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Abstract -- (lS,SR)-(-)-Karahana ether (8,8-dimethyl-2-methylene-6-oxabi- 
cyclo~3.2.llcctane) and (lg,Sg)-(-)-karahana lactone (8,8-dimethyl-2-methylene-6- 
oxabicyclo[3.2.lloctan-'lone) were synthesized from (g)-3-hydroxy-2,2-dimetbylcyclo- 
h-one. The natural karahana lactone was shown to be almost racemic (g 1.3 % 
e.e.). 

In 1968 Naya and Kotake isolated karahana ether 1 as a new constituent of Japanese hop 

"Shinshu-wase", Humulus lu~ulus L.'e2 A closely related monoterpene, karahana lactone 

2, was also isolated by them from the same source.3 These two monoterpenes contain the 

same bicyclic skeleton: 6-oxabicyclo[3.2.lloctane. This unique structure aroused an 

interest among chemists to synthesize karahana ether 1. Coates and Melvin were the 

first to synthesize (+)-1 in 1970.4 Then two syntheses of (21-l were reported in 1979 

by Mukaiyama, et a1.5 and by Yamada, et a1.6 -- However, no synthesis of optically active 

1 has bsen reported. As to karahana la&one 2, not even a synthesis of its racemate has 

been recorded. We therefore became interested in synthesizing both 1 and 2 in optically 

active forms. Such a synthesis would also clarify the absolute configuration of the 

natural products by chiroptical comparisons. Herein we describe the first synthesis of 

(lS,SE)-(-)-karahana ether 1 and (lS,5@-(-)-karahana lactone 2. 

The key-step of our synthesis was the cyclization of the diol monotosylate A by an 

intramolecular SN2-type displacement to give (lS,5R)-1. The intermediate A could be 

derived from (S)-3-hydroxy-2,2-dimethylcyclohexanone B (=la). Microbial reduction of a 

prochiraldiketone 3 to @)-la was first reported by Kieslich, Djerassi and their co- 

workers.' They reduced 3 with Kloeckera magna ATCC 20109 and obtained @)-la of >95 % 

e.e. 7 We found that the reduction of 3 can also be effected with conventional baker’s 

yeast, and secured @)-la of ~a. 99 % e.e. as determined by the HPLC analysis of the 

corresponding @-a-methoxy-u-trifluoromethylphenylacetate (MTPA esterI 4c. Our dis- 

tilled @)-la showed a larger specific rotation value, [cr]$ +24.1° (CHC13), than that 

reported previously by Djerassi, [a]:' +11.5' (CHC13).' 

With a sufficient amount of la in hand, we proceeded to the next stage, and attem- 

