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Abstract-An effective synthesis of 2,3disubstituted 2-cyclopentenones involves Cq + C! ring contraction of the 
readily available 1,2-disiloxycyclobutene followed by thermal Cl + Cq ring enlargement of trimethylsiloxyvinyl- 
cyclopropanes. To illustrate the convenience of this new approach the total syntheses of 2-methyl-3-p-tolyl-2- 
cyclopentenone, dihydrojasmone. and cis-jasmone are reported. 

The synthesis of cyclopentanoid compounds is still a 
subject of extensive study because of the growing num- 
ber of naturally occuring substances of biological im- 
portance which contain the five-membered ring moiety.’ 
Recently, we have reported a simple and convenient 
method to obtain 2,3-substituted cyclopentanones, which 
encompass an important class of biologically active sub- 
stances, from cyclopropanone ethyl hemiketal 1 and 
based on the thermal ring enlargement of silylated l- 
vinylcyclopropanols.2 

Thus, addition of acetylenic organometallic reagents 
R,C = CM to the magnesium salt of the cydopropanone 
hemiketal l3 provides in good yields the cyclopropanols 
2, which after lithium aluminium hydride reduction and 
0-silylation lead exclusively to the trans l-trimethyl- 
siloxy-1-vinylcyclopropanes 3. Then, on heating either in 
sealed tubes at 300” for 30 min or by flash thermolysis at 
600” for 10 ms 3 underwent quantitative ring enlargement 
into the 3-substituted cyclopentanone silyl ethers 4, 
which can be alkylated regiospecifically to give the 
expected 2,3_disubstituted cyclopentanones 5. A total 
synthesis of the methyl ester of (+)-I I-deoxypros- 
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cyclopropanecarboxaldehyde 12, that we have readily 
obtained from the disiloxycyclobutene 13. 

Then, we have investigated the construction of five- 
membered rings from the synthons 11 and 12, via the 
thermal ring enlargement of I-siloxy I-vinylcyclopropanes 
6. We report our preliminary results in order to compare 
this methodology with some recent synthetic approaches 
aimed toward the construction of the challenging jas- 
monoi’d system.‘*7.R 

Preparation of I-tetruhydropyrunyfoxycpcfopropane- 
carboxyfic acid 11 

In spite of its high potientality, two functions gathered 
on a three-membered ring, and of its ready accessibility 
the I-hydroxycycyclopropanecarboxylic acid 14 has 
never been used as a synthon, as far as we know. 

Following the reported procedure, the hydroxyacid 14 
was obtained from acid-induced ring contraction of the 
1,Zcyclobutanedione 15”, product of bromination of the 
1.2disiloxycyclobutene 13.” which is formed in good 
yields, in the acyloin condensation of succinic esters 
performed in the presence of trimethyIsilylchloride.s 

As cycfopropanols undergo, under the influence of 
either acid or base, ring opening into ethyl ketone 
derivatives,” it appears necessary to protect first, the 
hydroxyl function of 14. We have found that. on simple 
addition of one equivalent of 3,4-dihydro-2H-pyran to 
the hydroxycarboxylic acid 14 in methylenechloride, the 
tetrahydropyranyl ether f 1 was obtained exclusively, 
within 30 min. On the other hand, it is known that 
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carboxylic acids can form tetrahydropyranyl ethers 
t00;12 so, in these conditions, i.e. in the lack of acid 
catalyst, we have studied comparatively the behaviour of 
the cyclopropanecarboxylic acid 16. In fact, it adds to 
dihydropyran much more slowly than 14 and as shown in 
the NMR spectra, 50% of the free acid 16 was still 
present in the mixture after 60 h. This result explains the 
specificity of the reaction 144 11. 

The preparation of the title compound 17. was repor- 
ted previously by Trost to illustrate a new method of 
cyclopentenone annelation based on the regioselective 
base induced ring opening of oxaspiropentanes.” We 
report here, an alternate direct pathway to 17 from the 
acid 11. As shown in Scheme 1, the methylketone 18 
prepared by addition of two equivalents of methyllithium 
to the acid 11’~ was treated with p-methylben- 
zylidenetriphenylphosphorane” to give a mixture of cis 
and truns vinylcyclopropanes 19. The conversion of 19 
into 20 involved the deprotection of THP group by 
action of ethanol in presence of PPTS” and 0-silylation 
by action of trimethylsilychloride and triethylamine in 
presence of DMSO.’ Then, flash thermolysis at 600’ of 
the isomeric mixture 20 produced ring enlargement into 
the 2,3-disubstituted cyclopentanone sily1 enol ether 21, 
in quantitative yield. Finally, upon treatment with Pal- 
ladium acetate in presence of p-benzoquinone’” the enol 
ether 21 underwent dehydrosilylation to yield the 2- 
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Scheme 1. Synthesis of 2-methyl-3-p.tolyl-2-cyclopentenone 17 (a) 2CHJLi. Ether. 36”. 88%. (b) p-TolCH=P(&H+. 
Ether. 36’. 76%. (c) EtOH. PPTS, W, %0/c (d) ClSiMel. NEtt. DMSO. 8655%. (e) Flash vacuum thermolysis at 600”, 

lW5. (f) 0.5 molar equiv. of Pd(OAc)?. 0.5 molar equiv. p-benzoquinone in CHICN. 91%. 
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cyclopentenone 17 together with a few percent of the 
corresponding saturated cyclopentanone The overall 
yield of 17 from 11 by th is route is 50.W~ iScheme 1). 

