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Abstract - In this report, a general method for the preparation of 1,5- 
dicarbonyl canpounds and six membered ring annelation is described. This 
method involves the reaction of hemiacetal vinyloqs 1 with enol ethers 2 
or 3 in the presence of a Lewis acid. This reaction was successfully apslied 
to the en01 ethers of a and a,a'-hindered ketones such as 2,2,6-trimethyl 
cyclohexanone. a-Cyperone and 6-epi-a-cyperone were obtained using this 
process. 

1,5-Dicarbonyl compo~nds~'~ are an important class of building blocks for many natural 

substances such as terpenolds. Many modifications of the classical Robinson3 and Wlchterle 
4 

reactions have been proposed, involving in many cases multistep procedures. 5.6,7 

We describe in this report a new method for six membered ring annelation which involves the 

reaction of hemiacetal vinyloqs 1 with enol ethers 2 or 3 in the presence of a Lewis acid. Some - - 

preliminary results were reported in a previous paper.* i&action of non-functionalized allyl- 

alcohols with silyl enol ethers was previously described. 9 
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1n the presence of boron trifluoride etherate, 10 hemiacetal vinyloqs i generate the delocalized 

carbocation 6 which reacts rapidly with enol ethers 2 or 2 to yield l,S-dicarbonyl compounds 4 

or 5 (tables 1.2). 
11 

- 
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The reaction may be carried at - 78 OC in dichloromethane 

(1 h). Yields of 1,5-dicarbonyl compounds are generally better 

the solvent. In this solvent we observed that there was not as 

en01 ether 1 of 2 (in the experimental conditions). 

(3 h) or at - 20 OC in nitromethane 

with nitromethane (tables 1, 2) as 

much cleavage of the starting silyl 

When the methyl enol ether i is used instead of the silyl enol ether 3h in nitromethane, - 

the ketoacetal 7h is obtained quantitatively (scheme 1). - 

Ph -Oh ll or i_d 

CH,NO, 

3i - 

Z/E : 80/20 

Scheme 1 

7h R2=H : 100 0 - 

71 R2 = Me : 90 % - 

Ketoacetals 7h,i are rapidly hydrolysed by acidic treatment into the corresponding keto- 

aldehydes Sh and 51 (table 2). -- The same reaction of enol ether 31 with la failed in - 

dichlorometbane. The use of alkyl enol ethers (instead of silyl enol ethers) does not always 

increase the yields. with alkyl enol ethers 2c and 20 lower yields are observed for -- 

1,5- diketones 4b and 4n (table 1).12 - - 

Wen hemiacetal vinylogs with a primary allylic hydroxyle (la_c, R2 = H) are used, the 

yields of the reaction are better than for hemiacetal vinylog with a secondary allylic hydroxyle 

(E, R2 - Me) (table 1). This result is probably due to the higher steric hindrance of the 

reactional center of the secondary carbocation 6d. - 

In the literature, some 1,5-ketoaldehydes are described but are often obtained in poor 

yields. 
13-19 

It is noteworthy that 1,5-diketones jJ and 41 are easily obtained in yields) 50 0 from silyl 

enol ethers & and 21 of hindered cyclohewnones (2,2,6-trimethylcyclohewnone and 2,6-dimethyl- - 

cyclohewnone). These two diketones are important intermediates in the synthesis of natural 

compounds (ferruginol, numbio15) but difficult to prepare because Michail Robinson annulation 

of these a and a,a'-hindered cyclohexanones proceeds poorly. 
5 

1,5-Diketones +were classically cyclired in ethanolic potassium hydroxyde medium2' to give 

the corresponding cyclohexenones gin high yields (table 3) (scheme 2). A similar procedure 

applied to 1,5-ketoaldehydes Idoes not give the corresponding cyclohexenones 9 . However, in basic 

medium cyclohexenones 2 can be obtained in low yields using sodium methylate in methanol. 

Nevertheless, in acidic medium (scheme 2) satisfactory yields were obtained for the cyclisation 

of ketoaldehydes 5 (R3 = H) (table 4). - 
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Table 1. 1,5-Diketones 4 - 
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Ratio 2/l -- 
c.=3y # 

: l/l unless othewise noted. Method A : C3i2C12, - 78 *c, 3 h; method B : 
- 20 “C. 1 h. 

- 

a : 

6 : 

d : 

d : 

Yield of product purified by flash chromatography unless otherwise noted. 

