
SILICON-DIRECTED NAZAROV CYCLIZATIONS VII 
l,IN~ARLY-FUS~I) TRICYCLICS 

INTROIN!CTlON 

f+&.~~s qons from thcsc Inbommrtcs have establish4 the s:ltcondirccted Nazarov cycliratron (SDNC) :IS ;I mild 

and gcncr;tl mctlwl for the ~nncl~~lon aruf c~l~n~lio~ of cyrlopentcnows (Scheme l).? ‘ihe hallmark of the SDNC rv tbc 
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cxclus~vc fomuticm of I~IC ~hcmM~~yn~rnic~lly less trable cyclopcntcnonc isomer JS pmdicted by the silicon-rh?cctcd c~llapsc 

of ~hc mtcrmcdiatc cyclopcntenyl cation iii. Tbc controlled placerncnt of tbc double bond awry from the ring fusion allows 

the pencyclic nature of the nzaction IO be stcrcochcmicnlly expmsrd. We have extensively examined the conscqucnccs of the 

two diffemnt. allowed conrotntions wittt rcgnrd IO r&five asymmctrtc irldl~ti[~n with chin1 suhstmtcs ax a functton of rrng 

SIXC (5. 6, 7 and 8). ring subctitucnt positton and size and stlicon group sire: ‘C+2*t-?c In addition, rcccm st~d~rc hzwc 

dcmonstntcd a wide functional group compatibility (olrfms, cthcn, esters, cnrb:tmtcs) for the nnction.2d Funher, from the 

cffcrts of double bond substttucnts on MC, these studies have provided strong support for the mechanism involving a rate 

ckrermining clcclf0cycl~7aticn of cation ii to cation iii. 

Continuing nnr mvcsligatinnr on the stnrcturat 

prnvtdc access IO linear trtcyclic compounds. Schm 2. 

versatility of the SDNC we cnvisioncd n new variant whtch would 

‘Ibe classical Nnznov cyclirAtm3 h;ts been only sparsely cmploycd 
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A. Preparorion o/pSilyl Divinyl KHOWS 

To maximize eff&ncy in the prtpmlion of subs!ntcs with differcnr ring si?es and substitution patlms WC cmployrd 

the mule shown in Scheme 5. This dlsconncction required the prtparation ol he IWO allylsilanes 2~ and 2b. For Ihew 
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simple allylsilancs the nuthod of Smith’) proved most effective. Scheme 6. Although initially rrouhksnmc. we found that 

the gcncnrion of ~hc McgS1Cu reagent could bc made rcproduclble If the Me3SiLi precunor was formed by cooltng the 

i?MpA/Mc6Si2 solution from 8°C IO -20oc as the McLi was being added. Using this pmcdure 20 could be obr;lincd from 

2.3-dibromocyclohexcne141 in one SICK. The next lower homolog 2b wns obtained in similar fashlon from the In.situ- 

prcpnrrd mesyla~e of Z.bmmo-2-cyclopcntenol. Itself prrpartd by Luchc rtduclionlJ of the known hromo kcloncl’b. ‘1%~ 

Scheme 6 
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rcquicitc nldehydcs 3a-d went ohtamed using litcnlun procedures. 

The two components WCR coupled vin the vinyllithium reagents obtained from 2a and 2b. Following Ihc gcncr.11 

pmccdurc described by Seebnch16 the Br/Li exchange with r-BuLi requirrrd co. I.5 h 31 -7R’C. AWIIKX IO he aldchydts 

proceeded cleanly al -78’C 10 give lhc divinyl alcohols 5. Oxldaiiocr of 5 with RaMnO nffo&d the targci ketones 1 with no 

dcteclahk by-products, Scheme 7. The ytclds for these hJnsfmtion ar?z collected in Table 1. 

Sclrtmc 7 

I). Cyclirorion of /Y-Silyl Divinyl Ketones 

All of the five substntes undcnvent facile Nazorov cycliznrion with complt~e regiocontrol exprtzqcd by the 

nlmcrhylsilyl unit. The rcacfions proceeded very npdly as expected even for the five-mcmbcnd ring subsrntes. For retch 

dlvmyl ketone I we assigned the full SIC~~~SINCIUR of the ma% products. idcntifti all isolable rcncrion by-prodllcrs nnd 
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Tabk 2. Selccrcd Spectroscopic Dara for 6.” 