Preparation of 
carboxaldehyde- 12 

l-tetrahpdropyranyloxycyclopropane- 

Like l-acylcyclopropanols in general, the 
hydroxycycloptopanecarboxaldehyde 22 cannot be 
isolated. it undergoes readily ring expansion 
corresponding 2-hydroxycyclobutanone 23.‘9 

into the 
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In order to overcome this inconvenience, we have 
prepared the tetrahydropyranyl ether 12 from the 1.2- 
cyclobutanedione 15 (Cide supra), which undergoes ring 
contraction into methyl I-hydroxycyclopropanecarboxylic 
ester 24 by action of methoxide ion in methanol.20*2’ 

The e&r 25 was obtained by addition of 24 to 3.4- 
dihydro-2H-pyran in methylene chloride in presence of 
PPTS.‘” and the cyclopropylcarbinol 26 by simple 
lithiumaluminium hydride reduction of 25. 
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Finally, oxidation of carbinol 26 either with pyridinium 
dichromite” (45 h at 20”) or more effectively with 
dimethylsulphoxide activated by oxalyl chloride2’ il5 min 
at -60”) produced the expected cyclopropanecarboxalde- 
hyde 12 in 50 and 98% yield, respectively. We had 
previously reported the synthesis of the B- 
methoxyethoxymethyl ether of 22,* which involved a less 
sensitive protecting grou , 

P 
by means of pyridinium 

chlorochromate oxidation. 4 It must be underlined that, 

OTHP 

this preparation of 12 appears more convenient that the 
procedure recently published for the preparation of ano- 
ther ether derivative of the hydroxyaldehyde 22*’ from 
cyclopropanone cyanohydrin? 

Synthesis of dih_vdrojasmone from 12 
Jasmondids are among the best known and most often 

synthesized members of the cyclopentanoid class. not 
only because they continue to be important raw materials 
in the perfume industry but also because these relatively 
simple compounds incorporate the 2,3-dialkylated 
cyclopentanone and cyclopentenone units, structural 
features of a large number of biologically active natural 
products. Our approach to the synthesis of dihydro- 
jasmone from the cyclopropanecarboxaldehyde 12 is 
illustrated in Scheme 2. Addition of n-amylmagnesium 
bromide to the aldehyde 12 in ether resulted in the 
formation of the cyclopropylcarbinol 27. Oxidation at 
-60’ in methylene chloride with dimethylsulphoxide 
activated by oxalyl chloride2” led to the ketone 28. which 
was treated with ethylidenetriphenylphosphorane to 
produce a cis and trans mixture of the disubstituted 
vinylcyclopropanes 29. Deprotection of the THP group 
by means of ethanol in presence of PPTS16 and O- 
silylation by CISiMe,,. NEtl and DMSO” gave the l- 
siloxy I-vinylcyclopropanes 30. Then. flash thermolysis 
at 6UO” of the isomeric mixture of olefins 30 produced 
exclusively the expected cyclopentanone silyl enol ether 
31, which undergoes dehydrosilylation on treatment with 
palladium acetate and p-benzoquinone” to yield the 
dihydrojasmone 32. The overall yield of 32 from 12 by 
this route is 61% (Scheme 2). 

Synthesis of cis-jasmone from 12 
The attempted syntheses of cis-jasmone following the 

procedures analogous to those used in Scheme 2 did not 
give the expected results. Thus, while addition of 2- 
pentynylmagnesium bromide to aldehyde 12 results 
mainly in the formation of allenic derivatives, (v~+~ at 
1%2 cm-1).2R the propargylic alcohol 33 was obtained 
stepwise upon treatment with propargylmagnesium 
bromide in ether*’ and with lithium amide and ethyl- 
bromide in liquid ammonia, successively. 
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Scheme 2. Synthesis of dihydrojasmone (a) C5HIIMgBr, EttO, 95%. (b) DMSO, (CCW2, -60”. NEt3, 88.5%. (c) 
CHJX-l=P(GH+, THF, 15 h, 82% (d) EtOH, PPTS, W’, 6h, lCW%. (e) CISiMel, NEt!, DMSO, 96%. (f) Flash vacuum 

thermolysis al 6W’, 100%. (g) 0.5 molar equiv. of Pd(OAc)z, 0.5 molar equiv. of p-benzoquinone, CHJCN, 92%. 



2424 J. SALALX and Y, ALMIR~NTIS 

OTHP OTHP OTHP 

CH- CH2- CzC-Et 
I 

OH 33 - 

C-CHF CG C- Et 

II 
0 

3L - 

OTHP OTHP 

4 
-35 r\’ /\ 

‘=- C=C-Et l-(-H /\-/\ 
I - 

OH 

3L Et"& - 

Unfortunately, oxidation of 33 with oxalyl chloride 
activated DMS0,23 in the conditions successfully used 
with alcohol 27 (aide super), followed by work up with 
triethytamine gave the conjugated allenic ketone 35 
(vclclc 1955 and vclo 1680 cm-‘) as major compound, 
beside the expected acetylenic ketone 34 (vcd 2230 and 
ycd 1720 cm-‘). 

It was possible however to limit the isomerisation 
34 +35 by using a more hindered base, e.g. diisopropy- 
IethyIamine, but not in a convenient way. On the other 
hand, oxidation of 33 with pyridinium dichromate in 
presence of pyridinium trifluoroacetate22 gave allenic 
ketone 35, also. As oxidation of olefinic alcohols are 
usua1Iy eficient,23 the previous catalytic hydrogenation 
(Pd/BaSOI 5%, quinoline, ethyl acetate) of the triple bond 
of 33 would allow to overcome this difficulty; but, due 
probably to steric hindrance, attempts to reduce 33 into 
the cis olefin 36 yielded poor results (only 15% of 36 was 
formed after hydrogenation at atmospheric pressure for 
one week). 

Then, we approached the problem of the synthesis of 
cis-Jasmone from the aldehyde 12 in the fashion shown 
in Scheme 3. First, f2 was treated with 
ethylidenetriphenylphosphorane to produce the cis and 
trans olefin 37. Deprotection of the THP group (EtOH, 
PPTS’6) and 0-silylation (CISiMes, NEtI, DMS0’7) led 
to the I-siloxy 1-vinylcyclopropane 38 in 92% overall 
yield. Flash thermolysis (600”, 10ms) transforms 38 into 
the 3-methyl 1-trimethyfsiloxycyclopentene 39, quan- 
titatively. Addition of phenylsetenenyl bromideM to the 
enol sibyl ether 39 following a reported procedure3’ gave 

36 - 

the 3-methyl-2-phenylselenocyclopentanone 40. Then, 
treatment of crude 40 with lithium diisopropylamide in 
THF containing 2 moIar equivalents of HMPA3’ 
followed by alkylation with cis 2-pentenyl bro- 
mide resulted in the formation of cyclo- 
pentenone 41 in 89% overall yield. As it 
was known that, oxidative eliminationM of a-seleno- 
cyclanones such as 41 leads usuatly to mixture 
of endo and exocyclic enone$’ we have used from this 
point, the procedure recently reported by Liotta et al. to 
transform a p recursor of dehydrojasmone, closely 
related to 4L7 Thus, the transformation of 41 into 44 
which involved successively, isomerization into a- 
selenocyclopentanone 42 upon treatment with lithium 
diisopropylamide in THF-HMPA at -78”, oxidative 
elimination into cyclopentenone 43 by a two phase sys- 
tem containing methylene-chloride and 30% hydrogen 
peroxide and finally, isomerization of 43 to 44 by sodium 
methoxide in methanol allowed us to achieve the total 
synthesis of cis-Jasmone 44 from the aldehyde 12 in 
45.5% overall yield (Scheme 3). 

