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Abstrrct-For many ructions next to a carbonyt group. the use of 0-silylated et&ate cbcmistry offers 

improvements in yield and selectivity over the amesponding reactions of Group I metal endates. In the case of 
a-alkylation d Eubonyl cunpcur& Lewis-acid (TiQ or ZnBrl) pano&d phenylthioalkylrticm of 0-silylrted 

enolatcs 3 by a-chlorosulphides 4 (RLH. Me, PP. W. But. and Mc$i), followed by reductive sulphw 

removal by Rancy nickel, 5 --t 6, is found to be a nliabk method for this synthetically impaunt C-C bond 

forming step. An alternative sulphur elimination pathway via the wlphoxide, 5 --f 7. allows the ngio- ad 
s~ntrollcd a-rlkylidenation of cubonyl ccmpounds. The phcnyitbidkylrtim nrction is applicrblc to 

ketones. albchydcs. estas. and lactones. 

The a-afkylation of carbonyl compounds by nuckophilic displacement of an alkyl halide with an 

e&ate is a fauns reaction in organic synthesist However, with simple ketones the basic@ of Group 

I metal enolates (i.e. I for M=Li, Na, K) often results in competitive enolate equilibration, leading to Loss of 

regiospecificity and multiple alkylation (see Scheme 1). The accessibi1itytc.d of a kinetically-generated 

specific lithium enolate of a ketone does not, therefore, necessarily guarantee site-specific monoalkylation, 

as in 1 -_) 2.2 Stcric probkms in forming the new carboncarbon bond at highly congested reaction sites, 

competing elimination of the alkyl halide, and carbonyl comknsation reactions, particularly with aldehydes, 

&rr additional restrictions on the method. While alternative methods for ditccted a-alkylation arc availabk 

based on reactive enolate equivalents, particularly axaenolates? together with the classical approach of 

using &dicarbonyl com~~ds (as well as using other activating and blocking groups in the carbonyl 

component), the use of specific enolates with kss ekctropositive metals might have distinct advantages4 

1 2 

Scheme 1 

O-Silylated enolates 3 am versatile synthetic intermediates.s which can unction as specific cnol 

equivalents for the controlled formation of C-C bonds next to the carbonyl group in modifications of many 

classical enolate reactions (6 aldol. Michael), as well as in entirely new reactions. These covalent enolate 

derivatives, which are very easily pnpared,s am only weakly nuckophilic and show no reaction with alkyl 

halides under normal conditions. However, regiocontmlkd alkyiation by certain !!&I -reactive alkyi halides 

is easy if a suitable Lewis-acid catalyst (most commonly TiCLt or ZrtBt-2) is used. This permits fcrf- 

alkylation.6 which fails completely with basic metal enolates, as ~11 as alkylation by some reactive ptimary 

and secondary alkyl halides.7 To extend this reaction to ah primary alkyl halides.9 the introduction of an a- 

phenyl~io activating group on the halide reactant, i.e. 4, provided a simple and effective solutiona Under 

4207 
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Lewis-acid catalysis, CLsiIy&ed enobes of tzarbonyf compounds can then be dkylated iq$ospecif~ahy in 

high yield by a-chloroalkylphenylsuIphidts, 10 as in 3 + 4 -_) S (Scheme 2). The venatilie phenyithio 

group introduced in the aikylati6n product may then be used in various ways; the sir@est MZ is re&ctive 

removal, 5 -3 6, leading overall to controlled maxloalkylation. The other obvious means of removal 

involves oxidation to the sulphoxi& (or sulphone) and ~-eIimination to give the a-alkylidenated earbonyl 

compound, as in 5 -_) 7. The phenyhhio group (or its oxidised derivatives) may also be used, in suitable 

situations, to give a new carbonyl group by Fummerer-type rearrangement, to direct a-deprotonation, or 

the C-S bt3nd may be reductively cleaved to give an organoiithium. 

-tYtSOH 

Scheme 2 

Since the p~y~~~o~y~atio~ reactions was first described in 1979, it has been appiied to a wide 

range of O-silylated enolates with a-chltorosulphides containing a variety of other functional groups 

(halides, ketones, esters, silylethers, alkenes, exc.)jl leading to many useM produets. It has also been 

applied12 to the y-antylation of&unsaturated carbonyl compounds by using the carnsponding Q-silyiattd 

dienolates. Analogous alkylation methods for silyl en01 ethers using thioacetaJs?*** viny~su~phi~s,~ P_ 

chlorosulphides,*h and a-nitrosulphides~ have also been devised. We now repot% the fir11 &t&s of our 

original method. 

