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Abstract : 2,2-Dlsubstltuted cyclohexane-1,3-dlones la-d undergo an unexpected ring 

cleavage when subjected to ketallzatlon reaction using different dlols. The 
intermediacy of dlketal ?a in the formation of cleavage product &a has 
been established. 

Generally dlols have been widely used to protect the carbonyl group in 

2,2-dlsubstltuted cycloalkane-1,3-dlones’ r2. In this regard, the efficacy of 

2,2-dlmethylpropane-1,3-dlol z to form stable and solid ketals has been well 

documented3Y4. Several instances are known wherein the reaction leads to a mixture 

of mono and dlketals, the latter being transformed to the former by mild acid treatment5. 

In our efforts to prepare the dlketal of the dlone l_a, an unexpected ring cleavage 

was encountered. 

Corn pound la, when refluxed with dlol 2 (R’=Me) for 6 h in the presence 

of a catalytic amount of p-toluenesulphonlc acid monohydrate (PTSA) with azeotroplc 

removal of water, gave the dlketal 2 and the ring cleaved compound 4 as a mixture 

in 05% yield. However, the same reaction carried out without removal of water 

resulted in the ring cleaved compound 4 only (64%) (SCHEME I). The intermediacy 

of dlketal in the formation of ring opened product has been established as follows: 

when the dlketal 3 was treated with PTSA in benzene at room temperature, compound 4 

was obtained in 70% yield. Monitoring (HPLC analysls6) the ketallzatlcn reaction 

under reflux conditions showed that the dlketal 3 and the cleaved compound 4 are - 
formed within 1 h. The monoketal 2 was prepared by reacting compoundla with 

the dlol 2 at room temperature for 72 h. Treatment of ketal 2 with PTSA under 

conditions similar to that described for the dlketal did not yield compound 4, thus 

ruling out its intermediacy in the formation of product 4. The structure of ring 

cleaved product ?a has been confirmed by an unequivocal transformation (SCHEME II). 

The generality of this ring-opening was established by reacting the dlones 

lb-d with the dlol 2 (R’=Me) under conditions similar to that adapted for the Clione la. - 

The driving force for the facile cleavage observed may be due to three factors: 
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2.46 (5, 2H), 2.59 (s, 4H), 3.53 (s, 3H), 5.3 (s, lH), 5.93 (s, 1H). MS: m/z 210 (M+). 

Ketalization of compoutd la: To a solution of diketone (0.9 g, 4 mmol) in benzene 

(70 mL) was added dial 2 (R’=Me; 1.5 g, 14.4 mmol) and PTSA (0.05 g). The reaction 

mixture was refluxed for 8 h with azeotropic removal of water. It was then cooled, 

washed with water and dried (Na2S04). Removal of solvent gave a viscous liquid. 

Chromatographic purification (benzene - ethyl acetate mixture 9:l) gave ?a as a viscous 

liquid (1.04 9). -1 
IR (CC14) 1720, 1630 cm . ‘H NMR (C606)‘: 6 0.86-1.09 (m, 15H), 

1.46-3.13 (m, 8H), 3.36-3.86 (m, 9H), 4.06 (s, 2H), 5.43 (s, lH), 6.26 (s, 1H). 

13C NMR (DMSO-d6): 6 166.86, 139.18, 126.45, 100.66, 68.86, 68.64, 66.85, 51.58, 

35.81, 33.92, 33.1, 32.4, 28.93, 28.55, 22.43, 21.24, 17.99, 12.57. Anal. Calcd 

for C22H3606: C, 66.66; H, 9.09. Found: C, 66.86; H, 9.12. Further elution gave 

+a as a colourless oil (0.26 g). IR (CC14): 3450, 1710, 1620 cm-‘. ‘H NMR (CDC13): 

60.86 (s, 6H), 1.0 (d, 3H), 1.63-2.69 (m, 9H), 3.03 (s, lH), 3.13 (s, 2H), 3.56 

(s, 3H), 3.69 (s, 2H), 5.26 (s, lH), 5.82 (s, 1H). 13C NMR (CDC13): 6 212.55, 

173.02, 166.9, 137.44, 126.84, 69.1, 67.6, 51.54, 44.26, 39.83, 35.74, 34.83, 32.94, 

21.23, 18.37, 15.64. MS: m/z 328 (M+). Anal. Calcd for C17H2806: C, 62.19; H, 8.53. 

