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Abatrsat.: Total syntheses of two macrocyclfc sesqufterpene hydrocarbons, bumulene (1) 
and Plexfbilene (2) are discussed In detail. Both were prepared in high overall yield 
by titanilrm-induced cyclisation of the appropriate keto aldehyde precursors (4 and Q, 
respectively), themselves obtained by coupling of the vlnylio eirconlum reagent 22 with 
pi-allylpalladlums 26 and 23. 

Though related in structure, humulene (1) and fletibilena (2) have quite dirfererit histories in 

organic chemistry. Humulene. an ll-membered-rfng sesquiterpene, is Pound abundantly in nature, 

moat commonly in oil of hops. First isolated’ In pure form in 1895, it was sot until the 

advent of NM3 spectroscopy more than 60 years later that the structure of bumulene was deter- 

mined.’ Since that structural elucidation, three total syntheses have been recorded.a*4’r all 

which require at least 10 steps. Vitro**+ of the three use the nonstereoseleotive nickel- 

catalyzed cyclisation of a his-allylie dibruaide as the key step, and the third’ uses a 

palladium-catalyzed intramolecular alkylation of an allylfc acetate by a Q-keto ester anion. 

No yields are reported for tbe cyclizatlon step in either of the nickel-based syntheses, but 

the palladium-catalyzed ring closure takes place in 45% yield. 

Flexibilene. a 15-membered-ring diterpene that might be thought of as an “isopreqylogue” of 

humulene. is far less abundant in nature and far less well known than its smaller relstive. 

Isolated simultaneously in the mid-1970’s by two groups investigating the soit coral Sinulara 

fledbilis,6’v Plexibilene is the only diterpene yet known that contains a 15-membered ring. 

Prior to the present work. no synthesis of Plexibilene had been reported. 

Ibmmms <l) Plaalbllenm (2) 

Our own interest in the chemistry of humulene and Pleribilene stesaed Prcm our discovery in 

the late 1970’8 that oycloslkenes can be prepared in high yield by treatment of dioarbonyl 

c-pounds with a titanium reagent prepared by reduotion of oaasercially avaIlable TiC13 with 

ZnlCu couple.8 Humulena and Plexlbilea seemed like suitable go&s for application of the 

titantum ohemistry, and we therefore undertook their total synthesis.* 
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Humulene (11 could, in principle. be prepared by titanium-induced cycliaation of any of the 

three dioarbonyl precursors 3-5, and flexibilene (21 could be prepared from any of the four 

precursors 6-9. In deciding which of the posslbilitles to pursue, we set two constraints. 

First, we wanted a general route that would serve with only slight modification for the 

synthesis of both natural products, and second, we wanted a route that would be relatively 

short. In other words, we wanted to be able to use a corrmercially available starting material 

that already contained muoh of the necessary carbon framauork. 
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The synthesis of flexibilene appeared to be more demanding than that of humulene, and we 

therefore conoentrated our initial efforts on that target. Of the four potential flexibilene 

precursors 6-9, oompounds 6 and 7 were discarded fram consideration because both have 3,v- 

unsaturated carbonyl funotions that might be difficult to prepare and that might be sensitive 

to acids and bases. Of the remaining two ohoices, 8 and 9. oompound 9 was seleoted as the most 

likely candidate for synthesis because of its resemblance to gerarlylacetone. a commercially 

available substanoe that contains 13 of the necessary 20 carbons. Woreover, it is well kncun 

that linear isoprenoid chains like that in geranylaoetona can often be selectively oxidized on 

the terminal J$ methyl gro~p.~~ Combination of an allylically functionalized geranylaoetone 

derivative like 11 with a seven-carbon vi~lic organometalllc derivative like 10 would then 

lead to the desired keto aldehyde cyolisatlon precursor 9. 
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OH&&,+ MO + oHc&d’-‘&& 
x 

10 11 9 

The advantage of this plan Is that it allcua ua to use a starting material (geranyl 

acetone) that already containa two of the four double bonds in fleribilene, prepare the third 

from an alkyne, and prepare the fourth in the cyclieation step. Thus, we should have full 

stereooontrol of the double bonds up to the cyclization atep. 