CONCLC’SION 

The efficiency of this sequence in five-membered ring 
construction is pointed out in the above study. The 
following considerations must be taken into account to 
demonstrate the general utility of this methodology 
which involves a C.,+C3 ring contractibn followed by a 
G-G ring enlargement. First of all, the acyloin con- 
densation which provides the initial four-membered ring, 
e.g. 1,2-disiloxycyclobutene 13, has been used effectively 

CH= CH6H3 

37 39 LO - 38 - - 

Scheme 3. Synthesis of cis-jasmone (a) CHKH=P(G,H:)?, THF, reflux. 18 h, 84%. (b) EtOH, 55*, 100%. (c) 
CISiMeJ, NEt!, DMSO. 92%. (d) Flash vacuum thermolysis at 6oo0, 100%. (e) CbH!SeEir, EtzO, -78. (f) LDA, THF. 
HMPA, cis 2-pentenyl bromide, -78’C, 2 hr, RT, I5 hr, 89%. (g) LDA, THF, HMPA, -78°C. (h) H20230%, CHXJ2. (i) 

NaOCHT, CHIOH, RT, 83%. 
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for the preparation of substituted or polycyclic cyclo- 
butane derivatives,33 allowing therefore to aim this stra- 
tegy towards (among others) the synthesis of fused 
polycyclopentanoi’ds (polyquinanes) which possess 
significant antibiotic and antitumor properties? On the 
other hand, when the thermolysis conditions required for 
the vinylcyclopropane<yclopentene ring enlargement 
(C, + C,) become impracticat with complex polyfunc- 
tional molecules, metal promoted alternatives are pro- 
vided by some recent developments in metallocarbene 
chemistry (e.g. for instance use of (C&I.&Rh (acac) in 
toluene): ’ It must be underlined that, an oxycyclo- 
propane- cyclopentenol rearrangement undergone at 
room temperature has been reported, recently? Ap 
plications of this methodology to cyclopentanoi’ds 
prostanoids, triquinanes, spirosesquiterpenes) are under 
investigation and will be reported in due course. 

EXPlclumNTN. 

1.2-Disiloxycvclobutene 13 has been pr:fared from n-butyl 
succinate following the reported procedure. 

1,2-Cyclobutanedione 15 has been prepared by bromination of 
13 according to the reported procedure.9 

I-HydroxycycIopropanecarboxylic acid 14 was obtained quan- 
titatively upon treatment of IS with N-hydrochloric acid follow- 
ing the reported procedure.’ 

I-Tetrahvdrop~ranvfoxvcvclopropanecatboxylic acid 11 
To a solution of 9 g (0.107 mol) of 3,ddihydro-ZH-pyran in 

200 ml of methylene chloride was added 10.2 g (0.1 mol) of the 
solid cyclopropanol 14. After stirring for 30 min, the acid 14 was 
solubilized, completely. The solution was stirred at room tem- 
perature for an additional 2 h. Removal of solvent on a rotary 
evaporator left 18.6 g (103%) of l-tetrahydropyranyloxycyclo- 
propanccarboxylic acid 11; IR (CCL& 1700 cm-’ ( UCWH); NMR 
(Ccl.& 6 l&2.1 (m, IOH), 3.15-4.0 (m, 2H), 4.85 (s, 1H) and 
10.30 (s, 1H). 

Comparatively. a solution of 0.91 g (10.5 mmol) of cyclo- 
propar.:carboxylic acid and of 0.92 g (11 mmol) of 3,4-dihydro- 
ZH-pyran in 20ml of methylene chloride was stirred at room 
temperature for 60 h. A singlet at b 12.1 ppm in the NMR spectra 
of the crude product showed the presence of 50% of the free 
acid. 

Merhyl (I-fetrahydr~pyranI;loxycvclopr~pvl) ketone 18 
To a solution of 5.98g (32 mmol) of acid IO in 50ml of 

anhydrous ether was added 40 ml of 1.75 N solution (70 mmol) of 
methyllithium in ether. The mixture was refluxed for 16 h. The 
mixture was cooled to 0” (ice-water bath) and 75 ml of water 
were added dropwise. The organic phase was washed with 
saturated ammonium chloride solution and water, and the 
aqueous layer was neutralized with aqueous ammonium chloride 
and extracted with ether. The combined extracts were dried over 
MgS04 and evaporated to give 5.7 g (88%) of methyl (l-tetra- 
hydropyranyloxycyclopropyl) ketone 18; IR (CCL): 1710 cm-’ 
(VC& NMR (Ccl& 6 0.5U.l (m. IOH). 2.25 (s. 3H), 3.10-4.0 
(m, 2H), 4.60 (m. IH). 

Cis and truns I-(l-methyl 2-I,-?olvlcinvl)-l-tetrahvdro- 
pyranylox~cyclopropanes 19 

To 4.85 g (12 mmol) of p-methylbenzyltriphenylphosphonium 
chloride” in 25 ml of anhydrous tetrahydrofuran were added 
9.6ml (12 mmol) of n-butyllithium in hexane 1.25 N. The 
yellow-orange suspension was stirred at room temperature for 
2 h. Then. 2.2g (12 mmol) of ketone 18 were added and the 
resulting mixture refluxed for 16 h, until the color was completely 
discharged. After usual work up and removal of solvents, filtra- 
tion of triphenylphosphineoxide, ihe residue was chromate 
graphed on silica. Elution with pentanediethyl ether (9&10) gave 
first 1.25g (38%) of trans 19: IR (CC14): 1615 and 1645cm ’ 
(vc=c); NMR (Ccl,): fi O.Wl.90 (m, lOH), 1.97 (s, 3H), 2.30 (s. 

