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Abstract : a&anal01 (Z-3) can be pparcd fmm the readily available 8-brmnotricyc~ene in 
a one-flask pmcedum under perfect regio and stemaxmtrol. 

The site selective functional&ion of isoprene units belongs to the inventory of classical synthetic challenges. 

If a ~~~-2-~~yl-2-bu~nyl structural motif is targeted, often a simple solution can be envisaged : selenium 

dioxide readily oxidizes 2-methyl-2-alkenes to afford (E)-2-methyl-2-alken-l-ok or (E)-2-methyl-2-aikenals, 

depending on the reaction conditions 1. The allylsulfoxide/allyls&ate isomerization with in situ reductive 

cleavage of the $0 linkage offers another expedient access to (E)-2-methyl-2-alken-1-01s 2. In contrast, there 

appears to be no ~~~~~d route leading to the corresponding (2) isomers. Ibus, fairly laborious rnul~~ 

sequences had to be devised for their stereoselective construction 3~ 4. This situation was considerably improved 

when the “three-dnnensional” Wittig reaction via betaine ylids (“SCQOPY” procedure) 5 was developed as a 

general method for the s~n~o~~ assembly of branched aud ~tio~ olefms hatig the (2) 

configuration 5.6. It was indeed immediately applied to the synthesis of natural pruducts incl~g a-santa~o~ 7.8. 

Nevertheless, also this method suffers from drawbacks, being very sensitive to deviations from the optimum 

temperature profile and producing invariably by-products when formaldehyde is employed as one of the two 

electrophilic components 9. Moreover, it is not suitable for connecthrg isoprene c5 units. 
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While systematically investigating the internal mobility of superbase generated allylpotassium species, we have 

discovered quite amazing caution preferences 19 Thus, 2-bu~ny~~~i~ was found to favor the en& 

(Z) over the en0 (E) structure to the extent of 125 : 1. Replacement of the methyl by a longer straight-chain alkyl 

group diminishes the endokxo equilibrium ratios to about 15 : 1. However, introduction of a bulky methyl 

substituent at the Zposition increases again the d is&mination against the exe structme and raises the 

thermodynamic e&&w ratios to levels iu the range of 50 : 1 to 250 : 1. 
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The torsional isomerixation of allylsodium, -potassium or cesium species allows one to achieve stemocontrol 

over the construction of unsaturated carbon backbones in a particularly convenient and efficient way. We wish to 

illustrate this principle by a new and extremely short synthesis of a-santalol. Starting with the readily accessible 

3-bromomethyl-2,3-dimethyltricyclo[2.2.1.@6]heptane (1; ‘Uromouicyclene”) 11, it requires three operational 

steps which may be contracted to a one-flask protocol : condensation with 3-methyl-2-butenylpotassium (“prenyl- 

potassium”) 12 to afford a-santalene (2), met&ion with butyllithium in the presence of potassium ferf- 

butoxide 10 and consecutive treatment with fluorodimethoxyboron 13 and hydrogen peroxide. The a-santalol 

(Z-3), isolated with 35% over-all yield 14, was regio- and stereochemically pure (as evidenced by gas chromato- 

graphic analysis). 

I-3 

a-Santalol (Z-3) can be quantitatively converted into its unnatural (E) isomer (E-3) 15 by dehydrogenation with 

manganese dioxide, acid catalyzed stereoequilibration of the resulting (Z) enal (Z4) and final reduction of the (E) 

unsaturated aldehyde (E4) with sodium borohydride. On the other hand, the LIDA-KOR (lithium diisopropyl- 

amide and potassium rer+butoxide) promoted ring opening of the epoxide (5) proved to proceed unselectively, as 

expected in such a case 16. Resides 2-[3-(2,3-dimcthyltricyclo[2.2.1,~.6]hep 17 (6, 29%); a 

mixture of Z-3 (12%) and E-3 (47%) was obtained. 
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PRODUCT8 AND PROCBDURES 