Found: C, 62.44; H, 8.48. 

Similar conditions were employed for the ketalization of “lo, lc” and ld12. 

4b: colourless oil; - ‘H NMR (C6D6): 6 0.8 (s, 6H), 1.0 (d, 3H), 1.65-3.12 (m, 13H), 

3.24 (s, 2H), 3.36 (s, 3H), 3.92 (s, 2H), 7.25-7.52 (m, 5H). MS: m/z 436 (M+). 

+c: colourless oil; ‘H NMR (CC14-DMSO-d6) :6 0.86 (s, 6H), 1.08 (d, 3H), 1.41-2.83 

(m, 9H), 3.18 (s, 2H), 3.81 (s, 2H), 4.17 (br s, lH), 4.87-5.62 (m, 3H). 

2d: colourless oil; ‘H NMR (CC14-DMSO-d6) :6 0.83 (5, 6H), 1.03 (d, 3H), 1.43-2.60 

(m, 9H), 3.03-3.33 (m, 5H), 3.78 (s, 2H), 7.56-8.03 (m, 5H). 

With ethane-1,2-dial: Ketalization of la using ethane-1,2-diol as per the above 

procedure and chromatography (benzene - ethyl acetate 7:3) furnished monoketal. 

IR (CHC13) : 1700, 1620 cm-‘. ‘H NMR (C6D6) :6 1.21 (5, 3H), 1.43-3.19 (m, 8H), 

3.43 (s, 4H), 3.49 (s, 3H), 5.35 (s, lH), 6.24 (s, 1H). Further elution with benzene 

- ethyl acetate (4:6) gave the cleaved product as a colourless oil. ‘H NMR(C6D6): 

6 0.93 (d, 3H), 1.66-2.93 (m. lOH), 3.46 (s, 3H), 3.66 (t, 2H), 4.10 (t, 2H), 5.33 

(s, lH), 6.13 (s, 1H). MS : m/z 286 (M’). Total yield : 72%. 

Direct conversion of 1 to cleaved campomd 4: A mixture of diketone la-d (1.8 mmol), 

diol 2 (R’=Me, 7.2 mmol), benzene (20 mL) and PTSA (50 mg) was refluxed for l-5 h 

without azeotropic removal of water. Work up as described above followed by column 

chromatography furnished the cleaved compound ia-d (70-90%). 

A similar reaction of la, 1c and ld with propane-1,3-diol furnished the 

corresponding cleaved product. 

Aa (R*=H) : colourless oil; ‘H NMR (CDC13): 6 1.09 (d, 3H), 1.73-2.83 (m, llH), 

3.33-4.20 (m, BH), 5.46 (s, lH), 6.07 (s, 1H). 
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$z (R’=H) : colourless oil; ‘H NMR (CDC13) : 6 1.09 (d, 3H), 1.51-2.60 (m, llH), 

3.57 (t, 2H), 4.07 (t, 2H), 4.20 (s, lH), 4.74-5.60 (m, 3H). 

g (R’=H) : colourless oil; ‘H NMR (CDC13): 6 1.09 (d, 3H), 1.59-2.76 (m, llH), 

3.19 - 4.46 (m, 7H), 7.66 - 8.09 (m, 5H). 

When la was reacted with ethane-1 ,Z-dial the cleaved product was obtained in 60% 

yield. 

Ketalizaticm of the dlona g: Diketone g, dial 2 (R’=Me), benzene and catalytic amount 

of PTSA were mixed and refluxed without aXotrOpiC removal of water. Work up 

as above gave an oil. Monoketal : IR (CC14): 1740, 1720, 1630 cm -‘; ‘H NMR (CDC13): 

6 0.75 (s, 3~), 0.94 (s, 3H), 1.16 (s, 3H), 2.0-2.79 (m,6H), 3.26-3.72 (m, 7H), 

5.49 (s, lH), 6.13 (s, 1H). Analysis of 
1 H NMR revealed that the diketal is aiS 

present in the reaction product to the extent of 10%. 

