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Synthesis of aryl esters using carboxylic acids, triarylphosphites, 
and N-iodosuccinimide 
Sandhya Acharya,a† Dhiraj K. Jha,a† Marc Torres,a Samantha Chapa,a Anshuman Ravi,a Rishi Mathewa 
and John C. -G. Zhaoa*

The direct synthesis of aryl esters from carboxylic acids has been achieved by using triarylphosphites and N-iodosuccinimide 
in chlorobenzene under neutral reaction conditions. This straight-forward green esterification method provides the desired 
aryl esters in good to high yields (42 to 99% yield) and a wide range of aromatic and aliphatic carboxylic acids can serve as 
substrates in this esterification reaction. For more acidic acids, the addition of DBU enhances the reaction yields. A radical 
mechanism, supported by the results of a radical trapping experiment and 31P NMR studies, was proposed to explain the 
reaction outcome.

Introduction
Esters are vital synthetic intermediates and industrial materials, 
playing significant roles in the production of medicines, 
fragrances, and lubricants.1 Moreover, ester moiety is also 
ubiquitous in natural products.2 While alkyl esters can be easily 
synthesized directly from carboxylic acids and alcohols using the 
Fischer esterification protocol,3 the direct synthesis of aryl 
esters from carboxylic acids and phenols is much more 
challenging. This difficulty arises from the fact that phenols are 
significantly less nucleophilic than alcohols.4,5 As a result, 
Steglich esterification1f,6 and Mitsunobu reaction7 have been 
developed for the synthesis of aryl esters. Other reported 
methods for synthesizing aryl esters involve the use of acylating 
reagents,4 special activating reagents,4,8 or metal catalysis9 to 
achieve the desired results. During our recent study on the 
visible-light-assisted ring-opening reaction of THF with benzoic 
acid (1a), mediated by N-iodosuccinimide (NIS, 3a) and 
triphenylphosphine,10 we observed an interesting outcome. 
Specifically, when triphenylphosphine was replaced by 
triphenylphosphite (2a), no desired ring-opening product 5a 
was obtained. Instead, we isolated phenyl benzoate (4a) in a 
low yield from this reaction (Scheme 1).

Further control reactions confirmed that the formation of 4a 
resulted from the reaction between 1a, 2a, and 3a (data not 
shown). Moreover, light was not required for this reaction. It 
should be noted that phosphites have seldom been employed 
in the synthesis of aryl esters. To our knowledge, only Schwyzer 
and colleagues briefly reported the synthesis of aryl esters from 
carboxylic acids and triarylphosphites using pyridine as a 

solvent.8i Our current reaction offers a direct synthesis of aryl 
esters from readily available starting materials under neutral 
and metal-free conditions.

O

OH ++ N

O

O

I

1a 3a2a

4a
PhCl, Ar, rt, 23 h

P(OPh)3

O

O

Ph

+
O

O

O

I

5a

Scheme 1 Attempted ring-opening of THF with benzoic acid using 
triphenylphosphite and NIS.

Results and discussion
We have chosen to optimize the reaction conditions further to 
enhance the yield of 4a. The results of these optimizations are 
collected in Table 1. When 1.0 equiv. of 2a and 1.0 equiv. of 3a 
was used with 1a in chlorobenzene (2.0 M), the desired phenyl 
benzoate (4a) was obtained in 69% yield after reacting at rt 
under argon for 20 hours (Table 1, entry 1). The yield of product 
4a was dramatically increased (to 90%) when the loading of 2a 
was increased to 1.5 equiv. (entry 2). Nonetheless, further 
increasing the loading of 2a to 2.0 equiv. failed to improve the 
product yield (entry 3). Similarly, using the optimal loading of 2a 
(1.5 equiv.), variations in the amount of 3a—whether increased 
or decreased—led to decreased yields of product 4a (entries 4 
and 5). Moreover, conducting the reaction under air also led to 
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Table 1 Optimization of the reaction conditionsa

O

OH ++ N

O

O

X

1a 32
4

Solvent,
Ar

P(OR)3 O

O

R

2a, 4a: R = Ph; 3a: X = I; 3b: X = Br; 3c: X = Cl

Entry 2 (equiv.) 3 (equiv.) Solvent T (°C) Time (h) Yield of 4 (%)b

1 2a (1.0) 3a (1.0) PhCl rt 20 4a (69)
2 2a (1.5) 3a (1.0) PhCl rt 20 4a (90)
3 2a (2.0) 3a (1.0) PhCl rt 20 4a (66)
4 2a (1.5) 3a (1.5) PhCl rt 20 4a (12)
5 2a (1.5) 3a (0.5) PhCl rt 20 4a (37)
6c 2a (1.5) 3a (1.0) PhCl rt 20 4a (64)
7d 2a (1.5) 3a (1.0) PhCl rt 20 4a (78)
8e 2a (1.5) 3a (1.0) PhCl rt 20 4a (44)
9 2a (1.5) 3a (1.0) PhCF3 rt 20 4a (88)

