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The utility of 2-methyl-1-cyclopentene- 1-carboxylic acid 
(1) as a synthetic intermediate in our research efforts' as 
well as the efforts of other research groups2 led us to de- 
velop a short, economical synthesis of this material. 
Previous s y n t h e ~ e s ~ ~ ~  proved unsuitable for routine prep- 
aration of 1 in large quantities. A synthetic approach 
involving organocuprate addition to derivatives of 2- 
carbomethoxycyclopentanone reported previously by one 
of and by Weiler and Sumae appears to be quite sen- 
sitive to the purity of reagents and reaction scale. 

The current approach was based on the recognition that 
a haloform-type oxidation of the known l-acetyl-2- 
methylcyclopentene (2) should give the desired acid. The 
acetyl derivative 2 can be synthesized in a variety of ways. 
One common approach4 utilizes an aldol cyclization of 
2,7-octanedione,5 but we have found that direct acetylation 

(1) (a) Harding, K. E.; Wilson, J. M.; Tseng, C.-Y.; Clement, K. S. 
"Abstracta of Papers", 178th National Meeting of the American Chemical 
Society, Washington, D.C., 1979; ORGN 39. (b) Gilbert, 3. C.; Wiechman, 
B.; Senaratne, K. P. A. "Abstracts of Papers", 186th National Meeting 
of the American Chemical Society, Washington, D.C., 1983; ORGN 203. 

(2) Hranuma, S.; Hudlicky, T. Tetrahedron Lett. 1982,23,3431-3434. 
(3) (a) King, L. E.; Robinson, R. J. Chem. SOC. 1941, 465-470. (b) 

Wheeler, 0. H.; Lemer, I. J.  Am. Chem. SOC. 1966, 78,63-64. (c) Takeda, 
A.; Shinhama, K.; Tsuboi, S. Bull. Chem. SOC. Jpn. 1977,50,1831-1835. 
(d) Harding, K. E.; Tseng, C.-Y. J. Org. Chem. 1978,43,3974-3977. (e) 
Sum, F.-W.; Weiler, L. Can. J. Chem. 1979,57,1431-1441. (0 Dieter, R. 
K.; Jenkitkasemwong, Y. Tetrahedron Lett. 1982,23, 3747-3750. 

(4) This reaction was originally reported by Perkin in 1890 Perkin, 
W. H., Jr.; J. Chem. Soc. 1890,57,204-240. Perkin, W. H., Jr.; Marshall, 
T. R. Ibid. 241-253. 

(5) (a) Commercially available 1,'i-octadiyne can be hydrated to 2,7- 
octanedione in 80% yield by using conditions reported for the hydration 
of l-octyne.6 (b) Addition of 2 equiv of MeZnCl to adipyl chloride can 
be used to produce 2,7-octanedione in 65% yield? (c) We have prepared 
2,7-octanedione in 75% yield by oxidative cleavage of 1,2-dimethyl- 
cyclohexene with KMn04/NaI04, while ozonolysis of 1,2-dimethylcyclo- 
hexene has been reported to proceed in unspecified yield.8 
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of cyclohexane provides an experimentally simple proce- 
dure that avoids the use of expensive starting materials 
or sensitive organometallic reagents. The conditions used 
for the acetylation reaction are a modification of the me- 
thod reported by Tabushi?JO It was found that treatment 
of the crude product with methanolic KOH prior to dis- 
tillation gave material that did not discolor upon standing. 

The haloform oxidation makes use of potassium hypo- 
chlorite formed by reaction of commercial calcium hypo- 
chlorite (Olin HTH) with potassium hydroxide and po- 
tassium carbonate." Excess hypochlorite was destroyed 
by addition of sodium bisulfite, neutral materials were 
removed by ether extraction, and acid 1 was isolated by 
extraction after acidification to a Congo Red endpoint.12 

