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Expenments on the synthesis of (3-methylene-4-chloro)butylphenyl sulfide, 
which IS the precursor of the correspondmg Gngnard reagent, are described 
With two typical electrophlles, namely lsovaleraldehyde and geranyl chloride, 
this reagent provides the title terpenes m two further simple steps (oxldatlon 
to sulfoxldes and thermolysls) 

Introduction 

It has been reported that Grlgnard or the analogous hthlum reagents could 
not be prepared from 2-bromomethyl-1,3-butadlene [I] xxx_ The aim of our 
work was to find an organometalhc species which might be a convenient analog 
of the lsoprenyl carbamon (A), useful for the construction of some natural 
terpenes bearing a termmal lsoprene umt_ Our plan was to obtam a sulfurated 
organometalhc reagent of type I or II, whose symmetrical allyhc system woJd 
allow the utlhzatlon of vanous electrophlles The substltuted methylemc sul- 
fides (III) thus obtained could then be oxldlzed mto the correspondmg sulfox- 
ides (IV) Finally, the thermolysls to afford the substituted lsoprene com- 
pounds (V) would be facilitated by the presence of two allyhc hydrogens. 

We lnitlally tned to obtam the llthlo denvatlve (I) by a simple route. It IS 
known that olefms of the general type R(CH,)C=CH, can be metallated speclf- 
~cally on the methyl group by means of sortable bases [S] However, treatment 

* Dedicated to Professor Henn Normant on the occasxsn of his 72nd buthday on 25th June 1979 
** Part of the doctoral thesis of E Gruttet 1223 

*** However ths bromde could be treated wth zmc m the presence of lsovaleraldehyde to gwe 
~~senol (Va) which IS a pheromone of Ips paraconf- [23 
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of the methallyhc sulfide (VI) ’ with n- 01 t-butyll~thiuni under vcu1ous reac- 
tlon condkions lead to ehmmation of methanethiolate anion, xi hich 11 as 
trapped with n-octyl lodlde to give methyl-n-octyl sulfide_ 

This dlsappomtmg result led us to undertake a longer but safer route to ob- 
tam the ne\\ Grlgnard reagent (II) ’ The group R = CJ15 was chosen because 

it is kno~~n that phenylsulfmyl cie~~vativcs unclcigo the final ehmmation reac- 
tlon at a temperature 70°C lower than that rcqwred for the correspondmg 
methyl compounds [ 61 

SCHEVE 1 
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(Pz) n=O R= CH3 

(m) i-i=0 R=C6Hg 

(!?lI) n=l R=C6H5 
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(1) M=LI R=CH3 
EQ 

(n) M=MgCL P=C6H5 - (ma, b) 

(To, b) (ITa, b) 

Procedure 

Preparatron of the sulfide-chloride (XVI) 
We examined three methods for obtammg the alcoholsulflde (XV)_ The 

first route started with the easily accessible [7] sulfurated dernratlve (X) of 

Meldrum’s acid, which was treated with excess of LlAlH, xxx to give a 36% 
yield alcohol (XV) of 92% purnty. 

The second route utilized a procedure [ 93 previously described for the prep- 
aration of ar-methylenic esters by reaction of the sodium enolate of the oxalo 
ester (XI) with gaseous formaldehyde_ This afforded 53% of pure ester (XIV) 

* At the outset of our work tlms sulfide was not kno\% n to be naturally occumng However Wdson 
et al_ [43 have recently reported that this compound IS one of the mayor scent constituents of red- 
fox urine_ Other recently reported terpenold sulfur compounds have been found to hare a broad 
stgnrficance m mammti olfacf.xon_ 

** Gngnard reagents from 3-brorno~ro~~~- or 4-bromobutyl-phenyl sulfides have been recently 
reported [5? 

*** Usmg Lx> .+ cychc @hketones have been reduced to allyhc alcohols [ 81 
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Selective leductlon of the ester group \as performed m 70% yield by usmg 
cliisobutylalumlnun~ hydride 