Distilled oosqmu,d. 

Ratio 2/l : 1.7/l -- 
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Table 2. 1,s Ketoaldehydes 5 

- 
R 

C 

starting 
Materials 

Paction 

:ond_i ticm 
a 

1,5-Ketoaldehydes 
Literature 

.elds 9 

6 

48 

40 

48 

R2 Rl 
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Y = SiMe 
Z/E = 75?253 

Y = siMe2tBu; 
Z/E = 100/O 31 

la A - & I?’ 5a H 
0 

la B 
R2O n n - 

la A 
n Ii - 

- 

3( la H Ii 66 - - 9,15, 17 

la H H 44 9,15, 17 

‘p‘ 
OSlMa lb Me H 30 9 - 

1C Et H 41 - 

Id H Me 31 16 
- 

3! 

“P’-OslM., 
Z/E = 90/10 
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Y = SiMe 3’ 2 

Z/E = 70/30 

Y=Me 2 
Z/E = BO/20 

- - 

la A Is H H 35 - 

L.% 
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AC II B 54 

la A ?h St B n 38 - - 

la AC H H 51 - 

la B Ii E 58 - 

la A I! El 0 

la 
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I 
B H H 95 - 

la c B z H Me 80 
J 

- - 

la A R II 40 14 
- i 
la i B H H 5-l 14 - 

- 

a: Ratto3/1: -- l/l unless otherwise noted.Method A : CIi2C12, - 78 "C, 3 h; method B : 

a3N02, - 20 OC, 1 h. 
6: Yields of product purified by flash chromatography based on starting silyl enol ether. 

C : Ratio 3/l : l/1.6. 
d: -- Obtained after hydrolysis of ketoacetals 7. - 



Table 3. Cyclohexenones 5 from 1,5-diketones $ 

l,S-Diketon~ 

i! 

4a 

4b - 

4a - 

Cyclohexenones 

Qi - 
81 !I3 - 

felds % 
a 

86 

73 

85 

69 

a : Yield of product purified by flash chromatography based on the starting 

1,5-diketone 4. 

Table 4. Cyclohexenones 2 from 1,5-ketoaldehydes f 

b: 

c : 

Yield af purified product (by flesh chromatography) based on starting 1,5-ketoaldehyde 5 

otherwise noted. 

Yield of purified product based on the starting sflyl enol ether without isolation of 

the intermediate 1,5_ketoaldehyde. 

Total yield of separated products(E : 20 %; ,lJ : 47 %I. The cyclohexenone s is due to 

the conjugalson of the carbon-carbon double band with the phenyl group. 
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our interest 

a short synthesis 

This process 

starting from the 

(-) carvone), the 

in the field of natural compounds lead US to investigate, in a mDde1 sequence, 

of a D-how-Nor-19 steroid 
S 
and of sesquiterpenes. 

was thus applied to the synthesis of 6-&pi-a-cyperone and a-cyperone (scheme 3). 

hemiacetal vinylog lb by reaction with the silyl enol ether 3 (prepared from - 

corresponding 1,5-diketones 2 and 12 were obtained in good yields as a mixture. - 
With the enol ether 3 (Y = SitBu(Ph12), the reaction become more stereospecific 

(11/12 = 9/l). -- This result is due to the bulkiness of the tertbutyldiphenyl silyl group. By 

flash chromatography the diketone 12 was obtained in a pure form whereas the isomer 11 was - - 

always contaminated by a minor amount of diketone 12 . - 

2: Y = SiMe 3 Yield : 58 % -- 11/12 : 66/33 

3: Y = SitBu(Ph)2 Yield : 75 % -- 11/12 : go/10 

l b 

Yields : 78 % '2 

6-epi-a-cyperone 

0 Pf 
a-cyperone 

a) BF3,Et20 0.25 eq. ’ (313N02 - 20 'C, ratio 2/l : l/1.4. 1 h. -- 

b) KOB, EtOS, 3 M. 25 'C. 

In 

A minor 

basic medium, cyclization of the diketone 12 yields the corresponding a-cyperone 14. 

by product was the intermediate hydroxyketone. This compound was easily separated 

Scheme 3 

(yield : 28 %I and dehydrated in acidic medium to give the corresponding cyclohexenone 14. Thus - 

the total yield of the cyclization is 78 0. The same process was applied to the diketone 11 - 

(contaminated by a minor anwant of the diketine E) and the 6-epi-a-cyperone cwas prepared With 

the same total yield. 

