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A CATIONIC CYCLOPENTANNELATION 
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Abstract: The alkoxyallene adducts of -trimethylsilyl hydroxymethylene ketones undergo a 

facile acid catalyzed cyclization to produce functionalized cyclopentenones in high yield. 

We have recently disclosed a method for the preparation of catechol monoethers from 

a-methylene ketones. 
1 

Although the aromatic products were obtained ín high yield it vas 

postulated that a more convenient procedure for the preparation of D-quinones and 

catechols might be possible through the use of a more highly oxidized three carbon 

nucleophile. The addition of a-lithio-a-methoxymethylallene2 to Q-trimethylsilyl 

hydroxymethylene ketones produced adducts l_ which upon brief treatment with tetra-p-butyl- 

ammonium fluoride in tetrahydrofuran of -78OC produced aldehydes 2. Epoxidation of either 

0 
CHOTMS _ CHOTMS - 

4 3 

of the two alkene groups of ,$ could have led to an oxyallyl zwitterion3 

for its cyclization to an m-quinone 3_ can be written. In the event, 

derived from 4-m-butylcyclohexanone, with m-chloroperoxybenzoic acid in 

and a mechanism 

treatment of 2, 

dichloromethane 
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at 25V led to a single product which was clearly not the quinone. The same product, subse- 

quently identified as hydroxycyclopentenone 4, was obtained from Lewis acid treatment of 2. 

Adventitious IR-chlorobenzoic acid evidently catalyzed the rapid conversion of 2 toA.4 

This extraordinarily simple pathway to densely functionalized cyclopentenones should 

prove to be synthetically useful. The similarity between the methylenomycins 5,6 and the 

structures afforded by this cationic cyclopentannelation is noteworthy. In order to probe 

the scope of this reaction a series of experiments was undertaken (Table 1). The reaction 

is not limited to Q-trimethylsilyl hydroxymethylene ketones. Phenyl' (entry 5) or 

thiophenyl' (entry 6) substitution on the exo methylene group is tolerated by the 

reaction. Of particular interest with regard to the synthesis of the methylenomycins is the 

cyclization of 2-methylene-4-m-butylcyclohexanone9 (entry 7) which demonstrates that 

stabilization of the intermediate allylic cation derived from ; is not necessary for the 

success of the reaction. 

Ongoing research in our laboratories will attempt to demonstrate the utility of this 

serendipitous discovery for a short synthesis of methylenomycins. Representative 

experimental procedures follow. 

Nucleophilic addition of a-lithio-a-methoxymethylallene. A solution of 4 lamo1 of 

p-butyllithium in 6 ml of a l/l mixture of ether and tetrahydrofuran (THF) was treated at 

-78OC with 5 mm01 of methoxymethyl allenyl ether. Anion fonnation was presumed to be com- 

plete after 30-45 min. 
2a 

A solution of 1 mm01 of the unsaturated ketone substrate lo in 

10 ml of ether/THF was added via cannula to the rapidly stirring lithioallene solution at 

-78OC. The progress of the reaction was monitored by thin layer chromatography. After ca. 

30 min the reaction was quenched by addition of 3 ml of water. Upon warming to room tem.- 

perature the reaction mixture was partitioned between ether and water. The ethereal layer 

was washed with water and brine and was dried (MgSO and was concentrated to produce 

adducts 1 in 65-951 yield. Although the products of this reaction were stable to chromatog- 

raphy on silica gel, purification prior to cyclization was unnecessary. 

Cationic cyclization. To a solution of 1 sano1 of allene adduct in lo-15 ml of dichloro- 

methane at 0°C was added boron trifluoride etherate (1 ul/5 mg) dropwise with rapid 

stirring. The progress of the reaction was monitored by thin layer chromatography. Upon 

completion (< 10 min) the reaction was quenched with 5% aqueous NaHC03 and was allowed to 

warm to room temperature. Partitioning between dichloromethane and water followed by drying 

(MgSO4) and concentration produced the crude products which were purified by flash 

chromatography (ethyl acetate/hexane). Yields varied from 60-92X. 