LRsm-‘_ ‘l-!maEu ‘3C-NMRAb 

CWflpoUIId m n R’ R2 vco VCZ II-C(l) C(l) C(2) C(3) C(4) C(S) C(6) 

(r.aMaa I I II ii 1713 1653 6.67 131.5 141.0 204.7 54.9 42.4 48.1 

fc.a)-6nn I I II H I719 1649 6.71 133.4 141.0 207.7 4x.4 37.0 40.2 

(cp)-6ab 1 0 Ii II 1713 1651 6.50 131.6 142.7 209.6 52.X 42.7 46.5 

(/.a)-6bo 0 1 i? If 1717 1630 6.48 133.7 149.9 201.9 61.1 S0.X 52.3 

(cd)-6bh 0 0 II If I711 1634 6.41 133.5 lSl.2 205.3 5X 7 47.7 53.0 

(~.a)-61~ 0 0 CH3 Ii 1711 1634 6.39 133.6 149.9 204.9 66.X 4x.0 S4.X 

(c,a).6bdc 0 0 It Cl13 1711 1634 6.48-6.40 133.4 151.3 205.6 5X.5 5S.7 53.3 

133.1 151.0 205.0 57.7 53.X 47.0 

(rhioscmicnrbnzonc mp 169’C)‘* and D ns (c.o).6aa (rhioscmicrrbxonc mp lW.S”C). Comparison of the rclcvxtt 

spccrmscqic dnt~ for Ihc cyclizarion pruduc~ is cdlcctcd in Table 2. 

Ihe large kin&c prcfcmncc for the tram-ad over the cis-anri isomer was surprismg in light of the usual cis ring 

fusion prefcrcnce we have observed in SDNC prcduc~s.~ This dccs not arise from A slr~ng Ihemtiynnmlc prcfcrcncc tn the 

produers as shown by rhe equilibrium energy differcocc of 0.47 Kcal/rnol at 25’C which translates ro 3 74.26 nrio 31 -.SO“C. 

Mokc~l,u mechanics calculJrions (MM2) ruccly cwtxxarcd this number with the following smin cncrgtcs (KcnVmol): (I,u> 

600, 14.M ; (c.a)-6m. 14.90 (AE- 0.36). 

The remaining rhm products fmm rhc cyclizarion. C-E. WCR rcnttravely ass&d by CC-mass spccuomc~ry. ‘Tihlc 3. 

Component C formed in 2-% is an unidentified isomer of 6na possibly the “endo ketone”, vii, (ring fusion double bond) 

&&a&& 
H H H IfI 

compaKnr A B C D E 
(rp)-6oo (c.a>6rm 7 8 9 

&min 

& 

.hl+ 

10.14 10.45 10.61 

89.0 6.7 2.7 

IW 190 I90 

11.5x 12.13 

0.9 0.6 

188 244 

observed by lrhr* JS a mjor prod~tci. The MXI comporxnr I) found in l-48 is a dchydr&oa which pmbably arises from 

canponcntEoraecmmon prccurux. The rnoltcuktr ion and isotope nrio for E ICWC litrk do& ~h.ar this nurrcrial coorains 
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R.3. Cyclirarion of Iba 

in comas to the mults with Irb. we WCR un~bk 10 obtain high yields of cycliration products from iba. The 

~xtions prc~cafai rapidly at -21PC and GC analysis of the en& reaction mixtures (under optimal conditions) showed only 

the cxpccrcd product 6tm. along with a stercokomcr (vidc infra) and a tmcc amount of a chlorinated by-product (;?I, Scheme 

IO. Isolauon of the products, however, proved ptubkmatic as higkr molecular weight materials (probably dimen) 

Scheme IO 

lbe 24% (!.a)- 6ba &.a)- 6ba c 

kmefr 966 34 

lhempdynati 84.2 t 5.8 

appea-d. 7%~ production of dimcn was also capricious during the rc~lion. Optimization studies. Table 5. showed thnt IIU 

fomution of these by-products was sensitive to both conccntntion and temperature (entries l-4). The dimcric pmduc~f were 

not derived from oxtdativc prtx~sscs as they were also observed in rc.xtionc wtth Bi:j OEt2. With this, non-oxtdtzing. L..cwip 

.wid the fonnttion of G was suppressed hut even at 000?M the dimcrs were formed. Furthermom. 6ba was rccoverrd 

unchanged from trcamvznt with F&IJ under the reaction condittons. 

The stereostructure of the major product wns nsslgncd ns for 6ntt by comparison of thcrmodynamlc stabilities of ~hc 

eir WKI ~m.s isomen. Attempted cpimcri?ation d 6ho with NnOMc or KOIRIJ Icd to fxik conjugate .&dition of rhc bnsc or 

Table 5. Optimiwrion experiments with fba.’ 

cnny Lewis acid cont.. M temp. “C 

nra GC 96 

(r.o)-6ba (c.o)-6ba (; dimrrsh yic1d.c ‘b 

ld FcCI3 0.08 -20 29.8 1.3 7.9 40 

zc’ r:ccl3 0.02 -204 86.5 2.4 b.5 Dncc 36 

3J FcCI, 0.004 -SO-+0 73.8 3.1 10.4 rXIcY 

61 FcCI3 0.04 0 65.8 2.3 4.2 25 28 

5e BF3.0Et2 O.OR -10 35.1 1.9 0 45 9 

gc fU73OErz OOOd 5 69.1 1.1 0 25 3.5 

J Rc~~wts run III CtQCt2 wuh I 05 cqutv. of Lews xwd. b Sum CA dl pc;lts rR >IY nwx c Yuld of&b* after chromJqy@y. 

d RCWIX odbtion. C ~mnot ddition. 

self-condensation. A clean cpimcrrration could bc effected wilh ML’ in ifMXi (Schctnc 10) IO gtvc An cquiltbri~rm ratio of 

81.9.18.1 (AG= 0.90) still favoring the major component. hlolccular mechanics cnlculntions gave the following stmin 

energies (Kcal/mol): (r.a)-6bn. 22.22; (~.a)-6ho 22, 23.05 (AtI=0.83). thus allowing the assignment of the trnns-anri 

confipunrion for the rmjor isaner. 