During this reaction, the optical activity of the starting (-) carvone was preserved. 

We have described in this report a general preparation method for 1,5-dicarbonyl compounds 

with good yields from hemiacetal vinylogs 1. and enol ethers. This method is especially suitable 

for the synthesis of 1,5-diketones starting from hindered cyclohexanones such as 2,6-dimethyl 

and 2,2,6-trimethylcyclohexanone. 1,5 Diketones may be conveniently cyclized in basic medium 

whereas 1,5-ketoaldehydes require acidic medium to lead to the corresponding cyclohexenones. 

Using this method, 6-epiu-cyperone anda-cyperone were prepared. Some other syntheses of natural 

compounds are in progress. 
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EXPERIMENTAL 

lli NMR spectra were recorded on a Perkin Elmer R 12 60 MRS. 
13C NNR were recorded on a Varian CFT 20. All chemical shifts are given in 6 unit d&n field 

from internal tetramethylsilane in CDC13 solutions otherwise noted. 1-R. spectra were obtained 
with a Perkin Elmer Infracord 277. Flash chromatography 32was performed On silica gel (230- 
400 mesh) (Et20/ petroleum ether). Nitromethane was dried on molecular sieves 4 It and purified 
by distillation. Dichloromethane was purified by distillation on P205. The reaction progress is 
monitored by thin layer chromatography (ether/petroleum ether : SO/SO). 

Preparation of hemiacetal vinylogs la-d 
The hemiacetal vinylogs la-d were prepared from the corresponding ketoesters by reaction of methyl- 
orthoformate.33 and the resulting enemethoxyesters were reduced by LiA1H4.34 The hemiacetal vinylog 
E with a secondary alcohol function (R 2 = Me) was prepared by the same reaction procedure from 

and spectral data of the compounds &, g are in good agreement with 

3-Methoxy-2-pentene-1-01 lb 
Yield : 75 %; bp : 75 'C/l~mnHg; IR : 1670 cm-' (VC-C), 3350 cm-l (VDH); N?4R lH (CC14) : 1.05 
(t, 3 H); 2.2 (q, 2 H); 3.1 (s, 1 H, OH); 3.5 (s, 3 H); 4.0 (d, 2 H); 4.55 (t, 1 H); 
NMR 13C (C6D6) : 12.90 (q); 24.05 (t); 54.15 (q); 58.35 (t); 96.2 cd); 162.10 (s). 

3-Methoxy-2-hexene-l-01 lc 
Yield : 87 %; bD : 83-86 '713 aa; IR : 1660 cm-' (UC=C), 3350 cm-1 &OH); NMR 1~ (CC~A) : 
0.9 (t, 3 H); 1:5 (m, 2 H);.2.15 (t, 2 H); 2.5 (s, 1 H, OH); 3.5 (S, 3 H); 4.0 (de 2 H);- 
4.6 (t, 1 H); NMR 13C (C6D6) : 13.85 (9); 21.50 (t); 32.60 (t); 54.05 (q); 58.45 (t); 
97.20 (d); 160.40 (s). 

Preparation of silyl en01 ethers 2 from ketones 
To a solution of 12.6 a of triethylamine (0.125 ~1) and of 0.1 mol of ketone (table 1) was added 
15.9 ml of chlorotrimethylsilane IO.125 mol) then 18.8 g of NaI (0.125 mol) in 130 ml of CH3CN 
droprise. The reaction mixture was stirred at 20 'C. The reaction progress was monitored by 
G.C. or T.L.C. (petroleum ether/ether : 50/50). Upon completion, the reaction mixture was diluted 
with pentane, filtered andthe filtrate extracted with pentane (5 x 100 ml). For methylcyclo- 
alkanones, the more substituted double bond is obtained (>90 8). The extracts were evaporated 
under reduced pressure and the trimethylsilyl en01 ether was distilled. 

Preparation of silyl en01 ethers 3 from aldehydes 
To a solution of 16.8 a of NaI (OT125 mall in 130 ml of CHKN was added 15.9 ml of chlorotrime- 
thylsilane (0.125 mol) and 12.6 g (0.125 ml) of triethylamine. The solution was cooled to 10 'C 
and 0.1 mol of aldehyde (table 2) was added dropwise (temperature410 'C). The reaction mixture 
was stirred for an additionnal 12 h at 20 'C. The reaction mixture was diluted with pentane, 
filtered and the filtrate extracted with pentane (5 x 100 ml). The combined extracts were evapo- 
rated under reduced pressure and the en01 ether was distilled. 
Analysis and spectral data of the silyl enol ethers 2&, g, 2j-1, 2n. 3c, 3&, prepared from 
ketones and aldehydes, are in good agreement with the literature.36=-Spectral data of 
unknown products are described below. 

