4 

d. R=H, R’=2,4-(MeO)$16H, 

e. R=H, R’=l-(4-methoxynaphthyl) 

f. R=H, R’=l-(2-methoxynaphthyl) 

g. R,R’= (CH2)r 

h. R,R’= (CH& 
i. R=R’=Me 

_ R’ 
- 

“B I 

(14) a. X=SOz 
HA 

b. X=P(O)Ph 
c. X=CH2 

08 

(16) a. R=H, R’=l-(2-methoxynaphthyl) 

b. R,R1=(CH2), 

c. R,R’=(CH& 

d. R=R’=Me p 
c& I 

\LR 
00 

R’ 

(17) a. R=H, R’=MeO 
b. R=OMe, R’= H 
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oxime was allowed to react with (10a) in acetonitrile at room temperature over 10 days a slow reaction occurred 

to grve (60%) essentially the same mixture of (15h) and (161~) as that obtained at 80t’C (Table 2). 

>N,0HLRN+‘a6 + RN RNw+6 

(18) a. R=Me (19) = (20) 
b. R=Ac 

Table 2. Reaction of Oximes with Divinyl Sulphone (1Oa) 

Oxime 

12a 

12b 

12c 

12d 

17a 

17b 

cyclopentanone 

cyclohexanone 

cyclohexanone 

18a 

18b 

acetone 

Solvent 

xylene 

xylene 

xylene 

xylene 

xylene 

xylene 

MeCN 

MeCN 

MeCN 

MeCN 

MeCN 

MeCN 

‘h&C) 

140 

140 

140 

140 

140 

140 

80 

80 

25 

80 

80 

80 

Time(h) 

6 

7 

34 

2.5 

16 

18 

5 

6 

240 

12 

24 

6 

Product(ratio) 

15a 

15b 

15c 

15d 

15e 

15f(l.6),16a(l) 

15&3.5),16b(l) 

15h(1),16c(1.8) 

15h( 1),16c( 1.6) 

19a(1),20a(l) 

19b(l),20b(l) 

15i(1),16d(l.4) 

Yield( %) 

60 

55 

55 

75 

84 

72 

100 

78 

60 

70 

55 

88 

The mcreased cham length m the N-alkenyl mtrone mtermediate (13 + 14) compared to (5 + 6) results tn the 

loss of the unfavourable angle strain at the single atom bridge m the transition states leadmg to (15) and (16). 
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Moreover, both (15h) and (16~) were recovered unchanged on heating in xylene at 14O“C for 20h. Making the 

assumption that this observation applies to the other isomeric mixtures of (15) and (16). or (19) and (20), we 

conclude that these isomer mixtures result from a kinetically controlled process. The explanation as to why 

aryl aldoximes (12a - d) and (17a) give a single product (15a - e), whilst ketoximes give mixtures of (15) and 

(16) is not immediately obvious although a study of molecular models is instructive. Assuming the aryl ring 

in (13a, R=H, R’=aryl) and (14a, R=H, R’=aryl) remains coplanar with the C=N-0 moiety as these 

conformations transform into the respective transition states, then the transition state derived from (14a) 

experiences steric compression between protons HA and Hs whilst that derived from (13a) does not. In the 

corresponding transition states of the cycloalkanone oxrmes, e.g. those derived from [13a, R, R’=(CH&,] and 

[14a, R, R’=(CH,),], significant non-bonded interactions develop between the psuedo axial C(8) R group and 

axial S-O moiety m the transition state derived from (13) thus offsetting the H,/Hr, steric compression in the 

transition state derived from (14). 

The observation that the rate of reaction of the arylaldoximes is in the order: 2,4-(MeO),C&I#- 

MeOC&I~>4-O,NC& (Table 2) reflects the importance of the nucleophilicity of the oxime nitrogen atom in 

the Michael addition (or ene-like) step. Padwa’ has reported analogous and in some cases identical examples 

to those reported m our preluuinary communications, of these tandem processes.z~3*10 Interestingly our result 

with acetone oxime and (10a) (MeCN, 80°C) gives (16d) as the maJor product whilst reaction in methylene 

chloride affords a 3:2 mixture of (15i) and (16d).9 

Isomers (15) and (16). or (19) and (20), are readdy distmgtushed by their p.m.r. spectra. An illustrative 

example is provided by (15h) and (16c). 

In both (15h) and (16c) the ABX systems are readily identified by decoupling experiments. In (15h) 

the signal for Hx occurs as part of a multiplet of overlapping signals at 6 3.58, whilst HA occurs at 6 4.27(dd, 

J 10 and 6.1 Hz) and H, at 6 4.56(d, J 10 Hz). In (16c) the proton Hx(6 4.90, dd) is deshielded by both the 

oxygen atom and the SO2 moiety. Protons HA and H, occur at 6 2.69(dd, J 14.6 and 9Hz) and 6 2.41(dd, J 

14 6 and 2.3 Hz) respectively. The coupling constant JAx > J,, as expected from the Karplus equation. 

Although a less extensive study of the reactions of oximes with (lob) was carried out it is clear that 

replacing the SO2 moiety m (10a) by the P(O)Ph moiety in (lob) has a marked effect on the mgioselectivuy 

of the tandem cycloaddition processes (Table 4). Thus (lob) reacts (xylene, 140°C, 48h) with 4- 

methoxybenzaldoxime (12b) to give a 1:2 mixture of (21a) and (22a). In contrast aliphatic ketoximes dcnved 

from acetone, cyclopcntanone, and cyclohexanone react (xylene, 14O“C, 24-6Oh) to give only (22 b-d) in 70- 

73% yield The stereochemistry of the cycloadducts is based on their p.m.r. data. The chair conformation with 

an axial P-phenyl substrtuent for (22~) IS denved from the data presented m Table 3. 
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Table 3. Chemical Shifts and Coupling Constants (CDCI,) for (22~). 

Proton 6 J(W 

A 4.71 AE 9.86, AD 3.48, Ap small, AG 2.04 

B 3.63 BC 15.48, BG 5.35, BF 12.04, BP 1.01 

C 3.48 CG 2.04, CF 6.86, CP 22.63 

D 2.78 

E 2.66 

F 2.20 FG 15.39. FP 16.28 

G 2.13 GP 16.30 

The chair conformation (22c), rather than a boat conformation with an equatorial P-Ph and axial P-O 

groups, is supported by the observation of a significant n.0.e. from the ortho-phenyl protons to the axial proton 

H, (not possible in the boat conformer). The 2-bond HP coupling constants for the H-C-P-O array are 

orientation dependant. For an H/O dihedral angle of 1800 the H/F coupling constant is very small (near zero) 

whilst for a dihedral angle of ca. 60’ a medium-sized HP coupling is expected.” In the chair conformation 

(22~) the P-C(6) conformation is as shown in Figure 2 (A) whilst that of corresponding boat conformer is 

shown in Figure 2(B). The observed coupling constants J, and J,, are both 16.3Hz (Table 3) thus supportmg 

conformer (22~). Finally calculations using the MOLGC program’* suggest the chair conformer (22c) is at least 

3 k&s/mole more stable than the corresponding boat conformer. Less extensive n.m.r. studies were carried 

out on (21a) but n.0.e. data again suggest the P-Ph group has an axial orientation. Thus irradiation of 8-H 

effects a 5.5% enhancement of the o-Ph protons. 

2 

(21) a. R=H, R’= 4-MeOCsHI (22) a. R=H, R*= 4.MeOCsH4 
b. R=R’=Me 

c. R,R’=(CH& 

d. R,R’=(CH& 
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“F 

t-4) 
Figure 2 

The regiochemical outcome of the tandem processes involvmg (10a) and (lob) is summarised in 

Table 4 

Table 4. Regiochemistry of Tandem Cycloaddition Reactions of Oximes with (lOa) and (lob). 

Oxime type Divinylsulphone Divinyl phenylphosphine oxide 

Aldoximes Regiospecific C-bridged’ C- and O-bridged adductsb 

Ketoximes C- and O-bridged adducts Regiospecific 0-bndged 

a. C-bridged = (15) or (19), O-bridged = (16) or (20). 

b. C-bridged = (21). 0-bndged = (22). 

The reversal of regiochemical trends evident in Table 4 reflects the steric demand of P(O)Ph versus SOP 

The axial orientation of the P-Ph group in (22) is more easily accommodated due to the decreased 1,3- 

diaxral interacttons consequent on replacing a ring methylene by an oxygen atom and suggests a role for mternal 

dipole compensation in lowering the transition state energy.” Thus the preferred transition state is arises from 

the conformer in which the dipoles are opposed [Figure 3 (A)] rather than one in which they are aligned [Figure 

3 WI. 

(A) 

Ph 

@) 

Figure 3 
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Only one example of a tandem process involving (1 la) was studied. The reaction of cyclohexanone 

oxime with (1 la) required severe conditions (mesitylene, 165’C, 4dy) and gave a 2: 1 mixture (56%) of (23a) 

and (24a). This result is not inconsistant with the report that (25a) undergoes thermal cycloaddition (toluene, 

1 10°C, 3h) to give a 1:2.3 mixture of (23b) and (24b).i4 Oppolzer has shown that certain N-alkenylnitrones (25) 

undergo regiospecific cycloadditions to give analogues of (23). In this latter case the nitrones were prepared 

from N-alkenyl hydroxylamines. I4 The conformations of (23a) and (24a) were assigned from p.m.r. studies. 

