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Abstract Two allylrc stlanes beanng addtttonal functtonalrty m the form of either a bromide or a 

phenylsulphonyl group were synthestsed and condensed wrth a variety of electrophthc partners Subsequent 

cychsatron of some of the products was then possible by uahsmg the actd-promoted reacttons of the allylsrlane 

groupmg, to grve one sptropentannulated product (8) and two meduun rmg ether sulphones (12) and (13) 

Introduction 

Some ume ago we became tnterested in the possibthty of ustng functronahsed allylsilanes for the constructton of 

carbocycbc and heterocychc nngs We planned to synthestse some sample allylsrlanes mcorporatmg an 

addmonal functronal group whrch would enable the formation of a nucleophrhc carbon centre The idea was to 

use such compounds as brs-nucleophtles in reactrons m whtch an amon would tmttally react with a suitable 

electrophthc partner, and then a subsequent cychsatton would be brought about by bnngmg tnto play the 

allylstlane in a second nucleophthc C-C bond fomnng process Thrs type of Idea IS rllustrated m a generahsed 

form tn Scheme 1 
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Seheme 1 

We envrsaged a number of possrble snuanons rn whrch such a tandem couplmg process could be brought about 

with a predrctable regmchemrcal outcome, and wtth a degree of stereocontrol An rmportant general feature of 

this scheme was that only the more reactwe utes on the two reactron partners should be mv01ved III the mtml C- 

C bond-formmg reactton Only then would the latent nucleophrltc character of the allylstlane be used to couple 

wnh the second electtophthc sue 1 A specttic example of the type of reactron planned, m whtch we anuctpated a 

double ad&hon to a stntable cycloalkenone beanng a leavmg group at the ~posthon, IS shown m Scheme 2 

7689 
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Lewis acid 

X = Br, SPh 

Scheme 2 

This type of reaction was modelled on a number of hterature reports in which cuprates were used as 

nucleophlles for both addttlons 2 The second step also had some precedent m the work of MaJetich and 

Schmzer, the nng closure having been shown to be stereoselectlve 3 The use of a nuxed cuprate species m the 

first step, followed by addmon of a suitable Lewis acid to promote allylnlane reactlon, appeared a good way to 

effect two sequential Michael addmons, leading to a spuo-fused product 

Here we descnbe our efforts to brmg about such reactlon sequences, resulting m two successful types of 

cychsatlons, leadmg to a splro-fused carbocycle, and two medium nng ethers respecnvely 

Results and Dlscusswn 

Two simple allylsllanes, suitably functlonahsed for the generanon of a remote carbamon were prepared by the 

routes shown m Scheme 3 

= 
THPO- 

= 
Me& - 

I)“BuL1, ICH2.%Mq 

2) Hz, N1(0Ac)2, N,IBH~ 

3) PPb. BQ 

1) “BSI, PhS(Cm3Br 

2) H2, NI(OAC)Z, NaBH4 
- 

PhS02- SIMC~ 

(2) 
3) oxone @ 

Scheme 3 

Both sequences proceeded unremarkably, allowmg multlgram preparation of either the bromde (1) or the 

sulphone (2) Although the sulphone was mmally prepared via (l), by reactlon with PhS02Na, we preferred 

the second route, which avolds the use of the expensive Jkyldtmg agent Me$ICH21 

However, our efforts to reaLt the Grlgndrd redgent derived from (1) with 3-blomoc.yclohex-2-enone proved 

frultless An alternatlve approach to the desired mtermedlate (3), described by Schmzer, mvolvmg Gngn,ird 

addmon to a vmylogous ester was also explored, but m our hands gave poor results 4 A recumng problem wnh 

this dpproach IS the tendency of the Grrgnard reagent to undergo Wurtz couphng to give a brs-allylsllane. 

