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ABSTRACT

A greener improvement to the N-benzoylation of amines, phenols and
alcohols by benzoyl chloride was achieved using ultrasound irradiation
without any solvent and catalyst. This simple, fast and highly efficient
green procedure provided the products in high purity and quantitative
yield within minutes at room temperature. This protocol does not require
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any water quenches, solvent separations and purification steps such as

column chromatography or recrystallization.
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INTRODUCTION

Acylation of functiond groupsisavery useful reac-
tionintheorganic synthesis, especialy inthesynthess
of naturd compoundsand polyfunctiond moleculessuch
asnucleosides, carbohydrates, and steroids*2.

Amideshavebeen extensvely employedinthesyn-
thesisof industrial chemicals, drugs, polymers, agro-
chemicals, cosmeticsand food additives®. Amongthe
various devel oped synthetic methods, severd reports
areavalableintheliteraturefor thesynthessof amides
viaacylation of amineswith acyl donorssuch asacid
chlorides, anhydrides, esters, acyl azidesand carboxy-
licacidg*®. A number of synthetic methodshavebeen
reportedintheliteraturefor acylation of aminesusing
acidid® or basic®¥ conditionsin organic media.

Earlier reported methodsfor theacylation of amines
suffer from drawbacks such as the use of expensive
and highly toxic, flammabl e or explosivereagentsand
various acid/basic catalystswhich all destroyed and

resulted in undesirablewastes and pollutants, problem
inrecovery of thelargeamount of solublebasesor ac-
ids, theenvironmenta pollution caused by utilization of
organic solvents, low yields, high temperatures, long
reaction times, harsh reaction conditions, useof excess
acylating agents, difficulty inavailability or preparingthe
starting materialsor catalysts, high cost and moisture-
sengitivity of the catalysts, formation of undesirableor
toxic by-productsand purification through recrystali-
zation or column chromatography. Therefore, develop-
ment of mild, highly efficient and environmentally be-
nign method for acylation of amineshasbeenamajor
chdlengeinorganic synthesis.

From the standpoint of ‘green chemistry’ and for
reasons of economy and pollution, sol vent-free meth-
odsareof great interest to makethe classical proce-
duresmoreclean, safeand easy to perform™?. A cata-
lyst-free and sol vent-free procedure for the acylation
of amineswith acetic anhydride wasa so reported.tt12
However; thisprocedurerequiresstirring of the reac-
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tionmixtureat reatively hightemperature (80-85 °C),
digtillation or extraction for the separation of the prod-
uctsand column chromatographicfor purification of the
products.

Thus, development of an efficient, mild and conve-
nient synthetic method for acylation of amineswithout
any solvent, catayst, bases, acidswith highyieldsand
pure productsisan important subject.

Application of theultrasoundirradiation hasreceived
an increased attention in recent years and is able to
activate severa organicreactions®>4, A large number
of organic synthesiscan be carried out in higher yields,
shorter reaction time and milder conditionsunder ultra-
soundirradiationthanthat of conventiond methods. The
sonication isused asan alternative energy sourcefor
the N-benzoylation of aminesand involveshigh ener-
giesand pressureson an extremely shorttimescale. In
anirradiated liquid, the collapse of bubbles caused by
cavitation producesintenseloca heeting and high pres-
sureswith very short lifetimes. Thesetransient, local-
ized hot spots can causethereactionto take placerap-
idly. The hot spot has an equivalent temperature of
roughly 5000 °C (9,000 °F), a pressure of about 2000
atmospheres, alifetimeconsderably lessthanamicro-
second and heating and cooling ratesabove 10 billion
°C per second™>,

S0, in continuation to our ongoing researcheson
the synthesis of nitrogen-containing compounds*>17,
we hereby report the N-benzoyl ation of amines by ben-
zoyl chloride under solvent- and catal yst-free condi-
tionsusing ultrasoundirradiation (Schemel).