The simplest ciass of phe~yl~~oa~y~ati~ reaction is ~~yl~iorne~y~at~~.~~~ Using lithium 

end&s, Reich and Rengats had previously deseril~d benxyhhiomethyhtion reactians with BnScHflr, but 

yields were only moderate at best and the reaction was not shown to be regiospecific with unsymmetri~ 

ketones. ‘Ike corresponding Lewis-acid promoted p~yl~~~y~tion of the silicon enolate proved to be 

a significant improvement. w Tke reagent, chloromethyIphenylsulphide, is readily available in high yield by 
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chlorination of thioanisole with sulphuryl chloride. 1’ Reaction of a mixture of the silyl enol elher 8 and 

PhSCH2Cl (1.4 equiv.) with TiC4 (I .l equiv.) in dichloromethane (-23% I h) gave, after aqueous worlrup 

and chromatography, the a-phenylthiomethylketone 9 in 73% yield (Scbcme 3). A catalytic amount (l-5 

mol%) of anhydrous ZnBrz (CH2Cl2,2o’C. 16 h) could also be used successfully, but rht yield was lower 

for ketone examples than that obtained with TiC14. In comparison, benzylrhiomethylation of the 

corresponding lithium enolate is reported 13 to proceed in 60% yield. Mechanistically. this, and other 

phenyhhioalkyladons, probably involve generation of an intermediate thiocarbocation. PhS=CHR.ls or an 

undissociatcd complex between the reagent and the Lewis acid, as the reacting electrophile. The results (see 

Table 1) for a range of ketone-derived silyl enol ethers by the TiCIt method indicated that alkylation 

worked well for acyclic and cyclic ketones. The reaction was mgiospecific using 24ctanonc. with 18 + 19 

and 21 + 22, and 2-methylcyclobexanone, with 24 + 2.5 and 27 + 28. In each case, the starting silyl enol 

clher was formed regioselectively by using kinetic (less-substituted silyl enol ether) or thermodynamic 

(more-substinned silyl enol ether) control.l6 

Table 1. Synthesis of a-phenylthiomethylketones by TiC4-promoted alkylation of silyl enol 

elhers by PhSCfI2CI; reductive and oxidative sulphur removal products. 

Sllyl Enol Method ’ Alkylatlon Ellminalmn Reclucllon 
Elher (s; reglosel )’ PrOducICu 

% Ymki 
Prodwl x Y’eld Product ’ 

x Yield 

M*,!so 

d 

24 

03 
30 

A 

A 

A 
(85) 

0 

(92) 

A 
(99) 

0 

(66) 

0 

(90) 

0 

& SR 

13 

0 

65 

& 
14 

16 

. ..LPn 

19 

63 

+ 75wyk 
22 sh 23 

0 

e- SPn 

25 

PM 0 

% 

26 

hs 0 

d3 
H 

310 

67 

71 

60 

02 

66 

71 

96 

0 

d/ 99 

26 
0 

“$ 96 

29 

0 

cc 92 

H 

329 

u Methcd A: LDA. THF. -78’C; Mc$iQ. -78-OU’C. Method B: MqSCl. Er3N. DMF, 1 IOT. 3 d. b dctaminal 
by ‘H-NMR and& gc. c -I%&. 1.1 eq.. CH$12. -23°C. I h. d the ratio of rcgioiscmeric llkylstial pluducts was 
the same as the ttgioiscmer ratio of the smning silyl enol cdber. e NaIO+ I q.. MeOH-H20.9:1. 20°C. 16 h; 
CCk, 6YC. 0.5-16 h. !W-2 Ra Ni. MqCDM)H, 9:1,2CPC. 2 h. 8 4:l ruioofcis/fmns fused isaners 
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a-thioalkyl halide should kad directly to a mashed a-methykne lactone. However. the lithium enohttes of 

lactones are alkylated in only poor yield (O-20%) by PhSCH21.23 MeSCH2CXt MeSCH21,24 and 