(+)-a-Sunt&ne (2) ‘* : At -75 =C. m tur&ydmfumn (50 mL), J-methyl-l-bum (5.6 mL, 3.5 g. 50 mmol) and pota&um 
zert-lmtoxidc (6.0 g. 54 mmol) ale wosecu6vely~addcd to bulyuithimn (52 mmol) fmn which the commczial s&au (bcxanc) has 
becnstT&pcdoff.ThcmixtlKcisvigoIwelyrtimdat-5OTlmlil~~. lhmlrep3Ominat-50T.At-75~c. 
3-teomomuhyl-2,3-dh1~&yltricyclo~l.~~ I’ (10.8 & 50 mmol) in tUmhydn&raa (10 mL) is added. ARer 30 min, the 
mixtorcisalbmdto~25OC.The~~is~andthc~isabaorbcdrnsilicagcl(20g).~~withhexamfran 
acolmnnfilledwimzo~~~(l50g)followedbydistillatioaafEordsaganeakne(2)srracolorkssIlquid;6446;bpll6- 
118 TJlOmmHg; nD 1.4865, [aID +13 (CHCl~; c = 0.10). 

(+)-a-santalol (Z-3) 7.8 : At -75 T. pIWoled tetrahydroharm (40 mL). potas3hnn tert-bmoxide (2.2 g. 20 mmol) and a-santalcnc 
(4.lg.lommd)lalddedto~~-frre~~(2ommoI).Thembtmei9vigorouslystimdlmtilithasreached-5ooc.Atthis 
v it is kept 2 h. At -75 T, it is c~1~~6vely treated with 5uomdb~thoxybonme dicthyl ctkratc (8.0 mL, 7.2 g, 42 mmol) 
and~~hydrogenperoxide(5.lmL.5.68,50mmol).~lhofstiningat25OC,tbt~~is~with 
sodilrmchluibe.Ihectfienallayeris~aodabaalredcmsilicagel(l5g).Ihedrypowder~ponredmtopofacolmnntilled 
withfreahsilicagcl(l50g)~hexmt.~withal5:85(v/v)mixtlncofethylacetateandhwranefollauadbydistillationgives 
ac&rlcesoilhuvhiga&mcte&kwoodyanclk464b;bp92-93~.1mmHg;0~1.5022;[a]~+17(~:c=0.10).- 
kunr: 85.31 (1 I-I, r,J7.5).4.14 (2H, 8). 1.97 (2 IS, symm. m). 1.80 (3 H, q,J 1.3). 1.6Q H, t-l&em). 1.2 (5 H,m), 1.06 (1 H, dd, 
J 10.0,6.0), 1.00 (3 H, s)). 0.84 (1 H, 8). 0.83 (3 I-I, s). - Rice to porSc&~, a sample of the crude mixtum was wbhdra~ Aux&ng 
to&M~enelysis,itdidnotcoatsinevcnatraceodtht(E)ipomcr(E-3). 

(E)~_(23~~t~l~i~~~mcrhyrhieycrol22.1.02~]ihcpryl)-2~t~lpe~-2-en-l~l (Z-3. smtalol isaner) : a-8antalol (2-X 4.4 g. 20 mmol) is 
Nkkdtocxccae ~dioxidt(l7g,O#)md)inhtxanc(~mL).APta2r(hof~at25OC,thealdcbydeZ_4(s&below)is 
isolatedand~~inchlorofonn(25mL)~~acid(l.2g.lOmmol).Themixtmcisheamdinaaealedtube~hto 
loo T. The immaic aldehydc E-4 (15 mmok gee b&w) obtained is trcatad 6 h at 25 ‘C! with so&bun bcsohydridc (0.61 g, 
16mmol)incmand(50mL).Evrrpnationand~ygivtplrcE-3;88%(with~ttoB-4;804bwith~ttoZ-3):bp 
98 - 99 W.15 mmHg: n~1501~ [ag +18 (CHC13. c = 0.90). - &kmr : 6 5.42 (1 I-I, thcx, 17.3, 1.4). 4.01 (2 H, d, I4.8). 1.99 (2 
H, symm. m). 1.72 (3 H. a). 1.61(3 H, t-like m, J 9.4). 1.2 (5 H, m). 1.07 (1 H. dd, J 10.0.6.5). 1.01 (3 H. s). 0.85 (3 H, s). 