r.t,))))
—_—
2-30 min

Scheme1: TheN-benzoylation of aminesunder ultrasound
irradiation

RR'NH + PhCOCI RR'NCOPh

EXPERIMENTAL

Apparatusand analysis

All reagentswere purchased from the Merck and
Aldrich chemica companiesand used without further
purification. Productswere characterized by compari-
son of their physical and spectral datawith authentic
samples. TheNMR spectrawererecordedin DM SO
and CDCI,. '"H NMR spectra were recorded on a
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Bruker Avance DRX 90 MHz instrument. The chemi-
ca shifts(5) arereportedinppmrelativeto TMSasan
interna standard and JvduesaregiveninHz. BCNMR
spectrawererecorded at 24.5Hz. FT-IR (KBr) spec-
trawererecorded on a Perkin-Elmer 781 spectropho-
tometer. Melting pointswere taken in open capillary
tubeswith aBUCHI 510 melting point apparatusand
were uncorrected. The elemental analysis was per-
formed using Heraeus CHN-O-Rapid analyzer. TLC
was performed on silicagd polygram SIL G/UV 254
plates. Ultrasonication wasperformedinaPARSONIC
2600s ultrasound cleaner with afrequency of 28 kHz
and an output power of 50 W (Builtin heating, 20-70
°C thermo-statically adjustable). The reaction flask was
located at the maximum energy areain the ultrasound
cleaner, and the surface of the reactants was placed
dightly lower thanthelevd of water. Thereaction tem-
peraturewas controlled by addition or remova of wa
ter fromtheultrasonic bath. Thetemperatureof theweater
bath was controlled at about 25-30 °C.

Typical procedure for the N-benzoylation of
amines

A mixtureof benzoyl chloride (1 mmol) andamine
(2 mmol) wasirradiated by ultrasound for the appro-
priatetime at room temperature (TABLE 1). During
reaction awhite crystalline solid separated out. After
completion of thereaction (asmonitored by TLC), the
solid was separated and characterized by NMR, FT-
IR and melting points. The physica data(mp, IR and
NMR) of known compoundswerefound to beidenti-
cd withthosereported intheliterature.’*® Theforma
tion of amides was confirmed by IR spectra, which
showed two characteristic peaks (secondary NH and
C=0). The 'H NMR and *C NMR spectra of the
amides showed one amide NH proton and carbonyl

group signd, respectively.
H NM R spectraof selected compounds(90 M Hz,
acetone-d)

N-Phenylbenzamide(TABLE 1, entry 1): 6=8.03-
7.01 (m, 11H).

N-(2-Chlorophenyl) benzamide (TABLE 1, entry
2): 6=8.99 (s, 1H), 8.25-7.12 (m, 9H).

N-(4-Nitrophenyl) benzamide (TABLE 1, entry 3):
0 =8.34-6.69 (m, 10H).
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N-(2-Hydroxyphenyl)benzamide (TABLE 1, en-
try 4): 6=9.45 (s, 1H), 9.22 (s, 1H), 8.13-6.83 (m,
9H).

N-(4-Hydroxyphenyl)benzamide (TABLE 1, en-
try 5): 6=28.83 (s, 1H), 8.01-6.78 (m, 9H), 4.37 (s,
1H).

N-(3-Bromophenyl)benzamide (TABLE 1, entry
6): 6=9.60 (s, 1H), 8.21-7.27 (m, 9H).

N-(2,6-Dimethylphenyl)benzamide (TABLE 1,
entry 7): 6=8.99 (s, 1H), 8.12-7.10 (m, 8H), 2.31 (s,
6H).

N-(2,4-Dimethylphenyl)benzamide (TABLE 1,
entry 8): 6=8.95(s, 1H), 8.09-6.97 (m, 8H), 2.29 (s,
6H).

N-(4-M ethoxyphenyl)benzamide (TABLE 1, en-
try 9): 6=28.04-6.87 (m, 10H), 3.79 (s, 3H).

N-(2-Cyanophenyl)benzamide (TABLE 1, entry
10): 6=9.60 (s, 1H), 8.12-7.32 (m, 9H).

N-Naphthal en-2-yl-benzamide (TABLE 1, entry
11): 6=8.21-7.44 (m, 13H).

N-Benzylbenzamide(TABLE 1, entry 13): 6=8.25
(s, 1H), 7.92-7.31 (m, 10H), 4.66 (s, 2H).

CAUTION

Although benzoyl! chlorideisoften used asasource
for acylation of functiona groups, appropriate safety
precautions should betaken.

