
AN EFFECTIVE [1,4]-CHARGE AFFINITY INVERSION 
OF SULFUR FUNCTIONALIZED ISOPRENES 

l5oprene’deriVed tap& buading bbck5 ‘zany& an 
activating5ulfurftmctiottalityatcitbl?rcatottt1’orc 
atom $ have been used 5ucces5fully ill poly-i5oprcnoid 
syt&csis. Tbe ready avaiM%ty of t&c ,hydroxy 5&0x- 

ide l&’ which has ramly been used in bcdcxten5ion 

flsction5’b tealptal u5 to dc5ign an cactive [1,4g 
migraGon’oftkactivating5ulfurfut&ottfromt& 
kadoftbei5oprcnederivativetoit5tail.Thi5charge 
a5ityiavemioitpfoccs5wouldallowbothhead-md 
taikxtension r&action5 to be performed stprtipe from the 
5ame synthon. 

sincetothebe5tofourknowk!dgettodirectmethud 
for head to tail [l,l]arioration is dc5cribed ia the lit- 
erature, we have usal two consecutive m&&05; a 
[l&hift (from 1 to 4, Scheme 1) followed. by a [$3j- 
5hift(from4to6,!khemc2).Tkin- 
5ul6&4al5o~vesaccc55to~-a&oxYtiglicaE~ 
(%, !khaae 2), a key-iatumcdkk in the BASF in- 
du5bialvitaminAsyn~? 

I%nchafgrowpmjgmtion 
[IS!]- and [13J+ulfur shift5 arc well pN%xdentcd in the 

lituattue.Sul0de5witha/3+a&ggroupingctural 
pamit[~&sh$5oft&5alkylthiogroupviaMattitim 

- [1~k§4tift5afeknownwithsuledc% 
Zlfoxid5s aG 5ulfones. The mechanism of the [l$l-allyl 
sulfidt shift is subject tq cootradictgr repurk~,~ but 
evidence i5 aa3tmulating’ for an a55ociative trat&iuo 
5tatc with a bypervalent S atom by electron donatiua 
from the allylic double bond. 

The diaskreomek ltydroxy5utfoxide mixture la must 
bcfeducedtor5plfidebeforethe[l~~~ocanbe 
pk?tformed.APttmtU~N!&iOni5vCtYu5Cftlltothis 
end? Moreover, tk o-carboo is simuhana~& oxidized 
andthu5tran5fofmcdintoama5kedCOfunctionatC 
atom1oftbeterpeacbuild&tbb&However,an 
attempMPummercrrcastioofromlatu2proce&diu 
a low yield and was accutnpatkd by tar formation.’ 
Muchbetterre5ultswereobtai&afterprotcctionofthc 
OHfuDctionintbeformofitsacetatelb,byproloqOed 
treatment with acetic anhydfidelpytidine.’ Tbc Pum- 
meterfcactionwithlbgavetbestd6dc2asanahnost 
1:1mixtureoftbedia5taeometkracunatesinhiph 
yield. 

Tbe(1&hiftfrum2to4isam&atiuothatantvert5 
onc5ul5dewitha/Meaving~pintoanutbcr.We 
expectalenuughdi&rencein5tab&ybatweeo2and4 
tok%dtodominatiooofthelattMundcreqtt&ium 
condiGoa5; but to our surprise we ob5erved quantitative 
fonnatiuoof4upontr&mentof2withacut.icanhy- 
dride/TsOH at r.t. Since [l$)-ahifts are much slower 
than &&shifP axqnwmi 4 does Itot eata into a0 

allyiic [l&&ift under tbc mild rca&n conditions used. 
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Hcatingof4inordcrtoaccekratcthcaUylic~ 
ment results in decomposition into a dark fzoloured mix-. 
ture, containing the ahiehyde S along with unidentiRed 
products. However, the [I$]-mig&on can be performed 
smoothlywhenthegnrrd&etoxycompound4iscon- 
veited to 5 by r.t. treatment with methanolic K&G. The 
aldehyck soMe 5 formed in this way is essentially pure 
and isomer&s almost completely to the desired @)- 
aldehyde sulfkle 6 on exposure to daylight (half life time 
apPro*lY 2 days). 