SyntbeaAlI ofFlaxibllem 

Starting from geranylaaetone (22) ,I% our initial goal was to effect a aelective allylic 

oxidation of the terminal g methyl group and prepare allylic branide 130. Unfortunately, 

oxidationlob with Se02 of either geranylaoetone or its corresponding ethylene aoetal, gave the 

desired alcohol Urn (or l3b) in very impure form, along with substantial amounts of isoaerlc 

secondary allylic alcohols famed by oxidation at internal positions. This was a samewhat 

surprising result sinoe the related oxidation of geraIly1 acetate has been reported to take 

place cleanly. lob 

Although chramatographic purification of keto alcohol l3a proved difficult, we discovered 

that acetalization with ethylene glycol and treatment of the crude hydroxy acetal 13b with 

carbon tetrabramlde and triphenylphosphine in the presence of a sodium acetate buffer selec- 

tively converted only the desired primary alcohol into its corresponding brccpide, while leaving 

secondary alcohol impurities unreacted.” Rapid ohrclnatography on Florlsil (elutlon with 

hexanal then provided the pure brcmo acetal l30 In 32% overall yield from geranylacetone. 

1. Se02 
+ 

2. HOCH2CH OB, 
9 

pTsA 
3. CHEir3, Ph)3P, NaOAc X 

I2 l3a X=OH,Y-0 
l3b X - OH, Y = -CCH2CH2W 
130 X = Br, Y - -OCH2CH20- 

Acetylene 23, the second fragment necessary for the synthesis, is a kncun compound that has 

been prepared in a fairly arduous manner frm acetone.” Rather than repeat the published 

procedure, it occurred to us that a considerably more efficient route might be by the dianion 

alkylation of isopropylacetylene with ethylene oxide.” In fact, treatment of isopropylacetyl- 

ene with 2 equiv BuLi and 1 equiv tetramethylethylemcUam.tne (THEDA) in THF at 50. for four 

hours, followed by addition of 1 equiv ethylene oxide, gave the desired hydroxyacetylene 23 in 

8m yield. Further reaction then led either to the protected tetrahydropyranyl ether (16) or 

to the corresponding aldehyde 17. 

H x * 1. 2 Buli. ll4EDA. TXF, A 
+ 

2. Ethylene oxide 
HO--x, 

OHC x * 
16 17 
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With the two pieces containing all 20 oarbons of fletibilens thus available, we next 

attempted to join them by an alkylation reaction. Our idea uas to convert acetylene 16 into a 

vinylio nucleophile, which we could then use in an alkylation reaction with allylic brcPide 

l30. Toward this end, reaction of 16 with tributylstannane at 80°C in the presence of AIBN as 

a radical initiator led smoothly to vinylstannane lk. Surprisingly, though, I& resisted all 

attempts at transmetsllatlon to the corresponding vicyllithium reagent, 13b. Methyllithium, 

butyllithium, a-butyllithium, and &&-butyllithium were all without effect on vinylstannane 

13a in a variety of solvents and under a variety of reaction conditions. Unable to prepare ltb 

by direot transmetallation, we prooeeded through the intermediate vinylic iodide 13a. Reaction 

of 13a with &iodosuccinimide gave vicylic iodide l&, which could be metallated by treatment 

with butyllithium at -60 OC in hexane to give 13b. 

Unfortunately, all attempts to alkylate vlnyllithium lib with allylic brcnide 230, either 

directly, in the presence of CuI, in the presence of 1-hexynylcopper(1). or in the presence of 

Li2CuCl,, were unsuccessful. Similarly, all attmpts to alkylate the corresponding Orignard 

reagent 136. either in the presence or absence of copper salts, were unsuccessful. Al though we 

are at a loss to explain these results, we note that the presence of the tetrahydropyrarlyl 

ether protecting group is not responsible: A similar series of reactions carried out on the 

related triethylsilyl-protected vinyllithium reagent was also unsuccessful. 

16 

Q&ox ++ RORO 
Ha x = s&l3 19 
lgb x 0 Li 
lgo X-I 
13d x = H.gI 

Haeentarily discouraged with vinylic anions, we next explored the possibility of alkylating 

230 with an aoetylide anion. If successful, the acetylene-containing alkylation product could 

then be reduced with lithium in liquid ammonia to yield the necessary trana double bond. Once 

again, harwer, the coupling was unsuccessful. Treatment of allylic brcmlde 130, either with 

the lithium aoetylidell pre.pared frca, protected acetylene 16, with the dilithio dlanlon 

prepared from hydroxyaoetylena 23, or with the copper aoetylide, 1‘ gave IK) useful results. 