RESULTSAND DISCUSSION

The N-benzoyl ation reactions of amines by ben-
zoyl chloridewereinvestigated under solvent- and cata
lyst-freeconditionsusing ultrasound irradiation a room
temperature. Asthereaction proceeds, the product pre-
cipitatesaswhite crystals and separates at the end of
thereaction. Benzoyl chlorideisavery useful and elicient
reagent for production of peroxides, esters, amides,
dyes, perfumes, pharmaceuticalsand resins. It hasbeen
used as an acylating agent in acylation of functional
groups. Inmost N-benzoylation proceduresin thelit-
erature, excessof benzoyl chlorideisused which can-
not beeasily recovered from thereaction mixture. The
first principle of green chemistry statesthat it isbetter
to prevent waste production than to treat waste or clean
it up after it hasbeen created®?. In our methods, amides
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were prepared by application of stoichiometricamounts
of benzoyl chloride (1.0 mmol) and amine (1.0 mmol)
under solvent- and catal yst-free conditions. Waste pro-
duction can be prevented when reagentsare stoichio-
metrically treated. So, after completion of thereaction,
thereisno benzoyl chlorideinthereaction mixture.
Also; noorganic or aqueous solventswereusedin
the work-up step and the method did not require any
purification steps such as column chromatography or
recrystallization. Compared to the reported methods,
our method isconvenient, fast, safe and easy work-up.
To expand the scope of the current green protocal,
aseries of N-benzoylation reactionswere carried out
between various subgtituted aromatic, heterocyclicand
aliphatic aminesand benzoyl chloride at solvent- and
catalyst-free conditionsunder ultrasound irradiation at
roomtemperature(TABLE 1). Inal cases, theresults

TABLE 1: Green N-benzoylation of different aminesby the
ultrasound irradiation

Time Yied?®
Entry  Substrate Product (min) (%)
1 <;>1\1H2 QNHCOPh 4 98
a a
2 {;&NH2 @NHCOF‘h ) 97
3 o nm, OZNQN HCOPh 30 80
NH;, NHCOPh
4 QH oy 5 o7
5 HO—QNHZ HOONHCOPh 7 96
BN Br,
6 %}NHZ ONHCOW 20 9

7 QNHZ @NHCOPh 5 95

M NH M NHCOPh
8 Me e<;?/I e 5 96
9 M@ONHZ Meo—~ H-NHcoPh 3 95
CN CN
10 QNHZ QNHCOPh 15 94
NH, NHCOPh
11 5 94
y
2 7 @ngp@ 0 o
13 @mzr\l H, @CH ,NHCOPh 7 96
4 (N Clge=] 10 95
15 O\C\NH O/\:/\N COPh 2 97
16 HN NPh PhOCN/\:/\NPh 12 97
17 <:/\N H CN COPh 3 95

aYields are after work-up
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show that thereaction timesarereduced and theyields
areincreased under sonication condition.

Anilinescontain both e ectron-releasing and el ec-
tron-withdrawing groups underwent theconversionin
goodyields(TABLE 1, entries1-12). It wasa so found
that the nature of the substitution onthearomaticring of
theanilinehad no great influenceonthereactionand all
the substratesreact with equal rates. In addition, naph-
thylamine(TABLE 1, entry 11) and benzylamine (Table
1, entry 13) wereacylated to their N-benzoylated com-
poundsingood yields. Interestingly, thismethod isap-
plicablefor theN-benzoylation of sterichindered amines
such asdiphenyl- and dibenzylamineaswell (TABLE
1, entries12 and 14).

The N-benzoylation of secondary amines need
longer reaction timesthan primary ones; thuswhen a
mixtureof primary and secondary amineswereexposed
to benzoyl chloride(ratio of amineto benzoyl chloride,
1:1), only primary aminewas benzoylated which shows
theexcdlent chemosd ectivity (Scheme 2).

NH,  NHPh NHCOPh PhOC-NPh
(j N (j PhCOCI (1eq)
rt.,))))
leq. 1leq. 0.0%

Scheme2 : Chemoselective N-benzoylation of amines

With those mol ecul escontai ning both the hydroxyl
and amino groups, only the N-benzoylated products
wereformed. So the o-benzoylation did not take place
and theapplied method showsagood chemosd ectivity
(TABLE 1, entries4 and 5).