With propane-l ,3-dial: Monoketal ‘H NMR (CDC13) : 6 1.07 (s, 3H), 1.67-2.69 (m, 8H), 

3.66-4.09 (m, 7H), 5.56 (s, lH), 6.17 (5, 1H). 

With ethane-1,2-diol: Monoketal ‘H NMR (CDC13) : 6 1.37 (s, 3H), 2.26-3.17 (m, 6H), 

3.86 (s, 3H), 4.17 (s, 4H), 5.66 (5, lH), 6.30 (s, 1H). 

Cleavage of diketal 3: To a solution of diketal ?a-d (R’=Me; 0.25 mmol) in benzene 

(10 mL) was added PTSA (10 mg) and stirred for 4 h. Work up as above gave &a-d 

(yield 70-80%). 

Preparation of Momketal 2: To a solution of la (2.24 g, 10 mmol) in benzene (100 mL) 

was added dial 2 (R’=Me; 4.16 g, 40 mmol) and PTSA (100 mg). This was stirred 

at room temperature for 72 h. Work up followed by chromatography (hexane-benzene 

1 :l) furnished a colourless oil (2.08 g, 67%). IR (CC14): 1710, 1620 cm-‘. ‘H 

NMR (CDC13) : 6 0.7 (s, 3H), 1.06 (s, 3H), 1.13 (s, 3H), 1.56-3.0 (m, 8H), 3.2-3.86 

(m, 7H), 5.46 (s, lH), 6.06 (s, 1H). MS : m/z 310 (M’). Anal. Calcd for C17H2605: 

C, 65.8; H, 8.39. Found: C, 65.62; H, 6.42. Further elution with benzene-ethyl 

acetate (9:l) yielded ?a (0.49 g). 

Hydrolysis of canpound $3: A mixture of ester &a (0.23 g, 0.7 mmol), 25% NaOH 

solution (15 mL) and MeDH (15 mL) was refluxed for 3 h. The reaction mixture 

was diluted with water and extracted with ether (2 x 25 mL). The aqueous solution 

was acidified with ice-cold cont. HCI and extracted with ether-ethyl acetate mixture 

(l:l, 2 x 25 mL). The combined extract was washed with water and dried (MgS04). 

Removal of solvent gave a viscous liquid 2 (0.12 g, 75%). 

1720 (br), 1620 cm-‘. 

IR (CHC13): 3350 (br), 

‘H NMR (CDC13): 6 1.07 (d, 3H), 1.76-2.83 (m, 9H), 5.56 

(s, lH), 6.23 (s, lH), 8.4 (br s, 2H). 

Esterificatim of carboxylic acid 6: To a solution of acid 2 (0.1 g, 0.43 mmol) 

in MeDH (10 mL) was added catalytic amount of cont. H2S04 and refluxed for 6 h. 

The reaction mixture was diluted with water and extracted with ether (2 x 25 mL). 

The combined ether extract was washed with NaHC03 solution and Water. Removal 
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of solvent gave an 011. Chromatographic purification (benzene) gave a colourless 

liquid 1 (0.09 g, 60%). IR (CHC13): 1720, 1620 cm-‘. ‘H NMR (CDC13): 6 1.03 (d, 3H), 

1.69-2.86 (m, 9H), 3.59 (s, 3H), 3.73 (5, 3H), 5.46 (s, lH), 6.07 (s, 1H). 

Cleavage of the diketone fa: To a saturated solution of Ba(OH)2 (40 mL) was added 

compound Ia (0.4 g, 1.8 mmol) and stirred overnight at room temperature. The 

reaction mixture was extracted with ether. Acidification of the aqueous layer followed 

by extraction with ether-ethyl acetate mixture (1:l) gave a viscous liquid (0.35 g, 

so%). Esterlflcatlon of this liquid with MeDH as above gave 1 which was identical 

in all respects (HPLC, IR, NMR) with that obtained from 4a. - 
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