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The 3-bromo-2-t-butylsulfonyl-l-propene 2 was prepared in two steps from allyl-t-butylthiorther 

in 70% overall yield. This rragent reacts srlectively with a broad rang. of nuCleophile6 (amine, 

thiolate, lithium ester- and keto- enolates, magnesium, .rinc and lithium organometalliw) to 

furnish the unsaturated sulfones of type 4 in typical yields of 80-90%. The sulfone 2 reacts 

also in the presence of zinc with various l !ectrophiler (aldahydes,, ketones, nitrilep and an 

imine) to afford the functionalized unsaturated sulfones of type 1 in good yields. 

A - Introduction 

Convergent synthesis is one of the most useful strategy in organic synthesis. In such an 

approach, there is a need of highly reactive and selective reagents of type J_ which are able 

to form sequentially two new bonds with two different reagents A and B (see schame 1). To be 

of general utility and versatility, the carbon skeleton of 1 must be simple, so that it can 

be found in many retrosynthetic approachas. 

Reagents of type 1 which satisfy these conditions were 

Schae 1 

1 called multi-coupling reagents 2,3 . Functionalized allylic 

Y compounds of type 2 are a class of such reagents which are 

I 

synthetically very useful. The groups X and Y can be : 

WX Y=COOR, X=Br4 or ZnBr5 ; Y=CONR1R2, X=Li or ZnBr5be6 ; 

z 
Y&OR, X-OH7 ; Y=OR, X=Hal’ ; Y9(0)(OR)2, X-Br’ or 

X-Zn6r5b”o, X and Y-Hal” 

X.OR’ 2 ; Y=SR, X=OR13, X=Er,114 15,5b 
; Y=CH2SiMe3, 

Y=SiHe3, or MgBr,ZnBr ; YPSePh, X-Br’6 ; Y=SOR, X=Br or 
ZnRr5b,T7 ; Y=S02R, X-Br5b”7V’8*‘9 and ZnBr”. 

Ue describe here the preparation and reactions of 3-b_romo-2-t-butylsulfonyl-1-propene. 2 

(preliminary reports : ref. 19 and 20a). 

The reactivity pattern of the sulfone 2 is shown in scheme 2. It reacts with a nucleophile 

Nu’ to give selectively the unsaturated sulfone 2 without any bis-addition of Nu’ (which 

4495 
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would lead to the saturated sulfons 2. By reaction with a different nucleophile Nu2, a 

sulfone of type 5 is obtained (see accoapanying paper). 

B- 

+ 
Nu’ ? ,. LNul , 

Nu; , Nu2 +&Nu’ 

i- (502 
Br 4 a 

+ 

502 

Nu’L Nu’ 
+ 502 

A d2 a2’ 

2 0 10 - 

The 3-bromo-2-tort-butylsulfonyl propene 1 reacts also readily with electrophiles E in the 

presence of zinc and affords mono-coupling products of type 1 which can react with a 

nucleophile Nu to furnish the highly functionalired sulfones 8. The sulfone 2 is a 

multi-coupling reagent which is synthetically equivalent to the a2/a2’ synthon 2 and to the 

d2/a2’ synthdn.10 (see ref . 21 for this nomenclature). The scope of the reactions of 2 with - 
nucleophiles and electrophiles will be indicated. 

Preparation of. 3-b~2-twt-Iwtylsulfonyl-l-Pr~ 1 

The sulfone 1 is’easily available in 2 steps from tert-butylthioether 22 Jl_with an overall 

yield of 70% (see scheme 3). The addition of one equivalent of bromine to a carbon 

tetrachloride solution of the thioether 11 furnishes a yellow precipitite of the 

episulfonium salt z which, by warming to lS”, gives the utistable23 dibromo thioether 11. 

This thioether was directly oxidized to the dibromc sulfone 14 with meta-chl0’roperbentoic 

acid (2.4 equiv.) with an isolated yield of 87%. The elimination of HBr 6ccurs smoothly by 

stirring an ethereal solution of 14 with 1.5 eq. of dry sodium acetate for 2.5hr at 25O to 

afford the desired sulfone 2 as a crystalline solid (m.p. 43O ; purity : 96% ; 80% yield). 

+ 
502 

h 
Br Br 

J (80%) 

Br Br ether, 2.5hr 

All these reactions can easily be performed on a 50 gr scale, making the reagent 1 readily 

available in large quantities. The sulfone 1 can be stored many months in a refrigerator 

without any decomposition. 

C - Ruction of the rulfona 1 with nuclwphilos 

The simultaneous presence of an allylic bromine atom and of a vinylic sulfone confers an 

exceptional electrophilicity on 2 (as compared to an allylic brgide or to a vinylic 

sulfone). Various nucleophiles Nu’ react rapidly with 2 and afforb’&~‘I&hl~ functionalized 
:’ I. *_ 
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sulfones ot type 4 (see scheme 2 and table 1). Thus even an amine like aniline reacts at - 

-500 within 0.5 hr (see entry 2 of table 1) ; other soft nucleophiles like lithium 

thiophenolate or a malonate type enolate react also smoothly (see entry 1 and 3 of table 1). 

More reactive nucleophiles like lithium enolates furnish the desired addition products in 

good yield providing that the sulfone 3 is slowly added as a THF solution at a low - 

temperature C-80°) ; see entries 4-6 of table 1 and the expefimsntal part. Very reactive 

nucleophiles like lithium or magnesium reagents can also be added (entries 7-14 of table 1). 

The best yields are obtained by adding the organometallics to a THF solution of the sulfone 

3 at -90° and then uarming up to the temperature indicated in the table. Under these 

conditions a large variety of organometallics (alkynyl, aryl, vinylic, primary, secondary 

and tertiary alkyd) afford the unsaturated sulfones (3 - 4n) in 60 to 94% yields (see - 

table). An exception was dimethylphenylsilyllithium 
23 which gives low yields of the desired 

coupling product 4m under various conditions ; but the corresponding cyanocuprate 
24,25 

- 

generated by adding one equivalent of CuCN (0.5 hr at -40°) to dimethylphenylsilyllithium 

gives a clean substitution reaction which furnishes the allylsilane fi in 74% yield (see 

entry 13 of table 1). The reactivity of e was shortly investigated : pivaloyl chloride in 

the presence of TiC14 (compare with ref. 26) did not react with 4m and the reaction of 4m - - 

with dimethyl maleate in the presence of tetrabutylammonium fluoride only gives 2-propenyl- 

t-butylsulfone ; no cyclic 2Ob product could be detected. Finally even an activated zinc 

reagent like allylzinc bromide was able to add to 3 although after a longer reaction time - 

(24 hr at 25’) to yield in 85% the l,!Gdienylsulfone + (see entry 15 of table 1). 

Cl - Reaction of sulfone 1 with electrophiles 

As indicated in scheme 2, the sulfone 3 is also able to react with various electrophiles in 

the presence of rinc20a or of chromium (11) salts20c. Under previously developped Barbier 

conditionssb (generation of the organometallic species in the presence of the electrophile), 

the sulfone 2 reacts readily with aldehydes, ketones and nitriles in the presence of zinc ; 

even some alkynes can be used as e2ectrophiles in this reaction (see ref. Sb). Thus the 

dropwise addition of a THF solution of 3 to a THF solution of the carbonyl compound - 
containing activated zinc (see experimental part) at 40°-SO0 gives, after a reaction time of 

typically 0.5 hr, the desired addition product of type 1 (see scheme 2 and table 2) in good 

to excellent yields. The reaction flask was immersed into an ultrasound bath during the 

reaction. This procedure allows an efficient stirring of the highly concentrated reaction 

mixture and an additional activation of the, zinc 27 . Aldehydes and ketones give a very fast 

addition and high yields (see entries l-10 of table 2) ; the zinc salt of oLhydroxyacetone 

is an exception and the desired diol is only isolated in 40% (see entry 11 of table 2). 

