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Summary: 2-Substituted-2,7,9decatrienoates undergo an iron-catalyzed carbocyclization to yield rrans- 
disubstituted cyclopcntanes in moderate-togood chemical yields. The cyclization products are formally the result 
of a [4+4]-ene reaction in which cb-propenyl and 2-acroyl functionalities are introduced as appendages to the 
newly formed cyclopentane ring by the cyclization. Triene ester substrates bearing an alkyl substituent at the 4- or 
o-positions cyclize with high 1.2~stereoinduction to yield trisubstituted cyclopentanes in which the relative 
stereochemistry between three contiguous stereccenters is controlled. 

Transition-metal-mediated carbon-carbon bond forming reactions are amongst the most popular new 

synthetic strategies for the construction of common carbocylic and heterocyclic ring systems.3 In recent years the 

synthetic potential of a wide variety of stoichiometric- and/or catalytic-palladium4, -nickels, -zirconium6, 

-cobalt’, and -rhodium* mediated carbon-car&n bond construction reactions are under development as interesting 

cyclization strategies for organic synthesis. In this regard, we gamd and others% have taken an interest in the 

development of iron-mediated carbocyclization reactions. 

In the course of our studies on catalytic iron-mediated carbocyclizations, we have found that triene ethers 

such as (2E,7E)-1 and (2Z,7E)-1 undergo stereoselective ene carbocyclimtion to give mixture of cyclized 

products in good-to-excellent chemical yield. The predominant products 2 and 3 are each formed as a 6040 

mixture of stereoisomers, diasteteomers which are isomeric about the enol ether double bond. This 

(ZE?E)-1 2 OS4 

(.22,7E)-1 3 b&ml 

stereochemical ambiguity is removed by the acid catalyzed acetalization or hydrolysis of the crude reaction mixture 

to yield ethylene acetals 4 and 5 or their corresponding aldehydes in high isomeric purity. It should be noted that 

in the carbocyclizaticns of 1, the alkene geometry de&mines the ci%ans sense of simple diastereoselectionto, a 

stereochemical control element that we will return to in the course of our discussion of new triene ester 

carhocyclizations. Overall, we are finding that the ene carbocyclization of triene ethers is proving to be quite 

5507 



J. M. TAKAS et al. 

general with respect to ring size (five- or six-membered rings), ring type (carbocycles or heterccycles), simple 

diastereoselection in the ring closure, and rrans- 1 ,Zstereoinduction from non-chelating substituents on the tether 

chain connecting the diene and olefm moieties. 

A key feature in the synthetic utility of the triene ether ene carbocyclization chemistry is that two useful 

functional groups, the stereodefined di- or trisubstituted alkene and the latent aldehyde, are generated in the course 

of the cyclization. These functional groups provide a handle for the subsequent chemical elaboration of the 

cyclized product. It seemed reasonable that other functionalized nienes should undergo ene-type 

carbocyclizations. The cyclization of appropriate new substrates could generate functionalities in the cyclized 

prcduct that would complement the triene ether chemistry. With this goal in mind, we now describe our first 

investigations into the design of new triene substrates for iron catalyzed ene carbocyclization. 

In designing new triene substrates, we must consider the substrate requirements imposed by the catalytic 

cycle for the cyclization (Scheme I). Three substrate criteria are immediately apparent. 1) The diene and alkene 

moieties must readily template about the relatively electron rich metal center. 2) The diene and alkene 

functionalities, as well as the tether unit connecting the diene and the alkene, must accommodate carbon-carbon 

bond formation via an oxidative cyclization. 3) The metallacyclic intermediate so generated should accommodate 

facile iron-mediated hydrogen transfer by presenting an exocyclic g-hydrogen for efficient g-hydride elimination. 

Scheme I. A Proposed Catalytic Cycle for the Catalytic Iron-Mediated Triene Carbocyclization. 

2-Substituted triene ester substrates seemed to be the natural choice for our initial investigations. Grevels 

and co-workers’ t had demonstrated that an isolable diene-alkene complex, formed stoichiometrically from the 

photolysis of a tricarbonylimn-diene complex in the presence of methyl acrylate, undergoes reversible oxidative 

cyclization at or below ambient temperature. Incorporating a substituent in the 2-position of the a$-unsaturated 

ester moiety would provide an appropriately placed hydrogen for exocyclic p-hydride elimination as required in the 

desired ene-reaction. The products arising from the ene carbocyclization of these triene ester substrates would 

contain an unsaturated ester functionality in the product that should prove to be useful for further synthetic 

transformation. In addition, good methods for the synthesis of triene esters have been developed in conjunction 

with investigations into intramolecular Diels-Alder cycloaddition t* chemistry. This Diels-Alder strategy for the 

synthesis of bicyclic ring systems has received a great deal of attention in recent years and the successful 
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development of the ene carbocyclization of triene esters would provide a complementary new use for these readily 

accessible substrates. 

Results and Discussion 

Our investigations into the carbocyclizations of triene esters have focussed on three aspects: a) the 

influence of the 2-substituent on the facility of the carbocyclization; b) the role of the a$-unsaturated alkene 

geometry in directing the sense and degree of simple diastereoselection in the cyclization; and c) the influence of 

substituents adjacent to the diene and the alkene moieties on directing the stereochemical course of the cyclization. 

a. The influence of the 2-substituent on the facility of the iron-catalyzed 

carbocyclization. The five-membered ring precursor containing the 2-ethyl substituent, triene ester 6, was 

prepared in three steps from 6-valerolactone by diisobutylaluminum hydride (DIBAL-H) reduction with in situ 

trapping by triethyl2-phosphonobutyrate l3, PCC oxidation of the hydroxy-ester, and dienylation using the 

Yamamoto allyldiphenylphosphine oxide procedure t4. The route, while short, suffers from a stereochemical 

mixture in the formation of the unsaturated ester (3:1 E:Z) and low yields in the dienylation step (20-30%). The 

latter problem can be solved by using the alternative allyluiphenylsilane dienylation proceduret5. The unsaturated 

ester diastereomers were separated by chromatography on silica and the decatrienoate (2E,7E)-6 exposed to l@ 15 

mole percent of the iron ene catalyst ‘6. Cyclization proceeds readily (PhH, 25O, 12 h) to produce the formal 

[4+4]-ene carbocyclization product 7 as a 3:2 mixture of E/Zdiastereoisomers in 72% yield.16 The isomers are 

diastereomeric only at the trisubstituted alkene as confirmed by hydrogenation of the individual isomers to the 

same mixture of cyclopentanes 8. The tram relative stereochemistry is assigned to the ring substituents (vi& 

infra). No other stereo or regioisomeric ene products were isolated from the reaction. 

“A/” 
H 

y/5uPdcaC 

ElCMC 

The simplest five-membered ring precursor, triene ester 9, was prepared as a 4: 1 2E:2Z mixture of oletin 

isomers via the Homer-Emmons Wittig olefination of (5E) 5.7~octadienal. Cyclization of the (2E,5E)-9 gave a 

mixture of products of which the [4+4]-ene product 11 comprised 50-658 of the crude product mixture as 

determined by capillary gas chromatographic (CC) analysis. The cyclized product 11 could be isolated (albeit 

with dilficulty in the chromatographic separation) in only 30-4096 yield. 

Three major side reactions compromise the yield of ene product obtained from substrate 9. Reduction of 

the unsaturated ester to produce ester 12 accounts for up to 10% of the reaction mixture. The structure of the 

isolated ester 12 was assigned by comparison to an authentic sample obtained via MgIMeOH reduction17 of 

unsaturated ester 11. The iron-mediated reduction pathway is relatively easy to control, since it only occurs after 
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prolonged reaction times. By careful monitoring of the reaction progress, the subsequent product reduction can be 

minimized. Apparently, decomposition of the starting material and/or product also contributes to the low chemical 

yield of 11. The decomposition, which may be occurring during the cyclization reaction or in the product 

isolation, typically claims 1@30% of the material as judged by the total mass balance at the end of the purification 

process. The other main deleterious side reaction involves the apparent iron-catalyzed alkene isomerization of the 

starting triene ester.18.19 Capillary GC analysis of the crude reaction mixture showed that, in addition to cyclized 

product 11, a large number of isomcric compounds were produced by “competitive” alkene isomerization 

reaction. It proved difficult to obtain even small amounts of any one compound in pure form by chromatography: 

The isomerization pathway was ultimately implicated by hydrogenation (1 atm H2 / 5% Pd on C / EtOAc) of a 
mixture of isomerized products 10 to give only ethyl 2-methyldecanoate. 

The extent to which this isomtization competes with carbocyclization varies from reaction-tereaction. 

We now understand in part why this is the case. Following the course of the cyclization reaction of triene 9 by 

removing aliquots and analyzing them by capillary GC shows that the isomerization reaction occurs rapidly at 

short reaction rimes; within 5-10 minutes after addition of the triene ester to the solution of the iron-catalyst. 

Subsequently, ene carbocyclization products grow in faster than isomerization products. These observations 

suggest that some intermediate iron species formed in the course of the reduction by triethylaluminum may be 

responsible for the isomerization, while some later formed iron species, presumably bpy-Fe(O)(solvent),, is 

responsible for the ene carbocyclization.20 

The rate of the iron-catalyzed isomerization process should be dependent on such variables as the “aging” 

of the catalyst, the nature of the ligand, the nature of the addend, and the nature of the o&unsaturated ester 

moiety2’. The latter effect is illustrated by the more successful cyclization of the 2-ethyl substituted triene 6. 

Unfortunately, attempts to optimize the reaction conditions for triene 9 by aging the catalyst, thereby allowing 

sufficient time for complete reduction by triethylaluminum, prior to addition of 9 were largely unsuccessful. In 

the absence of substrate, the catalyst deactivates over time; likely by dispropotionation to catalytically inactive 

bpyzFe(0) and Ferneat. We have also briefly investigated the influence of the other variables. As the ligand for 

iron in the reactions of 9, l,lO-phenanthroline gave results comparable to 2,2’-bipyridine. Both were superior to 

dia&ene$ or 1,2-bis(diphenylphosphino)ethane, ligands which gave much less active catalysts. Replacement 

of the furan addend15 with 2-5 equivalents of norbomadiene or cyclcoctatetraene offered no practical advantage. 