After oonaiderable elcperlmentatlon, we were able to achieve a modest measure of success by 

reaotion of hydroxyacetylene IS with halide 2.30 in the presence of 1.1 equiv CuCl in aqueous 

&y&-butylamlrm ht room temperature*’ to yield 20. Unfortunately, the reaotion led to a 

difficultly separable mixture of alkylation products resulting both frun direct displacement of 

the halide and fra ally110 displacement. 

ls 130 20 

Although it is likely that the copper-catalyzed reaction of 2.3 with 130 could ultimately 

have been developed into a workable synthesis, we were saved from having to do so by the well- 

timed appearance of a paper 1’ reporting a method for effecting the stereo- and regiospecific 

coupling of a vinylzirconium reagent with a pi-sllylpalladl~ species. Since vinylzirooniums 



are easily preparedxs by 

obtaining the appropriate 
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hydroairconatton of alkynea, there appeared to be little problm In 

compound fro alkym 25. qually well-timed was the appear- of a 

second paper** reporting the preparation frcm geranglacetone of pi-allylpalladlum reagent 23, 

the exact species meded fw a synthesis of fleribilena. 

The coupling reaction did Indeed wark exactly as &&red. Protection of aldehyde 17 aa Its 

dimethyl acetal (211, follared by hydrairconation of the triple bond on reaction with bia- 

(cyclopentadienyl)zIrooniln hydridochloride, gave vinylzirconium reagent 22. Conourrently , 

reaation of geranylaoetone with Pd(OCOCP3)2, followed by anion excbaage with tetrabutylaamonilm, 

chloride, gave the aeoeaeary pi-allylpalladium complex 23. Addition of 22 to a freshly 

prepared solution of 22 at -78.C In dichloramethane In the presence of maleic ahydride, 

Pollwed by quenohlng with dilute aqueous HCl, then gave keto aldehyde 9 as a stereocbemically 

pure substance In 76% Isolated yield. 

With the keto aldehyde cycllzation substrate thus available, we were ready for the key 

titanluwinduced coupling step. Preparation of the tItanIm coupling reagent by reduction of 

TIC13 with ZnlCu In dry refluxlng diaethoqrethaa, follawed by alw addition of keto aldehyde 9 

by motor-driven syringe pump over a 32 hour period, gave a 78% Isolated yield of two cyclo- 

pentadecatetraene products In a 2:l ratio. Column cbraatography followed by preparative GLC 

gave an analytical ample of the major caponent, uhIcb uaa spectroscopIcally Identical with an 

authentic sample of natural flexIbIlene (2) by Is, IA, lH NHR (300 Miiz) and % NHR. The minor 

product differed from flexIbIlen, only slightly In Its spectral properties and uaa asaigntd the 

IaoflexIbIlene structure 24. 

11 21 22 

22 + -0 
w 

a3 / - & - 
I 

2 

OHC 

/ 

9 / - 0 - / 
24 

Yith the ayntheais of fledbilena acoompliahed and the general coupling methodology worked out, 

the syntheaia of hmulen vaa straigbtfonard. ThUS, treataent of cclpercially available 6- 

methyl-S-hepten-2-one (25) with palladlu chlwide gave the oryatallim pi-allylprlladim 

cusplex 26 in exact analogy to the previous reaotion of geraqglaoetone. Coupling of 2g with 

viqylairconlm reagent 22 In the preaenoe naleic achydrida alao proceeded exaotly aa before to 

yield 3,3,7-trimethyl-ll-oxo-4E,7&-undecadienal (4), the substrate naceaaary for titanlum- 

induced conversion Into hmulene. Slar addition of this keto aldehyde over an 18 hour period 
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to a slurry of active titanium coupling reagent in refluxing dimethoryethane then provided pure 

humulene (11 as the only product in an isolated yield of 6m; no trace of an isomeric product 

was formed. lhe synthetic humulew thus produced was spectroscopically identical with an 

authentic sample of the natural product by III. GLC, KS, ‘Ii NMB, and 13C NMB. 

as 26 

/ 

4 

I (3 \ 
/ 

1 

pd 

Progress in ahemistry comes slculy, and practitioners of the art of organic synthesis sc#netimes 

wonder whether their field has changed much in the last 50 years. We would like to think, 

hcwever, that the work reported in this paper gives at least one small illustration of how 

organic synthesis advances and improves. Both the flexibilene synthesis and the humulene 

synthesis described herein appear short and simple, as indeed they are. But this brevity and 

simpliaity is really just an indication of how powerful the methods now at our disposal are. 

