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Abstract: The naturally occurnng sesqurterpene (rt)-cuparene [l ,1,2-tnmethyl-2-(4- 
methylphenyl)cyclopentane], which contams two contrguous quaternary centers, IS 
produced in good yreld by Sexo-trig cyclrzatron of the 5hexenyllrthrum (2) generated 
from 6-rodo-3,3-drmethyl-P(4-methylphenyl)-1-hexene (3) by low temperature lrthrum - 
rodme exchange In contrast, radical medrated cyclrzatron of 3 proceeds via the 6-endo- 
tng mode to give 1 ,l-dimethyl-2-(4-methyIphenyl)cyclohexane 

Recently, we1 and others2 have reported on the facrle cyclrzatrons of substrtuted 5- 
hexenyllrthrums as a route to functronalrzed five-membered ring-contaimng carbocycles Thrs 
intramolecular insertion of an unactrvated alkene Into a C-LI bond IS a totally regrospecrfrc 5-exo- 
trig process that proceeds via a rigid cyclohexane-chair-lrke transmon state In a hrghly 
stereoselectrve manner 3 
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In view of the fact that thus anionrc route to five-membered rings can be used to prepare 
relatrvely stramed molecules,4 it was of interest to determine if the method might be applrcable to 
the synthesis of stencally congested systems contarnmg contiguous quaternary centers 5 Herem 
we report that the methodology may Indeed be used for the preparation of such systems as 
demonstrated by the preparatron of (*)-cuparene (1) via 5-exo-tng cycllzatlon of the olefinrc 

alkyllrthrum derived from iodtde 3 In thus connectron it should be noted that, subsequent to the 
rnrtratron of the work to be described below, Knef and Barbeaux reported on the synthesis of (k)- 

cuparene vra a related route mvolvmg cycllzatron of the olefmrc benzyllrthrum derived from 6- 
methyl-2-methylseleno-2-(4-methylphenyl)-6-hepfene,s 
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The sesqunerpene cuparene, first Isolated by Enzell and Erdtman7 from the heartwood of 
conifers of the family Cupressaceae , has been prepared by a number of routes s-13 The molecule, 
and related P-aryl-1 ,1,2-tnmethylcyclopentanes, pose an rnterestmg challenge due to the presence 
of the two adjacent quaternary carbons Simple retrosynthetlc analysrs of 1 (Scheme 1) suggests 
that It should be possible to introduce the quaternary center beanng the ptolyl substltuent by 5- 
exo-tng cyclrzatlon of a 5-hexenyllrthrum (2) which, In turn, can be generated from Iodide 3 by low - 
temperature lithium-iodine interchange 14 

1 

Scheme 1 

A potential difficulty with this approach to the synthesis of cuparene IS the possibility that 2 
would preferentially undergo 6-endo-tng cyckation to generate a less congested six-membered 
ring bearing a benzylic organolrthium Such cyclization to the larger of the two possible rings 
would be the expected behavrorfs of the radical corresponding to 2 (vide mfra) and for this reason 
it seemed prudent to initially investigate the cyclizatron of the readily available 6-iodo-Pphenyl-l- 
hexene (4) 

Treatment of a solution of 4 in n-pentane - diethyl ether (3 2 by volume) with 2 2 equivalents of 
I-BULI at -78 “C according to our general protocol for lithium - Iodine exchange14 followed by the 
addition of 2 2 equivalents of N,N,N’,N’-tetramethylethylenediamine (TMEDA) and warming to room 
temperature led unexpectedly to the formation of 2,2-dimethyl-4-phenyloctane (6) as the major 
product of the reaction (Scheme 2) Apparently the intermolecular addition of excess I-BULI to the 
conjugated double bond to give a benzyllc anion IS more facile than cyclization of the 5-phenyl-5- 
hexenyllrthlum (5) generated in the exchange reaction Indeed, the ease with which t-BuLi adds to 
styrenes, particularly in the presence of a coordinating amine such as TMEDA, has been noted 
previously 1s Fortunately, the lithium - halogen exchange reaction IS complete well before the 
intermolecular addition of I-BULI to the carbon - carbon double bond ensues Thus, the formation of 
6 could be easily circumvented by the simple expedient of employing only 1 2 equrvalents of ~BuLI 
for the lithium - iodine interchange Under these conditions, as shown in Scheme 2, iodide 4 is 
converted to 5 which then undergoes regiospecific 5-exo-trig cyclization to give l-methyl-l- 
phenylcyclopentane (7) as the major product (52%) along with a significant quantity of 2-phenyl-l- 
hexene (48%), there was no trace of product arising from 6-endo-tng cyclization It might be noted 
that -2 equivalents of fBuLi are normally used to effect lithium - iodine exchange so as to consume 