After asuccessful attempt with aromatic and ali-
phatic amineswefurther explored thereaction of ben-
zoyl chloridewith secondary heterocyclic aminesuch
asmorpholine(TABLE 1, entry 15), 1-phenylpiperazine
(TABLE 1, entry 16) and pyrrolidine(TABLE 1, entry
17) whichthereactionswere successful aswell.

Compared with the other literatureworkson the
N-benzoylation of amines, the notabl e featuresof our
method are:

e Thereaction systemiscleanand smple;

e Organic solventsare not needed;

e Catalystsarenot needed;

e Application of stoichiometric amountsof benzoyl
chlorideand amine;

e Theyiedsarevery high;

High reection temperaturesand long reaction times

areavoided,

e Nosideproduct was observed under thereaction
conditions, thusthismethod did not requireany fur-
ther purification, and

e Tothebest of our knowledge, thisnew procedure
providesthefirs exampleof anefficient ultrasound-
promoted approach for the synthesis of amides.
Scheme 3 shows a nice comparison between the

literature acylating methods (equations 1-17) with our

proposed procedure (equation 18) to understand the

RR'NH+ (PhC0),0L 00T N2 MECN poncorh (1)
50 °C, 1-80 min
H,0, 6N HCl
‘NH+ AGO » RR'NAC 2
RR'NH+ AC NaHCO3;, <5 min 2
K10 or KSF
'NH+ AG0 » RR'NAC (3
RRINH+ A= a1, 40°C. 1-35h &
RR'NH+ (PhCO),0 SDS » RR'NCOPh (4)
MeCN/H,0, 5min
RR'NH+ PhcoCl —2C Ut coNcoph  (5)

25 °C, 30-45 min

Zno nanofluid

RR'NH+ R"COOH RR'NCOR" (6)

110°C or MW
RuClg, r.t.
RR'NH+ AGO0 — =3 5 RR'NAC @)
MeCN, 1h
BiOCI
' — = » RR 8
RR'NH+MeCOCI Neat or MeCN RR'NAc €)]
ZI’OC|28H20
. .
RR NH+MeCOCI—>NeaI or MeCN RR'NAc 9)
' ACO Sulphated Zirconii RR'NA 10
RRINH+ AC rt., 10-15min = ¢ (10)
Cp2T|(0802C8F17)L
! > ' 11
RR'NH+ Ac0 r.t., 1-60 min RR'NAc (11)
PANI ,-Fe
"NH+ AcOH n - b
RRINH+ ACORT50eC, 054n > RR'NAC (12)
FeAc-catalyst
' '
RR'NH+ACOH Trese 5755 RRNAC (13)
RRINH-+R"COOHa-ZITCONa oo NCOR™  (14)
+ 1 :
110-125°C, 2-24 h
[Mn(haacac)Cl], MeNO
' ' 15
RR'NH+ Ac0 =55 % RR'NAC  (15)
PANI-ES, O,
' AcOH > ' 16
RRINH+ Dioxane, 80°C, 10 h RR'NAc (16)
85°C ,
RR'NH+ ACZOW RR'NAc 27)
RR'NH+ PhCOCI ) » RR'NCOPHh (18)
rt.,2-30min

Scheme3: TheN-benzoylation of aminesunder diffrent re-
action conditions
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advantages of the proposed method.

Inmost N-acylation proceduresintheliteraturethe
followingitemareobserved:

e Useof columnchromatography or recrystalization
for purification of the products,

e Useof toxic organic solventsin reaction mixture
andintheextraction and purification steps,;

e Useof acidicor basicreagents,

e Harshreaction conditions(relatively hightempera:
ture, hazards,.....); and

e Use of homogeneous/heterogeneous reagent or
caaysts.

All aboveitemsare wasting money and time con-
suming, so our proposed method can beconsidered asa
green protocol whichthereactionwill takeplacein sol-
vent- and cata yst-free conditionsat room temperature.

Thefollowing disadvantages can be deduced from
theliteratureabout different aminesN-acylations:.

