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As isoprene synthons in the Michael iuduced Ramberg- 
BiicWund (MIBB)’ stepwise synthesis of conjugated 
isoprenoids, we required the E- and the Z-&ones of 
general structure 1. 

Two litera&ue procedures for the conversion of iso- 
pnne into the title compounds appeared suitable for this 
purpose. The first method (eqn 1) utilizes the copper-@ 
catalyzed 1, daddition of sulfonyl chlorides to isoprene2, 
followed by dehydrohalogenation of the resulting 
chlorosulfones. This method is restricted to those groups 
R, that can be obtained as sulfonyl chloride. The second 

situated 2-methylbutadienes of unspecihed stereochem- 
istry have been reported in the literature. We have 
developed a method to establish the con6guration. In 
contrast to the high stereoselectivity, claimed for the first 
method, the reaction resulted in the formation of 
con&national as well as positional isomersb in our 
hands. However, the Zconfiguration of the potassio 
stdfinitc 2, used in eqn (2). is retained throughout the 
substitution rc!actioll, and high purity z-sulfones 1 are 
obtained in this way. 

Neither of the methods give direct acess to the pure 
E-sulfones 1. We have therefore increased the E-content 
of those mixtures, which contained a low percentage of 
the E-isomer, by the use of an isom&ation catalyst. An 
4Gatio of roughly 2 was observed for all sulfones 
studied. Separation of the isomers from their BZ-mix- 
tures proved to be di!Iicult. 

A?/ 
Cl 

f?sQa + 0 - R%! -w - 1 (E/Z) (I) 

E/Z 

method (eqn 2) consists of the ~sp~nt of an ~~~~ 
activated (preferably allylic) halide by 2-methyl-1, 3 
butadienyl sulfhric anion 2, prepand by base &eatmenr 

A&i& of suffonyf &or&r to isopnne, eqe (1) 

of the isopnurel!%-adduct.f Several l-sulfonyl sub 
The addition of sulfooyl chlorides to isoprene, follow- 

iug the procedure descrii in the literature,’ leads to 

RCI + Ksq, -x 0 - 1 (2) + KCI 

2 

•we~ve~~~z~~~~~ mkturesof tbeisomericchlorides3,Jand5(Table 1). 
salt, prepwed in this msaner, by tbc use of NF,f&NOE tech- ‘&e &hy~~n of these mixtures resulted in 
-l= 

Qmpembko- bavcbcenmsdebyot&n.’ 
methylbutadknylsulfone mixtures of constant com- 
position,irrespectivethenatureofthe&roupsR 
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*Ertwdon’HNbfRoftbeillixhms.Bccauseofsi4nal 
ovakrp (seTabk 2) the lxmll@mof3iind4calinQtbc 
lxhl&J sepprately. 

“Prqmrai fouowiq ref. 1. 

In several cases we have is&ted the isomers from the 
reaction mix&es by cohimn chromatography. The 
stereochemistry around the double bond was established 
by NMR-NOE expehents. Table 2 contains the NMR- 
data 

T~of~~~~of3,4~5,e~~ 
amixturcorinseparakform,withoneeqlivalentof 
trkthylamk leads to a smooth dehydrovon in 
almost qua&ative yield. The ataeocbemacai course of 
the elimination reactions (TabIe 3) cao be understood by 
collsiderine the various rotamen of the starting 
chlorosulfoncs, shown in Scheme 1. The rotamcrs A and 

B of isomer 3 resemble the tnmsition states kadhg to 
the E- and 2-2-me~y~~nyl sulfones 1, respec- 
tively. !Since the two rotamers have lit& dihence in 
no&o&d i@mctions, the IMihnide 3 can be expec- 
ted to give 4Zmixtures of dienyl sulfones upon dehy- 
drobaIogenatioa. With the chhxosulfones 4 and 5, 
however, ~otamcr A is considerably less hi&red than 
rotamer B. Consequently 4 and 5 will predominantly lead 
to the E-isomers of the Z and ~rne~yl~~~ sui- 
fones, respectively (Table 3). We have found no HZ- 
isomekation takes place under the reaction conditioas. 

rotamers A 

rotomsrs B qz &St t 

scheme 1. 