The diffiiulGcs obrervcd in the cpimcrizznions provided n clue to explain the poor yields of tricycltc p&ucts. mc 

simultaneous capacity for facile conjugate Addition and facile rnoliwlion combine lo dcplcrc the dcslrcd prr&rt. Wc hnvc 

nhsewcd this behavior pmviatsly in the SDNC of qclic divinyt kctoncs 2r. Interestingly. ~hc problem is not cncountcrcd 

with 611t 01 bb ~CCCWV they nrr not as n.xtivc Michxl acceptors. it shoud be mentioned thnt 6btt is stabk for days at r. t. 

in the pure state. 
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asyrnmttric induction). Ptevious studies in our labomtorics have shown that du level of sckcttvity is low in the SDNCS 

with five-tnembcrnf ring& bearing only a methyl group neat IO the reacting center. To invcwignte wbctbct this carries over to 

BF,0Et, I CH&I, 
r, 

Table 7. Cyctiration of Ibb, Ibc and 1bd.a 

sukmre R’ R2 tcmp, Yz time. h pnxltrt yitki.b ‘~1 

fbb 

lbc 

Ibd 

tf If 10 0.25 (c,n)4bb 77 

cti3 Ii 20 3.s (r*1)4bc 71 

Ii Clf) IO 1.0 (r,i?)mdc x3 

the construction of triquinanes, the substrate lbd was examined. Under the preferred condition% (~~~,O~t~O.O~M) 

cycliztation occund cknnly to give dbd in 83% yield IS a 53:43 mixture of two ismncrs, Table 7. Thnt these were the two 

methyl epimcn of(c&6bd was eastiy Seen in the similarity of the t3Cchemicat shift for rhc carbonyl C(a) amms and the 

draman~ diffmnce in the chemical shifts d the mhyl gm~ps (Table 2). Ihtts, 3s btfwr: the methyl group w;tS ineffective in 

conDolling the ~cntt of conmmtion kading to the two diaStcmo&ncn. 

DYSCUSSI<lN 

Censinly the most striking aspccr of this variant of the SDNC is the dnmatic mtc enhxwcmcnt. In the original 

vinytsilwsc variant, the silicon WJS found io weakly dtcekmte the renction while compktcly directing the pl.xemcnt of the 

double b0nd.h THIS isduc to the f3ct that the hypcrconjug,;rtive stahihwtion of the developing positive charge in cation iii is 

greatest when the siiyt group is par&t with the x-system? a Situation which obtains only fate on the -on -ina=, 

In the exampfes described obovc, the location of tbc siiyl moiety on an sp%~rbon atom .djnccnt IO the dicnyf system allowed 

for continuous hy~~jllgativc overlap with attendant stabil~7~itjon of the developtng charge in cation x (Schtmc 12). Not 

surprisingty, in these CPKS PS well, Ihc ptaccmcnt of the double bond wns exclusively contmlkd by the dcpanuw of the 

silicon ckctntfugc It is inte~stin~ to note that I~C SubStmtcs f . being chiral, can undergo two diStiwt conrotatory &~umS, 

3%~ IWO FthwayS at?- ~~WCRWIC~~ and rCSUh in two different cficntltions of the silyI moiety with n~pcct to the n.syscm in 

Srhmr 12 
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Starting Matwirls. -The following compounds were pnp;ued by lifcmfute pmcdm: 2.3. 

di~yc~xtn+, 2-brwno_2cyctopcnteno,,c14b, l.cyclotuxenccar%~ldchydc (3n) 26, l-cyclopentcnccubnldchyde 

(3b)27,2-methylcyclopcntcm- 1 catboxaldchydc (3~) 28,3mcthylcyclopcnfe~ l~carboxrldthydc Ud)29. 

p~po~&o~ ~2-Bromo_3-r~hytsify~~lo~e~c (20). To 3 solution of hcxsmcthyldisilanc (18.30 g, 125 mmol) 

in t&WA (100 ml) at 8°C uttda argon was added methyllithium (96.2 ml of a 1.3 M roln. in Et@, 125 mm& dropwiv 3s 

the m&oc\ mixta wm chill& to .2@‘C. After being stinrd for 3 min, Iht Ws~lting red sdn. wiu mated npidiy with 

