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tbstract - -hcfaclorspo\crnInf thccompetitwn hctuecn 1.2-and 1.2~eliminations have txcnstudicd 
rcwlts oht;~ined have been appllcd to :I hwmimetic synthesis of chrysanthcmol 

In the biosynthcsib of squalenc’ (HO molcculcs of 
brnesyl pyrophosphatc I ;1re tirst condcnscd to form 
prcsqualene alcohol pjrophosphatc 3a Hhich is then 
reduced. with ring opening and rearranycment. to 
squalcne 4. The two steps raise a number of very 
intcrcsllns chemical questions and challenges. This 
paper is concerned with the tirst mc. namely the 
factors governing the lijrmatlon of the cyclopropane 
ring. 

Stcrcochemical invcstlgatlons of the 111 rirc) couplin_r 
of two molecules of I hacc shown that one primary 
pyrophosphatr goup remains intact whereas the 
orher farncsyl component the Catom ofwhich appears 
in the 2-membered ring. loses the pro(S) hydrogen.’ 

Scberal hypotheses have been brought forward to 
account for the riny closing reaction. In one of these .’ 
electrophilic attack on one moiety by the other would 
take place on C, with an unknonn but nuclcophilic X 
group neutralisatins the positive charge uhich 
accumulates on C,. This would bc folloucd by base 
promoted 1.3~elimination of HX in the intermediate 
2a. 

In another related hypothesis. ’ where the X goup IS 
thought to be a pyrophosphatc rcsldue, isomcrlsation 
of the double bond in the intermediate 2a would lead 
10 a homoallylic pyrophosphutc 5. Participation of the 
new douhlc bond and proton removal would Icad to 
cyclopropanc formation” in a chcmicall preccdcnted 
manner. 

2.3-Sigmalropic rcarrangemcnls of difarncsyl 
sulphonium salts have been considercd5 and the 
cyclopropanation of normal oletins by sulphonium 
methylldcs assoc~alcd with copper salts has also been 
sho\vn to bc possiblc.h The homolosuc of 
presquaIcnc alcohol m the monoterpene scrics IS the 
irregular tcrpene chrybanthcmol 3. In their “uniticd 
approach” to the biogenesis of irregular monoterpcncs 
Epstcm and Poultcr’ sup_eest that condensation ofl\jo 
C5 units leads to a precursor 2b ivhich ma! either gi\c 
the la\andulyl skclcton hy 1 .Z -elimination or cyclist by 
a I.?-elimination to lead to the chrysanthemyl 
structure. Earlier work in our laboratoricsx has 
establIshed ;I C’j + c‘5 biomlmcric approach IO the 
dial analoguc tc of the proposed precursor 2b of which 

and the 

the potassium bisulphate cutalyscd I,?-elimination 
lcads directly to lavandulol6. At this stage it was thus 
decided IO undcrrake an investigation into the 
possibility of cyclopropane ring formation by l.3- 
climmatlon in the manner suggested above. 

R 

5 \ 

Y 

R Y 
1 geranyl OPP 

R 

\ R 

*r 

X 

Y 

R Y X 
& geranyl OPP 

ZH OPP 

& H OH OH 

GH OH SPh 

R\ 

2r \ R 

I 

2 geranyl OPP 4 R geranyl 

ZH OH 

&H 3,5-dinitrobenzoate 

R 

R 

rl_l 

X 

Y 

2 R geranyl X,Y OPP 6 



The strain of the 3-membered ring would of course 

have to be paid for in the desired cyclisation but it can 
be estimated to be of the order of 27 kdl,‘mole :’ not so 

much more than the strain in a double bond which is 
about 22 Kcal,‘mole.’ One factor expected to favour 
the 1,3eliminarion 1s the more acidic character of the 

proton on C, to be removed due to its allyhc position. 
This ofcourse would come into operation parttcularly 
if and when a large negattve charge is accumulating on 

this carbon atom in the transition state. 
It is recognised that groups. normally considered to 

