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Abstract: 1,3-Dipol~c~cl~don of (ff)-@+p-tolyl vinyl sulphoxide 1 with l-methyl-J-oxidop$inium 

6 proceeded in a diastereoselective manner to afford the exe and endo cycloadducrs lla,b and 12a in 36%, 

7% and 29% yield, respectively. The absolute ~nfigumtion of lla was determined by its ~sfo~ati~ to 

(1~)-(-)-2~-~p~ol f-)_lS. Attempts to the cyclo~tion of the suIp~nylethe~s 17-19 with the picnic 

6 were un~c~ssful under several conditions. The reaction of the sulpho~~ 20 with pyrroline l-oxide 21 

gave an insepamble mixture of products. The cycloaddition of 20 with 3,4,5,6-~~y~p~~ne l-oxide 22 

afforded a mixture of four adducts in ca 90% yield. High level of diastereoselectivity was achieved for the 

endo cycloaddition affording the adduct 23 in 33% isolated yield. The absolute configuration of 23 was 

confiied by a single-crystal X-ray diffraction study. The stereochemical course of the reaction was 

discussed based on the absolute configuration of tbe products. 

Introduction 

We have studied on the asymmetric Diets-Alder @-A) reaction of the optically active 

sulphinyle~enes.1 High levels of reactivity and ~aste~of~i~ selectivity have been achieved iu this 

reaction with the aid of molecnl~ design of the sulphinylethenes. The reasons for the observed high 

~~t~osel~dvity have been elucidated as follows*: (1) the ground state ~onfo~ation (s-e& or s-frum) of 

s~phinyie~~nes varies dramatically depending on the substituents at cc or p position; (2) the most stable 

conformer dictates the product distributions (diastereoselectivity~ (3) the dienes attack preferentially on the 

less hindered lone-pair side. In sharp amtrast, there is little information on the 1,3-dipolar cycloaddition of 

chiral sulp~myle~enes. ~~)-(~)-~-Toiyi vinyl sulphoxi~ 1 has been ~mons~ated to react with 1,2- 
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diphenylnitrone 2 and l-methyl-2-phenylnitrone 3 to give the (3S)-rrans-4-isoxazolines 4 and 5 

diastereoselectively (Scheme 1). la.3 The reaction mechanisms remain open because the chemical yield of 

the products was not high enough and the acyclic nitrones 2 and 3 alternate between syn and anti forms. In 

this research setting, we attempted an asymmetric 1,3dipolsr cycloaddition of chiral sulphinylethenes 1 and 

17-20 with cyclic dipoles 6,21 and 22 (vide infra). The vinyl sulphoxide 1 is known to react preferentially 

from s-truns conformation in the D-A reaction, though it exhibits low diastereoselectivity.t,* As for the 

sulphoxides 17-20 which show high reactivity in the D-A reaction, s-cis conformation is found to be 

predominant without a Lewis acid. 192 We thus expected that the reaction of the vinyl sulphoxides 1 and 17. 

20 with the cyclic dipoles 6, 21 and 22 might provide insight into the stereochemical course of the 

asymmetric 1,3-dipolar cycloaddition of the chiral sulphinylethenes. We report here the results along this 

line and discuss the steric course of the reaction in terms of the reactivity of the sulphinylethenes and the 

cyclic dipoles. 

Scheme 1 
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Results and Discussions 

In the preliminary experiments, we undertook the reaction of 1-methyl-3-oxidopyridinium 64 with 

phenyl vinyl sulphones 7 and 85 to examine reactivity of 6 and regio- and stereoselectivity of the 

cycloaddition (Scheme 2). The reaction of the pyridinium 6 with the sulphones 7 and 8 proceeded with 

complete regio- and stereoselectivtty in tetrahydrofuran (THF) at 90 “C for 13 h and 7 days, respectively, to 

afford single exo cycloadducts 9 and 10 in 84 and 97% yield.6 Exe configuration of the sulphonyl group of 

the products 9 and 10 was determined by comparing their 1H NMR spectra with that of 68-cyano-8- 

azabicyclo[3.2.l]octo-3-en-2-one.4 Being encouraged by the result that the reaction of the pyridinium 6 with 

the relatively inactive sulphone 8 gave the cycloadduct 10 exclusively in quantitative yield, we examined the 

diasteteoselective cycloaddition of the chiral sulphoxide 1 using the pyridinium 6. 

