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Synthesis of (+)-Karahana Ether and Karahanaenone by 
Selective Cyclization of 6,7=Epoxygeranyl Acetate 

Alejandro F. Barrero,+ Enrique J. Alvarez-Manzaneda and P. Linares Palomino 

~dcQuGcaOr@ca,FsculmddcCia&s,Uni~dc~ 

18071 Granada(Spsin) 

INTRODUCTION 

Following the authors’ synthesis work on fragrant compounds,t-4 (f)-karahana ether (lb) and 

Wenone (2). interestingly odored monoterpenes isolated from the Japanese hop “Shinshu-was@ were 

prepand by selective elecaophilii cyclization of 6.7cpoxygeranyl ~cttate (3) (scheme 1). 

lb 
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I Scheme1 1 
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0 
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A variety of syntheses of (f)-kamhana ether (lb) have been nportcd. Armstrong et al 6 described an 

elegant synthesis, involving a BF3.0Et2 catalyzed cyclixation of a laboriously prepared geranic acid 

epoxyallylsililderivative. &ates et al 7 used the radical cyclixation of geranyl acetate; the main dmwback of this 

method being the low yieti and the diffic& purification of the resulting products. tori et al 8 synthesized (-)- 

karahana ether starting from 5$dimethyl-1.3-cyclohex~. 
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RE!RRTSANDDISCUSS~ON 

The authan have folmd that the cbcmicd beha* of~7-cpoxygcranyl acetate (3) toward the Lewis 

acidsdependsstrongtymtheir-mdthe cxp&mcntal amditionr. The choke of the suit&k cyclizing 

agentandreactionco~~~s~~the~aftbech~~processtoward~~fcnmatioaof 

the major praiuct, &us making the cydi&on symhct.icaUy nscfut. BFs.OFLt2, SuQ td BBq wue the nmst 

si~rgtltcLewi3acidsused. 

Thcxesul~obtainedintbcreactionof3withBF~.~wcrcin ogtemmtwithtboserqonaifaothcr 
cpoxytupum. 19 This acid is only an efficient q&zing agent when it is used witb c.poxyaUykiIil~ 

~.2o~~~intbefiteriture,thenrrrEontanperatmeisaotvaygitical;ro,Lewtsacidcoacentration 

effects on the reaction of3 with BF+Et2 in CH2Cl2 at -1O“C wue observed. The nsults obtained after 60 

miIl.ofrcactiaIme.dwwninsc~2andtabk1. 

BF3 / 38 

Reaction of 3 with BFsOEt2 

4b Sb 6ab 8 b 

0.28 20 IO 38 8 

0.48 21 15 32 12 

0.57 22 37 28 I8 



Synthesis of (*)-karahana ether 13241 

Ascanbeseen,whmtbe~arpropaationBF~e~xydt3wasraised,yieldsinkaomSurddiol8 

were increased and the proportion of fluorhidrine tia decreased. These resuhs suggested that 6a could be 

transfomEed into 5 in the reaction medium, as was confhmed experimentally. ‘I’lm, treatment of 6a with 

BFs.OEtZ at room temperature for 2.5 h. yielded 5 (70%) and 7 (30%). 

Snclq was a most effective cyclizing agent 21-23 Taking into account the results previously obtaimd with 

this Lewis acid, a molar proportion of SnCZl.4 / 3 of 0.24 was selected. Reactions wem perfotmed in CH$Jl2 at 

different tempemmms (scheme 3 and table 2). 

G I SnCl4 / CH2Clg 
OAC 

0 

3 

8 9a 

Reaction of 3 with SnC4 

TV 3a qa 6ba 6ca 6da 7a 88 9aa lOa-ba 

7 

-0c HO *’ 

OAC 

1Oa end0 
10b 8x0 

4Yc! 50.7 -- 24.4 -- 2.6 --- 1.8 --- --- 

-WC -_ 48.0 5.0 0.5 -- 0.4 2.0 17.0 4.4 

OX! ___ 85.0 2.0 -- -- -- 1.0 3.0 1.0 

a chromatographic yields (%). 

Some conclusions can be drawn from the above results. The acyclic compounds, which result from the 

opening of the epoxyde ring were the major products at low temperature. As the reaction temperatum became 

higher the proportion of cyclic derivatives increased. Chlorhidrine 6b was the main product when the reaction 

was performed at -6YC, with a large amount of starting material 3 being recovered. The tetrahydrofurane 

derivative 9a, together with the major product 4, was obtained working at -1OT. The reaction carried out at 

O°C yielded almost entirely compound 4. Another d&c&m from these results is the transformadon of 6b into 

9a during the course of the reaction, which was subsequently confirmed. 6b afforded 8a in very high yield on 

treatment with SnCLt in C!H$l2 at room tempemmm. 
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BBq exhibited a considembly different behaviour toward 3 when compa& with the previously 

mentioned Lewis acids. After aying different experimental conditions, -WC was selected as the optimal 

twctiontempem-Table3sbowsthemsultsobtainedivhen-tmobupnopaaionswereused. 

