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Abstract We descnbe here an effkienl synthesis of trkyclio anilme 9, an advanced synthetic lntermedrate which 
embodres the B-C-D rings of the penitrems (A-F), a small famlty of tremorgenk mycotoxins produced by the ergot fungus 
PenkWum cfusfosum In addrtkn, we demonstrate the feasibiltty of a general synthetk tactic for the sequentral generatkn 
of the E, F, and A rtngs by constructron of a dfminuhve version of the natural products, spectfkalty indole-oxocane 23 
Central to our approach to aniline 8 was a photoohemkal(2+2]cyckadditkn of methyl acrylate to enone 16, followed 
successivety by a Boknson annulatkn and Sernmfer-Wotff aromattxatbn Assembly of 23 entatted a modified Madelung 
mdole synthesis combined with a novel acid-promoted bk-cyclhatbn (47 -r 46) to rnstatl the oxocane nng system 

fntroductlon and Background 

In 1981 Steyn et al published the first of a series of papers on the penttrems (A - F), a small family of tremorgenk 

mycotoxms, isolated from the ergot fungus PenrcrUium cnrsfowm 2.3 The connectrvtty and relattve stereochemistry of 

these complex metabolttes were secured pnmartfy by means of high-field NMR experiments, the ‘parhal resolution’ method 

of Horeaul sewed to establrsh their absolute configuration At the trme. several studies had already implkated the 

penitrems m lwestock syndromes characterized by acute neurokgk dysfunctron 3a.5a-f lntngued both by therr novel 

archnecture as well as the behavbral effests, we inltiated a program directed al their total synthesis e The bng term goal of 

this program was to provide further Insight into their mode of biological aotion s9.h A total synthesrs would also serve b 

conftmlthesbuofureaofthefMlmms2 

A General Strategy for Construction ot the Ponltnma 

From the retrosynthetk pempeotlve, we envkoned that the synthesis of per&em D (4). structurally the simplest 

men’ber of the fanxly. would bs contfnget-4 to a sfgnBcant extenf upon two transfom-tatbns (Scheme I) Given the sue and 

complexrty of the target, a convergent approach that would unite anfline 9 wtth a functbnalixed lactone (lo), representing 

thrwesternandenfmhemlgh*rrmprctivr(y,snmedmoat~ Wewenofcoumecognbantofthe 

lnplkatfons tfuf audt a ~~wouldfmvevfaavfsOteraqufmd~stereochemkbyofthotwo 

hemkphema FortllewurM,wpfmnsdtorxplona2~ kmkrynthrr*dMloprdprvbulyhwr 

laboratory (Eq 1) ab.o 

ccb a_ @2qn&U.hmmnN.A 

b)CadD-ti 
c)- H 0 

11 12 

2431 



2432 A B SMWH III et al 

Scheme I 
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and the Penmems 

The ssoond strategy-level operatbn was envbbned to entafl formatron of the oxocans ring fused to the indote 

nuCtsus 7 Analysis of the local connectlvlty in 4 led us to conjeoture that th18 stwtural feature mighl be conveniently 

9’IStalbd vie a tandem Mannkrh cycllzatbn-gramfne fragmentation, refunotbnaltxatbn of the H and I rings would then 

complete the synthesis (e g (8 + 7 -B 4) Precedent for the proposed Mannbh cycltzatlon was estabhshed through the 

conversbn of 13 to 14 abo developed in our laboratory s.9 The appeal of this general lrcenarb dewed in pan from the 

arcumstance that both the Mannbh and gramlne reaotbns could proceed In a single stsp (Me rnrra) Furthermore. 

NW.2 

generic versions of both oydhatbns are known to occur under mttd condnton8 s 

Concerning the mqulslte p-ether llnkage at C(lg), we anticipated that ths &mate cahon generaled m ttw gramme 

fragmentatbn would be captured stereoseleotfvely by the proximal hydmxyl group Support for thts outcome can be 

found In both motecutar model studies and molecular mechanics calCulatbns Molecular models SuggeSted that the 
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tettiaty skohol in 7 b well positionad to trap tha ineiptent a.~-unNtumted imhkan bn tram th B-face L(ObculU 

mechamcs cakulatbns employirg Macmmcd& supfMed thb F, p#scUng I r@Yhn enthaby difference of 

approx~malely 14 kcal/mol benKeen ths lwo possible drastereomers 

Continuing with this analysis, we antkipated thai anrline 9 would anse from ketone 16 through a Robinson 

annulbnGemmler-Wolff aromatization sequence 1c.f 1 Constnicikn of the [4 2 O] bkycik skeleton of 16 in turn would 

be accomplished via an intermoleariar [2+2]-photocy&addMon. in this case between enone 16 and en eleclrondefkient 

olefln (e Q , methyl acrylste) 12 Although three new stereocenters would be created in this reactbn, literature precedent 

led us to predti that the &solute stereochemMy aI C(4) of 16 would induce the correct absolute s!ereochenusIry at C(6) 

~1s a vis the penitrems (Mde Mm) 13 

In this, a full accoun!, we describe an efficient synthesis of amline S, an advanced tncyclio intenediate which 

embodies the 6-C-D nws of the western hemrsphere of the pennrems We WIII also demonstrate the feaslbil~ of the 

Manmch cyclizabon-gramine fragmeniabon tacbc for the sequenitai generatIon of the E. F, and A nngs of lhis class of 

tremcrgens 14 

Scheme II 

Results and DIsou8slon 

(I) Preparetlon of Kotonr 15. Starting Material for the Weatom Hrmlrphrro The synthesis of 15 begins 

with the preparation of enone 16, obtained by the method of Stork and Danhelser l5 SpecifIcally, 3-ethoxy-2- 

cyclohexenone was alkylated with LDA and benzyl chbromethyl ether and then reduced wRh ltihium aluminum hydrkie 

Bnef treatment with dilute hydrochbnc acld completed the reductive encne transposlbcn. the overall yield for this twc step 

process was 77 % 

Aitenbon turned next to the projected intermolecuisr [2+2l_photocycbaddRbn Two consideratbns were impctiant 

First, a “head to head” addltbn of the enone and olefin (e Q , methyl acrylate) was required Literatum precedent here 

indicates that such a regwhermcai outcome occurs in the cycbadditbn of enones wilh electron deficient olefins 16 

Second, the cycbaddltlon would have to take place wlh the requisite stereoselectiv~ at C(8), since this center could not 

be modhed subsequently through eplmerizabon In this regard. Car~iil reported that a substituent In the msitlon of a 

~nocycl~c encne directs ~-band formation with modest antI selectiwty (ce 85 15) l7 For the Western Hemsphere of the 

penrlrems, the S confiiuratlon at the C(4)-center in 16 would be required l* The remaining sterecchemical aspects of the 

cycloaddltion [I e , stereocenters al C(1) and C(S)] were expected to be favorable or at the very least correctable through 

eplmenzatlon 

In the event, irradlatlon of encne 16 with excess methyl actyiate (ca 11 equiv ) produced a complex mixture, 

conslsting of a mapr adduct, m conjunction with nc less than twelve sdditDnal products, as detemwwd by HPLC and ‘H 

NMR analysis Variatibn of solvent polanty had Mtle effect on the product ratic, but bwer temperatures did increase the 

relabve amount of the major adduct Beei results (ca 59% of 17) were oMained at 4% interestingly, base-sponsored 

equlllbration of the mixture dud noi Improve the sltuabon Ths structure and stereochemistry of 17, inltlally based on 

Merature analogy, was subsequently confirmed through aegis of a single crystill X-ray analysw, performed on a denvatlve of 

a more advanced inlennediate (Me Me) 

(II) Execution of the Roblnron Annulatlon-Semmler Wofff Aromatlutlon Sequence Completlon of 

the Western Hemlrphere (9) With 17 readily available. the remalning synlhetk challenge to complete constmctbn 
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ol9 ww dbchmmt of the ammatk rtng Here we ptannsd to axpbtt a Bohtnson ~nrx~latbn. folbwsd hy a Semmter-Wok 

l romattxatbn lo.11 f+owwver helore thts sequence could be attempted, soms refunotbnalixattcn OI 17 was required 

This proved to be most conveniently carried out on the photochemkal mfxture Spectfkally, ketaltxatbn with 

trimethybtthoformate and Amherlyst-15, 1s followed hy treatment wtth excess methylmagneslum bromide, and then 

dekstalkatbn with PPTS in acetone2o afforded ketoakohol18, after chromatographk removal of the undesired isomers, 

ths yield from enone 16 was 49% Pmtectbn of 18 8s the MOM ether (8034% yield)21 then led to 15 At this point, the 

stRIc1ure of 18 and thereby 17 was secured More precbely, the mabr product ohtalned by hydrcgenatbn of 18 proved 

to he a crystalllne conpound (19, m p 112 5-l 15%) suttahte for X-ray analysis 22 

Turning next to constructbn of the aromatic ring, Rohxwon annulatbn as modified hy Woodwardlo2s led to enone 

20, which was shown by 13C NMR to be a smgle diastereomer, the yretd from ketone 15 was 86% Atthough 

inconsequential vis a vls the penttrem strategy, the C(4a)-hydrogen at the newfy generated stereocenter in 20 was 

~SSUW t0 be pseudoaxial 24 

The oxime 0120 was next prepared in 87% yield In amktpatbn 01 the Semmter-Wotfl reaction tt Unfortunately, the 

standard Semmler-Wolfl conditbns (e g , acetic anhydride at rellux, or acetyl chloride and pyddine in hot acetk 

anhydride)ttho25 produced ktle or no aromatizatbn Even the improved procedure reported by Tamura2s proved 

unsatisfactory Fortunately, we discovered that treatment of 21 wtth henxok anhydrtde tn xylenes at 130-15fYJC effected 

the desired aromatization In 5655% yield Hydrolysis of the resuttant benxamkte (22) empbytng strongly bask conditions 

then deltvered free amlns 9 The overall yield for the thirteen-step sequence was 12% Equally important, the sequence 

is amenable to large-scale work. 