10 2a (1.5) 2a (1.0) Toluene rt 20 4a (40)
11 2a (1.5) 3a (1.0) CH2Cl2 rt 20 4a (54)
12 2a (1.5) 3a (1.0) Acetone rt 20 4a (24)
13 2a (1.5) 3a (1.0) DMF rt 20 4a (17)
14 2a (1.5) 3a (1.0) THF rt 20 4a (38)
15 2a (1.5) 3a (1.0) 1,4-Dioxane rt 20 4a (63)
16 2a (1.5) 3a (1.0) MeOH rt 20 4a (24)
17 2a (1.5) 3a (1.0) PhCl 40 6 4a (92)
18 2a (1.5) 3a (1.0) PhCl 60 6 4a (99)
19 2a (1.5) 3b (1.0) PhCl 60 6 4a (65)
20 2a (1.5) 3c (1.0) PhCl 60 6 4a (0)

aReaction conditions: benzoic acid (1a, 1.0 mmol), phosphite (2, 1.5 mmol), and N-
halosuccinimide (3, 1.0 mmol), under argon in chlorobenzene (0.50 mL). bYield of 
the isolated product after column chromatography. cThe reaction was conducted 
under air. dThe reaction was conducted in 0.10 mL of chlorobenzene. eThe reaction 
was conducted in 2.0 mL of chlorobenzene.

a lower product yield (64% vs. 90%, entry 6 vs. entry 2). The 
reactant concentration was also found to impact the product 
yield: with both higher (10.0 M) or lower (0.5 M) concentrations 
of 1a resulted in decreased yields of 4a (entries 7 and 8). Next, 
various organic solvents were screened for this reaction. It was 
observed that, except for trifluorotoluene, which yielded 
slightly lower amounts of 4a (88%, entry 9) compared to 
chlorobenzene, all other chlorinated or non-chlorinated 
solvents resulted in poor product yields (entries 10-16). Finally, 
the reaction temperature was investigated, revealing that the 
reaction proceeded much faster at 40 °C and 60 °C (entries 17 
and 18). The highest yield of 4a (99%, entry 18) was achieved at 
60 °C after just 6 hours of reaction time. Nonetheless, the use 
of N-bromosuccinimide (3b) instead of 3a under the optimized 
conditions led to a lower product yield (65%, entry 19). 
Moreover, using N-chlorosuccinimide (3c) instead of 3a gave no 
formation of 4a at all (entry 20). Thus, the conditions described 
in entry 18 were identified as the optimal ones for this 
esterification reaction. 
Once the reaction conditions were optimized, the scope of this 
reaction was established. As shown in Table 2, besides benzoic 
acid, benzoic acids with an electron-donating group or a mildly 