Tabk2.‘HNMRdataof3,4andS 

R compolmd suHonyl-cHt Methyla vinyl Cldoro-CH~ 

3 3.87(s) 3.7&) 1.85 1.85 5.38 338(d,JSHz) 
3 3.86&J 8W 1.50 g ;m@;““’ 

Phfl. 4~ J.w) 
Ml(s) 1; 

J:41 iOl(dJ 8Hz) 
15.83 3.83QfJ8Zfz) 

1.45 5.67 4.00(s) 
methyf r 

:zs4”“” 

; 
3:90(s) iii 

590 4.2O(d,J8Hz) 
5.98 SJO(d,JIIHz) 

1.92 
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Syrrrkis of Z-suffone.r 1 by eqn (2) 
The displ~ment of pr&ary halides by the &mate 

anion 2 was performed as descrii in the hterature.3 
The haliies having groups R, as specitied in Table 4, 
were isolated as pure Z-stdfones 1. The ‘H NMRdata of 
the dieoyl moiety of some of these sulfooes are given in 
Table 5. 

Conjigumtionol assignment of tk sdfone-s 1. 

The literature ‘H NMRdata, designed to estimate the 
chemical shifts of oleflnic hydrogens using additive in- 
cremeotsp were insufficiently decisive to establish the 
con6guration of the butadienyl sulfones 1. However, we 
have noted, that all sulfones 1, we have prepared, can be 
classified into two distinct groups, after the chemical 
shift of H, (Table 5). NMR-NOE experiments showed, 
that the sulfooes having a low-field H=-~tion pos- 
sess the ZconQuration. The NMRdata are listed in 
Table 5. 

Z/E-Zsomerkation of Z-2-methyl-1,3-butadicnyl sulfoncs 
1 

moues 1 with an isoprenoid group R were only 
available to us by eqn (2)” and therefore have a Z- 
con@uration of the butadienyl moiety. Attempted syn- 
thesis of the E-isomer, corresponding to the stdhic acid 
salt 2, by the use of au isomerixation catalyst was 
unsuccessful. 

For this reason we have studied the ~~-~rne~tion 
of the Z-sulfones 1, prepared by eqo (2). 

Light induced isomerization was performed at various 
wave-lengths and in several solvents. An HZ-ratio of 0.7 
was observed, but the purikation was hampered by 
polymerization products. All isomerixations of l-sulfooyl 
substituted Zmethyl-butadieues 1 required considerably 
higher temperatures and catalyst concentrations tban 
comparable literature proced~res.‘~ 

A Ph~Hcatalyxed isomerixatioa in retking diox- 
ane,’ believed to proceed by the addition/elimination of 
phenyl sulfooyl radicals, leads to EIZ-mixtures of 1. The 
eaqiibium mixture with an 4hatio of 2 was attained 
after 18br with 0.8 equivalents of PbSQrH. Pmikation 
of the E?Z-mixture was cumbersome because of the 
presence of d~orn~si~n products derived from the 
catalyst. However, refhuring a r-heptane solution of the 
Z-sulfones 1 with 0.1 equivalents of iodines overnight, 
afTorded the equilibrium mixture, without any decom- 
position. 

Sepamtion of tk isomers fmm El&mixtures 

From HPLCaobservations* on a mixture, consisting of 
60% preoyl-E- and 40% prenyl - Z - 2 - methyl - 1,3 - 
butadienyl sulfone (Fii. 1) it could be predicted, that the 
separation on a practical scale of the E- and Z-sulfones 1 
from their mixtures would be diflkult. When a mixture of 
sulfones 1 with an 4Z-ratio of 2 is dissolved at r.t. in 
etherkhexane, poorly the Z-isomer crystalkes 
upon chilling to - 2iPC. In this way 65% of product, having 
an HZ-ratio of 4.5, was recovered from the mother 
liquor. Any further emichment provide impossible. The 

‘Attempted syatbesis of the corresponding isoprenaid suffoayl 
chlorifks, rcquimd for cqn (1). f&d ill our bands. 

