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AblftclCf: A method is ducrihcd for he diaacmos&ctAve focmatkm of djrcat 
qultemary carboo Moma. - pmceu lnvolrcr 1 two-acp tr8wfoImMion of 
lo rllylic ~-&ctoatcr into a ringic dtyl kecacwetal wbicb the0 uBd8rgoa , 
13.31 rigmrtropic reamoymcat IO gcacrrIc tbc d&red crrboo-carboa bond 
in good yield aad with exce1le111 ncreocoo~rol. 

[Dcdicolrd to Proferror Michael J. S. Dewor on the occador of Ns rrvrnde~ bhhday] 

latrodoctlon 

The presence of unsymmetrically aubstitutcd con~iguour qurtcmrry carbon 

cc111crs in a target molecule caa cripple a ryothetic strategy. The inbennt steric 

coostrriaIr of the severely hindered carbon-carbon bond prohibit traditional 

oucleophilic displrccment nxctioos. rod potential requircmcntr of chirality forbid 

reactions that scramble steruxbemirtry. The tuk is erpccirlly dificnlt in acyclic 

systems. Convergent. rtercosclccIive aynthc~~s of a variety of natural products have 

eluded chemists due, in part. to the inability to produce the adjacent qurternrry centers 

present in these molecules.* 

Despite the lack of a general melhod for the construction of vicinll quriernrry 

cen1crs. a few dirstcreoselecIivc syntheses iavolviop formation of adjacent quaternary 

carbon atoms have been reported. Among these are syntheses of the scsquitcrpenes 

trichodicnc (1je2 buranenc (2j3 and verrucrrol (J).’ m synthetic routes thrt have 

been devised utilize very creative manipulations to arrive at the correct carbon 

ske!c100s. Typically. the overall mclhodology is based on one of only a few rpprowbcs. 

One is the formation of the qorternrry centen through a p&cyclic process (Dicls- 

Aidcr.2b.c.3.’ or Nurrov cycliruioa ,2d) followed by rtructurrl elaboration through a 

ring opening procedure. The second approach relics oo the coaformrtional bias of a 

ring system IO impart dirstcreoselcctivity upon an rlkylrtion2a or. more rccenily. a 

radical cyclirrtion.5 Although these methods do produce the required functionrliry. 

each suffers from either poor yields or applicability IO only rpccific cyclic cases. The 

organomctrllic approach of Perrron2e is promisiog siocc i1 appears immune from these 

p:ohlcms. but its degree of rtercosclecIivity is. al prrscot. varied and difticult to predict. 

A number of iavcrligalon have rcccnIly6 dcmoartrricd the potential of 13.31 

sigmrlropic rcrrrrngemenlr. specifically variants of the Clriscn rcrrrrngcmeat7 
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(cqurtioa I). ss efflcieal sad stcraosclcctive mesas of liakiog qrutemafy ccntc”. 

Additioaally. thJs type of pmceu allow for direct atuwcmti io scyclic u well ” 

cyclic Bystems. The fomatalnhsd of Ibis cootrol is tbs wall utsblishcd tca6tacy of 

lheac rcsmagewats to proceed thmogb l chdl-like traasidoa stste.g 

To date. however. the full power of m8nocootlol via slprtloplc plcceau hu not 

bca~ rccusible bw to l variety of tcchahl praMems. Tbc UC-kal outcow of 

tbc cldsca rcm8ngceleat. for cxuaple. ir @endeat on tbc 8ulalctry of the smthg 

s1ly1 vinyl ctbc1.‘5’.~ co the synthetic cballcagc ssmclstcd with the ste~oselcct~ve 

formstioa of s ,iagle such ether is the ptedmahat prubkm (quatioo 2). IO some 

cxsmplcr where the wangundoa of the ctbcr caa k coatrolled. then hrve been 

even more serious problems with rcgiochcmicsJ cootrol in their formscion owJag to C- 

slkylrtioa of l prWuno1 saolue ioa (quatioa 3).0’ Similu problsmo exist for the 

caolste-ester Clsisea rcsmagemcot 9 in thst kaowa methods for ths colttrol of the 

geometry of aimplc caolstulo sre not spplicsblo to ester ca0lstc.s (quatioa 4). These 

problcmr dccruse effective yields to less thsa 40% of the desired dimtcrcomcr in even 

the best csscs.‘5’.~-’ 

OLI 

CN I.1 _ &N + &N 

(2) 

0) 

(4) 

We report herein s 13.31 sigmuropic rcrrraageatcat of sllylic g-ketocsters which 

resultr in the foratstioo of coatiguour qurterasry centers dirstcreosclcctivcly. 

Evidence is presented that is consistent with the proposition that the stcraosclcctivity 

originatea in s dcprotoostioo rtcp that trsarfonas sa ester into oae specific eaolste ion. 

Silylstioa of this caolrtc clcsaly geacrrtcr s siople (Z) silyl keteocscctsl which then 

isomerirer through I chrir truuitioo stste to gcacrrtc the desired cuboo-crrbon bond 

in prestcr thsn 70% yield sad in st lust 982 disstetv.osclcctivity. 

Results and Dlscurslon 

It is known thrt disstcreorclcctivity cso be induced io the Irelsod-Clriseo 

rerrrrngemeot9 by cootrolling the dire&m of deprotoostioo by mesnr of I chelating 

group 0 IO the esler (equstion S).t 1 Applicstioo of this method to the creation of 

contiguous qusternrry centers would require the UK of s g-chclrtiog group (cqurtion 

6). Fonuortely. msay cxrmples in the litcrsturc indicrte tbrt the control of ester 

enolrte geometry by this rypc of chelation is ladocd possible (quuioa 7).t* 
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Two atch eppfoachu brve been reported for the 13.31 tiS=woptc -@ltDt 

of ester-enolate aoionr. Kuttht3 studied the remat~ctt~ of dimions of Uylic b- 

hydroxyesters (qortion 8) rbcrcu Wilsoo 1’ looked at the runan#emeot of diaaionr 

of xltyiic p-kttocsten (equrtion 9). Unfonruutely. neither Wchniquc tmmi 001 10 be 

appropriate for the formrtioa of vicinrt qurtemuy centcrx. 