The third at;J shortest loute (overall yield 53%) was the reaction of para- 
formJdehyde L% lth the ne\\ \II~J lllthlum leagent (XIII), whicn was obtained 
from the leaclilJ accessible tllsylhyd~azone (XII) fGllG1~ mg a geneml procedure 
[ 10 1 recently described 

The chlonde (XVI) \\as then Formed by a known method 

RqEa +J3 LSD 
0 (XII) (XIII) R= LI 

(X) R,R’ =-O-&-O- (XIV) R=C02C2H5 

CH3 CH3 (XV) R=CH20H 

(Xl) R - 0C2H5 R’ =C2H50C0 (XVI ) R =CH2CL 

Synthesis of qxenol (Va) 
Formation of the Gtlgnard reagent (II) from the chloride (XVI) was most 

efflclently calned out wvlth activated magnesium [ll] x in THF Subsequent 
reaction with isovaleraldehyde gave the alCGhGl-%llflde (IIIa) . 5 in 43% yield 
The sulfoxlde (IVa) obtained (yield 68%) after GSldatlGn with In-chloropelben- 
ZGK acid was heated in toluene to give 52% of the pule lpsenol (Va) x<xY 

Syrzthesls of (E)-P-farneserze (Vb) 
To test the reactivity of Gngnard reagent II tow;ud alkylatmg agents, geranyl 

chlonde was chosen, as it could promote the linkage of two Cl0 and C5 units, 
leading finally to (E)-fi-farnesene which 1s a natural aphid alarm phercmone 
Cl41 

When this alkylation was caEed out in THF-HMPA ss using the reagent II 
prepared from magnesium tulmngs 9 3, a misture (70/17/U) of the three com- 
pounds IIIb, VII and IX was obtained Chromatography on s&a gel allowed 
the separation of only the bls-sulfide IX The oxidation was therefore carned 
out on an S/2 mixture of sulfides IIIb and VII to afford the sulfoxides (IVb) 

* The use of magnesmm turnmgs afforded smaller yields (2800) of compound IIIa and also some bl- 
products (VII and I-X) 

** Compound IIIa could also be obtamed (yield 35%) by treatment of 2 B-dlmeth) I-6-hepten-4oi first 
~rth 2 2 eqru% of n-BuLI/T%IEDA and then \iIth lodomethylphenyl sulfide 

+** Three previous syntheses of lpsenol hale been camed out by lmkmg two C, umts Cl 2 121 For 
other syntheses see ref 13 

9 This solvent rmvture has been recommended for the stereoselectlre alkylatmn of methallyhnagne- 
smm chlonde with allyhc chlorides Cl 51 

s8 Use of the reagent II generated from activated magnesum tlelded a crude product But euamma- 
tlon by GLC (Se-30) showed the presence of a rmvture (S/l/l) of three compounds, namely IIIb 
an umdentlfied compound \\hlch uas probably 3 7-&methyl-2 6-octadlenylphenyl sulfide. and VII_ 



Conclusion 

Crude 3-methyl-3-~,utenol tosylate w’ds tleatcd !i It.11 tllloLllc~ 111 ethanol 
uncles reflex foi 3 li Evdpoiation of the solvent left d cluck isoth~ou~onmm salt 

whrch warts heated with sodium h~d~o~idc (2 2 cqu1v ) 111 \\atc1 unde1 rcflua for 

1 11 The cold reaction matulc was the11 stilled with methyl ~odidc (1 5 eyul\ ) 

c1Llrrng 15 11 usual \\Olk up Clncl cllstlllatloll qave compound VI (yield 32%) 
b p 82” C/130 mmHg, with IR, ‘H NAIR and mass spectra compamble to those 
previously wported [ 4] 

The mncture of syn aml antr isomers (NMR) with m p 103-105”C, obtained 
m 85% yleId, by procedure _\ of ief 10, u as recrystalhzed from methanol to 
afford one Isomer (yield 7OW), m p_ 97-98°C NhIR (CDCl,) 6 1 25 (d, J 7 Hz 
18H), l-78 (s, 3H), 2-46 (t, J 8 Hz, 2H), 2 90 (h, J 7 Hz, lH), 3 00 (t, J S Hz, 
2H), 4 25 (h, J 7 Hz, 2H), 7.10-7 40 (m, 7H), 7 60 (s, 1H) IR (KBr) 3210, 
2950, 2920, 2560,1640, 1595,1320,1168,1155,745, 690.660 cm-‘. mass 
spectrum (m/e, a)- 460 (M’), 204 (29). 189 (70), 161 (43), 131 (36), 123 
(84), 110 (61), 105 (32), 91 (55), 85 (64)_ 70 (98), 55 (61), 45 (55). 43 (100) 
41 (50) 