Disadvantages of equation (1)18

Applicationof volatileorganic solvent (MeCN), use
of excess (PhCO),0 as acylating agent which cannot
be recovered at the end of reaction, use of catalyst,
difficultiesin preparation of thecatalyst and avail ability
of reagents, use of ether and agueous solution of
NaHCQO, for extraction of the productsand use of col-
umn chromatography for purification of the products.
Also, thismethodisonly limited to theacylation of pri-
mary amines.

Disadvantages of equation (2)9

Useof 6N HCI (hazardous, toxic, extremely cor-
rosive and homogeneous reagent which decomposed
during work-up and cannot easily be recovered and
recycled) and use of sodium bicarbonateand ethyl ac-
etatefor extraction of the products. Also, thismethod
isonly limited to the acylation of primary amines.
Disadvantages of equation (3)2

Application of catalyst and vol tile organic solvent
(CH,CI.), useof excessacetic anhydrideas acylating
agent which cannot be recovered at the end of reac-
tion, long reactiontimes(1-3.5 h), harsh reaction con-
ditions(reflux) and use of column chromatography for
purification of the products.

Disadvantagesof equation (4)!?!
Application of voltileorganic solvent (MeCN), use
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of sodium dodecyl sulfate and use of sodium hydrogen
carbonate and ethyl acetate for extraction of the prod-
ucts. Thismethodisonly limited totheacylation of pri-
mary amines.

Disadvantages of equation (5)12

Application of zinc dust as catalyst, use of excess
benzoyl chloride as acylating agent which cannot be
recovered at theend of reaction, use of ether, saturated
NaHCO, solution and H,O for extraction of the prod-
uctsand useof column chromatography for purification
of theproducts. Also, thismethod isonly limited tothe
acylation of primary amines.

Disadvantages of equation (6)1>

Application of catalyst, difficultiesin preparation of
the catalyst and avail ability of reagents, harsh reaction
conditions (110 °C or microwave irradiation, 475 W),
use of excesscarboxylic acid asacylating agent which
cannot berecovered from the resulting reaction mix-
tureand theuse of ethyl acetate and aqueous solution
of NaHCQ, for extraction of the products. Also, this
methodisonly limited totheacylaion of primary amines
and isnot applicablefor the N-acylation of secondary
aminessuch asN-methylanilineor dipropylamine.

Disadvantages of equation (7)4

Theuseof RuCl,, which cannot easily berecovered
and reused, application of volatile organic solvent
(MeCN), use of excess acetic anhydrideasacylating
agent which cannot berecovered fromtheresultingre-
action mixture, use of ethyl acetate, saturated NH,Cl
solution, aqueous sol ution of NaHCO, and brinefor
extraction of the productsand use of column chroma:
tography for purification of the products.
Disadvantages of equation (8)!%!

Application of volatileorganic solvent (MeCN) and
BiCl,, useof excessacetyl chlorideasacylating agent
which cannot berecovered from theresulting reaction
mixture and use of CH_CI.,, brine, saturated NaHCO,
solution for extraction of the products and the use of
SO, or recrystallization for purification of the prod-
ucts.Also, thismethodisonly limited tothe acylation of
primary amines,

Disadvantages of equation (9)!%
Theuseof ZrOCl.,.8H,0 as catalyst which cannot
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eas |y berecovered and reused, application of volatile
organic solvent (MeCN), use of excessacetyl chloride
asacylating agent which cannot berecovered fromthe
resulting reaction mixture and use of CH,CI, brine,
saturated NaHCO, solution for extraction of the prod-
uctsand theuse of SO, or recrystallization for purifi-
cation of the products. Also, thismethodisonly limited
to theacylation of primary amines.

Disadvantages of equation (10)"

Application of sulphated zirconiaas catayst which
cannot easily berecovered and reused, difficultiesin
preparation of the catalyst and avail ability of reagents
and use of ethyl acetate and saturated bicarbonate so-
[ution for extraction of the products.

Disadvantages of equation (11)?®

Application of catayst, difficultiesin preparation of
the catalyst and availability of reagents, use of petro-
leum ether and brinefor extraction of the productsand
use of column chromatography for purification of the
products.

