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: Summary Details of a novel radical-initiated polyolefinic cyclization approach 

CO linear condensed cyclopentanoida are reported. The strategy is executed in 
three stages: (1) S,,Z’-anti opening of a vinyl lectooe to produce a 
trans-3.5~disubstituted cyclopentene, (2) rapid elaboration to a cyclization 
precursor, and (3) single step tandem radical cyclization to produce a cia-anti- 
cis tricycloI3.3.0jundecane. tide1 substrates 16a and 16b give high yields 
of tricyclic products x and l8, respectively. x effortto rationalize the 
interesting endo selectivity via the Beckuith transition state model is proposed. 
Cyclizationa of 2 and 29 too and 31 demonstrate the viability of a tandem 
hexenyl-hexynyl cyclization. The work culminates with a total synthesis of (?)- 
hirsutene. A selective approach to methyl substituted vinyl lectones by Claisen 
rearrangement-phenylselenolactoniraefon-elimination of acetoxy cyclopentenols is 
exemplified by the synthesis of 12. 
(I ) in a single step. Alcernat Gly ) 

Tandem cyclization of 2 produces hirsutene 

hyrsutene. 
cyclitation of 37 yields trimethylsilyl - 

Introduction: Until recently, condensed cyclopentenoid natural products 

(polyquinanes) have passed largely unnoticed with respect to their cyclohexanoid 

counterparts. Over the last decade or so. the existence and importance of 

condensed cyclopentanoids has begun to be realized.2 Host naturally occurring 

polyquinanes are tricyclic sesquirerpenes which can be classed according to ring 

fusion as linear, angular, or propellane. These compounds coue from a wide 

variety of natural sources and many possess significant antibiotic and/or anti- 

tmor activity. Not surprisingly, the above factors, coupled with the novelty 

and complexity of the structures. have spawned intense synthetic activity.2 

Hirsutene (1)3 is the naturally occurring parent member of an important 

class of linear criquioanes typified by the mOre highly oxygenated hirsutic 

acid (2)4 and coriolin (1) 5, both of which possess significant antitumor 

activity. A9,12Capnellene (4). an isomer of hirsutene, is the parent of a 

second family of sesquiterpenes of marine origin.6 Again, a variety of more 

highly oxygenated relatives have been isolated.6a.b Hirsutene and ~9.12 cap- 

nellene have served as prototypes for the synthesis of linear polyquinanes and 

have frequently been used to illustrate ney methods for construction of con- 

densed cyclopentane rings. However, while a large number of synthetic strate- 

gies exist, generality to prepare both simple and complex cogeners7 and 

flexibility to prepare isomeric relatives* is frequently lacking. me have 

embarked upon a program to develop a unified strategy for the synthesis of 

linear condensed cyclopentanoids employing a tandem hex-5-enyl radical cycliza- 

tion as the key step.9 
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It is nav well kncwn that many hex-5-enyl radicals suffer rapid cyclization 

to cyclopentyl cerbinyl radicalslo. A vast body of mechanistic data indicates 

that in most cases these cyclizations are stereoelectronically controlled, irre- 

versible, proceed regardless of the degree of substitution of starting and pro- 

duct radicals, and tolerate a wide variety of pendant functional groups. 

Factors affecting the rate of reaction and site selectivity of these radicals 

are also well delineated.lO Coupled with the mild generation of radicals via 

trfalkyltin hydride reduction of halides (or other approapriate groups) 

the hex-5-enyl radical cyclization provides a powerful, if infrequently uti- 

lized, synthetic method for five-membered ring formation.‘Dd 

Uany strategies to linear cyclopentanoids involve sequential construc- 

tion of each ring in the tricyclic syste.m12. In such an approach, iterative 

annularions can be particularly valuable*g*‘+*6k. In principle, tandem construc- 

tion of rings can provide an inherently more convergent approach provided that 

the cyclization precursors are readily available and that the necessary 

stereochemistry can be controlled. ‘3 It is readily recognized that if the ini- 

tial cyclized radicals produced are again hex-5-enyl radicals, subsequent cycli- 

rations can occur. based on this concept, we have undertaken the development of 

a general radical-initiated polyolefinic cycliration approach to linear con- 

densed cyclopentanoids. This is outlined for hirautene in equation 1. upon 

generation by treatment of an appropriate precursor (halide, xanthate, etc.) 

with a trialkyltfn hydride, radical 2 should undergo successive hexenyl and 

hexynyl cyclizations to produce vinyl radical I. In a slower step, radical I 

should then abstract hydrogen from tin hydride. Note then that hirsutene is 

directly produced in a single step from a relatively simple trans-3,5-disubstituted 

cyclopentene by construction of the two outer rings about the central ring. 

Since the radical cycliratfons rwst each proceed to form a cis ring fusion, the 

trans disposition of the side chains effectively insures the formation of the 

cis-anti-cis stereochemistry present in hirsutene. Drawing analogy to the 

cation-initiated polyolefinic cyclization strategy for cyclohexanofds14, we feel 

that this radical-initiated tandem cycliration will prove to be a powerful 

method for the construction of condensed cyclopentanoids. Aa applied to hir- 

sutene r, our overall strategy is outlined in Scheme 1. The synthesis is exe- 

cuted in three stages: 1) Sn*‘-anti opening of a vinyl lactone (10 or 12) to 
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provide a tray-disubatituted cyclopentcne (_9. or G), 2) rapid elaboration to 

s cyclitatian precusor 2, and 3) tandem radical cyclization. The generality 

and flexibility of the strategy are readily apparent. Note that, in principle, 

the NO aide chains are interchangeable. Depsnding upon uhich appendage is cho- 

sen a8 the nueleophiie for the vinyl lactone opening, a different laccone (10 or 

2) is required. Thus, two options for preparatlon of the cyclization precusor 

are available (in practice, route 8 was successful). By choice of nucleophile 

and subsequent reactions, unfunctionaltoed (for hirsutene) or highly func- 

tlonalized (for coriolin or hlrautic acid) precursors might be constructed. 

Schsmr t 

,O CIP / 0 

12 

l IO 

Finally, a similar retrosynthetic analysis msy be readily drswn for A9*lz cap- 

nellene uhich delivers two laccones isomeric withs and J& via the same stra- 

tegy. De nou wish to report complete details of our preliminary studies on the 

tandem redteal approach to lfnear condensed cyclo~entanoids.9 This work has 

recently culminated in the total syntheses of (b)-hirautene and sets good prece- 

dent for realization of the aforementioned goal of a unified approach to linear 

condensed cycfopentanoids. 