Scheme 4 
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Scheme 4 

By contrast, the generation and electrophlhc quenchmg of the sulphone (2) was found to be highly efticlent For 

example, exclusive 1,2-addmon to cyclohex-2-enone took place to give adduct (4) as an equal mixture of 

dlastereolsomers, In 79% yield We bnefly explored the posslblhty of converting this alcohol mto a splrocychc 

product (5) by firstly treatmg it with PDC to give the enone (6) m 75% yield 5 All attempts to cychse this 

matenal, usmg either Lewis-acids, such as T1Cl4 and EtAlC12, or by treatment with TBAF, faded, the only 

product formed In such reactlons was (7), resulting from simple dewlylatlon, Scheme 5 

(4) (6) (7) 

Scheme 5 

The ready avallablhty of allyhc alcohol (4) turned our attenuon to the posslblhty of usmg this type of compound 

m alternative modes of cychsatlon Imtlal attempts to effect a pallddlum-medlated cychsatlon of the acetate 

denved from (4) were unrewardmg However, we observed that by simply heatmg the allyhc alcohol (4) in 

benzene contammg a stolchlometnc amount of pTSA efficient cychsatlon took place to give spm~cychc product 

(8) as a mixture of two dlastereolsomers, Scheme 6 Unfortunately nOe expenments on the separated Isomers 

were mconcluslve However, the mixture of splrocychc sulphones was succesfully desulphonylated to give the 

hydrocarbon (9), which was also obtamed as a mixture of dlastereolsomers Thus It appears that the sulphone 

(8) IS a mixture of eplmers at C-4 
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phso~s;SA, benze”e phso2% MS, EtOH 8_ 

(4) (8) (9) 

Scheme 6 

Followmg this uutal success we were prompted to prepare further ad&tlon products by reactlon of the sulphone 

carbamon denved from (2) with a vanety of carbonyl partners, mcludmg acetone, chalcone, benzaldehyde, and 

methyl vinyl ketone Surpnsmgly none of these products could be induced to undergo cychsatton under the 

reaction condmons effective previously, or a vanety of modified condmons We were therefore eventually 

forced to abandon our attempts to gene&se the spnocychsatlon leading to products related to (8) 

Durmg the course of this work we were attracted to reports from several laboratones that efficient cychsatton of 

enol sllanes,h vmyl sllanes7 and ally1 silanes* could be carned out onto appropnately posthoned acetal groups 

We decided to mcorporate a suitable acetal into our sulphonyl allylsilane (2) in order to test such reactions on 

our system Two suitable substrates, (10) and (11) were prepared very simply, by alkylahon of the sulphone 

with the methoxyethoxymethyl (MEM) ether of either 2-mdoethanol or 3-mdopropanol respectively We were 

then delighted to find that, on treatment with EtAlC12 m toluene, both these compounds underwent the desired 

cychsa&on, to give the cychc ether products (12) and (13), Scheme 7 

- 
PhSOzm &Me, 

Scheme 7 

Although the chemical yields are not high It should be remembered that this type of nng closure IS usually 

dlffrcult unless special high dllutlon techmques are used The structures shown are supported by t3C nmr and 

400 MHz ‘H nmr (Including COSY) as well as combustion analysis Slgmficantly, one dlastereosomer 

predominated In both the 8- and g-membered nng products (ca 4 1 ratlo) 9 Based on the couphng constants of 

the low field nng hydrogens, and on NOE difference expenments carned out on (12) we have asslgned the 

stereochemistry of the major stereolsomer for this compound as shown m Fig 1 
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nOe enhancements couphngs 

H6- &4% J2.39 12Hz 

Ha-H35546 J2.3 5Hz 

H2 J2 ,j 12Hz 

Flgure 1 

The results are best accommodated by a chair-boat type conformauon of the oxocane rmg, with both the vinyl 

and phenylsulphonyl substituents occupymg equatonal posItIons Analogous nmr studies on (13) were less 

mformattve, although the great sumlanty of the low field region of the 1H nmr spectrum suggests a sm-nlar local 

conformation around the ether oxygen and sulphone groups, presumably with the nng substltuents m pseudo- 

equatonal posmons as before We tentatively assign the rruns-stereochemistry shown m Scheme 7 for this 

compound 

In conclunon, we have probed the cychsation chemistry of hfunctional silanes, and discovered both a novel 

splroannulation leading to (8), and a new stereoselectlve route to mechum nng ether compounds Both of these 

types of products are of slgmficant interest due to then presence m natural products 10 The presence of both a 

vinyl and a sulphone group m (12) and (13) make them mterestmg candidates for further regloselectlve 

transformanons 
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Experimental 

Melnng pomts for solid products were determined using a ReIchen Microscope apparatus, and are uncorrected 

Products wlthout melting points are colourless 011s Infra-red spectra were recorded on a Perkm-Elmer 298, 