In the six or so reactions required in this work, no fewer than seven different metal- 

based reagents were used - Li, Cr. Zr, Pd. Ti, Zn, and Cu. Furthermore, of the six or so 

reactions, none were even known a decade prior to the work. The titanium-induced carbonyl 

coupling reaction, in particular, has proved its value as an extraordinarily effective method 

for preparing macrocyclic rings of all sizes, thereby allaring the “simple” and efficient 

synthesis of as unusual a molecule as flexibilene, and as familiar a molecule as humulene by a 

route less than half as long as previous ones. 
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General rathod& All reactions were carried out under argon in glassware that had been dried 

at 120 l C or that had been evacuated and flamed dry prior to refilling with argon. The phrase 

“worked up in the usual manner” refers to extraction of the crude product with ether or 

dicbloramethane, washing the organic layers with water and with saturated brine, drying aver 

anhydrous sodium sulfate, filtration, and concentration by solvent removal at the rotary 

evaporator. Ethereal solvents were dried by double distillation under argon over molten 

potassium metal. NMB spectra were recorded on a Bruker WW-300 instrment. 
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ll-l&drwp6.lo-dlDe~l-3~9~eeallen-2-ons (3%). Qeraqlaoetone (32, O.SO g, 2.573 -01) 

was added to a solution of selenium dioxide (0.115 g, 1.04 mnol) and m-butyl hydroperoxide 

(0.90 mL, 90 S,) in methylem ohloridc (2.5 mL) at 0 l C. After stlrrlng at O@C for 9 h, the 

mixture was washed successively with water, sodium bloarbonate solution, water, and brim. 

Yorkup in the usual manner gave a residue that was chrcmatographed on silica gel (elutlon with 

25% ethyl acetate-hexane) to give 450 q (46W of allyllc alcohol Ua, whlcb was approximately 

87% pure by GC analysis: IR (film) 3400, 1700, 1360, 1015, 845; ‘H NMN UXC13) 6 5.33 (t, 1 Ii, 

J = 6.8 Hz), 5.05 (t, 1 Ii, J_ - 6.8 Hz), 3.97 (d, 2 H, & = 6.2 Hz), 2.44 (t, 2 H, J- 7.4 Hz). 

2.25 (m, 2 H), 2.12 (s, 3 H), 2.00 (m, 2 HI, 1.63 (a. 3 H), 1.60 (a, 3 H); 13C NHR (CDc13) 6 

208.34, 135.46, 134.63, 124.67, 122.53, 67.94, 43.21. 38.80, 29.15, 25.63, 22.12, 15.44, 13.12. 

ll-Bldraqd.lwdUm*l-s~94 -udecadlen-2-om ethylene aoetal (33b). Alcohol 33a (0.2337 g, 

1.11 sm101) was dissolved in a mixture of ethylene glyool (3 mL), oxalic acid dihydrate (20 mge) 

and benzene (10 mL), and heated at reflux with aseotroplc removal of water for 4 h. Ihe 

mixture was diluted with ether, washed suooeeslvely with sodium bicarbonate solution, water, 

and brine. and worked up in the usual manner to give aoetal 13b (0.279 g, 98.7%) as a pale 

yellow 011: IR (fIlmI 3400, 1370, 1050, 945, 860 cm-‘; ’ H N?IR KDc13) 6 5.36 (t, 1 H, J_ - 7.3 

Hz), 5.11 (t, 1 H, L - 7.3 Ik), 3.97 (8, 2 H), 3.92 (m, 4 H), 2.0-2.2 (m, 6 H), 1.64 (8. 3 H). 

1.59 (8. 3 H), 1.6 (m, 2 H), 1.31 (9, 3 H); 13C NHR KXX13) 6 134.39, 125.09, 123.84, 109.6, 

68.06, 64.19, 38.92, 38.62, 25.87, 23.43, 22.24, 15.56, 13.24. 

ll-mmo-g.lo-dlmth3l~g,94 -uodmaUe2-a~ ethylem metal (130). Alcohol 23b (0.50 g, 2.0 

mmo1), tetrabracmethane ( 0.82 g, 2.5 mol) and sodIm acetate (328 mg, 4.0 mol) were placed 

in 5 mL dichloranethane and stirred at OW. Trlphenylphoaphine (655 mg, 2.5 mol) was added in 

small portions, and the reaction was allcwed to sl~lly warm to ambient temparature. After 

addition of petroleum ether, the reaction mixture was filtered through a short pad of Florisil 

and concentrated at the rotary evaporator to yield allylic br&de 230 (270 mg. 42%). wh.Ioh was 

sufficiently pure to use without further purification: IR (film) 1450, 1105, 960 om-‘; ‘H NMR 

