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AbWact: One of cur objectives was to develop further access to large bkyclk tetrasubstftuted oleflns by 
catbnk rearrangement. Among other things, such oleflns can serve as valuable precursors to bkyclk 

tetrasubstftuted allenes, and we report one such converslon by a new route that provided the first 
symmetrkal member of thla rare class of compounds. We synthestzed the bkyclk trlsubetlMed oleflns (Z)- 
bkyciojl0.5.0]heptadec-1(17)-ene (11) and (Z)-bkyck[lO.bO)octadec-1(18)-ene (17) vfa an Intramolecular 
Wtttfg reactbn and a tltanlum mediated intramolecular reductive coupling, respectlvefy. Oleflns 11 and 17 
were komerfzed under acidk conditions to their tetrasubstituted counterparts (Z)-bkyck[lO.5.O]heptadec- 
l(lP)-ene (12) and (2)bkyclo[lO.6.O]octatadec-l(lP)-ene (18), respectively. The prevkusly reported 
tetrasubstttuted olefln (Z)-bkyck[ll .ll .O]tetracof+l(l3)-ene (19) was further elaborated in a three step 
sequence to the allene bkycb[ll .ll .O]pentacosa-1(25),13(25)dlene (22). Our approach Involved 
dkhbrocycbpropanatbn of olefln 19 to cyclopmpyl adduct 25,25dkhloro-trkyclo[l l .l 1 .l.O]pentacosane 

(20), sliver as&ted solvolysis of 20 to 25chloro-1-methoxy-bkyck[ll .l 1 .l]pentacos-13(25)-ens (21), and 
reductfve eliminatkn of 21 wlth zinc to allene 22. 

lntroductlon 

Several research groups1-5*7 have been interested In the synthesis and properties of lr systems 

sterkally shielded by bridging alkyl chains. Bkyclk fransoleffns, typlfkd by 1 (%etweenanenes~, are the 

most thoroughly explored of such systems. Short or medium length methykne chains “encapsulate” the x 

bond, thereby greatly diminishing its reactlvlty. l-3 Naturally, the concept of sterk shkktlng of functbnallty by 

methylene chains is not confined to simple olefins. For example, a doubly bridged allens such as 2 is a 

conceivable structural anakgue. Molecular models of such bkyclk allenes (2, a - b = 8 to 11) indicate that 

the bridging alkyl chains partially shield the central allenk carbon but not the termlni. The extent of stetic 

shlefdlng should depend to a large degree on the lengths of the brkglng chains as well as on their 

conformatlonal flexibility. This shieldlng might also bs enhanced by appropriate substftutlon on the chains 

(e.g., branching), or lt might be diminished by replacement of ring methyknes by heteroatoms (e.g., 0, N, S). 

Thus, normal allenk reactfvfty may be substantially altered by lncorporatbn of the allenk system wnhln such a 

bkycfkframework. 

This bkyclk afkne class of compounds was first conceptualized by Cahn, Ingokt, and pre1og,8 and 

only one hydrocarbon representative (3) has been reported by Nakaxakl.7a~b (Very IJcently, Marshall7c 

synthesized two heterocyclk members (4a,b) of thts doubly bridged allene famtfy by starting wfth a preformed 

monocyclk altene and then closing the second ring.) Nakaxakl used a precursor of type 5, txrt unfortunately 

MS route fs not general for the hydrocarbon sertes In that It failed in three of four attempted applkatfons (two 

by Nakaxakf, one by us). Consequently, additional options to hydrocarbon bkyclk allenee (2) from bkyclk 

oleffns of type 5 are needed. We now report a new method and apply ft to the synthesis of one such affens 
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(22), the llrst symmetrical representalive of this rare class of compounds. Cur expectatbn Is that this 

symmetry will facilftate future study of its chemical behavbr. We also report the sytheses of two unsymmetrical 

bicyclfc dsoleflns (S), which could serve as key precursors to blcycllc frans-oleflns (1) or to blcycllc allenes 

(2). 

b , n = 12 

Results and Dlscusslon 

Blcyclic cis-oleflns (5) assume pivotal lnportance in our projected aflene synthesis. Much of our effort 

was therefore devoted to developing methodology for preparation of oleflns of this type. The synthesis of 

one such system (19). by a scheme that Is limited to symmetrical homologues, has been previously 

described In detail.3 Cur routes to two new and unsymmetrical bfcyclic ds-olefins and to a symmetrfcal bicyclic 

aflene are described below. 