Cycloaddition of (R)-(+)-p-tolyl vinyl sulphoxide .I7 and the pyridinium 6 proceeded at 90 ‘C for 4 

days to give a mixture of both exo and endo cycloadducts (60:40) with complete tegioselectivity (Scheme 

3).* Separation of the reaction mixture on a column of silica gel gave the exe cycloadducts lla,b and the 
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endo adduct 12a in 36%, 7% and 29% yield, respectively (total yield 72%). The diastereoselectivities (d.e.‘s) 

were 68% and 100% for the exe and endo cyclo~ducts 11 and 12, respectively. 

Scheme 2 

6 7: R’ = S02Ph, 2 = H 

8: R’ = S02Ph, I? = F 

9: R’ = S&Ph, R2 = H (64%) 

10: R’ = S02Ph, R2 = F (97%) 

Scheme 3 
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The major exe eycioa~uct lla was converted to (lo)-(-)-Za-~~nol (-b15 to det~~ne the absolute 

inflation (Scheme 4). Thus, the sulphoxide lla was reduced with p~sph~s tribromide to afford the 

sulphide 13. Catalytic hydrogenation of 13 in the presence of palladium-black gave the saturated ketane 14, 

The enantiomeric excess of 14 was measured after its transformation with sodium borohydride into the 

sulphenyl alcohol 16 and shown to be no less than 96% by 270 MHz tH NMR spectroscopy with a chiral 

shift reagent Eu(hfc)3.9 Desulph~sation of 14 with R~ey-~ckei (W-4) afforded (-)-15, mp < 30 “C, [aID 

-15.5 (c 0.79, &$I), lit.10 [a]D -14.5 (HzO), in 76% yield. The spectral data (IR and *H NMR) of the 
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synthetic specimen (-)-I5 were consistent with those of (+)-15. I1 In the result, the absolute configuration of 

the cyclo~duct 1 la was stewed as shown in Scheme 3. 

Scheme 4 
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Having sa~sfacto~ chemical yield of the cycloadducts and the absolute con~gurat~on of the major 

adduct lla in hand, we proposed the stere~he~~al course of the 1,3-dipolar cycloaddition of the 

suiphinylethene 1 with the pyridinium 6 as shown in Scheme 5. The conformational equilibrium of the 

sulphinylethene 1 is imposed to s-tram resulting in the preferential exe attack of a pyridinium on the less 

hindered lone-pair side to give the major exe cycloadduct Ha. The minor exe cycloadduct llb may be 

derived from the minor s-cis conformation. Similar to the exe cycloadduct lla, the end0 diastreoisomer 12a 

may be formed from the ~frans confo~er. Accor~ng~y, the absolute con~gu~~on~ of llb and 12a were 

deduced as shown in Scheme 3. 

Next, we undertook the cycloaddition of more reactive sulphinylethenes 17-19t2J3 with the 

pyridinium 6 (Figure 1). However, any expected products were not obtained under several reaction 

conditions (temperature, time, solvents, etc.). Small amounts of the ~sulphenyIat~ cycloadducts and some 

un~denti~~ corn~u~s, which were derived from the sulphinylethenes, were detected in the reaction 
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mixture. We considered that the s~lph~ylethenes and/or tke cycloadducts d~ompo~d under the reaction 

conditions. 

Then. we examine the ~ycI~d~~o~ of one of the most reactive di~l~p~les 2013 with more reac- 

tive 1,3-dipoles, the cyclic &ones 2114 and 2214 at low tem~rature (Scheme 6). The reaction of the 

sulpkinylethene 20 with pyrroline l-oxide 21 in CH$& at -20 “C gave an inseparable mixture of products. 

