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A practical method for the large-scale preparation of exo-7-ethyl-5-rnethyl-6,8- 
dioxabicyclo( 3.2.1 )octane (brevicornin) is described. A key reaction was the stereoselec- 
tive ring closure of the oxido ketone formed in situ from epoxidation of ck-6-nonen- 
2-one. 

T h e  sex attractant of the western pine beetle, Dendroctonus 
breuicomis, was shown ( 2 )  to be a three-component mixture 
of myrcene, frontalin ~1,5-dimethyl-6,8-dioxabicyclo- 
(3.2.l)octane], and eno-brevicomin [exo-7-ethyl-5-methyl- 
6,8-dioxabicyclo(3.2.l)octane]. Two prior syntheses of the 
main factor, brevicomin, have appeared ( I ,  3 ) ;  however, 
these were impractical for the large quantities required 
for field testing. A simple process partially based on the 
method of Wasserman and Barber (3) has been developed. 

cis-3-Hexene-1-01 ( I )  was converted to its tosylate ester 
(11) in 86'( yield, which in turn was used to alkylate 
ethyl acetoacetate. The crude keto ester intermediate was 
carefully hydrolyzed by stirring with aqueous 1N sodium 
hydroxide a t  ambient temperature for 48 hr. The resultant 
solution was acidified and boiled to cause decarboxylation 
to afford cis-6-nonen-2-one (111) in 37% yield from 11. 
The application of heat or significant amounts of alcoholic 
cosolvent in the alkaline hydrolysis medium promoted Clai- 
sen cleavage of the keto ester intermediate with drastic 
lowering of the yield of ketone 111. 
cis-6,7-0xidononan-2-one (IV) could be obtained by treat- 

ment of I11 with m-chloroperbenzoic acid, but thermal rear- 
rangement ( 2 )  gave low yields of eno-brevicomin (V) along 
with polymeric material. I t  was found that if the epoxida- 
tion was conducted in benzene below 15°C followed by 
subsequent refluxing of the solution, a 55% yield of 95% 
eno-s% endo-brevicomin was obtained. Since the starting 
hexenol (I)  contained only 5% trans isomer, a stereoselective 
ring opening has taken place. Protonation of the oxide 
by chlorobenzoic acid along with concerted attack by the 
ketonic oxygen would account for this selectivity. 

CZHSC = C-CH,CHZOR + C>H5CH=CH(CH>)iCOCHi + 

H H  

(I) R = H  
(11) R = Tosyl 

(111) 

EXPERIMENTAL 

cis-3-Hexenyl-p-toluenesulfonate ( 1 1 ) .  To an ice-cold, stirred 
solution of 1.00 kg (10.0 moles) of cis-3-hexen-1-01 (Research 
Organic Chemicals, 95%-cis : 5'%-truns by gas-liquid chroma- 
tography analysis) in 3.25 liters of pyridine was added 
2.11 kg (11.0 moles) of p-toluenesulfonyl chloride over 4 
hr. The mixture was refrigerated for two days, diluted 
with 6 liters of water and extracted with six 900-ml portions 

'To whom correspondence should be addressed. 

of dichloromethane. The combined organic extracts were 
washed with 6 liters of water, 2 liters of 12N sulfuric 
acid (final pH 2-3), and dried over anhydrous potassium 
carbonate. The solvent was removed in vacuo to leave 
2.19 kg (86%) of the syrupy tosylate ester; kfilrn no OH, 

cis-6-Nonen-2-one ( 1 1 1 ) .  To a stirred solution of sodium 
ethoxide in 4.33 liters of ethanol (from 159 grams, 6.9 
g-atoms of sodium) was slowly added 876 ml (6.9 moles) 
of ethyl acetoacetate. The warm mixture was stirred for 
1 hr, then 1.46 kg (5.7 moles) of tosylate (11) was added. 
Heat was applied for about 15 min and removed as the 
reaction became exothermic, with precipitation of sodium 
tosylate. After 1 hr, heating was resumed to maintain a 
gentle reflux for another hour. The mixture was cooled, 
neutralized (pH 7-8) with glacial acetic acid, and was dis- 
tilled of about 3.5 liters of alcohol. The residue was diluted 
with 2 liters of ice water and the upper organic layer 
separated. The aqueous portion was extracted twice with 
500-ml portions of dichloromethane. The combined organic 
extract was washed with 2 liters of water, dried over mag- 
nesium sulfate, and the solvent evaporated to leave 1.21 
kg (99%) of syrupy keto ester intermediate. 

A mixture of this syrup, 343 grams (8.6 moles) of sodium 
hydroxide, and 5.73 liters of water was stirred a t  room 
temperature for 48 hr. After an ether wash (500 ml) the 
aqueous portion was acidified (pH 2 )  with 18N sulfuric 
acid and heated a t  90°C for 5 hr, effecting smooth decar- 
boxylation. The organic layer was separated and the aque- 
ous layer extracted twice with 500-ml portions of ether. 
The total organic extracts from three identical runs were 
combined, washed with 5% sodium bicarbonate solution, 
and dried over magnesium sulfate. After removal of the 
ether by distillation through a Vigreux head, the product 
was collected at bp 102-103" C (50 mm) to  yield 889 grams 
(37$0), 95% pure cis-6-nonen-2-one by gas-liquid chroma- 

8.6 (-SO?OR). 

tography. 
Semicarbazone, mp 88-90" C, recrystallized from cyclo- 

hexane. Anal. Calcd. for CloH19N?O: C, 60.9; H ,  9.71; N, 
21.3. Found: C, 61.1; H, 9.89; N ,  21.4. 

