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CHAPTER I. GENERAL INTRODUCTION 

After Perkin has discovered the first synthetic dye in the miclcllc of the nineteenth century, 

synthetic organi c chemi stry, whi ch had been a method onl y for the identifi ca ti on of nat ural 

products until then, has started as an independent fie ld in chemistry. In this century, syntheti c 

organic chemistry has grow n explos ively and now is playing an important role in the fields of 

drugs, agricultural chemicals, polymer materials, perfumes, dyes, paints. and so on. 

As the organic chemis try is concerned with "organics." the synthesis of natural products 

has been, and will be, a fascinating theme in organ ic chem istry. Many natu ral products ex hibit 

bioactivities, such as a pharmacological activi ty toward fa tal disease for mankind. The 

researches in biochemical , biological, and medici nal fields, therefore. desire to use such 

compounds in a large quantity. However, it is difficult to suppl y them con tinuously from 

organisms, because they can be merely obtained in a very small quantity from each of 

indi viduals. As a result, synthes is becomes promising to offer such compounds. 

The total synthesis of complex nat ural compo unds has been w idely explored in the 

middle of thi s century mainly with the aid of Woodward's gen ius. Thereafter, more and more 

complex compounds were targeted in syntheti c organic chemist ry w ith the assistance of the 

invention of new separation techniques, chromatography, and such analytica l methods as nuclear 

magnetic resonance, mass spec trometry, and X-ray structural determ inati on. Nowadays, highly 

complex molecules such as pal ytoxi n coul d be synthes ized by the w isdom of mankind at the 

highest level. I 
OH 

HO 
0 O;OH OH"· 

HO ............... N~N~,, .. 
H H OH OH 

0 OH 

HO 

palytoxin 
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However complex the structure of the target compound is. the synthesis of the target is 

achieved by the accumulat ion of simple synthetic reactions. Nevertheless, in almost every case, 

the total yield of the target is not satisfac tory. The reason is clear; the total yie ld is the 

mathematical product of the y ields of all the steps, and the yield of a reaction is not al ways 

100%. Therefore, it is the mission for synthetic organ ic chemists to develop an eflicient reaction 

which can be used as a rel iable tool in the synthesis of highly compl icated molecules. 

1. Selectivity in Organic Synthesis 

Generally, the development of such a "usefu l " reac tion is accomplished through two 

steps; I ) the discovery of a novel reaction and 2) the improvement in the selectivi ty of the 

reac tion. 

The discovery of a novel reaction is quite significant because it brings a new concept to 

syn theti c organic chem istry. Such react ions are investigated v igorously in the border of organic 

and inorganic chemistry; the metal-mediated direct activation of C-C or C-H bond is noteworthy. 

Also tried is computational methodology for the discovery of new conce rted reaction.2 

It is rather rare that the reac tion found as mentioned above is a "useful" reac tion as it is. 

Improvement of the reaction is needed. The improvement in se lec ti vity of the react ion does not 

mean a minor-change, but is a truly necessary step. 

In a broad sense, the improvement of the y ield of a certai n reaction is to make the 

reaction se lective. That is to say. the improvement of the y ield is achieved when a desired 

reaction occurs selectively compared to other undesired side-reactions. 

However, the word "se lectivity" is usuall y used for an abi lity se lec ting one product 

among two (or more) poss ible isomers. Generally, se lectivity is div ided into three categories; 

chemoselecti vity, regioselect ivity, and stereoselec ti vity. 

Chemoselecti vi ty is used for functional group se lectiv ity in the case that the reaction is 

possible to occur at two (or more) functional groups in one molecule. One elegant example is the 

Cr(Il)-mediated/Ni(ll)-catalyzed Barbier-like coupling reac ti on of an alkenyl iodide with 

carbonyl compounds.3 The coupling reaction is se lecti ve for formyl function , and conseq uently 

keto and alkoxycarbonyl moieties of the substrate remains intact throughout the reaction. The 
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effi ciency of this reaction was ex tensive ly proved in the total synthesis of many complex natural 

compounds including paly toxin4 

0 

)__[+~ 
0 
~ 

OH 

Regioselec tivity means a differentiating abil i ty in the reacti on point when a certain 

reaction can occur at two (or more) sites. The reac tion of the lithium enol ate of a ketone is a 

case. The enolate anion is a bidentate nucleophile and selec ti ve ly reacts at the carbon when an 

alkyl iodide was used. On the other hand, the reac tion with a trimethylsilyl chloride gives only 

0 -sily lated product. 

OTMS Oli 

6 TMSCI 6 Rl 

The difference be tween chemoselec ti vity and regioselec ti vity is not stri ct. For example, 

the selecti ve epoxidati on of geraniol by tert-butyl hydroperox ide in the presence of a cataly tic 

amount of vanadium(Y) ox ide can be expressed as both chemose lec ti ve and regiose lec ti ve 

reaction.5 

1BuOOH 

The mos t important se lec tivity is stereose lec ti vity, which means se lecti vity for isomers 

when a reac tion generates two (or more) stereo isomers. The stereoisomer can be a dias tereomer, 

enantiomer, or £/2-i somer. Although examples for this se lec tiv ity are too numerous to mention, 

the stereoselective (enantioselec tive) version of the above epoxydation can be illustrated6 This 

reaction is also highly reli able, and is used widely in natural products synthes is. 

t OH-1BuOOH 

cat. Ti(OP~4 
(+)-diethyl tartrate 
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In relation to the stereoselectivity, the re is the te rm of "stereospecifi city ." The author 

uses these terms in a se nse defined by Zimmerman7 throughou t this thesis: "S tereospec ifi c" 

means that stereoisomericall y different starting ma terial s give rise to the stereoisomeri ca lly 

corresponding products . "Stereose lect ive," in contras t, simply means that , of two (or more) 

possible stereoisomeric products in a reaction , one is produced in predominance over all the 

others. According to the above definition, all s tereospecifi c react ions are necessaril y 

stereoselecti ve, but the converse is not true. 

An example of the stereospecific reaction is sho wn be low.8 The reacti on is kineti cally -

controlled. 

~B(ORh + R~H 

z 

~R 
OH 

anti 

0yR 
OH 

syn 

On the other hand, there is another type of stereose lec ti ve reac ti on starting from e ither of 

stereo isomers; the same stereoisomer is obtained as a product irrespec ti ve of the stereoche mistry 

of the start ing mate ri a l. This type of reactio n is ca ll ed "stereoconve rge nt reac ti o n."9 The 

crotylation using Cr(II) and croty l halide. which is thermodynami ca ll y-controll ed, is a case. IO 

~Br 

or 

~Br 

~R 
OH 

anti 

The te rminology of s te reose lec tivit y can be c lassified as show n below 

(diastereose lecti vity is exemplified). Every diastereomer-generating reacti on belongs to either A, 

B, C, or D. 
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Classification of the reaction which generates stereoisomers 

[ 

non-stereoselective reaction (A) 

stereoselective reaction 

n(reactant) < n(product) (B) 
(no terminology is gtven for thts category) 

--[ 

stereospecific reaction (C) 
n(reactant) = n(product) 

stereoconvergent reaction (D) 

n(x): the number of possible diastereomers of x 

The example o f type B is asymmetric induc ti o n. 

BnO 

~H 
0 

Bnl V 
/ Yno Me 

OH 0 

)=<OMe 

+ OTMS 

syn 

If o ne o f the di as te reomers produ ced is a ta rge t compo und, the reac ti o n o f type B o r D 

could be e mployed w itho ut any problem . Whe reas , if we use a reac ti o n type C, we have to 

selectively pre pare an app ro priate di as tereome r fo r the reac tant. In the case tha t o nl y type A 

reacti on can be ap plied , tro ublesome separa ti o n s tep wo ul d be req uired and the y ie ld neve r 

exceeds 50%. 

In order to achieve the synthes is of a ve ry complex molecul e whi ch has m s te reoge ni c 

centers (m = 7 1 for pa lytoxin), we mus t synthes ize on ly one of 2m possible s te reo isome rs (27 t ~ 

2.4 x JQ2 1 fo r palytox in !). In o ther words, we have to gene ra te m in fo rmati o n abo ut the 

ste reochemistry during the synthesis . In a type B reac ti o n, the ge nerati o n o f the info m1atio n does 

occur, w hereas it does not in a type D reac ti on. 

Taking into account the above fac ts, the categories a ppea red here can be lined up 

according to the significance in organi c synthes is, in the order B > D > C > A. 
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Regioselective reaction is devided into several types as well. However, the types Y and Z 

can not be easily ranked in order of significance, because the regioisomerically pure compounds 

are generally more readily available compared to the stereoisomerica ll y pure ones. 

Type Y: 

Type Z: 

Classification of the Regioselective Reaction 

[ 

non-regioselective react1on (X) 

--[ 

regiospecific reaction (Y) 
regioselective react1on 

regioconvergent reaction (Z) 

TiCI4 
Ph 

Ph~TMS + RYH ~R 
0 

OH 

ryTMS 
+ RYH Ph~R 

Ph 0 OH 

~ [Cp2ZrHCI] Cp 
or ~ZrCI 
~ 

I 
Cp 

Selectivity is a word which can be also used for quantitative meaning : when a certa in 

reaction preferentially gives isomer PI of two possible isomers PI and P2. the val ue 

represents the degree of selectivity. In the above discussion , the se lectivity was pos tulated 

perfect (S = !00), although there are not so many reactions in which Sis 100. It is well known 

that the S values of biochemical processes are always near I 00. However, a major drawback of 

such processes as synthetic reactions is that they are highly substrate-dependent. Therefore , one 

of the aim of the synthetic organic chemistry today is to find a se lective and universal reaction. 
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2. Sulfur in Organic Chemistry 

In order to achieve se lec ti vi ty in a reac ti on, hetero-atom-assisted methods have been 

investigated since 1950's. Including excellent reactions developed by the Nobel-prize-winners, 

Wittig and Brown for phosphorous and boron , respec tively, reac ti ons utili zing many hetero

atoms such as aluminum, silicon, tin , and se lenium, have been intensively studied. 

Sulfur, of course, belongs to such a family of hetero-atoms. Sulfur is one of the essential 

elements in bioorganic sys tem. For example, the thiol-disulfide redox process of cystei ne

cystine is important for the preservation of the structure of a protein, and coenzyme A plays a 

very important role in bioprocess. Moreover, sulfanylamide deri vatives and cephalosporin-class 

antibiotics have been widely accepted as effective drugs. Sulfur is also used in the field of 

materials. Organic conductor TTF and heat-resisting polymers such as PPS and PES are 

representative. 

The characteristics of sulfur are summarized below. 

I ) The lone pair on sulfur is "soft" and highly nucleophilic. 

2) Sulfur can have various oxidation numbers from -2 to +6. 

3) Sulfur functions to stabilize both a-anion and a-cation. 

4) Carbon-sulfur bond is easily cleavable by various methods. 

5) Sulfur can be a stable chiral center in the cases of sulfoxide and sulfonium ion. 

6) Sulfur-sulfur bond is stable compared to oxygen-oxygen bond. 

Sulfur has drawn the attention of synthetic organic chemi sts; sulfur-mediated reactions 

are performed in a key step of the total synthes is of natural products such as vitamin B 12. II 

rifamycin S,l2 and methynolide. l3 

Sulfur-containing reagents have been also developed extensively. Dithiane is an 

"umpoled synthon"14 of carbonyl group.15 Oxidation of alcohols usi ng chlorodimethylsulfonium 

and related sulfonium salts is one of the most reliable method.l6 Additionally , carbonyl 

olefination using sulfones is trans-selective alternative for Wittig reaction. 17 
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1) n-Buli 1) n-Buli R R' y 
0 2) RX 2) R'X 

Base 

1) Acetylation 
R'~R 

2) Na-Hg 

Although there are many other methods using sulfur in organic syn thes is, the greater part 

of them is based on the a-anion stabili zing ability of a sulfur functional group. The application 

of sulfur in cationic chemistry still wants to be uncovered. The neighboring group participation 

of a sulfenyl group is one of the unique phenomenon in cationic chemi stry of sulfur. 

3. Neighboring Group Participation 

Neighboring group parti cipat ion was first observed in the hydrolys is of a-bromopropionic 

acid by Cowdrey and co-workers in 1930's, where the reaction preceeded with the retention of 

the configuration around the reac tion center. IS 

Br 

/--coo-
OH 

/--coo· 

>90% retention of configuration 

The stereochemical study concerning neighboring group participation was explored by 

Winstein's group. The stereospecific reac tion of 3-bromo-2-butanol is a very famous example.l9 

The presence of a "bridged" bromonium ion intermediate was proved by the reaction of chiral 

bromohydrin.20 

Br 

/-y 
OH 

Br 
~ 

OH 

HBr Br 

/-y 
Br 

HBr Br 
~ 

Br 
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Then, the participation of chloro, iodo, acctoxy l, and methoxyl groups was successively 

found by the stereochemical study concerning the solvolytic reactions. The acetoxyl group 

participates in a rather different manner, namely, via a five-membered I ,3-dioxolanilium ion2 1 

The neighboring group participation of a sul feny l group was first found by Bii hme and 

co-workers for the acceleration of the hydrolys is of alkyl ch lorides. 22 

Table 1-1. First Order Rate Constants for the Hydrolys is of Several Alkyl Chlorides in 
Water-Dioxane at 100°C.22 

Substrate k x w ·5ts· 1 Substrate k x w·5ts· 1 

Cl~ 6.2 CI~OEt 4.8 

CI~OEt 1.1 CI~SEt 6.3 

CI~SEt 17000 CI~OPh 5.2 

CI~OPh 0.56 CI~SPh 11 0 

CI~SPh 550 

According to their study, the participation of a~- or o-sul fenyl group is distinct, and that 

ofy-sulfenyl group is almost negligible. No acceleration is observed in the reactions of sulfiny l-

or sulfonyl -analogs. Although the reaction of a o-sulfenylalky l ch loride has to be correctl y 

expressed as a "remoted" group participated reac tion, the acceleration of the reaction is easily 

explicable by considering a thi olanylium ion intermed iate like the case of ace toxyl group 

participation. It is well known that an intramolec ular subsriruti on reaction proceeds smoothl y 

when a three- or five-membered ring can be genera ted under kineti cally cont rolled conditions. 

The reasons for outstanding acceleration of sol vo lysis by a ~-s ulfenyl group. but not by a 

~-alkoxyl group, might be following:23 

I) 3p orbital is diffuse compared to 2p orbital, hence the attack toward the ~-cat i on eas ily occurs. 

2) Sulfur of sulfide function is res istant to solvation such as hydrogen bonding compared to 

oxygen in ether function. 

3) The strain energy of three-membered ring is smaller for thiirane than for ox irane by 3.0 

kcal/mol. Therefore, the formation of episulfonium ion is considered to occur easily. 

4) Since the electronegativity of sulfur is smaller than that of oxygen, electron-withdrawing 

inductive effect, which works as cation destabilizing effect, is weaker for sulfide. 

II 



As to other chalcogen group element, ~-selenenyl group is known to parti cipate toward 

the cationic center. However, kinetic data for so lvolytic reaction are not available because the 

elimination of selenen ium ion from an intermediate se leniranium ion competes the so lvolytic 

displacement. 

The application of neighboring group participation was first carri ed out in the field of 

sugar chemistry. The I ,2-trans glycos idation of a 2-acyl sugar is often employed as a promising 

method.24 2-Halo-,25 2-thio-,26 2-seleno-,27 or 2-N-fonny lamino-28 derivatives of 2-deoxysugars 

undergo glycos idation in a similar manner. 

~X ~Nu 

gluco sugar 13-glycoside 

p 

~X ~ 
P: participating group 

Nu 

manna sugar a-glycoside 

There are several reports on the se lecti ve synthes is usi ng neighboring group participati on 

of a ~-su l fe n y l group29-35 The common strategy for the reac tions is the nucleophi lli c 

displacement of a leaving group with the retention of the con fi guration. A lthough the reactions 

themsel ves are synthetically interes ting, the pattern of the reactions is essentially identical with 

Weinstein's pioneering work on bromohydrin. 

Recently , Warren's group36-39 and Otera's group4D independently reported the sulfenyl-

group-migrating version of the above reacti on. The migrat ion phenomenon is closely related to 

the Wagner-Meerwein rearrangement. 

~ 
' OH 
OH 

J) TsOH 

PhS 

OAc SPh 

' OMe 
PhJ 

TMSOTf Jl ~ ~ 
+ ~SnMe3 ___ ___,_ Ph' y ~ 

SPh OMe 
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Almost every application for the selective syn thesis ment ioned above is classified to the 

category of stereospecific reaction. Therefore, in order to extend the synthetic field based on 

neighboring group participation, it is desired to find a novel se lec ti ve reac tion other than 

stereospeci fie reaction. 

Concerning this matter, an interesting regioselective reaction of N-2-cyclohexeny l imides 

was reported by Sammes and co-workers; upon treatment with NBS in ethanol , followed by 

aqueous work-up, phthalimide gives a 2-bromo adduct whereas succ inimide gives a 3-bromo 

adduct41 

0 

o-N~ 
0 

1) NBS I EtOH 

2) H,O o:!f? 
'():.,~ 

0 

Recently, the C-C bond forming reac tion of 2,2-dimethoxyethyl es ter, which is a 

simplified acyclic analog of 2-acyl sugars, has been intensively studied in our laboratory. The 

study reveals that the esters of a.~- unsaturated ac ids react with enamines in a stereose/ective 

manner to give syn isomers,42 whereas the esters of saturated or aromatic acids regioselectively 

react at different position of an intermediate I ,3-d ioxolanylium ion depending on the kind of 

nucleophiles43,44 

13 

----------- 0 l ~ ~ Ph~o-"y"Y" 
1· OMe 0 

OTMS 



4. The Object of This Thes is 

As men tioned in the previous sect ion , it was proved that the ne ig hbori ng group 

participation could be s uccessfull y app lied to the selective synthesis. However, there are onl y 

these three examples for such kind of se lecti ve synthesis. 

It is known that the ne ighboring gro up participation of an acy loxy gro up retards a 

substitution reaction whereas that o f a ~-iodo, ~-/6-sulfenyl, or 6-methoxyl group accelerates the 

reaction. Then, the reaction assisted by the latter gro ups is considered to be wo rth inves ti gating 

from the viewpoint of the se lectivity ; ~-sulfenyl group might be a promi si ng candidate because 

of the facility of the synthes is of starting materi als and the stabilit y of the compound. In thi s 

thesis, the author inte nded to explore the hitherto unkno wn se lec ti ve synthesis based o n the 

neighboring group participation of a ~-sulfeny l group , and inves ti gated the reac ti on of seve ral 

vicinally oxygen-sulfur substituted substrates. 

14 
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CHAPTER II. REGIOSELECTIVE PIN ACOL REA RR AN GEMENT OF 

SULFENYLMETHYLATEDGLYCOLS 

Summary: Pinacol rea rrangeme nt o f g lyco ls hav ing a sulfe nylme th y l g ro up smoothl y 

proceeded with high reg iose lec ti vity to give ke tones which we re deri ved by the eliminati on of 

the ~ hydroxyl group to the sulfur atom. This se lec ti vity is due to the neighborin g gro up 

parti cipati on o f the sulfenyl g roup. 

1. Introduction 

Pinaco l rearran geme nt o f te tras ubstituted glyco ls o ffe rs a un ique way to make a

tri subs tituted ke tones including spiro sys temsl However, w ith unsymmetri ca ll y te traa lkyl

substituted g lycols, thi s rearrangement has a di sad vantage that a mi xture of isome ri c products 

was produced due to no n-se lec ti ve nature a bo ut the e limina ti on o f the hyd roxy l gro ups.2 

Concerning thi s matter, Nybe rgh reported a reg ioselecti ve pinacol rearrangeme nt o f 3-ethyl-2-

me thyl-2 ,3-pe ntanediol (Et mi grati on/Me migra ti on = 20/ 1 ).3 The obse rved se lec ti vity owes 

both to the ca tion-s tabili zing ability of meth y l g roup by hype rco nju ga ti o n a nd to grea te r 

migrato ry aptitude of ethyl gro up; the directi on o f the rearrangeme nt is substrate-depe nde nt and 

the Me- mi grated isome r can no t be obta ined se lec ti ve ly . The re fo re. a mo re ge ne ral 

regioselecti ve pinacol rea rrangeme nt is wanted to be di scovered . 

Considering the acce lerati o n o f hydrolys is by a ~ -s ulfe n y l group but not by a y-s ulfe nyl 

group as me ntio ned in Chapter I, the autho r inte nded to appl y the d iffere nce o f the rate of 

hydrolys is to a regiocontrolled pinacol rearrangement , and des igned a sulfeny lme thylated glycol 

11-1. 

2. Results and Discussion 

The reaction ofll-1 was carried out under various conditions (Table II-I ). As expected, 

the major product was 11-2, whi ch was formed by the abstraction of the ~ hydroxyl group to the 

sulfenyl group. In some cases, the selectivity o f the reaction exceeds that of the Nyberg h's result. 



PhS~ /Bu" 
--r-r--sun 
HO OH 

11- 1 

1.0 - 1.1 equiv. 
activator 

r.t. 
30 min - 2 h 

11 -2 

Table Il - l . The Reaction of 11 - 1 under Various Conditions 

Ru n Activawr Solvent 

BF3 OEt2 CHzCI2 

2 TfO H 

MeAICiz 

4 SbCls 

TMSOTf 

6 CH3CN 

EtzO 

Toluene 

CCI4 

10 Hexane 

a The values in paren theses are those obtained ar 0°C. 

+ 
\ ~SPh 
r-T-Bu" 

0 Bu" 

11 -3 

Yield/% 11-2: 11 -3 

52 89:11 

38 93:7 

0 

41 68:32 

68 (63)11 94:6 (94:6)0 

30 67:33 

23 90: 10 

53 (72)0 95:5 (97:3)11 

(23)" (98:2)11 

(34)0 (95:5)11 

Among the activators exami ned, trimethy ls il y l tri fluoromethanesu lfona tc (TMSOTf) gave the 

best res ul t in the yield and se lecti vity (Runs 1-5) . Moreover, the so lve nt effec t was appa ren t; 

wi th dec reas ing the polarity of the so lvent , the se lec ti vit y was improved (R uns 5- 10) . Thi s 

so lve nt e ffec t may be expl ained by the te rms that the coord inati on of the so lve nt toward the 

cationic cen ter reduces the se lecti vi ty. T he te mpe rature somewhat a ffec ted the reac ti o n; in 

tolue ne, bo th yie ld and se lec ti vity we re be tte r at ooc than at room tempe reture (R un 8). 

However, the reaction proceeded very slowly be low 0°C; on ly low conversion was observed by 

TLC analys is even after 48 h when the reaction was performed at -23°C. 

T he reaction of 11-1 wi th T MSOTf in the presence of de hyd rating agen t MS5A was 

carried out with the expec tation that the yie ld or the se lecti vity might be improved, but the result 

was almost ide nti cal with that of the reac tion in the abse nce of the de hyd rating age nt. 

Nex t, rearrangeme nt of seve ral s ubstrates was carri ed out under the optimized conditi ons 

(Table 11-2) . In general, very high selecti vity was attained. Especiall y when a substrate has a 

ri ng structure, o nl y one rearranged ke tone was detec ted (Runs 4-6). It is noteworthy that 
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substrates hav ing the same carbon framework gave e nt irely differe nt products depending on the 

position of the sulfenyl group (Runs 5,6); the present reacti on can be ex pressed as "regiospec ific" 

reac ti on according to the de finiti on in Chapter I. 

Table 11 -2. Pi naco! Rearrangement of Various Sulfenylmethylated Gl ycols" 

Run Substrate Product 

PhS~n Ph~sun 
PhS~n sun 

Bun Bun 

0 0 
HO OH 11-2 11-3 

11-1 97 

PhS-x Ph:t-Et 
PhS#t 

Et 
Et 

Et 0 0 HO OH 11-5 11-6 
11-4 97 3 

PhS~ PhS PhS 
PhS nPen npen:)< 

0Jxenn 
nPen4 0 0 

HO OH 11-8 11-9 11 -10 
11-7 92 4 4 

4 
PhS+-0 PhS~ 

HO OH 
0 

11-11 ll-12 

PhSlf PhS~ 
HO OH 

11-13 11-14 

PhS PhS 
6 ~ 0~ HO OH 

11-15 ll-16 

a The reaction was performed in toluene in the presence of I I equi v. TMSOTf at 0 "C. 
b TBSOTf was used as an activawr. 

c At room temperature. 

Yield I% 

72 

62 

65. 

40 

37' 

71 

Pinacol rearrangement is known to proceed through a concerted mechanism ; the 

configuration at the carbon bearing the leaving hydroxyl group is inverted. In contrast, the 



pinaco l rearrangement of the sulfenylmethyl atcd glyco ls charac teri sti ca ll y proceeded wi th 

complete retention of the configuration (Run 6). This resu lt support s the interventi on of an 

episulfonium-ion-like species. 

~ 
HO OH 

JI-15 

[ 

Ph Tto· l 
TMSOTf Hr 0~ 

11-16 

The reaction of bi s( trimethylsil yl) ether of Ir-7 was tri ed in order to inves tigate whether 

the present rearrangement proceed with catal yti c amount of TMSOTf. However, only low y ield 

was attained even with I . I equiv. of TMSOTf; TMS20 is poorer leaving group compared to 

TMSOH. 

A control experiment was carri ed out for 11-17. The result indicates that the sulfenyl 

group is not only effective for high se lectivity but also for preventing side reactions. In addition, 

when the sulfenyl group was absent, obtained isomeri c ketones were chromatographically 

inseparable. 

Bu" 
1.0 equiv. Bu" 

Hsun ~Bu" TMSOTf 

~0 + 
HO OH Toluene, 0 oc 0 Bu" 

JI-17 34% 11-18 11-19 

66 34 

Generally, unsymmetri ca lly tetrasubstituted glyco ls are sy nthesized by means o f 

inefficient reductive coupling of different ketones, which make it difficult to appl y pinacol 

rearrangement for such type of glycols. In contras t, starting materials for the present reac ti on 

were easily prepared through three steps; (I ) the Barbier reaction of alkenyl halides and ketones, 

(2) epoxydation of the allylic alcohols, and (3) ring opening of the epox ides by a thiolate anion. 

Moreover, it was revealed that the rearranged ~-sulfe n y lke tone co uld be eas il y 

desulfenylated by usual procedure. 

11-2 

Raney-Ni 

EtOH,/', 

66% 

20 

Bu" 

~0 
11-18 



In co nclus io n, the prese nt me thod p rovides an equiva lent to hydroxy l group 

diffe rentiating pinacol rearrangement. 

3. Experimental 

General. A GC analys is was pe rfo rmed w ith a 25 m fused-s il ica cap ill ary co lumn us ing 

cyanopropyl s ilicone as a stati onary phase. The me lting poi nts were de te rmined using a metal 

block apparatus and an open capillary tube, and we re uncorrected. NMR spectra were meas ured 

on a Ff spec trometer ope rating at 400 MHz for 1 H and 100 MH z for 13C, or on a continuo us

wave instrument (60 MHz for I H). For IH NMR, the o values are given in ppm with TM S as an 

internal standard, and the coupling constants are recorded in Hz. For 13C NMR , the chemical 

shifts are reported in ppm re lati ve to TMS or CDCI3 (O 77.0). The unit fo r the va lues of lR 

spectra is cm-1. The mass spec tra we re reco rded with the El method (70 eV); the re lati ve 

intensity is given in parenthes is aft er the co rresponding m/: value . S il ica ge l was used for 

co lumn chromatography (parti cle size: 63-200 j.!m) and preparati ve TLC (<46 jlm). All solvents 

were di stilled before use and stored ove r sodium wi re or molecul ar sieves. The compounds are 

oil unless the melting point is given. 

X-ray Measurement. Intensity data we re meas ured on Mac-Science fo ur-c irc le 

di ffr ac tome te r (MXC- 18) with gra phite mo noc hro mated C u- Ka radiati on. Acc urate ce ll 

dimensions were obtained by a least-squares re finement of 20 re fl ecti ons in the range o f 40° < 

29 < 60°. Data were collec ted with three check re fl ecti ons. The obse rved re fl ecti ons with IF0 1 > 

3cr(IF0 1) we re used in the solutions and re finements; no abso rpti on correc ti on was made. The 

structures were solved by a direct method with the MULTA N 784 program and re fined by full 

matrix least-squares method with the SHELXS 765 program. 

3-Butyl-2-methyl-1-phenylthio-2,3-heptanediol (11-1): To a solution o f thi oani sole 

(1 0.0 g, 80.5 mmol) and N,N,N',N'-tetramethyle thylenediamine (TM EDA) (8 .1 ml , 8 1 mmo l) in 

THF ( 100 ml ) was added n-BuLi (1.61 M hexane so luti on, 54 ml , 86 mmol ) at -78°C. The 

resulting so lution was stirred for I h and the n transfe rred by means of cannula to a fl as k 

containing ethyl piruvate (25.0 ml , 226 mmol ) in THF ( 100 ml ) at -78°C. The cooling bath was 

removed and the mixture was stirred for 2 h. A fte r the addition o f saturated aqueous NH4CI 
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solution ( 170 ml ) to the reacti o n mix ture, organic laye r was separated and the aqueous layer was 

extracted with C HzCi2 (3 x I 00 ml). Combined organ ic layers we re d ried over NazS04 and the 

solvent was removed by a ro tary evaporator. Column chromatography (e luent: hexane/EtOAc = 

7/1) o f the res idue afforded 12.34 g (5 1 mmol, 64% yie ld ) o f Eth yl 2- hydroxy-2-methy l-3-

(phenylthio)propionate. I H NMR (CCI4, 400MHz) 1. 1 (t, 3H, J = 7). 1.4 (s, 3H), 3.2 (ABq. 2 H, 

J = 14), 3.5 (s, I H), 4 .0 (qm, 2 H, J = 7), 7. 1-7 .6 (m, 5 H); IR (neat) 3500 (br), 1740, 1200, 745, 

695. 

To a solution of the above hydro xyester (3.05 g, 12.7 mmol) in THF (30 ml ) was added 

n-BuLi ( 1.65 M hexane solution, 24.0 ml , 39.6 mmol) at 0°C. The reacti on mi xture was then 

allowed to warm to room temperature and stirred for 2 h. The reac ti on was quenched by a 

successive additio n of ethanol (2 ml ) and saturated aqueous NH4CI (30 ml ). The organi c laye r 

was separated and the aqueous layer was extracted with CHzCiz (3 x I 0 ml). After drying the 

combined organic laye rs, so lve nt was stripped o ff. Purification by co lumn chromatography 

(eluent: hexane/EtOAc = 19/ 1) gave the titl e compound ( 1.34 g, 4.3 mmol, 34% yield). I H 

NMR (CDCI3, 400MHz) 0.92 (t, 6H , J = 7), 1.26 (s, 3 H), 1.3- 1.7 (m, 12 H), 2.45 (br s, I H), 2.84 

(br s, I H), 3.16 (d , I H, J = 13), 3.45 (d, I H, J = 13). 7.2-7.4 (m, SH); IR (neat) 3480 (br), 1580, 

1480, 1470, 1440, 1380,740,690. 

3-Ethyl-2-methy l-1-phenylthio-2,3-pentanediol (11-4) : Thi s co mpo und was 

synthes ized in a simil ar manner from the above intermediate hydroxyes ter (EtMg Br was used 

instead o f n- BuLi). 43% yie ld; I H NMR (CCI4, 60MHz) 1.0 (t. 6H, J = 8), 1.2 (s, 3H), 1.6 (m, 

4H), 2.2 (s, l H), 2 .7 (s, l H), 3. 1 (d, I H, J = 14), 3.4 (d, I H, J = 14), 7.3-7 .5 (m, SH). 

1-[1-Hydroxy-1-methyl-2-(phenylthio)ethyl]-1-cyclopentanol (ll-11 ): 1-(2-propenyl)

l -cyclopentanol ( 1.20 g, 9.5 mmol), which was obtained by a ultraso und-promoted Barbier-type 

coupling reaction6 of 2-bromopropene and cyclopentanone in 24% y ie ld , was ox idi zed by using 

1-BuOOH/cat.YO(acac)z according to a method in the literature? to g ive 0.72 g (53% yie ld) of 

the corresponding epoxide . I H NMR (CCI4, 60MH z) 1.4 (s, 3H), 1.4_2.0 (m, 9H), 2.5 (d, I H, J 

= 5), 2.9 (d, l H, J = 5). 

