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SmmmYr lb stereospecific total syntheses of *-widdrol (I) are reported. The first 
synthesis features the cyclization of dienone 3a to construct bicyclic adduct 4a which is 
converted to &-widdrol using conventional profedures. A second synthesis exploits the 
cyclization of dienone 17 to prepare functionalized bicyclo[5.4.0lundecene x. which is 
converted to a known epi-widdrol precursor. 

IRTBOWCTIOll: Although many reactions of allylsilanes are known. their use as key 

intermediates in the synthesis of natural products has been limited.2 In addition, few 

general methods exist vhich efficiently annulate five- through eight-membered rings. The 

intramolecular addition of allylsilanes to electrophilic olefins represents a unique solution 

to these challenges.3 Chart 1 illustrates four cyclizations, developed in our laboratories.4 

which annulate a cycloheptane ring.5 The cyclization of a 4-iso-butenyl-dienone, such as - 

trienone fi. was recently utilized in a stereospecific synthesis of perforenone, a marine 

metabolite containing a 6.7-bicyclic skeleton. 3i*J in this manuscript we report the total 

synthesis of e&-widdrol (1) via two of the cycloheptane annulation strategies shown below. 
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RlLwLw Am DIScuSSIO~I -- 

First Synthesis: 

While establishing the scope of intramolecular additions of allylsilanes to dienones, 

we observed that the cyclization of 1 occurred in 82% yield and produced a 2:l mixture of 

epimers, 4a and e, unlike the cyclization of ,,3k - which was stereospecific (Eq. 1). Ration- 

alization for the diaatereoselectivity of these cyclizations is discussed in another manu- 

script.’ 

Equation 1 

3 

Z allylsilane @a) 
E ailyla~lana (3b) 

3a:Sb=2:1 

4 

R - CH, ; R’ . vinyl (4a) 
R - vinyl ; R’ . CH, (4b) 

4a : 4b - 2 : 1 

H K E@ 
- 

82% 0 

R I CH, ; A’ - OH 

l pl-Wlddrol (1) 

R I OH ; R’ - CH, 

Wlddrol (2) 

Enones 4a and 4b represent logical precursors to s-viddrol* and widdrol (z),9-11 re- - - 

spectively. The enone unit present in these substrates permits elaboration of the cyclohexane 

rfng and introduction of the C(S)-C(6) double bond, while the C(8) vinyl group allows gener- 

ation of the requisite tertiary alcohol with complete stereochemical control. We predicted 

that the gepmetry of the allylailane oould dictate the resulting stereochemistry at C(8), 

since trfenone 3 was derived from diketone 5’ via a Seyferth-Wittig reactionI and consisted 

of a 2:l mixture of E and Z isomers. If this conjecture proved valid, such stereoselectivity 

could be used to synthesize the basic carbon framevork of widdrol or epi-widdrol by cyclizing 

the appropriate tri-substituted allylsilane precursor. 

In order to test this strategy, we proceeded to separate the E and Z isomers of 2 (Eq. 

2). Their olefin geometries were assigned based on DIFNOE experiments.13 Treatment with 

vinyllithium, followed by mild acid hydrolysis, yielded trienones 3a and 3b. - - 

Et0 

Equation 2 

Cyclization of &, which possesses a Z allylsilane moiety, produced a single adduct 

in which the stereochemistry at C(g) vhich could not be assigned based on spectral properties 

(Eq. 3). Meanwhile, cyclftation of s, which has an E allylsilane. generated an inseparable 

lrl mixture of isomers 4a and 4b. - - In general, an E allylsilane is more reactive than the 

Z geometric isomer. However, the inverse of this generalization was observed in the c~cli- 
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zatians of 38 and 3&; the reason for this difference is presently not understood. Other - 

catalysts were examined to improve the diastereoselectivity of the cyclitation of 3b. Al- - 

though TIC14 promoted cyclitation, prolonged reaction times caused the adduct to suffer de- 

composition. Milder Levis acids, such as EtAlC12, gave only protodesilylation products and 

unreacced starting material. 

Equation 3 

cy 
BF, . Et,0 (65%) 

w 

- m 0 ’ %_ 

BF3 Et,0 (83%) 

4a : 4b - 1 1 

We initially assumed that the selective cycllzation product 49 possessed the desired - 

trans relationship between the C(4) and C(8) methyl groups necessary for viddrol. Conversion 

of this material to an Intermediate (2, Eq. 4) in Danishefsky’s viddrol synthesislob would 

establish the relationship between the two methyl groups. The structures shown in Eqs. 3 

through 5 were based on this comparison. They indicate that our initial assumption was incor- 

rect. 

Having assembled a 6,7-bicyclic ring system, we next set out to appropriately function- 

alice the cyclohexane ring; this required the generation of the C(4) geminal-methyl groups 

and removal of the C(3) carbonyl. These transformations were achieved as follows (Eq. 4). 

Alkylation of the enolate of enone 4a with methyl iodide under conditions of thermodynamic - 

control produced the desired C(4) geminal pairing end moved the C(4)-C(5) olefin into the 

cycloheptane ring. Wolff-Kishner reduction resulted in 

in 76% yield.14*15 

the removal of the C(3) carbonyl 

cH3 
CY m- Dlmsyl I CH,I 

‘,, 
0 52% 

Equation 4 

Wolff-Kishner 
Raduclion 

76% 

We next turned our attention to degrading the C(S) vinyl unit in & to the requisite - 

tertiary alcohol. Diene ti was oxidized to acid 9a via ApSimon’a modification16 of the - - 

Lemieux-von Rudloff oxidative pr0cedure.l’ Unfortunately, as mentioned earlier, TLC and 

and NHR analysis indicated that 9a was isoaeric with an authentic sample. Acid 98 was stereo- - - 
specifically converted to epf-widdrol via a known three-step cerboxy inverrion process. 18,lOb 
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Analogously , we carried the inseparable mixture of edducts obtained via the cyclization 

of m through the 8ame sequence of steps (Eq. 5). Acids 9a and 9b were separable. Isomer - - 

E, vhich constituted half of the material, was fdentfcal to Danishefeky’s known wfddrol 

precursor ) thua constituting a formal syntheeis. 

We were curious whether changfng the nature of the silicon ligands would modify the 

stereoselectivity of the cyclization. Despite the multitude of lethods known for preparing 

allylsflanes, few permit the stereoselective preparation of tti-substituted allylailanea. 

Ihe method developed by Fleming and co-workers is an exception. They reported that treatment 

of an allylic acetate with the sflyl cuprate derived from phenyldimechylchlorosilane forms 

the least substituted allylaflane in high yield.19 Applying this method to lactone lo,20 

Equation 5 

1) Dimsyl I CH,I 

2) hydrazine I K&O, 

3) m, 

R - CH,: w - vinyi (4a) 
R - vinyl ; R I CH, (4bl 

4a:4b=1:1 

R . CH,; I? - CGOH (9a) 
R~COOH:FT.CH, (Qb) 

9e:Bb -1:l 

a cyclic allylic acetate, we generated an allylsilane acid which was immediately esterified 

to provide 11 in 65% yield (Eq. 6).21 Lithium aluminum hydride reduction of 11 provided - - 
an alcohol which was converted into homoallylic iodide 12 using diiodotriphenylphosphorane.22 - 

The kinetic enolate generated from 7.,6-dimethyl-3-ethoxy-2-cyclohexen-l-one (2) was alkylated 

with 2 t0 give ketone g in 55% yield.23 Note that this alkylation proceeds in good yield 

despite the use of an electrophile prone to eliminatlon.24 Ketone 14 was then converted 

to trienone 15 a* shown. - 

6 I O 
% 0 

lQ 

Equation 6 

I. (CBHS Me2 Si)* Cu Li 

2. C&,N2 
65% overalt 

3. LAH 
4. G&J,P 1, 

69% overall 

5. alkylation 
with 13 
55% 

a) EtAICI, (78%) 

0 

WJ 1 H’ CH!? 