BnSCH2Br+t3 In contrast, the corresponding O-silylated enolatcs may be easily pbenylthiomcthylated by the 

catalytic i?.nBr~ method (Scheme 4) in near quantitative yield. For instance, reaction of the O-silylated 

enolate 34 (prepared from 33 by LDA/Me$iCl in 98% yield) with PhSCHzCl in CH2Cl2, in the presence 

of ZnBr2 (0.02 equiv., 2OT, I6 h), gave the a-p~nyl~iome~yl-rla~~ 35 in 96% yield. Oxidation to 

the sulphoxidc (Nal04) and thermolysis cleanly gave the a-methylene-y&one 37. The overall yield for 

this lactone a-me~ylenation sequence was 90%. which makes it highly competitive with other reported 

methodsa The same sequence was performed on Gvalerolactone in 81% overall yield. In one case, an 

analogous mcthyl~iome~ylation reaction on 34 with MeSCH2Cl gave the sulphidt 36. which had 

prrviouslyU been converted to 37 by sulphonium salt formation with Me1 followed by B_elimin;ltion with 

mild base. Ester enolates cannot be dinctly alkylated with BnSCH2Br in useful yield;‘, however, the ZnBr2 

method when applied to 41 gave the a-phenylthioester 42 in high yield, which could be routinely converted 

into the a-mcthylene ester 43. 

Our two-step alkylation method is applicable to the general introduction of primary alkyl groups by 

using a-chloroalkylphenylsulphi&s, ix. 4 for R#H, as the ekctrophilic reagent (Scheme !I).% The a- 

Scheme 5 

I 
NCS 

44 45 46 47 

R Methoda 45(%) 46(%P 47(%)c 

Me Tic4 78 92 95 
Pm TiC4 83 89 90 
hi Tic4 66 94 91 
Bu’ ZnBr2 78 95 93 
rvk3si fiRrZ 84 92 

a TiC4, 1.1 cq.. CHfl12. .23’C. I h. or ZnBr2, 0.02 cq..CH~l2. WC. 16 h. 
* NaIOI, 1 eq., M&H-Hfi, 9:1,20oC, 16 h; CX&, WC. 5-60 h. 
= W-2 Ra Ni. MqCTMtOH, 9:1,2CPC. 2 h. 

chlorosulphides 4, for R=Me, W. Ri, and Bur, were readily pmpared by NCS chlorination (CC&, WC. 6 

- 16 h, >95% yield) of the corresponding phenylsulphide (obtained by NaSPh displacement of the bromide 

or tosylatc). The product was simply isolated by filtration and solvent evaporation. These moistun- 

sensitive a-chlorosulphides could be stored for several montha under nitrogen at - 15% without significant 

deterioration. Reaction of silyl enol ether 44 with 4 in CH2Cl2, either in the ptesencc of an equivalent of 





a-Alkylat~on of urbonyl compounds 4213 

Tic4 (-23’C. 1 h) or a catalytic amount of ZnBu (2o’C. 16 h), gave the a-phenylthioalkylcyclohexan~ 

45 for R=Mc. w. Ri, and But. In rhese. and subsequent pbcnylthioalkylatio of prochiml cnolates. the 

products wcnz obtained as mixtures of diastereomers with no significant reaction diastereosclectivity 

evident. Raney nickel desulphurisation gave the corresponding a-alkylated cyclobexanont. 45 + 47. in 

good overall yield. Ethylation. n-tnttylation, imbutylation. and remarkably nro-pentylation wen achieved 

in this way. In each of these cases, the sulpbur was also removed oxidatively using Na104.45 + 46. to give, 

effectively, the E-isomer of a directed aldol condensation after dehydration. Consequently, the a- 

chlorosulphides 4 are shown to serve as useful equivalents of both alkyl halicks and aldehydes. 

The phenylthiobutylation reaction using 4, for R=w, was carried out successfitlly (see Table 2) on 

the O-silylated enolates of a range of carbonyl compounds: symmetrical (12) and unsymmetrical ketones 

(51.18.57.24.27); aldehydcs (72); ester (41); lactones (38). & ln each case. reductive and oxidative 

sulphur removal was carried out on the intermediate a-phenylthiobutyl carbonyl compound. Tic4 and 

ZnBr-z were again found to be the most effective Lewis acids for the alkylation step. but which was better 

depended on the substrate. With the more reactive ketene acetals of esterS and lactorus, 2nBr-z was clearly 

the best Lewis acid and gave high yields. The ZnBrz-catalysed reaction of esters and lactones was generally 

considerably faster than that of ketones; in many cases the teaction was exothermic and required cooling. 