Synthesis of (f)-cuparene 7729 

the equivalent of cogenerated tbutyl rodlde and thereby mmlmrze quench of the organokthlum by 
proton abstractlon from the CBul l4 The use of only 1 equivalent in thts instance IS no doubt 
responsrble for the formation of a sizeable amount of P-phenyl-l-hexene through protonation of 5 
by the tBul 

f-BULI (2 2 eq) TMEDA I) -78 “C - RT 

/y* -78 II) MeOH * 

Scheme 2 

The preparation of iodide 3 required for the synthesis of cuparene was accompkshed In a 
straightforward if somewhat circuitous fashion as outlmed In Scheme 3 The more direct route, 
Involving ring-openmg of a,a-dlmethyl-6-valerolactone with ptolyll~th~um, proved unsuccessful in 

our hands and led to a mixture of products Hence, It was necessary to introduce the gem-dimethyl 
groups followmg the nng-opening of the parent lactone with ptolyllithrum 

Treatment of a 0 1 M solutlon of iodide 3 in n-pentane - dlethyl ether (3 2 by vol) at -78 “C 
with 1 2 equrv of i-BULI served to cleanly generate the correspondmg 5-hexenyllithium (2) as 
demonstrated by the fact that quench of the reaction mixture at -78 “C with deoxygenated methanol 
affords the open-chain alkene, 3,3-dimethyl-2-(4-methylphenyl)-1 -hexene, in virtually quantitative 
yield Addrtion of 1 2 equiv of dry, deoxygenated TMEDA to the cold (-78 “C) solution of 2 followed 
by removal of the coolmg bath and allowing the reaction mixture to stand at amblent temperature 
(ca +24 “C) for 2 h resulted in clean 5-exo-trig cyckzation (Scheme 4) Quench of the reaction 
mixture with methanol and analysis by GC revealed that (i)-cuparene (1) had been produced In 

82% yield The only other matenal present in the crude reaction mnrture was -18% of the lsomenc 
open-chain alkene Careful washing of the reaction mndUre with concentrated sulfunc acrd sewed 
to remove the alkene and pure (i)-cuparene was rsolated in 76% yield followmg chromatography 

on silica gel (Scheme 4) 
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Scheme 3 

I) TMEDA MeOH 
-- 
II) -78 “C -RT 

Scheme 4 

For purposes of comparison, we also explored the radrcal-mediated cyclization of iodide 3 
(tnbutyltm hydnde, AIBN m benzene at 80 “C) As expected, 15 the 5-hexenyl radical generated 

front 3 underwent 6-endo-tng cyclrzatron to give 90% of 1 ,l-dimethyl-2-(4-methyIphenyl)- 
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cyclohexane as the exclusrve carbocycl~c product (Scheme 5) The same behavior has recently 
been reported for the radrcal-medrated cyclzatron of the bromide correspondmg to 3 l7 

Scheme 5 

In conclusion, the results presented above demonstrate that regiospecific 5-exo-trig 
cyclizatlon of a suitably constituted 5-hexenyllithrum provides a synthetically useful route to 
stencally congested cyclopentane-ring containing frameworks The exclusively 5-exo 
lsomenzatron observed for the 5-hexenyllithlum contrasts with the 6-endo closure of the analogous 
5-hexenyl radical and serves to underscore the often complementary behavior of these two modes 
of ring closure 

EXPERIMENTAL SECTION 

Proton and carbon-13 NMR spectra were recorded as solutions in CDCl3 on an IBM AF-270 
NMR instrument Proton chemical shifts (6) were referenced with respect to the residual proton 
resonance in the CDCls solvent (6 = 7 25) and carbon-l 3 chemical shifts were referenced with 
respect to the center kne of the CDCls resonance (6 = 77 05) but all chemical shifts are reported in 
ppm from Me@ A Perktn-Elmer Senes 1600 FTIR instrument was used to record infrared spectra 

Purity of the starting materials and reaction products was assessed by analytical gas-liquid 
chromatography (GC) using a Hewlett-Packard model 5690 chromatograph equipped with a flame- 
lonlzatlon detector and a 25-m x 0 20-mm cross-linked methyl srlicone (0 33-mm film thickness) 
fused-silica capillary column High resolution mass spectra were obtained by El at 70 eV Thm- 
layer chromatography (TLC) was performed on E Merck precoated (0 2 mm) silica gel 60 F2s4 

plates vlsualrzahon was accomplished by spraying with 10 % ethanolic phosphomolybdlc acid 
and heating Reaction products were punfred by flash chromatography using Universal Sclentlflc 
32-60 urn silica gel 

