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A B S T R A C T

The discovery of new drugs possessing multiple biological properties in a single molecular entity is a subject of
considerable scrutiny by the scientific community. This strategy can lead to better drug candidates for the
treatment of many diseases, including cancer. In our quest for a more efficient bladder cancer treatment, we
recently identified a compound readily accessible from para-aminobenzoic acid that showed anti-inflammatory,
anti-metastatic as well as anticancer activities. This unique compound called DAB-1 can reduce the size of a
tumor in an animal model by 90% within 25 days without apparent side effects. Its structure was modified to
provide the molecule 2, a second-generation molecule named DAB-2-28, with enhanced in vitro and in vivo
biological properties compared to DAB-1. The prospect of lead optimization is significant. This manuscript de-
scribes the synthesis of 2 as well as several higher analogs and reports on their anti-inflammatory activity in
addition to their in vitro biological potential against bladder cancer. Amongst the results, it was discovered that
the substitution pattern on the hydrazide core significantly affects the anti-inflammatory potential of the mole-
cules. In fact, all the mono-acylated hydrazide derivatives 1, 5, 7, 9 were highly effective inhibiting the pro-
duction of NO measured by the Griess reagents. By using the MTT assay, the same products displayed slightly
lower toxicity (average 90% cell viability) on murine bladder cancer MB49-I cells in comparison to the reference
DAB-1 molecule (85%). The best mono-acylated derivative 1 showed about 83% NO production inhibition level
in relation to the relative number of viable/proliferating cells, the results are disclosed herein.
1. Introduction

The global race to develop better anticancer drugs continues.
Nowadays, much emphasis towards the development of anticancer
molecules with greater selectivity and efficacy remains the subject of
intense research activities [1–5]. The hybridization technique is largely
used to gain greater specificity and activity on targeted cells [6–13].
Cancer is a complex disease that requires early detection and timely
treatment for a positive outcome for the patient. As second leading cause
of death globally, cancer accounts for an estimated 10 million deaths in
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2021 as indicated by Global Cancer Statistics [14]. Worldwide, about 1 in
6 deaths is due to cancer. Bladder cancer (BCa) is not only an insidious
health problem as it is frequently detected at a later stage but also quite
difficult and costly to cure in comparison with other cancer types. In
Canada, BCa is the fifth most frequent cancers with an estimated 12,500
predicted new cases representing 5.4% of all cancer cases after prostate
cancer (10.5%), colorectal cancer (10.8%), breast cancer (12.2%) and
lung and bronchus cancers (12.9%) [15]. In fact, BCa afflicts more
frequently men than women with 9500 and 3000 new cases projected,
respectively. For that reason, there is evidence that sex hormones,
oic acid.
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particularly testosterone and dihydrotestosterone play a crucial role in
the initiation and development of this particular cancer [16].

Accumulating evidence suggests that chronic inflammation within
the tumor microenvironment acts as an important mediator of neoplastic
transformation and the progression of BCa by activating a series of in-
flammatory cells and signaling pathways [17–20]. Conceivably, target-
ing of pro-tumor inflammatory mediators and signaling pathways are
presently proposed as a therapeutic option to prevent the progression of
pre-invasive carcinoma and the treatment of late-stage cancer [19,
21–23]. Accordingly, some natural and synthetic anti-inflammatory
agents that are currently tested in preclinical and clinical cancer trials
are known to mediate their effects through inhibition of key pro-tumor
inflammatory cytokines (IL6, TNFα), transcription factors (NFκB,
STAT3) and soluble mediators (nitric oxide, prostaglandins) [19,23–27].

In this context, we have been investigating a hydrazide derivative
named, DAB-1 which was made from para-aminobenzoic acid (PABA)
using a three-step reaction sequence (Fig. 1). This particular compound
exhibited anti-inflammatory, anti-metastatic and anticancer activities.
Our initial work shows that DAB-1, which is made of a maleimide and
hydrazide moieties, demonstrated that both components of the molecule
are essential for its activity [28]. Its interaction with transport proteins
showed that drug-protein conjugation occurs mainly by ionic contacts
[29]. In addition, in vivo biological evaluation of this molecule revealed
that it produces its biological action through inhibition of TNFα/NFκB
and iNOS/NO pathways [3]. In order to improve its biological potential,
a new compound named DAB-2-28 was synthesized and tested in vitro
and in vivo. It was discovered that this molecule displayed less toxicity
and higher potency than DAB-1 in an animal model of BCa [30,31]. The
synthesis and biological potential of higher analogs of DAB-2-28 was
deemed necessary for the discovery of even more potent compounds. In
addition, it was of interest to explore the biological potential of the four
possible acetylated products that can be obtained from DAB-1. This
manuscript presents the results of this study.

