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Summary

Experiments on the synthesis of (3-methylene-4-chloro)butylphenyl sulfide,
which 1s the precursor of the corresponding Grignard reagent, are described
With two typical electrophiles, namely 1sovaleraldehyde and geranyl chloride,
this reagent provides the title terpenes in two further simple steps (oxidation
to sulfoxides and thermolysis)

Introduction

It has been reported that Grignard or the analogous hthium reagents could
not be prepared from 2-bromomethyl-1,3-butadiene {1] =>==. The aim of our
work was to find an organometallic species which might be a convenient analog
of the 1soprenyl carbanion (A), useful for the construction of some natural
terpenes bearing a termimal 1soprene umt. Our plan was to obtan a sulfurated
organometallic reagent of tvpe I or II, whose symmetncal allylic system wouald
allow the utilization of various electrophiles The substituted methylenic sul-
fides (IIT) thus obtained could then be oxidized into the corresponding sulfox-
1des (IV) Finally, the thermolysis to afford the substituted 1soprene com-
pounds (V) would be facilitated by the presence of two allylic hydrogens.

We mitially tried to obtam the hthio denvative (I) by a simple route. It 15
known that olefins of the general type R(CH,)C=CH, can be metallated specif-
1cally on the methyl group by means of suitable bases [3] However, treatment

* Dedicated to Professor Hennn Normant on the occasion of his 72nd birthday on 25th June 1979

*#* Part of the doctoral thesis of E Guttet [22]
*** However this bromide could be treated with zinc 1n the presence of 1sovaleraldehyde to give

1psenol (Va) which 1s a pheromone of Ips paraconfusus {2]
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of the methallyhc sulfide (VI) © with n- o1 t-butylhithium under various reac-
tion conditions lead to elimination of methanethiolate anion, which was
trapped with n-octyl 1odide to give methyl-n-octyl sulfide.

Tnis disappointing result led us to undertake a longer but safer route to ob-
tain thie new Grignard reagent (II) - The gioup R = CiH: was chosen because
it 1s known that phenylsulfinyl denvatives undeigo the final elimination reac-
tion at a temperature 70° C lower than that required for the corresponding

methyl compounds [6]
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Procedure

Preparation of the sulfide—chloride (XVI)

We examined three methods for obtaining the alcohol—sulfide (XV). The
first route started with the easily accessible [7] sulfurated dernivative (X) of
Meldrum’s acid, which was treated with excess of L1AlH, === to give a 36%
yield aleohol (XV) of 92% punty.

The second route utilized a procedure [9] previously descrnibed for the prep-
aration of a-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 this sulfide was not known to be naturally occurring However Wison
et al. [4] have recently reported that this compound 1s one of the major scent constituents of red-
fox urine_ Other recently reported terpenoid sulfur compounds have been found to hate a broad
sigmificance in mammalian olfaction.

** Gngnard reagents from 3-bromopropyl- or 4-bromobutyl-phenyl sulfides have been recently
reported [51
*** Using L1A .0z cychce -diketones have been reduced to allylic alcohols [ 8]



Selective 1eduction of the ester group ias performed in 70% yield by using
dusobutylaluminum hydride

The third and shortest route (overall yvield 53%) was the reaction of para-
foimaldehyde with the new viny lhithium reagent (XIII), which was obtained
fiom the 1eadily accessible tisylhydiazone (XII) following a general procedure

{107 recently described
The chlonde (XVI) was then foimed by a known method
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Synthesis of ipsenol (Va)

Formation of the Grignard reagent (II) from the chloride (XVI) was most
efficiently carried out with activated magnesium [11] = in THF Subsequent
reaction with isovaleraldehyde gave the alcohol—sulfide (II1a) *~ < 1n 43% yield
The sulfoxide (IVa) obtamned (yield 68%) after oxidation with m-chloropeirben-
zolc acid was heated 1n toluene to give 52% of the puie ipsenol (Va) ===

Synthesis of (E)-3-farnesene (Vb)

To test the reactivity of Gnignard reagent II towaird alkylating agents, geranyl
chlornde was chosen, as 1t could promote the linkage of two C;, and Cs units,
leading finally to (E)--farmesene which 1s a natural aphid alarm phercmone
[14]

