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Am-Highly site- and rcgiosckctiw tcnninal fuoctlonalizations of acyclic monotcrpaKs 1 via 
knzmcsulfcnyl chloride addition followed by hydrolysis assisted by silica 6. dcbydrazhlorination under 
neutral or weakly ba@c condition. or dchydrochlorination by strongly basic treatment rupcctinly 
providing j3-hydrony s&Ides 3. terminal mcthallylic sulfides 4. or vinylsulfkk 5 arc dmlopai. 
Convenion of 4 IO terminal NUW-allylic alcohols 10 via sulfoxida 9 by the Evans procedure is also 
described. 

Since Comforth synthesis of squakne in 1959.’ a vast 
array of the stereo-selective and specific synthetic 
methods for trisubstituted okfins have been devel- 
oped’ because many naturally a-culling compounds 
of this class exhibit signitkant biological activities. In 
addition to the importana of trisubstituted okfins 
with distinct geometry (E or Z) as the primary 
building blocks for natural product synthesis,’ those 
involve also considerabk synthetic potentials in fur- 
ther elaborations, for example, C C bond formation 
involved in biomimetic polyokfin cyclization’ and 
pericyclic reactions such as Claisen rearrangement.’ 
and oxygen functionalization via epoxidation* with 
cxallcnt stereochemical control. In the field of poly- 
isoprenoid synthesis, one of the most versatile strate- 
gies has been the utilization of easily aaxssible 
natural or synthetic isoprenoids 1 such as prenyl 
akohol. linalool, myrcenc, geraniol. nerol. and far- 
nesol which contain inherently trisubstituted olcfinic 
portions in the molecuk. as building blocks. Intro- 
duction of the framework of the isoprenoid building 
blocks into the target molecules requires at first 
highly site-, regio-, and stereoselective modifications 
of the former. The potential utility of temunally 
functlonalized oletins of type A has received much 
attentions from the viewpoint of C-C bond for- 
mation with highly geometric and positional control.’ 
A number of methods have been reported for the 
synthesis of such olefins A by direct functionalization 
of easily acccssibk isoprenoids I which contain the 
isopropylidene terminus in the molecule.’ Thus, ter- 
minal rrcmt-allylic alcohols of type I have ban 
obtained by oxidation of 1 using stoichiomctric or 

catalytic amounts of &OX.” terminal methallylic 
pkohols of type II via photosensitized oxygenation” 
or epoxidation.” x-ally1 palladium comrkxes of type 
III by direct metallation with PdC&. ’ and allylic 
chlorides of type IV by treatment with chlorinating 
reagents” or by electrochemical method.” re- 
spectively. Direst conversion of 1 into allylic sulfides 
of type V and the corresponding sulfoxides also 
appeared in the limited cases via the ene reaction of 
olefins 1 with a thioacetone derivative or 
bcnzenesulfinyl chloride.” Among these terminally 
functional&d isoprenoids, the allylic sultides of type 
V have attracted particular synthetic interests because 
they bring about various types of reactions leading to 
construction of trisubstituted olefinic linkages: 
[ZJbigmatropic rearrangement via the sulfoxida,ti 
a-sulfenyl carbanions.’ or sulfonium ylida;k 
[3,3bigmatropic rearrangement;* nuckophilic substi- 
tution via the sulfoxides or sulfones in regio- and 
stereosekctive S,2’ fashion.” In our synthetic 
projects of physiologically active polyisoprenoids,” 
e.g. vitamin(s) K, ubiquinones, and insect pher- 
omones, we required a facile and large-scale operative 
method for transformation of acyclic isoprenoids I 
into terminal methallylic sulfides V. l 

Addition of sulfenyl halides to alkenes has been a 
familiar and much studied reaction” in which the 
reaction mechanism and redo- and stereochemistry 
have been extensively investigated. Several aspects 
concerning the chemistry of adducts. which usually 
are obtained quantitatively as regioisomeric mixture, 
and utilization of adducts in organic synthesis have 
ken rcportai.” Among the limited examples” of 

. 

R 

Y 
R 

b 

> 9 / x . 

I II m IV v -_ . - 

3481 



addition reaction of trisubstituted olcfins with sul- 
fenyl halide, Mustafaeva reported that methyl ger- 
anate Ip underwent cyclization on treatment with 
benzenesulfenyl chloride (PhSCl) in nitromcthanc in 
the prexncc of AgBF, via the intermediate PhSCI- 
terminal trisubstituted olefin adduct 2) or the epi- 
sulfonium ion 6~‘~ (Scheme I). Taking account of the 
general preference of the terminal isopropylidenc 
group over the other trisuhtituted olcfinic portions 
of linear polyisoprenoids in the reactions with ekc- 
trophila such as bromonium ion liberated from 
2,4,4.&tctrabromocyclohexa-2,Sdienonc’b or N- 
bromosuccinimide’” as well as of Mustafacva’s re- 
sults, we intended to investigate the chemistry of the 
sulfenyl halide&substituted okfin adducts and also 
to develop a new terminal functionalization of iso- 
prenoids utilixing sulfenyl halide addition.‘* 

Here we disclose the full details of the preliminary 
results concerning the functionalization of the iso- 
propylidenc terminus of isoprenoids 1, particularly of 
acyclic monottrpenes’~ to lead site- and regio 
selectively to terminal methallylic sulfides V by utiliz- 
ing addition reaction of various monotcrpena 1 with 
benrmulfenyl chloridetU (PhSCI), and also to pro- 
vide terminal rranr-allylic alcohols I. 

MElHODS ASD WSUt.TS 

In the preliminary experiment, the addition reaction 
of 2-methyl-2-butenc la, the simplest trisubstituted 
okfin, with PhSCl and the chemical behavior of the 
adduct 21 were studied (Scheme I). Dropwise addition 
of an equivaknt of PhSCl into a solution of la in 
CH$& at -20 resulted with instantaneous dis- 
charging of the orange color of PhSCl in quantitative 
production of adduct 2a as a regioisomcric mixture. 
As shown in Fig. I. for the Markovnikov adduct h-M 
the two diastcreotopic MC signals attached to the C 

C 

bearing Cl and a doublet corresponding to the MC 
group attached to the C bearing SPh appeared re- 
spectively at 6 l&5, 1.70. and I.50 (J = 7.0 Hz), and 
the methinc proton at 6 3.35 as a quartet (J = 7.0 Hz). 
For the anti-Markovnikov adduct t-AM, two dia- 
stcreotopic MC signal attached to the C bearing SPh, 
a doublet corresponding to the Me group attached to 
the C bearing Cl. and the mcthine proton respectively 
at 6 1.30, 1.34, 1.73. and 3.91 in NMR. Chargingofthc 
adduct 2a on a silica gel column followed by elution 
with hcxantEtIO gave a totally changed single pro- 
duct which was assigned to be /?-hydroxy sulfide 3a 
(94%) by spectral analysis (Fig. 2). A six-protons sin- 
glet at 6 1.23 (Me+I(OH)). a doublet at 6 1.32 
(MeCH(SPh)). a &&quenchable one proton singlet 
aa33, and a quartet at 6 3.1 I (MeCH(SPh)) supported 
the assignment. The hydrolysis observed is supposed 
IO bc caused by the adherent water on silica gel. Upon 
warming the adduct 2a in turn with dimethylform- 
amide (DMF) in the presence of triethylamine 
(Et,N) (excess) aI 60” for 20 hr afforded regio- 
specifically in 73% yield terminal mcthallylic sulfide 
4a. structure of which was confirmed by mass and 
NMR analyses: M * m/e 178, a doublet at d I.35 
(McCH(SPh)). vinylic Me at d 1.80 and terminal meth- 
y&e at 6 4.58 respectively as broad singlets 
(H,C-C(Me)). and a quartet at 6 3.65 (MeCij(SPh)) 
(Fig. 3). m ihc dehydrochlorination of the adduct 2a, 
selection of basicity of conditions was crucial because 
under strongly basic condition with t-BuOK (I.2 
quiv) in dimcthylsulfoxidc (DMSO)” (20”. 20 hr), 21 
afforded vinylsulfide Sa in 757; yield. The fact that the 
regioisomcric mixture of adducts h afforded the sin- 
gle regioisomcric product 3a. 4a, or Sa in the reactions 
mentioned above is undcrstandablc on the basis of 
intermediacy of episulfonium ion 6a.” The allylic 
sulfide 4r was also obtained by treatment of the 
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Figs. I 3. ‘Ii-NMR spectra of compounds @a). (3a) and (4a) derived from a trisubstitulal okfin (la) 

fi-hydroxy sulfide 3a with ( + )-IO-camphorsulfonic 
acid (CSA) (catalytic) in benzene at SO* for 3 days in 
73% yield. The j?-hydroxy sulfide 3a also underwent 
dehydration on treatment with catalytic amount of 
p-toluenesulfonic acid (p-TsOH) in benzene” under 
rcflux for I hr to give in this case the rearranged allylic 
sulfide 7 in 92% yield which was interpret4 to be 
formed via 4a by acidcatalyzcd 1.3-rearrangcmcnt,” 
and whose structure was confirmed by identification 
with that derived from tiglic acid 8 via E-2-methyl-2- 
buten-l-ol (lOa)‘* (Scheme 2). 