To a solution of EtONa (30 mmol ) in ethanol was success ive ly added PhSH (0.58 ml , 5.6 

mmol ) and an EtOH (5 ml ) solution of the above epoxide (0.72 g , 5.1 mmol). The res ul ting 
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mixture was heated to reflux and stirred for 40 min. After cooling to an ambient temperature, 

each 30 ml of water and CH2CJ2 were added. The organic materials were extracted with I 0 ml 

of CH2CI2 and combined organi c laye rs we re d ried over Na2S04 . Purification by co lumn 

chromatography (e luent: hexane/EtOAc = I 9/1) affo rded the titl e compound (0 .33 g, I .3 mmol, 

26% yield). I H NMR (CCJ4, 60M Hz) 1.2 (s, 3H), 1.3- 2.0 (m, 8H), 2.4 (s, I H), 2.8 (s, I H), 3.2 

(d, I H, 1 = 14), 3.4 (d, 1 H, 1 = 14), 7.2-7.4 (m, 5H). IR (neat) : 3460 (br), I 580, 1480, 1440, 

1010, 740, 690. 

2-Methyl-3-(phenylthio)methyl-2,3-octanediol (11-7), 1-[1 -hydroxy-1-methy l-2-

(phenylthio)ethyl]-1-cyc lohexanol (11-13), and (lR*, 2S*)-1-(l-hydroxy-l-methylethyl)-2-

phenylthio-1-cyclohexanol (11-15): These compo unds were synthesized by the same proced ure 

as above. The yie lds given are total yield for three steps (Barb ie r-type coupling, epox idati on, 

epoxy opening). 

11-7: 25% yie ld; IH NMR (CCJ4, 60MHz) 0.9- 1.0 (rn , 3H), 1.2 (s, 3H), I .3 (s, 3H), I. 1- 1.6 (m, 

8H), 2 .3 (s, I H), 2.8 (s, 1 H) , 3.2 (d, I H, 1 = 14), 3.3 (d, 1 H, J = I 4), 7. I -7.5 (m, 5H). IR (neat) : 

3460 (br), 1590, 1480, 1440, 1030,960,740,690. 

11-13: 8% yield (low yie ld was due to the instability of the inte rmed iate epox ide); I H NMR 

(CCI4, 60MHz) 1.2 (s, 3H), 1.3- I .9 (m, I OH), 2. I (s, I H), 2 .8 (s, I H), 3.2 (d, I H, J = I 4), 3.4 (d, 

IH, l= 14), 7.2-7.4 (m, 5H). 

11-15: 25% yield; colorless prisms, mp 76.o-76.5°C (hexane); IH NMR (CCI4, 60MHz) 1. 3 (s , 

3H), 1.5 (s, 3H), 1.6- 2.0 (m, 8H), 2.3 (s, I H), 2.6 (s, 1 H), 3.4 (m, I H). 7.4- 7.6 (m, 5H); I H 

NMR (CDCI3, 400MHz) 3.39 (br s, I H, PhSCH). 

3-Butyl-2-methyl-2,3-heptanediol (11-17): To an EtOH ( 10 rnl ) so lution of 11-1 (0.86 g. 

2.77 mmol ) was added an EtOH suspension of Raney Ni W-2 (ca. 5 g), and the mi xture was 

heated to reflux for 2 h. Filtration, followed by evaporation and separati on by co lumn 

chromatography (e luent: hexane(EtOAc = 24/1 ), gave 237 mg (42% yield) of the titl e compound. 

I H NMR (60 MHz, CCI4) 1.2 (s, 6H), 0.8- 1.6 (m, I 8H), 1.8-2.0 (br, 2H, OH). 

General procedure for the pinacol rearrangement: To a so lution of diol (0.5 mmol) 

in toluene (3 ml) was added a toluene solution (0.87 M) of TMSOTf (0.5 mmol) at -78°C under 

an argon atmosphere. Then the cool ing bath was changed to an ice-water bath, and the so lution 
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was stirred for 1.5 hat ooc. After the addition of saturated aqueous aHC03 (5 ml), the organic 

materia ls were extracted with CH2CI2 (4 x 5 ml). Combined organic layers were dried over 

Na2S04 and the solve nt was evaporated. Separation by preparative TLC (e luen t: hexane/EtOAc 

= 7/ 1) gave rearranged ketones. 

6-Methyl-6-(phenylthio)methyl-5-decanone (Ir-2): IJ-1 NMR (60 MHz, CCI4) 0.9 (t, 

31-1, J = 5), 0.9 (t, 31-1, J = 6), 1.2 (s, 31-1), 1.2- 1.7 (m, IOH), 2.4 (t, 2 1-1 , J = 8), 3.1 (s, 2 1-1 ), 7.2-7.4 

(m, 51-1); IR (neat) 1700; MS 292 (M+, 22), 207 ( 17), 183 (89), 123 (67), 11 0 ( 14), 85 (100), 57 

(50); HRMS , found: 292.1877 . Calcd for C 1 ol-1 2805 (M+): 292. 1861. Anal., found : C, 73.70; 

H, 9.56%. Calcd for CIQH280S: C 73.92, H 9.65%. 

3-Butyl-3-(phenylthio)methyl-2-heptanone (11-3): IJ-1 NMR (400 MHz, CDCI3) 0.84 

(t, 61-1, J = 7.3), 1.22-1.78 (m, 12 1-1 ), 2. 12 (s, 31-1 ), 3. 18 (s, 21-1), 7.2-7.4 (m, 51-1 ). 

4-Methyl-4- (phenylthio)methyl-3-hexanone (II-5): I H NMR (60 MH z, CCl4) 0.8 (t, 

31-1 , J = 7), 1.0 (t, 31-1 , J = 7), 1.2 (s, 31-1), 1.6 (m, 21-1) , 2.4 (q, 21-1 , J = 7), 3.1 (s, 21-1 ), 7.2-7.5 (m, 

51-1); MS m/z (re lative intensity) 236 (M+, 19), 179 (7), 127 (70), 123 (80), I I 0 (30), 109 (18) , 

57 (1 00); HRMS found: 236.1244. Calcd for C14H2oOS (M+): 236. 1235. 

3-Ethyl-3-(phenylthio)methyl-2-pentanone (11-6): I H NMR (400 MHz, CDCI3) 0.75 

(t, 61-1, J = 8), 1.7- 1. 8 (m, 41-1 ), 2. 13 (s, 31-1), 3.17 (s, 21-1 ), 7.2-7.4 (m, 51-1 ). 

3-Methy l-3-(phenylthio)methyl-2-octanone (11-8): I H NMR (60 MH z, CCI4) 0.9 (t, 

31-1 , J = 5), 1.2 (s, 31-1), 1.2- 1. 8 (m, 81-1 ), 2. 1 (s , 31-1 ), 3. 1 (s, 21-1 ), 7.2-7.4 (m, 51-1 ); MS 264 (M+, 

32), 221 (9), 155 (88), 123 ( 100), 110 (50), 85 (24); HR MS found: 264. 1555 . Ca lcd for 

C16H240S (M+): 264.1548. 

2-Methyl-2-(phenylthio)methyl-3-octanone (II -9) and 3,3-dimethy l-1 -phenylthio-2-

octanone (11-10): Chromatographicall y inseparable 1:1 mi xture, I H NMR (400 MHz, CDCl3) 

0.86 (t, 31-1 , J = 6), 0.88 (t, 31-1, J = 6), 1.16 (s, 61-1), 1.25 (s, 61-1) , 1.3 - 1.6 (m, 14 1-1 ), 2.47 (t, 2 1-1 

for 11-7, J = 7), 3.16 (s, 21-1 for 11-7), 3.92 (s, 2 1-1 for 11-8), 7.2-7.5 (m, 51-1 ). 

2-Methyl-2-(p henylthio)methy lcyc lohexanone (II-12): I H NMR (60 MHz, CCI4) 1.2 

(s, 31-1), 1.7- 1.9 (m, 81-1), 2.3 (m, 21-1), 3. 1 (s, 2 1-1 ), 7.2-7.4 (m, 51-1); MS 234 (M+, 100) , 125 

(94), 123 (94), 110 (22), 109 ( 13), 55 (44); HRMS found: 234.1104. Calcd for C14H 1sOS (M+): 

234. 1079. 



2-Methyl-2-(phenylthio)methylcycloheptanone (JI-14): I 1-1 NMR (60 Ml-l z, CCI-1) 1.2 

(s, 31-1 ), 1.6 (m, 81-1), 2.5 (m, 21-1 ), 3.0 (d, I 1-1 , J = 13), 3.2 (d, I 1-1 , J = 13). 7.2-7.4 (m, 51-1 ); MS 

248 (M+, 75), 139 (I 00), 123 (I 00) , 110 (35), I 09 ( 18), 55 (52); HRMS found: 248. 1262. Calcd 

for C 1sHzoOS (M+): 248.1235. 

(IR*,2R*)-1-Acetyl-1-methyl-2-(phenylthio)cyclohexane (11-16): IH NMR (60 MHz, 

CCI4) 1.3 (s, 3H), 1.5- 2.0 (m, 8H), 2. 1 (s, 3H), 3.1 (br t, I H, J = 5). 7.2- 7.4 (m, 51-1) ; (400 MHz, 

CDC13); 3.10 (dd, I H, J = 5, 6); IR (neat) 171 0; MS 248 (M+, 64), 139 (77), 123 (74) , 121 (33), 

110(25), 109 (13); HRMS found: 248. 1259. Calcd for C 1sHzoOS (M+): 248.1235. 

6,6 -Dimethyl-5-deca none (II-18) and 3-butyl-3-methyl-2-heptanone (II-19): 

Chromatographically inseparable mixture ; 66/34 by GLC anal ysis. I H NMR (60 MH z, CCI4) 

0.9 (s, 3 1-1 ), 1.0 (s, 6H), 0.7- 1.8 (m, 81-1), 2.0 (s, 31-1 for 11-19), 2.4 (br t, 21-1 for 11-18, J = 6). 

From the area ratio of two marker peaks (2/3 for 8 = 2.0/2 .4), it was conc luded that the major 

product was 11-18. 

Desulfurization of II-2 . To an EtOH (10 ml) solution of ll-2 ( 125.9 mg, 0.43 mmol) 

was added an EtOH suspens ion of Raney Ni W-2 (ca. 2 g), and the mixture was heated to reflux 

for I h. Filtration, followed by evaporation and separat ion using preparat ive TLC. gave 52.5 mg 

of desulfurized product II-18. I H MR (60 MHz, CCI4) 1.0 (s, 6H ), 0.7- 1.8 (m, 81-1), 2.4 (br t. 

21-l , J = 6). 

(1R*,2R*)-1-Acetyl-2-benzenesulfonyl-1-methylcyclohexa ne (JI-20): 11-16 (79.8 mg. 

0.32 mmol) was treated with OXONE® accordi ng to the method in the literatureR to give sulfone 

11-20 (52 .7 mg, 59% yield), of wh ich the relat ive configuration was analyzed by single crys tal 

X- ray structural determ ination. Colorless prisms, mp 108°C (EtOH); IH NMR (400 MHz, 

CDCI3) 1.5- 2.2 (m, 8H), 1. 54 (m, 3H), 2.26 (s, 3H), 3.27 (dd , 1 H, J = 5, 10). 7 .5- 7.7 (m, 31-1 ), 

7.8-7.9 (m, 2H); IR (neat) 1700, 1450, 1305, 11 50. 

25 



Details for the X-ray structural analysis of II-20 

Molecular formula 

Fonnula weight 

Crystal size/mm3 

a! A 

b/A 

c/A 

~/degrees 

Volume of unit cell JA3 

Crystal system 

Space group 

Z value 

DcalJg cm·3 

Reflections used 

No. of variables 

R;Rw 

Good of fitness 

Maximum shift/e. s. d. in final cycle 

Max. negative peak in final diff. map/e A-3 

Max . positive peak in final diff. map/e A-3 

CtsH2o0 3S 

280.4 

0.3 X 0.25 X 0.25 

I 1.798 (2) 

11.3 12 (2) 

11.340 (2) 

108.38 (I) 

1436.4 (4) 

Monoclinic 

P2t/a 

4 

1.29 

1978 

252 

0.061; 0.074 

0.75 

0.10 

-0.61 

0.26 
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Details for the X-ray structural analysis of II-20 

Positional parameters and equivalent isolropic thermal parameters with e.s.d. in parentheses 

atom y B(eq) 

S I 0.21933 (7) 0.24800 (7) 0.08262 (7) 3.64 (3) 
02 0.3074 (2) 0.1327 (2) 0.4031 (2) 4.48 (7) 
03 0.3384 (2) 0.2930 (3) 0.1051 (2) 5.10 (8) 
04 0.2051 (3) 0.1236 (2) 0.1021 (2) 5.79 (9) 
C5 0.1926 (3) 0.3026 (3) 0.3 140 (3) 3. 12 (7) 
C6 0.1789 (3) 0.3594 (3) -0.1399 (3) 3.72 (8) 
C7 0.1405 (3) 0.3283 (3) 0. 17 15 (3) 3.26 (8) 
C8 0.1360 (3) 0.2796 (3) -0.0734 (3) 3.14 (8) 
C9 -0.0340 (4) 0.2438 (3) -0.2508 (4) 4.4 (I) 
c 10 0.3089 (3) 0.3704 (3) 0.3725 (3) 3.74 (9) 
Cll 0.1364 (3) 0.4603 (3) 0. 1433 (3) 4. 1 (I) 
CI2 0.0290 (3) 0.22 10 (3) -0.1274 (4) 4.02 (9) 
c 13 0.2106 (3) 0. 1698 (3) 0.3432 (3) 3.69 (8) 
C I4 0.1154 (4) 0.3813 (3) -0.2631 (3) 4.4 (I) 
c 15 0.2527 (4) 0.5256 (3) 0.2053 (4) 5.0 (I) 
c 16 0.3000 (4) 0.5014 (3) 0.3445 (4) 4.6 (I) 
c 17 0.1051 (4) 0.0885 (4) 0.3052 (5) 5.6 (I) 
c 18 0.0963 (3) 0.3426 (4) 0.3722 (3) 4.3 (I) 
c 19 0.0107 (4) 0.3226 (3) -0.3180 (3) 4.4 ( I) 
H6 0.245 (3) 0.398 (4) -0. 10 1 (4) 3.8 (8) 
H 7 0.068 (4) 0.291 (4) 0.136 (5) 6 (I) 
H9 -0. 108 (4) 0.203 (4) -0.286 (4) 6 ( I) 
H l OA 0.372 (3) 0.338 (3) 0.338 (4) 4. 1 (8) 
H lOB 0.326 (4) 0.361 (4) 0.462 (5) 6 ( I) 
H JIA 0.119(3) 0.472 (4) 0.054 (4) 4.4 (8) 
H liB 0.078 (3) 0.492 (3) 0.173 (4) 3.8 (8) 
Hl2 -0.006 (4) 0.173 (4) -0.080 (4) 4.7 (9) 
H 14 0.144 (4) 0.442 (4) -0.316 (4) 6 ( I) 
H 15A 0.241 (5) 0.611 (5) 0. 199 (5) 7 (I) 
H 15B 0.316 (4) 0.506 (4) 0.162 (4) 5 ( I) 
H 16A 0.245 (4) 0.532 (4) 0.378 (4) 4.9 (9) 
H 16B 0.378 (3) 0.542 (3) 0.378 (4) 3.9 (8) 
H 17A 0.138 (6) 0.005 (6) 0.291 (6) 10 (2) 
H 17B 0.039 (5) 0. 119 (4) 0.236 (5) 6 ( I) 
H 17C 0.082 (5) 0.091 (5) 0.374 (5) 7 ( I) 
H !SA 0.115(4) 0.318 (4) 0.457 (4) 4.8 (9) 
H ISB 0.010 (5) 0.313 (4) 0.337 (5) 7 ( I) 
H ISC 0.09 1 (4) 0.430 (4) 0.382 (4) 5.2 (9) 
H 19 -0.038 (4) 0.336 (4) -0.392 (5) 5 (I) 
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atom atom 

S I ··04 
S I ··C 8 
S I ··C 7 
0 2 ··C 13 
c 5 .. c 10 
C 5 ··C 13 
C 5 ··C 18 
C 5 --C7 
C6 --C8 

atom atom arom 

0 3 --S I --04 
0 3 --S I --C 8 
0 3 ··S I ·-C 7 
0 4 -·S I ··C 8 
0 4 ·-S I --C 7 
C 8 -·S I --C 7 
C 10 -·C 5 --C 13 
C 10 ··C 5 --C 18 
C JO--C5 --C7 
C 13--C5 --C 18 
C 13 ·-C 5 --C 7 
C 18 --C 5 --C 7 
C 8 ··C6 --C 14 
C II --C 7 ··C 5 
C II ·-C 7 --S I 

Details for the X-ray structural analysis of 11-20 

Intramolecul ar Distances (A) with e.s.d. in parentheses 

distance 

1.443 (3) 
1.769 (3) 
1.816 (4) 
1.206 (4) 
1.528 (4) 
1.538 (5) 
1.550 (6) 
1.564 (4) 
1.37 1 (5) 

awm atom 

C 7 --C II 
C8 --C 12 
C 9 ··C 19 
C9 ·-C 12 
C 10 --C 16 
C II --C 15 
C 13 --C 17 
C 14 ·-C 19 
C 15 --C 16 

Int ramolecul ar Angles (degrees) with e.s.d. in parentheses 

angle 

118. 1 (2) 
108.0 (2) 
111.5 (2) 
107.2 ( I ) 
107.4 (2) 
103.5 ( I ) 
110.6 (2) 
110.3 (3) 
111.2 (3) 
105.2 (3) 
11 2.7 (2) 
106.5 (2) 
119.7 (3) 
112.0 (2) 
111.2 (3) 
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atom atom atom 

C 5 --C 7 ··S I 
C 6 ·-C 8 --C 12 
C6 --C 8 --S I 
C 12 ··C 8 --S I 
C 19--C9 ··C 12 
C 16 -·C 10 --C 5 
C 15 ·-C II --C 7 
C 8 --C 12 ··C 9 
02 --C 13--C 17 
0 2 --C 13 --C 5 
C 17 --C 13 --C 5 
C 19 ··C 14 --C 6 
C II ·-C 15 ··C 16 
C 10 -·C 16 --C 15 
C 14 --C 19--C9 

distance 

1.525 (5) 
1.385 (5} 
1.382 (6) 
1.386 (5) 
1.512 (5) 
1.521 (5} 
1.498 (6) 
1.366 (5) 
1.524 (6) 

angle 

11 2.2 (2) 
121.0 (3) 
119.8 (2) 
119.1 (3) 
120.0 (3) 
114.0 (3) 
114.5 (3) 
11 8.7 (4) 
120.1 (3) 
120.2 (3) 
119.5 (3) 
119.8 (4) 
112.0(4) 
111.8 (3) 
120.6 (3) 
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CHAPTER III . REGIOSELECTIVE REA CTION OF ALLYLIC ACETATES 

DIRECTED BY A SULFENYL GROUP 

Summary: a-(Su lfenylme th yl)a ll yl acetates reacted wit h sil ylated carbon nucleoph iles in the 

presence of a catalytic amount of TMSOTf to give products substituted at the a-pos itio n of the 

sulfeny lme thyl group in moderate to good y ie lds with high regiose lec ti vity. The theore ti cal 

calcul ation on an intermediate cationic spec ies indicated that an ep isu lfonium ion was a stable 

form; the observed regiose lectivi ty was rationalized qualitati ve ly on the basis of the coefficients 

of LUMO of the cation. Some transfo m1ations of the products we re also demo nst rated. 

1. Introduction 

Ally lic electrophil es are valuab le building blocks in orga ni c synthesis because o f their 

high reactivity and synthetic versati lity. However, the reaction of such subst rates accompanies 

the problem of the reg iochem istry, namely, the reac ti on can ta ke place in SN and SN' fas hions. 

Concerning the regiochemistry, the reac ti on of all yli c e lec troph il es th ro ugh organometa lli cs is 

well studied. For example, the palladium-catalyzed reactions of a ll yli c acetates take place at less 

hindered s ite, 1 wh ile tungs ten complexes are used to make C-C bond at more hindered s ite;2 in 

gene ral, the regiochemistry of the reaction of allylic e lectrophi les via ry3 a ll y l complexes does 

not depend on the position of the leav ing group but on the me tal , li gand, substituent on the 

substrate, and nucleophiie3 On the other hand , the reaction of al lyli c electrophil es with copper 

reagents takes place in S 2/SN2' fashion. In thi s case, the posi tio n of the leav ing group is as an 

important factor for the reg iochemistry as other reac ti on conditions4 

In contrast to the above reactions, the study concerning the acid-ca ta lyzed reaction of 

all yli c e lectrophiles has not been thoroughl y exp lored in the viewpoint of the reg iochemistry. It 

is known that the acid-catalyzed reac tion in vo lves a cationic intermediate, and that the 

regiochemical course of the reaction is affected by a ste ri c factor; the nucleophile attacks 

preferentially at less substituted si te of the allylic system5 Hence, when both ally lic s ites are 

secondary , the reaction takes place randomly to give a mixture of reg ioisomers. To the best of 

the author's knowledge, an intramolecular reac tion o f allylic acetates hav ing a si lyl enol ether 
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moiety i s a un ique exam ple for di stincti on o f two secondary all y l ic tcrmini. 6 In this case, 

however, the regiochemical course of the reac tion depends on the struc!Ure of the all yl ic ace tate 

moiety. 

The non-se lecti vity for the intermolecul ar all ylation is considered to be due to bo th steri c 

and elec troni c equi va lence of two termini of the all y l cati on. Therefore, if the elec tron ic 

equi valence is broken, the discrimination of the two tennini would be poss ible. Then, the author 

thought that such an event would be realized by a neighboring group parti cipation toward one 

end of the allyl cati on, and tried the reaction of a-(sulfenylmethyl)ally l ace tate. 

2. Resu Its and Discussion 

A t first, the reac ti on of allylic ace tate Ill·la with sily l enol ether III-2a was anempted in 

the presence of titanium(JY) chloride. Substrate 111-la was eas il y obtained in one pot by the 

reaction of lithiated thioan iso le and crotonaldehyde, followed by treatment w ith acety l chl oride. 

A CHzCiz solution of titanium(IY) chl oride ( 1.1 equi v.) was added to a mi xture of lil-la ( 1.0 

equiv.) and III-2a ( 1.2 eq ui v.) in CHzC iz at -78°C. The reacti on was very slow at -78°C, but 

completed within 30 min at room tempera!Ure. T he substitution product 111-3 was obtained in 

70% yield as a mi xture of chromatographi call y inseparable isomers, whi ch was found to consist 

of three i somers in a ratio of 96:2:2 by means of glc analys is. Then, the reg iochemistry of the 

product was determined on the basis of IH NMR of the mixture; the main isomer and one of the 

minor isomers showed double-doublet signals of methyl groups adjacent to an olefin at around 

1.7 ppm, whereas the other minor isomer showed a doublet methyl signal at 1.0 ppm. M oreover. 

the stereochemi stry of double bond of main isomer was proved to be trans (J = 15 Hz for the 

olefini c protons), whereas the stereochemistry of the other isomers could not be determined 

because their olefinic signals were overlapped with those of the main isomer. From the above 

infonnation, the main isomer was concluded to be an (£ )- a -s ubsti!Uted product and the two 

minor i somers were a (Z)- a -s ubstituted product and a y-s ubstituted product. A s already 

described, the reaction of an all y lic electrophile under acidi c conditions is usually affec ted by a 

steric hindrance. The present reaction, however, occurred preferentially at the a -position of the 

sulfenylmethyl group in spite of steric disadvantage. 
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OAc Bu' TiCI4 ;JJPhS + ~0 

~SPh + =< _C_H_C_I- Bu1 1Bu # SPh 
OTMS 2 2 

111-la lll-2a 

-78' C--> r.t. (+ 2% of Z-isomer) 

70% a- 111-3 

98 

y- 111 -3 

2 

In the nex t stage, some reacti on conditi ons were examined by using more ste ri call y 

demanding s il yl enol e the r III-2b as a nucleophile (Ta bl e III- I ). As anti c ipated , the 

regioselec tiv ity for the reac tion of III-la with Ill-2b was sl ightl y lower than that with III-2a. 

The me tal ha lide-promoted reac ti ons gave bett er se lecti vity, whereas the yie ld was hi gher when 

TMSOTf was used as a promoter even in a cata lyti c amo unt (Runs 1- 4). Upon lowering the 

reac ti on tempe rature, the se lec ti vity was slightl y improved. However, it took very long time in 

order to complete the reac tion (Runs 5, 6). The solvent e ffect indicates the formation of a 

cationic intermediate ; in less polar toluene, which could not solvate the ioni c inte rmediate, the 

reaction did not proceed (Run 9). 

The reac tion o f 111-lb , a methylthi o-ana log o f 111-la , was also inves ti gated. With a 

catalyti c amount of TMSOTf, the reac ti on o f 111-lb did not give Ill-S but a small amo unt o f 

unidentifi ed ve ry polar products, and most of 111-lb remained unchanged. When 1. 1 equi v. of 

TMSOTf was used, substrate 111-lb was comple te ly consumed; Ill-S was obtai ned in almos t the 

same degree of se lecti vity as the case of 111-4 (Run 10). However, the yie ld was a littl e low due 

to the formatio n of very polar by-products. Upon using excess 111-1 b , the yie ld was improved to 

some ex tent (Run 11 ). These observatio ns can be reaso nably ex pl a ined by ass uming that 

another substrate 111-lb molecule quenches the inte rmediate cati oni c spec ies to give a stable 

sul fo nium salt, a ve ry polar compo und, and that the rate for thi s reac tion is compara ble to 

"normal" reac tio n with nucl eophile lll-2b . As the sulfur o f a phenylthi o gro up is less 

nucleophilic than that o f an alk ylthi o gro up ,7 a phe ny lthi o g roup would be be ller than a 

methylthio gro up for the sulfenyl moiety of the substrate in order to prevent side reactions and to 

achieve belter yield. Finally, the author deduced that the optimum reaction conditions were 

those used in Run 4 in Table lll-1. 
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OAc 

~SA + 

III~l a 

(III~lb ) 

AS 

~Pr; Activator ~:J ~ Pr' 

r-'-oTMS ~ 

111~2b a- Ill ~ ~ 
(a- llt ~S) 

+;Pr~SA 
y- III~~ 

(y- 111~5) 

Table III-I. Reaction of Allylic Aceta te 111 - l a or III~I b with Silyl Enol Ether III-2b under Various Conditions0 

Run Substrate R Lewis acid Solvent Temp.rc Product Yield/% ahty 

111-la Ph T iCI4 C H2C12 -78 IO r.t. 111 -4 6 1 93n 

2 SnCI4 67 93n 

TMSOTf 79 89/11 

4 TMSOT fC 82 89/11 

-23d 61 92/8 

6 od 75 89/11 

r.t. 77 86/14 

MeCN -78 to r.t. 79 86/14 

9 Toluene 0 

10 III-lb Me TMSOTf C H2CI2 111-5 58 88/12 

II< 70 87/13 

a The reaction was carried out for I h by using 1.2 equiv. of 111 -2b in the presence of I I equiv. of a Lewis 

acid. b E!Z ~ 98/2. c A catalytic amount (0. 1 eqiuv.) of the Lewis acid was used. d The reaction was 

performed for 15 h. e Subs trate/nucleophile/Lewis ac id= 2.0/1.0/ 1.0. 

T he innuence of te rminal substi tu ti on mode of an a ll ylic cation was also investigated . 

Substrate IIJ-lc , which is considered to give an all yl cati on w ith two te rti ary ends, was tried to 

be synthesized, but was too labil e to be iso lated; the author abando ned the reac ti on of III-lc. 

Instead, the reac tion of the corresponding alcohol of JII-lc with JIJ-2a was tri ed in the presence 

of 1.1 equi v. of TMSOT f; the reac ti on gave no subs tituted prod uct bu t a very polar prod uct 

which was not identi fied. On the o the r ha nd, when the reac tion of JJI-ld wit h JJJ-2a was 

carried out in the presence of TMSOTf, no abstrac ti on of the acetoxy l group occurred even with 

a stoichiometric amo unl of the acti vator. Moreover, when TiCl4 was used instead of TMSOT f 

fo r the reac tion of 111-ld with JII-2a , onl y a complex mi xture was obta ined. The presence of a 

primary all yli c terminus might be disadvantageo us fo r the formati on of an intennediate cation 

having an appropriate stability. 
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I \PAC 
~SPh 

III-lc 

OAc 

~SPh 

Ill-ld 

S ince the sulfeny lmethylated tertiary allyli c ace tate was labi le as desc ribed above, the 

author used secondary acetate 111-le for the reaction of an all yl ic cat ion bearing one secondary 

and one sulfenylmethylated tertiary e nds. Although the reaction of 111-l e with III-2a also 

showed complexity, the corresponding y-substituted product could be iso lated in 19% yield ; the 

attack occu rred only at they position , steri ca ll y more favorable s ite. This result demonstrates 

that the steric factor is more important for dete rmining the regiochemi ca l course o f the reaction. 

Ac9 I 
~SPh + III -2a 

lll-le 

0.1 equiv. 
TMSOTf 

C~CI2 

-78°C--> r.t. 

0 

1 ~SPh Bu 

y- lll -6 (19%) 

Substrate 111-lf was expected to give exclusively an a-substituted product from viewpo ints of 

ste ri c requirement and d irect ing e ffec t of the sulfe nyl group . Actua ll y, o nl y a-111-7 was 

obtai ned as a substituted product by the reacti on of III-If with Ill-2a . The yie ld was, however, 

a little lower compared to that of III-3 from III-I a, due to the competing eliminat ion reaction of 

ace tic acid from III-If to give diene III-8. 

I 9Ac 
~SPh + lll-2a 

III-If 

0.1 equiv. 
TMSOTf 

SPh 

I ( 9 + I # SPh 
~Bu1 ~ 

CL- lll -7 (49%) 111 -8 (32%) 

On the basis of the above observatio ns, it is concluded that the present allyl ation reaction 

is useful when both ends of all yli c cations are mono-substituted; side reactions are diminished 

and the corresponding a-substituted products are obtained in good yields. The present reac tion 

is the first example for the di sc rimination of two secondary ends of an all yli c calion in an 

intermolecular reaction with the aid of the e lectroni c effect of a sulfenyl group. 
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Table 111 -2. Reaction of a -(Sulfenylmethyl)allyl Acetates with Various 1\ucleophil es' 

Run Substrate Nucleophile Product(s) Yielcl/% a 11
/y 

~SPh But ~ + tsu~SPh =<OTMS 68 94/6 OAc But 

lii -Ja III-2a a - III-3 y- III-3 

2' 70 98/2 

Pr1 ~ >=<oTMS Pr1 
+ 'Pr~SPh 82 89/1 I 

III-2b a- 111-4 y- 111 -4 

4 
QOTMS ~+~SPh 84 9I d!<f' 

III -2c a - III-9 y- lll-9 

PhS O O 
>=<OMe ~OMe + MeO~SPh 78 91/9 

OTMS 

111 -2d a - 111-10 y- Ill-10 

~ 6 ~TMS + ~SPh 59 91/9 

""' III-2e 
a- III-II y- IIJ-11 

Ph~SPh ~TMS ~+ 
0 Ph 

92 93/7 
OAc Ph ~SPh 

Ill-Ig lll-2f a-lll-12 y- III-12 

::)3 0 Ph 
III -2a Ph But + tsu~SPh 80 92/8 

a- lll -13 y- III-13 

SPh ;):y 49 IOOd/0 
9 ~ But 

OAc a- lll-14 
lll-lh 

o:OAc a::: 10 76 100/0 
SPh 

III-li a - lll-15 

a The reaction was carried out in CH,CI 2 in the presence of 0.1 equiv. TMSOTf at -78 ' C to room 

temperature for 2 h. b E!Z ~ 98/2 except for lll-15 . ' TiCI 4 (I. I equiv .) was used as an activator. 
d A 1:1 mixture of diastereomers. 
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The ge nerality of thi s reacti on for the discrimination of two secondary termini of an 

a ll ylic cation is demonstrated in Table 111 -2. In every case, the reaction proceeded wi th good to 

exce llent a-selectivity. As far as us ing an ide nti ca l substra te, the se lec ti vity was al most the 

same degree, regardless of the nucleoph il e (Runs 1-8). This result is in contrast to the trity l 

perchlorate-mediated reac tion of allyl methyl ethers, in which the regiochemi stry was largely 

affected by the kind of nucleophil e;5a the synthe ti c usefulness of the present reac tion should be 

emphasized. The poss ibility of s tereose lec ti ve a ll y latio n was also tes ted by us ing P-

monosubstituted nucleophile III-2c, but the resu lt was completely di sappointing (Run 4). 