3H), 3.2M.O (m, 2H). 4.88 (m, lH), 6.30 (s, 1H) and 6.9G7.45 (q, 
4H), Then, 1.25 g (38%) of cis 19; IR (CC4): 1615 and 1645 cm-’ 
( VC=C): NMR (CC&): S 0.70 - 1.80 (m. lOH), 1.90 (s, 3H), 2.30 (s, 
3H), 3.154.0 (m, 2H), 4.70 (m, lH), 6.40 (s, 1H) and 7.0 (s, 4HJ. 

Trans I-(l-methyl 2-p-tolyfcinyl) CyclopropanoI 
A solution of I g 13.63 mmol) of the trans tetrahydropyranyl 

ether 19 in 10 ml of ethanol containing 110 mg (0.4 mmol) of 
PPTS16 was stirred at 55” for 4 h, to complete the reaction as 
shown by TLC of an aliquot. The solvent was removed on a 
rotary evaporator and the residue treated with 50 ml of ether. 
The solution was washed twice with half saturated brine, dried 
over Na2S04 and concentrated to give 664mg (96%) 
of practically pure Irons I-(l-methyl 2-p.tolylvinyl) cyclo- 
propanol; 1R (CCL): 3610 and 3450 (YOH), 1645 and 1610cm ’ 
(vc~c): NMR (Ccl& S 0.35-0.60 (m. ZH), 0.65-1.0 (m, 8H). 1.98 
fs. 3H), 2.30 (s, 3H), 3.10-4.0 (m, tH), 6.22 (s, 1H) and 6.8G7.40 
(q, 4H): MS: m/e (rel. intensity) 188 (M*, 27). 173 (M-15. 100). 
159 (83), 131 (74) and 91 (41). 

Cis I-(l-methyl 2-p-tolyluinyl)cyclopropanol 
Treatment of the cis tetrahydropyranyl ether 19 in the same 

conditions gave the cis I-(l-methyl 2-p.tolylvinyl) cyclopropanol; 
IR (CCld): 3602 and 3450 (vc)H), 1645 and 1610cm- (vc,~); NMR 
(CCIS): 0,80 (s, 4H), 1.75 (s, 3H). 2.25 (s. 3H), 6.45 (m, 1H) and 
6.98 (s, 4H): M.S.: m/e (rel. intensity) 188 (M’. 34), 173 (M-15. 
16). 159 (l(x)), 131 (76) and 91 (36). 

Truns I-(l-methyl 2-p-?ol~lvin~l)-l-trime~h~lsiloxyc~cfopropan4 
20 

To a solution of 48Omg (2.55 mmol) of trans I-(l-methyl 
2-p. tolyIvinyl)cyclopropanol, of 385 mg (3.81 mmol) dry triethyl- 
amine and 24 mg (0.3 mmol) of dimethylsulphoxide” in 10 ml of 
anhydrous ether was added with stirring 275 mg (2.55 mmol) of 
trimethylsilyl chloride. The reaction was completed after 4 h, as 
shown by TLC of an aliquot. Then, the mixture was poured into 
10ml of ice water. The organic phase was washed with water, 
dried over MgSO4 and concentrated. The residue was chromato- 
graphed on silica; elution with pentanediethylether (95-5) gave 
560 mg (86%) of trans l-( l-methyl 2-p. tolylvinyl)-l-trimethyl- 
siloxycyclopropane 20; IR (CCW: 1660 and 1615 cm-’ (vc=c): 
NMR (CCL): 6 0.20 (s, 9H), 0.50 (m, 2H), 0.90 (m, 2h), 2.15 (s, 
3H), 2.40 (s, 3H), 6.30 (m, 1H) and 7.W7.50 (q, 4H); MS: m/e 
(rel+ intensity) 260 (M’, 91, 2.45 (m-15, 67), 169 (20) and 73 (IO). 

Cis I-(l-methyl 2-p-folpIvinvl)-l-tn’methvIsilo_~vcvclopropane 20 
The cis I-(l-methyl 2-p-tolylvinyl)-l-cyclopropanol was silyl- 

ated analogously to the trans isomer to yield the cis siloxy- 
cyclopropane 20; IR (CC&): 1680 and lblOcm_ (v(.=(.): KMR 
(Ccl.,): S 0.20 (s, 9I-I). 0.90 (s. 4H). 1.95 (s. 3H), 2.37 (s, 3H), 6.45 
(m, 1H) and 7.05 Is. 4H): MS: m/e (rel. intehsity) 260 (Ma. 12). 
245 (M-15, 100). lb9 (18) and 73 (68). 

2-Methyl-3-p-?olvl-I-trimethvlsilox~cprlopentene 21 
400 mg (1.54 mmol) of either cis or frons siloxyvinylcyclo- 

propane 20 were evaporated under vacuum and heated at 600’ for 
10ms.’ The product of thermolysis was condensed in a liquid 
nitrogen cooled trap; thus, the expected cyclopentanone enol 
silyl ether 21 was obtained quite pure and in virtually quantitative 
yield. IR (Ccl& 169Ocm ’ (YY-c): NMR (CC14): S 0.10 (s. 9H), 
1.0-1.40 (m. 4H), 2.15 (s, bH), 3.30 (m, 1H) and 6.80 (s, 4H); MS: 
m/e (ret. intensity) 260 (20), 245 (M-lS, 58). 169 (12) and 73 (100). 

2-Methyl 3-p-tofyf-2-cyclopenlpnone 17 
To a solution of 173 mg (0.77 mmol) of Pd(OAc)z and 83 mg 

(0.77 mmol) of p-benzoquinone in 6 ml of acetonitrile (distilled 
over Pro?) was added 400 mg (1.54 mmol) of silyl enol ether 21. 
under nitrogen at room temperature and the mixture was stirred 
for 6 hr. TLC of an aliquot indicated total dehydrosilylation. 
First, chromatography on silica gel eluting with benzene to 
remove palladium derivatives and then chromatography on silica 
gel eluting with pentane-ether gave 2-methyl 3Yy.tolyl 2-cyclo- 
pentenone 17; IR (CCL): 1705 (vc~), 1630 cm (vY=(.): NMR 
(CC&): S 1.85 (m. 3H), 2.15-2.50 (m, 2H), 2.35 (s. 3H), 2.60-2.90 
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(m, 2H) and 6.98-7.35 (q, 4H); MS: mle (rel. intensity) 186 (M’, 
51). 171 (M-15, IO), 143 (33). 128 (48), 91 (15). 