At present, it seems that the reaction conditions will have to be very carefully optimized in the case of 

isomer&&on- and/or decomposition-prone unsaturated esters. 
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b. The role of the a&unsaturated alkene geometry in directing the sense and degree of 

simple diastereoselection in the cyclization. The carbon-carbon bond formation between two sp2- 

hybridized carbon centers of the triene substrate generates vicinal ring substituents in the course of the ene 

carbocyclization. In the ene carbocyclization of triene ether 1, the alkenc geometry dinxts the ci&ans-sense of 

simple diastereoselectivity. The (2E,7E)-1 gives rise to the cis-disubsrifured cyclopentane 4, while the 

diastereomeric (2Z,7E)-1 gives rise to the rrm-substituted cyclopentane 5. In contrast, (2Z,7E)-6 and (2Z,7E)-9 

give the same product mixtures as the (2E,7E)-isomers described above. The chemical yields for the cyclizations 

of the (2Z)-isomers are comparable to those obtained for the (ZE)-isomers. In the case of (22,7E)-6 the same 

6ONl ratio of E/Z-isomers 7 is produced in the cyclization. 

‘W, H 

15 mOl X (bpy)Fe(O) 

W/25°/12h 

H 
COzEt 

(2E.7EM R-M, 
CHzR 

(Z7E)d. R - Cti, 
COzEt 

E-mdZ-7.R-CH, R 
(2EJE)_O. R-H (zuE)_O. R-H ll.R-Ii 

This apparent lack of dependence on the unsaturated ester geometry could in principal arise as the 

consequence of a facile iron-catalyzed (ZE)/(ZZ)-alkene isomerization under the cyclization conditions. Following 

the progress of the cyclization by capillary GC analysis, this does not appear to be the case. Cyclization of the 

individual (ZE)-isomers of 6 and 9 show no evidence for formation of the (2Z)-isomers at a rate competitive with 

cyclization. Similarly, the (2Z)-isomers of 6 and 9 cyclize without competing isomerization to the (2E)-isomers. 

Finally, following the cyclization of a mixture of (2E)- and (2Z)-6 (and similarly with (2E)- and (2Z)-9) shows 

that the isomers ate consumed at comparable rates. 

The origin of the stereochemical difference between the five-membered ring carbocyclizations of niene 

ethers and ttiene esters presumably lies in the details of the oxidative cyclization of the iron-triene complex 

(Scheme I). All of the stereochemistry is set by the oxidative cyclization reaction. The simple diastereoselectivity 

is then determined by either the selective cyclization of one of the two possible diastereomeric triene complexes or 

alternatively, by selective reaction of one of two rapidly interconverting metallacycles. While the exact reasons for 

the apparent diasteteofacial discrimination in the ene carbocyclizations examined to date is beyond any rational 

mechanistic discussion, it is instructive to note the empirical correlation that only when the RI-substituent in the 

generalized triene structure 13 is hydrogen is a significant amount of the cis-product obtained. 

Scheme II. The role of alkene geometry in the control of relative stereochemistry in the iron-catalyzed tive- 
membered ring carbocyclizations. 

H H H H H H 

CHFI 

R2 
frans-se/L9ceve 

c. The influence of substituents adjacent to the diene and the alkene moieties on 

directing the stereochemical course of the cyclization. Triene ester substrates containing a stereogenic 

center in the methylene chain connecting the diene and a,+tsaturated ester moieties can give rise to 
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Scheme IJJ. The preparation of benzyl-substituted triene ester 14. 

0 OH OTBS 

c 

0 46 

0 

t 

PhCH, 
H 

PilCH, PhCH, 

a) 1. 1.1 LDA / THF-HMPA / -78O, 2. PbCH2Br I -78 -> 25O / 59%; b) 1.0 eq DIBAL-H / THF / -78O / 99%; c) 1.1 TBSCI / 
imidazolc / DMF / 58 / 70%; d) Li[CH$HCHP(O)Pb21/ THF-HMPA / -78 -> 2S” /60%; e) cat Dowex 5OW / McOH / 99%; f) 

2.1 DMSO / 1.1 (COCl)2 / 5.5 Et3N / CH2Cl2 / -55 -> 25” / 96%; 9) Li[@lO~P(O)C(CH3)C~Et] / THF / 0 -> 25O / 67%. 

diastereoisomers upon ene carbocyclization. We have briefly investigated the stereochemical influence of 

substituents appended adjacent to the diene and c+-unsaturated ester moieties. 

The benzyl-substituted triene ester 14 was prepared starting from &vakrolactone as outlined in Scheme 

III. Iron-catalyzed carbocyclization of 14 produces a single isolable ene product in modest chemical yield (30- 

40%). The trans,trans stereochemical assignment was made after conversion of IS to imide 16 via DJBAL-H 

reduction and subsequent Mitsunobu displacement by 1,8-naphthahmide. A crystal structure determination2 of 16 

established the stereochemical relationship between the three contiguous steteogenic centers. 

15 md % (tw)Fe(O) 
14 

iW4/25’112h 

Scheme IV. The preparation of n-propyl-substituted triene ester 17. 

OTBS I, 

a) 1. 1.1 LDA / THF-HMPA / -780.2. CHzCHCHzBr I -78 -> 25” / 41%; b) 1 atm H2 / 5% Pd on C / MeOH I25O I7 h 199%; 
c) 1.0 eq DIBAL-H I THF / -78O 199%; d) 1.1 TBSCI I imidaxole I DMF 1600 /60%; e) Li[(Et0)2P(O)C(CH3)C02EtJ I THF IO - 
> 25O / 795, r) calp-TsOH / MeOH / 99%; g) 2.1 DMSO I 1.1 (COCI~ 15.5 EI~N I CH2Cl2 I-55 -> 25O I%%; h) 1. 

Li[CH$HCHSiPhj] / (i-PrO)qTi I THF I -78” / I h, 2. 10% aq HCI / -780 190%; i) cat H2SO4 I THF l25O I 72%. 
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The n-propyl-substituted triene ester 17 was prepared as outlined in scheme IV. Iron-catalyzed ene 

carbocyclization of 17 proceeds as expected. Capillary GC analysis of the crude reaction mixture (the crude 

recovery was quantitative) shows that the cyclized product comprises 65% of the reaction mixture. However, 

only a modest yield (30-3596) of 18 could be isolated. 
H,C H 

I 
/ /% 

G 

15 md % RwFw 
PN112S0/12h 

* 
\ -r 

%H7 
d: 

CH, 17 GH7 

..z;L. ,* 

? 

The trans,trans stereochemistry of 18 is assigned based upon the symmetry arguments outlined in Scheme 

V. For the argument, nuns-simple diastemoselectivity is assumed. Two possible diastereoisomeric cyclized 

products are considered, the ~anr,trans-18 and the tranr,cis-19. Reduction of the unsaturated ester functionality 

in either 18 or 19 would give rise to a 2-methyl-substituted ester (20 or 21, respectively) consisting of a mixture 

of a- and /3diastereomers. Hydrogenation of this mixture will yield different results depending on whether the 

starting ene-product is the rran.r,trans-18 or the rrwts,cis-19. In the frum,mm.s-series a single ester 22 would 

result from hydrogenation of the mixture 20a and 20b. In the truns,cis-series a mixture of diastereomers 23 and 

24 would necessarily result from the hydrogenation of 21a and 21b. 

Scheme V. The structure assignment of prcduct 18 based upon the stereochemical consequences of reduction of 
the alkene moieties in the two possible diastereomeric structures, rrun.s,rruns-18 and truns,cis-19. 
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The cyclized product obtained from the reaction of triene 17 was reduced to a mixture of diastereomeric 

esters by reaction with magnesium in methanol 17. The mixture of 2-methyl-substituted esters could be partially 

resolved on capillary GC analysis and were clearly distinguishable in the 200 MHz *H and 50 MHz 1% NMR 

spectra. This mixture. of esters was hydrogenated (1 atm Hz / 5% Rh on alumina / MeOH) to give the saturated 

ester 20, which was judged to be a single compound by capillary GC, 360 MHz tH NMR, and 50 MHz t3C 

NMR analysis. It should be noted that the choice of the hydrogenation catalyst is crucial to the success of the 

structure proof. During the study of ring systems related to 5 and 15 in our labs, it has been found that palladium 

on carbon hydrogenation catalysts frequently effect an apparent epimerization of the ring substituents; presumably 

via double bond isomerization toward the ring and subsequent hydrogenation. A went reportv demonstrates that 

even a potentially problematic substrate (i.e a f3,~unsaturated ester) does not suffer rhodium-catalyzed double 

bond isomerization competitive with hydrogenation. 

Conclusions 

The catalytic iron-mediated ene carbocyclization of triene esters is at present a viable process for only a 

limited set of triene substrates; in particular 2-substituted hiene esters (and perhaps other carboxyl derivatives) that 

are not prone to iron-promoted i somerization and/or decomposition. In general, high levels of rrans-simple 

diastereoselection and tranr-l&stereoinduction are observed in the cyclization reaction. In the latter instance, the 

relative stereochemistry between three contiguous stereogenic centers can be set with remarkably high selectivity, 

even in substrates in which the substituent is not particularly sterically demanding (e.g. benzyl or n-pmpyl). 