Transformation of allylic sulfides of type V to allylic 
alcohols of type I is much more general and ~flicicnt.~ 
As shown in SCheme 2, oxidation of 4a with NaIO, in 
aqueous McOH followed by subjection of the inter- 
mediate sulfoxide 9a to the Evans procedure” 

((McO),P. MeOH. 20-, 2 days) led in 7’)% yield to 
stercospecifk formation of rranr-allylic alcohol 1Oa 
which was identified with that derived from tigIic 
acid 8. 

Now we have a set of procedures for stmtural 
modification of trisubstitutcd o&ins 1 via bcn- 
zencsulfenyl chloride addition in hand. Application of 
the rcgio- and stercospuzific functionalization of tri- 
substituted oldins described above to acyclic mono- 
terpcncs which contain the additional olefinic bond(s) 
as well as the isopropylidcne terminus in the mokculc 
and many of which are commercially and synthetically 
availabk. is very attractive for synthesis of termirtally 
functional&d isoprenoids which have broad spcc- 
trum for tcrpcnoid synthesis. 

Treatment of geranylbenzyl ether If with an cquiv- 
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aknt of PhSCl in CH2CIz at - 20” led instantaneously 
to quantitative formation of a pair of regioisomtic 
mixture of adducts 2f. Expectedly. NMR analysis of 
2f confirmed that A*-Edoubk bond was intact: the 
olefinic proton attached to C(2) at 6 5.37 (bt) and the 
methylenc protons to C(I) at 6 3.94 (d) were ob- 
served, and instead of the C(6)-olefinic proton signal 
at d 5.00 (br) found in the starting material If a pair 
of broad doublets at 6 3.20 and 3.70 (each 
J = 10.0 Hz) assignable to the C(6)-methine proton of 
the anti-Markovnikov XAM and the Markovnikov 
adduct 2f-M respectively appeared. The adduct 21 
was warmed at 60” in DMF with EI,N under 
the identical condition in the case of 21 to give the 
single terminal rnethallyhc sulfide 41 in 88% yield, 
whose structure was verified by spectral analysis 
(NMR: 6 3.47 (IH, t, =C-CH(SPh)wH,), 4.50,4.60 
(each IH. bs, H&=C)). Contrastingly to the recent 
observation by Wciler I* that the terminal adduct of 

.- ._~_ _ 
tNo aktchyde proton signal corresponding IO cis~. 

fl-unsaturated aldchyde. which -rally appears at d 
9.95.10.20. was observed. For NMR spoztra of various 
fi-substitulai z-methyl-acrokins see: G. BQchi and H. 
Wti, 1. Org. Gem.-34, II22 (1969) and rcfs alai; A. F. 
Thomas. 1. Chem. Sot. Chnn. Commun. I657 (l%8); K. C. 
Ghan. R. A. J-11. W. H. Nutting and H. t&po~rt. 1. 
01x. Ckm. 33. 3382 (1968) and nzfs cited. II is familiar Iha~ 
olridatlon of allyhc alcohols with active MnO, generally 
gives Q. B-unsaturatal aldehydes or ketones without isomcr- 
1zatlon across the double bond: A. J. Fatiadi. Synrhrsu 65 
(1976). 

methyl 7-methyl-3-oxc&-octenoate (1 R=CHzC- 
(O)CH~CO~Me) with PhSCl cyclizcd by rcfluxing with 
silica gel in CH+Zll to afford cydohexyl derivative. the 
adduct 2f undcnvent hydrolysis by simple passing 
through a silica gel column similarly to the case of 2a 
to furnish Bhydroxy sulftdc 31 in 68% yield. The 
structure of 31 was verified by NMR analysis: b 1.16. 
1.23 (two singlets of 3H. (&C(OH)). 2.91 (one 
proton doubk do&k& =C(OH)-CH(SPh)-CHI). 
The terminal mcthallylic sulhde If was also obtained 
by warming the &hydroxy sulfide 31 with catalytic 
amount of CSA in benzene at 40-50” for 2 days in 
80% yield. More detailed examination of the maction 
conditions for convctsions ofadduct 2f to ahylic sulhde 
4f and to &hydroxy sulfide 31, and of 3Nf was made 
and the following conditions proved effective: for the 
conversion of 21-4f. warming in DMF without Et,N 
at 60-80’ for 20 hr (86%) or heating in toluene in the 
presence of Et,N (excess) at 120” for 20 hr (74%); for 
21 to 3f. stirring in aqueous acctonitrik” (Hfl:CH,CN 
= 15) at 20” for I6 hr (59%); and for 3f to 4f, warming 
at 40-50” in benxcne with pTsOH (catalytic) for 4- 
6 hr (77%). Submitting the adduct 21 to the strongly 
basic condition (I-BuOK, DMF. 20”. IS hr) gave vi- 
nylsultide Sf in 63% yield. 

The versatility of the method for the terminal 
functionalization mentioned above was demonstrated 
on the various isopmtoids and acyclic monoterpcnes 
including protected OH groups, ketal function 14, 
conjugated I.3diene system lo. and Q. &unsaturated 
ester group lp. and results are summarized in Table 
I. With isoprcnoids which contain acid-labik OH 
protecting groups such as tetrahydropyranyl (THP) 
and rncthoxymethyl (MM), ketal function, and con- 
jugated I .3diene system. basic conditions were ncas- 
sary for dehydrochlorination of the corresponding 
adducts 2 providing allylic sulfides 4 and the silica gel 
treatment of such adducts 2 was not etfective for 
preparation of &hydroxy sulfides 3. which were ob 
taincd alternatively in moderate yields by stirring 2 in 
aqueous CH,CN. 

In analogy with the simple allylic sulfide 4a. con- 
secutive treatments of 4f with oxidizing reagent such 
as NalO, in aqueous McOH (20’, I6 hr), 30% H,OI 
m AcOH (20’. I6 hr). or mchloropcrbcnxoic acid in 
CH,Q (O‘,. I hr) converting IO sulfoxide 9f and then 
with (McO),P in McOH (20”. 2 days) gave the 
terminal (runs-allylic alcohol 1Of in 87% yield (76% 
overall yield from lf). The s~~cture and sterco- 
chemistry of the alcohol l(w were confirmed by 
identification with that obtained directly from If 
(33%) by the known proadurc (ScO,).” and by 
NMR analysis of the rrun.r~&unsa~uta~cd aldehydc 
llf (6 6.33 (IH. t, olcfinic /?-proton). 9.30 (IH, s. 
aldehyde proton)) derived from 101 by active man- 
ganese dioxide (MnOz) 0xidation.t This conversion 
WBS general for the other sulfides 4 in high yields as 
summaritcd in Table I. 