Phihps PU9706 or Pye Umcam SP3-100 grating spectrophotometer, or a Perkm-Elmer 1720 FTIR instrument 

NMR spectra were recorded on a Bruker WP80, Bruker AM250 or Bruker AM400 machine, with Me& as 

internal standard Mass spectra were recorded on Hewlett Packard 5980A, AEI MS-902 or VG nucromass 70E 

spectrometers Mlcroanalyses were performed at the mlcroanalytlcal laboratory at Nottingham Unlverslty using 

a Perkm-Elmer 240B analyser 

Analytical tic was performed on Merck precoated silica gel F2% plates Preparative chromatography was camed 

out on columns of Merck Kelselgel60 (230-400 mesh) Solvents were punfled by standard techniques 

(Z)-1-Bromo-6-tnmethyls~lylhex-4-ene (1) 

(I) 6-(Tetrahydropyran-2-yloxy)-l-tnmethylsllylhex-2-yne 

To a solution of THP-protected 4-pentyn-l-01 (15 43g, 32mmol) m THF (50ml) under nitrogen at -3O’C was 

added n-BuLl(26 3ml of a 1 6M solution In hexane, 42mmol) after which the flask and contents were warmed 

to room temperature Iodomethyltnmethylsllane (8 22g, 38 4mmol) m THF (20ml) was then added and the 

mixture stirred ovemlght at 42OC 

The mixture was poured Into a saturated aqueous solution of NH&l (50ml) and extracted with ether (2x5Oml) 
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The combmed organic extracts were washed with bnne @ml), dned (MgS04) and the solvent removed under 

reduced pressure 

Flash-chromatography (2-10% ether light petroleum) gave the title compound (6 32g, 77%) (Found C, 65 70, 

H, 10 10 C,,H2,0# requires C, 66 07, H, 10 32%). v,,(film) 2952,2873,2360 1441. 1354, 1249, 1201, 

1161, 1121, 1077, 1035,991, 852 and 817 cm*‘, 6,(25OMHz, CDC13) 4 57 (lH, t, J 3Hz), 3 75-3 84 (2H, 

m), 3 42-3 49 (2H, m), 2 19-2 26 (2H, m), 1 48-l 78 (8H, m), 1 39 (2H, t, J 3Hz) and 0 06 (9H, s, SIMe3), 

m/z 254 (M+, 14%). 85 (100) and 73 (SIMe3+, 59) (Found M+ 254 1701 C14Hz602Si requires M, 

254 1702) 

(u) (Z)-6-(Tetrahydropyran-2-yloxy)-l-tnmethyl~dylhex-2-ene 

To a steed soluhon of nickel acetate (1 74g, 7mmol) m ethanol (20ml) under nitrogen was added a solution of 

sodium borohydnde (0 27g, 7mmol) 111 ethanol (5ml) and the rmxture stmed for 5-10 mm The reacnon vessel 

was evacuated and then flushed with hydrogen for 5 mm The alkyne prepared m (1) above (3 54g, 14mmol) 

was then added and the slurry was surred under a hydrogen atmosphere for a further 1 5h The reaction rmxture 

was then filtered through a carbon/loeselguhr pad and the solvent removed under reduced pressure 

Flash-chromatography (20-40% ether light petroleum) gave the desired czs-alkene (2 3g, 65%) v,,,(film) 

3038, 2930, 1630, 1430, 1345, 1238, 1190, 1130, 1070, 1050,981,830 and 690 cm-l, I&t (80 MHz, CD&) 

5 00-5 70 (2H, m), 4 56 (lH, t, J 3Hz), 3 20-4 00 (4H, m), 1 00-2 20 (12H, m) and 0 05 (9H, s), m/z 256 

(M+, 1 3%). 85 (100) and 73 (SlMe3+, 97) (Found M+256 1856 C14H2s02Si reqmres M, 256 1858) 

(III) (Z)-I-Bromo-6-mmethylsllylhex-4-ene (1) 

To a stirred solution of tnphenylphosplnne (3 07g, 11 7mmol) m dlchloromethane (1Oml) at WC was added 

dropwlse bromine (0 94g, 11 7mmol) The solution was then warmed to room temperature over 45 mm and 

then cooled to -5O’Y and the allylsllane from (n) (3g, 11 7mmol) In dichloromethane (15ml) added and the 

reaction mixture warmed to room temperature over 2h The reacnon mixture was diluted with petrol (SOml), 

filtered through a pad of cehte, and the solvent removed under reduced pressure 

Flash-chromatography (2-8% ether hght petroleum) gave the bromide (1) (1 74g, 63%), vmax 3008, 2955, 