3-Trimethylsiloxy-2-pentene 2a 
Yield : 55 %; bD : 132-134.°CF60 ranHa; IR : 1685 cm-1 (VC=C); NMR 1H : 0.19 (s, 9 Ii); 1.02 
ct. 3 H). 1.5 cm, 3 H); 2.0 (q, 2 H);-4.52 (q, 1 H). 

2,6-Dimethyl-l-trimethylsiloxycyclohexene 2h 
Yield : 93 %; bp : 86-88 OC/18 swig; IR : 1680 cm-1 (VC=C); NMR lH : 0.2 (5, 9 RI; 
1.1 (s, 3 H); 1.5-2.3 (m, 6 H). 

1.0 (s, 3 H); 

2,2,6-Trimethyl-l-trimethylsiloxycyclohexene g 
IR : 1675 cm-1 (VC=C); NMR 1~ 
NMR 13c (CODA) : 1.2 (q); 18.0 

(cgD6) : 0.07 (s,9 H); 0.92 (s, 6 H); 1.2-1.9 (m, 9 
(q); 20.0 (t); 27.8 (4); 31.95 (t); 35.4 (s); 40.35 

109.6 (5); 150.4 (s). 

I-Trimethylsiloxy-1-butene 3a 
Yield : 47 %; bp : 113-115 Oc/760 nmHg; IR : 1655 cm-1 WC=C); NMR 'H : isomer 2 : 
0.9 (t, 3 H); 2.0 (q, 2 H); 4.3 (q, 1 H); 6.0 (dd, 1 H); isomer E : 0.05 (s, 9 H); 
1.9 (q, 2 H); 4.85 (q, 1 H); 6.1 (dd, 1 H). 

H) i 
(t) i 

0.15 (s, 9 H); 
0.9 (t, 3 H); 

1-Dimethyltertbutylsiloxy-1-butene 3b 
Yield : 45 %; bp : 59-61 Oc/16 umBq;lR : 1660 cm-1 (VC=C); NMR 1~ (CC14) : 0.1 (s, 6 H); 0.95 
(s, 9 H); 0.95 (t, 3 H); 2.0 (q, 2 H); 4;35 (q, 1 ii); 6.1 (d, 1 H). 

1-Trimethylsiloxy-1-heptene ~CJ 
Yield : 40 %; bp : 72 OC/12 mmIig; IR : 1660 cm-' (VC=C); NMR 1~ : isomer Z : 0.15 (S, 9 H); 
0.9 (m, 3 H); 1.3 (m, 6 H); 2.05 (m, 2 H); 4.45 (q, 1 Ii); 6.1 (d, 1 H); isomer E : 0.15 (s, 9 H); 
0.9 (m. 3 H); 1.3 (m, 6 H); 2.05 (m, 2 H); 4.95 (q, 1 H); 6.2 (d, 1 H). 

l-Trimethylsiloxymethylenecyclohexane 2 
Yield : 53 %; bp : 87-90 Oc/26 swig; IR : 1685 cm-1 (VC=C); NMR 1~ : 0.15 (9, 9 H); 1.3-1.7 
(m, 6 H): 1.9 (m, 2 H); 2.2 (m, 2 8); 6,0 (s, 1 Ii). 

Preparation of 1,5-dicarbonyl compounds 4 and 5 --- 
To a stirred solution of 5 nnnol of silyl en01 ether ,& or 1 in 5 ml of CH3ND 
of hemiacetal vinylog 1. (tables 1 and 2) in 5 ml of solvent cooled at - 20 
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added dropwise 0.2 ml of a solution of boron trifluoride etherate (0.25 eq.) and ether (volumic 

ratio BF3,Et20/Et20 : 4/l). The reaction mixture was stirred for 1 h (3h) at - 20 'C (- 78 "C) 
and then hydrolyzed at 0 'C (- 30 "C) with 5 ml of an aqueous saturated solution of NaHC03. The 

solution was stirred for 15 min at - 20 'C. The mixture was then extracted with 7 x 15 ml of 

CH2c12. organic layers were dried (MgSO4) and evapored. 
purified by flash chromatography32 (ether/petroleum ether 

1,5-Dicsrbonyl compounds 4 or 5 were 
: lO/lOO) or distilled. For 1:5-dicar- 

bony1 compounds 4&, a, e, h_k, ", z, a, r, 1, see references in tables 1 and 2. 