Unsatured ketones or aldehydes react specifically in a 1,2 fashion and even the sensitive 

TX-ionone (entry 9 of table 2) furnishes the corresponding unsaturated tertiary alcohol in 

83% yield. Nitriles give an imine which is easily hydrolysed (1 NHCl, O”, 0.5 hr) to afford 

the corresponding ketone in 64% yield to 70% yield (see entries 12-14 of table 2) ; even a 

moderately electrophilic imine reacts with 3 and zinc, - leading to the unsaturated 

amtnosulfone 70 in 65% yield (see entry 15 of table 2). 

Conclusion 

In this article ne have shown the great versatility of reagent 1 to form new carbon-carbon bonds 

with various substrates (electrophiles and nucleophiles) ; we have thus demonstrated the 

multicoupling ability of this reagent. 
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Table 1. Product5 of type 4 obt8ined by the reection of 3-brcmo-2-tert-butylsulfmyl-l-propene 

with nucleophiles 

Entry Hucleophile Product of type 4 (a) Reaction conditions Ylsld % 

c 

1 PhSLi 

2 PhNH2 

3 

4 

Cl 
0; 

(EtOCO),CH-<'OEt 
COOEt 

OLi 

A p \ 

5 

OLi 

I 

0 

OLi 

6 t.Buo A 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Bu-r-Li 

Ph-MgBr !?!! 

BlJMgBr 

i-Pr-MgCl 

tart-Bu-HgCl 

Ph-SiCuCNLi 

Me2 

s 

4b - 

4c - 

46 

4c - 

!i 

4k - 

41 

4m - 

4n - 

40 

PAA 

i 
Ph>w 0.5 hr at -50° 92 

E = COOEt 

0 

ph\/\ I\ 

\/A 
I 

c 
BU A 

c 
iPr 

+& 

L 

tort-Bu 

A 

/ w E 

H 
c 
I 

\v 

0.25hr at -78O 84 

1 hr at -50° 65 

1 hr at -8OO ; 

0.25hr at -40° 

84 

1 hr at -700 ; then 

0.25hr at -boo 

94 

1 hr at -80° 86 

0.5 hr at -78O ; then 
0.25hr at -70. 

80 

0.5 hr at -7E" ; then 
1.5 hr at -50° 

89 

0.5 hr at -78O ; then 
1 hr at -45O 

0.5 hr at -7B" ; ten 
1 hr at -65O 

0.5 hr at -78O ; then 
1 hr at -65O 

0.5 hr at -90° ; then 
0.5 hr at -75O 

93 

85 

90 

94 

0.5 hr at -80° 74 

0.5 hr at -boo ; then 

1.5 hr at -50° 

(solvent : toluene) 

24 hr at 25O 

60 

85 
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Table 2. Prwiucts of type 1 obtained by the reaction of 3-br~Z-tert-butylrulfwl-1-m 

with aldehydos, ketones, nitrilor and n imine 

Entry Electrophlle Product of type x Yseld t 

1 Benzaldrhyde 

2 Hsxansl 

3 Pivalaldehyds ’ 

4 Crotonaldahyde 

6 3 -pantanona 

7 6-undscanone 

8 Cyc~~pent8none 

9 &ionona 

to Cycl~haxa~ne 

11 a-hydroxy8c8t~u 

12 E~~yroni~rile 

13 Cyclohcrxyl cyanide 

14 Hsxananitrils 

14 Ihntalanilin 

88 

86 

88 

82 

84 

83 

80 

PO 

64 

65 

70 

65 
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EXPERI?WW. PART - 
. 

YHF and ether were distilled from sodium/benrophcnonc. lnfrarcd spectra w&r& record&d on a 
Parkin Elaer 457G spectrometer. Qaton NHR spectra wore obtained at 'IWMr uith a Jaol fiHlM) and 
at 25OHHr with a Bruker AH 250. C NPR spectra were obtained with a Jaol FX90. Chemical shifts 
in CRC1 
chromat graphy a 

solution are reported in ppm relative to tctramcthylsilane as an internal standard. Gas 
was carried out with a Carlo Erba 2750 model equiptd with an 2@V 101 (20 ml 

column. Merck 60 (70-230 mesh) silica gel was used for the flash chromatography . 

1.3-Dibroao-Z-t-butvlsul fonvlorooane 14 . 
ln a dry three-neckflask, iquipped wi#n mcchenicel stirring, a pressure cquili$$ating dropping 
funnel and a thermometer, is placed a solution of sllyl, tart butyl thioether 
nnol) in 50 ml Ccl.. 

7.35 g (56.5 
To this solution. coeied at -20%. is added droowise. a solution of 9.03 a 

bromine (56.5 mmol?) in 25 ml CC1 so that temperature never exceeds -15%. A yellow precipil 
tats of the cpisulfonium bromide iiperates out. The temperature is then allowed to raise up to 
+'TS'C (the precipitates dissolves to give an orange solution of 13)" the mixture is stirred over 
5 min and poured out in the dropping funnel of a second device, analogous to the former one, 
where a suspension of 29.5 g 1135 mm011 of metachloropcrbenroic acid in 80 ml CH Cl has been 
prepared in the flask. The solution of 13 is then added dropwise at -20° within 15 ml , and the 2 .?i 
mixture 13 allowed to warm up to room temperature and stirred over 3 hrs.. 300 ml CH Cl and 600 
ml CHCl>re then added, 
hydroge osulfite solution (3 x 150 ml). The aqueous phase thus obtained is extracted once more R 

the organic -layer is uashed with water (300 ml) 'and a2 2h sodium 

1150 el of CH C1 1. 
carbonate solu ?iR 

The joined organic phsscs are then washed successively with a sodium 
o (3 x 150 ml), water 12 x TSO ml) and sat. NaCl. (150 ml). After drying over 

MgSO 
are tt 

and evaporation of solvents under reduced pressure, 17.3 g of crud& 2 are obtained. They 
urified by filtration on a silica gel column (CH2C12) to give 15.8 g (87%) of E used as 

such for the next step. 

RBN I.R.,pee, 
KBr) : 13i5, 1295, 1260, 110, 1085, 865, 845, 690 

RNH ,c H KOC13) fCDC13) 
: 57.47, 28.3, 23.39 ppm 
: 4.0 fm.SH), 1.43 (s,9H) 

3-&w-z-t-buty1 ~u~fo~~-~-prop~a _i! 
14.5 g (45 mm011 of 14, 120 ml THF, 5.6 g [67,5 mm011 of AcONa (previously dried under a vacuum, 
5 hr at 1OOY.) are pliiced in a flask immersed in an ultrasound laboratory cleaner (48kHz, 30 w), 
and allowed to react for 2.5 hrs at room temperature. The white fine suspension is then 
filtrated, the precipitate is washed (2 x 30 ml CH Cl 1, the filtrate is partly concentrated 
under a vacuum to evaporate THF, and diluted with 156 m$ CH Cl then washed with uater (3 x 30 
ml>, then a sat. NaCl solution (2 x 30 ml) and dried over a,& a esium sulfate. After evaporation 
of solvents, under reduced pressure, 9.9 g of 3 are obtained (purity 93% according to VPC). This 
product can be used as such, or chrom~tographc~ on silica gel (cyclohexane/ethylacetatc I 80/2~~ 
to give 80% of 3 (purity 96%). m.p. :43Y 
1.R. (KBr, neatr : 3100, 3040, 2970, 1480, 7460, 1435, 1395, 1284, 1118, 1098, 972, 800, 760, 

RM 13c (CDC.1 ) 
720 * 

: 143.76, 134.55, 60.51, 27.14, 23.39 
RMN 'H (CDC1;) : 6.63 (s,tH), 4.38 (s,2H), 1.46 ;s,9H). 