In particular the peak width of the multiplets for the 6-endo-H in (23a) and (24a) were >3OHz as expected for 

coupling to two adjacent equatorial and axial protons. We have calculated the energy difference between (23b) 

and (24b) and their respective boat conformers using the MOLOC program. The 1-aza-2-oxabicyclo 

[3.2.l]octane (24b) is 1.3 kcal/mole more stable than (23b) whilst the corresponding boat conformers are 3-4 

kcal/mole less stable than (23b) and (24b). 

(23) a. R,R1=(CIQ5, R2=C02Me 

b. R=R’=R2= I-I 

’ (24) (25) a. R=R’=H 

Two examples of the reaction of (llb,c) with oximes were studied. Thus cyclopentanone and 

cyclohexanone oximes and (1 lb) or (1 Ic) react slowly (xylene, 140°C, 72h, 80% conversion) to give a single 

product (27a) and (27b) m each case in 72-76% yield. Thus the lowest energy transnion state is derived from 

conformer (26) (Scheme 2). 

- 

N-OH 

_ 

C02R 

(27) a. n=l, R=Me 
b. n=2, R=Et Scheme 2. 
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The stereochemistry of (27) was established by n.0.e. studies. For example irradiation of HA in (27a) 

resulted in enhancement of the signals for Hx (5%). 

The synthesis of the diene diesters (11 b) and (1 lc) are outlined in Scheme 3. 

CO*R ROpC COgI 

(9, (ii) _ 
COzR 

- 
(iii), (iv) 

RO,C 

Me,N Me,N )1, w 

(11) ;;=ge 
. = 

Scheme 3. (i) LDA / THF / HMPA / -7S” C (ii) (iii) Me1 / MeOH / 25” C 

(iv) DBN / CsH6 / 80” C 

b. From l$Dienes. A series of bifuncttonal 1,Sdiene substrates (28)(30) was prepared as outlined in 

Schemes 4 and 5. 

X 

Me2N Me,N 

X=C02Et or SOzPh 

(28) X=R=C02Et 
(29) X=S02Ph, R=C02Me 

Scheme 4. (i) LDA / THF / HMPA / -78’ C (ii) Br (iii) Me1 / MeOH / 25’ C 

(iv) DBN / CsHc / 80” C (v) 1 N HCI / 100’ C (vi) Ph3P=CHR / CHzClz /25T 

Both (28) and (29) react slowly (xylene, 140°C. 48h, 70% conversion), but regio- and stereo-specifically, 

wnh cyclopentanone oxime to give (33a) and (33b) respectively, both in 61% yield (scheme 6). Cyclohexanone 

oxime reacts analogously (xylene, 140°C, 48h, 70% conversion) with (28) to gtve (33c)(57%). The initral 

Michael addition that leads to products thus occurs at the internal olefin leading to the N-alkenyl nitrones 

(32a,b). Products derived from the altemanve Mtchael adduct (31a,b) are not observed (scheme 6). 

oJ--Lo (i) - MeO cAco Me 
2 (30) 2 

Scheme 5. (i) PhJP=CHC02Me / CHzClz / 25O C 
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NOH X 

+ A+h02R w 
X 

1 I 

(3% 

Wb) 

H 
(3lb) 

(33) a. n=l, R=Et, X=C02Et 
b. nd, R=Me, X=S02Ph 
c. n=2, R=Et, X=C02Et 

Scheme 6. 

The structures of (33 a-c) are assigned on the basis of their p.m.r. spectra. A typical example is 

provuied by the spectrum of (33a) which exhibrts an AB pattern for protons Hn and HE at 6 2.34 and 2.24, 

whilst HB and H, give rise to two double doublets at 8 2.89(J 15.9 and 6.1Hz) and 82.65(5 15.9 and 8.3 Hz). 

Model building suggests a half-chatr conformation (34) in the SIX membered nng of (33a) to relieve the stem 

hmdrance between H,, & and the methylene protons of the cyclopentane ring. This conformational change 

results in an HAS dihedral angle of ca. 30’ and an HAHY dihedral angle of ca. SO0 m the model. This 

suggestion IS supported by the observed coupling constants with JAG=6 Hz, and J,v=lHz. 

It is assumed that both Michael adducts (31) and (32) are formed but that the cycloaddition transition 

state derived from (32) 1s of significantly lower energy, t.e. cycloaddition 1s the rate determrning step. In 

nttrone (31) the subsidiary nng forming in the transition state is 7-membered compared to the 6-membered 

subsidiary ring formed in (33). 
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% 

_t5 I 
o- 
I 

+N. 
H COpMe 

R' 

Y Me02C 4 -- d' 

H 

(35) 

(30) 

(37) a. R,R'=WH& 
b. R=H, R'=Ph 

Scheme 7 \ 
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” . M*Oq&y +pJ-+y2- co2Me 

H 

(38) (39) a. R = H, R’ = Ph 

Cyclohexanone oxime reacts slowly (xylene, 14@C. 24h. 60% conversion) with the 1,5diene (30) to 

give a single cycloadduct (37a) (80%) (scheme 7). The stereochemistry of (37a) was established by extensive 

p.m.r. studies involving decoupling, 2D-COSY and n.0.e. expenments. The chair conformation of the pyran 

ring and the axial orientation of the 7-CHJO,Me moiety could be interpreted as arising via a transition state 

denved from nitrone conformation (35) (scheme 7) and may reflect the reduced diaxial interactions consequent 

on replacing a ring methylene group by an oxygen atom. Alternatively, the steric compression resulting from 

the RI/O and O/CH,C!O,Me interactions may favour the psuedo boat conformer (36) as the transition state 

precursor. Products arising from conformers (38) and (40) and their corresponding psuedo boat conformers are 

not observed m this case (scheme 7). 

An analogous reaction between benzaldoxime and diene (30) also proceeds slowly (xylene, 14O”C, 24h, 

75% conversion) but affords a 1:l mixture of (37b) and (39a) together with trace amounts of two minor 

isomers. One of the minor isomers was isolated and was shown to have structure (41a) by extensive p.m.r 

stu&es. The other mmor Isomer IS presumably the C(3)-epimer of (37b). These two minor isomers are 

believed to anse from trace amounts of a cis-isomer of (30) produced in the Wlttlg reaction. 

N.0.e. studies enabled the methylene protons of the cyclohexyl nng adjacent to the bridged nng to be 

ldentlfied m (37a). Thus madlation of the 7-endo-H (6 3.5 1) caused enhancements of the slgnal of the 9-axlal- 

H (5%) (6 2.05) and nradiatlon of the 3-H(62.94) results in enhancement of the signals for the 9-equatorial 

H(8%) (6 1.93), the 9-axial-H(2%) and 4-H (2.5%). 

Experimental General details were as previously descnbed.” Divinyl Sulphone was obtained from Aldrich. 

2,3-Dl(methoxycarbonyl)buta-1,3-diene, , I6 2 3-diphenylphosphmylbuta-1,3-&ene,” divinyl phenylphosphlne 

oxide,‘* and methyl penta- 1,4-d1ene-2-carboxylate’~ were prepared by the literature methods. Petroleum ether 

refers to the fraction with b.p. 40-6O’C. 
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Bifunctional Substrates. 

a. 2.4~Di(ethoxvcarbonvl)-5dimethvlaminonent- 1-ene. To a solution of diisopropylamine (11 .O ml, 78.6 mmol) 

in dry THE (180 ml) at -78’C (under nitrogen) was added 1.6M n-BuLi(49.1 ml, 78.6 mmol). After stirring 

at -78’C for 20 reins, ethyl 3-(dimethylamino) propionate (10.8 g, 74.8 mmol) was mtroduced and the mixture 

was stirred at -78’C for a further 30 mins. A solution of ethyl a-bromoethyl acrylate (15lg, 78.6 mmol) in 

HMPA (13.6 ml, 78.6 mmol) was added slowly and the reaction mixture was left at 25’C for a further 2h. 

After quenching with saturated NH&l solution, the crude product was extracted with ether (3x) and the 

combined extracts were washed with water several times, dried over MgSO, and evaporated to dryness. The 

residual oil was distilled to give the product as a colourless oil (58g, 30%), b.p. 70-72°C/0.1mmHg. (Found: 

C, 60.15; H, 8.75; N, 5.55. C,,H,NO., requires C, 60.65; H 9.0; N, 5.45%); 6 6.16 and 5.58(2 x d, 2 x lH, 

C&=C), 4.20 and 4.11(2 x q, 2 x 2H, OC!&Me), 2.98-2.19(m, 5H), 2.22(s, 6H, NMe,), 1.31 and 1.22(2 x 3H, 

OCHW; m/z(%) 257(M+, 5). 212(2), and 58(100); v,, 3439, 1893, 1629, 688 and 604 cm-’ 

b. 2,4-Di(ethoxvcarbonvl)-5-dimethvlaminonent-I-ene methiodide. To a solution of 2,4di(ethoxycarbonyl)-5- 

dlmethylaminopent-1-ene (5g, 19.5 mmol) in methanol (50 ml) at 25’C was added iodomethane (14.5 ml, 232.9 

mmol). After being allowed to stand in the dark for 18h, the mixture was concentrated and the residue washed 

with ether, leavmg the methiodlde (7.0 g) which was used directly in the next step of the transformation. 