Synthesis of blow- and Seaquiterpmoida - 6. Part 5, R I&xi, A&o BioL Uem. 36, 503 (1972). l%is work was 
~~~byRn.asapartofhislectureatthe11thConf~ cm Iso~ida, Jaduanka, Poland 6qt.ember, 1985). 
The exprimntalpart of thisworkwas taken franthe forthcomingM.Sc.lhesis of H.M. 
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pted the conversion of 4a to the pivotal intermediate with a Cl0 skeleton like A. 

protecting the OH group of 4a as a THP ether , the resulting 4b was treated with 

and NaOMe to give 5. The method of Ireland and Marshall' was employed to prepare 

After 

FICO*Et 

8 from 

5. Thus, treatment of 5 with E-BUSH and E-TsOH yielded 6b contaminated with a conside- 

rable amount of 6a (6a:6b=l:2). Etherification of 6a with dihydropyran and E-TsOH 

smoothly gave 6b. The overall yield of 6b from la was 87.1 %. When la was directly 

converted to 6a without protecting the OH group, complete racemisation at C-3 took place 

to give (+I-6a. This racemization was ascribed to the retroaldol-aldol equilibration at 

the C-3 position. Reduction of 6b with NaBHa gave 7. Removal of E-BUSH from 7 by 

treatment with IigC12 and Cdc03 was followed by dehydration to give the a,@unsaturated 

aldehyde 8 in 85.7 % yield from 6b. Reduction of 8 with NaBH4 gave 9a in 66.0 % yield. 

For the determination of the optical purity of 9a, the corresponding diol 9b was conver- 

ted to its bis-(R)-MTPA ester 9c. -- The HphC analysis of 9c revealed the optical purity 

of 9b to be 98.4 8 e.e. To attach the remaining C at the C-l position, we employed 

Still's modification of the Wittig rearrangement." Treatment of 9a with NaH was fol- 

lowed by alkylation of the resulting alkoxide with (fi-Bu)3SnCH21'1 togive 10. After 

purification by Si02 chromatography, 10 was treated with a-BuLi to effect [2.3lsigmatro- 

pit rearrangement furnishing lla in 83 % yield from 9a. Thus, the required ClO-interme- 

diate was secured. 

5 R.H 2 60 R=H 

b R.THP b R.THP 

& R= WMTPA 

L s R=THP. R;H L!? 
5 R.R’.H 

b R.R’.(R)-MTPA 

12 R=THP. R’=H (lS,5Rb1 ‘2 (lS.5Rb 2 

k R.THfJ.R’.T.s 

s R=H , R’.Ts 

d, R=R’=Ts 

L R=Ts , I?=-~=0 

1 R.THP. W.Ac 

Fig .l. Synthesis of (lS,5R)-Karahana ether and (lS,SRbKarahana lactone 
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The next task was the key-cyclixation. At this stage the absolute configuration 

was unknown at the newly-formed chiral center at the C-l position. We therefore first 

attempted the cyclization of a diol monotosylate llc derivable from lla. The diol mono 

THP ether lla was tosylated to llb and its THP protective group was removed with P-TsOH 

in MeOH to give llc. No reaction took place when llc was treated with C5H5N. Under 

more drastic conditions such as NaH in DMF, llc yielded a diene 13. This clearly 

indicated that the OH group at C-3 and the CH2OTs group at C-l of llc were in trans- 

relationship. We therefore assigned an @)-configuration to the C-l position of llc as 

shown in the formula. The HpLC analysis of 1 lc revealed it to be contaminated with 7.3 

% of the &-isomer. After several fruitless attempts to invert the configuration at C- 

3, we found that only the CH2OTs group of lld, m.p. 118.0-118.3°, could be displaced 

when lld was treated with HCC2Cs in toluene in the presence of 18-crown-6cf'12 to give 

lle in 66.6 % yield. This finding enabled a new approach to cyclization of lle by an 
intramolecular SN2 displacement of the TsO group at C-3 by the CH20- group at C-l. 

Cyclization of lle to (lg,SE)-karahana ether 1, [al:' -70.3' (fi-pentane), was effected 

in 91 % yield bytreatmentof lle with NaOMe in MeOH. The overall yield of (lS,5R)-1 

from lla was 25.6 % in 5 steps. To find a more efficient synthesis, we surveyed another 

route. Acetylation of lla with Ac20 and C5H5N gave llf, which was treated with p-TsOH 

in MeOH to yield llg. Tosylation of llg with p-TsCl and C5H5N furnished llh. Treatment 

of llh with NaOMe in MeOH afforded (lS,SE)-karahana ether 1, [a$ -70.0' (g-pentane), 

in 75.3 % overall yield in 4 steps from lla. The overall yield of (lS,5R)-1 by the 

latter improved process was 30.6 % from (S)-la in 12 steps. The IR, 'H-NMR and mass 