Moreover, in order to el ucidate s tereospecificity , the reaction of diaste reomerica ll y pure 

substrate III-1h with III-2a was carried out. In thi s case , the reac ti o n proceeded non

stereospecifically to give a I: I mixture of diastereomers with complete a-se lect iv it y (Run 9), 

whereas only one diastereomer (trans isomer) was attained when cyclic s ubstrate III-li was 

employed (Run I 0). 

A control experiment was carried out by using 111-16 ha ving no s ulfenyl group; the 

reac tion with III-2a gave III-17 onl y in low yield with very low se lectivity. This result s trongl y 

supports the idea that in the present reac tion the s ulfur fun c tion not on ly controls the 

regiochemistry of the reaction, but also stabilizes the cation to prevent the decompos ition of the 

intermediate . Moreover, the aut hor tried the reaction of oxygen-analogs of 111-la , name ly 111-

18 and III-19. However, both of the substrates gave only comp lex mi xtures under the reac tion 

conditions due to instability of the intermediates; thi s result also shows that a s ulfenyl group is 

advantageous for neighboring-group-participated reactions. 

OAc 

~Bu" + 
III-2a 

III-16 

0.1 equiv. 
Bu" 0 TMSOTf 

~.+ CH2CI2 Bu 

-78°C _, r.t. 

29% 

OAc 

~OR 

a- III-17 

35 

III-18 : R ~Ph 
III-19 : R ~ Bn 

"Bu~Bu1 
y- III-17 

65 

It is noteworthy that not only si lylated carbon nucleophiles but also enamine Ill-20 

reacted with III-1a in the presence of 1.1 equiv. ofTMSOTfwith high a-selectivity. 
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1\ Bu1 
1.1 equiv. TMSOTf 

lll-la + o\__/-\ u- lll -3 + y- 111-3 
CH2CI2. -78°C-t r.t. 

III-20 53% 96 4 

In order to look into the mec hani sm , the reaction of vario us precursors of 1-me th yl-3-

(phenylthiomethyl)allyl cation with lll-2b or III-2d was carried out (Table 111-3). There 

observed apparent diffe rence in reaction rate be tween the reac ti ons w ith III-2b; relative ra te was 

in the order 111-la > 111-lj > 111-lk "' III-11. Nevertheless, in every case, the a/yand E/Z ratios 

of the products were almost identi ca l; the present reaction can be expressed as "regio- a nd 

ste reoconvergent" reaction according to the definition in Chapter I. These res ult s can be 

explained by assuming that the reaction proceeds via a unique inte rmediate. 

Table 111 -3. Reaction of Various Precursors for t-Methyl-3-(phenylthiomethy l) allyl Cation" 

Run Substrate 

~SPh 
III-la OAc 

Nucleophile 

lll-2b 

Product Yield/% 

111-4 82 89/ t I 

2 ~SPh 85 88'112 
Ill-lj OAc 

~SPh 
54 90/10 

OAc III-lk 

4 ~SPh 65 
OAc III-II 

Ill-2d 111-10 82 

o The reacti on was carried out in CHj:l 2 in the presence of 0.1 equi v. TMSOTf 
at -78°C to room temperature for 2 h. • E/Z = 98/2 unless ot herwise noted. 

'E!Z = 90/10. 

92/8 

92/8 

The intermediate might be an a ll yl cation III-21a, an £-episulfonium ion III-22a, or a 

five -membered sulfonium ion 111-23a. To clarify which is most probable, a semiempirical MO 

calculati on was perfonned for model cations of each species, 111-21b , III-22b , and 111-23b . 

using PM3 Hamiltonian . 

In the calculation of III-2lb, the geometry converged to the s tructure like III-22b, which 

indicates that there are no ene rgy minima around the iso lated allyl cation III-2lb ; the 



..... .. = 

in termediacy of 111-21 b can be ru led out. Other two species success ful ly converged to the 

structures like initial ones. 

~ H 
~ .... sA 

H 

lll-2la : R = Ph 
III-2Ib: R =Me 

~ H s+ 
\,A 

lll-22a : R = Ph 
III-22b : R =Me 

R 

lll-23a : R =Ph 
III-23b : R =Me 

The heat of forma tion for III-23b was abo ut 20 kcal/mol Jesser than that for III-22b , 

which might be due to the di ffe rence in strai n energy of the ring. However, the fo nnation of III-

23a from 111-l a or III-lj belongs to 5-endo-trig mode of cyclizat ion, wh ich is fo rbidden by the 

Baldwin's rule.8 In contrast, the formati on o f III-22a from lll-la is 3-exo-tet mode and a llowed 

by the same rule. These fac ts can be vis ualized by the energy d iagram shown below. 

~SPh +Lewis acid 

OAc 

~ 
H s.+ x · 

· .•• Ph 

In the nex t stage, the author investi gated whether the selectivi ty could be ra ti onalized in 

tenns of charge or orbital of the inte rmed iate cati on. 

For the cation III -22b , charge distribution of the two competing reaction points, C2 and 

C4, are both very small (Fig. Ill- ! ). However, the coe ffi cients of LUMO can be respons ible for 

the obser ved selectiv ity. Fig. III - I clearl y shows that L UMO of III-22b co nsists of two 

locali zed orbitals; LUMO of the simple all ylic cation system C2-C3-C4 and the cr* orbita l of C4-
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S7 bond. As the absolute values of the coefficients on C4 are larger than those on C2, C4 is 

considered to be the most probab le reac tion site (Table lll-4). This result is in good agreement 

with the a-se lectivity. The calculations by other methods (MNDO, AM I, MIND0/3) gave 

essentially the same result. 

charge distribution: 

y 

0.09 

a 

0.05 

Fig. III-I. Optimized structure and LUMO of model cat ion III-22b 

Table 111-4. Coefficients of LUMO of Model Cation III-22b0 

2s 2px 2py 2pz 

C1 0.006 0.003 0.012 0.041 

C2 -0.009 0.003 -0.024 -0.398 

C3 0.032 0.023 0.045 0.009 

C4 -0.2 18 -0.025 -0.148 0.618 

C5 -0.003 -0.007 -0.026 0.03 1 

C6 -0.091 0.147 0.133 -0.054 

57 0.158 0.312 -0.245 0.349 
a The absolute values of the coefficients of hydrogens were less than 0.083 . 
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On the other hand , neither charge nor orbital can rational ize the a-selec ti vi ty when the 

intermediacy of III-23b is assumed (Fig. Ill-2). In addition, as all fi ve atoms o f the ring are 

almos t on the same plane in an optimi zed structure, the poss ibility for the SN2' type reac tion at 

double bond (to give a-substituted product) is suppressed due to little overl ap of 7t orbital of C2-

C3 double bond and cr* orbital of S7-C4 bond. 

charge distribution: 

NYBER=22 

IGEJ\IJALLIE=-5. t9504L h . 

~~ 

I1J NYBER= 24 
EIGE/'I.X1LI£=-3 . 9032 

Fig. III-2 Optimized structure and lowest four UMOs of model cation III-23b 

On the basis of the above results of theoretical calculation, the intermediate of the present 

allylation is concluded to be the £-episulfonium ion III-22a . A s mentioned, the formation of 

such a species can take place directly from lil-la by a neighboring group participation . 

Moreover, substrate 111-lj also ionizes easily to give a Z-episulfonium ion, and it isomerizes 
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very quickly to 111-21a . In contrast, substrates 111-lk and 111-11 are more difficult to ioni ze 

because of the lack of the above anch imeric assistance. A cation like 111-21a is considered to 

epimerize rapidly, resulting in the loss of the stereochemical information in the reaction of 111-

lh. The reaction of III-li, however, undergoes through the formation of an episulfonium ion 

havi ng an annelated 6/3 ring system, wh ich can exist on ly in cis-fused fonn, and then gives the 

trans product exclusively. 

Since most of syn theticall y interesting compounds do not have a su lfur function, the 

removal of such function is an important step for a su lfur-assis ted reaction. Then, the au thor 

tried the desulfurization reaction of product 111-13. By treatment of 111-13 with Raney Ni in 

refluxing ethanol for 4 h, the desulfurized product 111-24 was successfu ll y obtained in 77% 

yield. Moreover, product 111-12 could be converted to acetox y sulfide 111-25 by the Pummerer 

rearrangement,9 wh ich is a potential precursor for 4-alkenyl-2-cyc!opentenone. 

PhS 

Ph~Bu1 
Raney Ni 

Ph~Bu1 
EtOH,!!. 

5h 

III-13 111-24 
0 

~ ;:(l pf 1) m-CPBA 
-----~ 

Ph Ph 
2) Ac20 , AcONa 

JII-12 III-25 

3. Experimental 

General information is same as that of Experimental in Chapte r 1!. 

Silyl enol ethers 111-2a-c, III-2f and ketene s il yl acetal III-2d were sy nthesized 

according to a method in the literature. IO Enamine 111-20, It and Raney Ni 12 were prepared by a 

known procedure, respectively . 

(E)-4-Acetoxy-5-phenylthio-2-pentene (111-la). To a stirred so lution of thioanisole 

(2.99 g, 24.1 mmol) and TMEDA (2.82 g, 24.3 mmol) in THF (120 ml) was slowly added a 

hexane solution of n-BuLi ( 1. 62 M, 15 ml, 24.3 mmol) at -78°C. The resulting mixture was 

allowed to wann up to 0°C and stirred for 30 min at that temperature. Then, crotonaldehyde 



( 1.84 g. 26.3 mmol) in THF (IS ml) was added to the mixture at -78°C, and the stirring was 

continued for I h at that temperature and then for I h at room temperature. To the mixture was 

slowly added acetyl chloride (2. 12 g, 27.0 mmol) in THF ( IS ml ) at -78°C. After stirring for I 

h, the reaction mixture was poured into ice-water (100 ml ). The organic layer was washed twice 

with I M NaOH solution (50 ml) and once wi th brine (50 ml ). The organic layer was dried over 

Na2S04, and the solvent was stripped by using a rotary evaporator. Purificat ion by column 

chromatography (eluent: ethyl acetate/hexane = 1/20) gave 3.19 g (56% yie ld) of 111-la. I H 

NMR (CCI4, 60 MHz) 1.8 (3 H, d, J = 6), 2.0 (3 H, s), 3.2 (2H, d, J = 6), 5.2- 6.0 (3 H, m), 7.4 

(S H, m); lR (neat) 1745, 1240,965. Found : C, 66.09; H, 6.75%. Calcd for C13H1602S: C, 

66.07; H, 6.82%. 

In a similar manner, III-lb, III-If, and III-lg were obtai ned. Allylic acetate 111-16 was 

also prepared by the same procedure (n-B uLi was used instead of lithiated thioanisole in the 

absence of TMEDA). 

(E) -4-Acetoxy-5-methylthio-2-pentene (111-lb). 61 % yield; IH NMR (CCI4, 60 

MHz) 1.8 (3H, d, J = 6), 2. 1 (3H, s), 2.2 (3H, s) , 2.8 (2H, d, J = 6), 5.2- 6.0 (3 H, m); IR (neat) 

1740, 1240, 965. Found: m/z 114.0504. Calcd for C6H 10S: M-AcOH, 114.0503. 

(E)-4-Acetoxy-2-methy1-5-pheny1thio-2-pentene (111-lf) . 8 1% yie ld; I H NMR 

(CC14, 60 MHz) 1.6 (3H, s), 1.7 (3H, s), 1.9 (3H, s), 3.(}-3.2 (2H, m), 5.0- 5.9 (2H, m), 7.2- 7.6 

(SH, m); IR (neat) 1740, 1240. Found: m/z 190.0816. Calcd for C12 H1 4S: M-AcOH, 

190.0816. 

(E)-3-Acetoxy-1-phenyl-4-phenylthio-1-butene (III-lg). 57% yield; IH NMR (CCI4, 

60 MHz) 2.0 (3 H, s), 3.2 (2H, d,J =7), 5.6 ( 1H, q,J=7), 6.2 ( IH, dd, J= 7, 15), 6.7 ( IH , d, J = 

15), 7.2-7.6 (lOH , m); IR (neat) 1745, 1240, 965. Found: C, 72.54; H, 6. 13%. Calcd for 

C18H1 s02S: C, 72 .45; H, 6.08%. 

(E)-4-Acetoxy-2-octene (111-16). NMR (CCI4, 60 MHz) 1.0 (3H, m), 1.1-1 .7 (6H, m}, 

1.7 (3 H, d, J = 6), 2.0 (3H, s), 5.2- 5.9 (3 H, m); IR (neat) 1740, 1240, 965. Found: m/z 

170.1319. Calcd forCJOH1s02: M, 170.1307. 

(E) -rei-( 4R, 5R)-4-Acetoxy-5-phenylthio-2-hexene (111-lh). (£)-2-Trimethylsiloxy-

3-pentenenitrile l3 was deprotonated by LDA and allowed to react with 1-chloro-1-
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(pheny lthi o)ethane1 4 according to a method in the litcrature.l.1 Purification by co lum n 

chromatography (eluent: ethyl acetate/hexane = 1/20) gave (£)-2-phe nylthio-4-hexen-3-one 

(30% yie ld). I H NMR (CCI4. 60 MHz) 1.4 (3 H, d, J = 7), 1.9 (3H. d, J = 6). 3.8 (I H, q, J = 7). 

6.5 ( IH, dm , J = 16), 6.7-7.1 ( IH, m), 7.3 (S H, s). 

The above ketone was treated with lithiu m tri-sec-butylborohydride according to a 

method in the literature, 16 and ace1ylated with Ac20/pyrid ine. Purifi ca tion by column 

chromatography (eluent: ethyl acetate/hexane= 1/20) gave the title compound (48% yie ld ). I H 

NMR (CDCI3, 400 MHz) 1.26 (3H, d, J = 7), 1.72 (3 H, dd, J = I, 6), 1.99 (3H, s), 3.4 1 ( I H, dq, 

J = 7, 6), 5.30 (lH, dd , J = 6, 7), 5.52 ( lH , ddq, J = 8, 15, 1), 5.78 (IH, dq , J = 6, 15), 7.2-7.5 

(S H, m); IR (neat) 1745, 1240,965 . Found: C, 67.06; H, 7.25%. Calcd for C14 H1s02S: C, 

67. 16; H, 7.25%. 

rel-(3R, 4R)-3-Acetoxy-4-phenylthio-l-cyclohexene (IIl -li). Al lyli c acetate IIl-li 

was prepared through acetylation of the corresponding alcohol which was prepared acco rding to 

a procedure in the literature.!? I H NMR (CCI4 , 60 MHz) 1.5-2.4 (4H, m), 2.0 (3 H, s), 3.4 ( I H, 

m), 5.2-6.2 (3 H, m), 7.4 (S H, m); lR (neat) 1735, 1235; MS 248 (M+, 60), 188 ( 100), 136 (36) , 

135 (20), 110 (40), 109 (36). Found: m/z 248.0839. Calcd for C 14H 1602S: M, 248.087 1. 

(Z)-4-Acetoxy-5-phenylthio-2-pentene (III-lj). To a stirred so lution of thioaniso le 

(12.4 g, 100 mmol ) and TMEDA (10 ml , ca. 100 mmol ) in THF (200 ml) was s lowly added a 

hexane solution of n-BuLi (1.62 moJJ -1, 62 ml , 100 mmol ) at -78°C. The resulting mi xture was 

allowed to warm up to 0°C and stirred for 30 min at that temperature. Then, a THF ( 10 ml) 

so lution of 2-butynal, which was prepared from 2-butyn -1 -o l (5 g, 70 mmol ) and Mn02 (64 g, 

0.7 mol) according to a method in the literature , IS was added to the mi xture at -78°C. After 

removal of the cooling bath, the mixture was stirred overnight at room temperature and then 

poured into crushed ice. The organic layer was separated, and the aqueous laye r was extracted 

with ethyl acetate (3 x 50 ml ). The organic laye rs were combined and dri ed over sodium sulfate, 

and then the solvent was evaporated. After most of unreacted thioani sole was distilled off under 

reduced press ure , the res idue was purified by co lum n chromatography (eluent: e thyl 

acetate/hexane= 1/10) to give 1-phenylthio-3-pentyn-2-ol ( 1.8 g, 13% yield ). IH NMR (CCI4, 

60 MHz) 1.8 (3H, d, J = 2), 2.5 (I H, br s), 3.1 (2H, d, J = 6), 4.2-4.6 (I H, m), 7.1 - 7.6 (SH, m) . 
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The above alcoho l was ace tylated by a usua l procedure (AczO/pyr id ine, cata lytic 

DMAP). Purification by colum n chromatography (e luent: ethyl acetate/hexane= 1/20) gave the 

corresponding acetate in q uant itati ve yie ld. I H NMR (CC I4, 60 MHz) 1.8 (3 H, d, J = 2) , 2.0 

(3 H, s), 3.2 (2H, d, J = 7), 5.3-5.6 ( I H, m), 7. 1-7.5 (S H, m). 

A st irred mixture of the ace tate (2.00 g, 8.5 mmol) and Lindlar catalyst (I 00 mg) in 

EtOH (50 ml ) was exposed to hydrogen gas a t 9 .7 atm for 3 days. Filtrati on o f the mixtu re, 

followed by evaporati on of the solvent, gave the c ru de oil. Purifi cati on by means o f column 

chromatography (e ther/hexane= 1/20) afforded Ill -lj (0.67 g, 33% yie ld). I H NMR (CDCI3, 

400 MHz) 1.65 (3H, dd , J = 2, 7), 1.97 (3 H, s), 3.01 ( I H, dd , J = 6, 14), 3.22 ( I H, dd , J = 7, 14). 

5.39 ( I H, ddt J = 9, I I , 2), 5.6-5.8 (2 H, m), 7.2-7.4 (S H, m); IR (neat) 1740, 1240. Found: C. 

66.07; H, 6.90%. Calcd for C13H t60 zS : C, 66.07; H, 6.82%. 

(Z)-4-Acetoxy-1-phenylthio-2 -pentene (111-lk) . To a so lu tion of phenyl propargy l 

sul fide (2.00 g, 13.5 mmol) and TM EDA ( 1.5 ml , IS mmol) in TH F (25 ml) was added a hexane 

so lution o f n- BuLi ( 1.62 mol J· l , 10.0 ml, 16.2 mmol) at -78°C. The res ulting dark brown 

so lution was stirred fo r IS min at that tempe rature, then a TH F (3 ml) so lution of ace taldehyde 

(0 .62 g, 14. 1 mmol) was added to the solution. After be ing sti rred fo r IS min , a TH F (3 ml ) 

solution of ace tyl chloride ( 1.44 g, 18.3 mmol) was added, and the mi xture was stirred ove rnight 

at room temperature. Us ual aqueous workup, fo llowed by co lumn chro matography (e luent : 

ethyl acetate/hexane= 1/20), gave 4-ace toxy- 1-phenylthi o-2- pentyne ( 1. 80 g, 57% yie ld). I H 

MR (CCI4, 60 MHz) 1.4 (3 H, d, J = 7), 2.0 (3 H, s), 3.6 (2 H, broad s). 5.4 ( I H, broad q), 

7.2-7 .6 (SH , m). 

A stirred mi xture o f the above alkyne (2.00 g, 8.5 mmol) and Lindlar catalyst ( 100 mg) 

in 70 ml o f EtOH was ex posed to hydroge n gas at 9.7 atm fo r 5 days. Filtrati on o f the mi xture, 

fo llowed by evaporati on of the solvent , gave the c rude oil. Purificati o n by means of co lumn 

chromatography (e ther/hexane= 1/20) afforded lll-lk (0. 87 g, 43% yield ). I H NMR (CDCI3, 

400 MHz) 1.1 0 (3H, d, J = 6), 2 .00 (3 H, s), 3.55 ( I H, ddd, J = I, 7, 13), 3.76 ( I H, ddd, J = I, 9, 

13), 5.43 ( IH , ddtJ = 9, 10, 1), 5.49 ( IH , dq , J= 9, 6), 5.62 ( IH , ddd , J =7, 9, 10), 7. 1-7.4 (SH, 

m); IR (neat) 1735, 1250. Found: C, 66 .1 3; H, 6.72%. Calcd for C13 Ht 60 zS: C, 66.07; H, 

6.82%. 

44 



--
(E)-4-Acetoxy-1-phenylthio-2-pentene (III-II). An ethe rea l so luti on of McLi ( 1.06 

mol I-t, 9.0 ml, 9.5 mmol) was dil uted with 10 ml ofTHF, and the solut ion was cooled to 0°C. 

Then, a THF (5 ml) solution of 4-(phenylth io)crotonaldehyde 19 ( 1.60 g, 9.0 mmol) was added to 

the above partially-solidified so lution. The react ion mixture was allowed to warm up to room 

temperature, stirred for I 0 min , and poured into ice-water ( I 00 ml). The organ ic layer was 

was hed success ively with saturated aq ueous NH4CI, water, and brine. After the organic layer 

was dried over Na2S04, the solve nt was evaporated. Column chromatography (e luent : ethyl 

acetate/hexane= 1/5) was performed to remove less polar by-products. Then, the crude product 

obtained upon concentration of the fractions conta ining the main product was acety la ted 

according to a usual procedure (Ac20/pyridi ne, catalyti c DMAP) to give 1.27 g (60% yie ld ) of 

III-11 after purification by column chromatography (e luent: ethyl ace tate/hexane= 1/20). IH 

NMR (CDCI3, 400 MHz) 1.19 (3H, d, J = 6), 2.00 (3 H, s), 3.49 (2 H, d, J = 7), 5.26 ( I H, dq J = 

6, 6) , 5.48 ( IH, ddt, J = 6, IS, 1), 5.73 ( IH , ddt, J = I, 15, 7), 7. 1-7.4 (S H, m); IR (neat) 1740, 

1240, 955. Found: m/z 236.0845. Calcd for C13H 1602S: M, 236.0871. 

Allylic acetate IJI-le was synthes ized in a similar manner. 

4-Acetoxy-2-methy l-1 -pheny lt hio-2-pentene (111-le). 55% yield (ca. I: I mi xtu re of 

diastereomers); I H NMR (CCI4, 60 MH z) 1.1 (3 H, d, J = 6), 1.8 (3 H, s), 1.9 (3H, s), 3.4 (2 H, s). 

5.0-5 .6 (2H, m), 7.1-7.5 (S H, m); JR (neat) 1735, 1245 . Found: m/z 250.1041. Calcd for 

Ct4H1s02S: M, 250.1027. 

(E) -2,2-Dimethyl-5-phenylth iomethyl-6-octen-3-one (a-111-3) and 2,2,5-Trimethyl-8-

phenylth io-6-octen-3-one (y- III -3) . To a so lution of Ill-la (0.4 1 mmol) and I II-2a (0.50 

mmol ) in CH2CI2 (4 ml ) was added a CH2C1 2 solution of TMSOTf ( 1.0 mol J·l, 0.05 ml , 0.05 

mmol) at -78°C. Then, the cooling bath was remo ved, and the mi xtu re was stirred for 2 h. After 

addition of saturated aqueous NaHC03 (8 ml), the organic mate ria ls were ex tracted with CH2C12 

(3 x 5 ml ). The extracts were combined and then dried over Na2S04, and the so lvent was 

evaporated. Purification by preparati ve TLC gave III -3 as an inseparable mixture of 

regioisomers. IR (neat) 1700, 1475, 960, 735, and 690. Found: C, 73.88; H, 8.78%. Calcd for 

C17H240S: C, 73.86; H, 8.75%. IH NMR (CDCI3, 400 MHz) for a-III-3 1.1 8 (9H, s), 1.71 

(3H, dd, J = 2,6), 2.69 (I H, dd, J = 7, 17), 2.81 (I H, dd , J = 6, 17), 3.0 (I H, m), 3.04 (2H, d, J = 
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7), 5.40 (lH, ddq, J = 8, 15, 2), 5.56 ( IH , dq, J = 6, 15), 7.1 -7.4 (5 H, m); for y-111-3 (on ly 

distinguishable peaks were recorded) 0.97 (3H. d, J = 7), 1.1 6 (9H, s), 2.42 (I H, d, J = 7), 3.55 

(2H, d, J = 6). 

In a s imilar manner, other products III-4- 15 and III-17 were obtai ned. The rati o of 

regioisomers was determined by means of glc or I H NMR. 

(E)-2,4,4-Trimethyl-5-phenylthiomethyl-6-octen-3-one (a- III-4) and (E)-2,4,4,5-

Tetramethyl-8-phenylthio-6-octen-3-one (y-111-4). IR (neat) 1690, 1460, 725, 680. Found: 

m/z 290.1665. Calcd for C 1sH260S: M, 290.1704. I H NMR (CDCI3, 400 MH z) for a- III-4 

0.99 (3H, d, J = 7), 1.01 (3H, d, J = 7), 1.09 (3H , s), 1.10 (3H, s), 1.70 (3H, dd, J = 2, 7). 2.57 

( IH , ddd , J = 3, 10, II ), 2.76 ( IH, dd,J = II , 12), 2.82 ( IH , dd, J =3, 12), 3.04 ( IH,quinte t,J= 

7), 5.18 (I H, ddq , J = 9, 15 , 2), 5.53 ( I H, ddq, J = I, 15, 7), 7. 1-7.3 (5 H, m); for y- III-4 0.78 

(3H, d, J = 7), 0.90 (3H, s), 0.92 (3H, s), 2.48 ( I H, dq , J = 7, 7), 3.51 (2 H, dq like, J = 7, I), 5.36 

( IH, ddt, J=8, 15 , 1). 

(E)-2,4,4-Trimethyl-5-methylth iomethyl-6-octen-3-one (a- III-5 ) and 2,4 ,4,5-

Tetramethyl-8-methylthio-6-octen-3-one (y-111-5) . IR (neat) 1705, 970. Found : m/: 

228 .1563. Calcd for C 13 H240S: M, 228.1548. I H NMR (CDCI3, 400 MH z) for a -Ill-S 1.03 

(3H, d, J = 7), 1.05 (3H, d, J = 7), 1.07 (3 H, s), 1.09 (3 H, s), 1. 72 (3 H, dd, J = I, 6), 2.05 (3 H, s). 

2.33 (2H, d, J = 7), 2.56 ( IH , dt , J =9 , 7) , 3.09 ( IH, dq, J = 7, 7), 5. 18 ( IH , ddq , J = 9, 15 , 1). 

5.56 (I H, ddq, J = I, 15, 6); for y-III-5 0.90 (3H, d, J = 7), 2.04 (3 H, s). 

2,2,5,7-Tetramethyl-8-phenylthio-6-octen-3-one (y-111-6). I : I mixture of 

diastereomers; tH NMR (CCI4, 60 MH z) 0.8 (3H, two doublets, J = 7), 1.1 (9 H, s), 1.8 (3 H, s). 

2.2 (2 H, d, J = 7), 2.3 ( I H, m), 3.4- 3.7 (2H, m), 4 .8-5 .1 ( I H, m), 7. 1- 7.5 (5 H, m); IR (neat) 

1710,740, 690. Found: m/z 290.17 17. Calcd for CtsH260S: M, 290.1705. 

2,2,7-Trimethyl-5-phenylthiomethyl-6-octen-3-one (a-111-7) . t H NMR (CCI4, 60 

MHz) 1.1 (9H, s), 1.6 (3H, s), 1.7 (3 H, s), 2.4-3.2 (5H, m), 4 .8-5.1 (I H, m), 7.1 - 7.5 (5 H, m); IR 

(neat) 1710, 1480,735,690. Found: m/z 290.1703. Calcd forC,gH260S: M, 290.1705. 

(E)-2-Methyl-5-phenylthio-1,3-pentadiene (111-8). I H NMR (CCI4, 60 MHz) 1.8 

(3H, s), 3.6 (2H, d, J = 7), 4.9 (2H, broad s), 5.4- 5.9 (I H, m), 6.2 (I H, d, J = 16), 7.1-7.5 (5H, 
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m); IR (neat) 1480, 1440,965,740,690. Found: m/: 190.0780. Calcd for C12H14S: M. 

190.0816. 

(£)-2-{ 1-Phenylthiometh yl-2-bu teny l)cyclohexa none (a- III -9) and 2-(2-Methyl-4-

phenylthio-2-butenyl)cycl ohexanone (y-III-9). IR (neat) 17 10, 970, 740, 695. Found: C, 

74.11; H, 8.02%. Calcd for C17H220S: C, 74.40; H, 8.08%. IH NMR (CDCI 3, 400 MHz) for 

a-111-9 (a mixture of two diastereomcrs which are tentatively named as aA and aB, and the 

assignment of every separated peak for each diastereomer is arbitrary) 1.65 (3 H for aA, dd , J = 

I, another J value is missi ng because of the overlapping of the signal), 1.66 (3H for aB, dd, J = 

2, another J value is missi ng because of the overlapp ing of I he signal), 1.4-2.0 (6H, m), 2.2-2.8 

(4H, m), 2.96 (1 H for aA, dd, J = 7, 13), 2.99 (I H for aB, dd, J = 8, 13), 3.02 (I H for aA, dd, J 

= 6, 13), 3.22 ( I H for aB, dd, J = 6, 13), 5.24 (I H for aA, ddq, J = 8, I 5, 2), 5.4-5.6 (I H for aA 

and 2H fo r aB, m), 7.1-7.4 (5H, m); for y- III-9 (yA and yB, tentative ly) 0.89 (3H for yA, d, J = 

7), 0.90 (3H for yB, d, J = 7), 3.48 (2H for yA, d, J = 6), 3.50 (2H for yB, d, J = 5). 

Methyl (£)-2,2-dim ethyl-3-ph enylthiomethyl-4-h exenoate (a- III-10) and Meth yl 

(£)-2,2,3-trimethyl-6-ph enylthi o-4-h exenoa te (y-III-10) . IR (neat) 1730, 1480,970,760, 

690. Found: C, 68.99; H, 7.96%. Calcd for C16H2202S : C, 69 .02; H, 7.96%. IH NMR 

(CDCI3, 400 MHz) for a-III-10 1. 12 (3 H, s), 1. 13 (3H, s), 1.70 (3 H, dd , J = 2, 6), 2.51 ( I H, ddd , 

}=3, II, 11 ),2.76(1H,dd,J= II , 12), 2.96(1H,dd,J=3, 12),3.6 1 (3H,s),5. 17( 1H,ddq, J= 

8, 15, 2), 5.52 ( IH , dd,J= 15, 7), 7. 1-7.3 (5H, m); fory- lll-10 0.84 (3H, d,J = 7), 0.97 (3H, s). 

0.97 (3H, s), 2.42 ( I H, dq, J = 7, 7), 3.50 (2H, d, J = 7), 3.65 (3 H, s), 5.38 ( I H, ddt , J = 9, 15, I). 

(£)-4-Phenylthiomethyl-1 ,5-heptad iene ( a- III-11 ) and 4-Methyl-7 -phenylthio-1,5-

heptadiene (y-III-11 ). IR (neat) 1640, 1485,965,9 15,740,690. Fou nd: m/z 218. 11 46. 

Calcd fo r C14H 1sS: M, 218.1129. I H NMR (CDCI3, 400 MHz) for a -III -11 1.66 (3 H, dd. J = 

2, 6), 2.1-2.4 (3H, m), 2.88 ( I H, dd, J = 7, 13), 2.94 (I H, dd , J = 6, 13), 4.9- 5. 1 (2H, m), 5.30 

( I H, ddq, J = 8, 15, 2), 5.47 (I H, ddq, J = I, 15, 6), 5.7-5.8 (I H, m), 7.1 -7.4 (5H, m); for y- III-

11 0.91 (3H, d, J = 7), 3.57 (2H, d, J = 7). 

(£)-6-Phenyl-4-phenylthiomethyl-5-h exen-2-one (a-III-12) and (£) -4-Phenyl-7-

phenylth io-5-hepten-2-one (y-111 -12) . IR (neat) 1715, 1360, 965, 745, 690. Found: m/2 

296.1255. Calcd for C19 H2oOS: M, 296. 1275. I H NMR (CDCI3, 400 MHz) for a-111-12 2.08 
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(3H, s), 2.6 1 (lH, dd, J = 7, 17), 2.84 (lH , dd , J = 5, 17), 3.0-3 .1 (3H, m), 6.09 ( lH , dd , .I = 7, 

16), 6.41 ( 1 H, d, J = 16), 7.1 - 7.4 ( 1 OH, m); for y- III-12 2.00 (3H, s), 2.71 (2H, d, J = 7), 3.46 

(2H, d like, J = 7), 3.83 (I H, q like, J = 7), 5.46 ( I H, dt, J = 15, 7), 5.61 (I H, dd, J = 7, 15). 