When this alkylation was cairied out 1 THF—HMPA ¥ using the reagent II
prepared from magnesium twinings 33, a mixture (70/17/13) of the three com-
pounds IIIb, VII and IX was obtammed Chromatography on silica gel allowed
the separation of only the bis-sulfide IX The oxidation was therefore carried
out on an 8/2 mixture of sulfides II1Ib and VII to afford the sulfoxides (IVb)

* The use of magnesium tumings afforded smaller yields (28°) of compound IIla and also some by -
products (VII and IX)
** Compound IIla could also be obtained (yield 35%) by treatment of 2 6-dimethy1-6-hepten-4-ol first
with 2 2 equiv of n-BuLi/TMEDA and then with iodomethylphenyl sulfide
*** Three previous syntheses of ipsenol have been carned out by hnking two C5 units [1 2 12] For
other syntheses see ref 13
8 This solvent mixture has been recommended for the stereoselectne alkylation of methallylmagne-
stum chloride with allvlic chlorides [15]
§§ uUse of the reagent 11 generated from activated magnesium yielded a crude product But examina-
tion by GLC (Se-30) showed the presence of a mixture (8/1/1) of three compounds, namely IIIb
an umdentified compound which was probably 3 7-dimethyl-2 6-octadienylphenyl sulfide, and VII.
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and (VIII)  which were separated by preparative TLC When heated neat n a
distillation tube under vacuum. the sultoxide IV b yvielded the pure (£)--fanes-
ene (Vb)~ in 667°¢ yield, 2 1% overall yield fiom the chlonde XV1

Conclusion

The above syntheses - show that the sulfurated Guignard denvative Il can be
used as a conventent reagent for muroducing a terminal 1Soprene unit nto elec-
tiophilic caabon centers in two simple steps

Experimental

A3 Isopentenvimethyl sulfiae VI

Crude 3-methyl-3-butenol tosylate was treated with thiourea in ethanol
undet 1eflux for 3 h Evaporation of the solvent left a crude 1sothiouronium salt
which was heated with sodium hydioxide (2 2 equiv ) m water under reflux for
1 h The cold 1eaction minture was then stinted with methyl 1odide (1 5 equiv )
during 15 h Usual woirk up and distillation gave compound VI (yield 32%)
b p 82°C/130 mmHg, with IR, 'H NMR and mass spectia compatable to those
previously 1eported [4]

Trisylhydrazone, XII

The mixture of syn and ent: 1somers (NMR) with m p 103—105°C, obtained
in 85% yield, by procedure A of 1ef 10, was recrystallized from methanol to
afford one 1somer (yield 70%), m p. 97—98°C NMR (CDCl;) 6 125 (d,J 7 Hz
18H), 1.78 (s, 3H), 2.46 (t,J 8 Hz, 2H), 2 90 (h,J 7 Hz, 1H), 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) 3240,
2950, 2920, 2860, 1640, 1595, 1320, 1168, 1155, 745, 690. 660 cm~'. mass
spectrum (m/fe, %) 460 (M7), 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-methylere-4-(phenylthio)butanoate XIV

4-Phensy lthiobatanoic acid was prepared (yield 52%) from butyrolactone and
thiophencl [18] and then esterified (90%) with ethyl ortho-formate {19] Fol-
iowing a generz! procedure [ 9], the oxalyl denvative XI was prepared (yield
68%) NMR (CDCl;): 6 1.21 (t,J 7.5 Hz, 3H), 1.33 (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, 1H), 4 17 (q,J 7 5 Hz,
2H), 4.33 (q, J 7.5 Hz, 2H), 7.30 (bs, 5H) Next, using NaH as a base, the
a-methylene ester X1V was prepared (yield 53%), b p 101°C/0.003 mmHg IR
1710, 1630 cm™; NMR (CDCl;) 8 1 25 {t,J 7 Hz, 3H), 2 58 (t with fine struc-