spectra of our synthetic (1&53)-l were identical with the authentic spectra of karahana 

ether kindly sent to us by Dr. Y. Naya. 

Unfortunately, neither the [aID value nor an authentic sample of karahana ether 1 

was available to us. However, Dr. Naya was so generous as to provide us with an authen- 

tic sample of karahana lactone 2 isolated in 1968. With the assumption that karahana 

ether 1 and karahana lactone 2 share the same absolute stereochemistry as congeners 

isolated from the same source, we initiated the conversion of (lS,5g)-1 to (lS,Sg)-2 so 

as to compare the chiroptical properties of natural 2 with those of synthetic (12,5g)-2. 

This comparison would certainly clarify the stereochemistry of the natural product. At 

first we wanted to protect the methylene group at the C-2 position of 1 by addition of 

Bra to give C. But treatment of (l&SE)-1 with C5H5NHBr3 gave not C but 14 as a single 

product. Direct oxidation of (ls,5E)-1 was therefore carried out with RuC13 and NaI04 

as described by Sharpless, eta1.13 -_ The product was 2-ketokarahana lactone 12, m.p. 

48.3-50.0', resulting from the oxidation of -CH20- to -COD- with concomitant cleavage of 

C=CH2 to C=O. In order to reconstruct the methylene group, 12 was submitted to the 

Wittig reaction with Ph3P=CH2 in DME to give (lS,5E)-karahana lactone 2, [uli2 -236 o 

(CHC13), in 29.8 % overall yield from (lS,SE)-1. The IR, 'H-NMR and mass spectra of our 

synthetic (15,5@-2 were in complete accord with those of Dr. Naya's authentic sample. 

The identity of our synthetic 2 with the natural lactone was also proved by a GLC co- 

injection experiment. The optical purity of (lS,5@-2 must be >98.4 % e.e., considering 

the high optical purity of @)-la (~a. 99 % e.e.) and of (s)-9a (98.4 % e.e.). In 

addition, the crystalline nature of the immediate precursor 12 enabled its purification 

by recrystallization, which must have further improved its optical purity. The large 

specific rotation value of our synthetic 2 encouraged us to measure the specific rota- 

tion of Dr. Naya's authentic 2. Bven after 17 years' storage, her sample was proved to 

be 100 % pure by GLC analysis. Its specific rotation, however, was surprisingly small: 

h&3 -3.06 o (CHC13). This implies that the optical purity of natural (-)-karahana 

lactone 2 is only 1.3 % e.e. In other words, it is nearly racemic. It therefore seems 

natural to regard karahana ether 1, the congener of 2, as racemic, too. 
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In conclusion, we synthesized for the first time (lg,SR)-karahana ether 1 and 

(l&SE)-karahana lactone 2. The natural monoterpene 2 was found to be almost racemic. 

This implies either of the following two possibilities: 1) The Japanese hop "Shinshu- 
wase" actually produces alm,ost racemic 2, or 2) Karahana lactone 2 was formed as an 

artifact by a non-enantioselective oxidative process during the storage of the hop. 

Indeed a radical cyclisation of an acyclic monoterpene like geraniol was achieved non- 

enantioselectively by Coates and Melvin as the key-step of their synthesis of (+)- 

karahana ether. 

All b.ps and m&e - llnm IR spectra were measured as films for oils or as nujolmulls for solids cn a 
Jaecv A-102 spectrometer. 1H-NMR spectra were reaxded at60 MHz with TMS as an interal standard cm a Hitachi R-24A 
spectrometerunlessotberwisestated. C@icalrotaticmeweremeaeured cmaJasa,DIF-14Opolarimeter. Mass spectra were 
re~~anaHitachiRMUdMspectrometeroraJeolDX-300spectrollleter. 

2,2-Dimethylcyclcbexane-1,3_diane 3. According to the reparked &axx=Wa7, 3 wae obtained from 2-methylcyclohexane-1,3- 
dime in 66 % yield. Its IS and 'Ii-NMR spectra w_ identical with tixxe remed pxevi-ly.7 

W-(+)-3-Hlrdrcmy-2,2-dimethylcyclchaanme la. Dry bake& yeast (2CG g, Oriental Yeast Co.) was added to a s0l.n of 
m (450 g) in tap water (3 1) at 300. The mixture was stirred for 10 min at 30' with aeration (16 l/r&~), when brisk 
fermeW&iCn took place. A soln of 3 (15.0 g, O.lO7 mol) in 95 % EtCfi (30 ml) and 0.2 8 Tritcm X-loo (120 ml) was added to 

the mixture, and the fermentation was ccmtinued with stirring at 3O'for 48 h after the additicn of 3. men ether @. 