“ppcc (Q iodide (23.80 g, 125 mm&) in dimthyl sulfdc (SO ml), which caused the t~~fion mixture to fix: npidly in 

tempcratun. The resulting black soln. WIS co&d to -2oDC and stirred for min. ud 2,3dibmmcyclokxen 

mpidly via syringe The ~&on mixtun was watmcd IO 1.1. and ~tinrd f h. II MS then pouti inlo 500 

ml of pentroe and 500 ml of sat. NH4Q s&n. (buffered (0 ptt 8 by addition of NQOW, 3~3 the mixture w-x vigomsly 

slirrcd la 3 h. ‘l%c aqueous phase was extmcted with fwb Kx)ml portions Of PcnttmC. and the combined or&VW CxlrJCts 

wcrc washed with Ii20 nnd d&d over magnesium sulfrrtc, filtered, and conCtn%?tcd. The crude p&Wt ~3s 

chmmatographed (hcxanc) and distilled. Yield 6.65 g (57%). L\.p.: 82.83YX TCWT. R@.SI(hexane). tic: t’~ = 3.9 

min. WV-17; pmgram: i3oaC (3 min.). 2ooclmin, 24noC. 1R (IWI): 294% 2859m. 1636~. 1451~. 1408~. 1329~. 

1296w, 1273~. 1248~. 1192~. 1115~. 1078~. 105Sm, WOm, 986m. 939m, 918m, 835% 797m, 766m. 74%. 731 m. 

689m, 652m. 613s. ltf-NMR (300 MHz): 5.92 (&/=4.5, 3.5, 1 fiz. 111); 2.2sl.96 fm. 3II); 1.94-1.84 fm, 1H); 1.8s 

1.70 (m, IH); 1.68.153 (m, Zfi), 13C-NMR (755 MHz): 126.1. 125.4, 35.3. 35.3, 35.2. 27.3, 20.6, -1.0. MS (70 

ev): 234 (M+l, 4). 232 (M-l, 4). 80 (20). 79 (65). 74 (9). 73 (100). 45 (10). Anal. CJIC. for C9HltDrSi (233.22): C 

46.35. H 7.35. Br 34.26; found: C 46.52. If 7.46, Br 34.13 

PrePmarion of Z.Hro~-3-rrimc~~yisi~yf~f~nrc~ (2b). 2.Enxno2-cyclopcnten-t-one (14.19 g. 90 mmol) ~3s 

dissolved in 225 ml of CH3OH. After the addition of Cay7f I20 (33.52 g, 90 mmol), NtBH4 (3.33 g, Xl mmol) was 

added slowly over 30 min. After sn additional 5 min the ketone was consumed ani he rtaclion was neutralized with 1 N 

HQ. The naction mixture was diluted with Hfl( 1 1) and cxtmctcd with EI$ (3 x 500 ml). The combined CXC~JEIS OCR 

washad with H20 (500 ml). brine (500 ml), dried (MgSOq), ftltcmf. concentrated rrtd distilled to give 2-brww-2- 

cyclopcnten-t-01.4. Yield 10.80 g (73%). B.p. lOPC/4 Ton. 

To I s&n. of4 in 61 ml of THF at -WC under argon was added ~thylli~ium (29.3 ml of a 1.3 M soin. in Et20, 

33.7 nnrO1). The mcfim mixture was stinaf for 5 min. and ~th~~sulf~yl chloride (3.86 g. 33.7 mmol) was odded vi& 

Wings. The reaction mixtun was s~imd 40 min at -7PC, and then tnnsfemd viu syringe to a stifnd soln. of 

~~thyIsiIytc~~r. ‘W soln. of ~~thylsilyl~ was p~pti as foilows: To a soln. of hexomtthyldisil~nc (11.24 g, 

76.75 mmol) in HMPA (61 ml) af 8“C under argon was added ~thyllithium (66.7 ml of a 1.3 M soln. in Et2Q76.75 

M) dropwiw 1s the nXction mixture wa!+ chilled bctw#n -KpC to -40% After king stied for 3 min. the resulting md 

solution was treated rapidly with copper(r) iodide (14.61 g. 76.75 mmol) in dimethyl sulfide (30 ml), which C>U~ the 

Ra~tti hxtt~m to&c npidly in tcmpcnWr. The resulting bleck soln. was cooled IO -20°C and stw for 3 min. Etfo 

(17.5 ml) was addnf Jnd the remi mixttJ= w1) Co&d 10 -6fX and slid for 5 min. The racfi0n mixtun was stirr& for 

1 h at -@‘C 10 -4QoC. lt W;U then prthiomd bctwccn 250 ml ofpctmlcum clha ond 2.W mt of sat. NH4Q soln. buffcmf 

to PH 8 by oddrtion of NYlOII. The W. @IV W;~S UOYUZ~~ with IWO 250ml portions of pcnrtmc, and the combi& org. 

Cxtm-cIs we w&ted with H2O. brine, and dried over magnesium sutfate. fitter&, and COnCmmfcd. ‘Ihe crude @uct 2b 

w~* CbmtWphnf thxSw) and distilled. Yield 3.24 g (48%). B.p. !XPC/l 1 Ton. RfT0.55 (hcxanc). GC: 44.13 
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23.0.22.7.22.6, 22.5. -1.7. -1.6. MS (70 eV): 250 (m+.0.5), 160 (53). 159 (34). 158 (14). I45 (23). I32 (40). 131 

(%),t19 (21). I18 (49). I I? (79). 105 (121. 104 (13). 92 fl1). 91 (36). 81 (14). 79 (19). 77 (12). 75 (4% 73 ([WI. 67 

(20). 59 (10). 45 (28). 41 (17). Anal. talc for C[5H26OSi (250.46): C71.94, H 10.46; found: C 72.24, H 10.44. 