be”poor” leaving groups, part when in opposition to a 

preformed I{-carbanionic centre (E,cb elimination).‘0 
Could then a leaving group be found that would not 

eliminate in the 1.2-manner but would. with the help of 

the allylic activation l.3-eliminate? 
Considerable information about departing abilities 

ofsuch leavinggroups has been produced by Stirling’” 

and his group who measured the rates of l,2- 

elimination of a large number of substrates where 
removal of the b-proton was facilitated by electron 
wtthdrawing groups. Stirling” has been able to 

calculate “ranks” for these leaving groups. For 
example ammonium ions do not undergo rapid base 
promoted elimination in simple substrates. However 

trimethylamine becomes an outstanding leaving group 
when situated /I to an activating group, (e.g. sulphonyl 
or phcnyl). This is thus an example of a highly 
“ranked” leaving group using Stirling’s terminology. 

The literature contams scattered examples of the 

1.3- vs 1.2-competition we are constdering. Marc than 
forty years ago lngold and Rogers” obtained by 

decomposition of 3,3-dicarbethoxy-4-phenyl-butyl 
trimethyl ammonium hydroxide. a compound which 
was recognised twenty years later by Weinstock” and 
RogersI to be a cyclopropane derivative formed by 

displacement of the trimethylamine leavmg group by 
an r-carbethoxy carbanion. A similar carbanion has 
been used in the displacement of sulphinate amon in a 
chrysanthemic lcid synthesis.14 Activation by a phcnyl 

group has been shown to fdvour 1,3-over l.2- 

elimination with some leaving groups such as 
trimethylamine and fluoride ion.’ 5 or sulphenate ton”’ 

and allylic activation has led to cyclopropane 

formation with an cpoxidc oxygen as the leaving 

group.’ ’ 

RFSL 1.X 

We carrted out model experiments wtth the readily 

available 2-methyl-4-phcnylbut-2-yl derivatives 7a- k 
havmg different leavmg groups 2. with the view of 

applying the knowledge gained to the synthesis of 
chrysanthemol. The results of this study using various 
systems of base are summartscd in Table I. 

Unexpectedly the dimethyl sulphontum 7b and the 

alkyldimethylammonium 7c salts (highly “ranked” 
leaving groups’O) gave none of the desired 

cyclopropane but only olefins 9.10, despite the fact the 

Bumgardner,’ ’ had previously observed smooth 
formation of phenylcyclopropane with the cor- 
responding primary ammomum salt. This difference IS 
probably due to the fact that in our case the lcaving 

group is attached to a tertiary rather than a primary C 
atom. 

The toluenesulphinate ester 7d underwent only 

attack on sulphur to yield the original alcohol. The 
phenyl sulphoxide 7e did give a small amount of 

phenyl dimethy) cyclopropane 8 but the olelins 9 and 

IO were the major products. 
The phenylsulphone 7f gave a larger proportion of 

cyclopropane to olefins but a fair amount of 

butylbenzene was formed when n- 
butyllithium;TMEDA was used.‘* Other bases did 

not cause elimination. 
Sulphides gave varied and interestmg results. The 

methyl sulphlde 7g gave smoothly a mixture of the 

tsomeric olefins without any cyclopropane as did the 

benzyl sulphide 7h. Wtth 7g D,O quenching 
immediately after base treatment led to deuteration on 
the S Me. In contrast the lauryl sulphide 7i proved to 
be resistant to elimination. This has some precedent in 

view of the 2, /?-elimination of short chain sulphidcs 

and the resistance of long chain sulphidcs reported by 

Biellmann.” The t-butyl sulphide 7j did not undergo 

appreciable elimination ( < 2 :‘,,) when treated with n- 

BuLi/TMEDA but gave the cyclopropane 8 (50”;, 
conversion. quantitative yreld) with KOtBu:n-BuLi 