A. Blcyclo [lO.S.O] System. We prepared the requisite bromoketone 9 from cyclododecanone 

(6) according to the sequence depicted In Scheme 1.9 Ketone 6 gave the knownlo P-carbomethoxy 

derivative 7 by condensation with dlmethyl carbonate. Alkylation with 1,5dibromopentane provided 8, which 

gave bromoketone 9 after hydrolysis and decarboxylation. Treatment of 9 wlth one equivalent of 

triphenytphosphlne afforded phosphonium salt 10. The crude salt was characterized only by ll-f NMR, and 

was merety dried over P205 under vacuum prbr to use. 

We gained access to the blcyclo [10.5.0] system via an Intramolecular Wittlg reaction. Cur experiment 

was closely modeled on a general method reported by Becker, 1 1 who observed that the yield dropped off 

dramatically (10%) for the formatlon of seven-membered rlngs. Our yield of olefln 11 was comparable (16%) 

and no traces of fsomerlc olefins could be detected. As lt is well known that fmns-cycbheptenes are fhermaliy 

Unstable,14-16 we can be certain that the double bond In 11 Is cls withln the seven-membered ring. The IR 

was rather featureless except for a weak C=C stretch at 1655 cm-l. A triplet at 6 5.45 In the lH NMR 

demonstrated the lone vinyl hydrogen; and a proton decoupled l3C spectrum showed the requisite 

seventeen SlgfISlS, Including those at 124.98 and 146.63 ppm for the two sp2 carbons. 

Inltlally, our efforts to obtain the target tetrasubstituted &-olefln 12 via acid catalyzed (e.g., HCI, BF3 

etherate) lsomerfzatbn of 11 gave Intractable mixtures. Eventually, we found that gentle heating of 11 wfth 

the monohydrate of ptoluene sulfonic acid In benzene afforded desired Isomer 12 In 40% yield (by GC). 

Starting olefin was completely consumed, and Isomer 12 was accompanied by virtually only two other 

lsomem (13 E + Z, 56% of the mixture by GC). This three component mixture could be partlally separated by 

AgNOg-silica preparative thin layer chromatography. Eventually, we found that preparative high pressure 

llqukf chromatography (HPLC) was less costly and gave superior separations. Routinely, we used Cl8 

reversed phase cofumns with acetonitrlle as the mobile phase. 

As expected, the IR of tetrasubstltuted olefln 12 did not show a C&C stretch. In accord wfth molecular 

symmetry, nine signals were observed In the proton decoupled 13C NMR, and a resonance at 137.42 ppm 

was ass&ted to the two equivalent sp2 carbons. The UV showed a maximum at 203 nm (e - 9600, heptane). 

The 1H NMR showed an eight proton multlplet In the allylic region, and most of the remalnlng methylene 

hydrogens appeared as a broad envelope in the aliphatic reglon. We also observed a well defined quintet 

centered at 6 1.70. Tentatively, we attribute this resonance to the Cl5 methylene hydrogens In the 

cVcfoheptVr rfng. 
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use the muftf-component mixture containing 75% 17 for these Isomerfzatfons. As with the homologous 

[10.5.0] system, ptofuens suffonlc acid In benzene proved effectfve. Although a reactbn temperature of 56 

Oc was adequate for the (10.5.0] system, a higher temperature (80 oC) was required to induce double bond 

mfgratbn In this [10.6.0] skeleton. Thus, we obtained a sixteen component mixture containing 53% c/a- 

fsomer 18 when the mixture containing 75% olefin 17 was subjected to these condltbns. 

We pursued only the target isomer 18, and Isolated tt by a comMnatbn of preparatfve AgNC&-TLC and 

HPLC. The ‘H NMR showed only allylk and aliphatlc hydrogens in the expected refatlve ratbs. As dictated 

by molecular symmetry, we observed nine signals in the proton decoupled f3C spectrum, lncfudlng a sfgnal 

at 133.73 ppm for the two symmetry equivalent sp* carbons. The UV gave a maximum at 2015 nm (e I 

12700, heptane). Since the frans-blcyclic Isomers (‘betweenanenes’) do not appear accessible from acid 

catafyzed lsomertzatfon of their cls counterparts,3~ 28129 we believe that the doubfe bond In 19 is cfs relative 

to both rlngs. 