c. 2,4-Dr(ethoxvcarbonvl)-1.4~ncntadiene. Prepared from 2,4-di(ethoxycarbonyl)-5-dimethylaminopent-1-ene 

methiodide (9.0 g, 22.5 mmol) and 1,5-diazabicyclo[4.3.0]non-5-ene (DBN) (4.9g, 39.5 mmol) in boiling 

benzene for 2.5 h. The reaction mixture was washed with 1N HCl, water, saturated NaCl solution, and dried 

over Na$O,,. The benzene was evaporated (low temperature water bath) to give the product as a colourless 

oil (1 2 g, 25%) (Found: C, 62.0, H, 7.75. C,,H160, requires C, 62.25; H, 7.6%); 8 6.25 and 5.58(2 x s, 2 x 

lH, =CH,), 4.2O(q, 4H, OCHHMe), 3 38(s, 2H, CH,), and 1.28(t, 2 x 3H, OCH+J; m/z(%) 212(M+, 13), 

166(100) and 138(90) 

Ethvl 6-ethoxvcarbonvlheuta-2,6_dienoate(28). 

a. 2-~~-Ethoxvcarbonvl-d-dimethvlaminobutvl)-l,3-dioxolane. Obtained from the reacuon of ethyl 3- 

(drmethylamino)propionate (10.85g, 74.8mmol) and 2-(2’-bromoethyl)-1,3dioxolane (14.22g, 78.6mn-101) in a 

manner analogous to that described above. The product distilled as a colourless oil (5.8 g, 31%), b.p. 86- 

88°C/0.1mmHg. (Found: C, 58.95; H, 9.6; N, 5.8. C,,H,NO, requires C, 58.75; H, 9.45; N, 5.7%); 8 4.85(t, 

lH, CHO), 4.16(dq, 2H, Of&Me), 3.94 and 3.84(2 x m, 2 x 2H, O(CHJ,O), 2.62(m, 2H, CH,N), 2.21(s, 6H, 

NMe,) which obscured multiplet of CI-_ICO,Et, 164(m, 4H, 2 x CHJ and 1.25(t, 3H, OCHW; m/z(%) 

245(M’, 2), 200(2), 73(16) and 58(100). 

b 2-(3’-Ethvoxvcarbonvlbut-3’-envl)-1,3-dioxolane. Obtained in a manner similar to that described above as 

a colourless liquid (74%) from preparative t.1.c. eluting with 50% v/v ether-petroleum ether. (Found: C, 60.2, 

H, 8 15. C,&,O, requires C, 60.0; H, 8.05%); 8 6.16 and 5.56(2 x s, 2 x lH, =CHJ, 4.90(t, lH, CHO), 

4.21(q, 2H, OC&Me), 3.96 and 3.86(2 x m, 2 x 2H, O(CHJ,), 2.45 and 1.86(2 x m, 2 x 2H, 2 x CH,) and 

1.30(t, 3H, OCHW; m/z(%) 2OO(M+, 0.5), 171(2), 155(7), 127(l), 99(3), 86(5) and 73(100). 
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c. 4-Ethoxvcarbonvl-4-nentenal. 1 N Hydrochloric acid (1.5 eq) was added to a solution of 2-(3- 

ethoxycarbonylbut-3-enyl)-13dioxolane in THF and the mixture was boiled under reflux for’ 2.5 h. The 

reaction mixture was extracted with ether, washed with water, dried over Na.$O., and evaporated to dryness. 

The product was obtained as a colourless oil (71%) from preparative t.1.c. eluting with 50% v/v ether-petroleum 

ether. (Found: C, 61.45; H, 7.8. GH,,O, requires C, 61.5; H, 7.75%); 6 9.79(s, lH, CHO), 6.22 and 5.61(2 

x s, 2 x lH, =Cl&.j, 4.22(q, 2H, OC&Me), 2.67(s, 4H. 2 x Cw and 1.32(t, 3H, OCW; m/z(%) 156(M’ 

0.9), 127(2), 111(0.9), 83(25) and 73(100). 

d. Ethvl(6-ethoxvcarbonvll-2.6hentadienoate. Prepared from 4-ethoxycarbonyl-4-pentenal(3.0 g, 19.2 mmol) 

and (ethoxycarbonyl-methylene) triphenylphosphorane (8.0 g, 23.1 mmol) in methylene chloride at room 

temperature overnight. The methylene chloride was evaporated and the residue treated with ether to precipitate 

triphenylphosphine oxide which was removed by filtration. The filtrate was evaporated and the residual oil 

&stilled to give the product as a colourless liquid (2.2g, 51%), b.p. 88-90°C/0.1mmHg, (Found: C, 63.95; H, 

7.95. C,,H,rO, requires C, 63.95; H, 7.6%); 6 6.95( m, lH, =cH_CH&, 6.20 and 5.55(2 x s, 2 x lH, =CH,), 

5.83(d, lH, J 15.6Hz, =CHCO&t), 4.22 and 4.17(2 x q, 2 x 2H, OC&Me), 2.43(m, 4H, 2 x CH$ and 1.28(2 

x t, 2 x 3H, Ow; m/z(%) 226(M+, 2), 181(43), 152(30) and 73(100). 

Methvl 6-nhenvlsulnhonvlhenta-2,6dienoate(29). 

a 2-(3-Phenvlsulnhonvl-&limethvlaminobutvl)- 13dioxolane. Obtained from the reaction of 2- 

(dimethylamino)ethyl phenyl sulphone (8g, 37.5mmol) and 2-(2-bromoethyl)-1,3dioxolane (7.13g, 39.4 mmol) 

according to previous procedure. The producr formed colourless rods (7.lg, 60%) from methyiene chloride- 

ether, m.p. 75-77’ (Found: C, 57.25; H, 7.45; N, 4.55; S, 10.4. C,&NO,S requires C, 57.5; H, 7.4; N, 4.45; 

S, 10.25%); 6 7.89(m, 2H, ArH), 7.59(m, 3H, ArH), 4.83(t, lH, CHO), 3.79-3.94[m, 4H, O(Cw,O], 3.24(m, 

IH, CHSO,), 2.65 and 2.42(2 x dd, 2 x IH, CH,N), 2.08(s, 6H, NMQ and 2.06-1.80(m, 4H, 2 x CHJ; m/z(%) 

313(M+, 3), 255(8), 241(4), 172(4), 142(5), 73(45) and 58(100). 

b. 2-(3’-Phenvlsulnhonvlbut-3’-envl)-1.3-dioxolane. Obtained as a colourless liquid (60%) from pteparattve t.1.c. 

eluting with ether. (Found: C, 58.45; H, 5.8. C,,H,,O.,S requires C, 58.2; H, 6.0%); 6 7.88(d, 2H, ArH), 

7.59(m, 3H, ArH), 6.40 and 5.77(2 x s, 2 x lH, =CHA, 4.82(t, lH, CH-0), 3.85(m, 4H, O(CH&O), 2.38 and 

1.82(2 x m, 2 x 2H, 2 x CH,); m/z(%) 268(M+, l), 127(2), 113(2) and 73(100). 

c 4-Phenvlsulnhonvl-4-nentenal. Obtamed from 2-(3’-phenylsulphonylbut-3’-enyl)-1,3dioxolane in a manner 

analogous to that described above. The product was obtained as a colourless liquid (80%) by preparative t.1.c. 

elutmg wrth ether. (Found: C, 58.8; H, 5.4; S, 14.35. C,,H,,O,S requites C, 58.9; H, 5.4; S, 14.3%); 6 9.71(s, 

lH, CHO), 7.87(d, 2H, At-H), 7.6O(m, 3H, ArH), 6.41 and 5.78(2 x s, 2 x lH, =CHr), 2.75 and 2.56(2 x t, 2 

x 2H, 2 x CH,); m/z(%) 224(M+, 0.5), 196(3), 143(6) and 83(100). 

d. Methvl(6-nhenvlsulnhonvl)-2,6-heutadienoate. Prepared from 4-phenylsulphonyl-4-pentenal (O.gg, 4 mmol) 

and (methoxycarbonylmethylene) triphenylphosphorane (1.4g, 4.2 mmol) in an analogous manner to that 

described above. The crude product was purified by flash chromatography eluting with 50% v/v ether- 

petroleum ether to give a colourless oil (0.8g, 71%). (Found: C, 60.1; H, 5.95; S, 11.5. C,,H,,O,S requnes 

C, 59.75; H, 6.1; S, 11.4%); 6 7.88(m, 2H, ArH), 7.54-7.68(m, 3H, ArH), 6.81(m, lH, =CuCH& 6.42 and 
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5.75(2 x s, 2 x lH, =CH.&, 5.76(d, lH, J 15.6 Hz, =CflCOZMe), 3.72(s, 3H, OMe) and 2.39(m, 4H, 2 x CH,); 

m/z(%) 281(M + 1, 2.6), 249(4), 221(0.7), 141(11), 139(6), 12(15), 110(34), 85(15) and 77(100). 