7a -NH-COMe - 
7b - -SCMe2 

7c -N’ - MepEt 

7d - 0-SO-Tol. - 

7e -SO-Ph 

7f - -SO*-Ph 

zi3 -S-Me 

7h - -S-CH2-Ph 

71 
- -S-C12H25 

Li -S-tBu 

7k -S-Ph - 
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Table 1 

2 Condltlons 
% x 

Recov. elim. 

c 
3 0 38 7 83 0 

C 0 94 7 83 0 
C 0 25 20 80 0 

l 

NMe2Et C 68 24 10 90 0 
D 3 91 5 95 0 

SOPh A.6 98 
C 51 15 27 73 0 
D 0 66 26 67 7 

S02-Ph A.6 90-100 
D 0 4 33 66 

S-W D 28 63 32 68 

S-WZ-Ph 0 0 80 20 80 

SC 
:2"25 

D 103 

S-tl3u D 83 2 99 
E 53 50 99 
F 53 48 99 

s-Pt-. A,B,C 95 
" 8 07 0 0 99 
E 70 30 0 0 99 
i 0 9c 0 0 99 

G 65 35 86 14 

A : IDA, ether. 3p,,-78’ ; B : LDA, ether, HMPA, 3h, -7B0 ; C : NaNH2, NH3 liq., 3h ; 
D :n3~Ll. TMECA, hexane, 24h, 19O ; E : t.BuOK, DMSO, 60h. 19O ; F : nBuLi. tBuOK, pentane, 
L8h. 19O ; G : LGEt2, ether, HMPA. 20h. 19O. 

and LiNEt,;HMPA. The phenyl sulphide 7k gave the 
best results (yield and purity) for cyclopropane 
formation in the model series. With LDA,‘HMPA total 
conversion of starting material was observed whereas 
with n-BuLi/TMEDA reaction was never complete. 

Information about the cychsation of the phenyl 
sulphide 7k using n-BuLi;TMEDA was obtained by 
quenchins the mixture with’ carbon dioxide and 
esterification of the acids obtained; showing that 
metalation is very rapid ( - 5 min) on the aromatic ring 
of the phenylthro moiety (78 ‘I,, or~l~o 1 I. 12.5”,, nwtr 

and pura I1 to the S atom) with !I”,, mctalatlon in the 

benrylic position giving 12. Quenching after IO hr at 
room temperature indicated metalation almost totally 
I?I~IU and ptrrcc to the sulphur in the recovered startmg 
material. Apparently the orr1to mctalated product may 
underso ring closure whereas the UICIU and purtr 
isomers are inert. 

Control studies of the n-HuLI;TMEDA system on t- 
butyl phenyl sulphide 13 followed by carbonation and 
methylation indicated 95 ‘I,, or.!/to 14 and 5 ‘I,, I~CJ(U and 
pm mctalatton. 

Under these conditions the t-butyl 13 and t-amyl IS 
sulphidcs do not undergo cltmmation whereas phcnyl 

12 - 



(2-methyl-I-phenyl) prop-Z-y1 sulphide 16 (which 
possesses an actrvated methylene group [C to the 
phenylthio group undergoes facile 1,2-elimination to 
give olefns 17 and 18 (ratio 84: 16). 

The corresponding chrysanthemyl precursor 2d was 
next synthesised. Attempts to convert the tertiary OH 
of the readily available diol 2cH into the required 
leaving group met with difficulties when protonation 
of the douhlc bond with participation of one of the 0 
atoms was observed. This unwanted participation of 
the double bond in the dial 2c was used to put it out of 
the way m a reversible manner. Bromination of 
lavandulol~ 6 wrth NBS m wet ether led to the 
bromotetrahydropyranyl cthcrs c,i.s and tram 19 to 
which the perchloric acid catalyzed addition of 
thiophenol could be carrrcd out efficiently, giving 20. 
Reductive elimination then regenerated the double 
bond and the primary alcohol to give 5-methyl-2( I ‘- 
methyl-I’-phenylthioethyl)hept-4-en-l-o1 2d. 