C. Alfene Synthesis. 01 the three blcyclll cis-oleflns available to us (12,18, 193) we sefected 19 

for further elaboratfon to an allene (Scheme 3). The target aflene 22 would be unstrained and symmetrkral, 

and we expected that these features would facllftate Isolation and unambiguous characterlzatfon. 

Accordingly, we Introduced the required addltional carbon by the action of dtchbrocarbene on olefin 19. 

Conversion of olefins to dichlorocyclopropyl adducts under phase transfer catalysis condftbns with 

chbrofomf and sodium hydroxide ls well precedented. 30 In our case, 19 gave an adduct (20) that showed 

only a broad envelope In the aliphatic region of the tH NMR. Proton decoupled t3C NMR showed only eight 

sfgnab, including one at 80.07 ppm Indicative of the dkhlorfnated cyclopropyl carbon.31 We attempted 

Nakazakf’s route for direct conversion of adduct 20 to allene 22 with ~thyllfthkrm,7alb but obtained onfy an 

unldentffbd mixture of hydrocarbons from which no allene could be isolated. This approach was abandoned 

fn favor of a more promising avenue involving solvolytb rfng-openlng and subsequent reductfve ellmlnatfon to 

albne. 

The sifver-as&ted solvolysfs of dihabcycbpmpyl compounds to give rlng-cpened vfnyf halides is well 

ck~~rnented.3~-3~ As hoped, the reactbn of dichloride 20 wfth a large excess of sffver nitrate fn methanol 

afforded vinyl chloride 21 (23%, not optlmfzed) after chromatography. Proton decoupled 13C NMR showed 

onfy twenty-five of the expected twenty& signals. Yet, one of the signals (26.12 ppm) was quite broad and 

probably UXtStbJted two overlapping signals. Resonances at 4944 (OCH3), 89.50 (tertiary C-C), 130.73 

(q? C), and 141.92 (sp2 C) ppm support our structural assignment for 21. 

We hoped to obtain the target allene 22 by the action of hlghly active zinc powder35 on 21. Cur 

decbbn to use zinc was prompted by the well known use of thls metal to effect eliminatbns of vinyl alfyl 

dlhafldes to allenes and of halohydrin derlvatlves to olefins. 391 37 In fact, we succeeded In converting vinyl 

chbrfds 21 to allene 22 wfth zinc In 1,2dlmethoxyethane, albelt In somewhat erratic yield. In the best of two 

trfafs, aflene was the only product isolated (89%) and starting material was completefy consumed. We found 

that thts aflene was unstable to overnight storage at 0 oC in CDCl3 (Afdrtch 190.0 atom % D). Reexamlnatlon 

of the sample by tH NMR showed prevbusly unobserved signals In the vinyl H regbn as Well as changes h 

the allylb region; no allenk signals remalned. Thls outcome suggested that traces of add In ths CDCf3 

caused rearrangement of the lnitlal allene. We did not pursue the structures of these rearrangement 

pnxfucts. 

Akens 22 was fsolated and fully charactertzed. Only end absorption was observed in the UV, but at 

200 nm, the e fs 12600. For the unsymmetrical [10.8] allene 3, Nakazak17 reported a maxfmfJm of 213.5 nm (s 

- 9400). In accord wfth our structural assignment, the 1 H NMR of 22 showed only allyllc-type sfgnafs and a 

broad envelope for the remaining ring methylenes. Molecular symmetry in 22 requires efghf SfgnafS for 

proton decoupled f3C NMR, hut we were unable to detect the central allenk sp carbon, which nOrmaflY 

spears at approximately 200 ppm. The absence of thfs sfgnal was pfobabfy due to the smal ssmfJle f&e 
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(only 400 mg), as well as an expected long relaxatbn time (Tt) for this sp carbon nt~cteus.~~ However, the 

terminal carbons of an allene also resonate at frequencies that are highly charaotedstk.31 Indeed, a signal at 

102.30 ppm for the two symmetry equivalent sp2 allenk terrninl underscores our structural assignment for 

22. 