* The sulfoxide VIII 1s easily accessible by another straight-forward route and has heen used as the
starting matertal for a simple synthes:s of (£)-hotrienol [16]
** For previous sy ntheses of 8-farnesene see refs 13a and 17
*+* The same overall yield can be obtained by thermolysis of a mixture of the two sulfovides IVb and
VIII to give §-farnesene and the unchanged sulfoxide VII which may be easily separated by
. chromatography
S The yvields have not been optimized
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tute,J 7 Hz, 2H), 3 08 (t with fine structure, J 7 Hz, 2H), 4 20 (q,J 7 Hz, 2H),
5.55 (s. 1H), 6 22 (s, 1H), 7 28 (s, 5H), mass spectrum (m/e, %) 236 (M~, 25),
191 (13), 127 (65), 123 (100), 110 (14), 109 (8), 99 (51), 81 (14), 77 (11),
45 (45)

2-Methylene-4-(phenylthio)butanol, XV

() The Meldrum’s acid denvative X was prepared by the method of Damsh-
esky and Singh {7], m p 96°C (ether) ~ (ht [7],m p 150—153°C) NMR
(CDCl3) 6170 (s, 6H), 235 (td, J 6 Hz, 2H), 3 20 (t,J 7 Hz, 2H) 3 87 (t,J
6 Hz, 111), 7 1—7 5 (m, BH), mass spectium (m/fe, %) 280 (M~, 35), 136 (64),
123 (100), 43 (95) Compound X (16 82 g) was treated with L1AIH, (7.5¢g,3 3
equiv.) in ether (1050 ml) under reflux for 21 h The usual work up gave a crude
product (10 69 g) which was chiomatographed on alumina Elutions with pen-
tane containing mcreasing proportions of ether gave 4 2 g (36%) of alcohol XV
(GLC, 97% punty) IR 3400, 3075, 2920, 1650, 1585, 1480, 1440, 1025,
900, 742, 690 cm ™!, NMR (CDCl;) 8 2 34 (t,J 7 Hz, 2H), 2 55—3 15 (m,
OH), 3 03 (t with fine stiucture,J 7 Hz, 2H), 4 03 (bs, 2H), 4 92 (bs, 1H), 5 08
(bs, 1H), 7 27 (m, 5H), mass spectrum (combined with GLC, m/e, %) 194 (M",
12), 123 (100), 110 (61), 45 (99)

(B) A solution of DIBAH 1n hexane (2 equiv ) was transferred dropwise
through a cannula into a stirted and cooled (—78°C) solution of ester XIV
(792 g, 0035 mol) 1n toluene (60 ml), taking care that the inside temperature
did not exceed —60° C When the addition was complete, the reaction mixture
was stiured at —78° C for 30 min and then hydiolyzed with a saturated solution
of ammomum chloride The usual woik up gave a crude product which was
chromatographed on 240 g of sihca gel Elution with petroleum ether/diethyl
ether (4/6) gave the alcohol XV (4 51 g, 70%) (GLC, purity better than 95%)

(C) Following the general procedure [10], the trisylhydrazone XII was con-
verted to the vinyllithium reagent XIII which was treated with dry para-form-
aldehyde (2 2 equiv ) fust at 0°C, then at room temperature for 2 h. The usual
work up gave a mixture (GLC) of two compounds, which was separated by
chiomatogiaphy on silica gel Elution with pentane gave 3-butenylphenyl sul-
fide (20%) IR 3080, 1640, 1440, 990, 915, 740, 690 cm™', NMR (CDCl,)

6 235 (td,J and J' 8 Hz, 2H), 2 98 (t,J 8 Hz, 2H), 5 03 (d,J 12 Hz, 1H), 5 05
(d,J 16 Hz, 1H), 5 86 (ddt, J 12, 16 and 8 Hz, 1H), 7.08—7 50 (m, 5H), mass
spectrum (m/e, %)- 164 (M", 32) 123 (100), 45 (74) Elution with pentane/
ether (7/3) gave the pure alcohol XV (yield 53%)

3-Methylene-4-chlorobutylphenyl sulfide, XVI

This chlonnde was prepared following the general procedure of ref 20, but
with stirring at 0°C for 3 h The crude product was dissolved 1n methylene
chloride and filtered through ten times its weight of silica gel, to afford the
pure allylic chlonnde XVI (yield 82%) IR 1635, 900, 730, 680 cm ™!, NMR
(CCl,) 6 246 (t,J 8 Hz, 2H), 3 00 (t, 7 8 Hz, 2H), 3 95 (s, 2H), 4 98 (s, 1H),
515 (s, 1H), 7 00—7 45 (m, 5H), mass spectrum (m/e, %) 214 (8), 177 (73),
123 (60), 110 (48), 109 (25), 45 (100)