(E)-2,2-Dimethyl-7-phenyl-5-phenylthiomethyl-6-hepten-3-one (a.-13) and (E) -2,2-

Dimethyl--5-phenyl-8-phenylthio-6-octen-3-one (y-111-13). IR (neat) 1710, 1480, 970, 750, 

695. Found: m/z 338 .1 683. Calcd for C22H260S: M, 338. 1704. I H NMR (CDCl3, 400 MHz) 

for a.- III-13 1.21 (9H, s), 2.84 (I H, dd, J = 7, 18), 2.95 ( IH , dd, J = 5, 18), 3.2 (3H , m) , 6.20 

(IH, dd,J= 8, 16),6.50 (I H, d,J= 16), 7.2- 7.4 (IOH, m); fory-111-13 1.1 0 (9H, s) , 3.58 (2H , d, 

J = 7), 4.02 (IH, qm, J = 7), 5.58 ( lH , ddt , J = 1, 7, 15), 5.74 ( I H, ddt , .I = 1, 7, 15); MS fo r a.

Ill-13 228 (M-PhSH+, 15), 17 1 ( II ), 142 ( 15), 129 (29) , 128 (49) , 123 (PhSCH2+, 15), 85 (23) , 

57 (100), fory-III -13 229 (M-PhS+, 27), 228 (10), 129 (42), 128 (25) , 85 (52), 57 ( 100). 

(E)-2,2-Dimethyl-5-[1-(phenylthio)ethyl]-6-octen-3-one (a.-Ill-14). I H NMR (CCl4, 

60 MHz) 1.1 (9H, s), I.D-1.5 (3 H, m), 1.7 (3 H, m), 2.5- 3.5 (4H , m), 5.3- 5.5 (2H, m), 7 .1 - 7.5 

(5 H, m); (CDCI3, 400 MHz) 1.09 (9 H, s), 1.1 2 (9 H, s), 1.63 (3 H, dd , J = 2, 6), 1.66 (3 H, dd , J = 

2, 6); !R (neat) 1710, 1480, 970, 750, 695; MS (identical for both diastereomers) 290 (M+, 2), 

190 (7), 137 (M-PhSCHC H3+, 100) , 57 (78) . Found: C, 74.70; H, 9.07 %. Ca lcd for 

C1sH260S: C, 74.43; H, 9.02%. 

3,3-Dimethyl-1-[( lR*, 6R*)-6-phenylthio-2-cyclohexenyl]-2- bu ta none (a.-III -15). 

IH NMR (CDCl3, 400 MH z) 1.14 (9 H, s), 1.7 ( 1 H, m), 2.D-2.2 (3 H, m), 2.55 ( 1 H, dd, J = 9, 

18), 2.7 (I H, m), 3.00 (I H, dd, J = 4, 18), 3.02 (I H, ddd, J = 3, 9, I 0, PhSCH), 5.45 (I H, dm, J 

= I 0), 5.7 ( I H, m), 7.3 (3 H, m), 7.4 (2H, m); IR (neat) 17 15, 1485, 1375, 745, 700. Found: m/z 

288. 1564. Calcd forC1sH240S: M, 288. 1548 . 

(E)-5-Bu tyl-2,2-dimethyl-6-octen-3-one (a.- III-17) and (E) -2 ,2,5-Trimethyl-6-

undecen-3-one (y-111-17). IR (neat) 1715, 975. Found: m/z 2 10.1996. Calcd for C 14H260: 

M, 210.1983. IH NMR (CDCI3, 400 MHz) for a.-III-17 0.8- 0.9 (3 H, m), 1.10 (9H, s), 1.2- 1.3 

(6H, m), 1.62 (3 H, dd, J = 2, 7), 2.3-2.5 (2 H, m), 2.5-2.6 ( I H, m), 5. 17 ( I H, ddq, J = 9, 15, 2), 

5.4 ( IH, m); for y-III -17 0.95 (3H, d, J = 7), 1.11 (9H, s), 1.9-2 .0 (2 H, m), 2.7-2.8 ( I H, m), 5.30 

(IH, dd, J = 7, 15). 
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Desulfurization of 111-13. To an EtOH (10 ml) so lution of 111-13 (258 mg, 0.76 

mmol; aJy = 92/8) was added an EtOH suspension of Raney Ni W-2 (ca. 5 g), and the mixture 

was heated to reflux for 4 h. Filtration, followed by evaporation and separation by preparative 

TLC, gave 135 mg (77% yield) of desulfurized product 111-24 as a 92/8 mixture of regioisomers. 

lR (neat) 1710, 970, 750, 690. Found: m/z 230.1679 . Calcd for Ct6Hzz0: M, 230. 1670. 1 H 

NMR (CDCI3, 400 MHz) for major isomer 1.08 (3H, d, I= 7), 1.12 (91-1, s), 2.50 ( I H, dd , .I= 7, 
' 

17), 2.60 (IH, dd , I= 6, 17), 2.9-3.0 ( IH, m), 6.13 (11-1, dd, I= 7, 16), 6.37 (IH, d, I= 17), 

7.2-7.4 (5H, m); for minor isomer 1.72 (3H, d, .I= 7), 5.4-5.6 (2H, m); MS for major isomer m/z 

(rei intensity) 230 (M+, 5), 173 ( II ), 131 (43), 91 (18) , 85 ( 12), 57 (I 00), for minor isomer m/z 

(rei intensity) 173 (20), 131 (72), 91 (21), 57 ( 100). 

(E)-4-[Acetoxy(phenylthio)methyl]-6-phenyl-5-hexen-2-one (111-25). To a CHzCI2 

(4 ml) solution oflll-12 (495 mg, 1.55 mmol; aJy= 9317) was added a CHzCiz (6 ml) solut ion 

of m-chloroperbenzoic acid (rn-CPBA) (83% purity, 326 mg, 1.57 mmol ) at · 78°C. The mixture 

was allowed to warm up gradually to room temperature and stirred for I h. Then, saturated 

aqueo us NaHC03 (5 ml) and NazS03 (2 ml) were added, and the organic materials were 

extracted with 5 ml of CHzCiz. The extracts were dried over NazS04. After evaporati on of the 

solvent, the crude oil was purified by means of column chromatography (eluent : ethy l 

acetate/hexane= 2/1) to afford 474 mg (9 1% yie ld) of the intermediate sulfoxide. IH NMR 

(CCI4, 60 MHz) 2.1 (3 x 0.51-1, s), 2.2 (3 x 0.51-1, s), 2.6- 3.6 (5 1-1 , m), 6.3-6.6 (21-1, m), 7.2- 7.8 

( IOH, m); IR (neat) 1715, 1360, 1040, 965,750, 690. 

The above sulfo xide (474 mg, 1.52 mmol ) was di sso lved in AczO ( 10 ml), and 

an hydrous NaOAc (0.47 g, 5.73 mmol) was added to the so lution. The mixture was refluxed for 

5 h. Evaporation of the so lvent , followed by column chromatography (e luent: eth yl 

acetate/hexane= 1/10), gave 111-25 ( 108 mg, 20% yield) as a mixture of diastereomers. 11-1 

NMR (CCI4, 60 MHz) 2.0 (3 x 0.51-1, s), 2.1 (3 x 0.51-1, s), 2.1 (3 x 0.51-1, s), 2.2 (3 x 0.51-1, s), 

2.5-2.9 (21-1, m), 3.1-3.5 (11-1, m), 5.8-6.8 (3H, m) , 7.1-7.6 (IOH, m); IR (neat) 1745, 1720, 

1220, 1020, 965, 750, 690. Found: m/z 294.1056. Calcd for Ct91-lts0S: M-AcOl-1, 294.1078. 

Theoretical calculations. Molecular orbital calculations were performed on HITAC 

M-880 by using MOPAC Ver. 6.01 with complete geometry optimization.20 
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CHAPTER IV. ANTI-SELECTIVE REA CTION OF a-SU LFENYL ACETALS 

WITH SILYLATED CARBON NUCLEOPHILES 

Summary: In the presence of a Lewis ac id, a-su i fenyl ace tals r V-I reacted with vari ous 

si lylated carbon nucleophiles IV-2 to give anti adducts (ami- IV-3) with high diastereoselectivity. 

The stereochemistry was on ly slightly affected by the reaction conditions, such as temperature, 

sol vent, and Lewis ac id. However, the structure of substrate IV-I and the kind of nucleoph ile 

IV-2 had considerable effect on the stereochemical course of the reaction. Almost exclusive ant i 

se lectivity was attained when I , 1-dimethoxy-2-(tert-butylthi o)propane (IV -I b) was used as a 

substrate, or when ketene si ly l acetal IV-2c was employed as a nucleophi le. The mechanism of 

this reaction is essentially SN2. although the SN I process participates to a various ex tent , 

depending on the structure of substrate IV-1. The usefulness of this anti -selec ti ve reaction was 

exemplified by the easy transformation of anti- IV-3o to syn thetical ly valuable all y lic alcohol a/1/i

IV-6 without any loss of stereochemica l information. The reac ti on of a-benzyloxy acetal IV-4 

wi th IV -2 was also investigated. It gave a syn-rich mi xture of diastereomers wit h lower 

se lectivity . 

1. Introduction 

The Lewis acid-promoted reac tion of acetals with nucleophi les is now one of the mos t 

common strategies for C-C bond formation; it has been widely investigated by using various types 

of nucleophiles and activators.! Concerning the stereochemica l aspect, the reac ti on of acyclic 

acetals with sily l enol ethers proceeds syn-selec ti ve ly, irrespecti ve of the nucleophile geometry. 

This se lec ti vity is rationalized by assuming an anti peri planar orientat ion of the nucleophile and an 

intermediate oxocarbenium ion2 For such an aldol-type reaction there is another interest regarding 

acycl ic stereoselection , i .e., asymmetric induction. From this point of view, the reaction of a

chiral aldehydes has been intensively studied both experimentaJJy3 and theoreti cally4 In contrast, 

the corresponding acetals have not been much explored. Regarding this matter, Heathcock and co

workers elegantly pointed out that the Cram-selec tivity of the reac tion of a-chiral thioacetals 
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increases proportionally wit h increas ing the steri c bulkiness of the alky lthi o group.' More 

recently, they sys tematica ll y in ves tigated the stereochemica l course of the reaction of a-chiral 

oxoacetal s, and arri ved at the same conclusion concern ing the size of the alkoxy group6 

On the other hand , for the reac tion of aldehydes, it is well-known that a heteroatom 

attached to the a-chiral pos ition affects the stereochemistry of the product (chelation/non-chelat ion 

control), and that in many cases the se lec tivity is very high7 Taking into account the above

mentioned fact, the reaction of a -heteroatom-substituted a-chiral acetals is of great interes t. 

Although there have been several studies concerning the reaction of such a substrate, only a few 

refer to the stereochemical co urse of the reaction . The reactions of I , 1-dimethoxy-2-

siloxypropane with a sily l enol etherS or a lithium ally lborate9 have been reported by two groups; 

in both cases, 1/ 1 mixtures of diastereomers are obtained . The reac tion of a -(Boc-amino)ace tal s 

wi th ally lsi lane gives the correspond ing adducts w ith very low se lec tivity (anti/syn ~ 2/1 ); when 

the acetal moiety is changed to a chiral one, the template effec t of the chiral ace tal moiety overrides 

the I ,2-asymmetric inducti on, indicating that the I ,2-asymmetric induction is scarcely rea li zed in 

the reaction. tO In contrast, excellen t stereose lectivity is attained in the reac ti on of a-

(s iloxy)dise lenoacetals. However, the substrate acts as a nucleophi lic species in thi s case; thi s 

reaction proceeds through a lithium-se lenium exchange and subsequent C-C bond formation. 11 

Thus, there is no example of highly efficient I ,2-asymmetric induction for the nucleophili c 

displacement of a-heteroatom-substituted a-chiral acetals. Concerning thi s matter, the author 

considered that if the neighboring group participation occurs toward the oxocarbenium ion. the 

se lectivity might increase due to the steri c demand of the intermedi ate epi sulfonium ion. 

Therefore, the reaction of a -sui fenyl acetal was attempted. 

2. Results and Discussion 

At first, the reaction of IY-la with pinacolone-derived si lyl enol ether IV -2a was carried 

out in dichloromethane at -78°C in the presence of tin( IV) chloride. The adduct was obtained in 

87% yield with a ratio of anti/syn = 87/13; good anti se lecti vi ty was observed. Encouraged by this 
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finding, the author optimized the reaction condi ti ons by us ing IY-Ia anci iY-2a . The results are 

give n in Table IV- I. 

PhS PhS PhS 

/yo Me 
Bu1 Lewis acid ~Bu' + ~Bu1 

+ =< OTMS - TMSOMe OMe 0 OMe 0 OMe 
!V-Ia IV-2a anti- lV- 3a syn- IV-3a 

Table IY-1. Reaction of !V-Ia and IV-2a under Various Conditions0 

Entry Lewis acid Solve nt TempfC Yield/% Anti /Syn 

SnCl4 CH2Cl2 -95 84 78/22 

2 -78 87 87/13 

-45 82 85/15 

4 -20 82 88/12 

5 0 71 86/14 

6 Toluene -78 61 89/11 

7 EtzO -78 to rt 0 

CH3CN -40 87 9317 

9 TiCI4 88 9218 

10 BF3·0Et2 80 92/8 

II TMSOTfb 85 91/9 

12 cat. TMSOTfb,c 92 92/8 
0 1.1 equiv. Lewis acid was added to a mixture of !V-Ia (1.0 equ iv.) and IV-2a (2.0 equiv.). 
b1.2 equ iv. IV-2a was used. cs mol% TMSOTf was used. 

The reaction was carried out at various tempera!Ures (Entri es 1-5) . The reaction proceeded 

very smoothly, even at -78°C; a TLC check after 5 min upon the addition of an activator indicated 

com pleti on of the reac tio n. The yie ld was somewhat lowe r at ooc because of a pa rti a l 

decomposition of the substrates. An unusual temperature effect for a I ,2-asymmet ri c induction 

was observed; the anti se lec tivity was almost identi ca l between -78°C and 0°C, and s lightl y 

lowered at -95°C. 

The solvent effect was also subtle (Entries 2, 6-8). The anti se lectivity was slightly better 

in acetonitrile than in the other solvents. When ether was used as a so lven t, the reaction did not 

proceed; the coordination of the so lvent might be so strong that the Lewis ac id could not activate 

the substrate. 
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I t is noteworthy that the nature of the Lewis ac id (acidity, chelati on abil i ty) scarcely 

affected the stereoselec ti vity (Entries 8- 12). 12 However, among the Lewis acids exam ined, 

TMSOTf was prac ti cally advantageous for thi s reac tion because: I ) the handl ing was easy in 

ace tonitrile (no complex formation), 2) onl y a cataly ti c amount was suffi cient,2" and 3) bo th the 

yield and selecti vi ty were slightly better. 

On the bas is of these observati ons the auther conc luded th at the optimum reac tion 

conditions were those of Entry 12 in Table IV- I ; aft erwards the reac tion was conducted under 

such conditions. 

The sulfenyl moiety ex hibited some influence upon the dias tereoselecti vi ty (Table IV-2). A 

very high anti se lectiv ity was attained for the reac ti on of substrate IV-lb having a tert-butylth io 

group; only one isomer could be detected by GC and t H NMR. With this substrate, however, an 

equimolar amount of TMSOTf was required, indi cating that a-(lert-buty lthi o)acetal is 

disadvantageous from the viewpoint of a catalytic reaction. 

RS RS RS 

/yOMe + 
Bu1 5 mol% TMSOTI 

~Bu1 ~Bu1 

=<OTMS 
+ 

OMe 
CH3CN 

OMe 0 OMe 0 
- TMSOMe 

IV - I IV-2 a anti- IV -3 syn- IV-3 

Table IV-2. Effect of Sulfenyl Grou p 
Entry Su bstrate R Product Yield/% An ti/Syn 

!V-Ia Ph IV-3a 92 92/8 

2 IY-!b 1Bu IV-3b 81° >99/1 

!V - Ic Et IV-3c 88 92/8 

4 IV-!d Me IV-3d 83 95/5 

a 1.1 equiv. TMSOTfwas used. 

In the nex t stage, the reacti ons of several substrates and nucleophiles were carried out in 

order to elucidate the generality of this reaction (Table IV-3). In mos t cases, the react ion 

proceeded with high anti se lec ti vity, although the se lec ti vity was dependent on the kind of 

nucleophile (Entries 1-4). Nucleophile IV-2c showed excellent diastereoselecti vity (Entries 3, 9); 

even with substrate IV-lh, which gave very low anti selectivity in the reac tion of IV-2a, only 
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one diaste reome r was detec table (compare Entries 8 and 9) . Moreove r, for the reacti on o f a.-

(methylthio)ace tals, the stereose lec ti vit y was marked ly depe ndent on the carbon framework of the 

acetals; the reac ti on of substra tes witho ut a branc h at the ~ pos itio n proceeded with hi gh anti 

se lec tivity (an ti /syn ;:: 9/ 1; Entries I , 5, 6), whereas the se lecti vity fo r s ubstrates hav ing a branch at 

that position was much lowe r (anti /syn = 6/4; Entri es 7, 8) .13 

R2S R2S R2S 

R'~OMe 
5 mol% TMSOTI 

1~Nu R' )yNu + R3Si-Nu 
R ' 

+ 

CH3CN 
OMe OMe OMe 

- R3Si0Me 
anti- t V-3 syn- lV -3 

tV - 1 IV-2 

OTMS 

Ph )=<OMe ~TMS 6 =<OTBS OTMS 

I V-2b tV - 2c tV - 2d I V-2e 

Table IY-3. Reaction of Various et-S ul fe nyl Acetals with Silylated Carbon Nucleophiles 

Entry Substrate Ri R2 Nucleophile Product Yield/% Anti /Sy n 

I IV-Jd Me Me I V-2a I V-3d 83 95/5 

2 I V-2b I V-3c 87 94/6 

IV- 2c IV- 3 f 88 >99/1 

4 IV-2d IV-3 g 57 75/25 

5 lY-le Et IV -2a IV -3 h 78 98/2 

6 IV-lf Bn I V-3 i 86 90/ 10 

IV-J g Ph I V-3j 80 59/4 1 

IY - Ih ipr IV -3 k 58 59/4 1 

9 IV-2c I V-3 1 83 >99/1 

tO I V-lb Me 1Bu I V-2a 1V-3b 8 1° >99/1 

tt IV -2d IV -3m 35" 97/3 

12 I V-Ii Bu Me I V-3 n 66 88/ 12 

13 IV-lj (£)-MeCH;CH- Ph 1V-2a I V-3o 89 87!1 3 

14 IV-Ia Me Ph 1V-2c I V-3p 93 78/22h 

a l.l equiv. TMSOTf was used. bFour dias tereomers were obtained in a rat io of 57: 17:2 1 :5. On the basis of the 
diastereomer ratio, simple diastereose lection was es timated to be syn/anti = 74/26. The main product was 
(2R*, I 'R* ,2'5*)-2-( 1-methoxy-2-phenylthiopropyl)cyclohexanone. 

In o rder to clarify the effect of the o.-sulfenyl group on s imple diaste reose lec tion in the 

aldol reaction of the acetals, the reaction of IY-la with IY-2e was ca rried out (Entry 14 and 

footnote b in Table IV -3). As a result, the simple dias te reoselection was 3/ 1 for syn/anti, which is 
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much lower than that of the TMSOTf-promoted reac tion of 1, 1-dimcthoxy-2-mcthylpropanc. an 

a-branched achiral acetal , with IV -2e (6/1 for sy n/anti).2a This result indi cates that a-sulfeny l 

acetals are less favorable for simple diastereoselection than are achiral acetals. 

Heathcock's group6 and Denmark's group t2 have independentl y reported that when 

methoxy groups of acetals are changed to bulkier isopropoxy groups, the stereochemical result of 

the reaction changes dramatically. In contrast, the reaction o f 1, 1-di isopropoxy-2-

(phenylthio)propane (IV-lk), an i sopropoxy analog of IV-la , with IV-2a gave the 

corresponding adduct with a ratio of anti/syn = 93/7, which is al most the same as that for the 

reaction of IV-la with IV-2a (anti /syn = 92/8). 

For the present reaction, several reaction paths are cons idered to be possible, as depicted in 

Scheme IV -I. 

The Lewis acid can coordinate to either of the two alkoxy groups of the acetal moie ty. 

However, the di ssociation of C-0 bond would take place more easil y when the L ewis acid 

coordinates to the alkoxy group an ti peri planar to the C-S bond, because of the hyperconjugati ve 

effect of the C-S bond.t 4 Among the confonners of the complex, conformer A is more favorable, 

taking into account the steric repul sion. As a result, the nucleophilic attack occurs toward the 

acetal center (path A) to lead the preferential formation of the anti isomer. 

On the other hand, the epi sulfonium ion B can be formed by a neighboring group 

participation of the sulfenyl group1 5 When a nucleophilic attack occurs on B directly, the syn 

isomer is obtained (path B). Moreover, oxocarbenium ion C can poss ibl y be formed by a further 

transformation of B; the stereochemistry is determined by the Felkin-Anh model of two poss ible 

conformers, D and E, which give the anti and syn adducts, respectively. Due to the electronic 

effect of the sulfenyl group, conformer D is considered to be preferable; the anti isomer becomes 

the main product (path C). 

Thus, the observed anti selectivity would be explained by either path A (SN2 mechanism) 

or path C (SN I mechanism). 

As described above, the stereoselectivity of the reaction of IV-la with IV-2a was hardly 

affected by the reaction conditions such as the temperature and the solvent. This fact is in sharp 
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contras t w ith the resul! concerning the reac ti on of a-chiral 1, 1-d imethoxy-2-pheny lpropane 

w ithiV-2a (hi gher selecti vi ty is achieved at a lower temperature in a more polar solvent), wh ich 

proceeds through SNI in acetoni tri le.6 M oreover, another featu re o f the reacti on of IV-J a with 

IV -2a is that the stereochemica l resul! of the reacti on promoted by a weak Lewis ac id, TMSOTf, 

was almost identical w ith those promoted by stronger Lewis ac ids, such as BF3·0E12 and SnCI4. 

indicating that the C-C bond formation occurs as soon as a complex is formed be tween IV-la and 

the Lewis ac id.16 These remarkabl e features o f the reac tion of IV-la wi ih IV-2a sirongly 

indicate that the present reaction proceeds th rough essentially SN2. 

The res ul t concerning substrate IV-lb, hav ing a tert-buty l!h io group, supports th is SN2 

mechani sm, since its very high selec ti vity can be consistently explai ned as follows: T here is a 

severe steric repulsion betweentert-buty lthio and the methoxy group in the episulfonium ion B to 

seri ously depress the formation of such an ion; the reaction proceeds through onl y path A to give 

the anti isomer se lecti vely. 

H 
1
BuSytyR' 

Meo?oMe 
H : 

The low diastereose lecti vity for the reaction of substrates hav ing a ~-branc hed alky l group. 

IV-lg and IV - l h , i s, however, unable to be explained by the SN2 mechani sm. For these 

substrates, the contribution of path B and/or path D must be considered; the steri c interac tion 

between branched Rl and a methoxy group becomes larger in conformation A , thus prompting the 

formation of the episulfonium ion B in order to release such an interaction. 

The rather abnormal temperature effec t in thi s reaction can also be consistently explained 

by this reaction scheme. The intramolecular formation of the episulfonium ion would be faster 
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than an intermolecu lar substi tu tion reac tion at a lower temperature due to a favorable entropy 

factor. Since the ionic spec ies reacts more easily than does the non-ionic one, the contribut ion of 

path B might become larger at -95°C. 

Concerning the quite hi gh anti se lecti vity observed for the reaction of nucleophile IV-2c, 

even with a ~-branch ed a-sul fenyl acetal, the steri c repul sion be tween the nucleophile and 

electrophile may play an important role. A molecular model study revea led that there is a 

substantial repulsive interac tion between IV -2c and the episul fonium ion B; the contri bution of 

path B might be repressed. Subsequently, the reaction occurs via path A and/or path C to give the 

anti adducts selecti ve ly. 17 

--

Substrate IV-11 behaved in an entirely different manner compared to the other substrates 

(Table IV-4); the reason for the exceptional behav ior is not clear. However, in the case ofiV-11. 

the reac ti on may proceed via path D; the contri bution of the path is consistent wi th the res ult 

reported by Otera and co-workers. in which the formation of the same oxocarbe nium ion is 

proposed. 18 

PhS PhS PhS 
5 mol% TMSOTf 

~Nu JyNu ~OMe + TMS-Nu Ph 
Ph CH3CN Ph ' 

OMe OMe OMe 
- TMSOMe 

IV-II lV- 2 anti- IV -3 syn- 1 V -3 

Table JV-4. Reaction o f a-Su lfe nyl Ace tal IV -II w ith S il y lated Carbon Nuc leophiles 

Entry Nuc leophile Product Yield/% A nti /Syn 

JV-2a IV-3r 80 21n9 

2a 93 42/58 

IV-2c IY-3s 92 65/35 

4 JV-2d IY-31 83 14/86 

aThe reac tion was performed with 1.1 equi v. TiC I4 in CHzC iz at -78"C. 
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There have been on ly a few reports concerning the reaction of acycl ic a-oxygenated 

acetals .8,9,11 However, the stereocontrol of the vicinal dioxy function is very important in 

synthetic organic chem istry . From this point of view, the reaction of a-benzyloxy acetal IV-.t 

was carri ed out in order to compare it wit h that of the a-su lfenyl seri es (Table IY-5). In this case. 

a syn preference was observed, irrespective of the kind of nucleophile, though the se lectiv ity was 

not as sati sfac tory as in the a-su lfenyl case.l9 In addition, when IV-4 was allowed to react with 

IV -2a in CHzCiz, a complex mixture was obtained. These facts indicate that the reaction involves 

a labile ionic intermediate, namely, an oxocarbenium ion. The observed syn preference, however, 

is quite different from the stereochemical course of the reaction of the corresponding aldehyde 

under non-chelation control. Although this reaction was not in vestigated in detail, the counter 

anion might play an important role. 20 

BnO 5 mol% TMSOTf 

~OMe + TMS-Nu 
CH3CN 

OMe 
- TMSOMe 

IY -4 IV-2 

Table IY-5. Reaction of u-Benzyloxy Acetal IV-~ 

Entry Nucleophile TempfC Product 

2 

IY-2a 

IV-2c 

IV-2d 

-40 to -t5 

-40 tort 

-40 ton 

IY-Sa 

IV-Sb 

IV-Sc 

BnO BnO 

~Nu ~Nu 
OMe OMe 

anti- IV -5 Jyn- IV -5 

YielcV% Anti/Syn 

86 23m 
56 40/60 

55 37/63 

The above-mentioned fact manifests the unique electronic effect of the sul fur atom on the 

stereoselecti ve aldol reaction of a-sulfenyl aceta is. From a synthetic point of view it is important 

to remove the sulfenyl group w ithout any loss of stereochemical information, since most of the 

synthetically interesting targets do not contain such a functional group. Concerning this matter, 

anli-IV -3o was successfully converted via a su lfoxide-su lfenate rearrangement to anti-IV -6, 

which should be a valuable precursor for a stereocontrolled, hi ghly oxygenated carbon chain2 1 

This example emphasizes the synthetic usefulness of the present diastereoselective reaction of a-

sulfenyl acetals. 
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PhS OH 

~Bu1 

OMe 0 

1) m-CPBA 
~Bu1 

OMe 0 

\ 
47 % 

I 
PhS(O) 

~Bu1 

OMe 0 

3. Determination of Relative Stereochemistry of Products 

X-ray crystallographic analyses were perfonned in order to establish the structures of the 

following compounds: the major isomer of IV-3o , the main isomer of IV-3p , sulfone IV-7 

derived from IV-3f, sulfone IV-8 derived from major isomer of IV-3r , and ester IV-10 derived 

from the major isomer of IV -9 (Scheme IV -2).17 

IV-3f 

1) LAH 
2) 3,S-(N02)2CsH3COCI 

DMAP, pyridine 

3) 1BuOOH 

N02 

0oftNO, 
cat. VO(acac)2 

Major isomer of IV -3r 

PhS 

Ph~H + IV-2c 

0 

OX ONE 

OMe 0 
IV -7 

S02Ph 

Ph~Bu' 
OMe 0 

IV-8 

PhS 

Ph~OMe 
OH 0 

IV-9 

NaH, Mel 

(9/1 mixture of diastereomers) N0
2 

Phi v 
Ph'YYOMe 

OMe 0 

IV-3s 

Major isomer of IV-9 1) LAH p:u,, 0 6 N02 
2) 3,5-(N02)2C6H3COCI, ~ 

pyridine OH 0 
IV-10 

Scheme IV-2 



Compound IV-9 was methylated (NaH/Me l) to give IV-3s as a 9/ 1 mixture of diastereomers . 

The major isomer of the thus-obtai ned IV-3s was proved to be the same as the major isomer of 

IV -11 -derived IV -3s. The stereochemistry of IV -3n was assured by a comparison of its I H 

NMR spec trum with that of the authenti c anti -ri ch mixture (97/3), whi ch was obta ined by 

methylation (NaH/Mel) of the correspond ing alcoho J. I3 Compounds IV -Sa-c were ana lyzed in 

the same way using authenti c syn-rich isomers. To obtain authen ti c IV-Sa, a ca reful methylation 

procedure was carri ed out through a reductio n (B H3)- monomethylation-oxidation (PCC) 

sequence.6 

Product IV-3t is a known compound;t8 its stereochemistry was determined by the tH 

NMR spectrum. 

The stereochemistri es of the other compounds having a sulfenyl group were con finned on 

the bas is of a correlation of the I H NMR chemical shifts of se lected peaks (t-Bu, MeO, MeS); in 

the case that such a comparison was not avai lable, it was assumed that the reac ti on proceeded 

through an analogous mechanism. 

4 . Experimental 

General infonnation is same as that of Experimental in Chapter II. 

Nucleoph iles IV-2a-c and I V-2e were syn thes ized according to a method described in 

the Iiterature.22 Allylsi lane IV-2d was purchased from Shin-etsu Si li cone. 

1,1- Dim ethoxy -2- ( ph enylth io ) propan e (IV -Ia) , I, 1- Dim et h oxy -2-(le rt

butylthio)propane (IV-lb) , and 1,1-Dimethoxy-2-(ethylthio)propane (IV-1c). To a 

flask containing 53.27 g (0.45 mol) of pyruvaldehyde di meth yl acetal (ava il able from Ald ri ch) in 

EtOH (200 mL) was added 8.53 g (0 .23 mol) of NaBH4 by ponions over a period of I 5 min at 

0°C. The reac tion mixture was allowed to warm up to rt and was then stirred for 6 h. Ace tone 

was added by portions until no more exothennic reaction occurred. The mixture was concentrated 

by a rotary evaporator and a 3 M HCI so lution was carefull y added to the whi te syrupy residue 

until the solution became homogeneous. The water solution was ex tracted thoroughl y with EtOAc 

(5 x 50 mL), and the combined organ ic layers were dried over MgS0 4. Concentration followed 

by di stillation gave 30.09 g (56%) of I, 1-dimethoxy-2-propanol: bp 64-66°C/35mmHg [lit. 23 62-

670C/30mmHg]. IH NMR spectrum was identical with that reported in literature23 
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The alcohol thus obtained was mesylated according to the method in literaturc:24 9 1% 

yield; bp 105- 111 °C/ I mmHg; I H NMR (CCI4, 60 MHz) 1.4 (d, 3H, J = 6, C/13CH), 2.9 (s, 3H. 

CH3S02) , 3.4 (s, 6H, CH30), 4.3 (d, I H, J = 6, (Me0)2CH), 4.3-4.9 (m, I H, MeCH). 

To a stirred solution of sodium thiolate ( 15 mmol ) in EtOH (I 0 mL) was added an EtOH (2 

mL) so luti on of the mesylate ( 15 mmol) , and the mixture was reflux ed fo r I 0 h. Upon 

progress ing the reaction , dense whi te masses prec ipitated. To the reac tion mixture were added 

hexane (30 mL) and water (30 mL), and the two layers were separated. The organic layer was 

washed with I M NaOH solution (2 x I 0 mL), dri ed over NazS04, and concentrated to give the 

crude materi al. Purification as described below afforded the a-s ul feny l ace tal. 