EXPERIMENTAL 

General. Melting points are uncorrected and were determined on a Thomas-Hoover apparatus In open 
oaptllades. In two cases where limited amounts of sample were available, micro melting points were obtained 
on a Kofler Micro Hot Stage with a Model BPH Phase Microscope and are uncorrected. All boiling points are 

uncorrected. Infrared (IR) spectra were obtalned with a Perkin-Elmer Model 457A or Model 5998 
spectmphotometer as solutbns in CHCl3 or CCLt ; or as neat films on NaCl plates; or as solids in anhydrous 

KBr dtsks. The 1601 cm-l band of polystyrene film was used as an external calibration standard. Proton 
nuclear magnetic resonance (‘H NMR) spectra were detemlned for CDC13 solutbns (unless otherwlse 

specified) at 80 MHz on a Varfan Model CFT-20; or at 300 MHz on a Bruker Model WM-360; or at 408 MHz on 
a Vadan Model XL400 spectrometer. Chemkzal shiis are reported In d units and were routinely referenced to 
the signal from residual H in the perdeuterated solvent used (8 7.27 for CDC13.6 7.15 for C6D6). Carbon 
nuclear magnetic resonance (13C NMR) spectra were determlned for CDCi3 solutions (unless otherwise 

speclfled) at 75 MHz on a Broker Model WM-300 or at 100 MHz on a Varian Model XL400 spectrometer with 

full proton broad-band noise decoupling. Carbon shifts are reported In pans per million (ppm) and were 
routinely referenced to the solvent carbon signal (77.0 ppm for CDCb and 128.0 ppm for CsD5). UV-VIS 

data were obtained In heptane (Burdick and Jackson spectrophotometrk grade) on a Cary Model 219 direct 

ratlo recording double beam spectrometer with a wavelength accuracy of fo.2 nm. Elemental microanalyses 
were performed by Qalbralth Laboratories Inc., Knoxville, Tennessee, and by MkAnal Organic Microanalysis, 

Tuscan, Artzona. The term GC refers to gas chromatography with a Perkin-Elmer Model 900 instrument 
equipped wfth a Perkin-Elmer Sigma 10 Chromatography Data Station. Helium was the carrier gas. Columns 
used Included: 4, l/8” O.D., 2.5% BBBT on Chromosorb W-HP, 100/200 mesh; 9’, l/8” O.D., 1.5% SE-30 
on Chrorosorb W-HMDS; and loo’, 0.02” I.D., FFAP capillary. The term HPLC refers to high pressure liquid 

chromatography on a Waters Associates Instrument equipped with a Model U6K Universal Injector, Model 
600A Solvent Delivery System, Model 450 Variable Wavelength UV Detector, Series R-400 Differential 
Refractometer Detector, and Omnlscribe Model 050000 Chart Recorder. Analyses were routinely performed 

In the reversed-phase mode with acetonitrile (Burdick and Jackson) as solvent. Analytical separations were 
performed on an Attex Ultrasphere-ODS column (dp = 5 m, 4.6 mm I.D., 25 cm length). Preparative 

separatbns were performed on a Regis-ODS II column (dp = 5 m, 10 mm I.D., 50 cm length). The term TLC 
refers to thin layer chromatography. All plates were from Anaitech Incorporated. The term AgNQj-TLC refers 

to silver n&ate-impregnated silica chromatography. We accomplished vizualization by spraying with 50% (VA!) 
aqueous H2SOq and then charring. Preparative AgNQ-TLC was performed on 20 X 20 cm glass plates 

mated wlth 15 or 20% AgN03/sillca gel GF (500,lOOO. or 2000 m thiiness). Column chromatography was 

performed on Brtnkmann silica gel-80 (70-230 mesh) or J. T. Baker silii gel-60 (2540 mesh). 
25,25-Dlchloro-trlcyclo[ll.ll.1.O]pentacosane (20). This method was based on a close analogy 

from NakazakL2c The cis-olefin 19 (1.0 g, 3.0 x 10v3) and cetyltrimethylammonlum bromide (Aldrich, 95%, 
0.08 g, 2.2 x 10e4) were dissolved in CHCl3 (baker, reagent grade, 23.6 mL). After addition of 50% (w/w) 

aqueous NaOH (17.6 mL), the heterogeneous mixture was stirred at a gentle reflux for.3 h. The mixture was 
partltbned between H20 and CHCl3, dried over Na2S04, and filtered. Sotvent removal gave 1.75 g of a 

glassy yelbw solid, which was taken up in heptane. Passage through a short column of silica afforded 0.80 g 

of a cobrfess viscous oil, which contained at least two components by TLC. Crystallization from heptane (2x) 

afforded 0.66 g (53%) of colorless dichlorccarbene adduct 20, m.p. 95.5-97.8 OC. GC (BBBT, 215 OC, 44 
psi) indicated 99% purity. IR (CC14) 1470, 1445, 1350,8555,845 cm-l. ‘H NMR (CDCl3) 6 1.18-1.65 (m, 40 
H), 1.67-1.81 (m, 4 H). t3C NMR (CDC13) 24.46, 24.80, 24.93, 25.37, 26.55, 29.49, 37.52, 80.07 

