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A Novel Route to Substituted Cyclopent-2-en-I-one; Application to the Synthesis of 
cis-Jasmone and Dihydrojasmonet 
Jacob Mathew** and Ben Alink 
Petrolite Corporation, 369 Marshall Avenue, St. Louis, Mo 637 19, USA 

A short and efficient synthesis of cis-jasmone and dihydrojasmone has been achieved by the reaction of 
sulphur-stabilized carbanions with ethyl 2-chloro-2,3-dialkylbut-3-enoates. 

There has been considerable interest in the synthesis and 
biological properties of relatively simple compounds such as 
prostanoids, jasmonoids, and methylenomycins which incor- 
porate the cyclopentenone unit .1 The most versatile syntheses 
of cyclopentenones involve the initial preparation of acylic 
1,4-dicarbonyl compounds2J and their subsequent intramol- 
ecular base-catalysed aldol condensation. Although a variety 
of other routes based on dioxocyclopentanes4~5 and cyclodehy- 
dration of y-lactones6 have been reported, most of these 
routes are either too lengthy or involve the use of expensive 
chemicals.7 A relatively efficient route to functionally substi- 

t The material in this article is covered by a pending US patent 
assigned to Petrolite Corporation, St. Louis, Mo, USA. 

tuted cyclopentenones involves an intramolecular Wittig 
reaction effected by the treatment of the anion of a-diketones 
with vinyl triphenylphosphonium salts.* 

We have now found that substituted cyclopent-2-enones can 
be synthesized by the reaction of sulphur-stabilized carban- 
ions with ethyl 2-chloro-2,3-dialkylbut-3-enoates.9 These 
functionalized allylic chlorides are in turn prepared by the 
reaction of substituted acrylic esters with hypochlorous acid 
generated using calcium hypochlorite/acetic acidlo (Scheme 

Reaction of (1) with sulphur-stabilized carbanions under 
mild conditions gave good yields (-70%) of cyclopentenones 
directly. Lithio-1,3-dithiane,11 lithiobis(pheny1thio)meth- 
anel2 and lithio(phenylthio)methanel3 can be used as the 
nucleophile. A two-step mechanism is postulated for this 

1). 0 

$ Present address: Mallinckrodt Specialty Chemicals Co.,  Medicinal 
Narcotics Research, PO Box 5439, St. Louis, Missouri 63147, USA. 

0 The structures of compounds (1)-(5) were verified by 13C and lH 
NMR and IR spectroscopy, and elemental analysis. 
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Scheme 1. Reagents and conditions: i, Ca(OC1)2, AcOH, CH2C12, 
62-8O% ; ii, THF-tetramethylethylenediamine (TMEDA), -70 "C 
to room temp., 70%. 
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one-pot reaction and is shown for lithio-l,3-dithiane in 
Scheme 2. 

The first step is an acylation by 2-lithio-1,3-dithiane with (1) 
to give an intermediate keto-dithiane enolate followed by a 
novel variation of an intramolecular abnormal SN2 reaction. 14 

It is proposed that the second step is through a sulphur- 
assisted SN~' reaction. The final process is an intramolecular 
attack by sulphur on the allylic carbon to give a stable 
sulphonium ylide followed by a [ 1,2] sigmatropic rearrange- 
ment's to give the observed product. Wide formation during 
alkylation of selenium and sulphur substituted enolates has 
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Scheme 3. Reagents and conditions: i, KN(SiMe3)2, THF, hexamethyl- 
phosphoric triamide (HMPA) ; EtCH=CHCH20S02C6H4Me-p, 
78% ; ii, PhSMe-BunLi-TMEDA, THF, 46% ; iii, Raney nickel, 
Me2C0, 88%. 
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Scheme 4. Reagents and conditions: i, KN(SiMe3)2, THF, HMPA, 
BunCH21, 70%; ii, PhSMe-BunLi-TMEDA, THF, 42% ; iii, Raney 
nickel, Me2C0, 92%. 

been well documented.16 However, the ylides usually undergo 
[2,3] sigmatropic rearrangement. Ylide formation and subse- 
quent [2,3] sigmatropic shift has been observed in the 
alkylation of unsymmetrical allylic halides with 2-lithio-2- 
formyl-l,3-dithiane but in this case the first step involves a 
normal SN2 attack by the sulphur atom.17 To our knowledge 
this is the first example reported for such a transformation 
involving a stable sulphur ylide. 