R . CH, : R’ I vinyl (1 W 13 
67% -14 

R - vinyl ; ff - CH, (*6b) 

The cyclization of 15 was troublesome. OII occasion large excesses (6 equivalents) of 

boron trtfluorfde ctherate were required to complete reaction. Not only was 2 less reactive 
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Equation 9 

w 0 

various oxidants 

II 
/I 

;- p 

c+b 

wcy 

23 

cH3coctI 
a) Jones Rgt (75%) 
b) POCIDM (53%) 

c) PCC I Jones Rgt 
50% overall -SV 

w 
\ 

WcHs 

reduction followed by 
dehydration 

N 

AL 
SOY-92% 

folloved by oxidative work-up, gave exclusively alcohol 25 in 77% yield. - Oxidation of this 

compound to acid 26 could be achieved in a number of ways. 

26 using lead tetraQetate26 

Oxidative decarboxylation of 

- gave diene 24 directly, - although yields were inconsistent. 

Equation 10 illustrates two routes used to prepare *-oiddrol from diene 24. - The prepa- 

ration of epoxide 27 from 24 and ita reduction to 1 haa been reported by Dauben and - 

co-vorkers. 9 We speculated that isomerization of diene 24 to conjugated diene 28 might lead - - 

to a conformation favorable for epoxidation from the B-face of the molecule (cf. 29J.27 - 

However, epoxidation of 28 furnished a single epoxide which yielded epi-widdrol upon reduction - 

with LAH. In contrast to the reduction of epoxide 2, vhich required 18 hours at 85”~ for 

completion, opening of epoxide 30 at the allylic position occurred within several hours at - 

room temperature. 

w m-CPBA ’ 
c 

* r, 
/I 

m-CPEA 

29 

LAHQ 

m-CPBA 

3.l 

Cooclusionr Our pioneering studies have demonstrated that the intramolecular addition of 

allylsilanes to electrophilic olefins represents a fundamentally new approach to carbocyclic 

bond construction. The syntheses of epi-viddrol described above exemplify the directness 

of this annulation strategy in aesembling carbon skeletons. Moreover, the ability of this 

methodology to diastereoselectively generate polyfunctionalized systems predictably will 

facilitate the design of synthetic routee to more complex natural products. 
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General: Routine 1H NMR spectra were recorded at 90 MHz on a Varian EM 390 spectrometer. 
Chemical shifts are reported in ppm relative to tetramethylrilsne at 0.00 ppm. The data 
reported as integer numbers are accurate to vithin f 10%. 1H RMR data are presented as 
follovsr chemical shift (multiplicity, number of protons, coupling constants in Hertz). 
Fourier transform RMR spectra were determined in CDC13 on a JEOL FX 9OQ 9OMHt f1H)/22.5 MHz 
(13C) instrument or a JEOL FX 270 MHz instrument with an 2H internal lock. Infrared (IR) 
spectra were recorded as thin films between polished sodium chloride plates on a Perkin-Elmer 
197 Grating Infrared Spectrometer. All absorption bands are reported in wave numbers (cm-l), 
which were calibrated against the 1601 cm-1 absorption band of polystyrene. Lov resolution 
mass spectra were recorded on a Finnigan 4023 Chromatograph-Mass Spectrometer by a direct 
probe and are expressed in m/r units. Microanalysis was performed by Atlantic Microlab, 
Inc., Atlanta, Georgia. 

Anhydrous tetrahydrofuran (THF) and diethyl ether were prepared by refluxing with, and 
distillation from, sodiumlbenzophenone under a nitrogen atmosphere in a recycling still. 
Anhydrous hexamethylphosphoramide (RMPA) was prepared by refluxing over and distillation 
from calcium hydride under a dry nitrogen atmosphere and stored over 4A molecular sieves. 
Anhydrous toluene and diisopropylamine were prepared by refluxing over and distillation from 
calcium hydride and stored over sodium metal and potassium hydroxide pellets, respectively. 

All reactions were run under an inert atmosphere of nitrogen, and monitored by TLC analy- 
sis until the starting material was completely consumed. Unless otherwise indicated, all 
ethereal workups consisted of the following procedure: The reaction mixture was quenched 
at room temperature with saturated aqueous anrmonium chloride. The organic solvent was removed 
under reduced pressure on a rotary evaporator and the residue was taken up in ether, washed 
with brine, and dried over anhydrous magnesium sulfate. Filtration, followed by concentration 
at reduced pressure on a rotary evaporator and at 1 torr to constant weight, afforded a crude 
residue vhich was purified by flash chromatography using MR silica gel 60 (230-400 mesh ASTM) 
and distilled reagent grade solvents. 

I. Epl-UIDDROL VIA A 4-E-PgRllDWL -DIIQi(IIR CPCLIF.AFIOII.~ 

Preparation of 6a and 6br gnones 6a and 6b were prepared via a Seyferth-Wittig reaction13 - 
on 3-ethory-6-m~yl-6-~-oxobutyl)-~cyclohexen-l-one.7 A mixture of 854 mg of the E and 
2 isomers was separated using a Harrison Chromatotron (2 ess plate, elution with hexanes/ether, 
15:l) to afford 300 mg of pure & and 553 mg of pure Lb (Rf 6a = 0.74, Rf 6b = 0.65, hexsnesl 
ether, 1:l). 

-- - 

(f&: 
3-ethoxy-6-methyl-6-[(Z)-3-methyl-5-(trimethylsilyl)-3-pentenyl~-2-cyclohexen-l-one 

1~ RMR (cDCl3) 60.04 (8. 9H), 1.10 (s. 3H), 1.30-1.40 (m, SH), 1.34 (t, 3H, J = 6Hr), 
1.40-2.00 (m, 9H), 1.67 (I, 
- 9Hr). 5.24 (s, la); 

3H), 2.30-2.50 (m, 2H), 3.88 (q, 2H. J - 6Hz). 5.10 (t, lH, J 
13~ HEIR (CDC13) 203.6 (s), 175.3 (a). 132.4 (6). 120.2 (d), 101.1 (d). 

63.9 (t), 43.1 (3). 34.8 (t), 31.9 (t), 25.8 (t), 25.8 (t), 23.3 (q), 21.9 (9). 18.0 (t), 
13.9 (q), -1.6 (q) ppm; IR (film) 3000-2850, 1660, 1620, 1385, 1320, 1300, 1255. 1200. 1160. 
1115, 1025, SO0 cm-l; mass spectrum, m/z 308 (M+). 

(6b)l 
3-ethoxy-6-methy1-6-[(~)-3-methyl-5-~trimethylsilyl)-3-pentenyl~-2-cyclohexen-l-one 

=6Hz), 
1H RMR (CDC13) 6 0.00 (8, 9H), 1.08 (8, 3H), 1.34 (t, 3H, J - 6Hz). 1.36 (d, 2H, J 
1.40-2.00 (m, 9H), 1.52 (a, 3H), 2.33-2.46 (m. 2H). 3.88 (q, 2H. J = 6Hr), 5.15 (t, 

1H. J - 9 Hz), 5.23 (8, 1H); 13~ NMR (CDC13) 203.7 (a), 175.3 (a). 132.2 (s), 119.8 (d), 
101.0 (d). 63.8 (t), 42.9 (s), 35.6 (t), 34.1 (t), 31.7 (t), 25.8 (t), 21.9 (q), 18.3 (t). 
15.6 (q), 13.9 (q) -1.9 (q) ppm; IR (film) 3000-2850, 1660, 1620, 1390, 1365, 1255, 1200, 
1120, 1050, 850 cm- !; mass spectrum, m/r 308 (M+). 

4-lkthyl-4-[~~)-3-rthyl-5-~trimthylailyl~-3-pcntcnyl~-3-vinyl-2-cyclobcnn-l-~e (3a)r 
A solution of 560 mg (1.8 armol) of 6a in 20 mL of TRF at O'C was treated dropwise uithl.2 
mL of vinyllithium (2.3 M, 2.72 mmol) over a 30-min period. The reaction was then stirred 
for 45 min at room temperature. Standard ethereal workup provided 1.1 gram of crude residue 
vhich was used directly in the next reaction. 

The crude alcohol was dissolved in 10 mL of THF and 10 drops of 10% HCL were added. 
After stirring at room temperature for 45 min, the reaction was quenched by the addition 
of solid potassium carbonate and then filtered. Following removal of the solvent, the crude 
trienone was chromatographed on silica gel (elution with hexanes/ether, 10:l) to provide 
474 mg (907.) of dienone 3a vhich was homogeneous by TLC analysis (hexenes/ether, l:l, Rf 
6a = 0.54, Rf 3a - 0.74);7H RMR (CDC13) 6 0.00 (8, 
iT33 (d, ZH, Jy 6Hz). 