electron-withdrawing group in the para-position of the benzene 
ring also yield the desired phenyl esters in good to high yields 
(4b to 4h). However, benzoic acids with a strong electron-
withdrawing group, such as the cyano and nitro groups, in the 
para-position of the benzene ring failed to react under the 
optimized reaction conditions. After some fine tunings, the 
desired phenyl ester products (4i and 4j) could be obtained in 
low to moderate yields by conducting the reaction in the 
presence of 2.0 equiv. of DBU at rt for 16 h. High yield of the 
corresponding phenyl esters could also be obtained from 3-
methoxybenzoic acid (4k) and 2-naphthoic acid (4l). However, 
the more acidic nicotinic acid also requires DBU to yield the 
corresponding phenyl ester 4m (in 63% yield). In contrast, no 
desired product could be obtained from coumalic acid or N-Boc-
proline, even in the presence of DBU. Nevertheless, N-CBZ-
proline produced the expected phenyl ester 4p in 61% yield in 
the presence of DBU, suggesting that coumalic acid or N-Boc-
proline do not work well because they are not compatible with 
the reaction conditions. In addition to aromatic acids, aliphatic 
carboxylic acids are also good substrates for this reaction. As the 
results in Table 2 show, the corresponding phenyl esters of 
aliphatic carboxylic acids with a primary, a secondary, or even a 
tertiary substituent were obtained in high yields (4q-4u). 
Moreover, the phenyl esters of 3-bromopropionic acid (4v), 
cinnamic acid (4w), and α-tocopheryl succinate (4x) were also 
obtained in moderate to high yields, showing this esterification 
reaction has a good functional group tolerance. In addition to 
triphenylphosphite, other triarylphosphites can also be applied 
in this reaction to produce the corresponding aryl esters. For 
examples, 4-methylphenyl, 4-tert-butylphenyl, and 4-
methoxyphenyl benzoates (4y, 4z, and 4aa) were obtained in 
good to excellent yields. Lower yields of 4-iodophenyl, 4-
nitrophenyl, and 2,5-dimethylphenyl benzoates (4ab, 4ac, and 
4ad) were also obtained. These could be attributed to either the 
electronic effects (4ab and 4ac) or the steric effects of the 
substituents (4ad). However, the yield of 4ac could be improved 
to 76% by conducting the reaction in the presence of DBU. 
Moreover, a high yield of [1,1'-biphenyl]-4-yl benzoate (4ae) 
was obtained from the reaction of benzoic acid and tri([1,1'-
biphenyl]-4-yl)phosphite. Finally, to demonstrate the synthetic 
utility of the current method, a gram-scale reaction was 
conducted with the model acid 2a, and a high yield of 94% was 
obtained (For details, please see the Supporting Information).
On the other hand, instead of triarylphosphites, using 
trialkylphosphites, such as triethylphosphite, 
tribenzylphosphite, and triisopropylphosphite, and mixed 
phosphites, such as diethylphenylphosphite and diethyl(4-
methylphenyl)phosphite, together with benzoic acid under the 
optimized conditions did not yield the corresponding alkyl or 
aryl benzoates at all (data not shown). In the case of 
trialkylphosphite, there was no reaction. In the case of the 
mixed phosphites, only low yields of benzoic anhydride were 
obtained, suggesting that the reaction went through a polar 
mechanism instead.
We noticed that the reaction gave a lower yield under air (Table 
1, entry 6) than under argon (Table 1, entry 2), suggesting a 
possible radical mechanism for this reaction, which is 
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Table 2 Substrate scope of the aryl esterification reactiona,b 

RCO2H P(OAr)3 N

O

O

I
PhCl, Ar, 60 °C, 6 h R O

O
++ Ar

3a21 4
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O
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4c, 83% 4d, 91% 4e, 87% 4f, 84%

4g, 60% 4h, 85% 4i, 63%c 4j, 29%c 4l, 93%

4q, 89%

4w, 91%4s, 98% 4t, 89% 4u, 80% 4v, 52%

4m, 63%c

4x, 77% 4y, 83%

4ac, 18% (76%c)

4aa, 92%

4ab, 48%

O

O

4r, 82%4n, 0%c

O
NCbz

OO

4o, 0%c 4p, 61%c

O

O

MeO
O

O

4k, 90%

O

O

4b, 85%

O

O

4z, 76%

O

O

4ad, 42%

O

O

4ae, 88%

NO2

3

aReaction conditions: carboxylic acid 1 (1.0 mmol), triarylphosphite 2 (1.5 mmol), and NIS (3a, 1.0 mmol) under argon in chlorobenzene (0.5 mL) at 60 °C for 6 h. bYield 
of the isolated product after column chromatography. cThe reaction was conducted in the presence of DBU (2.0 mmol) at room temperature for 16 h.

completely different from the polar reaction reported by 
Schwyzer.8i To further elucidate the reaction mechanism, a 
radical inhibition experiment was conducted using TEMPO (6) 

as the radical inhibitor. As the results in Eq. 1 show, in the 
presence of 6 (2.0 equiv.), no formation of the desired 4a was 
observed under the optimized conditions. Instead, product 7 
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was obtained in 45% yield. This trapping result supports the 
involvement of benzoyl radical in this reaction. 