(1 .Cyclo~ntenylHS-Irimcthylsilyl-l -cyclopenrenylJmethrnnol(5bb). Y kid 78%. R.p, 105°CKU37 TOE. Rf=O. 1 U 

& 0.22 (hemOAc 9:l). GC: f~ = 9.56 min. CDV-17: program: I ICPC (3 min). 2OWmin. 264PC. IR (nc~): 

3370m. 305Ow. 2953s. 2849s. 145Ow, I406 w. 124Rs. 1186~. 1115~. 1042~. 102gw. 1013~. 953m. 83%. 73fm. 

714~. 689w, 652m. [H-NMR (300 MHz): 4.76 (m, 0.63H); 5.60 (m. I[[); 5.41 (bs. 0.37H); 4.80 (br. J, 0.67H): 4.73 

(br. J, 0.37fi); 2.50-2.00 (m. 711); 2.Wl.77 fm. 2H); I.69 (br. s, 0.37H); 1.73 fbr. s. 0.63H): 0.02 (s, 3.33H): 0.01 (t, 

5.67H). l3C-NMR (75.5 MHz): 148.3. 147.5, 145.9. 127.8, 125.3. 125.2, 120.9. 70.5, 70.2. 35.0, 34.2. 32.7. 32.2, 

32.0. 30.4, 27.7. 27.4, 23.5. 23.2, -1.8. MS (70 tV): 147 (13). 146 (94). 14X45). 131 (73). 119 (12). I I8 (77). 1 I7 

(100). 105 (37). 104 (17), 97 (IO). 92 (11). 91 (30), 81 03). 80 (19),79 (22),77 (13). 75 (621873 (96). 67 (34). 45 (33). 

41 (21). 32 (10). Anal. talc. forCl4H24OSi (236.48): C 71.12. H 10.23; found: C 71.03. H 10.18. 

~2-~crhy~-~ -c~lopmunylX5-rrimef~y~siiy~-i-~~o~nrcnyiJmcrkanol (Sbc). Yield 82%. R.p. 75”C#.O3 Ton. 

RF-O.16 and 0.25 (hcxanefitOAc 911). CC: f~ = 9.86 and 9.97 min. CDV-I7 Prognm: l4oOC (3 min), IOOC min. 

280°C. 1R (mat): 334Sm. 3054~. 2952s. 2847s. 144Sm. 1406~. 1381~. 1293~. 1248s. 1188~. 1115w, 1OSSw. 

1015w.977m. 953m.Wlw. 835s. 752m, 69lm. lli-NMR (3(x1 Mffx): 5.62 (m, 0.62); 5.25 (m. 0.3RH); 4.9R (br. 3, 

[It): 2.45-1.40 (m. 12lf); 1.73 (s. 310; 0.06 (J, 3.42H); 0.03 (r. 5.SRlf). *3C.NMR: (75.5 MHz): 14g.9. 146.8. I&S, 

136.0. 135.3, 134.5. 123.9, 120.2. 68.1. 67.7. 39.0, 38.8. 34.9, 34.1. 32.1. 31.g. 30.9. 28.3, 27.3, 21.9, 21.5. 14.3, 

14.0,-1.7..1.8. MS(70eV): 25OW+.6).232(2g). 161 (16). 16O(lCO), 159(53). 158(50), 146(14), 14S(tQo), 143 

(12). 133(11). 132(79), I31 (100). lu)(lO). 1[9(15). 118 (28). 117t999). 105(1g). 104(10).95(14).91 (IO).81 (15), 

80(13). 79 (13). 75 (46). 73 (IOOt. 67 (15). Anal. crlc. faClSfi260Si (250.46): C 71.93, it 10.46; found: C71.60 

If10.57 

(3-Mcrhyi-l-~clo~nrcnylJ(5-~~imcfhylsilyl~I~~l~n~enyl~rhonol (Sbd). Yield 75%. B.p. l3m.4 Tm. 

GCz tR = 9.72 and 9.93 min, COV-17; program: l40oC (3 min), 2@‘C/min, 28OT. lR (neat): 3362~. 3046~‘ 2~152~. 

2849m, 2361~. 1454~. 1404~. 1372~. 1248% I 119~. 1076~. 1019~. 953w, 91 Iw. 835s. 733~. 689w. ltf.NMR 

(300 MHZ): X42-5.61 (m, 3W. 4.78 (bs, I H), 4.7 l-4.72 (m. [if), 4. I7 (bs. ltf), 2.86-2.68 (m. 2H), 2.4]- I.30 (m, 

18H). 1.05.0.92 fm. Rtf), 0.04 (s, 9H), 0.02 (s. 9H). 