Ethyl-2-i~2ethyler:e-4-(phel2yltlzro)brrtanoate XIV 
-%Phen) lthlotutanox acid was prepared (yield 52%) from butyrolactone and 

thiophencl [lS] and then esterlfled (90%) with ethyl ort1zo-formate [ 191 Fol- 
iowmg a g;,_zerr=f - procedure [ 91, the oxalyl denvatwe XI was prepared (yield 
68%) NMR (CDC13): 6 1.21 (t, J 7-5 Hz, 3H), l-33 (t, J 7 5 Hz, 3H), 2 26 (t, 
J 6.75 Hz, 2H), 3 00 (t, J 6.75 Hz, 2H), 3 3-4 2 (m, lH), 4 17 (q, J 7 5 Hz, 
2H), 4.33 (q, J 7.5 Hz, 2H), 7.30 (bs, 5H) Next, usmg NaH as a base, the 
cY-methylene ester XIV was prepared (yield 53%), b p 101”C/0_003 mmHg IR 
1710,163O cm- ‘; NMR (CDCl,) 6 1 25 (t, J 7 Hz, 3H), 2 58 (t with fme struc- 

* The suifowde VIII IS easti> accessxble by another straght-forv.ard route and has been used as the 
startmg material for a simple s.1 nthesxs of <C)-hotrlenol (161 

** For previous s> ntheses of fl-fernesene see refs 13a and 17 

*** The same or erall 5 xeld can be obtamed b) thermal, ~1s of a nurture of the tu o sulfoudes IVb and 

VIII to gwe p-farnesene and the unchanged sulfowde VII which ma) be easd, separated by 
chromatography 

s The yxelds have not been optlmued 



tute, J 7 Hz, 2H), 3 08 (t \\lth fme structure, J 7 Hz, 2H), 4 20 (q, J 7 Hz, 2H), 
5-55 (s. lH), 6 22 (s, lH), 7 28 (s, 5H), mass spectrum (m/e, W) 236 (IW, 25), 
191 (13), 127 (65), 123 (loo), 110 (14), 109 (S), 99 (51), 81 (14), 77 (ll), 
45 (45) 

~-~‘llethyleize-4-(pheizyIthro)brrtaizo1, XV 
(A) The Meldrum’s acid cIernratl\e X was prepared by the method of Damsh- 

esky and Smgh [7], m p 96°C (ether) 5 (lit [7], m p 150-153°C) NMR 
(CDC13) 6 1 70 (s, 6H), 2 35 (td, J 6 Hz, 2H), 3 20 (t, J 7 Hz, 2H) 3 87 (t, J 

6 Hz, lII), 7 1-7 5 (m, 5H), mass spectrum (m/e, W) 280 (M’, 35), 136 (64), 

123 (lOO), 43 (95) Comk~ound X (16 82 g) was treated with LIAIH, (7.5 g, 3 3 
equiv.) m ether (1050 ml) under reflus for 21 h The usual work up gave a crude 
product (10 69 g) which was chlomatographed on alumma Elutlons with pen- 
tane contaming mcreasmg proportlons of ether gave 4 2 g (36%) of alcohol XV 
(GLC, 97% pullty) IR 3400,3075,2920,1650,1585,1480,1440,1025, 
900 74O ,, 690 cm-‘, NhIR (CDCl,) 6 2 34 (t, J 7 Hz, 2H), 2 55-3 15 (m, 
OH;, 3 03 (t wvlth fme structure, J 7 Hz, 2H), 4 03 (bs, 2H), 4 92 (bs, lH), 5 08 
(bs, lH), 7 27 (m, 5H), mass spectrum (combined with GLC, nz/e, %) 194 (M’, 

