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Acyl maleic hydrazides have been found to act as effective acyl transferring agents to substrates containing
heteroatom nucleophiles such as amines, phenols, alcohols and thiols under mild and convenient conditions.
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Acylations of amines, phenols and acohols are widely
employed in synthetic organic chemistry for protection,
derivatisation and functional group interconversions.!
Conventionally, acylations are carried out using active acylat-
ing agents namely, acid anhydrides and acid chlorides. These
acylating agents are unstable, corrosive and toxic in nature and
moreover, with the exception of amines, the acylations of phe-
nols, alcohols and thiols are not spontaneous, requiring base,
Lewis acid or metal ion catalysis for acylations to occur.2 On
the other hand, acylations via transesterification and aminoly-
Sis are preperatively less attractive since being equilibrium
processes, they generally afford unsatisfactory conversions.34
Though, a plethora of methods are currently available for acy-
lations,5-10 there remains a continuing interest to develop new
and improved methods to effect acylations under selective and
controlled conditions, particularly to meet the ever growing
interest in the synthesis of biologically active peptides and
sensitive macrolide targets.411

Although acyl maleic hydrazide derivatives are known in
the literature, they seem to have not yet been tested for their
acyl transferring potential. We envisaged that maleic
hydrazide 1 might function as an acyl carrier on the ground
that its high acidity (pKa = 13 )12 would render it a good
nucleofuge thereby allowing acyl transfers to occur with ease
with reactive nucleophiles as illustrated in the Scheme 1. We
now report that maleic hydrazide, acommercially inexpensive
material can be successfully employed as an acyl carrier to a
variety of heteroatom nucleophiles.

(0]
OH O—g——R' RNH. i h)
i Sy ==—> RNH-C-R
l ]111{ | IlIH ROH, iv ﬁ
RO-C-R'
o} (0]
2:R'=CH;- R = aryl or alkyl
! 3: R'=CgHs - R= CH;- or C¢Hs-

Scheme 1 Reagents and conditions: (i) (CH3CO),0, reflux, 5h;
(ii) CgHsCOCI, dry pyridine, 0°C-R.T; (iii) RNH,, DMF, 70-80°C,
2-6h; (iv) ROH, DMF, Et3N, 70-80°C, 2-6h.

To start with, the known mono-O-acetyl 216 and mono-O-
benzoyl maleic hydrazide 317 were prepared as the model acyl
carriers by following the literature procedures in 70-75%
yields. With acyl maleic hydrazides 2 and 3 in hand, we stud-
ied their potential as acyl transferring agents and as atest case,
we first performed the reaction of 2 with aniline in DMF sol-
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vent at ambient temperature. A slow reaction occurred to pro-
vide the expected acetanilide product in 40% yield after 24 h.
However, to our delight the same reaction when heated at
70-80°C produced quantitaive conversion in just 3 h to pro-
vide acetanilide in an isolated yield of 87%. Likewise, when
benzoyl maleic hydrazide 3 was reacted with aslight excess of
aniline in DMF (70-80°C/2 h), benzanilide was formed in
92% yield. Of the other solvents examined, we found THF,
Dioxan or CH3CN to be less effective (ca 10-35% conversion
to benzanilide over 24 h at 70-80°C) than DMF solvent.
Although, NMP solvent was as effective as DMF, being inex-
pensive we have preferred to use DMF in all acylation reac-
tions.

After having established the potential of 2 and 3 as acyl
transferring agents, we carried out acylations of various aro-
matic and aliphatic animes in order to assess the generality of
the present procedure. Our results are collected in Table 1. The
yields of the N-acylated products (entries 1-14) arefairly high
and reactions are completed within 2—6 h of heating at 70—
80°C without the need for any catalyst. Acylation of p-amino
with 2 occurred chemoselectively to give exclusively the N-
acetyl derivative (entry 6) in high yield. 4-Nitroaniline, con-
taining a relatively poor reacting amine also successfully
participated in the acylation with 3 during 6 h of heating to
afford the benzoyl product in 60% vyield (entry 7).
Interestingly, anthranilic acid, an amino acid also successfully
participated in acylations with 2 and 3 giving N-acetyl and
N-benzoyl products in 68 and 65%, respectively (entries 8
and 9).

Presumably on account of relatively poor nucleophilicities,
phenols and acohols failed to undergo acylation either with
2 or 3 under the conditions in which amines are acylated
readily. However, acylations of phenols and & cohols could be
successfully achieved in the presence of triethylamine as a
base to afford good yields of the corresponding acylated pro-
ducts; a few representative examples are cited in Table 1
(entries 15-20). Thiophenol also reacted successfully with
3 in DMF/Et3N condition to afford thiophenyl benzoate in
75% isolated yield.

In conclusion, we have demonstrated high potential of acyl
maleic hydrazides 2 and 3 in effecting the acylations of
amines, phenols, acohols and thiols in good to excellent
yields under convenient and easy to execute experimental
conditions. Furthermore, unlike many acylating agents known
in the literature, compounds 2 and 3 are stable, easy to handle
crystaline solids which should make them attractive acyl
transfering agents in many applications.