The exceptional capability of transition metals to catalyze a wide range of reaction modes, and these often 

in a highly ligand dependent fashion, greatly complicates the rational design of new substrates. Seemingly minor 

changes in the substrate can greatly facilitate unwanted reaction modes at the expense of the desired one. The 

present limitations in the triene ester methodology point out two general features that are relevant to the design of 

other new catalytic transition-metal-mediated carbocyclizations. In part, the triene ester suffers in that the 

methodology seeks to generate reactive functionalides in an unmasked form. In contrast, the triene ethers generate 

the labile aldehyde functionality in a relatively unreactive form. In addition, we have experienced difficulties in 

this study in the chmmatographic separation of cyclization products that are isomeric to starting materials, 

frequently encountering fortuitous overlap or near overlap of starting material and the isomeric cyclized product. 

Nonetheless, the present study demonstrates that iron catalyzed carbocyclizations of functionalized biene, other 

than triene ethers, are indeed feasible. Further studies, particularly studies directed toward the design of new 

catalysts with higher specificity for carbocyclization over other pathways, are in progress. 

Experimental Section 

General Procedures. Unless otherwise noted. all reactions are carried out under an aunosphere. of nitrogen, and all 
temperatures arc reported in degrees Celsius and are measured cxlcrnally. THF is distilled under nitmgen from bcnmphenone ketyl 
prior lo we. Extreme care is taken lo ensure that lhe benzene used in the catalytic iron chcmislq is dry and oxygen-fret. Benzene is 
distilled from sodium metal, then r&stilled from (purple) sodium bcnmphenone ketyl. 1-2 mL of diglyme. per liter of benzene is 
added as a ketyl solubilizing agent. Furan and 2-methylfuran are distilled under nitrogen from lilbium aluminium hydride prior to USC. 
Hexanes and ethyl acetate (EtOAc) arc purified by distillation. DichloraneIhane is passed through a column of alumina. Dimcthyl 
sulfoxide (DMSO) and dimethyl fumam ide (DMF) are. dried OVCI 4A sieves. distilled under reduced pressure. then stored over 4A 

sieves. Hcxamethylphc@oramide (HMPA) is dried over calcium hydride (5-10 h, 600). distilled under reduced pressure, then stored 
over 4A molecular sieves. Ferric acaylacetonruc (Lancaster Synthesis. Windham, NH) is either recryslalized (benzcnwhexanes or 
ethanol) then dried under vacuum (0.01 mm, 25”). or (preferably) sublimed (0.05 mm. loo”). 2.2’-Bipryidine (bpy) is sublimed (0.01 
mm, 659. Triethylaluminum (Aldrich Chemicals) is used as a 1.9 M solution in tolucne. After several months of use, stock 
solutions of triethylaluminum are &aced. Diisobutvlaluminum hydride (DIBAL-H) and n-butvllithium an? used as a 1.5 M solution 
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in toI= sod a 2.5 M solution in hexanes, mspectively. All Uher reagents received from cumme&il sources are used without ftier 
purifii. 

1H and 1* NMR specna are obtained on a Varian VXR-200, Varian XL-300. or wide bore N&let NT 360 spectrometer. 1R 
spectra an: obtained on a P&in-Elmer 298 Infrared or Anakt RFX-6S FT-IR spcctropkotometw using NaCl plates (neat sample), 
NaCl solution cells (CC& or CHCI,), or the Attenuated Total Rektance tc.chniq# (ATR, neat, Z&e crystal). Analyticat gas 
c~rn~c (GCj ~~arepaformedonaVarianVLQaSeries6000g~c~~hequippedwitha30me~ 
Dumbond DB-5 or DE-17 0.25 tun fti thickness fused silica capillary c&mm (J & W Scientific, F&om, CA) and a flame ionization 
detector. Analy&alHighPerf~ L.iquidChrm~atographii(HPLC)m~ tsarep&mnedonaVarianVistaSe&.s.54 
chromatograph equipped with a EM Mwck Hibar, Si 60 (5 IM. 23 x 0.8 cm) silka gel column using HPLC grade (EM Science 
Omnisolv,) solvents and a Varian Vari-Chmm variable wavelength UV de&z&~ set at 250 nm. Rcpatative HPW is performed using 
a Dynamax-6OA (8 q. 25 x 2.14 cm) silica gel column (Rainin, Wobum. CA). .GC- and HF’LC&ted components are reported as 
percent-and= Unconecti far relative response. Thin laya Cw (TLC) analyses are performed on EM Science Silica 
Gel 6OF-25Q (0.25 mm) w analytical plates amI visualized by applying a solution of 5% phosphomolybdic acid in methanol or 
by using a hand-held shatwave UV lamp (254 nm). Preparative chmmamgmphic purilications am performed using Davison @20() 
me&l50 angstrom pre size silica gel (Fisher Scientific) or Amicon 200-425 mesh.&0 angstrom pore size flash gel (Amicon Cq, 
Danva~. MA). Analytical ~amplap arc purified by seveml rtqy~laltiration~ or by careful chromatography on silica follow& by bulb_ 
&bulb distillation. Combustion analyses ate performed by Desen Analytics (Tucson, AZ). High resoh~tion mass spectral (HRMS) 
dwrminati~ are performed by fhe Midwest Centa for Mass Spec@ometry (L&c&n. NE) on a Kratos MS-50 mass vuometer. 

Preparation OT ethyl 2-methyl-2,7,9-decatrienoate (9). To a stirred, cooled (O”) solmion of triclhyl 2- 
phosphonopmpionate (3.20 mL. 14.8 mmol) in THF (150 mL) was added n-butyllithium (6.50 mL, 16.3 mmol) followed by a 
solution of (SE) 5.7-octadienalB (1.80 g. 14.8 mmol) in THF (5 mL). After 30 min. the ice bath was removed and tic reaction sl&d 
(25’, 1.5 h). Tbc nsultanl reaction mixaut was quenched (l-2 mL s&i aq NH&I), concentrard, and the resulting oil dilud witi 
ether (150 mL), lhen washed with brine (2 x 100 mL), dried (MgSO4), filtered, and conccnd. The residue was chromamgmphcd on 

silica (60-200 mesh. 95/5 hexanes/EtOAc) to yield 2.40 g (76%) of a mixture of (2E,7E)- and (22,7E)-9: TLC analysis (90/10 
hexanes/EtOAc) RI 0.49 and 0.42; Cc analysis (DB-5. lC0-250° @ S’/min) 6.9 (22.5%. Zdiene) and 8.4 min (77.5%. E-dicne); llj 

NMR (300 MHz, CDCI3) 8 6.75 (t. 0.75 H, J = 7.5 Hz, CH=C(R)CH3, E-isomer), 6.39-6.22 (m, 1 H, CH=CH& 6.14-6.02 (m, 1 
H, CH=CHCH=CH& 5.92 (t, 0.25 H, CH=C(R)CH3, Z-isomer), 5.71-5.62 (m, 1 H, CH=CHCH=CHz), 5.10 (d, t H, J = 16.9 Hz, 

CH=C(H)Hw&, 4.97 (d, 1 H. J = 9.5 Hz, CH=C(H)H&, 4.18 (m. 2 H, CH$ZH$, 2.21-2.08 (m, 4 H), 1.89 (s. 1 H, 
CH=CtR)CH3, Z-isomer). 1.82 (s, 2 H, CH_C(R)CH3. E-isomer), 1.60-1.49 (m, 2 H) and I.30 ppm (t, 3 H, J = 7.2 HZ, CH2CH3); 
13C NMR (75.5 MHz, CDCl3) 6 168.0, 142.2, 141.6. 141.5, 137.1. 136.9, 134.6, 134.2, 131.9, 131.7, 131.4, !31.l, 129.7, 
127.9, 117.1. 114.9, 114.7. 60.4, 60.0, 32.2, 32.1, 29.1. 28.9, 28.4. 28.1. 28.0. 27.3. 20.7. 14.3 and 12.4 nom: IR (CCL) 
2990(m). 2915(m). 2860(m), 1710(s), 1650(m), 1370(m), 1250(m), 1175(m), 1012(m). 1090(m). 1o00(m), d&~(m) anb 9$m) cm.‘; 
Combustion analysis (C13H2&: C-74.%%; H-9.68%) found C-75.38%. H-9.87%. 

Iron-catalyzed csrbocyclization of triene ester 9. To a cooled (0-5O), stirred solution of ferric acctyiacctonatc (125 
mg, 0.35 mmol), al’-bipyridiie (55 mg, 0.35 mmol) and fumn (0.5 mL) in dry oxygen-free benzene (10 ml_) was add& 

~e~yl~~inurn (0.57 mL, 1.1 mmot) dropwise. The resulting dark blue solution was removed from the ice bath, s&d (l-2 min), 
then a solution Of triene 9 (300 mg, 1.39 mmol) in benzene (2 mL) was added dropwise. The resulting solution was s&rcd (4-5 h), 
ihen filtered through a plug of silii @exao&StOAc), concentrated, and the residue chromatographed on silica (99/l hexan&@Ac) 
to yield 100 mg (33%) of 11 and 30 mg (10%) of It. Characterization of II: TLC analysis (So/l0 hexanes/E@Ac) Rf= 0.38; GC 
analysis @B-S, 100-250” @ S”/min) 6.0 min; 1H NMR (300 MHz, CDC13) 6 6.09 (s. 1 H, R(R’)C=CH2). 5.49 (s. 1 H, 
R(R’)C=CHz). 5.42 (m, 1 H. CH=C(H)CH$ 5.21 (dd, 1 H, I = 10.5, 10.5 Hz, CH=C(H)CH3), 4.20 (q, 2 H, J = 7.2 Hz, 
CH$H$, 2.82 (m, 1 H, CHCH=C(H)CH3), 2.60 (m. 1 H. CHC(R)=CH& 1.92-2.09 (m, 1 H, CH$HC(R)=CH2), 1.84~1.91 (m, 
1 H, CH$H(R)CH=C(H)CH$, 1.66-1.76 (m, 2 H), 1.58 (dd, 3 H, J = 1.5.6.6 Hz.CH=C(H)CH$. 1.52 (m, I H, 

CH$W.TR)=CHZ), I.35 (m, 1 H, CH2CH(R)CH=C(H)CH3) and 1.30 ppm (t. 3 H, J = 7.2 Hz, CHzCH3); 13C NMR (75.5 MH~, 
CDCl3) 6 167.3 (GO), 143.0, 134.0, 123.7, 122.8.60.4,48,8,42.9, 33.1. 32.5, 23.6, 14.3 and 13.2 ppm; IR (CC4) 2960(s), 

2875(m), 1718(s). 1445(m), 1368(m), 1320(m), 1301(m), 1265(m), 1230(m), 1165(s), 1135(s), 1025(m) and 940(m) cm-l. 
Compound II was converted to its 1-naphthyl carbamate via the sequence: a) DIBAL-H, O*, THF b) CH2Cl2, pyrt&oe, 1. 

naphthyl isocyanate, refbix, 10 h. Combustion analysis of the carbamatc derivative (C22H25NR: C-78.778; H-7.51%) found C- 
78.98%. H-7.43%. 