2 1 

Experimental Secton 
1-Acetyl-2-methylcyclopentene (2). Aluminum trichloride 

(200 g, 1.5 mol) was added to 1 L of chloroform. Acetyl chloride 
(117.7 g, 1.5 mol) was added, and the mixture was stirred for 10 
min, at which time cyclohexane (126.2 g, 1.5 mol) was added. The 
mixture was heated at  reflux for 2 h, and then allowed to stir at  
room temperature for 2 days. The mixture was poured onto 
ice/HCl and the layers were separated. The aqueous layer was 
washed with CH2C12, and the combined organic layers were 
concentrated by rotary evaporation. The resulting material was 
dissolved in approximately 500 mL of methanol, 50 g of KOH 
was added, and the mixture was stirred overnight. The methanol 
was removed by rotary evaporation, and then the residue was 
dissolved in ether and washed with water and 10% NaOH. The 
ether layer was dried over MgS04, concentrated, and distilled 
(85-95 OC/27 torr) to yield 69.03 g (0.556 mol, 37% yield) of 2: 
'H NMR (CDCl,, 90 MHz) 6 1.6-2.0 (m, 2 H), 2.1-2.2 (m, allylic 
CH,), 2.23 (COCH3), 2.3-2.8 (m, 4 H); 13C (CDCI,, 50.31 MHz) 
6 16.8 (CH,), 21.5 (C-4), 30.3 (COCCH3), 34.4 and 41.2 ((2-3 and 

2-Methyl-1-cyclopentene-1-carboxylic Acid (1). Com- 
mercial calcium hypochlorite (Olin HTH, 65% CaOCl, 35 g) was 
suspended in 140 mL of H20 in a 250-mL Erlenmeyer flask. A 
solution of KOH (7 g, 0.125 mol) and KzCO3 (24.5 g, 0.177 mol) 
in 70 mL of H20 was added. The flask was stoppered and shaken 
until the initial gelatinous precipitate liquefied. The potassium 
hypochlorite solution (containing approximately 0.14 mol of KOC1) 
was then filtered to remove the precipitated calcium salts and 
the filter cake was rinsed with 30 mL of water. 

The resulting solution of potassium hypochlorite was cooled 
to 0 "C, and ketone 2 (10 g, 80.5 mmol) was added dropwise under 

C-5), 135.8 (C-1), 154.1 (C-2), 198.3 (CO). 

(6) Thomas, R. J.; Campbell, K. N.; Hennion, G. F. J .  Am. Chem. SOC. 
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(10) For other procedures for preparation of 2, see inter alia: (a) Beak, 
P.; Berger, K. R. J. Am. Chem. SOC. 1980,102,3848-3856. (b) Shanhn- 
azaryan, G. M. Arm. Khim. Zh. 1981, 34, 605; Chem. Abstr. 1981, 95, 
203384. ( c )  Hudlicky, T.; Srnak, T. Tetrahedron Lett. 1981, 22, 
3843-3846. (d) Danheiser, R. L.; Darini, D. J.; Fink, D. M.; Basak, A. 
Tetrahedron 1983,39,935-947. (e) Boaventwa, M. A.; Drouin, J.; Conia, 
J. M. Synthesis 1983, 801-804. 

(11) Newman, M. S.; Holmes, H. L. 'Organic Syntheses"; Wiley: New 
York, 1943; Collect. Vol. 11, pp 428-430. 

(12) It is important that the solution be made strongly acidic before 
extraction or the isolated yield is drastically reduced. 
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a nitrogen atmosphere to the vigorously stirred solution. A small 
amount of CHzClz was used to rinse the last traces of 2 into the 
reaction mixture. The mixture was stirred vigorously overnight 
and allowed to warm gradually to room temperature. The reaction 
was quenched by the addition of NaHS03 (10 g) and extracted 
with ether to remove any remaining ketone 2. The aqueous 
solution was acidified to a Congo Red endpoint by the addition 
of 12 M HCl and extracted five times with 100 mL of CHzCl2. 
The combined extracts were dried over MgSOI and concentrated 
to yield 8.12 g (80% yield) of acid 1: 'H NMR (CDCl,, 90 MHz) 
6 1.6-2.1 (m, 2 H), 2.1-2.2 (m, allylic CH3), 2.3-2.8 (m, 4 H); 13C 