200 ml) was added to the mixture, which was left to stand wernightat- temp After the @pit&on of the yeast 
cells, the mixture was filtered through Celite. The filtrate was saturated with N&l and extracted with EtOAc. Ihe 
filtercake was washed with EtQW. 'lhe cxxnbi.n&EKNc soln was wasbed withbrine,dried (M~szJ,) and ccmcentratedinva~ 
The residual oil (27 g) was chnamatcgrqhed - Merck Xieselgel 60 (220 g). Eluticn with @exane+taAc (10:1"5:1) gave 

recarered 3 (474g). Elution with E-hexane-EtCdc U:2) gave 88 g (79 % based cn the 

it was distilled to give an analytical sample, b.p 85~87'/3=1 Tbrr; &A7471 
consumed 3) of 4a. A smallportionof 

tc#+24.1°k=1~2, CWl3) [lit7 1~1~o 
+11.5' k=0.9, cia3)1, [alz3 +23.60 k=1,03, ~ecai); uma~ 3470 (81, 1705 (54, 1120 (m), 1055 (s), 

cm-l; Gtccl,) LO4 (3H, sP. 1x)8 (3H. 81, 1.30-2.00 (4H. ml, 2.00-2.50 (3H, ml, 3.52 cl& ml. Aaxding 

985 (81, 965 (m) 

P==dW9 

totherepxted 
(2)~MlTA ester 4c was prqared from 4a EPIC analysis of 4c (CWumn, tdxlezxi&-5, 25 cm x 46 mmi Fluent, 

n-hewane:THF=3O:l, LO3 ml/mini Detected at 254 run): Rt 25.6 min (99.4 %), 29.5 min (0.6 9). Tbe optical pity of @-4a 
was therefore 9aS 9 f&e. 

kik(+)-2,2-Dimethyl-3-tetr&drop,vanyloxyc~cl~ Ib @sUl WJO mq) was adaed to a soln of @)-4e (16.01 g, 112.6 
mmol) a-d 2,3-dihydropyran (140 g, 166.7 mmol) in dq CH2C12 (180 ml). Ihe mixture was stirred for 30 min at room tern@ 

It was then washed with set NaHKJ3 suln and brine, dried (MgSOq + X2c03) and an~ated in - to giy 26 g of % -- 
4b. ‘it& was distilled to give 255g (quantitative) of pure Ib, 
+35.7O (c=Lo9, CHC13); 

b.p. 90"log/O.35 Tari nD 1.4740; WI, 
Umax 1710 (8). 1120 W, 1035 W, 995 (s) cm-$ 6KCl,) LW~L20 (SH. signals at LO4, LOS, 

1.10, 1.15). 1.32~1.74 (6H. m), 1.74~2.17 (4H. ml, 2.17-2.47 (ZH, ml, 3.17-4.13 (3H. m), 4.42-4.75 (lH, m). (Found: C, 

69.03; H, 9.73. Calc for C13H2203: C, 69.048 H, 9.76 %I. 

QS)-6-Rx.-myl-2,2-dimetbyl-3-tetrah~anyloxycycl~ 5. To a stirred and ice-ccoled suswion of NaOMe (4.76 g, 

SS.2 mmol) in dry C6H6 (200 ml) was added a soln of 4b (l&l g, 798 mmol) in dry Iw (1M) ml) at 0-b. After stirring for 

10 min at 6O, freshly distilled Ha2Et (45 ml, great excess) was added dropwise with stirring andice-oooling. Ihe ice- 

bath was tIlerI removed and the mixhre was left to stand overnightat - temp Water (100 ml) was added to the mixture 
with stirring and the ag layer was separated Ihe orglayer was extracted with 5 % NacH s&b Ihe combined aqsoln wea 

carefully acidified with dil HCl to @I 3 at Z-5", end rapidly extracted with EtcyLc. Ihe extract was dried (MgS04), and 
ccnzentrated in vacua to give 19 g of crude 5 as an 0iL -- mis was employed in the next step without further plrificaticn. 

W-(-)-6-n-Butylthicnnethylexx-2,2-dimetbyl-3-tetrahydropyranyloxycycldIexxzme 6h Ihe &we described cnde 5 (19 g) was 

dissolved in dzy c6H6 (250 ml), and ~eusl (10 ml. a4 g, 93.1 mm011 and p_TscH (100 mg) were added. me mixture was 

stirred and heated tier reflux for 3.5 h with azeotropic removal of water. It was then cooled to - temp & poured 
into ice-water (MO ml). Ihe C6H6 layer was separated and the aq layer was extracted with ether. 'Ihe canbined extract was 

washed with s&N&KU3 soln andkrine, dried (MgSZ14) and ccncentrated invacuotogive 24.6 gof anoiL This was cbrumato- -- 
graMed over SiO, (Merck Xieselgel 60, 130 g). Eluticm with fi- bexane-ether (8:l) gave 6b (lL6 g). Ekther elutim with 

!+exane-ether (4:l) gave 6e (6.9 g). ?heCH~pof6awasprotectedagainasIWethertogive6h Tbetotalamountof 

6b was 22.7 g (87.1 % from 4b). niL5 1.51941 raii1-5 -36.Z"(c=LOS7, CHC13); Vmax 1665 (81, 1545 (a), 1155 (a), 

1125 (s), 1115 (8). 1075 (81, 1055 (8). 1030 (8). 985 (8) cm-'t 6tal,, 0.94 (3H, deformed t, J= ~Hz), LO5 tut 81, 1~2 
(3H. s), 1.20-2.17 (12H.br.m). 2.33 (ZH, dt, J= 2 and SHz), 2.82 (2H. t, J= 7Hz). 3.20~4.05 (3H. ml, 4.45-4.90 UH, m), 

7.34 (1H. bra). (Found: C, 65.99r H, 9.35. Calc for ClSH3003S: C, 66.22; H, 9.26 %L 

tS)-~-)-3,3-Dimethyl-4-t&rahy&upyranyloxy-l-cycl~baldehyde I3. A soln of N"BH4 (6 g, 15S.4 mmol) in 95 9 EUH 

(2@Jml)wasaddeddropuisetoaetirredandice-mo led soln of 6b (22.5 g, 6S.9 mmol) in lWF (150 ml). After stirring for 

15 h at 04". tbemixturewas ancentratedin- Ihe residue was diluted with water (250 ml) and extracted with -- 