5-Methyl-2,6 octsnedione 4a 

bp : 85-88 WO.3 mmlig; IR? 1715 cm-l (VC=O); NMR 1~ : 1.03 (t, 3 H); 1.1 (d, 3 H); 1.75 

(m, 2 H); 2.12 (s, 3 H); 2.41 (t, 4 H); 3.2 (m, 1 H). 

2-Methyl-2(3-oxo hexyl)cyclohexsnone 4f 
IR : 1720 cm-l (W-0); NMR lH : 0.9 Ct;3 Ii); 1.2 (q, 2 H); 

NMR 13c 
1.5-2;0 (m, 8 H); 2.1-2.5 (m, 6 H); 

: 13.75 (q); 17.3 (t); 21.05 (t): 22.6 (q); 27.45 (t); 31.2 (t); 37.4 (t) i 38.75 (t); 

39.6 (t); 44.75 (t); 47.85 (s); 210.08 (s); 214.9 (s). 

2-Methyl-2(1-methyl-3-oxo butyl)cyclohexanone 3 
IR : 1705 cm-1 (vc=o); NMR la : 0.9 (s, 3 H); 0.9 (d, 3 a); 1.15-2-a (m, 11 H); 2.1 (s, 3 H). 

6-Meth~y-2(3-0~0 butyl) a-tetralone 41 
IR : 1680-1720 cm-1 (X=0); NMR 1~ : 12-3.0 (m, 9H); 2.05 (s, 3H); 3.7 (s, 3~); 6.65 (m, 2H); 
7.85 (d, 1 H); NMR l3C : 23.5 (t); 28.3 (t); 28.4 (t); 29.3 (q); 40.65 (t); 45.7 cd); 54.8 (q); 
111.85 (d); 112.65 (d); 125.4 (s); 129.07 cd); 145.8 (s); 162.9 (s); 197.97 (s); 208.0 (s). 

6-Methoxy-2(l-methyl-3 0x0 butyl) a-tetralone 4m 

IR : 1600 cm-l (X-C); 1670-1705 cm-l (UClo); g 1~ : 0.85-0.95 (2 d, 3 a); 2.1 (s, 3 H); 
1.6-3.0 (m, 8 H); 3.8 (s, 3 H); 6.7 (m, 2 H); 7.9 (d, 1 H); NMR 13C (C6D6) : 2 diastereoisom&es: 
16.65; 17.1; 24.15; 25.33; 27.97; 28.85; 29.25; 29.75; 47.7; 48.25; 51.5; 52.2; 55.1; 112.75; 

113.2; 129.9: 146.4; 163.55; 196.95; 206.6. 

2-Ethyl-5-oxo-hexanal 5a 
IR : 1720 cm-l (X=0); iiill lH : 1.25-1.9 (m, 2 H); 1.85 (q, 2 H); 2.15 (s, 3 H); 2.0-2.3 (m, l H); 
2.45 (t, 2 H); 9.65 (d, 1 H); Nt4R13C : 11.34 (q); 22.0 (2 t); 29.9 (4); 40.7 (t); 

52.6 cd); 204.65 (d); 207.7 (s). 

2,2-Dimethyl-5-0x0 octnnal 5e 
IR : 1720 cm-l (XXI); NMR lH: 0.9 (t, 3 H); 1.0 (s, 6 H); 1.15-1.95 (m, 4 H); 2.1-2.55 (m, 4 H); 

9.5 (s, 1 H). 

2,2-3-Trimethyl-5-0x0 hexanal 5f 

IR : 1725 cm-l (X=0); NNR lH :x.8-1.2 (m, 1 H); 0.9 (d, 3 E); 1.0 (s, 6 H); 2.15 (s, 3 H); 
2.35 (d, 2 H); 9.5 (s, 1 A); NMR13C : 14.85 (q); 18.1 (q); 18.9 (q); 30.35 (q) i 32.65 (d) i 
45.9 (t); 48.4 (s); 205.7 (d); 207.2 (s). 