exo-Brevicornin (V ) .  To a stirred, cold (5°C) solution of 
279 grams (2.0 moles) of the cis-6-nonen-2-one in 4.2 liters 
of benzene was added 403 grams (2.0 moles) of 85% 
m-chloroperbenzoic acid over 40 min; the temperature was 
kept below 15°C. The mixture was allowed to warm to 
room temperature and then was heated to boiling for over 
2 hr. After a 4-hr reflux the mixture was cooled to 1O"C, 
filtered, and the white solid residue washed with cold ben- 
zene. The filtrate was washed successively with 1 liter 
of saturated sodium bicarbonate solution, 500 ml of 5% 
sodium bisulfite, and 1 liter of bicarbonate. After combina- 
tion with 2 similar runs, the total extract was dried over 
magnesium sulfate and most of the benzene removed by 
distillation through a Vigreux head. The residual solution 
was distilled through a spinning band column to give 550 
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grams of product, bp 70-740C (23 mm) assayed at 3.5% 
benzene, 93% e x o - ,  and 3.5% endo-brevicomin by gas-liquid 
chromatography~ ~ ~ d i ~ ~ i l l ~ ~ i ~ ~  yielded 516 grams (55%) 
at bp 72-730C (21 mm)'  chromatography (2) Silverstein, R. M., Brownlee, R. G., Bellas, T. E., Wood, D. 
analysis showed 95% exo- and 5% endo-brevicomin with 
only a faint (<0.2%) amount of benzene. The material 
was identical to  exo-brevicomin prepared previously ( I  ) 3674 (1969). 
and the natural material, with regard to chemical and bio- 
logical parameters. 
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Four 8-diketones containing perfluorophenyl groups and perfluoroalkyl groups have 
been synthesized and characterized by ir, uv, and 'H and "F nmr. 

p'our p-diketones containing perfluorophenyl groups and 
perfluoroalkyl groups have been synthesized and charac- 
terized: 

0 
@!-CH3 + R,COOEt NaOMe @-!-CH,CR, II 

3. R j  = n-CjF; 
4. R j  = n-CiFl i  

The Claisen condensation of acetylpentafluorobenzene with 
the ethyl ester of the appropriate perfluorinated aliphatic 
acid in the presence of sodium methoxide afforded the 
products in good yield. 

The chemical shifts and peak shapes of the enolic protons 
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in the proton magnetic spectra were in agreement with 
the generalization set forth by Lintvedt and Holtzclaw 
( I ) .  Thus, the chemical shift of the hydrogen-bonded enolic 
proton of 1 was shifted to a lower b value than the other 
three, indicating less basicity, because of the greater electron 
withdrawing power of the trifluoromethyl group compared 
to  other perfluoroalkyl groups. The chemical shifts of all 
four compounds, however, were of greater 6 values than 
that reported ( I )  for 1,1,1,5,5,5-hexafluoro-2,4-pentanedi- 
one, indicating that the perfluorophenyl group is not so 
strong an electron withdrawing group as the trifluoromethyl 
group. Also, in every case, the enolic proton peaks of the 
B-diketones were sharp (peak width ca. 8 cps), which is 
characteristic of electron-withdrawing substituent groups. 
I t  was interesting to note as well, that  the keto-enol 
equilibrium was shifted completely to  the enol form in 
the nmr solvent (CCll). 

Table I. 6-Diketones" 

u v  
n-hexane, Ir ,  cm- '  BP 

Compd Yield, o C ,  
no. Name 5% m m H g  C = O  C-F mp,c 

1 4,4,4-Trifluoro-l-pentafluoro 48 77-79 1620 1180 289 
phenyl- 1,3-butanedione 4.7 (10,820) 

2 4,4,5,5,5-Pentafluoro-l-penta- 27 83-98 1620 1200 292 
fluorophenyl-l,3-pentanedione (2.9it (12,120) 

3 4,4,5,5,6,6,6-Heptafluoro-l- 62 88-89 1625 1220 292 
pentafluorophenyl-l,3- (3.4) ( 12,550) 
hexanedione 

Kmr 
'H. 'YF. 

8 (position) 

13.7 
(enolic H) 
6.2 

(olefinic H) 
13.9 
(enolic H )  
6.3 

(olefinic H j  
13.9 
(enolic H) 
6.2 

(olefinic H)  

ppm (position) 

76.8 (CF,), 137.6 
(o ring F's), 

(m ring F's) 

139.3 (o ring F's), 
148.0 (g ring F), 161.0 

(rn ring F's) 
80.7 (CF,), 121.5 and 

138.0 (o ring F'sj,  147.6 

146.7 (p ring F), 159.3 

82.9 (CF,), 124.6 (CF,), 

126.7 (CF,), 

(P ring F), 
166.1 (;ring F's) 

4 4,4,5,5,6,6,7,7,8,8,9,9,10,10,10- 37 107-110 1620 1220 293 13.9 80.7 (CF,), 119.8-125.4 
Pentadecafluoro-l-pentafluoro- (1.2) (11,650) (enolic H) (CFd,  
phenyl-1,3-decanedione 6.2 137.1 (o ring F's), 146.3 

(olefinic Hj  b ring F),  
159.3 (rn ring F's) 

"Elemental analyses (C, H ,  F) in agreement with theoretical values were obtained and submitted for review. bGas  chromatography 
(150", 2 m. 20% SF-96 on Chromosorb P, 15 psig) showed higher boiling impurities. Purification was effected by chromatography 
on silica gel with benzene as eluent. Flash distillation removed colored impurities from the chromatographed product. 
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