IV-la: 81 % yield; column chromatography (EtOAc/hexane = 1/30): IH NMR (CCI4, 60 MHz) 

1.2 (d, 3H, J = 7, CH 3CH), 3.2-3.3 (m, I H, MeCH), 3.3 (s, 3H, CH 30 ), 3.4 (s, 3H, Cl-1}0). 

4.6 (d, IH, J = 6, (Me0)2CH), 7. 1- 7.6 (m, 5H , phenyl) ;l 3C- NMR (CDC I3-C H3CN) 15.9, 

45.9, 55. 1, 55 .5, 107.3, 127.0, 129.0, 132.1 , 135 .0; IR (neat) 1585, 1480, 1440, 11 40, 1070. 

750, 695; MS 212 (M+, 48), 18 1 ( 17), 149 (37), 137 ( II ), 109 (26), 75 ( 100), 47 (23) : HRMS 

calcd forC11H1602S 212.0871, found 212.0849. 

IV-1b: 40% yie ld ; Kugelrohr distill ati on; bp II 0°C (o t)/ 1 mmHg; Purity >99% by GC analys is; 

1H NMR (CCI4, 60 MHz) 1.2 (d, 3H, J = 7, CH3CH), 1.3 (s, 9H, (CH3)3C), 2.5-3 .0 (m, I H. 

MeCH ), 3.4 (s, 6H, CH30), 4.2 (d, IH , J = 5, (MeO)zCH ); HRMS calcd for C9H2oOzS 

192.11 84, found 192 .11 59. 

IV -1c: 36% yie ld; bp 43°C/ I mmH g; Purity >99% by GC analys is; I H NMR (CCI4. 60 MHz) 

1.2 (t, 6H , J = 7, CH 3CH 2 overlapping CH3CH), 2.7 (pse udo quintel , 3H, J = 8, MeCH z 

overlapping MeCH), 3.3 (s, 3H, CH 30 ), 3.4 (s, 3H, CH 30 ), 4.2 (d. I H. J = 6, (MeO)zCH ): 

HRMS calcd for C7H1602S 164.0871, fo und 164.0864. 

1,1-Dimethoxy-2-(methylthio)propane (IV-1d) . The a-s ulfenyl acetal was 

prepared under the phase transfer conditions25 by using the above-mentioned mesylate and 

commercially available 15% aqueous so lution of sodium methanethiolate in the presence of 10 

mol% tributylhexadecylphosphonium bromide: 31 % yie ld; bp 46-47"C/6 mmHg; purity >99% by 

GC analysis; IH NMR (CCI4, 60 MHz) 1.2 (d, 3H, J = 7, C/-/ 3CH), 2. 1 (s, 3H, CH3S), 2.7 
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(q uintet, I H, J = 7, MeG/), 3.3 (s, 3H, CH 30), 3.4 (s, 3H, CH 30), 4.2 (d, I H, J = 7, 

(MeO)zCH); HRMS calcd for C6H 1402S 150.0715, found 150.0697. 

1,1- D imet hoxy-2- ( m e th y I th io) bu Ian e (IV -1e), 1,1- Di methox y-3- m et hyl -2-

(methylth io) butane (IV -1 h) , and 1,1- Dimethoxy-2 -( methylthio)hexane (IV -1 i). 

The a-sulfenyl acetals we re obtained by the same procedure as that for IV-la by using a

bromoacetaJs26 instead of the mesylate. S ince it was difficult to iso late the products from 

unreacted starting materi als, the yields were rather low. 

IV-le: 19% yield; bp S?"C/9 mmHg; purity 96% by GC analys is; 1H NMR (CCI4, 60 MHz) 1.0 

(d, 3H, J = 7, CH 3C H z), 1.2- 1.8 (m, 2H, MeCHz). 2. 1 (s, 3H, C// 3S), 2.2-2.6 (m, IH , 

MeSCH), 3.3 (s, 3H, CH30), 3.4 (s, 3H, CH 30) , 4.3 {d, I H, J = 6, (MeO)zCH ). 

IV-1h: 6% yield ; bp 73-76°C/9 mmHg; purity 99% by GC analysis; 1H NMR (CCI4, 60 MHz) 

0.8 (d, 3H, J = 7, CH3CHCH3), 1.0 (d, 3H, J = 7, CH3CHCH3), 1.9-2 .3 (m, IH , M ezC H ), 

2.1 (s, 3H, CH3S), 2.4 (dd, I H, J = 3, 8, M eSCH ), 3.3 (s, 3H, CH 30), 3.4 (s, 3H, CH30). 

4.3 (d, I H, J = 8, (Me0)2CH); HRMS calcd for CgH tsOzS 178. 1027, fou nd 178 .1004. 

IV -1i: 38% yield; bp 97"C/3 mmHg: purity >99% by GC analys is; I H NMR (CCI4, 60 MHz) 

0.7-1.9 (m, 9H, butyl), 2.1 (s, 3H, CH3S), 2.3-2.7 (m, IH , M eSCH ), 3.4 (s, 3H, CH 30). 3.4 

(s, 3H, CH 30) , 4.3 (d, IH , J = 7, (Me0)2CH). 

1,1-Dimethoxy-2-meth y lth io-3-phenylpropa ne ( IV -1 f). 2-Methy lthi o-3-

phenylpropanal (2 .00 g, II mmoJ)27 was di sso lved in HC(OMe)3 (30 mL). To thi s solution was 

added p-TsOH (0.5 g, 3.2 mmol), and the mixture was st irred for 2 h at rt. After aqueous alkaline 

work-up , the crude material was purifi ed by col umn chromatography (EtOAc/benzene/hexane = 

1/ 1/20): 34% yie ld ; 1H NMR (CDCI3, 400 MHz) 2.02 (s, 3H, CH 3S), 2.74 (dd, I H, J = 9, 14, 

PhCHH), 2.89 (pseudo quintet, I H, J = 5, MeSCH), 3. 13 (dd, I H, J = 5, 14, PhCHH), 3.44 (s, 

3H, CH 30), 3.47 (s, 3H, CH 30), 4.32 (d, I H, J = 5, (Me0 )2C H ), 7.2-7.3 (m, 5H, 

phenyl);.I3C-NMR (CDC I3) 15.3, 35.9, 5 1.3, 55.3, 55.8, 107.7, 126.3, 128.2, 129.3, 139.4: 

HRMS calcd for CtzH tsOzS 226.1028, found 226.1028 . 

1,1-Dimethoxy-2-methylthio-2-phenylethane (IV-1g). To a solution of l

methoxy-2- phenylethylene28( 1.48 g, II mmol), in CHzCiz ( 15 mL) was added MeSCI 29 (50 

mmol) drop by drop at 0°C. The reaction mixture was allowed to warm up tort and MeOH (5 mL) 



was added to the mixture. After stirring for 8 h, the mixture was concentrated and purified by 

column chromatography (EtOAc/hexane = l/20): 54% yie ld ; 1 H NMR (CCI4, 60 MHz) 1.8 (s. 

3H, CH3S) , 3.2 (s, 3H, CH30), 3.4 (s, 3H, CH30) , 3.9 (d, I H, J = 8, MeSCH), 4.6 (d, I H, J 

= 8, (Me0)2CH), 7.3 (s, SH, phenyl); 13C-NMR (CDCI3) 14.6, 54.2, 54.4, 54.5 , 106.9, 127.3, 

128.3, 128.7, 138.3. 

(E)-1,1 -Dimethoxy-2-p henylth io-3-pentene (IV -1j) and 1, 1-Dimethoxy-2-

phenylthio-2-phenylethane (IV-11). The a-sulfenyl acetals were synthesized according to 

the procedure described by Mandai et af30 

IV-1j: IH NMR (COCI3, 400 MHz) 1.60 (dd, 3H, J = 1, 6, CH3), 3.42 (s, 3H, CH30), 3.43 

(s, 3H, CH30), 3.78 (dd, IH, J = 5, 9, PhSCH), 4.41 (d, IH, J = 5, (Me0)2CH), 5.3-5.5 (m, 

2H, CH=CH), 7.2-7.3 (m, 3H, phenyl), 7.4 (m, 2H, phenyl); Anal. calcd for CJ3H1sOzS, C 

65.51 H 7.61, found C 65.23 H 7.53. 

IV-11: IH NMR (CCI4, 60 MHz) 3.2 (s, 3H, CH30) , 3.4 (s , 3H, CH30) , 4.3 (d , lH , J = 6, 

PhSCH), 4.6 (d, lH, J = 6, (Me0)2CH), 6.8-7.6 (m, IOH, phenyl); 13C-NMR (CDCI3) 54.8 , 

55.1, 56.5, 106.5, 127.1, 127 .3, 128.2, 128.6, 128.9, 132.5, 134.5, 138.4. 

1,1-Diisopropoxy-2-(phenylthio) propane (IV -1k). In 2-propanol (30 mL). IV-

1a (2.53g, 11.9 mmol ) was dissolved , and the so lution was refluxed for 8 h in the presence of p

TsOH (0. 1 g). After aqueous alkaline work-up, the reaction mixture was purified by column 

chromatography (EtOAc/hexanes = l/50) to give 0.45 g (14% yield) of IV-1k: IH NMR 

(CDCI3, 400 MHz) 1.14 (d, 3H, J = 6, isopropyl), 1.19 (d, 3H, .I= 6, isopropyl), 1.19 (d , 3H, J 

= 6, isopropyl) , 1.22 (d, 3H, J = 6, isopropyl) , 1.33 (d, 3H, J = 7, PhSCHCH3), 3.32 (dq, I H, 

J = 4, 7 , PhSCHCH3), 3.79 (septet, I H, J = 6, isopropyl), 3.88 (septet, 1 H, J = 6, isopropyl) , 

4.61 (d, 1 H, J = 4, (i-Pr0)2CH), 7.2-7.5 (m, SH, phenyl); 13C-NMR (CDCI3) 15.0, 22.2, 22.6, 

23.0, 23.3, 47 .5, 69.2, 69.5, 101.0, 126.5, 128.8, 131.2, 136.0; lR (neat) 1380, 1125, 1025, 

745, 695; MS 209 (3), 137 ( 17), 13 1 (29), I 09 (9), 89 (1 00), 59 (II). 

2-Benzyloxy -1,1-dimethoxypropane (IV-4) . To a DMF (50 mL) dispersion of 

NaH (55% in mineral oil; 1.10 g, 25 mmol) , which was washed twice wi th hexane, was added a 

DMF (6 mL) solution of I, 1-dimethoxy-2-propanol (3.00 g, 25 mmol). After the exothermic 

reaction ceased, a DMF (6 mL) solution of BnBr (4.24 g, 25 mmol) was added. The mixture was 
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warmed up to I 00°C and s tirred for 3 h. Usual aqueous wo rk-up followed by column 

chromatography (EtOAc/hexane = 1/20 to 1/ 10) gave 1.82 g (35% yie ld) of IV-4 : IH NMR 

(CCI4, 60 MHz) 1.1 (d, 3H, J = 6, C/-13CH), 3.2-3 .6 (m, I H, MeC/-1), 3.4 (s, 6H, C/-130), 4.1 

(d, I H, J = 6, (Me0)2C/-I), 4.6 (s, 2H, PhC/-12), 7.3 (s, 5H, phenyl ); Anal. ca lcd for C12H 1803, 

C 68.55 H 8.63, found C 68.41 H 8.53. 

General Procedure for the Reaction of the Acetals: To a stirred so lution of the 

acetal (0.5 mmol) and nucleophile (0.6 mmol) in CH3CN (4 mL) was added TMSOTf (0.1 M 

solution in CH3CN , 0.25 mL, 0.025 mmol) at -40°C under an argon atmosphere. The reaction 

mixture was stirred for 30 min at the temperature and quenched by adding saturated aqueous 

NaHC03 solution (3 mL). The organic materials were extracted with CH2C12 (2 x 5 mL), and the 

combined organic layers were dried over Na2S04. After evaporation of the solvents, the residue 

was purified by silica gel column chromatography (ether/hexane = 1/30) or preparative TLC 

(EtOAc/hexanes = 1/10) to give the corresponding adduct as an inseparable mixture of the 

diastereomers. The diastereomer ratio was determined by GC or I H-NMR. 

When IV-2d was used as a nucleophile, the ace tal was added to a mixture of nucleophile 

and TMSOTf. 

5-Methoxy-2,2-dimethyl-6-phenylthio -3-heptanone (IV-3a): IH NMR 

(CDC I3, 400 MHz) 1.13 (s, 9 x 0.08H , (Cf/3)3C), 1.15 (s, 9 x 0.92H, (Cf/3)3C), 1.28 (d, 3 x 

0.92H , J = 7, CH 3CH), 1.33 (d, 3 x 0.08H , J = 7, CH 3CH) , 2.66 (dd , I H, J = 4, 17, 

C/-IHCO), 2.94 (dd, IH , J = 7, 17, CHHCO), 3.19 (td , IH , J = 4, 7, MeOCH), 3.30 (s, 3 x 

0.08H, Cf/30), 3.36 (s, 3 x 0.92H, CH30), 3.40 (dq, lH, 1 = 4, 7. MeC/-1), 7 .2- 7.3 (m, 3H, 

phenyl), 7.4-7.5 (m, 2H, phenyl); IR (neat) 17 10, 1585, 1480, 1370, 1095, 1070,750, 695; MS 

280 (M+, 1), 248 (M+-MeOH, 13), 180 (9), 163 (29), 137 (31), 85 (31). 57 ( 100), 41 (57); 

HRMS calcd for C16H2402S 280.1497, found 280. 1495. 

6-tert-Butylthio-5-methoxy-2,2-dimethyl-3-heptanone (IV -3b): 1 H NMR 

(CDCl3, 400 MHz) 1.15 (s, 9H, (CH 3)3C), 1.30 (d, 3H, J = 7, CH 3C H), 1.35 (s, 9H, 

(Cf/3)3CS), 2.64 (dd, I H, 1 = 4, 17, CHHCO), 2.8-2.9 (m, 2H, CHHCO overlapping MeC/-1), 

3.39 (s, 3H, CH30), 3.80 (td , lH , 1 = 4, 8, MeOCH); IR (neat) 1710, 1365, 1090; MS 228 



(M+-MeOH, 25), 172 (19), 143 (17), 117 (35), 85 (44), 61 (19), 57 (100): HRMS calcd for 

C13 H240S (M-MeOH) 228.1548, found 228.1540. 

6-Ethylthio-5-methoxy-2,2-dimelhyl-3 -heplanone (IV -3c): I 1-l NMR (CDCI3. 

400 MI-lz) 1.16 (s, 9 x 0.921-l , (C/-/3)3C), 1.17 (s, 9 X 0.081-l, (C/-/3)3C), 1.26 (m, 61-1). 2.62 

(dd, I H, J = 4, 17, CHHCO), 2.63 (m, I H), 2.92 (dd, I 1-l , J = 8, 17, CHHCO). 2.99 (dq. I 1-l , 

J = 4, 7, MeCH), 3.34 (s, 3 x 0.081-l , C/-/30), 3.38 (s , 3 x 0.921-l, CH30), 3.86 (td , 0.921-l , J = 

4, 8, MeOC/-1), 3.90 (m, 0.081-1 , MeOC!-1); IR (neat) 1705, 1620, 1480, 1365 , I 095; MS 200 

(M+-MeOH, 9), 143 (29), 89 (27), 85 ( 18), 57 ( I 00); f-IRMS calcd for C11 H2oOS (M-MeOH) 

200.1235, found 200.1235. 

5-Melhoxy-2,2 -dimethy l-6-methylth io-3-heptanone (IV -3d): I H N MR 

(CDCI3, 400 MHz) 1.16 (s, 9 x 0.951-l, (C/-/3)3C), 1.20 (s, 9 x 0.051-l, (C/-/3)3C). 1.26 (d, 3 x 

0.951-l, J = 7, CH3CI-l), 1.3l(d , 3 x 0.051-l, J = 8, CH3CH), 2.12 (s, 3 x 0.051-l, CH3S) , 2.14 

(s, 3 x 0.951-l, CH3S), 2.65 (dd, 0.951-l , J = 4, 17, CHHCO), 2.77 (m, 0.051-l, C/-11-lCO), 2.86 

(m, 0.051-l, CH/-/CO), 2.91 (dd, 0.951-l , J = 8, 17, CHHCO), 3.34 (s, 3 x 0.051-l, CH30) , 3.38 

(s, 3 x 0.951-l, CH30) , 3.87 (ddd, 0.951-l , J = 4, 7, 8, MeOCH), 3.92 (m. 0.051-l, MeOCH); 

13C-NMR (CDCI3) for the anti isomer, 14.1, 16.7, 26.4, 39.2, 44.7, 58.7. 80.4, 2 13.6; for the 

syn isomer (identifiable peaks only), 15.7, 37. 1, 43.1. 79.0; IR (neat) 1710. 1480. 1460. 1365, 

1100; MS 186 (M+-MeOH, 40), 11 8 (10), 101 (25), 85 (35), 75 (25), 57 (100). 41 ( 10); HRMS 

calcd for C1oH 1sOS (M-MeO H) 186.1078, found 186.1098. 

3-Met hoxy-4-methy lthio-1-phenyl-1-pentanone (IV -3e): 1 H NMR (CDC I3. 400 

Ml-lz) 1.32 (d , 3 x 0.941-l, J = 7, CH 3CH) , 1.44(d, 3 x 0.061-l , J = 7, CH3C H), 2.03 (s. 3 x 

0.061-l, CH3S), 2.17 (s, 3 x 0.941-l, CH3S) , 2.96 (dq, 0.941-l, J = 4. 7. MeSCH) , 3.02 (m, 

0.061-l, CHHCO), 3.16 (dd, 0.941-l , J = 4, 17, CHHCO), 3.23 (m, 0.061-l, MeSCH), 3.37 (s . 3 

x 0.061-l, CH30), 3.39 (dd, I H. J = 7, 17, CHHCO). 3.42 (s, 3 x 0.941-l, CH30), 4.03 (td, 

0.941-l, J = 4, 7, MeOC/-1) , 4 .08 (m , 0.061-l, MeOC/-1), 7.4-7.6 (m, 31-l , phenyl), 7.93 (dm, 2 x 

0.061-l, phenyl ), 7.99 (dm, 2 x 0.941-l, phenyl ); IR (neat) 1690, 1600, 1455, 1115, 760, 710; MS 

206 (M+-MeOH, 24), 118 (24), 105 (100), 77 (33), 75 ( 12); HRMS calcd for Ct2H140S 



(M-MeOH) 206.0765, found 206.0764; Anal. ca lcd for C13H 1802S, C 65.51 H 7.6 1, found C 

65.24 H 7.62. 

Methyl 3-Methoxy-2,2-dimethyl -4-(methylthio) pentanoate (IV -3f): I H NMR 

(CDCI3, 400 MHz) 1.15 (s, 3H, CH3CCH3), 1.22 (s, 3H. CH3CC//3), 1.33 (d, 3 H, J = 7. 

CH3CH), 2.07 (s, 3H, CH3S) , 2.71 (qd, I H, J = 5, 7, MeCH), 3.52 (s, 3H, CH30), 3.55 (d. 

I H, J = 5, MeOCH), 3.67 (s, 3H, COOCH3); IR (neat) 1735, 1270, 1140, I 095, 665; MS 188 

(M+-MeOH, 25), 149 (54), 145 (25) , 119 (29), 75 (79), 73 (29), 59 (54), 51 (100); HRMS calcd 

for CgH 1602S (M- MeOH) 188.0872, found 188.0903. 

4 -Meth oxy -5-m ethy lthi o-1- hexene (I V -3g): 1 H NMR (CDCI3, 400 MHz) 1.27 (d, 

3 x 0.25H , J = 7, CH3CH), 1.28 (d, 3 x 0.75H, J = 7, CH3CH), 2.13 (s, 3 x 0.75H, CH3S). 

2.14 (s, 3 x 0.25H , CH 3 S), 2.2-2.4 (m, I H, CH 2= C H C H H), 2.4-2.5 (m, I H, 

CHFCHCHH), 2.8-2 .9 (m, 0.75H , MeSCH), 2.9 (m, 0.25H, MeSCH) , 3.2-3.3 (m, I H, 

MeOCH), 3.39 (s, 3 x 0.25H, CH30), 3.42 (s, 3 x 0.75H, CH30), 5.0-5.2 (m, 2H , CH2=CH), 

5.8 -5.9 (m, IH, CH2=CH); IR (neat) 1640, 1455, 1195, 915; MS 160 (M+, 8). 128 

(M+-MeOH, 40) , 119 (53), 85 ( 100), 75 (20) , 71 (I 5), 55 (27), 41 ( 16); HRMS calcd for 

CsH160S 160.0922, found 160.0927. 

5-Meth oxy-2,2-dimethyl-6-methylthi o -3 -oc ta none (IV -3 h ): I H NMR (C DCI 3. 

400 MHz) 1.07 (t, 3H, J = 7, CH3CH2), 1.16 (s, 9 x 0.98H, (CH3)3C), 1.17 (s, 9 X 0 .02H , 

(CH3)3C), 1.43(qdd , IH , J=7, 9, 15 , MeCHH) , 1.65(dqd, IH , J=5, 7, 15,MeCHH),2. 11 

(s, 3H, CH 3S), 2.59 (td. IH, J = 5, 9, MeSCH), 2.65 (dd, IH , J = 4, 17, Cl-/HCO), 2.95 (dd. 

lH, J = 8, 17. CHHCO), 3.33 (s , 3 x 0.02H , CH30), 3.35 (s, 3 x 0 .98H, CH30), 3.91 (ddd. 

lH, J = 4, 5, 8, MeOCH); 13C-N MR (CDCI3) for the anti isome r: 12.3, 14 .5 , 23.8, 26.3, 39.4, 

44.4, 52 .7, 58.3 , 80.0, 214.1; IR (neat) 17 10, 1480, 1465, 1370, 1100; MS 200 (M+-MeOH. 

27), II 5 (21 ), 89 (33), 85 (39), 57 ( 100), 41 (28); HRMS calcd for C 11 H zoOS (M-MeO H) 

200.1235, found 200.1237. 

5-Met h oxy-2,2 -d im e th y l-6 - met hy lthi o -7 -p h eny l-3 -h e pt a n o ne ( I V -3 i): t H 

NMR (CDCI3, 400 MHz) 1. 13 (s, 9 x 0. 1 H, (CH 3)3C), 1.1 5 (s, 9 x 0.9H, (CH3)3C), 1.96 (s, 3 

x O.I H, CH3S), 2.00 (s, 3 x 0.9H, CH3S), 2.6-2.7 (m, 2H, PhCJ-/2), 2.9-3 .0 (m, 3H, CH2CO 
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and MeSCH), 3.34 (s, 3 x 0.1 H, CH30), 3.34 (s, 3 x 0.9H, C/-/ 30), 3.78 (td, 0.1 H, J = 6, 12. 

MeOC/-1) , 3.97 (td, 0.9H , J = 4, 8, MeOC/-1) , 7.2-7.3 (m, 5H, phenyl); IR (neat) 1710, 1480. 

1460, 1370, 1110, 1090,755,705, 670; MS 262 (M+-MeO H, 65). 177 (27). 151 (6 1), 91 (32). 

85 (50), 57 ( 100); HRMS calcd for C 16H220S (M-MeOH) 262.1392. found 262 .1 422; AnaL 

calcd for C1gHz60zS, C 69.34 H 8.90, found C 69.63 H 8.85. 

5-Methoxy-2,2-d imeth y l-6-methylthio-6-phenyl-3-hexanone ( IV -3j ): I H 

NMR (CDCI3, 400 MHz) 1.07 (s, 9 x 0.591-1 , (C/-/3)3C), 1.1 5 (s, 9 x 0.41 H, (C/-/ 3)3C), 1.9 1 (s, 

3 x 0.591-1 , CH 3S), 1.92 (s, 3 x 0.41H , C/-/3S), 2.60 (dd, 0.41H, J = 5, 10, CHHCO), 2.65 

(dd, 0.411-1 , J = 5, 10, CHI-/CO), 2.74 (dd, 0.59H, J = 7, 17, CHHCO), 2.87 (dd, 0.59H , J = 

7, 17, Cl-1/-/CO), 3.25 (s, 3 x 0.41 H, CH 30), 3.39 (s, 3 x 0.59 H, C/-1 30), 3.89 (m, I H. 

MeSCH), 4.11 (m, I 1-1 , MeOC/-1) , 7.2-7.4 (m, 5H , phenyl); IR (neat) 17 10, 1370, Ill 0, I 090, 

705; MS 248 (M+-MeOH, II ), 163 (1 3), 137 (22) , 11 5 (33), 57 ( 100), 41 (35); HRMS calcd for 

C1s H2oOS (M-MeOH) 248 .1 235, found 248. 11 97; AnaL calcd for C16H2402S, C 68.53 H 

8.63, fo und C 68.56 1-1 8.75. 

5-Methoxy-2 ,2,7 -trimethy l-6-meth y lthio-3-octanone (IV-3k ): 1 H NMR 

(C DCI3, 400 MH z) 1.03 (d, 3 x 0.59H, J = 7, C/-/3CI-ICH3). 1.04 (d. 3 x 0.59H, J = 6. 

CH3C H C/-/3). 1. 08 (d, 3 X 0.41H. J = 7, C/-/3CHC H 3). 1.09 (d, 3 X 0.41H , J = 7. 

CH3CHC/-/3), 1.16 (s, 9 x 0.59H, (C/-/3)3C), 1.17 (s, 9 x 0.41 H, (C/-/3)3C), 1.96 (m, 0.59 H. 

Me2CH), 2.06(m, 0.4 1 H, Me2Cf-/) , 2.09 (s, 3 x 0.41 H, CH3S), 2. 16 (s. 3 x 0.591-1 , CH 3S). 

2.28 (dd, 0.411-1 , J = 3, 7, MeSCH), 2.47 (t, 0.59H , J = 6, MeSCH), 2.69 (dd. 0.59H , J = 3, 

17 , CHI-/ CO), 2.89 (dd, 0.4 1H, J = 8, 17, Cl-1/-/ CO), 2.99 (dd, 0.59 H, J = 8, 17, Cl-1/-/CO). 

3.08 (dd, 0.411-1, J = 7, 17, CHHCO), 3.3 1 (s, 3 x 0.41 H, CH30), 3.34 (s, 3 x 0.591-1 , CH30), 

3.98 (ddd, 0.59H, J = 3, 6, 8, MeOC/-1) 4.03 (ddd, 0.41 H, J = 3, 7, 8, MeOC/-1); IR (neat) 

1710, 1365, 1100; MS 2 14 (M+-MeOH, 38), 129 (26), 103 (69), 85 (63), 57 (100), 55 (20): 

HRMS calcd for C11H220S (M-MeOH) 214. 139 1, found 2 14.1 389. 

Methyl 3-Methoxy -2 ,2,5-trimethyl-4- (methylthio) hexanoate (IV -31): I H 

NMR (CDC I3, 400 Ml-lz) 0.96 (d, 3H, J = 7, C/-/ 3C HC H3), 1.06 (d, 3H, J = 7, C H3C HC/-/3), 

1.15 (s, 31-1 , CH 3CC H3), 1.26(s, 3H, CH3CC H3). 2.09 (s, 3H, CH 3S), 2.3 (m, 21-1 , Me2CH 
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overlapping MeSCH), 3.53 (s, 3H. CH30), 3.60 (d, IH, J = 8, MeOCH), 3.65 (s, 3H. 

COOCH 3); IR (neat) 1730, 1275, 1140, 1095; MS 248 (M+, 17), 2 16 (M+-MeOH, 15), 149 

(76), 145 (73), 138 (54), 103 (24), 75 (59), 55 (100); HRMS calcd for Ct2H2403S 248 .1 446. 

found 248 .1435. 

5-tert-Butylthio-4-methoxy-1 -hexene (IV-3m ): 1H NMR (CDCI3. 400 MHz) 

1.32 (d, 3H, J = 7, CH3CH), 1.33 (s, 9 x 0.97H, (CH3)3C), 1.36 (s, 9 x 0.03H, (C/-i3)3C), 

2.28 (pse udo td , IH , J = 7, 14, CHz=C H CH H), 2.4 I(pseudo td , IH , J = 7, 14. 

CHz=CHCHH), 2.83 (dq, I H, J = 4, 7, M eCH ), 3.28 (d t, IH , J = 4, 7, MeOCH), 3.4 1 (s, 3 x 

0.03H , CH30), 3.43 (s, 3 x 0.97H, CH 30), 5.1 -5.2 (m, 2H, CHz=CH), 5.8-5.9 (m, I H, 

CHz=CH); IR (neat) 1640, 1460, 1365, 1090, 915; MS 202 (M+, 3), 170 (M+-MeOH, 14), 145 

(34), 11 7 (28), 11 4 (45), 105 (63), 85 (9 1 ), 57 ( 100): HRMS calcd for Ctt H220S 202. 1391 , 

found 202.1367 . 

4-Methoxy-5-methylthio-1 -nonene (IV-3n): IH NMR (CDCI3, 400 MHz) 0.92 (t, 

3H, J = 7, CH3C Hz), 1.3-1.7 (m, 6H , -(CH z)J-), 2.1 1 (s, 3 x 0.88H, CH3S), 2.1 2 (s, 3 x 

0.12H , CH3S), 2.36 (pseudo quintet, I H, J = 7, CHz=C HCHH), 2.50 (pseudo qu intet, I H, J = 

7, CHz=C HCHH), 2.62 (pseudo quinte t, I H, J = 4, MeSCH), 3.33 (d t, I H. J = 4, 7, MeOCH). 

3.38 (s, 3 x 0.12H, CH30), 3.40 (s, 3 x 0.88 H, CH30), 5.08 (dm. I H, J = I 0, CHH =C H). 

5.12 (dm, IH, J = 17, CHH=CH), 5.86 (tdd , IH , J = 7, 10, 17, CHz=CH); IR (neat) 1640, 

1460, 1435, 1095, 910; MS 202 (M+, 14), 16 1 (22), 123 (17), 11 7 (26). 85 ( 100), 81 (26), 7 1 

( 15), 6 1 (18); HRMS calcd for Ctt HnOS 202. 1392, fo und 202 . 1383. 

5-Methoxy-2 ,2-dimethyl-6 -phenylth io-7-nonen -3 -one (IV -3o): I H MR 

(CDCI 3. 400 MH z) 1.1 3 (s, 9 x 0.87H, (C/-/3)3C), 1.14 (s, 9 x 0. 13H, (CH3)3C), 1.62 (dd, 3H. 

J =I, 6, C/-/3CH=CH), 2.64 (dd, 0.87 H, J = 6, 18, CHHCO), 2.82 (dd, 0. 13H, J = 5, 17, 

CHHCO), 2.88 (dd, 0.13H, J = 8, 17, CHHCO), 2.89 (dd, 0.87 H, J = 7, 18, CHHCO), 3.35 

(s, 3 x 0.13H, CH30), 3.39 (s, 3 x 0.87 H, CH30), 3.77 (dd, 0.87H , J = 4, 10, PhSC/-1), 3.8 1 

(dd, 0.13H, J = 4, 8, PhSCH), 3.97 (ddd, 0.13H , J = 4, 5, 8, MeOCH), 4.00 (ddd, 0.87H, J = 

4, 6, 7, MeOCH ), 5.33 (qd, 0.87 H, J = 6, 15 , MeCH=CH), 5.4-5.5 (m, 0.87 + 2 x 0.13H , 

olefin) , 7.2-7.5 (m, SH, phenyl); IR (neat) 1705, 1580, 1480, 1370, 1090, 970, 740, 690. 
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(SR • ,65 *) -5 -M etho xy-2,2-d im ethy 1-6- pheny It h io- 7 -nonen-3 -one (anti- IV-

3o): colorless prisms (EtOH); mp 76°C; I H NMR (CDCI3. 400 MHz) 1.13 (s, 9H, (C/-/3)3C), 

1.62 (dd, 3H, J = I, 6, C/-/3CH=CH), 2.64 (dd, I H, J = 6, 18, CHHCO), 2.89 (dd, I H, J = 7. 

18, CHI-/CO), 3.39 (s, 3H, C/-/30), 3.77 (dd, I H, J = 4, I 0, PhSC/-1), 4 .00 (ddd, I H, J = 4, 6. 