A mixture of 20g (238 mmol) of l,tcyclobutanedione 15 in 
2OOml of methanol containing 2.5g of sodium methylate was 
stirred at room temperature, for 2.5 hr. Then, the mixture was 
neutralized by addition of a 10% solution of sulfuric acid and the 
solvent removed on a rotary evaporator. The residue was 
extracted by 3 x 200 ml of methylene chloride. The organic layer 
was washed with water, dried over MgSOd and concentrated to 
give 20.55g (76%) of practically pure methyl I-hydroxycyclo- 
propanecarboxylate 24: IR (neat): 3430 (VOH) and 1730cm- 
(v&; NMR(CCDL): 61-1.3 (m, 4H), 3.7 (s, 3H) and 4.04 (s, OH). 

Methyl I-tetrahydropyranyloxycyclopropylcorbo~ate 25 
A solution of 19.2g (168 mmol) of cyclopropanol 24, of 14.3 g 

(168 mmol) of 3,4dihydro-2H-pyran in 300ml of methylene 
chloride containing 4.02g (16.8 mmol) of PPTS16 was stirred at 
room temperature for 3 h. Then, the solvent was removed on a 
rotary evaporator, and the residue treated with 3OOml of ether. 
The organic phase was washed with half saturated brine, dried 
over NazSO, and concentrated to give 32.8 g (100%) of practic- 
ally pure methyl l-tetrahydropyranyloxycyclopropanecarboxyl- 
ate 25; IR (neat): 1750cm-‘; NMR (CDQ): S I.-l.4 (t, 2H), 
l&2+5 (m, 8H), 3.14.4 (m, 2H), 3.6 (s, 3H) and 4.95 (t. H). 

I-TetrahydropyranyloxycycIopropylcarbinoI 26 
To a suspension of 3.42 g (90 mmol) of lithiumaluminium 

hydride in 250 ml of ether was added dropwise a solution of 30 g 
(150mmol) of the ester 25 in 250ml of ether. When the addition 
was over, the mixture was refluxed for 30min. Then, the mixture 
was cooled to room temperature and hydrolyzed by addition of 
wet sodium sulfate. The ether layer was separated, dried over 
Na2SOI and concentrated on a rotary evaporator to yield 25.3 g 
(98%) of I-tetrahydropyranyloxycyclopropylcarbinol 26; IR 
(neat): 3440 (VOH) and 2960 cm-’ (W-H); NMR (CDCIY): 6 O&l. 
(m, 4H), I.-2.1 (m, 6H), 2.&4. (m. 4H), 4.05 (t, H) and 4.6 (t, H). 

I-Tetrahydropyranyloxycyclopropanecarboxaldehyde 12 
(a) Oxidation byt pyn’dinium dichromate.** A mixture of 0.91 g 
(5.27 mmol) of cyclopropylcarbinol 26 in 8 ml of methylene 
chloride containing 3 g (1.6 equiv) of pyridinium dichromate was 
stirred at room temperature for 27 h. TLC of an aliquot showed 
that the reaction was not completed. Then, 2g (I equiv) of PDC 
in 5 ml of CH2Cl2 were added and the mixture stirred for an 
additional I8 h. The reaction was diluted with lo0 ml of ether, 
filtered and evaporated to afford a mixture of 50% of the expec- 
ted aldehyde 11 and 50% of the carbinol 26. 
(b) Oxidation by dimethylslrlphoxide activated by oxalyl 
chloride.*’ To a stirred solution of 4 ml (44 mmol) of oxalyl 
chloride in lo0 mI of methylenechloride cooled to -6V, was 
added dropwise a solution of 6.8 ml of DMSO in 15 ml of CH2Cl2 
at -50 to -60”. The reaction mixture was stirred for 2 min and a 
solution of 6.88 g (40 mmol) of cyclopropylcarbinol 26 in 40 ml of 
CH2Clt was added within 5 min and stirring was continued for an 
additional I5 min. Then 28 ml (200 mmol) of triethylamine was 
added and the reaction mixture was stirred for 5 min at -50” and 
then allowed to warm to room temperature. Water (IO0 ml) was 
added and the aqueous layer was extracted twice with 100mI of 
CH2Cl2. The combined organic layers were washed with IOOml 
of saturated brine and dried over MgSOI. TLC of an 
aliquot showed the formation of a single product. The filtered 
solution was concentrated on a rotary evaporator td yield 6.76g 
(98%) of practicahy pure, without further work up, l-tetrahydro- 
pyranyloxycyclopropanecarboxaldehyde 12; IR (CCL): 3 I00 ( VC- 
H) and 1725 cm-’ (v,&; NMR (CCL): S 0.?&1.40 (q, 4H), 
l&&2.0 (m, 6H), 3.20-4.10 (m, 2H) and 4.65 (m, IH). 

I-( I-Tefrahydropyranyloxycyclopropyl) hexan-l-o! 27 
To a suspension of 195 mg (8 mmol) of magnesium in 10 ml of 

ether was added dropwise 1.21 g (8 mmol) of hexyl bromide in 
IOml of ether. After all the magnesium was dissolved, the flask 
was cooled at 0” in an ice-water bath and I. 18 g (6.94 mmol) of \ 

cyclopropanecarboxaldehyde 12 was added dropwise. Then, the 
mixture was tefluxed for 4 h. After usual work-up, removal of 
solvent on a rotary evaporator yielded I.6 g (95%) of the expec- 
ted hexanol27: IR (CC4): 3450 (v& and 3100 cm-’ (VC-u); NMR 
(CCls): S 0.45- 1.95 (m, 21H), 3.4.1; (m, 4H) and 4.80 (m, IH). 