Reaction of 3 with BBr3 

BBrs/S 4a sb 6eb 6fb 9bb lib 12b 

0.26 3 4 31 35 2 4 11 

0.69 __ -_ 10 --- 50 18 -- 

1.08 -_ I_ _I ___ 85 3 -- 

%epropoltioab chnnnatographic yields (96). 

Be X:Br, Y:OH 
6f X:OH. Y:Br 

Qb 11 12 

As can be seen in table 3, bromhidrines 6e and 6f were the major products at low molar propordons of 

BBg / 3. The yields of furane derivatives 9b and 11 increased, and those of compounds 6e-f decreased, 

when the Lewis acid concentration was raised. The ratio 9b:ll also increased with the proponion of BBQ. A 

possible mechanism for the formation of these furane derivatives, which is consistent with the experimental 

evidence, is shown in scheme 4. 

~scheme4) 

HO OAC 

6e 

9b 

-BBq, a !/ HO OAC 

Br 

11 
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The high selectivity achieved in some of the above cyclixations allowed the development of dficient 

method of syntheses of the fragrant terpenes (f)-karahana ether (lb) and karahazmenone (2). Two routes for 

preparing lb from 6.7-epoxygeranyl acetate (3) are shown in scheme 5. In each. cyclixation of 3 to bicyclic 

ether 4 by SrQ was the fmt step (85%). 

In the first sequential synthesis (scheme 5), 4 was regioseIectively open on treatment with BBq. yielding 

after saponification, a mixture of the alcohols 14sb, in good yields. 14a-b were transfotmcd into (Q- 

karahana ether (lb) and its easily separated isom la with T&l and pyridine.7 The ratio of endo / exo isomers 

for compounds 10 and 14 in scheme 5 was 2: 1. 

.+* 
0 Q- OAC 
4 

4 

I (iv) 

90% 

OH 

(i) t 

04 ~ 

95% 

I (ii) 

OR 83% OH 

10 ab FkAc) (48%) 
14 a-b 

LOC 
:s *-R:(R:H) 119%) b 

H AC) (14%) 

85% 

(ratio la/i b 2~1) @) 

1 

(vi) 
85% 

(ratio la/lb 1:l) 

16 
:“bg” 

0) BBr3, CHfilz, r.t., 10 min.; collidine, CH$&. (ii) KOH. EtOH, reflux, 4 h. (iii) T&I, py, r.t, 5 h. 
(iv) KW EK)H, feflux, 4 h. (v) TsCI, Py, -15%. 3.5 h., Ar. (vi) BBrs, CH2Cl2, r-t., 15 min., N2; 

collidine, roflux, 6 h. 
\ 

A most favourable alternative route to lb, where lb and la were obtained in a ratio of 1: 1, involves the 

treatment of the tosyl derivative 16 with BBq. 

Karahanacnone (2) can be prepared by a two-step sequence involving the efficient transformation of 6,7- 

epoxygeranyl acetate (3) into 9b. by using BBQ in CH2C12 at -WC, and the further treatment of this 

tetrahydrofnmne derivative with hot collidine.t* 

EXPEBIMENTAL 

III spectra were recorded on a Perkin-Elmer Model 983 G spectrometer with samples between sodium 
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chloride plates (film) or as potassium bromide pelkts.*H NMR (80 and 300 MHZ) and *e NMR (75 MHz) 

spectrawereperfo1medonaBrukcrWP80SYandBrukerAM300 specaomter. using TMS as intemal 

standardand~~assolventchemicalshifts(8)areexpressedinp~per~~@pan)mdconpling 

constants (./) in hertz. All mass spectra WCTC registered on a Hewlett-Packard 5988A mass m using 

an~val~of70eV.AnalyticalTLCwaspcrfanaedonO.ZSmm-thicktayasofJilicagel60G(Mack 

7331) and convc&mal and flash column chmmamgraphies were canied out on silica gel pads (Merck 7729). 

using hexane-B&Me (H-E) mixtures of increasing polarity. 

Reaction of 6,7-epuxygeranyl acetate (3) with BFs.OEt2. 

To a stirred solution of 3 (1 g, 4.71 mmol) in dry CH2Cl2 (210 ml), BF3.0Etz in C!H&!lz (3O ml) was 

slowly added at -10“ C under nitmgen. After stirring for 1 h. the reaction was quenched by addition of ia- 

water, diluted with CIiCl3 and the organic layer washed with aq. l?aIia solution (3 x 3O ml) and Hz0 (3 x 

30 ml), dried ami evaporated. Flash chromatography of the crude gave 4,s. 6a and 8. 

