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cisJasmone (9)  is found in the flower oils of several 
varieties of Jasminum and is indispensable in the re- 
production of jasmine fragrance from substances of 
synthetic origin. Total syntheses of cis-jasmone have 
been reported;' however, the routes employed are 
lengthy and suffer from low over-all yields. Jasmone 
has received considerable attention as a result of new 
methods of synthesizing 1,4 diketones which have been 
key intermediates leading to the cyclopentenone system. 

We have developed a synthesis which allows the pro- 
duction of cis-jasmone in -40% over-all yield from the 
readily available cyclopentadiene. In  addition, cyclo- 
pentadiene is easily transformed into A3-cyclopente- 
nones with substitution adjacent to the carbonyl func- 
tion (e.q., 6). A3-Cyclopentenones of type 6 are poten- 
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tially versatile intermediates and, moreover, they can 
be expected to  equilibrate to  the more stable a,p-un- 
saturated ketone (e.q., 7).  

The starting point for the present synthetic scheme 
was the position-specific addition of dichloroketene to  
cyclopentadiene.2 Treatment of a solution of cyclo- 
pentadiene and dichloroacetyl chloride in hexane a t  0" 
with an excess of dry triethylamine in hexane resulted 
in an 85% yield of 7,7-dichlorobicyclo [3.2.0]hept-2-en- 
6-one (1). Dechlorination was effected with excess 
zinc dust in glacial acetic acid a t  -60" for approxi- 
mately 1 hr to afford the bicyclic ketone 2 in >90% 
yield. Treatment of a solution of 2 in glacial acetic 
acid with 30% aqueous hydrogen peroxide a t  0" for 24 
hr produced in 90% yield the bicyclic lactone 3.3 The 
lactone 3 was reduced quantitatively to  the hemiacetal 
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4 employing diisobutylaluminum hydride in toluene at  
-78". The cis double bond present in jasmone was 
introduced in 7001, yield by treatment of the hemiacetal 
4 with the ylide derived from propyltriphenylphos- 
phonium bromide in dimethyl ~ulfoxide.~ The result- 
ing alcohol could be oxidized with Jones reagent a t  0" 
in acetone to afford a quantitative yield of the A3-2-(cis- 
2-penteny1)cyclopentenone (6). 

Initial attempts to isomerize the A3-cyclopentenone 6 
to the more stable a,p-unsaturated ketone 7 employing 
aqueous sodium hydroxide-ethanol proved disappoint- 
ing. The predominant product 'was the desired di- 
enone 7;  however, the yields ranged from 50 to 60%. 
Isomerization of the double bond mas successfully ac- 
complished in 90% yield with 2% aqueous sodium hy- 
droxide at  -70". The dienone 7 was transformed into 
cis-jasmone (9) by addition of methyllithium followed 
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by oxidation of the resulting carbinol 8 with chromium 
trioxide.lj cis-Jasmone (9), Y~~~~~ 1685 and 1640 
ern-', was characterized by its 2,4-dinitrophenylhy- 
d r a ~ o n e . ~  Ir  and nmr spectra of synthetic cis-jasmone 
were identical with those of an authentic sample.6 

The present synthesis allows the conversion of cyclo- 
pentadiene to cis-jasmone (9) in seven steps with an 
over-all yield of -40%. 

Experimental Section 

Microanalyses were performed by the Spang Microanalytical 
Laboratories, Ann Arbor, Mich. Melting and boiling points are 
uncorrected. The following spectrometers were used: nuclear 
magnetic resonance (nmr), Varian T-60 and A-60D (in S units, 
with TMS as internal reference in CCl, unless stated otherwise); 
infrared (ir), Perkin-Elmer Model 247 and Beckman IR-8; mass 
spectrometer (mass spectrum) LKB-9. Vapor phase chromatog- 
raphy (vpc) analyses were performed on a Varian Aerograph 
Model 90-P instrument using silicone rubber SE-30 and Carbowax 
20 M columns. Pre-coated PLC silica gel F-254 Merck plates 
were used for preparative tlc. 
7,7-Dichlorobicyclo[3.2.0] hept-2-en-6-one (l).-To a vigor- 

ously stirred solution of 27.2 g of freshly distilled cyclopentadiene, 
30.5 g of dichloroacetyl chloride, and 200 ml of hexane (dried over 
molecular sieves) was added 21.7 g of dry triethylamine in 200 ml 
of hexane over a period of 1.5 hr. After stirring for 15 hr under 
an atmosphere of nitrogen, the reaction mixture was filtered and 
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the filter cake was washed with hexane. The solvent was re- 
moved in  vacuo, yielding a liquid weighing 35.2 g. Vacuum dis- 
tillation afforded 30.0 g of product (-85%): bp 49-50" (0.3 
mm); ir (CHC13) 1805 (C=O) and 1608 cm-l (C=C); nmr (CC14) 
6 2.70 (m, 2 H, -CHz-), 4.10 (m, 2 H, bridgehead)] 5.90 (m, 2 H,  
CH=CH). 