Pwprmtion d Divinyl Kclonc~ 1. General pmcedun. - A stirred soIn. of the divinyl alcohol (S) in dry 

CH2Cl2 (0.08 Mfwas cooled to 0°C and mated with 5 quiv of BaMnO4. The mixture was W& to r.t. ~nf the progrrss 

of the t’crCtkt was mimed by T.[-C. upon completion (24-48 h), ~hc mixrun: was filtered thtwgh Cc[ite ad the solids 

wn W&d with flf2Q2. The filh31t WS COWWltlZttcd. chr~matogrnphcd (hexlrtw/EtOAc l9:l) & diuilled. 

(f-CyclohcxenylJld-trimrrhyWfy(.f-~loh~~enyfJ Kefone (18~). Yield 7 1%. R.p. lg@Q0,25 TV, +0.62 

(hexane/EtOAc lkl). (XL tR = f I.43 min. COV-17; pmgmm: I IOOC (3 min), 200C/min, 2mC. [R (mat): 2934s, 

2859m. [6WS. 144%. 1435W. l375W. l269m. 1246s. 1231s. 1194~. 1082~. 1026~. 98&, 93(-hv, 879w, ~3.5~. 

733m. 770~ 689m. 664~. 1 H-NMR (300 MHz): 6.4G6.51 (m, IH); 6.26 (&.1=3.6. 1.5 I%, lff); 2.54-2.40 fin, IIf); 

2.40-2.33 (m IH); 2.25.2.10 (m. 4ff); l.g6-1.52 (m, RH). *3C-NMR (75.5 MHz): 199.7, 141.2, 139.1, 138.4, 135.7, 

25.7. 25.4, 24.4. 24.3. 23.9. 22.1. 21.7, 20.7. -1.3. MS i-70 cV): 262 (M+, 30). 261 ([ 5) 247 (141, 234 ([ 21, 233 (34). 

22’ (l’)~220(22).219(27)~205(lS). l29fl2).9t f[lf,79(l2),73([~).45(23). AnJl.c&. forCl6ff26OSi 

(262.47): C 73.22. H 9.9g: found: C 73..50. H 10.10. 
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evaporated 10 drirrd J CICX ~dcolaless oil. GCMS: column: COV-17 pmgnm: (WPC(3 min). IOWmin. 2rffC ) r~ = 

IO.15 min (A, $9.@%), M+ 1% %R - 10.45 min (8.6.796). hf+ 190; fR = IO.61 min (C, 2.7%). M+ It)ct: rR = I I.9 min 

(D, 0.9%). M+ 188; r~ = 12.13 min (E, 0.6%). M+ 224 

f&b. 4b~,9~~~.f.23,4.4u.4bS,6.7.9u~~~~~b~~~~fff.~~r~ff-9-on~ Kr,iWno). Yield I57 mg (79%) after 

distillation and mcrystalliration. f3.p. fWc10.3 Tom m.p. 78.5 - 79.5’C (pcntan~). Rf? 0.23 (hcxone/EtCAc l‘):l). CC 

a = IO.14 mitt, COV-17: program: 1WC (3 mitt). flPC/min. 2606C. IR (mat): 2921~. 2854s. 2gI3w. 1713s. 1653s. 

14495, 14fSm, 1363~. 1349~‘ f293m, 1244m. 1232w, I222 W, I208m. 1196~. I f73w, 1144~~ I@kk’n. 1072~. 

935m. IH-NMR (30 Mflz): 6.64 (d,f=2.6, lff). 2.35-2.19 (m, lff). 2.19-1.61 (m. 6ff). l.7GI.91 (m. 3H). I.55 

1.37 (m. If?). 1.30-0.84 (m, 6ff). I’JCNMR (75.5 Mfiz): 204.7. 141.0, 131.5. 54.9. 4g.l. 42.4. 30.3. 26.5. 25.9, 

25.5,2S.f. 21.4. MS (70 eV): 190 (M+, 82). 163 {I If. 162 (84). 161 (32). 149 (IO). 148 (14). I47 08). I34 (I I). 133 

(19). 109 (IS), 108 (100). 98 (20). 94 (50). 81 (24). 80 (55). 79 (39). And. cak. for Cl3fflRC (190.29): C 82.06. fl 

9.53; found: C 82. I 1, f i 9.54. 

Base-Catalyzed Epimcriratitm of &a)-6na. . The enone (r.a)-6sa (IO0 mg, 0.53 mmol) was placed in IO ml 

of freshly distilkd methanol. Sodium m&oxide (0.05 quiv oia 0.45 .M solution in methanol) was ndded and the .soln. 

wns stirred ai r.t. The quilihntion was monitored by capillary CC until tk ratios of products WC* Constanf. After I2 h the 

rmcfbn mixtun was poured onto IM) ml of iI20 and cxttactcd with Et20 (3 x 50 ml). The Et2Oextr~t~ WR w&cd wifh 

it20 (50 ml) and br~nc (50 ml). dried (MgS04) nnd evaporated to yield 93 mg (Y3%) of a mixturt 01 (rcr).6tta nntf (ca). 