SpcGroscopic characterization of 12: ‘H NMR (300 MHz, CDC13) 6 5.35 (m. 1 H, CH=CHCH$, 5.22 (dd, 1 H, J = I I.& 
11.0 HZ, CH=CHCH3). 4.08 (q, 2 H, J = 7.0 Hr. OCH2CH3). 2.57 (m. 1 H). 2.41 (m, 1 H). 1.72-1.80 (m). 1.60 (d, 3 H, J = 9.0 
Hz, CH=CHCH3). US-l.51 (m). 1.22 (1 3 H. J = 7.0 Hz. OCHZCH~), 1.11 (d. 3 H, J = 8.0 HZ, CH(CH3)C02E~) and 0.82.0.95 

(4 rv. 

Prepsration of a-beazyl-&valeroiactone (32821-74-t). To a co&d (-7S”) stirred solution of HMPA (19.1 mL, 
11.0 mmol) and diisnpropylamine (7.7 mL, 55 mmol) in THF @CO ml..) was added n.butyIli~ium (23.0 ml_, 58.0 mmol). After 5 
min. a SoilItion Of &valcrolacIone (4.60 mL, 50.0 mmoi) in THF (10 mL) was added. After an additioM1, 10 min hnryl bromide 
(5.90 mL, 50.0 mmol) was added. The reaction mixlure slowly warmed to ambient temperature over 5 h, &n quench& by &e 
addition of satd 4 Nli4Cl (l-2 r&l and concentrated. The residue was diluted with e&r (200 mL) and washed with brine (3 x 1~ 
mL). ThC Organic layer was further diluted wilh hexanes (100 mL), again washed with brine (3 x 100 mL), then dried (MgSO4), 
fikX!d. and COnCenWled. The residue was chromatomhed on silica (60-200 mesh. W/l0 hexanes&OAc) u, yield 5.60 g (59%) of 
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u-benzyl*valerolact BS a clear liquid thal crystallized in the freezer: ‘H NMR (200 MHz. CDCI,) 6 7.35-7.15 (m, 5 H, ArH), 
4.37420 (m, 2 H. CQCH& 3.37 (dd, 1 H. J = 8.9, 13.6 Hz. CHCH(H)Ph). 2.70 (dd. 1 H, CHCH(H)Ph) overlapping witi 2.8-2.6 

(m. 1 H, CWJHCW’h), 1.95-1.7 (m, 3 W and 1.6-1.4 ppm (m, 1 H); l?C NMR (50.3 MHz. CDCls) 8 174.0, 138.7, 129.0, 128.3. 
126.3.68.4.41.3, 37.0.23.9 and 21.7 ppm: IR (CCL,) 1741 cm-’ (s. GO). 

Preparation of (SE) l-(ferl-butyldimetbyIsilyloxy)-4-(pbenylmetbyl)peatanal. To a cooled (-78O) stirred 
solution Of a-benzyl-8-vakroti (11.10 g. 58.3 mmol) in dry THF (300 mL) was added DIBAL-H (38.9 n& 58.3 mmol) via 
Syringe pump (0.81 m&h). After the addition ws complete, chc rraction mixture was stirmd (1 h, -789, then quenched by the 
Canfld titrm of exCCSS Na2m4(Hfl),o (Ca 10 9). Celile (Ca 7 g) end ether (fa 1% mL). The resulting dun-y was stintd (10 h), dtjd 
(anhyd N#&. ~a. 2 &, filtered tigh ~elitc, and ~n~eneatcd u) yield 11.20 g (99%) of lactol, a mixture of epimers that was used 

without f* plritication: lH NMR (200 MHz, CDC13) I 
7.19 (m, 5 H. ArH). 4.% (dd. 0.5 H, J = 2.5.2.5 Hz, C(H)CH,(OH)OR), 4.51 (br d, 0.5 H. J = 6.3 ~z, C(H)CH,(OH)OR), 4.49 
(br s, 0.5 H, 0% 3.97 (d. 0.5 H, J = 11.5 Hz) overlapping with 3.95 @r s. 0.5 H, OH). 3.63-3.2 (overlapping m, 1.5 H), 3.07 (dd, 
0.5 H. J = 4.0, 13.5 Hz, CHCH2Ph). 2.71 (dd. 0.5 H, J = 7.2, 13.5 HZ, CHCH2Ph). 2.57-2.3 (overlapping m, 1 H), 2.1-1.85 (br m, 

0.5 H), 1.8-1.4 (m.4 H) and 1.3-1.1 ppm (m, 0.5 H). 13C NMR (50.3 MHz. CDc13) 8 139.5. 139.1. 128.6, 128.4, 127.5, 125.2, 
125.2.98.2, 92.7. 64.5, 59.1, 42.6. 41.1, 37.3, 36.6, 25.8, 24.6. 23.9 and 22.7 ppm. 

TO a stirred, heated (500) solution of crude klol(8.04 g. 41.8 mmol) and imidazole (4.27 g, 62.7 mmol) in DMF (250 mL) 
was added a solution of fen-butyldimethylsilyl chloride (TBDMSCI. 7.25 g. 48.1 mmol) in DMF (30 mu) via syringe pump (0.32 
ml/mi@. The reaCtiOn WaE stirred (40 mi@. then cooled, and taken up in ether (300 mL). The combined organics were washed with 
said aq NaHcO_l (100 mL), brine (2 x 100 mL), then dried (MgSO4). filtered, c0I1cultGUed. and chromatographed on silica (60-200 

mesh, 95:5 hexanes:EtOAc) to yield 7.78 g (70%) of I-(fcrl-butyldimethylsilyloxy)-4-benzylpentanal as a co1odes.s oil: 1H NMR (2~ 
MHz, CDCl3) 8 9.65 (d. 1H. J = 2.4 Hz. CHO). 7.10-7.35 (m. 5H. ArH), 3.56 (t,2H, J = 6.0 Hz, CH2OSi). 2.96 (dd. 1H. J = 6.5, 
13.1 Hz, C(H)HAQ, 2.70 (dd. lH, C(H)HAr) overlapping with 2.55-2.65 (m, lH, CHCHO). 1.45-1.75 (m, 4H. CH2CH2). 0.86 (s, 

9H, C(CH3)3) and 0.02 ppm (s. 6H. Si(CH3)2): 13C NMR (50.3 MHz. CDcl3) 8 213.4 (Cd). 128.9 (Ar). 128.8 (Ar), 128.4 (Ar), 
126.3 (Ar). 62.6 (CH20). 53.1 (CHCHO). 35.1 (CH2), 30.0 (CH2). 25.8 (C(CH3)3). 24.9 (CH2Ar). 18.2 (C(CH3)3), and -5.4 

(Si(CH3)2); FI’-lR (neat, N&l) 2952 (s). 2926 (s). 2855 (s), 1727 (GO. s), 1255 (s) and 1102 cm-l (s). 2.34 g (22%) of 2-(ler1- 
butyldim&ylsiiyloxy)tetrahydro-3-(phenybne&yl)-2H-pymn was also recovered. 

Preparation of (SE) ~-(lcrf-butyldimetbyIsilyloxy)-4-(pheaylmetbyl)-S,7-octadiene. To a stirred. cooled (- 

780) solution of allyldiphenylphosphine oxide14 (7.93 g. 31.7 mmol) and HMPA (11.0 mL. 11.3 g, 63 mmd) in THF (500 mL) was 
added dropwise a solution of n-butyllithium (12.50 mL. 31.2 mmoi). lie resulting red solution was stirred (5 min), then a solution 
of l_(fen-butyldimcthylsilyloxy)4-(phenylmc (7.68 g, 28.8 mmol) in THF (20 mL) was ad&d dropwise ovw 35 
minutes. The resulting sol&on was slowly warmed D rwm lemperature (12 h) wilh formation of a orange precipitate. Afte,r 
qUXhing WiIh water (ca 5 mL). the reaction was concentrated and the residue diluted with 400 mL of hexane:EtOAc (70~30). The 
combined cqanics were washed with water (100 mL), brine (2 x 100 mL), then dried (MgSO4), tillered, concentrated, and 
chromatographed on silica (260400 mesh, 95:5 hexancs:EtOAc) to yield 5.71 g (60%) of (SE) I-(terr-butyldimcthylsilyloxy)4- 

@henylmethyl)-5.7-octadiene as a colorless oil: ‘H NMR (UK) MHz, CDCl3) 6 7.23 (m. 5 H, ArH), 6.27 (ddd, 1 H, J = 10.1, 10.3, 
17.0 Hz. CH2=CHCH=CHR), 5.91 (dd, 1 H, J = 10.3. 15.4 Hz, CH2=CHCH=CHR), 5.50 (dd, 1 H. J = 8.6. 15.4 Hz, 
CH2=CHCH=CHR). 5.03 (ddd, 1 H, J = 0.4, 1.3, 17.0 Hz. CHk(H)=CHCH=CHR), 4.92 (ddd. 1 H, J = 0.5, 1.3, 10.3 Hz, 
CH,,&+CHCH=CHR), 3.54 (1.2 H. J = 6.3 Hz. CH2CH20Si). 2.63 (d, 2 H, J = 7.0 Hz, CHCH2Ph). 2.85-2.35 (m, 1 H, 

CHCH2Ph). 1.6-1.1 (m, 4 H. CH2CH2). 0.85 (s, 9 H. Si(CH3)2C(CH3)3) and 0.01 ppm (s, 6 H, Si(CH3)3C(CH3)3); 13C NMR 
(50.3 MHz. CDCl3) 8 140.4. 138.7, 137.2, 131.1. 129.3. 128.1. 125.8, 115.0, 63.2, 44.2.42.1. 30.5, 30.4, 26.0. 18.3, and -5.3 
ppm; IR (neat, ATR) 3026(m), 2949(s), 2921(s), 2895(s). 2883(s). 2854(s), 1603(m), 1494(m), 1471(s). 1462(s). 1453(s), 1387(m). 
1360(m). 1254(s), 1097(s). 1056(m). 1031(m), 1003(s), 980(m), 949(s) and 938(s) cm-l; Combustion analysis (C2lH340: C- 
76.30%; H-10.3740) found C-76.46%, H-10.58%. 