When 2d was treated with BuLiiTMEDA in hcxane 
about XI’:,, of the starting material disappeared in 
24hr at room temperature and two new compounds 
were formed which were easily isolated in 15 I’” yield by 
chromatography on silica. They were identical with L.~S 
and rrms chry~nthemyl alcohol 3b (20: 80) by gc on a 
capillary column. ‘H NMR, r3C NMR and gc-mass. 
Less than 2 ” o ia~nduloi6~vasdetected m this product. 

l‘hemaincomponent{rl.trn\)ofthemixturewasisolated 
by HPLC separation of the crystalline 3.5- 
dinitrobcnzoates 3c (r~uru-3,5-dinilrobenzoate. mp 
105.5 alone or mixed with an authentic sample). 

It is remarkable that the reaction stops at 50’r,, 
conversion. Quenching with D,O shows that the 
“starting material” is met&ted in the aromatic ring 
ortho to the sulphur. This carbanion thus appears to be 
inert. unlike theobservations in the model series. With 
LDA in ether~H~PA at room tcmperaturc most ofthe 
starting material disappeared but the yield of 
chrysanthemol was only 20”, accompanied by 15”,, 
lavandulol. 

The investigations by carbonation into the mode of 
elimination of the phenyl sulphide 7k on treatment 
with n-BuLi/TMEDA allow us to conclude that the 
major pathway proceeds by a rapid irreversible 
metalation of the aromatic nucleus of the phenylthio 
moiety mainly ortho lo the sulphur. This carbanion 
orrho 21 is able to abstract a benzyl proton and the new 
species 22 then gives rise to the cyclopropanc. 

This abstraction~cyclopro~nation is most likely to 
bc non-concerted due to the possibility of trapping the 
benzylic anion 22 by carbonation during the early 
stages of the reaction. The intramolecular character of 
this process is shown by the stability of the nt~f~ and 
pcrru anions 21 under the reaction condnions. 

When a base is used in which the conjugate acid 
remains in the system. all of the anionic species exist in 
equilibrium and thus the irreversible cyclopro- 
panation step displaces the equilibria to give total 
conversion of 7k. 

The stability of the t-butyl 13 and t-amyi 15 
sulphides in comparison with the 1,3- and l,2- 
elimination of substrates 7k and 16 respectively 
mdicates that a certain degree of ~~cidi~c~tion of the 
proton to bc rcmovcd is ncccssary. 

In the thiothers 7g and 7h whcrc the carbanion is 
generated X- to the sulphur I.,-elimmatron isobserved. 
This most likely also explains the 1.2-ehmination 
obscrvcd in lhe sulphornum 7b and ammonium 7c salts 
where ylid formation is possible. The importance ofan 
initial carbanion either ZY- or [j- to the S atom, as a 
preliminary to expulsion of the leaving group when 
using n-BuLiiTMEDA is underlined by the 
observation that the t-butyl sulphide 7j does not 
undergo elimination ( <2”,,) when similarly treated. 
~roaddus2* has indeed shown that lnetalatioil ofalkyl 
bcnzcnos with n-~uLi~TM~DA is disfavoured at the 
benzylic position. In contrast. use of a base which 
allows eqmlibratlon of the carbanionic spcies (e.g. 

tWe thank Rhonc Poulenc SA for a gcncraus gift of 
lavandulol 
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tBuOK;n-BuLi” or LDA;HMPA’~~ gives rise to a 

50”, conversion of 7j to the cyclopropane 8. 
The low yield of chrysanthomol from the thioether 

2d and the fact that recovered 2d is totally deuterated 
on the aromatic rmg forces the conclusion that in this 
case the previously discussed transmetalation is not 
operative and that the chrys~nthemol is formed by 
direct removal of the allylic proton by base; the 
reaction stopping when the phcnylthio group becomes 
itself metalatcd (and thercforc no longer a leaving 
group). Attempting to improve the yield of 
chrysanthemol by using LDA:HMPA resulted in total 
disappexancc of starting material coupled with the 
formation of important quantities of lavandulol. 