Resulta and Discussion: The eariiest atudies on radical initiated poly- 

oleftntc cyclttations emanated largefy from the laboratory of .I~lis.~~ His use 

of stabilized radical intermediates led to the frequent production of thermo- 

dynamic rather than kinetic products. In this manner, condensed cyclohexanoid 

systems were forlsed. Since this pioneering work, the use of radical-initiated 

polyolef in cyclizationa has been sperse.16 Moat recently, during our initial 

studies, Stork has provided elegant examples of the synthetic utility of these 

reactions which begin to show their potentSal.17 

To determine the viability of the tandem radical cyclization approach co 

linear condensed cyclopentanoids , a simple raodel system was rapidly prepared as 

outlfned in Scheme 2. Ueil known vinyl lactone _iJ18 is readily aV8flable from 

cyclopentadiene by a sequence of I) Diels-Alder reaetton with n-chloroacrylo- 

nftrile, 2> hydrolysis, and 3) Bseyer-Villiger oxidation end acid catalysed 

rearrangement. Central to our strategy is the selective opening of a vinyl lac- 

tone. Addftfon of 3-butenyl magnesium bromide/CuSr*Fk?2S to 13 produced acid J4_ 

as a single regio- and stereoisomer in virtuaily quantitative yield when a 

stofchfomeeric amount of OuBt*kis& was employed. That this product wss the 

result of S&Z’-anti opening of the vinyl lactone vas apparent from the spectra 

of the derfved fodolactone (see experfmsntal). Interestingly, the use of a csts- 

_?yric amount of CuRr*HE2S provided a quantitative yield of a l/l mixture of 
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isomers.19r20~21 Similarly, while LiHe2Cu produced a nearly l/l mixture of 

iso~sers~~, CH3MgBr/CuBr*k2S produced a single Sn2’-anti product. Acid z 

was directly reduced with lithium aluminum hydride and the resulting alcohol was 

aesylated. Cyanide displacement then provided the homologated nitrile 15a. - 

Sequential reduction to the eldehyde (DiBAL-H) and the alcohol (NaBHA), followed 

by mesylation and sodium bromide displacement , produced the first cyclization 

precursor 16a. - Alternatively, sequential mechylation (LDA/CH31. 2X) folloved by 

the Identical sequence as above produced dimethyl derivative 16b. In this - 

series, displacement of the neopentyl mesylate (NaBr/MF/lOO’C) proceeded In 

only 35% yield. While not of concern in the model system, this issue would have 

to be addressed in the actual hirsutene synthesis. The construction of these 

model cyclizetion precursors by stereo- and regioselective vinyl lactone opening 

exemplifies our general strategy for the preparation of trans-3.5-disubstituted 

cyclopentenes. Schrmr 2 

I60 R=H 

l6b R =cHs 

IS R = Il. Br = H 

ISa R=H 

15b R = CHB 

I7n R=H ITI 

I61 R l CHa I61 

We were rmst pleased to find that heating of a .02H solution of 16a and one - 

equivalent of tri-n-butyltin hydride vith a spatula tip of AIBN In benzene-d6 

for lh showed complete disappearance of starting material and production of two 

major (>9OX) non-tin containing products in a ratio of 8/l as indicated by CC 

and IH-NMR. Due to the volatility of these tricyclic Cl2 hydrocarbons, only 

isolation by direct preparative Gc of the reaction mixture was feasible. In 

this manner, an 87% yield of a mixture of a, 5 was Isolated. Elemental anal- 

ysis and mass spectra confirmed the expected Cl2H20 formula and lH-NMR showed the 

presence of only aliphatic protons with two methyl doublets at 60.98 and 0.96 

(OCl3). While this evidence was indicative of the general structure 2. we 

felt that the assignment was far from secure. The structure and stereochemistry 

were confirmed by 13C-N?IR. Table 1 lists the chemical shifts for the major 

Isomer 17n. - Adjacent to these values are a set of calculated values obtained 

from the data and assignments of Whitesell on endo- and exo-2-methylbicyclo- 

13.3.0Joctane.22 Each carbon In 17n was assigned a model carbon from the - 

bicyclic system. Corrections for additional B- and y-interactions were then 

applied from the values of Uhicesell where needed. Only significant endo y- 

interactions were corrected. Indicated smaller corrections (<1.5 ppm) were not 

applied. The table shows an excellent correlation between the calculated and 

observed chemical shifts and multIplicIties. This serves to confirm the struc- 

ture of 17n and assign the methyl group to the endo (a) posItIon by virtue of - 

its upfield chemical shift. Dimethyl derivative 16b was cyclized to a similar - 

mixture and assigned structures 18” (major) and 18x (minor) by analogy. - - 
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TABLE 1 CL3-NFIR of 17n 

Carbon Model 
Chemical correct ion Calculated Observed 

Shift B v-l ( 67MHz. CDC13) 

1 In 37.9 o,o 37.9 38.2(d) 
2 2n 33. I o,o 33.1 33.2(t) 
3 3n 32.4 0.0 32.4 32.9(t) 
4 4n 43.2 o,o 43.2 44.4(d) 
5 3x 33.6 +9,0 42.6 40.4(t) 
6 4x 43.4 0.0 43.4 45.1(d) 
7 5x 34.0 0.0 34.0 34.2(t) 
a 6x 25.5 0.0 25.5 25.5(t) 
9 7x 32.3 0.0 32.3 32.9(t) 

10 ax 51.9 O,-6.4 45.4 46.0(d) 
II 8n 47.6 +9,0 56.6 56.9(d) 
12 9n 15.4 090 15.4 16.2(q) 

17s 

6 2 

rndo IN) .x0 (X) 

as 

The mechanism of these tandem cyclitations is analogous to that outlined in 

eq. r. In support of this, the initial intermediate radical could be partially 

trapped as the reduced product 19 at high tri-n-butyltin hydride concentrations - 

(2M). No evidence was obtained for trapping of the intermediate radical 

resulting from the first cyclisation. Uhile the stereoselectivity is not of 

importance for the ultimate synthesis of hirsutene, the high endo selectivity is 

interesting. Similar selectivity for the less stable endo isomer has been 

detected in related systems.23 In particular. Wolff and Agosta have observed that 

cycllzation of 20 produced an 8/l mixture of 2 and 21x.24 Such a “~1s” selec- - 

tivfty between the CL substituent and the final radical is a general phenomena 

for carbocyclic hexenyl radical cyclizations. For example, the simple methyl 

substituted radical 22 provides a 2.3/l mixture of 23a and 23b25a. Several - - 

interesting hypotheses have been advanced to explain this “cis” selectivtyz5; 

hwever , it seems possible that simple steric effects in the transition state 

might account for the observed products. Using the Beckwith transition state 

modeL26, four transition states for the cylization of 22 can be drawn. - 

Asslnning the two boat transition states are of higher energy, the two chair 

transition states are 22a and 22b. - - The former has an equatorial-like methyl group 

while the later possesses an axial-like methyl. The major product 23a then - 

results from 22a. Note that due to the stereoelectronic requirements for the 

cyclization (see ~jLO.26, the raethyl group does not severely eclipse the olefln 

in 22a. - Recently, calculations by K. N. Houk and D. Spellmeyer have provided 

evidence for this ratfonal.26b 

Two analogous chair transition states 20n and 20x can new be drawn for the - - 

bicyclic systems. blecular models indicate that the strain imposed by the fused 

five-membered ring forces the singly occupied orbital in 20x to twist away from the - 

olefin p-orbital6 vhile no such problem exists with 2011. Thus, an increase in - 
t he “ci 8” selectivity is observed in the bicyclic system despite the fact that 

such endo substituents on bicyclol3.3.0joctanes are strongly thermodynamically 

disfavored relative to their exe counterparts.2 Again, due to the early tran- 

sition state and the angle of attack of the radical SOHO on the olefin LWO, 

the significant steric interactions present in the product 2111 pass largely - 
unnoticed in transition state 20n. - 
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al** CH2 * 