Preparation of (SE) 4-(pbenylmethyl)-S,7-octadkn-l-oi. To a stirred solution of I-(fcrr- 
bu~yldimethylsilyloxy)4-(Dhenylmethyl~5.7-octadiene (8.47 g. 25.6 mmol) in MeOH (75 mL) was added 0.75 9; of Dowex 5OW-8X 
resin (So-lob m&h).-ne-kion mixture was stirred (12 h), &en filtered, concentrated, and the resulting oil ch;omamgraphed on 
silica (60-200 mesh, 7O:u) hexanes:EtOAc) lo yield 5.49 g (99%) of (5E) 4-(phenylmethyl)-5J-octadien-l-o1 a~ a clear oil: GC 
dYSk @B-5,10@250@ 5”/min) 13.1(5%. zdienc) and 13.5 min (95%. Ediene); IR (neat) 3385 @r s, OH), 3085 (m), 3025 (m), 
2917 (In). 2848 (m). 1649 (m), 1603 (m). 1495 (s). 1452 (s), 1088 (s). 1002 (s) and 899 (s) cm-l; 1H NMR (200 MHZ, CDCI~) 6 
7.31-7.11 (m, 5 H. ArH). 6.29 (ddd, 1 H. J = 10.2, 10.2, 16.8 HZ, CH=CHz), 5.93 (dd, 1 H, J = 10.3, 15.2 Hz, CH=CHCH=CHZ), 
5.50 (dd. 1H. J = 8.7, 15.2 Hz, CH=CHCH=CHz). 5.04 (d. IH, J = 16.9 Hz, CH=CHV,,(H)), 4.95 (d, IH, J = 10.0 Hz. 
CH=CHc,(H)). 3.56 (1.2H. J = 6.3 HZ, C&OH), 2.65 (d. 2 H, J = 6.9 Hz. CH$‘h). 2.32 (br s. IH) and 1.65-1.24 ppm (m. 5H); 
13C NMR (50.3 MHZ. CDCIJ). 8 140.2, 138.3. 137.0, 131.3, 129.2. 128.1, 125.8, 115.2. 62.9, 44.2, 42.0. 30.5 and 30.3 ppm; 
Combustion analysis (C15H200: C-83.28%; H-9.36%) found C-82.93%, H-9.36%. 

Preparation of ethyl (7E) 2-methyl-6-(pbenylmethyl)-7,9-decntrienoate (14): To a cooled (-55”. internally 
measured) solution of oxalyl chloride (1.0 mL, 11 mmol) in CH2Cl2 (150 mL) was added DMSO (1.6 mL, 23 mmol) dropwise. 
After 2 min. (5E) 4-(phenylmethyl)-5,7-ccoctadien-l-ol(2.30 g, 10.4 mmol) in 10 mL CH2Cl2 was added. The clear reaction mixlure 
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stirred for IS min (-55’) at which point triethylamine (7.2 mL. 52 mmol) was z&ted. After 5 min (-55’). the cold bath was removed. 
Upon warming to ambient temperatme. the m&ion mixture was washed with water (150 mL) and the aqueous layer was back extracted 
with CHgCl2 (100 mL). The combined organic extracts were washed with brine (3 x 150 mL), then dried (MgSO4). filtered, and 
concentrated. ‘Ihe residue (oil and solid) was fdtcred thrcnrgh a plug of silica (ca 10 g. 7OI30 hexane#EtOAc) and concentrated to yield 
2.10 I(: (96%) of atdehyde as a pale yellow liquid, which was used witbout further puritication: TLC analysis (/O/30 hexanes&OAc) 
Rf 0.56 (trace) and 0.44 (maJo& 

To a cooled (W) solution of triethyl2-ptmsphonopmpionate (2.1 mL, 9.9 mmol) in THF (100 mL) was added n-butyllithium 
(4.4 mL. 11 mmol). To the resulting solution was added a solution of crude aldehyde (2.10 g, 9.9 mmol) in THF (5 mL). After 
stirring 30 min (00). the cold bath was removed, the reaction stirred an additional 1.5 h (25”). then quenched with satd aq NH&l (l-2 
mL) and concentrated. The resulting oil was diluted with ether (150 mL), washed with brine (3 x 80 mL), then dried (MaSOd). 
f&red, concentrated, and the residue chrcmatographed on silica (260400 mesh, 95/5 hexane@tOAc) to yield 2.00 g (6746) of triene 
ester 14 as a 3: 1 mixture of (2E,7B)- and (2&7B)-isomers: TLC analysis (70/30 hexaneSntOAc) Rf 0.66 (major ZE-isomer) and 0.58 
(minor 2Zisomer); HPLC analysis (SiOs. 99/l hexanec&tOAc @ 1.5 mumin) 6.0 (25%. 22-isomer) and 9.0 min (75%. 2E-isomer); 
‘H NMR (200 MHz, CDC13) S 7.30-7.18 (m. 5 H. ArH). 6.68 (dt. 0.85 H, J = 1.3.7.9 Hz. CH=CRR’, ZE-isomer), 6.406.19 (m, 1 
H, CH=CH2). 6.04-5.79 (m, 1.15 H. CH=CHCH=CH2, CH=CRR’, 2Z-isomer), 5.49 (dd, 1 H, J = 8.8, 15.3 211.. CHCH2ph), 5.03 
(dd, 1 H. J = 1.7, 16.9 Hz, CH=CHu,(H)), 4.96 (dd, 1 H, J = 1.7, 10.1 Hz, CH=CH,u(H)), 4.17 (q. 2 H. J = 7.1 Hz, CHgCH3), 
2.65 (d, l H, J = 6.6 HZ. CH2Ph). 2.42-2.05 (m, 3 H), 1.86 (s. 0.45 H, CH=CCH3, 22-isomer), 1.78 (s, 2.6 H, CHECCH3, 2E- 

isomer), 1.65-1.31 (m, 2 kl) and 1.28 ppm (1. 3 H. J = 7.1 Hz. CH2CH3); 13C NMR (50.3 MHz. CDCl3) 8 168.1 (C=(I), 142.2 
(2Z), 141.8, 139.9, 138.1 (2.2). 137.7, 137.0 (Z), 136.9, 131.7, 131.3 (2Z), 129.2, 128.1, 128.0, 127.8 (22). 125.9, 125.8 (22). 
115.4 (CH=CHg), 115.1 (22, CH=CHg). 60.3 (CH$H$, 60.0 (22. CH2CH3). 44.2 (CHCHgPh), 44.1 (22, CHCHgPh), 41.9 
(22, CH2Ph). 41.8 (CH2Ph). 33.9 (22). 32.9, 27.4 (22). 26.5.20.6, 14.2 and 12.3 ppm; IR (neat, ATR) 2977(m), 2922(m), 
1705(s), 1649(m). 1603(m). 1495(m), 1453(m). 1388(m), 1366(m). 1307(m). 1264(s). 1200(m). 1173(m), 1123(m), 1095(m), 
1081(m), 1030(m), 1003(s). 899(m), 744(s) and 698(s) cm-l; HRMS (Et. 100”. CZoH26@ = 298.1934) found 298.1931 m/r. 

Iron-catalyzed carbocyclization of trleae ester 14. To a cooled (O-SO). stirred solution of ferric acetylacctonatc 
(48.9 mg, 0.14 mmol), 2.2’-bipyridine (21.6 mg. 0.14 mmol) and furan (0.5 mL) in dry oxygen-free benzene (10 mL) was added 
uiethylaluminum (0.23 mL, 0.44 mmol) dropwise. lbe resuhing dark blue solution was removed from the ice bath, stirred (l-2 min), 
then a Sohtim Of biiene 14 (290 ItI& 0.97 mIIM3l) in bCnznC (2 mL) was added dropwise. The resuhing solution was stirred (7 h), 
then tibcrcd dU’OUgh a phg of sihca (hexanes/EtOAc). ccoccntmted, and the residue chromatographed on silica (260-400 mesh, 99/l 
hexanes/EtOAc) to yield 15 as a clear liquid: HPLC analysis (Si@, 99/l hexanes/EtOAc @ 1.5 mL/min) 4.3 min; 1H NMR (20) 

MHz, CDcl3) 6 7.17-7.29 (m, 5 H, ArH), 6.08 (s, 1 H. R(R’)C=CHz), 5.52-5.61 (m, 1 H, CH=CHCHx). 5.48 (s, I H, 
R(R’)C=C&), 5.19 (1, 1 H, J = 9 Hz. CH=CHCH3), 4.18 (q. 2 H. J = 7.2 Hz. CH2CH3). 2.91 (dd, I H, J = 3.4, 13.1 Hz, 
CHCH=CHCH$. 2.52-2.73 (m, 2 H). 2.31 (dd, 1 H, J = 10.3, 13.2 Hz). 1.65-2.01 (m, 3 H), 1.61 (dd, 3 H, J = 1.7, 6.7 Hz, 
CH=CHCH3), 1.40-1.55 (m. 2 H) and 1.2 ppm (1. 3 H. J = 7.1 Hz. CH2CH3); t3C NMR (75.5 MHz. CDC13) 6 167.3 (GO). 
143.2, 141.7, 133.0, 128.9. 128.8. 128.1. 125.6, 125.4. 125.0, 123.0 (R(R’)C=CH2), 60.4 (CH2CH3), 49.0, 48.7, 48.6.40.3 
(CH2Ph). 30.6.30.1.14.2. and 13.4 ppm; FT-lR (ATR) 2934(m), 2913(m), 1713(s), 1495(m), 1452(m). 1367(m). 1322(m), 
1296(m), 1267(m), 1238(m), 1184(m), 1148(s), 1112(m), 1029(m). 938(m). 752(m), 721(s) and 699(s) cm-t. 