(4) 

lI-I NMR (300 MHz) 8 =l.Ol (3H. s. Me-7%1.07 (3H, s, MC-~‘). 1.33 (3H, s. W-9’). 202 (3H, s. Mt- 

C02-), 3.76 (lH, d. 4.5, H-51, 3.97 (1I-I. dd, 11.5.7.5 , H-l), 4.11 (lH, dd, 11.5, 7.5 , H-l); 13C NMR 

(75 MHz) 8 = 63.5 (CH2-1). 54.2 KW-1’). 85.8 (C-21, 38.4 (CHz-3’), 25.9 Q-I+), 86.0 (CHz-5’). 44.9 

G6’h 18.3 (CH3-7’), 23.2 (CH3-8’). 25.8 (CH3-91, 171.1 (C-l”), 21.1 (CH3-2”); IR (film) : 1076 and 

972 cm-* (pentacyclic ether); MS: rnlr (96) = 212 (2). 197 (3). 152 (8), 43 (100). 

V(Q _ 

bi Nh4R (300 MI-W 6 = 1.08 (6I-i, 4 7.0 , Me-8 and 9). 1.70 (3H, bs. Me-lo), 2.04 (3H, s, Me-(X&), 2.29 

W-I, t, 7.5 , H-4 192.56 (2I-L t, 7.5 , H-5),2.59 (lH, h, 7.0, H-7). 4.56 (W, d, 7.0 , H-l), 5.32 (lH, br, 

7.O. 1.5 , H-2); 13C NMR (75 MHz) 8 = 61.2 (CH2-I), 118.7 (U-I-2). 141.4 (C-3). 38.4 (CH2-4), 33.2 

(CH2-5). 217.9 (C-6), 41.0 (CH-7). 18.3 (CH3-81, 18.3 &X3-9), 16.7 (CH3-10). 171.2 (C-l’), 21.1 (CH3- 

21; IR @m) : 1709 cm-*(C=0, ketone), 1671 cm-l (C=CH); MS: m/z (%) = 153 (4). 99 (2). 71 (la), 43 

(87). 

lH NMR (300 MHx) 8 = 1.29 (81 d, J~f”22.2 Hz Me-8 and 10). 1.67 (3H, bs. Me-g), 2.01 (3H, s, Me- 

C02-1. 3.49 (lH, dt. J6p 11 I-Ix and J65=2 Hz, H-6), 4.55 (2H, d, 7.0 , H-l), 5.35 (lH, bt, 7.0 , H-2); 

13C NMR (75 MHz) 6 = 61.3 (CH2-1). 118.8 (CH-2). 141.8 (C-3), 36.1 (CH2-4), 29.1 (c&-5), 76.2 (CH- 

6). 97.9 (C-7). 23.5 (CH3-8). 16.4 (CHs-9), 21.3 (CH3-IO), 171.3 (C-l’), 21.2 (CH3-2’); IR (film) : 3370 

cm-l (OH), 1691 cm-l (C=CH); MS: m/z (Rb) = 172 (2), 157 (9). 126 (3). 61 (40). 43 (100). 
I ,_ * 

mhvdroxv2.6.68) 
_ I I 1_ . 

lH NMR (300 MHZ) 8 = 0.82 (3H, s, MC-~‘), 1.08 (3H, s. Me-8’). 1.2 (3H, s, Me-g’), 2.04 (3H, s, Me- 

COz-). 3.33 (2H, dd, 11.0, 4.0, H-5). 4.3O(lH, dd, 11.8, 5.5 , H-l), 4.35 (IH. dd; 11.8, 5.5, H-l); 13C 

NMR (75 MHz) 6 = 63.1 (CI-I2-I), 52.2 (CH-1’). 72.1 (C-2’). 39.9 (CI&31, 28.5 (CH2-4’). 77.6 (CH-S), 

39.l(C-6’). 15.1 (CH3-71, 24.0 (CH3-8’). 28.0 (CH3-9’). 171.1 (C-l”), 21.3 ((X3-2”); IR (film) : 3426 

cm-l (OH); MS: m/z (%) = 159 (1), 137 (6). 101 (lOO), 72 (6), 43 (92). 
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Reaction of 6,7-epoxygerany! wetate (3) with SnQ 

To a &raI sohnion of 3 (4 g, 18.86 mmol) in dry CHHZQZ (250 ml), a soh~tion of SnC4 (0.49 

ml)in CH$l2(25ml)wasslowlyaddedathxv&mperature undcrnitmgen.AfterstEng%r3h,themixt= 

was dilutedwithCHQ~(150ml)andwashadwidr0.5MNpZC03soludan(3~30ml),2NHCI(3~30mi) 

andbrine.Theargsnicphssewasdrisdovaanh.NaZS04andthe~lvent~~toaffordacrudereaction 

that by flash chromatography gave 4,6b, 6c. 6d, 7.8.9a and IOa-b. Compounds 10a aad 10b wen 

further separated by AgNoj-Si@ 1:5 cohmm chmmatqqhy. 