All reactions involving alkyllrthiums were performed in flame-dned glassware using standard 
synnge/cannula techniques under an atmosphere of dry, oxygen-free argon that had been passed 
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through a 5-cm x 50-cm glass column contammg actrvated BASF R3-11 copper catalyst Drethyl 
ether and tetrahydrofuran were freshly distilled from dark-purple solutions of 
sodrum/benzophenone Dry, olefm-free n-pentane was obtained by repeated washings of 
commercial n-pentane with concentrated sulfunc acrd untrl the acid layer remained clear, followed 
by washing successively wrth several portions of water, saturated aqueous sodium bicarbonate, 
and water, drying (MgSO,) and distillation of the purified pentane under nitrogen from lrthrum 

aluminum hydride N,N,N’,N’-tetramethylethylenedlamlne (TMEDA, bp 120 - 122 “C) and 
1 ,l ,1,3,3,3-hexamethyldrsrlazane (bp 125 “C) were drstrlled under nitrogen from calcrum hydnde. 
Methylene chlonde was drstrlled under nitrogen from calcium hydnde Acetone (Baker, analytical 
grade) used in the preparation of rodides was dned over calcrum sulfate and drstrlled Sodium 
iodide was dried at 100 “C dr;a 5 mm) for 8-10 h in a vacuum oven A solution of ptolyllrthrum in 
diethyl ether was prepared from lrthrum metal and p-bromotoluene following the literature 
procedure for phenyllrthium 1s The concentrations of commercial solutrons of ~BuLI in n-pentane 
(Aldrich) and ptolyllithium in diethyl ether were determined immediately prior to use by titration 
with 88.gbutanol in xylene using 1 ,lO-phenanthrolme as indicator lg 

8-lodo-2-phenyl-1-hexene (4). A suspension of 2 20 g (5 80 mmol) of 
methyltnphenylphosphonlum bromide in 10 mL of dry THF was cooled to 0 “C in a three-necked, 
round-bottomed flask equipped v&h a mechanical stirrer and rubber septa With stirring, a solution 
of potassium hexamethyldlsllazrde (KHMDS) in THF, prepared from 0 23 g (5.80 mmol) of oil-free 
potassium hydnde and 1 20 mL (5 80 mmol) of 1 ,l ,1,3,3,3-hexamethyldisrlazane, was added in a 
dropwrse manner via a teflon cannula The bnght yellow suspension was stirred at 0 OC for 15 min 
and then at room temperature for 1 h The ylrde mixture was retooled to 0 “C and a solution of 0 40 
g (2 25 mmol) of 5-hydroxy-1 -phenyl-1 -pentanone*O in 2 mL of dry THF was then added The 
resulting mixture was stirred at 0 “C for 0 5 h and at ambient temperature overnight The reaction 
mixture was poured into 10 mL of 10% aqueous hydrochloric acid and extracted with two 25-mL 
porkons of diethyl ether The combined ether extracts were washed with water, dned (MgSOd), 

and concentrated to afford an oil that was punfred by flash chromatography on sikca gel (25% ethyl 
acetate-hexanes) to give 0 25 g (83%) of 5-phenyI+hexen-l-01 Rf 0 06 (25% ethyl acetate- 
hexanes), tH NMR 6 7 45-7 28 (m, 5H), 5 30 and 5 09 (AB pattern, JAB = 1 39 Hz, 2H), 3 65 (t, J = 
6 28 Hz, 2H), 2 56 (t, J = 6 82 Hz, 2H), 1 66-l 37 (m, 5H), ‘SC NMR 6 148 23 (C(5)), 141 12 (C(l)), 

128 18 (C(3’,5’)), 127 24 (C(4)), 126 01 (C(2’,6’)), 112 28 (C(6)), 62 48 (C(l)), 34 97 (C(4)), 32 19 
(C(2)), 24 28 (C(3)) A portion of this alcohol (0 19 g, 1 10 mmol) was converted to its mesylate 
followmg the general procedure of Crossland and Serv~s*~ and added to a solution of 0 21 g (1 38 
mmol) of anhydrous sodium iodrde in 2 mL of dry acetone The resulting mrxture was stirred 
overnight under an atmosphere of nrtrogen Inorganic salts were then removed by filtration and the 
filtrate was concentrated by rotary evaporation The residue was taken up in pentane and washed 
successively wnh 10% aqueous sodium throsulfate, water and bnne After drying (MgSO,& the 

solution was concentrated at reduced pressure and the residue was punfied by chromatography on 
silica gel using hexanes as eluent to afford 0 20 g (62% from the alcohol) of pure title iodide Rt 
0 25 (hexanes), tH NMR 6 7 43-7 26 (m, 5H), 5 30 and 5 08 (AB pattern, JAB = 1 25 Hz, 2H), 3 18 (1, 
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J = 7.03 Hz, 2H), 2 54 (t, J = 7 47 Hz, 2H), 1 89-1.81 (m, 2H), 1 83-1 54 (m, 2H); 13C NMR 6 147 81 