(III) IndolaOxocane 23. A Sultable Teat 01 Our Penttrem Synthetlo Strategy Wrth a vrable route to 

aniline 9 secure, we next addressed the two crttkal questbns raised by our gensrat pemtrem synthetic strategy First, 

woukt 9 successfulty pattkfpate in our lndole protocol? Second, would the proposed tandem Mannkh cyclrzatlonlgramine 

fragmentation sequence serve to establish the A and F rtngs of the penbern skeleton? To assess the feasibility of these 

transformatbns, we set as our goat consttuctbn of a diminutive version of the natural product, specrfkally the indole- 

oxocane 23 Thts model system, which subsumes the A-E-F ring system of the penttrem skeleton, was seen as a critical 

test 01 our haak synthetk strategy 

(Iv) Union of the Wostorn Hemltphrn wlth Dlmethylbutyrolactonr Development of an Improved 

Indole Pmtoool Turning first to construction of the indote ring, we qukkty discovered that the henryi ether was far too 

tahile to the metallating conditbns nomtatty employed to generate the required ltthbm dfanbn sh.c Instead, 9 underwent a 

facile lragmematton, not unlbe that reported by Harrison and Lythgoe (Eq 3) 27 A search for a more robust substrate ted 

us to TSS ether 26, readily avarlable via hydrogenatbn of 9, using palladrum on carbon In the presence of 

camphomutfonk actd to suppress Catalyst potsonkg,2s folbwed by sifytatbn wtth TSS chloride 2g The overall yield for this 

two-step operatbn was 71% 
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By this time, we had atso developed an improved bdole protocol In partbuler. we drscovered thet s-BuLI at room 

fempefafure was equally effectrve at metellatbn For example, when the dianbn derfved from NTMS~toluklineec and e- 

BuLr was quenched with dimethytbutyrolactone30 at -73oC. a 33% yteld of indob 24 resutted (Eq 4) Importantly, our 

advanced o-tobidfne 25 else behaved more agreeably to the s-BuLi/drmethylhuiyrolactone protocol. affording a 2030% 

yreld of the correspondfng 2-substituted Indole (27). In addition to 40-50% of recovered amine (Eq 5) In some trials a 

trace of the corresponding amide was also observed Additives desrgned to improve further the metallatbn process (a g , 

T!JIEDA~~ or LDA32) however drd not bcrease the product yrekf, nor dtd varying the duratbn of metallatbn 33 

(4) 

2SR.H 27 
26 R-lBs 

Although a major improvement in Mole constructbn would clearly he necessary before we embarked on the 

syntheses of penltrem D, we elected to inveshgate the feesrbrlity 01 the equafly crucial Mann&h cycluation-gramate 

fragmentatbn scenarb. before such en optb-rfzatbn was attempted During the course of these studies, we determated 

that mrbb 27 could be conveniently prepared na the rmdrfred Madetun9 wndeneetbn of Fuhrer end Gscfrwend 34 tn 

this procedure, the monoanion derived from 2S (LDA, THF, OOC) wae first ecylated wfth dlrnethyftutymtectone, 

subsequent treatment wfth excese n-butyUthlum fn THF et ambient tempereture then pmvfded tndote 27, the overafl yfetd 

for this two-step sequence was 70% Clearty, the nbdffbd Medelung wndensetbn could else serve as recourse In the 

synthesis of the penrtrems, in the event that further lrrpmvemenf In the one-step rndole process was not forthcoming 

(v) Conetructlon of the F and A Rings An lnltlal Aeeeuft Before the tandem Mannich cyckahon-gramme 

fragmentation sequence could he explored, two preliminary operetbns were required These were wnvembn of the 

Primary alcohol to the correspondat aldehyde to establish the proper oxidatbn state for the Mannbh reaction, and 

removal of the MOM ether in order that the resultant terhary alcohol be free to capture the cahon formed during the 

gamine fragmentation 

~idetfon of the pnmary hydroxyl group proved to be non-trivial, m thet the choice of reagents was considerably 

wnstratned by the relative reechvlty of the Mole nucleus We found, however, that a variety of DMBG-based oxidatbns 

were effective For example, when Mote 24 was exposed to the sulfur trbxtde-pyrfdine complex In DMS0,35 hemiaminal 

28 was isolated in 79% weld Alternatively, and somewhat surprfsln@y, Moffetf oxldatb@ of 24 (DCC. TFA, arxf pyrkline 

In DMSO/benxene) led to the isolation of aldehyde 29 (98% yletd). which converted slowly to 28 upon prolonged 

standat The latter wnversbn could he eesrly promoted by treatment with erther base or acid Srmrlar oxfdatron of our 

more advanced indote (27) proceeded wtthoul event to afford eldehyde 30 In 80% yield 

Deprotechon of the tertiary hydroxyl rn 30 was then acoomplished most cleanly with camphorsulfonb ectd in 

methanol, the resusing mixture of anomenc methyl oxamlnats (31) was hydrolyzed using camphoreuffonic acb in 

THFlwater to pmvde hermamlnal32 These wnditbns also ted to hydrolysis of the TBB ether Noh~ithstanding this fact, 

wewerenowinapositbntotnvestigetewnstructbnoftheAendFrlngs 

We had speculeted that exposure of 32, or more precfsely the wrresponding aldehyde, to Mannrch reaction 

wndrtbns (I e , Me2NH, AcCwMF) would lead to cyckatbn at C(3). provlda-g gremrne anab 33 * In the event however 
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28 Hd 2s 

a autprbkfgfy large number of polar compounda were obtained, as well as some deOompositbn Despite this 

dlsappOlntment, tfw desired conversion was also attempted by treating 32 wsh mild acid in benzene In this case a facile 

readion occurred, resultbg in the fonnatbn of a suhstantiat!y teas polar material, the mass balance was 89% While the 

structure was not knmedlately dlscemabls (Me Inhe), a combination d Ohembal and spectroscopic evidence suggested 

that th, problem wlth the projected cycllutbn might he solved if we were to protecl first the tndole nbogen, thereby 

preventing amlnal forrnatbn 

(vt) DeVelOpIIMIt of a Novel lndole Protectlon Protocol Several factors determined the choice of a viable 

pMCtinQ group for the lndole nftmgen Askte from the usual ooncems Of facrle bstaflatbn and removal, in conjunctron 

with qulred stability during the Intervening reactbns, the electronic aspects of the projected Mannbh 

CyCl ramine fragmentatbn mandated maintenance of stgnlfbant electron den&y In the Indole nucleus Typical 

IrKlC . .cting groups, such as suifonamfdes and carhamates. were expected to reduce that character to an extent 

where the Mannbh reactbn would necessttate detrimentally vigorous condrhons This consideration was particularly 

wOrnsome vis a vts the mom functbnalixed perstrems 

Uttimately the pmethoxyhenxyl group (MPM) was selected We antlcipated that a three-step sequence for MPM 

swtallatbn, lnvolvlng protection of the primary hydroxyl group In 27, benzylatbn of the indole nftrogen, and then 

depmtection of the alcohol would he least troublesome It qubkly became apparent however that this tactb leads to C 

alkylahon of the indole nucleus instead of nsmgen protection Presumably an unfavorable comhinatbn of the hard-soft 

a&f-base nature of the amhtdent substrate and chosen electmphils was ln play 37 Forced to seek an alternative mode of 

n2mgen pmtectbn, we turned to a maneuver employed frequently In the Carbohydrate field 38 We reasoned that, 2 a 

cyclic oxaminal such as 35 involving indole 27 and pmethoxybenxatdehyde could he formed, 2 might then be possible to 

reduce selecttvely the henzylb C-O bond. thereby intmducing the MPM group on nnrogen 3g In pmctbe, however, acut- 

catalyzed trans-acetaltxation between 27 and the methyl a&al of pmethoxybenxaldehyde40 led to a 35% yield of the 

wnybgous oxammal38 The hard-soft am&lent character of the indole ring system was again apparent When an even 

softer electmphile, in the way of the methyl acetal of 2.4dimethoxyhenratdehyde was empbyed,41 the ywld Of the 

oxaminal(37) increased to 90% 

Despite these unexpected ohservatbns, a 8okrtron to the protection proMem presented itself In partbular, It 

occurred to us that the 3-posltion of the inclole nucleus in 37 might now he suffbiently hindered, relative to the nitmgen, 

that alkylation with pmethoxyhenxyl chbnde wouki occur selecttvely on nltmgen Thb proved to he the case. atkytatbn 

wlth sodium hydrtde and pnwth~xyhenxyl chloride produced 38 as a colorless crystalline solid (mp 150 5-152 5%. 80% 

ybtd from 27) A minor amount of Calkytatbn was also Otsenred (7%) The stn~cture of 38,ln2iatly asstgnsd on the basis 
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of htgh-flekl NMR, wae conffrmed by sfngfrcfystrl X-my srufysb 22 ImpoKM5y.thedeftvedCfVEPpbtnotonfy 

estaMshed the presence of the +metftoxybsnayt gm, but atso coMrmed m rebtf~ sfemochembtry at c(l2) k 37 

and 33 
Having succeeded in introducing a nitrogen protecting group, tt was now necessary to regenerate the primary 

hydmxytgmup Avfuletyofscfdboond2bnswemexamtnut MfwughsifyfstherofeaMgewasconweMokmost 

cases, this prooess ooutd be sufzpressed when bowl abofwt was l mpbyed as the mrd@wb comfxonf2. b 

oMmotbn wtth acetb sotMIfF Under tfwse condltbns, sbohof 24 wu obafned h mar qtmntm yield 

