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ABSTRACT

Anhydrides of carboxylic acids were obtained in 53%—-95% yield by
treatment of appropriate carboxylic acids with 2-chloro-4,6-dimethoxy-
1,3,5-triazine  (CDMT) or 2,4-dichloro-6-methoxy-1,3,5-triazine
(DCMT) in the presence of N-methylmorpholine. It has been proved
that synthesis proceeds via triazine active esters 3a,b, which are able to
acylate carboxylate anion but not less nucleophilic carboxylic acid.
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INTRODUCTION

Although anhydrides of carboxylic acids are less proficient (productive)
acylating species than other derivatives of carboxylic acids, such as acyl
halides or active esters, the unique properties of the former have been found
superior in the syntheses of heterocycles, ' in reactions catalyzed by transition
metals,”?! as substrates for chemical or chemoenzymatic dissimetrization,”’
and others." High and diversified reactivity of anhydrides is an important
factor obstructing their stability but constraining the search for the new expe-
dient method of their synthesis.

Herein we present a new synthetic approach, which is based on appli-
cation of inexpensive triazine coupling reagents for dehydration of carboxylic
acids 2a—j directly to appropriate anhydrides 4a—j under very mild reaction
conditions.

RESULTS AND DISCUSSIONS

Carboxylic acid anhydrides 4a—j were obtained in the one-pot procedure
involving two steps (Fig. 1). In the first one, carboxylic acid 2a—j was acti-
vated by treatment with triazine coupling reagent 1a,b in the presence of N-
methylmorpholine affording appropriate acyloxy-1,3,5-triazines 3a,b,
which, in the second stage, acylated the excess carboxylic acid to appropriate
anhydride. The participation of 2-acyloxy-1,3,5-triazines as reactive inter-
mediates formed in the preliminary stage has been proved by the isolation
of 3a,b from the reacting mixture and comparison to the isolated material,
with authentic samples obtained in accord with previously described pro-
cedures.™ Moreover, ester 3a treated with appropriate carboxylate anion
afforded anhydride 4a with an efficiency comparable to those obtained in
the standard procedure.

It was found that the acylation of carboxylic acid has not proceeded in
acidic media (Fig. 1, route a) but obligatory required formation of appropriate
carboxylate salt (Fig. 1, route b). Routine procedure included the application
of additional equivalent of tertiary amine used in the first stage of reaction or
any other tertiary amine.

Benzoic acids, substituted analogues of benzoic acid, and aliphatic long-
chain carboxylic acids have been dehydrated by means of 2-chloro-4,
6-dimethoxy-1,3,5-triazine (1a) and/or 2,4-dichloro-6-methoxy-1,3,5-triazine
(1b). Both reagents la,b have been useful in the process; however, the
later, bifunctional reagent 1b, was found more productive due to somewhat
faster activation and faster acylation as well as commercial advantages
caused by the presence of two reactive centers in the triazine molecule.
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Figure 1. Synthesis of anhydrides via carboxylate anion (route b) and carboxylic acid
(route a).

The broad range of solvents was found useful in the synthesis. The best
yields were obtained under mild condition in experiments conducted at
room temperature or below. However, the loss of yield under more vigorous
conditions has been found to not be substantial, which allowed essential modi-
fication of the procedure in the case of less reactive or less soluble carboxylic
acids.

Hydroxy-1,3,5-triazines 6a,b, formed as the side product of the reaction,
have been found sparingly soluble in most organic solvents but readily soluble
in water. Such a feature allowed two different procedures of isolation of anhy-
drides 4a—j. According to the general procedure, 6a,b have been easily
removed after completion of the synthesis by washing the crude preparation
with aqueous solution of diluted acids and bases. In the case of highly reactive
anhydrides, including those formed from benzoic acid substituted with EWG
(CI, Br, NO,) groups furnished by aqueous work-up, there was, substantial
loss of anhydrides 4a—j due to hydrolytic degradation accompanying wash-
out procedure. Therefore, use of ice-cold reagents and a rapid washing process
are essential for obtaining reasonable yield of products. An interesting alterna-
tive procedure was found very useful in the synthesis of anhydrides readily
soluble in hydrocarbon solvents. Due to very poor solubility of hydroxy-
1,3,5-triazines 6a,b in cyclohexane, it was possible to separate almost quanti-
tatively (95% yield) the anhydride 4i from side products by the simple extrac-
tion of the dry residue obtained after evaporation of reacting mixture.
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CONCLUSIONS

The advantage of the present approach over other methods of synthesis of
carboxylic acid anhydrides originates from direct use of readily accessible
substrates and the two-stage procedure operating under very mild reaction
conditions. The significant consequence of the presented studies is the poten-
tial of preparation of mixed anhydrides from two different carboxylic acids.
Moreover, the unambiguously documented observation that triazine esters
3a,b are uncreative when treated with carboxylic acids 2 is of crucial import-
ance for understanding the mechanism of enantiomer differentiating activation
proceeding in the presence of chiral triazine coupling reagents.'*! Thus,
according to the findings, an enantiomer of carboxylic acid activated by
chiral triazine reagent forming triazine ester 3 remained unchanged during
enantiodifferentiating process in the presence of excess discriminating enan-
tiomer of carboxylic acid. Consequently, the procedure could be applied for
the preparation of unsymmetrical anhydrides as well as meso anhydrides
directly from racemic carboxylic acids.!'”!