The building block 6 was used in tailcxtension reac- 
tions after protection of the aldehyde group followed by 
metaIlation a to the sulfur function and in ha&x&n- 
sions by Homa-Watig reaction at the aldehyde mup. 
These applications win be published sepanuely.” 

conoe?xioll of 4 10 duulfuIized fioc CaffnM building 
bi0ck.l 

In addition to the above mentioned conversion of 4 to 
the sutfur functionalized terpene buiMing block 4 we 
have developed a stereospecifIc route from 4 to the 
@)-4,4diacetoxy-3-methy~-2-butenol @a) in the follow- 
ing way. Ox&ion of 4 to the &oxide 7 followed by a 
[2sl-&znarropic shift to the corre3ponding sldfenate 
ester gives the allylic alcohol Q upon treatment with a 
thiophilic reagent. A variety of thiophiks has been used 
in the literatore to trap so&ate e~ters.‘~ Most of them, 
however, are highly nucleophilic and therefore of no use 
in the synthesis of compounds possessing elcctrophilic 
sites.’ We found that treatment of the unpuri&d stiox- 
ide7withwaterabso&datoinetimcsitaweightof 
silica atiords & ia 50% yield after column chromato- 
graphy. The chloro aidehyde k, a known precursor of 
%, is obtainai from & by reaction with thionyl chloride 
to 8b followed by cleavage of the gem diacetoxy group. 

IR,‘HNbfRand”CNMRwercrecorduloaaUnkamSP 
200. a Varian XL100 ami a Varian XL115 appsrahrs r@Jpec- 
tivdy. OLC andyacs were performed on an all glaaa mcdilkd 
Varinn Aaograph ac&a 1700 appnratns, uniog a 6ft SE 52 
cohunu. 

l-Pliary&Lulpllyl-2-nethyl-2-h$mxybnt-3-au(la). 

lymenndthiopbendwcrefooxidizcdwitboxygwtogivea 
drostaeomeric mixture of hydroxysnlfoxide l& a8 de&cd.’ 

‘l-PhenyI.w@yI-2-m&f-2-oc&.uybut-3-me(1b).A 
solo of h (00s; Mmmolc!) in kImI AQO snd lond pylidinc 
~~tinodduriaO5&yrat4(P.Thc~lvsPtclwmdic~off in 
wcuo. tolueae wan f&al and di8tikd from the alixtue to 
remove AQO and AcoH. Tbe residue was diasolvcd ill etbcr, 
wakdwitllwaterand5%HCl,dricdovaMgSOIandfutcrcd 
tbmugb bigMow. After nmoval of the rdvcnt. tbc reGduc wa8 
absorbed 01 silica and ehltcd with CH#&nMAc = l/l to give 
tkpureecctatcua~nccmate&.64g,88%).’H 
NMR (CDCQ: 7.40-7.80 (m. pbmyl). S.osdJo (m, Cr aml 
t&H). 3.35 oad 3.40 (two s. C,-H), 2.00 ard 2.10 (two I, Cr 
acetate), 1.711 and I.&I (two 1. C&e). IR (neat): 1730,1230, 
105OUD-‘. 

l-Pha@h&-2-methyf-lJ-diucetoxybur-3-au(2).A 
&I of lb (5.04 8; 20 mmok) and dry NaOAc (5.0 s; 61 mmok) in 
2SOmlAQO~&lXCdp113t?dtUillg8lU.ThCmiXturewoS 
concentrated h vucmo, supended with cycbhexanc and purilkd 
by fdtratbn Uuougb uilkagel. Evaporatba of the solvent gave 
tbedkstaeomericracermteZurclearoit(4~S,8296).’H 
NMR (CC&): 7.17-7.68 (m. pbtmyl), 650 and 6&l (two s, G-H), 
4.9S-6.45 (m. &-If aad G-H), 1.87 and 200 (two I, C,- and 
C+xtate), 1.6s (I, Q-MO). IR (Mat): 1740,1240,1225 cm-‘. 