12),123 (100),110(61),45 (99) 
(B) A solution of DIBAH m hexane (2 eqmv ) was transferred dropwlse 

through a cannula into a stoned and cooled (-78°C) solution of ester XIV 
(7 92 g, 0 035 mol) m toluene (60 ml), takmg care that the inside temperature 
did not exceed -60°C When the addition was complete, the reaction mmture 
was stured at -78°C for 30 mm and then hydrolyzed w&h a saturated solution 
of ammomum chloride The usual work up gave a crude product which was 
chromatographed on 240 g of slhca gel Elutlon with petroleum ether/dlethyl 
ether (4/6) gave the alcohol XV (4 51 g, 70%) (GLC, pm-&y better than 95%) 

(C) Followmg the general procedure [lo], the trlsylhydrazone XII was con- 
verted to the vmylhthlum reagent XIII which was treated with dry para-form- 
aldehyde (2 2 eqmv ) fast at O”C, then at room temperature for 2 h. The usual 

work up gave a mixture (GLC) of two compounds, which was separated by 
chlomatoglaphy on slhca gel Elutlon with pentane gave 3-butenylphenyl sul- 
fide (20%) IR 3080,1640,1440, 990, 915,740, 690 cm-‘, NMR (CDC13) 
6 2 35 (td, J and J’ 8 Hz, 2H), 2 98 (t, J 8 Hz, 2H), 5 03 (d, J 12 Hz, lH), 5 05 
(d, J 16 Hz, lH), 5 86 (ddt, J 12,16 and 8 HZ, lH), 7-08-7 50 (m, 5H), mass 
spectrum (m/e, %)- 164 (M‘, 32) 123 (loo), 45 (74) Elutlon with pentane/ 
ether (7/3) gave the pure alcohol XV (yield 53%) 

3-Methylene-4-chlorobutylphenyl suIflde, XVI 
This chlonde was prepared followmg the general procedure of ref 20, but 

with stlrrmg at 0” C for 3 h The crude product was dissolved m methylene 
chloride and filtered through ten tunes its weight of sAca gel, to afford the 
pure allyllc chlonde XVI (yield 82%) IR 1635, 900, 730,680 cm-‘, NMR 
(Ccl,) 6 2 46 (t, J 8 Hz, 2H), 3 00 (t, J 8 Hz, 2H), 3 95 (s, 2H), 4 98 (s, lH), 
5 15 (s, lH), 7 00-7 45 (m, 5H), mass spectrum (m/e, W) 214 (S), 177 (78), 
123 (60), 110 (48), 109 (25), 45 (100) 

* RecrystaIhsed from dmth>l ether to constant m p 



(7-11~ drov) -7-171~tl1~I-3-1~1~tf13’itt1~)oci~ ipflctz> 1 wlfrdc IIfn 

A soll.Itlon of _\\’ 1 (3 7 c_ 0 0173 1~101) 11-l 1’1114 (50 ml) \\c\s xlclt~cl chop\sw 

(cIurmg 3 11) to &I ~uqx'nslon 1H mir of act11 ‘AN1 t-tl‘lzLtl~'s1LI111 (2 CC~UiV ) picpuect 

fiorn magncsiitni l~ioni~ck .tncl ~)ot,lssium Ill] _\ftcLk dlliltl:’ 0vr~1t11ght the 

rcxtlon mixtwc WA llltelecl uncl(~1 ,ugon Oncl 111th 01 this Gl~~clld solution 
iv35 c.o0lecl clt - 3O’C .1ncl trc <iLCd CllOl,\~ 1w \\ It11 ILO\ ‘llcr‘~lclellJ clc (2 equn ) 
The 501ut1011 \i‘l\ ‘lllO\\Cd to att‘un lOOIll teInpt'l‘ttl111‘ .mcl \\as StJ~lCd ‘It t.h& 

tcniper,lturc fol -1 h The usit,tl \iolh up g&w ‘1 cllIcle 1”odlIct \~hlch \v’ds ChlO- 
mdtogi~q~lic~cl on sihca gel (30 KI) Clutlon \i ltli pentant affotrlecl tiaws of com- 
pound (VII), follon ccl by ~sov~ler~lcl~~l~ycle I; urthc~ elutlon wth pcntanc/etht~l 
(9/l) gave 0 44 g (-KY&) of the sulfide/alcohol 111~ IR 3ASO. 30S0 2960. 
2930, 1640, 900. 740. 690 cm-’ , x1IR (CDCI,) 6 0 S9 (c1.J 5 HT, GH), 