For the aldehyde silyl enol ether 72, a 1:l mixture of Tic4 and Ti(0PrQ.t. i.e. Ti(OPr$Clz, was best with 

ZnBr2 giving a lower yield. For the silyl enol ethers of ketones, both ZnBrz and TiC4 were successful. 

ZnBrz has clear advantages of mildness, catalytic use. and ease of operation, but Tic4 may occasionally be 

superior in being more apt to give ngiospecific alkylation. 70 Both Lewis acids were successful, however, in 

promoting regiospecific phenylthiobutylation of the two isomeric silyl en01 ethers, 24 and 27, from 2- 

methylcyclohexanone. ln contrast, the corresponding lithium enolates are not easily n-butylated without 

competing equilibration.225 A more testing case is introduction of a trimcthylsilylmethyl group (c$ neo- 

pentylation). Reaction of ketone enolates with MejSiCHZI proceed only in low yield, although metallated 

imines can be used with success .x Using the appropriate a-chlomsulphide 4. R=SiMe3, the ZnBr2 method 

gave 45 (Scheme 5) and 76 (Table 2) in 84% and 97% yields and reductive desulphurisation gave the 

corresponding a-trimethylsilylmethyl- ketone 47 and lactone 77. 

These results show that the phenylthioalkylation reaction is equally effective for ngiocontrolkd 

alkylation at the more-substituted and kss-substituted a-carbon of unsymmetrical ketones. It also works in 

the regiospecific alkylation of sterically hindered enolates, such as chose having an adjacent quaternary 

carbon as in 57. and can be used for the introduction of the more difficult primary alkyl groups like nco- 

pentyl and trimethylsilylmethyl. Only in the case of aldehydes is Raney nickel dcsulphurisation 

accompanied by competitive reduction of the carbonyl group, #,73 + 75. It is, thertfolrc, a reliabk and 

widely applicablel’ method for the controlled a-alkylation of carbonyl compounds. 

a-AlkylidenaIion of carbon yl compounds 

The oxidative sulphur removal pathway makes available a method for the regiospecific a- 

alkylidenation of carbonyl compounds, where the intermediate sulphide serves to mask the UnsaMtiOn, 

and unmasking is efficiently achieved under mild conditions. In this respect. the mew may have 

advantages over tlu conventional directed aldol ccmdensation. For the majority of cases in &hew 5 and 
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Table 2, extensive elimination of PhSON occurred at room temperature during the NaIOd oxidation step. 

Only in cases 4§ -B 46, R=Bur, 69 + 70, and 5% + 59, was the sulpboxidc isolated unscathed and 

elimination was carried out by warming in CCb (SOT., 1-50 h). Elimination in these f!-phenylsulphinyl 

carbonyl compounds, as opposed to a-phenylsulphinyl compound@ is clearly favouned by the acidity of 

the proton next to the carbonyl group and bnaking of the C-S bond in the cyclic transition state does not 

lead to development of positive charge adjacent to the carbonyl group. The ease of elimination was also 

found to increase with the degree of substitution of the double formed. The a&unsaturated carbonyl 

cornpouuds were usually formed with high E-stereoselectivity, i.e. favouring the thermodynamic isomer, 

even though the starting sulphide was an erphmlttrreo mixture and sulphoxide elimination is syn- 

stereospecific. Possibly this results from the reversibility of PhSOpI elimination2s coupled with 

epimerisation adjacent to the carbonyl group. In the case of 45 + 46, for R=IW, equilibration to the 

thermodynamically preferred &isomer was slow enough that the kinetic formation of the Z-isomer and its 

subsequent isomerisation to the E-isomer could be followed by U-I-NMR, 

EXPERIMENTAL 

DMF and dichlmthane wue distilled Mm calcium hydride. THF was &shly distilled ftom sodiun&enxophenotte 

ketyl prior to use. Commercial grade titanium tetrachloride was distilled under nitrogen before use. commercial grade zinc 

bromide couJd be used after drying at 200°C at 0.5 mm Hg. although *Gold Labtl’ grade (99.999%) gave best test&s. For 

desttlphurisation purpo!W, w-2 Fblney ttickeltg could be stored at ooc unde$ EtQH for up to 2-3 months. IH NMR SpWra 
wen~at90MHzonaV~EM-390or60MHz~aaVarianEM-360,~sopEctrraw~ob~byel~ioopact 

(70 ev). Gas chromatography columns used were 10% SE-30 UltraphasG on Chromasorb W or 15% silicone grease on 

B. 

