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A: The straighdoward ccmsmmicm of the &. rati. ~cyckqen~~penule~~ skeleton charwtenstic 
of (z)-husutcnc was achieved via the Mamolecular &ii&m ol tw f 
one-carbon tether. 

unctmnalized CyclopenUne rings linked by a 

LM&UUWU: In light of the rmukable venrality and trod ryntbetic uoliry demmsmud to date. it is not 

rurprismg that tractions of allylsilurcs art becoming an krusingly poplar met!& for inter- ud intrazm3lecular 

carbon-carbon bond formanon. 2 Our conuibutions in this active field of research have focused on the 

consauction of polycyclic systems ~a inuatxkcular ddition of rUylsilanes to elecvuphilic olefms. Chin I 

illustrates four cycl~z~tia~s. developed in cur Irbontmies, which annulate a cyckqenunc ring.3 Methods for Ihe 

cfficlent annulaaon of six-. seven-. and eight-membered rings have also been developad 
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Since substrate 1 should be readily prepared using well-established rtkylatton methodology, our 

~~osyfl~~ analysis was simplified to the synthesis of iodide 5 (Es. 3). 

+ 

6fMl.S U&&C&$&& Key intemwdirtc 3 WlS PnpiUVd Using the roUtC Sh0Wn in F&j. 4. Our Synthesis 

began with ditstn 2 ptzputd from commeric ally rvailaMc ~~~yl~~nylp~sph~iurn komide via 

Fuchs’ pro~edure.t2 Ruiuctiott of L foL!-owed by retylaticm, afforded diretate 2 in 44% overaIl yield. rtris 

diacctate permitted us to introduce the allylsilane moiety based at Fleming and pepre’s repon tht dlylic 4caus 

mdily undergo displacement by orgw&~~ cuptates to generate rllytsilaner k3 Indeed, the allylie acetate of p 

was converted into an aUylsilane moiety in 94% yitld. Raiuction d the KZU* aith LAH unmasked the primarv 

hydtwyl grwp in 87% yield (cf. L1). We have found that fcmuim of non-ai&I.ic d&t iodkks in the prwttce 

of allylsilanes using Finkelstein conditions often results in dcsily1ation.t’ The use of 

dliodoniphenylphosphet~ often avoids this problem. Thus akohd 11 wu dinctty convened into iodide d 

wlthout loss of the allylsilane tiMc&u& however, this iodide pwed m be quite unstabic. 

Equrtiorr 4 

t 

Alkylation of the kinetic molrte of 3.tthoxy-2cyclopentew l-one ($16 with 6 pmedcd in low yield 

( lO-tZO%). due to the competitive decomposition of 6 during the reaction. Considenblc effon was directed 

toward increasing the nucleophilicity of the enotate by inaoducing rctivrting gmups such as phenyl selcnyl, 

phcny1 sulfinyl, a benzyl oxyu&onyl u the a’-positxm of s. ~Xevutheleu. these &yMons ho acumd in 

low y~eM. DIBAL reduction of ft followed by mild rid hydmiysis, completed a synthesis of enone 1 (Eq. 5). 

but the overall yield d his thrrtacp scquura was u~c (<IS%]. 

Equrtion 5 
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Eqortba 14 

Alumrtivc me-pot metbods wac ait0 examined. For example, Mebtex and Mole have mponed that 