‘Ix. J. c. Km& LaboMWy of Amllytkxl cIum&y of oIlI 
uIlivkty. 

‘No tbamal JWisomcri&m WBS obsc,.&. 

TElRAVd.3b.No.6-D 

Tabk 4. Synthesis of Z-salfones 1 in IXWO 
at room tempera&c 

R Yield (46) 

PnnYl 

geraayl 

fZivg 
Ill&$ 
3-metby1-2-2-pc0tcay1 
2-mctbyl-2-pfopcnyl 

R H. Hb H, tt & 

pmnyl Et 6.06 2.13 6.27 5.31 559 
2 5.99 I.% 750 5.46 558 

iWaaY1 Et 6.11 2.20 6.31 5.43 5.64 
6.02 1% 7s7 549 561 

~CyCiogetanyl ;t 6.20 i24 6.34 5’45 5’66 
Z 6.17 2.03 7.65 5>7 5:67 

knzyl Et 6.02 1.81 6.27 5.42 I558 
5% 1% 727 540 5.56 

p-tolyl$ : 6&2&6k55:42562 
z 6.25 1.98 7.80 558 5:65 

Phcayls z” 6.38 2.27 6.40 348 568 
6.27 1% _-II 5‘60 5.68 

lWtbyl# E 6.28 i29 6.36 5:51 5.71 
Z 6.22 2.02 7.55 5.53 5.64 

cbloro methyls E 6.21 233 643 558 579 
6.13 2:12 7:58 5:64 5:76 

‘Apparent 8 and J values; H., broad s; Hk d, J OSHZ; 
H, X-part of ABX, Jcr 1 lHz, J, 18Hz: Hh A-part of ABX; 
H, B-part of ABX. J,, 05Hz. 

tm by isomcktion as descrii in the followiog 
section. 

$Prcpamd by dcbydrobalogcaarion fol!owiqj eqn (1). 
OoVertapping with pbcnyl-absorptjoas (7.47 - 8.13 ppm). 

usual C~~~~C separation techrdques resulted in 
comparable 4Z-ratios when performed on a practical 
scale. 

Small quantities of prenyl- and benxyl-E-2-methyl- 
1, 3-butadienyl sulfooes were obtained upon glc- 
separation on a SE-30 column with retention times of 
approximately #I minutes.’ 

Larger quantities were prepared by the following pro 
cedure. An 4Z-sulfone mixture was treated with base at 
low temp. Only the Z-anion entered into an in- 
tramolecular I, dadditioo. Acid&&ion resulted in a 
mixture of the unconverted E-sulfone and the isomeric 
cyclixed sulfone. Separation of this mixture provided no 
problems. Full details of this method will be published in 
a fo~rn~ ~rnrn~~~o. 

P.285otm. 
WI 21 PL/sec. 
Column : L =2Scm 

ID.3mm 
+-!!_@ 

4 ai 

Fii. 1. HPLc~k~~~s-u-uwitb 1% dioxnne in II- 



726 J.J.BURClt!&ctaL 

raxmlui on a Va& A 60 D and a &ian~XL1~NMR-&ICC- 
bum&r; IB on a Perkin Elmer model 177. M.ps were deter- 
minedonaL&-Wctzkrappamtuandafcmuwnxkd. 

1, QAlf&on of sdfongl cblw to iswe 
Gcuad pmcedm. A mixhm of mlfonyl chhni& (0.1 mok), 