7, MeOC/-1), 5.33 (qd, I H, J = 6, IS, MeC/-/=C H), 5.47 (ddd, I H, .I = I, 10, 15, MeCH=C/-1 ), 

7.2-7 .3 (m, 3H, phenyl ), 7.4 (m, 2H , phenyl); Anal. calcd for CtsH2602S, C 70.40 H 8.52, 

found C 70.55 H 8.55. 

2-(1-Methoxy-2- p heny lth iop rop y l)cyc loh exa none (IV -3 p) : The reac tion 

mixture of IV-1a (261 mg, 1.23 mmol) and IV-2e (245 mg, 1.44 mmol) was purified by 

preparative TLC (e luent: EtOAc/hexane = 1/ 10) to give two fractions, A (RJ= 0.5 , 237 mg) and B 

(RJ = 0.4, 81 mg). GC analysis indicated each fraction consists of two components; re lative 

abundance was 77:23 for fraction A, and 8 1:1 9 for B. The author ass igned the fraction A as 2,3-

syn isomer and B as 2,3-anti isomer on the basis of known chromatograph ic tendency for 1-

methoxya lk yl cyclohexanones.2a Anal. calcd for C t6H220 2S. C 69.02 H 7.96, found C 68 .84 H 

7.97 for fraction A; C 69.30 H 8.05 for fraction B. 

(2R •, 1 'R • ,2 'S *) -2- (1-M et h oxy -2- ph enylth io pro py I) cyc lo hex a n one (2 ,3 -

syn-3,4-anti-lV-Jp). The major isomer of fraction A, obtained as mentioned above , s low ly 

crystallized upon standing. Then, it was recrystallized from EtOH: co lorless hexagonal plates; mp 

73°C; I H NMR (CDCI3. 400 MHz) 1.30 (d, 3H, .I= 7, C/-/3CH), 1.5- 1.7 (m, 3H), 1.8- 2.4 (m, 

5H), 2.81 (pse udo td , I H, J = 5, 10, COC/-1) , 3.36 (quintet , I H, J = 7, PhSC/-1) , 3.48 (s, 3H, 

C/-/30 ), 3.79 (dd, IH, J = 5, 6, MeOC/-1) , 7.2- 7.3 (m, 3H, phe nyl), 7.4-7 .5 (m, 2H, phenyl ); 

fR (KBr) 1705, 1090, 1085, 750; MS 278 (M+, 2), 246 (M+-MeOH, 12), 180 (22), 141 (33) , 

137 (85), I 09 (5 1), 81 ( 100), 67 (42); HRMS calcd for C16H2202S 278 .1 340, found 278. 1362. 

Ass ignable IH-NMR peaks for other isomers of IV-3p (CDCI3, 400 MHz): fraction 

A(minor) 1.39 (d, J = 6, C/-/ 3), 3.9-4.0 (m, MeOC/-1 ); fraction B(major) 1.34 (d, J = 7, C/-/3). 

3.52 (dq, J = 4.9 , 7.0, PhSC/-1 ), 3.55 (s, C/-/30), 3.60 (dd , J = 5, 6, MeOC/-1 ); fraction 

B(minor) 1. 31 (d, J = 7, C/-/3). 



5-Isopropoxy-2,2-dimethyl-6-phenylthio-3-heptanone (3q): 63% yie ld; I H 

NMR (CCI4, 60 MHz) 0.9- 1.5 (m, 9H), 1.1 (s, 9H, (C/-/ 3)3C), 2.6-2.9 (m, 2H, CHzCO) , 

3.1-4.3 (m, 3H), 7.2-7.6 (m, 5H); MS 308 (M+, 1), 248 (M+-i-PrOH, 8). 208 (3). 163 (7). 137 

(17), 129 (21), 85 (45), 57 (100). 

5-Methoxy-2,2-dimethyl-6-phenyl-6-phenylthio-3-hexanone (3r): IH NMR 

(CDCI3, 400 MHz) 1.06 (s, 9 x 0.21H, (C/-/3)3C), 1.07 (s, 9 x 0.79H, (C/-/3)3C), 2.56 (dd, 

0.21 H, 1 = 5, 17, CHHCO), 2.81 (d, 2 x 0.79H, 1 = 6, CH2CO), 2.87 (dd. 0.21 H, 1 = 7, 17 , 

CHI-/CO), 3.31 (s, 3 x 0.21H, C/-/30), 3.31 (s, 3 x 0.79H, C/-/30), 4.1-4.2 (m, I H, MeOC/-1), 

4.37 (d, 0.79 H, 1 = 5, PhSC/-1 ), 4.42 (d, 0.21 H, 1 = 6, PhSCH), 7. 1- 7.4 (m, I OH , phenyl); IR 

(neat) 1705, 1480, 1110, 1090,740, 700; MS 3 10 (M+-MeOH, 9), 225 (2 1), 199 (31), 115 

(16), 91 (12), 85 (32), 57 (100); HRMS calcd for CzoHzzOS (M- MeOH) 3 10.1392, found 

310. 1377. 

Methyl 3-Methoxy-2,2-dimethyl-4-phenyl-4-{phenylthio)butanoate (3s): I H 

NMR (CDC13, 400 MH z) 1.19 (s , 3 x 0.65H, C/-/3CCH3), 1.20 (s , 3 x 0.35H, CH3CCH3). 

1.22 (s, 3 x 0.65H, CH3CC/-/3), 1.33 (s, 3 x 0.35H, CH3CC/-/3), 3.20 (s, 3 x 0.65H, CH30), 

3.39 (s, 3 x 0.35H, C/-/30), 3.64 (s, 3 x 0.35H, C/-/30), 3.74 (s, 3 x 0.65H, CH30), 3.96 (d, 

1 H, 1 = 7, MeOC/-1), 4.1 0 (d, 0.65H, 1 = 7, PhSC/-1). 4.39 {d, 0.35H, 1 = 7, PhSC/-1) , 7.1 -7.3 

{m, 8H, phenyl), 7.4 (m, 2H, phenyl); !R (neat) 1740, 1270, 11 00, 745, 700; MS 344 (M+, 5), 

312 (M+-MeOH, 44), 235(15), 199 (72), 175 (33), 145 ( 100), 91 (28) , 75 (67): HRMS calcd for 

C19H2oOzS (M-MeOH) 312.11 84, found 312.1 162. 

6-Benzy1oxy-5-methoxy-2,2-dimethy1-3-heptanone (IV -Sa): I H NMR (CDCI3, 

400 MHz) 1.1 2 (s, 9 x 0.77H, (C/-/3)3C), 1.13 (s, 9 x 0.23H, (C/-/3)3C), 1.16 (d , 3 x 0.23H, 1 

= 6, C/-/3(BnO)CH), 1.18 (d, 3 x 0.77H, 1 = 6, CH 3(BnO)CH), 2.5-2.6 (m, IH , CHH CO), 

2.7-2.9 (m, IH , CHI-/CO), 3.36 (s, 3 x 0.77H , C/-/30), 3.38 (s, 3 x 0.23 H, C/-/30), 3.6-3.8 

{m, 1H, BnOC/-1), 3.8-3.9 (m, 0.23H, MeOC/-1), 3.90 (pseudo quintet, 0.77H, 1 = 4, MeOC/-1) , 

4.48 (d, 1H, 1 = 12, PhCHH), 4.60 (d, 1H, 1 = 12, PhCH/-1). 7.2-7.4 (m, 5H, phenyl); IR 

(neat) 17 10, 1455, 1365, 1100, 1070, 740, 700, 665; Anal. calcd for C17H2603, C 73.35 H 

9.41, found C 73. 19 H 9.22. 



Methyl 4-benzyloxy-3-m ethoxy-2 ,2 -dim eth ylpentanoate (IV-Sb): I H NMR 

(CDCI3, 400 MHz) I. I 0 (s, 3 x 0.4H. CH3CC H3), I. 14 (s. 3 x 0.6H, CH3CC H3), 1.1 6 (d, 3 x 

0.6H , 1= 6, CH3CH), I .21 (s, 3 x 0.4H, CH 3CCH 3), 1.28 (s, 3 x 0.6H. C H3CCH 3) , 1.29 (d. 

3 x 0.4H, 1= 7, CH3CH), 3.36 (s, 3 x 0.4H, CH 30), 3.41 (d, 0.6H, 1 = 6, MeOC/-/ ), 3.43 (d. 

0.4H, 1 = 9, MeOCH ), 3.52 (s, 3 x 0.4H , COOC/-1 3), 3.55 (s, 3 x 0.6H , COOC/-1 3), 3.6 1 (s, 3 

x 0.6H , CH30, overlapping m, I H, MeCH ), 4.32 (d, 0.4H, 1 = II , PhC/-IH), 4.49 (pseudo d. 

IH, 1 =II, PhCHH), 4.58 (d, 0.6H, 1 =II , PhCHH), 7.2-7.4 (m, 5H , phenyl) ; IR (neat) 

1740, 1145, 1100, 740, 700; Anal. calcd for C16H240 4, C 68.55 H 8.63, found C 68.42 H 8.62. 

5-Benzyloxy-4 -methoxy-1-hexene (IV -Sc): I H NMR (CDCI 3. 400 MH z) 1.1 7 (d. 

3 x 0.63H, 1 = 6, CH3CH), 1.21 (d, 3 x 0. 37 H, 1 = 6, C/-13CH), 2.2-2.4 (m, 2 H. 

CHFCHC/-12), 3.22 (td, 0.63H, 1 = 5, 8, MeOCH ), 3.26 (td, 0.37 H, 1 = 5, 7, MeOC/-1 ), 3.41 

(s, 3 x 0.63H, CH30), 3.42 (s, 3 x 0.37H, C/-130), 3.55 (dq, 0. 37 H, 1 = 5, 6, EnOCH), 3.62 

(dq, 0.63H, 1 = 5, 6, BnOC/-1), 4.50 (d, 0 .37 H, 1 = 12 , PhCHH), 4.51 (d, 0.63H, 1 = 12 . 

PhCHH ), 4.60 (d, 0.37H, 1 = 12, PhCHH), 4.62 (d, 0.63H, 1 = 12, PhCHH ), 5.0- 5.1 (m. 2H. 

CI-I2=CH), 5.8-5.9 (m, IH , CH2=CH). 7.2- 7.4 (m, 5H, phenyl); !R (neat) 1645. 1460, 1100. 

920, 740, 700; Anal. ca lcd for C14H2o02, C 76.33 H 9. 15. found C 76.04 H 9.01. 

(SR* ,85* ,6£)-8-Hydroxy-5-methoxy-2,2-dimethyl -6-nonen-3-one (anti- IV-

6). To a so lution of anti-IV -3o (92.8 mg, 0.30 mmol ) in CH2C12 (2 mL) was added drop by 

drop a CH2CI2 (2 mL) so lution of m-CPBA (80% purity, 69 .6 mg, 0.32 mmol) at 0°C. The 

mixture was stirred for 15 min at the temperature, and then poured into saturated aqueous 

NaHC03 solution ( 10 mL). The organic material s we re extracted with CH2C12 (2 x 5 mL). and 

the combined organic laye rs we re dri ed over Na2S04. After evaporati on, the residue was 

dissolved in MeOH (5 mL), and Et2NH (0.2 mL, 1.9 mmol ) was added. The mixture was stirred 

for 12 hand concentrated. Purification by preparative TLC (EtOAc(hexane = 1/3; repeated 3 

times) gave 30.5 mg (47% yield) of allyl alcohol allli-IV-6: I H NMR (CDCI3, 400 MHz) 1.1 2 

(s, 9H, (C/-IJ)3C), 1.28 (d, 3H, 1 = 6, CH3CHOH), 2. 17 (br s, I H, 0/-1), 2.49 (dd, I H, 1 = 5, 

17, CHH), 2.89 (dd, I H, 1 = 7, 17 , CHI-I), 3.25 (s, 3H, CH30), 4.13 (pseudo dt, I H, 1 = 5, 7, 

MeOCH) , 4.33 (pseudo quintet, 1 = 6, CHOH ), 5.54 (ddd, I H, 1 = I , 7, 16, CH=CH ), 5.79 



(dd, IH, J = 6, 16, C H=CH); IR (neat) 3450(br), 1715, 1480, 1370, 1100, 975; MS 196 (23). 

149 (53), 12 1 (23), 11 5 (27), 97 (40), 81 (48), 69 (92), 67 (35) , 57 (I 00); HRMS calcd for 

C1zHzoOz(M- H20) 196.1463 , found 196.1460. 

(3R • ,4S *) -3- Meth oxy-4-m ethan esu I fo ny 1-2,2- dim et hy I pen ty I 3,5-

Dinitrobenzoate (IV-7). To a solution of lithium aluminum hyd ride (0.08 g, 2.10 mmol) in 

ether (4 mL) was added a solution of es ter IV-3f (0.39 g, 1.78 mmol) in ether (3 mL). After the 

exothem1ic reaction ceased, EtOAc ( I 0 mL) and saturated aqueous NH4Cl so lution (0.5 mL) was 

successively added to the mi xture. Filtration through the celite pad followed by evaporation gave 

crude oil (0.34 g, 99% yield), which was essentially pure judging from its I H NMR. The alcohol 

(0.31 g, 1.61 mmol) and pyridine (0. 16 g, 2.05 mmol ) were dissolved in benzene (4 mL). To 

this solution was added a benzene (4 mL) so lution of 3,5-dinitrobenzoyl chloride (0.38 g. 1.65 

mmol) at 0°C. The reaction mixture was allowed to wann up to rt, and stirred overnight. After 

aqueous work-up, the organic layer was dried and concentrated to give the crude material, which 

was in turn dissolved in benzene (10 mL). To the so luti on was added YO(acac)z (0.5 g, 1.89 

mmol) and c-BuOOH (4.36 M solution in isooctane, 0.8 mL, 3.49 mmol), and then the mixture 

was stirred for 3 h at rt. Usual aqueous work-up followed by recrystallization from EtOH gave 

0.38 g (56% overall yield from alcohol) of IV -7 as yellow need les: mp 142°C; I H NMR (COCI3. 

400 MHz) 1.10 (s, 3H, CH3CCH3) , 1.12 (s , 3 H, CH3CCH3), 1.47 (d, 3H, J = 7, 

CH3(MeSOz)CH), 2.94 (s, 3H, CH3SOz), 3.27 (dq , IH , J = 2, 7, MeC/-1 ), 3.5 1 (s, 3H, 

CH30), 3.91 (d, IH, J = 2, MeOC!-1 ), 4.32 (s, 2H, C!-lz), 9. 14 (d, 2H, J = 2, phenyl ), 9.23 (1, 

I H, J = 2, phenyl); IR (KBr) 1737 , 1555, 1350, 1310, 1290, 11 75, I 140, 960, 725, 500; MS 

418 (M+, 1), 311 (7), 195 (19), 151 (100), 99 (II), 89 (12), 87 (16), 72 (34), 71 (15); HRMS 

calcd for C16HzzNz09S 418.1046, found 418.1085. 

(5R • ,6R *)-6 -Benzenesu lfonyl-5-methoxy-2,2-d i methy 1-6- p henyl-3-

hexanone (IV-8). The major diastereomer of IV-3r (17.0 mg, 55 J.lmol ), which was isolated 

by preparative TLC, was treated with 2KHSOyK HS04· KzS04 (0.09 g. 145 J.lmol) according to 

the method in literature3t to give 18.0 mg (96% yield) of sulfone IV -8: colorless needles (EtOH ); 

mp 133°C; IH NMR (CDCI3, 400 MHz) 0.97 (s, 9H, (C/-1 3)3C), 2.62 (dd, IH , J = 6, 18 , 
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CHHCO), 2 .69 (dd, IH , J = 4, 18, CHHCO), 3.36 (s, 3H, CH30), 4.53 (d, IH , J = 8. 

PhSCH), 4.73 (ddd, IH , J = 4, 6, 8, MeOCH), 7.2-7.3 (m, 5H, phenyl ), 7.37 (tm, 2H, J = 7, 

phenyl), 7.49 (tm, IH, J = 7, phenyl ). 7.65 (dm, 2H, J = 7, phenyl); IR (KBr) 1705, 1315. 

1295, 1150, 1105, 770, 700; Ana l. calcd for CztHz604S, C 67.35 H 7 .00 S 8.56, found C 

67.10 H 6.96 S 8.34. 

Methyl 3-Hyd roxy-2,2-d imethyl-4-phenyl-4-(phenylthio)butanoate (IV -9). 

To a mixture of 2-phenyl-2-phenylthioace taldehyde (0 .79 g, 3.5 mmol) and IV-2c (0 .75 g, 4 .3 

mmol) in CHzCiz (8 mL) was added BF3·0Et2 (0.98 g, 6.9 mmol ) at -78°C. The mi xtu re was 

stirred for I h, and saturated aq ueous NaHC03 ( I 0 mL) was added . The organic materials were 

ex tracted by CHzCI2 (2 x 10 mL) and the ex trac ts were dried over NazS04 and concent rated. 

Column chromatography (EtOAc/hexane = 1/10) gave 0.9 1 g (80%) of IV-9 as a 9/1 mixture of 

diastereomers: I H NMR (CDCI3, 400 MHz) 1.1 3 (s, 3 x 0.1 H, CH3CC H3), 1.1 8 (s, 3 x 0.9H , 

CH3CCH3), 1.23 (s, 3 x 0.9H , CH3CCH3), 1.27 (s, 3 x 0.1 H, C H3CCH3), 3.28 (b r, I H, OH), 

3.29 (s, 3 x 0.9H , CH30), 3.49 (s, 3 x 0. 1 H, CH30) , 4.07 (dd, 0.9H, J = 4, 7, CHOH ), 4.12 

(t, O.IH, J = 6, CHOH), 4 .22 (d, 0.1 H, J = 6, PhCH ), 4 .33 (d, 0.9H, J = 4, PhCH), 7.2-7.4 

(m, IOH, phenyl). 

(3R * ,45 *) -3-H y d roxy-2 ,2- d imethyl-4-phenyl-4-(p henyl th io) bu ty I 3,5-

Dinitrobenzoate (IV-10). Ester IV-9 (109.6 mg, 0.33 mmol) obtained above was trea ted 

with lithium aluminum hyd ride (0.1 g, 2.6 mmol ) in ether (5 mL) to give 86.2 mg (86% yield) of 

2,2-dimethyl-4-phenyl-4-phenylthio- 1,3-butanediol as a 9/1 mi xture of the diastereomers: t H 

NMR (CDCI3, 400 MHz) 0.61 (s, 3 x 0.9H, CH3CCH3), 0.70 (s, 3 x O.IH , CH 3CC H3), 0.91 

(s , 3 x 0.9H , CH3CCH3), 0.95 (s, 3 x 0.1 H, CH 3CCH3), 2.60 (br, I H, OH), 3.23 (ABq. 2 x 

0.9H, J = 14, CH zOH), 3.40 (br, I H, OH), 3.44 (d, 0. 1 H, J = II , CHHOH), 3.58 (d, 0. 1 H, J 

= II , CHHOH), 3.91 (d, 0.9H, J = 3, CHOH), 3.93 (d, 0.1 H, J = 6, CHOH), 4.30 (d 0. 1 H, J 

= 6, PhCH), 4.41 (d, 0.9 H, J = 3, PhCH), 7.2-7 .5 (m, IOH , phenyl). 

The major isomer of the above diol (5.8 mg, 19 Jlmol) was dissolved in THF (I mL), and 

to thi s solution were successively added pyridine (10 JlL, 124 Jlmol) and a THF (0.5 mL) solution 

of 3,5-dinitrobenzoyl chloride (21 mg, 9 1 Jlmol ) at rt. The mi xture was stirred overnight and 

directly charged onto the preparative TLC (EtOAc/hexane = 1/1). Recrystalli zation of the main 
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fraction from EtO H gave 6.6 mg (69% yie ld ) of IV-10 as pale ye ll ow prisms: mp 133°C; I H 

NMR (CDCI3, 400 MHz) 0.74 (s, 3H, CH 3CC H3), 1.02 (s, 3H, CH3CCf-/3), 1.57 (br s, IH, 

01-1), 3.83 (d, I H, J = 3, PhSCf-1), 4 .01 (d, I H, J = II , CHHOCO), 4 .33 (d, I H, J = II. 

C HI-lOCO), 4.43 (d, I H, J = 3, MeOCf-/), 7. 1-7.5 (m, I OH, phenyl), 8.98 (d, 2H, J = 2. 

phenyl), 9.22 (l, IH, J = 2, phenyl); IR (KBr) 3450 (br), 1727, 1545, 1345, 1290, 11 75, 720: 

Anal. calcd for C25H24N207S, C 60.47 H 4.87 N 5.64, found C 60.25 H 5.1 4 N 5.58. 



Details for X-ray structural analysis 

Compound number anti- lV-3o 2,3-syn-3,4-ami-IV -3p IV-7 

Molecular formula CtsH2602S C16H2202S C16H22N209S 

Formula weight 306 278 418 

Crystal size/mm3 0.5 X 0.5 X 0.5 0.5 X 0.3 X 0.1 0.3 X 0.2 X 0.2 

a! A 12.465 (4) I 0.436 (3) 20.696 (4) 

b/A 15.809 (4) 19.193 (6) 15.158 (3) 

c/A 9.162 (2) 7.528 (2) 6.250 (2) 

~/degrees 98.53 (2) 93.80 (2) 96.86 (2) 

Volume of unit cell JA3 1785.5 (8) 1504.5 (7) 1946.8 (8) 

Crystal system Monoclinic Monoclinic Monoclinic 

Space group P2t/a P2t/C P2t/a 

Z value 4 4 4 

DcaJdg cm-3 1.14 1.23 1.43 

Reflections used 2849 2364 2197 

No. of variables 269 239 341 

R;Rw 0.050; 0.065 0.056; 0.071 0.083; 0.076 

Good of fitness 2.01 1.82 2.22 

Maximum shift/e. s. d . 0.10 0.08 0.06 
in final cycle 

Max. negative peak in -0.39 -0.44 -0.62 
final diff. map/e A -3 

Max. positive peak in 0.22 0.31 0.43 
final diff. map/e A-3 



Compound number IV-8 IV -10 

Molecular formula C21H2604S CzsH2~N207S 

Formula we ight 374 496 

Crystal size/mm3 0.3 X 0.3 X 0.3 0.5 X 0.4 X 0.3 

a! A 12.005 (2) 9.667 (2) 

b/A 15.592 (4) 9.733 (9) 

etA 11.616 (3) 14. 158 (4) 

a/degrees 107.04 (4) 

~/degrees 11 2.50 (2) 95.63 (2) 

y/degrees 99.23 (4) 

Volume of unit ceii /A3 2009.0 (9) 1242 (I) 

Crystal system Monocl inic Triclinic 

Space group ?21 /c PI 

Z value 4 2 

Dcaldg cm·3 1.24 1.33 

Reflections used 2867 3793 

No. of variables 339 412 

R;Rw O.D75; 0.089 0.073; 0.089 

Good of fitness 0.37 2.55 

Maximum shift/e. s. d. in final cycle 0.20 0.14 

Max. negative peak in final diff. map/e A-3 -0.91 -0.39 

Max. positive peak in final diff. map/e A-3 0.38 0.71 



anti- IV -3o 

2,3-syn-3,4-anti- IV -3p 

IV-7 
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IV-8 

IV-10 



(SR • ,6S*) -5- Meth oxy-2, 2-d im e th y 1- 6-ph e nylth io-7- no ne n -3 -one 

(anli -IY -3o) 

PositionaJ parameters and equivalemis01ropic thermal parameters with e.s.d. inparemheses 

alom y 8(eq) 

S I 0.07757 (4) 0.25219 (3) 0.92909 (5) 4.82 (2) 
02 -0.1138 ( I) 0.24840 (8) 0.6740 (2) 4.57 (4) 
03 -0.208 1 ( I) 0.4 11 47 (9) 0.9915 (I) 4.32 (3) 
C4 -0.1274 (I) 0.30 15 ( I) 0.7962 (2) 3.53 (4) 
C5 -0.025 1 (2) 0.2727 ( I) 1.1798 (2) 4.1 1 (5) 
C6 -0.0 157 ( I) 0.3369 ( I) 0.8566 (2) 3.41 (4) 
C7 -0.2095 (2) 0.3703 ( I ) 0.743 1 (2) 3.87 (4) 
C8 -0.2396 ( I ) 0.4275 ( I) 0.8625 (2) 3.55 (4) 
C9 0.0359 (I) 0.3829 ( I) 0.7418 (2) 3.68 (4) 
C IO 0.0703 (2) 0.46 11 ( I) 0.7542 (2) 4.62 (5) 
C ll -0 0303 (2) 0.2583 ( I) 1.3274 (2) 4.40 (5) 
CI2 0. 1386 (2) 0. 1932 ( I) 1.20 16 (2) 4.72 (5) 
c 13 0.0480 (2) 0.2 11 5 ( I ) 1.4 126 (2) 4.84 (6) 
c 14 0.0599 (2) 0.2403 ( I) 1.11 58 (2) 3.48 (4) 
c 15 0.132 1 (2) 0.1792 (2) 1.3483 (2) 5.62 (6) 
C I6 -0.3085 (2) 0.5056 ( I) 0.8 19 1 (2) 4.69 (5) 
c 17 0. 1249 (3) 0.5073 (2) 0.645 1 (4) 6.50 (8) 
c 18 -0.1810 (3) 0. 1769 (2) 0.6579 (4) 6.46 (8) 
c 19 -0.3493 (4) 0.5409 (3) 0.9549 (5) 10.0 ( I) 
c 20 -0.2309 (4) 0.5724 (2) 0.77 10 (5) 8.8 ( I) 
c 2 1 -0.3975 (4) 0.4869 (3) 0.6940 (7) 11.3 (2) 
H 4 -0.154 (2) 0.274 (2) 0.871 (3) 3.48 (0) 
H 5 -0.075 (2) 0.305 (2) 1.130 (3) 4.06 (0) 
H 6 -0.023 (2) 0.374 (2) 0.939 (3) 3.37 (0) 
H 7A -0. 185 (2) 0.402 (2) 0.665 (3) 3.85 (0) 
H 78 -0.279 (2) 0.343 (2) 0.687 (3) 3.85 (0) 
H 9 0.046 (2) 0.354 (2) 0.657 (3) 3.64 (0) 
HI O 0.06 1 (2) 0.493 (2) 0.847 (3) 4.60 (0) 
H ll -0.090 (2) 0.282 (2) 1.370 (3) 4.32 (0) 
Hl 2 0. 199 (2) 0. 169 (2) 1.157 (3) 4.68 (0) 
H 13 0.042 (2) 0.204 (2) 1.514 (3) 4.79 (0) 
H 15 0. 188 (2) 0. 144 (2) 1.404 (3) 5.58 (0) 
H 17A 0. 123 (3) 0.478 (2) 0.558 (4) 6.44 (0) 
H 178 0.083 (3) 0.554 (2) 0.6 12 (4) 6.44 (0) 
H 17C 0. 196 (3) 0.522 (2) 0.683 (4) 6.44 (0) 
H 18A -0.259 (3) 0. 189 (2) 0.647 (4) 6.36 (0) 
H 188 -0. 169 (3) 0. 145 (2) 0.580 (4) 6.36 (0) 
H 18C -0.15 1 (3) 0. 144 (2) 0.749 (4) 6.36 (0) 
H 19A -0.395 (4) 0.593 (3) 0.93 1 (5) 9.80 (0) 
H 198 -0.363 (4) 0.516 (3) 1.036 (5) 9.80 (0) 
H 19C -0.406 (4) 0.498 (3) 0.923 (5) 9.80 (0) 
H 20A -0.2 14 (3) 0.548 (3) 0.676 (5) 8.7 1 (0) 
H 208 -0.283 (3) 0.627 (3) 0.734 (4) 8.7 1 (0) 
H 20C -0.211 (3) 0.593 (3) 0.870 (5) 8.7 1 (0) 
H 21A -0.440 (5) 0.534 (4) 0.683 (6) 11.70 (0) 
H 218 -0.444 (4) 0.438 (4) 0.728 (6) 11.70 (0) 
H 2 IC -0.393 (5) 0.467 (4) 0.632 (6) 11 .70 (0) 



(SR • ,65*)-5-Methoxy-2,2-d imeth yl-6- ph enylthio-7 -nonen-3-one (a nti- IV -3o) 

atom atom 
Sl --C 14 
S l --C 6 
02 --C 18 
02 --C4 
03 --C 8 
C4 --C 7 
C4 --C 6 
C5 --C II 
C5 --C 14 
C6 --C 9 
C7 --C 8 

atom atom atom 
C 14 --S I --C 6 
C 18 --0 2 --C 4 
0 2 --C 4 --C 7 
0 2 --C 4 --C 6 
C 7 --C 4 --C 6 
C II --C 5 --C 14 
C 9 --C 6 --C 4 
C 9 --C 6 --S I 
C 4 --C 6 --S I 
C 8 --C 7 --C 4 
0 3 --C 8 --C 7 
0 3 --C 8 --C 16 
C 7 --C 8 --C 16 
C 10 --C 9 --C 6 

In tramolecular Distances (A) with e.s.d. in parentheses 

distance 
1.766 (2) 
1.833 (2) 
1.402 (3) 
1.430 (2) 
1.215 (2) 
1.522 (2) 
1.526 (2) 
1.382 (3) 
1. 383 (3) 
1.499 (3) 
1.509 (3) 

atom atom 
C 8 --C 16 
C 9 --C 10 
C 10--C 17 
C II --C 13 
C 12 --C 15 
C 12 --C 14 
C 13 --C 15 
C 16 --C 2 1 
C 16 --C 19 
C 16 --C 20 

Intramolecular Angles (degrees) wi th e.s.d. in parentheses 

angle 
105.37 (8) 
114.7 (2) 
108.8 ( I ) 
107.0 ( I) 
11 2.8 ( I ) 
120.2 (2) 
112.7 (I) 
107.1 (I) 
111.0 (I) 
115.1 (I) 
120.0 (2) 
120.8 (2) 
119.2 (2) 
124.5 (2) 
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atom atom atom 
C9 --C 10--C 17 
C 13 --C I I --C 5 
C 15 --C 12 --C 14 
C II --C 13 --C 15 
C 12--C 14 --C 5 
C 12 --C 14 --S I 
C 5 --C 14 --S I 
C 13 --C 15 --C 12 
C 21 --C 16 --C 19 
C 21 --C 16 --C 8 
C 2 1 --C 16 --C 20 
C 19 --C 16 --C 8 
C 19 --C 16 --C 20 
C 8 --C 16 --C 20 

distance 
1.522 (3) 
1.308 (3) 
1.482 (4) 
1.373 (3) 
1.377 (3) 
1.381 (3) 
1.375 (3) 
1.501 (6) 
1.519 (5) 
1.541 (5) 

angle 
125.8 (2) 
120.9 (2) 
120.2 (2) 
11 8.7 (2) 
11 8.8 (2) 
11 5.4 (2) 
125.8 ( I ) 
121.1 (2) 
113.5 (3) 
111.4 (2) 
11 0.0(3) 
109.2 (2) 
106.4 (3) 
106.1 (2) 



(2R • ,1 'R • ,2 'S*)-2-(1-Methoxy-2- phen ylth io pr op yl)cyc lohexa none (2,3-sy n-3,4-
anti-!V-3p) 

Positional parameters and equivalent isotropic thermal parameters with e.s.d. in parentheses 

awm 

S I 
02 
03 
C4 
C5 
C6 
C7 
C8 
C9 
c 10 
C II 
c 12 
c 13 
c 14 
c 15 
c 16 
c 17 
c 18 
c 19 
H 17 
H 12 
H7 
H 14 
H 5 
H6 
H 13A 
H 13B 
H 13C 
H II 
H 18A 
H 18B 
H4 
H 8A 
H 8B 
H 16A 
H 16B 
H 19A 
H l OA 
H lOB 
H 18C 
H 19B 

0.91489 (6) 
1.1035 (2) 
1.3020 (2) 
1.1910 (2) 
0.6856 (2) 
0.9496 (2) 
0.6935 (2) 
1.2182 (2) 
1.3096 (2) 
1.4363 (2) 
1.0766 (2) 
0.5937 (3) 
0.8392 (3) 
0.7925 (2) 
0.7885 (2) 
1.3428 (2) 
0.5899 (3) 
1.0919 (4) 
1.455 1 (2) 
0.5 18 (4) 
0.529 (3) 
0.697 (3) 
0.864 (3) 
0.678 (3) 
0.964 (3) 
0.858 (4) 
0.762 (4) 
0.828 (3) 
1.067 (3) 
1.008 (4) 
1.1 67 (4) 
1.1 75 (3) 
1.22 1 (3) 
1.1 46 (3) 
1.338 (3) 
1.356 (3) 
1.462 (3) 
1.499 (3) 
1.438 (3) 
1.103 (4) 
1.537 (3) 