To prepare for the intramoboutar Mannbh oondensatbn, 24 was oofwerlsd to sldehyde 22 in three steps These 

were tosytatbn of the primary abofwl, cleavage of the MOM and TSS ethers. and Kornhlum oxbatbn 42 Use of the two- 

step Kombfum procedure instead of the prevbusfy exploited DMSC-hased oxidations pennftted convenient removal of 

the protecting groups without concern for competfttve acetat formatbn or premature cycltxatbn 

The Mannbh reactron of 22 was then executed employing dunethyfamine in acetic ackVfHF at room temperature 

Momtonng of the reaction progress by TLC revealed that the stamng akfehyde was sbwfy replaced by a more polar 

material, which we presumed to be tertiary amine 40 However, before complete consumptbn of the starting matenal 

occurred. the anxne ftsett was supplanted by a compound less polar than the Initial atdehyds After several hours at 

ambient temperature, wotkup ted to a sbgle produot. tentattvefy assigned structure 41 hy ‘H and 13C NMR analysis To 

our delight both cyckatbns had taken place1 The yield was 57% 

Assfgnment of the relattve stereochemistry at C(l0) b 41 was based on a ssrbs of NMR t H-tH NOE experiments 4s 

In particular, irradiatbn of the C(lO)-methlne hydrogen induced a 5% enhancement of the C(lOd)cyclobutyl methme 

resoname and a 956 enhancement of one of the methyl singlets On the basis of the chembal shin (St 41) and the 

observed NOE enhancement, thus methyl group was assumed to he syn to the C(iO)-rnethbe hydrogen on the ether 

brktge Subsequent irradiation of this mstftyl sfgnal produced a strnuftaneous enharwement of both the C(lO)-methine 

and C(l Od)-methine proton resonances (2% and 4% rsspsctfvefy) Suoh NOE enfwnoements are only conslstenf wfth a 

syn disposttbn of the C(lO)- and C(lOd)-methbe protons Thus the required p-ether linkage in 41 was dearly in 

evidence 

While oxocane 41 was not a orystatline sofb, we found tfwt bromide 42. obtained in 52% yfekt by treatment of 41 

wtth NBS in acetonftnle, could he isolated as Cobrfess prbrns (m p 175 5152 5oC) suttahte for X-ray analysis 22 The 

derived ORTEP confirmed both the presence of the 5-mernhered rfng and the 5conftguratbn at C(l0) We note in 

passmg Mat a chlorine atom resides at the corresponding C(B)-posnbn In penitrems A, C, and F Thus an analogous 

chbnnatbn in the latter stages of our perdtrem venture would pennft access to these tremofgens 

Rnalty. a marked improvement in the oxoc8ne constnbtfon was discovered when we determined that an equivakmt 

bts-cycluatbn proceeds direotty wdh 42, obtained from 24 in 25% ybld vfa Moffatt oxtdatbn More precisely, exfIosun of 
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43 to campharsu2onk actd in methanoUtokrne led to deproteotbn of both hydroxyl groups wrth concomrtant his 

cyc2ntkfLoxocane 4lwasava2&leh2&2Q%yfsfd 

(VII) Completion of Indote0tocanr 23. The pnutntlon of Proteotlng Oroupm. Having established a 

synthetk pathway to ths indole-oxocane skeleton, only depmtectbn of the indole nlrogen and introduction of the exo- 

methylens functtonal2y remained to complete the targef structure 

Attention was first gtven to removal of the pmethoxybenxyl group Standard oxidatrve and reductive means of 

excisbn were uniformly futile 44 Ultimately. an unaxwentlonal tacbc based on the ruckophilrc cleavage of afkyl aryl ethers 

proved successful Treatment of 41 wilh sodum thloethoxide in DMF& at 150°C delhrered demsthylated matenal(44) rn 

35% yield In conjtmctton w2h 9% of the fulfy deprotected lndole 45 Fragmentatbn of 44 to 45 could then be effected 

by exposure to potassium bicarbonate In DMF at reflux An attempt at combtnirg both steps through the use of potassrum 

throethoxlde went unrewarded Notwithstandmg this shortcommg, the overall yield of 45 from 41 was 50% 

44 45R-on 47 ?- 
40 R+NPhSe 

Af this poht. converskn of the hydroxymethyl group to the exe-methylene un2 proved relattvely straightforward 

~pfofttng the sefenation procedure developed by Grleco, o-nftrophenyl selenide 4S was prepared In hrgh yield,46 

oxrdatwe elimmatbn47 then produced the target indofe-oxocane 23 in 66% yretd for the two steps 

Gxocane-fused indole 23 was fully characterized.. and the derived data compared wrth that obtained by 3teyn et al 

for penitrem D 2c We found that an excellent correlation exists between the spectral propertres of 23 and penltrem D 

Thrs correlation fends further support to the penftrem structures proposed by Steyn 2 

(VIII) A Moo10 Conclee Route to IndoleQxooane 23 Resrolutlon of the Protecting Group Problem. 

Although we had suxeeded in preparing 23 and thereby had vouchsafed the general prenuses inherent in our penitrem 

synthetk strategy, we considered the precise course of events to be somewhat unsatisfactory The obligatory use of 

nitrogen protection to enable assembly of the A and F rhgs was certainly the least altractrve aspect of the synthetic 

sequence (8 + 23) Moreover, this requirement was exacerbated by the unexpectedly problematic installatron and 

removal Of the MPM group We therefore decided to reexamrne our earlier observations involvrng unprotected 

intermediates 

Ultimately 2 was determined that the compound obtarned in the attempted cyclrzatbn of 32 was a macrocyclk darner 

swolvrng the primary hydroxyl group and the anomedc center 48 Havrng identifred the intervening reaction path, we were 

able to obviate 2s interferewe simply by inverting the sequence of synthetic operations (i e , selenatron of the pnmary 

hydroxyl group prkr to cyclixatbn) As In the prevrous case, selenatron (D2NPhSeCN, BuaP, THF. RT)46 of 31 provided 

47 In good yield Executron of the bls-cycluatkn then led to 46, agak obtalned as a single diastereomer by fH and 13C 

NMR, in 2334% yield That 42 was ldentkal In all respeds w2h the material previously obtalned by selenatlon of alcohol 

45 was established by careful spsctroscopk comparison 
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it should to emph~zed that thb new Ibur-rtrp aaqurnoe, brt@in9 intrrmrdirtrr 27and49,9aven~yfab 

012896ve~a133Cbrth~~~rnoehvdvingnYroOenpcDtrclbn Tfataatnajorhprovrmrntwaab~ 

(ix) Summary in oonoiuabn, we have oompbtad an economic (I 8, shott) ayntheala of an advanoed trkyotk anfiine (9) 

which embodies the S-C-D rfn9a of panftmm 0 aa outflnsd in schema ill In addition, we damonatrated the viabiffty Of two 

strategk trartaformatbna by auooaaafuiiy oomplatin9 oonatruoibn of an A-B-C-D-E-F hexaoyofk analog (29) of the 

natural produol These achievements affirm the potential of the propoaecl penarem aynthetk atratetfy Further Pfotlreaa 

inthiaaraawiiibempodadhcbaoouraa 

&ham0 ill 

B) PPls. - 

7)MoMcI CR2NB 

B) N&l. EtCCtlO 
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Experimental Section 

Materiala and Methods Mutyllithium was purchased from Aldrich Chemical Company and atandatdued by taratron 
wah dtphenylaoetk aoki 49 Reaohona were monttored thin-layer chromatography (TLC) uair~ 0 25 mm E Merck pre- 
ooatecl aBoa gel plates Flesh ooiumn chmmatop & 
@ankle size 0 040-O 062 mm) auppiierl by E Morok 

waa performed with the aoivanta indkated using alike pei-60 
Hbh perfonnanoa ItqM ohmmatofxaphy waa performed with a 

Waters anaiytioai ohromato9raph enpbyirg a model BOOOA coivent deitvery system. a U6K injector, and either an R-400 
refraotive index or model 440 UV absorbance deteotor 
wnh5flUitraaphereBf~ 

The oobrnn waa of dsnanabna 4 6 mm x 25 cm and was packed 

AU maitirg pobta were detemuned on a Bnatoiba heated-stage microscope and are oorraoted The IR and f H NMR 
spectra were obtained for CHCi3 and CDCi3 aoiutbna raapaotlveiy unless otherwise noted Infrared spectra were 
reoorderJ on a Perkn-Ebner Model 2938 apeotrophotomater Proton NMR apeotra wera recorded on a Bruker AM-250 
speotmmater or a Bmker WH-509 @olmmeter anti am mportad aa ivaiuea reiativa to tetmmathyis~bne Carbon-13 NMR 
spectra were obtained on a Broker AM-250 apaotromater (62 9 Mix) or a Broker WH-500 apeotrometer (125 8 MHz) 
Hbh-resolution maas apeotra ware obtained al the Univamiiy of Pennayivanla Maaa Speotrometry Servka Center on a VG 
mkromass 70/7OH high-raaoiution double-fooualng eleotmn impaot/chemkal ionization spectrometer or a VG ZAB-E mass 
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spectrometer The Sfngb-cfYstaf X-ray dfffractbn structure dsterminatbns were carded out using an Enraf Nonius CAD-4 
automated dfffractometer 