Anal. Calcd for C ~ H ~ C ~ Z O :  C, 47.47; H,  3.42; C1, 40.06. 
Found: 

Bicyclo[3.2.0] hept-2-en-6-one (2).-To a vigorously stirred sus- 
pension of 11.0 g (0.169 g-atom) of zinc dust in 15 ml of glacial 
acetic acid a t  room temperature was added dropwise 5.00 g 
(0.028 mol) of 7,7-dichlorobicyclo[3.2.0] hept-2-en-6-one in 5 ml 
of glacial acetic acid. After addition was complete, the tempera- 
ture was raised to  and maintained at  70" for 40 min. Tlc analy- 
sis (pentane-1%) after 40 min indicated no starting material re- 
maining. The reaction mixture was cooled and treated with 
ether, and the zinc residue was filtered. The ethereal layer was 
washed with a saturated solution of iYa2C03 to remove the acetic 
acid and dried (MgSOa). The solvent was removed on a rotary 
evaporator a t  ca. 10" and the product (2.89 g, 95%, homogeneous 
by tlc) was isolated by distillation: bp 60" (-15 mm); ir 
(CHCl3) 1778 (C=O) and 1605 cm-1 (C=C); nmr (CClr) 6 
2.4-2.9 (3 H,  m), 3.0-3.6 (2 H I  m), 3.6-4.0 (1 H,  m), 5.80 (2 H, 
broad singlet). 

Lactone of cis-2-Hydroxycyclopent-4-ene-l-acetic Acid (3).-- 
To a solution of 3.24 g (30 mmol) of bicyclo[3.2.0]hept-2-en-6-one 
in 85 ml of 90% aqueous acetic acid cooled to 0" was added 8.15 g 
of 30% hydrogen peroxide in 70 ml of 90% aqueous acetic acid. 
The reaction was stirred at  0" for 24 hr (overnight). The product 
was extracted with ether and washed with 10% aqueous sodium 
sulfite and saturated sodium bicarbonate. The ether layer was 
dried over MgSO4 and the solvent was removed in  vacuo. Distil- 
lation afforded 3.35 g (90%) of lactone 3: bp 70-71" (0.2 mm); 
ir (CHCls) 1760 (C=O) and 1605 cm-l (C=C); nmr (CC1,) 6 
2.0-3.0 (4 H,  m), 3.45 (1 H,  m), 5.05 (I H ,  m), 5.65 (2 H ,  m);  
mass spectrum m/e 124. 

Anal. Calcd for CvH802: C, 67.73; H, 6.49. Found: C, 
67.83; H,  6.40. 

Reduction of 3 to  Hemiacetal 4.-Diisobutylaluminum hydride 
(6.39 g, 45 mmol) was added dropwise with stirring to a solution 
of pure lactone 3 (3.72 g, 30 mmol) in 200 ml of dry toluene cooled 
to -78'. The reaction mixture was stirred under nitrogen at  
-78' for 2 hr. The reaction was quenched by the addition of 
methanol (1.0 ml until gas evolution ceased) and was warmed to 
room temperature. After it was stirred for an additional 15 min, 
the reaction mixture was diluted with 100 ml of ether and 100 ml of 
50% brine solution. The resulting emulsion was destroyed by 
the addition of 100 ml of an aqueous solution containing 5 ml of 
concentrated hydrochloric acid. An additional 150 ml of ether 
were added and the organic layer was separated. The aqueous 
layer was extracted with ether (2 x 50 ml). The combined 
organic extracts were dried over anhydrous sodium sulfate. 
Evaporation of the solvent in  vacuo afforded 3.68 g (99OjG) of a 
clear liquid, bp 44-45' (0.01 mm), which was homogeneous by 
tlc (methylene chloride-methanol, 19: 1, Rf 0.58): ir (CHC13) 
3598, 3395 (OH), and 1605 cm-' (C=C); nmr (CCla) 6 1.50-2.20 
(2 H,  m), 2.40-2.70 (2 H,  m), 3.30 (1 H, m), 4.50-4.95 (2 H, m), 
5.25-5.65 (3 H,  m); mass spectrum m/e 108 (AI - 18). 

Anal. Calcd for C,H,oO%: C, 66.64; H ,  7.99. Found: C, 
66.75; H,  7.86. 
~-(cis-2-Pentenyl)cyclopent-3-en-l-ol (5).-n-Propyltriphenyl- 

phosphonium bromide (17.71 g, 46 mmol), dried for 1 hr a t  75' 
(0.2 mm), was dissolved in 90 ml of freshly distilled dimethyl 
sulfoxide (DMSO, distilled from CaHn). To this solution a t  
room temperature under nitrogen was added sodium methylsul- 
finylmethide, which yielded a red-omnge solution. The anion of 
DMSO wasprepared asfollows: 2.90 g (69 mmol) of 57% sodium 
hydride dispersion was washed with dry pentane to remove the 
mineral oil. Dry DMSO (50 ml) was added and the mixture was 
stirred at  75Ofor ca. 1.5 hr. 