Cycloaddition of the sulphoxide 20 and 3,4,5,6-re~~ydropy~~ne l-oxide 22 proceeded in CH$Z& at -78 

T to afford four products (23,24,25, and 26) in a ratio of 64:20:10:6 (by 1H NMR spectrum and HPLC) in 

ca. 90% yield. The major adduct 23 was isolated in pure farm by crystallisation of the reaction mixture in 

33% yield The absolute conjuration of 23 was amine as depicted in Scheme 6 by a s~gle-c~stal X- 

ray diffraction study (Scheme 7). It was very hard to separate the adducts 24-26 even with the aid of HPLC. 

Among them, however, only a trace amount of tke pact 25 was isolated and assigns as the regioisomer 

of 23 by comparing its spectral data with those of 23.15 A careful ex~ifla~o~ of the tH NMR spectrum of 

the crude reaction mixture (4.9-5.3 ppm region ~o~es~nding to tke singlet H-S of diaste~omers of 23) 

indicate the presence of diastereomers other than 23 in no more than 5%, suggesting the kighly 

diastereoselecti~e formation of the en& cycloadduct 23. From tke absolute configuration of the adduct 23, 

the steric course for the fo~ation of 23 was suggested as follows: by ~aiogy with the ~yrnrnet~~ D-A 

reaction,* the conformational equilibrium of the sulphinylethene 20 may be imposed to s-eis resulting in 

preferential en& attack of the ni~one 22 on the less hindered lone-pair side to give the endo adduct 23 

(Scheme 7). 

Scheme 6 
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Scheme 7 

Perspective structure of 23 

23 

In ~clus~on~ sa~f~to~ ~~rnic~ yield and ~~~~o~l~ti~~ were achieved in this 1,3-~pol~ 

~ycloa~tion when the reactivities of both ~~~~aph~e and dipole were matched each other: both low 

(such as 1 and 6) or high (such as 20 and 22). We isolated the major cyc~~duc~ lla and 23, ~s~dveIy, 

and determhmd their absolute configurations. Similar to the D-A reaction, the steric course of this reaction 

may most liieiy affected by the ground state ~nf~adons. The most stable chokes of 1 (s-fruns) and 

20 fs-cis) in this reaction were consistent with those in the DA reaction. respectively. The obseved 

difference of the diastereoselectivity in each D-A reaction* and I3-dipolar cycloaddition might be a 

~flection of the inherent ~~l~op~lic-r~cti~ties of both s-trans and s-cis confo~e~, of which e~matio~ 

should be a subject of &me investigation. Moreover, an exploitation of matched sulphinyle~ene-bale 

pair is now in progmss succes~uily and an appli~ti~ to the chiral synthesis of ~-he~~y~l~s will be 

reported elsewhere. 

We are grateful to Drs. M. R. Bell and R. L Clarke of the S~r~~-Win~o~ Research Institute, 

Rensseler, New York, 12144, for supply of (~R)-~-~~yl be&late hy~~o~~. 
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~x~rimentai Section 

Melting points were measured with a Yanaco micro melting point apparatus and are uncorrected. 

Mic~an~y~s were performed by Mi~oan~ysis Centre of Toyama Medical 6t ~h~~eutic~ University. 

Spectroscopic measurements were carried out with the folIowing instruments: IR, JASCU A-102 and Perkin- 

Elmer 1600 Series RIR, 1H NMR, JEOL JNM-GX 270 (270 MHz) for solutions in CDCl3 with MeqSi as 

internal standard unless otherwise stat4 mass (MS) and high resolution mass spectra (HRMS), JEOL IMS 

D-200; optical rotations, JASCO DIP-140 digital polarimeter. f values are given in Hz. Column c~mat~- 

raphy and preparative TLC (PLC) were performed on Kieselgel60 (Merck, Art. 9385 and AR 7748, respec- 

tively). 

Q-Dipolar cycloaddition of phenyl vinyl sutphone (7) with l-methyl-loxidopyridinium (6). 