1646, 1433, 1394, 1248, 1152, 857,774,726, 566 and 500 cm“, 6, (25OMHz, CDCl,) 5 52 (lH, m), 5 25 

(IH, m). 3 43 (2H, t, J 6Hz), 2 15-2 30 (2H, m), 1 83-2 07 (2H, m), 1 51 (2H, d, J 8Hz, CH+lMe,) and 

0 09 (9H, s), 8~ (63MHz, CDCl,) 127 52, 125 52, 33 64, 33 15, 25 88, 18 90 and 140 (Stie$, m/z 234 

(M+, 6 4%) and 73 (SiMeXf, 100) (Found M+ 234 0442 C$H19BrSi requires M, 234 0440) 

(Z)-I-Phenylsulphonyl-6-trlmethylsllylhex-4-ene (2) 

(I) 1 -Phenylthlo-6-mmethylsdylhex-4-yne 

Propargyltnmethylsllane* (15g, 134mmol) m THF (130ml) was treated with n-B&i (92 13ml of a 1 6M 

solution, 0 15mol) at -30°C The mixture was then warmed to room temperature and then 3-bromopropyl 

phenyl sulphlde (30 96g, 134mmol) m THF (13Oml) was added and the mixture refluxed for 6-7h 

After addition of sat NH&I (2OOml), the resulting mixture was extracted with ether (200ml), washed with 

bnne (3x2OOml) and the organic extracts dned (MgSO& filtered and evaporated 

Removal of the unreacted starting bromo-sulphlde by dlstdlatlon followed by flash-chromatography of the 

residue on silica elutmg with petrol gave the required alkyne (5 Og, 31%) [90% based on recovered bromo- 

sulphlde], (Found C, 68 17, H, 8 63 CISHzzSSl requires C, 68 64, H, 8 45%), v,,, (film) 2900, 2120, 

1590, 1480, 1440, 1250, 1170, 1095, 1030,850,740 and 690 cm-l, 8H (4OOMHz, CDCl,) 7 14-7 50 (5H, m, 

phenyl), 3 03 (2H, t, J 7Hz, CH,-SPh), 2 28-2 33 (2H, m), 1 81-176 (2H, m), 142 (2H, t, J 3Hz) and 
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0 10 (9H, s), 6, (lOOMHz, CDCl,) 136.53 @heny[, quat ), 129 10 @hefly/), 128.85 (phenyl), 125 81 

(phenyl), 78 49 (C=(Z), 78 29 (C=(Z), 32 58, 28 73, 18 09, 6.96 and 0 05 @tie& m/z 262 (M+. 4%) and 

73 (SlMe3+, 100) (Found M+ 262 1212 C1$&SS~ reqmres M, 262 1212) 

* Obtained as a o-uxture with toluene (ca 20%) from propargylbronude (supphed stahhsed with toluene) by the 

method of Slutsky and H ~wartlt 

(11) (Z)-l-Phenylth1o-6-mmethylsdylhex-4-ene 

To a surred solution of nickel acetate (15 8g, 63 4mmol) m ethanol (90ml) under nitrogen was added a soluhon 

of sodium borohydnde (2 4g, 63 4mmol) m ethanol (70ml) and the rmxture stmed for 15 mm The reaction 

vessel was then flushed wtth hydrogen for 15-20 mm The alkyne from (I) (16 6g, 63 4mmol) m ethanol (70ml) 

was then added and the slurry was stmed under a hydrogen atmosphere for a further 5-6h The reachon rmxture 

was then filtered through a kleselguhr pad and the solvent removed under reduced pressure Flash- 

chromatography (petrol) gave the title alkene (10 52g, 63%), v,,, (film) 3020, 2960, 1640, 1590, 1485, 

1440.1250, 1150, 860, 745 and 700 cm-*, zH (250MHz, CDCl,) 7 27-7 35 (5H, m), 5 15-5 39 (lH, m), 