simple tcniaty ddtols. kefottcs. and cdoxytic acids am exluusfively mcfhylucd by macfion wifh excess 

~~~y~u~nurn xt eltvrfed tcmpmftues. 32 Ho~#%?, hufittp ketone f with ~~Yl~u~Um ftiied f0 

provide hirsutene (Eq. IS). 

Eqiutfw IS 

Equrtfoa 16 

Equation I7 

id H 

18). 

We have mtly tumaf to tmxc cfusicll paedttm to achieve Ihe transfcmadon of 4 into himacne (Eq. 
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following procedwc: The mtiotl mixture W8.s qutnchcd 11 lOOm DmpentWe with Suunled aqueous xmttdum 

chkmdc. The solvent wxs removed under Rduad pmsure on I tuary evrpaau~ xnd the tuidue wxs t&at up in 

ether, wuhed with trine xnd dried over anhydrmts mxgttesium sulfate. Fiiuxtion, follauul by caantration II 

educed pnsure on x m evrporrtor ud at 0.1 tom to COMWH weight, &k&d I at& Rsidue which wu 

purified by flxsh chrumatogrxphy with MN dliu gel 60 (23Q-W mesh ASTM) xr~I distillal reagent @ 

mlvcnts. 

~r)-2-Mdbyl-l-cydopten~l~~~~ool m: TO I mc~hanicxlly stirred suspcnsiat of 2.30 g (61.0 

mmol) of lithium Juminum h@ride in 110 mL of dry etk was ddad I soludat of 6.85 g (30.0 oxnol) of diethyl 

(2). I -cyclopentatc-1 -c.uboxylxtc U, dissolved in 20 mL of ether it -78oc for 90 min xnd &owed to wxrm to 

roomtemperuurcuvcmight(l3h). Ykr~cdonmixturewas&edto5OOmLofrugw1tgrxketherxnd4mL 

of water wu added dropwise ova x l-h period. The ethereal phase was dried over xnhydmus magnesium 

sulfate, fllterul xnd ccaoznUated. The resulting crude did s (3.98 g, 93%) wxs homogeneous by TK xnxlysis 
(ether. Rf I- 0.96. &a - 0.10). xnd wu used without fur&r puriftcrdon or chxrxctcriution: tH NMR 

(CDC13) 6 1.62 (br I. 3H). 1.75-2.25 (a 4H). 2.25-2.60 (tn. 2.H). 2.602.90 (tn. 1H). 3.56 (d. 2H. J=SHr). 

4 12 (tx s. 2H): IR (film) 3650-3050.2940.2870.1440.1380.1080.1040.1000 cm-t: ma spectna trVz 142 

(X4,). 

(r)-2.methyl-l-cyclopcntene-l~~i~th~nol dircctrte (p): To a solution of 3.98 g (28.0 mmol) of 

diol fl in 60 OIL ol w THF II nmm tempemtwe wxs ukkd 6.80 mL (84.1 mmol) of pyridine. Acetic xnhydride 

(7.93 mL. 84.1 mmol) wxs ulded xnd the resulting taction mixture wxs stirred fcu 14 h. Evxporxdon of the 

solvent xffo&x! I crude ~sidue which wxs diluted with 5W aL of ether xnd wxsbal with saturued CuSO, (2 x 

50 mL). water (25 mL). amtared NxHC03 (2 x 50 aL) UXI _ke (25 mL). The ethexal phu wxs dried over 

anhydrous mxgncsium sulfite. fillaed xnd coaantncdb F?nifiition by chmmuogmphy on silica gel (elutioa 

with hexxneskther. 5: 1 + 1: 1) xfforded 5.40 g (85%) of dictate 2 which w homooa~our by TLC lnrlysis 

(hexxncs/etha. 1:2. Rffi - 0.05. RfP = 0.86): ‘H NMR (CDCl$ I 1.72 (br I. 3H). 1.85-2.25 (tn. 8H). 2.25. 

2.45 (m. 2H). 2.78-2.92 (tn. 1H). 3.95-4.20 (a& 2H). 4.63 (ABq. 2H. bAB = 23Hr. J = 7Hz); 13C NMR 

(CDClj) 171.0 (I). 170.8 (s). 137.3 (I). 132.5 (s). 66.1 (I). 60.7 (I). 49.1 (d). 32.7 (0. 25.9 (I). 20.6 (q). 20.6 

(q). 12.5 (q) ppm; IR (tilm) 2950.2850. 1735. 1440. 1380. 1360. 1220. 1025.960 cm-*; mass spasm, m/r 

166 (M-60 M-HO&). 

~:)-3-I~Dimetbylpheayl~ilyl)metbyl]-2-metbyl-2-cyclopenteoe-l-meth~not acetate (UL, : 
Pknytimethylchlaosila (3.87 mL 23.4 maml) vu added to 818 mg of finely cue lithium meul suspe&d in 

45mLofdryTHF. Afterkngstir&fcr9Omintbesolutkmtumeddukred. Gmtinualvigoroussrikngfor3 

h produced x brownish solution which wxs tmnsfarrd (via unulr) to x suspensicm of 1.47 g (16.4 mmol) of 

copper(Dcyxnidein2OmLofdryTHFrtOoC. Afoa90min,tkmact& olixturzwxsco&dto-60aCand2.64 

g(11.7mmoI)ofdirceutcpin20mLddryTWorUr6dad. 7ktWultingmixturewlsstirrcdu-6OoCfor12 

h. Theructionmix~wuquenchtdbypaPingonto800mLofrl:lmix~ofwnrntcdrquaocu~CI/ 

~aturxted MUCOUS Nx2CO3 ud exated with elhu (4 x 200 mL portions). The ccxnbinul orgxnic CX~~XIS war 

dried over xnhydmils tnxgnesium sulf1r. fllterrd xnd calantratal. hrific1tionbyc~mgnphyonsilicagcl 

(clution with hcxrms/etha. 20: 1 + 5: 1) grve 6.64 g (94%) of Ip which wu homogeneous by TLC xnxlyris 
(hcxanesI/ether. 2:l. RfP = 0.40, Rfu - 0.85): tH NMR (CDCl$ 6 0.28 (5. 6H). 1.40 (br I. 3H). 1.70 (br 

s. 2H). 1.80-2.20 (m. 7H). 2.55-2.85 (m. IH). 3 62-4.15 (m. 2H). 7.10-7.48 (m. 5H); t3C NMR (CDCIJ) 

171.3 (5). 139.2 (5). 135.1 (I). 133.5 (d). 133.5 (d). 129.0 (d). 127.9 (s). 127.7 (d). 127.7 (d). 67.0 (I). 48.8 

(d). 36.8 (I). 26.2 (I). 21.0 (q), 18.8 (I). 12.8 (q). -2.5 (q). -2.5 (q) ppm; IR (film) 3070. 3050, 2960. 1735. 

1430. 1380. 1360. 1250, 1120. 1040.840,940.900cm-‘; mxss spectrum mlr 242 (M.60. M-HOAc). 