Phenyl vinyl sulphone 7 (3.042 g, 18.1 mmol) and the pyridinium 64 (2.56 g, 23.5 mmol) were 

dissolved into dry TI-IF (20 ml). The reaction mixture was heated in a sealed tube at 90 “C for 13 h. After 

evaporation of the solvent, the residue was purified by coIumn chromatog~pby [hexane-A&Et (l:l)] 

followed by ~c~s~Iisation from hex~e-Ac~~t to afford ~-methyl-6~-(phenylsuIphonyl}-S*azabi” 

cyclo[3.2.ll~t-3-en-2-one 9 (4.21 g, 84%) as yellow needles; mp 124-127 *C; IR (KBr) 1675,1595,1290 

cm-*; IN NMR 6 1.92 (dd, J9, 14, III), 2.38 (s, 3H), 2.77 (ddd, I4, 8, 14, lH), 3.54 (br d, J 8, lH), 3.57 

@d,J4,9, fH),4.23(brdf5, lH),6.06(dd.J2, 10, lH),6.93(dd,J$, lO,lH),7.58(m,2H),7.67(m, IH), 

7.92 (m, 2H); MS mlz 277 (M+), 138 (M+-S@Ph); Anal. calcd for Ct4H15NO3S: C 60.65, H 5.42, N 5.05 

%. Found: C 60.82, H 5.42, N 4.89 96. 

WDipoIar eyctoaddition of l-~~nzenesulphonyI~l.fluo~thene (S) with l-methyl-~~dopyridininm 

(4 
A similar procedure to above was followed with the fluoro vinyl &phone 85 (60.7 mg, 0.33 mmol) 

and the pyridinium 6 (0.14 g, 1.3 mmol) in dry THF (3 ml) at 90 “C for 7 days. N-Methyl-6a-fluoro-6P- 

(phenylsulphonyl)-8-azabicyclo[3.2.I]oct-3-en-2-one 10 (92 mg, 97%) was obtained as yellow needles after 

FLC fhexane-AcOEt (2:1)] and ~~s~lisa~~ from hexane-A&EC mp 118-121 “C; IR (KBr) 1685,1325 

cm-$ *H NMR 6 1.84 (dd, J 15,24, IH), 2.50 (s, 3H), 3.21 (ddd,J8, 15, 15, lH), 3.60 (br d, J 8, lH), 4.43 

(br & J 5, lH), 6.26 (dt, f 1.5, 10, lH), 6.74 (ddd, J 1.55, IO, HI), 7.63 (m, 2H), 7.75 (m, IHf, 8.00 (m, 

2H); MS mfz 295 W), 155 (M+-S02Ph); Anal. calcd for Ct4Ht4FNOjS: C 56.95, H 4.75, N 4.7 5%. 

Found: C 56.99, H 4.86, N 4.91 %. 

I$-Dipolar cycloaddition of (+)-(R)-p-tolyt vinyl sulphoxide (1) with 1.methyl-~o~dopyri~ni~m (6). 
A similar procedure to above was followed with the sulphoxide 17 (200 mg, 1.20 mmol) and the 

p~~niurn 6 (384 mg, 3.02 mmol) in dry THF (5 ml) at 90 ‘C for 4 days. Separation of the residue by PLC 

(A&Et) gave ~-me~yl-( lS,5S,&R~s)-4@-tolyIsulp~myl~8-azabi~ycIo~3,2~ 1 Joct-3-en-2-one Ila (118 mg, 

36%), N-methyl-(lR,SR,6~-~~-tolylsulphinyl~8-a~bicyclo[3.2.ll~t-3~n-2-one llh (24 mg, 7%) and 
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~-methyl-(1R,SR,6RRs)-6-(p-~lyls~ph~yl)-8-~i~yclo[3.2~ l]oct-Zen-Zone 12a (96 mg, 29%). The exe 

adducts 1la.b were ~staliised from hexane-AcOEt to afford yellow needles, respectively. 

For lla: mp 121-122 ‘c; fa]D23 -184.7 {c 0.86, CHCl3); IR {IQ@ 1680,1590, 1040 cm-t; 1HNMR 6 1.55 

(d&J 8.5, 14.7, lH), 2.69 (ddd, J 3.4,7.8, 14.7, lH), 2.42 (s, 3H), 2.54 (s, 3H), 3.25 (dd, I3.4,8.S, lH), 

3.58(d~7.9,1H),4.35(d,J4.9,lH~,6.~(~~1.5,9.8, lH),6.98(dd,J4.9,9.8, lH),7.33 (d,JS.QH), 

7.65 (d J 8.1,lH); MS m'z 275 W); Anal. calcdfor Cl5H17NO$: C 65.44, H 6.22, N S&9 %. Found: C 

65.80, H 6.55, N 4.88 %. 

