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Abstract: N-Arylamides are a ubiquitous component of a broad range of natural products and bio-
logically active compounds. In this paper, a new synthetic protocol for the preparation of N-aryla-
mides has been developed via hypervalent iodine mediated aza-Hofmann type rearrangement of
amidines. The reaction proceeds smoothly at 100 °C in the presence of PhINTs in toluene solvent.
The requisite amidine substrates were prepared from amines and nitriles by applying Pinner reac-
tion approach. Considering the easy access of amidines from nitriles, the overall process is the con-
version of nitriles to acetanilide and N-arylamides. As an application of the protocol, the preparation
of paracetamol from 4-cyanophenol has been also described.
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1. Introduction

Amide bond containing compounds are a ubiquitous component of a broad range of
natural products and biologically active compounds [1,2]. In recent year, molecules with
amide moieties have attracted considerable attention in medicinal chemistry due to their
significant and diverse biological activities, including antipyretic[3], antimalarial [4], anti-
inflammatory [5], and antitumor [6] agents. A recent study showed that about 25% of the
known pharmaceuticals contained at least one amide bond [7]. More importantly, it con-
stitutes the backbone of the biological crucial proteins and peptides. N-Arylamides are an
important class of amides widely present in natural products (e.g., penicillin, paclitaxel),
pharmaceuticals, and agrochemicals, as well as in a large number of industrial materials
including polymers, detergents and lubricants [8,9]. The most popular and general meth-
ods for the preparation of these class of compounds rely on the reaction of activated car-
boxylic acid derivatives, such as chlorides, anhydrides or esters, with amines or, alterna-
tively, the direct union of the carboxylic acids with amines assisted by stoichiometric
amounts of coupling reagents [10,11]. However, these classical approaches are in low
atom efficiency and generate large amounts of waste products, making their environmen-
tal profile unfavourable. New synthetic approaches that do not require activation of the
carboxylic acid with a stoichiometric reagent, based on a Lewis acid (e.g. boronic acids)
[12] or silica [13] as catalyst were developed. Catalyst poisoning as well as substrate scope
are the main challenges remaining in this attractive approach. Among the transition-metal
catalyzed synthetic methods developed so far [14], the direct formation of the C-N bond
through cross-coupling reaction of arylhalides (I, Br, Cl) or pseudohalides (OTf, OTs, OMs
etc.) with primary or secondary amides is one of the best method in terms of versatility
[15]. These amidation methods are mainly catalyzed by the transition metal such as pal-
ladium and copper catalysts; and it is necessary to install the leaving group beforehand
on the aromatic coupling partner which finally ends up with undesirable waste. It is,
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therefore, highly desirable to develop an efficient and more environmental friendly
method for the synthesis of N-arylamides.

In the recent years, hypervalent iodine compounds have emerged as environmen-
tally friendly and efficient oxidizing reagents for various synthetically useful oxidative
transformations [16]. These compounds are stable, less toxic, commercially available, and
easy to handle. Now-a-days, various hypervalent iodine reagents are widely used as a
green oxidant for the Hofmann rearrangement of primary amides [17]. In this context,
very recently, Li and co-workers have reported the Hoffmann-type rearrangement of pri-
mary amides to secondary amides using PhI(OAc): as an oxidizing reagent [18]. In the
1990s Ramsden and co-workers described the phenyliodine(Ill)diacetate (PIDA) mediated
oxidative rearrangement of N-substituted amidines to carbodiimides.[19] Recently, we ob-
served that carbodiimides obtained from amidines can easily be transformed into acetan-
ilides via the reaction with acetic acid in situ generation from PhI(OAc)2 [20]. Although,
this method is highly efficient for the preparation of acetanilides but there are some dis-
advantages associated with this protocol. The main limitation of the protocol is the limited
substrate scope that is restricted to the synthesis of acetanilides only. Different hyperva-
lent iodine reagents were required for the preparation of anilides other than acetanilide
which reduces its applicability in the development of chemical project. Therefore, we en-
visaged that by exploring suitable oxidant systems, the aza-Hofmann rearrangement of
amidines would lead to in situ formation of carbodiimides. Subsequent reaction of car-
bodiimides with a carboxylic acid may provide the easy access to N-arylamides (anilides)
in one-pot process.

In this paper, we have demonstrated a new synthetic protocol for the preparation of
N-arylamides including paracetamol via hypervalent iodine mediated aza-Hofmann type
rearrangement of amidines. The requisite amidine substrates were prepared from amines
and nitriles by applying Pinner reaction approach [21]. Considering the easy access of
amidines from nitriles, the overall process is the conversion of nitriles to anilides. As an
application of the protocol, we have synthesized paracetamol from 4-cyanophenol.