(C(2)), 140.95 (C(l’)), 128 29 (C(3’,5’)), 127 40 (C(4’)), 128 08 (C(2’,6’)), 112.87 (C(l)), 34 16 
(C(3)), 33 03 (C(5)), 28 96 (C(4)), 6 58 (C(6)) Mass spectroscopcc molecular weight calcd for 
C12H15l 286 0219, found 286 0227 

Reaction of 6-IodoQ-phenyl-1-hexene with t-BULL A 0 1 M solution of 6-lodo-l-phenyl-l- 
hexene (56.5 mg, 0.20 mmol) m n-pentane-dlethyl ether (3 2 by volume) was cooled to -78 “C and 
0 25 mL of a 1 72 M solution of I-BULI (0 43 mmol) in pentane was added dropwise over a penod of 
about 5 mm The pale yellow-red reaction mixture was stirred at -78 “C for 5 mm and then 0 07 mL 
(0 43 mmol) of dry, deoxygenated TMEDA was added The addltlon of TMEDA resulted in the 
formation of a yellow precipitate and the reaction solution became distinctly red After 5 mm at -78 
“C, the cooling bath was removed, the reaction mixture was allowed to warm to room temperature 
(dunng this penod the reactton mixture became progressively more red) and stand for 1 h under an 
atmosphere of argon at ca +24 “C The mixture was then hydrolyzed by addition of 1 0 mL of 
deoxygenated MeOH, washed with water, dned (MgSO4) and analyzed by GC-MS Analysis 

revealed that 2,2-dimethyl-4-phenyloctane was the major product formed by intermolecular 
addition of excess pBuLt to the double bond, only small amounts of 2-phenyl-1-hexene and l- 
methyl-l-phenylcyclopentane (5-exo-tng product) were detected (Scheme 2) When the same 
expenment was conducted usmg 1 2 molar equivalents of ~BuLI, no 2,2-dimethyl-4-phenyloctane 
was generated As shown in Scheme 2, the major products of the reaction were l-methyl-l- 
phenylcyclopentane (52%) and 2-phenyl-1 -hexene (48%) 

5-Hydroxy-1-(4.methylphenyl)-1-pentanone. Following the general procedure of 
Rosenblum and Bihovsky20 for the reaction of arylllthiums Hnth lactones, a solution of 2 00 g (20 0 
mmol) of &valerolactone in 20 0 mL of dry THF was cooled to -78 “C and 20 2 mL of a 0 99 M 

solution of ptolyllithlum (20 0 mmol) m diethyl ether was added dropwlse over a penod of about 
0 5 h The reaction mixture was stirred at -78 “C under nitrogen for 20 mm, 2 0 mL of water was 
then added, the cooling bath was removed, and the reaction mixture was allowed to warm to room 
temperature with stlrnng An addltional 20 mL of water was then added, the organic phase was 
separated and the aqueous phase was extracted with 25 mL of fresh dlethyl ether The combined 
organic phases were dned (MgSO,+) and solvents were removed by rotary evaporation to afford an 

oil Punfication by column chromatography on silca gel (30% ethyl acetate-hexanes) gave 3 50 g 
(90%) of pure keto-alcohol Rf 0 056 (30% ethyl acetate-hexanes), IR (neat) 3393, 3022, 1671, 
1603,807 cm-l, 1H NMR 6 7 86-7 63 (m, 2H), 7 25-7 22 (m, 2H), 3 65 (t, J = 3 29 Hz, 2H), 2 98 (t, J 
= 7 01 Hz, 2H), 2 39 (s, 3H), 1 89-l 57 (m, 5H), ‘SC NMR 6 200 15 (C(l)), 143 78 (C(l’)), 134 43 
(C(4’)), 129 23 (C(2’,6’)), 128 16 (C(3’,5’)), 62 27 (C(5)), 37 97 (C(2)), 32 23 (C(4)), 21 59 (CH3), 
20 30 (C(3)) Mass spectroscopic molecular weight calcd for C12H14O (M+-H20) 174 1045, found 

174 1043 

5-[(Tetrahydropyranyl)oxy]-l-(Cmethylphenyl)-l-pentanone. A solution of 3 50 g (18 3 
mmol) of 5-hydroxy-1-(6methylphenyl)-l-pentanone, 2 50 mL (27 5 mmol) of 3,4-dlhydro-2H- 
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pyran and 0 46 g (0 16 mmol) of pyndrnrum gtoluenesulfonate in 125 mL of dry methylene chlonde 
was stirred at room temperature for 6 h (the reaction was monrtored by TLC) At the end of the time 
period, the reaction mixture was diluted wrth 75 mL of drethyl ether and washed wrth 100 mL of 
half-saturated brine After drying (MgSO,& solvents were removed to afford a yellow lrqurd 