Scheme 3 0: - cd + cd 
20 21n 211 21x 

230 2.3/l 23b 

H 

w .; 9 / , 
220 22b 

ion 20x 
Note that in this model system, the “right” side chain was introduced as a 

nucleophlle in the vinyl laccone opening while the “left” side chefn was ela- 

borated from the resultant acid residue. As pointed out in Scheme I, these 

roles are potentially interconvertible. In practice, when we encountered early 

technical problems in the execution of route A21 we rapidly switched to route B, 

requiring a “left” aide chain nucleophilic equivalent and vinyl lactone 12. - 

Bromide 24 nicely provided the intact side chain unit. While traditional - 

methods of halogen-metal exchange failed entirely. the desired organolithium 

reagent could be generated from 24 by reductive lfthiation with lithium - 

naphchalenide.28 Follwing addition of copper bromide-dimethyl sulfide and lac- 

tone 2, the resultant carboxylic acid (isolated by base extraction) was 

directly treated with pPT.5 to cleave the THP group. Hydroxy acid 25 could 

then be isolated as the sfngle base soluble product in variable yield. 

This reaction proved extremely sensitive to changes in reaction conditions and, 

while higher yields were obtained, best conditions (see experimental) typically 

produced 25 in 40-50X yield. - Reduction of 25 produced diolg which was then 

converted to the diiodide 27 via the intermediate ditriflate in good overall - 

yield.29 Employment of thfs procedure alleviates the problems encountered in 

the preparation of 16b. - Ue could now capitalize on the difference in reactivity 

between the two iodides by displacement. Reaction of 2 with one equivalent of 

lithium trfmethylsilyl acetylide3D produced 28 along with small anwunts of the 

desilylated product 29. As expected, the neopentyl-like iodide was unaffected. - 

Deliberate deeilylation of 28 with Bu4h’F produced 29 in high yield. - 

II L1 Il.,111 

sc)1m* , 
L, c..r* “.a, 

1) 
Br OTHP 

41 n,o+ 

24 

I 

Lo - _I-’ 

23 2G 

Li- =-Ill* . &+j#i 
Ii 

2T 20 *=1us 30 R =TY3 
2n a=n 31 R=H 
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The stage was now set for model reactions to incorporate the merhylene group 

via a second hexynyl radical cyclisation.31 In the event, tri-n-butyltin hydride 

promoted tandem radical cyclization of 2 provided an isomaric mixture of vinyl 

silanes s as evidenced by lH-RMB (-3/l). Careful desilylacion of 30 in an MB tube 

(HI, Cf,D6)32 provided the nor-methyl hirsutene 31. - Similarly, direct tin 

hydride promoted cyclization of 29 produced 2. identical by ‘H-NM to that pro- 

duced by desilylation of 30. - Since the synthesis of vinyl lactone 12 was - 

completed at about this time, rather than pursue the model studies further, the 

knowledge gained was directly applied to the synthesis of hirsutene. 

For this synthesis, a selective preparation of methyl substituted 

vinyl lactone 10 or 12 was required. one of two isomeric lac- - - In add1 tion, 

tones is required for a proposed capnellene synthesis. Thus we desired a 

potentially general route to this system in which subscituent regiochemistry is 

rigidly controlled. Interestingly, the simple Diels Alder approach employing 

methyl cyclopentadiene (as a mixture of I- and 2-isomers) and chloroacrylo- 

nitrile (analogous to unsubstituted 13 ) would produce all four desired lactones - 

in a single sequence. However, the lack of selectivity in the Diels-Alder reac- 

tion and the attendant separation problems strongly nlcigated against this 

approach. Instead, a selective and potentially general approach was developed 

as outlined in Scheme 5. Starting from a methyl substituted cyclopentenol. 

Ireland-Claisen rearrangement followed by phenylselenolacconization-elimination 

produces a vinyl lactone in which the final position of the methyl group is 

rigidly dictated. Employing 2-mechylcyclopentenone.33 known Luche reduction 

(NaBH4, CeC13)34 and acetylation produced acetate 2. Ireland ester enolate 

Claisen rearrangement35 via the t-tutyldimethylsllyl ketene acetal of 32 pro- - 

duced crude silyl ester 22 which wss directly subjected to phenylselenolactonizatlon 

to produce 34.36 Standard oxidation (H202) and elimination36 produced vinyl - 

lactone g in 62% overall yield from 32 after chromatographic purification. Via - 

a similar sequence, 3-methylcyclopen-2-en-I-01 has recently been converted to 35 - 

for use in the proposed capnellene synthesis.37 

Schrmr 1 

OAc 
0 

SoPh 

.O 

o.> 

34 

“202 

R2 

12 RI ‘cy, RB=H 
36 

BR RI - Ho R2 = CH, 

With vinyl lactone & in hand, the construction of the final cyclization pre- 

cursors followed the mDde1 described in Scheme 2. Vinyl lactone opening pro- 

duced 36 after cleavage of the THP group. - Again, while yields up to 75% were 

realized, -40%-50X yields were more typical. Efforts to improve the yield and 

reproducibility of this procedure are continuing. Reduction to the diol and 

conversion to the diiodide followed by displacewnt with lithim rrimethylsilyl 
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acetylide, produced cyclizatio” precursors 37 and (after desilylation) 38 in 

good overall yield. 

The final cyclizations are outlined in Scheme 6. Standard tri-n-butyltin 

hydride cyclization of 38 produced hirsutene (1) directly via the tandem radical 

cyclization outlined in equation 1. ‘Ii-NFlR and CC experirmrnts indicated the 

yield of hirsutene to be ~80%. While volatility was again a problem on small 

scale, separation from the tin biproducts was accomplished by careful medium 

pressure liquid chramacography with 100% pencanes. The resultant product 

(65% isolated) was analysed by capillary CC (see experimental for conditions and 

retention times) and sham to possess four closely spaced catpounds in a ratio of 

6/ 100/2/2. The msjor product was clearly hirautene while the last compound 

exhibited a retention time identical to tri-n-bucyltin hydride. The identity 

of the other two minor products has not presently been ascertained. The hir- 

sutene so produced was identical in all respects (CC, TLC, lH-NMR. 13C-WiR, IR. 