<‘<)%I1 SIOV 

It has thus proved possible to carry out in the 
laboratory a reaction similar to the scheme first 
proposed ten years ago by Rilling and Poulter for the 
biosynthesis of presqualcnc alcohol. Obviously several 
problems require investigation. If this is the real 
biosynthetic route. how does the living cell carry out 
the cyclisation step and how is the stereochemistry 
controlled7 This problem might be related to the one 
previously mentioned concerning the direction of 
elimination of HX in the head to tail adduct in the 
prenyl transferasc reaction. and it is hoped that further 
work on this approach will contribute to the 
understanding of the in rice proccssts. 

IR spectra wcrc rccordrd with a Perkin-Elmer 599 
spectrometer a); the neat liquid. in chloroform sol or asa nujol 
mull as stated Mass spectra were recorded using either a 
Varian ;Mat C.H.7 sprctromcrer or a Rtbcrmag R. 
IO IOG.C.~Mass coupled with a 25m x 0.30mmSE 52 
caprllary column. ‘H NMR spectra were obtained using a 
Bruker WH 80 operating at X0 MHz. a Varian EM 390 at 
90 MH/ and a Cameca 250 at 250 MHz. Chemical shifts (6) 
were measured relative to TMS as internal standard. Routine 
gc analysts were performed usmp columns charged with 
5 I’,, SE 30. 5 ‘I,, Carbowax and IS I‘,, DC 550 on Chtomosorb 
WHIMDS Capillary gc analyses were carrted out using 
Carbowax 6OOM, 30m x 0.30mm. Mps were taken using a 
Buchi m papparatus and arc uncorrected. Mtcroanalyseswcrc 

carriedout bythestaffofthcServi~Centralde Microanalyses. 
I.C.S.N.. 91 190 Cif-sur-Yvette. All solvents were distilled 

before use. The phrase “usual work up” rcfcrs to sequential 
washmg of the reaction mtxture with 5’1,, HCIaq and S”,, 

NaHCO, aq, drying over MgSQ,, filtration and removal of 
the solvent at reduced pressure 

2-Meth?l-4-ph4n~lhtlran-2-ltf. The alcohol was prepared by 
the reported procedure. ” Distrllation at reduced pressure 
gave a colourless oil (73 “,I b.p.t. = 92-96 i2 torr ‘H NMR. 
80 .MHz(CDCI,): 1.45(s. 6H): I .83(m. 2H): 2.75(m, 2H); 
7 3O(s, SH ). 

2-Ac.eiomido-2-ntetIt~1-4-plten~~lhtrrunu 7n. Cont. H,SO, 
(loom”) was added dropwisc to a soln of 2-methyl-4- 
phenylbutan-2-01 (5.OOg. 30.5 mmole) in MeCN (40 ml) 
cooled to 0 After agitation for 30min. the mixture was 
poured into XN NaOH (25ml) and extracted wtth ether 
(2 x 25ml). Normal work up afforded crystalline 7~ 
(6.5Og,95”,,)mp (cthcr) = 61 (Lit*’ 57 ). IR (nujol):3400. 
1645cm. r, ‘H NMR. XOMHHf (CDCI,): 1.35 (s,6H); 1.87 
(s,3H); 2.02 (m.ZH); 2.58 (m.ZH); 5.58 (s. 1H); 7.lt) (s,SH). 

Vinterhpi erh_d (2-nrerh?l-4-phen~l)hur-2-~i ummnnittm 
ir&Ie 7c. The acetamtdc 7a (4.OOg. 2Ommolc) in dry ether 
(30ml) was strrred wrth LiAIH, (O.?Sg). The amine thus 

obtained was quaterniscd by reaction wtth Mel 
(8.5Og.6Ommole) in McOH (20ml) at room tcmp for 12 hr. 
The ammonium salt 7c was precipitated by addition of ether 
~4.~6g.7~~,,)mp (ether) = 171.0 (Found: C, 51.7%: H, 7.29; 
N. 4.04: Calc.:C. 51.88: H. 7.55: N. 4.03”“) MS. 
nr:‘r’ = l46(M ’ - EtMe,N. HI). 131. 91. ‘H NMR. X0 MH/ 
(CDCI.,)~I.5l(t.J = 7.5H7.3H). 1.64 (s.6H); 2.13 (m,2H); 
2 76 (m.2H); 3.10 (s,6H): 3.60 (q,J = 7.5Hz,ZH). 723 
(s, SH 1. 