. 
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Tabk I. Transfonnrtion of isqreneidx (1) to tinal /I-hydroxy su&ka (3). termhA mahlllylic 
sulfides (4). vinyl SulMu (3, and terminal lr8n.eallylk alcohols (l@) via bammcxulfcnyl chloride addition 

Isoprenoid $ Yielde2 t Yield % Yield % Yield*’ 

Terminal Terminal blekthallylic Sulfide Vinyl Terminal 

(11 R.1 p-I’ydroxy (!) Obtained by Sulfide frans- 

Sulfide Pehydro. l’khydrat ion 
l 4 

Allylic 

(2) chlorinat ionaS of (J) (s) Alcohol 

of Adduct (2, (lJ) 

R 
a: II Q4 [A) 

h: 0.Rrl fJ1 (B) 

Prcny 1 c: ~-AC -*’ 

“An%! 
c: Linalyl Acetate hR CR) 

f: rl.Rrl f,R (Al 

E: Sn2Tol ‘Q (A) 

’ Ji !I. O-AC ‘4 [Al 
Ccranv 1 

i. O-VP 46 (RI 

k: fl.R?l hS (A) 

1: W2Tol R4 (A) 

70: 0-k RS [A) 

HL-rvl 
n: n-TliP -.*- 

0: ‘!yrccnr S5 (R) 

p’ Vcthyl tcranate 

7s (A) 

I79 (A) 

77 [A) 

74 (.A) 

Ah (Al 

88 (Al, 86 /R) 

74 (A). 77 (R) 

‘3 (AI, 74 (R) 

RQ [A) 

‘6 (A) 

R4 (A) 

7n (C) 

-4 (C) 

Rh (A) 

hR [A) 

81 (A) 

73 (A) 75 79 (59) 

40 AO (77) 

87 (67) 

.-. 81 (60) 

- ‘9 (68) 

Rn (A) 61 87 (76) 

AS (R) - 92 (68) 

‘3 (R) . 70 (58) 

- -. 8Q (7”) 

7’) (A) 

9A (R) 

68 (A) 

-_ 

69 

6s 

- 

- 

‘2 

95 

Rh 

‘5 

85 

( 

( 

SS) 

80) 

70) 

SSI 

75) 

- 

_- . 

69 (47) 

72 (60) 

R.-l: hcnzvl. Tel. p-tolyl, AC: acctyl. TIIP: tctrahydropyranyl. W: mcthoxy 

merAy 

Conditions . A: silica pcl column; R: aqucou% CitsPi (SW cxpcrimcntal). 

Conditions. 4: WF/Ft3Y/hn ‘C/213 hr; R: nHI:/oll ‘C/20 hr: C. toluenc/Ft3K/ 

rcflux/?o hr !see l xpcrincntal). 
. 

Conditions. A: CS4/hcnzcne/S0 ‘c/2-3 days; B: p-Ts0H/hcnzene/dS *C/h hr 

(ccc rxperincncal). 

Yields fran 4 arc listed and rhc va1uc.x shown in parcnrhcqcs rrprcscnc 

overall viclds from the starting isoprenolds (1). 

I’nlc<s ofhcrwise noted. the empty coluans in the lahlc nean that the corres- 

pondinp transfornations hnvc not hccn trim!. 

blvdrolvsis of each adduct (2) was tried hy chc procedure A hut gave a trace 

amOlIn? of the corresponding phvdrox! sulfide (5) with decomposed materials. 

CONCLLKION 

The overall synthetic sequence of the present tenni- 
nal functionalization of isoprenoids 1 involves: (I) 
addition of an equivalent amount of PhSCl to iso- 
prcnoids to make adducts 2; (2) formation of terminal 
mcthallylic sulfides 4 by direct dehydrochlorination of 
adducts 2 or by way of hydrolysis of 2 providing 
/3-hydroxy sulfides 3 and &hydration catalyzed by 
acid; (3) dehydrochlorination of 2 with strong base 
afTording vinylsulfides 5; and (4) application of the 
Evans procedure to 4 to kad to terminal frMs-allylic 
alcohols IO. It is worth noting that the terminal iso- 
propylidcnc group of various monoterpencs 1 studied 
underwent highly sitexlcctive addition of PhSCl to 

give a mixture of a pair of rcgioisomcrs 2-M and 
ZAM. purification and separation of which were not 
necessary for the requisi*e transformations to 
/I-hydroxy sulfides 3, allylic sulfides 4. and 
vmylsulfidcs 5. The present method offers not only a 
direct modification of isopropylidcnc terminus of 
monotcrpcncs 1 to terminal allylic sulfides 4 but also 
a useful alternative route to terminal rnuu-allylic alto- 
hols 10. . 

F.xPfxIMENTAL 
Gmrrd. Proton NMR spectra WCK obtained in CC& with 

a Hitachi R-20B (60 MHz) instrument. chemical xhifts are 
reported in d units. parts per million (ppn) down Md from 
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tctrametylsilanc (Me,Si) as internal standard, and coupling 
constants arc reported in hertz (Hz). IR spectra were 
mcordcd in CHCl, using a Jar0 IRA- I s~ectrometcr and arc 
reported in an ‘1 Ma& spectra (MS) &re obtained on a 
JMSD300 instrument at an ionidnn ootcntial of 70 eV and 
data arc reported as m/c. Column ‘chromatography was 
performed by using Wakogcl C-200 (10&200 mesh) silica gel 
and tbc materials were elutcd with hcxanc-Et,0 solvent 
system. TLC was pcrformcd by using Wakogcl B-SF silica 
gel by developing mth hcxaatEt,O solvent systan. Solvents 
used in rcactmns were distillad before use: CH,Q, over P,O,; 
DMF. DMSO. CH,CN. pyridinc. benzene. and tolucnc over 
Call,; EI,O and DME over LiAIH,; McOH and EtOH with 
Na. Unless otbmvisc noted. reaction mixture was usually 
worked up by extractmg with EI,O. washing with 5% 
NaHCO,. if necessary. and water or saturated brine, drying 
over MgSO,, and then solvent was evaporated in mew IO 
give crude products which were separated and purified by 
column chromatography on silica ~1. 

Mofrrti. Starting material isoprcnoids, la. 2 - methyl - 
2 - hcptcn - 6 - one, prcnyl bromide. Ic, gcraniol. ncrol. and 
lo were all purchased from Tokyo Kasci (TIC) Co., Ltd. 
Bcnzncsulfcrtyl chloride (PhSCI) was prcparcd xzording to 
the lit’” from diphcnyldisulftie and sulfuryl chloride in the 
prcscncc of pyridinc m CH,Cl, and distilled (b.p. 55’!5 
mmHg). 

Compounds, Ic.~ 1d,2J IfeN l~.~ lhes II.” Ik,m 1l.l’ lm,” 
and Ip- were prcparcd according to the literature pro- 
ccdum. respectively. 

Compound lb was prepared from prcnyl bromide and 
bcnql alcohol (NaH;DME:‘H)“/l8 hr) by usual manner and 
dlstilkd: b.p. 83-86’,!5 mmHg; ‘H-NYR 1.62, 1.74 (each 
3ll, s. MC&-). 3.88 (2H. d. J = 6.5, XHC&O), 4.39 (2H. 
s. OCH:Ph). 5.30 (IH. bt, J - 6.5, -C@ZH,O). 7 23 (SH. s, 
arom-II). (Found: C, 81.92; H. 9.03. Calc for C,,H,,O: C. 
Rl.77; H. 9.15%). 

Compound I] was prrparcd from gcraniol and mcthoxy- 
methyl chloride (NaHiDME,Z0’!20 hr) and distilkd: b.p. 
122-126 /ZSmmHg;‘H-NMR 1.59(3H.s. McC-). 1.66(6H. 
s. 2 McC-). 1.9&2.20 (4H. br. CH,CH,). 3.30 (3H. s. OMc). 
3 95 (211. d, J = 7.0. -CHCIj,O). 4.48 (2H. s. OCH,O). 
4.85 5.20 (IH. br. HC-). 5.26 (IH, ht. J = 7.0. -CIjCH,O). 
(Found: C. 72.49; H. 11.20. Cak for C,&Oz: C. 72.68; H, 
I I. IF!+/,). Compound la was prcparai from ncrol and dihy- 
dropyran in the prcscrxz of catalytic amount of POCl, 
(CH,Cl#‘:I hr) and distilled: b.p. 7&75’:l mmHg; 
‘II-NMR l&l.70 (6H. br. (CH3,). 1.60. 1.67. 1.73 (each 
3H. s. 3 McC.1, 1.9&2.l7(4H. br, CH,CH,), 3.20-4.10 (4H. 
m. 2 CH,O), 4.53 (I H. bs. OCHO). 4.9G5.20 (I H. br, HC-). 
5.2R (IH. bt, J = 7.0. HC-). (Found: C. 75.63; H. 10.85. Calc 
for C,,H,O,: C. 75.58; H. I1.w:). 