(cycfopropyl CCl2) ppm. Anal. Calcd. for C25H44C12 (416.36): C, 72.09; H, 10.65. Found: C, 72.42; H, 

10.59. 
25.Chloro-1-methoxy-blcyclo[li .l 1 .l Jpentacos-13(25)-ene (21). This procedure Is based on 

similar chemistry reported by Balrd.34 Dlchlorocarbene adduct 20 (0.16 g, 3.8 x 10m3 mmol) In anhydrous 
methanol (Gmnisolv, 110 mL) with AgNO3 (Aldrich, 99+%, 2.4 g, t .4 x low2 mrnol) was gently refbxed (no 

reactbn without heating) for 3 h. The mixture was partitioned between H20 and hexane, and the organic 

layer was dried over Na2S04. Ftltratbn and solvent removal gave 0.16 g of a cobrtess immobife oil. The pure 

vfnyf ohbro ether 21 was obtained as a colorless oil by a combination of preparative TLC, HPLC, and 
dtstlllatbn hub to tn~lb (ca. 195 oC, 0.4 torr, 44 mg, 28%). IA (CHCb) 1600,1460,1230,1200,1080,930, 
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800, 710, 680 cm-l. ‘H NMR (C606) 5 1.01-1.71 (m, 42.6 H), 1.71-1.65 (m, 2.2 H), 1.88-1.94 (m, 0.1 H), 

1.95-2.10 (m, 2.1 H, allylic), 2.14-2.23 (m, 0.2 H, altylk), 2.38-2.48 (m, 0.2 H, altylic), 2.88 (8,3.1 H, OCH3), 

3.04814 (m, 1 H, allytk), 3.18 (s, 0.3 H, GCf-f3), 3.41350 (m, 1 H, allylic). Fractional H Megrats tndlcate the 

presence of two isomers (conformers?). Note especially the two methoxyl stgnab, which suggest a ratio of 
10.3 : 1. ‘3C NMR (C606) 23.71, 23.76, 23.99, 24.24, 25.48, 25.55, 26.12 (broad a, probably two 

overtapping signals), 26.77, 26.88, 27.02, 27.11, 27.16, 27.30, 27.58, 28.22, 28.38, 29.58, 31.79, 33.12, 
34.82, 38.47, 48.44 (OCH3), 89.50 (tertiary C-O), 130.73 (sp2 C), 141.92 (sp2 C) ppm. Anal. Cakxl. for 
C26H47CIO (411.12): C, 75.96; H, 11.52. Found: C, 75.98: H, 11.64. 

Blcyclo[ll.ll.l]pentacosa-1(25),13(25)-dlene (22). This procedure was based on chemistry 
developed by Gustavson, by House,39 and by Rieke .35 The reaction was conducted under argon 
(prepurtfled, < 4 ppm 02) and rigorously anhydrous conditions. Potassium metal was handled under 
heptane, and anhydrous ZnCl2 (Aldrich, 99.999+%) was handled in a glove box. 1,2-Dimethoxyethane 
(DME) was distilled from sodiurmbenxophenone. The ZnClp (670 rng, 4.94 mmol) was weighed Into a three- 

neck flask fitted wtth a condenser. Dry DME (5.0 ml) was added via syringe. One neck of the vessel was 

opened briefly to permtt rapid introduction of potassium (ca. 390 mg, 4.94 mmol). [CAuTIc#v : The reductbn 
is very exothermk and extreme care must be exercised during the bitiil stage.] Wlthout being stirred, the 

reductbn mfxture was very gradually warmed to 70 oC with occasbnal hand agitatbn. me mixture was stirred 
afler most of the material had reacted, and reltux was continued tor an addklonat 3 h. The substrate vlnyl 
chbro ether 21 (20 mg, 4.94 x 1O.2 mmol) in DME (2.0 mL) was transferred via cannula to the reftuxlng 

activated zinc suspensbn. In this particular trial, the reaction stopped short of completlon and no further 
progress was observed afler 20 mln reaction ttme. The cooled mtxture was filtered through celtte and solvent 

was evaporated. The resultant oil was taken up in hexane and passed through silka to glve 15 mg of a 
cobrtess immobile oil (ca. 3 : 1 starting material and allene, respectively, by ‘H NW). Pure allene 22 was 
Obtained from a portion of the crude product as a whlte solid, micro m.p. 68.9 oC (400 mg) after preparatlve 
HPLC and sublimation at 60 OC, 0.3 ton. IR (CC14 passed through neutral alumina) 2930,2850,1460 cm-l. 