~~~-3-[~Dimethylsilyl~metbyl~-2-cyclopentene-l-metb~aol (1l): To I suspension of 335 mg (8.81 

mmol) of hthium alummum hydride in 30 mL of dry ether xt d5oC wxs added dropwae a solution of xcetxte u 

(2.66 g. 8.81 mmol) m 20 mL of cthu over a 2knin period. The nrtiat mixture wxs snmd for 1 h u -4PC. 

warmed to room temperature over I 3-h period xnd then quenched by pouring onto reagent grade ether. The 

ethereal phase was dried over xnhydmus magmstum sulfate, filtered md concentrrted Puriftcrtion by 

chromxtogmphy on sillcr gel (elution with Wether. IO: I -a 1:2) gxve 2.0 g (87%) of xlcohd U which was 
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3H). 1.37 (1. 3H. I - 7Hr). 1.40 (s, 3H). 1.15-1.35 (m. 4H). 1.95-2.20 (tn. 2H). 2.42-2.64 (m. 2H). 2.72. 

2.91 (m, W), 3.93-4.18 (m. 3H). 4.16 (s, 1HL 5.26 (s. IH). 7.26-7.36 (m. 3H). 7.40-7.56 (m, 2.H); 13C 

NMR (Cf.)CI3) 206.5 (I), 190.1 (s), 138.9 (s), 136.7 ($1, 133.3 (dh 133.3 (d). 128.9 (d). 127.6 (d). 127.6 (d). 