Dimethvl trans. trans-octa-2,6diene-1.8-dioateQO). A solution of carbomethoxymethylenetriphenylphosphorane 

(38.88, 116 mmol) in dry methylene chloride (100 ml) was added at room temperature to a stirred solution of 

succmaldehyde (5.Og, 58 mmol)20 in dry methylene chloride (50 ml). The resulting solution was stirred at room 

temperature for 18 hrs, solvent removed and the residue trimrated with ether to remove the crystalhne 

triphenylphosphine oxide. The ether solution was concentrated and purified by flash chromatography (Siq) 

eluting with 1:9 v/v ether-petroleum ether followed by distillation. The product (8.4g, 73%) disulled as a 

colourless oil, b.p. 95-10&X).2 mm Hg (Found: C, 60.5; H, 7.3. C,&,O, requites, C, 60.6; H, 7.1%); 6: 

6.94(m, 2H, 2 x a=CHCO,Me), 5.87(d, W, J 15.5 Hz, 2 x = CHCQMe), 3.73(s, 6H, 2 x CO,Me) and 

2.39(m, 4H, 2 x CH._,). m/z(%): 198(M+, 3), 167(53), 166(27), 139(23), 138(100), 134(28), 107(47), 106(23), 

99(59), 79(82), 78(23), 75(28), 71(31), 68(60) and 59(39). 

Cycloaddition Reactions 

A. With 2,3-di(methoxycarbonyl)buta-1,3-diene. 

Cvcloadduct (8,). A solution of cyclohexanone oxtme (500 mg, 4.4 mmol) and 2,3-di(methoxycarbonyl)buta- 

1,3-diene(75Omg; 4.4 mol) in acetonitnle (15ml) was boiled under reflux under a nitrogen atmosphere for 16 

hrs. The solvent was removed under reduced pressure and the residue purified by flash chromatography (SiO,) 

eluting with 1:l ether-petroleum ether to give the product (l.l5g, 92%) as colourless prisms, m.p. 72’C, form 

ether-petroleum ether (Found: C, 59.2; H, 7.55;N, 4.85. C,,H,rNO, requires, C, 59.35; H, 7.45 and N, 4.95%); 

6 3.82(s, 3H, 4-CO,Me), 3.72(dd, lH, J 4.3 and 12.1 Hz, 6- exo -H), 3.69(s, 3H, 5-CO,Me), 3.59(dq, lH, J 2.1, 

4.2 and 10.6 Hz, 5-H), 3.39(dd, lH, J 10.6 and 12.1 Hz, 6- endo -H), 2.05(dd, lH, J 2.2 and 12.5 Hz, 3- exo - 

H), 1.71(d, IH, J 12.4 Hz, 3- endo -H), 1.47-1.79(m, 8H, 4 x CH,), and 1.27(m, 2H, CH,); m/z(%), 283(M+,33), 

252(17), 224(52), 189(15), 188(17), 171(9), 139(39), 126(100), 113(11), 110(13), 86(17) and 84(25). 

Cvcloadduct (8b). A solutton of 2,3-&(methoxycarbonyl)buta-1,3-diene(0.32g, 1.88mmol) and cyclopentanone 

oxime (O.l8g, 1.88 mmol) in acetonitrile was boiled under reflux for 16h. The solvent was then evaporated 

under reduced pressure and the residue purified by preparative t.1.c. eluting with 50% v/v ether-petroleum ether 

The product formed colourless prisms (0.3g, 65%) from ether-petroleum ether, m.p. 75-77’C (Found: C, 58.25, 

H, 6.85; N, 5.0. C,,H,,NO, requires C, 57.95; H, 7.1; N, 5.2%); 6 3.83 and 3.71(2 x s, 2 x 3H, OMe), 3 54(m, 

3H, 5-H and 2 x 6-H), and 2.18 and 1.99(2 x d, 2 x lH, J 12 5Hz, 2 x 3-H), 1.57-1.79(m, 8H, 4 x CH,); 

m/z(%) 269(M+, 22), 238(14) and 210(100). 

Cvcloadduct (8~). A solution of 2,3-di(methoxycarbonyl)buta-1,3-diene (0.34g, 2mmol) and p-methoxy- 

benzaldehyde(0.30g, 2mmol) in xylene was boiled under teflux for 3 d. After work up as above the restdue 

was purified by preparative t.1.c. eluting with 50% v/v ether-petroleum ether to afford the product as a 

colourless thick oil (O.l9g, 31%) (Found: C, 59.6; H, 6.1; N, 4.55. C,&,N06 requires C, 59.8; H, 5.95; N, 

4.35%); 6 7.30 and 6.88(2 x m, 2 x 2H, ArH), 4.17&l, lH, J 8.1 and 5.4 Hz, 2-H) 3.86, 3.78 and 3.77(3 x 

s, 3 x 3H, OMe), 364(m, 2H, CH,N), 3.4O(dd, lH, J 8.7, and 1.6Hz, 5-H) and 2.74 and 2.31(2 x dd, 2 x IH, 
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CH,); m/z(%) 32l(M+, 93), 276(42), 262(42), 151(43) and 134(100). 

B. With 2,3-di[bis(phenylphosphinyl)]buta-l&diene 

General Procedure. A solution of the oxime (10 mmol) and 1,3-diene (4b) (10 mmol) in xylene (4Oml) was 

boded under reflux for 8-16h. Removal of the solvent afforded the crude product which was analysed by its 

p.m.r. spectra and purified according to the procedures detailed below. Yields and reaction times are listed in 

Table 1. 

Cvcloadduct (8d). The crude reaction product, a colourless gum (lOO%), was found to comprise (8d) (75%), 

together with unchanged starting materials (25%). Crystallisation of the gum from benzene afforded (8d) (2.8g, 

68%) (based on 75% conversion of reactants) as colourless plates, m.p. 189-19O’C. (Found: C, 69.95; H, 6.4; 

N, 2.55. C&H,,NO,P,. H,O requires C, 69.7; H, 6.3; N, 2.4%); G(CDC1, + 1 drop C,D,); 7.45(m, 2OH, ArH), 

3.78(ddd, lH, J 13.7, 11.7 and 5.3Hz, 6-exo-H), 3.55(m, lH, 5-H), 3.48(d, lH, J 12.0, Hz, 3-endo-H) 3.45(ddd, 

lH, J 11.3, 7 3 and 11.3Hz, 6-endo-H), 1.98(dd, lH, J 12.0 and 1.9Hz, 3-exo-H), 1.82, 1.60, 1.44 and 1.16(4 

x m, lOH, 5 x CH,); these proton assignments are based on the 2D-‘H-COSY spectrum; “C(CDC1, + drop 

CJ&,), 130.0(m, Arc), 92.4(d, J 6.56Hz, C-4), 70.75(s, C-2), 52.63(d, J 5.1 Hz, C-6), 44.5O(dd, J 7.7 and 69.0 

Hz, C-5), 40.97(d, J 3.61Hz, C-3), 38.04(d, J 3.61, cyclohexane-C), 31.13, 25.13, 24.02 and 21.74(4 x s, 4 x 

cyclohexane-C). The assignment of secondary (s), ternary (t) and quatemary (q) carbon atoms was confirmed 

by a DEPT spectrum; m/z(%) 567(M+, I), 454(37), 377(14), 113(100) and 72(47). 

Cycloadduct (gel. The p.m.r. spectrum of the crude reaction product indicated 80% converston to product 

Crystallisation from benzene afforded (8e) (1.65g, 77%) (based on 80% conversion of starting materials), as 

colourless rods, m.p. 189-19O’C. (Found: C, 74.45; H, 6.3; N, 2.0. C,,H,,NO,P,. H,O requires C, 74.15; H, 

6.2; N, 2.2%); 6 7,56(m, 2OH, ArH), 3.55(d, lH, J 12.OHz, 3-endo-H), 3.34(m, 3H, 5-H and 2 x 6-H), 1.87(m, 

lH, CH), and 2.16, 1.62 and 0.83(3 x m, 8H, 4 x CH,). m/z(%): 553(M+, 2), 454(60), 377(20), 201(48) and 

55( loo). 

Cvcloadduct (8Q. The p.m.r. spectrum of the crude reaction product indicated 90% conversion to product. 

Crystalhsatlon from benzene afforded (8f) as chunky colourless cubes (1.9g, 63%), m.p. 145-146’C. (Found: 

C, 70.65; H, 5.4; N, 2.55. C&H,,N0,P2. H,O requires C, 70.55; H, 5.6; N, 2.35%); 6 7.35(m, 2OH, ArH), 

4.23(dd, lH, J 8.0 and 4.4Hz, 2-H), 4.07(dd, lH, J 12.0 and 8.0 Hz, 3-endo-H), 3.50(m, 2H, 2 x 6-H), 3.28(dd, 

lH, J 13 6 and 5.4Hz, 5-H), and 2.16(m, lH, 3-exo-H), ‘H NOEDS(%). nradratlon of 3-endo-H causes 

enhancement of the 6-endo-H(2%), 2-H(2.5) and 3-exo-H(31). The complete stereochemistry was 

unambrguously determined by a single crystal X-ray structure (Rg. 1). 

Cvcloadduct (@a. The p.m.r. spectrum of the crude product indicated 60% conversron to product. Fractional 

crystalhsatton from benzene afforded (8g) (0.6g, 60%) (based on 60% converston) as colourless plates, m.p. 