‘H NMR (C606) 8 1.18-l 63 (m, 36 H), 1.93-2.04 (m, 4 H, allylk), 2.07-2.19 (m, 4 H, allylk). 13C NMR (C608) 

d 25.75, 25.83, 25.89, 26.33, 27.23, 31.52, 102.30 (sp2 C) ppm. UV (heptane) no maxlmum observed 
above 194 IIm, but at 200 nm, e = 12600. High-Resolution MS, obsd m/z 344.3428, C25H44 requires 

344.3442. 

2-(5-Bromopentyl)-2-methoxycarbonylcyclododecanone (8). The 2.methoxycarbonyl 
cycl~dodecanone~~ (7, 16.6 g, 0.07 mol) In dry THF (250 mL) was added over 3 h to a stlrred slurry of NaH 

(1.75 g, 0.073 mot) In dry THF (150 mL). This anionic mixture was added during 3.5 h to a reftuxtng sotutbn of 
1,5dlbromopentane (15.9 g, 0.07 mol, Aldrlch 99% pure) In dry THF (150 ml). After 18 h at reftux the 
mixture was cooled and acidified with acetic acidlwater (2 : 1, v/v). Removal of sotvent left a semi-solid, which 

was extracted wtth petroleum ether. Evaporatbn of the solvent left 8 as an oil (21.1 g, 78%), whkh could be 

used directly in the next step. For characterization, a separate sample was purified by preparative TLC (silica 

taper plate, 10% v/v ethyl acetatelhexane) and subsequent bulb-to-bulb dlstlllatton (SO-195 oC, 0.4 ton) of 

the cobrtess viscous oil. IR (neat) 1740, 1725, 1705, 1470, 1445, 1290, 1260, 1245, 1220, 1195, 1155, 
1130 cm-l. ‘H NMR (CDCb) 6 0831.05 (m, 1 H), 1.05154 (m, 17 H), 1.59 (d, J I 3.2 Hz, 1 H), 1.76-1.92 
(m, 5 H), 1.97-2.21 (m, 3 H), 2.83-2.97 (m, 1 H), 3.39 (t, J I 7.0 Hz, 3 H, CH2Br), 3.72 (s. 3 H, 0CH3). Anal. 

Cakd. for CtgH33BrG3 (389.37): C, 58.61; H, 8.54. Found: C, 58.42; H, 8.50. 

2-(5-Bromopentyl)cyclododecanone (9). A mixture of crude keto ester 8 (21.1 g, 0.054 mol), 

aqueous 48% HBr (200 mL) and powdered clay (21 g, from an ordinary clay pot used for plants) was heated 
30 h at 140 oC. The cooled mixture was diluted with water and extracted wtth ether. After a NaC(& 

extractbn, the derived product was fractiinaliy distilled (b.p. 190-210 oC, 1 torr) to give an off (6.32 g, 35%) 
that soltdified on storage at room temperature. Recqstallizatton from ethanohater gave m.p. 43.44 oC. IR 
(neat) 2930,2850,1700,1465,1440 cm -1. lH NMR (CDCl3) 6 1.30 (broad m), 1.51-2.15 (m), 2.32-2.75 (m, 

CH2GO), 3.40 (t,2 H, CH2Br). Anal. Catcd. for C17H3lBt’cI (331.34): C, 81.62; H, 9.43. Found: C, 62.00; 

H, 9.53. 
2-[S-(Trlphenylphosphonlo)pentyl]cyclododecanone bromlde (10). Becker’s” general 

method was used. Diethyl ether was distilled from lithium aluminum hydride shortly before use. The keto 
bromkfe 9 (4.48 g, 1.46 x 10-2 mol) and triphenylphosphine (Aldrich, 9994, 3.84 g, 1.46 x 1O.2 mot) In dry 

diethyl ether (12.0 ml) were sealed In a thick-walled Pyrex tube, and heated at 130 oC for 94 h. The ktsokrbb 

product oiled out of solution during the course of reaction. me product was taken up in methylene chbrlde, 
transferred, and sotvent removed. Vacuum drying over P2O5 for 24 h afforded the phosphonbm salt 10 