2. Design and chemistry

The 4-maleimidylphenyl-hydrazide molecules are synthesized
through a four-step reaction sequence starting from para-aminobenzoic
acid. DAB-1 is the cornerstone intermediate allowing the formation of
DAB-2-28 and higher homologs. Initially, the latter compound was ob-
tained with only 18% yield along with some mono-acetylated derivatives
[30]. Hence, it was decided to optimize its synthesis and to investigate
the formation of the mono-acetylated (1), the di-acetylated regioisomer
(3), as well as the tri-acetylated (4) molecules in order to evaluate their
respective biological potential. The synthetic path is shown in Scheme 1
and the results of the reactions are reported in Table 1. The chemical
structure, name and Rf values of the various acetylated products are
given in Table 2. The acetylating agents used were acetic anhydride or
acetyl chloride. Sodium bicarbonate, pyridine and trimethylamine were
used as a base in the reaction. As indicated in Table 1, sodium bicar-
bonate and pyridine were ineffective in providing the desired acetylated
products (see entries 1 and 2). However, with a combination of acetic
anhydride, trimethylamine in dichloromethane stirred at room temper-
ature for 30 min the mono-acetylated derivative (1) was produced with
about 48% of as the major product (see entry 3). DAB-2-28 (2) was ob-
tained predominantly with 37% yield using the same reaction conditions
Fig. 1. Structure of DAB-1 and DAB-2-28 made from th
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but at 40 �C (see entry 4). Also in entry 5, with a longer reaction period, 1
h instead of 30 min, the tri-acetylated material (4) was obtained as the
major product along with DAB-2-28 (2) with about 28% and 15%,
respectively. In entry 6, a mixture of dichloromethane-dimethylsulfoxide
(5%) was added to the reaction mixture and stirred for 30 min at 40 �C to
yield DAB-2-28 (2) and 4 in about 30% and 10% yield, respectively.
However, when flash chromatography was performed immediately at the
end of the reaction (entry 7), the di-acetylated derivative 2 was formed
with 38% yield and 4 in about 2% yield indicating that further acylation
occurs, if the mixture is not readily purified. The cross-acetylated product
3 was more difficult to produce. So in entry 8, using acetyl chloride as a
reagent for 2 h at 40 �C led to the formation of 3 along with the
tri-acetylated material 4 in 19% and 12%, respectively. Finally, as seen in
entry 9, a longer reaction time for the formation of the tri-acetylated
derivative 4 did not improve the yield as we observed decomposition
during the reaction. Even though the yield of the different acetylated
products 1–4 is relatively low, they were prepared in sufficient amount to
allow the biological study.

Once the optimal reaction conditions to generate DAB-2-28 (2) were
discovered (see Table 1, entry 4), they were used to synthesize higher
homologs with relevant anhydrides. In each case, the mono-acylated and
di-acylated products were isolated. Three additional anhydrides were
selected as depicted in Scheme 2 and the results are presented in Table 3.
The yield of the mono-acylated products (1, 5, 7, and 9) ranged from 0%
to 50% and for the di-acylatedmaterial (2, 6, 8 and 10) varied from about
22% to 46%. Interestingly, we observed that the bulkier the anhydride
the more mono-acylated and the less di-acylated products were formed
which is in agreement with what was expected. Furthermore, the re-
agents butyric anhydride and isobutyric anhydride necessitate a longer
period of reaction time, 0.75 h and 1.5 h, respectively. Only, acetic an-
hydride, being the less sterically hindered and the more reactive anhy-
dride, led to the formation of tri-acetylated derivative 4 in about 17%
yield. All compounds were characterized by their respective infrared
(IR), nuclear magnetic resonance spectroscopy (proton and carbon NMR)
and by high resolution mass analysis.

3. Results and discussion

3.1. Evaluation of anti-inflammatory and anti-proliferative properties of
the structural components of DAB-1 and its derivatives 1–10

Our previous study has shown that the negative effects of DAB-1 on
cell viability would not be caused by an increase in cell mortality but
rather by stopping cell proliferation [3,28]. Then, we first evaluate the
impact of DAB-1 derivatives 1–10 on NO production and cell viability,
separately, in MB49-I cells (Fig. 2A and B). Our results indicate that, in
comparison with DAB-1, compounds 1, 2, 3, 5, 7 and 9 were more effi-
cient than compounds 4, 6, 8 and 10 to inhibit NO production (Fig. 2A).
As shown in Fig. 2B, analysis of different DABs in cell proliferation in-
dicates that compounds 1, 3, 5, and 9 all have a similar inhibitory effect
on cell proliferation compared toDAB-1,while compounds 2 and 7 being
less efficient than DAB-1 to inhibit cell proliferation. However, com-
pounds 4, 6, 8 and 10 all decreased cell proliferation more efficiently
than DAB-1 indicating they are more cytotoxic. Normalization of NO
production and NO production inhibition data in relation to the relative
number of viable/proliferating cells is reported in Fig. 2C and D.
e natural product para-aminobenzoic acid (PABA).