(8) 

(9) 

fnitixl efforta to extend the work of Kurtb I3 frikd w&b tvett slightly biaderod 

rynemt (3cbtme 1). T&us, trctumutt of tbe &bydroxyestcr with two squlvitenu of 

lithium diisopropylunide (LDA) u -78 OC lolloral by wxrmiog (0 moat tempcrxtur~ kd 

only to the fOrmaii0~ of pdymeric mutrllr. Pngmatuion of tke tiedred cstez aoluc 

to x kctenc (path a) rppucrd to be l rauxubk fint rep in rrtioulixing this ruult.t~ 

Effort8 to suppress rncb fragmentation by sUylnion of tbe diudoa led only to 

climinrtion of the chelating group (prtb b) rod isolatioa of the pnsrtnratlod ecter. 

Evidently. silylatiott occurred initially on the aikoxidc mo4cty. ukd this wax follow& by 

xn elimination thrt preceded silylr:ion of the resttlti~ cater errolate. Additioo of 

cosolvents such as bcx~e~ylpbospbo~c trirmide (HMPA) did oat rllevirte this 

problem. 
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In 8n effort to obviate climiaatbn, we clectod to use 8a cootrte (of its quivlleot) 

father tbut pI rlkoxldc U tbc ~-cbclUln~ poop. I modifkubn thlt VU rtlmahtd by 

the work of w&l8on.t’ Oact rgdtt, dwvrwtiott of the 8tAUiag matedrf occurmi with 

the more big!tly mbrdotcd systa~ of httcntt W~UIBC 2). However. dlylmion of the 

itttetmtdiue diutiott lffordd I small amouot of tbe bicsilylucd mrtcrial and tbc [3$] 

sigamtropic rcurmgcmutt frnentaj tbc de&d choolukm batd. PIom s blrtoric 

standpoint. tbis procea ban I formal nstmbllncc to the lg.31 sigmatropic 

nrmagcmutt of @-moutcn fint teponcd by Cumu in 1940 tqtmion 1oj.16 

(10) 

The Modified Carroll Rrarrangement 

Tbe tcsctioa conditioos for the nlnlngcttteat were fiat optimized oo 3-methyl-2- 

butcoyl 2-methyl-3sxobatrao~te (4, Scbcme 3). lltis compound was preprted io 84% 

isolated yield as previously ducribed. t7 Its biutitm cm be gmerstcd dLactly ia THF at 

0 OC using IWO quivrlcttts of lithium diiaopropyhmidc (LDA); homvcr. mrtioo of this 

dirnioo with trimctbylsilyl chloride (TMSCI) leads to products rualtittp from siiyletioo 

II the tcrminti carbon.18 ~bc ptefcrrcd sohtioo IO this probkm is to itttroduec the two 

trimethylsityl (This) groups squcatifilfy, a techoolon, that brt rtsulttd in the 

syntbcrs of I number of iotefutiog dicr~u.~~ 

TM80 OTUB 



Fonnauon of quattrmry ccntcn 

rypicdly, be firm l-MS group b anodd by pmmio# I& -lu rid , 

uroog hue d quacbiq it rllh TMSCL ~wekuodlhuruefiwatIuotcrll 
thrc developed by Aiorronb 2 * 10 which tbc fl-ketoener ir beucd at reflux io 

hcramtthyldidluuc (HMDS) io Ibc prweocc of a catalytic MOODI of Imidwlc. 

Applyins chi# procedure to 6 pve S aa a single isomer (by 1 If- aad la<: - N M R 

qccmncopy)l~W+lmbtcd~~ AaipPetofbc~euyoftbodmbktmduE 

wu based oo lH-NMR resooanc~. IR rbwrptloos sod literature prcc+dcot for chew 

rcacrioor.22 Ampu to confirm &c udgnmcac by a dUfercotial NOE erpcrim~ ytm 

iocooclorivc.23 

The fonuioo of chc dlyl tctcneuc ml 6 from 5 was m4 r) clraigbtforward. others 

have reported that simply m Ihc timuhylailoxy componnd S with LDA rad TMScl 

at -78 oC rwilly giver the rilyl kcreoeacttrl 10 to high yield (quaion 1 I).‘9 

Applicrdca of dmihr cmdllbar Idled to C(RVC~I 5 IO 6. Char expaieacc with the TMS 

cool ethers of 2-mccbyl-3-oxob~1oorct, (e.g. 5) indicUer that their deprotooatioo ir 

100 dew at thix cempcruurc to k rpthctically wful (dxyr). Wuml0~ the reactA 

mixture IO -50 OC durioa the dcprotoortioo ouge. lo aa effort to rcelerr~e the 

dcpromauioa. e only cbc rwdog fl-katuemsr 4. a result bellned to be cawed 

by oocleophillc clavnge of Ibo TMS mp by LDA.24 Ccmdmau wllh this hypr&&s. in 

vu foaod that chvyc could ba mpprcncd by urio~ a more hiodcnd base. Thur. 

deprorooadoo was ~ccomplilbcd usiog 1.3 cquivxlcotr of a I:1 mixture of lithium 

~ctramcthylpipcridlde (LTMP)2J rad ~c~ram~thylothyltacdiaminminc fTMEDA)26 in THP II - 

50 OC for four bow. lEc raulling cnoluc WI dlyhtcd by cooling the mixmn to -78 OC 

and crcrtiog it vith 2.0 eq. of the aupcrnatml from a 1:l mixture of TMSCl and 

trierhylrminc. Addition of IWO cquivaleotr of HMPA after the addition of TMSCI 

increaser the eventual yield of 8 from 33% IO 76%. 

x0.. - 
TM80 0 TM60 OTYO 

-ohI. - -0”. 
9 l@ 

(11) 

The 13.31 sigmatropic marraogcmcot was effecwd by allowing Ihc reaction mixture 

10 warm to room temperature gradually over three bows and then ruming it to 40 OC 

for I2 hours. This prwunably guwratcr canpoaod 7. which YU oa irolaud. Rafhcr 

Qe TM.9 group, were removed by hydrolysis and the runltiog S-kctoacid YU csrerificd 

with diaromcthane. 