Preparation of naphthalimide 16. To a cooled (0”) solution of unsaturated ester 15 (180 mg, 0.60 mmol) in THF (30 
mL) was added DJBAL-H (0.88 mL, 1.3 mmol). After slowly warming to ambient temperature (2 h), the reaction mixture was 
quenched by tbc addition of methanol (~a 1 mL), then concentrated. dihrted with ether and washed with mtd 4 potas&n sodium 
tamate (50 ti) and brine (2 x 60 mL). The organic layer was dried (MgS04), Ohered, ccncentratcd. and the residue chromatographed 
on silica (260400 mesh, 90/10 hexanWEtOAc) 10 yield 120 g (80%) of the allylic alcohol as a clear oil: CC analysis (DB-5,200- 
250°@ 5”/min) 18.9 (87%) and 19.4 min (13%); lH NMR (200 MHz, CDC13) 6 7.32-7.11 (m. 5 H, ArH), 5.63-5.52 (m, 1 H, 
CH=CHCH3), 5.22 (dq. 1 H. J = 1.7, 10.9 Hz, CH=CHCH3). 5.02 (d. 1 H. J = 1.4 Hz, C=CH2), 4.91 (d, 1 H, J = 1.4 Hx, Cz~l1~), 
4.06 (s. 2 H. CH2OH). 2.89 (dd. 1 H. J = 3.7, 13.2 Hx. CHZPh), 2.55-2.22 (m, 3 H), 1.92-1.66 (m, 4 H), 1.63 (dd, 3 H, J = 1.7, 
6.8 Hz, CH3) and 1.59-1.34 ppm (m, 2 H); 13C NMR (50.3 MHz. CDCt3) 8 151.5 (C=CH2). 141.7 (ipso-Ar), 133.6, 128.8, 128.7, 
128.0, 125.6. 125.2, 108.2 (C=CHz), 65.4 (CHzOH), 49.7.49.6.48.8.40.3 (CH2Ph). 30.5, 30.1 and 13.5 ppm (CH3); lR (neat, 
ATR) 3325W OH). 3025(m). 3004(m), 2912(m). 2866(m). 2504(m), 1495(m), 1452(m), 1406(m), 1374(m), 1076(m), 1030(m), 
895(m), 751(m), 718(s) and 698(s) cm-t. 

TO a Coded (W. ~lhrd suspension of the allylic alcohol (120 mg. 0.47 mmol). triphcnylphosphine (250 mg, 0.94 mmol), 
and 1.8~naphthatimide (190 mg. 0.94 mmol) in THF (ca. 3 mL) was added diethylarodicartoxyhte (0.15 mL, 0.94 mmot). The 
rCSUh@ suspension was warmed slowly to ambient tcmpemturc. stirred (2 h). then diluted with EtOAc. Olte.r~J through a plug of 
Silica @X~es/E~Ac), ConCentratCd. and the re.siduc chrcmatographed on silica (260400 mesh, 70/30 hcxanes/EtOAc) to yield 160 

mg (79%) Of naphlhalimidc 16 as a white sotid: mp 103-106”; HPLC analysis (silica. 90/10 hexanes/EtOAc) 7.9 mm (100%); tH 
NMR (200 MHz, CDC13) 6 8.60 (dd. 2 H. J = 1.0.7.2 Hz. ArH). 8.21 (dd. 2 H, J = 1.0. 8.2 Hz, ArH), 7.75 (I, 2 H, J = 7.4 Hz, 
ArH), 7.26-7.14 (m, 5 H, CsH5). 5.61-5.48 (m. 1 H, CH=CHCH3). 5.27 (br dd. 1 H, CH=CHCH3), 4.85 (br s, l H, C=CH2), 4.76 
(d, 2 H, J = I.7 HZ. NCH2). 4.61 (br s, l H. C=CHg), 2.92 (dd. 1 H, J = 3.3, 13.1 Hz. CH2Ph). 2.62-2.25 (m, 3 H), 2.03-1.78 (m. 
4 H), 1.73 (dd, 3 H, J = 1.5. 6.7 Hz. CH3), 1.51-1.32 ppm (m. 1 H); 13C NMR (50.3 MHz. CDCI3) 6 145.9 (GO), 141.9 (Czo), 
133.9, 133.5. 131.6, 131.3. 128.8, 128.7, 128.2. 128.1. 126.9, 125.5, 125.4, 125.3, 122.6. 106.8 (C=CH2), 51.1, 49.3.49.1, 43.4, 
40.3 (CH2Ph). 30.4, 30.1 and 13.5 ppm (CH3); lR (neat, ATR) 2944(m). 2921(m), 1703(s), 1659(s). 1628(m), 1586(m). 1452(m), 
1437(m). l407(m), 1380(m), 1341(m), 1235(s), 1180(m), 1150(m). 1028(m). %5(m). 846(m), 779(s), 754(m) and 700(m) cm-t. 
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A crystal suitable far x-my analysis was ok&id by diffusion controlkd recrystallixation fnnn benz.ene/penfane. Compound 
16 crystal data: C3#29N@2; M = 435.56; monochic; a = 5.195 (3). b = 19.833 (3). c = 22.934 (2) angstrom, p = 92.84 (2)o; V = 
2360 (1) A3; space group al/c (#14); Z = 4: De = 1.23 g/cm3: MoKa radiation, )c = 0.7069 angstrom; p(MoKo) = 0.71 cm-t; 
F(OO0) = 928.2 

F’rcparntioo of tetrabydro-3-propgl-2H-pymn-2-one 26 (22791-77-1). To a cookd (-78O) solution of HMPA 
(86.9 mL. 0.50 mol) and diisootooylamine (19.3 mL, 0.14 mol) in THF (500 mL) was added n-butyllithium (54.9 mL, 0.14 mol). 
After 10 min a sohttion of &f&‘&tooe (11.6 mL, 0.13 mol) in THF (25 mL) was ad&d. After an additional 10 min, ally1 bromide 
(1~.9~,0.~4mol)wasaddtd,andthcreactionmixwrcwasslowlywannedaroomtunpaaturc. Aftcr5h(25°),thercactionw~ 
quenched by the addition of sstd 4 N&Cl (1-2 mL). then con~emmted. The kdu~ WOLF diluted with ether (450 mu), w& witi 
waler (2 x 200 mL) and brine (2 x 200 mL), then dried (MgSO4). iihered. and concentrated. ‘Ihe resulting mange liquid was bulbto- 
bulb distilled (0.1 mm, lW), then chromatographed on silica (260400 mesh, 85/15 hexan@JtOAc) to yield 7.30 g (41%) of he 
tetrahydro3_(2-propenyl)-2Hpyran-2one (50994-84-8) as a colorless liquid: TLC analysis cs(ylO hexanes/EtGAc) Rf 0.34; GC 
tiysis @B-5. 50-2500 @ IV/mm) 7.4 min (100%); IH NMR (200 MHz. CDCl3) 6 5.90-5.70 (m, 1 H, CH=CH2), 5.10 (dd, 2 H, 
J = 10.1. 17.0 Hz. CH=C&), 4.30 (m, 2 H, CH20). 2.68-2.50 (m. 2 H). 2.38-2.25 (m, 1 H), 2.14-2.01 (m, 1 H), 1.98-1.85 (m, I 
H) and 1.68-1.51 ppm (m, 1 H); 13C NMR (50.3 MHz. CDCl3) g 173.6 (C=O), 134.9 (C=CHz). 117.1 (C=CH2), 68.2 (CH20), 
39.0 (CHC=O), 35.2.23.9 and 21.7 ppm; IR (neat. ATR) 1723(s). 1641(m). 1440(m). 1399(m). 1388(m). 1255(m), 1219(m). 
1151(s), 1083(s), 1000(m). 984(m), 971(m), %2(m), 913(s), 662(m). 656(m) and 653(m) cm-l; HRMS (EI. 25”, C8H12@ = 
140.0838) found 140.0837 m/x. 

TO a stirred (2.5’) solutiat of tetmhydm-3-(2-pmpenyl)-w-pyran-2one (6.68 g. 47.1 mmol) in methanol (50 mL) was addo_! 
5% paRadimn_oncarbon (0.13 g). The msuhant slurry was stirred tmder an atmo#cre of hydrogen (I atm. 7 h). The resulting 
reaction mixture was filtered through a plug of cehte then concentrated to yield 6.70 g (99%) of tetmhydro3-propyl-2H-pymn-2_one 
(RN 22791-77-l), that was used without ftuthcrpurification: GC analysis @B-5, 100-250” @ lOO/min) 3.5 min (100%). 