Enonr 16 Lfthlum dlisopmpylamfde was generated at O°C by the addftion of !f-butyfkhium (36 80 mL. 2 40 M fn 
heme& 93 1 ml) by a sobtbn of d5sopmpytamlne (13 05 mL, 93 1 mmol) in THF (150 mL) After 20 min staring, the 
solution was cooled to -78oc and 3tiffoxy-2cyclohexenones1 (10 66g, 77 6 mmol) in THF (20 ml) was added dropwise 
The 6OUOn wa8 stirred for 1 h, after which time benzyl chbmmethyl ether (12 96 mL, 93 2 mmol) was added by syringe 
over 3 mfn The reaction WaS &Wed to warm to -35oC over 1 h, and was then submerged m an acetonltnle/dry ke bath, 
and &red an add&ma14 h The alkytatbn was quenched by the rapid addftfon of saturated sodium hkatbonate sobtbn 
(150 ml) whib stirrbg vfgonx~sly The rntxture was poured into a separatory funnel and extracted wfth ether Combined 
organic layers were washed wtth brine, drled over MgSO4, littered, and concentrated under reduced pressure Flash 
column chromatography (hexanes/etftyl acetate, 3 I) gave the akylated vinybgous ester (17 73 g, 67 7%) as a slrghtly 
Yefbw off IR (CHCb) 3015 (s), 1645 (8). 1505 (s), 1365 (s), 1365 (8) 1225 (s), 1195 (s), 1103 (s), 696 (8) cm-l, 1H NMR 
(250 MHz, cmt3) 6 7 37-7 23 (m, 5H), 5 34 (6, IH), 4 53 (app 8,2H), 3 93-3 64 (m, 3H), 3 62 (IA? ABX, JBA - 9 3, JgX - 
6OHz,lH).280-242(m,3H),224(appdq,J=47,133~,lH),l90(dddd,J-67,69,110,132~~,l~),l36(app 
t, J = 7 0 Hz, 3H), oherNcal bntzatbn mass spectrum, tie 261 1466 (M+H cakd for CtsH2103.261 1491) 

A BofmfOn of the afkyktated vinybgous ester (17 64 g, 66 5 mmol) In dfethyt ether (50 ml) was cannufated over 10 min 
tm0 a SUSpenSiOn of lbtbm atumtnum hydride (1 95 g, 51 4 mmof) in ether (200 ml) stirrkg at -76oC The cold bath was 

removed upon complete addition, and after a further 30 mtn, the reaction was sbwfy quenched by the successive 
dropwise addftbn of water (2 ml), 15% aqueous sodium hydroxide solutbn (2 mL), and water (6 mL) Upon conhnusd 
Stkkg, a fine white suspensbn was achieved, this solid was removed by vacuum f&ration, washmg well with ether The 
flftrate was stirred vfgorousty with a sotutbn of dilute hydrochloric acid (6 mL) tn water (200 ml) When TLC analysis 
(hexanetVether, 1 1) indkated complete transfomtatbn, the layers were separated, and the aqueous tayer was extracted 
w6h ether Combined organs layers were washed with saturated sodium btcarbonate sofutton, dned over MgSO4, Pttersd, 
and concentrated under reduced pressure Flash column chromatography (hexaneslether, 3 2) gave the enone (16, 
13 67 jt, 92 2%) as a cobrfess oil IR (CHCl3) 3020 (8). 2670 (s), 1660 (s), 1460 (m). 1367 (m), 1230 (m). 1115 (s), 700 (s) 
cm-‘, HNMR(250MHz,CDC$)6744-727(m,5H),697(ddd,J=13,26,102Hr,1H),606(ddd.J=05,25.102 
Hz,lH),455(apps,2H),35l(lnABX,J~=9O,J~=66Hz,lH),346(1~ABX,J~=90,JBX-67~z,lH),274 
(~dddd,J=26,50,93,165Hz,1H),253(appdl,J=47,166Hz,1H),238(ddd,J=49,123,172Hz,1H),213 
(~pddq,J=l3,46,l33Hz,lH),16l(dddd.J-49,96,l24,l33Hz,1H),~,.x(EtOH)2236s(rl,300),2l12(E 
16,ggg)nm, chemical ionization mass spectrum, n&217 1220 (f&H cakdfor Cl4Ht702,217 1229) 

Ketoeeter 17 A wrex irradiatbn vessel was charged with a solution of cycbhexenone 16 (24 02 g. 111 1 mmol) and 
methyl acryfate (75 mL, 630 mmol) in metftylene chtodde (135 L) The solution was degassed by hubblmg argon through 
It for 1 5 h Maktatning an inert atmosphere, the solution was irradiated for 6 h at 4% with a G E 1000 watt tamp Progress 
Of the reaction was eadfy momtored by TLC (hexanetiether, 1 I, doubte devebpmsnt) Upon corrptetbn of the reactron. 
the volatile8 were compbtefy evaporated from the mfxture under reduced pressure, and ether (250 ml) was then added 
as well as sufficient methytene chbrtde to solubBze all polymer Silica gel (300 mL) and hexanes (250 ml) were added 
successivefy Sofvent was again evaporated under reduced pressure until a total volume of approxrmately 700 mL was 
achreved Ether was added with swirling until a homogeneous mfxture was obtained Vacuum fiftratbn, washing wfth 
ether, and concentratbn of the fiftmte under reduced pressure gave a cobrless oil almost free of polymer The punfkation 
process was repeated using 100 mL of ether, 50 mL of silica gel, and 100 mL of hexanes Fbal evapomhon of sotvents 
under reduced pressure afforded the mixture of photoproducts (31 60 g, 916%) as a colorless oil The mcdure was not 
separated, but used directly in the next reaction The major isomer (17) was isolated for characterfzation by HPLC 
(hexanes/ethyl acetate, 9 1) IR (CHCb) 3015 (s), 2950 (m), 2665 (m), 1730 (8). 1710 (s), 1440 (m), 1225 (s), 1205 (s), 
1090 (s), 695 (m) cm-l, lH NMR (250 MHz, C6D6) 6 7 32-7 OB (m, 5H), 4 21 (ABq, J - 13 3, Av - 4 7 Hr. 2H), 3 34 (dd, J = 
6 6, 15 3 Hz, IH), 3 34 (s,3H), 3 25-3 16 (m, IH), 2 94 (l/2 ABX, JA6 - 9 I, JAX - 5 7 Hz, 1H). 2 66 (l/2 ABX, J6A - 9 I, 
J6X - 66 Hz, IH), 2 35-2 17 (m, 2H), 2 15-194 (m, 2H), 1 79-l 65 (m, IH), 1 66-1 49 (m, IH), 1 46-l 33 (m, IH), 1 13 
(app ddt, J - 7 I, 9 6,13 3 Hz, IH), 13C NMR (62 9 MHz, CsDs) 6 209 7,174 3,139 I, 126 6,127 7,73 I, 72 7,51 5, 
46 6, 39 6, 37 6. 36 4, 29 3, 25 6. chemical iontzatkn mass spectrum, m/e 303 1576 (M+H cakd for CtsH2304. 
303 1596) 

Ketal 16 A pottbn of the ahove mixture of photoproducts (1 63 g. 6 03 mmol) in tnmethyl orthoformate (12 mL, 0 11 
mol) was treated at O°C wrth Amhetlyst 15 ion-exchange resin (529 mg) After stirring for 2 h at OOC, the mixture was 
fittered through a pbg of cotton into a separatory funnel containing ether and saturated sodium bicarbonate solution 
After thorough shaking, the organic layer was isokted, and the aqueous layer was extracted with ether Combmed organb 
lavem ware concentrated under reduced oressure to provide the mrxture of ketals as a colorless 011 The isomers were not 

-a- - - -~ ~~ 

separated, hut used directly in the next reactbn. The major isomer was isolated for characterfzahon by HPLC 
thexanes/etfwl acetate, 9 1) IR (CClr) 2950 (8) 2855 (m). 1740 (s), 1435 (m), 1205 (s), 1175 (8). 1105 (8) 1055 (s), 725 

im).‘sss On),-675 (m) cm-l; ‘H NMR (250 MHz, C&) 6 7 26-7 07 (m, 5H), 4 26 (app 8, 2~). 3 37 (8,3H), 3 35-3 14 (m, 
2H). 3 10 (s.3H). 3 08-2 96 (m, 2H), 2 96 (s.3H). 2 31-2 20 (m, IH), 1 99-l 67 (m, 2H), 1 71-149 (m, 3H). 139 (app dt. J 
=27.132Hz,lH),l14(appdq.J=23,l29Hz,1H), 13C NMR (62 9 MHz, C6D6) 6 174 6,139 4,126 5,127 5,127 3, 
99 9, 74 4. 73 I, 51 I, 48 1, 47 3, 42 0, 41 I, 39 0, 33 6, 30 2, 29 5, 24 3. chemcat bmzation mass spectrum, m/e 
317 1757 (M+H cakdfor C2oH2905,317 1753) 