Scheme 1. Optimization of the acetylation reaction of DAB-1 for the production of mono- (1), di- (2 (or DAB-2-28) and 3) and tri-acetylated molecules (4).

Table 1
Reaction conditions and yields obtained for the different acetylated DAB-1 molecules.a

Entry
#

CH2Cl2/DMSO (Ac)2O eq. AcCl eq. Base eq. Reaction time T �C 1b

Yield
2b

Yield
3b,c

Yield
4b

Yield

1 4 mL/0 mL 5.0 � 0.1 – NaHCO3 3.0 2 h rt – – – –

2 4 mL/0 mL 5.0 � 0.1 – Pyridine 6.0 0.75 h rt – – – –

3 4 mL/0 mL 5.0 � 0.1 – Et3N
4.8

0.5 h rt 48.5% 11.1% – 1.4%

4 4 mL/0 mL 5.0 � 0.1 – Et3N
6.0

0.5 h 40 �C – 36.8% – 17.3%

5 4 mL/0 mL 5.0 � 0.1 – Et3N
6.0

1 h 40 �C – 14.6% – 27.7%

6 4 mL/0.2 mL 5.0 � 0.1 – Et3N
6.0

0.5 h 40 �C – 30.3% – 10.5%

7d 4 mL/0.2 mL 5.0 � 0.1 – Et3N
6.0

0.5 h 40 �C – 38.3% – 1.8%

8 4 mL/0.2 mL – 6.0 � 0.1 Et3N
6.2

2 h 40 �C – – 19.4% 11.9%

9 4 mL/0 mL 5.0 � 0.1 – Et3N
6.0

1.5 h 40 �C – – – 9.5%

a See Table 2 for the structures of 1, 2, 3 and 4.
b Only the major components of the mixture were isolated by flash chromatography.
c The di-acetylated product 3 was never formed while using acetic anhydride.
d Flash chromatography performed immediately after the reaction.

Table 2
Chemical structure, name and Rf valuesa of the various acetylated DAB-1 molecules.

1
Mono-acetylated
Rf: 0.04

2
Di-acetylated
Rf: 0.20

3
Di-acetylated (isomer)
Rf: 0.39

4
Tri-acetylated
Rf: 0.25

4-(2,5-dioxo-2,5-dihydro-pyrrol-1-yl)-
benzoic acid N0-acetyl-hydrazide

4-(2,5-dioxo-2,5-dihydro-pyrrol-1-yl)-
benzoic acid N0 ,N0-diacetyl-hydrazide

4-(2,5-dioxo-2,5-dihydro-pyrrol-1-yl)-
benzoic acid N,N0-diacetyl-hydrazide

4-(2,5-dioxo-2,5-dihydro-pyrrol-1-yl)-
benzoic acid triacetylhydrazide

a Eluent: hexane/acetone: 60/40.
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Collectively, these results clearly shown that compounds 1, 2, 3, 4, 5, 7,
8, 9, and 10 were more efficient than DAB-1 to inhibit NO production,
with compound 6 having similar effect that DAB-1 to inhibit NO pro-
duction (Fig. 2C and D). However, based on statistical analysis, the DABs
with the highest rate of inhibition of NO production are the molecules 1
(83%), 3 (79%), 5 (79%), 7 (80%), 9 (81%), compared to molecules 2
(68%), 4 (67%), 6 (62%), 8 (68%) and 10 (74%). In general, SAR of this
type of molecule shows the following pattern for NO inhibition:
mono-acylated molecules (1, 5, 7, 9) > di-acylated molecules (2, 6, 8,
10), with the exception of 3, a di-acetylated analog that displays very
3

good NO inhibitory effects. SAR relative to the cytotoxicity follows this
pattern: mono-acylated (1, 5, 7, 9) < di-acylated molecules (6, 8, 10).
Interestingly, the tri-acetylated derivative 4 is more toxic than the
mono-acetylated (1) and the di-acetylated regioisomers (2 and 3).

