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Abstract – Numerous synthetic routes have been recommended for the preparation 

of γ- and δ-oxo acids. The present paper collects methods which need simple start-

ing materials, procedures and conditions. Many examples are presented, compar-

ing the preparations of aliphatic, cycloalkane, aromatic and hetero ring-containing 

oxo acids from the aspects of yield, regio- and diastereoselectivity. 
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γ- and δ-Oxo acids and their functionalized derivatives, e.g. esters, lactones and ketals, are of great impor-

tance in the formation of carbocycles, e.g. condensed polycyclic benzene derivatives1-4 and many hetero-

cycles,5 in the preparation of drugs6-8 and natural products9,10 and as chiral auxiliaries for asymmetric re-

actions11-14 in direct condensations or multistep reactions. The most common oxo acids are alicyclic, e.g. 

levulinic acid, but a great number of aromatic, heteroaromatic and cyclic derivatives have been prepared 

and used in recent decades. 



 

 

1. STARTING FROM CYCLIC ANHYDRIDES 

1.1. PREPARATION BY FRIEDEL-CRAFTS REACTION 

The standard and most widely used method involves a Friedel-Crafts reaction of a cyclic anhydride with an 

aromate in the presence of a Lewis acid, e.g. AlCl3, AlBr3 or FeCl3. Succinic, glutaric, maleinic, phthalic 

and hexahydrophthalic anhydrides (1-3) are frequently applied as acylating agents (Scheme 1).15-19 
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Scheme 1 

In this way, halo-, alkyl-, hydroxy- or alkoxy-substituted benzene-, naphthalene-, phenanthrene-, anthra-

cene- and pyrene-condensed derivatives, partially hydrogenated aromatic compounds containing aliphatic, 

e.g. fluorene, tetraline or heterocyclic rings, such as thiophene and its (di)benzene-fused compounds, 

thiochromane, carbazole and protected pyrrole derivatives have been acylated.20,21 

δ-Oxo acids have also been obtained from homologues, e.g. glutaric, homophthalic and camphoric anhy-

drides, but the formation of a small amount of diketone as side-product is observed. With camphoric 

anhydride (7), the acylation proved to be stereo- and regioselective (Scheme 2);22 the qualitative struc-

ture–reactivity relationship has also been studied in detail.23 
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Scheme 2 

With unsymmetrically substituted anhydrides, mixture of regioisomers of substituted oxo acids have been 

obtained in different ratios. Thus, phenyl- and methylsuccinic anhydride (9) furnish α-methyl-β-benzoyl-



 

 

propionic acid (10) and the β-methyl isomer (11, R = Me) (Scheme 3).24 The β-methyl acid (11) can be 

isolated only with difficulty, because it is formed to a much smaller extent and is well soluble. 
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Scheme 3 

For phenylsuccinic anhydride, the ratio of isomeric α-phenyl and β-phenyl acids depends on the solvent.25 

With an excess of benzene,26 the two acids are formed in almost equal amounts, but with nitrobenzene, 

89% of the products is the α-phenyl acid (10, R = Ph) and only 11% the isomer 11.27 

From tetrahydrophthalic anhydride with dry benzene and anhydrous AlCl3, trans-5-phenyl-cis-2-benzoyl-

cyclohexane-r-1-carboxylic acid (13) is obtained in good yield (72%) (Scheme 4).28 
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This oxo acid can be easily converted to the trans isomer (14) by treatment with NaOH.29 

The intramolecular AlCl3-catalysed Friedel-Crafts acylation of 3-phenylglutaric anhydride (15) gives the 

cyclic δ-oxo carboxylic acid (16) (Scheme 5).26 
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Scheme 5 

To summarize: the preparation of oxo acids by the Friedel-Crafts reaction is advantageous because of the 

good to excellent yields, the high purity of the products and the variability of the aromatic substituent. The 



 

 

procedure is simple, but alkyl, aralkyl and some heteroaryl, e.g. pyridyl and furyl derivatives can not be 

prepared in this way. 

1.2. REACTIONS WITH GRIGNARD REAGENTS 

The alkane and cycloalkane oxo acids were first prepared by a Grignard reaction in THF or Et2O solution 

of the anhydrides in a short reaction time (0.5–1 h), usually at room temperature (Scheme 6).30,31 
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Scheme 6 

Through the application of different Grignard reagents, this method allows high variability, side-reactions, 

addition and enolization limit the preparations from bicyclic anhydrides, e.g. 19 (Scheme 7).32 
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Scheme 7 

1.3. OTHER METHODS 

The Reformatsky reaction of ethyl α-bromoalkanoates with succinic anhydride (17) in DMF in the pres-

ence of zinc results efficiently in γ-oxo acids (24) (yield 50-72%) in two steps (Scheme 8). This method is 

suitable for the large-scale preparation of alkyl derivatives.33 
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Scheme 8 

The reactions of phthalic and cis-hexahydrophthalic anhydrides (25) with malonic acid in Et3N at 80 °C 

for 2.5 h result in a condensed 2-acetylpropionic acid (26) with gas evolution, in good yield (Scheme 

9).34,35  Unfortunately, in basic medium the cis-acid (26) readily isomerizes to the trans isomer, which 

also appears in the reaction product. 