l~irn~t~~~ (2-rnefh~~-4-p~t~n~~) hur-2-yl .sul~~~niu~t per- 

dtlrtrufr 7b. The title compound was obtained following the lit 
method’* by addition ofexcyss dimethyl sulphide to 7 (6.66 g. 
40mmole) m trtfluoroacetic acid:C’H,C12 followed by 
exchange with pcrchloric acid;MeOH. Recrystallisation gave 
colourtess needles (5.70 g, 46”“) mpt 
(MeOH) = 128.5 129.5 (dec). (Found: C, 50.33; H, 6.77; Cl 
116O;S. 10.33;Calc.:C~,50.56;H,h.XS:Ci, 11.48;s. 10.3X’!,,). 
IR (nujol): 1180-9OOcm-‘: MS mie:146(M’ - Me& 
HCIO,); 131; 91; ‘H NMR. 9OMHx ((CD,),CO):l.70 
(s,6H); 2.15. 2.35 (m.ZH), 2.70-3.00 (m.2H); 3.05 (s.hH); 
7.20-7.40 (m. 5H). 

General rrdtnryuefor dtr preparation c$thtoethrrs 7g. 7h, 7i, 
7j, 7k, 13, IS, 16. The title compounds were obtained 
following the general technique of Cain et uf.” 

Mrth_d (2-mrrh~l-4-pitt~tt~~~ hur-2-.rl sufpltidv 7g. 
bp = 97 I02 ‘I.3 tort. 92”,. (Found: C. 74.39; H. 9.33; S, 
1623; Calc.:C. 74.17: H. 9.34; S, I6.50”,,) IR (tilm):3050, 
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(J.tJml. 1.6 M soln in hexanc). 5 min after addition the mixture 

was poured onto dry ice. Addition of .5”,, NaOH (25 ml) 
follo~cd by extractIon Hith ether (2 x 20 ml)gave. after usual 
uork up recovered startin_e material (0.63~). Acidification of 
the alkulmc aqueous soln followed by extraction Nith ether 
(2 x 20 ml I gave. after drying and removal ofsolvent. a brown 
syrup. Methylation uith diazomcthane gave a mixture 

19x mg) of4 isomcric cstcrs (gc!MS) present as 9”,,. 7X ‘I,,, I I ‘I0 
‘Ind I .5 “‘, tin order of clution) of the cstcr mixture. llx- 
tirnln,ltion of the fragmentations of each product in the mass 

spctrum allo~cd the tcntattve assiqment of structure I2 to 
the first or.~hr, I I IU the second (maJorI and tnclu:pura 1 I to 
the Ids\ IUO products. MS )>I, 0: 12; 314 (M ‘). 205 (M ‘-PhS), 
l3(M -PhSH. HCO,Mc)92 orrho II: 314 (M I 168 (M-- 
Ph(‘,tl,,). IJ6(M--McO,C(C.H,)SH). 136(PhCO,Mc)92. 
ml’fu pcotr I I 3 14. 168. 146. I3 I. ‘~2. 

I\c-bromosucanimidc (19.Og. lOOmmole) was added over 

I5 min to ;L holn of 6 (15.4g. 10)ommole) in moist ether 
(Z(K) ml) After I hr the mlxturc was filtcrcd to give. after usual 
uork up. an oil (23g) which was distilled at reduced pressure 
to afford a mixture of Isomers c%- and rrun.s-19 (22.Og. 94”“. 

hp. = 66-0X I torr). Capillary GC indicated 2 products 
(Jo.601 uhich could be separated by chromatography on 
silica (pentanr ether X:2). The minor. less polar product I9 

was abslgncd the (is-structure on the basis of 11s NMR 
s cctrum. /\II other spectral propertics were identical. 