194-196’C; (Found: C, 69.8; H, 5.95; N, 2.65. C,,H,,NO,P, requites C, 70.05; H, 6.25; N, 2.65%); G(CDC1, 

+ CJI,), 7.84 and 7.20(2 x m, 2OH, ArH), 3.61(d, lH, J 11.7Hz, 3-endo-H), 3.20 and 3 45(2 x m, 3H, 5-H and 

2 x 6-H), 1.80(ddd, lH, J 11.4, 11.4 and 1.5Hz. 3-exo-H), 1.36 and 0.82(2 x s, 2 x 3H, 2 x Me); m/z(%), 

527(M+, 4), 454(100), 377(31), 253(35), and 201(41). 
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C. With divinylsulphone 

General Pmcedure. A solution of the oxime (10 mmol) and divinyl sulphone (10 mmol) was boiled under 

reflux in xylene or acetonitrile (20ml) for the time shown in Table . Removal of the solvent in vacua afforded 

the crude product which was purified according to the procedures detailed below. Yields and product rauos 

are collected m Table 2. 

Cvcloadduct (15a). The product crystallised from benzene as fine colourless needles, m.p. 171-172’C. (Found: 

C, 55.5; H, 5.5; N, 5.65. C,,H,,NO,S requires C, 55.25; H, 5.5; N, 5.85%); 6 7.31(m, 5H, ArH), 5.15(s, lH, 

8-H), 4.56(d, lH, J 8.OHz, 3-exo-H), 3.9(m, 3H, 3-endo-H, 4-H, and NCH), 3.41(m, 2H, SO&H and NCH), 

and 3.12(m, lH, SO&H); m/z(%) 239(M’, 58), 148(10), 121(100), 117(53), and 77(35). 

Cvcloadduct (15b). The product crystallised from benzene as colourless plates, m.p. 155-15@C(Found: C, 

53.85; H, 5.35; N, 5.4. C,,H,,NO,S requires C, 53.55; H, 5.6; N, 5.2%); 6 7.35 and 6.89(2 x m, 2 x 2H, ArH), 

5.11 s, lH, 8-H), 4.55(d, lH, J 8.8Hz, 3-exo-H), 3.84(m, 6H, inc. 3.81, s, 3H, OMe, 3-endo-H, 4-H, and NCH), 

3.44(m, 2H, NCH and SO,H), and 3.10(m, lH, SO&H); m/z(%) 269(M+, 99), 177(4), 151(1OO) and 134(51). 

Cvcloadduct (15~). The product crystallised from benzene as chunky colourless rods, m.p. 239-241’C (Found: 

C, 46.6; H, 4.2; N, 10.05. C,,H,,N,O,S reqtures C, 46.5; H, 4.25; N, 9.85%); 6 8.24 and 7.65(2 x m, 2 x 2H, 

ArH), 5.22(s, lH, 8-H), 4.53(d, lH, J 9.8Hz, 3-exo-H), 3.92&i, lH, J 5.6 and 2.8Hz, 4-H), 3.78(m, 2H, 3-endo- 

H and NCH), 3.45(m, 2H, NCH and SO&H) and 3.15(m, lH, SO&H); ‘H NOEDS(%): Irradiation of 4-H 

causes enhancement of the signal for 8-H (2) and 0-ArH(5); irradiation of 8-H effects enhancement 4-H(2), 

0-ArH(4) and the 6-exo-H(5.5); irradiation of the 3-endo-H causes enhancement of 8-H(0.5), 6-exo + 7-exo- 

H(5) and the 3-exo-H(28); m/z(%) 284(M+, 25), 193(10), 166(13), 149(24), and 54(100). 

Cvcloadduct (15d). The product crystallised from benzene as colourless plates, m.p. 193-194’C (Found: C, 

52.45; H, 5.9; N, 4.6. C,,H,,NO,S requires C, 52.15; H, 5.75; N, 4.7%); 6 7.45 and 6.46(2 x m, 3H, ArH), 

5 21(s, lH, 8-H), 4.45(d, IH, J 9.3Hz, 3-exo-H), 3.84(m, 9H, inc. 3.86 and 3.80, 2 x s, 2 x 3H, 2 x OMe, 3- 

endo-H, 4-H, and NCH), 3.41(m, 2H, NCH, SO,H), and 3.06(m, lH, SO&H); m/z(%) 299(M+, 51), 268(23), 

171(27) and 149(100). 

Cvcloadduct (15e). The product crystallised from ether-hexane as fine colourless needles, m.p. 232-233’C. 

(Found. C, 60.05; H, 5.3; N, 4.65. C,,H,,NO,S requires C, 60.2; H, 5.35; N, 4.4%); 6 8.37, 7 96, 7.75 and 

6.84(4 x m, 6H, ArH), 5.70(s, lH, 8-H), 4.53(d, lH, J g.9Hz, 3-exo-H), 3.98(m, 6H, inc. 3.00, s, 3H, OMe, 3- 

endo-H, 4-H, and NCH), 3.62(m, 2H, NCH and SO&H), and 3.25(m, lH, SO&H); m/z(%) 319(M+, lo()), 

301(7), 201(20) and 185(19). 

Cvcloadducts (150 and (16a). Trituration of the crude reaction product with ether gave a pale yellow solid 

(72%) which comprised a 1.61 mixture of (15f) and (16a). The isomers were separated by flash 

chromatography (SiO,) eluting with a 3:3:17 v/v mixture of ether-acetone-petroleum ether (Found (mixed 

isomers): C, 59.8; H, 5.5; N, 4.15. C,,H,,NO,S requires C, 60.15; H, 5.35; N, 4.4%). 

(af) Obtamed as buff prisms from benzene, m p. 204-205’C. 6 8.75, 7.85, 7.75, 7.50, 7.35 and 7.25(6 x m, 
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6H, ArH), 5.84(s, lH, 8-H), 4.61(d, lH, J 9.5Hz, 3-endo-H), 4.22(dd, lH, J 5.5 and 2.8Hz, 4-H), 4.09(dd, lH, 

J 9.5 and 5.5Hz, 3-exo-H), 4.00(s, 3H, OMe), 3.85(m, lH, 7-exo-H), 3.62(m, lH, 6-endo-H), 3.54(m, lH, 6- 

exo-H), and 3.2O(m, lH, 7-endo-H); m/z(%) 321(M + 2,17), 320(18), 319(M+, lOO), 288(69), 227(11), 158(11), 

and 127(32). 

(16a) Obtained as fawn plates from benzene, m.p. 252-254’C. 6 8.32, 7.90, 7.75, 7.40 and 7.30(6 x m, 6H, 

ArH), 5.39(dd, lH, J 10.0 and 8.OHz, 2-H), 5.13(m, lH, 4-H), 4.63(m, lH, 7-endo-H), 4.00(s, 3H, OMe), 

3.84(m, 2H, 6-exo-H and 7-exe-H), 29O(d oft, lH, J 14.6,9.4 and 9.4Hz, 6-endo-H), 2.82(dd, lH, J 13.7 and 

4.2Hz, 3-endo-H) and 2.85(dd, lH, J 13.2 and 5.3H2, 3-exo-H). 

The stereochemistry of these adducts is based on NOEDS data (Table 5). 

Table 5. NOEDS results (CDCI,) for cycloadducts (1%) and (16a) 

Cvcloadducl 

(15t-I 

(164 f-exo 7.9 7.9 

‘roton irradiated 

%I 

ArH 

bane 

4_H 

flent 

8_H Lendo i_excl I_exo 

4-H 5 

8-H 8.5 6.3 9 

6-endo 

&ldJ 

1.5 

19 

)Mo 

5 27 

3-exo 4 

3-endo 16 

2-H 14.8 2.3 8.6 

4-H 

20 

4.5 

3-endo 11.6 

2-H 

Cvcloadducts (15~1 and (16b). The p.m.r. spectrum of the crude reaction product, a viscous orange 011, showed 

it to comprise a 3.5:1 mixture of (15g) and (16b). The mixture was separated by flash chromatography (Siq) 

elutmg with a 19:l v/v mixture of ether-ethyl acetate. [Found (mixed isomers): C, 50.05; H, 7.1; N, 6.45. 

C$-J,,NO,S requires C, 49.75; H, 6.95; N, 6.45%]. 
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(15g) Obtained as colourless prisms from acetone, m.p. 125128’C. 6 4.53(d, lH, J 9.7Hz, 3-endo-H), 4.18(dd, 

IH, J 9.7 and 58Hz, 3-exo-H), 3.53(m, 2H, 7-exo-H and ‘I-endo-H), 3.4O(m, lH, 4-H), 3.31(m, lH, 6-e&r-H), 

3.OO(m, lH, 6-exe-H). 2.47(m, lH, U-I), 2.06(m, 2H, 0, 1.77(m, 4H, 2 x CH,), 1.47(m, lH, CH); m/z(%) 

217(M+, lOO), 188(12), 189(5), 126(16), 112(93), 99(73) and 67(83). 

(16b) Obtamed as colourless prisms, m.p. 98-99’C from ether-petroleum ether. (Found: C, 49.8; H, 7.1; N, 

6.25; S, 14.9. C$-l,,NO,S requires C, 49.75; H, 6.95; N, 6.45 and S, 14.75%). 6 4.94(dm, lH, J 8.4 Hz, 4-H), 

3.99(ddd, lH, J 4.4, 12.7 and 15.6 Hz, 7-exo-H), 3.45(dd, lH, J 5.2 and 15.6 Hz, 7-endo-H), 3.29(ddd, lH, J 

5.4, 13.1 and 14.0 Hz, 6-endo-H), 3.03(dm, lH, J 14.3 Hz, 6-exo-H), 2.77&l, lH, J 8.4 and 14.6 Hz, 3-exo-H), 

2.68(dd, lH, J 2.5 and 14.6 Hz, 3-endo-H), and 1.56-2.06(m, 8H, 4 x CH,). m/z(%) 219(M + 2,6), 218(M + 

1, 39), 174(6), 152(24), 136(57), 124(100), 110(75), 97(72), 96(78), 82(81) and 67(98). 