ether. Tbeetber soln was washedwithbrine. dried (MgS04) and ccncentrati in vacua to give 19.5 g of u-&e 7. tis was -- 
dissolved in 95 e EKBI (180 ml) and added to a suepension of CWo3 (12.0 g, 69.5 mm011 and HgC12 US.9 g, 695 mmol) in 95 

8 Eaxi C?Co ml). ?he mixtuna was stirred and heated urder reflux for15 min. It was then cooled to rcan temp and 
cacentrati invacua Ihe residue w&a diluted with C6H6 and water, and filtered thraqh Celite. The erg layer was sepa- _- 
rated ardt&,q layer wea extracted with C6H6. l’k cxmbinei C6H6 eoln was wasbed with water ard brine, dried (MgS04) and 

vamo. lhe residual oil (19.2 
=a fromZ)of, ni21.49028 [algl- 

g) was dxomatogrqhed OvBT Si02 (Mer& Xieselgel 60, 190 g) to give 141 g 
2L6°(c-L074, CHC13)# U max 2710 (w), 1680 (s), 1640 (ml, 1130 (81, 1115 (8). 
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1075 (8). 1060 (s), 1030 (s) cm-18 &Ccl,) LOO-l.30 (6H, signals at 1.06, 1.10, 1.16). 1.30-2.00 (8H. br."), 2.00-2.40 

(ZH, ml, 3.19-4.05 (3H. m), 4.50-4.80 (lH, m), 6.28 (1H. bra), 9.41 (IH, 8). (Found: C, 70.16; H, 9.28. Calc for 

C14HZ203: c, 70.55; H, 9.31 9). 

(8)-(-)-3,3-Dimethyl-4-tetr~pyranylay-l-cycldxexenem~l 9a. A soln of Nal?H4 (5.0 g, 132 mmol) in 95 9 EM1 (160 
ml) was addeddxqwise to a stirrtdandice-cce led soln of 8 Cl4.l g, 59 mmol) in 'ITiF (120 ml). Ihe mixture was stirred 
for 1 h at O-5.', and then cmmtrated in vaaao. The residue was diluted with water (200 ml) and extracted with ether. -- 
The extract was washed with brine, dried 04gs04 + K2@3,) and cacentrated g ~(110 to give 1W g of an oil. lhis was 

distilled to give 9.4 g (66.0 9) of 9a, b.p. 113-1150/0.1 Ton; nD . 2214897;[aTL2 -6.67'(c=1.05, CHC13); ""ax 3420 

0r.s). 1135 k.), 1115 (s), 1060 (8). 1020 (8) cm-5 6 (Ccl41 0.85-1~0 (6H. signalsDat 0.93, 0.97, LO5), Ll5-2.20 UOS, 

m), 3.15-3.70 (3H. ml, 3.83 (3H, bra), 4.51-4.78 (1H. ml, 5.25 UH, bra). (Found: C, 69.611 H, 10.21. Calc for 

C14H2403: C, 69.96; H, 10.07 9). 

Ceterminaticn of the optical parity of 9a. -- AaX (15 ml) wa8 sided to a soln of 9a (740 mg, 3.CB mmol) in Z-IF (7.5 ml) and 

water (7.5 ml) with stirring. Ihe "-a was stirred for 24 h at - temp Then K2C03 was added with stirring to 

neutralize the mixturn It was diluted with water (100 ml) and extracted with ether. Ihe ether soln was washed with 
brine, dried @?ap4) and amcentrated in MO to give an oil (670 mg). -- 
Kieselgel 60, 5 g) to give 420 

This was purified by Si02 chro"atcqra~yg&lerck 

9) of 9th Employing OJ)-MTPA, 9c was ~nepared by the Btandard Inocedu+e. HPIC 

analysis of 9c (Column. 25 cm x 4.6 mm; Solvent, c-hexane:nlF=1OD:l, L3 ml/mini Detected at 254 run): Rt 

63.7 min (99.2 9) and 69d min (0.S 9). Ihe optical pvity of 6b card hence 6a) was therefore 984 9 e.e. 

(S)-3,3-Dimethyl-4-tetrabydropyranyloxy-l-cycl&exace"&hyl tri-n-~tylstannylmethyl e 10. N&-l (60 9 disprsicn in 

mineral oil. 2.00 g, 50 mmol) was plaCea in a 300 ml three-necked flask fitted with a thermometer, an AI-balam and a 

rutbx septum. NG-I was wash& three times with dry ~-~tane and dried in vacua. Dry m (130 ml) and dry DMF (34 ml) was -- 
added to the flask and a soln of 9a (9.37 g, 39.0 mmol) in dry m (40 ml) was ti dropvise to a stirred suspension of 

NaHunderAr. The mixture was stirred for 115 h at loom temp Subsequently C@.I),SKH,I (216 g, 5G.l mmol) was added 
portionwise After the addition, the mixture was stirred for 44 h at - temp under Ar. It was then pwed into ice- 
water and extracted with ether. The extract was washed with water and brine, dried (Mm4 + K2C03) and conc+ntiated &I 

vacua to give 29.6 g of an oil. lhis was cbrcmatogra~ - Si02 (Merck Kieselgel 60, 190 g). Bluticn with n_hexane 

gave rearve+ed (@u)3snCH21 (6.7 9). 
1035 (8) Cm-I. 

Subsequent elution with ~-h--ether UO:l*S:l) gave 16.4 g of 10, V max 1060 Cd, 

Further eluticn with ether gave un&aqed 9a (740 mg). The yield of 10 was therefore 84.1 9 based cm 

ccmsumed SB 'Ihis was employed in the next step without further purification. 

~lS,35~-~+~-2,2-Dimethyl-6methyle3-tetrahydropyranyl lla A soln of 10 (16.4 g, 30.2 mmol) in 

dry m (180 ml) was cooled to -68°under k. lb this was added droprise a soln of ;-RIG in c-h- (1.60 M, 25 ml) 