Pmpamlh of O-stiyiizld mo&r&+Silyl en01 ethers 21.27,31), 51, and 72 were pnpti from the parent 

ketone or aldehyde by a modif!catiant* of the thetmodynamic method (Me$Kl, EtsN, DMF) of House er ai.th Silyl enol 

ethers 8,12.15.18.24.44. and 34 and kctene alkylsilylacetals 34.38, and 41 were ptcparod by a modiftcationt8 of the 

kinetic method (LDA, m, Me3SiCl) of House er al. t60 Spy1 enoi ether 57 was ptcpand by CuCl catalyscd addition of 

MeMgI to mesityl oxide and enolate trapping with MqSiCl. Patios of regioisomers were de&xmincd by IH-NMR artdjor gc 

and are given in Tablea 1 and 2. Details of new compounds ate as follows: 

34: (kinetic, 98%) b-p. 58-59’0.2 mm Hg; Found C 61.9, H 9.45, CttH&$i quires C 62.2, H 9.50%; IR(film) 

1651. 124% tH NMR s(CC4) 3.79 (lH, s). 3.45-3.79 (lH, m), LO!&2.64 (9H, m), 0.25 (9H, s); MS 212(100%), 211, 

197, 183. 3%: (kinetic, 95%) b.p. 28-29”cEo.l mm Hg; Found C 56.1, H 9.50, QHu&$i requites C 55.8, H 9.35%; 

iR(frlm) 1686, lzs0, 1H NMR s(CC4) 3.97 (2H, t, J=5 Hz). 3.67 (lH, t, J-3 Ha), 1.53-2.10 (4H m), 0.16 (9H, s); MS 

m/c 172(100%). 2$-i)imcr~yf~-~rim~tlhylriie~t-3-cnc 57: Powdered dty cuprous chloride (1.5 g, 15 mmol) was 

added, under nitrogen, to a stirred dution of met.hylmagnesium iodide (150 ml of a 1 M solution in Et@, 150 mmol) at 

-23°C. After 10 mitt, mesityl oxide (11.5 ml. 100 rnmol) in ether (26 ml) was added over 10 min. followed, after a further 10 

mitt, by chJototrimethylsilane (30 ml, 236 mmol), &thy&mine (37.5 ml, 270 mmol), and HMPA (19 ml, 110 marot). After 

0.5 h. the mixture was warmed to zoom temperature, poured into satd. NH&l solution (2QO ml) and extracted with ether 

(3x150 ml). The organic phase was washed with brine, dried (MgSQ), and wapatd in vacua. Fnuztiond distillation gave 

57, 15.9 g, 85% (b.p. 62-&Y’c/21 mm Hg) as an E/Z isomer mixture: IFt(film) 1666, 1255; tH NMR &C!C4) 4.76.4.28 

(IH, 2x s), 1.80, 1.73 (3l-L 2x s), 1.15. 1.12 (9H. 2x ~)~0.23.0.2tl (PH, 2x s); HRMS M+ 186.1438, Ct@@Si requires 

186.144Ot m/c 186, 171,73(100%), 57. 

Pmpmtilon of ce=cWmrulpMdrr d-Chloromethylphenylsulphide was prepared by the method of Trost and 

Kunz.t4 or-Chlorosulphides 4, R=alkyl cx SiMtf, wem prepared by N-chlorosucoinimide chlorination of the corresponding 

alkylphenylsulphide @epared from the alkyl bromide, chloride, or tosylsoe using NaSPh in EtCtH) after the method of TuJeen 

and Stephens.s Powdered NCS (10.68 g, 80 mtml) was added in a single pardon to a stirred solution of the sulphide (80 
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I-Chloroefkylphenyladphide 4, R=Me: (6 h, 97%) ‘H NMR #CC4) 7.2G7.68 (5H. to). 5.32 (If+. q, J-7 Hz). 2.01 

(3H. d, J=7 Hz); cflks I-C~oroburyrpkny~Jph~4, R-W (6 h, 98%) IR(film) 3060, 1583. 1480. 1440 tH NMR 

&CDCl3) 7.14-7.69 (SH. m), 5.25 (1H. t. J-7 Hz), 1.94-2.19 (W. m). 1.42-1.83 (2H. m). 0.93 (3H. t, J=7 Hz); HRMS 