\ 
7.95 g, 92%) as a glassy solid which was characterized only by 1 H NMR and used without further pWkkXtbn. 
H NMR (CDQ) 8 0.761.90 (m, 26 H), 2.25-2.75 (m, 3 H, a-carbonyl), 3.40-4.05 (br m, 2 H, CH2P+fWW, 

7.35805 (m, 15 H, aromatic). 
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Intramolecular Wfttlg. Z-Blcyclo[lO.5.O]heptadec-1(17)-ene (11). This procedure was also 

based on a method by Becker’ 1 with modification. The reaction was conducted under argon and strictly 
anhydrous conditions. Dimethyl suifoxlde (DMSO) was distilled from CaH2 onto molecular sieves (4A) and 

stored under argon. A dimsyl sodium (DMSO anion) solutlon was prepared. Sodium hydride (Aldrich, 60% 

dispersbn in mineral oil, 2.00 g) was washed with pentane. Dry DMSO (23.2 mL) was added, and the mixture 
was stirred and heated at 80 OC for 1 h (solution ca. 2.12 M in dimsyl sodium). In a separate vessel, the 

phosphonium salt 10 (7.95 g, 1.34 x 10m2 mol) was dissolved in dry DMSO (30.0 mL) and was added 
dropwise over a period of 20 min at room temperature. The mlxture was stirred and heated at 78 oC for 10 
min, then at 58 OC for 32 h. The cooled mixture was partitioned between H20 and hexane. The organic 
extracts were dried over MgS04, and passed through a short column of silica to give the desired olefin 11 

(0.49 g, 16%) as a colorless liquid which was pure (99%) by GC (FFAP, 170 OC, 14 psi). IR (neat) 2930,2860, 
1655 (w), 1465, 1445, 1345 cm-l. ‘H NMR (CDCl3) 6 1.05-1.32 (m, 24 H), 1.32-2.61 (m, 5 H, allylic), 5.45 (1, 
J I 6.2 Hz, 1 H, oiefinic). 13C NMR (CDCl3) 23.38, 23.45, 23.79, 24.28, 24.36, 24.73, 24.97, 25.53, 25.88, 

28.87, 27.37, 27.87, 35.78, 38.55, 38 68, 124.98 (sp2 C), 146.63 (sp2 C) ppm. Anal. Cal&. for C17H30 

(234.43): C, 87.10; H, 12.90. Found. C, 87 28; H, 13.00. 
Z-Blcyclo[lO.5.O]heptadec-1(12)-ene (12). E+Z-Blcyclo[lO.S.O]heptadec-l(2)-ene (13). 
The trlsubstftuted olefin 11 (126 mg, 5.35 x 10-l mmol), p-toluene suffonlc acid (Baker, monohydrate, 99%, 
82 mg, 4.30 x 10-l mmol), and benzene (Baker, reagent grade, 10.3 mL) were stirred and heated at 57 oC for 
12 h In a sealed ampoule. Evaporation of solvent and passage of the hexane solubles through silica provided 
124 mg of a colorless liquid comprised of three main components (40 : 36 : 22) by GC (FFAP, 170 oC. 14 psi). 
Preparative TLC (hexane/20% AgNOg-silica) afforded the tetrasubstituted olefin 12 (40% GC yield, 32 mg, 

26% isolated yield) as a colorless liquid (96.3% pure by GC). The two manor isomers could be obtained only 

as a mixture by preparative TLC. Olefin 12 was obtained in higher purity (99% by GC) from preparative 
HPLC. IA (neat) 2915.2840,1470,1445 cm- l. lH NMR (CDCl3) 8 1.04-l .66 (m, 20 H), 1.66-1.78 (quintet, J 
= 6 Hz, 2 H). 1.92-2 28 (m, 8 H, allytic). 13C NMR (CD2Cl2) 23 26, 25.15, 25.68, 26.08, 27.72,31.58,33.24, 

33.88, 137.42 (sp2 C) ppm. UV (heptane) lmax203 nm (E = 9600). Anal. Calcd. for Ct7H30 (234.43): C, 

87.10; H, 12.90. Found: C, 87.04; H, 12.72. 