with stirring at < -60aunder Ar. The mixture was stirred for 1 h at -65O. It was then allowed to warm to -20' during 1 
h. 'Ibe mixture was pxared into satNH4Cl soln (3&l ml) and extracted with ether. The ether extract was washed with sat 

N&G33 soln and kine, dried (MgS04 + K2a3) and ccaentrated in vacua to give la3 gof sn 0iL This was chromatcgra~ed 

over Si02 (Merck tie~elgel2~60, 91 g). 

7.54 g (98.2 9) of lla, "D 1.49061 
Eluticm with +zane-ether (1O:l) gave CIJ-eU),Sn. Further eluticm with ether gfy 

[Crl~2+28.10k=1.07, CHC13); Vmax 3470 (br.m), 3080 (~1, 1645 (w), 1030 (s) cm ; 

g(CDC13) 0.80-1.10 (6H. signals at 0.90, 0.94, 0.99). 1.10*2.03 (EH, br.m), 2.03-2.45 (3H. m), 3.21-4.19 (6H. m), 

4.50*4.80 (lH, "1, 4.76 (1H. s), 4.90 (lH, 6). (Found: C, 70.45; H, 10.44. Calc for C15H2603: C, 70.87; H, 10.30 9). 

US,3S)-(+)-3-H@roxy-2,2*methyl-6-methylenecycl&exanemethyl tosylate 110 PC1 (7.80 g, 40.9 mmol) was added to a 
stirred and ice-coo led soln of lla (7.05 g, 27.7 ""01) in dxy C5H5N (35 ml). 'lbe mixture was stirred for 6 h at 015'. It 

was then pcured into ice-water (120 ml) and extract63 with ether. The extract wss washed with sat C&D4 soln, water, sat 

NsXD3 soln and brine, dried U4gS04 +K2W3), and concentrated in vscuo to give 10.8 g of cnde llb as an oil. lhis was -- 
dissolved in HeUi (200 ml), and v (1 g) was added with stirring. The soln was stirred for 70 min at -temp. It 

ws8 then neutralized with solid NaHC03, ti ancentrated in vaao. 'Ibe residue was diluted with water (150 ml) and extra= 
ted with ether. Theextract was washed with water and brine, dried (Mm41 and ancentrated in vacua to give S& -- 

s of an oiL lhis was chromatngraphed - SiO, (Merck Kieselgel 60, 81 g) to give 6.86 g (76.0 9 from lla) of llc, y, 1.5347; 

[al:' ffi.O" k=O.982, CHC13); Vmax 3470 (bra& 3D80 (~1, 1650 (w), 1600 (m), 1360 (s), 118~3 (8) cm-'i 6 (cr14) 0.85 (3H. 

S), 0.92 (3H, s), 1.40-1.90 (2H, ml, 1.70 (1H. s, OE), 1.90-2.34 (3H, m), 2.44 (3H. ~1, 3.35-3.66 (1H. m), 4.11 (2H. d, J= 
7Hs), 4.56 (1H. s), 4.80 (lH, s), 7.35 (ZH, d, J= 8Hs). 7.79 (2H, d, J= 8Hz); HPLC (Column, Nucleosil@50-5, 25 cm x 4.6 

mmi Solvent, n_haxane:'ITlF=3:l, 0.85 ml/min; Detect& at 254 nm): Rt 12.4 min (7.3 9) and 14.9 min (92.7 %). (Fot~$ C, 
63.08; H, 7.35. Calc for C17H2404S: C, 62.93; H, 7.46 9). 

ClS,3S)-(+)-2,2-Dimethyl-6-"etbylene-3-tosyloxycyclohexane"ethyl tosylate lld. @&Cl (10.57 g, 55.4 mm& was added to a 

stirred soln of llc (2.00 g, 6.2 ""01) ard 4-(N,N-dimethylsmino)pyridins (40 mg) in dry C5H5N (20 ml). Ihe mixture was 

stirred for 2.5 days at loo" temp. It was then paved into ice-water and extracted with C-P+. Ihe extract was washed 

with 2 N-Xl, sat N-3 soln and brine, dried (MgSD4) and concentrated in vscuo to give 288 g (97.6 9) of a solid. This 
wss recrystsllized from n-hexsne-C6H6 cl:21 to give 228 g (77.3 %) of pw lid, m.p 118.0-11a3° i [~1~l+15.9°(ol.735, 

CHC13); Vmax 1655 (w), 1600 (w), 1500 (~1, 1360 (8). 1345 (s), 1175 (s) cm-'3 6 (CDC13) 0.74 (3H, s), 0.87 (3H, 81, 

1.50*1.90 (2H. ml, 1.97-2.40 (3H, m), 2.44 (6H. s), 4.15 (ZH, d, J= 6Hs). 4.43 WI, deformed t, J= 6Hs), 4.63 (1H. s), 4.87 

(lH, s), 7.40 (4H. d, J= 8Hz). 7.85 (4H, d, J= 8Hz); HPIC (Column, Nucleosila50-5, 25 cm x 4.6 ""8 Solvent, n- 
hexsne:'IWF=6:1, 0.8 ml/mini Detected at 254 nm): Rt 26.8 min (single peak). (Pound: C, 60.331 H, 6.25. Calc for 
C24H3006S2: C, 60.23; H, 6.32 $1. 

(1S,3S)-(+)-2,2-Dimethyl-6-"ethyl~3+xyloxycycl&exane"ethyl f-ta lie. FBXI.$l (3.47 g, 74.5 mmol) wan added dropwise 

to a stirred seln of Cs,CO,(W g, 24.9 mmol) indry Mali (120 ml). m mixturs wss stirned fcrlh atrocm temn Msai 
was then revomed in .?a&d -- me excess mp was reaCnrea by distillaticm witbdq toluene (three times), and theLsidus1 
moist solid wss dried in vscuo -- WZQII'L#&. A soln of dicyclohexyl-18-cmxvn-6 (l.l5 g, 3.09 mmol) in dry toluene (10 ml) was 
added to the flask in which HC02Cs wss preparedanddried. Tb this mixture wss addeda soln of lld (L49g. 3,llmmol) in 

drytoluene (50 ml). Ihe mixture wss stinsd arrdheateiatllO"for 35h. It was tlxn ccoled to rocm tempard mixed with 
water (80 "1). lhs erg layer wss separated and tbs sg layer wss extractad with C6H6. llls mmbinsd erg soln wss washed 