For lib: mp 132-134 “C; lU]DB +386.9 (c 0.65, C!Hcf3); El (KBr) 1690,1035 cm-t; 1H NMR 8 1.84 (& 

J 8.fkl4.8, Hi), 2.43 (s. 3H), 2.45 (s, 3H), 3.01 (ddd, J 3.0,7.9,14.8, lH), 3.16 (dd, J 3.0.8.8, lH), 3.64 (d, 

f 7.9, lH), 3.70 (6 J 5.0, HI), 6.02 (dd, J 1.5, 10.0, lH), 6.74 (dd, J SO, 10.0, IH), 7.35 (d, J 8.3,2H), 7.58 

(d J 8.3 2H); MS m/z 275 (M+); Anal. calcd for Ct5Ht7NQ$: C 65.44, H 6.22, N 5.09 %. Found: C 65.25, 

H 6.26, N 4.84 8. 

For 12a: oil; [aID +183.5 (c 1.04, CHCl3); lR (neat) 1685,103O cm-l; 1H NMR 6 1.42 (dd, J 6.2,14.3, 

lHk2.15 (ddd,J7.4,10-0,14.3, lH), 2.42(s,6H),3.51 (dJ7.4, lH~,3.89(~,~5.~,6.2,10.0, lH),4.14 

(dd JS.45.9, HI), 6.33 (dd,J 1.5,10.0, lH), 7.33 (d, J 8.0,2H), 7.38 (dd, f 5.0,10.0, lH), 7.59 (d, i8.0, 

2H); MS miz 275 (M+); HRMS calcd for Ct$lt7NQ$275.0979. found 275.0953. 

P~spho~s ~brorni~ (0.56 ml, 5.9 mmol) was added to a solution of the sulphoxi& lla (272 mg, 

0.989 mmoi) in dry DMF (10 ml) under argon at 0 ‘C. After being stirred at 0 “C for I h, the solvent was 

removed. The residue was treated with cold, saturated aqueous NaHCO3 at 0 ‘C and the pH was brought to 

7. The aqueous layer was extracted with CH2Cl2 (4 x 20 ml). The combined extracts were washed with 

brine, dried (MgSO4) and the solvent was evaporatd. The residue was purified by column chromatography 

[hexane-AcOEt (l:l)] and subsequent mcrystallisation from ether-hexane to give the sulphide 13 (199 mg, 

78%) as yellow needles; mp 59-60 ‘C; [a]$ -249.7 (c 0.71, CHC13); IR (CHC13) 1680 cm-l; tH NMR 6 

2.16 (dd, J 8.6,14.2, IN), 2.34 (ddd, J 3.7,7.7, 14.2, lH), 2.53 (s, 3H), 3.58-3.65 (m, 2H), 3.62 (dd, J 3.7, 

8.6, lH), 6.03 (dd,J 15,9.8, lH), 6.84(~,~S.O~9.8, HI),?.14 (d,l7.8,2~,7.~(~~?.8,2H); MS&z 

259 (M+); Anal. calui for C15H17NOS: C 69,4X, H 6.61, N 5.40 %. Found: C 69.56, H 6.45, N 5-35 %+ 

A mixture of the unsaturated ketone 13 (512 mg, 1.98 mmol) and 5% Pd-C (500 mg) in AcOEt (25 ml) 

was hydrogenated (3.0 atm starting pressure of hydrogen gas) at room temperature for 1 h in a Parr hydro- 

genation apparatus. The catalyst was removed by filtration, washed with AcOEt and the filtrate was concen- 

trated Recrystallisation of the residue from AcOEt-hexane gave the saturated ketone 14 (370 mg, 72%) as 

yellow plates; mp 114-115 ‘C; [a]D23 +47.0 (c 0.74, CHC13); lR (CHCl3) 1710 cm-t; 1H NMR 6 1.8-1.9 

(m, lH),21-25 (m. 5H), 2.33 (s, 3H), 2.55 (s, 3H), 3.31 (br s, lH), 3.40 (d, 17.1. lH), 3.75 (dd, J 5.l8.5, 

lH), 7.13 (d, J 8.0, ZH), 7.30 (d, J 8.0,2H); MS m/z 261 (M+); Anal. calcd for ~15HtgNOS: C 68.97, H 

‘7,28,NS.36%.Foun& C69.03,H7.39,NS.26%. 
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iV-Methyl~(lS,2S,5R)-8-azabicyclo[3.2.l]octan-2-ol [(L!+(-)-2a-tropanoll (-)-(15). 