Cvcloadducts (15h) and (16c). The crude product was a pale brown semtsoiid Flash chromatography (SIO~) 

eluting with 1:9 v/v ethyl acetate-ether afforded both isomers. 

(15h) Colourless plates from ether, m.p. 175-176“(Found: C, 52.05; H, 7.55; N, 6.15; S, 13.75. C,&,NO,S 

requires C, 51.9; H, 7.4, N, 6.05; S, 13.85%); 6 4.56(d, lH, J 10 Hz, 3-endo-H), 4.27(dd, lH, J 6.1 and 10 Hz, 

3-exo-H), 3.58(m, 3H, 4-H, SO&H and NCH), 3.38(m, lH, NCH), 3.04(m, lH, SO&H), 2.33 and 2.01(2 x m, 

2 x lH, 2 x CH), and 1.41-1.82(m, 8H, 4 x CH.&; m/z(%) 231(M+, 96), 214(16), 202(13) and 188(5). 

(16c) Colourless prisms from ether, m.p,. 143-144’C (Found: C, 52.05; H, 7.6; N, 6.05; S, 13.9%); 6 4.9O(dd, 

IH, J 2.3 and 8.97 Hz, 4-H), 4.01(m, lH, 7-exo-H), 3.49(dd, lH, J 5.6 and 15.6 Hz, 7-endo-H), 3.29(ddd, lH, 

J 5.7, 5.8 and 13.1 Hz, 6-endo-H), 3.05(m, lH, 6-exo-H), 2.69(dd, lH, J 8.97 and 14.6Hz, 3-exo-H), 2.41(dd, 

lH, J 2.3 and 14.6Hz, 3-endo-H) and 1.41-1.76(m, lOH, 5 x CH2); m/z(%) 232(M + 1,20), 231(M+, 2), 188(6), 

166(7), 150(19), 138(36), 124(100), 110(34), 96(56) and 81(91). 

Cvcloadducts (19a) and (20a). The crude product was a pale yellow semisolid which upon flash 

chromatography (StO,) eluting with 2:l v/v methanol-acetone afforded a colourless solid which still comprised 

a mixture of isomers, m.p. 168-17O”(Found: C, 48.75; H, 7.4, N, 11.35. C,&,N20,S requires C, 48.75; H, 

7.35; N, 11.35%). The spectra of the two isomers were assigned from that of the mixture. m/z(%) (mixed 

isomers) 246(M+, 9), 247(2), 229(10), 139(12), 128(21), 124(17) and 70(100). 

(19a) 6 4.57(d, lH, J lO.OHz, 3-exo-H), 4.26(dd, lH, J 10.0 and 6.0 Hz 3-endo-H), 3.57(m, 2H, 2 x 7-H), 

3.40(m, 2H, 4-H and 6-H) 3.07(m, lH, 6-H), 26O(m, 4H, 2 x NCH,), 2.31(s, 3H, NMe) and 1.81(m, 4H, 2 

x CH,). 

(20a) 6 5.OO(d, lH, J 8.8Hz, 4-H), 4.OO(m, lH, NCH), 3.52(m, 2H, NCH and SO&H), 3.22(m, lH, SO,CH), 

3 lO(m, IH, 3-exo-H), 2.71(m, 2H, NCH,), 2.38(m, lH, 3-endo-H), 2.30(s, 3H, NMe), and 1.81(m, NCH, and 

2 x CH,) 

Cvcloadducts (19b) and (20b). The crude reaction mixture was separated by flash chromatography (SiOJ 

eluting with 1:9 v/v chloroform-methanol Pound (mixed isomers): C, 48.2; H, 6.75; N, 10.0. C,,H,,N,O,S 

requires C, 48.15; H, 6.6; N, 10.2%]; m/z(mixed isomers) 274(M+, 25) 257(52), 215(41), 167(32), 121(39), 
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82(47) and 43( 100). 

(19b) Colourless plates from ether-methanol, m.p. 194-196’C. 6 4.59(dd, lH, J 10.1 and 1.3H2, 3-exo-H), 

4.27(m, lH, 3-endo-H), 3.53(m, 8H, 3 x NCH,, SO&H and 4-H), 3.11(m, lH, SO&H), 2.11(s, 3H, Me), 2.35, 

1.82 and 1.61(3 x m, 4H, 2 x CH&. 

(20b) Colourless plates from ether-methanol, m.p. 207-209’C. 6 4.88(dd, lH, J 2.5 and 6.2Hz, 4-H), 3.98(m, 

2H, NC&), 3.81(m, lH, SO&H), 3.33(m, lH, SO,CH), 3.08(m, lH, 3-exe-H), 2.51 and 2.73(2 x m, 3H, NCH, 

and 3-endo-H), 2.05(s, 3H, NMe), and 1.78 and 1.52(2 x m, 6H, NCH, and 2 x CH&. 

Cvcloadducts (15i) and (16d). The crude product was a pale brown solid. Flash chromatography (SiO,) eluung 

with 1:9 v/v methanol-chloroform afforded both isomers. 

(151) Colourless plates from methylene chloride-ether, m.p. 155-156’C. (Found: C, 43.75; H, 6.85; N, 7.25; 

S, 16.55. C,H,,NO,S requires C, 43.95; H, 6.85; N, 7.35; S, 16.8%). 6 4.58(d, lH, J 9.9 Hz, 3-endo-H), 

4.31(dd, lH, J 5.9 and 9.9 Hz, 3-exo-H), 3.57(m, 2H, 7-endo-H and 7-exo-H), 3.37(m, 2H, 4-H and 6-et&-H), 

3.01(dq, lH, J 3.1 and 14.4 Hz, 6-exo-H), 1.70(s, 3H, Me) and 1.35(s, 3H, Me). m/z(%), 191(M+, 22), 163(11), 

119(43), 100(54), 83(39), and 69(100). 

(16d) Colourless prisms from ether, m.p. 116-117’C. (Found N, 7.0, S, 16.5%). 6 4.95(dt, lH, J 2.5 and 

8.8 Hz, 4-H), 4.02(ddd, lH, J 4.9, 12.7 and 15.6 Hz, 7-exo-H), 3.48(dd, lH, J 5.6 and 15.6 Hz, 7-endo-H), 

3.3O(ddd, lH, J 5.7, 13.6 and 13.6 Hz, 6-endo-H), 3.04(dm, lH, J 14.3, 6-exo-H), 2.69(dd, lH, J 8.8 and 14.6 

Hz, 3-exo-H), 2.56(dd, lH, J 2.5 and 14.6 Hz, 3-endo-H), 1.44(s, 3H, Me), and 1.34(s, 3H, Me); m/z(%), 

191(M+, 5), and 149(5), 119(9), 112(24), 99(16), 84(96), 71(32) and 70(32). 

D. With divinyl phenyl phosphine oxide. 

Cvcloadducts (21a) and (22a). A solution of p-methoxybenzaldehyde oxtme (0.76g, 5 mmol) and divmyl phenyl 

phosphine oxide (0.89g, 5 mmol) was boded under reflux in xylene (15ml) under N, for 48h. Evaporation of 

the solvent afforded a colourless gum whose p.m.r. spectrum indicated tt comprised a 1:2 mrxture of (21a) and 

(22a), and that 75% converston to products had occurred. Pure samples of each Isomer were obtnned by flash 

chromatography (StOZ) eluang with 95:5 v/v ether-methanol m 54% combined yteld (0.67g), based on 75% 

conversion [Found (mrxed isomers): C, 65.85; H, 6.0; N, 4.1. C,,H,NO,P requires C, 65.65: H, 6.05; N, 

4.2%]; m/z(%) (mixed isomers) 330(M + 1, 18), 329(M+, 81) 312(82), 257(28), 204(100), 178(33) and 160(57). 

(21a) Colourless needles from ether-petroleum ether, m.p. 176-179’C. 6 7.79 and 7 57(2 x m, 5H, ArH), 7.40 

and 6.87(2 x d, 2 x 2H, ArH), 5.33(d, lH, J 8.2Hz, 8-H), 4.Ol(dd, lH, J 18.6 and 8,3Hz, 6-exo-H), 3.92(ddd, 

lH, J 26.4, 14.7 and 6.6Hz, 7-endo-H), 3.78(s, 3H, OMe), 3.74(dd, lH, J 8.1 and 6.5Hz, 7-exo-H), 3.64(m, lH, 

3-exo-H), 3.02(ddd, lH, J 10.9, 6.1 and 2.3Hz, 4-H), 2.55(m, lH, 6-endo-H), and 1.94(m, lH, 3-endo-H). 

(22al Colourless pnsms from benzene-petroleum ether, m.p. 135-137’C. 6(C,D,), 8 16, 7.25, 7.15 and 6.81(4 

x m, 9H, ArH), 4.31(d, lH, J 9.6Hz, 2-endo-H), 3.89(dd, lH, J 9.2 and 4.6 Hz, 4-H), 3.30(s, 3H, OMe), 3.32(m, 
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2H, 7-endo-H and 3-exo-H), 2.61(m, lH, 7-exo-H), 255(m, lH, 3-endoH), 1.84(m, lH, 6-exo-H), and 1.42(m, 

lH, 6-endo-H). 