(CDC13) 6 5.53 (m, 1 H), 5.10 (t, 1 H), 3.93 (a, 2 H), 3.90 (8, 4 H), 2.03 (m. 6 H), 1.66 (m, 

8 H), 1.32 (8, 3 HI; mass spectrum (g/d 318 (d. 

3.3-Dlmt41+9entyn-l-01 (ls). 3-Methyl-1-butyne (11 mL, 0.108 mol) was dissolved in 42 mL 

ether at OOC. and g-butylllthlum (84 I& of 2.M B solution in hexana, 0.214 mol) was slowly 

added. When addition was oamplete, tetramethylethylenedamim (TkBDA. 15 mL, 0.110 mol) was 

added, producing a white slurry. The reaction mixture was then warmed to a gentle reflux for 

15 h to allc+# formation of the dlanion, after whioh time a homogeneous red solution resulted. 

The dianion solution was next aooled to -78V and quenched by slcu addition of a solution of 

ethylene ortde in THF (10 mL of a 4% by weight solution, 0.095 mol). Uhen addition was 

complete and the red color had disappeared, water was added to the reaction mixture and the 

temperature raised to ambient. Workup in the usual manner yielded a crude product that was 

purified by passage through a short colrPn of silica gel to give 7.40 g (7-j of acetylenlc 

alcohol 15: IR (film) 3360, 3310, 2110 cm-‘; ’ H Nl4R (CDC13) 6 3.87 (t, 2 H, J- - 7 Hsz), 2.16 

(s, 1 H) , 1.72 (t, 2 H, L = 7 Hz), 1.26 (8, 6 H). 

3.3-DiDetlIyl-4-9entpsl (17). 3,3-Dimethyl-4-pentyn-l-01 (35, 2.26 g, 20.1 nmol) was dissolved 

in 30 mL dichlormethane and added rapidly to a stirred suspension of pyridinim chloroohraate 

(6.48 g, 30.1 mol) in 40 mL diohl~~etham at 2S.C. The reaction mixture wae then stirred 

for 2 h, ether (300 mL) was added, and the mixture was filtered through a short pad of Flori- 

sil. Concentration of the filtrate at the rotary evaporator gave a pale yells Oil that was 

distilled by kugelrchr to yield aldehgde 17 (1.54 g, 7OW as a oolorless lipuid: hp (140 mm). 

75-BOW; IR (neat) 3390, 2750, 2110, 1720, 1370 QII-‘; ’ H NklR (CDC13) 6 9.82 (t, 1 H, J - 3 Rz), 

2.41 (d. 2 H, L - 3 Hz). 2.25 (s. 1 H) , 1.35 (s, 6 H). 
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s,s-Dlmtaioxy-3,3-dlm~l-l-pentym (21). A solution of 3,3-dimethyl-4-pentynal (1.49 g, 13.5 

mmOl), trimethyl orthofomate (3.6 g, 34 mol), methanol (0.2 ml.), and p-tolueaesulfonlc aaid 

(100 mg) in dry 20 nL benzene was stirred for 1.5 h at roav taperature. &ueous 5% NaHCO, was 

then added, and the resulting mixture was partitioned between ether and water. The organic 

phase was washed with saturated brlcm, dried (K2C03), and ooncentrated at the rotary evaporator 

to give a yells oil. Mstlllation of the oil (kugelrohr) yielded aoetai 21 (1.75 g, 83%) as a 

colorless llquld: bp (15 ms), 75-80°C; IN (neat.1 3300, 2110, 1389. 1365 cm-‘; ‘H NlUi (Ccl41 b 

4.61 (t, 1 H, L- 5 Hz), 3.32 (a, 6 H), 2.12 (a. 1 Ii). 1.72 (d, 2 H, L = 5 Hz), 1.28 (s, 6 H). 

3,3.1.11-raraetayl-13-4~7~11~baxmdeoat.rlmal (9). 5,5-Dimethoxy-1-pentyne (21, 560 

mg. 4.23 mool) was dissolved in 10 mL dry dlohloramethane under an inert atmosphere at room 

temperature, and Cp2ZrHCl (866 mg, 3.36 mol) was added at once. After stirring at roam 

temperature for 2 h, the reaatlon mixture was cooled to -78oC and malelo anhydride (1.11 g, 