A&rim reaction oj~tm-dinu~hyl oltjim (1) with benzene- 
djtnyl chloriok (Pi&Cl) 

Grnmzl pmccdurc. To a soln of I (I .O mmol) in CH,Cl, 
(3ml) was added dropwisc under N, a mln of PhSCl 
(145 mg. I .O mmol) in CH,Cl, (0.5 ml) at - HT over 5 mm. 

Ann IO min uimng. the mixture wax concentrated to give 

a crude dduft (2) as oil. which was usually subjected to &c 
next reactions without purification. The ‘H-NMR spectrum 
of the simplest representative adduct 2a was shown in Fig. I. 

Prrparahn of fi-hydroxy nrljidc (3) from PhSCl-dt~n ad- 
duct (2) 

Grncral procrdurr. Method A. A crude adduct 2 
(I .O mmol) In hcxanc containing lea.51 amount of Et,0 to 
dtssolvc was run through a silica gel column (2>30g) 
followed by clution with hcxantFt,Q nuxcd solvent system 
to give pure 3 as otl. 

&h;d B. A crude adduct 2 (I mmol) was stirred in 
aoucous CH,CN (CH,CNM,O = 5/l) (5ml) at 20‘ for 
18 hr The u&al &o&-up’ oi tbc ~x&c hnd product 
isolation by column chromatography gave pure 3. 

Swnr physkd data of b-hyhoxy s&5&s (340). whase 
yLlds me lisred in Table I 

Compound 3a (R-H): ‘H-NMR 1.23 (6H, s, Me,C(OH)). 
1.32 (3H. d. J = 7.0, McCH(SPb)). 2.33 (IH. s, OH), 3.11 
(IH. q. J = 7.0, McCu(SPh)). 7.h7.45 i5H. m. &m:H) 
(Fin. 2); IR 3480. 1590. MS I% IM +. 76%). I37 1100%). 
(F&d: C. 67.03; H. 8.i4. Cak fo; C,,H,,& C, 6;.32;‘fi, 
=2%). 

COmpound JI(R=O-CH#~L. ‘H-NMR 1.24, lB(cach 
3H. s. Mc,C(OH)). 3.14 (IH. s. OH). 3.20 (IH. dd. J - 7.5, 
5.0, CH(SPh)), 3.71. 3.74 (each IH. d. J = 5.0. 7.5, 
OCIj,CH(SPh)). 4.45 (2H. s, PhCH,O), 7.lG7.50 (IOH. m. 
arom-H); IR 3450. 1590. (Found: C, 71.39; H. 7.37. Cak for 
C,,HnO$: C. 71.49; H. 7.33%). 

Compound 3c: ‘H-NMR 1.19. 1.23 fcach 3H. s. 
Mc,C(hH)). 1.48 (3H. s. McC(OAc)). 1.5&2.50 (4HI m: 
CH-,CH:). I.91 (3H. s, McCO,), 2.46 (IH. s, OH), 2.90 (IH. 
dd. J = 11.0. 3.0. CHlSPh)). 4.90-5.30 (2H. m. CH=CH,). 
5.66 6.20 (IH. dd. J = 17:j. 9.5. Cy &,): 7.is7.55 @ii: 
m,arom-H); IR 3460.1730.1590. (Found: C. 66.81; H. 8.00. 
Calc. for C,,H,O,S: C. 67.06; H. 8.13%). 

Compound 3f(R’MH,P’h): ‘H-NMR 1.16. 1.23 (each 
3H. s. -Mc&(OH)). 1.55 (jH. bs. McC-). 2.91 (IH: dd, 
J 7 10.5. 2.5. CH(SPhl). 3.80 12H. d. J z. 6.5. aCH.0). 
4.30 (2H. s. OCli+‘hj,~~5.11 (iH:bt: J = 6.5: oCH,O). 
7.00 7.45 (IOH, m, Prom-H); IR 3450, 1590. (Found: C. 
74.34. H. 8.19. Calc for G=?,H,O,S: C. 74.56; H, 8.16%). 

Compound 3g (R’=SO,Td): ‘H-NMR 1.20 (6H. s. 
Me,C(OH)). I.44 (3H. bs. McC-). 1.8G2.30 (4H. m. 
CH,CHd. 2.25 (IH, s, OH). 2.42 (3H. s. MePh). 2.95 (IH. 
dd. J = 10.0. 2.5. CH(SPb)), 3.56 (2H. d. J - 8.0. 
-CHC&SO& 5.01 (IH. bt. J - 8.0. <uCH$O,), 
7.00-7.70 (9H. m. arom-H); IR 3480. 1600. ISPO, MS 418 
(M ’ . 4%). 204 (IoOg,). (Found: C. 66.25; H. 7.46. Calc for 
CI,H,O,S,: C. 66.01; H. 7.237:). 

-Cot+o& 3b (R’-OAc). ‘HINMR 1.19. 1.24 (each 3H, 
s, MqC(OH). 1.65 (3H. bs, McC-). 1.94 (3H. s. M&O,). 
I X5 2 35(4H. m. CH,CHJ. 2.39(lH,s.OH). 2.90(IH. dd. 
J = 11.0.2.5, CH(SPh)). 4.36(2H. d. J = 7.5. -CHCIj,OAc). 
5.0Il IIH. bt. J - 7.5. CHCH,OAc). 7.0G7.45 ISH. m. 
arom-H); IR 3480, 1730. i5& MS.322 (M ‘. 3+*).- Iti 
(loo”:). (Found: C. 66.87; H. 8.18. Cak for C,,H,O,S: C. 
67.06: H. R.139,). 

Compound 31 (R’-O THP): ‘H-NMR 1.19. I.25 (each 
3H, s. Mc,C(OH)), I .62 (3li. bs, McC-). 1.35-2.55 (IOH. m. 
mcthylcnc-H). 2.35 (IH. s. OH). 2.95 (IH. dd. J = 11.0, 3.0, 
CH(SPh)), 3.20 4.10 (4H. m. 2 OCH,), 4.51 (IH. bs. 
OCHO,. 5.19 (IH, bt, J = 7.0, -CyCH,o). 7.ls7.55 (5H, 
m. arom-H): IR 3450. 15%. (Found: C. 69.04: H. 8.96. Cak . 
for C>,H,?O,!? C. 69.20; H, 8.85%). 

Compound 3k (R’a CH,Pb): ‘H-NMR 1.14, I.21 (each 
311. s. Me:C(OH)). 1.70 (3H, bs. McC-), 2.18 (IH. s. OH), 
1.45-2.40 (411. m. CH,CH,), 2.85 (IH. dd, J - 11.0. 3.0, 
CH(SPh)). 3.77 (ZH, d. J = 6.5. -CHCIj>O). 4.29 (2H. I, 
OCH:Ph). 5.29 (IH. bt. J = 6.5, -CIjCH,O). 7.0G7.45 
(IOH. m. arom-H): IR 3460. 1590. (Found: C. 74.28; H. 
8.14. Cak for C,H,O$: C. 74.56; H. 8.16%). 

Comoound1(R’ SO,Tol):‘H-NMR 1.15. I.l9(cach3H. 
s. Mc,i’(OH)). i.69 (3il. bs. Mc(: ). t.Si-2.10‘(4H. ml 
CH,CH,). 2.37 (3H. s. McPh). 2.80 (IH. dd. J I 10.0. 2.5. 
CtI(SPh)). 3.49 (2H. d, J = 8.0. -CHCIj$O,). 3.55 (ItI. br. 
OH). 5.05 (III. bt. J = 8.0. -CyCH$O,). 7.0G7.63 (9H. m. 
arom-H); IR m. 1600. 1590: MS 418 (M *, 1%). 204 
(loo”:). (Found: C. 65.R7; tl. 7.28. Calc for C,,H,,O,~: C, 
66.01; H. 7.23%). 