9H), 1.12 (8, 3H). 1.25-2.20 (m, llH), 
1.67 (s, 3H), 2.40-2.51 (m, 2H). 5.13 (t, lH, J - 9Hz), 5.37 (dd, 

IH, J - 11 Hz, 2Hr), 5.72 (dd, lH, J - 17Ha, 2 Hz), 5.97 (dd, lH, J - 17Hr, llHz), 6.13 (s, 
1H); 13C NMR (CDC13) 199.4 (s), 165.6 (8). 134.8 cd), 131.8 ((I), 123.4 td), 120.6 (d), 119.9 
(t), 37.4 (s), 37.1 (t), 33.9 (t), 33.1 (t), 26.8 (t), 24.5 (q), 23.2 (9). 18.2 (t), -1.8 
(q!lppm; IR (film) 3000-2800, 1675. 1600. 1420, 1385, 1335. 1280, 1250, 1160. 990, 935, 860 
cm ; mass spectrum, m/r 290 CM+). 

trans-3,4.4r,5.6.7.8,9~tabydro-~,7-d~thyl-7-vi~yl-~-~a~ycl~pt~-2-~ (4a): To 
410 mg (1.4 mol) of trienone 3a in 20 mL of dry toluene at O'C was added dropwise 870 UL 
(7.0 mmol) of freshly distilled-&on trifluoride etherate. The reaction mixture was stirred 
at O'C for 90 min and then diluted with 100 mL of wet ether, vashed with brine, dried over 
anhydrous magnesium sulfate, filtered and concentrated. 
on silica gel (elution with hexanes/ether, 

The crude residue was chromatographed 
511) to provide 200 mg (65%) of enone 4a which 

was homogeneous by TLC analysis (hexaneslether, l:l, Rf 3a = 0.69, Rf 4a = 0.46):lH NMR - - 
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(CDcl3) 6 1.02 (s, 3H), 1.13 (s, 3H), 1.31 (br s, ZH), 1.53-1.85 (m, 4H), 2.07-2.58 (m. 6H). 
4.80 (d, lH, J - llHr), 4.85 (d. lH, J = 17Ha), 5.66 (dd, 1H. J = 17Hz, llHz), 5.77 (a, 1H); 
13C NMR (CDCl3) 199.4 (a), 174.7 (81, 149.9 (d), 127.0 (d), 109.4 (t), 41.3 (t). 38.9 (8). 
38.1 (s), 35.4 (t), 34.6 (t), 34.0 (t), 33.7 (t), 29.8 (t), 25.3 (q), 22.8 (q) ppm; IR (film) 
3075, 3000-2970, 1660, 1640, 1610, 1450, 1405, 1380, 1360, 1345, 1260, 1235, .1220, 1020, 
980, 910 cm-15 mass spectrum, m/a 218 (K+). Anal. Calc'd for Cl5H22Or C, 82.51; H. 10.15. 
Poundr C, 82.36; H, 10.21. 

2,3,4,~,5,6,7,8-oct~ydro-l,1.~.7-tatr~th~l-7~~"~l-l~-~a~~clo~ptm-2-~m f&j, To 
107 mg of 80% Nd (3.56 mmol) was added 2 mL of freshly distilled DMSO. The resulting mixture 
was warmed at 75'C until hydrogen evolution ceased ] = 30 min] and the" cooled to room 
temperature. A solution of 370 mg (1.7 mm011 of 4m dissolved in 2 mL of DRSO was then added 
to the reaction mixture. After stirring 1 h atoom temperature the solvent was removed 
in vacua. The resulting brow" residue was dissolved in 15 mL of dry THF and 506 mg (3.56 
m freshly distilled iodomethane were added. The reaction wss stirred for 12 h at 
room temperature. Standard ethereal workup gave 0.5 g of a crude oil. Chromatography of 
the crude product (elution with hexanes/ether, 811) afforded 219 mg (52%) of 7a. which was 
homogeneous by TLC analysis (hexanes/ether, 311 Rf ba = 0.45. Rf 7a = 0.83): FRMR (CDC13) 
6 0.96 (s, 3H), 1.07 (s, 38). 1.20 (8, 3H), 1.25 (x 3H), 1.40-1.75 (m, 4H), 1.78-2.18 (m, 
2H), 2.28 (dd, 2H, J - 9Hz, 6 HZ), 2.45 (dd, 2H, J - 6Hs, 3Hr), 4.88 (dd, lH, J - l2H2, 2821, 
5.55 (dd, LH. J = SHz, 4Hz), 5.81 (dd, lH, J = 1282. 9Ht); 13C RMR (CDCl3) 215.2 (s). 150.6 
(s), 146.4 (d), 121.5 (d), 111.0 (t), 50.5 (s), 39.0 (s), 37.1, 37.1. 35.8, 34.5, 34.4, 29.0 
(q), 26.6 (q), 24.0 (q) ppm, IR (film) 3090, 3000-2870, 1710, 1680, 1640, 1460, 1420, 1380, 
1260, 1120, 1010, 920 cm- ; mass epectrum. m/z 246 (!I+). 

tr~a-3.4.4a,5.6,7,8.9-~t~Fd~-~,7-d~thyl-7~"~1-2~-~~~c~o~pt~-2-~e @a): A 
mixture of 7a (170 mg, 0.7 mmol), hydrezine hydrate (0.2 mL. 6.2 ssaol), a"hydrousGtassium 
carbonate (1.14 8, 8.3 axsol), and diethylene glycol (8 mLL) was placed into a round bottom 
flask equipped with a short-path distillation apparatus and heated at 160°C for 2 h followed 
by heating at 23O'C for 3 h. The cooled reaction mixture was combined with any distillate, 
diluted with water, and extracted with ether. The combined organic extracts were washed 
with cold 10% HCl, dried over anhydrous magnesium Sulfate and filtered. Concentration in 
E, followed by chromatography on silica gel (elution with hexanes). gave 121 mg (762) 
of diene & (hexanes, Rf 7a = 0.05, Rf & = 0.87): 1~ tD4R (CDC13) 6 0.98 (8, 38). 1.09 (br 
s, 6H), 178 (a, 3H), 1.38-1.80 (m, 103, 2.27 (overlapping dd, 28, J - 14Hz, 6&j, 4.80 

(br s, lH), 4.85 (d, LH, J - 16Hz). 5.50 (dd, lH, J - 14Hz, 6Hz), 5.84 (dd, 18, J - 16Hr, 
14H.j; 13C RMR (CDCl3) 152.5 (8). 148.0 (d), 118.6 (d), 110.0 (t), 41.7, 41.7, 40.3, 39.2, 
36.6, 32.9, 32.0, 31.0-25.0 (br peak), 
1420, 1370. 1000. 910, 850 cm-l. 

18.7 ppmi IR (film) 3080. 3050, 2950-2840, 1630, 1460, 
Anal. Calc'd for C17H28' C, 87.85; H, 12.14. Found: C, 

88.06; H, 12.32. 

trm~-2,3,4,~,5,6,7,8~t~dro-l,l,4e,7-tetr~th~~-~~-~~~yclO~pt~e-7-c~r~~~~c acid 
(9., The ApSimon modificatio"16 of the Lemfeux-van Rudloff oxidative cleavagel'l was 
employed. Diene & (120 mg, 0.52 mmol) was dissolved in 25 mL of --butsno and treated, 
with stirring, with a solution of 664 mg (3.1 axsol) of sodium metaperiodate and 3 m8 of Potas- 
sium permanganete in 50 mL of water. The reaction mixture wsa kept st pH 8 by the addition 
of 5% aqueous K2CO3 [rrl mL1, and stirred until the color of the permanganate was dissipated 
(3 h). The reaction mixture was then acidified with 20% aqueous hydrochloric acid- Stsndard 
ethereal workup provided 67 mg (52%) which was homogeneous by TLC analysis (hexanes/ether. 