A few words rboul the fioal work-up of the mvtioo mixture are in order. II is 

important IO cleave the TMS groupa ti tcmpcraturea no higher than 0 OC rince the 

intermediate S-ketoacid can readily dcca~xylue. Typically we expord ioturmcdiuc 7 

to 1% qucous HCI in methanol for IS minutea at 0 oC2’ and thco lrca~cd the resuhing 

mixture directly with an CXCCII of diaxomcthane. a ncqocnce cbrt poxluccr 8 in the 

aforcmcatiooed 76% isolated yield afwr flub cbroma~o~phy.~* 

Dlrrtcrcoselcctlvlty 

We 0~x1 turned our attention to the questi- of the dintcrmsclectivity of ~hc 

rcactioo (Scheme 4). Eacn 11 end 12 were pmpared from the corrw~ding alcohols 

in excellent yields. These were then coovertcd IO the (E)-3-trimethylriloxy derivatives 

a~ described above. Subjecti- of 13 md 14 to be IMC reaction conditions u those 

given for S l ffordcd the rcmut~cd tiers 15 and 16, respectively. in 73% and 77% 
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11 

Thl80~~- “.O+ 
13 IS 

jj-3 0 0 +3 0 - TM80 * _ Y.0 
0 

11 14 16 

Auignlog the re11ll*a aucochcaiary IO 15 & 16 wax yw aivid (rbemx S). We 

mdixodthaitmightkpoadblcto~dnnupofhlddcn ~tatbCmOkCda 

xud geoermc I rocrmlc ad x melo Isomer wbicb. tb~Acxlly. could be distln~lxbed 

by NMR tecboiqocr. To achieve tbk cod. il vu BccaUry to mlks sacb quuenwy 

ccnler cquivh4ll. since both wn possusrd I mdlyl g?utp. 1 two cub00 fragnml 

(ethyl or wecyl) rad M oxidized cub00 atom (cacr or xlkcnc) tbt :nk rrmatocd to 

rcdocc tbc xccryl IO xo ethyl group xod mxke tbc oxldiral cutmo xtomr ideoticxl by 

oxidrtioo-reductioo tcchoiqocs. 

ld 17 19 11(r#mk) 

A number of rpproxcbea were tried to ucomplisb MI SOAL but tbc difficulty 

urocixtcd with workiog with oeapcogl ccotcn reodcred man of them ioeffmlive. Tbc 

xcqucncc ultimxtely followed wu 10 reduce rbc bcetyl group to xn ctbyl group in two 

ncpr xod IO cooven both the ester xod the xlkenc fuactiooxlity IO bydroxy methyl 

groups xs shown in tie 5. Thus compound 15 was reduced IO irown 17 io 62% 

yield by ucwmon~ with sodium borohydridc (NIB&) in ~lhxool.~~ Tbir mnerixl wxs 

next coovencd IO its mcsylrte30 xnd rcduccd further with lithium rlumioum hydride 

(LiAIH4). The yield of this proceu wxs low (21%) undoubtedly due IO the problems 

inhcreot in hydride rcductioo of x ncopcnlyl maylrlc. 3l Tk tcnnioxl dktnc 19 wu 

then trexted with oxone followed by workup with LiAl& io refluxiog e~bc?~ IO yield 
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h dial 21 la 63s ykld. IAkowi-. ~.&soaalar 16 m cawaawd Bqueuuly - 18 

(65%). 20 (28%) md 22 (SW. 

These dau UC unambigmxuly is wcofd with the urlgnwa1 of 21 - & rocrnlc 

homer ad 22 - It% 11)JJO. Bucd on Lheae awnccorll urI&amoau. rAtIve 

nereacheminries could be anim for 1 of the wdr of ~bemc 5 lnclodio~ 

those of the initial rcunngcmeal pf0duCU. 15 md 16. 

The ncrcocbemical courlc of de ferdoor that tr8Mfotm 11 rad 12 into 15 md 

16, rupeccively (S&ane 4). ir defined io tbme -0. Tbc nf8l aage iovolvcl the 

geometry about the new double bond in 13 ad 14. Tbc wcahd ia be plufcucndll 

fonnuion of o- cater ewluc aver the other. nd tbc third ir tbc chair-bou ackcdvity 

of the rigmuznpic procul. 