Pure hemiacetal 4 (2.90 g, 23 mmol) in dry DMSO (10 ml) was 
added after 5 min. The reaction was stirred at room tempera- 
ture for 2.5 hr, a t  which time tlc analysis (CHzCl2-;CIeOH, 99: 1) 
indicated no starting material remaining. The reaction was 
quenched by the addition of ice water and the mixture was ex- 
tracted with hexane. The organic layer was washed with satu- 
rated sodium chloride solution, dried (NgS04), and evaporated to 
afford 3.35 g of crude product. Distillation of the product af- 
forded 2.45 g (70%) of pure product, bp 48' (0.01 mm), homoge- 
neous by tlc (CHzCl2-MeOH, 99: 1, Rf 0.60): ir (CHC13) 3600, 

C, 47.33; H,  3.48; C1,40.16. 

3460 (OH), and 1605 cm-l (C=C); nmr (CCla) 6 1.00 (3 H,  t),  
1.80-2.80 (8 H,  m), 4.30 (IH, m), 5.30-5.70 (4 H,  m); mass spec- 
trummle 152, 135 (&I - 18). 

Anal. Calcd for C10H160: C, 78.89; H, 10.60. Found: C, 
79.02; H, 10.64. 
Z-(cis-Z-Pentenyl)-Z-cyclopentenone (7).-A solution of 200 mg 

(1.32 mmol) of alcohol 5 in 10 ml of acetone was cooled to 0" and 
was treated dropwise with 1 equiv of standard Jones reagent 
(-0.4 ml). After 5 min, 0.2 ml of isopropyl alcohol was added 
and the mixture was extracted with pentane. The organic layer 
was subsequently washed with 10% NaHCO8 and water, dried 
(MgSOa), and evaporated in  vacuo to afford 190 mg of crude A3-cy- 
clopentenone 6, homogeneous by tlc (methylene chloride, Rf 
0.75): ir (CHCl3) 1749 cm-l (C=O); nmr (CCla) 6 0.98 (3 H ,  
t ) ,  1.70-2.60 (5 H, m), 2.60-3.00 (2 H, m),  5.35 (2 H,  m), 6.05 
(2 H ,  broad singlet). 

The crude ketone 6 was treated with 8.0 ml of aqueous 2y0 
NaOH solution under nitrogen at  -70". Isomerization to the 
more stable a,p-unsaturated ketone 7 was essentially complete 
after ca. 1 hr. The mixture was cooled, extracted with pentane, 
washed with water, dried (NaeS04), and evaporated, affording 
166 mg of dienone 7, bp 67-68' (0.05 mm), which was homoge- 
neous by tlc (methylene chloride, Rf 0.53): ir (CHC13) 1690 
(C=O) and 1630 cm-l (C=C); nmr (CCla) 6 0.98 (3 H,  t ) ,  1.80- 
3.00 (8 H,  m), 5.40 (2 H,  m), 7.18 (1 H,  broad singlet). 

cis- Jasmone (9).-TO a solution of 140 mg (0.93 mmol) of ke- 
tone 7 in 3 ml of anhydrous ether cooled to  0" was added 1.2 ml 
(2.0 mmol) of 1.66 M methyllithium in ether. After 15 min at  
room temperature the mixture was quenched with cold water. 
The product was extracted with pentane, washed with water, 
dried (Na2SOr), and evaporated in  vacuo to afford 149 mg of alco- 
hol 8, ir (CHCL) 3610, 3430 cm-l. 

The crude carbinol was dissolved in 3 ml of ether, cooled to  OD, 
and treated dropwise with a solution of 100 mg of CrOs in 1 .O ml 
of aqueous 5% &Sod. Stirring was continued for an additional 
15 min at  0". The reaction was quenched by the addition of 
water and the mixture was extracted with pentane. The organic 
layer was washed with 10% NaHC03 and water, dried (NazSOa), 
and evaporated to give 138 mg (84% yield) of crude cis-jasmone 
(9). A pure sample was obtained by preparative tlc on silica gel 
plates using methylene chloride-methanol (99: 1): ir (CHCla) 
1685 (C=O) and 1640 cm-1 (C=C); nmr (cc14) 6 1.00 (3 H,  t ) ,  
2.0 (3 H,  s) ,  2.1-2.6 (6 H ,  m), 2.85 (2 H,  d) ,  5.25 (2 H,  m). I r  
and nmr spectra and retention time on vpc were identical with 
those of an authentic6 sample of cis-jasmone. 
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Allene (1) can be considered the parent molecule for 
a number of heterocumulene analogs of which the nitro- 

(1) See G .  Krow, Angew. C h e m ,  83 ,  455 (1971); Angew. Chem., Int. 
Ed. En&, I ,  435 (1971), for a review of ketenimine chemistry. 