MS) to a sample kindly provided by P. tiagnus and authentic spectra provided by 

P. Vender and R. D. Little. In addition, ozonolysis of J provided the well 

kncun nor-ketone 40, identical co samples provided by R. D. Little and T. 

Hudlicky. 

TMS 

I /’ 

JJS 

37 

I 1;” 
TUG - 

38 

Schemr 6 
TMS 

0 
! d? 8’ 

Ii 
40 

Interestingly, cyclization of 37 cleanly provided 39, which was isolated in 72% - 

yield as an isomeric mixture of vinyl cilanes (3/l ratio, isomers not assigned). 

Careful CC analysis showed these two products CO be the only two non-tin con- 

taining compounds in the crude mixture. Unfortunately, attempted HI desilyla- 

tion of the mixture 39 (t&D6 RT)32 produced only endo hirsutene 413c*m, the - - 

result of double bond migration. Similarly , refluxing of 39 for several hours in 

acetic acid also gave s.38 Host recently, we have found that the desilylation 

method of B>hi employing p-toluenesulfinic acid (CH3CN. RT)39 does provide hir- 

sutene as the single volatile product, free of the minor impurities detected in 

the direct cyclization. 

I” susmary, the viability of this radical-initiated polyolefinic cycliration 

approach to linear condensed cyclopentanoids has been firmly established. 

tiodel studies have show” the utility of the tandem radical cyclization 

ard confirmed an interesting and general endo stereoselectivity. The work has 

culminated with a short synthesis of (*)-hirsucene which begins to show the potential 

of these radical reactions in organic synthesis. Note that the final cycllza- 

tion involves the conversion of a 3’ radical to a vinyl radical. Despite this 

significant decrease in radical stability, the product is still produced in 
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good yield. It is also noted that while the synthesis is at present racemic. 

the simple nodification of asymmetric reduction of 2-methylcyclopentenone (or 

resolution of the alcohol), will allow facile introduction of optical activity. 

This is significant since many synthetic approaches to condensed cyclopentanofds 

have not allowed for ready production of non-recemic products. Further efforts 

designed to show the generality and flexibility of this approach to condensed 

cyclopentanoids are in progress. 

Experimental 

General : Unless otherwise noted reactions were run under nitrogen 
a tmos phe re. Temperatures of reactions refer co bath temperatures. Solvents 
were dried as follows: THF, EtgO, toluene, benzene (Na/benzophenone); dimethyl 
sulfide, MSO, DMF, pyrldine, HMPA fCaH2); CH2C12 (P2O5). 

IH-NHR spectra vere obtained on a Bruker model NH-300 (300 MHz), or on a 
Varian mode1 EM-390 (90 Wx) spectrometer. Infrared spectra were obtained on a 
Beckman rmdel Acculab 4 or a Perkin-Elmer rsodel 247 spectrophocometer and were 
calibrated to a polystyrene absorption at 1601 cm-l. Lou resolution mass 
spectra were obtained on a LKB-9000 fnstrument. High resolution spectra were 
obtained by peak matching on a Varlan MATCH-5DF instrument. 

Flash and medium pressure (MPLC) column chromstography were performed with 
Kiesilgel 60 (230-400 mesh). Medium pressure chromatography was also done on 
pre-packed EM lobar LiChroprep Si/60 columns. Analytical gas chromatography for 
compounds 17 and&was performed on a HP-5710a instrument vich a 12 fc OV-101 
column. Glytical gas chromatography for all other compounds was performed on 
a HP-5890 instrument with a 12 ft 530 n column. The following temperature 
program was used: initial temp (0 min): LOO’C; temperature ramp: 15’Clmin: 
final temp: 22O’C. Preparative gas chromatography was performed on a Varian 
aerograph model 920 instrument with a 6 ft SE-30 packed column at ISO’C. 

trans-3-(Acetic acid)-S-(3-butenyljcyclopent-I-ene (14). To a solucfon of 
freshly prepared copper bromide dimethyl sulfide complex*” (4.1 g, 20 mmol) in 
dimethyl sulfide (25 mL) was added THF (50 mt). After cooling to -2O’C. 
3-butenyl magnesium bromide (23 mL, 20.7 mmol) was added drop&se. The. 
resulting deep blue mixture was stirred 15 min. Lectone 13 (1.24 g, 10 mmol) 
was then added via syringe and the mixture was stirred atY200C. After 
quenching with 10% HCl (100 mL). the acid was extracted into ether (4x). The 
organic layers were combined and washed with water (3x1, brine (Ix) and dried 
(HgSO4). Concentraclon in vacua afforded a green oil (2.00 g): IH-NMR f CDCl3) 
6 5.9-5.6(3H,m); S.OO(lH,dd); 4.94flH.dd); 3.12flH,broad t); 2.73(1H, broad tf; 
2.06(2H,broad q); 1.9-1.2(6H,m); IR (CNC13) 2900 (broad); 1705; 1640 an-l. 

Iodolactoniaation of acid 16. To crude acid & (170 mg) in Et2O/aq. NaHCU3 
was added KI and several crystals of iodine. After stirring 36h in the dark, 
the react ion was quenched with aqueous sodium bisulf ite. The aqueous phase was 
extracted with ether and the combined organic phases were washed with aq. NaHCD3 
and brine, dried (MgS04), and concentrated in vacuo. ‘Ihe iodolactone (204 mg) 
was isolated as an unstable yellow oil: IH-NMR fCDC13) 6 5.80 (IH, ddt), 5.30 
(IH, d, J-6.0Hr), 5.01 (ZH, m), 4.53 illi, d, J=4Hz), 3.18 (lH, mfr 2.90 (lH, dd, 
J-?H,lEHz), 2.37 (IH, dd, J=18Hr, 2Xx); 2.1-1.2 (7H, m); IR (CHC13) 1780 cm-f; 
MS calcd. for Cl fH15O2I, 306.0117; found, 306.0112. 

trans-3-(2-Hydroxyethyl)-5-(3-krtenyl)cyclopent-l-ene. Lithium aluminum 
hydride (807 mg, 21.2 mmol) suspended in ether (25 mL) was cooled to O’c. Crude 
acid fi (2.Oi) g> in ether (25 mL) was slowly added and the resulting mixture was 
stirred lh at O°C. After careful standard work-up (807 nL H20, 807 nL 10% 
NaOH, 2.5 mL H20), the mixture was filtered through celite (ether) 
and dried fMgSO4). Concentration and Kugelrohr distillation of the crude 

P 
roduct (bp 85’C, 15m.m) gave a clear oil (I.41 g, 85% from lactone): 
H-NMR (CDC13) 6 5.83(1H.m); 5.69(2H.s); 5.02(lH.dd): 4.94(1H.dd): 3.67t2H.m): 

2.80(1~,m); 2.7lfIH,m); 2.08(2H,broad qj; 
cm-l; 