l.l-iketoxy-2-mclhyf-2-ph&thiubut-3-cnc(4).A 
sdn of 2 (4.00 8; 13.6 mmok) and 2tM mu TIOH in 60 ml A&Ii 
~lOmlA~wustimdatr.t.~4hr.W~(100~~ 
pclltanc(loomI)wercaddcdandaftcrstining~aMbubf 
tbclaycrswcresqnuatalaQdrbcwatcrlaycrwasex~5 
timer with pclltane. The combined or6allic fractiona were dried 
ovcrMg!QPadcoaccntratalinwcrotogive4aaapureoil 
(3.92 9,96%). Pure 4 -poses gndually, it cannot be atorcd at 
r.t. ‘H NMR (CD&): 7.20-7.60 (m, pbcnyl), 6.96 (s, Cl-H), 
43M.06 (m. G-H and G-H). 2.02 Md 2.08 (two s, Cl-acetate). 
1.38 (s, &Me). IR (neat): 1740,1240,1200cm-‘. 

2 - Methyl - 2 - phanylthiobut - 3 - aal (S). Compound 4 
(485 mg; 1.65 mmole) was discolvcd in 15 ml McOH md &C& 
(683 mg; 4.9s mmok) was odded. The mixture was stirred at r.t 
d\rrisg30min~poradiatowrta.Tbewrterlryerwlsex- 
tncted with CH& dried ovtl MgSO, and coacentnted to &e 
303mg (96%) of pure 1. ‘H NMR (CDCll): 9.38 (s, G-H), 
7.17-7.45 (tn. pbcnyl). 5.18-6.03 (m, CrH and G-H). 1.34 (1. 
CrMc). rR (neat): 1720,145o. 755 cm-‘. 

(E)-4-Phenyfthio-2-methyIbnt-2-rncrlQ.ComporutdS 
(3oomg; 1.56mmole) was exlnscd to dryligbt at r.t. The 
conversion to 6 was monitored by glc (c&mm tcmp 160. 
After 4 days: the conversion was almost compktc and 6 
(261 mg, 87%) wu k&ted by column cbromDtoOrsphy (awl, 
U&Cl& ‘H NbfR 9.35 (a, C,-H). 7.15-7.40 (m, pbcnyl), 6.43 (1. 
C,-H), 4.22 (d, CcH), 1.50 (6, C&c). “C NMR’ 194.166 (C,), 
8.953 (C~Aia). IR (Mat): 1690, MM, 750 cm-‘. 

(E)-4~-~0~-3-mdhylbur-2-~(b).Compoond 
4 (3.31~; 11.2Smmok) was diuolvcd ia 1oOml CHFI, pad 
cookd to -KP using an ak&oMy ice bath. SS% MCPBA 
(2.5lp; 1257mmok, l.lcq.) was added and the mixture was 
StiITed ovunigbt at -#p. TIE mixture was nltued, allows to 
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nrcbr.t.~tr#tedwithlWgt~l.towhichlO~mta 
badbecnaddedprwiowly.Afterlbrtbcdkcctoxyakobol 
(1.73& 70%) wu isoktai by cohunn chromrtosrspby (&cagel. 
&&). ‘H NMB (CDCI,): 7.07 (s, C.-H). 5.95 (t, CrH). 4.26 (d. 
C,-HL . ~~,. 212 0. CA&ate& 1.76 (a. C.-Me). IB (nat): 3400.17SO. 
1240, 120oCm-~.‘(~ound: C, 53.5; li. 7.i6; 0; 39.h. cd. f0i 
&Ii,& OO2.2O): C. 53.46; H. 6.98; 0,39.%%). 

(E)-t,1-~~0~-2-~y~-4-~~rab~-2-~(Ib).To 
II cookd mixture (0-n of 1Oml DMF and 3oml benz.cae was 
added 1.3Sg (IO mmok) SOC& and 2.02g (IOmmok) 
dkcetoxyakobolLenchdissolvediu2omlbclwne.Tbcmix-’ 
turc was allowed to reach r.t. al&l the solveob wetc distilled off. 
Dizaibbn (900, O.lmm) of tbe nuidw gave pure gb (l.g7g, 
8596). ‘H NMB (CD&): 7.06 (s. C,-H), J.% (1, CrH). 4.09 (d, 
C.-H). 2.10 (5, C,Jcetatea). 1.80 (I, t&Me). IB (neat): 1740.1250. 
IZlOCm-‘. 