isoprenc (0.2mok). cuprous &la&k (1 mmok), t&bykmine. 
HCI(15mmok)aadSmlofacetoltitrikwasnftuxedfor18&. 
Work-up by tbc published pro&u& at%rded mixtures of the 
isomeric3,4aad5asiadiEatediaTabk;1.plnesampksof3.4 
~Sw~o~~~~~u’HN~- 
~~~~~T~2 

LMyd?ehaiogaaaHonof3,4aeds 
General procedure. Trktl@minc (55 mmok) was added to a 

benzenesoln(~ml)of3,4&5(5mmok).Aftastinisgfqr4 
days at r.t. tbc mixture was 6ltcfcd and tbc beazene was 
removed in WCIIO. The 2- and Fyi-1,3+utadknyl sulfoncs 
t$bk3)wereoMai~cda5oils. HNMRdataarcgiveninTable 

&tar&~ Z2-methyl-l, 3.but&h9 n@wte 2 
‘lEcZ-sul&icsalt’wasobtaincdin9O%ykldasabyIlroscopic 

wltite powder. ‘H NMR (d&hfSG): 7.21(C%H. X-part of ABX, 
JAx 11 Hz., Jax 18 Hz); 5.78(Cl-H, broad s); 5.17(C4-H, B-pnrt of 
ABX, SM 0.3Hz); f.lO@%-H. A-part of ABX); l.‘IyCHh d, J 
OJ Hz). 

Sy&uis of Z-2-methyl-l, 3-butadiaiyi ruifone-s 1 by upi (2) 
Gu&procu&.Theprimarybaikk(105mmo~Tabk4)in 

dry DMSO @ml) was added to a DMSG soln (lOOmi) of the 
z-sul6uic salt 2 (1OOmmok) at r-t. After s%ag for 4Obr the 
DMSG was removed irr ~ocul. ClmxMogqbic purification of 
tbeoilyresidue~~edtheZ-2-metbyl-1.3-buEadienyl 
sulfo~l,asimlicatedinT~e4.‘HN~~aregiv~in 
Tabk 5. 

Prenyl-Z-2-methyl-l, Ibutadknyl sulfoae was 0Mainal in a 
colowkss crystallii form (m.p. 77.5-785~. IR(CHCI& 1660, 

‘Addition of p-toluenasalfonyl chloride was perfarmed with tbc 
~~ Addition of ~~~onyl cbloridc to 
koprcnc following nf. 9. 

“H NMBdata of tbc 3mcthyL1, Fyi sulfoncs will be 
~~~afo~~~ 

1620, 1570 (GQ, 1310. 1280 and 111ocm-’ (SO& (Poll& c. 
6o.a H, 7m; S, 15.69. Cakd for C,&,ascri. C, 59** H. tt.O$ 
s, 16.01; 41536). 

Bcluvi-z-~Yl-1. MMadienyl suifonc: rn.D. 82-w. 
JR(CH&): 1615 CM, 1120, 
llOOcm-‘(SCM. fF’oundz 

1560, 1496 (pbenyl), MO,-1280, 
C. 64.95: H. a29: S. 14.57: 0. 1459. 

Cakd for &fi,&: C, 64:83; H, k.3j; S. 14Ai; 0, li.&j. 
nK other Z-sulfones 1 (TabIe 4) were obtained in a liquid 

form. 

~~~oft~Z-2-~hyl-1,3-bwfodirnyl 
SvrfoMs 1 

Gcnc&proc&rc.Z-sulfonc1(2Ommok)wasaddedtoa 
warm soln of iodioc (2 mmole) in CHCl, (10 ml&&y w 
(8aM). The misturc was f&ued for 4obr* The iodine was 
~V~~~~~~Na~~~~~w~ 
extra&d witb CHCl> Tbc combined n-heptanc aad CH& frac- 
~W~~~~~~~OV~~*~~ 
~~~~~~~~~~~~~~4Z- 
stione tuixtum 1 fE&atio of 2) in 97% yield. 

ThcBz-ratiwarckscdontbcc2-~th~~inthc 
‘H NMR-sp&rum (Tabk 5). 

Glcqamtion (20% SE30.4 m, MPC!, 8.5 ml H&I&) atYmded 
pure pwmyl - E - 2 - mctbyl - 1,3 - butadknyl sulfooc as a 
coloark~ aysta& unstabk compound (m.p. 34.5-3S.F). 
lR(CHCl5): 1670, 1630, 1590 (C=C!), 1310 and 113Ocm-’ (sq). 
(Found: C, 60.12; H, 794; S. 1569. C&d for C,&S&: C, 
59.96; H, 8.05; S. 16.01; 415.98). * 

Simikulytbebenzyl-E-2-methyl-1,3-butadknylsuifonc 
wasobtaincd.‘HNMR&ta8ngiveninTable5. 
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