(fiound,C‘.SI 96:11.7.250.7.18:Br.33.XI:Calc.:C.51.52;H. 
7.35. 0. h X6: Br. 31.27”,,) IR (tilm): 3070. 1635. 1450. 1135. 

7 50.7(K) cm ‘;\ISI~IC.‘~J.~!?~M~ 1219.217.206.204.1’6. 
6X: ‘H ShIR 250 \lHr ~C‘l)CI,I. (‘I.\-19: I.40 (s. 6 H): I.72 
I\. 3 t1). 2 IO (q. II > I. 2.26 (dtd. H 1): 2.40 111. H,ax.); 3.50 (I. 
H,.):3 7l(ddd. H,;:IOOtdJ.H,);4.72 (s. I H):4XOtb. I tl). 

C‘ouplmg constants. J,,,,:- I 2 12.5Hz. 1 3 4.OH/: 2-3 
Il.5 HL: Z-4 12.5 HL: 3 4 -lOOH/: 3 5 2.OH7.4 6 12.5 Hz; 
4 5 4Oll/: 5 h I: 5l1/. ‘litJU\-19: 1.70(s. 3 H); 1.74 (5. 3H); 

1.76(s. 3 H); I.X6(dt. Hz): 2.Yh (IOlmc multlplct.H,eq); 3.00 
(~~.H,I:~.~O(~J.H,,~;~.Y(JJ.H,):~.OL(~.H,~;~.~~(S. I H); 
4.X0 (s. I H 1: C’oupllng constan[s. J ,,,, :- l-2 IO.0 HA: I 3 
GOH/:-’ 3 I-‘.OH/.3 -lhOH/:4 SX.OII/;.I 6lO.OHz:5 6 
IO(III/ 

ll<‘lO, (70”,,.0.7 ml)uasaJded to &vigorously stirredsoln 
of the bromcwthcrs (‘I\- Ltnd frtrns-19 (70015 3Ommole) in 
thiophenol ( I5 ml) at 20 After 5 min the mixture was poured 
111to5SS;1Ol1(l00ml)undextractcd~rithcIhcrI2 x SOml). 

After usual work up an orange 011 (9.5O_y) was obtamcd which 
after SIIIC;I chromatography aliordcd the lsomcr mixture 20 as 
a colourless oil (7.61)~. 74”,,) The isomers could be separated 
b! HPLC on hllic;l. (l-ound: C. 56.24: H. 6.71; Hr. 23.55: S. 
9 37; Calc.. C‘. 55.0X; H. 6.75: Br. 22 27: S. 9.34”,,). IR (film). 

3050. 1350. 136% 10X5. 760. ?O5cm ’ : MS UI c: 342. 344 

(M 1. 264. 151. 137. 1’3. IlO. 69: ‘H NMR 25OhlHL 
(CD<‘1 ,) les\ polar isomer: I .20 Is. 6 H), I 36 (s. 3 H ): I 37 (s. 
3 H 1. I X7 (dt. I H); 2.OY (q. I HI; 2.44 Im. I H); 3 65 (t. I H ). 

3.95 (m. 2 H 1: 7.2X 7.3X (m. 3 HI: 7.46-7.5s (m. 2 H). More 
pnl;lr Isomer: I .20 IS. ?H I: I .2h (s. 3 H): I .72 (s. 3 HI: 1.7X (s. 
3 H ): I .YO tdd. I H I; 2.06 (td. It I I; 2.52 (tt, I II); 3.80 Idd. I H ): 
3.91 It. I tll; 4.00 It. I II); 7.28 7.3X (m. 3 tll: 7.46 7.5X (m. 
?HI 

