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In the preceding communications, we have reported that reaction of dimethyl B-ketoglutarate 

(,l) with glyoxal (2) at room temperature in aqueous solution buffered to pH 3, 4, 5, 6, or 7 gives 

the cyclic B-keto esters z3, t4s5, and J1g4 which, on acid-catalyzed hydrolysis and decarbox- 

ylation, yield the ketones t3, 13s5, and #lo We now wish to describe the formation and structure 

of an additional compound 0, which is produced at pH 3-6, and its conversion into j& by acid. 

In contrast to the symmetrical overall structures6 of 2 - C, compounds 2 and JJ, represent a highly 

complex, non-symmetrical ring-system. The yield of 2 is optimal (-50%) at pH 6.0; only small 

amounts are obtained at pH 3, or 6.57, none at all at pH 7.0'~~. 

Stirring of ;t (281.70, 1.62 mol) with 5 (117.4g of 40% aqueous solution, 0.81 mol)B in buffer 

of pH 6.0 (140g citric acid-H20 and 324g anhydrous Na.$iP04 in 17.111H20) for 5 days at room tem- 

perature gave a precipitate (107.5g) consisting mainly of 2. Leaching with MeOH removed small 

amounts of 2, $, and .J, leaving the remarkably water- and methanol-insoluble ,9, (105.3g, 44.5%), 

which was recrystallized from DMSO/MeOH. C25H2BOISq, m.p. 218-20'. IR: 3520, 3450 cm -' (OH); 

complex carbonyl region. The very complicated NMR spectrum showed signals from six COOMe groups. 

The formulation of the compound as 2 rests upon that of @ obtained from it by acid-catalyzed par- 

tial hydrolysislo* , the stereochemistry of the four carbomethoxy groups lost during this reaction 

remains unknown. 

Refluxing 2 (8.08g) with a mixture of sulfuric acid (1.5 ml), water (10 ml) and acetic acid'l 

(40 ml) for 3 hrs. gave a and its mono-acetate JJ, in yields of 43 and 14%, respectively. Treat- 

ment of ,@ under these conditions gave almost the same equilibrium mixture of &t~ and a. Compound 

&Qpq m-e. 179-80° (isopropanol); 

complex carbonyl region; the NMR 

UV, h= 210 nm (E 242) and 287 mu (E 90); IR: 3400 cm-' (OH); 

spectrum showed 2 OMe singlets (6 3.88, 3.87) and 2 D20-exchange- 
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able protons (6 3.13 and 3.47), but was otherwise too complex for interpretation, suggesting a 

highly non-symmetrical and complicated molecule. The structure and relative stereochemistry of 

this compound were therefore established by X-ray crystallography12, which proved it to have the 

constitution JJ!? Formation of a ring-system of such complexity in one step under such mild, 

"physiological" conditions seems unprecedented. 
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Acetylation of a (Ac20/py, 25') gave the mono-acetate ,Qg, m.p. 21C-12° (isopropanol), to- 

gether with a small amount of the di-acetate &Jg, m.p. 126-28' (isopropanol). The structure of 

J.,& was proved by X-ray crystallography12. 

In the mass spectrum of & the base-peak occurs at m/e = 334 (M"- AcOH). This ready loss 

of AcOH also takes place on pyrolysis (235-250'. 150 nun), which gave a 57X yield of a, C17IiIg07', 

m.p. 222-224“ (acetonitrile). W: ;\iz 222 nm (E 2280); IR: v 3490 cm-' (OH); 1750, 1730. 1720, 

1710 cm-l (Cio); 1650 cm-' (C-C); NMR: s,6 4.05 (exchanges with DgO), 7.34 (d, .I = 7.8 Hz). Re- 

duction of J.J with NaMh, gave syrupy material whose IR spectrum showed absorption6 at 1710 and 

1650 cm-l. These findings strongly suggest the presence of an a,g-unsaturated carbomethoxy group 

in @. 

It appeared likely that the pyrolysis would proceed as shown below to give structure J,$. 

However, the product obtained did not give the color reaction with FeC13 typical of 1,3-diketones, 

and it showed OH absorption in the IR. In addition, acetylation under forcing conditions (excess 
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AczO, py, 115') gave a s-enolic &acetate a', m.p. 181-3'; w, Amam EtoH 213 nm,(~ = 4450); IR: 

1770, 1745, 1720, 1705, and 1650 cm-'; NMR (CDC13) 6 2.01, 2.13 (2 CH3CO-); 3.70, 3.76 (2 CH30-); 

5.88 (s, broad; Cg-C(OAc); 7.32 (1 I-l, d, J = 7.0). On mild treatment with acid, JJ was reconverted 

to a. Formation and functionality of a show that compound &J cannot have the expected structure 

@,, but that it must be derived from this primary product by aldoliaation, for which ample prece- 

dent is available.13 A priori,aldolization would be expected to involve the strongly activated 

methylene group between the two carbonyls of the 1,3-cyclohexandione system of &,$; this reaction 

would have produced structure JJ,, which can be built from Dreiding models with hardly any strain. 

However, 
-1 

the product still cxrtains a cyclopentanone grouping, as shown by the IR band at 1745 cm 

and the fact that the 13C NMR spectrum exhibits signals from two carbonyl carbons which are almost 

identical with those present in the spectrum of ,Q: (&I, 6 217.2, 206.5; a, 6 218.9, 205.3). Con- 

sequently, the aldolization must have produced the alternative structure &i, and indeed X-ray crys- 

tallographic analysis12 of the mono-enolic diacetate a proved it to be derived from this structure. 

235-250° 

2 R= C02CH3 

p$+“+p$$oH 
lp=co2cti3 

I$ R=C02CH,, 

z:R=C02CH3 ER=C02CH3 

Treatment of Q, with excess methanolic NaOMe isomeriaed it to a new compound of m.p. 210-12', 

which was also produced from & under the same conditions. Compounds& and M may be reacting 

through the same intermediate (a). We hope to report separately on the structure and further 

transformations of this new compound. 
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