211, Rf & = 0.94, Rf 98 = 0.66): lH RRR (CDC13) 6 1.06 (a, 3H), 1.08 (a, 3H), 1.18 (8, 

3H), 1.2i-(s, 38), 1.307.80 (m, 8H), 1.90-2.10 (m, 2H), 2.18 (dd, 2H, J = 1482, 6Hs). 5.58 
(t, LH. J - 7 AZ), no carboxylic acid proton observed; l3C RRR (CDC13) 184.8 (81, 153.1 (s), 
118.0 (d), 44.5, 41.5, 41.0-37.0 (br peak), 36.6, 31.0-34.0 (br peek). 23.0-29.0 (br peak), 
17.7 (q) ppm; IR (film) 3100-2500, 1700, 1460, 1400, 1370, 1290, 1230, 1100, 930 cm-'i mass 
spectrum, m/s 250 (M-k). 

api-Uiddrol (1)s 
was utilizedmb. 

The three-step carboxy-inversion procedure developed by Denney end Shermn17 

A solution of 9a (70 mg, 0.28 sxaol) in 1 mL of dry benzene was treated 
with 0.1 mL of freshly distilled~hionyl chloride. The reeulting mixture was stirred at 
75'C for 1 h followed by removal of volatiles in vacua. The crude acid chloride ]hexanes/ 
ether, 2:1, Rf 9a = 0.46, Rf acid chloride = 0.54) was used imediately in the next reaction 
without purificazo" or characterization. 

This acid chloride (t 0.28 mmol) was then dissolved in 1 mL of dry pentane. cooled to 
-25OC, and treated with 58 mg (0.28 onnol) of 85% g-chloroperbenzoic acid and 23 uL (O-28 
mmol) of pyridine. The stirred mixture was allowed to warm to room temperature over a 12-h 
period, filtered. and concentrated. The crude mixed carbonate ]Rf acid chloride = 0.51, 
Rf carbonate - 0.97, hexanes/ether, 2:1] was used immediately in the next reaction without 
purification or characterization. 

To the above crude carbonate (* 0.28 mmol). dissolved in 1 mL of anhydrous ether and 
cooled to O'C, was added 50 mg of lithium aluminum hydride. The resulting mixture was stirred 
at O’C for 30 min and diluted with reagent grade ether. Evaporation of the solvent, after 
filtration to remove suspended material, gave crude epi-widdrol. Purification on silica 
gel (elution with hexanes/ether, 211) gave 25 mg (40% from &) of 
was homogeneous by TLC analysis (hexanes/ether, l:l, Rf 1 = 0.50): 

~~e~+;t~~;olgw~~;gh 

(a, 3H), 1.10 (S, 3H), 1.11 (s, 3H), 1.19 (S, 3H). 1.01-1.94 (m, 23H), 2.00-2.13 (br a, LH), 
2.39 (dd, lH, J = 14 Hz, 5 Hz), 5.49 (dd. lH, J - 7Hz, 582); 13C NKR (CDCl ) 118.1 (d), 96.0 
(s), 42.5 (s), 41.6 (t), 41.0 (s), 39.3 (9). 39.3 (t), 39.3 (t), 39.2 (t I 38.4 (q), 38.4 3 
(t), 37.0 (a). 32.7 (q), 30.1 (q), 18.1 (t) ppm; IR (film) 3650-3100, 3050-2800, 1460, 1380, 
1230, 1120, 760 cm-l; mass spectrum, m/r 204 (M-18). Anal. Calc'd for Cl5H260: C, 81.08; 

H, 11.71. Found: C, 81.29; H, 11.40. 
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4-~~tb,l-4-[(g)-3-athyl-5-(trirthylallyl~-3-~mt~yl~-3-vimyl-2-CY~lO~~m-l-~= (Z)* 
A solution of625 mg (2.0 mm01) of 6b in 25 mL of THF at 0% was treated dropwire wfth 1.8 
d of vinyllithium (2.3 11, 4.06 mm03 over a 30-min period and stirred for 45 min at room 

temperature. Standard ethereal workup provided 0.9 g of crude residue which was used directly 
in the next reaction. 

The crude alcohol was dissolved in 10 mL of THF and 10 drops of 10’1 HCl were added. 
After stirring at room temperature for 45 min, the reaction was quenched by the addition 
of solid potassium carbonate and then filtered. Following removal of the solvent, the crude 
trienone was chromatographed on silica gel (elution with hexaneslether, 1011) to provide 
524 mg (89%) of trienone 3b which was homogeneous by TLC analysis (hexanea/ether. 111, Rf 
6b - 
ZL,, 

0.67, Rf 2 - 0.74),-1H NMR (CDC13) 6 -0.10 (6, 9H), 1.17 (8, 3A), 1.37 (d, ZH, J - 
1.53 (8, 3W, 1.50-2.20 (m, 9H), 2.40-2.50 (m. 2H), 5.16 ft. lH, J - SHz), 5.36 (dd, 

lH, J - 12Hz, ZHz), 5.70 (dd, lH, J = 16Hr, 2Hz), 6.10 (s, lH), 6.44 (dd, llf, J - 16Hz, 12Hz); 
13C NMR (CDC13) 199.3 (s), 165.7 (s), 134.0 cd), 131.8 (a), 123.4 cd), 120.4 cd), 119.8 (t), 
38.1 (t). 37.3 (a), 34.4 (t), 33.9 (t), 33.1 (t). 24.6 (q), 18.5 (t), 15.7 (q), -1.8 (q) 
ppm; mass spectrum, m/z 290 CM+). 

A mixture of 4a and cia-3.4,4a,5.6.7.8.9-0etahydro-4a,7-dirthyl-7-rinyl-2~-bcnrocpclohcpten- 
t-one (*jr % 335 ccl.1 rmnol) of trienone 3b in 15 mL of dry toluene at O°C was added 
dropwise 710 uL (5.7 mm011 of freshly distilledboron trifluoride etherate. The reaction 
mixture was stirred at O’C for 2 h and then diluted with 100 mL of wet ether. washed with 
brine, dried over anhydrous magnesium sulfate, filtered and concentrated. The crude residue 
was chromatographed (elution with hexanes/ether, 4:l) to provide 210 mg (83%) of enones 4a 
and 4b which were homogeneous by TLC analysis (hexanes/ether. l:l, Rf 3b = 0.69, Rf 4 - 0.47r 
lH &13) 6 0.92 (a. 1.5 H), 1.08 (a, 1.5 H), 1.12 (s, 1.5 H), 1.5 (8, 1.5 H), 1.21-2.6 
(m, 12 H), 4.80-4.95 (m. 1 H), 4.95-5.15 (m, 1 H), 5.71 (dd, 0.5 H, J = 18 Hz, 13 Hz), 5.74 
(dd, 0.5 H, J = 18 Hz, 13 Hz), 5.83 (8. 0.5 H), 5.85 (6, 0.5 H)I mass spectrum. m/z 218 CM+). 
This data represents a 1:l mixture of C(S) isomers based on NMR intergtation. 

cis-3,4,4a.5,6,7.8.9~t~ydro-4a,7-d~thyl-7-vi~yl-2~-~~yclobeptem-2-~ (9b)r 
Treatment of 265 mg (1.2 mm011 of a lrl mixture of 4a-and 4b with 48 mg of 852 sodium hydTlhe 
(1.58 mm011 and 0.18 mL of iodomethane (2.8 mmol) aspreviously described in the preparation 
of 7a gave 177 mg (342) of 7a and its C(6) isomer as an inseparable mixture: 
6 030-2.05 (m, 20 H), 2.20-2.65 (m, 

lH NMR (CDC13) 
2H), 4.80-4.95 (m. 2H), 5.51-5.65 (m, lH), 5.71-5.93 

(III, 1H); IR (film) 3100, 3050-2800, 1720, 1680. 1645, 1470, 1380, 1235, 1050, 1000. 915 cm-l. 
Continued elution provided 117 mg (442) of unreacted starting material. 

Treatment of the above material (100 mg, 0.4 rrmol) with 0.12 mb of hydrazine and 673 
mg of K2CO3 (4.8 mmol) as previously described in the preparation of & furnished 110 mg 
(78%) of diene & and its C(8) isomer (gbb) as an inseparable mixture1 ‘HHPlR (CDCl3) 6 0.87 

(8, 3H), 1.05 G, 6H). 1.15 (s, 3H), KSO-2.40 (m, 24H), 4.57-4.93 (m, lH), 4.95-5.2 (m. 
1H). 5.2-5.6 (m. 1H). This data represents a 111 mixture of& and e. 