3-lodomcthyl-23-d~t~l~i~~~~.i.~~]~pt~ 19:Fkom1(lOmmol)andscdhuniodidc(5Ommol)aftes3daysatllOoCio 
hcxamethylpbosph& lknidc (30 mL); 9296; bp 50 - 5 1 W.1 mmHg; nEl.5444; [a]? -26 (CHQ,; c = 2.4). 

(23~~~~wicyclo[2~.l.~b]~pt-3-yl~t~l p-to~uenesu&mate *: From (2.3-dimethyltric~lo[2cl0[22.l.~6Ebept-3-yl)methanol 
(20 mmol), p- toluenesulooyl chloride (20 mmol) and pyrib (20 mmol) after 15 h at 25 Oc; 92% mp 42 - 44 Oc; [a]E +20 (CHCl,; 
c = 0.75). 

~-5_(oimrtiryrrricycio~.2.1.02~]1rcpt-3-yl~2~~~e~-2-e~ (Z-4) ls : Fknn a-samalol (10 mmol) and T dioxide 
(0.10 mol) afta 24 h of stining at 25 T in hcxsnc (50 mL); %46; bp 126 - 127 “CEO.5 mmfQ; ng 1.4%2; [a], +18 (CHCQ 
c = 0.80). - ‘H-mnr (250 MHz, CDCl$ : 6 10.18 (1 H, s). 6.55 (1 H, tq. I8.3.1.4). 2.50 (2 H, q. J 8.4). 1.78 (3 H, q. J 0.8). 1.3 (4 H, 
m), 1.11 (1 a dd. J 10.0,4.5). 1.03 (3 a s), 0.88 (3 H, s). 

@)-5_(23~imcthylnicvcIo122.1.~b~~~-3-yl~2-mclIrylpcnr-2jnol (B4) Is : Fkom the (Z) iscmu (Z-4.10 mmol) by heating a 
~~(lOmL)solutionofit,towhichbenzc6cacid(lnmtol)~baenaddedina&rladtube2Ahtol00OC,959b;bpl21- 
122 VI.2 mmHg; II: 1.4951; tal? +18 (CHCl$ c = 0.80); ‘H-mm (250 MHz. CDQ : S 9.40 (1 I-I, s), 652 (1 a q, J 7.5, 1.4). 2.3 
(2 H, m). 1.78 (3 H. s), 1.63 (4 H, symm. m). 1.3 (4 H. m), 1.13 (1 H. dd.J 10.0.4.3). 1.05 (3 H, s), 0.91(3 H, s). 

5_(23-DimcrhyltricycroC22.1.OZPIhepl-3-y1~2-~t~~e~-~-~ : Fkm 2-(2,3dhocthylt1icyclo[2.2.l.026lhept-3-yl)+thy~ p 
tobxnes&onak (20 mmol). Zmcthyially~ chlcrkk (20 mmol) and dilithhm~ tricw 10 (0.5 mmol) in te@ahydro- 
~0O~)afterlhat-75”Candwarmingupto25OC;7246;bpW-95OCnmmHg:n~l.4752;[a]~+9(CHQ3;c=O.%). 

5_(23-Dimcrhyltri~clol22.l.~b]~pt-3-yl) (5) : Rum 5-(23-dimethyltric~l~~l.~]~3-y1~2- 
mc$&em-l-cnc (30 mmol) and 3chl 
[al, +7 (CHQ c = 0.90). 

ompabenzoicacid(50mmor)~2Ahat25~944b;bp%-9l”CnmmHg; n,l.4794; 

2-P_(23-Di~t~lwi~~[2~.l.~~]~pt-3-yl~propyllprop-2-m-l-o1 (6) : From oxiram 5 (zo IIUIIOI) by IRatmea with lithilml 
db-pmpylamih and potassb tert-butoxide (“LIDA-KOR” mixture 16, 20 mmol) in tetmhydrofumn (0.10 L) dming 12 h at -75 OC; 
29%(aftcrseparationtkJm2-3and&3by 
c = 0.80). 

WY on silica gel): bp 122 - 124 W.5 mmHg; 1121.5064; [a]? +19 (CHCls. 
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