Raney Ni (W-4,0.2 ml) was added to a soh&m of the sulphide 14 (88.2 mg, 0.34 mmol) in abs. EtOH 

(3 ml) and the mixture was refhrxed for 1.5 h. The metal powder was filtered off and washed with EtOH- 

Hz0 [8:2 (IO ml) + c. WOH 1 drop]. The filtrate was concentrated and the residue was purified by PLC 

fCHCl3-MeOH-c. WOH (78:1~3)] to give the alcohol (-)-15 (36.3 mg, 76%) as colourless needles; mp < 

30 “C; [a]$3 -15.5 (c 0.79, HzOf, { 1it.m [a]D -14.5 (H&I)}; IR (CHCl3) 36253350 cm-t; rH NMR 6 

1.1-1.25 (m, IH), 1.25-1.55 (m, 2H), 1.60-1.95 (m, 4H), 1.95-2.10 (m, lH), 2.27 (s, 3H), 3.04 (m, 2H), 3.28 

(br s, IH), 3.84 (ddd, I 3.7,5.3,10.4, 1H); MS m/z 141 (M+); HRMS cakxi for QHt5NO 141.1153. found 

141.1184. Hydrochloride; mp 245 ‘C! (decomp.); [o]p 23 -15.3 (c 0.47, H20); Anal. calcd for 

QH~~NO*HCl: C 54.08, H 9.08, N 7.88 k. Found: C 54.24, H 9.19. N 7.92 8. 

~-Methyl-(ls,zR,SS,6RsR)-6-(p-tolylsulphenyl)~-a~bicy~o[3.2.l]octan-2-ol (16). 

NaBI& (14 mg, 0.37 mmol) was added portionwise to a mixture of the ketone 14 (49.3 mg, 0.19 mmol) 

in EtOH (2 ml) and the mixture was stirred at room temperature for 0.5 h. Hz0 (0.9 ml) was added to the 

reaction mixture and the aqueous layer was extracted with CHCl3 (4 x 5 ml). The combined extracts were 

washed with brine, dried ~gSO4) and evaporated, Furifiiation of the residue by PLC [AcOEt-MeOH (2:3)] 

folIowed by ~s~li~~on from hexane gave the Z&alcohol 16 (28.9 mg, 58%) as colourless needles; mp 

33-34 “C; [a]D23 i85.7 (e 0.77, CHCg); IR (CHCI3) 3340 cm- t; tH NMR 6 1.35-1.55 (m, 3H), 1.852.00 

(m. lH), 2.11 (dd.J 8.2,13.8, lH), 2.21 (dd,J5.8, 13.8, IH), 2.33 (s, 3H), 2.58 (s. 3H). 3.22 (br s, IH), 3.27 

(br, IH), 3.54 (m, IH), 3.58 (dd, I5.8,8.2, lH), 7.11 (6 J 8.0,2H), 7.24 (d, J 8.0,2H); MS m/z 263 (M+); 

HRMS calcd for C15H21NOS 263.1343. found 263.1333. 

The 2&akohol, N-methyl-(lS,2(i,5S,6R)-~~-~lylsulphenyl)-8-~bicyclo[3.2.l]octan-2-ol, (15.1 mg, 

30%) was also obtained as a minor product: oil; IR (neat) 3350 cm-*; *H NMR 6 1.25-1.82 (m, 4H), 2.00 (m, 

lH), 2.32 (s, 3H), 2.45 (dd, J 8.8. 14.2, lH), 2.62 (s, 3H), 3.17 (br s, lH), 3.25 (m, lH), 3.48 (dd, J 5.1, 8.8, 

lH), 3.90 (m, lH), 7.11 (d, J 7.8,2H), 7.25 (d, J 7,8,2H): MS m/z 263 (M+); HRMS calcd for C#21NOS 

263.1343. found 263.1376. 