We dccidcd IO cxamioe Ibc flnt IWO of thcr vrdrblu by lc&iog u lo model 

system in scheme 6. Trermuu of ethyl 2-methyl-3orobmaaoatc (23) with LDA in tbc 

pnr~ll~~ 0f n4sa u -78 oc PVC CXCIU~~VC~Y z-24. The same compound afforded E-24 

tieo treated with HMDS md imidamle P 135 oC. As all\rdsd IO Edna. the gcomarier of 

chc two compounds coold be urigocd by the lH-NUR rerooancu for Lk tcrmioll 

mclhyl group aod IR rbaxpdoor for Ibe cater cuboayl (1 2.27 ppm and 1720 cm-l 

rerpcctivcly for E-24 ad i 1.89 ppm rad 1740 cm-1 rcqx~tivcly for Z-24). l’%csc IWO 

compounds were &co ~m~cd wil LTMP-TMEDA in be prucnce of TMSCl IO yield the 

intermediate dkncr. Curiourly. both E-24 pld Z-24 gave the same dkac u the major 

pro&XL However. while lhir dknc wu lbc ooly pfoducl from lbc E-isomer, it was 

cooramiaucd by 10% of a minor diw io Ux rcwdoo of Ibc Z-her. Ibc major diw 

hd IH-NMR reamncc~ for its terminal mcthyhc u 8 4.28 ppm pld 6 4.42 m whik 

tbc mloor disac’c BCI appeued u b 4.27 ppm uxl i 4.39 PPQ. The major dienc 

was assigned rhc Z pometry by the mctbod of Camsmn19 in which cbrmoly8is of this 

compound initiates a [ I.51 sigmatropic shin of rilicoo from oxygen IO cuboo. Tbc 

minor isomer doer OOI rumogc or &omcrize under these coikdhioos. 

TUSO 0 
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(12) 

. 
TY80 0 LI 

AT 
TY80’ ‘0 tuao OLI 
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2.14 

The formuion 

lIereochcmirlry of 

marmllganall ocean 

of only che Z-rllyl tclcacrcclrl and knowlcd~c of IbC 

the producls ‘ellowr us lo infer that the 1331 rigmrlropic 

eolely by way of the chef ~maai~ioa ,IUC. Thi# nMl piac of 

the puzzle should allow for prediclrbility of lc rlereochemicll court0 in further 

epplicrlionr of lhir method. 

It should be noted III~I 10 inlemalinp aidc mrclion was obrencd whea Lbc 

reuraogcmcn~ of 13 wu performed a~ 65 OC for 36 bcun. It rpgcut lhrl the initial 

producr undergocs a second 13.31 rigmrlropic rearmopmcnt IO gencn~e compound 26 

Euler workop (Scheme 7). Nh4R cvideoco iudicrlcr thu 26 is geoumrd iu IWO steps u 

opposed lo e rioglo [ l.S] rigmuropic shift. Tandem Clriaeo-Cope runangemeulr have 

been observed bcfore36 bol lbcy usually nquiro higbcr lempcrrlurer. Apparent 

driving forces for lhe accord rernaugemcnl arc relief of lhc s~oric svrjn ruociued 

with lbc conliguouc qurlerorry CCDICR. formrlion of a more subslilulcd rlkcoe. end 

reslorrliou of coajugrlioa in lhc resulling unertunled ester. Additionally. lbe 

prueucc of an encr moiely al C-3 of l 1,54enc ir known to have l large accelerating 

cffccl upon lc Cope remeogcmcol.37 Portunr~ely. tbc secoad nunugemeol brs ID 

activation cocrgy chrt Is bigbu thao lilt of lc first. lhcmby allowiug i~r suppression 

by use of shorter reaction time, sod lonr reaction lempernures. 
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Exprrlmentrl Sectton 

lafrued apoctrr wcrc roaxdod. with l Bockmm I&SA spa wer u liquid 
umpkr ktwcoo nit pluoa A- UI rrpad ia cm-l. lo- ad l3C- pockrr 
Ill~glldC -c rpuxn welt mauwcd It 300 MHz a 8 08 QE300 spxmmcw. 

Dcutcriochloroform wu ased u m inrcrnal ruodwd md dcoudam lock. C%emkrl 

lbobuopwk--rtpo&. BuctsLa8;rrPrewnuwcfc-~oo.ratRlal(cEc) 
21-110 iast1~mm1 for ccwpoab wbkh hd l LRW M+ puk ~1% of the but puk. 
Hizh ~rc~urc liauid chrumrtorraobr wu ~~rfoimcd a l Wuon 6OOOA in~~~rnca~ 

WM then 5lleJed Md diuilM. Dieathaua *u grwnlcd hr*s N-methyl-N-nicroso- 
p-tolucaesulfos~dc (Aldrich-Diurld) u M tiered rolutioa md wed lmmodiuely. 
All other rrrgtats utd rofvmu were obcrined from commercial aourcu ti purified by 
rrlndrrd mc~lodr. 

(e)-3.Methyl-2-peatea-l-01.3) A almd cuqxaha of 3.0 g (60.0 mmd) of LlAlH4 
io ISO mL of dry dicchyl ctbcr wm cooled in P) kc-ma bath. & l tica of 2.6 aL 
(SO.0 mmol) of m&aml is 25 mL of c&u m ddul over 30 rIa Bcbyl (E)-3-methyl-2- 
pco1cnor1e3* io 2S mL of ctbcr WI) tbra bddui drapwkc. & tbc titkg whaioa ww 
nid u 4 OC for 12 h. Cautloas. qncati~I trutD4 of the ructba mixhur with 3 mL 
of HzO. 3 mL of 4N N&H od 9 mL of H20 aflodd II) ctbcrcd DOMOO. wbkb was 
fil~end. drk4 (MgSO4) ti conceatnted by totuy ewporatia. Diaill~ (M-IS OCT. 

40 mm Hg) ykkkd 6.8 8 (96.3%) of tk my pure (IH-NMR) alcohol. 

~Z)-3-Metbyl-2-pr~tca-ls1.3* Thir rsSobol wu m&c in 91% ykld by rcductioo of 
ethyl (z)-3-mc1hy1-2-pe~1e~oa1e3~ n &u&al &ovc for tbc E-iromcr. 