O
OH

O
OH

+O

O

O
25 Me

O

O

OH

26

2. HCl

1. Et3N, 80 °C
2.5 h

 
Scheme 9 

On heating with strong acids (PPA or H2SO4), the multistep ring closure of the cis-tetrahydrophthalic 

anhydride (12) leads stereoselectively to the condensed bicyclic γ-oxo acid (28) (Scheme 10).36 
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Scheme 10 

When picolinic acid (30) and phthalic (29) or 1,8-naphthalic anhydride are heated together in the absence 

of solvent, 2-(2-pyridylcarbonyl)benzoic acid derivatives (31) are synthesized in moderate yield by the 

loss of CO2 (Scheme 11);37 in nitrobenzene at 160-165 °C, the yield is 38-40%. 
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Scheme 11 

2. C–C BOND FORMATION 

2.1. ENAMINE REACTIONS OF KETONES  

Starting from cyclic ketones (32) with secondary amines e.g. pyrrolidine or morpholine, enamines (33) 

have been prepared, which react with haloalkanoic esters to give (ethoxycarbonyl)methylcycloalkanones 

(34) (Scheme 12).38-40 
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Scheme 12 

2.2. APPLICATION OF ORGANOLITHIUMS AND OTHER ORGANOMETALLICS 

n-BuLi-mediated reactions are often applied for the synthesis of substituted oxo acids, e.g. 2-, 3- or 4-

pyridyl or 2-furyl derivatives. Thus, 4-substituted benzoyl chlorides (35) are converted to the oxazoline 

(36), and their o-lithiated derivatives with 3-pyridinecarboxaldehyde give the products (37), and then the 

5-substituted (3-pyridyl)phthalides (38) by hydrolysis and cyclization upon heating with HCl; the alkaline 

hydrolysis of 38, followed by KMnO4 oxidation, affords the oxo acids (39) (Scheme 13).41 

3-(3-Pyridoyl)thiophene-2-carboxylic acid (42) has been prepared by the sequential n-BuLi-mediated 

reaction of 3-bromothiophene (40) in a one-pot procedure. Treatment of 40 with equivalent 3-cyano-

pyridine and n-BuLi, followed by treatment with another equivalent of n-BuLi in dry ice, and hydrolysis 

with dilute HCl, gives 42 (Scheme 14).42 
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Because of the poor yield, another synthetic route has been used for the preparation of the isomeric 46: 

application of the dianion derived from the readily available thiophene-3-carboxylic acid (43). The inter-

mediate hydroxy acid (45) can be smoothly oxidized with KMnO4 to give 46 in good (~ 65%) yield 

(Scheme 15). 
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Scheme 15 

From the analogous furan-3-carboxylic acid, the initial carbinol is formed similarly, but it resists oxida-

tion with KMnO4 and does not give the expected oxo acid. The oxo acid can be prepared by Swern oxida-

tion with oxalyl chloride in DMSO. 

Chemoselective addition of a Grignard reagent to a lithiated alkoxycarbonylalkyl-N-imidazolium-N-

methylamide also results in γ-oxo and homologous esters, in good yields (Scheme 16).43 The semiester or 

semichloride of a dicarboxylic acid reacts with the imidazolium derivative (47) to give 48, which has been 

treated with LDA in THF. Grignard reagent is added to the lithiated amide; the work-up with HCl gives 

oxo esters (49), while the ester group undergoes no reaction with the Grignard reagent. 
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Scheme 16 

Treatment of the acetoxy compound (50) with MeLi at –78 °C, followed by reaction with N-phenyl-

triflimide, affords the triflate in 90% yield.44 Exposure of the triflate to a modified Pd-catalysed methoxy-

carbonylation provides the ester (51) in good yield (Scheme 17). 



 

 

2 eq MeLi, PhNTf2
90%

R = OAc
R = OTf

Pd(OAc)2/PPh3
CO, MeOH, Et3N

DMSO, 60 °CN

O R

50

N

O O
O

Me

51 (82%)

 
Scheme 17 

2.5. APPLICATION OF OTHER REACTIONS 

Photooxygenation of the 5-hydroxymethyl-2-furfurals (53) leads to the 4-hydroxy-∆2-butenolides (54) as 

precursors of α,β-unsaturated γ-oxo esters (Scheme 18). The selective reduction of 53 or its oxo esters 

with Zn in AcOH under sonication leads to γ-oxo acids (55) or γ-esters.53 
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Scheme 18 

Enantiomerically pure γ-oxo esters with 4-chromanone skeletons (58) have been prepared by asymmetric 

intramolecular Stetter reactions,46 using the chiral triazolium salt (56) as catalyst, which is readily avail-

able via a large-volume intermediate of the industrial chloramphenicol synthesis (Scheme 19). The actual 

nucleophilic carbene catalyst formed in situ by deprotonation of 56 with K2CO3 in the presence of the 

butenoate (57) acts on the formyl function, and the nucleophilic β C-atom on the enamine then attacks the 

activated C=C bond of the Michael acceptor (57). 
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Scheme 19 

α-Isocyanoacetates condense smoothly with nitroalkenes (59) in the presence of DBU in THF–t-BuOH to 

give the acetals (60) (Scheme 20). Hydrolysis of the latter with a catalytic amount of concentrated H2SO4 

yields the 3-alkanoylpyrrole-2-carboxylates (61).47 
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Scheme 20 

For the preparation of other pyridazine oxo acids, e.g. 63, a homolytic substitution has been successfully 

applied by introduction of an acyl or aroyl group at position 5 of ethyl 4-pyridazinecarboxylate (62) 

(Scheme 21).48,49 
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The reaction of triacetylmethane (64) with the diazo compound (65) results in the dihydropyridazine oxo 

ester (66), which, after dehydrogenation with phenyltrimethylammonium tribromide, gives the pyridazine 

(67) (Scheme 22).50 
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Scheme 22 

The reactions of homophthalic acid (68) with aroyl chlorides, e.g. 69, result in the unsaturated lactone 

(70), which, by hydrolysis with alcoholic KOH, and then acidification, furnishes the δ-oxo acid (71) 

(Scheme 23).51 
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