The precedinp mixture Of ketab was dbsotved in benzene (7 ml) was cannutated over 10 mln into a stirred sobtbn of 
methyl magnesium bromide (5 04 mL, 3 0 M In dfethyl ether, 15 1 mmol) in benzene (390 ml) whtte cooling the reaction 
with a water bath The reactbn was stirred an additionat 25 min and poured bto a separakry funnef contafnfng ether and 
saturated sodium bicarbonate solution Afterthorough shaking, the organk layerwas bobted, and Me aqueous layerwas 
extracted with ether Combined organic layers were dried over MgS04. filtered, and the solvents were evaporated under 
reduced pressure to provlde the mixture of alwhols The Isomers were not separated, out used dire&y In the next 
reactbn The major homer was Isolated by HPLC (hexaneslethyl acetate, 4 1) IR (CC14) 35505370 (m), 2970 (s), 2860 
(ml, 1455 (m), 1360 (m), 1205 (m), 1175 (s), 1095 (s), 1050 (s), 725 (m), 695 (m) an.1, lH NMR (250 MHz, CsDs) 6 7 33- 
7 06 (m, 5H), 4 33 (app 8,2H), 4 09 (8, lH), 3 20 (l/2 ABX, JAB - 6 7. JAX =46Hz,lH).3ll(l/2ABX,J6A-86.J6X= 
6 2 Hz, 1H). 2 94 (8,3H), 2 63 (8,3H), 2 67-2 49 (m, 2H), 1 67-l 63 (m, 4H), 1 55-1 30 (m, 4H), 1 26 (s, 3H), 1 23 (s,3H), 
13C NMR (62 9 MHz, CsOs) 5 139 4, 126 5. 127 6, 100 3. 74 7, 73 2,69 7.46 2,47 4, 47 2.40 536 0, 32 3. 310, 
26 6,27 6,25 5,25 3. chemical bnizatfon mass spectrum, tie317 2088 (M+H cekd for C2tH3304.317 2117) 
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rnePbovsmbctund~wor~In~(20~)ndt~wlhWrldiniwnptolurnulb~(20 
mg), stfntng for 20 mfn at arrMknf ten&rmatun The aofvent wae then l vrpontad undar m&road pmaaum. md f&h 
colurm chmmatography (V acetate. 3 1) gave the major ketone (18,944 mg, 52% from 16) as a cobttess oil 
IR (CHCb) 3600 {w), 36203200 (w), 3000 (8). 2970 (s), 2930 (6). 2860 (m), 1695 (s), 1455 (m), 1370 (m), 1225 (s), 1105 
(s), 695 (6) cm-l, H NMR (250 MHz, CDCk) 6 7 397 26 (m, 5f-l). 452 (app s,2H), 3 49 (ln ASX, 5~6 = 9 2, JAM - 4 6 Hz, 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
(m. 2H). 2 25-l 66 (m, 6H). 1 81-l 44 (m, lH), 1 15 (I, 3H), 1 14 ((1. at-l). 13~ NMR (629 MHz. CDCk) 6 214 8,136 2, 
1263,t275,1274,~1.726,706,487.449,401,384.395,270,262.260,oh~bnbetionma~cpedrum, 
m/e 303 1940 (M+H cakd for CleH2703.303 1960) Anal. for C1oH2& C. 75 46. H. 6 67 Found C, 75 26. H. 
6 62 

MOM Ether 15 Chbfomethyl methyl ether (0 69 ml, 117 mmol) was added to a solution of alcohol 16 (2 36 Q. 7 60 
mn’bl) and Nethyld#wpropylMllne (5 00 mL, 26 6 mmol) in rnethyfene chbnde (45 mL) whtfe stirdng af BC The reaotbn 
was stirred at arnhfent tengwratum for 46 h, an additbnal portion of chbmmethyl methyl ether (0 30 ml, 3 9 mmol) being 
added at 4 h Subsequent extraotive aqueous work-up and fbsh oofumn chromatography ( -ether, 4 1) gave the 
Mm ether (2 26Q, 84%) as aoobdess oil IR (CHCb) 3010 (8) 2960 (s), 2935 (s), 1695 (8). 1455 (m), 1370 (m), 1225 (s), 
1145 (5). 1095 (B), 1040 (s), 910 (m), 885 (m) cn+, ‘H NMR (250 MHz, CDCb) 5 7 39-7 24 (m, 5H), 4 73 (ASq, J - 7 2, Av 
= 14 8 Hz. 2H), 4 51 (ASq, J = 12 2. Av - 5 0 Hz, 2H), 3 47 (l/2 ABX. JAM - 9 1, J~tf = 4 9 HZ. lH), 337 (8,3H), 3 30 (l/2 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
(m, 1H). 1 74-l 64 (m, lH), 1 52 (app &It. J - 6 5,ll 2,13 4 Hz, lH), 1 17 (s,3H), 1 11 (8,3H), faC NMR (62 9 MHz, 
CDCf3) 6 214 0, 130 4. 126 3, 127 5, 127 4, 91 0, 75 7, 73 2, 72 9, 55 1. 46 7,45 0,40 4,36 6, 33 9, 26 3, 26 1, 23 5, 
23 3, chemkaf bntzatbn mass spedrum, tie347 2267 (M+H calcd for C2lHstC4,347 2222) Anal. for C21H3oC4 
C,728O.H,673 Found C,7294.H,671 

Dfol 19 Platinum on carbon (122 mg. 10% catalyst content) was added to ketone 18 (217 mg, 0 716 mmol) In methanol 
(25 mL) and stirred vfgorously under a hydrogen atmosphere (batbon) for 5.5 h The hydrogen was then evacuated and 
the Catalyst fstered off Evaporation ot the solvent under reduced pressure and flash column chromatotjraphy 
(hexafwtiethyt aoetate. 4 1 + straight ethyl acetate) gave the dial (91 mg. 42%) as a glass which crystakzed on standing 
Recrytelfkatbn fmm hexarws.bthyl acetate/dfethyf ether gave cobdess prisms suitahfe for X-ray d5fractbn analysis m p 
112 5-115%, IR (CHCI ) 3595 (w), 35203110 (m). 3010 (s), 2970 (s), 2930 (8). 2660 (m), 1455 (m), 1225 (s), 1650 (m), 
765 (m), 885 (m) cm-‘, ? H NMR (250 MHz, CD&l 8 7 42-7 23 (m, 5H),4 49 (app s,2H), 3 62-3 56 (m, 3H), 3 36 (l/2 ASX, 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
3H), 1 10 (s,3H), 1 01-061 (m, lH), 13CNMR(62QMH2,CDCl3)6l385,l262,l273,743.729,700,676,~9, 
40 4,3Q 7,32 7,3t 0,26 2,27 6.26 3,24 0, chemical bnization mass spectrum, nVe 304 2024 (M+ cakd for CfgH2sO3, 
304 2036) AgM&kXf for CtgHpsC9 C, 74 96. H, 9 27 Found C, 74 66. H, 9 21 

EnOne 20 Ketone 15 (4 54 g, 13 1 mmol) 91 THF (26 ml) was cannubted into a suspensbn of sodium hydrkfe (166 g. 
60% drspersbn in mineral 05.62 7 mmol) in ethyl forrnste (12 60 mL, 156 mmol) and THF (100 mL) shmng at OOC The 
reaction was stirred at anIt&tt temperahrre under an ined atmosphere for 6 5 h, after whbh the mfxture was poured into 
saturated ammonlUm chbrkfe sofutbn Dlkte hyrfm&brb acid was added until the aqueous phase showed a pH of 5 (pH 
Paper) Ths fayem were separated, and the aqueous layer was extraoted with ether Cofrbbed organic layers were 
washed with ~~ecl aodkm hkafhonate aofutbn, dried over MgSO4, ftftered. and ooncentrated under reduced 
pressure The crude vinybgous add (5 22 0.13 9 rnrnot) was treated at ooc wfth ethyl vhtyf ketone (5 00 ml, 50.2 fr~noi) 
and tnethybmine (2 00 ml) The mactbn was stirred at OOC for 1 h and at arr&nt temperature for 36 h Excess reagents 
were evaporated Under reduced pressure to afford the aikylated product (6 97 g) The sughtfy yellow od was dissolved rn 
50% aqueous methanol (240 ml), potassium hydroxtde (2 55 Q. 45 4 mrnol) was added, and the mmm was heated at 
refbx under argon for 2 5 h Methaml was evaporated from the oooled reactbn mixture under reduced pressure, and the 
aqueous mixture Was then saturated with so&urn chloride and extracted with ether Washfng of the combined extracts 
wah brine, drying over MgSO4, frftratbn, and evaporatbn of sofvents under reduced pressure gave a yelbw residue 
Flash column chromatography (hexanes/ethyl acetate, 3 1) supplied the enone (20,4 66 g. 66% from 15) as a colorless 
or1 fp WCb) 3010 (8). 2985 (s), 2935 (s), 1660 (6). 1655 (s), 1455 (m), 1365 (m), 1145 (s), lOQ0 (s), 1040 (s), 910 (m), 
695 (m) cm-‘, ‘H NMR (250 MHZ, CDCf& 6 7 39-7 26 (m. 5H), 4 69 (AEtq, J - 7 2, Av - 12 9 Hz, 2H), 4 52 (app s,2H), 3 61 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
1H). 2 60-2 22 (m, 4H). 2 13-l 69 (m, 5H), 1 86 (d, J = 2 0 Hz, 3H), 1 63-l 46 (m, 2H), 1 11 (8, 3H), 1 04 (8,3H), 0 90 (app 
9, J = 12 4 f-k lH), 13C NMA (62 9 MHz, CCC$) 6 199 6, 159 5, 136 3, 129 6, 126 2, 127 4, 1273,Ql 0, 75 5, 73 6, 
73 1 s 55 1 o 51 3, 39 9, 37 9, 36 9036 5, 36 4, 33 5, 29 0, 26 0, 23 6, 23 4, 11 7, kswx (EtCH) 256 4 (e 17,000), 205 2 (E 
13,000) nm. chembal bnfzatbn mass spectrum, nVe 413 2646 (M+H cakd for C2sHa7C4.413 2692) -for 
C2sH36C4 C, 75 69, H, 6 79 Found C, 75 72, H. 6 76 