General procedure for the addition of 8 nucleophila to the sulfons 3 
Nethod A : direct addition (addition of a solution of 3 to the nucleophile) 
This procedure has been used with keto- and ester- c;iolatcs. A dry three-neck flask equipped 
with a pressure-equilibrating dropping funnel, a’ magnetic bar, a thermometer and a rubber septum 
was flushed with Ar. Diisopropylamine (7.5 mmolf and 27 ml of dry THF were added through the 
rubber septum. The stirred mixture was cooled to -W (acetone/dry ice) and 6.4 mm01 of BuLi 
(2.1N in ether) were added through the dropping funnel. After 0.5 hr at -7WC, a solution of the 
ketone or ester (6.35 mmol) in 3 ml of THF was slowly added to the LOA solution. The lithium 
enolate was formed after t-1.5 hr stirring at-78Y. Then a solution of 3 (6.22 mmol) in 25 ml 
of THF was added within 20 min. After the time indicated in tha table 1 rdeterminated by taking 
aliquots and controlling the progress of the reaction by t.1.c. or g.c.1, the reaction mixture 
was diluted with 150 ml of ether and aq. NH Cl (40 ml). The two layers were separated and the 

layer was extracted with ether (2 x 30 mff. The combined organic phases were washed with aq, 
tl!'Cl (30 ml), 

t 
H 0 
2 

(2 
ev porated and t e 

x 30 ml) and brine (40 ml), dried (NgS04) and filtered. The solvent was 
residue was purified by flash-chromatography. 

Nethod B : inverse addition (addition of the nucleophile to a solution of the suifone 3f 
The same apparatus as in method A was used. A stirred solution of 10 mmol of the sulfoiie 3 in 50 
ml of THF was cooled to -90" and an ether or THF solution of the organomet~llics (10 mma) was 
slowly added within 10 min. The reaction was then stirred as indicated in the table 1 (time and 
temperature) and worked up as abovt. 

2-t-Butylsulfonyl-3-thiophenyl-1 properto ti 

lbthod B : A solution of 3.33 ml of BuLi (1.83N ; 6.10 mmol) w&s added at -78* to 671 rag 
(6.10 mmol) of thiophtnol in 20 ml of THF, followed, after 5 nit-t, by a solution of 1.5 g (5.98 
mmolf of the sulfonc 3 in 20 ml of THF. After 0.2S hr at -78O, the reaction nas worked up and 
purified by flash chiomatography (solvent : hexanc : CR Cl * ether/55:35:5) to give 1.35 g 
(84%) of a solid m.p. 89*C. See table 4 for the sptctrosco$iozdd;ta. 
Found : C, 57.60 ; H, 6.75%. Calcd. for C13HlBS202 : C, 57.74 ; H, 6.71%. 
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2-t-Butylsulfonyl-3-(N-pbnyl8mino)-l-props~ 4b 
A solution of 800 np ( (8.6 mmol) of anilin ?% 5 ml THF is added to a solution of 1 g (4.15 
mmol) of sulfone 3 in 5 al THF at -7V. 
The temperature ib allowed to raise to -5OV. After stirring for 30 rein at -50°C, tha reaction 
is over (check by t.1.c) and 20 ml of aq. sat. NH Cl and 50 ml CH Cl are added. The organic 
phase is washed with brine (20 ml), dried over Mg 0 , 4 and the 

(s%lvent Hexane 
ff?t so ve s are evaporatd~under 

vacuum. The residue is chromatographed on silicagel :CH Cl : ether/70:30:2) to 
give 960 mg (91.5%) of amine +. &do 3 for spectroscopic 
data. 

m.p.:124.S°C (CH2C12, pentanef ; soa 

Found : C, 61.41 ; H, 7.30%. Calcd. for-C,3H,9NS02 : C, 61.63 : H, 7.56%. 

Ethyl-l,l,2,2-t.mtrmcarborylato-4-~-Qutylsulfonyl~tona s 
R&hod A : The reagent is prepered frcm 105 mg NaH (4.37 mmol) freed of oil by washing with THF, 
dispersed in 15 ml of THF. A solution of 1.32 g (4.15 mm011 of ethyl ethane tetracarboxylate in 
10 ml THF is added dropwise at OOC to this suspension and the mixture is then stirred over 1 hr 
at OY. 
The solution is then added to a solution of 3 (1 g, 4.15 mmol) in 10 ml THF at -78O. The 
temperature is allowed to raise to -50°C. Afteri hr, a copious white precipitate is formed. 20 
ml of sat. NH-Cl solution are added. the organic laver is separated. washed with water (3 x 5 
ml) dried eve? magnesium sulfate.and solvents are evaporated under a vacuum. The remaining crude 
oil is chromatographed on silica gel (solvent : hexane : CH Cl : ether/70:30:5) to give 1.88 g 
(95%) of ester 4c. m.p : 64°C , see table 3 for t 8ata. rpectroscop c 
Found : c, 52.36; H, 7.26%. Calcd. for C2,H34SOlo : C, 52.70 ; H, 7.16%. 

4-t-btvlsulfonvl-bono-1-dwwl4~entena 4d 
Method -A : Thd lithium enolite o? aceto&enone was generated as indicated in the general 
procedure with the following quantities : 750 mg (7.4 mmol) of diisopropylamine in 21 ml of THF, 
3.05 ml (6.40 mmol) of BuLi 2.lN in ether. 762 ma (6.35 mmol) of awtoDhenone.. After 1.5 hr at 
-700, 1.5 g (6.2 mm011 of the sulfone l.in 25 ml of THF was added at' -80D within 20 min and 
after 1 hr at -80°. the reaction mixture was warmed up to -4QO and worked up after 15 min at 
this temperature -to give after a purification by flash chromatography (solvent : 

1.46 g of white crystals (m.p. llO" ; 84% yield). See table 3 for the 

; H, 7.12%. Calcd. for C15H20S03 : C, 64.25 ; H, 7.19%. 

indicated in the general procedure with the 
same quentities es for the synthesis of s and 622 mg (6.35 mm011 of cyclohexanone. After 1.5 hr 
at -40°, 1.5 g (5.98 mmol) of the sulfone 3 in 20 ml of THF was added at -EO" within 20 ain and 
after 1 hr at -70°, the reaction mixture-was warmed up to -60° and worked up after 15 min at 
this temperature to give after a purification by flash chromatography (solvent : 
CH Cl :hexane/9:1) 1.45 g of white crystals (m-p. 86' ; 94% yield). See table 3 for the 
sp&t?oscopic data. 

t-iluty1 4-t-butylsulfollyl4pentenoate g 
lkthod A : The lithium enolate of t-butyl acetate was generated as indicated in the general 
procedure with the same quantities as for the synthesis of 4d and 737 mg (6.35 mmol) of t-butyl 
acetate. After 1 hr at -80°. 1.5 a (5.98 mmol) of the sulfa= 3 in 30 ml of THF ws added within 
20 min. After 1 hr at -7W. the Aaction was worked up and tFe residue was purified by flash 
chromatography (solvent : CH Cl and CH Cl 
crystallizes (m.p. 43O (ether ?hl 

: ether/97:3) to give 1.41 g of an oil which 
e sne) : 88% field). See table 3 for the spectroscopic data. 

Found : C, 56.29 ; H, 8.70%. Calcd. for C13H24S04 : C, 56.49 ; H, 8.759. 

2-t-Butylsulfonyl-l-nonen-Cym 
Method B : A solution of hexynyl P ithium (prepared by the addition of 3.9 ml of BuLi (7.5 rmmol) 
1.93N in ether to 738 ma (9.0 mmol) of I-hexvne in 10 ml of THF at -30° : after 15 min at 2S". 
the solution is ready for use) was added to a stirred solution of 1.5'9 (5.98 mmol) of the 
sulfone 3 dissolved in 25 ml of THF at -90°. After 0.5 hr at-7tY. the aixture was warmed UD to 
-7OO and-worked up after 0.25 hr at this temperature to give after a purification of the residue 
by flash chromatography (solvent : hexane : ether 
oil; See table 3 for the spectroscopic data. 

