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ROBINSON ANNELATION WITH A 8-HYDROXYKETAL 
IN THE PRFSENCE OF AN ACID 

P. A. Zoretic", B. Branchaud and T. Maestrone 1 1 

Department of Chemistry 
Southeastern Massachusetts University 
North Dartmouth, Massachusetts 02747 

Recently we reported2 that Robinson annelation reactions can be 

carried out directly with a &chloroketone in the presence of an acid. 

We now report that a Robinson annelation can be achieved in moderate 

yields with a 6-hydroxyketal in the presence of an acid. 

method the acid is presumably utilized as a catalyst for the in situ 

In this 

n 
0 0  
\ / p-TsOH.H20 

+ HOCH CH CCH3 -> 2 2  

I I1 

0 a3 
I11 

generation of methyl vinyl ketone3 and in both the Michael and aldol 

steps of the reaction. 

The results of the synthesis of lO-methyl-1(9)-0ctalone-2 (111) 

using different molar ratios of (I) and (11) in benzene in the presence 

of 2-toluenesulfonic acid are summarized in Table I. 

ed in Table I are similar in magnitude to those obtained from the 

Robinson annelation under basic conditions utilizing methyl vinyl 

ketone or its equivalent in the synthesis of (111). 

The yields reflect- 
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Acid - 
p T s O H *  H20 

p-TsOH* H20 

p-TsOH.H20 

- 

- 

Table 1 

Molar Ratio 
I: I1 
2 : l  

1:1.5 

1:l 

% Yield, 111 
D i s t i l l e d  

35 

32 

24 

EXPERIMENTAL 

4-Hydroxy-2-butanone ethylene k e t a l  (11). - Lithium aluminum hydride 

(11.8 g,  0.31 mole) was added t o  350 m l  of anhydrous e t h e r  i n  a three  neck 

one l i t e r  f l a s k  f i t t e d  with a r e f lux  condenser, addi t ion  funnel,  stopper 

and magnetic s t i r r e r .  

ace toace ta te  ethylene keta15 (66 g, 0.38 mole) dissolved i n  150 m l  of 

anhydrous e t h e r  was  added dropwise over a 45 minute period. 

mixture was refluxed f o r  an add i t iona l  2.5 h r s  and then cooled t o  Oo with 

The suspension was heated t o  r e f lux  and e thy l  

The r e s u l t i n g  

an i c e  bath. 

excess l i th ium aluminum hydride and the  r e s u l t i n g  white s o l i d s  were 

f i l t e r e d  with suc t ion  and washed with 150 m l  of e ther .  The e therea l  

so lu t ion  was dr ied  over anhydrous MgSO4, f i l t e r e d  and concentrated on a 

ro t a ry  evaporator, g iv ing  50 g of an o i l .  

forded 39.4 g (78.5%) of 4-hydroxy-2-butanone ethylene k e t a l  (II), bp 

135-39O a t  15 nun, lit.6 102-5O a t  20 mu; i r  3450 cm-l (OH); nmr (ccl4) 6 

1.35 ( 8 ,  3H), 1.9 (t, 2H), 3.7 ( t ,  2H), 4.0 ( 8 ,  4H), 3.58 (shoulder, 1H). 

A s a tu ra t ed  so lu t ion  of Na2S04 was added dropwise t o  destroy 

D i s t i l l a t i o n  of the  o i l  a f -  

l0-Methyl-1(9)-octalone-2 (111). - To a so lu t ion  of 2-methylcyclo- 

hexanone (5.6 g, 0.05 mole) and 4-hydroxy-2-butanone ethylene k e t a l  I1 

(9.8 g, 0.75 mole) dissolved i n  25 m l  of benzene was added p-toluenesul- 

fon ic  ac id  monohydrate (400 mg) and the r e su l t i ng  mixture was heated t o  

r e f lux  f o r  20 hrs .  The reac t ion  was cooled t o  room temperature, poured 

- 

i n t o  a 3% NaHC03 so lu t ion  (75 m l )  and t h e  r e s u l t i n g  mixture w a s  ex t rac ted  

with three  75 m l  por t ions  of e ther .  The e t h e r e a l  e x t r a c t s  were combined 
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ROBINSON ANNELATION WITH A LHYDBOXYICETAL 

and washed with 100 ml of H20, dried over anhydrous MgSO4, filtered and 

concentrated on a rotary evaporator, giving 5.2 g of a crude r e ~ i d u e . ~ ~ ’ ~  

Analysis (glc) showed that the residue consisted mainly of two compounds. 

The major component was shown to have a retention time identical to that 

of authentic l0-methyl-l(9)-octalone-2. 

bly a a, @-double bond isomer or an aldol intermediate, since on treatment 

with base this compound was converted to l0-methyl-l(9)-octalone-2. 

The minor component was presuma- 

The crude residue was dissolved in an aqueous HCl/THF s~lution’~ [lo% 

HC1 (12 ml) and THF (23 ml)] and stirred at room temperature for one hour. 

The reaction was poured into H20 (100 ml) and extracted with 2 x 100 r n l  

portions of ether. 

5% NaHC03 solution (50 ml) and 100 ml of H20. Evaporation of the ether 

solution afforded an oil which was dissolved in a 4% NaOH/MeOH solution 

(25 ml) and refluxed under N2 for 1.5 hrs. 

cooled to room temperature and poured into 100 ml of water; and extracted 

with 2 x 125 ml portions of ether. 

washed with 100 ml of H20 and dried over anhydrous MgSO4. 

of the ether solution and distillation of the resulting oil afforded 2.6 g 

(32%) of l0-methyl-1(9)-octalone-2 111, bp 79-81° at 0.2 m, lit.8 bp 70’ 

at 0.3 mm; (111) was identical in all respects (ir, nmr, glc) to an 

authentic sample. 
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The ethereal solutions were combined and washed with a 

The reaction mixture was 

The ethereal extracts were combined, 

Concentration 
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