Cvcloadduct (22b). A solution of acetone oxime (OSlg, 7mmol) and divinyl phenyl phosphine oxide (1.26g, 

7 n-m-101) in xylene (25ml) was boiled under reflux for 24h. Removal of the solvent in vacua afforded a fawn 

coloured solid which upon crystallisation from benzene-petroleum ether-ethyl acetate furnished (22b) (1.25g, 

70%) as cream prisms, m.p. 152-155’C. (Found: C, 62.4; H, 6.95; N, 5.8. CL3Hr8NOzP requrres C, 62.15; H, 

7.15; N, 5.55%); 6 8.03 and 7.50(2 x m, 5H, ArH), 4.71(m, lH, 4-H), 3.58(m, 2H, 2 x 7-H), 2.62(m, 2H, 2 

x 3-H), and 2.16(m, 2H, 2 x 6-H); m/z(%) 251(M+, 80), 252(12), 234(25), 179(100) and 104(34). 

Cvcloadduct (22~). A solution of cyclopentenone oxime (396mg, 4 mmol) and divinyl phenylphosphine oxide 

(712 mg, 4 mmol) in xylene (80 ml) was boiled under reflux for 2.5 dy. The solvent was then removed and 

the restdue crystallised from methylene chloride-hexane to afford the product (800 mg, 73%) as colourless 

pnsms, m.p. 204-205’C (Found: C, 64.9; H, 7.3; N, 5.2. C&,,,NO,P requires C, 65.0; H, 7.2; N, 5.05%); 6 

8.0-7.48(m, 5H, ArH), 4.71(br d, lH, J 9.7 Hz, 4-H), 3.65-3.46(m, 2H, 2 x 7-H), 2.69(m, 2H, 2 x 3-H), 2.19(m, 

2H, 2 x 6-H), and 1.99-1.61(m, 8H, 4 x CH,); m/z(%) 277(M+, 68), 260(36), 179(100), llO(20) and 77(15). 

Cvcloadduct (22d). Prepared m an analogous manner to that described above from cyclohexanone oxrme and 

drvinyl phenylphosphine oxide. The product (70%) crystallised from methylene chloride-petroleum ether as 

colourless pnsms, m.p. 120-122’ (Found: C, 66.1; H, 7.8; N, 4.8. C,,H,NO,P requires C, 65.95; H, 7.55; N, 

4.8%); 6 8.01-7.46(m, 5H, ArH), 464(dd, lH, J 2.93 and 9.62Hz, 4-H), 3.62(m, 2H, 2 x 7-H), 2.70-2.42(m, 

2H, 2 x 3-H), 2.20(m, 2H, 2 x 6-H), and 1.84-1.4(m, lOH, 5 x CT-J,); m/z(%) 291(M+, 82), 274(27), 220(24), 

205(55), 179(100), 113(52) and 81(33). 

E. With methyl penta-1,4-diene-2-carboxylate 

Cvcloadducts (23a) and (24a) Cyclohexanone oxime (0.71g, 6.3 mmol) and methyl penta-1,4-diene-2- 

carboxylate (0.8g, 6.3mmol) were boiled under reflux rn mesitylene (25ml) for 4dy. The solvent was removed 

and n.m.r. analysis of the crude brown oil remaining showed it to comprise a 2:l mixture of (23a) and (24a) 

together with some uncharacterised matenal. Pmhminary flash chromatography (silica gel, EbO) gave a clean 

mixture of (23a) and (24a) (0.85g, 56%) as a pale yellow oil. The isomers were separated by further flash 

chromatography (SiO,) eluting with 3:2 hexane-ether and were obtained as colourless oils. [Found (mixture) 

C, 65 1; H, 8.9; N, 6.05 C,,H,,NO, requires C, 65.245; H, 8.85; N, 5.85%]. 

(23a) 6 4.46(m, lH, 4-H), 3.65(s, 3H OMe), 3.44(dd, lH, J 14.8 and 12 Hz, 7-exo-H), 3.22&l, lH, J 5.7 and 

14.8Hz, 7-endo-H), 2.86(m, lH, 6-endo-H), 2.19(dd, lH, J 12.2 and 7.9 Hz, 3-endo-H), 2.16(m, IH, 5-exo-H), 

1.87-1 7(m, 2H, 3-exo-and 5-endo-H), and 1.65-1.25(m, lOH, 5 x CH,), assignments are supported by a 2D 

COSY spectrum; m/z (%) 239(M+, 40), 208(14), 180(g), 127(17), 1 lO(lOO), 81(26), and 67(26); v&film) 2630, 

1725, 1439, 1201, 1042, 957 and 732cm.‘. 

(24a) 6 3 97 and 3.92(2 x m, 2 x lH, 2 x 3-H), 3.65(s, 3H, OMe), 3.38(dd, lH, J 14.7 and 7.1Hz, 7-exo-H), 

3 Zl(dd, 1H, J 14.7 and 10.8Hz. 7-endo-H), 3.01(m, lH, 6-endo-H), 244(m, lH, 4-H), 2.08(m, lH, 5-endo-H), 

1 75(m, lH, 5-exo-H), and 1.84-1.30(m, lOH, 5 x CH,), assignments are supported by a 2D COSY spectrum; 
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m/z (%) 239(44), 222(21), 208(14), 183(18), 180(8), llO(lOO), 81(17), 67(19), 57(20), X5(26) and 41(28); 

v,,(film) 2910, 1720, 1429, 1197, 1015,791 and 755 cm-‘. 

F. With dimethyl trans, trans-octa-2,6-diene-l&dioate. 

Cycloadduct (37a). A solution of cyclohexanone oxime (300 mg, 2.65 mmol) and dimethyl tram, trans-octa- 

2.6~diene-1,8-dioateQlOmg, 2.57 mmol) in dry xylene (10 ml) was stirred and boiled under mflux for 24 hrs. 

The solvent was removed under reduced pressure. The p.m.r. spectrum of the residue showed only 60% 

conversion to product. This was purified by flash chromatography (SiO& eluting with 3:7 v/v ether-petroleum 

ether to give the product (395 mg, 80%), as colourless rods from ether-petroleum ether m.p. 73’C. (Found: 

C, 61.75; H, 8.15; N, 4.6. C,$-I&O~ requires; C, 61.7; H, 8.1; N, 4.5%); 6 4.68(br.s, lH, 4-H), 3.69(S, 3H, 

CO,Me), 3.67(S, 3H, CC$Me), 3.51(m, lH, 7-endo-H), 3.04(dd, lH, J 8.8 and 15.0 I-Ix, CI&C~Me), 2.94(d, 

lH, J 2.0 Hz, 3-H), 2.5l(dd, lH, J 6.4 and 15.0 Hz, CHaCO,Me), 2.12(m, lH, 5-exo-H), 2.05(m, lH, 9-Hax), 

1.93(m, lH, 9-Heq), 1.89(m, lH, 6endo-H), 1.84(m, lH, CH), 1.66-1.35(m, 7H, cyclohexyl-H), l.l7(m, lH, 

CH), and 0.86(m, lH, CH); 2D-COSY and decoupling experiments were used to assign the signals. m/z (%) 

311(M+, 43), 294(28), 280(21), 238(11), 198(11), 183(13), 182(100), 135(10), 107(14), 96(11), 81(33), 80(12), 

79(32), 68(13), 67(25) and 59(32); v,, 2920, 2840, 1730, 1450, 1430, 1380, 1300, 1210, 1180, 1130, 1080, 

980, 860 and 760 cm’. 

Cvcloadducts (37b). (39a) and (41a). A solution of benzaldehyde oxime (2.Og, 16.5 mmol) and dimethyl uans, 

trans-act-2,6-diene-1,8-dioate (3.28g, 16.5mmol) in dry xylene (20 ml) was boiled under reflux for 24 hrs. The 

solvent was removed under reduced pressure and the p.m.r. spectrum of the residue indicated only 75% 

conversion to products which comprised a 1:l mixture of two major isomers together with trace amounts of 

two minor Isomers. The mixture was separated by flash chromatography (Siq) eluting with 1:2 v/v ether- 

petroleum ether to afford (37b), (39a), and (41a) (2.828, 71%). One minor isomer was not isolated in the pure 

form. [Found (mixed isomers): C, 64.0; H, 6.4; N, 4.25. C,,H,,NO, requires C, 63.95; H, 6.65; N, 4.4%]. 

(37b) Obtained (1.23g, 31%) as colourless prisms, m.p. 141-143’C fromether-petroleum ether. 6 7.14-7.30(m, 

5H, ArH), 4.85(s, lH, 4-H), 4.73(d, lH, J 9.4 Hz, 2-endo-H), 3.79(d, lH, J 9.4 Hz, 3-endo-H), 3.66(s, 3H, 

CqMe), 3.37(m, lH, 7-endo-H), 3.03(s, 3H, CO,Me), 3.OO(dd, lH, J 5.2 and 16.0 Hz, CHpCOzMe), 2.82(dd, 

lH, J 9.2 and 15.9 Hz, CI-I&O,Me), 2.19(m, lH, 5-exo-H), 2.02(m, lH, 6-endo-H), 1.50(m, 2H, 5, 6-exo-H); 

n.0.e. experiments were used to assign the stereochenustry. Irradlatton of the signal at 6 4.85(4-H) showed 

enhancements on the signals at 6 3.79(3-endo-H; 1.7%), 2.19(5-exo-H, 3.9%) and 1.50(5-endo-H, 2.2%). 