: CH2C12/15:1:15) 1.15 g (80% yield) of an 

2-t-btylsulfonyl-3-phenyl-1-propene 4h 
Hathod B : A solution of Dhenvlmsane?ium bromide (6.6 mol) in 10 ml of THF uas added to a 
solution of 1.5 g (5.98 mmol) of the sulfone 3 in 30 ml of ThF at -90°. The reaction mixture was 
stirred 0.5 hr at -78' and was then warmed-up to'-SO0 and worked UD after 1.5 hr at this 
temperature to give, after a purification by flash chromatography (solvent : hsxanc : CH Cl 
ether/40:40:3), 1.26 g of an oil which crystallizes readily (m.p. 72O, 89% yield). See tabl?! j 
for the spectroscopic data. 
Found : C, 65.21 ; H.776%. Calcd. for C13H,3S02 : C, 65.51 ; H, 7.70%. 

2-t-Butylrulfonyl-5+ethyl-1,4-lmxadiam 4i 
Method B :A solution of 2-methyl-?-propei$magnesium bromide 8 ml (6.6 aaol) 0.84N in THF was 
added at -85" to a solution of 1.5 a (5.98 mmoll of the sulfone 3 in 20 ml of THF. After 0.5 hr 
at -7P, the reaction mixture was stirred 1 hr at -45' to give,-after work-up, a residue which 
was purified by flash chromatography (solvent : hexane : ether : CH2C12/40:4:40) to furnish 1.20 
g of a pure oil (93% yield); See table 3 for the spectroscopic data. 
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t-t-Butylsulfonyl-1-hcptenc y 
k&hod B : A solution of 6 mmol of butvlmaqnssium bromide (l.K!N in ether) was added at -90° to 
a stirred solution of 1.5 g (5.98 mm&l) of the sulfone 3. After 0.5 hr at -7B", the reaction 
mixture was stirred 1 hr at -65O and then worked up, The residue' was purified by flash 
chromatography (solvent : CH Cl 
oil; Sau tablr 3 for the rpc tr 2 a 

: hexane : rther/8:4:1) to furnish 1.11 g (85% yield) of a pure 
scopic data. 

2-t-Blltylculfonyl-4-acthyl-l-pcntWc 4k 
Ncthod B : A solution of isopropylmagii&ium chloride (6.6. mm01 of a 1.56N solution in THF) in 
10 ml of THF was slowly added within 15 mih at -90° to a solution of 1.5 g (5.98 nxnol) of the 
sulfone 3 in 30 ml of THF. After 0.5 hr at -7B", the reaction was stirred 1 hr at -65O and 
worked up; The residue was purifiad by flesh chromatography -(solvent : hcxane : CH Cl : 
ether/B:B:l) to afford 1.12 g of an oil (90% yield). Sea table 3 for the spectroscopic d&.*2 

2-t-6utylsulfoivyl-4,44imethyl-l-pcntma 41 
Method B : A solution of 4.2 ml (6.6 nxnol) of t-butylmagncsium chloride 1.56N in THF was 
dissolved in 10 ml of THF and added within 15 min to a cooled solution (-PO01 of 1.5 g (5.98 
mm011 of the sulfone 3. After 0.5 hr at -9OO. the reaction mixture was stirred 0.5 hr at -75O 
and-uorked up; The r&sidue was purified by flash chromatography (solvent : 
cther/B:B:l) 1.25 q of an oil which crystallircs readily to give white crystals 
yield); See table 3 for the spectroscopic data. 
Found : C, 60.50 ; H, 10.25%. Calcd. for Cl,H22S02 : C,60.51 ; H, 10.25%. 

(2-t-Butylsulfonyl-2-propenyl)-dim&hylphcnylsilanc 4a 
lbtllod B : A solution of dimethylphenylsilyllithi~~n THF24 (6 mmol) was added at -60' to a 
suspension of 532 mg (5.95 mmol) of copper cyanide in 25 ml of THF. The reaction mixture was 
then stirred at -40' for 0.5 hr after which time the copper cyanide was dissolved. This solution 
was cooled to -BOO and cannulated to a cooled solution t-9") of 1;s g (5.98 mmol) of the sulfone 
3 dissolved in 20 ml of THF. After 0.5 hr at -20° the reaction mixture was worked up to give a 
residue which, after flash chromatography (solvent : hcxane : CH Cl : ether/40:60:1) gives an 
oil (I.30 g ; 74% yield). This compound had only a purity if %5%. See table 3 for the 
spectroscopic data. 

3-(2-t-Butylsuylfonyl-2-propcnyl)-indolo 4n 
Method B : A solution of 3 ml of ethylmagnesium bromide (6.10 mmol) 2.05N &I ether was added at 
-40° to a solution of 702 mg (6.0 mmol) of indolc in 10 ml of toluene . This solution was 
stirred.&5 hr at 25O and then cooled to -30° and cannulatrd to a solution of 1.5 g (5.98 mm011 
of the sulfonc 3 in 30 ml of dry toluenc at -9V. After-O.5 hr at -60°, the reaction mixture was 
stirred 1.5 hr at -50° and worked up. A flash chromatography of the residue (solvent : hexane : 

EXi?. 
: ether/3:5:1) yields 0.99 g of an oil which crystallizes readily (m.p. lBO" ; 60% 
See table 3 for the spectroscopic data. 

: C, 65.05 ; H, 6.85%. Calcd. for C15H19NS02 : C, 64.95 ; H, 6.90%. 

2-t-Butylwlfonyl-1,5-hcxadicnc 40 
Hcthod B : A solution of allylzi= bromide 3o (7.2 mmol) prepared from 470 mg (7.2 rmnol) of zinc 
and 860 my (7.2 nmol) of ally1 bromide in 4 ml of THF was added at -85" to a cooled solution of 
1.5 g (5.98 mmol) of the sulfone 3 in 30 ml of THF. The reaction mixture was then stirred 24 hr 
at 25O and worked up. The resi&e was purified by flash chromatography (solvent : hexane : 

ether/35:65:3) to furnish 1.0 g of a pure oil (85% yield). See table 3 for the 
$$??ojcopic data. 

6cneral procedure for the reaction of the sulfone 3 with an clectrophile in the presence of zinc 
In a three neck flask fitted with a pressure-equlyibrating dropping funnel, a magnetic bar, a 
thermometer, are placed 1 g (15.4 mmol) of Zinc foil 99.995% cut in pieces and a small quantity 
(about 0.1 g) of crushed glass. The flask is flushed with argon. 1,2_dibromoethane (460 mg) in 
2.5 ml THF are added. The flask is heated to start boiling and stirring is continued at 30-35“ 
for 15-20 min. The flask is immersed in a laboratory ultra sound cleaner (4BkHr, 3OU) containing 
water at 55OC. The suspension in the flask being at a temperature of 45', part of the elcctro- 
phile (3 mm011 is added, the remaining part (3.3 mmol) is admixed with 1.5 g (6.2 mmol) of 
bromosulfone 3 in 4.5 ml of THF and sequentially added over a period of 15 min (the temperature 
may raise up To 52Y. in some cases. Sonication is better than magnetic stirring. After 15-60 min 
(check by t.1.c. or g.c.) the reaction is over. The flask is cooled to 0% and 20 ml of a sat. 
NH Cl solution and 50 ml CH Cl are added under stirring. Zinc metal is filtrated, the two 
phjses are separated and tha 4 a ueous one is extracted with CH Cl (2 x 30 ml). The joined 
organic phases are washed with water (2 x 30 ml), HCl2N (30 ml)'ang brine (30 ml), dried over 
magnesium sulfate. Thf6solvents are evaporated under a vacuum. The crude product is purified by 
flash chromatography . In one case, (31, the reaction was performed on a 25 mm01 scale with 
analogous yields. 
The spectroscopic data of the following compounds are collected in table 4. 