!-(I-Tetrahydrupyranyloxycyclapropyl) hexanone 28 
TO a stirred solution of 2.4 mmol of oxalyl chloride in 5 ml of 

CHzC12 was added a solution of 0.37 ml (4.8 mmol) of DMS02’ at 
-w. The reaction mixture was stirred for 2 min then a solution of 
529 mg (2.18 mmol) of hexanol 27 in 2 ml of CHzClz was added 
within 5 min. and stirring was continued for an additional 15 min. 
After addition of triethylamine 1.53 ml at -60” the reaction mixture 
was worked up in the same way as for preparation of aldehyde 12, 
to give 465 mg (88.5%) of hexanone 28; IR (Ccl,): 1710 cm-’ (~~~0); 
NMR (CC&): 6 0.65-1.90 (m, 19H), 2.50 (m, 2H), 3.20-3.80 (m, 2H) 
and 4.45 (m, IH). 

3-(1-TetrahydropyranyIoxycpclopropyl)-2-octene 29 
To a suspension of I. I I g (3 mmol) of ethyltriphenyl- 

phosphonium bromide in 15 ml of anhydrous tetrahydrofuran 
was added 2 ml of 1.5 N solution (3 mmol) of n-butyllithium in 
hexane. The mixture was stirred for 2 h at room temperature and 
then a solution of 581 mg (2.4 mmol) of hexanone 28 in 2 ml of 
THF was added. The complete discharge of the yellow-orange 
color of the phosphorane was obtained after the mixture was 
refluxed for I8 h. Usual work-up, removal of solvents and filtra- 
tion of triphenylphosphine oxide led to 502 mg (82%) of octene 
29 (as a cis and trans mixture); NMR (CCL): S 0.8B (m, (4H), 
1.1-2.2 (m, 17H), 1.75 (d, 3H, J =6.7 Hz), 3.10-3.90 (m. 2H). 4.60 
(m, lH) and 5.2b5.55 (q, IH, J = 6.7 Hz). 

Ill-Ethylidenehexyl)cyclopropanol 
A solution of 502 mg (I.99 mmol) of octene 29 in 10 ml of 

ethanol containing 50mg (0.2mmol) of PPTS’* was refluxed. 
TLC of aliquots showed that the reaction was completed within 
6 h. Then, after removal of ethanol on a rotary evaporator the 
residue was chromatographed on silica. Elution with pentane- 
ether (90: IO) gave 334 mg (100%) of l-(I-ethylidenehexyl) 
cyclopropanol; IR (CCL): 3610 and 3475 (v&, 3100 cm-’ (VC- 
H); NMR (CCW: S 0.4-0.65 (m, 2H), 0.7-2.4 (m. 12H), 2.75 (d, 
3H, J = 6.7 Hz) and 5.1-5.45 (q, lH, J = 6.7 Hz); MS: mle (rel. 
intensity) 240 (M’, 2), 153 (M-15, S), 139 (3O), 97 (l6), 57 (69) and 
55 (loo). 

l-(I-Ethylidenehexyl~I-tn’meth~lsiloxycycIopropane 30 
To a solution of I13 mg (0.672 mmol) of l-(I-ethylidenehexyl) 

cyclopropanol in 3 ml of ether containing 101 mg (I mmol) of 
NEt? and 5.46mg (0.07 mmol) of DMSO” was added 76 mg 
(0.7 mmol) of CISiMel. The mixture was stirred at room tem- 
perature, TLC of aliquots showed that the reaction was com- 
pleted within 4.5 h. After usual work-up,2 the residue was 
chromatographed on silica to give 155 mg (96%) of siloxycyclo- 
propane 30; IR (C(X): 3100 (YC-H); NMR (CCW: 8 0.25 (s, 9H), 
0.8 (m, 2H), 0.9-2.4 (m, 13H), 1.95 (d, 3H, J =6.7Hz) and 
5.20-5.60 (q, IH, J = 6.7 Hz); MS: m/e (re1. intensity) 225 (M-15, 
8.5), 169 (7.2) 75 (22) and 73 (100). 2-Pentyl-3-methyl-l-tri- 
methylsiloxycyclopentene 31 was obtained from thermolysis at 
600” for l0ms of siloxycyclopropane 30; IR (CCL& 1680cm-’ 
(v&; NMR (CC&): 6 0.1 (s, 9H), 0.7c2.5 (m, l9H); MS: m/e 
(rel. intensity) 240 (M’, 5), 225 (M-15, 17), 21 I (21). 169 (11). 155 
(11) and 73 (100). 

Dihydrojasmone 32 
A solution of 120 mg (0.5 mmol) of siloxycyclopentene was 

treated analogously to 21 by Pd(OAc)2 and pbenzoquinone in 
acetonitrile.‘R After work-up the residue was chromatographed 
on silica, Elution with benzene gave first, 14 mg (6%) of Mexyl- 
3-methylcyclo-pentanone; IR (CCW: 1745 cm-’ (vc.o); 

NMR (CCL): 6 0.82 (t, 3H), I.&l.60 (m, 13H) 
and 1.90-2.60 (m, 3H); MS: m/e (rel, intensity) 168 (M’. 5) I53 
(M-15, 4), 98 (36), 83 (100). 55 (47) and 41 (48). Then, 76.5 mg 
(92%) of dihydrojasmone 32; IR (CCL): 1705 (vc.=o) and 1650 
(Vet.): NMR (CCL): S 0.87 (t, 3H), 1.05-1.50 (m, %H), 2.b2.6 (m. 
4H) and 2.07 (s, 3H); MS: m/e (rel intensity) I66 (M’, 6.5) 151 
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(M-15, 46). 13? cl>), 123 (17). 109 (22). 95 (22), 55 (35) and 41 
(100). The lack of any signal at 6.70 in the NMR spectra of the 
crude product of dehydrosifylation showed the lack of 3-methyl 
2-pentyfidenecyclopentanone.’ 