* Recrystallised from diethyl ether to constant m p
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(5-Edroxy-7-methvi-3-methylone Jocty ipheny L suljcee [la

A solution of XVI (37 ¢. 00173 mol)in 'l (530 ml) was added diopwise
(during 3 h) to a suspension i THT of activ ated magnesium (2 equiv ) prepared
fiom magnesium bionude and potassium [11] \fter stnnng ovennight the
reaction minture was hltered under agon One hitth ot this Grignard solution
was cooled at —30°C and trcated diopwise with ~ovaleraldehyde (2 equin )
The solution was allowed to attain room temperature and was stinied at that
tempetrature for -+ h The usual work up gave a axude product which was chio-
matogiaphed on silica gel (30 ¢) Clution with pentane afforaed tiaces of com-
pound (VII), tollowed by 1sovaleraldehyde [Furthe:r elution with pentane/ether
(9/1) save 0 44 g (18%) of the sulfide/alcohol I11a IR 3480. 3080 2960.
2930, 1640, 900, 740, 690 cm ™', NMR (CDCly) 6 0 89 (d.J 5 Hz, 6H),
11—2 0 (m, 3H). 1 85 (bs, 111) 2 0—2 33 (m. 2H). 2 38 (t,J 8 Hz. 2H). 3 06
(t with fine structuie, J 8 Hz, 2H), 3 5—1 08 (m, 1), 4 96 (s, 2H). 7 33 (m,
5H); mass spectrum (m/e, %) 264 (M) 246 (M~ — H,0), 123 (100), 110 (56),
69 (59), 15 (65), 43 (32)

(5-Hydroxy-7-methyl-3-methylene)octylphenyl sulfoxide, IVa

The general method [6] using a shght excess of m-chloroperbenzoic acid was
followed. and the crude product was chiomatographed on sihica gel Elution
with pentanefether (5/5) gave (5-hydioxy-T-methyl-3-meth} lene)octyl phenyl
sulfone (vield 23%) IR 3500, 3060, 2920. 2860, 1640, 1305, 1150 895, 745
690 ecm™!, NMR (CDCl,;): § 089 (d,J 5.5 Hz. 6H), 1 1—2 0 (m, 3H), 2 12 (d.
J 5 Hz, 2H), 1.9—2 23 \m, 1H), 2 25—2 70 (m, 2H), 3 10—3 53 (m, 2H), 3 55—
4.07 (m, 1H), 4 85 0 (m, 2H), 7 4—8 2 (m, 5H) Elution with cther gave the
sulfoxide—alcohol IVa (yield 68%). IR 3400, 3070, 2950, 2920, 2860, 1640,
1035, 895, 747 690 em ™!, NMR (CDCl,). 5 088 (d,J 55 Hz,6H),11-25
(m, 3H), 2 17 (d, J 6 Hz, 2H), 2 25—2.70 (m, 2H). 2 99 (t,J 7 Hz, 2H), 3 14
(bs. 1H), 3 42—4 1 (m, 1H), 4 93 (s, 2H), 7 42—7.9 (m, 5H) mass spectrum
(m/e, %): 186—185, 154, 136 (2), 121 (1), 110 (20), 85 (20), 69 (70), 68
(100), 67 (50)

2-Methyl-6-methylene-7-octen-4-ol (ipsenol), Va

A solution of the sulfoxide IVa (0 210 g) in toluene (10 ml) was heated at
120°C for 15 h and then chromatographed on a column of silica gel (5 g) Elu-
tion with pentane gave sulfurated by-products; further elution with pentane/
ether (99/1) gave crude 1psenol, which was purified by distillation (0 060 g,
52%) The IR, UV and 'H NMR spectra were comparable to those previously
reported [1,2].