Ccncnl Procedrn for the tormrt1oa of B-Yet-era 11 l nd 12.17 A mhta 
of S.0 g (3s mmol) of ctbyl 2-mcthyl-3-oxobu~~tce. 3.4 8 (34 mmol) of 3-methyl-2- 
pentea-l-01 lad 4.2 g (3s mmol) of 4-N,Ndimcthylldaopyridioe wn dkwlvcd io 200 
mL of tolueoe which cooi&al 2S g of ovadtkd molaulu devu (4-A). lbc mixture 
wu then beued under nflur undl oo nwtlo# maurial wn dctaxablc by lH- NMR 
tpcctro~opy (rpproximlnety 24 b). Aftor belog cookd IO mom tcmpcntun. the 
solution w&s wuhed with ntuntcd unmoaium cblorlds (2 I 2S mL) & dried (MSSQ). 
l-k tolueat was rwnovcd by rwrry evrpwrciocl 4 the pruduc~o wte purified by 
dirtillrtioo. 

(lf)-3-Methyl-I-poatrnyl 2-lrtbyl-S-oxobrlr~ortc (11). Bp: 134-136 OCT. 40 mm 
Hp:‘H-NMR: 80.~(~1~95~3H).121(~1-7.6lb.3H).1.61(r.3H~201(~I-7.6 
Hr 2 H). 2.19 (L 3 H). 3.47 (q. / - 7.6 Hz I H). 4.62 (d, / - 6.6 Hz. 2 ii). S.30 (t. I - 6.6 M. I H): 
l3C-NMR: 6 12.1. 12.6. 16.2. 28.1. 32.1. S3.6. 62.1. 1165. 144.7. 170.4. 203.2; lR: 299S (m). 
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2960 (m). 1760 (I), 1740 (I). 1663 (w); LRHS: 191 (M+. <o.Ol), 99 (0.61). 83 @AZ), 82 
67 (0.38). 

(0.47). 
5S (O-68), 43 (1.00). 41 (0.35). 

(t)-J-~lthyl-2-pc~tenyl 2.ldbyl-boxob~troortc (12). ~9: 7671 oc. 0.3 m 
HF’E-WLOL: 60.9((rI-79Ih,3Ii).132(~/r7.6~3~1.74~33210(q.I-7.9 
Hs2HX~l(~3H).3.~~./~7.8Hrl~,4.62(~~r7.1~1#).5~(~1-7.l~lA); 
“Cm 6 12.4, 12.7. 22.7, 24.9. 28.1, 53.4, 613, 117.3. 143.1. i70.2, a032 LR: 2993 (m). 
2960 (m). 1760 (B). 1740 (s). 1665 (w): UtMs: 196 (?A+. 4.01). 99 (0.79). 83 (0.35). a2 (0.71). 
67 (0.41). 53 (0.67). 43 (1.00). 41 (U.32). 

ctoeral MetbOd for (be ~orutioa d Silyl Lmol Ubtn. Tbwc we?8 aa& by 
cho proCCdOrC Of -fk2’ “TLpidy. 3M) 8 of. tbr e p Wr wea dhohcd~ 
in2OmLofbsxmnaMdi8ilaPIcfHMDs)Intbc WWeacc of 0.1 n of imid8zols. Tblr 

redoccd prumrc. 

3.Mctbyl-2.bwtrmyl (B )-2-rrtbyl-3-trl~r~byldloxy-2-bm~emom~o (S). ‘H- 
NMR: 6011~9~,1.U(h3~.1.)P(h3~,1.74(h3~W(h3~~(4I~66Hr 
2 If), 5.35 (r I - 66 Hr 1 H& 13C-NMR: 8 0.7. 12.4, 179. 21-3, 25.6. 60.7. 109.1. 1193. 137.5, 
161.0. 169.6; IR: 2700 (OX 1720 (0). 1650 (ek IJtMS: 236 (M+. O.Olj. 188 (035). I73 (MO), 147 
(0.80). 98 (0.46). 75 (0.64). 7b (032). 69 (1.00). 43 (TM). 41 (0.62): HRMS: Ct3S~O#, cak.: 
256.14947. feud: 236.13027. 

(8).3.Methyl-2-peatemyl (B)-2-~elbyl-3-trl~ethylai~oxy-2-bm~emoa~e (13). 
‘H-NWR: 6 0.22 (h 9 H). 1.01 (t, / - 7.2 k 3 ii), 1.m (8, 3 H). 1.72 (h 3 m 2-M id& / = 7.2 k, 

2 H). 2.29 (h 3 H). 4.62 (6d.I. 7.2 Ii* 2 A), 5.36 (1, I - 7.2 Ih 1 w): 13c-Nhdit: 6 0.7, 12.2, 12.5. 
163. 215. 322 60.6. 1093. 118.0, 142.8. 160.6. 169.6; IRz 2700 (I). 1720 (I). 16$0 (a); LRMS: 
27U W+. 4.01). 147 (1.00). 99 (0.32). 55 @.I). 43 (O.&Q: 

(2 ).3.M8tbyl.2.postrayl (6)-2-rrtbyl-3-trlre~by~~lloxy-2-b~~ono~~o (14). 
k-?dbik iO.~(h9~0.~(t,~-7~~3~1.~(h3H).l.~(h3~~11(~.,-7~~ 

2 H). 2.26 c* 3 H). 459 (4 J - 7.J Hx. 2 IQ. 5.34 (r I - 73 HI. 1.H); ‘)c-NMRz 8 0.8. 124. 12.9. 
21.5. 22.8. 25.0. 60.3. 109.0. 118.9. 1435. 161.1. 169.7; IR: 2700 (a), 17ZI (a). 1640 (I); LRbIS: 
270 (M+.-aol). 147 (1.00). 99 (0.33). 55 (039). 43 (0.7s). 