127.6 (s). 104.1 cd), 69.5 (d), 67.5 (r). 54.4 (d), 49.7 W. 37.2 0). 30.8 (t). 22.7 (t). 19.1 (1). 14.0 (q). 12.6 

(q), -2.4 (9). -2.6 (q) ppm; IR (fdm) 36W-3200, 2925. 1680, 1590. 1420, 1370. 1340. 1245, 1235, 1190, 

1110. 1025.830.700 cm-‘; mass specuum. mh 135 @). 

(r)-4-[i3.~(DimcthyIphe~ylsllyl)metbyl~-Z-~tbyl-2-eyclo~nten~l-ylfhydroxymc(byl]-2- 

cyclopentea-1-c fi (Lc): To a solution of 205 mg (0.53 mmol) of W in 2 mL of dry tolucnc l t -2OW 

wl,a&d0.8mLofal.5~soMionofDIBALHintoluene [Aklrich]. AftertheoWurewasstkdfol2hat 

-2ooc. the ruction tnixtlpe was qwaMKd with wet fugart g&e etbcr (125 a&). The erbacll ptwsc was 

washed with 1% HCl(35 ml.) and brim (20 mL). The organic phase was dried ova aahydrous magnesium 

sulfate, filreti and concentrated. The crude residue was chmautograpkd on silica gel (elution with 

huanerlelher. 4:l -+ 1:)) to afford 151 mg (84%) of CAKRE U& which was banogeneous by IX analysis 
(hexrnesktha, 1:4, Rf& = 0.68, Rfm - 0.72): ‘H Nh4R (CDCB3) i 0.31 (I. 3H). 0.32 fs 3HA 1.40 (s. 

3H). 1.55-1.80 (m 4W, 1.90 (4. 1H. I = MHz). 2.00 MA 1H. J - 22Hz. 2Hr). 2.07-2.26 (m. 2H). 2.44 (dd. 

1H. J - 22Hz. 8Hz), 2.51-2.75 (m, IH), 2.90304 (m, 1H). 3.47 (dd. 1K J - 8Hr. 2JW 6.23 (dd, 1H. J = 

6Hz. 2Hz). 7.30-7.43 fm. 3H). 7.45-7.58 (m, 2H), 7.97 (dd, lH, J - 6k 2Hr); tJC NMR (CDCl3) 209.1 ($1, 

167.8 (d), 138.6 ($1, 138.0 (s), 134.0 (d), 133.3 (d). 133.3 (d). 129.2 (d). 127.8 W. 127.8 (d). 126.4 (s), 73.7 

(d). 53.8 (d). 45.2 (d). 37.4 (I), 37.4 (t), 20.7 (9, 19.3 W. 12.0 (s). -2.4 (q). -2.5 (q) ppm: IR (film) 36~0. 

3250. 3100. 29S0, 1710. 1680. 1600. 1440. 142Xlo. 1360. lzoo. 1105, 1040.840, 825, 800.720 cm-‘; ouss 

spectrum t&z 322 (M- 1%). 

0: Addition of 1 mL of DIEtAL-H (1.5 M, to 290 IIU (0.755 axnol) of m using the pocedure described 

for the preparation of fi, gave 257 mg (100%) of enate m which homogeneous by TLC analysis 

Utexanes/etkr, 1:lO. Rfm - 0.63, Rfm - 0.68): ‘H NMR (CDCI,, 6 0.32 (I, 3Hf. 0.36 k 3H), 1.54 (I. 

3H). 1.81 (ABq, 2H. AAB = 38H~, J = 16Ht). 1.90-2.34 (m. 6X), 2.40 (&I. tH, J - 19Ht. 6.6 HZ). 2.64-2.76 

Cm. 1HL 2.90-3.01 (tn. 1H). 3.50 (dd. IH. J = 7.SHz. SHz), 6.22 (bd 1Y J - 6Hz 2Hz), 7.31-7.43 (m. 3H1, 

7.45-7.58 (tn. 2H), 7.79 (dd, 1H. J - 6Hz. 2Hz); 13C NMJZ CCDCI,) 209.4 (sf. 166.4 cd). 138.6 (s). 138.6 

(s). 134.7 (d), 133.5 (d), 133.5 (d). 129.1 fdf, 127.8 (d). 127.8 (d). 126.8 (s). 77.7 (d). 54.0 (dt, 46.1 (df. 