5 40-5 52 (lH, m), 2 93 (2H, t, J 7Hz, CH,-SPh), 2 14 (2H, m), 1 73 (2H, m), 1 45 (2H, d, J 8Hz, CH,- 

SlMe& and 0 10 (9H, s), SC (23MHz, CDCl,) 129 42, 129 09, 126 92, 126 38, 126 00,33 69, 29 57,26 48, 

18 85 and 0 05, m/z 264 (M+, 36%) and 73 (SlMe3 +, 100) (Found M+. 264 1347 C15HZ4SS1 requires M, 

264 1368) 

(111) (Z)- 1 -Phenylsulphonyl-6-tmethylsllylhex-4-ene (2) 

To a stmed suspension of sulphlde from (u) (5 26g, 19 92mmol) m methanol (150ml) was added oxone@ 

(7 35g, 119mmol) and the mixture was stmed for 8h The nuxture was dduted urlth water (5OOml), extracted 

mto chloroform (3x3OOml) then the combined orgamc extracts were dned (MgSO,), filtered and evaporated 

Flash-chromatography (30% ether petrol) gave the sulphone (2) (4 53g, 77%) (Found C, 61 04, H, 8 48 

C1.jH2402SS~ reqmres C, 60 76, H, 8 16%), v,,, (film) 3003, 2950, 1640, 1580, 1440, 1310, 1245, 1145, 

1085, 850,725 and 685 cm-t, S, (25OMHz, CDCl,) 7 81-8 10 (2H, m), 7 42-7 65 (3H, m), 5 43 (lH, m). 

5 17 (lH, m), 2 95-3 19 (2H, m, CH,-SO,Ph), 2 09-2 20 (2H, m), 1 50-l 80 (2H, m), 1 42 (2H, d, J 8Hz, 

CH2-SIMe3) and 0 06 (9H, s), m/z 296 (M+, 3%) and 73 (SlMe3+, 100) (Found M+ 296 1250 

C,5H2402SS~ requires M, 296 1266) 

(Z)-l-(l-Phenylsulphonyl-6-tr~methylsilylhex-4-enyl)cyclohex-2-en-l-ol (4) 

To a solution of the sulphone (2) (856mg, 2 9mmol) m THF (5ml) under nitrogen at -78V was added n-BuL1 

(2ml of a 1 6M solution m hexane, 3 19mmol) after which the flask and contents were steed at -78OC for 1 h 

Cyclohex-2-enone (330mg, 3 48mmol) m THF (3ml) was then added and the ouxture was steed between 

-78OC and -50°C for 3 h 

The reactlon was quenched with sat NH&l (lOml), extracted into ether (2xlOml) and the combined orgamc 

extracts washed with bnne (3xlOml), dried (MgSO,), filtered and the solvent removed under reduced pressure 

Flash-chromatography (20% ether petrol) gave (4) as a nuxture of dastereomers m a 1 1 ratio (9OOmg, 79%) 

(Found C, 63 98, H, 8 15 C2,H320.$S~ reqmres C, 64 24, H. 8 22%). v,, (film) 3500,3000,2960, 1640, 

1580, 1445, 1300, 1245, 1140, 1080 and 850 cm-‘, 6, (25OMHz, CDCl,) 7 93-7 98 (2H, m), 7 56-7 70 (3H, 

m), 6 00 (lH, m), 5 48 (lH, d, J IHz), 5 25 (lH, m), 4 80 (lH, m), 4 53 (lH, s, OH), 3 25 (IH, m, CH- 
SO,Ph), 1 51-2 34 (lOH, m ), 129 (2H, d, J 9Hz, CH2-SlMe3) and 0 10 (9H, s), m/z 296 (M+-C,HsO, 

2%), 96 (CgHsO+, 12) and 73 (SIMS +, 100) [Found (M+-C,HsO) 296 1240 (C2tH320$S~ - C,H,O) 

requires M, 296 12671 
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(Z)-3-(l-Phenylsulphonyl-6-trimethylsilylhex-4-enyl)cyclohex-2-en-l-one (6) 
To a solution of sulphone (4) (74Omg, 1 88mmol) 111 CH&l, (15ml) at room temperature was added pynduuum 

dlchromate (108g, 2 88mmol) and the mtxture was stmed at room temperature for 94h The mtxture was 

filtered through laesulghr and the solvent removed under reduced pressure 

Flash-chromatography (20-40% ether petrol) gave enone (6) (55Omg, 75%) as whrte crystallme solid m p 60- 