The two remainmg isomers 13 (36 and 22% by GC, denoted EZ 1 and EZ 2, respectively) could also be 

obtained pure (99% by GC) from preparative HPLC, and were characterized only by ‘H NMR. For 13 (EZl), 
‘H NMR (CDCl3) 6 0.86-l 93 (m, 25 H), 1.93-2.25 (m, 3 H, allylic), 2.30-2.48 (m, 1 H. allylii), 5.17 (dd, J - 10.7 
and 4.3 Hz, 1 H, olefinc). For 13 (U2), ‘H NMR (CD@) 6 1.01-2 12 (m, 27 H), 2.25-2 45 (m, 1 H, allyric), 

2.67-2.87 (m, 1 H, allylic), 5.25 (dd, J = 11 6 and 3.9 Hz, 1 H, olefinic). 

2-(5.Bromohexyl)cyclododecanone (14) The solvent 1,2_dimethoxyethane (DME) was punfied by 

distillation from sodium/benzophenone, and the reactron was conducted under argon and anhydrous 

conditions. Cyctododecanone (Aldnch, 97%, 17.0 g, 9.3 x 10s2 mol) in dry DME (85 mL) was added to a NaH 

dispersion (Aldrich, 60% dispersion in mineral oil, 2.8 g, 7.0 x 1 0m2 mol), and the mixture was gently refluxed 

for 6 h. The alkylating agent, 1,6-dibromohexane (Aldrich, 97%. 21.4 mL, 34 0 g, 1.4 x 10-l mol), was added 
to the refluxlng slurry as rapidly as possible. After 2 h reflux, the mixture was cooled, quenched with H20 (ca. 
25 mL), then partitioned between H20 and diethyl ether The organic layer was dried over Na2S04 and 

filtered, and the solvent was removed to afford 49.9 g of a slightly yellow liquid. Undesired materfal was 

removed by distillation (81-110 OC, 0.45 torr) to leave 21.9 g of a yellow, viscous liquid rich in desired 

bromoketone. The mixture was column (5 cm O.D., 54 cm length) chromatographed on silica (Baker, 450 g) 

with 2% ethyl acetatelhexane to afford 9.7 g (40%) of bromoketone 14 as a colorless and viscous liquid. 
Bulbto-bulb distillation (185-215 oC, 0.3 torr) gave the analytical sample. IR (neat) 1701, 1470, 1250,732 
cm-l. lH NMR (CDCl3) 8 0.91-1.89 (m, 28 H), 2.28-2.60 (m, 3 H, a to carbonyl), 3 38 (1, 2 H, CH2Br). Anal. 

Cakd. for Ct8H33Br0 (345.36): C, 62.60; H, 9.63. Found: C, 62.59, H, 963. 

2-(5.Hydroxyhexyl)cyclododecanone (15). The ketobromide 14 (1.0 g, 2.9 x 1O-3 mol) and silver 

perchbrate (Alfa, 99%, 6.2 g, 3 0 x 10s2 mol) in 10% (v/v) aqueous acetone (250 mL) were refluxed for 16 h. 
The mixture was partitioned between H20 and diethyl ether. The organic phase was dried over Na2S04 and 

filtered, and the solvent was removed to provide 0.87 g of a colorless oil that was pure enough to be used 

directly in the next step. For characterization, the material was column (3.5 cm O.D., 53 cm length) 
chromatographed on silica (Baker, 200 g) with 25% ethyl acetate/hexane, which gave 0.68 g (83%) of the 
alcohol 15. Analytically pure colorless oil was obtained by bulb-to-bulb distillation (195-200 OC, 0.4 ton). IR 
(CCl4) 3610,3590-3120, 1706, 1251,116O cm -l. 1 H NMR (CDCl3) 6 0.95-1.80 (m, 29 H), 2.32-2.54 (m, 3 

H, a to carbonyl), 3.58 (1, 2 H, CH2-0). Anal. Calcd. for Cl8H3402 (282 47): C, 76.54; H, 12.13. Found: C, 

76.27; H, 12.19. 
2.(&Oxohexyl)cyclododecanone (16). The Corey-Suggs oxidation method23 was used. Methylene 
chbdde was purified by distillation from P2O5 Pyridmium chlorochromate (PCC) was dried over P2O5 under 

vacuum prior to use, and the reaction was conducted under argon and anhydrous condftions. Keto alcohol 
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