Methyl 2-(l-oroe~byl)-2,3,3-trlmethyl-4-pe~~e~oa~e (8). Tnir general 
procedure for the modlfkd cum11 rcuTul~ancot MUST bs curled oat wltb rigoroot 
crclurion of moi8turc. To l stired aolPtion of 0.22 QL (1.3 mmol) of 
teuemctbyl9ipcridine in 5 mL of enl~ydn~~r TIP under l posithe prusnre of aitfo~e0 
at -78 oc vu 86&d 0.49 mL (1.3 mmol) of l 2.66 M eolutioll of botyllithium in bexuu8. 
Tetramcthylcthylcocdiamioc (0.20 mL. 1.3 mmol) wu then l dded and tbe rerction 
mixture wu stirred for 10 min. Next a aolutioo of 0.26 g (1.0 mmol) of S in 2 mL of TW 
wu added dropwiw over 3 min. After m additional 15 min. at -71 OC. tbc fleak wu 
trenaferrad to e cold tempcntora bath mcuudog -50 oC (tcmperetore contml wu 
maiotaioed tuiry a NeeJeb Cryocool CC-100 II with e stirred uetooe huh). The don 
mixture was held et thir temperature for 4 h after which tbc flask cootrloiog it wu 
cooled to -78 OC in a Dry Ice-iroprcqyl elcabol bath. Next, the mixture wn treated with 
0.80 mL (3.0 mmol TMSCl) of the aupemstent of a 1:l mixture of TMSCl rod EtxN eml tki~ 
wu followed by the ddilioo of 0.43 mL (2.6 mmol) of HMPA. Tbc lolut.i& was thee 
allowed to rum to room tanperuulE over 3 b. The nut WI Bext cerefblly fittod with 1 
nflur condenser end warmed to 40 OC for l period of 12 b. After the mixture had been 
cooled in au ice-waer bath. e 2O-mL portiw of a 1% eolutioo of quame HQ in MeOH 
wu dded slowly. rsd tbc mix- wu mirrcd for 15 min. efker which It wee tra&d with 
en excua of cthcrell diuomethene. The ear8 diuometbeoc wu quenched tier 5 ml0 
by the careful dditioo of 1 mL of glccirl acetic wid. end the utire solution wu 
traarfemd iato a eepmtory funoel md weabed with 5 100.mL portions of eatuntul 
eodirm bicerbonrtc (a.). the quama baa layer cootainr the HMPA at thir poiot and 
ebouId be tread end dirposed of rcordingIy). The ethereel xolution wu then dried 
(MgS 04). coaceatrr~d (ro~uy cvrporrtion) end purified by flrrh chromrtoppby 
udop l 5% bcOAc: 95% Skelly B solvea~ ryrccm. Occasioaelly. wbeo iocoarplcte reaction 
led to the 9reuoc.e of starting p-kctouter. furtbcr p~rificuioo by HPLC (3% EtOAc: 97% 
SLcUy 8) vu we& to upur~c thae ca~poocnta. Ykld 154 mg (78%). 1~.NMR: 6 1.11 
(1. 3 H). 1.16 th 3 H). 1.31 (I. 3 H). 2.08 (h 3 Ii). 3.68 (a, 3 H). 4.94 (dd, I - 1.4. 173 Hr. 1 H). 
4.97 (dd. / - 1.4, 10.8 Hr. 1 H). 6.13 (dd. / - 10.8. 17.3 Ht, 1 H); ‘3C-NMR: 6 17.8. 23.2, 23.9. 
29.2. 41.3. 51.6, 64.9. 112.5. 144.7. 172.9. 205.1; IR: 3100 (w), 2850 (s). 17SO (8). 1715 (I). 1645 
(m); LRMS: 198 (0.02. M+). 141 (0.90). 130 (0.70). 109 (0.31). 99 (0.30). 98 (0.34). 69 (1.00). 
43 (0.84). 41 (0.71); HRMS: CttHtaO~. cabc.: 198.12559. fd: 198.12614. 
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YothJl (~*,3R~)-2‘3-llretbJI-f4tL~I-2-(l-oxortLyI)-J-~tr~ot~ (IS). 
compoqbmd 15rrmpmdftoo12bybrDdndcurdl~dercikd 
dmaYi&k1u~mH.tri-mRz 60.R(LI-7.7Br.3~Bx1~023Bx134c*3Ax 
1.69 (q. I- 7.6 lb. 2 H). 210 (B, 3 H), 3.71 (h 3 l& 4.96 (d, I m 11 16~3 5, lR), S.14 (U, J - 
12, 11.7 Hz, I K), bO4 (66, /- 11.7. 16.3 th. 1 I@ ‘w 6 6.6. 16.6, lu). 27.4, 29.7.454. 

n.8. 63.9. 113.0, 1421, 17x2, 20s6z R: 3106 (‘I)). 2&m (a). IfSO (9, 1720 (a). 1640 (w); 
LIYS: 212 (ah. 0.01). 141 @AS). 1s (0.34). g twa SS @Awl 43 (Lot@+ 41 (d.4Ox RRbs: 
Ctfl@3. ukz 212.141%. Ld: 212.142&J. 

Methyt (~~,3I~~-a.2.lt~~tbyI.3.rtbyl-2.(l.o~oetbyl)-4-~o~te~oote (10. 
‘l’hia wqod wu do h 14 by tba modified Cmdl mg4mmt deuiihd 
abcwc.Yield: 163mgn%,.‘H-NMR: 60.7l(sI~7~Ib3~1.11(h3II),lM(r,3H). 
1.72 (m, 2 It). 213 (h 3 HI. 3.70 (a. 3 W. 4.96 (66. J - 1.S. 16-5 Hx. 1 H). S.16 (dd. / - 15. 12.0 
tk I H). 9.n 014 I- 124 i6.s m i m Wfaa~ b ad, 16.7. 16.0.27.*. 29.7.45.4. sL6.63.7. 
11S.l. w2.0. 173.a =s: Ip: 3llD (w), 2900 (=). 1745 (r)# 1710 CI). 164s (w); LRMS: 212 
@A+. Q.01). 141 (O-37). 130 (W2). 83 (0.64). b (0.67). 43 (I.tX& 41 (0.42). 