63’C, v,, (KBr &SC) 3100,2953, 1675,1448,1308,1248, 1149, 1086 and 856 cm-l, S, (25OMHz, CDC13) 

7 77-7 85 (2H, m), 7 50-7 75 (3H, m), 5 65 (lH, s), 5 41-5 56 (lH, m), 5 00-5 20 (lH, m), 3 65-3 75 (lH, 

m, CH-SO*Ph), 180-2 62 (lOH, m), 140 (2H, d, J 7Hz, W2-SlMe3) and 0 10 (9H. s), 6, (23MHz, 

CDCL,) 198 22 (C=O), 155 37 (OC=CH), 134 35, 132 40, 129 36, 129 20, 128 49, 124 43, 72 42 (CH- 

SO*Ph), 66 03, 37 65.26 54,24 32,22 80, 19 01 and 0.57 (SIMe3), m/z 249 (M+-SO*Ph, 15%), 195 (25). 

77 (3) and 73 (SiMe3+, 100) [Found @I+-SOzPh) 249 1673 (C21H3003SS~ - SO*Ph) reqmres M, 249 16751 

Attempted cyclisation of (6) 

To a solution of enone (6) (54mg, 0 14mmol) in CH#l, (8ml) at -78oC was added EtAlCl, (0 15ml of a 1M 

solution in hexane, 0 15mmol) and the nuxtute was stmed at tlus temperature for 4h The reaction mixture was 

poured into a saturated solution of NaHC03 (25ml), extracted mto ether (25ml), the orgamc layer was washed 

with brme (3x25ml), drted (MgSO4) Entered and the solvent removed under reduced pressure 

Flash-chromatography (30~60% ether petrol) gave the desllylated enone (7) (24mg. 55%), v, (film) 304l0, 

2927, 2360, 1674, 1448, 1307, 1256, 1192, 1148, 1085, 998,965, 914, 740 and 690 cm-‘, 8H (25OMHz, 

CDCI,) 7 76-7 89 (2H, m), 7 45-7 75 (3H, m), 5 60-5 81 (2H, m), 4 87-5 05 (2H, m), 3 60-3 72 (lH, dd, J 

3, 8Hz, CH-SO,Ph), 198-2 65 (8H, m), 1 90-l 97 @I-I, t, J 8Hz) and 1 30-I 39 (2H, t, J 8Hz) 

Cychsatlon of (4) to gwe (8) 

A solution of (4) (2OOmg, 0 Smmol) and pTSA (95mg, 0 Smmol) in benzene (5ml) were refluxed together m a 

pre-warmed 011 bath for 40 mmutes The cooled mtxture was dduted with a saturated solutton of NaHCOs 

(15ml) and the organic layer was &Wed with ether (15ml), washed ~th bnne (15ml). dned (MgSO& filtered 

and evaporated 

Flash-chromatography (20&O% ether petrol) gave (8) (114mg, 74%) as a white crystalhne sohd m p 94-96OC 

(major Qastereomer), v,,, (KBr disc) 3040, 2800, 1630, 1540, 1448. 1300, 1150, 1090 and 1000 cm-l, 

MaJOr isomer sH (4OOMHz, CDC13) 7 86-7 89 (2H, m, phenyl), 7 50-7 63 (3H, m, phenyl), 5 62-5 70 

(2H, m), 5 30 (lH, m), 5 01-5 14 (2H, m), 3 42 (lH, dd, J 6, 9Hz, CZf-SO,Ph), 2 82 (lH, m), 2 42-2 46 

(lH, m), 190-2 19 (5H, m) and 1 57-l 78 (4H, m), 6, (23MHz, CDCl,) 145 21 (C-II), 143 21 (phenyl, 

quat ), 139 38, 133 42, 130 66, 129 25, 128 55, 116 03 (C-12). 71.94 (C-Z), 53 63 (C-4), 51 19 (C-5), 

29 25 (CH& 27 89 (CH$, 25 51 (CH2), 25 35 (CH,), and 19 88 (CH,) 

Mmor Isomer 8H (4OOMHz. CDC13) 7 85-7 87 (2H, m, phenyl), 7 48-7 63 (3H, m, phenyl), 5 65-5 83 