l_PhenyL3-tert butylsulfonyl-3-buten-lzol 2 
(from bentaldchyde). See general procedure 
Eluant for flash chromatography : CH,Cl, : hexane : ether/70:30:10, obtained 1.1 g (85%) of 2. 
m.p. : 97% (CH Cl /Pentane). c L 
Found : C, 62.53 ;'H, 7.42%. Calcd. for C14H20S03 : C, 62.66 ; H, 7.51%. 
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2-tort-Butylsulfonyl-l-nonen-44 z 
(from Hexanal).See general procedure. Obtained 1.34 g (85%) of E. Same aluant as above for 
chromatography. 
m.p. : 25OC (from : CH2C12/Pentans) 

2,2-Oirthyl.-5-tert butylwlfonyl-5-hexen-341 7c 
(from pivalaldehyde). See general procedure. stained 1.27 g (85%) of 7c. Same eluent for 
chromatography as above. 

- 

m.p. : 8YC (from : CH Cl /Pentane) 
Found : C, 58.10 ; H, 4.64%. Calcd. for C12H24S03 : C, 58.03 ; H, 9.73%. 

2-tert-Butylsulfonyl-1, 5-hexedien-Col 7d 
(from crotonaldehyde). See general procedure. 
chromatography : 

Obtained 1.21 g of 3 (88%). Elwnt for 
CH2C12:Hexane: ether/70:30:30. Oil. 

l- Pbenyl-l-ntbyl-3-tort butylsulfonyl-3-buten-l-01 7e 
(from acetophenone). See general procedure. ObtaiTied 1.46 g of 7e (86%). Eluent for 
chromatography : CH2C12: hexane : ether/70:30:10. m.p. : 127OC (from : CHT12/pentane). 

2-tert.-Butylsulfonyl4ethyl-1-hexen-&ol 7f 
(from 2-pentanone). See general procedure. Obtained 1.35 g of 7f (88%). Eluent for 
chromatography : same as preceding case. m.p. : 61°C (from : CH Cl /pentax). 
Found : C, 57.88 ; H, 9.60%. Calcd. for C12H24S03 : C, 58.03 ; 6, 4.73%. 

2-tert-8utylsulfonyl-4-pentyl-1 nonen4-01 7 
(from 6-undecanone, on 25 -1). See ge?iera P procedure. 
as the preceding case. m.p. 

Obtained 6.8 g of 2 (82%). Eluent, same 
: 51°C (from CH2C12/pentane). 

1-(2-tort-Butylsulfonyl-1-propen-3-yl) cyclopenten-1-01 7h 
(from cyclopentanone). See general procedure. 
CH2C12:hexane:ether/ 70:30:15. m-p. 

Obtained 1x8 g (84%). Eluent for chromatography : 
: 87°C (from CH2C12/pentane). 

5-tert-Butylsulfonyl-3athyl-1-~2,6,~tri~~l-l~ycl~exenyl~l,5 hexadien-34 7i 
(from -ionone). See general procedure. Obtained : 1.77 g of 7i (83%). Same elua as in the 
case of c. m.p. : 87'Y (from : pentane/CH2C12). 

- 

l-(2-ter-Butylsulfonyl-l-propen-3-yl)-2-cyclohexen-l-ol 7’ 
(from cyclohexenone). See general procedure. Obtained 1. -za g (80%). Same eluent as for 7e. - 
m.p. 
Found 

::8;'C6~f;~ CH2C12/pentane). 
, . : H. 8.38%. Calcd. for C13H22S03 : C, 60.43 ; H, 8.58%. 

2-tort-Butylrulfonyl~thyl-1-penten-4,5-diol 7k 
(from -hydroxyacetone). See general procedure zt on a 12.4 mm01 scale. Zinc is activated as 
indicated, then the mixture is cooled at -35Y, and hydroxyacetone (0.92 g, 12.4 mm011 is added, 
then 8.03 ml of a 1.55 N solution of ally1 zinc bromide (12.45 nxnol) is added. The temperature 
is raised to 35Y, then the bromosulfone 3 is added and the general procedure is followed. 
Obtained : 0.59 g (40%). Eluent for chromatojraphy : 1.5% BeOH in Et20. m.p. : 89OC. 

2-tort-Butylsulfonyl-l-hepten-&one 71 
(from butyronitrile). See the genera procedure. The obtained imine is hydrolysed by stirring 
the crude product with a 1N HCl solution at O°C for 15 min.. Obtained : 0.9 g (64%) of 71. Eluent 
for chromatography : CH Cl : hexane : ether/70:30:5. m.p. : 51°C (from CH2C12/pentaner 
Found : C, 56.96 ; H, 8?54$. Calcd. for CllH20S03 : C, 56.86 ; H, 8.67%. 

2-tert-Butylsulfonyl-4 cyclohexyl-1-buten-4-one 7m 
(from cyclohexylcyanide). Same hydrolysis as far-71. Obtained : 1.06 g of 7m (65%) 
Eluent for chromatography : CH2C12:hexane:ether/70?30:5. m.p. : 23O (from m2C12/pentane). 

2-tert-8utylsulfonyl-l-nomn-4-ww 7n 
(from hexane nitrile). See the genGa1 procedure. Same hydrolysis as for 71. Obtained : 1.1 g 
(78%) of 3. Eluent : same mixture as for 2. m.p. : 49V (from CH2C12/hexaa. 

2-tert-6utylsulfonyl-4-phenyl-4Wphenylamino)-1-butene 70 
(from be'nralanilin). See the general procedure. Obtained7 1.34 g of 70 (65%). 
Eluent for chromatography : 
Found : c, 70.05 ; 

CH Cl :hexane:ether/70:30:10. m.p. : 143°r(from ether/pentane). 
H, 7.20%. Calca. for C20H25NS02 : C, 69.94 ; H, 7.33%. 
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Table 3. 5pectroscopic data of coqwnds 4ado -- 
, I_\ 

structure ‘H NMR spectra'"' 
,-J I,, IL\ 
'C NWR spectra'"' 1.R.'"' 

P 

1.42(s,9H,(a));4.08(s. 23.6(a); 34.7(b);60.5(d) 
2H,(b));6.55(n,zH,(c)); l27.0;129.2;129.9;131.6 
7.55(m,5H,arom.,H) 134.5;143.5 

1.40(s.9H(a);4.20(m.3H, 
(e,NH);3.16(s,lH,(d) 
trans/SO ;3.25(s,lH,(d), 
cis/SO :a.66 and 7.20 
(m,SH,fihenyl) 

1.45(s,PH,(a));2.96(t, 
J=7Hz,2H,(bJ);3.41(t, 
J=~Hz,~H,(c));~.~O(S,~H, 
(d)cis-SO -t-Bu);6.31 
(s,lH,(dJ$rans-SO -t-Bu) 
7.64(m,3H,arom.H)?8.09 
(m,ZH,arom.H) 

1.42(s,PH),(a);2.57-1.51 
(m,PH);2.93(m,2H);6.00 
(s,lH,(b)cis SO -t-Bu); 
6.28(s,lH,(b)tr&s 
So2-t-13u) 

1.43(s,9H,(a));l.Sl(s, 
9H,(b));2.70(m,4H,(c.d)) 
6.13(s,lH,(e)cis SO - 
t-Bu);6.4l(s.lH,tra s il 
So2-t-13u) 

0.97(t,J=6Hz,3H,(a)); 
1.43(s,SH,(j);l.32-1.63 
m,4H,(b,c3);2.26(m,2H, 
(d)');3.46(m,2H,(g)); 
6.46(s,lH,(i)cis SO - 
t-Bu);6.60(s,lH,(i)&ans 
X2-t-Bu) 