Dxfme 21 Hydroxyfamine hydrochloride (1 19 g, 17 1 mmol) was added to enone 20 (4 66 g. 11 3 mmol) and sodium 
acetate (2 76 Q,33 9 mmol) in methanol (20 ml) The reaction was heated at reflux lor 40 mitt, poured into water, and 
extracted wrth chloroform Combined extracts were washed wtih water, brine, dried over MgS04, filtered, and 
concentrated ro vacua Ffash Column chromatography (hexanesbthyl acetate, 4 1) gave the oxims (4 21 g, 67%) as an 011 
whkh CryStaflfxed on standmg Recrystallizatbn from hexanes/methybne chlonde gave cobrfess plates m p 116 5- 
119 5°C fR (CHCU 3565 (w). 36003120 (m). 3010 (8). 2970 (8). 2935 (8). 2660 (s), 1455 (m). 1365 (m). 1225 (m), 1145 
(m), 1095 (s), 1045 (s), Q45 (s), 695 (m) cm -‘. ‘t-i NMR (250 MHz. CDCb) 5 9.36 (lx 8, lH), 7 39-7 27 (m. 5H), 4 69 (A& J 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
1H). 1 35-l 16 (m, tH), 108 (63H). 105 (s,3H), 0 60 (app q, J - 12 4 Hz, 1H). t3c NMR (62 9 MHZ, CDCb) S 158 3, 
1464. 1365, 1263, 1274, 1235.91 1, 756, 742. 731, 551, 51 1, 396, 370. 366, 355. 337, 264, 260. 239, 
23 6,2t 3,13 4. chemkal bnizahon mass spectrum, tie426 2637 (M+H cakd for r&Hss04N, 426 2601) Anal. 
for C2sHa&N C, 73 04, H, 6 72, N, 3 26 Found C. 72 77, H, 6 77, N, 3 37 

Benzamfdo 22 Oxfrne 21 (3 36 Q,7 91 mmol) and henxoc anhyddde (16 93 Q, 746 mrnol) In dry xylenes (34 mL) were 
heated to 150s i 2°C (bath temperature) under argon for 50 mb The amber figuld waa atbwed to cool, hexanes were 
added (34 mL) as well as enough chbrobrm to achive total solution Flash ookmn chromatography (hexaneskthyl 
acetate. 4 1) gave the henxamkb (4 44 g) as a cobrtess glass This material was not pufffed further, but used drrectfy in 
the next reaabn Anatytkalty pure rnaterbl was ohtalned by washing an ether solution of the product with aqueous 
bkarhonate and CVBtallbkg the rr&be of evaporation from nwthylene chbrideAtexanes Thfs procedure gave cobdess 
Pnsms m P 151-153oC IR (CHCb) 3430 (w), 3010 (s), 2970 (m), 2930 (m), 1675 (s), 1510 (s), 1465 (I). 1225 (8). 1205 
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g--@~&=@p 7 IS) gave the ~(~~U)~.~,1l~by’HNMR~rgratbn)asswbrlesog$ss 
I 968o-3090 (m), SO05 (a), 2970 (s)). 2930 (S), 1420 (a), 1270 (a), 1210 (a), 1145 (m). 1032 (m) an-t, tH 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
2H), 3 74 (apP t. J - 7 9 & 243 53 (br 8,2H), 3 28-2 99 (m, 6H), 2 88-2 77 (m, 2H), 2 83 (dd, J - 6 I, 13 8 HZ, 21-i). 
2 s-2 40 (m, 2W. 2 25 (d, J - 13 5 HZ tH). 2 24 (d, J - 13 6 Hz, IH), 2 19-l 96 (m, 8t-f) I 89-1 79 (m, 2H), t 66 (hr s, 
2”)s 148 (s,8H), 134 (s, 6H). 1 24 (8,8H), 1 14 (8, SH), 1 13 (a, SH), chemical bntxatbn mass spectrum, tie 370 2384 
(M+H cabd for C~~H~N~, 370 2382) 

Dxepane 36 pyrbinbm ptotuenesutfonate (2 mg, 0 008 mmol) was added to a solutbn of alcohol 27 (44 mg,O 083 
mmct) and Pantsaldehyde dimethyf acetat (0 044 ml, 0 25 mrnol) in DMF (0 50 ml) The reachon was stir& at ambient 
temperature for 15 h ~~ aqueous work-up and flash column chromatography (hexanes/ether, 7.3 -_) t 1) afforded 
the oxepans (19 n.Q 35%) as a cobrfess gfasS fR (CHCC) 3490 (m). 35003300 (w), SO00 (m), 2960 (s), 2930 (s), 2655 
(m). 1610 (w). 1510 (8). 1465 (m), 1245 (s), 1090 (s), 1038 (s), 835 (s) cm -‘, ‘H NMR (250 MHz, CDCI3) 8 7 86 (as, IH), 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
HG lH), 2 94 (d, J = 14 9 f-k lH), 2 79 (l/2 ABX, JAM = 9 8, JAM - 6 5 Hz, lH), 2 67 (t/2 ABX, J8A - 9 5, ~~~ - 9 5 HZ, 
fH)~228(e~Pq, J-87& W, 206@PPg, J- 112 fix, if-f), 198-l 50 (rn.5f-f) 150 (s,sH), I 31 (s, SH), I 12 (s.sH), 
t 05 (a, 3H). 0 80 (8, QH), -0 19 (s, SH). -0 21 (8, SH), chemical bnfxatbn mass spectrum. nv’e 648 4025 (M+H &cd for 
C3eH66NOsSL 648 4094) 

2,4-Dfmethoxybenaatdehyda Dlmothyl Acetal According to the method of Patwardhan and Dev,ts 2,4- 
dtmetfloWnaabehyde (7 ilO, 8 mm00 waS stared wftf’t Ambetlyst-15 (800 mg) in trfmethybrtftoformate (30 ml, 270 
mmct) at amt&s tenperatme for 4 5 h The catafyst was Rttered off and the cobrtess sotutbn was concentrated in “a~~0 
High-vacuum cIWatbn (2 5 tom, 115OC) gave the acetal(6 48 g, 71%) as a colorless OII IR (CHC~) 3015 (s), 2945 (s), 
2640 (s), 1820 (8). 1595 (s), 1510 (8). 1470 (a), 1415 (s), 1387 (s), 1365 (s), 1205 (s), 1160 (s), 1125 (s), 1100 (6). 1070 
(s)~1~(s)cm-‘~‘HNMR(~MHz,C~$)8743(d,J-64Hz,1H),649(dd,J-24,63Hz,1H),6~(d,J-23~, 
lHJ, 5 60 (8, IH), 3 82 (6, 3fi), 3 81 (s, SH), 3 34 (s, 8H), 13C NMR (82 9 MHz, CDC13) 6 160 9, 158 1, 128 0, 118 6, 
103 7, 98 9, 98 2. 55 4, 56 2, 53 2. chemical bnizatbn mass spectrum, m/e 212 1071 (M+ cabd for ct t~tsD4, 
212 1046) 

DxaPane 37 Pyndinbm PtOtUeWUffOnate (SO mg, 0 12 mmol) was added to a solutbn of alcohol 27 (493 mg, 0 930 
mmot) and 24-dtmethoxyhenaafdehyde dtmetftyl acetal(0 50 mL. 2 59 mmol) In DMF (10 mL) The reactbn was stimd at 
ambka temperature for 50 mb The produa was typically net isolated at thb point, hut treated In srfuwtth the subsequent 
atkyfatbn wndrtbns A sample of S7 for characteruatbn could be bobted in the fotbwmg manner Extractwe aqueous 
work-UP and flash column chromatography (hexanetiether, 3 2 -r 1 1) provkied the oxepane as a cobrfess glass tR 
(CHCt3) 3495 (m), 3540-3280 (w), 3010 (s), 2970 (“), 2940 (8). 2867 (s), 1617 (s), 1595 (s), 1510 (s), 1473 (s), 1446 (s), 
1265 (s), 1165 (8). 1100 (8). 1045 (s), 640 (s) cm- ‘. H NMR (500 MHz, CDCb) 6 7 86 (br 8, IH), 7 07 (d, J - 8 0 Hz, IH), 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
(~.J=74,~V=l97~,2H),S95(s.SH),390(ddd,J-57,l0S,l22Hz,lH),S76(ddd,J-30,82,12~Hz,l~). 
372(9.~),3~(~1,J-83~,lH),S27(s,SH),S06(dd,J-42,l5SHz.lH),294(d,J-l52Hz,lH),268(1M 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-ll5H~.lH~.198(ddd,J-64,101,141Hz,1H),18&182(m,1~),172(appdl,J-40,136~,1H).161-1~(m. 
H)P 1.53 (a, 3H)e l 45 (9, sH)u 1 15 (h 6H). 0 79 (8, OH), -0 24 (a. SH), -0 26 (a, SH), 13C NMR (82 9 MHz, CD@) 5 160 4, 
1586~~428.~340,1332,1312,1270,1245,1241,1214,1116.1074.1026,961,908,766,736,838,627, 
552~~Q~547~522,~0,393,~9.331,315,~9,291,288,256,248,~~,~2,161,-57,-58,chemical 
bnkahon MBS Spectrum, tie 678 4189 (M+H cabd IOr C4cHscND68I,878 4169) 