M+ 200.0426, C&13CIS tequins 200.04M; &e 200,16S,164.1 lo(lOO%), 109.lChforo-Z-methylpropyiphetrylsulp&de 

4, R=FY: (8 h, 98%) tH-NMR &CDCl3) 7.18-7.69 (SH, m), 5.19 (IH, d. 14 Hz), 1.W2.80 (IH. m). 1.16 (6H. d. J-6.5 

Hz); HRMS M+ 200.0428. C&il3ClS rrquim 200.0426; m/e 200. 165, 1 lO(lOO%). I-Chloro-23.dimcrhybrofflphnyl- 

ruiphlde 4, R-B& (16 b, 95%) tH NMR G(CDCI3) 7.22-7.67 (SH. m). 4.98 (1H. s), 1.26 (9H, s). Chforotrimerhyf- 

~ityfmefhy~p~nyIs~p~& 4, R=SiMej: (18 h. %%) ‘H NMR &CDCl3) 6.93-7.41 (SH, m). 4.57 (1H. s). 0.03 (9H. s); 

HRMS M+ 230.0339, C&&lSSi nquitxs 230.0353; nJe 230.121(100%). 110. 

PheayithtoulkyWor: 7iCld w&&A soiuti~n of titanium tetrtrhloride (0.6 ml, 5.5 ttmwl) in dry CH$Zlz (5 

ml) was added at -23Y by syringe to a stirted dution OlO-silyiaud enolate (5 mtnol) atrl achLaoalkylphenyWphi& 4 (6-7 

mmol). at -23’C. in CHfl2 (5 ml) under niaogen. Aftet 1 h, Ihe te-sulting deep ted solution was poumd into ntd. NaHCOj 

solution (25 ml) and wtractai reputedly with ether. The agattic pt~~ was dried (M&a) and evaparted in vucuo w give, 

lfter chmmatogtaphy on Sic&. the phmylthioalkylated urbonyl ccmpound. Ratios of tcgioixmn wm detemtined by tH 

NMRand/ngcandwcreinclosc~ t with isottxt ratios in the substrates. 

ZnBrz m? ~w~rnhydrouszincbromidc(l5-20mg,cuO.l~)was~wastimdsdution do- 

silyhtcd cnolatc (5 mmol) and achknoalkylphenylwlphide 4 (6 mmol) in dty CH2Cl2 at 2oOC u&r nim>gcn Typical textion 

times ate as follows: 16 h for 4, R=H (ester and lactose examples); 30 mitt for 4, RzH (esur and lactone examples); 16 h for 

4, RsH (Wotx wampksf. After the ptesctibed time, the solvent was cvlpaated in vtuuo and tht Rsidue chromuognphd on 

si& w give the pltatylthblkylatd cdmttyl campod. 

Ti@P&C& nu&u#-Titanium utn-iso-ptopoxide (0.42 toI. 4 tntnol) was added w a stir& solution of titanium 

teuachlcride (0.44 ml, 4 mmol) in dry CH2Cl2 (5 ml) II 2U’C un& nitrogen. After 10 mitt, this tnixtute was then tranrfetred 

by syringe to a stirred solutiott of do O-siJylated endue (4 rmnd) and the athbrmllrylphenylsulphide 4 (5 mmd) in CH2Cl2 

(5 mI) at -7W.Z under nitmgen. After Ih, the runion was wu&i up as in the TQ mtduxi. 

I.Phenyl-2~phenylrhiomethylpropanone 9: Crib. 73%) IR(film) 3060. 1680. 1598, 1580. 1482. 1450; tH NMR 

S(CDCI3) 7.82 (W, d, J=8 Hz). 7.lb7.58 (SH, m), 3.52-3.87 (IH. m), 3.41 (IH, dd. 117, 12 Hz). 2.97 (lH, dd. J-6.5, 

12 Hz). 1.31 (3H. d, J=7 Hz); HRMS M+ 256.0915. Cl&@S tequitcs 256.0922; t&e 256. 147. 123, 105(100%). 77.2- 

Plvnyfrhiomcrhylcyc/opoprnrononc 13: (Tick. 65%) IRWdm) 1735; ‘H NMR &CDCl3) 7.02-7.47 (SH. m). 3.45 (1H. dd. 