2-n-oentvl-5-oxo hexanal a 
IR (CDC13) : 1720 cm-l (X=0); NNR 1~ : 0.9 (m, 3 H); 1.0-1.95 (m, 8 A); 1.82 (q, 2 H); 2.15 

(s, 3 H); 2.3-2.6 (m, 1 H); 2.95 (t, 2 H); 9.6 (d, 1 H); NMR 13C : 14.0; 22.47 ( 2C); 26.7; 29.1; 

29.95; 31.9; 40.75; 51.25; 204.7 (d): 207.75 (s). 

2-Phenyl-5-oxo hexanal 5h 
IR : 1725 cm-l (vC=O); g 1~ : 2.02 (s, 3 Et); 1.8-2.65 (m, 4 H): 3.35-3.7 (m, 1 H); 6.95-7.55 
(m, 5 H); 9.7 (d, 1 H); N~Rl3c : 23.56 (t); 29.9 (q); 40.5 (t); 57.9 (d); 127.85; 128.95; 

129.25; 135.75 (s); 200.2 (d); 207.85 (s); 

Anal.Cslcd for C12H1402 : C, 75.74; H, 7.4; Found : C, 75.4; 8, 7.3. 

3-Methyl-2-phenyl-5-oxo hexanal 51 - 
IR : 1715 cm-l (X=0) 

2 diastereoisomers ratio 55/45 
+10r isomer : NMR 1~ : 1.05 (d, 3 H); 1.95 (s, 3 H): 2.25 (s, 2 H); 2.7-3.0 (m, l H); 3.45 

(dd,-l-H);-7.15-7.55 (m, 5 H); 9.75 (d, 1 H); NMRl3C : 18.4 (q); 29.56 (q); 29.9 (d); 47.15 (t); 

64.15 cd); 126.75; 127.8; 129.2; 129.65; 135.6 (s); 199.15 (d); 205.65 (s); 

Minor isomer : NMR 'H : 0.8 (d, 3 H); 2.1 (s, 3 H); 2.5 (d, 2 H); 2.7-3-O (m, 1 H); 3.45 

(dd,-l-HFj-7.15-7.55 (m, 5 H); 9.72 cd,.1 H); NMR l3C : 17.6 (q); 29.6 (q); 29.9 (d); 48.2 (t); 

64.55 (d); 125.8; 127.4; 127.7; 129.9; 135.9 (5); 199.8 cd); 205.85 (9). 

l,l-Dimethoxy-2-phenyl-5-hexsnone 7h -- 
IR : 1725 cm-l (Vc=O); NMR =H : 1.6-2.5 (m, 4 H); 2.05 

5 H); NMR 13C 
(s, 3 H); 3.2 (s, 3 H); 3.4 (s, 3 H); 

3.7 (d, 1 H); 4.5 (d, 1 H); 7.65-7.8 (m, <C6~6) : 24.75 (t); 28.95 (q); 40.5 (t); 

47.9 (d); 53.4 (2 q); 107.55 (d); 126.2; 128.0; 128.45; 140.75 (s); 206.5 (9). 

Cycliration in basic medium of the 1,5-diketones 4 
To 6 rrmol of 1,5-diketone 4 (table 3) wbs added 3.3 ml (0.65 ml/srnol) of KOH in EtOH (3 M). lhe 

solution was stirred 1 hat 20 OC and 10 ml of an aqueous saturated solution of NaCl was 

added. The mixture was then extracted with ether (7 x 20 ml). Organic layers were dried (MgSOq) 

and evaporated. The cyclohexenones 8 were purified by flash chromatography32 oZt20/petroleum 
ether : lO/lOO). 
For spectral data and analysis of compounds e, h_k, see references in table 4. 

lo-methyl-l-ethyl-2 octalone 8f 
IR : 1610 cm-l (vC=C); 1670 cm7 (VC=O); NMR 1~ (CC14) : 0.8 (t, 3 H); 1.0 (q, 2 H); 1.2 (S, 3 H); 

1.5-2.5 (m, 12 H); NMR l3C : 14.2 (q); 18.3 (t): 21.65 (q); 22.65 (t); 27.4 (t); 29.8 (t); 
34.15 (t); 36.25 (s); 37.9 (t); 42.3 (t); 134.95 (s); 162.6 (s); 198.55 (s). 
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7-Hethoxy-1-methyl-1,2,3,9,l0a~exahydropheMnthrene-3-one Em 
IR : 1660 cm-l (UC*); 1590 cm-l (vC=C); W 'E : 1.15 (d, 3a); 1.6-2.8 (m, 8 a); 3.7 (s, 3 a); 
6.4-6.7 (m, 3 H); 7.6 (d, 1 a); NMR~~C : 18.9 (q); 26.5 (t); 29.7 (t); 34.7 (d); 43.35 cd); 
45.2 (t); 54.6 .(q); 112.75 (2d, 2 c); 118.05 (d); 123.55 (5); 126.65 (d); 141.4 (s); 157.5 (s); 
160.75 (s); 198.85 (s). 