Punficatron by flash chromatography (20% ethyl acetate-hexanes) gave 4 00 g (76%) of the pure 
THP-ether Rf 0 26 (20% ethyl acetate-hexanes), IR (neat) 1679, 1603, 1072, 1027 cm-t,tH NMR 6 

7 83 (apparent d, J = 8 14 Hz, 2H), 7 21 (apparent d, J = 8 14 Hz, 2H), 4 55 (m, 1 H), 3.89-3 71 (m, 
2H), 3 51-3 35 (m, 2H), 2 95 (t, J =7 26 Hz, 2H), 2 37 (s, 3H), 1 87-1 41 (m, lOH), tsC NMR 6 

199 84, 143 57, 134 54, 129 18, 126 13, 98 81, 67 18, 62.27, 38.14, 30 71, 29 31, 25.45, 21.55, 
21 25, 19 59 Mass spectroscopic molecular weight calcd for C,,Hs,,Os 276.1725, found 

276 1717 

5-[(Tetrahydropyranyl)oxy]-2-methyl-l-(4-methylphenyl)-l-pentanone. A 50-mL, 
three-necked, round-bottomed flask, equipped with a condenser and a pressure-equalrzmg 
add&on funnel, was flame-dried under nrtrogen and charged v&h 1 98 mL (14 0 mmol) of dry 
drrsopropylamlne and 5 00 mL of dry THF The flask was cooled to 0 “C in an ice-bath and 5 10 mL 
of a 2 63 M solution of n-butyllrthium (13.4 mmol) m hexanes was then added dropwise The 
resutting solution was strrred at 0 “C for 15 mm and then cooled to -78 “C in a dry ice-acetone bath 
A solution of 3 10 g (11 2 mmol) of 5-[(tetrahydropyranyI)oxy]-1 -(Cmethylphenyl)-1 -pentanone m 6 
mL of dry THF was then added over a penod of about 0 5 h and the reaction mixture was strrred at - 
78 “C for an additional 0 5 h A solution of 1 39 mL (22 4 mrnol) of iodomethane In 3 mL of dry THF 
was then added, the cooling bath was removed, the reactron mixture was allowed to warm to room 
temperature, and It was heated at gentle reflux for 2 h After cookng to room temperature, the 
reaction mixture was poured into 20 mL of saturated aqueous ammonium chlonde The organic 
phase was separated and the aqueous phase was extracted with two 25-mL portions of diethyl 
ether The combined organic extracts were dried (MgS04) and concentrated The resrdue was 

taken up in 25 mL of drethyl ether and washed successcvely with lo-mL portions of 10% aqueous 
hydrochlonc acid, 10% aqueous sodium throsulfate and bnne After drying (MgSO.& the solution 

was concentrated and the crude product was punfled by flash chromatography on silica gel (20% 
ethyl acetate-hexanes) to afford 2 74 g (85%) of the title compound Rf 0 28 (20% ethyl acetate- 
hexanes), IR (neat) 1679, 1803, 1451, 1375, 1345, 1027, 973 cm-l ,‘H NMR 6 7.90-7 82 (m, 2H), 

7 29-7 21 (m, 2H), 4 58-4 50 (m, 1 H), 3.92-3 67 (m, 2H), 3 56-3 30 (m, 3H), 2 40 (s, 3H), 1 94-1 42 
(m, lOH), 1 18 (d, J = 6 87 Hz, 3H), t3C NMR 6 203 61, 143 35, 133 95, 129 09, 126 23, 98 61, 

67 13, 62 14, 39 89, 30 55, 30 20, 27 31, 25 30, 21 37, 19 49, 17 21 Mass spectroscopic 
molecular weight calcd for CtsH2sOs 290 1882, found 290 1877 

5-[(Tetrahydropyranyl)oxy]-2,2-dlmethyl-l-(4-methylphenyl)-l-pentanone. A 50-mL, 
three-necked, round-bottomed flask, equipped with a condenser and a pressure-equalizing 
addrtron funnel, was flame-dried under nitrogen atmosphere and 0 50 g (12 4 mmol) of oil-free 
potassium hydride and 15 0 mL of dry THF were added The contents of the flask were strrred at 
room temperature and 2 70 mL (12 9 mmol) of dry 1 ,l ,1,3,3,3-hexamethyldisllazane was added 
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dropwrse with a syringe The turbrd solutron was strrred under nrtrogen untrl evolution of hydrogen 
gas ceased The mrxture was then cooled to -78 OC and a solution of 3.00 g (10 3 mmol) of 5 
[(tetrahydropyranyl)oxy]-2-methyl-l -(Cmethylphenyl)-1 -pentanone in 8 00 mL of dry THF was 
added over a penod of 0 5 h The reaction mrxtum was stirred at -78 “C for 0 5 h and then 1 30 mL 
(20 8 mmol) of iodomethane was added The cooling bath was removed, the reaction mixture was 
allowed to warm and stir at room temperature for 5 h followed by heating at gentle reflux for 1 h At 
the end of the time penod, the reaction morture was cooled to room temperature and poured Into 
10 0 mL of 10% aqueous hydrochlonc acid The organic layer was separated and the aqueous 
phase was extracted wdh 25 mL of fresh diethyl ether. The combned organic extracts were dned 
(MgSOd, concentrated by rotary evaporation and the residue was dissolved in 30 mL of drethyl 