To a suspension of 0.608 g (25 mmof) of magnesium in 5 ml of 
ether containing a catalytic amounts of mercury (11) chloride was 
added dropwise 2.98 g f25 mmof) of propargyl bromide, at tem- 
perature kept below 20” by external cooling When the addition 
was over, the mixture was stirred at room temperature (-20’) for 
an additional 3 hr. Then, the mixture was cooled to 0” (ice-water 
bath) and a solution of 3.4Og it0 mmof) of afdehyde 12 in 20 ml 
of ether was added, The reaction mixture was brought to room 
temperature and stirred overnight. The mixture was poured into 
SO ml of cooled saturated ammonium chloride solution. After 
usual work-up, the residue was chromatngraphed to give 3.2 g 
(76%} of I-( I-tetrahydtopyranyloxycycf~~propyf~-3-propyn-f-of: 
IR (CCf& 36OQ and 3420 f &lH). 3320 I f’r(’ H) and 2120 cm ” 
(UC<); NMR (CC13: 6 0.70 (m, 4H), 1.55 fm, ?H), 2.45 (m, 2H), 
3.1-4.1 (m, 3H) and 4.80 (m, 1H). 

To a suspension of 30mmof of lithium amide (prepared from 
2t0mg of lithium) in 4Oml of liquid ammonia was added a 
solution of 2.4 g (I 1.4 mmof) of the previously-obtained propynof 
in 10 ml of tetrahydrofuran. The mixture was stirred for 30 min. 
then a solution of 2.18 g (20 mmof~ of e~hylbromide in 5 ml of 
THF was added dropwise. When the addition was over the 
mixture was stirred for 40 h. After removal of ammonia. the 
residue was poured into a slurry of ice and extracted with ether. 
The organic phase was dried over MgSOJ and concentrated to 
give 2.5g (92%) of the hexynnf 33; IR (CCIJ; 3580 and 3430 
(v0i,f. 2230 cm ’ ( PC .(-): NMR fCCf& fi 0.62 (m. 4H). I.05 (t, 3H, 
f.SO fm, 6H). 1.90-2.6 (m. 4Hf. 3,30-4.10 (m, 2Hf, and 4.75 (m. 
f H). 

~~i~ufi~~ i$ 33 hy ~~.~~~~~ t*~~~jr~d~-~~fi~fff~~ dime?~~f~ff~~~i~~~~~e 
Treatment of 33 by DMSWCCU)~ and work-up with 

NEtI” at -60°, analogously to 27 gave a mixture of the con- 
jugated affenic ketone 35 as major compound; IR (CCL): 1955 
(VC~S) and 1680 cm-’ (vc.& and a small amount ( - 5%) of the 
acetylenic ketone 34: IR ICCf& 2220 (UC . c.1 and 1710 cm -’ 
(v( .o). Treatment of 33 by DMSO--(COCI): at -6c)’ and work-up 
with d~isopropylethyfamine gave a mixture of 35 f - f%%) and 34 
(-40%). 

~~i~~~fi~~ 01 33 hy PDC and ~~~i~i~~~~~~?~ ~r~~~~~r~)ff~efuf~~~ 
To a suspension of 282 mg (if.75 mmof) of pyridinium di- 

chromate in 1.5 ml of methyfene chloride containing 60 mg 
(0.4equivl of pyridinium trifluoracetate was added 119 mg 
(O.S~mof~ of 3. TLC of afiquots showed that oxidation was 
obtained in 50% yield after stirring for 42 h. An additional 
1.5 equiv PDC was added and the mixture stirred for additional 
24 h. After work-up. examinati(~n of the crude product in IR 
showed the formation of a mixture of 33. .34 and alfenic 35. which 
were not separated. 

To a suspension of 94 mg of Pd over BaSOl (5%) in IO ml of 
ethyl acetate containing 0.1 ml of quinofine was added 1.17 g 
f4.9 mmof) of 33. The mixture was hydrogenated at atmospheric 
pressure for one week, to give only 15% of olefmic product as 
shown by comparison of the signal at 6 5.20-5.90 with the signal at fi 
4.80 ppm (f H, te~~hydropyranyfet~er}. 

I-( I-Propen~lI- I-telrahydrtlp~ranvlox~cv~lopropane 37 
To a suspension of If.13 g (30mmol) of ethyftriphenyf- 

phosphonium bromide in IO0 ml of anhydr{~us te~~hydrofuran 
was added dropwise 20 ml of a 1.5 solution (30 mmof) of n- 
butylfithium in hexane and the mixture was stirred at room 
temperature for 2.5 h. Then, a soIution of 4.25 g (25 mmoff of 
aldehyde 12 in 2Qml of THF was added dropwise and the 
mixture refluxed with stirring for I8 h to obtain complete dis- 
charge of the yellow-orange color of the phosphorane. After 
usual work-up. ~ftration of triphenyfphosphine oxide, removal of 

solvent gave 3.82g (84%) of cyclopropane 377; IR tCCf& 3100 
vr‘-~f and f65~cm-’ (vc.r): KMR (CCIJ): S 0.5Gl.O (m. 4H), 
1.55 (m. 6H), 1.75 (d. 3H), 3.1%4.0 (m, ZH), 4.75 (m. IH), 5.30- 
5.80 (m, 2H). 

A solution of 3 g (16.5 mmol) of ether 17 in 25 ml of 
ethanof containing 0.5 g (2 mmol} of PPTS”’ was stirred at 55”. 
TLC of afiquots showed complete reaction after 72 h. After 
removal of ethanol on rotary evaporator, 10Omf of ether was 
added to the residue. Usual work-up gave 1.61 g ( fOO%) of a 
mixture of cis and truns I-(1-propenyl) cyclopropanol; IR (CC&): 
3610, 3450 (VOH), 3090 (YI.-I~). 16SOcm (VY (3): NMR (Ccl& S 
0.40-1.0 (m. 4H). 1.65 and 1.85 (2d, 3H), 4.5 (m, fH) and 5.20-5.8 
fm, 2H1; MS: m/e (nl i~~ensjty~ 98 (M’, 12), 83 (M-15, 16), 69 
(100). 55 (25). 41 (75). (For a synthesis of #runs I-(l-propenyl) 
cycfopropanol from cycfopropanone hemiketaf see ref 2). 