The above mixture of dienes (60 mg. 0.25 mm011 was dissolved in 13 mL of tert-butanol 
and treated, with stirring, with a solution of 332 mg (1.55 mmol) sodium metaperiodate and 
1 mg potassium pennanganate in 25 mI. of water. The reaction mixture was kept at pH 8 by 
the addition of 5% aqueous K2CO3 [ =l mL], and stirred until the permanganate color disap- 
peared (4 h). The reaction mixture was then acidified with 20% aqueous hydrochloric acid. 
Standard ethereal workup provided 56 mg of a mixture of crude acids 9a and 2, which were 
separable by chromatography on silica gel (elution with hexanes/etherT 3:l) to furnish 15 
mg (23%) of 9a [Rf 9a - 0.69, hexanes/ether, l:l] identical to that previously characterized 
and 16 mg (25% of acid 9b which was homogeneous by TLC analysis [Rf 9b - 0.55, hexanes/ether. 
l:l]: 1~ NMR (CDC13) E.10 (s, 681, 1.17 (8, 3H), 1.18 (a. 3H), ~10-2.10 (m, 24H), 2.74 
(dd, 1H. J = 14Hz, 6Hs), 5.51 (dd, lH, J - 9Hz, 9Hz). This material was identical to an 
authentic sample kindly provided by Professor Samuel Danishefsky. 

(~)-3-lkthyl-5-(dtmtbylpbmmylailyl)-3-pemtenyl iodide (12): Dimethylphenylchlorosilane 
(2.1 g, 12.3 mmol), lithium metal (431 mg. 61.6 mmol) and dry THP (15 mL) were stirred, 
under nitrogen, for 17 h. The resulting red solution was added to copper(I)iod (662 mg, 
7.4 mol) in 10 mL of THP at 0% under nitrogen. The mixture was stirred at O’C for 90 min 
and then cooled to -SO?. A solution of 690 mg (6.1 mm011 of lactone 1020 dissolved in 
15 mL of dry THF was added. The resulting mixture was stirred at -60°C fz a 12-h period. 
warmed to -1O’C. and then poured into 300 mL of a saturated solution of ammonium chloride 
and sodium carbonate (a 111 mixture). Standard ethereal workup afforded 1.3 g of an oily 
residue which was used immediately in the next reaction without further purification or 
characterization [Rf 10 - 0.65, Rf acid = 0.47, hexenes/ether, 3:lj. 

A solution of 1.-s-g ( 6.1 mm011 of the above crude acid in 100 mL of ether was treated 
with an ethereal (200 mL) solution of diazomethane, prepared from 1.37 g of nitrosomethylurea 
(12.3 mmol), and stirred at room temperature for 1 h. Excess diazomethane was consumed 
by the careful dropwise addition of glacial acetic acid. The ethereal phase was washed with 
brine, dried over anhydrous magnesium sulfate, filtered, and concentrated. Chromatography 
of the residue on silica gel (elution with hexanes/ether, 1O:l) provided 1.05 g (65% from 
10) of ~~~-methyl-3-methyl-5-~diwthylphenylsilyl~-3-pentenoate (11) which was homogeneous 
by TLC analysis (hexanes/ether, 3:1, Rf acid - 0.68. Rf G - 0.6~~ lH NMR (CC14) 6 0.23 
(s, 6H), 1.55 (d, 2H, J - 7Hz). 1.67 (br I), 3H), 2.85-2.90 (m, 2H), 3.55 (8, 1.5H). 3.60 
(8. l.SH), 5.23 ft. 1~. J - 6H.1, 7.00-7.35 (m. 
1260, 1160, 1125, 1020 cm-l. 

5H); IR (film) 3050-2870, 1740, 1440, 1420, 
This data represents a mixture of conformers due to restricted 

rotation of the tri-alkylsilyl unit. 
To a suspension of 116 mg (3.0 mmol) of LAH in 15 mL of ether at O’C was added dropwise 

a solution of 500 mg (1.9 -1) of ester 11 in 5 mL of ether over a LO-min period. The re- 
action mixture was stirred at O’C for 45%.n and diluted with reagent grade ether. Evapo- 
ration of the solvent, following filtration to remove suspended matter, afforded an oily 
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residue which was purified by chromatography on silica gel.felution with hexanes/ether. 2:l) 
to give 400 mg (90%) of pure ~~~-3-methyl-5-~dimethylphenylsilyl~-3-penten-l-o1 which was 
homogeneous by TLC analysis (hexanes/ether, 211. Rf 11 = 0.81, Rf alcohol = 0.251: 1H NWR 
(CC141 6 0.21 (8, 6Hl. 0.85 (br 8, llf), 1.36 (br 8. Ill), 1.50 (br 8, ill), 1.57 (8. 3H1, 2.03 
ft, 2H, J = 6Hs1, 3.35 (t, 2H. J - 7Hz1, 5.03 (t, 0.5H, J - 6Hx1, 5.13 (t, 0.58, J - ~Hz), 
7.00-7.35 (m. 5H); LR (film) 3650-3100. 3050, 2980-2800. 1420, 1240, 1150, 1110, 1090, 1040, 
830 cm-l. This data represents .s mixture of conformers due to hindered rotation of the tri- 
alkylailyl unit. 

To a solution of 200 mg (0.85 mm011 of the above alcohol in 4 mL of dry ether at room 
temperature was added 471 mg (1.8 mm011 of triphenylphosphine and 0.45 mL of HMPA (2.56 mmoll. 
To this mixture was added 434 mg (1.7 mnol1 of finely ground iodine. The resulting reddish- 
brown solution was stirred 12 h at room temperature. The mixture was poured into 70 mL of 
cold saturated aqueous sodium bicarbonate and extracted four times with 100 mL of ether. 
The ethereal extracts were combined and washed with cold saturate thioaulfate, brine, and 
dried over anhydrous magnesium sulfate. Evaporation of the solvent gave a residue which 
also contained triphenylphosphine. Tituration of this residue with pentane afforded an oily 
residue. Chromatography on silica gel (elution with hexenes) furnished 226 mg (77%) of iodide 
(12) which was homogeneous by TLC analysis (hexanes/ether, 211, Rf alcohol - 0.30, Rf E 
= 0.97): 1~ NItR (cc14) 6 0.31 (a, 6H), 1.50 (d, 2H, J - 6Hr), 1.67 (s, 3H), 2.30-2.60 (m. 
2H1, 2.70-3.20 (m, 2H), 5.17 (t, 18, J - 7Hz1, 7.10-7.35 (m, 5Hl. This data represents a 
mixture of conformers due to hindered rotation of the tri-elkyleilyl unit. 

2.6-Diuthyl-3-ctbo~-6-((Z~-3~thyl-5-~d~thyl~yl6ilyl~-3-~nt~yl~-2-cyclo~~n-l-~e 
(14)s To a solution of lithium diisopropylamide, prepared from 290 VL (2.0 mm011 of diisopro- 
pzamine in 2 mL of dry THF and 1.2 mL of n-butyllithium (1.6 2 in hexanes, 1.9 nssol) at 
-lS’C, was added a solution of 288 mg (1.7 mm011 of 2,6-dimethyl-3-ethoxy-2-cyclohexen-l-one 
(13) in 3 mL of THF containing 0.3 mL (1.7 mmol) of HMPA over a 30-min period (via syringe 
pump). After en additional 30 min at O’C, the reaction mixture was cooled to -78OC and 620 
rag (1.8 mmol) of iodide 12 were added. The reection was allowed to gradually warm to room 
temperature overnight (12 hl. Standard ethereal workup provided 1.3 g crude residue which 
was purified on silica gel (elution with hexanes/ether, 5111 to afford 326 mg (50%) of 14 
which was homogeneous on TLC analysis (hexanes/ether, 1:l; Rf 13 = 0.34, Rf 14 = 0.68): q 
NDR (ccl41 6 0.31 (8, 6H1, 1.38 (t, 3H, J - 7Hz), 1.20-2.10 G;, 14H1, 1.637s. 3H1, 2.30- 
2.60 (m. 2H1, 3.97 (q, 2H, J - 6Hr1, 5.07 ft. lH, J - 7Hz1, 7.11-7.53 (m, 5Hl; mass spectrum, 
m/z 384 (X+1. This data represents a mixture of conformers due to restricted rotation of 
the tri-elkylsilyl unit. 