CaereI &u&we fu t& NaBB4 W&dlSandU. AeoMmd117sg 
(O~S~)dchap~~O~atoirbobacabadrrraoobatoObC. N&&(11 
~0.3und)wua6dedd~Wmrerlrt~lerU~brsdbIr2b. AttbeeaddZb. 
~~IqpaLkmofrwtpIwmad6ed. nlsumrqorsdraaaauy (3to4taai 
portlax of N8BH4) 8&l rll d the e &al bd d@Ipead byTLC. ne 
mirtt~re wu rbes pfmfed ioto Unrated w&m bkubomme. crUactul Inlo ether 
(XgSO4) d - bl-WHrporrioo. RUL chmm#qay y&ids4 two 
diutcreomen from 15 ( 9:l. dmod 17r md 17b. mpcctively) whom mtmeocbcmls~ 
wu assigned by computn6 tbc l3C cbcakd ahihr of tbc metby! crovpr u tbc new 

chirrl cmtcr.40 Compamd 16 2avc oaly oae a l rclht’ di*rsomtr (II). whose 
aereochsminry N aui6xled b&d oo compafiwa 10 Pp 7a xad 17b. 

Methyl (21~,3R~)-2.3-~1metLJI-3-etbyl-2-(1-(~~)-by6roxyetbyl)-4- 
pcatmwtc (171). YiJd: 66 rn& 56%; RC - 0.W (1:2 @&AC: Sk& B); IA-NMR: 6 0.69 (I, 
J - 7.7 Hz. 3 H). 1.00 (6 J - 6.3 Hx. 3 It). 1.04 (s, 3 K). l.(w (I. 3 it). 154 (d J - 6.0 Hz.. I w). 1.70 
(m. 2 if). 3.Q (a. 3 A). 4.46 (m. 1 H). S.01 (dd. J - 1.4. 17.3 Hz. 1 H’), S.14 (61, I - 1.4. 11.0 Hr, 1 
H). 6.14 (66 1 - 11.0. 17.3 Mrs. 1 H): ‘%XMR 8 U.S. 11.3. 173 19.9. 26.3. 4S.S. S12. 57.0. 69.6. 
113.6. 1442. 175.7; IR: 3%) (b), StBI (w), 1710 (a), 1630 (w); LRM.?: 214 (h4+. Q.01). 141 
(0.46). 114 (0.U). 109 (0.35). 13 (0.73). 69 (033). 55 (1.00). 43 (0.40X 41 (OJS). 

Mctbyl (21t~,3R~)-2,3-dl~ethyI-3-ethyI-2-(1-(I~)-by~roxyetbyl)-4- 
pcatema4e (17b). Yidd: 7 .m6. 6%; RI = 0.29 (1:2 &Ok: Sk&y B): ‘H-JWR: 6 0.70 (f. J 

- 7.1 Hz 3 If). 1.01 (L 3 H), 1.09 (a. 3 H). 1.18 (r, J - 6.3 Wr. 3 Ii), 130 (m. 2 It). 233 (6, 1 K). 
3.66 (1. 3 H). 4.18 (m, 1 H). 4.94 (&I. J - 1.6, 17.3 Hz. 1 iI), S.13 (64 J - 1.6, 11.0 Hx, I If). S.95 
(dd. J - 11.0. 17.3 Hx. 1 H); “C-NMR: 6 8.6. 13.9. 17.1. 20.1. 28.6. 44.6. S1.3. S7.9. 70.7. 114.3. 
142.9. 176.4. 

Methyl (2~~,3S~)-2,3-dlrctbyI-3-etbyI-2-(l-(S~)-by~ro~yetbyI)-4- 
pe8teemte (18). Yield: 75 a& 6% RI - 0.34 (I:2 BtOAc: Sk&y B); IIi-NMR: 6 0.67 (I. J 
- 7.9 ti 3 H). 0.99 (d. J - 6.3 8t1. 3 H). 1.20 (h 3 tt). le2S (1. 3 It). 1.74 (P. 2 tt). 207 (h 1 It). 
3.6S (1. 3 H). 452 (m. 1 H). S.13 (&I. J - 1.4. 17.3 Ih. 1 it). S.23 (&I, J I 1.4. 11.0 Hx. 1 K), S.94 
(dd. J - 11.0, 17.3 Hz, 1 IQ ‘%XMR: 6 6.4, 11.0. IS.& 19.2. 28.4, 4S.l. S1.3. S7.8. 69.6. llS.3. 
144.9. 176.2; Iit: 3SOO (b). 3045 (w). 1710 (a). 1620 (w); LRM: 214 (M+. UI.01). 69 (0.61). 5S 
(0-h 44 (1.00). 43 (0.33). 