J=3.5, 12 Hz), 2.77 (IH, dd. J-8, 12 Hz). 1.48-2.57 (7H. m); HRMS M+ 206.0774. Ct2Ht4OS requitrr 206.0765; m/c 

206. 123, 1 lCKiOO%), lO9,W. 69.22-Dimrthylb.pknylrhiMerhylcycloivxononr 16: (Tic&, 77%) IR(film) 3060.1710, 

1586. 1482. 1440. ‘H NMR G(CDCI3) 7.05-7.45 (SH. m). 3.49 (1H. dd. Jr3.5. 12 Hz), 2.263.01 (3H, m). 1.24-2.03 (SH, 

m), 1.18 (3H. s), 1.10 f3H. s); HRMS M’ 248.1240, Ct5H&S requites 248.1235; t&e 248. 139. 123. 110.69(100%). f- 

Phrnyl-rhiononun-Jaone 19: flick. 63%) IR(ftlm) 1710, tH NMR G(CDCl3) 702-7.56 (5H. m). 3.12 (2H. t. J=7 Hz). 2.70 

(W. t. J=7 Hz). 2.35 (2Ji. I, J=7 Hz), 1.08-1.76 (8H. ml. 0.88 (3H. t, J=6 HZ); HRMS M+ 250.1385, CtgH+S raqums 

250.1391; m/e 250, 137. 123. 110 (10056). 109.3-Phenyirhi6me~hyi~~ocuul-2-onc22: W&. 75%) IR(film) 1710. IH NMR 

&CDCl3) 6.98-7.36 (SH. m). 3.09 (IH. dd. J=8, 12.5 Hz). 2.84 (1H. dd, J=6, 12.5 Hz). 2.5G2.80 (1H. m). 2.W (3H. s), 

1.06-1.77 (8H. m). 0.87 (3H. t. J-6 Hz); HRMS M+ 250.1392. Ct5H220S requites 250.1392; m/e 250. 141. 123, 

1 lo(lW%). 71.2.Merhyi.6-phenylrh~omethylcyclohexonone 25: (Tia, 87%) iR(film) 1710; IH NMR &CDCl3) 7.W7.54 

(SH. m). 3.46 (1H. dd. J=4, 13 Hz), 1.2&2.88 (9H. m) 0.99 (3H. d. J=6 Hz); HRMS M+ 234.1083, Ct4HtgOS nquins 

234 l@7% mfe 234. 125. 1 lO(loo8). 2-Merhyl-2-phcnyf-thiomcrhylcrcfohuMonc t%: (TX&, 71%) iR(film) 1715; tH NMR 

&CDCl3) 7.03-7.50 (SH. m). 3.16 (2H, s), 2.24-2.50 (2H. m), 1X-2.04 (6H, m), 1.20 (3H. s); HRMS M+ 234.1074. 

CldHt@S tequim 234.1079; &c 234. 125, 1 lo(loOa). 9-Phcnylthio~thyt.l-dccolo~ 31: (TtCb. 80%) IR(film) 3Of& 

1705, 1584. 1480. 1440; *H NMR &CDCl3) 7.05-7.48 f5H. m). 3.32 (2H. s), 1.00-2.48 (1SH. m); HRMS M+ 274.13%. 

Cl7HuOS rrquitrr 274.13% m/e 274(100%). 2~Phc~lrhiolur~l-3,4-~-fe~~~hyie~~~b~rolocw~ 35: (ZnBt2, 

96%) IR(film) 3060, 1770. 1584, 1483. 1442; tH NMR #CDCl3) 7.12-7.60 (5H. mf. 4.04 (O.SH. dt. J=4. 10 HZ). 3.73 

(O.SH. dt, J-4, 10 Hz). 3.54 (IH. dd, J=4, 14 Hz) 1.96-3.21 (2H, m). 1.08-l.% (9H. m); ?iRMS M+ 262.1029. 

Cl,Ht&S nquitts 262.1028; mle 262(1#%). 2-Mci~l~hibmrrhyl-3.4-wcw-uffomct~lenr.rbwyrolncwrv 36: (2nB~ 

80%) Wfiim) 177; ‘H NMR MCDCl3) 4.10 (O.SH. dt. 14, 10 HZ). 3.79 (O.SH, dt. 14, 10 Hz). 2.38-3.13 (3H, m), 2.17 

(1.5H. s). 2.14U.SH. s). 1.162.36(9H. m); HRMS M+ 2(K).o8n. C]@1&S requires 200.0871; tt& 2oo(lOO%). 152, 
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