2,4-Dirthyl-4[(~~-3~th~l-5-~d~thyl~mylsiIyl~-3-pant~l~-3-vinyI-2-cycIo~~-l-~e 
(15)s A solution of 320 mg (0.83 mm011 of 14 in 5 mL of TRF at O°C w.ss treated dropwise with 
0.72 mL of vinyllithium (2.3 g, 1.67 sxsoi) over a 30-min period. The reaction was then 
stirred for 45 min at room temperature. Standard ethereal workup provided 511 mg of crude 
residue which was used directly in the next reaction. 

The crude alcohol was dissolved in 20 mL of THF and 15 drops of 10% HCl were added. 
After stirring at room temperature for 25 min, the reaction was quenched by the addition 
of solid potassium carbonate and then filtered. Following removal of the solvent, the crude 
trienone was chrometographed on silica gel (elution with hexanes/ether, 1011) to provide 
255 mg (84%) of dienone 15 which was homogeneous by TLC analysis (hexanes/ether, 2:1, Rf 
14 - 0.68, Rf 15 - 0.791;1H RMR (CDCl3) 6 0.25 (s, 6H1, 1.01 (s, 1.5H), 1.06 (8, l.SH), 
KSO-2.10 (m, lz), 1.51 (br s, 3H1, 1.67 (br s, 3H). 2.15-2.4 (m, 281, 4.85-5.45 (m, 3H). 
6.13 (dd, lH, J = 16Hz, 12Hz1, 7.00-7.40 Cm. 5H); mass spectrum, m/z 366 (nt). This data 
represents a mixture of conformers due to restricted rotation of the tri-alkylsilyl unit. 

3,4,4~,5,6,7,8.9-Oct~ydro-l,~,7-tr~thyl-7-vioyl-2~-~x~ycIo~pt~-2-~e (Xl using 
EtAlC12: To 250 mg CO..68 mm011 of trienone 15 in 8 mL of dry toluene at O’C was added drop- 
wise 100 uL (0.82 mm011 of freshly distilled &on trifluoride etherate. The reaction mixture 
was stirred at room temperature for 60 min. Additional BF3*Et20 (0.5 ml. 4.1 mm011 was added 
and the resulting mixture stirred 30 additional minutes. The reaction mixture w.ss diluted 
with 100 mL of wet ether, washed with brine, dried over anhydrous magnesium sulfate, filtered 
and concentrated. The crude residue was chromatographed (elution with hexenes/ether. 1011) 
to provide 90 q g (57%) of enone 16 which was homogeneous by TLC analysis (hexanes/ether, 

l:l, Rf 15 = 0.69, Rf 16 = 0.46) a% 45 mg (18%) of unreacted 15: lH ERR (cc141 6 0.84 (8, 
0.75H1, TO3 (s, 3~1, TO8 (8, 2.2581, 1.00-2.50 (m, 21Hl. 13 (s, 3H), 4.75 (dd. l.sR, 
J - IOHs, 9Hz), 4.95 (dd. 0.5. J - 9Hz. 9Ws), 5.57 (dd. IH, J - 17Hx, 14Hz); mass spectrum, 
m/z 232 (M+H). Anal. Calc’d for Cl6H240: C, 82.70; H, 10.41. Found I C, 82.44; H, 10.60. 
This data represx a 3:l mixture of ~(8) diastereomers based on NMR integration. 

Preparation of 16 using Tic41 To 90 mg (0.24 11~011 of 15 in 5 mL of dry methylene chloride 
at -78OC was adzd 3 drops of titanium tetrachloride. ?re reaction was stirred for 30 min 
at -78’C and then 0.5 mL of water added. Standard ethereal workup provided 97 mg of a crude 
residue which was purified via column chromatography (elution with hexanesiether, 6:ll to 
afford 44 mg (77%) of 16 [Rf 15 - 0.78, Rf g - 0.56, hexenes/ether, 1111 consisting of a 
3:1 mixture of C(8) isomers baszoon NMR integration. 

II. cpl-DIDDPOL VIA A 4-l_so-BDTEWTL -DIW CTCLIEATI~.~ 

2.6-Dirt~l-3-ctho~-6-[2-[(trimthyLeilyl~thyl]-2-~t~yl]-2-cyclohe~-l-~e (2): To a 
solution of lithium diisopropylamide, prepared from 7.0 mL (50 nanol) of diisopropylamine 
in 50 mL of dry TRF and 18.3 mL of n-butyllithium (2.5 & in hexanes, 45.8 rmaol) at O’C, was 
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added a solution of 7 g of 2,6-dimethyl-3-ethoxy-2-cyclohexen-l-one in 25 mL of THF containing 
7.4 mu (41.6 pmol) of HMPA over a 90-min period (via syringe pump). After an additional 
30 min at O’C, 12.3 g (45.8 mmol) of (Z)-2-[(trimethylsilyl)methyl1-2-buten-l-y1 iodide (19) 
was added. The reaction was allowed to gradually warm to room temperature overnight n4 

h). Standard ethereal workup provided 8.9 g of crude residue which was purffied on silica 
gel (elution with hexanas/ether, 5~1) to afford 7.35 g (57%) of 20 which was homogeneous 
on TLC analysis (hexanes/ether. 1:l; Rf emone = 0.50, Rf 20 = 0.87)r1H NKR (CDC13) 6 -0.05 
(8, 9H). 1.05 (8. 3H). 1.40 (t, 3H, J - 6 HE), 1.20-2.7T (1, 17H), 1.80 (br 8, 3H), 4.05 
(q, 2H, J - 6 Hz), 5.05 (q, lH, J - 5 Hz); 13C NMR (CDC13) 203.0 (a), 169.0 (a), 134.0 (a), 
120.0 cd), 113.5 (8). 63.0 (t), 46.0 (a), 43.5 (a). 32.5 (B), 23.5, 22.8, 22.7, 16.0, 14.7, 
8.5 (q), 0.0 (q) ppm; IR (film) 3000-2800, 1630, 1360, 1250, 1110. 860 cm-l; mase spectrum, 
m/z 308 (M+). 

2.4-Dirthyl-4-[2-[<trtmthyl~ilyl)wthyl~-2-~t~yl~-3-~i~l-2-cyclo~~-l-~e (17): 
A solution of 4.0 g (12.9 mmol) of 20 in 50 mL of TW at 0% was treated dropwisezth 11.3 
mL of vinyllithium (2.3 M, 26 mmolrover a 30-min period. The reaction was then stirred 
for 45 min at room temperature. Standard ethereal workup provided 4.1 g of crude residue 
which was used directly in the next reaction. 

The crude alcohol was dissolved in 20 mL of THF and 60 drops of 10% HCl were added. 
After stirring at room temperature for 45 min. the reaction was quenched by the addition 
of solid potassium carbonate and then filtered. Following removal of the solvent, the crude 
dienone was chromatogrephed on silica gel (elutioa with hexanes/ether, 1O:l) to provide 
3.3 g (872) of dienone 17 which was homogeneous by TLC analysis (hexanes/ether, Rf 20 = 0.61, 
Rf 17 = 0.76): lH NMRTCDCl3) 6 0.00 (8, 9H), 1.00 (8, 3H), 1.20-2.70 (m, 14H)>.85 (br 
s, 7ii), 5.00 (t, lH, J - 9Hz), 5.00 (dd, 1H J = 18 Hz, 2 Hz), 5.12 (dd, lH, J - 10 Hz. 2 
Hz), and 5.30 (dd, lH, J = 18 Ha, 10 Hz); & NMR (CDCl3) 199.0 (s), 161.5 (a), 134.3 (d), 
134.0 (a), 130.3 (a), 121.1 (t), 120.0 cd), 46.5, 39.0, 34.0, 33.5, 27.0, 23.3, 14.7, 13.5, 
-0.5 (q) ppm; IR (film) 3050-2800, 1675, 1600. 1420, 1380, 1340. 1300, 1260, 1170, 1020, 
1000, 940, 880-840 cm-l; mass spectrum, m/z 290 (N+). Anal Calc'd for C2CH3OOSi: C, 76.35; -* 
H, 9.61. Found: C, 76.79; H, 9.45. 

