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Aryl esters are formed from various free carboxylic acids . and phenols by means of
polyphosphate ester (PPE) under mild conditions. :
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Aryl esters are not obtained by conventional process of esterification of carboxylic
acid. Because of their relat1ve1y low" nucleophilicity, phenols are usually not acylated
with carboxyhc acids under acidic catalysts.’ Thus aryl esters have generally been
prepared by acting certain activated derivatives of carboxylic acid such as acid halide
or anhydride upon phenol.>** Several condensation processes have also been developed
in connection with the ** active ester method ” along with the recent advance in peptlde
synthesis.5®

In our earlier works, it has been shown that polyphosphate ester (PPE)is an
efficient agent for various condensation reactions.*-7*~® In the course of the extensive
study of the application of PPE, it was found that aryl esters are formed from free
carboxylic acids and phenols with PPE as a condensing agent under mild conditions.

A solution of equimolar amounts of benzoic acid and phenol in chloroform was
mixed with excess of PPE, and the mixture was refluxed for 30 min., or stood at
room temperature for 24 hr. to afford phenyl benzoate (I)in 83 or 90% yield,
respectively. In a similar manner, p-nitrophenol, the most widely used component of
“active ester,”” gave the benzoate (I). Pentachlorophenol, which recently received
attention in the synthesis of polypeptides with known repeating sequence,’*® also
formed the corresponding benzoate (I) with PPE.  As illustrations of thiophenol, thio-
phenyl (V) and p-nitrothiophenyl benzoate (V) were prepared by this method.

Likewise, acetic acid afforded corresponding phenyl (M), p-nitrophenyl (VI), and

pentachlorophenyl acetate (Vll), thus demonstrating that this procedure is applicable to
aliphatic carboxylic acid as well.
- Experimental data are summarized in Table I, which include phenylacetic acid,
and several benzoic acid derlvatlves carrymg nitro or hydroxyl group as a substltuent
These results prove that this procedure provides a general method for the preparation
of aryl esters from various carboxylic acids and phenols.
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TasLe I. Preparation of Aryl Esters

Yield (%)
Product el m.p. (T IR (C=0)
A B (ecm™)
70~71 ’

Phenyl benzoate I 83 90 (709 colorless needles (E) 1730
p—Nitropheny} benzoate I 78 65 1%(1)22')11%)2 » colorless powder (E) 1740
Pentachlorophenyl benzoate m 8 — 15()%5)1151)70) colorless needles (E) 1775

. ; 56~57 colorless powder k
Thiophenyl benzoate v 91 80 (56y (aq. isopropanol) 1670
p-Nitrothiopheny! benzoate v 78 73 d%g:gg)m pale yellow powder (E) 1675
Phenyl acetate W80 81 PSSR, colorless oil 1770
p-Nitrophenyl acetate VI 73 69 (g?:g%m pale yellow prisms (E) 1770
Pentachlorophenyl acetate W 89 — déé:ig?)m) colorless needles (E) 1780
p-Nitrophenyl phenylacetate X 78 81 (ggzgg)m pale yellow fine needles (E) 1760

. o 126~127 pale yellow fine needles

Phenyl p-nitrobenzoate X 63 (1295,130)13) (E) 1740
p-Nitrophenyl p-nitrobenzoate X 6 — dgg:igg)m) pale yellow needles (E) 1750
Phenyl m-nitrobenzoate X1 49 — (‘2?&)?1% pale yellow prisms (E) 1740
Phenyl salicylate XH 63 — %22”‘5‘;5) colorless prisms (ag. E) 1680
p-Nitrophenyl ester of P05 1770

N-phthaloyl-g-alanine XIV 87 87 203~205 " (AcOEt) 1715
p-Nitrophenyl ester of - pale yellow leaflets 1760
- N-benzoyl-B-alanine Xy # 76 158~159 (benzene) 1630
Pentachlorophenyl ester of . ’
' N-phthaloyl-f-alanine XVI 90 — 186~187 colorless needles (AcOEt) 1775
p-Nitrophenyl ester of , 1770

N-phthaloyl-pr-alanine XVI 64 16 128~129 colorless leaflets (E) 1720

a) Solvent of recrystallization: E, ethanol.

b) Nujol

¢) Identical with the authentic specimen prepared from benzoic acid and pentachlorophenol by means

of DCC.