Cyclization of the 1,5-ketoaldehydes 5 in acidic medium 
To 3 mnol of 1,5-ketoaldehyde 2 (table 4) was added 7.5 ml of an aqueous solution of HCl 3M. Ihe 
vigourously stirred suspension was refluxed for 1 h and then cooled to room temperature. 'Ihe 
mixture was then extracted with CH2C12 (5 x 15 ml). Organic layers were dried (fQSO4) and 
evaporated. The cyclohexenones 2 were purified by flash chromatography.32 Anal sis 
data of the cyclohexenones 9a,c,f,l are in good agreement with the literature.1 r 

and spectral 
e14, 29,30,31 --- 

Cyclization of the 1,5-ketoaldehydes 5 in basic medium 
To 12 nmal of MeONa in 5 ml of HeOB &led at 0, - 5 'C was added a solution of 2 mm01 (0.28 g) 
of ketoaldehyde SC (table 4) in 2 ml of MeOH. The solution was stirred 1 h at 20 'C. 10 ml of 
a 10 % aqueous solution of HCl were then added. The mixture was then extracted with C~2c12 
(4 x 10 ml). Organic layers were dried (14gS04) and evaporated. The cyclohexenone 9c was purified 
by flash chromatography. 32 

- 
Yield of cyclohexenone 9c : 54 a. - 

Spectral data of cyclohexenones 9 and 10 : --- 
4,4-Dimethyl-2-ethyl-2-cyclohexen-1 one 9e 
IR 1665 cm-l (broad, UC=C; VC=O); NMR 1~ TO.9 (t, 3 E); 1.05 (5, 6 li); 1.75 (t, 2 H): 2.1 (q, 2H); 
2.35 (t, 2 H); 6.35 (s, 1 H); NMR 13C : 12.95 (q); 22.45 (t); 28.15 (2 q); 32.8 (s); 
34.8 (t); 36.35 (t); 138.2 (s); 153.3 cd); 198.98 (s). 

4-n,oentvl-I-cvc~1 
IR : 1675 cm-1 (broad, ;C-C; VC=O); NMR 1~ (C6D6) : 0.4-1.6 (m, 13 H); 1.7-2.4 
(9, 1 H); 6.85 (d, 1 H); NMR 13C : 

(m, 3 a); 5.88 
14.2 (q); 22.85; 26.7; 28.65; 32.05; 34.65; 36.05; 37.05; 

115.75 (d); 154.35 (d); 198.55 (s). 

4-Phenyl-2-cyclohexen-1 one 9h 
IR : 1690 cm-' (W-0; VC=C); & 111 : 0.85 'Xt, 2 8); 3.05 (q, 2 H); 5.9 (q, 1 H); 6.5-7.3 (m, 6 H). 

4-Phenyl-3-cyclohexen-1 one 10 

IR : 1685 cm-l (V&C); 1720 cm-1 (~c-0); NMR IH : 0.7-1.45 (m, 2 H); 2.25 (m, 2 8); 2.7 (m, 2 H); 
6.05 (t, 1 H); 7.35 (m, 5 H); NRR 13C : 27.85 (t); 38.6 (t); 39.85 (t); 120.9 (d); 125.2: 
127.35; 128.4; 137.7; 140.75 (s); 209.65 (5). 

a-Cyperone 14 and 6-a-epi-cyperone 13 4o 
The silyl ezl ether 3 was preparedfrom dihydrocarvone (prepared by reduction with Li/NH3 
liquid of carvone4'j, using the process described before. 
in the c*se of the silyl en01 ether 2q, tertbutyldiphenyl silyl chloride was used instead of 
trimethyl silyl chloride, and commercially available dihydrocarvone (Aldrich). 