1.48(s,YH,(a);3.91(s, 
2H,(b));5.77(s,lH,(c) 
cis SO -t-Bu);6.43(s,lH, 
(c)traks SO -t-Bu); 
7.49(m,bH,a?om.H) 

1.42(s.9H,(i);1.69(s, 
3H,(b));l.E4(s,3H,(a)); 
3.23(d,J=7.5Hz,2H,(eJJ; 
5.34(t,J=7.5Hr,lH,(d)i; 
6.10(s,lH.(g)cis SO - 
t-Bu);6.34(s,lH.(g)&ans 
So2-t-Bu) 

0.93(t,J=6Hr,3H,(a)); 
1.2-1.84(m,6H,(g,h,i); 
1.42(s,9H,(b));2.52(t, 
J=7.8Hz,2H,(f));6.13(s, 
lH,(d)cis SO -t-Bu;6.37 
(s,lH,(d)tra& S02-t-Bu) 

23.54(a);45.14(e);60.18 
(b);ll6.ll(i);ll2.9 and 
r29.31(g,h);129.76(d); 
144.65(c);146.59(f) 

13.70 and 13.91(k,m); 
23.48(a);34.20(e);56,55 
(f):58.9O(g);60.35(b); 
62.21 and 61.88((j,l); 
142.84(c);131.93(d); 
168.07 and 166.70(h,i) 

23.7(a);27.l(c);37.9(b); 
60.4(e);l28.0;128.7; 
129.4;133.3;136.5;146.7; 
198.0(f) 

23.7(a);25.2;28.1;32.6; 
33.9;42.3;49.7;60.4; 
130.3(b);145.4(c);211.4 
(d) 

23.6(a);27.5(d);30.00; 2990,2940,1730, 
33.9(c);60.2(f);ao.7(g); 1480,1393,1370, 
128.6(e);l46.5(h);l7l.O 1292,1160,1106,960 
(i) 850,801,73B 

13.6(a);18.4;21.9;23.0; 2960,2938,2870, 
23.5(j);30.9;60.2(k); 1630,1480,1466, 
74.0 and 85.4(e,f);l30.2 1295,1160,1102, 
(i);143.9(h) 955,801,749 

23.8(a);38.2(b);60.4(d); 
127.1:128.8;12%4;130.4 
136.8;147.8 

3095,3050,2960, 
1475,1440,14CC, 
1282,1125,1110. 
990,800,750,725, 
695 

3415,3370',3100, 
3080,3050,3015, 
2985,2965,2925, 
2890,1920,1820, 
1730,1605,1555, 
1510,1475,1460, 
1450.1435.1285, 
1160,1120.1030, 
1015,995,960,800, 
755,710,695 

2960,1735,1460, 
1390,1295,1210, 
1105,1030,860, 
800,740,700 

3098,3660,2990, 
1688.1600,1560, 
1450,1430,1318, 
12B1,1218,1160, 
1100,970.,926,815, 
802,750,701,690 

2990.2940.1705, 
1480,1462,1440, 
1400,1280,1130, 
1006,980,950,840, 
800,750,698,625 

3060,2980,1620, 
1600,15CC,1472, 
1450,1432,1390, 
1360,1285,1192, 
1150,1092,950,800, 
765,735;710,700 

17.8 and 25.6(a,b);23.7 2980,2960,1480, 
(i);30.6(u);6O.O(h:;ll8.9 1450,1290,1100, 
(d);128.7(g);135.e(c); 950,800,740 
146.9(f) 

13.9(a);22.4;23.7(b); 2970,2930,2860, 
28.4;31.2;31.9;60.0(~) 1460,1361,1290, 
128.0(d);147.9(e) 1110,950,801,740, 

700 
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l.oZ(d,J-6.9Hz,6H,(r)); 22.l(a);23.7(b):27.g(c); 2980,1470,1390, 
1.42(s,PH,(b))i2.OB(m, 4l.l(d);60.O(f);l29.2 1370,1290,1110, 
lN.(c)):2.42(d.J=6.3Hz. (e):146.4(9) 800,760,700 
2H;idjj;6.13is;lH,(c)cis - 
SO -t-Bu;6.43(s,lH,(e) 
tr ?i ns S02-t-Bu 

1.02(s,PH,(a));1.39(s, 23.5(g);29.4(a) ;, 
9H,(g));2.43(s,2H,(c)); :$l;;W~bO.lCf) .I 

t 

6.22(s,lH,(e)cis S02- . 
t-Bu);6.42(s,lH,(e) 
trans S02-t-Bu) 

0.42(s.6H,(a));l.42(s, 3.2(a);21.7(b) 
9H,(f));2.2O(s,ZH,(b)); 60.0(e);126.1;1 i 

32.3(c) 
130.8(e) 

23.6(f) 
7.0; 

5.64(s,lH,(d)cis S02- 129.3;133.6;137.4;144.4 
t-Bu);6.04(s,ZH,(d) (c) 
trans SO -t-Bu):7.42- 
7.49(m,5ij,arom.H) 

1.5l(s,9H,(a));4.47(s, 23.9(a);28.4(s):60.3(b) 
2H,(e));s.BP(s,lH.(d) 110.9;111.5;11B.8;119.7 
6.34(s,lH,(d)trans S02- 122.3;123.4;126.8;130.0 
t-Bu);7.21-7.82(m,5H, 136.5:146.9(c) 
arom.H);B.4B(s,lH,(f) * 

1.40(s,9H,(g));2.41- 23.6(g);31.2(c);32.5(d) 
2.72(m,4H,(c,d)):5.04- 60.0(h);116.l(a); 
5.29(3s,2H,(a));5.B5(m, 128.7(f);l36.4(b); 
lH,(b));6.07(s,lH,(f) 146.8(e) 
cis SO -t-Bu);6.2B(s,lH, 
(f)tral?s S02-t-Bu) 

3100,2980,2961, 
2950,2B65.1480, 
1392.1365.1295, 
12B2,1270,1140, 
llOB,979,803,750 

3060,3040,2960, 
1612,1480,1460, 
1430,1395,1365, 
1290,1250,1195, 
1110,1090.940,930, 
B4O,BOO,73B,700 

3330,3100,3058, 
2980,2910,1640, 
1620,1572,1460, 
1430,1340,1270, 
1232,1200,1145, 
1090.1070,1010, 
975,970,910,828, 
800,780,760,742, 
703,660 

2990,1640,1480, 
1450,1390,1365, 
1290,1101,1000, 
915,800,740 

1 1 All spectra were obtained in CDCl with tetramethyl silane as an internal standard 
cab) Infrared spectra were recorded as3film (liquids) or KBr plates (solids) 

Table 4. Spectroscopic dita of coqou&7a-70 -- 

Structure 
1 
HNHR Spectra" 13 

C NMR Spectra' I.Rb 

1.36(s,9H,(a));2.B4(d, 143.55(c);143.2B(g); 3520,3030,2980, 
2H,J=6.5Hz,(e));3.44(d. 131.99(d);l28.35(i); 2930.2B90.1600, 
lH,J=4.5Hr,OH);5.0B(m, 127.55(h);l25.79(j)i 

z. 
lH,(f));6.2O(s,lH,Hd 72.76(f);60.3O(b);42;10 
trans/SO );6.4O(s,lH, 
Hd cis/S82);7.56(s,5H, 

(e)‘;23.50(a) 

(phinyl) 

0.90(t,3H,J=6.5Hz,(k); 144.21(c);131.19(d); 
1.40(Ls,,PH,(a).);2.60 70.32(f);60.lB(b);39.95 

7b -r (m,2H,(e));3.32(La,lH, (e3;37.39(g);31.79;25.29; 
OH);3.92(La,ltt,(f)); 23.57(a);22.58;14.06(k) 
6.3B(s,lH,(Hd trans./SO 1) 
6.44(s,lH,(Hd cis/S02)? 