with water, sat NaHC03 soln and brine, dried (Ns2804) and concentrated in vscuo to give 2.66 g of an oil. This wss -- 
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chromatogram over Si02 (Merck Kieselgel 60, 26 g) to give 730 mg (66.6 %) of Ji'e, $L52OOr (U1~+25&8"(c=L270, 

C+Z13); Vmax 3C%J (w), 1730 (s), 1650 b), 1600 (m), 1600 (w). 1190 (a), 1180 (6) cm i 6KCl4) 484 (Wq s), 0.95 CW 
s), 1.61~2.08 (2H. m), 2.08-2.38 (3H, m), 2.46 (3X-l. 81, 4.34 (2X+, d, J= 7Hz). 4.63 (lH, t, J= 5Hz), 4.70 (1H. 81, 4.94 (lH, 
s), 7.44 (2H, d, J= 8Hz). 7.81 (ZH, d, J- 8Hz), 8.14 UH, 8). (Found: C, 61.12; H, 6.84. Calc for C18H2405S: C, 61.341 H, 

6.86 0). 

(1S,3S)-2,2-Dimethyl-6-m&hylene-3-t&ahy&u an 1 pyr y cqcycl-etllYlacetate llf. Ac20(1ml, 9.1 mmol) wasaddedtoa 

stirred soln of lla (310 mg, 132 mmol) in dry C5H+i (3 ml). Ihe mixhux "as stirred overnight at roan temp It "as then 
pared into ice-water (20 ml) and extracted with&ha. Ihe extract was washed with satcus04suln, waterandb&ne,dri$ 

(K2CU3) and caxentratd in vanto to give 360 mg (quantitative) of llf, Umax 3080 (w), 1745 (s), 1650 ("1, 1035 (8) cm . 

'Ihis was employed in thenext stepwithcutfurtherplrificatia 

(1S,3S)-(+)-3-H~2,2-dim&hyl-6-methylenecycldaexanemethyl m llg. psCH (6 mg) "a8 added to a stirred soln of 

llf (310 mg, LO5 mmol) in Me(Ii (6 ml). Ihe mixture "as stirred for 80 min at- temp It “as then poured into 5 % 

NaHC03 soln (50 ml), and extracted with ether. Ihe ether soln was washed with brine. dried (K2a3) d anaentrated& 

vc~cuo to give 300 mg of an 0iL 'Ihis "as chromatogra~~ over Si02 (Merdr Kieselgel 60, 3 g) to give 240 mg (95.7 I) of 

5s an oil, ni31.4828$ [ali +5.76°(c=1.18, CHC13); U max 3480 (b&s), 3090 (w), 1745 (s), 1650 (m), 1240 (8). 1060 

(s), 1040 (8). 900 (m) cm-'8 &CDc13) 0.97 (6H. s), 1.55-1.90 (3H. m), 2.01 (3H, s), 1.90-2.58 (3H. m), 3.20~3.80 (1H. 

br.m), 4.36 (2H. d, J= 7Hz), 4.65 (1H. s), 4.86 (lH, 8). (Found: C, 68.15; Ii, 9.48. Calc for C12HZ003: C, 67.89; H, 9.56 

a). 

(1S,3S)-2,2-Dimethyl-6-methylene-3-tosyl~l~aranemethyl e llh. pfsC1 (2.0 g, 10.5 mmol) was added to a stirred 

sol" of llg (230 mg, la mmol) ax3 4-(N,N-dimethylamino)pyridins (c& 5 mg) in dry C5ii$ (3.5 ml). The mixt.We was 

stirred for 25 days at mom temp. It “as then- into ice-water (30 ml) and extracted with ether. l%e ether sol.17 was 

washed with sat ChED4 soln, water, sat NaHoJ3 soln and brine, dried (MgEG4) and wncentrati in vacua to give 360 mg (%I7 -- 
%) of llh as a" oil, Vmax 3080 (w), 1745 (s), 1650 Cm), 1600 Cm), 1500 ("1, 1365 (s), 1240 k), 1190 (81, 118U (8) cm . 
lhis was emplcyed in ths next step without further plrificaticn. 

(1S,5R)-(-)-8,8-Dimethyl-2-msthylene&a&icyclo(3.2.llo&ans ((lS,uI)-karahana ether) 1. (a) From lie, A sol" of NaOMe 

in HeCXi (2.8 g of 28 % N&Me in Meal was diluted with MeoH to 10 ml, and its 2 ml "88 usedt 2.90 mm01 as NaOMe) was added 

to FJ stirred sol" of lle (730 mg, 2.07 mm011 in MeCH (10 ml). The mixhve "as stirred for 20 h at rmm temp It "as then 

diluted with water (35 ml) ad extracted with z-pentare. The extract "as washed with water, sat NaHW3 soln and brine. 

dried (K2C03) and onlcentrated in "aal (bath temp 1-P). Ihe residual oil (311 mg) had a cam&x-liks smell. The oil "as 

purified by Si02 chromatcqramy (Mer& Kieselgel 60, 1 g). Eluticn with ;-m2y gave 293 mg of an oiL lllis "as 

distilled to give 283.2 mg (91~ %) of 1, b.p 100.llOO(bath temp)/85 'Dxr; nD L4781z [U1~1-7(330(c=U20, c-pentane); 

vmax 3080 (w), 2980 (s), 2960 (s), 2900 (8). 1650 (m), 1500 (w), 1480 (w.sh), 1465 (tn.&), 1450 (m), 1438 (m), 1390 (m), 

1379 (m), 1350 (w), 1290 (w), 1240 (w), 1225 (w), 1205 (w), 1175 (w), 1150 (w), 1065 (a), 1038 (s), 1020 (m), loo0 (w), 980 

(m), 965 (w), 935 (m), 925 (m), 910 (m), 880 (s), 8M (w), 800 (w), 775 (w), 740 (w). 705 (w) cm-'r +i-NMR (Cal,)6 0.95 
(3H. s), 1.07 (3H, s), 1.50-1.90 (ZH, m), 2.09-2.40 (3H, m), 3.80 (ZH, deformed d, J= ~Hz), 4.03 (1H. dd, J- 4.5 and BHz), 

4.50.4.80 (2H, m); 13C-NMR (25 MHz, CDC13)6 20.88, 25.49, 25.83, 28.61, 42.25, 54.05, 71.18, 82.44, 107.46, 148.99~ MS: 

m/z 152 (M+, 4 %), 137 (M+-15, 1.5 %), 122 (33 %), 107 (100 %, base peak), 79 (51 %); GLC (Column, OV-1, 1 m x 4 mm at 