Compound k (R’-OAc): ‘H-NMR 1.20, I 28 (each 3H. 
s. Mc&(OH)). 1.73 (3H, s, McC-), 1.93 (3H. s. McCO&. 
I.SR2.30 (4H. m. CH,CH,). 2.92 (IH. dd. J - 11.0. 3.0. 
CH(SPh)). 4.36 (2H, d. J = 7.5, -CHCH,OAc). 5.24 (I H, bt. 
J 1 7.5. l CHCH,OAc). 7.w7.55 (Sk. m..arom-H); IR 
34w). 1730. 1590: MS 322 (M’. 215:). 234(ltXJX). (Found: 
C. 67.18; H. R.0;. Calc for‘C,,H,b$ C. 6?.061”fi.‘8.130,;). 

Compound Jo: ‘H-NMR 1.16. 1.23 (each 3H. 
Mc,<‘(OH)). l.4G2.75 (4H. m, CH,CH&. 2.31 (IH. I. OH), 
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2.98 (lti. dd. J - 11.0. 3.0. Cti(SPh)). 4.W5.30 (4H. m. 2 
CH,-). 6.03654 (Iti. dd. J = 18.0. 11.0. Ctja&. 
7.1&7.55 (Sti. m. arom-H); IR 3400. 1595. 1590; MS 262 
(M’, 56>;), 136(100”/,). (Found: C. 73.28; H. 8.52. Cak for 
C,,HuOS: C, 73.25. H. 8.45%). 

Preporarron 0/ rrrminol nwhdlylic arljidr (4) 
&nerd poccdwc. From fi-hydiaxy sdjde (3). Method 

A. A mixture of 3 (I .O mmol) and CSA (46 mg, 0.2 mmol) 
in benzene (I 5 ml) was warmed at 50;’ for 2-3 days in the 
dark. The usual work-up of the mixture and producr 
rsolorron by column chromatography gave pure terminal 
methallylic sulfide 4 as oil. 

.Uc&nf ff. A mixture of 3 (I.0 mmol) and p-TsOH.H,O 
(38 mg, 0.2 mmol) in benzene (I 5 ml) was wanned at 45’ for 
6 hr in the dark to give 4 as oil. 

From PhSCl-o&/in &I 2. Mcrhod A. A mixture of 2 
(l.Ommol) and t$N (SOSmg. S.Ommol) in DM): (IOml) 
was warmed at 60; for 20 hr. The usual work-up of the 
mixture and producr isolation by column chromatography 
gave pure 4 as 011. 

Mrrhod B. A soln of 2 (I .O mmol) tn DMF (IO ml) was 
warmed at 60^ for 20 hr to give 4. 

Method C. A mixture of 2 (I .O mmol) and EI,N (505 mg. 
S.Ommol) in ~oluenc (IOml) was heated under reflux for 
20hr IO grvc 4. 

Some physical data of ~rrwtind mt~hall.vl~c d/i&s (h-4p). 

whose ywldc are lied in Tab/t I 
Compound 4a (R ti)! ‘Ii-NMR I.35 (3ti. d. J = 8.0, 

MeCH(SPh)). 1.80 (3H. bs. MeC-), 3.65 (IH. q. J = 8.0. 
MeCH(SPh)). 4.58 (2H. bs. CH,-), 7.W7.40 (5H. m. 
arom-ti) (Frg. 3); IR 1640, 1590; MS I78 (M ‘, 407;). I IO 

(looo,). 
Compound 4b (R=O C:H;Ph): ‘H-NMR I.81 (3H. bs. 

MeC ). 3.40 3.90 (3H. m. Ctj(SPh)Ctj,O). 4.40 (2H. s. 
OCtirPh), 4.72. 4.77 (each Iti, bs. Cti, ). 6.9s7.45 (IOti. 
m. arom-H); IR 1640, IS90. (Found: C, 76.16; H. 7.31. Cak 
for C,,ti#S: C. 76.03; H. 7.W/;). 

Compound 4e (R-OAc): ‘H-NMR 1.85 (3H, bs, MeC-), 
1.90 (3H. s. MeCO,). 3.68 3.92 (IH, dd. J 2 8.5, 6.0. 
<-tj(SPhK’H,OAc). 4.lW.29 (2ti. 2 d. J = 8.5. 6.0. 
Ctl(SPh)Cti,OAc). 4.74. 4.82 (each IH. bs, CH,), 
7.10 7.55 (SH. m, arom-H); IR 1730. 1635. 1590. (Founds 
<‘. 66.21; H. 6.73. Calc for C,,H&S: C. 66.08; H. 6.83%). 

CompoundU: ‘H-NMR I.25 (3ti. s. WC(O),), 1.78 (3H, 
s. WC-). 3.40 3.63 (IH. m. Cti(SPh)), 3.84 (4H. + 
OCH,CH,O). 4.56.4.67 (each IH. bs. CH,-). 7.07 74O(SH. 
m. arom-ti); IR 1640. 15%. (Found: C. 69.31; H. 7.92. Calc 
for C,,H,,O$: C. 69.04. Ii. 7.9T,0) 

Compound 4ez ‘H-NMR 1.48 (3H. s. MeC(OAc)). I.73 
(3ti. s. McC-). 1.90 (3H. s. MeCO,). 3.44 (IH. 1. J - 6.5. 
CH(SPh)). 4.52.4.64(each IH, bs. CH,-). 4.88-5.22 (2H, m, 
Cti Ctt,). 5.63610 (Iti. dd. J = 18.0. 10.0. Ctj-CH,). 
7.03 7.34 (SH. m. arom-H); IR 1730. 1640. 1590. (Found: 
C’. 70.91; H. 7.90. Calc for C,,H,O$. C. 71.02; H. 7.95’,;). 

Compound 4f (R’ MH,Ph). ‘H-NMR I .77. I .59 (each 
3ti. bs. ZMeC-). 3.47 (IH. I. J = 7.0. CH(SPh)). 3.88 (2H. 
d. J - 7.0. =CHC&O). 4.35 (2H. s. OCHrPh). 4.u). 4.60 
(each IH. bs. CH,). 5.30 (IH, br. J = 7.0. CtjCH,O). 
697 7.28 (lOti. m. arom-H); IR 1635. 1595. (Found: C. 
7823; ti. 8.20. Cak for C,,H,OS: C, 78.37; ti. 8.01”/;). 

Compound 48 (R’-SO,Tol): ‘H-NMR 1.39. I.70 (each 
3H. bs. 2 MeC .). 1.75..2.23 (4H. m. CH,CH,). 2.41 (3H. s, 
McPh). 3.SO(IH. I. J = 7.0. Cti(SPh)), 3.61 (2H. d. J - 7.5, 
CHCH+O,). 4.55, 4.64 (each IH. bs. CHr-), S.lO(IH. br, 

J - 7.5. -CHCH$W,). 7.05-7.72 (9H. m. arom-HL. IR 1640. 
IWO. 1590. ground: C. 69.73; H. 6.93. Cak for C,,H,O& 
C. 69.98. ti. 7.05*/). 

Compound 4 (R’ OAc): ‘H-NMR 1.69. I.77 (each 3H. 
s. 2 Me<‘-). I.94 (3H. s. MeCO,). 1.W2.30 (4H. m. 
Cti,<‘H,). 3.44 (IH. I. J - 7.0. Cti(SPh)). 4.44 (2H. d, 
J A 7.0. CtiCt_irOAc), 4.500.4.62 (each IH. bs, Cti,-). 5.28 
(I H. ht. J - 7.0. -CHCH,OAc). 7.W7.35 (SH. m. Prom-H); 

IR 1730. 1635. 1580. (Found: C. 71.04; H. 8.08. Cak for 
C,.H&,S: C. 71.02; H. 7.95%). ._ _- . 

Compound Y (R’ O,THP): ‘H-NMR 1.68. I.80 (each 
3H. s. 2 MeC ). 4.55 (IH. bs. OCHO). 4.55. 4.67 (each IH. 
bs:Cii, ). 5.3i(lH. bl, J= 710. <HC-H,O). 7.07-7.4O(SH. 
m. Prom-H); IR 1640, 1590. (Found: C. 72.63; H. 8.99. Cak 
for C,,H,O$: C. 72.80, H. 8.73%). 