0.92(s,SH,(h));1.4O(s, 145.25(c);131.Ol(d);78.60 
9H,(a));3.60(m,lH,(f)); (f);60.24(b);34.94(e); 

7s _- 2.50(m,3H,(e,OH));6.32 29.RB(g);25.59(h);23.63 
(.s,lH,(Hd trans/SO )I; (a) 
6.44(s,lH,(Hd cis/sO,)) 

1495,145531400; 
1370,1280,1200, 
1150,1100,1050, 
965,940,915,8BO, 
845,805,760,740, 
700,630 

3500,2930,2860, 
1620,1480,1460, 
1400,1290,1195, 
1160,1100,1030, 
950,865,800,740, 
700 

3460,2950,2900, 
2860,1625,1480, 
1390,!365,!285, 
1190,1155,1100, 
1060,1040,1025, 
1005,950,9OO,B65, 
805,780,740,690, 
625 
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1.40(s,9H,(a));l.?O(d, 140.81(c);130.35(d); 3460,2980,2920, 
3H,J=6.5Hr,(i));2.60(d, 128.83(g);124.36(h);68.38 1480,1450,1395, 
2H,J17.5Hr,(e));3.40(la, (f);57.59(b);37.o7(e); 1285,1195,1155, 
lH,(OH));4.40(m,lH,(f)); 20.a9(a);l4.96(i) llOO,lOU),965, 
5.7(m,2H,(g,h));6.3(s, a7o,aoo,740 
lH,(Hd trans/SO ));6.4 
(s,lH,(Hd cis/Sa2)) 

1.36(~,9H,(a));l.62(6, 146.83(h),142.21(c); 3450,3080,3010, 
3H,(g));3.OO(s,2H,(e)); 133.15(d);128.0?;126.75 2980,2930,1600, 
3.8(la,lH,OH);5.84(s,lH, (i);125.11;73.9a(f);60.42 149o,1475,145o, 
(Hd trans/SO ));6.26(s, (b);45.97(e);30.12(g); 
lH,(Hd cis/d2));7.5(m, 23.57(a) 

1385,1360,1340, 
1270,1225,1180, 

SH,(phenyl) 1000,1060,1030, 
975,950,921),900, 
850,805,775,745, 
700 

0.90(t,6H,J=6.5tir,(h)); 143.31(c);l32.74(d); 3430,3100,2960, 
1.40(s,PH,(a));l.56(q, 74.10(f);60.39(b); 2940,2880,1620, 
4H,J=S.SHz,(g));2.64(s, 40.73(e);30.66(g):23.59 1455,1400,1375, 
2H,(e));3.00(s,lH,OH); (a);7.89(h) 1350,1330,1280, 
6.37(s.lH.(Hd trans/SO,)) 1270.1190.1125. 

0.90(t,6H,J=6.5Hz,(k)); 143.34(c);132.65(d); 3500,3100,2950, 
1.40(ls,9H,(a));2.62(s, 73.77(f);60.36(b); 2860,1620,1480, 
2H,(e));3.OO(s,lH,OH); 41.62(e);38.85(g); 1460,1400,1370, 
6.32(.s,lH,(Hd trans/SO ))32.36;23.59(a);23.24; 
6.40(s,lH,(Hd cis/S02)? 22.61;14.06(k) 

1362,1335,1270, 
1200.1130,1095, 
1020,1000,970,940 
915,880,800,745, 
710,690,630 

1.41(s,PH,(a));1.74(la, 
PH,(g,h));2.91(m,3H,(e, 
OH);6.42(m,ZH,(d)) 

l.OO(s,6H,(p,q));l.40 142.81(~);139.26;136.85 3500,2900,2940, 
(s,9H,(e));1.68(~,3H, (j);133.Ol(d);l27.91; 2880,1620,1445, 
(g));2.64(s,jH,(r);3.40 125.76;72.88(f);60.27(b); 1390,136o,133o, 
(s,lH,OH);5.64(d,2H, 44.04(e);39.39(n);33.91 1280,1200,1095, 
J=lgHr,(h,i));6.50(s, (0);32.62(1);29.17;28.81; 103o,970,96o,9lo, 

2H,(d)) 23.54(a);21.45(r);l9.25(m)800,750,740,685 

1.4O(s,9H,(a));l.76(la, 
4H,Li,j));2.00(la,2H, 
(k));2.74(s,ZH,(e)); 
2.86(s,lH,OH);5.84(m,ZH, 
(h,g));6.45(s,lH,(Hd 
trans/SO ));6.47(s,lH, 
(Hd cis/$02)) 

C 

3530,3'100,2900, 
2830,1640,1620, 
1470.1430.1380. 
1365;1340;1280; 
1170,1150,1100, 
1020,995,965,945, 
920,885,865,850, 
800,735,680 

1.2(s,3H,(g));l.4(s,9H, 
(a));2.7(m,2H,(e));3.4 
(la,4H,(h,ZOh);6.36(s, 
lH,(Hd trans/SO );6.41 
(s,lH,(Hd cis/Sa2) 

0.94(t,3H,J=6.5Hz,(i)); 
1.38(s,9H,(a));1.66(hex, 
2H,J=6.5Hz)(h));t.S8(t, 
2H,J=6.5Hz,(g));3.66(s, 
2H,(e));6.30(s,lH,Hd 
trans/SO ));6.52(s,lH, 
Hd trans%O,)) 

144.09(~);132.11(d); 3420,2950,2860, 
81.46(f):60.33(b);42.73 1480,1430.1400, 
(e);39.8i(g);23.6& and 1365;1275,1190; 
23.48(h and (I) 1150,1090,1005, 

970,955,920,880, 
800,740,645 

142.6(c);133.67(d);7.82 
(f);68.74(h);60.61(b); 
4o.Ol(e);23.84(g);23.54 
(a) 

C 

204.30(f);140.07(c); 3090,2960,2aao, 
133.51(d1;60.3l(b);44.81 1715,1625,14ao, 
(e);44.45(g):23.33(a); 1415,1395,1365, 
16.98(h);l3.58(i) 1290,1195,1160, 

1100,1050,1015, 
980,950,890,800, 
740,660 
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1.36(ls,9H,(a));l.8O(la, 206.77(f);lSO.U4(c); 2970,2925,2850, 
6H);2.50(la,lH,(g)); 133.45(d);59.92(b);50.29 1715,1625,148~, 
3.68(s,ZH,(e));6.18& (e);42.73(g);28.33;25.80; 1450.1395.1365, 
lH,(Hd transiS0 );6.42 
(s,lH,(Hd cis/Sa2) 

25.44;23.24(a) 13,20.1290,1195, 
~14O,llOO,l'J65, 
1000,950,875,800, 
735,690 

0.90(t,3H,J=6.5Hz)(k)); 204.69(f);l39.79(c); 
1.40(1s,9H,(a));2.56(t, 133.51(d);60.33(b);44.57 
ZH,J=6.5Hz,(g));3.62 (e);42.75(g);31.22;23.45 C 

(s,ZH,(e));6.26(s,lH, (a);23.29;22.40;13.88(k) 
Hd trans/S0,));6.54(s,lH, 
Hd cis/SU2)$ 

1.32(s.9H,(a));2.9O(d, 
ZH,Jt6.5Hz,(e));4.70(,m, 
lH,NH);6.14(s,lH,(Hd 
trans/SO );6.22(s,lH, 
Hd transjS0 ));6.6- 
7.5(m,lOH,(ghinyls)) 

160.00;147.34~143.55; 3380,3060,3020, 
143.05;128.98(d);128.77; 2980.2960.2930, 
128.59;128.36;127.02; 2860,1620.1600, 
126.48;125.79;120.73; 1510,1450.1400, 
116.38;112.83;59.86(b); 1390.1360.1350, 
57.45(f);40.36(e);20.27 1315,1280,1240, 
(a) 1190,1180,1150, 

1090,1020,985.945, 
910,870,800,760, 
750.720,700,690, 

a/ All spectra were obtained in CDC13 with tetramethylsilane as an internal standard ; 
b/ Infrared spectra were recorded as film (liquids) or K8r plates (solids) ; 
c/ Not recordbd 

Acknouledgewnts - 

We thank the Vieille Montagnt Company for a generous gift of zinc of high purity, the C.N.R.S. 

for financial support (U.A. 473) and the Rh8ne-Poultnc Company for a grant to one of us (Patrick 

Auvray). We thank also Mrs Franqoise Grosjtan and firs Monique Baudry for the synthesis of 

several starting materials. 