S-.Ifc~lrj I-2( I ‘-lJwrh~-/- I ‘-plan! Iflrioc~tlr~ I)hqr-4-t~1- I -I)/) 2d. 
The milcturr of isomer\ 20 (3.43g. IOmmole) was added 
dropwisc to ;I prcbiously prcparcd snln of isopropyl 

magnesium bromide (30mmole) m ether (20ml) and the 
mixlurc stirred at room temp for I2 hr. Usual work up 
I;rllo\rcd b> ~llroinatoprapliy on s~hca gave the product 2d 
(0.75 g. 30”,,1 as ;I colourless OI/. (I.‘ound: C. 72.99: H. 8.99: S. 
11.70: CHIC.: C. 72.68: H. Y.15; S. l2.I?“,,) IR (film): 

3650-3100. 3050. 1435. 1380, 760. 705cm-‘; MS mir: 

264(M’ 1, 155. 154. 123. 110. 109. 69; ‘HNMR 25OMHz 
(CDCI,): 1.26 Is. 3H); 1.30 (s. 3H); 1.64 (s. 3H); 1.70 Is. ZH): 
2.12 (m. I H): 2.20 2.3U (m. 2 HI; 2.40-2.50 (m. removable 
filth D,O. I H); 3.72 (dd. J = I I.5 Hz, J’ = 4.5 HL. 1 H): 3.84 
(dd. J = I I.5 Hz. J’ = 4 5 Hz. I H): 5.16 (t. J = 7.0 Hz_ I H): 

7.26- 7.40 (m. 3 t i I: 7.4X 7.58 I2 H I. 

Com.rrsior~ of 2d ro chr~w~trhemo~ 3b 
Alcohol 2d (264m_e. I mmolc) in TMEDA (0.4ml) was 

trented \tith n-BuLi (3.5 ml, I.6 M In hrxane) and the red soln 
stIrred at room temp for 24 hr. Qucnchiny with waler (5 ml). 
extraction with ether (2 x IOml) and work up in the usual 
manner gave an oil which on slhca chromatography afforded 
starting material 2d (132mg. 50”,,) and chrysanthcmol 3b 
(23mg. 15”0). Investigation of other fractions in the 

separation mdicated the prcscnce of some lavandulol formed 

in less than I ” ,, yield. Caprllary CC of the chrqsanthemol thus 
obtained indicated 2 peaks (20: 80) which posscsscd the same 
rctcntlon times a5 authentic CIS- and rrurls-chrysanthcmols 

rospcctlvely. The mixture of 3,5-dimtrobenroatesk obtained 
from the product was separated by H PLC on a silica column 
(25 x I .25 cm) clutmg with cyclohexane,ethyl acetate (95: 5 1. 
The major component wah thus obtained with a purity of 

97”,, as yellow needle5 Imp. 105.5 1 Lit” 108-9 . 
undcpressed on admixture with authentic rruns-3.5- 

Jinitrobenloate obtained in the same manner from the 
mixture of authentic (IS- and rrclIl.s-chrysanthemols). The 

minor component was obtained YO”,, pure and did not 

crystallise. 
3.5-D1r11rrc)hrnrour~~ O~I trans-c.hr!..~u)lrht’mol. trans-3c. ‘H 

NMR 250MHz(CDCI,): l.O6(m. I H1: l.lO(s, 3H): 1.21 (s, 
3H); 1.30 (m. I H): I.70 (s. 3H). 1.72 (s. 3H); 4.40 (dd. 

J = lZ.OHd. J’=X.jHz. IH). 4.62 Idd. J = l?.OHz. 
J’ = S.SHz. I Hi:4.90(d.J = KOHL I HI;9.14-9.20(m.ZHI 
9.20 9 26 (m. I H 1. 

Y%Dmitroben/oatc of c.r-chrysanthemol. &-3c ldcntlcal 
to that of the rrurls-.3c except for the mcthylcne prolons which 

appear at 04.42 Id. J = 3.0Hz. I H) and 4.62 (d. J = 3.0Hz. 

IH) 

rl(‘~flf,~~lr’tlRt’Jtl~Jlrrrr\ Our thanks arc due to the C.N.R.S. for 
linancial support and the C.N.R.S.:Royal Society for an 
exchange fellowship (to L.M H.). 
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