The course of the reaction may presumably involve the activation of carboxylic
group by PPE, which is considered to be a reagent of Lewis-acid type, followed by
nucleophilic attack of phenol on carboxylic carbon atom as outlined in the equation,
where [P] represents PPE. Detailed mechanism is, however, still uncertain since
phenol is also capable of reacting with PPE using its active proton to form a possible
activated intermediate. '
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- Nakazawa, ef al. showed that polyphosphoric acid (PPA)can effect the Fries
reaction of aryl esters under mild conditions. For example, when warmed ‘with PPA
for 15min., phenyl benzoate (I) was- readlly converted to p—hydroxybenzophenone 19)
In contrast to this, the above results in this paper indicated that aryl esters_ are
rather stable under PPE treatment In order to confirm this distinction, I was
refluxed in chloroform solution in the presence of PPE for 0.5~2hr. and the ester was
recovered unchanged in a good yield. : Thus it may be concluded that no appreciable
rearrangement takes place under the cond1t1ons of this preparation of aryl esters. ,
In view of usefulness of the active ester method in peptide chemistry, preparatlon

of p—mtrophenyl or pentachlorophenyl ester of N-protected amino acid was examined.
As listed in Table I, N-phthaloyl and N-benzoyl-g-alanine gave corresponding esters
by the PPE method ‘However, attempted conversion of N-protected a-amino acid to
aryl ester was in general fru1tless though N—phthaloyl—DL-alanme for example, gave
' p—mtrophenyl ester in a low yield.

: Experimenta‘l*‘* :

, General Procedure for the Preparatlon of Aryl Esters——Fmely powdered equnmolar amounts of
carboxylic acid and phenol were mixed with the solution of PPE (15 equivalents; EtOzP taken as an equlva—
lent) in CHCl; (50 W/W%)s and the solution was refluxed for 30 min. (Procedure A) or stood at room temp.
for 24 hr. (Procedure B). After the reactmn, the mixture was -evaporated % vacuo at room temp and ice-
water and powdered NaHCO; were added to the residue and then. stirred to effect decomposmon of ithe
excess of PPE (ca. 0.5 hr.). The whole was extracted with CHCl; and the extract was washed with cold
satd. -aq. NaHCOs, water, and dried (Na2804) Removal of the solvent left a crude. aryl ester, ‘which. was
purified by recrystallization or dlstllla’aon as listed in Table I.

The Test for the Fries. Rearrangement———A solution of phenyl benzoate (496 mg:) and PPE (2. 5 )
in CHCl3 (10 ml.) was. refluxed for 30 min. After cooling, solvent was evaporated in vacuo at room temp., and
to this mixture ice-water -was added followed by stirring for 3 hr. The whole was extracted with benzene,
and the extract was washed with 5% NaOH, and then water, and dried (Na,SOy). Removal of the solvent
vacuo left colorless solid, which -was recrystalhzed from n~hexane to give colorless prisms of m.p. 67~68°
(435 mg. or 88%); identical with -the starting material by mixed m.p. and IR comparison. The above
alkaline extract was combined with water washings and the whole was acidified with 10% HC1 and extracted
with benzene. On removal of the solvent, no appreciable amount of p—hydroxybenzophenone was 1solated
By prolonged heating (2 hr.), 839 of purified ester were recovered similarly. =

p-Nitrophenyl Ester of N-Phthaloyl-g-alanine (XIV)——Amzl Calcd. for Cy7Hy20OgN, (XIV)
60.06; H, 3.55; N, 8.23. Found: C, 59.99; H, 3.44; 8.19. ‘ , _

p-Nltrophenyl Ester of N-Benzoyl-g-alanine (XV)—-———Anal Calcd for CigH1405N, XV):.- C, _61.14;
H, 4.49; N, 8.91. Found: C, 61.34, H, 4.42, N, 9.22.

. Pentachlorophenyl Ester of N-Phthaloyl-g-alanine (XVI)———Anal Caled. for C17HsO4NC15 (XVI) C,
43.67; H, 1.72; N, 3.00. Found: C, 43.58; H, 1.74; N, 2.72.

p—Nltrophenyl Ester of N-Phthaloyl—-DL—alamne (XVII)————-Anal Caled. for CiH1206N, (XV]I)

60.06; H, 3.55; N, 8.23. Found: C, 59.81; H, 3.54; N, 7.99.

We are indebted to Mrs. T. Toma and Miss A. Maeda for - elemental analysis. This work was
supported in part by a grant from the Mlmstry of Educatlon, ‘which is gratefully acknowledged

* Al meltmg pomts are -uncorrected.:
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