Experimental

Melting points (uncorrected) were determined on a Gallenkamp melt-
ing point apparatus. IR spectra were recorded on a Shimadzu FTIR-
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Table1 Acylation? using 2 and 3
EntryPc Substrate Acylated product® Time/h 70-80 °C Yield¥/% m.p.(lit.)/°C
1 PhNH, (4) PhNHCOMe 3 87 113 (114)%8
2 (4) PhNHCOPh 2 92 161 (163)"3
3 4 -Me -CgH,NH, (5) 4 -Me- CgH,NHCOMe 3 90 154 (154)13
4 (5) 4-Me-CgH,NHCOPh 3 95 156 (158)13
5 4 -CICgH4NH, (6) 4 -Cl CgH4,NHCOMe 5 88 178 (179)"3
6 4 -HOCgH,NH, vl 4 -HOCgH,NHCOPh 4 72 234 (234)13
7 4 -O,NCgH,4NH, (8) 4 -O,NCgH4,NHCOPh 6 60 210 (211)"
8 4 -HO,CCgH,NH,  (9) 4 -HO,CCzH,NHCOMe 4 68 249 (251)13
9 (9) 4 -HO,CCzH,NHCOPh 3 65 274 (274)
10 NH, (10) NHCOPh 5 83 160 (161)13
11 PhCH,NH, (11) PhCH,NHCOPh 6 86 105 (105)"4
12 PhCH,CH,NH, (12) PhCH,CH,NHCOPh 6 74 116 (116)14
13 PhNH,NH, (13) PhNHNHCOMe 2 65 126 (128)13
14 (14) 6 60 75 (75)14
o) NH N
\—/ o) N—C—Ph
\__/
15 PhOH (15) PhOCOMe 5 80 oile
16 (15) PhOCOPh 6 91 68 (69)'°
17 4—Me—C5H4OH (16) 4'M8'C6H4OCOPh 6 86 70 (71)%5
18 (17) 5 95 105 (107)%5
., SO
19 PhCH,OH (18) PhCH,OCOPh 6 69 oil®
20 CH5;0OH (19) CH;0COPh 6 90 oil®
21 PhSH (20) PhSCOPh 6 78 oil®

aAcylations using either 2 or 3 were carried out on 5 mmol scale using a slight excess of substrates. °For entries 1-14, reactions
were done in DMF and for entries 15-21 triethylamine was added as a base catalyst. ¢‘Acetyl and benzoyl products are obtained on
reactions with 2 and 3, respectively. 9Yeilds refer to TLC homogenous products. ¢Qily products characterised by superimpoable IR

spectra with the authentic products.

4200 spectrophotometer. IH NMR spectrawere recorded on aVarian-
VR (300 MHz) using TMS as an interna standard.

Preparation of mono-O-acetyl maleic hydrazide 2: Maleic
hydrazide 9.18 g (90 mmol) 1 was refluxed with of acetic anhydride
(25cmd) for 5 h. The reaction mixture was concentrated in vacuum
rotatory evaporator and the residual solid crystallised from benzeneto
afford 9.7 g (75% yield) of 2, m.p. 120-123°C (lit}6. m.p. 122-123
°C); MS; m/z 155 (M+1); IR (KBr): 1765 and 1670 cm® ; IH NMR
(CDClj3; 300 MHz) 6 2.28 (3H, s), 4.46 (1H, bs, D,O exchangeable),
7.2-7.4 (2H, J=8Hz); 3C NMR (CDCl;) 170.37,163.32,-
150.1,133.33,132.40,20.5

Preparation of mono-O-benzoyl maleic hydrazide 3: Maleic
hydrazide 1 was benzoylated as per the published procedure to afford
3 as a colourless solid in 70% yield, m.p. 160-162 °C (lit'”., m.p.
162.5-164.5 °C).MS; mVz 217 (M+1); IR (KBr):1735 and 1690 cm';
1H NMR (CDCl; ; 300 MHz); 57.25-8.1(ArH and NH); 13C NMR
(CDCl3): 164.35, 161.84, 148.35, 134.53, 132.54, 130.49,
128.81,127.72.

Typical procedure for N-acylation : p-Toluidine (0.642 g ; 5 mmol)
and mono-acetyl maleic hydrazide 2 (0.062 g; 5 mmol) were heated
together in DMF (5 ml) at 70-80 °C for 3h whereby TLC indicated
completion of the reaction. The reaction was diluted with cold water
and the precipitated solid filtered and washed sequencialy with 5%
HCI, saturated Na,COj5 solution and finally with water. Air drying of
the crude product followed by crystallisation from aqueous alcohol
gave acetanilide (entry 3, Table 1) m.p.154 °C (lit!3 154 °C ) in 92%
yield.

Typical procedure for O-acylation : Phenol (0.564 g; 5 mmol) and
benzoate 3 (1.08 g; 5 mmol) were dissolved in DMF (5 ml) con-
taining 0.5 ml of (C;Hs)3N. The reaction was heated at 75-80°C for
5 h where by the reaction was judged to be complete by TLC
analysis. The reaction mixture was worked up as described above and
the crude product crystallised from aqueous alcohol to give colourless
crystals of phenyl benzoate (entry 16, Table 1), m.p. 68 °C (lit'5. m.p
69°C) in 77% yield.
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