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THIELE ACETYLATION OF p-TROPOQUINONE, AN ABNORMAL RING CONTRACTION 
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Thiele type acylation reaction of p-tropoquinone 1, a novel nonbenzenoid quinone, 

in the presence of sulfuric acid, resulted in the unexpected ring contraction to a benz-

aldehyde derivative 2, in addition to a tropone 3. It was proved in this reaction that 

acetoxyl group attacked C3 exclusively and that the carbon became aldehydic. In the 

reaction catalyzed by BF3, regioselectivity of the nucleophilic attack was reduced to 

4:1 (C3: C4) yielding 9, 10, and 11, all seven-membered ring compounds. Plausible 

mechanisms for the all reaction pathways are proposed.

In the previous paper 1), we have reported the Michael-type addition reactions of p-tropoquinone which 

has been synthesized recently by us. 2) In these reactions, nucleophilic attack occurs at C4, the position of

the lower π-electron density, rather than at C3. Another reaction of this type is Thiele acetylation reaction,

which has extensively been investigated in benzenoid series because of the mechanistic interest as well as of 

the synthetic importance. 3) This reaction also occurred with p-tropoquinone in the presence of sulfuric acid 

or boron trifluoride but in different ways from the other nucleophiles. 

p-Tropoquinone 1 reacted with freshly distilled acetic anhydride at room temperature in the presence of 

5% of conc. sulfuric acid and after 14 hr afforded the 6-membered pentacetate 2, colorless prisms, mp 152.5-

154°, in 22% yield along with the 7-membered triacetate 3,4) colorless prisms, mp 111-112°(7% yield).5)

While structure of 3 was deduced by its derivation from 3,5-dihydroxytropolone 4,6'7) that of 2 was determined 

as follows: 2 was hydrolyzed with 6N-sulfuric acid in methanol to 2,3,6-trihydroxybenzaldehyde 5, bright

yellow prisms, mp 170-180°(dec.), quantitatively. Compounds 2 and 5 being different from 2,3,4-trihydroxy-

benzaldehyde 68) and its pentacetate 7, colorless cryst., mp 137-138°, respectively, their structures were

deduced by spectral analyses.9) 6 and 7 are absent in the reaction mixture. 

In order to clarify the reaction pathway leading to 2, the following reactions were carried out. The tri-

acetate 3 isomerized to 8, colorless prisms, mp 127-128.5° (ca. 40%),10) but not to 2 under the same acetyla-

tion condition (15 hr). Thus, 3 is not involved in the pathway. Although fuming sulfuric acid (30% SO3) (in 

place of conc. sulfuric acid) caused no change in the yield of products, addition of acetic acid (20%) to the 

solution increased the yield of 2 to 36%, suggesting the necessity of a proton source in the reaction. Further-

more, the deuterated pentacetate 2d was obtained through the reaction with tropoquinone-3,7-d2 1d, prepared 

from tropolone-3,5, 7-d3.12) 2d and its hydrolysis product 5d were found to contain two deuterium atoms solely 

at C4 and aldehydic positions, revealing that the aldehydic carbon originated from C3 of Thus, it was 

revealed that nucleophilic attack occurred only at C3 position in this acetylation reaction in contrary to the 

other Michael addition of 1. 
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The acetylation (r.t., 4-19 hr) in the presence of boron trifluoride etherate (1-1.2 equivalent) is also 

somewhat abnormal, although no ring contraction was observed. The products obtained were the acetates 9

(38%), colorless prisms, mp 140.5-142°, 10(14%), colorless needles, dp 156-160° and 11 (18%), colorless

cryst., mp 123-126°. The boron-containing products 9 and 10
- resisted to the acidic and alkaline hydrolysis.

Structure of 9 was established by i) its conversion with Cu(OAc)2 to the corresponding copper complex and 

subsequent acid hydrolysis to 4 and ii) its quantitative formation from 3 by the treatment with BF3 etherate 

(room temperature), while structure of 10 rests on its spectral analysis (Table). 13) Tetracetate 11 was gradually 

converted to 9 (22 hr, 27%) under the acetylation condition; hence the positions of three acetoxyl groups are 

obvious. The position of the fourth acetoxyl group was determined spectroscopically with aid of the deuterated 

product 11d, PMR of which lacks H3 and H7 signals and changes H4 and H6 to AB type. Thus, in this reac-

tion, attack of acetoxyl group occurred at C3 and C4 of 1 in the ratio of ca. 4: 1 assuming that 11 was 

formed by the former process. 

The nucleophilic attack in these acetylation reactions shows a sharp contrast to the other conjugate addi-

tion reactions. 1) The attack at C3 must have been caused by the interaction of electrophiles (H+ or Ac+ or 

BF3) with one of the carbonyl oxygens. O2 rather than O5 should have the preferential interaction because 

of strong dipole-dipole interaction between two adjacent carbonyl groups. This facilitates the nucleophilic 

attack at C2 and C4. The former attack is reminiscent of the formation of hydrate and hemiacetals.2) While 

10 results from the latter attack, the rest of the products is rationalized as shown below as being derived from
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the former process yielding intermediate A, followed by its conversion to the bicyclic intermediate B. This 

kind of cyclization would be facilitated for angular groups such as acetoxyl more than for monoatomic or linear 

groups as chloride or azido group. Pathway c to 2 would involve rather unusual ring contraction via homo-

p-benzoquinone intermediate C, while paths a and b are straightforward. 

Table
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