((2-3 and C-5), 126.9 (C-l), 159.3 (C-2), 172.2 (COZH). This ma- 
terial was generally used without further purification. Purification 
could be effected by chromatography with silica gel (ethyl ace- 
takhexane, 15:85) or by crystallization from a solution of slowly 
evaporating methylene chloride. Recrystallization from hexane 
or sublimation gives analytically pure material: mp 129.5-130.0 
"C (lit.3d 129-130 "C). 
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Benzocyclobutenes constitute an important family of 
starting materials for the synthesis of a large variety of very 
interesting polycyclic compounds,2 and convenient access 
to these structures is always appreciated. 

Our laboratory has been interested in the synthesis of 
benzocyclobutenes for some years and we have already 
published3 that benzocyclobutenols 1 could be easily ob- 
tained through arynic condensations of ketone enolates 
(Scheme I). 

However these reactions suffer from some limitations. 
Indeed with a few exception,* alcohols 1 were obtained only 
from cyclic ketone enolates for which 5 G n G 7.5 Linear 

(1) For part 15, see: Essiz, M.; Guillaumet, G.; Brunet, J. J.; Caubere, 
P. J .  Org. Chem. 1980, 45, 240. 

(2) Kametani, T.; Nemoto, H. Tetrahedron 1981,37,3. Kametani, T.; 
Honda, T.; Matsumoto, H.; Fukumoto, K. J.  Chem. Soc., Perkin Trans. 
I 1981, 1383. Kametani, T.; Honda, T.; Shiratori, Y.; Mataumoto, H.; 
Fukumoto, K. Ibid. 1981, 1386. Franck, R. W.; John, T. V.; Olejniczak, 
K.; Blount, J. F. J. Am.  Chem. Soc. 1982,104, 1106. Trockle, G.; Catau, 
G.; Barberi, C.; Jacque, M.; Carre, M. C.; Caubere, P. Life Sci. 1981, 28, 
23. Carre, M. C.; Roizard, D.; Caubere, P.; Saint-Aubin, A.; Advenier, C. 
Eur. J .  Med. Chem. 1979, 14, 543. Carre, M. C.; Caubere, P.; Trockle, 
G.; Jacque, M. Ibid. 1977,12,577. Stevens, R. V.; Bisacchi, G. S. J. Org. 
Chem. 1982,47,2393. Stevens, R. V.; Bisacchi, G. S. Ibid. 1982,47,2396. 

(3) Caubere, P. Top. Curr. Chem. 1978, 73, 72 and references cited 
therein. 

( 4 )  Caubere, P.; Lalloz, L. J. Org. Chem. 1976, 40, 2853. 
(5) Caubere, P.; Derozier, N.; Loubinoux, B. Bull. SOC. Chim. Fr. 1971, 

302. Caubere, P.; Mourad, M. S.; Guillaumet, G. Tetrahedron 1973,29, 
1843. 
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ketone enolates never led to the desired alcohols with these 
conditions. 

As part of our program aimed at improving these results 
as well as a t  obtaining benzocyclobutenols bearing a 
function on the saturated ring, we undertook the study of 
arynic condensations of functionalized ketone enolates. We 
report here the first results obtained with 1,2-diketone 
monoketal enolates. 

Preliminary experiments showed that instead of NaN- 
H2,6 the complex base' NaNH2-Bu-t-ONa must be used 
to generate the benzyne. The results obtained are grouped 
in Table I. Unexpectedly the presence of the ketal group 
dramatically favors the formation of the benzocyclo- 
butenols 3 which were obtained, in good to excellent yields 
for medium sized cyclic ketone enolates 2c-h as well as 
for a linear one (2a). With a large ring and a linear ketone 
enolate, 2i and 2b respectively, alcohols 3 were still formed 

(6) Caubere, P.; Guillaumet, G.; Mourad, M. S. Tetrahedron 1972,28, 

(7) Caubere, P. Acc. Chem. Res. 1974, 7, 301. 
95. 
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