(E) - 7 - Chloro figfic a&f&y& (pa). piaely pow&red NaOH 
(200 mg; 5 mmok) was ad&d to a sdn of a (l.lOg; 5 mmok) iu 
25mlMeOH.AftartirrinnforSmin,lU)mlCH~~Pdded 
~thesdowudriedomMISO*Evspo~ofthe~lventr 
andd~o~veh(570me,%%).idcntiulinrll~pedrto 
the aubstamx de&bed by L Be ~.a.” 

‘X. L Olsen, H. C. Cbumg, K. D. Morgan, C. Nwkom md G. 
Saucy, 1. Org. Ghan. 41,3287 (1976); ‘P. J. R Nukrlof, M. I. 
&ok&r, E. R de Waard and H. 0. Hnisman, 7’et~ 33, 
579 (lm: ‘M. JWia and D. Arnould. &I/L Sot. Chim. Ft. 743 
ti 346 ii973); ‘M. Jolin. D. U@ICO 8od h CaBipd&, IMd 
519 (1976): ‘G. Cardillo. M. Co&oto. M. Pammzjo pnd h 
urnphi-Roachi, ckJn. &.Ind 873 (1977i 

%K. Nmaaka, M. Hayasbi awl T. Muk&ma, CXem. 
&ten 239 (1972); ‘P. M. Ale&, J. F. Bklbwn. S. I)ube and 

J. 1. Viceus, Turah&w L&ten 266S (1974); ‘C. A. Reece. J. 
0. Kodin, R G. Brow&e, W. 0. lknan sod R M. Silverstein, 
Tdmhedw 24,42& (19as): ‘M. Julia pad D. Ugueo, BrU. !?oc. 
CJ&n. I% 1113 (1976); ‘M. Julia and h Guy-Rouanlt, Ibid 1411 
(1%7): ‘K. Kodo ad M. Matsumoto. T&a J&as 391 
i1976j. 

‘P. J. R Nakrbf. M. I. Moolemu, E. R de Waard and H. 0. 
Huismao. JMd 3175 (1976). 

“P. Brow&ridge md S. ‘&ureo, 1. C&n. Sot. Paik I. 1131 
(1977); ‘P. BrownbiQe rad S. Warren, Ibid 2272 (1977). 

“W. Beif and H. Gruawr, C6cmic-Jng. Tab Is. 646 (1979; 
‘H. Pommer, &ew. &an. #P, 437 (1977); ‘G. Ektti-Bianchi, 
F. Centini and L Be. I. 09. Ghan. 41. 1648 (1976); ‘P. A. 
W&Ii lad B. Scbra. Syn&er& 649 (1977). 

‘H. Kwart and J. Staoubnis. I Am. Ghan. .9oc. 9g(, Jo09 (1976). 
‘H. Kwart and T. J. George, Ibid 99,5214 (19TI). 
‘S. Iriwbiii K. Maaiwa awl G. Twcbib&i. Ibid. 96.4280 
(1974). 

%H. Tag&i. H. Yamamoto and A. Nomki. Tumhcdmn L.uter~ 
2463 (1973); *T. Ihuat, K. C. Tin and M. J. V. Mar& Ccln 1. 
Ghan. 51, 1704 (1973); ‘P. 1. R Nedulof, M. J. Mooknm, E. 
RdLWarrdPndH.0.Hukmm.T~ 34.447 (1978). 

“‘P. Brow&ridge pnd S. Warren. 1. Chcm. Sot. Patin 1.2125 
(1976): ‘P. R Ortiz de Mont&no and C. K. Hw. Tdmhdron 
imar 4215 (1976). 

“C. B&l&era. E.R de Waud and i. O.‘Huisman, to be pub 
lislml. 

‘3. A. Evans and 0. C. Andrewa. Act. Ghan. J&s. 7,147 (1974). 
“G. Kamai and V. A. Kukbtio, 1. Gcn Ghan. USSR l7,24% 

Wm. 
“D. J. Faulkwx, Syntkulr 175 (1971). 
‘%v. V6gdi and W. VW Pbilipsborn, Org. Mogn J&son 7,617 

(19711). 