(3H, m), 4 92-5 08 (2H, m), 3 42 (lH, dd, J 7, 9Hz, W-SO,Ph), 2 79-2 85 (lH, m), 2 00-2 37 (2H, m), 

1 90-l 99 (2H, m), 1 80-I 86 (2H, m), 156-l 78 (2H, m) and 1 32-l 46 (2H, m), m/z 161 (M+-SOTPh, 

52%). 160 (M+-HSO,Ph, 59) and 91 (100) [Found (M+- HSO,Ph) 160 1249 (C,sH,,O,S - HSO,Ph) 

requires M, 160 12531 

Desulphonylation of (8) to give (9) 
Magnesmm turnings (log) were acnvated by washing repeatedly urlth portions of 0 5% aqueous HCl by 

swlrhng and decantmg the hqmd After washmg (x10) the magnesium was nnsed with water (x10), dry ethanol 
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and finally ether The metal was then heated m an oven (15oOC) overmght 

A mixture of dry methanol (1Oml) and acnvated magnesmm (96mg) was heated to WC unnl hydrogen gas was 

contmuously evolved, then the heatmg source was removed and the sulphone (8) (15Omg, 0 Smmol) was 

added The mixture was then stirred for 2-5 h wth mterrmttent addlnon of magnesium (5x96mg over this 

penod) and solvent, and heatmg was connnued to mamtam the reacnon 

After the reducnon was complete (t 1 c) the reacnon was poured mto Ice-cold dilute HCl (15ml), and then 

extracted mto ether (15ml) The orgamc layer was washed wnh KOH (3xl5ml), bnne (2xl5ml). dried 

(MgSO,), filtered and the solvent removed under reduced pressure 

Flash-chromatography (petrol) gave the hydrocarbon (9) (57mg, 71%), v,, (film) 3025, 2856,2839, 1641, 

1437, 1338, 1248, 994, 910 and 858 cm-l, 8~ (25OMHz, CDC13) 5 61-5 90 (2H, m), 5 35 (lH, m), 4 90- 

5 15 (2H, m), 2 72 (lH, m), 1 81-2 43 (8H, m) and 1 33-l 81 (4H, m) 

Sulphones (10) and (11) 

To d solution contammg the sulphone (2) (0 5g, 1 69mmol) m THF (4ml) and hexamethylphosphonc nlamlde 

(0 302g, 1 69mmol) at -78OC was added n-BuL1 (1 16ml of a 1 6M soluuon m hexane, 1 86mmol) and the 

mixture was snrred for Ih Then, MEM-protected 2+odoethanol(2 2Og, 8 45mmol) m THF (3ml) was added at 

-78“C and the nuxture warmed to -5oOC over 0 5h The reacnon rmxture was quenched with a saturated solution 

of NH&l (20ml) and extracted with ether (20ml) The combined orgamc extracts were washed with brme 

(3x20ml) and the orgamc layer was dned (MgSO,), filtered and evaporated 

Flash-chromatography (40-60% ether petrol) gave sulphone (10) (392mg, 55%), v,,, 3150, 2952, 1645, 

1586, 1448, 1305, 1248, 1147, 855,731 and 693 cm-l, sH (25OMHz, CDC13) 7 90-7 99 (2H, m), 7 55-7 77 

(3H, m), 5 35-5 51 (lH, m), 5 05-5 19 (lH, m), 4 65 (2H, s, -OCHzO), 3 54-3 70 (6H, m), 3 40 (3H, s, 

OMe), 3 12-3 29 (lH, m), 1 50- 2 39 (6H, m), 1 41 (2H, d, J 9Hz, CH,-SlMe3) and 0 05 (9H, s, S1Me3), 

m/z 429 (M++ H, 3%), 425 (3), 401 (4) and 43 (100) [Found (M++ H) 429 0201 C21H360$S~ + H) 

requires M, 429 0213 

A slmdar procedure gave (11) (76%) (Found C, 59 74, H, 9.09 C22H3805SS~ requires C, 59 69, H, 8 65%), 

V max (film) 3018, 2900, 1640, 1450, 1310, 1250, 1150, 1080, 1050 and 870 cm-‘, 6, (25OMHz, CDCl,) 

7 82-7 86 (2H, m, phenyl), 7 46-7 65 (3H, m, phenyl), 5 38 (lH, m), 5 03 (lH, m), 4 60 (2H, s, 