A solution of 6.2 g (63.2 mmof) of f-( l-propenyf) cycfopropan(~f 
was sifjlated analogously to 30 with ClSiMeJ, NEtI and 
DMSO” to yield 9.55g (92%) of sifoxycycfopropane 38’: IR 
(CCL): 3100 (vc-H), 1675 (vclcf; NMR (Ccl& S 0.05 (s, 9H), 0.6 
(m. 2H). 0.82 (m, ?H). I.65 Id. 3H, f = 6.66Hz.). 5.0%5.68 fm, 
!H); MS mle (rel. intensity) 170 (M’, f), 155 (M-15, 61), 75 (57), 
73 f 100). 45 (29) and 41 (19). 3-Methyf-l-trimethyfsifoxycycfo- 
pentene 39 was obtained quantitatively from thermofysis of 38; 
spectroscopic data of 39 were identical with those previously 
reported for this enol sifyf ether.’ 

A solution of 1.40 g (8.25 mmol) of 39 in 10 ml of anhydrous 
ether was cooled to -78” with dry ice-acetone bath. Then. 
8.25 mmol of phenyfselenenyl bromide prepared in situ from 
1.3 g (4.13 mmol) of diphenyldiselenide and 666 mg (4.13 mmof) of 
bromine in 15 ml of anhydrous ether was added dropwise 
f-45 min). The reddish brown color of phenylsefenenyl bromide 
was discharged immediately upon addition. When addition was 
over, the reaction mixture was poured into 40 ml of a 10% 
aqueous sodium hydrogen carbonate solution. The aqueous 
phase was extracted with 2 x 20 ml of ether and the combined 
ether extract dried with Na$O+ After removal of the solvent on 
a rotary evaporator, the residue was chromatog~phed on silica; 
elution with pentane-ether (90: 101 gave 1.85 g (88.5~) of 40 with 
IR and NMR spectroscopic data identical with these recently 
reported for this cr-sefeno cycfopentanone;’ MS: m/e fref in- 
tensity} 256 (172,255 (131,254 (IM’, fan, 253 (!I), 252 (49), 251 (tfi), 
20 (19). 97 (36), 69 145) and 55 (271. 

To a solution of 0.29 g (2.88 mmof) of diisopropyfamine in 3 ml 
of tetrahydrofuran containing two crystals of (1. Q’-bipyridyl, 
cooled at -78” with dry ice-acetone bath was added dropwise 
1 68 ml of a 1.5 N (2.252 mmol) solution of n-butylfithium in 
hexane. The solution was stirred for IS min. and then added 
slowly under nitrogen by means of a double-ended needle to a 
solution of 400 mg (I.575 mmof) of a-selenocyclopentanone Qo in 
7 ml of tetrahydrofuran, until the color remained pink. When the 
addjtjon was over, the solution was stirred for 15 min. and 0.6mf 
of HMPA and 0.94 g (6.3 mmol) of I-bromo-2-pentene were ad. 
ded. The reaction mixture was then allowed to stir for 2 hr at 
-78” and additional 15 hr at room temperature. Then. 2.5 ml of 
10% HCl was added to quench the reaction. After removal of 
THF in CUCIIO, the residue was extracted with 3 x IO ml of ether. 
The combined organic layers were washed with 3 x 3 ml of IoCr 
HCI. 2 x 3 ml of saturated bicarbonate solution and with 2 x 3 ml 
of water, The ether solution was dried with MgSO., and concen- 
trated on a rotary evaporator: the residue was chromatographed 
on sifica to give 45 1 mg (8~) of cyclopentanone 41; IR (CIXl& 
1735 cm-’ (v~--&): NMR CCDCII): S 0.9-l.% (d. 6H), l-85-3.10Im. 
9H). 5.20-5.90 (m, 2H) and 7.40-7.95 (m. 5H): MS: m/e (rel 
intensity) 324 (91, 323 (9). 322 CM’, 49). 32t (6l), 320 (24). 319 
(9.71. 318 1101. 165 (100). 81 154). 79 (46). 77 1811 AND 55 (601. 
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Cis und truns 3-methyl-2-(2-pentenyl)-5-phen)llselene~ cyclo- 
pentanone 42 
Following the procedure of Liotta,’ treatment of 41 with 0.5 
equiv of LDA in THF/HMPA at -78”, gave quantatively, after 
quenching the enolate with saturated ammonium chloride solu- 
tion the a’ selenocyclopentanone 42: NMR (CDCI~): S 0.75-1.0 
(t, 3H), I.&l,30 (d, 3H), 1.5h2.65 (m. 8H), 3.4&3.95 (m, IH), 
5-5.60 (m, 2H) and 7.10-7.80 (m, 5H). 

CMefhyl-5-(2-pentenyl) cgclopenl-2-en-l-one 43 
To a solution of 250 mg (0.776 mmol) of selenocyclopentanone 

42 in 2.5 ml of methylenechloride were added six 0.25 ml portions 
of 3@X Hz02 at 10min intervaIs. When the additions were over. 
the mixture was stirred an additional 5 min at room temperature 
and then transferred into a separatory funnel to separate the 
layers. The organic layer was washed sequentially with 2 ml of 
water, 2 ml of saturated NaHC03 and again with 2ml of 
water. The solution was dried over MgSOl and concentrated on a 
rotary evaporator. The residue was chromatographed on silica to 
yield 115 mg (900/c) of cyclopentenone 43; IR (HCCIj): 1700 
(vc=o) and 1630 cm-’ ( iv<); NMR (HCClj): S 0.90 (t, 3H), 1.15 
(d, 3H), l-4&3 (m, 7H), 5.2b5.80 (m, IH), 6.10-6.30 (m, 2H) and 
7.45-7.70 (dd, 6 Hz); MS: m/e (rel intensity) 164 (M’, 30), 149 
(M-15, 5), 135 (M-29, 25), 96 (M-C5Hs, lOO), 55 (31), 53 (30). As 
by-product was recovered 12 mg (10%) of 3-methyl2-(tpentenyl) 
cyclopentanone; IR (C(X): 1735 (vc*), 1665 cm-’ (vc=c); NMR 
(CDCl& 6 0.90 (t, 3H), 1.10 (d, 3H), 1.5-2.6 (m, 10H) and 5.35 
(m, 2H); MS: m/e (ret intensity) I66 (Mf, 12). 98 (41) 55 (41), 53 
(27) and 41 (100). 

Cis-jusmone 44 
Treatment of cyclopentenone 43 with sodium methoxide in 

methanol following the Liotta procedure’ gave the expected 
cis-jasmone with spectroscopic data identical with those reported 
(cf ref 7 and references cited therein). 
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