3.7- _ (6b) 

1H NMR (300 MHz) 6 = 1.53 (3H, s, MC-~), 1.57 (3H, s, Meg). 1.69 (3H. s, Me-lo). 2.03 (3H. s. Me- 

CO2_). 3.46 (1H. dd. 11.0. 2.0 , H-6). 4.57 (W. d, 7.0 , H-l), 5.37 (1H. br. 7.0. H-2); 13C NMR (75 

MHz) 6 = 61.4 (CH2-1). 118.9 ((X-2). 141.7 (C-3), 36.4 (CH-4). 29.5 (CH2-S), 78.4 (CH-6). 76.1(C-7). 

27.2 (CH3-8). 29.2 (CHS-9). 16.5 (CH3-10). 171.2 (C-l’), 21.1 (CH3-2’); IR (film) : 3470 cm-1 (OH), 1671 

cm-f(C=CH); MS: m/z (96) = 241(S). 213(4), 191(4), 177 (6). 135 (32). 43 (100). 

2-octen~(6c) 

1H NMR (300 MHz) 6 = 1.17 (3H, s. MC-~), 1.18 (3H. s. Me-g). 1.68 (3H, d, 0.8. Me-lo). 2.03 (3H, s, 

Me-C02-), 2.08 (3H, s. Me-C&), 4.55 (W, d. 7.0 , H-l), 4.77 (lH, dd. 10.0. 3.0 , H-6). 5.32 (lH, dr, 

7.0, 1.3 , H-2); 13C NMR (75 MHz) 6 = 61.3 (CHz-I), 118.9 ((X-2). 143.3 (C-3). 36.0 (CH2-4). 29.7 

(CHz-5), 79.5 (CH-6). 72.5(C-7). 26.6 (CH3-8). 25.0 (CHS-9). 16.5 ((X3-10), 171.2 (C-l’, C-l”), 21.0 

(CH3-2’, CH3- 2”); IR (him) : 3468 cm-l (OH). 1680 cm-k!=~~). 1736,1733 and 1240 cm-l (CH3C%-). 
. 

gZocdenvla0 _ 

1H NMR (300 MHz) 6 = 1.11 (3H. s. MC-~). 1.15 (3H. s, Me-g). 1.67 (3H. s, Me-lo). 2.00 (3H, s, Me- 

COz-), 3.28 (lH, dd, 10.4. 2.0 , H-6). 4.55 (W, bd, 7.0 , H-l), 5.34 (H-i, br, 7.0. H-2); 13C NMR (75 

MHz) 6 = 61.4 (CHz-1). 118.7 (CH-2). 142.1 (C-3). 36.6 (CH2-4). 29.5 (CH2-5). 78.0 (CH-6). 73.1 (C-7). 

26.4 (CH3-8), 23.2 (CH3-9). 16.6 (CHp10). 171.3 (C-l’), 21.0 (CH3-2’); IR (film) : 3451 cm-1 (OH), 1668 

cm-l(C=CH); MS: m/z (%) = 170 (1), 141(l), 81 (25). 68 (62). 59 (100). 43 (99). 
_ -0 

1H NMR (80 MHz) 6 = 1.06 (6H.d. 6.0, Me-l and Me-g). 1.23 (3H, s, Me-lo). 2.54 (2H, r, 7.5, H-4). 

2.63 (1H. It. 7.0, H-2). 5.05 (lH, dd, 10.0, 2.0, H-2). 5.27 (1H. dd, 16.0, 1.0, H-8), 5.85 (lH, dd, 

17.0,10.0, H-7); IR (film) : 3485 cm-1 (OH), (GO) 1709 cm -1.3010 and 1608 cm-@H=CHi). 1366 and 

1380 cm-l (gem-dimethyl); MS: m/z (96) = 170 (l), 141(l). 81 (25). 68 (62). 59 (100). 43 (99). 

5-(l’chlorc+l’-&vl1 ethyLLu&hvl2 _ - _ _ vins Q@ 

lH NMR (300 MHz) (tram) 6 =1.30 (3H. s. Me-C-2). 1.51 (3H. s. Me-C-l’), 1.52 (3H. s, Me-2’). 3.94 

(1H. f, 6.7, H-5). 4.96 (lH, dd. 10.6, 1.5, H-2”). 5.15 (lH, dd, 17.2. 1.6. H-2”), 5.81 (lH, dd, 17.2, 

10.6, H-l”) (cis) 6 =1.26 (3H, s, Me-C-2). 1.50 (3H, s, Me-C-l’), 1.53 (3H, s, Me-2’). 4.00 (lH, r, 6.7, 

H-5). 4.95 (lH, dd, 10.7. 1.6 , H-2”), 5.18 (lH, dd. 17.4, 1.6, H-2”). 5.94 (lH, dd, 17.2, 10.6, H-l”); 

l3C NMR (75 MHz)(trans, cis) 6 = 85.6-83.7 (C-2), 36.9-37.6 (C&-3), 27.6-27.8 (CHfi), 83.9-85.5 (CH- 

5). 71.1-71.2 (C-l’), (CD-I-6), 27.6-27.8 (CH3-2’). 143.4-143.7 (CH-1”). 111.5-111.4 (CHz-2”). 266 

26.2 (C!H+2), 25.6-25.7 (CH3-C-1’); W (Elm) : 3006 and 1640 cm-l(CH=CHz). 1232 and 1200 cm-1 

(gemdimcthyl), 1096 and 920 cm-l (pentacyclic ether), 805 cm-l (C-Cl); MS: m/z (46) = 175 (7), 173 (123). 