OCH,O), 3 59-3 63 (2H, m, CHZ-OMe), 3 46-3 52 (4H, m, CH20), 3.34 (3H, s, OMe), 2 90-3 00 (lH, 

m, CH-S02Ph), 1 55-2 18 (8H, m), 1 37 (2H, d, J 9Hz, CH2-SiMe3) and 006 (9H, s, SGVe,), m/z 265 

(3%), 124 (5) and 105 (100) 

Cychsation of (10) and (11) to give cyclw ethers (12) and (13) respectwely 

To a solution of (10) (4OOmg, 0 93mmol) m toluene (40ml) at -78°C was added ethylalutmnmm Qchlonde 

(3 73ml of a 1M solution m hexane, 3 73mmol) The reacnon was kept between -78OC and -50°C for 5h and 

then warmed to -4OC overnight 

The reaction mixture was quenched with a saturated solution of NH&l (15ml) and extracted with ether 

(2x20ml) The combmed organic extracts were washed with bnne (20ml), dned (MgSOJ, filtered and 

evaporated 

Flash-chromatography (30-60% ether petrol) gave 6-phenylsulphonyl-J-vrnyloxocnne (12) (141mg, 53%) 

(Found C, 64 07, H, 7 17 CISH,,O,S requires C, 64 26, H, 7 19%), v,,, (film) 3010, 2927, 2359, 1640, 

1586,1447, 1304, 1289,1146, 1105,1086,736,692 and 604 cm-*, 6, (4OOMHz, CDCl,) 7 88-7 90 (2H, m, 

phenyl), 7 26-7 68 (3H, m, phenyl), 5 59 (IH, m), 4 96-5 04 (2H, m), 3 88 (lH, dt, J 4, 13Hz. H& 3 66 

(lH, dd, J 5, 12Hz, H,), 3 58-3 65 (lH, m, Hs,), 3 32 (lH, t, J 12Hz, %,), 3 17-3 23 (lH, m, CH- 
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SO,Ph), 2 03-2 40 (5H, m) and 1 66-l 71 (2H, m), 6, (IOOMHz, CDCl,) 138 58 (C-9), 137 57 (phenyl, 

quaf ), 133 73 (phenyl), 129 25 (phenyl), 129 07 (phenyf) 115 54 (C-IO), 73 51 (CH,O), 68 13 

(CH,O), 63 19 (C-6), 41 60 (C-3), 28 78 (CH& 26 71 (CH2) and 24 60 (CH& m/z 256 (M+-CH,O, 

ll%), 195 (13) and 109 (18) [Foun& (M+- %O) 250 1023 (C,sH2003S - CH,O) reqmres M, 250 10271 

A slmllar procedure gave 6-phenylsulphonyl-3-oxonune (13) (25%) (Found C, 65 29, H, 7 83 Ct2HZ203S 

reqmres C, 65 28. H, 7 53%), v,, (film) 3068, 2921, 2865, 1639, 1585, 1480, 1447, 1289, 1197, 1145, 

1086, 999, 917, 810, 760,729 and 693 cm-t, 8H (4OOMH2, CDCl,) 7 56-7 93 (2H, m, phenyl), 7 17-7 27 

(3H, m, phenyl), 5 58 (IH, m), 494-5 01 (2H, m), 3 82 (lH, dt, J 4, 7H2, &), 3 73 (lH, dd, J 4, llHz, 

HZ), 3 64-3 68 (lH, m, CH-SO*Ph), 3 42-3 50 (lH, m, Hgo), 3 13 (lH, t, J 1 lHz, HZ) and 1 39-2 35 (9H, 

m), 6~ (lOOMHz, CDC13) 138 94 (C-IO), 137 92 (phenyf, quarf ), 133 32 (phenyl), 128 97 (phenyl), 

128 77 (phenyl), 114 75 (C-II), 75 20 (CH,O), 72 43 (CH,O), 62 78 (C-6), 42 75 (C-3), 28 88 

(CH,), 27 12 (CH2), 26 47 (CH2) and 24 95 (CH& m/z 153 (M+-S02Ph, lOO%), 123 (6), 98 (5) and 71 

(99) [Found (M+ - S02Ph) 153 1251 (C16H220$ - S02Ph) reqmres M, 153 12791 
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