1.8-1.2(7H;m); IR(Ckl;j 3450; l&b 
Hs m/e 166 (21%); 148 (100%); 121 (57X). 
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trans-3(2-Methanesulfonyloxyethyl)-5-(3-butenyl)-cyclopent-l-ene. The 
above alcohol (1.37 g. 8.3 mrml) was dissolved in CH7Cl2 (40 mL) and EtjN (1.7 
q L, 12.3 mmol) was added. After cooling CO O'C, Hsci (850 IIL, 11 mmol)Ywas 
added dropwise. After Ih, the reaction mixture was poured into a separatory 
funnel containing water. ‘Ihe organic layer was separated and washed with NaHCO3 
and brine. Drying with Na2SO4 and concentration gave a yellow oil (2.25 g): 
lH-N?tR (CDC13) 6 5.8-5.5 (3H. m); 4.95 (ltl, dd); 4.89 (1H. dd); 4.20 (2H, 
t); 3.00 (3H, 6); 2.79 (lH, m); 2.65 (IH. m); 2.02 (ZH, broad q); 1.8 -1.2 
(6~. q ). 

trans-3-(2-Cyanoethyl)-5-(3-butenyl)-cyclopent-l-ene (158). Sodirnn cyanide 
(1.9 g, 24 mmol) was added to the above mesylete in l?iSO (25 mL) and the reaction was 
stirred overnight at room temperature. After pouring into water, the mixture 
was extracted with ether (3x). Washing with water (5x) and brine (Ix), followed 
by drying (MSO4) and concentration in vacua gave the crude product (1.44 g). 
Flash column chromatography (9:l hexanes/EtOAc) afforded 15e as a clear oil 
(1.017 g, 70%): IH-NHR (CDC13) 6 5.9-5.6 (3H, m); 5.01 (1H, dd); 4.96 (IH. dd); 
2.85(lH, m); 2.72(IH.m); 2.35(28, t); 2.08(2H.broad q); 1.9-1.2(6H,m); IR 
(CHC13) 2250, 1640 cm-l; MS calcd. for Cl2Hl7N. m/e 175.1361; found, 175.1361; 
Anal. calcd. for Cl2Hl7N: C, 82.23; H, 9.78; found C, 82.18; H. 9.65. 

trans-3(3-0xopropyl)-5-(3-bucenyl)-cyclopent-l-ene. To a cooled (O’C) solu- 
tion of I5a (532 mg, 3 -1) in toluene (10 mL) was added slowly DIBAL (1H hexe- 
ne, 3.1 mL, 3.1 mmol). The reaction mixture was warmed to room temperature and 
stirred overnight. I&cooling to 0°C was followed by addition of 10% HCl (10 
q L). The aldehyde was extracted into methylene chloride and the organic 
extracts were washed vich water (4x). brine (lx), and dried (Na2SO4). 
Concentration gave a yellow oil (713 mg): lo-NHR (CDC13) 6 9.75 (IH. t); 
5.9-5.6 (3H, m); 5.1-4.9 (2H. m); 2.70 (ZH,broad q); 2.45 (2H, c); 2.10 (2H, 
broad q); 1.9-1.2(6H, m). 

trans-3-(3-Hydroxypropyl)-5-(3-butenyl)-cyclopent-l-ene (17a). To a solu- 
tion of the crude aldehyde (713 mg) in THP/EtOH (4:l) (5 I&) was added solid 
sodium borohydride (120 mg, 3.4 mmol). ‘Ihe mixture was stirred 15 minutes. The 
reaction mixture was poured into water. Extraction with ether (3x) was followed 
by washing the combined organic extracts with water (2x), brine (lx) and drying 

(wO4). Concentration in vacua and purification by Rugelrohr distillation (bp 
9O’C. 15m) gave a clear oil (232 mg, 4P): IH-NMR (CDC13) 6 5.82 (IH, m); 5.63 
(2H, 8); 5.00 (IH, dd); 4.96 (lH, dd); 3.63 (W, t); 2.70 (2H, broad quintet); 
2.07 (W, broad quintet); 1.8-1.2 (9H, m); IR (CHC13) 3400. 1640 cm-1 MS calcd. 
for Cl2Hl8 (titi20), m/e 162.1409; found, 162.1400; KS m/e 180 (IX); 162 (3%); 
121 (100%). 

trane-3-(3-Hethanes~fonyloxypropyl)-~-(3-hrtenyl)cyclopent-l-ene. The 
q esylate was prepared as above: IR-NMR (CDCl3) 6 5.9-5.6 (3H. m); 4.99 (lH, 
dd); 4.95 (1~; dh); 4.22 (2H, t); 3.01 (3H, 8); 2.71 (2H, m); 2.08 (2H, broad 
q); 1.8-1.3 (8H, m). 

trens-3-(3-Bro~opropyl)-5-(3-butenyl)cyclopent-l-ene (Iba). To the stirred 
solution of the crude mesylete in IMP (3 mL) was added sodium bromide (443 mg, 4 
q mol) . After stirring overnight, the bran solution was poured into water. 
Extraction with ether (3x) was followed by washing the combined organic extracts 
with water (5x) and brine (lx) and drying (l@SO4). Concentration in vacua gave a 
brarn oil which was filtered through florisil to give a pale yellow oil 
(178 mg. 74%). purification by flash chromatography (hexanes) gave 16e as a 
cleer oil: lH-NHR (CDC13) 6 5.78 (lH, q ); 5.63 (2H, dd); 4.96 (IH, m; 
4.92(18, dd); 3.37 (2H, t); 2.67 (ZH, broad quintet); 2.02 (2H, broad 9); 1.6 
(2H, t); 1.5-1.2 (6H, q ); MS m/e 242,244 (6%); 202,200 (100%); 189,187 (18%). 

I-&.thyltricyclo[6.3.0.0]undecane 17x.n. To a solution of 16a (58 mg, 
0.239 mmol) in benzene (12 mL) was added AIBN (<.5 mg) and tri-n-brtyltin 
hydride (84 uL, .259 mmol). ‘Ihe reaction mixture was placed in a preheated oil 
bath (80°C) and refluxed 35 min. After cooling, preparative (x: of the mixture 
gave 17x,n (l/8) as a cbrer volatile liquid (34 mg, 87%): lH-NMR (of &) 
(CDCl3) 6 2.6-2.35 (2H, m); 2.13 (lH, m); 1.95 (2H, m); 1.7-1.4 (8H, m); 1.4-1.2 
(4H, q ); 0.98 (3H, d) major isomer; 0.96 (3H, d) minor isomer; 13C-mR (CDC13) 6 
56.94 (d); 46.01 (d); 44.45 (d); 40.47 (t); 38.21 (d); 34.16 (t); 33.16 (t); 
32.87 (t); 31.87 (t); 25.85 (L); 16.24 (9). H.9 m/e 164 (100%); 122 (81%); 94 