Irradianon of the signal at 6 4.73(2-endo-H) showed enhancements on the signals at 6 3.79(3-endo-H, 5.9%) 

3 37(7-endo-H, 8.6%), 2.02(6-endo-H, 3.1%) and on the aromatic signals (7.8%). Irradiation of the signal at 

6 3.79(3-endo-H) showed enhancements on the signals at 6 4.85(4-H; 2.2%), 4.73(2-endo-H, 6.0%), 2 02(6- 

endo-H, 5.2%) and 1.50(6-exo-H, 1.5%). Irradiation of the signal at 6 3.37(7-Heq) showed enhancements on 

the signals at 6 4.73(2-endo-H, 8.7%), 2.02(6-end0-H; 2.4%) and 1.50(6-exo-H, 1.6%). Irradiation of the signal 

at 6 3.OO(CH,CO,Me) showed an enhancement on the signal at 6 2.82(CH,$OzMe; 17.6%). Irradiation of 

the signal at 6 2.82(CH$OzMe) showed enhancements on the signals at 6 3.37(7-endo-H; 2 0%), 2.19(5-exo- 

H, 2.0%), 1.50(1.2%) and 6 3.0(CH,CO,Me; 20.2%). Irradiation of the signal at 6 2.19(5-exo-H) showed 

enhancements on the signals at 6 4.85(4-H; 6.8%), 2.82(CH,COzMe; 3.1%) and 1.50(5-exo-H ; 227%). 

Irradlatton of the signal at 6 2.02(6-endo-H) showed enhancements on the signals at 6 4.73(2-endo-H, 5.0%), 
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3.79(3-endo-H, 8.8%), 3.37(7-endo-H; 4.4%) and at 6 1.50(6exo-H; 25.3%). Finally irradiation on the signals 

at 6 1.50(5-endo-H and 6-exo-H) showed enhancements on the signals at 6 4.85(4-H, 1.5%), 2.19(5-exe-H, 

13.4%) and 2.02(6-endo-H; 11.6%). m/z(%) 319(W, 51), 303(8), 302(45), 288(25), 260(8), 246(18), 191(14), 

19O(lOO), 158(13), 132(10), 131(15), 130(19), 115(15), 107(8), 104(17), 91(18), 79(10) and 77(7), 

(39a) Obtained (1.24g, 31%) as colourless needles from ether-petroleum ether, m.p. 124’C; 6 7.14-7.32(m, 5H, 

ArH), 4.92(s, lH, 4-H), 4.64(d, lH, J 9.4 Hz, 2-endo-H), 3.91(m, lH, 7-exo-H), 3.65(d, lH, J 9.4 Hz, 3-endo- 

H), 3.52 and 3.04(2 x s, 2 x 3H, OMe), 2.48(dd, lH, J 6.2 and 14.9 Hz, CH,$02Me), 2.21(dd, lH, J 9.0 and 

14 9 Hz, CH&02Me), 2.13(m, lH, 5-exo-H ), 1.8O(dt, lH, J 4.6 and 14.4 Hz, 6-exe-H), 1.61(m, lH, 5-endo- 

H), 1.47(m, lH, 6-endo-H). N.0.e. experiments were used to assign the stereochemistry of the molecule. 

Irrachatlon of the slgnal at 6 4.92 (4-H), showed enhancements on the signals at 6 3.65(3-endo-H, 2.1%), 

2.13(5-exo-H, 3.6%) and 1 61(5-endo-H, 2.1%). Irradiation of the signal at 6 4.64(2-endo-H) showed 

enhancements on the signals at 6 3.65(3-endo-H, 7.1%), 2.48(CH$OzMe; 2.6%), 2.21(CHBC02Me, 5.8%) and 

1.47(6-exo-H; 3.2%). Irradiation of the signal at 6 3.91(7-exo-H) showed enhancements on the signal at 6 

2 48(CH&O,Me; 1.8%), 2.13(5-exo-H, 2.2%) and 1.80(6-endo-H , 3.1%). Irradiation of the signal at 6 3.65(3- 

endo-H) showed enhancements on the signals at 6 4.92(4-H, 2.4%), 4.64(2-endo-H; 6.1%), 1.61(5-endo-H, 

3.1%) and 1.47(6-exo-H, 4.9%). Irradiation of the signal at 6 2.48(CH$OzMe) showed enhancements on the 

signals at 6 4.64(2-endo-=, 2.8%), 3.91(7-exo-H, 3.8%) and 2.21(CH,COzMe; 16.6%). Irradianon of the signal 

at 6 2.21(CHpCOzMe) showed enhancements on the signals at 6 4.64(2-endo-H; 5.2%), 3.91(7-exo-H, 2.9%) 

and 2.48(CH,CO,Me, 16.9%). Irradiation of the signal at 6 2.13(5-exo-H) showed enhancements on the signals 

at 6 4.92(4-H, 6.1%), 3.91(7-exo-H, 3.3%), 1.61(5-endo-H; 19.9%) and 1.80(6-exo-H ; 2.8%). Irrahation on 

the slgnal at 6 1.80(6-exo-H) showed enhancements on the signals at 6 3.91(7-exo-H; 5.9%) and 1.47(6-endo-H, 

17.1%) Finally lrra&atlon on the signal at 6 1.47(6-endo-H) showed enhancements on the signals at 6 4.64(2- 

endo-H, 5 l%), 3.65(3-endo-H; 8.6%) and 1.80(6-exo-H; 17.1%); m/z(%): 319(M+, 63), 302(45), 288(44), 

246(24), 230(20), 191(13), 190(100), 158(10), 131(30), 130(19), 104(12), 103(10), 91(11) and 79(11). 

(41a) Obtamed (290 mg, 10%) as colourless needles, m.p. 136-138”C, from ether-petroleum ether 6 7.47(d, 

2H, J 7 5H2, ArH), 7.32(t, 2H, J 7.6Hz, ArH), 7.25(m, lH, ArH), 4.31(s, lH, 8-H), 4.23(d, lH, J 4.7Hz,3-endo- 

H), 3.74 and 3.69(2 x s, 2 x 3H, OMe), 3.46(m, lH, 7-exo-H), 2.99(m, lH, 4-H), 2.91(dd, lH, J 7.1 and 15.6 

Hz, CH,COzMe), 2.51(dd, lH, J 6.8 and 15.6Hz, CH&QMe), 1.96(m, 2H, 5-exo-H and 5-endo-H), 1.73(m, 

2H, 6-endo-H and 6-exo-H) N.0.e. difference spectroscopy was used to assign the stereochemistry. Irrdation 

at 6 4.31(8-H ) caused enhancements at 6 3.46(7-exo-H; 10.5%), 2.99(4-H, 2.9%), 1.96(5-exo-H; 2.9%) and 

on the phenyl protons (4.7%). Irradiation at 6 4.23(3-endo-H) showed an enhancement at 6 2.99(4-H, 5.1%). 

Irradlarlon at 6 3.46(7-exo-H) caused an enhancement at 6 4.31(8-H; 10.7%). Irradiation at 6 2.99(4-H) caused 

enhancements at 6 4.31(8-H; 3.8%), 4.23(3-endo-H, 7.5%), 1.96(5-exo-H; 4.4%) and of ArH(5.6%); m/z(%) 

319(29), 302(43), 288(25), 246(18), 230(17), 191(14), 190(100), 158(10), 143(19), 132(13). 131(37), 130(23), 

107(11), l&4(14), 103(12), 91(12) and 79(12). 

Crvstal Data for (Sfl: C,,H,,NO,P,.H,O, M=593.6, trichnic, ~=14.136(13), b=12.390(1 l), c=10.057(9)& 

a=lOO.4(1), p=98.3(1), r;l15.8(1)‘, U=1510.3A3, Z=2, DE=1.31 mg m”, F(OOO)=624, space group Pl, (No. 

l), MO-KU radianon, x=0.71069& p(Mo-Ka)=1.39 cm-‘. Colourless blocks; dimensions 0.25 x 0.80 x 1.0 mm. 

Data were recorded on a St&. STADI-2 two-circle diffractometer using the background - o scan - background 

techmque, scan range 2’, 6 20 50’; 3148 unique reflections were measured. The structure was solved by 

direct methods (SHELXS86) and refined by least squares (SHELX76); non-hydrogen atoms were anisotroplc 
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except the atoms of the phenyl groups attached directly to the central bicyclic ring nucleus. Hydrogen atoms 

were ignored. In the final cycles the 3006 data with F > 20(F) gave R = 0.085. The two crystallographically 

mdependent molecules in the unit cell are chemically equivalent enantiomers and, except for the conformations 

of some phenyl rings, the whole structure approximates to the centrosymmetric space group P’i (No. 2). A 

projection of one molecule is shown in Figure 1. A water molecule of crystallization per formula unit is bound 

to the phosphite oxygen atoms of two adjacent molecules leading to a hydrogen-bonded chain through the 

crystal. The full structural data has been deposited with the Cambridge Crystallographic Data Centre. 

We thank the SERC, Rhone-Poulenc-Rarer and Queens and Leeds Universities for support. Our thanks ate due 

also to Dr 0. Howarth, SERC High Field N.M.R. Service, Warwick University, for 400 MHz spectra and Dr 
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