Compound 4J (R’-OCH,OMc): ‘H-NMR 1.67.1.78 (e=ach 
3ti. s. 2 MeC-). 3.28 (3H. s, OMc). 3.50 (IH. 1. J = 7.0. 
Cti(SPh)). 3.96 (2H. d. J = 7.0. CHCH,O), 4.48 (2ti. s. 
OCH,O). 4.55. 4.67 (each IH. bs. CH,-). 530 (IH. br, 
J - 7.0. ~HCH,O). 7.06740 (Sti, m. arom-H); IR 1635. 
15%. (Found. C. 70.71; H. 839. Cak for C,,ti,O$ C. 
70.56; H, 8.5X;). 

Compound 4& (R’a CHrPh): ‘H-NMR 1.72 (6H. s. 2 
MeC ). 34O(IH. t, J 7 7.0. CH(SPh)). 3.85 (2H. d. J -, 7.5, 
CHCHrO). 4.35 (2H. s, OCHrPh). 4.48, 4.58 (each IH. bs. 

Cti,.). 5.30 (Iti. ht. J - 7.5. -CHCH,O). 6.97-7.28 (IOH. 9 
bs. arom-H); IR 1640. 1590. (Found: C. 78.32; H, 7.92. Calc 
for C,,H,OS: C. 7g37; H. 8.01%). 

Compound II (R’-SDsTd): ‘H-NMR I.70 (6H. s. 2 
MeC-). 1.5&2.02 (4H. m. CHrCH3. 2.38 (3H. s. McPh). 
3.33 (IH. 1. J = 6.5. Cti(SPh)). 3.60 (2H. d, J = 7.5. 
CHC&SOr). 4.47, 4.60 (each IH. bs, CH,-). 5.1 I (Iti, br, 

J = 7.5. CHCH$O,). 7.W7.70 (9ti. m. arom-H); iR 1640. 
1600. 1590. MS 400 (M’, 6:<). 245 (IW;). (Found. C. 
70.01; H. 7.15. Cak for C,,H,O&: C. 69.98; H. 7.05Q.. 

Compound & (R’-OAc) ‘H-NMR 1.72. 1.79 (each 3ti. 
bs. 2 MeC-). 1.93 (3H. s. MeCO,). lIW2.32 (4H. m. 
Cti,Cti,). 3.45 (Iti. I. J = 70. Cti(SPh)). 4.42 (2ti. d. 
J = -7.0, -CtiCtt,OAc). 4.51.4.67 (each Iti. bs. Ctir ). 5.26 
(Iti. bt. J - 7.0. X_tjCH,OAc). 7.00 7.35 (SH. m. arom-H): 
IR 1730. 1635. IS90. (Found: C, 70.95, H, 8.01. Cak for 
C,,H,O~: C. 71 02; ti. 7.9Sd,i). 

Comnound 4o (R’ C&TtiP): ‘ti-NMR I 75. 1.79 (each 
3H. bs:2 Me<:-), .kS (IH, bs,~OCHO).4.55.4.68 (each lti. 
bs. CH, ). 5 30 (IH. br. J 2 7.0. -CtjCH,O). 7.067.40 (SH. 
m. arom-ti): IR 1640. 1590. (Found: C. 72.91; H. 8.70. Calc 
for Cr,H,&S: C. 72.80; H, 8.73”/0). 

Compound 40. ‘ti-NMR I.79 (3ti. bs. M&T-). 1.70 2.50 
(4H. m. CHrCH,). 3.53 (IH. 1. J = 7.0, CH(SPh)). 4.57.4.67 
(each IH. bs, Cti, ). 4.96 (2ti. bs. CH,-). 4.90 530(2H. m. 
<:H-C&). 6.06 6.35 (IH. dd. J = 18.0, 11.0. CH CH,). 
7.05..7.33 (St{. br. arom-H); IR 1635. 1595. 1500; MS 244 
(M ‘. 60/,). I34 (lOO”$. (Found: C. 78.55; ti. 8.42. Cak for 
C ,,H& C. 78.65; H. 8.2S0/;). 

Compound 4~: ‘ti-NMR I.89 (3H. bs. MeC-). 2.13 (3H. 
d. J = 1.5. MeC CCO,). 1.57 2 68 (4H, m. CH,CH,), 3.49 
(IH. I. J - 7.0. CH(Sp;h)). 3.62 (3ti. s. MeO,Cj. 4.6-O. 4.72 
(each IH.bs.CH,-). 5.62fIti. bs. CtiCO,). 7.ll-7.40(SH. 
m. arom-H);.IR I?&, 1636, I j95. (Found: C. 70.13; H. 7.68: 
Cak for C,,H,,O$ C. 70.32; H. 7.64”/,). 

Prrpurorron of iw~lsulJi& (5) /mm PhSCWcj?n aduct (2) 
General procrdwc. A soln of 2 (l.Ommol) in DMSO 
(I Oml) was added dropwise mro a mixture of I-BuOK 
(168mg. l.Smmol) and DMSO (4ml) at W and chc 
mrxture was s~trrrd for I6 hr al 20’. The usual work-up of 
the mixture and product isolation by column chro- 
matography gave pure 5 as oil. 

Sonsc physicd data o/ cinyLnd’&s (S-9). whost y&l& art 
lisrrd In Table I 

Compound k (R-H)‘! ‘H-NMR I.90 (6ti. bs. 2 MeC-). 
2.02 (3ti. bs. MeC-). 6.W7.20 (SH. m. arom-H): IR 1630. 
ISRS.‘ 

Compound 5b (Ra CH,Ph): ‘H-NMR 1.95.2.03 (each 
3ti. s. Me&-). 4.05 (2H. s, CCH,O), 4.35 (ZH, s. 
oCTi,Ph). 7.13 (Sti. bs, S ,Ph). 7.17 (jti, s. Cti,&); iR 
1620. Is80. (Found: C. 76.11; H. 7.01. CXc for C,.H,OS: 
C. 76.03; ti; 7.090/,). 

. . _ 

Compound 51 (R’ (TcH,Ph): ‘H-NMR 1.55. 1.90. 2.00 
(each 3H. s, MeG. Me+). 3.85 (ZH, d. J - 6.5. 
CHCH,O). 4.36 (2H. s. OCH+‘h). 5.26 (IH. M. J - 6.5. 
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CYCH,O). 7.1 I. 7.21 (each SH, s. S-Ph and CHB); IR 
1630. 1620. 1580. (Found: C. 78.20: H. 8.15. Cak for 
C,,H~OS c. 78.37;‘ ti. S.Ol%j. 

Compound Sj (R’&CH,OMe): ‘H-NMR 1.60. 1.91, 2.02 
(each 311. s. McC . Me&-), 2.10 2.35 (4H. m. CH,CH,). 
3.27 (3H. s, OMc). 3.92 (2H. d. J = 7.0. CHC&O), 4.45 
(2H. s. OCH,O). 5.23 (IH, bt, J = 7.0. -CHCH,O), 7.13 
(511, s. SPh); IR 1660. 1620. I580 (Found: C. 70.79; H. 
8.46. Cak for C,,H*O$ C. 70.56; H. S.SS%). 

Compound 5k (R’ aCH,Ph): ‘H-N.MR 1.66. 1.82. 1.98 
(each 3H. s. McC-. Me& ). 2.Ic2.30 (4H. br. CH,CH&. 
3.83 (2H. d, J - 7.0. WC&O). 4.33 (2H. s. OCH,Ph). 5.27 
(IH. bt. J = 7.0. -CHCH,O). 7.10. 7.21 (each SH. s. S-Ph 
and CH,Ph); IR 1640. 1620, IS85 (Found: C. 78.45; H. 
8.22. Cak for C,,H,OS: C, 78.37; H. R.OI’,Q. 