(55%); ~81. calcd. for Cl2H20: C. 87.73; H, 12.27; found C, 87.71; H, 12.22; 
GC retention time: 8.51 (minor); 8.81 (major). 
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cra”s-(2-Cyano-2,2-dimethylethyl)-5-(3-butc”yl)cyclopentent-l-ene (ISb). To a 
solution of diisopropyl amine (5.51 mL, 39.4 mmol) in THP (12 q L) (It O*C was 
added nBuLi (23.2 mL, 39.4 mmol). After stirring 10 minutes, one half of the 
LM solution was quickly syringed into another flask at 0.C. To one of the LDA 
portions was added dropwise a solutfon of 15a (2.3 g, 13.1 mm011 in THP (5 mL). 
The anion was stirred 20 minutes and IbzeI (1.2 mL, 19.7 ~1) was added. TLC 
indicated monoalkylation wss colnplete 15 min after warming to 25’C. ‘Ihe 
reaction mixture was transferred via syringe to a second LM solution and this was 
stirred at O’C for 15 minutes. t4I (3.2 mL, 52 -01) was added and the reaction 
was warmed to room temperature. After 2h the cloudy solution was poured 
into water. Extraction with Gl2C12 (3x) was followed by washing the organic 
fractions with water (3x), brine (lx) and drying (Na2S04). Concentration in 
vacua afforded the crude product. Flash column chrwatography (5% 
EcOAc/hexanes) gave a clear oil (2.51 g, 94%): ‘H-NMR (CDC13) 6 5.9-5.6 (3H.m); 
5.00 (lH,dd); 4.96 (lH,dd); 2.92 (1H.m); 2.7 (1H.m); 2.08 (2H, broad q); 1.9-1.3 
(6H.m); 1.37 (6H.s); IR (CHC13) 2250, 1650 on-l; KS calcd. for Cl4H2lN. m/e 
203.1674; found 203.1673. MS 203 (21%); 188 (19%); 161 (100%); 148 (82%); 121 
(73%). 

trans-3-(3-Oxo-2-2-dimethylpropyl)-5-( 3-bucenyljcyclopent-1-enc. The alde- 
hyde was prepared as above: IH-NHR (ClX13) 6 9.47 (IH. 6); 5.80 (IH, m); 5.60 
(2H. dd); 4.97 (2H, m); 2.70 (IH, q ); 2.05 (lH, q); 1.8-1.3 (8H, m); 1.05 (6H, 

s). 

trans-3-(3-Hydroxy-2,2-dimethylpropyl)-5-(3-butenyl)-cyclopent-l-ene. 
Prepared as above: ‘H-NliR (CDC13) 6 5.82 (lH, m); 5.65 (2H, q ); 4.98 (IH, dd); 
4.95 (1~. dd); 3.33 
0.91 (6~; 6). 

(2~. 8); 2.70 (2H, m); 2.08 (ZH, broad q); 1.8-1.2 (7H; m); 
IR (CHCli) 3400, 1640 cm-*; Anal. calcd. for Cl4H240 C, 80.71; H, 

11.61; found C, 80.60; H, 11.44; MS calcd. for Cl4H240, m/e 208.1827; found, 
208.1827. 

trans-3-(3-~thanesulfonyloxy-2.2-dimethylpropyl)-5-(3-butenyl)cyclopent- 
1-ene. Prepared as above: ‘H-NHR 

(1H,dd); 4.97 (IH, 
(CIKl3) 6 5.80 (IH, m); 5.61 (2H, dd); 5.00 

dd); 3.92 (2H, 8); 3.02 (3H, 6); 2.75 (2H, m); 2.09 (2H, 
broad 9); 1.9-1.2 (6H, m); 1.02 (6H, 8). 

trans-3-(3-BraPo-2,2-dimechylpropyl)-5-(3-~tenyl)cyclo~nt-l-ene (16b). 
The crude mesylate (1.1 g) was dissolved in DHF (15 mL) and sodim bromide (5 g, 
48 mmol) was added. The mixture was refluxed 24 h follwed by workup as 
before. Purification by flash column chromatography (100% hexanes) and 
Kugel Rohr dfstillation (lOS°C, 1.5 mm) afforded 16b as a clear oil (487 mg, 37%): 
IH-NMR (CDC13) 6 5.82 (lH, m); 5.65 (2H, m); S.OOTH, dd); 4.96 (IH, dd); 
3.31 (2H, 6); 2.71 (2H, m); 2.06 (2H, broad q); 1.8-1.2 (6H, q ); 1.03 (6H, s). 
IR ((X13) 1640, 1250, 700 cm -1; MS m/e 270/272 (3%); 228/230 (100%); 216/218 (10%). 

l,5.5-trimethyl-tricyc1o[6.3.0.0]undecane (18x.11). Bromide 16b was cyclired 
bv the standard conditions as described for 16a. Complete separaCion from tin- 
cbntaining compounds was quite difficult: lH-NnR (tilj) 6 2;55 (2H, m); 2.29 
(1~. m); 2.00 (ZH, q ); 1.7-0.9 (IOH, m); 1.04 (3H, 8); 0.96 (3H, 8) major iao- 
q er; 0.94 (3H, s) minor isomer; 0.92 (3H, s); 13C*R (CDC13) 6 56.96; 49.37; 
48.40; 46.55; 44.98; 44.50; 40.81; 38.00; 33.17; 30.25; 28.84; 16.43; 15.24; 
13.56 cm-‘; US calcd. for Cl4H24, m/e 192.1878; found, 192.1879; Cc retention 
time: 4.36 ruin (minor); 4.52 min (ma)or). 

3-Tetrahydropyranyloxy-2.2-dimethyl-l-bromopropane (24). The known 
bromoalcohol“l (1.7 g, 10 ml), dihydro 

45 
yran (1 mL, 12 q molr and pPTS (5 rag) 

were stirred in CH2Cl2 (10 mL) for 2 h. The solvent was removed in vacua. 
The residue was extracted into ether and washed with half saturated brine solu- 
t ion. The organic solution was dried (MgSO4) and concentrated to yield 8 clear 
liquid (2.4 g, 95%): lH-N?iR (CDCl3) 6 4.60 (IH, t); 3.86 (IH, dt); 3.58 (IH, 
d); 3.52 (IH, dt); 3.40 (2H, dd); 3.16 (IH, d); 1.9-1.5 (6H, m); 1.08 (3H, 6); 
1.03 (3H, 8). 