(7,11-Dimethyl-3-methylene)-6,10-dodecadienylphenyl! sulfide II1b

The Grignard reagent II was prepared under argon by diopwise addition of
the chloride XVI (2 g) dissolved in THF (16 ml) to a stirted and heated (30°C)
mixture of THF (2 ml) and fine magnesium turnings (1 14 g, 5 equiv ), acti-
vated with a few drops of 1,2-dibromoethane After stirmng at room tempera-
ture overnight, the mixture was decanted. The clear solution was transferred
through a cannula and found by titration to be ca 0 297 M Freshly prepared
geranyl chlornide [20] (0 560 g) was dissolved in THF (5 ml) and HMPA (5 ml),
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cooled to 0°C and tieated diopwise with 9 ml of the above Grignard solution
After stning at 10om temperatwe overmight, the 1eaction minture was poured
mto wced aqueous ammonum chloide and extracted with three portions of
pentane The usual woik up gave a crude product (1 2 g) which was chiomato-
graphed on a column of silica gel (6 g) Elution with pentane gave fust 0 81 g
of a miatuie ot the two sulfides I1Ib and VII (estimated by NMR 8/2) These
sulfides were not separated by preparative thin layer chromatography, mass
spectrum with GLC coupling (FFAP 5%, 2 m, 150°C +10°C/min) for VII 178
(A17.29).149 (12) 123 (100) 110 (23) 45 (56), for IIlb 314 (M~), 123 (89},
93 (42) 81 (37). 69 (100). 41 (68, The yield for ITIb 1s estimated as ca 48%
Further elution with pentane/ether (9/1) gave a fraction (0 150 g) which crys-
tallized n cold pentane to affoid the dimer (IX), m p 41—42°C IR 1640,
880,730, 680 cm™, NMR (CCl.) 6 213 (s,4H). 2 30 (t,J 8 Hz, 4H) 2 95 (t,
J 8 Hz, 1H), 4 78 (s, 4H). 7 00—7 15 (m, 10H). mass spectrum (m/e, %) 354
(M7), 244, 231. 177, 123 (100). 74, 45

(7,11-Dimethyl-3-methylene)-6,10-dodecadenylpheny! sulfovide, IVb

A mixture (8/2) of the two sulfides IIIb and VII (0 55 g) was dissolved 1n
methylene chloinde and tieated with one equivalent of m-chloropeibenzoic acid
at —78°C After 20 min, TLC analysis showed complete disappearance of the
starting maternial The mixtuie of sulfoxides (0 57 g) was chiomatogiaphed on a
preparative thin layer of silica gel, using two elutions with methylene chlonide/
ether (97/3) The first compound eluted was the pure sulfoxide IVb (0 380 g,
37% overall yield from the chlonde XIV) IR 1640, 1045, 890, 740, 690 cm™!,
'H NMR (CDCl,, 250 MHz) 6 1 58 (s, 3H), 1 60 (s, 3H), 1 68 {s, 3H), 1 94—
216 (m, 8H), 2 20—2 55 (m, 2H), 2 80—3 02 (m, 2H), 4 78 (s, 1H), 4 83 (s,
1H), 5 00—5 16 (m 2H), 7 44—7 70 (m, 5H), '*C NMR (CDCl;) 145 9 (s),
143 6 (s), 135 3 (s), 1309 (s), 1306 (d), 1289 (d), 1241 (d),123 2 (d), 110 8
(d), 55 5 (t), 39.7 (t), 36 2 (t), 28 3 (t), 26 8 (t), 26 3 (t), 25 7 (q), 17 8 (q),
16 2 (g), mass spectrum (m/e, %) 330 (M™'), 204,177,135 (23),123 (23), 110,
107 (20), 93 (35), 81 (31), 69 (100). The second compound was identified (by
IR and NMR) as A3-sopentenylptenyl sulfoxide (VIII) [16]

7,11-Dimethyl-3-methylene-1-(E)-6,10-dodecatriene (3-farnesene), Vb

Pure sulfoxide IVb (0 290 g) was placed in a distillation tube under 1 5
mmHg and heated m an o1l bath at 140°C The distillate collected i the flange
{0 128 g, 66% yield) was pure -farnesene with IR, 'H- and **C-NMR and mass
spectra comparable to those previously reported [17b,21]
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