155 (1). 111 (100). 93 (73). 67 (32). 
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lH NMR (300 MHZ) 8 = 0.95 (3H, s, MC-~‘), 1.00 (3H, s, MC-~‘), 1.70 (3H, bs, MC-~‘), 2.04 (3H, s, 

MeC02-). 3.43 (lH, r, 5.4. H-5’). 4.14 (lH, dd, 11.8, 4.2, H-l), 1.44 (H-I, dd, 11.8. 4.2, H-l), 5.38 (1H. 

bs, 1.8, H-3’); l3C NMR (75 MHz) 8 = 61.3 (CH2-I), 48.4 (CH-1’). 136.6 (C-2’). 120.7 (CH-3’). 29.7 

(CH2-4’). 73.5 (CH-5’). 37.2 (C-6’), 22.4 (CH3-7’). 26.8 ((X3-8’). 19.4 (CHS-91, 170.7 (C-11). 21.2 

(CH3-2’); IR (film) : 3474 cm-l (OH), 1670 cm-l (C&H), 1738 and 1240 cm-l (CH3-C@-); MS: m/z 

29.7(a3-2’); IR (film) : 3474 cm-l (R-OH), 1670 cm-l (C=CH), 1738 and 1240 cm-l (CH3CO2-); MS: m/z 

(96) = 153 (6). 137 (26), 119(34), 107(51), 81 (50). 57(16), 43(100). 
-6’6’ * 

Gmethvlen)lOb) _ ‘- 

‘H NMR (300 MHz) 6 = 0.82 (3H, S, Me-7’). 1.04 (3H S, MC-~‘), 1.99 (3H, s, Me@-), 2.38 (lH, m, H- 

1’). 3.43 (lH, dd, 8.5, 4.0, H-5’). 4.30 (IH, dd, 11.6, 4.7, H-l), 4.38 (HI, d, 11.6, H-l), 4.6 (lH, bs, H- 

9’). 4.86 (lH, bs, H-9’); 13C NMR (75 MHz) 6 = 62.6 (CI-Iz-l), 50.7 Q-I-1’). 145.6 (C-2’). 31.1 (cI-I~-3’). 

31.4 (CI$-4’). 76.6 (CH-5’). 39.3 (C-6’). 17.4 (CH3-73, 20.1 (CH3-8’). 109.9 (cH2-9’). 171.3 (C-l”), 

21.1 (CI-k2’); IR (film) : 3462 cm-l (OH), 1646 cm~l(C=CH2), 1736 and 1236 cm-l (CI&CQ-);. MS: m/z 

(%) = 153 (2). 137 (7). 123 (lo), 119 (31). 107 (18), 93 (23). 57(6). 43(100). 

Reaction of 6,Sepoxygeranyl acetate (3) with BBr3. 

To a s&red solution of 3 (1.04 g. 4.88 mmol) in dry CH2Cl2 (80 ml), a solution of BBr3 in 

CH2Cl2 (10 ml) was added dropwise at -15 ‘C under nitrogen. After stirring for 2 h, 0.4 ml of colliine were 

added. Then, the mixtme was diluted with CHQ3 (100 ml) and washed with IN HCl solution (3 x 25 ml) and 

sat. NaHCC5 (60 ml). The organic phase was dried over anh. Na2SO4 and the solvent evapored to affom a 

crude reaction, that by column chromatography yielded 4,5,6e, 61,9b, 11 and 12. 

Wromo-3.7 _ dimethv1-6-hvs&xv-2-cctenv1 GDEL We) 

lH NMR (300 MHz) 6 = 1.71 (3H, d, 0.9, Me-g), 1.72 (3H, s, Me-8). 1.77 (3H, s, Me-lo), 2.03 (3H, s, 

Me-C%-), 3.39 (lH, dd, 10.3, 1.9, H-6). 4.58 (2H, d, 7.0, H-l), 5.38 (1H. bt, 7.1, 1.4, ~-2); l3c NMR 

(75 MHi$6 = 61.36 (CH2-I), 119.04 (CI+2), 141.71 (C-3). 36.34 (CH2-4). 29.92 (CI-I2-5). 79.07 (CH-6). 