ether The ethereal solution was washed with 15-mL portions of 10% aqueous sodium throsulfate 
and bnne After drying (MgSO4), the solution was concentrated by rotary evaporation and the 

residual oil was punfed by flash chromatography on silica gel (20% ethyl acetate-hexanes) to 
afford 2 71 g (88%) of the dlalkylated product Rf 0 32 (20% ethyl acetate-hexanes), IR (neat) 1871, 
1811, 1451, 1072, 1027, 814 cm-t ,tH NMR 5 7.81 (apparent d, J = 8 13 Hz, 2H), 7 15 (apparent d, 

J = 8 13 Hz, 2H), 4 48 (m, 1 H), 3 78-3 28 (senes of m, 4H), 2 34 (s, 3H), 1 87-l 44(m, lOH), 1 29 (s, 
8H), ‘sC NMR 8 208 08, 141 31,135 95,128 87, 127 99, 98 59,87 51,82 23, 47 49,37 47,30 86, 

26 21, 26 18, 25.43, 25 18, 21 36, 19 55 Mass spectroscopic molecular weight calcd for 
CtsH&s 304 2038, found 304 2034 

6-[(TetrahydropyranyI)oxy]-3,3-dimethyl-2-(4-methylphenyl)-l-hexene. Potassium p 
butoxide(1 00 g ,9 00 mmol), 3 23 g (9 00 mmol) of methyitnphenylphosphonium bromide and 16 
mL of dry benzene were heated at reflux with strmng for 1 h under an atmosphere of nitrogen A 
solution of 2 50 g (8.22 mmol) of 5-[(tetrahydropyranyI)oxy]-2,2-d~methyl-l-(4-methylphenyl)-l- 
pentanone in 5 mL of dry benzene was then added and the mixture was heated at reflux for an 
additional 0 5 h The mixture was cooled to room temperature and 20 mL of hexanes and 10 mL of 
water were added with stirnng The organic layer was separated and the aqueous phase was 
extracted with two lo-mL portions of hexanes The combined organic phases were dned (MgSO4) 

and concentrated at reduced pressure to afford an 011 which was diluted with 20 mL of fresh 
hexanes and the mixture was cooled in an Ice-bath The precipitated tnphenylphosphine oxide 
was removed by fiftration, the filtrate was concentrated by rotary evaporation, and the resrdue was 
punfred by flash chromatography (10% ethyl acetate-hexanes) to afford 2 13 (85%) of the title 
compound Rf 0 47 (20% ethyl acetate-hexanes), IR (neat) 3082, 1618, 1504, 1451, 1133, 1110, 
1027, 898, 822 cm-t,tH NMR 8 7 12-7 01 (m, 4H), 5 11 and 4 84 (AB pattern, JAB = 1 74 Hz, 2H), 
4 58-4 55 (m, 1 H), 3 90-3 30 (m, 4H), 2 33 (s, 3H), 1 90-l 34 (m, lOH), 1 08 (s, 6H), t3C NMR 8 

157 38, 140 43, 135 75, 128 72, 128 01, 113 52,98 72,67 97, 62 20, 39 06, 37 05, 30 75, 27 74, 
25 52, 25 21, 21 05, 19 60 Mass spectroscopic molecular weight calcd for CscH3oOs 302 2246, 

found 302 2235 

4,4-Dimethyl-5-(4-methylphenyl)-5-hexen-l-01. Dilute (10%) aqueous hydrochloric acid 
was added to a solutron of 1 30 g (4 30 mmol) of 6-[(tetrahydropyranyl)-oxy]-3,3-drmethyl-2-(4- 
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methylphenyl)-1-hexene m 25 mL of absolute ethanol until the pH of the solutron was -3 and the 
solution was heated on a steam bath for 15 mm After coolmg to room temperature, 25 mL of cold 
water was added and the mixture was extracted wnh three 25.mL portrons of diethyl ether The 
combmed organrc extracts were dned (MgS04), concentrated at reduced pressure, and the 

resrdue was punfled by flash chromatography (20% ethyl acetate-hexanes) to give 0 90 g (96%) of 
the pure trtle alcohol Rf 0 16 (20% ethyl acetate-hexanes), IR (neat) 3325,3082, 1618, 1512, 1451, 
1049, 696,814 cm-t,tH NMR 6 7 09-6.99 (m, 4H), 5 12 and 4.65 (AB pattern, JAB I 1 70 Hz, 2H), 
3 59 (t, J = 6 63 Hz, 2H), 2 33 (s, 3H), 1 67-l 32 (m, 5H), 1 10 (s, 6H), tsC NMR 6 157 42 (C(5)), 