3,4.4a.5.6,7,8.9-0ctahydro-1,~.~tdathyl-6lct~lene-2~-~x~yclokptcn-2-one (18): 
To 3.3 g (11.3 mmol) of trienone 17 in 50 mL of dry toluene at O'C was added drosae 11.8 
mL of a 1.45 g solution of ethylaluminum dichloride in toluene (Alfa). The reaction mixture 
was stirred at 0°C for 30 min and then diluted with 300 mL of wet ether, washed with brine, 
dried over anhydrous magnesium sulfate, filtered and concentrated. The crude residue was 
chromatographed on silica gel (elution with hexenes/ether, 7:l) to provide 2.2 g (89X) of 
enone 18 which was homogeneous by TLC enalyeis (hexanes/ether, 2:1, Rf 17 = 0.70, Rf 18 = 
0.50):7 H NMR (CDC13) 6 1.00 (d, lH, J - 6~2). 1.10 (d. 2H, J = 6H.), l;Ti (8 3H). 1.4-2.0 
(m, 7H), 2.00-2.70 (m, 7H), 4.60 (6, 0.658), 4.71 (6, 0.35H). 4.85 (8, 1H); 13 C NMR (CDC13) 
198.7 (s), 165.6 (a), 149.5 (B), 149.2 (a). 130.6 (8). 113.5 (t), 112.2 (t), 49.8, 43.8, 
41.3, 39.1, 38.6, 34.1, 33.9, 33.5, 33.3, 28.8, 25.4, 25.0, 23.1, 20.1, 19.6, 10.6 (q) ppm; 
IR_;film) 3050, 3000-2800, 1620, 1450, 1380. 1360, 1340, 1300, 1230, 1200, 1100, 1020, 910 
cm ; mase spectrum, m/z 218 (M+). Anal. Calc'd for Cl582OOr C, 82.51; H. 10.15. Found: 
C. 82.36; H, 10.23. This data repre=s a 2:l mixture of C(8) diastereomers based on NNR 
integration. 

2,3.4,4a,5,6,7.8-0ct~dro-6~thylene-l,1.4a.7-tctr~thyl-~-~~~yclobcptm-2-o @)r 
To 212 mg of 80% NaH (7.0 rmnol) was added 3 mL of freshly distilled DHSO. The resulting 
mixture was warmed at 75'C until hydrogen evolution ceased [= 1 hl and then cooled to room 
temperature. A solution of 1.10 g (5.04 -1) of enone 18 dissolved in 4 mL of DMSO was 
then added to the reaction mixture. After stirring 1 h atToom temperature ,the solvent was 
removed in vacua. The resulting residue was dissolved in 10 mL of dry THF and 0.44 mL (7.06 
mm011 of freshly distilled iodomethane was then added. The reaction was stirred for 30 min 
at room temperature. Standard ethereal workup gave 1.32 g of a crude oil. Chromatography 
of the crude product on silica gel (elution with hexanea/ether, 7:l) afforded 354 mg (32%) 
of recovered 18 and 580 mg of 21 (49% yield or 73% conversion based on unreacted la), which 
was homogeneous by TLC analysir(hexanee/ether, 311, Rf 2 = 0.50, Rf 21 = 0.73r lH NHR 
(CC14) 6 1.03 (8, 3~), 1.05 (d, 3H, J - ~Hz), 1.10 (a, 6H). 1.30-2.6r(m, 9H), 4.60 (8, 
lH), 4.75 (8, lH), 5.56 (t, lH, J - 8Hz); 13C NMR (CDC13) 215.4 (8). 151.7 (s), 150.9 (81, 
122.5 (d), 111.4 (t), 50.1, 48.4, 47.8, 39.5, 39.2, 38.2, 36.0, 35.0. 34.3, 33.1, 29.3, 27.2, 
26.8, 24.7, 23.3, 22.0, 19.5 ppm; IR (film) 3070. 2950, 2930, 2880, 1720, 1650, 1460, 1420, 
1380, 1200, 1120, 1040, 0, 800 cm-l; mass spectrum. m/z 232 CM+). This data represents 
a 211 mixture of C(8) diascereomers based on NMR integration. 

2.3,4,4a.5,6,7.8-Octahydrcr6lethjlcnc-l,l,4a,7-tetr~thyl-l~~yclo~pt~ (22)x 
A mixture of 21 (450 mg, 1.9 ~mnol), hydratine (0.56 mL, 77.4 mmol), anhydrous potassium 
carbonate (3.2rg, 23.2 mmol), and diethylene glycol (10 mL) was placed into a round bottom 
flank equipped with a short-path distillation apparatus and heated at 160% for 2 h followed 
by heating at 23O'C for 4 h. The cooled reaction mixture was combined with any distillate, 
diluted wlth 10 mL water, and extracted with ether. The combined organic extracts were washed 
with cold 10% HCl, dried over anhydrous magnesium sulfate, and filtered. Concentration in 
vacua followed by chromatography on silica gel (clution with hexanes) gave 316 mg (752) 
of pure diene 22 (hexanes, Rf 21 - 0.08, Rf 22 = 0.91): lH NMR (CDC13) 6 0.90-1.15 (m, 
12H), 1.15-2.50ym, llH), 4.55 (7 lH), 4.60 (sIlH), 5.47 (t, lH, J = 782); 13C NMR (CDC13) 
152.6 (8). 120.4 cd), 110.3 (t), 109.3 (6). 51.5 (t), 49.5, 42.7, 41.6, 41.1, 40.1, 39.5, 
37.7, 36.7, 35.0, 33.3, 32.9, 32.0. 31.7. 26.0, 22.3 (4). 19.6 (q) 18.7 (q) ppm; IR (film) 

-i 3080, 3000-2750, 1645, 1380, 1330. 1240, 1180, 1000, 900, 845 cm i maas spactrum. m/z 218 
(M+). * Calc'd for Cl6H 6: 

t 
C, 87.99; H, 12.00. Pound: C, 87.911 8. 11.94. This data 

represents a 2:l mixture of C 8) diastereomers baaed on NNR integration. 



5632 G. Mlumc~ and K. HULL 

2.3,4.4~,5.6.7.8-Octe~dro-6-~dro~thyl-l,l,b~,7-tetrPct~l-l~-bcnrocycloheptene (25)x 
To 82 mg (0.37 -01) of diene U dissolved in 4 ml of dry THP maintained at -5Y was added 
dropwise 1.5 mL of 9-BBN (0.5 n in THP, Aldrich) over a 30-min period. The react ion mixture 
was stirred 14 h at O’C and an additional 3 h at room temperature. The reaction mixture 
was then treated with 1.5 mL of 3 11 sodium hydroxide, 1.5 mL of 30% hydrogen peroxide, and 
140 mg of potassium carbonate dissolved in 1.5 mL of water. The resulting solution “(111 then 
stirred for 45 min at room temperature. Standard ethereal workup provided 88 mg of a crude 
residue which was chromatographed on silica gel (elution with hexanes/ether, 781) to afford 
66 q g (89%) of pure alcohol 25 (hexanes/ether, 211, Rf 22 = 0.89, Rf 25 - 0.50-0.55): 1~ 
NNR (CC141 6 0.70-2.10 (m. 2x1, 3.1-3.50 (m. 2H1, 5.25-755 (m. 1H); IT(film) 3650-3100. 
3050. 3000-2800, 1640, 1470, 1385, 1080, 1020, 850 cm-11 mace spectrum, m/x 236 @l+l. This 
data represents a mixture of C(7) and ~(81 diastereomera. 

2.3.4.4a.5,6,7.8-Octa~dro-l,l,4a,7-tetr~t~l-l~-~o~yclo~pt~e-6-car~~lic acid (26)s - 
Preparation of 26 was carried out via the following three procedures: 

(al A solution of 99 mg (0.42 mm011 of alcohol U in 3 mL of methylene chloride was 
added to 237 mg (0.63 mm011 of pyridium dichlorochromate (PDC) in 2 mL of methylene chloride. 
The reaction mixture wa8 stirred at room temperature for 20 h and diluted with 20 mL of 
methylene chloride. The resulting mixture was filtered and concentrated in vacua. The crude 
residue was chromatographed on silica gel (1 gram, elution with hexaneslether, 3rl) to give 
94 mg (95%) of 2,3,4,4a,5,6,7,8-octahydro-l,l,4,7-tetramethyl-l~-benzocycloheptene-6-fo~l- 
dehyde which was homogeneous by TLC analysis (Rf 25 - 0.43, Rf aldehyde = 0.89, hexanea/ether, 
2111: ill NNR (CC141 60.8-2.5 (m, 24 Al, 5.37Tt. 0.5 H, J - 7 Hz), 5.45 (t, 0.5 H, J - 
7 Hz). 0.42 (br 8, LH). 