2. Materials and Methods

In our previous work, we have demonstrated the synthesis of secondary amides from
N-substituted amidines by tandem oxidative rearrangement and isocyanate elimination.
In that approach, PhI(OAc): mediated oxidative rearrangement of N-substituted amidines
in-situ generated an carbodiimide intermediate, which was subsequently trapped by an
in situ generated acetic acid from PhI(OAc): to provide the corresponding acetanilides
(Scheme 1). The main disadvantage of this protocol is that different hypervalent iodine
reagents are required for the synthesis of anilides other than acetanilide which reduces its
applicability in the development of chemical project. Therefore, we envisaged that by ex-
ploring suitable oxidant systems other than PhI(OAc)., the oxidative rearrangement of
amidines would lead to in situ formation of carbodiimides. Subsequent reaction of car-
bodiimide with a carboxylic acid would provide the access to anilides in one-pot process.
The efficient oxidative rearrangement of amidines without competitive nucleophilic ad-
dition of in situ generated nucleophiles may be an efficient approach for the success of
this transformation. Moreover, the reactivity of hypervalent iodines can be modulated by
changing the substituents and the nucleophile in situ generated can be selected.

Based on these elegant ideas, we started our investigation with N-benzylbenzami-
dine (1a) as model substrate for the generation of carbodiimide. Benzoic acid (2a) was
selected for the reaction with carbodiimide. When 1a and 2a were heated with 1.5 equiv.
PhI(OAc): in toluene at 100 °C for 15h, a mixture of two anilides, benzanilide (3a) and
acetanilide (4a) was obtained in 48% and 40% yields, respectively (Table 1, entry 1). Un-
fortunately, we didn’t obtained any product when the reaction was performed with
PhI(OCOCEFs) as oxidant (Table 1, entry 2). Interestingly, by switching the hypervalent
iodine reagent from PhI(OAc): to PhINTs, a full conversion was achieved in an overnight
reaction (15 h) and only one product, benzanilide was obtained in 86% yield (Table 1,



Chem. Proc. 2021, 3, x FOR PEER REVIEW 3 of6

entry 3). In this reaction N-tosyl aniline was eliminated as by-product from PhINTs. Due
to the lower nucleophilicity of N-tosyl aniline, benzoic acid attacks the carbodiimide lead-
ing to the formation of benzanilide product. Screening of solvent revealed that toluene is
to be the best solvent for this transformation (entries 4-6). Next, we investigated the influ-
ence of base on this tandem reaction. It was observed that additive (base) either has no
influence or negative influence on the yield of product (Table 1, entries 7-10). Thus, the
optimal reaction conditions for this transformation as follow amidine (0.5 mmol), carbox-
ylic acid (1 mmol), PhINTs (0.75 mmol), and toluene (1 mL), at 100 °C for 15h.

O
B HN” “Me
- Phi(OAc),
HN >
toluene, 80 or 100 °C + Bn-NCO
MeOCO._ | _OCCMe
i
Ph MeCO,H
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Scheme 1. Synthesis of secondary amides via PhI(OAc).-mediated oxidative rearrangement of N-substituted amidines.

Table 1. Optimization reactions for the preparation of benzanilide from N-benzylbenzamidine.

H NHCOMe
HN/\© qoon PhINTs (1.5 equiv.) N
(T ) e I T e
+ 100 °C, toluene, 15h
3a 4a
1a 2a "Optimal condition"”
Entry Oxidant (1.5 eq) Solvent (1 mL) Additives (1.1 eq) Yield (%) 3a/4a
1 PhI(OAc): toluene - 48/40
2 PhI(OCOCEFs) toluene - 0/0
3 PhINTSs toluene - 86/0
4 PhINTSs THF - 74/0
5 PhINTSs DMF - 35/0
6 PhINTs o-xylene - 68/0
7 PhINTSs toluene EtsN 77/0
8 PhINTSs toluene AcOK 58/34
9 PhINTSs toluene Cs2C0s 42/0
10 PhINTSs toluene Pyridine 58/0
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3. Results and Discussion

We then explored the substrate scope and limitation of the protocol. Various aliphatic
and aromatic carboxylic acids bearing electron-donating as well as electron-withdrawing
group were reacted with the carbodiimide generated from N-benzylbenzamidine (1a), af-
fording benzanilides (3) in good to excellent yields. Various functional groups such as Me,
OMe, Cl, CN substituted at ortho-, meta-, and para-positions of aromatic carboxylic acids
were well tolerated under the reaction conditions and furnished desired products in high
yields (Scheme 2).