140 34 (C(l)), 135 65 (C(4)), 128 62 (C(3’,5’)), 128 07 (C(2’,6’)), 113 55 (C(6)), 63.41 (C(l)), 
38 94 (C(4)), 36 75 (C(2)), 26 14 (C(3)), 27 74 (4.CH3), 21 02 (p-CHs) Mass spectroscopic 
molecular werght calcd for CfsH2sO 216 1671, found 218 1660 

3,3-Dlmethyl-6-iodo-2-(4-methylphenyl)-1-hexene (3). The mesylate of 4,4-drmethyl-5- 
(4.methylphenyl)-5-hexen-l-01, prepared from 0 750 g (3 41 mmol) of the alcohol following the 
general procedure of Crossland and Serws,*t was added to a solution of 0 640 g (4 26 mmol) of 
anhydrous sodium iodide in 6 5 mL of dry acetone and the mixture was heated at gentle reflux with 
stirring f r 4 h under an atmosphere of nitrogen 

s 

The mixture was then cooled to room 
temperat re, filtered, and the inorganic salts were washed with several portions of fresh acetone 
The corn 

P 
med filtrate and washings were concentrated by rotary evaporation The residue was 

taken up in 20 mL of hexanes and the solution was washed successively v&h 10.mL portions of 
10% aqueous sodium thlosulfate, water and bnne After drymg (MgS04), the solution was 

concentrated and the crude iodide was punfied by column chromatography on s111ca gel (hexanes 
as eluent) to afford 1 10 g (69%) of the title iodide Rf 0 30 (hexanes), IR (neat) 3062, 1618, 1512, 
1451, 898, 814 cm-l ,t H NMR 6 7 14 (apparent d, J = 6 05 Hz, 2H), 7 03 (apparent d, J = 6 05 Hz, 
2H), 5 14 and 4.86 (AB pattern, JAB = 1 59 Hz, 2H), 3 14 (1, J = 7 07 Hz, 2H), 2 36 (s, 3H), 1 93-l 81 
(m, 2H), 1.50-1.40 (m, 2H), 1 12 (s, 6H), ‘3C NMR 6 157 15 (C(2)), 140.11 (C(l’)), 136 00 (C(4)), 

128 61 (C(3’,5’)), 128 16 (C(2’,6’)), 113 79 (C(l)), 41 96 (C(5)), 38 96 (C(3)), 29 25 (C(4)), 27 67 (3. 
CH3), 21 09 (p-CHs), 7.39 (C(6)) Mass spectroscopic molecular weight calcd for Ct5H2tl 

326 0690, found 326 0685 

Reaction of 3,3-Dlmethyl-6-lodo-2-(4.methylphenyl)-1-hexene with iBuLl and 
Quench at Low Temperature: Preparation of 3,3-Dimethyl-2-(4-methylphenyl)-l- 
hexene. A 0 1 M solution of 3,3-dimethyl-6-lodo-2-(4.methylphenyl)-1 -hexene (66 7 mg, 0 26 
mmol) m n-pentane-drethyl ether (3 2 by volume) was cooled to -76 “C under an atmosphere of 
dry, oxygen-free argon and 0 16 mL of a 2 02 M solution of I-BULI (0.32 mmol) in pentane was 
added dropwise over a penod of 5 mm The solution was stirred at -76 “C for 5 mm and then 0 5 
mL of dry, deoxygenated MeOH was added at the same temperature The reaction mixture was 
allowed to warm to room temperature with stirring, washed with water, and dried (MgS04) 

Analysis of the product mixture by GC showed that it was essentially one component Evaporation 
of the solvents and purification of the residue by flash chromatography on silica gel (hexanes as 
eluent) gave the title alkene in virtually quantitative yield Rf 0 30 (hexanes), lH NMR 6 7 13-6 96 
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(m, 4H), 5 14-5 08 (m, 1 H), 4 87-4 80 (m, 1 H), 2 35 (s, 3H), 1 43-1 22 (m, 4H), 1.08 (s, 8H), 0 95 
0 82 (m, 3H), lsC NMR 6 157.99, 140 85, 135 78, 128 73, 128.04, 113.13, 43 34, 39 38, 27 78, 
21 09, 17 95, 14 88 Mass spectroscoprc molecular werght calcd for CtsHzs 202 1721, found 