75.20 (C-7). 28.86 (CI-I3-8). 16.57 (CH3-9). 31.15 (CH3-IO), 171.17 (C-l’), 21.12 ((X3-2’); IR (film) : 

3462 cm-l (OH), 1680 cm’1(C=CH),1736 and 1236 cm-l(CI-I3C~-); MS: m/z (%) = 293 (8), 215(47), 135 

(loo). 
_ _ VI aceu(6f) 

lH NMR (300 MHz) 6 = 1.27 (3H, s, MC-~), 1.28 (3H, s, Me-lo), 1.63 (3H. s, Me-g), 1.97 (3H, s, Me- 

CO2-), 3.85 (1H. dd, 11.4. 1.9 , H-6). 4.51 (2H, d, 7.0, H-l), 5.33 (1H. bt, 7.0. H-2); l3C NMR (75 

MHz) 6 = 61.16 (CHz-I), 119.57 (CH-2), 140.33 (C-3). 38.02 (CH2-4), 31.60 (CI-I2-5), 61.68 ((X-I-6). 

72.38 (C-7), 26.32 (CH3-S), 16.34 (CH5-9). 26.24 (CH3-10). 171.03 (C-l’), 20.95 (CH3-2’); IR (film) : 

3466 cm-l (OH), 1670 cm-l(C=CH).1737 and 1235 cm-l(CH3C@-), 608 cm-l(C-Br); MS: m/z (%) = 277 

(6). 275(5), 235 (14). 233 (16),216 (4). 215 (21), 153 (57). 135 (100). 

J-(1’~bmmo-l’methvl) ethv12 methv12 _ _ _ _ vinvltenahvdrofuranc (9b) 

lH NMR (300 MHz) 6 =I.32 (3H, s, Me-C-2). 1.72 (3H. s. Me-C-l’), 1.71 (3H, s, Me-2’), 4.03 (1H. d, 

6.7, H-5). 4.97 (lH, dd, 9.5, 1.8, H-2”), 5.17 (IH, dd, 12.0. 2.0, H-2”). 5.84 (lH, dd, 16.5, 10.0, H- 
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1”); 13C NMB (75 MHz) 8 = 84.09 (C-2). 36.87 (CH2-3). 28.57 (CH2-4). 86.13 (U-I-5). 68.53 (C-l’), 

29.15 (CH#), 143.45 (CH-l”), 111.44 (CI-I#‘), 26.67 (CH3-C-2). 31.27 (C!H3-C-13; IB (film) : 3005 

and 1654 cm-l(CH=CH2). 1233. 1202 and 1367 cm-l (gem-dimethyl), 1111 and 919 cm-l (pentacyclic 

edier). 600 cm-l (C-Br); MS: m/z (%) = 233 (17). 235(13). 217 (38). 215 (50). 153 (lOO), 137 (30). 
“_a -(II) 

1H NMB (300 MHz) 6 =1.25 (3H. s, MC-C-~). 1.67 (6H, s. MC-~‘, Me-C-I’). 2.02 (3H, s. Me-C@-), 3.83 

(HI, r, 6.6, H-5), 4.19 (2H, m. H-2”); l3C NMB (75 MHz) 6 = 82.65 (C-2). 37.47 (CI+3). 28.94 (CI-Iz- 

4). 86.52 (CH-5). 68.12 (C-l’), 29.37 (CH3-2’). 39.19 (CH2-1”). 61.51 (CH2-2”), 26.70 (CH3-C-2). 

31.66 (CH3-C-l’), 171.15 (C=C), 21.13 (CH3-C@-); IB (film) : 1739 cm-* (CH3CO2-), 1235 cm-l (gem- 

diiethyl), 1071 cm-l (pentacyclic ether), 600 cm-l (C-Br); MS: m/z (%) = 293 (33). 275(7), 233 (20). 213 

(100). 
. 

I-6-hvm WI 
lH NMB (300 MHz) 6 = 1.68 (3H. bs, 1.1. Me-lo). 1.69 (3H. bs, 1.2, Me-g), 2.02 (3H, s. Me-C!@_), 

4.01 (lH, t. 6.5 , H-6). 4.55 (2H, bd. 7.1. H-1). 4.81 (H-I, m, 1.5 , H-8). 4.91 (HI, m, H-8). 5.34 (lH, 

qt. 7.1, 1.3. H-2); l3C NMB (75 MHz) 8 = 61.38 (CHz-1). 118.58 (CH-2), 141.99 (C-3). 35.5 (CI$-4). 

32.81 (Mz-5). 75.47 (CH-6). 147.39 (C-7). 111.20 ((X2-8), 17.59 (CHS-9). 16.52 (CH3-10). 171.19 (C- 

l’), 21.09 ((X3-2’); IB (film) : 3451 cm-l (OH), 1669 cm-l(c=CH), 1664 cm-l(c=CHg), 1737 and 1236 

cm-l(CH3Co2-). 

Reaction of 3,7-dimethyl-7-fluoro-6-hydroxy-2-octenyl acetate (6a) with BFs.OEtz. 

To a stirred solution of 6a (0.15 g, 0.64 mmol) in dry CH$l2 (25 ml), cooled at 10°C. a solution 

of BF3.OEt2 (0.054 g, 0.38 mmol) in CH2C12 (5 ml) was added dropwise . The reaction mixture was stitred 

for 1 h. After working-up, as it was above described for the reaction with BF3.OEt2, a crude of 99 mg was 

obtained. Its lH-NMB spectrum showed the presence of 5 (70 96) and 7 (30 %). 