6aa which was separated on a chrwmatotron using petroleum Et20 2nd EIOAC(X):I) to afford SO.7 mg of (r.n)&a (SO.7 

%) and 23.3 mg of (t.rx)-6aa (23.3 %). Rf: (r/t)-6nn. 0.20; (t,rt).ktn. 0. I7 (pctmleum cthcr/EtOAc 30: I): 

(4ab,4bu,9ah}~1,2.3,4.4u5~6~7.9a~df~uhyd~o~it~-~~~~e~-9-o~e f(e.rz)-(isa). Kp.: 1400~.1 Ton. R@. if 

(petroleum ethcr/EtCAc ml). fR meal): 2926m. 2857m. 1719m, 1649m. 1449m. 1422~. l246w, I22lm. I l79m. 

1140~. 109~. 1067 w,Y51w,9Olw.774w.7OOm, 650m. Iii-NMR (300 Mffz): 7.266.70 (m, tit): 2.65-2.53 (m. 

ifi): 2.40-2.06 (m, 4fi); I.YS-1.67 (m, Sff): 1.64-1.45 (m, 311): 1.43-1.15 (m, 310; 0.98-0.83 (m, IH). l3C.NMR (300 

MHz): 207.7. 141.0. 133.4, 48.4. 40.2, 37.0, 27.2, 25.7, 24.7, 24.0. 23.8. 21.7, 20.8. 

Reaction of (/a)-6aa with Thiwmicarboxidc. To a soln. of the (rp).Baa (SO mg. 0.26 mmol) and 

thioumicarba~ide (I.48 g. 16.3 mmol) in 25 ml of EtOf fAffl 3: I was r&led 7 drops of glacial accuc actd as catalyst. Aftrr 

heating the soIn. at WC frx 36 h the solvent WBS mnovcd in VCIC~U), and the remaining solid was dissolved in if20 (25 ml) 

and EtZo (25 ml). The iI20 was washed with Et20 (2 x 25 ml) and the Et20 extracts were washed with H2() (25 ml) and 

fmm (25 ml), dried (MgS04) and evapomtcd to affom after chmmntography on silica gel (hexanelE1OAc.4: I) 32.4 mg 

(47%) of the thioscmicarbar*m, which was mcrstallircd from Cf l2Cl~pctroleum etkr. 1 f I NMR analysis showed I&% of 

the cis-thiosemrearbatw was pfcxnf, which was ;I msult of clttmeritarion. M.p. 169oC, 50% dq. and l97~C, 50% dec. 

*ff*NMR (300 MHz): 6.62 fbr. I, IN. H-C@)). f3C-NMR: (75.5 Mfk): 179.4 C(9). 

Rtattion O? ftp)-6~ with Thioscmicarbozidc. . 1’0 3 soIn. of (c.a)-6aa (I 8 mg. 0.09 mmot) nnd 

thiozrmkvbakfc (54 1 m& 16.3 mmol) in 10 ml of EtoH/fl~ 3: I was aw 3 dmps of glacial arctic *wid ax cnt:,lyst, 

After hating the soIn. at WC for 3 days. the solvent was ccmovcd under rcducrd nmssum, and tk emlining sol;d w3s 

dissolved in W0 (10 ml) md Et20 (10 W. The H20 was washed with Et20 (2 x IO mf) and the Et20 cxtmr-fs wcre 

Msh+rd w’th H@ (lam’) and br+tc (f Omf). ~+zI (MgSO4) and CWIXKWXI to H' after chm?fopphy 0" silic- 

("txaMaAc4:1) afd ftWs~alli7XkW fm ethyl ~CCW~C 13.1 mg (55%) of the [himm&hrm ax a white solid. lfl. 

NMR analysis showed less than 5% of tht r~o~s.tb;~R~~~lr~~ne was pmont ns a result olroimrirntion. M.o.: lw.5. 
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Cytlit~&~~ or Ibb. To a 10°C soln. of the Ibb (210 mg. 0.90 mmol) in 225 ml of dry Clt2Cl2 (NXM M) 

u&r argon was &&j dropwlv BF3.Et-20 (1 I6 ml. 0.95 mmol). ‘Ihe resulting soln. was stincd for IO min and then 

quench-cd by addition of 225 ml of 10% NaHCQ . The H20 layer was scpamfed. cxtncted with Cl 1202 12 x 75 ml) and 

ok combined CH2CI2 extracts welt washed wrth H20 (200 ml). brine (200 ml) and tkn dried (MgS04) and evaporated to 

nfford an oil which was punlied by distillation. 

(3nu3hh.6ab~-2jjajb,4J,6.60.Ocrah~ro~2f~-cyclnpmrola~pcnlakn-7-onc (6bb). Yield 112 mg (77%) after 

distillation. B.p. 9OQQ.3 Ton. RpO.27 (hcxsne/EtOAc 9: I). GC: r~ = 7.16 min. CDV- 17: program: l4@C (3 mm). 

10°C/min. 28O“C. IR (neat): 3058~. 29.52s. 2869m. 17lls. 1634m. 14.51~. 1435~. 1318~. 12x7~. l2SXw. 12lSm. 

1181w. 1142~. lOS?w, 968~. 951~. 801~. IH-NMR (300 Mllz): 6.41 (m. 1H); 2.99.2.78 (m, 211); 2.76.2.62 Cm. 