Rocednre for the Mesylrtlon rad Re4utlra of 17 ud 18. A dutioa of 17 
(uw) mg. 0.9 mmol) and 0.25 mL of triethylmrinc io 5 mL of mctbyleac chloride was 
coolcd to 0 oc. Mcthiaauffawkbbride (0.1 mL. 1.3 mmdl wu ddod dnwwira aad tbc 

NSI. dried (MgSO4) and coeccmntcd by rutuy eteporatioa (tl~ tempmrure of the 
bath xhould DOI cxcced 2s oc). Tbc ftridw wu tbal &solved in 0.S mL of HMPA and 
added to 1 nupuuioa of 0.1 6 LiAllf4 in I mL of IMPA. ‘he mixture wtl bud I( 60 OC 
for 6 b ad lbcn d10we.d to ad to roam laqe~ur. Qucadiq of the cxcan ding 
went wu cntFtcd by t& cautkux e of 0.1 ti of W&Y. 0.1 rL of *N NoOH ul 0.3 
mL of WMW. Dilution of the mixture with 5 mL of et&r. followed by fil~&oa. wahing 
With Wunlcd sodium bicarbonate. dryin (Nx2SO4) and rotary evxporatiw. yielded 
compound 1) (33 ml. 21%) l fccr flrrh cbromrto6rrphy (Id:44 
~~ethyllminc:EtO~c:sbet~y 1)). In the ~lpd mnnar. 10 6m 20 (26%). 

~3~~,4~~~-3,4-dl~etbyI-2-etbyl-4-(by4roxy~etbyl)-l-bexeae (1)). Yield: 
21% ‘WWR: 6 0.69 (I. J = 7.9 M. 3 tt), 0.71 (h 3 it). 0.67 (I. J - 7.9 Hz. 3 it). 0.97 (8. 3 K). 
1.30 - I.70 (0. S H). 3.35 (dd. J - 7.9. 12.6 Hz 1 IQ. 362 (dd. J - 32. 12.6 Hxtt. I H). S.03 (dd. I. 
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~3~‘,*R~)-3.4-ltrrtkyl.f.rtb~I-4-(by~rr~yrrtbyl)-l-b~xr~8 (29). Ykkdz 
m hi-Mm 60~71ftJr7.9Ib3BXa~(~3~,0u(t~-7.9~3~0*~(~3~ 
1.30 - 1.60 fas S rr), 3.49 (6 J ” 1.6 Ht. 1 m 3.st (h 1 FQ. 4.5% (b& t - 1.6, 17.3 it& 1 s&If2 
fdd, / - 1.6 Il.9 6~ l rrX 3.93 fdb I- 111). 17.3 k, 1 H); t%MMR 6 8.6. 8.9, 16.1. 16.3,24.9, 
2.6.8.428.45.3.66.6 1133, 14% Ik 39bo @)* 29s (8). 1620 (w); LBba: 170 (I#+. an), w 
fO.32h 84 (0.74). 83 (039). BP fl.UOh H (0.92). 45 @.48). 43 (0.41). 41 @.62); RIRUS: 
CttH2tO (M-l& ate: 169.15924~ Imd: 169.13963. 

(3~*,4~*).3,4-~ibyt~OIym8tbyt~3,4-~tm8t~ytk818~8 (tl). Yhld: 63% tH- 
NMR: san(8,3~,,0~(~~~7~Hr3rT).1~-133(nL,1~1.47-1Jl(m,1~3.U(* 
2 It), 3.91 fs, 1 H); 13CXMFt: 6 6.8, 16.6, 24.3. 425. 65.1; IR: 3300 fb), 2900 (I); LRMS: 174 
cbc+, dt.01). t26 (0.32). 97 (OJJS). 66 @.4!& 63 (0.U). 83 (OS), 7t fl.aa), 70 @.&A 69 fO.81). 
57 (0.61). 57 (0.62). 36 (0.62). 5S f&30). 43 (0.94). 

(rrrre)-~,4-dthydtOXy~8~~t-3,d-d~D8tbyth~~De (22). Yield: 55%; ~WWR: 6 
0.67 fe, 3 H), 0.86 ft. I - 7.4 ??z. 3 l0. 1.27 - 1.34 (a. 1 If), l&S -1.70 (m. 1 IQ. 3.43 (Al3q,I~, - 
11.8 Hz, v - 70 Hz, 2 H), 4.37 (r. 1 It)i ‘%XMRi 6 8.3. 17.3. 23.3.42.7, 63.R PR: 3XlO (ax 2960 
(I): LRMS: 174 f&f+, dl.01). 97 (OAt), Its (0.68). a3 (0.31). 71 (LOO), 70 (LOO), 69 (0.82). 37 
(0.41). 35 (0.98). 4S (0.47). 43 (0.80). 41 (0.63). 

Hetbyl (~f-f,~-dtPI8t&~t-~SO-~*~ORt8t8 (24). Tkir compnund wu pfepd by 
aB lLhuion of Ihe modifbd CurdI feufuigcmtnl of 11, hslcul of bcb# wasllbd Lo 
40 OC! for 12 h. tbc mlxtam wa be&ted at 6S “C for 36 b to tfkcc tbc wand @a31 
rllplrtrqpic rurrarb~emwt. Tk rem of tbe pfacedorc is idasical 10 lba! mponcd 
above. Yield: 117 mg fU+). 1H-NMR: 6 0.95 (c. J - 7.9 Hz, 3 H). 1.34, (d. I - 6.9 Hz. 3 H), 1.60 
(s, 3 H), 1.9S fq. 3 - 7.9 Ht. 2 H). 228 (q. I - 7.9 Hz. 2 H), 235 (m. 2 HI. 354 fq. I - 6.9 Hz. 1 
H), 3.72 (s, 3 Ii). S&S ft. J - 7.1 Ht. ! H); f%XWR: 6 12.6, 12.7. 1X8, 22.1, 32.2. 41.4, 3222, 
52.7. 120.8, 138.4, 170.9. 20% tR: 3600 (SD). 3000 (a). 1740 frh 1710 fsh 1670 fmk l.RMS: 
212 fM+. 0.03). 123 (O.W), 83 (0.6!& 82 (0.41). ss (1.00). 43 fO.60). .41 (0.4%; HKMS: 
C12Ii~O3. cak.:21214124. found: 212.14@6. 
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