Reaction of 7-chloro-3,7-dimethyI-6-hydroxy-2-octenyl acetate (6b) with SnCl4. 

To a stirred solution of 6b (0.115 g, 0.46 mmol) in dry CH2Cl2 (25 ml) a solution of SnQ 

(0.027 g, 0.106 mmol) in CH2C12 (5 ml) was slowly added at O°C. The mixture was further stirred for 2 h 

under nitrogen. Following the same wotic-up used in the reaction with SnQ, 9tt (86 mg) was obtained. 

Reaction of (2’,5’-epoxy-2’,6’,6-trimethyl)cyclohexylmethyl acetate (4) with BBr3. 

To a stitred solution of 4 (0.85 g, 4.01 mmol) in dry CH2Cl2 (60 ml) a solution of BBQ (1.08 g, 

4.31 mmol) in CIi2C12 (15 ml) was added dropwise. After stirring at room temperature under nitrogen for 10 

mitt, the mixture was added to a 1M solution of collidine in CH2Cl2 (10 ml). The mixture was washed with 

1M HQ (5 x 30 ml) and saturated NaHC@ (3 x 30 ml). Organic layers were dried over anh. NazSO4 and 
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evaporatd to yield a crude (708 mg), that by column chromatography yielded 10 tt-b (0.407 g, 49 %), 13 

(0.126 g, 14 96) and 14 a-b (0.155 g, 19 I). 
* P(l3) 

1H NhfR (3W MHz) 6 = 0.91 (3H, s, Me-C-6’), 0.99 (3H, s, Me-Cd’), 1.68 (3H. bs, Me-9’). 2.24 (3H, s, 

~COCH$L!O2). 3.42 (2% s. McCQJ&$ZO2). 3.42 (1H. r, 5.3, H-5’). 4.19 (II& dd, 11.8, 4.4 , H-l), 

4.51 (1% dd, 1 I.& 4.4 , H-l), 5.36 (1H. m. H-3’); 13C NMR (75 MHz) 6 = 64.6 (CI&-1). 48.4 (CH-I’), 

132.6 (C-2’). 120.5 (CH-31, 31.7 (CH2-4’). 73.6 (U-I-S), 37.1 (C-69, 22.3 (CH3-7’). 26.3 (CH3-8’). 18.8 

(CH3-9’). 166.9 (C-l”), 50.2 (CH2-2’9, 200.3 (C-3”). 30.3 ((X3-4”); IR (film) : 3479 cm-l (OH), 1645 

cm-k!=CH). 1741 cm-$CH~-CO~-), 1709 cm-l (CH~$OO-); MS: mh (%) = 153 (13). 137 (8). 

134 (12). 119 (18). 85 (25). 43 (100). 
. 

LS-hvdtwv-2.6.6 t * uim&@ 2’-cV ’ (14a) 

*H NMR (300 MHz) 6 = 0.92 (3H, s, MC-C-~‘), 1.08 (3H. s, MC-C-~‘), 1.72 (3H, bs, MC-C-~‘), 3.35 (lH, 

d. 4.5 , H-59,5.42 (lH, bs, H-39; 13C NMR (75 MHz) 6 = 58.80 (CHz-I), 51.14 (CH-I’), 131.59 (C-2’), 

120.39 (CH-39.32.26 (CH+‘),71.44 (CH-59.37.13 (C-69.24.25 (CH3-G6’), 28.56 (CH3-C-6’). 22.52 

(CHyC-2’); IR (film) : 3252 cm-l (OH), 1673 cm-l(C=CH). 
I 1 . i(l4b) - ‘- 

lH NMR (300 MHz) 6 = 0.93 (3H. s. Me-C-69.0.99 (3I-I. s, M&-69, 3.45 (lH, dd, J = 5.9 and 3.4 Hz, 

H-5’). 3.70 (lH, dd, J= 10.9 Hz and 3.5 I-k H-l). 3.92(1H,dd, J = 10.9 Hz and J=7.6 Hz, H-1),4.74 (lH, 

bs, H-C-2’). 4.93 (lH, bs, H-l); l3C NMR (75 MHz) 6 = 61.99 (CH2-1). 55.13 (CH-I’), 147.52 (C-2’). 

31.07 (CH2-3’). 29.49 (CH2-4’). 75.14 (CH-S), 38.92 (C-6’). 20.46 (CH3-C-6’). 27.46 (CH3-C-6’). 

110.57 (CH+29; IR (film): 3286 cm-l (OH), 1644 cm-1 (c=ai~. 

Saponification of esters l&b and l.3 to give 14a-b. 

A solution of a 3: 1 mixture (0.5Q2 g) of lOa-b and 13 in 2N ale. KOH (7 ml) was renuxed for 4 

h. After evaporation, the crude was diluted with H20 (4 x 25 ml). dried over anh Na2SO4 and evaporated to 

afford a crude (0.397 g) that on chromatographic column yielded 14a-b (0.334 g, 83 a). 