Preparatioo of I-(rerr-butyldimethylsiloxy)-4-formyl-heptane. To a cooled (-78”) solution of tetrahydro-3- 
propyi-2H-pyran-2-one (7.00 g. 49.2 mmol) in dry THF (225 mL) was added DIBAL-H (32.8 mL, 49.2 mmol) via syringe pump 
(0.81 Wmin). After the addition was compkte. the reztion mixture was stirred (1 h, -789, then quenched by the addition of 
Na2S04(H~)ir, (ca IO g). celite (ca 7 g) and ether (ca. 150 mL). The resulting shury was stirred (10 h, 25O), dried (anhyd Na2SG4, 
ca. 2 g). filtered through celite. and concentrated to yield 7.10 g (99%) of lactol. which was used without further puritication. 

To a heated (600) solution of lactol(7.10 g. 49.2 mmol) and imidaxole (5.00 g, 73.8 mmol) in DMF (150 mL) was added a 
solution of TBDMSCI (8.20 g. 54.1 mmol) in DMF (20 mL) via syringe pump (0.78 mumin). After 45 min. the reaction mixture 
was cooled (25O). diluted with ether (400 mL), then washed with water (1 x 100 mL), satd aq NaHC@ (1 x 200 mL) and brine (1 x 

200 mL). lhe organic layer was dried (MgSO4). Ntered. co~entrated and the &due chtomatographed on silica (260400 mesh, 95/5 
hexan&OAc) to yield 7.60 g (60%) of I-(ferr-butyldimethyIsiloxy)4-formyl-heptane, as a light yellow oil: TLC analysis (70/30 
hexanes/EtOAc) Rf0.62; GC analysis (DB-5,100-250” @ 10°/min) 6.3 min (100%); IH NMR (200 MHz. CDC13) 8 9.52 (s, 1 H. 
RCHO), 3.57 (s, 2 H, CH20). 2.20 (br S, 1 H, CHRCHO). 1.61-1.22 (m. 8 H), 0.86 (br s, 12 H, CH2CH3 overlapping with 
C(CH3)3) and 0.0 ppm (s. 6 H. Si(CH32); 13C NMR (50.3 MHz, CDC13) 8 213.2 (C=G). 62.6 (CH20). 51.3. 31.0, 30.0. 25.8, 
25.1.20.1. 18.2 and 13.9 ppm; IR (neat. ATR) 2955(m), 2927(m). 28%(m), 1727(s). 1707(m), 1471(m), 1463(m), 1254(s). 1095(s). 
938(m). 834(s). 813(m) ami 773(s) cm-t. 

Preparation of ethyl 2-metbyl-4-propyl-7-(fert-butyldimethylsiloxy)-hept-2-enoate (25). To a cooled 
(W) solution of triethyl2-phosphonoptopionate (6.38 mL, 29.4 mmol) in THF (200 mL) was added n-butyllithium (12.9 mL. 32.3 
mmol). To the resulting solution was added a solution of I-(ten-butyldimethylsiloxy)-4-formyl-hep (7.60 g, 29.4 mmol) in THF 
(5 mL). After stirring (00) for 30 minules. the ice bath was removed. After an additional 45 min (25O), the reaction mixture was 
quenched with satd aq NH4Cl (l-2 mL) and coocenhated. The resulting oil was diluted with ether (250 mL), washed with water (I x 
I50 mL) and brine (3 x 80 mL), then dried (MgSO4). filtered, caicentrated and the residue. chrcmatograpkd on silica (260-400 mesh, 
95/5 hexane.@tOAc) to yield 8.00 g (79%) of the ethyl hepteooate as a 7Oz30 mixture of E- and Z-isomcts: TLC analysis (95/5 
hexanes/EtOAc) Rf0.47 (major E-isomer) and 0.42 (minor Z-isomer); GC analysis (DB-5. 100-250 @ lO”/min) 9.8 (70%. E-isomer) 
and 10.7 min (30%. Z-isomer); (Note: The spectra data reported below was obtained for a portion of the sample that was enriched to 
90% E-isomer.) 1H NMR (Ux, MHz. CDCl3) 6 6.42 (d, 0.1 H, CHR=C, Z-isomer), 5.52 (&I, 0.9 H. J = 1.4. 10.5 Hz, CHR=C, E- 
isomer), 4.15 (q. 2 H, J = 7.2 Hz, OCH~CHJ), 3.52 (t_ 2 H, J = 6.4 Hz, CHzOSi), 3.02 (br s. 1 H. SiGCHZ(CH&CHR), 1.86 (d. 
0.9 H. J = 1.5 Hz, C=C(R)CH3, E-isomer), 1.84 (d. 0.1 H, J = I.5 Hz. C=C(R)CH3, Z-isomer), 1.47-1.12 (m, 10 H), 0.85 (br s. 12 
H, CH2CHfiH3 ovehpping with SiC(CH3)3) and 0.0 ppm (s. 6 H, Si(CH3)2), . 13C NMR (50.3 MHz, CDCl3) 6 168.4 (C=G), 

147.0 (R(H)C=C), 127.2 (R(H)C=C). 63.3.63.1 (Z). 59.9. 38.4 (Z), 38.1, 37.9, 37.5 (Z). 31.6. 31.4 (Z), 30.6, 26.0,20.9.20.5 (2) 
20.4. 18.3 (Z), 14.3 and 14.2 ppm; Ff-IR (ATR) 2954(m). 2928(m), 2856(m). 1716(s), 1251(m). 1210(m). 1188(m). 1154(m), 
1095(s), 834(s), 813(m) and 773(s) cm-l; Combustion analysis (Ct9H3&Si: C-66.6140: H-l 1.18%) found C-66.89%, H-11.41%. 

Preparation of ethyl 2-methyl-4.propyl-7-bydroxy-bept-2-enoate (26). To a stirred (25”) solution of 25 
(4.00 g, 11.6 mmol) in methanol (30 mL) was added a catalytic amount of p-T&H (5-10 mg). After 2 h. the reactron mixture was 
concentrated, the residue dih~ted with ether (200 mL) and washed with satd aq NaHC@ (1 x 100 mL) and brine. (2 x 100 mL), then 
dried (MgS04). filtered and ccaxntrated to yield 2.60 g (99%) of alcohol, which was used without further purification: TLC analysis 
(70:30 hcxanes:EtOAc) Rf0.3; GC analysis @B-5, 100-250 @ 100/min) 6.7 (70%. E-isomer) and 7.7 min (30%. Z-isomer). 
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To a cooled (-55”. internally measured) solution of oxalyl chloride. (1.10 mL. 12.8 mmol) in CHsl2 (160 mL) was added 
dimemy sulfoxide. (1.80 mL. 25.5 mmol) dropwise. After 2 min. the crude alcohol (2.60 g, 11.6 mmol) in CH2Cl2 (10 mL) was 
added. Tlleclearre&Xion mixture was stirred for 15 min (-55’) at which poinl oiethylamine (8.1 mL, 58 mmol) was added. The 
re.s&ing milky white reaction mixture was stbxxi fa 5 min (-55’) tkn the cold bath was removed. Upon warming IO ambient 
temperature, the reaction mixture was washed with water (100 mL) and the aqueous layer back exlr~ted with CH2Q (50 mL). The 
combined organic extracts woe washed with brine (2 x 150 mL). then dried (MgSO4). fdtered, and cuvce.ntrated. ‘lhe residue (oil and 
solid) was fikxcd through a plug of silica (ca 10 g. 70/30 hexaneslEtOAc) and concemmmd to yield 2.50 g (96%) of aldehyde 26 as a 
pale yellow liquid, which was used without further purification: TLC analysis (90~10 hexanes:EtOAc) Rf 0.26 and 0.19; GC analysis 
(DB-5. lW250 @ lO’/min) 5.9 (70%. E-isomer) and 6.8 min (30%. Z-isomer). 

Preparation of ethyl Z-methyl-6propyl-2,7,9-decatrienoate (17). To a cooled (OO), solution of 
allylniphenylsilane (3.70 g. 12.2 mmol) in dry THP (50 mL) was added dropwise a solution of n-butyllilhium (5.10 mL, 12.8 mmol). 
The resulting solution was stirred (1 h, O”), lhen cooled (-784) and titanium tetraisopmpoxide (3.60 mL, 12.2 mmol) was added. The 
resulting solution was stirred (0.5 b -78O), then a solution of ahiehyde 26 (2.50 g. 11 .I mmol) in dry THP (5 mL) was added 
dmpwise. The resulting yellow sdution was stirmd (1 h. -78’). lhen quenched by tbe addition of 10% aq HCI (1-2 mL) and warmed to 
ambient temperalure. The heterogeneous reaction mixture was taken up in e&r (200 mL) and washed with said aq NaHCQ (1 x 100 
mL) and brine (2 x 100 mL). The aganic phase was dried (MgSO4). fdtered, concenlramd. and the residue chromatogmphcd on silica 
(260400 mesh, 90/10 hexanes/EtOAc) to yield 5.20 g (90%) of a mixture of 8-hydroxysilanes as a thick oil: TLC analysis (70/30 
hexanes/EtOAc) Rf0.19 and 0.26; HPLC analysis (SQ. 95/5 hexane@tOAc @ 1.5 mL/min) 9.3 (35%) and 9.6 min (65%); JH 
NMR (200 MHz. CDCI3) S 7.62-7.28 (m. 15 H. ArH). 5.97 (ddd, 1 H. J = 10.6, 10.6. 15.8 Hz, CH=CH2). 5.48 (d, 1 H, J = 10.4 
HZ. CH-C(R)R), 5.05 (da 1 H. J = 12.1 HZ, CH=CHei,(H)), 4.98 (d, 1 H. J = 17.5 HZ, CH=CH-(H)). 4.10 (q, 2 H, J = 7.2 HZ, 
OCH2CH3). 3.92 (br s, 1 H), 2.98 (br s, 1 H), 2.64 (m. I H), 1.84 (s. 3 H. CH=CCH3). 1.48-1.12 (m. 10 H) and 0.82 ppm (m, 2 
H); 13C NMR (50.3 MHz. CfK13) 6 147.0, 136.4. 134.9, 134.7, 134.3. 134.2. 129.4. 127.7, 117.4, 117.3. 71.5. 71.2, 60.0, 59.9, 
40.2.40.0, 38.2, 38.1, 37.6, 34.5, 34.4, 31.8. 31.7, 20.8. 20.4. 14.3 and 14.1 ppm; IR (neat, ATR) 3517(br), 3068(m), 2976(m), 
2952(m). 2926(m). 1700(m), 1427(s), 1210(m). 1179(m), 1106(m), 1043(m), 1028(m), 997(m). 901(m). 738(s), 698(s). 679(s), 
587(s), 581(m) and 577(m) cm-l; HRMS analysis (El. 25“. CMH42@Si = 526.2905) found 526.2892 m/z. 