References and Notes - 

5. 

0. 

7. 
8. 

9. 
10. 
11. 

12. 

Present address : Department of Chemistry, The University of Michigan, Ann Arbor, Michigan 
48109-1055. 
P. Knochtl and D. Seebach, Tetrahedron Lett. 23, 3897 (1582) ; 
U. Seebach and P. Knochel. Htlv. Chim. Acta 6r 261 (1984) 
The term conjunctive reagent nas used in a recent paper : E. Piers and V. Karunaratnt, J. 
Org. Chem. 5, 1774 (1983) 
D.J. Dunham and R.G. Lauton, J. Am. Chem. Sot. 93, 2074 (1971) ; E.J. Corey and I. 
Kuwajima , Tetrahedron Lett. 487 (1972) ; M.F. Stmmerhack, Org. React. lo, 115 (1972) ; R. 
Baker, Chtm. Rev. 2, 487 (1973) 
L.S. Htatdus. J. Oraanomet. them. Lib. 1. 329 (1976) 
a/ E. Ohltr,.K. Rtininger and U. SchmidT'; Ang. Chem. g, 480 (1970) ; 
b/ P. Knochtl and J.F. Normant, J. Orgatlomet. Chem. 309, 1 (1986) ; 
c/ N.E. Alami, C. Beland and 1. Villieras, Tetrahedron Lett. 28, 59 (1987) ; 
d/ H. Mattes and C. Benezra, Tetrahedron Lett. 26, 5697 (1985F 
H.W. Gswtnd, Organic Synthesis Today and Tomorrow, 163 (1981) Pergsmon Press ; P. Beak and 
D.J. Ktmpf, J. Am. Chem. Sot. 102, 4550 (1980) ; D.J. Ktmpf, J. Org. Chtm. 51, 3921 (1986) ; 
P. Beak and K.D. Wilson, J. Org. Chem. 52, 218 (1967) ; P. Beak and D.A. Bug, Tetrahedron 
Lttt. 2-7, 5911 (1986) 
A.8. Smith, Ill, B.A. Wexitr and J.S. Slade, Tetrahedron Lttt. 21, 3237 (1980) 
:;t;f:t?,y:;;t: L8rHosomi, A. Shirabata, Y. Araki and H. SakuEi, J. Org. Chem. 46, 4631 

: R.N. Jacobson. R.A. Raths and J.H. MC Oonald Iii. J. Ora. CGm. 42. 
2545 (1977) ; ?=OP(O)(OEt) X=OR 
(1981) ; Y=OAc, X=Br : 

: j.P. Marino and H. Hiroyiki Abe, 1. brg. Chim. 46, 53% 
T.%ndai, J. Nokami. T. Youro, 

Chem. 49, 172 (1984) ; Y=OP(O)(OEt) 
Y. Yashinaga and J. Otera, J. Org. 

Glase. J. Oro. Chem. 52. 1440 (1987)' 
; X=Cl :S.C. Welch, J.H. Asstrcq, J.P. Loh and S.A. 

J.N. Collard-ans C. Bz&ra,-Tetrahedron Lett. 23. 3725 (1982) 
P. Knochel and J.F. Normant. Tetrahedron Lttt. x. 1475 (1984) 
J.F. Le Borgne. J. Organomet. Chtm. 122, 129 (l?j%) : E. Ntgishi and F.L. Luo, J. Org. Chem. 
48, 2427 (1983) 
8.H. Trost, Ang. Chtm. Int. Ed. Engl. 25, 1 (1986) 



4508 P. AUVRAY CI ui. 

13. 

14. 
15. 

B.H. Trost and D.H.T. Chan, 1. Am. Chem. Sot. 101, b429, 6432 (1979) ; 
B.H. Trost and J.E. Vincent ibid. ‘102, 5680 (lm) ;. 
B.H; Trost and D.P. Curran, ibid. m, 7380 (1981) ; 
B.fi. trost and B.R. Adams ibid. lo=849 (1983) 
L.A. Paauettc. R.A. Galcmmo. Jr.xd J.P. Sorinaer’. 1. Am. Chem. Sot. 105. 6975 (1983) 

lb. 
17. 
16. 

19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 

Y.K. Han and <.A. Paquette,.J. Org. Chcm. a, 3?31.(1979) ; 
-. 

J.G. Duboudin. B. Jousseaume and fl. Pinet-Vallier, J. Drganomet. Chsm. 172. 1 (1979) ; 
P. Knochel and J.F. Normant, Tetrahedron Lett. 25, 4383 (1984) ; - 
Y. Morizaua, H. Dda, K. Oshima and H. Nozaki, Tetrahedron Lett. 12, 1163 (1984) 
S. Halazy and L. Hevesi, J. Org. Chem. 5, 5242 (1983) 
P.B. Anzcveno, D.P. Matthews, C.L. Barney and R.J. Barbuch, J. Org. Chem. e, 3134 (1984) 
R.E. Donaldson, J.C. Saddler, S. Byrn, A.T. Kenzie and P.L. Fuchs, J. Org. Chea. 48, 2167 
(1983) ; 
E.J. Corev. W. Su and I.N. Houois. Tetrahedron Lett. 27. 5951 (1986) 
P. Knochei’and J.F. Normant, Tetrahedron Lett. 26, 42ri1985) 
a/ P. Auvrav. P. Knochel and J.F. Nortint. Tetrzedron Lett. 26, 2329 (1985) 
b/ P. Auvray; P. Knochel and J.F. Normant; ibid. 26, 4455 (19855 
c/ P. Auvray, P. Knochel and J.F. Normant, ibid. n, 5091, 5095 (19%) 
0. Seebach, Ang. Chem. 9l_, 259 (1979) ; Ang. Chem. Int. Ed. Engl. 2, 239 (1979) 
D.5. Tarball and W.M. Lovett, 3. Am. Chem. Sot. 78, 2259 (1956) 
J.H. Bland and C.H. Stanmer, J. Org. Chem. 4&, 4393 (1983) 
I. Fleming and F. Roessler, J.C.S. Chem. Comm. 276 (1980) 
J.P. 6orlier, L. Hamon and J. Levisalles, J. Chem. Sot. Chem. Commun. 88 (1973) ; 
L. Hsmon and J. Levisalles, J. Drganomet. Chem. 3, 133 (1983) 
A. Hosoai, H. Saito and H. Sakurai, Tetrahedron Lett. 429 (1979) 
For reviews see : J.L. Luche, L’Actualitb Chimique, 21 (1982) and P. Boutjouk, Nachr. Chem. 
Tech. Lab. 31, 798 (1983) 

28. W.C. Still.7. Kahn and H. Mitra. J. Ora. Chem. 43. 2923 (1978) 
29. J.B. Brown; H.B. Henbest and E.R:H. Jon&, J. Ch&i: Sot. 3172 (1952) 
30. tl. Gaudemar, Bull. Sot. Chim. France, 974 (1962) 