211); 2.44-2.26 (m. 2fI): 1.96.1.57 (m. 711). I3C-NMR (75.5 MHz): 205.3. 151.2, 133.5. 5X.7, 53.0. 47.7, 37.7. 35.6. 

32.4.29.5.26.1. MS(?OeVf: 162(M+*SO), 1~(15),9S(ll),94(1~)~93~20).9200~,91 (13).~709).~(4X). 

Anal. talc. for Cl 1Hl40 (162.23): C 81.44, H: X.70; found: C 81.21, tl 8.63. 

Cycli7aotion of Ibc. - To a 20°C soln. of Ibc (174 mg, 0.70 mmol) m 175 ml of dry CI12CI2 (0.004 M) under 

Jrgon was xidcd dropwisc BF3.Et2O (90.4 ml. 0.74 mmol). The resulting soln. was stirred for 3.5 h and lhcn quenched 

by addition of 175 ml of 10% NatKO3. The H20 layer was scp.amtcd, extracted wirh CH2Ci2 (2 x SO ml) and the 

cornhmcd Cff2C!2 extracts were washed with 1120 (I 50 ml), brine (I 50 ml) and fkn dried (MgSO4) and evaporated to 

aff& an 011 which was purifmd by chromalography and di%tillalion. 

I3~~,fbb~b)~23.3o..?b.45.6.6a~Ocrol?ynro-3b~mtrl~yl~21/~cyclo~nra~a/~nrcr(cn~7-onc (6bc). Yield 96 S mg 

(78.5%) after chmmatography (kxancKlOAc 9: I) and dtsrillation. B.p.: SO”CAI. IO Ton. Rf=0.31 fhexanclErOhc 9.1). 

GE rR = 7.40 min. COV-17; program: 14oOC (3 min). IOWmin. 2110°C. IR (neat): 3056~. 2957s. 2x69s. 171 Is. 

1634% l449m. 137Sm. 1312~. 1275m. 1221s. 1184m. I l32m, 1053m. lOISm, 984~. 963m. 899~. X2Om. 7x3~. 

Vim. ‘H-NMR (300 Mffz): 6.39 (&.1=3.0. 2.9m it7. IH); 3.17-3.05 (m. Iii): 2.80-2.5X (m. 2H); 2.42 (rid.I=lO.9, 

5.9. Iti); 2.09-1.63 (m, ?fi); 1.52-1.36 (m, IfI); 0.98 (r, 3H). l3C-NMR (75.5 MHz): 204.9, 149.9. 133.6, 66.8, 

54.8.48 0. 40.3. 37.6. 299, 27.5. 26.0, 22.3. MS (70 eV): I76 (M+.IO), 14% (7). 95 (9). 94 (100). 66 (24). Anal. 

ealc.forC12H1~Of176.26): C81.77,119.15: found: C81.61. 119.27. 

CYdimlim of Divinyl Kc~onc Ibd. - To a cold (IOOC) sdn. of Ibd (100 mg, 0.4 mmol) in 100 ml ofCf12C12 

(0.m M) under argon was added dropwise BF3.Et2O (51.7 ml, 0.42 mmol). Tk msuiring solution WJS m& for I h 

and fkn quenched hy addition of 100 ml of IO% NaHCO3. The ft20 layer was sep?ratcd, exmcrcd with CH2Cl2 (2 x 50 

ml) and Ik combined c)f2C12 cxt%~Cts wCpe waskd with H20 (100 ml). brine (100 ml) and then dried (MgSO4) and 

evaptd ro afTmd an oil which was purifii by chmnutography and distillation. 

~~~~~bb.~~b~~2..~~~.f~~.4~~.6.6a-Ocroh~~’ro-4-ma~ty~-2t/.ryc.~~~nr~~~~~~~~~~~~.~.on~ (1~). Y;~JJ 58.3 mg 

(*39) after Ch~~Io~phy WxnndEtOAc ‘):I). B.p. I IO%%75 Ton. RH.27 (hcxanc/‘Er~)Ac 9: 1). fR (near): 2953~. 

2X72m.2Mlwt l71lf, 1634s. l456m. 1435~. 1377~. 12x5, l25xw. l2ISm. iifttw. 1138~. 1057~. 1036~,951~. 

909~. 868~. ?99w, 7.13~. ‘11-NMR (300 MIW: 6.40-6.4X (m. III). 2.X3~3.09 (m. 211). 2.61-2 X0 (m, 211). 2 45. I ,.cx 

cm* 7fi)+ 1+42-i.30 h w. 1.03 (d. f = 7.7, I.5 H). 0.93 (d, I = 7.0. LSH). l ?C-NMR (7s.5 Mt(z)z 205.6, 205.f). 

‘5’.3* ‘sl.O. 133.4. 133.1. 58.5. 57.7. 55.7, 53.8. 53.3. 47.0. 40.7. 38.0. 37.9, 37.7. 36.0, 35.7. 34.3, 32.7, 28,X, 

28.1. 20.7. 15.1. 
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