2-Methyl-5-(l-methyl ethenylj-1-trimethylsiloxycyclohexene * from carxone 
Yield : 68 % ; bp : 59-60 Y/O.4 mmHg; IR : 1690 cm-l (XX); NMR 1H : 0.2 (6, 9 H); 1.55 (5, 3 H); 
1.75 (s, 3 H); 1.6-2.5 (m, 7 H); 4.7 (s, 2 H). 

2-Methyl-5-(l-methyl ethenyl)-I-tertbutyldiphenylsiloxycyclohexene 2q from dihydrocarvone 
Yield : 80 %; IR : 1650-1695 cm-l (vc=c); NRR 1~ (CC&) : 1.1 (s, 95); 1.25-2-O (m. 10 ii): 
1.45 (s, 3 H); 4.5 (d, 2 A); 7.2-7.8 (m, 10 H); NRR 13~ : 16.2; 19.3; 20.45; 26.75;.27.55; 
30.15; 35.55; 42.05; 108.45; 110.0; 127.35; 129.45; 134.4; 135.2; 142.95; 148.25. 

Diketones 11 and 12 --- 
The 1,5-diketones 11 and s were prepared from the reaction of the hemiacetal vinylog Ewith 
the silyl enol ethers &or 4 using the process described above-when the reaction occured with 
the silyl enol ether &, the two diketones 11 and cwerc separated by flash chromatography (Et20/ 
petroleum ether : S/lOO).After three succesxve chromatographies, two fractions are obtained : 
l~~re_a"d_ll + 12. 

yl 2 (3XRo pmtyl)-5-(l-methyl ethenyl) 11 and 12 --- 

Isomer 11 - IR : 1640 an-1 (WCC); 1705 cm-l (VC=O); NMR 1~ : 1.0 (5, 3 a); 1.0 (t, 2 a); 
i.!?-T.7rm, 15 H); 1.75 (s, 3 H); 4.75 (s, 2 H); NMR 13c : 7.7; 20.55; 23.0; 25.7; 31.5; 35.7; 
36.5; 37.2; 43.1; 45.55; 46.8; 109.95; 147.09; 211.3; 214.65. 

25"~ 
MD = t 30.41° (c = 1.8; dioxanne) (contaminated by a minor amount of 2, ratio 11/12 : 9/l). -- 
Isomer 12 - IR : 1645 cm-l (VC=C); 1705 cm-l (VC=O); NMR 1~ : 1.05 (s, 3 H); 1.0 (t, 2 H); 
1.G-T.7%, 15 a); 1.75 (s, 3 a); 4.75 (9, 2 H); NRR 13~ : 7;9; 20.55; 22.35; 26.3; 30.9; 35.7; 
36.65; 38.7; 43.55; 46.3; 47.15; 109.9; 147.8; 208.65; 212.6. 

2S°C (a) D 
= + 77.02' (c = 1.98; dioxanne). 

a-Cywrone 14 and 6-epi-wcyperone 11 were obtained by cyclization in basic medium (as described 
above) of the corresponding 1,5-diketones 12 and 11 - -* 

a- Cyperone 14 40043 
IR : 1610-1zO cm-l (VC=C); NMR 1H (CCl4) : 1.25 (s, 3 8); 1.7 6 

13C 
(s, H); 1.3-2.75 (m, 11 a); 

4.8 (s, 2 H); Nl4R : 10.9; 20.6; 22.58; 26.95; 32.95; 33.9; 35.9; 37.65; 42.0; 46.0; 109.3; 
128.75; 148.85; 161.57; 198.3. 

20,s'~ 
(a), = t 71.22O (c = 1.425; CHC13); (Lit.43 Ia), = El0 (c = 0,078, dioxanne)). 
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6-epi-a-cyperone 13 
40,43,44 

(from mixture 13/14 : 9/l) 
- -- 

IR : 1610 cm-l (VC=C),1670 cm-' (Vc=o); tWi(R II3 : 1.25 (s, 3 Ii); 1.75 (s, 3 H); 1.85 (s, 3 a); 

1.3-2.75 (m, 11 ii); 4.65 (s, 1 H); 4.85 (s, 1 E); NMR~~C : 10.9; 22.6; 23.1 (2 c); 31.1; 33.9; 
35.9 (2 c)~ 37.65; 41.0; 111.0; 129.05; 147.251 161.6; 197.9. 

~a120~5"c= -148.1O 
D 

(C = 2.3; CHC13) (z/ 14 : 9/l); (Lit.44 {Cr)Foc- -192' (C = - 1.7; CHC13; 

13 pure). - 
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