O

OH ++ N

O

O

I

1a 3a2a

4a

PhCl
60 °C
Ar, 6 h

P(OPh)3

O

O

Ph

+
N

O

+
O

O
N

7

6

0% 45%

(Eq. 1)

To gain further insight into the reaction mechanism, the 
progress of the model reaction was monitored by 31P NMR 
(Scheme 2). It is not surprising to find that the peak for 
triphenylphosphite (δ 127.7 PPM)11 quickly diminished and 
disappeared completely after 1.5 hours of reaction. Three new 
peaks appeared in the 31P NMR spectrum: at δ 0.27 PPM, -17.7 
PPM, and -49.7 PPM, respectively, from the beginning of the 
reaction. The intensity of the peak at 0.27 PPM initially 
increased and then decreased as the reaction progressed, 
disappearing completely by the end of the reaction. The peak at 
-49.7 PPM followed a similar trend but persisted until the end 
of the reaction. In contrast, the peak at -17.7 PPM remained 
relatively constant throughout the reaction. Additionally, two 
minor peaks emerged gradually during the reaction: the peak at 
δ -25.9 PPM began appearing after 1.5 hours, and the peak at δ 
-9.6 PPM started to appear after 4 hours. Both peaks became 
more pronounced as the reaction continued.

Scheme 2 31PNMR Study of the esterification reaction.

The peak at -17.7 PPM was identified as triphenyl phosphate 
(compound 12 in Scheme 3) based on the 31P chemical shift of 
an authentic sample isolated from the reaction mixture. The 
peak at -49.7 PPM most likely corresponds to diphenyl 
phosphoriodidate (compound 10 in Scheme 3), which has a 

reported 31P chemical shift of -47.0 PPM.12 The minor peak at 
-9.6 PPM was attributed to diphenyl phosphate (compound 11 
in Scheme 3), which was verified by the fact that an authentic 
sample of 11 added to the reaction mixture enhanced the 
intensity of this peak. 13 Moreover, compound 11 could also be 
isolated from the reaction mixture. While we are not certain 
about the species corresponding to the peak at -25.9 PPM, we 
believe it is not the intermediate responsible for the formation 
of the ester product, as it appears in the later stage of the 
reaction and persists until the end. In contrast, the species with 
a 31P chemical shift of 0.27 PPM is most likely responsible for 
the formation of the ester product. To find out whether this 
peak belongs to the iodosuccinimidotriphenoxyphosphorane 8 
or the benzoyloxyiodotriphenoxyphosphorane intermediate 9 
(Scheme 3), we conducted the esterification reaction using 
iodine instead of NIS and monitored the reaction the progress 
with 31P NMR (For details, please see the Supporting 
Information). It turned out that the presumed intermediate 9 
has a very similar 31P NMR chemical shift as 8, thus, the peak at 
0.27 PPM can be either intermediate 8 or 9. Our experiments 
also show that both of these intermediates do lead to the 
formation of the expected product. 
Based on the results of the trapping experiment and the 31P 
NMR study, the following mechanism is proposed to explain this 
esterification reaction. As shown in Scheme 3, 
triphenylphosphite (2a) reacts with NIS (3a) to yield the 
iodosuccinimidotriphenoxyphosphorane intermediate (8). The 
reaction of intermediate 8 with benzoic acid (1a) produces 
intermediate 9.14 The homolytic cleavage of intermediate 9 
generates a benzoyl radical, a phenoxy radical, and diphenyl 
phosphoriodidate (10). The recombination of the benzoyl 
radical and the phenoxy radical yields the expected product 4a. 
The hydrolysis of diphenyl phosphoriodidate (10) (slow under 
the reaction conditions, but fast during column 
chromatography) generates diphenyl phosphate (11). 
Alternatively, intermediate 9 can cleave into benzoyl and iodo 
radicals, yielding the observed side product triphenyl 
phosphate (12, Scheme 3, bottom equation).
The proposed mechanism can explain why more acidic acids are 
less reactive in this reaction: the second step involves a 
nucleophilic addition of the acid to phosphorane intermediate 
8. More acidic acids are less nucleophilic and the reaction gets 
slower; However, their nucleophilicity can be increased by 
deprotonation with a base such as DBU. Additionally, the 
proposed mechanism can explain why the formation of 4ad is 
more difficult than that of 4a: the 4-nitrophenoxy radical is less 
stable than the phenoxy radical, causing the homolytic cleavage 
much more difficult.

Conclusions
In summary, we developed a direct synthesis of aryl esters from 
carboxylic acids using triarylphosphites and N-iodosuccinimide 
in chlorobenzene under mild reaction conditions. The desired 
aryl esters were obtained in good to high yields, with yields 
reaching up to 99%. The addition of 2.0 equivalent of DBU is 
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necessary to achieve good yields when using more acidic acids 
or triarylphosphites with strong electron-withdrawing groups.
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Scheme 3 Proposed mechanism of the esterification reaction (31P chemical shifts 
are included in parentheses).
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