A solution of the above aldehyde (94 mg) in 5 mL of acetone (reagent grade) cooled to 
O’C “88 treated with 0.2 ml of standard Jones Reagent. After 30 min, the reaction wae warmed 
to room temperature and quenched with 2-propanol to consume the excess oxidizing reagent. 
The reaction was decanted and evaporated leaving an oily residue. Purification on silica 
gel (elution with hexanes/ether, 2:11 provided 50 mg (SO%) of acid 26 (Rf eldahyde - 0.89, 
Rf 26 = 0.50, hexanes/ether, 2:l)r 1~ NNR (CC141 60.70-2.80 (m. 24Hl.T.54 (t, LH, J - 78x1, 
lO.E-11.10 (br 8, LH); IR (film) 3500-2500, 1700, 1470, 1420, 1395, 1320, 1300, 1220, 1180, 
1160, 1150, 1000, 875 cm-15 mass spectrum, m/z 250 (N+). 

(b) A solution of 60 mg (0.25 mm011 of alcohol 25 in 2 mL of I,!-dimethylformamide was 
added to 335 mg (0.89 -01) of pyridium dichlorochromate (PDC) in 2 mL of N,N-dimethylform- 
amide. The reaction mixture was stirred at room temperature for 12 h; TLC a;aiysis indicated 
that the oxidation was incomplete. Additional PDC (240 mg, 0.64 mol) was then added. The 
resulting reaction mixture waa stirred at room temperature for an additional 14 h and diluted 
with 50 m.L of water and extracted with 3 x 50 mL portions of a mixture of ether/pentane (1~11. 
The combined organic extracts were washed with brine, dried over anhydrous magnesium sulfate, 
filtered and concentrated. The crude residue was chromatographed on silica gel (elution 
with hexanes/ether, 3rl) to give 34 mg (53%) of 26 which was identical to that previously - 
characterized. 

(cl A solution of alcohol 25 (220 mg, 0.93 mm011 in 20 mL of acetone (reagent grade) 
cooled to 0°C was treated with standard Jones Reagent until TLC analysis indicated all start- 
ing material had been consumed. After 30 min, the reaction wae warmed to room temperature 
and quenched with 2-propanol to consume the excess oxidizing reagent. The reaction w8.a di- 
luted with 100 mL of acetone and the acetone solution was decanted and evaporated leaving 
an oily residue. Purification on silica gel (elution with hexanea/ether, 2rll provided 175 
mg (75%) of acid 26. - 

2.3,4.~.5.8-Ba~yd~-l,l.~,7-tetrPcthyl-l~-~~ycl~ptsnc (2): Cupric acetate wnohy- 
drate (5 mg, 0.0028 rmxoll, lead tetraacetate (124 mg, 0.28 nrmol), and 65 mg (0.28 asno of 
carboxylic acid 26 were added to 2 mL of dry benzene in a thick-walled three-neck 50 mL round 
bottom flank. Argon wa.s bubbled into the stirred reaction mixture for a U-rain period to 
purge the system of oxygen. The reaction vessel was then sealed and heated at 8O’C for 4 
h. Standard ethereal workup provided 31 mg of a crude oil which was purified by chromato- 
graphy on silica gel (elution with hexanes/ether, 1O:l) to provide 24 mg of diene 24 (52%) - 
which was homogeneous by TLC analysis (hexanes/ether. 311, Rf 26 a 0.45, Rf 24 = 0.95); hi 

NMR (CC141 6 1.00 (a. 3H), 1.04 (a, 3Hl. 1.10 (6. 3Hl. 0.90-2.00 (m, 18H1, 1.G (br 8. 3111, 
2.20-2.60 (m, 3Hl. 3.09 (d, lH, J = 20Hr1, 5.20-5.50 (m, 2H); 13C NNR (CDC131 152.7 (81, 
137.8 (a), 123.0 cdl, 117.9 (d), 44.0 (tl, 42.2 (tl. 41.1 (tl, 37.9 (61, 37.3 (81, 35.2 (t), 
33.1 (ql, 30.9 (91. 27.0 (q). 24.5 (91. 18.8 (tl ppm; IR (film) 3000-2850. 1460, 1380, 1220, 
1000. 840 cm-l i mass spectrum, m/z 204 (Mtl. w. Calc’d for Cl5H24: C, 88.16; H, 11.83. 
Found : C, 87.90; H, 11.81. 

2,3,b,4e,5s6-Bauhydral,1,ba,7-tctr~tbyl-l~-beoxocyclobopteoe (2)s The procedure reported 
by Dauben and co-workers was used.g To a solution of 150 mg (0.73 mm011 of diene 24 in 0.2 
mh of dry benzene and 10 mL of dimethyleulfoxide was added 322 mg (2.8 la0011 of Gtaesium 
tert-butoxide. The reaction mixture was stirred at room temperature for 6 h, and poured 
into water. Standard ethereal workup afforded 199 mg of a crude oil which was purified via 
chromatography on silica gel (elution with hexanesl to give 120 mg (80%) of diene 28 which 
was homogeneous by TLC analysis (hexanes, Rf 2 - 0.97, Rf s _ 0.96): lH NNR (EC131 6 
0.99 (8. 3~1, 1.01 (a. 3H1, 1.11 (a, 3H1, 1.78 (.a. 3H1, 0.90-1.90 (m, 20H). 2.00-2.20 (m, 
lH1, 2.31-2.48 (m. lH1, 5.50-5.90 (m. 2H). 

(W*,7S*,8~*]-7,8-Spo~-2,3~4~be,S,6,7,8-~t~ydro-l,1,~,7-tetr~thyl-l~-katoycl~pt~e 
(U))r To a solution of 120 mg (0.58 mall of diene 28 in 10 mL of dry methylene chloride 
was added 100 mg of 80% m-CPBA. The reaction was atized at room temperature for 4 h, and 
then diluted with 30 mL of pentane. Standard ethereal workup provided 147 mg of crude residue 
which was chromatographed on silica gel (elution with hexanesjether. 3:l) to furnish 58 mg 
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(45;:) of epoxlde 30 which was homogeneoue by TLC analysis (hexanes/ether, 2:1, Rf S = 0.95, 

Rf 30 = 0.75): 
lH,T= 

T- NMR (CC14) 6 1.08 (a, 9H). 1.21 (a, 3H), 0.80-2.10 (m, 22H). 2.75 (d, 
6 HE), 5.50 (d, lH, J = 7 Ha); maaa spectrum, m/r 220 (M+). 

Continued elution afforded 23 mg (17%) of .a his-•poxide [Rf = 0.50, hexanes/ether, 2x1): 
lH NMR (CC14) 60.78 (a, 3H), 1.05 (a, 6H), 1.107, 38). 0.80-1.80 (m, 22R). 2.69 (a, lH, 
J = 6Hz). 2.95 (d. lH, J - 6 Hz). 

Lpi-Yiddrol (1,~ To a suspension of 65 mg of LiAlH.!, (1.72 ml) in 9 mL of dry glyme was 
added a solution of 80 mg (0.36 maol) of 30 in 1 mL of glyme. The reaction mixture wa8 
stirred at room temperature for 6 h and thendiluted with 20 mL of reagent grade ether and 
quenched vith water. Standard ethereal vorkup afforded 97 mg of an oily residue vhich was 
purified on silica gel to afford 63 mg (78%) of epi-widdrol (1) which was homogeneous by 
TLC analysis (Rf 30 - 0.93, Rf 1 = 0.60, hexanes/ether. 
ously described. - 

2:l) and Identical to material previ- 
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iso - alkenyl - n - alkenyl 

Based on these conventiona. subatratcs iii. L* and vii are described as a - 
4-iso-butenyl-dienone 
ThZyclizations of i ta 

a 2-iso-butenyl-dienone, and a 4-;-pentenyl-dienone, respectively. 
andTi4b will be the subject of future reports. - 
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