Preparation o/E-2 - mrrhyl - I - phenylthio - 2 - bumt (?)B 
From 2 - hydroxy - 2 - methyl - 3 - phcnylthiobumu 

(3a). A tmxturc of 3a (SOmg) and p-TaOH.H,O (Smg) in 
bcnzrnc (2 ml) was rcfluxal for I hr. The usual work-up of 
the nuxturc and produft isolation by column chro- 
malography gave pure 7 as oil (42 mg. 92%). ‘H-NMR I.51 
OH. 2. J = 7.0. h;(cCtt~). I.71 (3H: s. hicC(SPh)-). 3.43 
(2H. bs. PhSCH,C= ). 5.25 I I H. bo. J - 7.0. MeCH = ). 7.04- 
7.SS (SH. br. &m-H); Id 1660.’ 1590. The sub 7 was 
identified by ‘H-NMR ad IR comparisons with that prcpand 
from t&c ec+d (8) via E-2-methyl-2-buten- l-01 (lOa) as dc- 
scribed b&w. 

From E - 2 - methyl. 2 - hen - I - 01 (lOa) The E-alcohol 
(Iti).” prcparcd from 8. was brommatcd accordmg 10 the 
Iill* with PBr,. A mixture of ti_ bromide (75 mg. 0.5 mmol) 
and PhSNa (ICKtmg. 0.7Smmol) in DMF (2.0ml) was 
slmcd al 20” for I6 hr. The usual work-up of the mixture 
and prcducr isolallon gave pure 7 as oil (70mg. 78%). 

Tions~ormnrion o/lcnninaI nulhallykr su.lfi& (4) 10 rrrminal 
lrans-allylic alcohol (10) vi0 fhr nd/o,xi& (9) 

(i) Gncral proc&rt /or oxi&mon o/ 4 /urnuhing the 
sd’oxidc (9). Method A: A mlxIurc of 4 (I .O mmol) and 
NalO, (258 mg. I .2 mmol) m 5004 aqueous McOH (20 ml) 
was st~rmd at 20’ for 20 hr. AfIer conccnlration of the 
mlxlurc 10 a half volume Y) cocyo. the residue was extracted 
with CH,CI?, washed with water. dncd. and evaporated to 
give crude 9. which could be easily punficd by column 
chromatography bul usually without purificarion was sub- 
)ectcd to the Evans’ condirion” 10 kad 10 lerminal /runs- 
allylic alcohol (10). 

Mrrhod B. To a soln of 4 (I .O mmol) in A&H (5 ml) was 
added dropwix W/e ti,O, (100 ~1) aI 20’. and the mixlure 
was stirnd aI 20 for 20 hr. The mlxturc was cxwactcd with 
Ctl,Ct>. washed sumssively with water. ST/; NaHCO,, and 
then waler. dried. and evaporated 10 give crude 9. 

Mcrhod C. To a soln of 4 (I .O mmol) m CH,Ct, (4 ml) was 
added dropmsc a soln of mchloroperbmzok acid (net 
80?;) (240 mg, I. I mmol) in CIt&lI, (5 ml) a( W. and the 
mIxlure was stlrrcd aI O^ for 0.5 hr. The mixlure was d,lulal 
with CH,Cl, and worked up by usual mannner 10 gwc crude 
9. 

(II) Gmnrrol procrdwr for [2.3~rgmalropic rrarrangrmrnf 
o/ n@xi& (9) aflordtng rrrmind rrans-allylic alcohol (IO) 
~drr fhe Lianr’ ~-on&ron.~ A nuxture of 9 (I .O mmol) and 
(McO),P (248 mg. 2.0 mmol) m McOH (8 ml) was srirred ar 
20’ for 2 days under N,. The usual workup of the mixlure 
and produc( isolation by column chromalography gave pure 
10 as WI. 

Some physical &to of trrmind trans-diylic alcohols 
(W-l@,. whose yield are lirrrd in Tohlr I 

Ccmpound 1Oa (R-H)“: ‘H-NMR l.S&l.67 (6H. ovcr- 
lappal bs and bd. McC CHMe). 2.42 (IH. s. OH), 3.83 (2H. 
s, -CCH,OH). 5.2&5.55 (IH. m. McCH ); IR 3580. 3440. 
1660. 

Compound I& (RaH,Ph): ‘H-NMR 1.59 (3H. s. 
McC ). 3.40 (I H. s. OH), 3.85 (2H. s. CCH,OH). 3.W (2H. 

d, J = 7.0, -CHCtj,O,, 4.43 (ZH, s, OCH,Ph). 5.55 (IH. bt. 
J = 7.0. ,CtKH,@, 7.24 (SH. s. arom-)o; iR 3560. 3300, 
1660. 1500. (Found: 
C. 74.97; H:8.39”/,). 

C. 75.14: H. 8.25. Cak for C,,H,.O,: . . .I . 

Compound IOc (R-OAc)‘:. ‘H-NMR I.69 (3H. s. McG). 
1.99 (311. s. McCO,). 3.35 (IH. s, OH), 3.89 (2H. s, 
-CCHzOH).4.53 (2H.d.J = 7.5. -CHCH@Ac). S.Kt(IH. 
1. J -f.S. TCHCH:OAC): JR 3S8O. 34~-17300, 1660. 

Ccmpound Tbr”: ‘H-NMR 1.23 (3H. s. MHZ(O)&. I.60 
(3H. s. McC-). 3 84 (6H, s. -CC&OH and OCH,CH,O). 
5.31 (IH. bt. J = 7.0. CH ); IR 3580, 3460. 

Comnound I&“. ‘H-NMR I.50 (3H. s. McUOAct). 1.60 
(3H. bs: McC ). 1.94 (3t1, s, M&O;). 2.42 (IH.; Otij; 3.83 
(2tt. s. CCti,OH). 4.90 5.24 (2H, m, CH-Ctj,), S.l&S.40 
(IH. br. HC-). 5.68-6.lS(IH.dd. J - 1X.0. lO.O.Ctj.CH~; 
IR 3580. 3460, 1730. 

Compound 101 (R’-&CH,Ph)“.“. ‘H-NMR 1.63 (6H. 
bs. 2 MeGI. l.9S2.20 f4H. m. CHKH.). 2.60 (IH. s. OH). 
3.84 (2H. s;- CCt$OHj. 3.90 i2H.‘d. ;: 7.5. &i&j,Oj; 
4.40 (211. s. OCtl,Ph). 5.30 (2H. br. 2 ttG). 7.20 (SH. s, 
arom-H); IR 3580. 3400. 1660. 1500. (Found: C. 78.13; H. 
9.26. Calc for C,,HHOI: C, 78.42: H. 9.29%). 

Compound IOg (R’ SO,TOI)~‘-“: ‘H-NMR 1.40, I.60 
(each 3H. bs. 2 McC ). I.90 2.20 (4H. m. CH,CHJ. 2.42 
(3H. s. MePH). 2.55 (IH. s. OH). 3.64 (2H. d. J = 8.0. 
-CHCHw?). 3.85 (2H. s. -CCH,OH); 5.09 (IH. bt. 
J - 8.01CHCH&O,I. 5.24 IIH. br.mCT). 7.10-7.70 f4H. 
A?BA. J - CO. aiom:&; tR380& jW0 If&, 1600. MS 3& 
(M’. IO’?;). 93 (ImA). (Found: C. 65.97; H, 7.88. Cak for 
C,,tt,,O,S C.. 66 21: H. 7.85%). 

Compound IOb (R’ OAc)‘. ‘H-NMR 1.62. 1.70 (each 
3tt. bs. 2 McC-). 1.9S2.20 (4H. m. Cti,CH,). 1.98 (3H. I. 
McCOz). 2.45 (IH. s. OH). 3.83 (2H. s. :CCHPH). 4.46 
(2tt. d. J = 7.0. CtlCtj,OAc): 5.28 (ZH, bl. r- 7.0. HC- 
and -CHCH,OAc); IR 3580. 3430. 1720. 1660. 

Compound 101 (R’-O THP)“? ‘H-NMR I.65 (6H. I. 2 
McC-). I.35 I.75 (6H. br. (Ctt3,). 2.0&2.X (4H. br, 
Ctt~Ctt~). 2.15 (Iii. s, OH). 3.83 (2H. bs. -CC&OH), 4.53 
(IH. bs. OCHO). 5.28 (2H. bc. J -65. 2 CH-); IR 3580. 
3440.1660. 