1 l-2 0 (m, 3H). 1 55 (bs, 1II) 2 O-2 33 (m. 2H). 2 35 (t, J S HZ. 2H). 3 06 
(t wth fme structure, J S IIz, 2H), 3 5--C OS (m, lII), 4 96 (s, 211). 7 33 (m, 
5H); mass spectrum (172/e, a) 264 (AZ’) 2-16 (N-- H,O), 123 (loo), 110 (56), 
69 (59), -t5 (65), 43 (32) 

(5-Hydrosy-7-~~~ethyl-3-methyie~ze)octylphe~zyl wifoxtde, IVa 
The general method [ 63 usmg a shght excess of ,n -chloroperbenzolc acid was 

followed_ and the crude product was chromatogrq~hed on silica gel Elutlon 
with pcntane/ether (5/5) gave (5-hyclro~y-‘7-methyI-3-~neti~~ lene)oc_tyl phenl 1 

sulfone (yield 23%) IR 3500, 3060,292O. 2860,1640, 1305, 1150 S95, 745 
690 cm -I, NMR (CDCL,): 6 0 89 (d, J 5-5 Hz. 6H), 1 l-2 0 (m, 3H), 2 12 (d. 
J 5 Hz, 2H), 1.9-2 23 trn, lH), 2 25-2 70 (m, 2H), 3 10-3 53 (m, 2H), 3 55- 

4-07 (m, lH), 4 S-5 0 (m, 2H), 7 4-S 2 (m, 5H) Elutlon wth ether gave the 

sulfoslde-alcohol IVa (yield 6S%)_ IR 3400, 3070, 2950, 2920,2860, 1640, 
1035,895, 74q 690 cm-‘, NMR (CDCl,)_ 6 0 88 (d, J 5 5 Hz, 6H), 1 l-2 5 
(m, 3H), 2 17 (d, J6 H_, _ 7 VH), 2 25-2.70 (m, 2H). 2 99 (t, J 7 Hz, 2H), 3 14 
(bs- IH), 3 42-4 1 (m, IH), 4 93 (s, 2H), 7 42-7-g (rn, 5H) mass specr;rum 
(m/e, %)I 186-185,154,136 (2), 121 (l), 110 (20), 85 (20), 69 (70), 68 
(loo), 67 (50) 

2-Methyl-6-methylene-?-o&en-4-01 (rpsenol), Va 
A solution of the sulfoslde IVa (0 210 g) m toluene (10 ml) was heated at 

120°C for 15 h and then chromatographed on a column of slhca gel (5 g) Elu- 
tion with pentane gave sulfurated by-products; further elutlon M ltb pentane/ 
ether (99/l) gave crude lpsenol, which was punfled by dlstlllatlon (0 060 g, 
52%) The IR, UV and ‘H NMR spectra were comparable to those previously 

reported [ 1,2]. 

(7,ll-Drmethyl-3-methylene)-6,1O-dodecadrenylphenyI srtlfrde IIIb 
The Grignard reagent II was prepared under argon by dlopwlse addltlon of 

the chloride XVI (2 g) dissolved m THF (16 ml) to a stIrled and heated (30°C) 
mixture of THF (2 ml) and fine magnesium turnings (1 14 g, 5 equlv ), actl- 
vated with a few drops of l,%dlbromoethane After stlmng at room tempera- 
ture overnight, the mature was decanted_ The clear solution was transferred 
through a cannula and found by titration to be ca 0 297 M Freshly prepared 
geranyl chlonde [ 201 (0 560 g) was dissolved m THF (5 ml) and HMPA (5 ml), 
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