(f)-Kambana ether (lb). 

To a s&cd solution of dials Ma-b (in the ratio 21) (0.850 g, 5.0 mmol) in dry pyridine (7 ml) 

tosyl chloride (0.950 g, 5.0 mmol) was added dropwise at 0°C. After stirring for 5 h at room temperature, the 

mixture was diluted with OEt2 (60 ml) and washed with 1 M HCl(2 x 30 ml). sat. NaHCQ (100 ml) and 

btine (150 ml). The organic layer was d&d over Na2SO4 and evaporated to yield a crude (1 .OlO g), that by 

flash column chromatography afforded 0.612 g of a 2:l mixture of biiyclic ethers la-b. Their spectral data 

. were in alzcdancc with those pRviously zeponcd 2’. 



Synthesis of (*)-karahana ether 

Saponification of 4. (2’, Y-epoxy-2’, 6’, 6’-trimethyl) cyctohexytcarbiuol (15). 
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Toa~salutionaf4(l~g,5.8O~)in~(25ml)a2N~.KOH~lu~(lSml) 

was slowly added, and the mixture refluxed for 2 h. After working-up as done for diols Ma-b. Is (0.887 g. 

90 96) was obt&a?.l~ NMR (400 MHz) 8 11.06 (3H. s. Me-C-69.1.12 (39 s, Me-C-6’). 1.40 (3H, s. Me- 

C-2’). 3.60 (lH, dd, 7.2, 11.0, H-l), 3.66 (lH, dd, 11.5,7.4 , H-l), 3.77 (la, d, 5.3, H-51; *3C NMR (75 

MHz) 6 = 58.76 (CH2-1). 55.51 ((X-l’), 84.18 (C-21, 36.43 @2-3’). 23.93 (CT&-4’). 84.02 &!H+‘), 

42.57 (C-6’). 16.28 (CH3-C-6’). 24.08 (CH3-C-6), 20.92 (CH3-C-2’). 

Tosylation of 15. (2’, Y-epoxy-2’, 6’, 6’4rimethyl) cyclobexylmethyt tosylate (16). 

To a stirred solution of IS (0.825 g. 485 mmol) in dry pyridii (8 ml), cooled at -lO“C, 1.4 g 

(7.34 mmol) of freshly prepared tosyl chloride was a&led to the solution under lqorl. The resulting suspension 

was stirred for 3.5 h at -5OC and then diluted with CH2Cl2 (30 ml). Organic layer was washed with brine (100 

ml), NsHfQ aq. solution (3 x 25 ml) and brine (100 ml). The organic phase was dried over NagSO4 and 

evaporated to yield a crude (1.606 g), that after being chtomatogmphed on silica gel (75:25 HB) af#nded 16 

(1.49 g, 95 %).*H NMR (300 MHz) 6 = 0.82 (3H. s. MC-C-~‘), 0.94 (3H, s, Me-C-6’), 1.16 (3H, s, Me-C- 

2’). 2.34 (3H, s, Me-C-4”). 3.61 (1H. d. 5.1, H-S), 3.89 (W. m. H-l), 7.25 (W, d, 8.0, H-3”~-5”). 

7.67 (2H. d, 3.5 , H-2’. H6”); 13C NMR (75 MHz) 6 = 69.03 (CHg-1). 54.24 (CH-1’). 85.42 (C-2’). 37.94 

(a~-31, 25.67 @+I’), 85.63 (CH-5’). 44.74 (C-6’). 18.07 (CH3-C-6’). 22.68 (CH3-C-6’), 25.40 (CH3- 

C-29, 144.67 (C-l”), 129.71 (CH-2’. C-6”), 127.67 (CH-3”. C-5”). 21.40 (CH3-C-4”); IR (film) : 1076 

and 972 CrlI-1@nti3CyC& ether), 1364 and 1189 cm-l (R-O-S@-R’), 1598 cm-l(arom.), 817 and 784 cm-l 

@di-sust. arom); MS: (%) = 325 (4). 324 (2). 289 (3), 229 (8). 153 (100). 

Reaction of 16 with BBQ. Preparation of la-b. 

To a solution of 16 (1.050 g, 3.23 mmol) in dry C!H2Cl2 (50 ml), 0.508 g (2.03 mmol) of BBq 

in t&Cl2 (9 ml) were slowly added, and the reaction mixture stitred for 15 min at room temperamre under 

nitrogen. Then, collidine (16 ml) was added and the mixture refluxed for 6 h. After dilution with CHgCl2 (40 

ml). the organic phase was washed with NaHSO4 aq. solution (75 ml), brine (100 ml) and dried over anh 

Na2S04. The solvent was evaporated to afford a crude (0.482 g) that by column chromatography (9:l HE) 

yielded a 1:l mixture of 1 a-b (0.256 g, 52 %). 
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