tndob 38 The Preceding n)a*bn mtxturs was cooled to OOC and treated wrth sodbm hydnde (320 rng, 80% dtspersbn 
tn mberat Ott, 10 7 mmot) After stlrrbg at OcC for 10 min, pmethcxybenxyl chbrtde (0 80 mL, 5 9 mrncl) was added and 
the reactton was Stirred at Smbbnt tetW.WatUre IOr 125 h Extractive aqueous work-up and flash mlumn chromatography 
(hexaneslether, 1 1) afforded, in order of ebtton, a small quanttty of Catkytated product (53 mg, 7 1%) as a ccbhss glass 
and kbb 38 (596 rng. 60% for two steps) as a sltghtty yefbw glass which crystallized on standing Recrystaltiza5on of the 
tatter compound fmm msthybne ChtOridelmethanOt provided colorless prisms m p 150 5-152 5cC, IR (CHCb) 3010 (s), 
2970 (s), 2940 (s), 2885 (s), 1815 (s), 1590 (s), 1515 (a), 1470 (s), 1392 (m), 1252 (s), 1180 (s), 1095 (s), 1040 (s), 837 (s) 
Cm-’ I ‘I-I NMR (500 MHz, CoCb) 6 6 96 (8, IH). 6.86 (d, J - 8 6 Hz. 2H), 6 60 (app d, J - 2 0 Hz. 2H), 6 78 (d, J - 6 9 Hz, 
2H).883(d,J-64Hz,1H),655(d,J-2SHz,lH),620(dd,J-24,85Hz,lH),550(ABq,J-l78,~v-l53Hz, 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~.~H~.3~(~t.J-65HZ,lH),325(8.SH),308(dd.J=42,l52Hz,lH),292(d,J-l52Hr,lH),2~(dd,J- 
59~98H~,tH),254(appt,J=99Hz,1H),231(appq,J=64Hr,1H),211(ddd,J=61,104,148H2,1~).202(app 
q. J = tt 4 Hz, lH), 192-I 83 (m, IH), 1 67-1 58 m, 2H). 1 50 (s, 3H), 152-l 48 (m, 1H). 1 40 (s, SH). I 17 (s, SH), I 13 
(8,3H). 0 78 (s, 9H), -0 24 (8, 3H), -0 28 (s,3H), ’ CNMR(629MHz,CDC~)51805,1586,1583,1454,1378,13S1, 5 

t3t 5, 1307. 1275, 1268, 1245, 1242, 121 3, 1156. 1138, 1073. 103 1, 960, 909, 770, 728, 639, 623, 553, 
551, 549. 520, 469, 458, 392,363, 332. 31 0. 301, 292, 269, 259, 250, 235, 231, 183, -56, -56, Amax 
(EtOH) 284 8 (s 14,000). 229 8 (e 40.000). 211 6 (e 37.000) nm. chemical bnhatron mass spectrum, rrVe 796 484 (M+H 
Cabd for C4sH66NO762,798 4764) AOk&lbdfOr C4sH67N07St C, 72 23, H, 8 46. N. 1 75 Found C, 72 t7, H, 6 59. 
N, 1 67 

Alcohol 34 tncfole 38 (566 mg, 0 709 mmol) was added to a solution of AcOHITHFICPrOH (10 mL, 3 t 1, VA!) The 
reachon was stirred at ambrent temperature for 8 5 h, then poured Into water and extracted wtth chloroform Combined 

extracts were washed sucCesSfvety wth water and saturated sodium bear&We sobtton The organrc layer was dned 
over MgS04 and concentrated h vscuo flash column chromatcgraphy (hexanes/ether/rnethancl, 50 50 0 -_) 49 49 2) 
afforded the abohcl(456 mg. 99%) as a colorless glass IR (CHCb) 2970 (s), 2940 (6). 2685 (m), 1615 (w), 1520 (s), 1470 
(m), 1255 (s), 1095 (s), 1045 (S), 635 (6) cm ‘, ‘H NMR (500 MHz, CDCb) 6 6 66 (d, J - 8 4 Hz, 1H). 6 82 (d, J -9 1 Hz, 
2H), 8 61 (d, J = 8 4 fix, lH), 6 77 (d, J = 9 1 Hz, 2H), 6 49 (8, lH), 5 50 (8,2H), 4 77 (ABq, J - 7 2, AV - 8 6 Hz, 2H), 3 66 
(aPP t, J - 7 5 Hz. 1 H), 3 74 (8. SH), 3 49-3 41 (m, 2H), 3 45 (s, 3H), 3 22 (dd, J - 6 4.9 8 Hz, lH), 3 12 (dd, J - 6 6,9 7 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
222(a~dt.J-76,96Hz,1H),213-203(m.1H),201-191(m,2H),188(appdt.J=52,116H~,1~),143(~,3~), 
t 39 (s, SH), t 27 (8, SH), 1 25 (a, SH), 0 86 (apt 1, J - 6 0 Hz, IH), 0 84 (8. QH), -0 11 (app 8,8H). 13C NMR (82 9 MHZ, 
CDCt3)6 1584, 1452, 1375, 1314. 1302, 1267, 1263, 1253, 1237, 1139, 1073, 992, 910, 789, 648, 599, 
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m P 176 5-182 PC, IR (CHCb) 3620 (w), 36003300 (w), 2960 (a), 2930 (s), 1815 (m), 1515 (s), 1465 (s), 1250 (s), 1040 
(s),~O(m)~-‘.‘HNMR(500M~,~~)~74(s,lH).673(d,J-87Hz.2H),6BD(d.J-67~W).528(dd.J- 
47,75~.1H),480(A~,J-l86.Av-~22,2H).363(app1,J-9lHr.lH),350(lRABX.JA~-l55.J~3(.3l 
~,lH),348(1~ABX,Jtg-l06,J~~43Hz,lH).334(l~AeX,J~.l03,J~-64Hz,lH).325(s,3H),276(l~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ASX,JBA-~51,J~X-ll6~,lH),20l(eppq,J~93Hz.lH),l73-l83(m,2H),180(appt,J-l02Hz,lH),l4l(s, 
3H). t 25 (8,3H), 1 22 (8,3H). 1 14 (6, 3H), 0 76 (br 6, IH), 13C NMR (62 9 MHz, @De) 6 159 3,152 I, 140 6,132 5, 
l299,l272.t2l6,1191,1160,1143,1116,749,682,655,575,546,516,470,436.390,366,320,312, 
29 3, 28 8, 28 7, 27 4, 16 2, Smex (EtOH) 292 4 (e 9,400). 285 6 (I? 9,200) 230 6 (e 34,000). 205s (e 23,000) nm, 
chemkai bnizatbn mass spectrum, We551 1640 (M+ cakd for C31H3sN03Br. 551 1859) Anal. for C31 i+sNO3Br 
C,6763,H,659.N,254 Found C,6746,H,666,N.248 

Phenol 44 and indole 46 indofe 41 was demethylated according to the condrtions of Feutrfll and Mfmngton 45s 
Thus, ethanethlol In DMF (0 34 mL, 1 1, v/v, 2 3 mmol) was added dropwise to a suspensbn of sodium hydnde (70 mg. 
60% dlspersbn in mineral oil, 2 3 mmol) In DMF (3 ml) This mfxture was stmed for 15 nun, and a soluhon of indole 41 (24 
mg, 0 051 mnfol) In DMF (2 mL) was then added In one portion The reactbn was heated (15OoC bath) for 1 h After 
co~tfng. exh’actfve aqueous work-up and Oash cofumn chromatography (hexane@ethyl acetate, 3 1 -_) 1 1) gave, tn order 
of eiutbn, free it’xtofe 45 (I 6 mg, 6 9%) as a cobrbss solid and phydroxybenzylated indole 44 (15 mg, 65%) as a 
WbtfeSS glass A dffletent sample of 45 was crystalltzed from ethanoVtoiuene to afford prbms [(m p 243oC (dec)] 

1 fR (KBr Pefbt) 3600-3100 (S), 2960 (8) 2930 (s), 2665 (s), 1475 ((I), 1445 (s), 1365 (s), 1368 (s), 1315 (s), 1025 
(s),~5(m)c~1,1HNMR(500MHz,CDC~~764(brs,lH),704(d,J.6lM,lH),667(d,J.62~,lH),523(dd,J 
=52~73.-lH),376(~dt.J-46,lO3~,lH),376(appt,J-~93Hr,lH),36d(appdl.J-65,l06Hr,lH),283 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
l46,JEX=ll9Hz,lH ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

go (s, 3H), 1 10 (s, 3H), ’ C NMR (62 9 MHz, DMSD-ds) 5 151 7, 136 6,129 I, 126 6, 1214, 120 9, 116 6, 106 7,74 4, 
~l,841,556,517,439,376,354,317,306,295,u)7,2622,273,160,X a,~ (EtOH) 262 8 (E 7.100) 227 6 (E 