The synthetic implications of this transformation are 
appealing since desulphurization gave disubstituted cyclo- 
pentenones. Whereas compounds (4) and (5) undergo desul- 
phurization with Raney nickel (Aldrich) at room temperature 
almost instantaneously and quantitatively, compound (3) 
requires drastic reaction conditions and gives lower yield. 
Among the three sulphur-stabilized nucleophiles that we have 
examined, lithio(pheny1thio)methane is the preferred 
reagent, owing to its ready availability and the ease of removal 
of sulphur to form the cyclopentenones. In order to demon- 
strate the versatility of this reaction we have completed a short 
(three-step) synthesis of dihydrojasmonelg (11) and cis-jas- 
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monel9 (8) , the odorous principle of jasmine flowers (Schemes 
3 and 4).n 

A common feature of both the schemes involves the 
high-yield alkylation of ethyl 2-chloro-3-methylbut-3-enoate 
(2) to give the highly substituted allylic chlorides (6) and (9). 
Attempts to prepare these from suitably substituted acrylates 
using hypochlorous acid were not successful. The present 
method is synthetically useful since it allows the introduction 
of different substituents at the cx-carbon of these esters. 
Afthough the deconjugative alkylation of dialkyl substituted 
acrylates has been reported,20 the deconjugative alkylation of 
2-halogeno-3,3-dimethylbut-2-enoate has not been successful 
since halogen-metal exchange is often observed.21 We did not 
encounter such a problem during alkylation of (2) presumably 
owing to the high kinetic acidity of the hydrogen atoms on the 
allylic carbon atom bearing the halogen and ester group. 

The commercially available cis-pent-2-en-1-01 can be con- 
verted to the corresponding cis-tosylate22 in high yield using 
powdered NaOH in tetrahydrofuran (THF) and tosyl chloride 
at 0°C. The crude czs-tosylate was used immediately for the 
alkylation. Attempts to convert cis-pent-2-en-1-01 to the 
bromide using either PBr3 or NaBr/BF3 were not successful 
since rearranged products were formed.23 The yields of (7) 
and (10) have not been optimized and studies are underway to 
increase the yields. 

Addendum: Since submission of this communication, we 
have found that nitrogen-stabilised carbanions undergo this 
type of cyclisation at -78 "C. There is strong evidence that this 
is not a simple abnormal SN2 reaction but that the reaction 
proceeds through heteroatom assistance. Details of this will be 
published shortly. We are merely suggesting that [1,2] 
sigmatropic shift is a plausible mechanistic explanation for the 
observed result. Prof. Barry Trost (Stanford) informs us that 
he had discussed the prospect of initial reaction at sulphur 
followed by ylide rearrangement (J .  Am. Chem. SOC., 1977, 
99, 3101). 

Received, 20th November 1989; Corn. 9/04957F 
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7 Spectral data for (6): 1H NMR, 6 5.40 (m, 2H), 5.25 (s, lH),  5.10 (s, 
lH), 4.20 (9, 2H), 2.90 (t, 2H), 2.10 (9, 2H), 1.85 (s, 3H), 1.25 (t, 
3H), and 0.95 (t, 3H); l3C NMR, 6 169.46, 142.19, 135.31, 122.01, 
114.66, 75.19, 62.33,36.23, 21.03, 19.60, and 14.02; IR (neat), Y,,,. 
3050, 2900, and 1740 cm-l. 

For (7): 1H NMR, 6 7.30 (m, 5H), 5.30 (m, 2H), 3.70 (d of d, lH), 
2.90(d,2H),2.4-2.6(m,2H),2.10(q,2H),2.00(~,3H),andl.O0(t, 
3H); I3C NMR 6 204.14, 168.43, 138.43, 132.58, 131.93, 128.69, 
127.43,124.40,47.52,40.51,21.42,20.51,17.01, and 14.15; IR (neat), 
Y,,,. 2950, 1700, and 1650 cm-1. 

For (9): 'H NMR, 6 5.40 (s, IH), 5.20 (s, lH), 4.35 (q, 2H), 2.30 
(m, 2H), 2.00 (s, 3H), 1.45 (m, 9H), and 1.05 (t, 3H); 13C NMR, 6 
169.72,142.45,114.40,76.22, 62.07,38.17,31.68,29.15,22.46, 19.35, 
and 13.89. 

For (10): 1H NMR, 8 7.50 (m, 5H), 3.90 (d of d, lH), 2.70-3.30 
(m, 2H), 2.30 (m, 2H), 2.15 (s, 3H), 1.40 (m, 6H), and 1.00 (t, 3H); 
13C NMR, 8 205.20, 168.04, 139.73, 132.06, 128.69, 127.39, 47.65, 
40.38, 31.68, 27.78, 23.29, 22.44, 17.01, and 14.02. 

Satisfactory elemental analyses were obtained for (6) , (7), and 
(9)-(11). 
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