Compound IOJ (R’ WH,OMc). ‘H-NMR I.65 (6H, bs. 
2 McC ). 2.00-2.25 (4H. br. CH,CH,), 2.60 (IH, s, OH). 
3..30 (3H. s. OMe). 3.83 (2H. s. -CC&OH). 3.96 (2H. d. 
J - 70. CttCtj,O). 4.48 (2H. s. OCH,O). S.25 (2H. br. 
J = 7.0. 2 ttC-); IR 3580. 3450. 1655. (Found: C. 67.45; H. 
10.32. CalC for C,,H,O: C. 67.25. H. 10.35%). 

Compound Iti (R’,r*Ctl,Ph): ‘H-NMR 1.58. 1.73 
(each 3tt. bs. 2 McC-). 2.00 2.20 (4H. br, CH,CH,). 2.17 
(ltt. bs. OH). 3 79 (X1. s. -CC&OH). 3.85 (2H. d, J - 7.0. 
.Cti<‘H$~). 4.40 (2H. s, OCH,Ph). 5.16S.47 (2H. br. 2 
(‘tt,). 7.23 (SH. I. arom-It); IR 3580. 3450. 1660. 1500. 
(Found. C. 78.68: H. 9.15. Cak for C,,H,,O,: C, 78.42; H, 
9.W,). 

Compound I(1 (R’ SO,Tol): ‘H-NMR 1.58, I.73 (each 
3tt. bs. 2 McC. ). 1.8&2X (4ti. br, CH,CH,). 2.43 (3H. s, 
McPh). 248 (IH. s. OH). 3.66 (2H. d. J - 7.5. 
UK&SO:). 3 81 (2H. s. -CCH,OH). 5.08 (IH, br. 

J _ 7 5. CHCH$O,). 5.20 (IH, br. CH ,). 7.1&7.70 (4H. 
A,B.q. J - X.5. mom-H); IR 3500. 3440. 1660. 1600; MS 308 
(M ’ . 7“;). I.34 (IW;). (Found. C. 66.28. H. 7.91. Calc for 
C,:H:,O,S: C, 66.21: H. 7.857,). 

Compound I(k (R’ OAc): ‘H-NMR I .60. I .73 (each 3H. 
bs. 2 McC-), I.95 (311, s. M&O,). 1.9IT2.20 (4H. br. 
CH,CH,), 2.33 (IH. ;. OH), 3.80 (2ji. s, CCt&OH). 4.40 
(2H. d. J = 7.5. CHCH,OAc). 5.24 (2H. bt. J = 7.5. 2 
?tt ). JR 3570. .3400. l7jd 1660: (Found: C; 67183; II. 9.46. 
Cak for C’,~tI,O, C. 67.89: H. 9.50%). 

Compound I(k (R’ GTHP). ‘H-NMR 1.63. 1.75 (each 
311. bs. 2 MK ). 1.4&1.65 (6H. br. (CII,),). 2.05.2.17 (4H. 
br. CH,CH,). 2.13 (Ill. s. OH). 3.81 (2H. s, -CCH,OH). 
4.50 (lit. bs. OCHO). 5.2s (2H. M, J: 7.0. 2 Ctt ); IR 
3580. 3440. 1655. (Found: C. 70.98; H. 10.12. Cak for 
C,,ti,O,: C. 70.83, H. lO.30=~,. 

Compound 100”. ‘H-NMR I .63 (3H. s. McC-), 2. I S-2.28 
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(411. br. CHrCH,). 1.3H (lH. s, OH), 3.87 (2H. bs. 
-CC&OH). 4.94 (2H. bs, Ctt,x). 4.90-5.35 (2H. m. 
CH-cHd. 6.07656 (IH. dd, J = 18.0, 11.0. Ctj=CH& tR 
3580.3440.1600. 

Compound 13: ‘H-NMR 1.64 (3H. s. McC-). 2.13 (3H. 
d. J = 2.0. McCXHCO,). 1.57-2.68 (4H. br. CH,CHL), 2.85 
(IH. I. OH). 3.66 (3H. s, McO,C). 3.93 (2H. s, CCH,OH). 
520~5.50 (IH. br. CH-), 5.67 (IH. s. -CHCO,); IR 3550, 
-3400. 1705. 1640. 

Oxuhtton of ~rrmuwd trans-aliylic aI& (IO) wcth acriw 
MnO, p&ding E-q?-wuorcpared a/&hy& (11) 

&ncrdpoccdivc. A mixture of IO (I .O mmol) and acuvc 
MnO, (4 g) in CHCl, (25 ml) was stirred at m for 24 hr. 
The mrxturc was diluted with Et,0 and filtered. Evaporation 
of rhc solvcn~ and column chromatography of the due 

gave pure 11 as oil. All the aldehyda (lit-11~) obrainal 
showed the IR absorpuons at 1640 and 168Ocm ’ associ- 
ated wrrh the system C-CCHO, and cxhibrtcd the aldchyde 
nrn,,... &...a, *.. I*- -..&... rrc o ‘)< 0 YIl- “_ *...“I4 ““A ),‘.‘.V” WP’_, 111 ll,C l&&l”,, ,I, I.L.r-7.m P&n,, Lu run&’ -1,” 
fl-olefinic proton in 6.314.35 as broad rripkr in ‘H-NMR 

Sonv physical doro o/ E-Q-unsalurarcd aldehyda 
(111 llm) 

Compound llf (R’.OCH,Ph) (65%): ‘H-NMR 1.65. 
I 73 (each 3H. s. 2 McC ). 2.lG2.55 (4H. m. CH,CH,). 3.95 
(2H. d. J = 7.0. -CHCH,O). 441 (2~. S, OCti,Phj. 5.37 
(IH. bt. J 7.0. -CHCti,O). 6.33 (IH. br. J = 7.0. 
CtH CCHO). 7.2R (SH. s. a&-H). 93OO‘(ltt. s. CHO); IR 
16xO.1640.1500. 

(‘ompound 111 (R’-SOzTol) (6ls/,) ‘H-NMR 1.48. 1.69 
(each 3ti. s, 2 McC-), 2.10 2.30 (4H, m. CHrCH,). 246 
(3tt.s. McPh). 3.66(2tt.d. J = 8.0. -CHQt,SO?), S.I5(IH. 
bt, J _ 7 0. CHCH_$Gr). 6.30 (IH. br. J = 7.0. 
CH-CCttO). 7.17 7.75 (4H. A&3, J = 8.5. arom-H). 9.28 
(IH. s. (‘HO); IR 1680. 1640. 1600. 1490. 

Compound IIb (R’XIAc)u (66”,). ‘H-NMR 1.75 (6H. I. 
2 McC ). 1.99(3H. s. McCO,). 2.15-2.60(4H. m. CHrCH,). 
4.48 (2H. d. J 7 7.0. CHCH,OAc). 5.31 (IH. br. J = 7.0. 
CttCH,OAc). 6.34(lH. bt, J = 7.0.CH-CCHO).9.3O(IH. 

s. CHO); IR 1730. 1680. 1640. 
Compound III (R’-SO,Tol) (67;). ‘H-NMR 1.67. 1.77 

(each 3tt. s. 2 Me<‘-). I.%240 (4H. m. CHrCH,), 2.43 
(3tt. s. McPh). 366(2H.d. J - 8.0. CtlCtJ,SO3. S.IS(IH. 
hr. J - 8.0. -CHCHm,). 6.30 (IH. bc. J = 7.0. 
Ctt CCttO). 7.18 7.75 (4H. A,Bs. J = 8.5. arom-H). 9.24 
(Iti. s. <‘HO); IR 1680, 1640. 1600, 1595. 

Compound Ilm (R’-<)Ac) (ST<): ‘H-NMR 1.71. I.79 . ___ _ ._ 
(each 3H. s. 2 h&C.-). 1.98 (3H. s. McCG,). 2.15 2.55 (4H. 
m.CttrCttr).4.46(2tt. d. J _ 70. CHCHrOAc). S.M(IH. 
hr. J - 7.0. -.<‘H<‘H,OAc), 6.35 (I ti. bc. J = 7.0. 
(‘H CCHO). 9.30 (ItI. s. CHO): IR 17.30. 1680, 1640. 
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