38.4 (I), 37.3 (t). 27.5 (I), 19.4 (1). 14.9 (Q, -2.2 (q). -2.4 (e) ppm; IR (film) 36CG32.00, 3070. 3040. 2930. 

1710. 1680. 1590. 1430, 1410. 1340, 12SO. 1190, 1110.950.830.710cm-1; mass spectnm~. rrrlr 322 (M-18). 

furt: Addition of 1.7 a& of DIBAL-H (1.5 M) to 437 mg (1.14 mn~l) of Ik. using rhe procedure desaibcd 

for rhe preparation of & gave 129 mg (33%) of enone Ib; which was hanogaraour by TLC analysis (erha. 

Rf& = 0.27, Rf& - 0.55): tH NMR (CDU3) IO.31 (s. 3Hf. 0.33 (s. 3H). 1.38 (s, 3H). 1.58-1.93 (m, 

SH), 2.0s.2.29 (m, 2H). 2.43 (d, IH. J - 3Hz), 2.48 (d, IH, I - 6Hz), 2.69-2.81 (m, lH), 2.94-3.05 (m. lH), 

3.58 (dd. lH, I - 8Hz, 2Hz). 6.19 fdd. 1H. J = 6Hz. 2Hz). 7.28-7.42 (tn. 3H), 7.49-7.54 (m, W). 7.58 (dd, 

lH, J - 6Hz. 3Hr); 13C NMR (CDCt,) 210.1 (s). 164.6 (d). 138.5 (s). 137.2 (s). 135.1 (d). 133.2 (d). 133.2 

(d), 128.9 (d), 127.6 cd). 127.6 cd). 126.6 W. 73.4 (d). 53.2 (d), 45.9 (d). 38.6 (t). 37.3 (1). 21.4 (1). 19.1 (t). 

12.1 fq), -2.4 ((1). -2.6 (q) ppm; IR (film) 3650-3250,XnO. 3040.2900. 1710, 1690,1420, 1270. 1250,1190, 

1110. WO.840.820.795.735,725,715 cm-t; mass specaum. tr& 322 (H- 18). 

~~~-4-1~3-f~Dimcthylpbenyltilyl)metbyl~-2-metbyl-2-cyclopenten~l-yl~bydro~ymethyl~-2- 

cyclopenten-l-one acetate 15 (&d: To a solution of 264 mg (0.776 mmol) of alcohol & in 15 mL of dry 

I-FE was ad&al !?4 pL 0.2 mm~l) of pyridk and 142 mg of 4rJimethylaminopykGu IDMAP]. After stirring 

for 5 min. 110 pL (1.2 mm& of r&c anbyrbkk was a&d d the ruction mixnnt was stirred for 12 h. 

E~apcKldonoftheoolvtnt~~acndtRJiduewhidrwurhardilusdivilhl25mtoCahcrudwuhedwirh 

sa~~~~CuSO,(2xl5mL),wrra(l0mL),ruuriradN~Cq(2rl5cnL),wrm(l0mL)udbiDeOSmL). 

The ethereal phase was dried owf anhyd~~~ magnaium sulfate, Rkred and concentrated. The a~& residue 

was C~rOgnphed on silica gel (elution with huancs/ether, 10: 1 -+2:l)toaffonJ289mg@7%)oCraate 
Ibr which was tbomogeneous by TLC analysis (he~ndtther, I:2 Rf Uli - 0.42, Rf ldr - 0.82): tH NMR 

ICDCl3) 6 0.28 (s, 6HA 1.48 (s. 3H). 1.75 (s, W). 1.84 (A&. 2H. dAB - 14Hz. J - 8H.z). 2.03 0. 3H). 2.W 
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