0.18398 (3) 
0.09672 (9) 
0.2107 (I) 
0.1457 ( I) 
0.1829 ( I ) 
0.1224 (I) 
0.0443 (I) 
0.0743 ( I ) 
0.1764 (I) 
0.1654 (2) 
0.1449 (I) 
0.0848 (2) 
0.11 81 (2) 
0.0729 ( I ) 
0. 1427 ( I ) 
0.0722 (2) 
0. 1538 (2) 
0.1241 (2) 
0.0922 (I) 
0. 181 (2) 
0.064 (2) 

-0.002 (2) 
0.042 (2) 
0.232 (2) 
0.077 (2) 
0.08 1 (2) 
0.108 (2) 
0.164 (2) 
0. 19 1 (2) 
0.143 (2) 
0.156 (2) 
0. 177 ( I ) 
0.039 (2) 
0.064 (2) 
0.106 (2) 
0.025 (2) 
0.060 (2) 
0.1 78 (2) 
0. 198 (2) 
0.085 (2) 
0.090 (2) 

0.36291 (9) 
0.7844 (2) 

0.7615 (3) 
0.5279 (3) 
0.1693(4) 
0.5443 (3) 
0.0808 (3) 
0.4474 (3) 
0.6276 (3) 
0.5493 (4) 
0.6433 (3) 
0.0143 (4) 
0.6648 (4) 
0.1885(3) 
0.2344 (3) 
0.3534 (3) 
0.0579 (4) 
0.9594 (4) 
0.48 11 (4) 
0.028 (5) 

-0.059 (5) 
0.045 (5) 
0.224 (4) 
0.207 (5) 
0.486 (4) 
0.756 (5) 
0.608 (5) 
0.724 (5) 
0.697 (4) 
0.977 (6) 
0.999 (6) 
0.428 (4) 
0.544 (4) 
0.359 (4) 
0.256 (5) 
0.299 (5) 
0.590 (5) 
0.641 (5) 
0.456 (5) 
1.028 (6) 
0.425 (4) 

B(eq) 

4.27 (2) 
4.45 (5) 
6.96 (7) 
3. 19 (5) 
4.54 (7) 
3.28 (5) 
4.4 1 (7) 
3.68 (6) 
4.0 1 (6) 
4.55 (7) 
3.33 (5) 
4.78 (7) 
4.95 (8) 
3.88 (6) 
3.37 (5) 
4. 18 (7) 
5.04 (8) 
6.6 ( I ) 
4.34 (7) 
5.08 (0) 
4.81 (0) 
4.42 (0) 
3.89 (0) 
4.57 (0) 
3.29 (0) 
4.95 (0) 
4.95 (0) 
4.95 (0) 
3.35 (0) 
6.58 (0) 
6.58 (0) 
3.21 (0) 
3.68 (0) 
3.68 (0) 
4.19 (0) 
4.19 (0) 
4.35 (0) 
4.58 (0) 
4.58 (0) 
6.58 (0) 
4.35 (0) 



(2R • ,1 'R • ,2 'S*)-2-(1-Methoxy-2- phenylth io prop yl)cyclohexanone (2,3-syn -3,4-
anti- IV -3 p) 

atom atom 
S I --C 15 
S I --C 6 
02 --C II 
0 2 --C 18 
0 3 --C 9 
C4 --C II 
C 4 --C 9 
C4 --C 8 
C 5 --C 17 
C 5 --C 15 

atom atom atom 
\C 15 --S I --C 6 
C II --0 2 --C 18 
C II --C 4 --C 9 
C 11 --C 4 --C 8 
C 9 --C 4 --C 8 
C 17 --C 5 --C 15 
C 13 --C 6 --C II 
C 13 --C 6 --S I 
C II --C 6 --S I 
C 12--C7 --C 14 
C 16 --C 8 --C 4 
0 3 --C 9 --C 10 
0 3 --C 9 --C 4 

Intramolecular Dis1ances (A) with e.s.d. in parentheses 

distance 
1.771 (2) 
1.824 (2) 
1.422 (3) 
1.431 (4) 
1.210 (3) 
1.522 (3) 
1.523 (3) 
1.533 (3) 
1.379 (4) 
1.386 (3) 

atom atom 
C 6 --C 13 
C 6 --C II 
C 7 --C 12 
C 7 --C 14 
C 8 --C 16 
C 9 --C 10 
C 10 --C 19 
C 12 --C 17 
C 14 --C 15 
C 16 --C 19 

Intramolecular Angles (degrees) with e.s.d. in parentheses 

angle 
102.9 (!) 
115.1 (2) 
111 .4 (2) 
112.9 (2) 
112.1 (2) 
120.1 (2) 
113.0 (2) 
111.2 (2) 
107.6 (I) 
120.6 (2) 
113.2 (2) 
120.9 (2) 
121.6 (2) 

atom atom atom 
C I 0 --C 9 --C 4 
C9 --C 10--C 19 
0 2 --C I I --C 4 
0 2 --C I I --C 6 
C 4 --C I I --C 6 
C 17 --C 12 --C 7 
C 7 --C 14 --C 15 
C 14 --C 15 --C 5 
C 14 --C 15 --S I 
C 5 --C 15 --S I 
C 19 --C 16 --C 8 
C 12 --C I 7 --C 5 
C 10 --C 19 --C 16 

distance 
1.516 (4) 
1.539 (3) 
1.368 (4) 
1.384 (3) 
1.522 (3) 
1.498 (4) 
1.512 (4) 
1.366 (4) 
1.384 (3) 
1.515 (4) 

angle 
117.4 (2) 
113.8 (2) 
108.0 (2) 
I 07.4 (2) 
114.1 (2) 
119.7 (2) 
11 9.7 (2) 
119.1 (2) 
122.4 (2) 
118.4 (2) 
110.3 (2) 
120.5 (2) 
109.8 (2) 



(3 R • ,4S*) -3-M ethoxy -4- m etha nesu I fo ny 1-2,2- dim et h yIp en I y I 3,5- Din it robenzoa te 
( IV-7) 

Positional parameters and equivalent isotropic thermal parameters with e.s.d. in parentheses 

atom y B(eq) 

C2 0.3445 (3) 0. 1268(4) 0.210 (I) 4.0 (2) 
s 3 0.30700 (9) 0.0432 (I) 0.3562 (3) 5.23 (5) 
04 0.3545 (2) -0.0197 (3) 0.4406 (9) 6.3 (2) 
05 0.2696 (2) 0.0872 (4) 0.506 (I) 7.6 (2) 
C6 0.2522 (6) -0.0116 (7) 0. 162 (2) 8.8 (4) 
C7 0.3865 (3) 0.1887 (4) 0.370 (I) 3.3 (2) 
08 0.4536 (2) 0.1784 (2) 0.3558 (7) 4.4 (I) 
C9 0.4840 (4) 0.1088 (6) 0.482 (2) 5.7 (3) 
c 10 0.3696 (3) 0.2869 (4) 0.338 (I) 3.5 (2) 
C II 0.2998 (4) 0.3036 (5) 0.381 (2) 5.1 (2) 
c 12 0.3796 (4) 0.3185 (5) 0. 11 5 (I) 4.7 (2) 
c 13 0.4157 (3) 0.3346 (4) 0.503 (I) 3.8 (2) 
014 0.3996 (2) 0.4276 (2) 0.5008 (6) 4.4 (I) 
CIS 0.4354 (3) 0.4799 (4) 0.637 (I) 3.9 (2) 
016 0.4798 (2) 0.4548 (3) 0.7624 (8) 5.9 (2) 
c 17 0.4142 (3) 0.5733 (4) 0.6 13 (I) 3.5 (2) 
c 18 0.4335 (3) 0.6327 (4) 0.779 (I) 3.8 (2) 
c 19 0.4140 (3) 0.7186 (4) 0.754 (I) 3.8 (2) 
c 20 0.3770 (3) 0.7506 (4) 0.575 (I) 3.9 (2) 
c 21 0.3591 (3) 0.6898 (4) 0.414 (I) 3.7 (2) 
c 22 0.3766 (3) 0.6022 (4) 0.43 I (I) 3.9 (2) 
N 23 0.4333 (3) 0.78 12 (4) 0.935 (I) 5.2 (2) 
0 24 0.4664 (3) 0.7528 (4) 1.0909 (9) 6.9 (2) 
0 25 0.415 1 (3) 0.8570 (4) 0.910 1 (9) 7.6 (2) 
N26 0.3184 (2) 0.7 194 (4) 0.2180 (9) 4.4 (2) 
027 0.3100 (2) 0.6682 (3) 0.0676 (8) 5.8 (2) 
0 28 0.2961 (3) 0.793 1 (3) 0.2 159 (9) 6.8 (2) 
HIA 0.414 (5) 0.037 (6) 0.08 (I) 10 (3) 
HIB 0.403 (4) 0.129 (6) -0.05 (2) II (3) 
HIC 0.353 (3) 0.064 (5) -0.0-l (I) 6 (2) 
H2 0.307 (3) 0.160 (4) 0.139 (9) 4 (I) 
H6A 0.280 (4) -0.029 (5) 0.04 (I) 7 (3) 
H6B 0.222 (5) 0.024 (7) 0. 10 (2) II (3) 
H 6C 0.242 (5) -0.071 (8) 0.21 (2) 13 (4) 
H7 0.377 (2) 0.174 (2) 0.512 (7) 0.6 (8) 
H9A 0.468 (4) 0.056 (5) 0.43 ( I) 8 (2) 
H9B 0.469 (3) 0.114 (4) 0.64 (I) 6 (2) 
H 9C 0.527 (4) 0. 108 (6) 0.47 ( I) 9 (3) 
H !lA 0.293 (3) 0.285 (4) 0.52 (I) 4 (2) 
H liB 0.266 (4) 0.274 (5) 0.27 ( I) 8 (2) 
H IIC 0.292 (3) 0.362 (4) 0.370 (9) 4 (I) 
H 12A 0.373 (3) 0.385 (4) 0.094 (9) 5 (I) 
H 128 0.353 (3) 0.293 (5) 0.01 (I) 6(2) 
H 12C 0.425 (4) 0.298 (5) 0.08 (I) 7 (2) 
H 13A 0.460 (3) 0.330 (4) 0.484 (9) 4 (2) 
H 138 0.416 (3) 0.317 (4) 0.65 (I) 4 (I) 
H 18 0.455 (3) 0.615 (4) 0.882 (9) 3 (2) 
H 20 0.364 (3) 0.808 (4) 0.553 (9) 4 ( I) 
H 22 0.363 (3) 0.565 (4) 0.33 ( I) 6 (2) 



(3 R • ,4S*)-3 -Methoxy-4-m e th a nesu lfo ny l-2, 2-d im e th y lp en ty l 3,5-Di nit ro be nzoate 
( IV- 7) 

awm atom 
CI --C 2 
C 2 --C 7 
C 2 --S 3 
s 3 --0 4 
s 3 --0 5 
S 3 --C 6 
c 7 --0 8 
C 7 --C 10 
0 8 --C 9 
C 10 --C 13 
C 10 --C 12 
C 10 --C 11 
c 13 --014 
0 14 --C 15 

atom atom atom 
C 1 --C 2 --C 7 
C 1 --C 2 --S 3 
C 7 --C 2 --S 3 
0 4 --S 3 --0 5 
0 4 --S 3 --C 6 
0 4 --S 3 --C 2 
0 5 --S 3 --C 6 
0 5 --S 3 --C 2 
C 6 --S 3 --C 2 
0 8 --C 7 --C I 0 
0 8 --C 7 --C 2 
C 1 0 --C 7 --C 2 
C 7 --0 8 --C 9 
C 13 --C 10 --C 12 
C 13 --C 10 --C I I 
CI3--CIO--C7 
C I 2 --C I 0 --C 11 
C 12--C 10--C7 
C 11 --C 10 --C 7 
0 14 --C 13 --C 10 
C 15 --0 14 --C 13 

Intramolecular Di stances (A) with e .s.d. in parentheses 

distance atom atom 
1.53 (I) c 15--016 
1.558 (8) C 15 --C 17 
1.792 (7) C 17 --C 22 
1.425 (5) C 17 --C 18 
1.449 (6) C 18 --C 19 
1.76 (I) C 19 --C 20 
1.411 (7) C 19--N23 
1.537 (8) C 20 --C 21 
1.42 ( I ) C 2 1 --C 22 
1.502 (8) C 2 1 --N 26 
1.51 (I) N 23--0 24 
1.52 (I) N 23 --0 25 
1.449 (7) N 26 --0 28 
1.323 (7) N 26--0 27 

In tramolecular Angles (degrees) with e.s.d. in paren theses 

angle 
113.8 (6) 
II 1.8 (5) 
110.0 (4) 
11 7.9 (4) 
107.4 (4) 
109.9 (3) 
108.2 (5) 
107.5 (3) 
105.2 (5) 
108.1 (4) 
11 1.8 (5) 
113.5 (5) 
11 5.0 (5) 
109.7 (5) 
109.6 (6) 
105.0 (4) 
110.3 (6) 
11 1.8 (5) 
11 0.1 (5) 
109.5 (5) 
I 17.7 (4) 

atom atom atom 
0 16 --C 15 --0 14 
0 16 --C 15 --C 17 
0 14 --C 15 --C 17 
C 22 --C 17 --C 18 
C 22 --C 17 --C 15 
C 18 --C 17 --C 15 
C 19 --C 18 --C 17 
C 20 --C 19 --C 18 
C 20 --C 19 --N 23 
C 18 --C 19 --N 23 
C 19 --C 20 --C 2 1 
C 22 --C 2 1 --C 20 
C 22 --C 21 --N 26 
C 20 --C 21 --N 26 
C 17 --C 22 --C 2 1 
0 24 --N 23 --0 25 
024--N23 --C 19 
0 25 --N 23 --C 19 
0 28 --N 26 --0 27 
0 28 --N 26 --C 21 
0 27 --N 26 --C 21 

distance 
1. 195 (8) 
1.485 (8) 
1.374 (8) 
1.394 (9) 
1.368 (8) 
I .367 (9) 
1.491 (8) 
1.38 1 (9) 
1.378 (9) 
1.471 (8) 
1.203 (8) 
1.2 14 (8) 
1.210 (7) 
1.215 (7) 

angle 
123.9 (5) 
124.4 (5) 
111.6 (5) 
119.6 (6) 
121.4 (5) 
I 19.0 (5) 
118.4 (6) 
124.1 (6) 
117.9 (5) 
11 8.0 (5) 
11 5.8 (6) 
122.7 (6) 
118.5 (5) 
118.7 (5) 
I 19.3 (6) 
125.5 (6) 
11 7.5 (6) 
11 7.0 (6) 
124.1 (6) 
118.2 (5) 
I 17.7 (5) 



( SR * ,6R *) -6- Ben ze n es u I fon y 1-5 -m e t ho xy -2,2 -d im e th y 1-6- ph en y 1-3- h ex a n on e 
(I V- 8 ) 

Positional parameters and equivalent isotropic thermal parameters with e.s.d. in pare!llheses 

atom y 8(eq) 

S I 0.11 123 (6) 0.20978 (5) 0.94742 (7) 4.06 (3) 
02 0.3096 (2) 0.0775 (2) 0.9969 (2) 5.39 (8) 
03 0.0513 (2) 0.2881 (2) 0.8962 (3) 5.40 (8) 
04 0. 1056 (2) 0.178 1 (2) 1.0616 (2) 5.61 (8) 
OS 0.5 131 (2) 0.2034 (2) 1.2990 (2) 6.29 (9) 
C6 0.3033 (2) 0.3165 (2) 1.0 188 (3) 3.89 (8) 
C7 0.5542 (3) 0.2069 (2) 1.2187 (3) 3.9 1 (8) 
C8 0.3293 (3) 0.3752 (2) 0.9458 (4) 5. 1 (I) 
C9 0.2703 (3) 0.2256 (2) 0.9754 (3) 3.80 (8) 
c 10 0.0534 (3) 0. !304 (2) 0.8308 (3) 4. 14 (8) 
C II 0.0268 (3) 0.15 11 (2) 0.7090 (3) 4.62 (9) 
c 12 0.4823 (3) 0.1703 (2) 1.090 1 (3) 4.7 (!) 
c 13 0.0342 (3) 0.0482 (2) 0.8647 (3) 5.2 (I) 
C I4 0.6780 (3) 0.2430 (2) 1.2439 (3) 4.42 (9) 
c 15 0.3050 (3) 0.3421 (2) 1.1358 (3) 5.0 (I) 
C I6 0.3482 (3) 0. 1564 (2) 1.0598 (3) 4.20 (9) 
CI7 -0.0220 (3) 0.0907 (3) 0.6166 (4) 5.6 (I) 
c 18 0.7406 (4) 0.2634 (4) 1.3831 (4) 6.4 (I) 
c 19 -0.0430 (3) 0.0076 (3) 0.6504 (4) 5.6 (I) 
c 20 0.3595 (4) 0.4839 (2) 1.099 1 (6) 7.0 (2) 
c 2 1 0.6646 (5) 0.3256 (3) 1.1 690 (5) 6.5 (2) 
c 22 -0.0147 (4) -0.0132 (3) 0.7728 (5) 6.6 (I) 
c 23 0.33 15 (4) 0.4254 (3) 1.1734 (4) 6.4 (I) 
c 24 0.7547 (3) 0.1776 (3) 1.2063 (4) 5.6 (I) 
c 25 0.3240 (7) 0.0063 (4) 1.08 10 (7) 9. 1 (2) 
c 26 0.3589 (4) 0.4589 (3) 0.9868 (5) 6.8 (2) 
H 8 0.337 (2) 0.352 (2) 0.864 (3) 2.7 (5) 
H 9 0.277 (2) 0.219 (2) 0.896 (2) 1.4 (4) 
H II 0.036 (4) 0.205 (3) 0.678 (4) 4.8 (8) 
H 12A 0.526 (4) 0. 115 (3) 1.079 (4) 6 (!) 
H 128 0.493 (4) 0.200 (3) 1.024 (4) 4.7 (8) 
H 13 0.074 (5) 0.038 (4) 0.974 (6) 9 (I) 
H 15 0.285 (4) 0.306 (3) 1.186 (4) 6 (I) 
HI 6 0.336 (3) 0.156 (2) 1.142 (3) 3.0 (6) 
H 17 -0 044 (4) 0.101 (3) 0.533 (4) 6 ( !) 
H 18A 0.688 (6) 0.296 (4) 1.406 (5) 7 (!) 
H 188 0.815 (8) 0.306 (5) 1.400 (7) 12 (2) 
H 18C 0.752 (4) 0.209 (3) 1.433 (5) 6 ( !) 
H 19 -0.074 (5) -0.040 (4) 0.598 (5) 8 ( !) 
H 20 0.372 (4) 0.542 (3) 1. 124 (4) 6.0 (9) 
H 2!A 0.637 (4) 0.308 (3) 1.082 (4) 5.0 (9) 
H 2 18 0.627 (6) 0.360 (4) 1. 192 (6) 9 (2) 
H 2IC 0.75 1 (4) 0.356 (3) 1.1 9 1 (3) 5.0 (8) 
H 22 -0.042 (6) -0.065 (4) 0.789 (5) 9 (2) 
H 23 0.337 (5) 0.45 1 (4) 1.254 (5) 7 (!) 
H 24A 0.698 (5) 0.16 1 (4) 1.11 4 (6) 8 (I) 
H 248 0.759 (4) 0.126 (3) 1.236 (4) 6 (!) 
H 24C 0.843 (5) 0.200 (3) 1.233 (4) 7 ( !) 
H 25A 0.4 14(5) -0.004 (4) 1.1 3 1 (5) 8 ( I) 
H 258 0.254 (9) 0.019 (7) 1.1 29 (8) 15 (3) 
H 25C 0.297 (6) -0.036 (6) 1.042 (6) 10 (2) 
H 26 0.377 (4) 0.504 (3) 0.944 (4) 6 (I) 

88 



(SR*,6R*)-6-Benzenesulfonyl-5 -m ethoxy-2,2-dimethy l-6-ph enyl-3-hexanone 
(IV-8) 

atom atom 
S I --0 3 
S I --0 4 
S I --C 10 
S I --C 9 
02 --C 16 
0 2 --C 25 
0 5 --C7 
C 6 --C 8 
C 6 --C 15 
C6 --C 9 
C7 --C 14 
C 7 --C 12 
C 8 --C 26 
C 9 --C 16 

atom atom atom 
0 3 --S I --0 4 
0 3 --S I --C 10 
0 3 --S I --C 9 
04 --S I --C 10 
0 4 --S I --C 9 
C I 0 --S I --C 9 
C 16--0 2 --C 25 
C 8 --C 6 --C 15 
C 8 --C 6 --C 9 
CI5--C6 --C9 
0 5 --C 7 --C 14 
0 5 --C 7 --C 12 
C 14 --C 7 --C 12 
C 6 --C 8 --C 26 
C 6 --C 9 --C 16 
C 6 --C 9 --S I 
C 16 --C 9 --S I 
C II --C 10 --C 13 
C II --C 10 --S I 
C 13--C 10--S I 

Intramolecular Distances (A) with e.s.d. inparenthcses 

disrnnce 
1.426 (2) 
1.440 (3) 
1.769 (3) 
1.827 (3) 
1.416 (4) 
1.443 (7) 
1.212 (5) 
1.364 (5) 
1.409 (5) 
1.506 (4) 
1.510 (4) 
1.522 (4) 
1.387 (5) 
1.515 (4) 

atom atom 
C 10 --C II 
C 10 --C 13 
C II --C 17 
C 12 --C 16 
C 13 --C 22 
C 14 --C 21 
C 14 --C 18 
C 14 --C 24 
C 15 --C 23 
C 17 --C 19 
CI9--C22 
C 20 --C 26 
C 20 --C 23 

Intramolecular Angles (degrees) with e.s.d. in parentheses 

angle 
118.9 (2) 
107.0 ( I) 
106.5 (2) 
108.8 (2) 
107.2 ( I) 
107.9 (2) 
112.9 (3) 
11 9.2 (3) 
12 1.1 (3) 
119.7 (3) 
121.9 (3) 
119.6 (3) 
118.4 (3) 
120.4 (4) 
115.7 (2) 
108.0 (2) 
111.3 (2) 
121.0 (3) 
119.8 (2) 
119.3 (2) 

atom atom arom 
C 10 --C I I --C 17 
C 7 --C 12 --C 16 
C 22 --C 13 --C 10 
C7 --C 14 --C2 1 
C 7 --C 14 --C 18 
C 7 --C 14 --C 24 
C 21 --C 14 --C 18 
C 21 --C 14 --C 24 
C 18 --C 14 --C 24 
C 23 --C 15 --C 6 
0 2 --C 16 --C 9 
02 --C 16--C 12 
C 9 --C 16 --C 12 
C I I --C 17 --C 19 
C 22 --C 19 --C 17 
C 26 --C 20 --C 23 
C 19 --C 22 --C 13 
C 15 --C 23 --C 20 
C 20 --C 26 --C 8 

dis1ance 
1.365 (5) 
1.386 (5) 
1.378 (5) 
1.526 (5) 
1.386 (6) 
1.527 (6) 
1.533 (5) 
1.544 (6) 
1.368 (6) 
1.405 (6) 
1.369 (7) 
1.360 (9) 
1.382 (8) 

angle 
120.5 (4) 
115.5 (3) 
119.2 (4) 
108.8 (3) 
109.3 (3) 
110.4 (3) 
109.2 (4) 
109.9 (4) 
109.3 (3) 
119.5 (4) 
106.5 (2) 
110.5 (3) 
11 2.6 (3) 
11 8.8 (4) 
120.6 (4) 
119.7 (4) 
120.0 (4) 
120.7 (5) 
120.4 (5) 



(3R * ,45*)-3-Hyd roxy-2,2-d imet hyl-4 -phenyl-4- phenylth iobut y l 3,5-
Dinitrobenzoa te (IV-10) 

Positional parameters and equivalent isotropic thermal parameters with e.s.d. in parentheses 
atom x y z B(eq) 
S I 0.57542(8) 0.15019(9) 0.21366(8) 6.03(3) 
0 2 0.346 1 (2) 0.6036 (2) 0.3271 (I) 4.66 (6) 
0 3 0.3687 (3) 0.2624 (3) 0.36 12 (2) 5.80 (7) 
0 4 0.397 1 (2) 0.7302 (3) 0.4898 (2) 6.14 (8) 
0 5 0.8063 (4) 0.8750 (4) 0.1320 (2) 9.2 (I) 
0 6 0.5965 (4) 0.7445 (4) 0.0854 (2) 8.7 (I) 
0 7 0.8358 (4) 1.11 27 (4) 0.588 1 (2) 8.6 (I) 
0 8 0.9559 (4) 1.1538 (4) 0.4786 (3) 10.4 (I) 
N9 0.6946(4) 0.8216(4) 0. 1492(2) 6.7( 1) 
N 10 0.8551 (3) 1.089 1 (4) 0.5038 (2) 6.6 (I) 
C II 0.3639 (3) 0.3009 (3) 0.2720 (2) 4.22 (7) 
C l2 0.5418(3) 0.7928(3) 0.3763(2) 4.13(7) 
c 13 0.2981 (3) 0.0328 (3) 0.15 14 (2) 4.14 (7) 
c 14 0.4216 (3) 0.7071 (3) 0.4056 (2) 4.26 (8) 
c 15 0.5594 (3) 0.7686 (3) 0.2768 (2) 4.53 (8) 
c 16 0.6746 (3) 0.8496 (3) 0.2551 (2) 4.82 (8) 
c 17 0.3957 (3) 0.1806 (3) 0.1838 (2) 4.35 (8) 
c 18 0.6399 (3) 0.8979 (3) 0.45 12 (2) 4.59 (8) 
c 19 0.2348 (4) 0.4966 (4) 0.3407 (3) 5.23 (9) 
c 20 0.7531 (3) 0.9768 (3) 0.4242 (2) 4.83 (8) 
c 21 0.7745 (4) 0.9530 (4) 0.3267 (2) 5.25 (9) 
C22 0.1330(4) -0.1542(4) 0.0226(3) 6.2(1) 
C 23 0.7044 (5) 0.3745 (5) 0.1516 (4) 6.8 (I) 
C24 0. 1924(4) -0. 1913(4) 0.1767(3) 60(1) 
c 25 0.2244 (3) 0.3529 (3) 0.2573 (2) 4.49 (8) 
C 26 0.0944 (4) 0.2449 (4) 0.2666 (4) 5.8 (I) 
C27 0.28 15(4) -0.0560(3) 0.21 17(2) 5.15(9) 
c 28 0.222 1 (4) -0.0201 (4) 0.0548 (2) 5.30 (9) 
C29 0.6813(3) 0.3234(4) 0.2302(3) 5.6(1) 
C 30 0.1163 (4) -0.2397 (4) 0.083 1 (3) 6.2 ( I) 
C 31 0.2015 (4) 0.38 13 (4) 0.1564 (3) 5.5 ( I) 
C 32 0.7493 (4) 0.4085 (5) 0.3253 (4) 6.8 (I) 
c 33 0.7936 (5) 0.5070 (6) 0.1664 (5) 8.4 (2) 
c 34 0.8601 (4) 0.5866 (5) 0.2589 (6) 9.0 (2) 
c 35 0.8362 (5) 0.5390 (6) 0.3388 (6) 8.2 (2) 
H 3 0.434 (6) 0.248 (6) 0.383 (4) 9 (2) 
H II 0.440 (3) 0.386 (3) 0.279 (2) 2.9 (5) 
H 15 0.498 (4) 0.704 (4) 0.222 (3) 6.1 (8) 
H 17 0.382 (3) 0.211 (3) 0.125 (2) 3.6 (6) 
Hl 8 0.639(4) 0.913(4) 0.518(3) 5.0(7) 
H 19A 0.155 (4) 0.534 (4) 0.345 (3) 6. 1 (9) 
H 198 0.267 (4) 0.482 (4) 0.410 (3) 5.9 (8) 
H 21 0.836 (6) 1.020 (6) 0.300 (4) II ( I) 
H 22 0.074 (7) -0.175 (7) -0.053 (5) 13 (2) 
H 23 0.662 (4) 0.322 (5) 0.099 (3) 6 ( I) 
H 24 0.194 (5) -0.249 (5) 0.222 (3) 8 ( I) 
H 26A 0.129 (4) 0.231 (4) 0.324 (3) 6 ( I) 
H 268 0.005 (5) 0.283 (5) 0.255 (3) 8 ( I) 
H 26C 0.083 (4) 0.136 (5) 0.212 (3) 7 ( I) 
H 27 0.322 (4) -0.013 (4) 0.284 (3) 5.7 (8) 
H 28 0.240 (4) 0.039 (4) 0.018 (2) 5.3 (8) 
H 30 0.057 (5) -0.333 (5) 0.061 (3) 8 ( I) 
H31A 0. 305(4) 0.449 (4) 0.144 (3) 6.6(9) 
H 318 0.200 (3) 0.286 (4) 0.106 (2) 4.7 (7) 
H 3IC 0.115 (5) 0.435 (5) 0.161 (3) 7.0 (9) 
H 32 0.739 (4) 0.374 (5) 0.380 (3) 7 (I) 
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(3R * ,4S *)-3-Hyd roxy-2 ,2 -d imet hyl-4-ph enyl-4-p heny lth iobu tyl 3,5-
Dinitrobenzoate (IY-10) 

Positional parameters and equivalent isotropic thermal parameters with e.s.d. in parentheses 
atom x y z B(eq) 
H 33 0.780 (6) 0.555 (6) 0.111 (4) 10 ( I) 
H 34 0.928 (7) 0.675 (7) 0.289 (4) II (2) 
H 35 0.865 (5) 0.587 (6) 0.394 (4) 7 (I) 

atom atom 
S I --C 29 
S I --C 17 
02 --C 14 
02 --C 19 
0 3 --C II 
04 --C 14 
0 5 --N 9 
06 --N9 
0 7 --N 10 
0 8 --N 10 
N 9 --C 16 
N 10 --C20 
C II --C 25 
C II --C 17 
C 12 --C 18 
C 12--C 15 
C 12 --C 14 
C 13 --C 27 
C 13 --C 28 

atom atom atom 
C 29 --S I --C 17 
C 14--02 --C 19 
0 5 --N 9 --0 6 
05 --N9 --C 16 
0 6 --N 9 --C 16 
0 7 --N 10 --0 8 
0 7 --N 10 --C 20 
0 8 --N 10 --C 20 
0 3 --C II --C 25 
0 3 --C II --C 17 
C 25 --C II --C 17 
C 18 --C 12 --C 15 
C 18 --C 12 --C 14 
C 15 --C 12 --C 14 
C 27 --C 13 --C 28 
C 27 --C 13 --C 17 
C 28 --C 13 --C 17 
0 4 --C 14--0 2 
0 4 --C 14 --C 12 
02 --C 14--C 12 
C 16 --C 15 --C 12 
C 2 1 --C 16 --C 15 
C21 --C I6--N9 
C 15 --C 16--N9 
CI3--C 17 --C II 
C 13 --C 17 --S I 

Intramolecular Distances (A) with e.s.d. in parentheses 

distance 
1.764 (3) 
1.838 (3) 
1.316(3) 
1.44 1 (4) 
1.41 8 (4) 
1.200 (4) 
1.200 (5) 
1.218 (4) 
1.187 (5) 
1.215 (5) 
1.482 (4) 
1.467 (4) 
1.530 (4) 
1.535 (4) 
1.387 (3) 
1.391 (4) 
1.485 (4) 
1.384 (5) 
1.394 (4) 

atom atom 
C 13 --C 17 
C 15 --C 16 
C 16 --C 2 1 
C 18 --C 20 
C 19 --C 25 
C 20 --C 21 
C 22 --C 30 
C 22 --C 28 
C 23 --C 29 
C 23 --C 33 
C 24 --C 30 
C 24 --C 27 
C 25 --C 31 
C 25 --C 26 
C 29 --C 32 
C 32 --C 35 
C 33 --C 34 
C 34 --C 35 

Intramolecular Angles (degrees) wi th e.s.d. in parentheses 

angle 
102.2 (2) 
119.6 (2) 
124.5 (4) 
118.0 (3) 
117.5 (3) 
123.5 (3) 
11 9.4 (3) 
117.0 (3) 
107.2 (2) 
112.5 (3) 
117.1 (2) 
119.7 (3) 
118.4 (2) 
121.8 (2) 
11 7.7 (3) 
123.6 (2) 
11 8.8 (3) 
125.0 (3) 
124. 1 (2) 
11 0.9 (2) 
11 8.8 (2) 
123.3 (3) 
11 7.9 (3) 
11 8.7 (2) 
117.8 (2) 
106 7 (2) 

atom atom atom 
C II --C 17 --S I 
C 20 --C 18 --C 12 
0 2 --C 19 --C 25 
C 21 --C 20 --C 18 
C 21 --C 20 --N 10 
C 18 --C 20 --N 10 
C 16 --C 21 --C 20 
C 30 --C 22 --C 28 
C 29 --C 23 --C 33 
C 30 --C 2~ --C 27 
C 19 --C 25 --C I I 
C 19 --C 25 --C 3 I 
C 19 --C 25 --C 26 
C I I --C 25 --C 3 I 
C I I --C 25 --C 26 
C 3 1 --C 25 --C 26 
C 24 --C 27 --C 13 
C 22 --C 28 --C 13 
C 23 --C 29 --C 32 
C 23 --C 29 --S I 
C 32 --C 29 --S I 
C 24 --C 30 --C 22 
C 35 --C 32 --C 29 
C 34 --C 33 --C 23 
C 33 --C 34 --C 35 
C 32 --C 35 --C 34 

distance 
1.504 (4) 
1.372 (5) 
1.368 (4) 
1.385 (5) 
1.524 (4) 
1.374 (5) 
1.362 (6) 
1.366 (5) 
1.368 (8) 
1.379 (7) 
1.360 (5) 
1.376 (4) 
1.534 (5) 
1.546 (5) 
1.389 (5) 
1.356 (7) 
1.345 (9) 
1.37 (I) 

angle 
109.3 (2) 
118.6 (3) 
107.9 (3) 
122.8 (2) 
119.0 (3) 
118.2 (3) 
116.7 (3) 
121.3 (3) 
120.8 (5) 
120.9 (4) 
107.2 (2) 
108.6 (3) 
106.9 (3) 
II 1.2 (3) 
112.8 (3) 
109.9 (3) 
120.6 (3) 
120.4 (4) 
11 8.4 (4) 
122.2 (3) 
119.3 (4) 
119.0 (3) 
120.2 (6) 
11 9.8 (7) 
120.4 (5) 
120.4 (5) 
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CHAPTER V. STEREOSELECTIVE CATIONI C CYC LIZATION ASSISTED 

BY A SULFENYL GROUP 

Summary: Secondary acetates V-1 and Y-6 were successfull y cycl ized upon the success ive 

treatment with Lewis acid and base. An NMR stud y of the reaction revealed that the 

intermediate was a five-membered sulfon ium ion. In the reaction of V -6 , thermodynamically 

less s table c is isomer V -7 was obtained as the major product due to the conformational 

restri ction of the intermediate. 