COOH X i g
R PhINTs (1.5 equiv.) _
i R'_Q 100 °C, toluene, 15h B O O + BnNCO
2a-j 69-92% 3a]

@r“p:@@Y@ Saa N

3a (86%) 3b (80%) 3c (82%) 3 . (87%)
H
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3e (92%) 3f (75%) 3g (70%) 3h (69%)
N
oY Or
3i (86%) 3j (88%)

Scheme 2. PhINTs-mediated synthesis of benzanilides from N-benzylbenzamidine.

N-Acetyl-para-aminophenol (APAP), commonly known as paracetamol or aceta-
minophen, is a representative of the N-arylamide class drug. This drug is one of the most
consumed worldwide with a global production of more than 100,000 tons per year. Over
the last century, many routes have been explored for the preparation of paracetamol [22-
24] but all those which have emerged industrially are based on the acetylation of para-
aminophenol (PAP) as final stage [25,26]. We applied this protocol for the preparation of
paracetamol stating from 4-cyanophenol. The reaction of 4-cyanophenol with benzyla-
mine in the presence of 1.2 equiv. of anhydrous AICIs at 130 °C to give the corresponding
amidine (1b). The oxidative rearrangement of 1b with PhI(OAc): (1.5 equiv.) in toluene at
100 °C for 15 h to give the paracetamol (3k) in 90% yield. When the same reaction is carried
out with PhINTSs, 94% of paracetamol is obtained. The overall process is to be considered
as the conversion of 4-cyanophenol into paracetamol.
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Scheme 3. Synthesis of paracetamol from amidine.

4. Conclusions

In conclusion, we have developed an efficient and sustainable protocol for the prep-
aration of N-arylamides (anilides) from N-substituted amidines. All the reaction pro-
ceeded smoothly with PhINTSs at 100 °C in toluene solvent. Various substituted N-aryla-
mides were obtained in high yields under oxidative reaction conditions. As an application
of this protocol we have synthesized paracetamol in high yield starting from 4-cyanophe-
nol.

5. Experimental

General procedure for the synthesis of N-substituted amidines from amines and
carbonitriles: A pressure flask (50 mL) equipped with a small stirring bar was charged
with the amine (5.5 mmol, 1.1 equiv.) and the carbonitrile (5.0 mmol, 1.0 equiv). AICls (0.7
g, 0.5 equiv.) was added in one portion. The flask was tightly sealed with a Teflon screw
cap and placed into a preheated oil bath at 130 °C. The reaction mixture was stirred for 40
min, and subsequently taken out of the oil bath. Ice-water (50 mL) was added and under
vigorous stirring concentrated aqueous NaOH (2 M) was added until a pH of 14 was
reached. The aqueous layer was extracted with dichloromethane (50 mL). The combined
organic layers were washed with water and then brine, and dried over MgSQs, filtered,
and concentrated under reduced pressure. The crude product was purified using chroma-
tography with heptane/ ethyl acetate-7N NHs in MeOH (19:1) eluent.

General procedure for the PhINTs-medidated oxidative rearrangement of N-sub-
stituted amidines to anilides: In an oven-dried microwave vial (10 mL) equipped with a
magnetic stirring bar the N-benzylbenzamidine (0.5 mmol), carboxylic acid (1 mmol) and
PhINTs (0.75 mmol) were charged. The vessel was flushed with N2 and then sealed with
septum. 1 mL of dry toluene was added to the vessel and the reaction mixture was heated
at 100 °C for 15 h. After completion of the reaction, the toluene was evaporated under
reduced pressure. The crude product was purified by chromatography using hexane and
ethylacetate (19:1) as eluent.

N-Phenylbenzamide (3a): 'H NMR (400 MHz, DMSO-ds): 8 = 7.07 (t, | = 7.4 Hz, 1H), 7.32
(t, ] = 8.1 Hz, 2H), 7.48-7.56 (m, 3H), 7.75 (d, ] = 7.7 Hz, 2H), 7.92 (d, ] = 7.0 Hz, 2H), 10.18
(brs, 1H, NH). 13C NMR (100 MHz, DMSO-ds): & = 120.8, 124.1, 128.1, 128.8, 129.0, 132.0,
135.5, 139.6, 166.0.

N-(4-hydroxyphenyl)acetamide (3k): :H NMR (400 MHz, DMSO-ds) =1.98 (s, 3H), 6.68
(dd, J=9.0, 2.5 Hz, 2H), 7.34 (d, ] = 7.0 Hz, 2H), 9.12 (brs, 1H, OH), 9.65 (brs, 1H, NH); 2C
NMR (100 MHz, DMSO-de) =24.2,115.4, 121.2, 131.5, 153.5, 166.9 ppm.
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