202 1718 

(+-Cuparene (1). A 0 1 M solutron of 3,3-drmethyl-8-rodo-2-(4-methylphenyl)-1 -hexene (315 8 
mg, 0 98 mmol) In n-pentane-dlethyl ether (3 2 by volume) was cooled to -78 “C under an 
atmosphere of dry, oxygen-free argon and 0 55 mL of a 2.10 M solution of ~BuLI (1 15 mmol) in 
pentane was added dropwrse over a penod of 5 min The reactron mixture was stirred at -78 “C for 
5 mm and then 170 uL (1 15 mmol) of dry, deoxygenated TMEDA was added dropwise via synnge 

Addition of TMEDA resulted in the formatron of a thrck, yellow preuprtate The mixture was stirred 
for 5 mm -78 “C, the coolmg bath was then removed, and the solution was allowed to warm and 
stand at room temperature under argon for 2 h before addition of 1 0 mL of deoxygenated MeOH 
The reaction mncture was washed wrth water and then with small portions of concentrated sulfunc 
acid until GC analysis of the reaction mrxture revealed that the open-chain alkene had been 
completely removed The mixture was then washed with saturated, aqueous sodrum bicarbonate, 
dried (MgSO4) and solvents were carefully removed by rotary evaporation. The virtually pure 

product was chromatographed on slIma gel using hexanes as eluent to give 147 7 mg (78%) of 
pure (*)-cuparene Rf 0 43 (hexanes), tH NMR 6 7 28-7 21 (m, 2H), 7 13-7 05 (m, 2H), 2 31 (s, 3H), 
1 85-1 48 (m, 8H), 1 25 (s, 3H), 1 05 (s, 3H), 0 55 (s, 3H) [lit 12 tH NMR 6 7 4-7 1 (m, 4H), 2 25 (s, 
3H), 1 85 (br, 8H), 1 22 (s, 3H), 1 04 (s, 3H), 0 54 (s, SH)], tsC NMR 6 144 59, 134 74, 128 23, 

128 98,50 28,44 24,39 78,38 89,28 49,24 44,24 31,20 88,19 78. These tsC shifts are virtually 
identical to those repotted by Reetz et all1 for this compound [lit t1 t3C NMR 6 144 4, 134 7, 128 2, 
126 9,50 3,39 8,36 9,26 4,24 4,24 3,20 8,19 7] but the carbon at 6 = 44 24 was not listed in this 

report 

Radical Cyclization of 3,3-Dimethyl-8-iodo-2-(4-methylphenyl)-1-hexene: 
Preparation of 1 ,l -Dimethyl-2-(4-methyIphenyl)cyclohexane. A solution of 178 9 mg 
(0 55 mmol) of 3,3-dimethyl-6-iodo-2-(4-methylphenyl)1-hexene In 25 mL of freshly distilled, dry 
benzene was heated to reflux under an atmosphere of nitrogen and 5 60 mL of a solution 
contaming 177 5 mg (0 61 mmol) tn-n-butyltm hydnde and 5 mg of AIBN was added via a synnge 
over about 0 5 h After heating at reflux for a further 1 h (no unreacted iodide was found by TLC), 
the reaction mixture was cooled to room temperature and concentrated by rotary evaporation 
Analysis of the crude product by gas-liquid chromatography showed that the reaction had 
proceeded In a 6-endo fashion to give 1 ,l -dimethyl-2-(4-methyIphenyl)cyclohexane, only a trace 
amount (c 2%) of 3,3-dimethyl-2-(4-methylphenyl)l-hexene was detected Punfication by column 
chromatography on silica gel (hexanes as eluent) afforded 100 4 mg (90%) of 1 ,l-dimethyl-P(G 
methylphenyI)cyclohexane Rr 0 44 (hexanes), tH NMR 6 7 11-7 03 (m, 4H), 2 36 (m, 1 H), 2 34 (s, 

3H), 1 94-l 80 (m, 2H), 1 65-l 24 (m, 6H), 0 82 (s, 3H), 0 78 (s, 3H) [I tstH NMR 7 08 (d, J = 7 Hz, 
2H),702(d,J=7Hz,2H),234(m,lH),232(s,3H),20-17(m,2H),16-14(m,4H),14-12 
(m,2H),O79(s,3H),O75(s,3H)],tsCNMR8141 11,13519,12915,12814,5344,4230,3411, 
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31 42, 28 81, 27 42, 22 85, 21 02, 19 89. Mass spectroscoptc molecular werght calcd for Cf5H22 

202 1721, found 202 1721 
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