cis-6-Phenylselenyl-6a-methyl-3,3a.4-tetrshydro-2H-cyclopenta [b] 
furan-2-one (34). To a solution of diisopropylamine (1 mL, 7.14 mmolr in THP 
(10 q L). cooled to O’C. was added nBuL1 (10 q L, 6 m-1). The solution was 
stirred-10 min. cooled.to -7VC, and a solution of acetate 32 (833 mg, 5 mmol) 
in THF (4 mt) was added dropwiae. To the resultant anion wz added t-butyldi- 
q ethylsilyl chloride (964 mg, 5.4 maul) in HlPA (5 q L). The turbid solution was 
stirred 1.5 h before quenching with ice cold water. Extraction with cold pen- 
t anes (2x), followed by washing with water (2x). brine (lx) and drying gave 
the kecerenesilylacetal as a pale yellow liquid (1.589 g) after concentration in 
vacua: ‘H-NW (CDCL3) y 5.62 (IH, m); 4.79 (IH. m); 3.29 (IH, d); 3.10 (IH, d); 
2.5-1.5 (7H. m); 0.93 (9H, s); 0.15 (6H, 6). 
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A solution of the above ketenesilylacetal (1.589 g) in chloroform (5 mL) 
was refluxed 5h. Evaporarion of the solvent afforded crude 33 as a yellw 
liquid (1.85 g): ‘I+NHR (CDCl3) y 5.38 (111, m); 2.59 (Ill, dE 2.54 (IH, d); 
2.3-1.5 (BH, m); 0.93 (9H, s); 0.27 (6H, 8). To a solution of silylescer 33 
(1.38 g, 5.7 mmol) in methylene chloride (40 mL) at -78’C, under argon - 
abnosphere, was added phenylselenyl chloride (1.38 g, 6.8 mmol).3b After 25 
min, evaporation of solvent followed by flash column chromatography (CB2C12) 
afforded 34 as a clear oil (1.00 g, 75% from 32). lH-NMR (CDC13) 6 7.58 (ZH, 
m); 7.31 EH, m); 3.90 (IH, 8); 3.10 (IH, d);3.05 (lH, d); 2.6-2.2 (5H. m); 
2.0-1.5 (3H. m); MS calcd. for C14Hl602Se. m/e 296.0316; found, 296.0319. 

cis-6a-~thyl-3.3a.G-tetrahydro-W-cyclopents-[b]-furan-2-one (12). 
To a cooled (O’C) solution of 34 (950 rag, 3.22 -1) in THP (30 mL) was added 3% __ - 
hydrogen peroxide (1.5 mL).36 xter stirring overnight, extraction with ether 
(3x) was followed by washing with water (2x) and brine (Ix), drying (KgSO4). and 
concentration in vacua. Flash column chromatography (CH2C12) afforded 12 as 
a clear oil (281 mg, 82%): lH-NMR (CDC13) 6 5.94 (IH, m); 5.79 (IH, m)_ 
2.85-2.65 (PH. m); 2.94 (lH, dd); 2.39 (lH, dd); 2.3-2.2 (lH, dq); 1.51 (3H, 6); 
IR (CHC13) 1760 cm-l; MS calcd. for C8HlO02 m/e 138.0681; found, 138.0686; Anal. 
calcd. for C8Hls2: C, 69.53; H, 7.30; found C, 69.24; H, 7.10. 

Trans-5-(Acetic Acid)-3-(3-hydroxy-2,2-dimethylpropoyl)-l-~thylcyclopent-l 
-ene (36). A solution of lithiws naphthalenide in THP (70.6 q L, 15 -1) was trans- 
ferred to a dry flask under argon.28 After cooling to -78’C, a solution of bro- 
mide (1.5g, 6 -1) in THP (5 q L) vms added over 15 minutes and the mixture was 
stirred an additional 15 minutes during which time the color of the reaction 
changes to yellow-brown. A solution of CuBr*Me2S40 (1.23 g, 6 mmol) in He2S 
(6 q L) was added to give a green solution. To this was added lactone 7 (414 mg, 3 
q mol) in THP (3 q L). The reaction mixture was warmed to -2O’C and stirred 5 h. 
The mixture was poured into a 102 NaOH solution (200 mL) and stirred a few hours 
or overnight. Extraction with ether (3x) removed neutral organic canpounds. 
Acidification of the aqueous layer to p+l -3 with 40% H2SO4 was followed by 
extraction vith ether (3x). The combined organic acid extracts vere washed with 
water (3x) and brine (lx). Drying (MgSO4) and concentration in vacua afforded 
a slightly green oil (767 mg). Ihis was directly dissolved in absolute ethanol 
(10 q L) and was heated with a spatula tip of pPTS for 4h.42 After cooling 
and evaporation of the ethanol, the residue was poured into ether/SO% saturated 
brine solution. Extraction of the aqueous layer with ether (lx) and concentration 
in vacua afforded 36 as a clear oil. (512 rag, 75X): lH-NHR (CDC13) 6 5.30 (lH, 
a); 3.32 (ZH, 6); 2.90 (lH, broad m); 2.71 (1H. broad m); 2.52 (IH, dd); 2.15 
(IH, dd) 1.90 (IH, m); 1.75 (lH, ix); 1.67 (3H, 8); 1.39 (IH, dd); 1.25 (lH, m); 
.90 (6H, 8); IR (CHC13) 3500-2400 (broad); 1700 cm-l. 

trans-3-(3-~droxy-2,2-dimethylpropyl)-5-(2-hydroxyethyl)-l-methylcyclopent- 
I-ene. To a solution of 36 (254 q g, 1.12 ppmol) in THF (16 I&) at -78’C was 

added DIBAL (6 IL, 6 PIIDL~ This mixture was allcued to warm to 25’C and 
stirred 7 h. Quenching the reaction with methanol (cxothermic) gave a thick 
suspension which dissolved upon stirring with aqueous citric acid. The mixture 
was extracted with ether (3x), and the combined extracts yere washed with water 
(lx) and brine (Ix). Concentration in vacua of the dried (lQSO4) extracts 
afforded a clear oil (197 mg, 83%). Kugelrohr distillation gave an analytical 
sample: lH-NhR (CDC13) 6 5.28 (lH, 6); 3.70 (W, q ); 3.31 (W, 6); 2.69 (lH, m); 
2.55 (IH, m); 1.85 (ZH, m); 1.68 (3H, 8)’ 1.57 (lH, m); 1.4-1.2 (5H, m); .90 

-I (6H, 8); IR (CHC13) 3200, 1260. 1040 cm ; KTi cakd for C1-&402, m/e 212.1768; 
fcund, 212.1776; Anal. calcd. for Cl3H2402: C, 73.53; 8. 11.39; found C, 
73.15, H, 11.61. 