&knowledgement is made to the National Science Foundation, CHE-83-03495, and to the 

Research Corporation for their generous support. NSF grant CHE-81-00240 supported the 

purchase of the 300-MHz NMR spectrometer. 
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Table 1 

1H lunr 
(CDC13, 5) 

b6.10 Cd, J = 1.5 Hz, 3400. 1700, 
lH, =CH) 1640 

5.62 (br s, lH, =CH) 
4.93 (br s, lH, CEOH) 
0.91 (s. 9H, tBu) 

b6.11 (br s, 1H. =CH) 
5.62 (br s, lH, =CH) 
4.85 (br s, lH, CEOH) 
2.28 (q, J = 7.6 Hz, 
2H. CH21 

3450. 2950, 
1710, 1650 

2.11 (s, 3H, CH3) 
1.03 (t, J = 7.6 Hz, 
3H, CH31 

=6.05 (br s, lH, =CH) 
5.60 (br s. lH, =CH) 
4.85 (br s, 1H. CHOH) 
3.38 (br s, 1H. OH) 
2.08 (s, 3H, CH3) 
1.76 (s, 3H, CH3) 

3450, 2950, 
1700, 1645 

=5.95 (br s, lH, =CH) 
5.52 (br s, lH, =CH) 
4.84 (br s, 1H. CEOH) 
3.56 (br s, lH, OH) 
1.39 (m, 8H, CH2) 

3450, 2900, 
1710, 1645 

b7.28 (m, 5H, ArH) 
6.05 (d, J = 0.5 Hz, 
lH, =CH) 

2960. 1710, 
1645 

5.09 (br s, lH, =CH) 
4.20 (br s, 1H. CHOH) 
1.68 (m, 4H, CH2) 

b7.24 (m, 5H, ArH) 
6.14 (d. 3 = 1.6 Hz, 
lH, =CH) 

6.12 (d, J = 1.6 Hz, 
1H. =CH) 

3400, 2980, 
1710. 1590 

5.59 (br s, lH, =CH) 
5.54 (br s, 1H. =CH) 
4.43 (br s, 1H. =CH) 
0.90 (s, 9H, tBu) 
0.88 (s. 9H, tBu) 

=6.03 (d. J = 1.4 Hz, 
lH, =CH) 

5.32 (d, J = 1.6 Hz, 
lH, =CH 

2950, 1710, 
1645 

3.08 (br s, 2H, CH2) 
0.90 (s, 9H. tBu) 

mas8 spectrum 
(EIR) 

220(p), 202(e-H2C). 
163(p-tBu), 136 
Calcd for Cl4H2OC2 
220.1463 
Found 220.1467 

152(p), 137. 
134(p-H2C), 123, 
109, 95 
Calcd for CgH12C2 
152.0837 
Found 152.0822 

138(p), 124. 123, 
122, 120(p-H20), 
111, 110. 95 
Calcd fOr C8HlOC2 
138.0681 
Found 138.0669 

192(p). 177, 175, 
164, 149, 135 
Calcd fOr C12H16D2 
192.1150 
Found 192.1142 

224(p). 196(p-CO), 
187, 181, 167, 
147(p-Ph), 135. 77 
Calcd for C16H160 
224.1201 
Found 224.1198 

312(p), 255(p-tBu), 
204, 203(p-SPh). 
202. 176, 137 
Calcd for C2OH24CS 
312.1548 
Found 312.1559 

204(e), 176(p-COI, 
148, 147(p-tBu). 117 
Calcd for C14H2OO 
204.1514 
Found 204.1507 

(a) Overa11 yields from the a-hydroxymethylene ketones. Al1 materials were purified by 
flash chromatography. (b) Recordad at 300 MHz. (c) Recorded at 100 PMz. (d) The 
cyclization vas performed at -78OC. The initially formad c-trimethylsilyl product was 
treated with tetra-D-butylammonium fluoride prior to workup. (e) Overa11 yield from 
benzalcyclohexanone. (f) Overa11 yield from the methiodide salt of 2-dimethylaminomethyl- 
4-m-butylcyclohexanone. 
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