60';8O/min; Carrier gas, N2, 1 kg/cm2) Rt 6.4 min (100 0). (pound: m/z 1521171. Calc for C10H160: 1521202). 'Ihs lR, lH- -- 
NMR and mass spectra of (ls,5E)-1 were identical with the authentic spectra kindly sent to us by Dr. Y. Naya. 
(b) Fran lib. A soln of NaOMe in H&X-l (2.6 g of 28 % NaOMe in MeOH "as diluted with MeCfi to 10 ml, and its 1 ml "as used; 

1.35 mmol as NaOMe) "as added to a stirred soln of llh (353.3 mg, O.% mm011 in M&H (5 ml). The mixture "as Stirred for 
24 h at ram tap It "as then diluted with water and extracted with t-p&v"& The extract "as washed With water, sat 

NaSCY+soln and brine. dried (K2a3) and cacentrated in vacua in anice-t&h atl-4. -- The residual oil "as chromatcqrap- 

bed - Si02 (Ma& Kieselgel 60, I..; g). Eluticn with c-pentane-ether (l&l) gave an oiL This "as distilled to give 

125.7 mg (86.8 pi) of (lg,5E)-1, (al, -70.0' (c=1.035, n-pentans). The spectral data were identical with those of 1 

prepared from lie. 

(lR+5R)-(-)-8,8-Dimetbyl-6-oxabicyclo[~)o&ane-2,7-diawz 12. RuC13.H20 (6 mg) was ti to a bi@asic mixture Consis- 

ting of Ccl4 (3 ml), M&N (3 ml), water (4.5 ml), (1&5R)-1 (118 mg, 0.785 mm01) and NaI04 (2.86 ge 13.4 mmol). The 

mixture was stirred viqxcusly for 24 h at mom temp It was then warmed to 40'& stirred vigonxsly for 48 h Cli2C12 

(15 ml) "as added to the mixture and it "as filtered tbxegh FlarisiL lhs filter-cake "as washed with Ci2Clr zha 

combined filtrate ax3 washings werediluted with water, andthe orglayer "as separated. The aq layer "as extracted with 

ci2c12. 'Ihe combined erg sol" wa8 dried Wg804) and filtered thrcugh Celite. Tbs filtrate wa8 ccncentratedin"-tn -- 
give 70.7 mg (53.4 %) of 12 as a solid. An analytical sample "as recqatallized from z- hexaneether (6:l) to give needles, 

m.p. 48.3-50.0'; lUl;'- 206O(c=O.715, CHC13); Umax (K8r) 1785 (s), 1735 (s), 1125 (s), 950 (8) cm? 6 (CDC13) LO8 (3H. 

s), L25 (3& s), 2.02-2.70 (4H. m), 2.97 (IH, s), 440-454 (Xi. m). (Fcund: E/E 168.0768 Calc for w203: 168.0786). 

(lS,~)-(-)-8,8-Dimethyl-2-~ethylene-6-oxabicyclo(3.2.lloctan-7-one I(lS,SR)-karahana lactonel 2. A suspension of 

Ph_dMeBr- (LO7 g, 3 mmoli dried at 80'/3 'Dxr for 24 h) in dry DMR (28 ml) under Ar "as cooled to -lo', and a soln of n- 
&i in n-w (155 H, L8 ml, 2.79 mmol) "as added droprise with stirring. Ihe orange mixture "as stirred at -10' f& 
1 h a-d-allowed to settle before use. TO a soln of 12 (3O.l mg, 0379 mmol) in dx-y DME (1 ml) "as added the "salt free" 

Nittig reagent (22 ml) gre@ as described above & ~yrings at -5'under Ar. Ihe mixture "BS stirred at -5' for 1 h 

and L8 mlof the Wittig reagent “as ti again An ice-salt bath "as removed and the mixture "as stirred for 3.5 hat 

mom temp Ib ths mixture "as add& 5 % NIi4Cl soln (lml). and the mixture "as ccncsntrated in vaao. Ihe residue "as -- 
diluted with 5 0 NH4Cl eoln (20 ml) and extracted with ether. Iha extract "a8 washed with bins, dried (Na2S04) and 

concentrated in va- to give 140 mg of an 0iL -- 
16.6 mg (55.8 a) of (lg,5$-2, 11;~1.4850# I,);3 

'Ihis "as chranatcgra@ed OMT si02 (Merck Kiaselgel 60, 2.8 g) to give 

-236'(c=O.83, CHC13)# Umax 3090 (w), 2980 (s), 2900 (m), 1785 (a), 1655 

(m), 1480 (m), 1460 (m),1400 (w), 1380 (w), 1345 (m), 1300 (m), 1275 (w). 1255 (m). 1230 (~1, 1205 (“1, 1185 (w), 1140 
(s), 1062 (m), 1040 (8). 1005 (w), 990 (w), 975 (w), 950 (s), 900 (m), 880 (m), 865 (ml, 715 ("1, 700 (w) cm-'l 6 (Ccl41 

0.97 (3H. s), 1.15 (3H, a), 1.62-2.01 (ZH, m), 2.03-2.50 (2H. ml, 2.60 (1H. s), 4.10-4.28 (1H. m), 4.70"4.90 (ZH,br.m)i MS: 
m/z 166 (k), 137 @l+-29, 2 %), 122 (M+-44, 31 %), 107 (100 0 base peak), 91 (335 %), 79 (46 %); aC (Column0 (111-l. 1 m x 
a& atBoD+Bo/minj Carrier gas, N2, lkg/cm2) Rt 6.4 min (100 %). 'Ihs Rt was identical With that Of the MtUal 2 by a 
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cc-injecticn expriment. (rrund: m/z 16W9S9. C&C for C10S1402: -- 166.0994): ?he I& +i-NMR and mass spectra of (1%5R)- 

2 w-identical with*eauthmticspectrakidlyprovidedbyDr. Y. Naya. Her authentic 2 showed the followirq specific 

rotation: [ali -3.060 (c=O.49, CHC13). 
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