To a stirred solution (25’) of g-hydroxysilanes (5.00 g, 9.49 mmol) in THP (50 mL) was added concentrated sulfuric acid (8 
drcps). The resulting solution was heated to reflux (65’). After 10 h. dre Raction mixture was cooled (25”). neutralized with NaHCQ 
(ca. 0.2 9) and concentrated. The resulting thick oil was diluted with ether (200 mL). washed with satd aq NaHC@ (1 x 100 mL) and 
brine (1 x 100 mL). then dried (MgS04). filtered, and concenfraled. The residue was taken up in hcxanes (ca. 20 mL) and cooled (00, 
12 h). The cryslallixed triphenylsilaool was men Bhcred off and the tihra-aa concenuatcd to yield crude niene. ester 17 as a yellow 
liquid: CC analysis @B-5, 100-250 @ IO”hnin) 7.0 (20%. 2E.X-triene), 7.1 (51%. ZE.‘IE-~riene). 8.0 (10%. Z,7Ztriene) and 8.1 
min (19%. ~.‘IE-lriene). The Cde. tthe was chmmatogmphed on silica (260400 mesh, 98/2 hexanes/EtOAc) lo yield 1.90 g (65% 
over two steps) of isomeric triene esters as a pale yellow liquid Analytical dam for a chromatography fraction consisting of 14% 
(2E.72)lriene. 30% @E,7B)-triene. 18% (2Z.72)-lriene and 38% (22,7E)-Iriene: TLC analysis (95/S hexanes/EtOAc) Rf0.67 and 
0.58; ‘H NMR (200 MHz, CDCl3) S 6.694.89 (m. 6 H. vinyl H’s), 4.18 (m. 2 H. OCH2CH3). 2.16199 (m, 2 H), 1.91 (s. I H, 
CH=CCH3). 1.83 (s, 2 H, CH=CCH3), 1.57-1.20 (m. 10 H) and 0.87 ppm (1. 3 H. (CH2)2CH3); 13C NMR (50.3 MHz, CDQ) 8 
146.6. 146.5, 137.3. 137.1. 135.3. 135.3, 134.7, 132.7. 132.3. 132.2, 132.1. 131.3. 130.9, 129.5. 129.1, 127.7, 116.9, 116.6, 
14.8, 114.5, 60.4, 60.0, 38.1, 38.0, 37.8, 37.7, 37.4, 35.5, 35.0, 34.6, 30.3, 25.6, 25.5, 20.9. 20.4, 20.3, 14.3, 14.2, 14.1 and 12.9 
ppm; 1R (neaS ATR) 29%(m). 2928(m), 1709(s). 1649(m). 1465(m). 1450(m). 1370(m), 1253(m), 1213(m). 1190(m). 1172(m), 
1165(m). 1117(m), 1093(m). 1034(m). 1003(m), 899(m) and 751(m) cm-l; HRMS analysis (El, 75”. C1eH2& = 250.1934) found 
250.1928 mlr. 

Iroa-catalyzed carbocyclization of tricne ester 17. To a cooled (O-5”). stirred solution of ferric acetylacetonatc 
(127 mg, 0.36 mmol), 2,2’-bipyridine (56.2 mg, 0.36 mmol) and furan (1.0 mL) in dry oxygen-free benzene. (20 mL) was ad&d 

lriethylaluminum (0.58 mL, 1.10 mmol) dropwise. The resulting da& blue solution was removal from the ice badr, &rcd (l-2 nun), 
then a sohnion of lriene 17 (608 mg, 2.40 mmo1) in beniXne (5 mL) was added dropwise. The resulting solution was stirred (7 h), 
then filvnd thmugh a plug of silica (hexaor.WOAc) and concentrated. ‘Ihe residue was chromatogmpbed on silica (260-400 mesh, 
99/l hexanes/EtOAc). followed by preparative HPLC (Rainin Dynamax, 60A SiC2.99/1 hexanes/EtOAc @ 5 mumin) to yield 18 as 

a clear liquid: TLC analysis (95/S hexane.s/BtOAc) Rf= 0.67; HPLC analysis (Si@, 100% hexanes @ 1.5 mumin) 5.1 min; CC 
analysis @B-5. 150-151°@ O.l’/min) 4.5 min; ‘H NMR (200 MHz. CDcI3) 6 6.12 (d. 1 H. J = 1.5 Ht. C=CH2), 5.55 (d, I H, J = 
1.5 Hz. C=CH2). 5.32 (m, 1 H, CHKHCH3). 5.21 (dd. 1 H. J = 10, 10 Hz. CH=CHCH3). 4.20 (q, 2 H, J = 7.1 HZ), 2.95 (m, 1 
H), 1.82-2.22 (m, 4 H), 1.51 (dd. 3 H, J = 1.5.6.5 Hz. CH=CHCHj), 1.12-1.38 (m. 9 H) and 0.85 ppm (t, 3 H, J = 6.7 Hx, 

(CHzhCH3); 13C NMR (50.3 MHz, CDC13) d 167.4 (C=O). 142.6 (C=CH2), 134.5. 124.4 (C=CHZ), 123.5.60.3 (OCH2CH3). 
X5.44.8.44.4. 37.3, 31.5. 30.6. 21.3. 14.3, 14.2 and 13.0 ppm: FT-lR (ATR) 2954(m). 2932(m), 2870(m), 1716(s), 1465(m), 
1456(m), 1323(m). 1264(m). 1236(m). 1177(m), 1134(m). 1028(m) and 725(m) cm-l; HRMS analysis (El, 500, C1eH26@ = 
250.1934) found 250.1934 m/x. 

Reduction of 18. To a stirred solution of a,+uaturated ester 18 (75 mg. 0.30 mmol) in freshly distilled methanol (5 
mL) was added magnesium lurnings (40 mg. 1.65 mmol). (Ihe reaction initianzd after stirring ca 15 min and a cloudy white slung 
gradually forms.) Afia 3 h, lhe reaction was compkte as judged by TLC analysis and was quenched by the careful addition of 6 N HCI 
(ca 1 mL). The rcsuhing clear solution was diluted with e&r (50 mL). washed with satd aq NaHC@ (1 x 40 mL) and brine (1 x 40 
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ml-). then dfibd (Mg804). ehered and COm%ntrati 10 yield 70 mg (93%) of 2Oa and 2Ob as a pale yellow oil, which was used 
without further plU%icatiOn: m dySis @B-S, 125-126 @ O.l”/min) showed two partially resolved p&s a1 4.8 min; 1H NMR (?o~J 
MHz. CDcb) 8 5.45-5.15 (m. 2 H. CH=CH), 4.08 (overlapping q. 2 H. OCH~CH3. two isomers), 2.69-2.42 (m, 2 H. CHCO2Et 
overlapping with CH=C(H)CH(R)R?, 1.78-1.53 (m. 6 H), 1.38-1.14 (m, 9 H), 1.11 (overlapping d, 3 H, J = 4.5.4.8 HZ, 
CH=C(H)CH3. two isomers) and 0.92-0.83 pptn (m. 4 H); 13C m (50.3 MHz. CDcl3) 6 176.2 (GO), 175.9 (GO), 135.8, 
135.7, 123.1 (OCH2). 122.6 (OCHZ). 59.9 (CHCO~EI). 59.8 (CHC%Et), 55.0. 54.9.42.4.41.7. 41.2. 41.0, 40.9.40.5, 38.4, 
38.3, 32.2, 31.9, 30.8. 30.6.29.7, 21.4. 14.4 (CH3). 14.3 (CH3). 14.2 (CH3). 14.1 (CH3), 13.5 (CH3), 13.4 (CH3) and 13.0 
(CH3) ppm; IR (wL Am) 2954(m). 2952(m). 2936(m), 2928(m), 2919(m). 1731(s). 1461(m). 1454(m). 1254(m), 1182(m). 
1173(s), 1160(s), 1153(m). 1144(m) and 1053(m) cm-l. 

Hydrogenation of 2Oa and 20b. To a &red slurry of 5% rhodium on alumina (5 mg) in dry methanol (1.5 ml_) under 
hydrogen (1 arm) WBE added a solution of 20a and 2Ob (4.0 mg. 0.016 mmol) in methanol (ca 50 IQ. Afer 40 min. the reaction 
wss Iikd tiugh a plug of celile&ca 1D yield 3.5 mg (88%) of es& 22: CC analysis @B-5, 125-126O @ O.l”/min) 3.9 min 
(100%); ‘H Nm (200 MHz. CXl3) 84.11 (q, 2 H, J = 7.3 Hz, OCH2CH3). 2.44 (m. 1 H. CHC@Et), 1.69-1.60 (m, 4 H), 1.31- 
1.06 (m. 17 H) and 0.90-0.82 ppm (m, 6 H): 13C NMR (50.3 MHz, CDC13) 8 176.5 (GO). 60.0 (CHCO2Et). 54.3 (OCH2CH3), 
43.1.42.5, 41.7, 38.8.38.5. 30.9. 30.7,21.4, 14.3, 14.2 and 13.9 ppm; IB @.a~, ATR) 2954(s), 2927(s), 2871(m), 1734(s), 
1464(m), 1378(m), 1253(m), 1174(m), 1162(m) and 1096(m) cm-l; HRMS analysis (Et, 2S”, C16H3& = 254.2337) found 
254.2243 mlr. 
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