EXPERIMENTAL
General Synthetic Procedure Involving CDMT

The vigorously stirred solution of carboxylic acid 2a—j (20 mmol), CDMT
(1a) (1.78 g; 10 mmol) in appropriate solvent (20 mL), was cooled to 0°C-5°C
and then N-methylmorpholine (NMM) (1.10 mL, 10 mmol) was added in two
portions. The stirring was continued for 30min, an additional amount of
NMM (1.10mL, 10 mmole) was added, and the mixture allowed to warm up
slowly to reach room temperature. The solvent was evaporated. The residue
was dissolved in dichloromethane (50 mL), cooled to 0°C, and washed succes-
sively with an ice-cold solution of 0.5 M aq. NaHCO3, water, 1M aq. NaHSOy;
water, dried with MgSOQy; filtered; and the filtrate evaporated to dryness. The
residue was dried in a vacuum dessiccator to constant weight affording appro-
priate anhydrides 4a—j.

General Synthetic Procedure Involving DCMT

The vigorously stirred solution of carboxylic acid 2a—j (20 mmol), DCMT
(1b) (0.90 g; 5mmol) in appropriate solvent (15 mL), was cooled to 0°C-5°C
and then NMM (1.10 mL, 10 mmol) was added in two portions. The stirring was
continued for 30 min, an additional amount of NMM (1.10 mL, 10 mmol) was
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added, and the mixture allowed to warm up slowly to reach room temperature.
The solvent was evaporated. The residue was dissolved in dichloromethane
(50mL), cooled to 0°C, and washed successively with ice cold solution of
0.5 M aq. NaHCO3;, water, 1 M aq. NaHSO,, water; dried with MgSQOy; filtered;
and the filtrate evaporated to dryness. The residue was dried in a vacuum dessic-
cator to constant weight affording appropriate anhydrides 4a—j.

Synthesis of Benzoic Acid Anhydride (4a)
A) Synthesis of 2-Benzoiloxy-4,6-Dimethoxy-1,3,5-Triazine (3a)

The vigorously stirred solution of benzoic acid (2i) (3.52 g, 20 mmol),
CDMT (1a) (1.78 g, 10 mmol) in dichloromethane (15 mL), was cooled to
0°C-5°C and then NMM (1.10mL, 10 mmol) was added drop-wise to main-
tain temperature below 5°C. The stirring was continued for 12 hr, the mixture
was diluted with dichloromethane (15 mL), and washed successively with ice-
cold water, 1 M aq. NaHSQOy,, 0.5M aq. NaHCO3;, water; dried with MgSOy;
filtered; and the filtrate evaporated to dryness. The residue was dried in a
vacuum dessiccator to constant weight. After crystallization from hexane,
2-benzoiloxy-4,6-dimethoxy-1,3,5-triazine (3a) (3.67 g) was obtained in 70%
yield 1 mp 80°C—84°C, lit mp 83°C—85°C.1>*

"H-NMR (CDCl3) 6 =4.06 (s, 6H, O-CHs); 7.27-7.76 (m, 3H, H,);
8.15-8.19 (m, 2H, H,,). Analysis for C;,H;;N50,4 (261.08); calc: %C 55.17
%H 4.24 %N 16.08; found: %C 54.96 %H 4.19 %N 16.25.

B) Synthesis of Benzoic Anhydride (3a)

The solution of 2-benzoiloxy-4,6-dimethoxy-1,3,5-triazine (2.61 g,
10 mmol) in dichloromethane (20 mL) was cooled to 0°C and the benzoic
acid (1.22 g, 10mmol) and triethylamine (1.39 mL, 10 mmol) were added.
The mixture was allowed to warm-up and then stirred overnight at room
temperature. The anhydride 3a was isolated according to general procedure.
The yield was 1.93 g (85%). Spectroscopic data, identical as products, are
described in the Table 1.

Synthesis of Docosanoic Acid (Behenic Acid) Anhydride (4i)

The vigorously stirred suspension of docosanoic acid 2i (6.80g,
20 mmol), CDMT (1a) (1.78 g, 10 mmol) in dichloromethane (40 mL), was
cooled to 0°C-5°C and then NMM (1.10 mL, 10 mmol) was added in two
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portions. The stirring was continued for 0.5 hr, then an additional amount of
NMM (1.10mL, 10 mmol) was added and the mixture allowed to warm up
slowly to reach room temperature overnight. The solvent was evaporated.
The residue was extracted with boiling cyclohexane (2 x 40mL) and
collected extracts were evaporated. After crystallized being from cyclohexane
gave docosanoic acid (behenic acid) anhydride (4i) (6.28 g). Yield 95%; mp
80°C—82°C; lit mp 77.5°—77.7°C.1'?!
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