trans-3-(3-Trifluoro~t~nesulfonyloxy-2,2-dimethylpropyl)-5-(2-trifluro- 
methanesulfonyloxyethyl)-l-methylcyclopent-l-ene. To a solution of pyridine 
(34 uL, .415 -1) in methylene chloride (2 mL), cooled to -lO’C, was added a 
solution of triflic anhydride (65.8 pL, .390 -1) in neethylene chloride (1 
mL).29 After stirring 10 min. a solution of the above diol (22 mg. 0.104 -1) in 
CH2Cl2 (1 mL) was added to the thick white reaction mixture. After stirring an 
additional 1 h, the mixture was poured into ice vater and the layers Yere 
separated. Extraction of the aqueous layer with CH2Cl2 (2x) was followed by 
drying of the combined organic extracts (Na2SO4). Concentration in vacua gave a 
residue which, when taken up in hexanes and concentrated, afforded a relatively 
unstable purple oil (40 cog, 81%): ~H-NHR (CBC13) 6 5.29 (ltl, 8); 4.57 (ZH, a); 
4.20 (2H, 8); 2.65 (2H, m); 2.10 (1H. q ); 1.85 (lH, m); 1.80-1.50 (2H, m); 1.68 
(3H, 8); 1.46 (IH, dd); 1.30 (IH, dd); 1.02 (6H, 8). 
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trans-3-(3-Iodo-2.2-dimethylpropyl)-5-(2-iodocthyl)-I-mcthylcyclopent-l-ene. 
To a solution of tha above ditriflate (40 mg, .084 ~1) in benzene (4 
mL) was added tetrabutylamwnium iodide (155 mg, .46 x#aol).29 This mixture was 
refluxed 2 h, and conc&rated in vacua. The residue na taken up in 
hexanea, filtered through florisil (100% hexanea) and concentrated to give a 

clear liquid (26 mg. 75X): lH-NMR (CDC13) 6 5.27 (IH, s); 3.30-3.00 (2H, m); 
3.18 (ZH, 6); 2.60 (2H. q ); 2.10 (IH, m); 1.85 (IH, H); 1.8-1.4 (2H. q ); 1.68 
(3H, 8); 1.30 (1~. H); 1.02 (6H. 8); 13C-~ (CDCI3) 6 141.3 (6); 130.9 (d); 
48.9 (t); 47.4 (t); 40.0 (d)- 37.8 (t); 34.0 (6); 27.5 (9); 25.0 (t); 14.7 (9); 
4.2 (t); IR (CHC13) 1150 cm -1 ; FE calcd. for Cl3H2lI2, m/e 431.9811; found 
431.9809; GC Retention time: 6.78 min. 

tra~-3-(4-Trimechylsilyl-3-krtynyl)-5-(3-iod~2,2-dimethylpropyl)-l- 
methylcyclopent-I-ene (37). A .25H solution of lithiup trimethylsilyl acety- 
1ideJu wae generated bv addition of n-BuLi to trimethvlrilvlacetvlene in THP. A 
portion of ;he anion sblution (856 uL, ,214 mmol) was-transferred to a cooled 
(O’C), dry flask and a solution of diiodide 41 (84 mg, -194 mmol) in lUlPA (2 mL) 
was ad&d. After 20 min. the dark solution Gs poured into hexaneslvater. The 
aqueous phase was extracted with hexanes (3x) and the cabined organic fractions 
were washed with water (3x) and brine (lx) and dried (Na2S04). Evaporation of 
solvent afforded a clear liquid (65 mg) which was a mixture of silylated (37) and 
desilylated (38) acetylenic products (approx. 85:lS). WLC (hexanes) gavepure 2: 
IH-NMR (CDCl3F6 5.24 (lH, m); 3.18 (2H, 8); 2.55 (2H, m); 2.20 (2H. m); 
1._9;1.2 (6~. m); 1.66 (3~. 8); 1.02 (6H.s); 0.18 (9H, 8); IR (CHC13) 2160, 1200 
Cm ; Ecs calcd. for Cl8H3lSiI: q Je 402.1240; found, 402.1242. CC Retention 
time: 7.00 min. 

trans-3-(3-Butynyl)-5-(3-iodo-2,2-dimethylpropyl)-l-~thylcyclopent-l-ene 
(38). To a solution of the acetvlenic mixture (65 mu) in THP (5 mL) was added 

Gabutylammoniua fluoride (30 kg). The mixture was-stirred 2h. Ext ract ion 
with hexanes (3x) gave fractions which were combined, washed with water 
(lx), brine (lx) and dried (Na2SO4). Evaporation of solvent gave a yellcu 
liquid which could be purified by WLC (hexanea) (48 mg, 75%): lH-NHR (CDC13) 6 
5.25 (lH, a); 3.19 (2H. 6); 2.60 (ZH, m); 2.3-2.0 (ZH, m); 1.96 (IH, t); 1.9-1.2 
(6H. m); 1.68 (3H, 6); 1.05 (6H. 8); 13C-NHR (cDC13) 6 142.1 (8); 130.6 (d); 
84.7 (8); 68.2 (d); 47.6 (t); 47.0 (d); 40.0 (d); 39.2 (t); 34.1 (6); 32.1 (t); 
27.5 (q); 25.1 (t); 16.6 (t); 14.8 (q); IR (CHC13) 3320, 2120, 1650 an-l; MS 
calcd. for Cl5H23I: m/e 330.0845; found, 330.0845; CC Retention time: 5.09 
min. 

Hirsutene (1). A solution of 38 (37.5 mg. -113 ~1). tri-n-butyltin 
hydride (40 uL, . 147 mmol) and AIBNTapprox. 1 ~pg) in benzene (5.6 mL) was 
placed in a preheated oil bath (85’C) and refluxed 1 h. Ethyl bromide (500 
uL, excess) and AIBN (approx. I mg) were added and the nlxture was heated an 
additional Ih to destroy exce88 tri-n-butyltin hydride. Evaporation of 
solvent gave a residue which afforded 2 upon purification by HPLC (pentanes) 
(14.7 mg. 64%): IH-NMR (CDCl3) 6 4.84 (IH, 8); 4.78 (1H. s); 2.7-2.4 (4H, m); 
2.16 (1~. q), 1.8-0.8 (8~. In); 1.05 (3H. 8); 0.95 (3H, a); 0.92 (3H, 8). 
‘%NMR (CDC13) 6 163.0; 103.4; 53.8, 50.4; 49.1; 44.3: 42.1; 41.0; 38.8; 31.1; 
29.8; 27.4; 27.0; 23.3. One quarternary carbon not visible due to low con- 
centration. Cc Retention time: 2.01 min. 

Trimethylsilylhirsutene (39). Iodide 37 was cyclized as above. (31 w, 
.077 -1): BU?S”H (31 UL. . 116 mmol): AIBNTl mn): benzene (3.9 -1): A clear 
liquid was-obtiined after_MPLC (hexanis) (15;3 <i-72%): lH-NHR (CDCl$ 6 5.28 
(lH, a); 2.83 (lH, q); 2.52 (3H, q ); 2.18 (IH, q); 1.8-1.1 (8H, m); 1.03 (3H, 
6); 0.96 (3H, 8); 0.90 (3H, 8); 0.14 (9H, 8). IR (CHC13) 1610, 1225, 840 cm-l. 
MS calcd. for Cl8H32Si. q le 276.2773; found, 276.2775. CC Retention time: 
3.94 ml” (major isomer); 4.18 mln (minor isomer). 
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