11.4 mpol) in 5 mL diahlorcmethane naa added. Stirring was continued for an additional 0.25 h 

at -78.C. at which point bis [ohloro(9,10,11-Q&g&- 6~,10-dimethy1-5.9-undecadle~2-om)- 

palladicrn (I111 (23, 840 w, 2.51 equlv) in 6 mL dichloramethane uaa added via cannula. After 

stirring a further 2 h at -78W. the reaotion mixture was slarly warrmed to rocm temperature and 

stirred an additional 14 h. Mlutlon with ether and filtration through a short pad of Florisil 

removed the depoalted metal, after whloh the filtrate was concentrated at the rotary evaporator 

to yield a red oil. Chrcmatography of the crude product on silica gel (101 ethyl acetate- 

hexam) gave keto aldehyde 9 aa a aolorless oil : IN (neat) 2735, 1720, 1385, 1365, 1160, 975 

caa-‘; ‘H NWI (CDC13) 6 9.67 (t, 1 H, J_ - 2.9 Hz), 5.48 (d, 1 A, L - 15.5 Ha), 5.32 (d of t, 

1 H. J-1 - 6.6 Hz, & - 15.5 Hz), 5.05 (m, 2 H), 2.61 (d, 2 H, J_ = 6.6 Ha). 2.42 (t, 2 H, L - 

7.3 Hz), 2.27 (d, 2 H, J_= 2.9 Ha). 2.23 (m, 2 H), 2.10 (a, 3 H), 2.02 (m, 2 H), 1.94 (m. 2 H). 

1.57 (8, 3 H) , 1 .Sl (8, 3 H) , 1 .lO (8. 6 H) . 

2.6 .g ,,,u-~~t4rl-le4tg~~~~n~~~~ Wlulbiloae, 2). A suspension of 

TiC13 (754 mg, 4.90 mool) and Zn/Cu oouple 11 (757 mg, 11.6 tool) in 20 mL dry dlmethoxyetham 

was heated at reflux for 1 h to form the active titanlua coupling reagent, and 3,3,7,11- 

tetramethyl-11-oxo-4&,7&11&-hexadecatrieml (9, 57 mg, 0.19 mm011 in 16 mL dlmethoxyethane was 

slculy added over 32 h via motor-driven syringe pump. The reaotion mixture wan then heated an 

additional 8 h, oooled to rota temperature, diluted with 50 mL hexane, and filtered through a 

abort pad of Florisil. The filtrate ~88 concentrated at the rotary evaporator to give a yellar 

oil that was purified by oolumn chromatography on silica gel. Hlution with hexane provided 

41 mg (79%) of cycllaed hydrocarbon product. NH9 indicated the product to be a 2:l mixture of 

e and z lacmera about the newly formed double bond. 

A pure sample of flexlbilene (2) was obtained by preparative GLC (101 Carbowax 2ON; 5 ft x 

1/4 in) and identified by oamparlson with an authentioa’ ample: IN (neat) 1470, 1380, 1360, 

970 cm-‘; ‘H NH2 (CDC13) 6 5.31 (m, 2 H), 5.10 (m, 3 Hl, 2.S9 (broad 8, 2 H), 2.0-2.2 (m, 

12 H). 1.60 (s, 3 H), 1.58 (s, 3 H), 0.99 (8. 6 H); 13C NNN VXC13) b 140.6, 134.6, 134.2, 

133.8, 125.5, 123.9, 123.6. 121.6, 121.6, 41.5, 41.1, 39.0, 38.8, 36.4, 28.2, 24.6, 24.3. 17.6. 

16.6, 15.5; aml. aalc’d for C20H32: IA//Z = 272.2504; found: 272.2506. Isofledbllem (24); 

13C NMN 0XxX3) b 140.9, 134.0, 133.8, 133.6, 124.8, 124.5 (2), 122.7, 42.0, 41.2, 39.1, 35.5. 

30.9. 29.4, 28.0. 25.2. 22.7, 17 .O, 13.9. 

IUeW1laro(5.6.7-~ -methyl-5-he9talF2~)palluli~(xI)l (20. A solution of 110 mL 

aoetio acid. 8.5 mt acetic anhydride, 10.7 g sodium acetate, 10.1 g sodim chloride, 8.8 g 

anhydrous cupric sulfate, and 1.78 g (10.0 mm011 palladium chloride was heated at 9OW for 1 h 

and then cooled to 60°C. 6-Methyl-S-hepterr2-on, (2.85 g, 22.6 mmol) in 10 mL acetic acid uaa 

then added, and the solution was malntalmd at 60 l C for 4 h. After cooling to roam tmpera- 

ture, the reaction mixture was poured into 250 mL water, extracted with a 1: 1 mixture of ethyl 
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