24,000) 206 6 (s 17.000) nm. Chemkai ionfzatbn mass spectrum, nVe 3512186 (M+ calcd for &H2gNf&, 351 2196) 

44 IR (CHCb) 3590 (w), 3600-3100 (m), 2970 (8) 2930 (s), 1620 (m), 1523 (8). 1460 (s), 1388 (s), 1371 (s), 1353 
(s), 1342(s), 1212(s), 1175(s). 1045(8),825(m)om- ‘,‘HNMR(5OOMHz,CDC$)5676(d,J-65Hz,2H),674(apps, 
2H), 6 54 (d, J - 6 5 Hz, 2H), 6 49 (hr 8, IH), 5 23 (dd, J - 5 I. 7 3 Hz, IH), 5 06 (app s,2H), 3 72 (app t, J I 9 2 Hz, IH), 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
J - 10 4 Hz, 2H), 1 48 @.3H), 1 29 (s, 3H), 1 17 (s,3H), 1 10 (s,3H), 13C NMR (12.5 6 MHz, CDCb) 6 155 I, 151 7,140 0, 
1296, 1294, 1276, 1272, 121 6, 121 I, 1176, 1155, 1076. 755, 662, 661, 568, 51 5, 470, 436, 306,357. 
31 6, 31 2,29 6, 26 3, 26 I, 27 6.18 2, chemical Ionization mass spectrum, m/e 457 2629 (M+ cakd for C30H3sN03, 
457 2617) 

PW8rP(lOn Of 45 by Fragmentation of 44 A mixture of indofe 44 (60 mg, 0 13 mmol) and potassium bicarbonate 
(100 mg. l 00 mmol) 91 DMF (5 ml) was heated at refiux for 2 h Extrachve aqueous work-up and flash column 
chmmakgraphy (hexanetiethyi acetate, 13 7) afforded tree indole 45 (29 mg. 62%) as a cobrfess glass Crystallizatbn 
from ethanoVtotuene gave material identkai w5h that obtained from the pmcedmg reaction 

Setenidr 46 Alcohol 46 was converted to the correspondmg o-nltrophenyl selenide accordmg to the condbons of 
Grieco et al 4s Thus, td-fibutytphosphlne (0 030 ml, 0 12 mmol) was added to a solution of alcohol 45 (29 mg, 0 083 
mnfoi) and o-nbophenyi selenCkyaMte4’ (26 mg, 0 12 mmoi) in THF (3 mL) at OOC The tea&on was stirred at O°C for IO 
mfn and at amtxent temperature for 20 tin AdditiOnal portions of o-mtrophenyi selenocyanate (14 mg, 0 060 mmol) and 
trf-n-butyfphosphine (0 015 ml, 0 060 mmoi) were then added, and the reachon mtxture was stirred an addrtlonall5 mm 
One drop of methanol was added, and the solution was concentrated m vacua Flash column chromatogmphy 
(hexaneslether, 3 2) afforded the selenide (42 5 mg, 96%) as a yellow glass Crystallizahon from methylene 
chbrkfeihexanes gave bright yellow prisms m p 173 5179 5OC, IR (CHCb) 3480 (m), 35003240 (w), 3010 (m), 2960 (6). 
2925 (s), 1520 (s), 1335 (s), 1305 (s), 1222 (s), 1035 (8) cm- ‘, ‘H NMR (500 MHz, CDC13) 6 6 27 (dd, J = 1 4,8 3 Hz, IH), 
773(~s,lH).758(dd,J=l3,8lHz,lH),750(appdl,J-l4,70Hz,lH),7~(ddd,J-l4,70,64Hz,lH),70l 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-l33,JAX~74~,lH),2~(~pq,J-92Hz,lH).25l(d,J=l46Hz.lH),23i(appq,J=86Hz,lH),22l(l/2 
ABX,JBA=l34.J6X=52Hz,lH),2l6-208(m,lH),207(appdq,J=27,9eHz,lH),l97(appdl,J=l5,97Hz, 
IH). 1 50 (s. 3H), 1 36 (s, 3H), 1 26 (s, 3H), 1 11 (s, 3H), 13C NMR (62 9 MHz. CDCl3) 5 151 7, 147 0, 139 0, 133 9, 
1335, 1291, 1290, 1274, 1265, 1253, 1216, 1182. 1088, 750, 665,558, 514, 402. 381, 364, 357.351, 
31 5, 29 6, 26 2, 27 6, 16 I, %W (EtOH) 395 6 (e 4,500) 276 0 (E 19,000), 258 4 (e 20,000), 228 4 (e 41,000), 212s (e 
36,000) nm, chemkal iOnizatbn mass spe-ctrum. We536 1612 (M+ cakd for C2gH32N2CsSe, 536 1576) Anal.for 
C2eH32N2f&Se C, 65 04, H, 6 02, N, 5 23 Found C, 64 96, H, 6 06. N. 5 03 

Cteffn 23 mChbmpemxybenzok acfd (13 mg, 0 075 mmol) was added in one portion to a solutbn of selemde 46 (39 
mg, 0 073 mmof) and 2,4,6-colltdtne (0 15 mL, 1 1 mmoi) in CH2Cl2 (5 ml) at O°C The oxtdation was stirred at ambrent 
temperature for 10 min, then diluted to 25 mL and stmed a further 22 h Concentrahon in vacua and flash column 
chromatography (hexanetiethyl acetate, 9 1 -r 4 1) gave the olefm (16 6 mg. 69%) as a colorless sold Crystallbatlon 
from ether/methyiene chbrfde/hexanes gave anafyhcally pure prisms mp 18PC (dec), IR (CHCl3) cm-l, 1~ NMR (500 
~~,a~tOne-~)S979(bcs,lH),702(d,J-82Hz,lH),673(d,J-63Hz,lH),52l(dd,J-45,75Hz,lH),499(d, 
l~Hz~lH),479(appt,lOHz,lH),39l(appt,J-93Hz,lH),34l(dd,J-O9,l47Hz,lH),3~(d,J-148Hz,lH), 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
J-27,116Hz,lH),212(1/2ABX J~-l33,J~X=45Hz,lH),2ll(appdt,J-92,ll2Hz.lH),l5l(s,3H),l36 
(S, 3H), 1 30 (s, 3H), 1 02 (8,3H), l3C NMR (125 6 MHz. acetone-&) 5 152 7,150 2,140 4, 129 6, 1279,122 7,121 3. 
1167,1101,l060,750,6913,6908,568,531,391,387,386,346,290,267,270,162,X~,(Et0H)2840(~ 
12,000), 222 4 (s 34,000) nm. chemical bnbatbn mass spectrum, We 333 2079 (M+ cakd for C2sH27NO. 333 2092) 
Anal. for C23H27NO C, 62 64, H. 6 16, N, 4 20 Found C, 62 60. H, 8 14. N, 3 94 
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SohId Tri-rrkrtylphosphine(0087ml,035mmd) ~asaddedtoasobtbnafe0hd5~ (64mg.o 1711~1wt) 
and o-nltrophenyl selenocyanatr47 (83 rrg. 0 37 mmol) in THF (5 mL) at 6C The nretbn was atlnad at tilent 
temperature for 1 h, after which tlms methanol (13 drops) and chloroform (5 ml) were added, and the solution was 
concentrated in vacua Flash column chromatcgraphy (hexaneslethyl acetate, 13 7) have a fractbn (85 mu) containing 
the product Resubjectbn to flash colunm chromatoQraphy (hexanedether, 23) afforded the setenkte (79 mg, 83%) as a 
bright yellow QlaSS IR (CHCb) 3590 (w), 35903300 (w), 3010 (m). 2970 (s). 2930 (s), 1515 (s), 1337 (s), 1307 (s), 1210 
(s),1080(s)~-‘,‘HNMR(250MHz,CDCh)68254(d,J-83Hz,1H).8249(d,J-89Hz.1H),740(~tt,J-14.82 
Hz, 2H), 7 32 (d. J - 7 3 Hz 2H), 7 28-7 20 (m, 4H), 6 98 (d. J I 8 2 Hz, 2H). 6 22 (s. IH), 6 19 (8, IH), 5 63-5 59 (m, 2H), 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
2H), 2 30-2 10 (m, BH), 1 99-l 87 (m, 2H), 1 52 (s,3H), 1 51 (s, 3H), 1 45 (8. 2H), 1 40 (s, 6H). 1 30 (s,3H), 1 28 (s. 3H). 
1 20 (S. 3H), 1 18 (s, 3H). chemical bnrxabon mass spectrum, tie588 1848 (M+ &cd for C30Hs&D4Se, 568 1840) 

Preparatton of 46 by Cycltxatlon of 47 Camphorsulfomc acid (5 mQ, 0 02 mmol) was added to a solution of 
sefenfde anorners 47 (37 mu. 0 065 mrmt) in benzene (2 ml) The reacbon was stirred at ambient temperature tor 50 nxn, 
after which time lt was diluted with benzene (8 ml) and a second potin of caphorsuttonk add (100 mu. 0 43 mmol) was 
added The mixture was stlned at ambfent temperature for a further 40 mm and at 7ooC (bath temperature) for 30 mln N 
Ethyfdlfsopropylamine (0 20 ml) was then added, and the mrxture was subjected to flash column chromatography 
(hexanes/ether, 3 2) to afford selenlde 46 (22 6 mg. 65%) The product was crystallized from ether to pmvlde matenal 
rdentlcal wrth that obtained from the selenylatlon of alcohol 46 (v/de supa) 
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