Disadvantages of equation (12)1?

Application of catayst, difficultiesin preparation of
the catal yst and availability of reagents, use of excess
acetic acid asacylating agent and sol vent which cannot
berecovered from theresulting reaction mixture, high
temperaturerequirement (100 °C), long reaction times
(0.5-4 h) and use of column chromatography or re-
crystdlizationfor purification of theproducts. Also, this
methodisonly limited totheacylaion of primary amines.
Disadvantages of equation (13)19

Application of catdyst, difficultiesin preparation of
the catal yst and availability of reagents, use of excess
glacia acetic acid asacylating agent and solvent which
cannot berecovered from the resulting reaction mix-
ture, harsh reaction conditions (reflux), long reaction
times (0.75-5 h) and use of ethyl acetate, saturated bi-
carbonate solution and brinefor extraction of the prod-
ucts.Also, thismethodisonly limited tothe acylation of
primary amines.

Disadvantages of equation (14)14

Application of catayst, difficultiesin preparation of
the catayst and availability of reagents, harsh reaction
conditions (110-125°C), use of excess carboxylic acid

@Wu'c CHEMISTRY co—

asacylating agent which cannot berecovered fromthe
resulting reaction mixture, long reactiontimes (2-24 h),
useof CH,Cl., aqueoussolution of NaHCO,, brineand
H,O for extraction and use of column chromatography
for purification of the products. Also, thismethod is

only limited to the acylation of primary amines.
Disadvantages of equation (15)*?

Application of organic solvent (MeNO,), use of
manganes(l11) bis(2-hydroxyanil)acetylacetonato com-
plex ascatalyst which cannot easily berecovered and
reused, difficultiesin preparation of the catalyst and
availability of reagents, use of excessacetic anhydride
asacylating agent which cannot berecovered fromthe
resulting reaction mixtureand use of column chroma-
tography for purification of the products.

Disadvantages of equation (16)

Application of catalyst, difficultiesin preparation of
thecatalyst and availability of reagents, application of
organic solvent (dioxane), harsh reaction conditions (80
°C) and long reaction times (10 h).

Disadvantages of equation (17)!***2

Relatively high temperature (85 °C), use of excess
acetic anhydride as acyl ating agent which cannot be
recovered from the resulting reaction mixture, use of
ether, agueous sodium bi carbonate sol ution and brine
for extraction of the productsand useof ditillation or
column chromatography for purification of the prod-
ucts.

Advantagesof equation (18)

None of the above mentioned disadvantages are
observed. Also, gpplication of ultrasoundirradiation as
an aternative energy sourcerepresents an interesting,
fast and clean synthetic route. Reactionswill takeplace
at room temperature with high yieldsand easy opera
tionswithout appli cation of toxic organic solvents, bases,
acidsand expensivereagentsor cataysts. Thisgreen
procedure does not require any purification stepssuch
asrecrystalli zation and column chromatography since
no by-product wasformed.

CONCLUSIONS

Inconclusion, afast, economicaly and environmen-
tally benign, highly efficient and ssfeprocedurehasbeen
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deve oped for the N-benzoylation of aminesunder sol-
vent- and catal yst-free conditionsusing ultrasound ir-
radiation at roomtemperature. The current environmen-
tally benign methodisagreen protocol since: (i) solvent
(organic or agueous), catalyst, heat (energy) and puri-
fication steps such as column chromatography or crys-
tallization are not necessary to get the pure compounds,
(i) having excdlent yieldsand reection ratesand smple
methodology; (iii) cleaner reaction profiles; (iv)
chemosel ectivity and (v) easy work-up without any sde
products. The methodol ogy can aso be used for the
introduction of other amine protecting groups.

Thiswork wasoriginally carried out to smplify the
N-benzoylation process by omitting any solvent, cata-
lyst and base, easier work-up, milder, cleaner and
greener reaction, shorter reactiontime, higher purity and
yields, lower cost, and reducing theamount of wasteor
pollution whichisvery important from the economic,
environmental andindudtrid pointsof view. Thismethod
proceeds with simple sonication of stoichiometric
amounts of theamineand benzoyl chlorideto provide
thepureproductsin highyieds.
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