1. Introduction 

An alkylati ve cyc li zati on toward a cation ic cen ter is one of the methods for carbocycle 

construction and has drawn much attention of syntheti c organic chemi sts. This methodology 

have been widely applied for terpene synthes is.1 

Among them, the most simple reaction is a mimic for the b iosynthes is of 

limonene/terpino lene by the cyclization of neryl pyrophosphate. This reaction was originally 

studied usi ng neryl pyrophosphate itse lf as a substrate.2 Afte r that, the leav ing g ro up was 

changed to another one in order to improve its usefulness in a synthet ic organi c chemistry. 

Mukaiyama and co-workers showed that 2-halopyridinium sal ts effecti vely ac ti vate nero! to give 

the corresponding cyclized product in hig h yieid.3 Nozaki et a!. reported the cyc li zati on

alkylation of diethy l neryl phosphate by organoaluminum spec ies4 and the hal oge nati ve 

cyclization of nero! by a TiCI4-amine complex.S The enantioselec ti ve version of the cycl izat ion 

was also demonstrated by Yamamoto and co-workers by us ing a chiral leav ing group and a 

suitabl y designed aluminum reagent6 

Thus, the cyclization to give simple cyclohexene sys tem is thoroughl y investigated. 

However, the formation of the co rresponding cyclohexane ring has been scarce ly reported unless 

the cation initially formed is tertiall y or allylic.7 As easily seen from thi s fact, one of the 

drawbacks for thi s simple cati onic cycli zation is the dependence on the substrate structure; they 

must be a precursor for a fairly stable cation. Therefore, the a uthor planned to carry out the 



unprecedented cationic cyc li zation of a secondary acetate, assisted by the neighboring group 

participation of a sulfenyl group. 

In chapter Ill , the author has described that a cation, to which the neighboring group 

participation occurs, must have an appropriate stability in order that the reaction occurs clean ly. 

Otherwise, the reaction became complex, presumably due to a short life-time of the intennediate 

episulfonium ion. A simple secondary cation be longs to fairly t/ltstab/e cation; therefore the 

neighboring-group-parti c ipated reaction of ~-sulfenylated secondary acetate is considered to be 

hardly successful. In fact, the attempt to alkylate trans-1-acetoxy-2-(phenylthio)cyclohexanone 

with a silyl enol ether resulted in failure. However, such an unstable intermediate might be 

successfully trapped , if the reaction is designed as an intramolecular one, which is entropically 

more favorable than an intermolecular counterpart. Therefore, the aut hor tried the reaction of 

secondary acetate V -1. 

2. Results and Discussion 

When V-1 was treated wi th 1.1 equ iv. of TMSOTf for one day, the starting material was 

completely consumed. However, no cyclized product was detected . Instead, a very polar 

species was formed. The species slowly decomposed upon standing at room temperature to give 

a much less polar compound, which was identified to a mixture of cyclized products V -2 , V -3. 

and V -4. Then, the reaction conditions were thoroughly examined for the conversion of the 

polar product into V -2 , V -3, and V -4. As a result , it was found that the decomposition was 

enhanced by treating the polar product with a base. The yield was as high as 85% when 

triethylamine was used. Thus, the cationic cyclization of the secondary alcohol derivative was 

proved to be successful with the aid of neighboring group participation. The present reaction is 

the first example for the formation of 1 ,2-dialkylcyclohexane by a cationic cyclization. 

Consequently, the author became further interested in the se lectivity of thi s reaction, and 

investigated several activators and bases (Table 1). 

In a certain case, the formation of exocyclic isomer V -4 was suppressed (Run 6). 

However, high stereoselectivity between to diastereomers, V -2 and V -3, was not observed in 

every case. 



UOAc 
~ ~sPh 

1) Lewis acid 

2) Base 
~SPh + 2·"-SPh + :t-SPh 

V-1 V-2 V-3 V-~ 

Table Y-1. Cyclizati on of V-1 under Various Conditions 

Run Lewis acid Base Yield/% V-2 :V-3:V-4 

TMSOTf none 0 

2 Et3N 85 4 t :54:5 

proton sponge" 74 25:52:23 

4 KzC03 33b 29:44:27 

Et3N 39 40:46:14 

79 45:55:0 

a 1,8-B is(dimethylamino)naphthalene. 
b TMSOTf was added 10 the mixture of V-I and base. 

Then, the author tri ed to identify what the intermediate polar compound is. The reaction 

was pursued by using NMR. As shown in Fig. I, 1 H NMR signal of V -1 slowl y faded and new 

peaks appeared. The characteristi cs are: 

I) Lo~ fi eld shift of the phenyl protons. 

2) Disappearance of two methyne protons around 5 ppm which can be assigned as the olefin 

proton and the proton on the carbon adjacent to the acetoxy group. 

3) Disappearance of the methylene proton on the carbon adjacent to the phenylthio group. 

4) Appearance of new signals (at leas t six kinds) between 3.4 and 4.4 ppm. Three of them are 

clear double-doublets having a large J value which is cons istent with that of a geminal coupl ing. 

5) The methyl proton at 1.6 (o r 1.7) ppm shifted to higher fields and split into three d istinct 

singlets at 0.9, 1.2, and 1.2 ppm (the area ratio of the three peaks was roughl y I :2:2). The other 

methyl proton at 1.7 (or 1.6) ppm also split into three different peaks at 1. 7, 1.8 and 1.9 ppm (the 

area ratio was roughly 2:2: I). 

The reaction was also monitored by 13C NMR (Fig. 2). The noteworthy are: 

6) Di sappearance of the signals at 73 (the ca rbon adjacent to the ace tox y group), 125 (the 

olefinic carbon), and 127 ppm (the olefinic carbon). 

7) Appearance of a set of s ignals around 45, 80, and 120 ppm . 



a 

b 

J / J 
PPH 

Fig. Y-1. IH NMR speClTa of V-1: (a) substrate only; (b) reacted with TMSOTf for 8 h, (c) for 26 h. 



a 

:loci '" 100 " 

b 

Fig. V-2. De NMR spectra of V-1: (a) substrate only; (b) reacted with TMSOTf for 26 h. 



Taking into acco unt these observations, it is conc luded that the intermediate is su lfon ium 

ion V -5. However, from the facts 4), 5), and 7) mentioned above, the inte rmediate was 

considered to be a mixture of stereo isomers. Although each signal s could not be assigned, it was 

easily deduced that the stereochemical heterogene ity of V-5 affects the result of the reac tio n to 

some extent. 

V-5 

It is well known that a 5,6-fused carbocycl ic system can be ex ist as both cis- and trans· 

form whereas only a cis-junction is allowed for 5,5-fused system . Therefore, the author planned 

to try the reaction of V -6 , a one-carbon-fewer analog of V -1. 

When V-6 was treated with TMSOTf, the same change as V-1 was observed by a TLC 

monitoring. Treatment of the reaction mixture with Et3N gave the corresponding cyclized 

product in 70% yie ld. The main product was proved to be a cis isomer V · 7, of which the 

structure was determined by the X-ray crystallographic analysis of the corresponding sulfone (V-

10). The formation of trans isomer was largely suppressed. This fact is in accordance with the 

above assumption for the five-membered intermediate. 

Then, the reaction was performed in var ious so lve nt s (Table V-2). However. it was 

difficult to expla in the effect of so lvent. Although the se lectivity was better in CH3CN than in 

CH2CI2, the yield was better in the latter. 

(LOAc 
_..1__ 'SPh 

1)TMS0Tf 

2'-SPh + x····-SPh + 2'--SPh 
V-6 V-7 V-8 

Table V-2. Cyclization of V-6 in Various Solvents 

Run Solvent Yield/% 

CH2CI2 70 

2 CH3CN 53 

CH3N02 64 

4 CH2CICH2CI 79 

CH3CH2CN 62 

100 

V-9 

V-7:V-8:V-9 

83:0:17 

91:0:9 

76:16:18 

77:6: 17 

74:11:15 



Therefore, the author next investigated the effect of ac ti vator and base when the 

cyclization was carried out in C H2CI2 (Table V-3). 

Trityl perch lorate gave a good result for the se lecti vity, however, the yield is somewhat 

problematic (Run 9). The tin(!V) ch loride-mediated reacti on resulted in a complete ly different 

stereochemical course (Run I 0). 

(lOAc 

~ -SPh 

1) Lewis acid 

2) Base 2'--SPh + x····-SPh + X'-SPh 
V-6 V-7 V-8 V-9 

Table V-3. Cycl ization of V-6 by Various Lewis Acids and Bases 

Run Lewi s acid Base Yield/% V-7 :V-8 :V-9 

TMSOTf Et3N 70 83:0: 17 

2 Et2NH 68 77:3:20 

is uNHz 70 5 1:4:47 

4 DB U 78 58:5:37 

ipr2NEt 66 40:3:57 

6 EtONa 85 52 :6:42 

2.6-lutidine 59 13:2:85 

pro10n sponge 65 34:4:62 

TrCI04 Et3N 47 90:0:10 

10 SnCI4 77 32:66:2 

The reaction of V-6 was also mo nitored by NMR (Figs. V-3 a nd V-4). In thi s case. 

clearer NMR spectrum was obtained. This fact a nd the stereochemi ca l result of the reacti on 

indicate that the stereochemistry of the intermediate was restri cted to c is as anticipated. 



a 

b 

r 
I 

Fig. Y-3. 1 H NMR specJra o f Y-6: (a) subs trote on ly; (b) reacted with TMSOTf for 24 h. 

PPH 



a 

I II 
'" "' 100 50 

b 

.. II J ,d, 
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Fig. Y-4. De NMR spewa of V-6: (a) substra te only; (b) reacted wi th TMSOTf for 24 h. 



There are two examples for the formation of a hetero-atom con ta ining five-membered 

ring in a polyene cycli zati on. One is a se len ium -mediated, highly stereoselective cyc li zation8 

In this case, however, the selen ium is directly attached to a ste reogenic carbon. It is rather 

diffi c ult to perform furth er manipulation of the product without loss of the ste reoche mica l 

information. 

rkO~J- eSC OAc 

~" 
.. ,SePh + .. ,SePh 

TFA 

SePh A /j'OCOCF3 OH 

6% 36% 

The other is a thallium (III) perch lorate-mediated reaction of ge raniot.9 As the product 

of this reaction is te trahydrofuran, the further functional group transfonnation wou ld be severe ly 

limited. 

60% 

HO~ TI(CI04), 

On the other hand, the product of the present reac tion is cis- I ,2- di s ubs titut ed 

cyclopentane, having easily functionalizable mo ieties in both substitue nts; sulfenyl gro up and 

double bond. Consequently , this reaction is considered to result in the formation of a precursor 

for the syn thes is of various 1,2-cis-substituted cyclopentanes. In addition, it is noteworth y that 

the crystal of racemic sulfone V-10 belongs to space group P2t2t2t . which has no mirror of 

symmetry; V-10 is a racemic mixture, and therefore single crystal of V-10 is chiral. This fact 

means that 1,2-cis-substituted cyclopentanes can potentially be obtained in an optica lly pure 

form by us ing the present five-membered-ring-forming reaction. 



3. Experimental 

General information is same as that of Experimental in Chapter II. 

8-Acetoxy-2-methy1-9-phenylthio-2-nonene (V-1): To a so luti on of sod ium methoxide 

(0.114 mol) in MeOH (I 00 ml) was added di e thyl malonate ( 18 ml , 0.118 mol) at room 

temperature. After being stirred for I 0 min, MeO H (20 ml ) solution of prenyl bromide ( 16.3 1 g. 

0.109 mol ) was added to the mi xture at 0°C. The resulting solution was heated to re flu x and 

stirred for 5 h. Then, the mixture was cooled to room temperature and partitioned between water 

(100 ml) and CH2Ch (300 ml ). The aqueous layer was extracted with CH2C12 (3 x 30 ml ) and 

combined organic layers were dried over MgS04. After the removal of the solvent, the residue 

was distilled under reduced pressure (75-80°C/I mmHg) [Jit.IO 140°C/20 mmHg] to give 16.39 

g (66% yield) of diethyl 2-prenyhnalonate. I H NMR was identical with that reported in the 

literature.IO 

The above diester was half-hyd rolyzed and decarboxylated by DMSO-H20-NaCI at 

160°C according to the method in the literature . II The crude product was essentially pure 

judging from 1 H NMR, which was identical with that reported in the literature. 12 

To a solution of LAH (2.6g, 68 mmol) in THF ( I 00 ml) was added dropwise the above 

crude ester (10.5 g, 67 mmol) in THF (20 ml). After the exothermic reac ti on had ceased. the 

mixture was stirred for further IS min. Then the remaining reductant was allowed to react with 

EtOAc until no more exothermic reaction had occurred. Saturated aqueous Na2SO~ (50 ml ) was 

added to the mixture and the resulting precipitates were filtered off using Cel ite pad. The so li d 

was thoroughly washed with ether. After the most of the solvent was removed, the crude oil was 

distilled at reduced pressure (98-102°C/40 mmHg) to give 5.45 g (47 .8 mmol , 67% yield for 

two steps) of 5-methyl-4-hexen- I -o l. t H NMR was identical with that reported in the 

I i terature.13 

The above alcohol was transformed to the 6-bromo-2-methyl-2-hexene by NBS-PPh3 

according to the method in the literature in 47 % yieJdl 4 I H NMR was identical with that 

reported in the literature. 14 

To a partially-solidified so lution of 5-methyl-4-hexenylmagnesium bromide in THF (10 

ml), which was prepared from the above bromide (3 .61 g, 20.4 mmol) , was added 2-
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(phenylthio)methyloxirane 15 (2 .61 g, 15.7 mmol) in THF (5 ml) at room temperature. Then. Cui 

(200 mg, 1.0 mmol) was introduced to the mixture. After the induction period (ca. I min), the 

exothermic reaction occurred and the solvent refluxed vigorously, then the reaction was settled 

in a few minutes. The mixture was stirred for further 30 min , poured into ice-wate r. and 

partitioned be tween EtOAc and water. The aqueo us layer was ex tracted with EtOAc (3 x 30 ml) 

and the combined organic layers we re washed with brine (50 ml). The solution was dried over 

Na2S04 and concentrated by a rotary evapora tor. Purification by co lumn chromatography 

(eluent: hexane/EtOAc = I 0/ 1) gave 8-methyl-1-phenylthio-7-nonen-2-ol (2.50 g. 60% yie ld). 

The above alcohol was acetylated by Ac20-pyridine in the presence of catalytic DMAP 

to give 2.74 g (95% yie ld) of the title compound after purifi cati on by column chromatography 

(eluent: hexane/EtOAc = 15/ 1). IH NMR (400 MHz, CD2CI2) 1.2- 1.4 (111 , 6H), 1.61 (s, 3H). 

1.69 (s, 3H), 1.95 (s, 3H), 1.9- 2.0 (m, 2H), 3.07 (dd, I H, J = 5, 14), 3.13 (dd , I H, J = 6, 14). 

4.9-5.0 (m, !H), 5.D-5.1 (m, I H), 7.2-7.4 (m, 5H); 13C NMR (CD2CI2) 17.7, 21.1 , 25.2, 25.8, 

28.2 , 30.0, 33 .5, 38 .0, 73.1, 124.8, 126.6, 129.3, 129.9, 131.8, 136.7, 170.7. 

7-Acetoxy-2-methyl-8-phenylthio-2-octene (V-6): This material was synthesized in the 

same method as above using 5- bromo-2-methyl-2-pentene16 instead of 6-bromo-2- methyl -2-

hexene as a source for Grignard reagent. 1 H NMR (400 MHz, CDCI3) 1.2- 1.4 (m, 6H), 1.57 (s. 

3H), 1.67 (s, 3H), 1.6- 1.8 (m, 2H), 1.95 (s , 3H), 3.04 (dd , IH , J = 6, 14), 3. 12 (dd, !H. J = 6. 

14), S.D-5 .1 (m, 2H), 7.2-7.4 (m, 5H) 13C NMR (CD2Cl2) 17.7, 2 1.0, 25.4, 25.7, 27.6, 32.6. 

37.7, 72.8, 124.0, 126.3, 128.9, 129.6, 13 1.9, 136.0, 170.6. 

General procedure for cyclization: To a sol ution of the substrate (0.35 mmol ) in 

CH2CI2 (2 ml ) was added CH2CI2 so lution of TMSOTf ( 1.2 M, 0.32 ml, 0.38 mmol) at room 

temperature, and the resulting mixture was stirred for 24 h. During thi s period, the so lution 

turned black. Then, triethylamine (0.5 ml , 3.6 mmol) was added to the mixture and the resulting 

pale-brown solution was stirred for 8 h. The mixture was partitioned between CH2CI2 and 

saturated aqueo us NH4Cl. The aqueous layer was extracted with CH2CI2 (2 x 5 ml ) and 

combine organic layers were dried over Na2S04. After the evaporation of the solvent , the crude 

material was purified by means of a preparative TLC (e luent : hexane) to give the mixture of 

cyclized compounds. The identification was carried out by GC-MS and IH-NMR. 



cis-1-(Phenylthio)methyl-2-(2-propenyl)cyclohexane (V -2), lralls-1-(pheny It h io )

methyl-2-(2-propenyl)cyclohexane (V -3), and 1-isopro py I idene-2-(ph enylth io ) met hyl

cyclohexane (V-4). 'H NMR (400 MHz, CDCI3) (only the characteristi c peaks were recorded) 

for V-2, 1.62 (s, 3H), 2.77 (dd, I H, J = II , 13, PhSCHH), 2.89 (ddd, I H, J = I, 3, 13, PhSCH/1). 

4.64 (s, I H), 4.85 (s, I H), for V-3 , 1. 60 (s, 3H), 1.86 (ddd, IH, J = 3, 12, 12, CH2C(CH3)C/-/), 

2.5 1 (dd, 1 H, J = 10, 13, PhSCHH), 3.13 (dd, I H, J = 3, 13, PhSCH/-1) , 4.72 (s, I H) , 4.75 (s. 

I H), for V -4, 1.9-2.0 (m), 2.5-2.6 (m), 3.o--3. 1 (m); MS (70 eV); m/z (re i intensity) for V -2, 246 

(M+, 17), 164 (5), 149 (5), 137 (45), 123 (70), 110 (21), 95 (40), 8 1 (9 1), 69 (100), 55 (54), for 

V -3, 246 (M+, 12), 136 ( 17), 123 ( I 00), 8 1 (52), 69 (3 1 ), 67 (34), 55 (3 1 ), for V -4, 246 (M+, 12). 

136 ( 10), 123 (100), 8 1 (6 1), 67 (33), 55 (2 1). 

As the ddd peak at o = 1.86 ppm (CH2C(CH3)C/-/) of V -3 has one small (3 Hz; Heq· Hax 

coupling of cyclohexane system) and two large ( 12 Hz; Hax·Hax coupling) J values, the relative 

stereochemistry of V -3 could be eas il y assigned as trans. On the other hand, the ddd peak at o = 

2.89 ppm (PhSCHH) of V-2 has one very small J val ue (I Hz), which indicates there is a W

shape coupling with ring proton. On ass uming the cyc lohexane has a chair conformat ion. the 

only poss ible case for the W-shape alignment is the one in whi ch (phenylthio)methyl group 

possesses the axial position. As the trans- ! ,2-carbon-subst ituted cyc lohexane gene rall y prefe rs 

I ,2-diequatorial conformati on, the stereochemistry of V -2 could be ass igned as not trans, but cis. 

cis -1-(Pheny I th io ) met hy 1-2 -(2- propenyl) cyclo pentane (V -7) , tra u s- 1 -

(phenylt h io) methy l-2 -(2 -prop e nyl)cyclope n tane (V -8) , and 1-iso propyliden e -2-

(phenylth io)methylcyclopentane (V-9). IH NMR (400 MHz, CDCI3) for V-7 , 1.5-1.9 (m. 

6H), 1.73 (s, 3H), 2.2 -2.3 (m, I H), 2.43 (t, I H, J = 12, PhSC/-/H), 2.4- 2.5 (m, I H), 2.86 (dd, 

I H, J = 4, 12, PhSCH/-1 ), 4.74 (s, I H), 4.87 (s, I H), 7 . 1-7 .3 (m, 5H), for V -8 (o nl y the 

characteristic peaks were recorded) 1.59 (s, 3H), 1.9-2 .0 (m, I H), 2.2 (t, I H, J = 8), 2.6-2.7 (m, 

I H), 2.66 (dd, IH, J = 9, 12, PhSCHH), 3.16 (dd , I H, J = 3, 12, PhSCHH), for V-9 (o nl y the 

characteristic peaks were recorded), 2 .63 (t, IH , J = 12, PhSCHH), 3.02 (dd, I H, J = 4, 12. 

PhSC/-/H); m/z (rei intensity) for V-7 , 232 (M+, 2 1), 189 (7), 164 ( 19), 123 (100), 109 (49), 8 1 

(88), 67 (97), 55 (60), for V-8 , 232 (M+, II ), 123 (58), 109 (100), 79 (39), 67 (43), 55 (30), for 

V-9, 232 (M+, 13), 123 (49), 109 ( 100), 81 (28), 67 (49), 45 (22). 
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cis-1-(Benzenesulfonyl)methyl-2-(2-propenyl)cyclopentane (V- 10): A mixture of the 

above cyclopentanes (V -7:V-8 :V -9 = 83:0: 17; 65 111g; 0.28 1111110!) was treated with catalytic 

Os04 and excess Na!04 according to the method in the literaturel7 The starting mate rial was 

completely consumed within I h, and new compound which has smaller Rf value appeared in 

TLC. After the workup, the reaction mixture was purified by means of preparative TLC (eluent : 

hexane/EtOAc = 1/1) to give the titl e compound (40 mg; 0.15 mmol ; 54% yie ld). On the basis 

of the quantity of the product, V-10 was assigned as the corresponding sulfone of su lfide V-7. 

The relative configuration of V-10 was unambiguously determined by means of X-ray structural 

analysis. Colorless prisms; mp 49-50°C (EtOH); I H NMR (400 MHz, CDCI3) 8 = 1.4- 1.9 (m. 

6H), 1.57 (s, 3H), 2.4-2.5 (m, I H), 2.5-2 .6 (m, !H), 2.75 (dd , I H, J = II , 14, PhS02CI-fH) , 2.94 

(dd, I H, J = I , 14, PhS02CH/-f), 4.64 (s, I H), 4.83 (s, I H) , 7.5-7.7 (m, 3H) , 7.9 (m, 2H). 
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Details for the X-ray structural analysis of V -10 

Molecular fonnula 

Fonnula we ight 

Crystal size/mm3 

a! A 

b/A 

c/A 

Volume of unit ce ll JA3 

Crystal syste m 

Space g roup 

Z value 

Dcaidg cm-3 

Reflections used 

No. of vari ables 

R;Rw 

Good of fitness 

Maximum shift/e. s. d. in fi nal cycle 

Max. negati ve peak in final diff. map/e A-3 

Max. positive peak in final diff. map/e A-3 

109 

0.4 X 0.3 X 0.2 

10.869 (3) 

16.352 (4) 

8.006 (2) 

1423.0 (6) 

Orthorhombic 

P2t 21 21 

4 

1.23 

1222 

243 

0.05 I; 0.055 

0.62 

0.22 

-0.37 

0.14 



Details for the X-ray structural analysis of V-10 

Positional parameters and equivalent isotropic thermal parameters with e.s.d. in parentheses 

arom X y z B(eq) 
S I 0.2897 (I) 0.27445 (6) 1.0007 (I) 5.13 (3) 
02 0.3964 (3) 0.3200 (2) 1.0479 (6) 7.2 (I) 
03 0.2401 (4) 0.2836 (3) 0.8349 (5) 7.7 (I) 
C4 0.1956 (3) 0.2848 (2) 1.3252 (5) 4.12 (8) 
C5 0.4244 (4) 0.1494 (2) 1.1 276 (5) 4.61 (9) 
C6 0. 11 89 (4) 0.3447 (2) 1.4330 (5) 4.24 (9) 
C7 0.1690 (4) 0.2976 (3) 1.1 410 (5) 4.6( 1) 
C8 0.0 186 (5) 0.2 132 (3) 1.4430 (9) 6. 1 (!) 
C9 0.2483 (5) 0.1 108 (4) 0.9633 (7) 6.1 (I) 
c 10 0.4498 (6) 0.0679 (3) 1.1554 (7) 6.2 (I) 
C II -0.0080 (4) 0.3046 (3) 1.4286 (6) 4.8 (I) 
c 12 0.1279 (4) 0.4332 (2) 1.3868 (6) 5. 1 (I) 
c 13 0.1538 (5) 0.2018 (3) 1.3922 (6) 5.2 (I) 
CI4 0.034 1 (6) 0.4775 (4) 1.338 (I) 7.4 (2) 
c 15 0.3754 (6) 0.0089 (3) 1.0863 (8) 7.0 (2) 
c 16 0.2777 (7) 0.0286 (4) 0.9926 (9) 7.4 (2) 
C!7 0.2553 (7) 0.4684 (5) 1.399 (I) 8. 1 (2) 
c 18 0.3236 (4) 0.1695 (2) 1.0340 (5) 4.52 (9) 
H 4 0.290 (5) 0.294 (3) 1.331 (7) 6 ( I) 
H5 0.468 (4) 0. 19 1 (3) 1.182 (6) 3.8 (8) 
H6 0.155 (5) 0.340 (3) 1.549 (8) 5 (I) 
H7A 0.1 60 (4) 0.351 (3) 1.1 09 (6) 4.3 (9) 
H7B 0.111 (5) 0.268 (3) 1.1 04 (6) 4 (I) 
H 8A -0.041 (5) 0.176 (3) 1.365 (8) 6 (I) 
H 8B 0.009 (6) 0.187 (4) 1.56 (I) 9 (2) 
H9 0.193 (8) 0.133 (4) 0.91 ( I) 9 (2) 
H 10 0.521 (6) 0.049 (4) 1.23 ( I) 8 (2) 
H !!A -0.053 (5) 0.3 10 (3) 1.328 (7) 5 (I) 
H liB -0.076 (5) 0.324 (3) 1.526 (8) 6 (I) 
H 13A 0.222 (7) 0.196 (5) 1.52 (I) 10 (2) 
H 138 0. 167 (6) 0. 157 (4) 1.30 (I) 8 (2) 
H 14A 0.045 (5) 0.539 (4) 1.301 (9) 7 (2) 
H 148 -0.051 (6) 0.450 (4) 1.33 ( I) 9 (2) 
H 15 0.392 (5) 0.047 (4) 1.1 07 (9) 7 ( I) 
H 16 0.23 (I) -0.017 (7) 0.98 (2) 12 (3) 
H 17A 0.259 (7) 0.522 (6) 1.37 ( I) 9 (2) 
H 178 0.312 (5) 0.439 (4) 1.307 (9) 6 ( I) 
H 17C 0.28 (I) 0.469 (8) 1.50 (2) 15 (3) 
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atom atom 
S I --02 
S I --0 3 
S I --C 7 
S I --C 18 
C4 --C7 
C4 --C 13 
C4 --C6 
C 5 --C 18 
C 5 --C !0 
C 6 --C 12 

atom awm atom 
0 2 --S I --0 3 
0 2 --S I --C 7 
02 --S I --C 18 
0 3 --S I --C 7 
0 3 --S I --C 18 
C 7 --S I --C 18 
C 7 --C 4 --C 13 
C 7 --C 4 --C 6 
C!3--C4--C6 
C 18 --C 5 --C 10 
C 12--C6 --C II 
C 12 --C 6 --C4 
C I I --C 6 --C 4 
C 4 --C 7 --S I 

Deta ils for the X-ray structural analysis of V-10 

Intramolecular Distances (A) with e.s.d. in parentheses 

distance 
1.429 (4) 
1.441 (4) 
1.768 (5) 
1.775 (4) 
1.518 (6) 
1.527 (6) 
1.549 (6) 
1.367 (6) 
1.379 (7) 
1.497 (6) 

mom atom 
C6 --C II 
C 8 --C II 
C 8 --C 13 
C 9 --C 18 
C9 --C 16 
C !0--C 15 
C 12--C 14 
C 12--C 17 
C 15 --C 16 

Intramolecular Angles (degrees) with e.s.d. in parentheses 

angle 
119.5 (3) 
108.8 (2) 
107.1 (2) 
106.6 (2) 
108.5 (2) 
I 05.4 (2) 
114.0 (4) 
110.6 (3) 
101.9 (3) 
118.8 (4) 
117.9 (4) 
116.0 (3) 
101.6 (3) 
116.5 (3) 

Ill 

atom atom mom 
C I I --C 8 --C 13 
C 18 --C 9 --C 16 
C 15 --C 10 --C 5 
C 8 --C I I --C 6 
C 14--C 12--C6 
C 14--C 12--C 17 
C6 --C 12--C 17 
C 4 --C 13 --C 8 
C 16 --C 15 --C 10 
C 15--C 16--C9 
C 5 --C 18 --C 9 
C5 --C 18 --S I 
C 9 --C 18 --S I 

distance 
1.528 (6) 
1.526 (7) 
1.536 (7) 
1.383 (7) 
1.401 (8) 
1.375 (8) 

1.311 (8) 
1.503 (9) 
1.34 ( I ) 

angle 
106.2 (4) 
117.5 (5) 
119.6 (5) 
104.4(3) 
123.9 PJ 
121.6 (5) 
114.4 (4) 
105.7 (4) 
121.6 (5) 
120.3 (6) 
122.1 (4) 
118.8 (3) 
119.1 (3) 
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