1,3-Dipotar eyd~d~tion of (R~~-~nzyl-3-(((~~,4R)-2-bydro~7,7-dime~ylbicydol2~.l]hep~- 

l-yt}me~ylsutphinyl~~tei~de (20) with 3,4~,6-tet~hy~opy~~ne l-oxide (22). 

A solution of 3,4,5,~~~y~p~~ne l-oxide 2214 (50 mg, 0.50 mmol} in dry CH$J2 (4 ml) was 

added to a solution of the sulphoxide 2013 (50 mg, 0.13 mmol) in dry CH2Cl2 (4 ml) under argon at -78 “C 

within 5 min. After evaporation of the solvent, the crude reaction mixture was passed through a short 

column of silica gel [hexane-AcOEt (4:1)] to give the residue (60 mg), which contained four products 23,24, 

25 and 26 in a ratio of 64:20:10:6 (by rH NMR spectram and HPLC). (lS,SS,SSPs)-1 l-Benzyl-9- 

(( (U,zR,~)-2-hydroxy-7,7-dimethylbicyclo[2.2.l]hep~-l-yl)me~yls~phinyl)-6,l l-diara-7-oxatricyclo- 

[4.3,l]dodecan-10,lZdione 23 (21 mg, 33%) was obtained as colourless needles by recrystahisation of the 

residue from hexane-AcOEt; mp 198-200 ‘C; [a]# +36.6 (c 1.00, CHC13); IR (KBr) 3515, 1779, 1710, 
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1038 ct& lW NMR 6 OS3 (s, 3H), 0.88 (s, 3H), U-2.3 (m, 13&l), 2.06 (a, J 124, IH), 260 (br d, J 9.4, 

IH), 2.75 fddr2.S,ll.S, 1~,3.16(~~ 124,lH),3.30(~, lH),3.S4{~~~9*3, IH), 3.95 (m, lH), 4.72 

@, J 14.2,1Hh 4.79 (d, I 14.2, IH), S.13 (s, IH), 7.2-7.4 (rn* SH); MS mkz 487 (M+tl): And, eakxi for 

C~~2~5S:C64.18,H?.#,N5.76%.F~n~C63,89,H6.95,N5.48%. 

(&)-I ~-~~yl-8-(~(1~,~,~~2-hy~xy-7,7~~y~~~c~o~.2.I]heptan-l-yl)me~y~~~yt~ 

6,11-~~~7-oxaaicyc1~4.3.1~~~-10,12-dio~ 25 (2 mg, 1%) was isolated as colourless needles by 

c~s~s~on of the mother liquor of 23 from hexane-A&Et in a 150 mg-scale e~~~n~ mp 187-189 

“G IR (KBr) 3470, 1777, 1709, 1040 cm-j; *H NMR (cDc13) 6 O&l (s, 3H), O-97 (s, 3H), l.f-2.3 (m, 

13H), 2.40 U, J 12.9, lH), 2.61 (m, w), 3.32 (d,J 3.4, lH), 3.54 (br s, tH), 3.59 (d, J 12.9, III}, 3.83 (d, i 

7.1.1Hh 3.94 (m, IH), 4.72 (d, 114.4, IH), 4.80 (d, J 14.4, IH), 7.2-7.4 (m, 5H); MS m/z 487 (Mf+l). 

X-Ray Structure Determination of Compound (23). 

~~~N~OsS, M, 486.62, rno~l~i~, space group P21, a = 6.~(2), b = 17.~3(3)~ c = 11.~(2) 

A, p = 103.35(2)‘, V = I227.9(6) As, z = 2, & = I.316 g rxr3, p (Cu Ka) = I4.55 cm-t, Cu Ku (I. = 

1.54178 A>. Single crystals (ties) were p by ~s~sation from bexane-AcOEt. Intensity data 

werp anon on a Rig&u AFC-SR ~~~rne~, The so was solved by dire&t rn~~~ and acne 
by full-matrix ieast-squares method toR = 0.043 for 1654 reflections with I > &(I). 
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