4. Conclusion

In this study, we prepared and characterized several acylated hy-
drazide molecules designed for the treatment of BCa. They were prepared
from DAB-1 as the starting material. With different reaction conditions



Scheme 2. Reaction of DAB-1 with various anhydrides to yield higher homologs of 1 (R1 ¼ Ac) and 2 (R1 and R2 ¼ Ac).

Table 3
Results from the reaction of DAB-1 with anhydride using the best reaction conditions.

Anhydride Reaction time T �C R1 Yield R1 ¼ R2 Yield Total yield

Acetic anhydride 0.5 h 40 �C Acetyl (1) 0% Diacetyl (2) 36.8% 36.8%a

Propionic anhydride 0.5 h 40 �C Propionyl (5) 23.9% Dipropionyl (6) 46.2% 70.1%
Butyric anhydride 0.75 h 40 �C Butyryl (7) 36.7% Dibutyryl (8) 25.5% 62.2%
Isobutyric anhydride 1.5 h 40 �C Isobutyryl (9) 50.0% Diisobutyryl (10) 22.3% 72.3%

a The tri-acetylated products 3 was also formed with 17.3% (see Table 1, entry 4).

Fig. 2. Regulatory effects of DAB-1 and its derivatives in nitric oxide (NO) production related to cell viability. Murine bladder cancer MB49-I cells were
pretreated with DAB-1 and its derivatives at 20 μM for 30 min, and then washed and activated with IFNγ and TNF⍺. Cells and supernatants were harvested and
prepared for cell viability (MTT assay) and NO measurements (Griess reagent assay) were performed after 24 h of incubation. Data is presented as percent of control
for A) NO production, B) Cell viability, C) Normalized NO production, and D) Normalized NO inhibition. *p < 0.05 and **p < 0.01 indicated significant difference
compared to DAB-1.
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using acetic anhydride a mono-acetylated (1), two di-acetylated
regioisomers (2 and 3) and a tri-acetylated (4) products were obtained
allowing comparison of their biological potential. As well, three mono-
acylated (5, 7 and 9) and di-acylated (6, 8 and 10) higher homologs
were made using relevant anhydrides. It was discovered that generally all
mono-acylated derivatives (1, 5, 7 and 9) were less toxic on murine
bladder cancer cells than their corresponding di-acylated homologs (2, 6,
8 and 10). Interestingly, the di-acetylated compound 3, regioisomer of 2
possesses very good NO inhibitory activity and displays low toxicity.
However, this specific molecule is difficult to synthesize with good yield.
In addition, the tri-acetylated derivative 4 shows higher toxicity than the
other three acetylated molecules (1, 2 and 3) derived from DAB-1.
Therefore, from this study, it has been established that the mono-
acetylated derivative 1 is the best molecule for further investigations in
4

the future.

5. Experimental protocols

5.1. Biological methods

5.1.1. Evaluation of NO production and cell viability/proliferation
Cell viability and NO production assays were performed along with

cultured cells and cell cultured-derived supernatant. Briefly, murine
bladder cancer MB49-I cells were seeded into 96-well plate (7,5 � 103

cells/well) and cultured for 24 h at 37 �C and 5% CO2. Cells were pre-
treated with 0.1% DMSO (control), and DAB-1 and its derivatives at 20
μM for 60 min, as described [3]. Then, cells were washed and stimulated
for a period of 24 h with cytokines IFNγ (5 ng/mL) and TNFα (25 ng/mL).
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At the end of stimulation period, cells and supernatants were harvested
and prepared for cell viability and NO measurements. As previously
described, NO production and cell viability/proliferation were measured
by the Griess reagent and the MTT reagent methods, respectively [3].
Data is presented as percent of control (0.1% DMSO) for NO production
and cell viability. Data normalization for the levels of NO production and
NO production inhibition was computed considering the relative number
of viable cells for each condition.

5.1.2. Statistical analyses
Difference between groups was evaluated by two-way ANOVA fol-

lowed by Bonferonni post-test, as described [19]. Data is presented as
means � SEM from three independent experiments performed in tripli-
cate. Statistical differences were considered to be significant at a value of
p < 0.05 (*p < 0.05, **p < 0.01).
5.2. Chemistry

Anhydrous reactions were performed under an inert atmosphere of
nitrogen. The starting material, reactant and solvents were obtained
commercially and were used as such or purified and dried by standard
means [32]. Organic solutions were dried over magnesium sulfate
(MgSO4), filtered and evaporated on a rotary evaporator under reduced
pressure. All reactions were monitored by UV fluorescence. Commercial
TLC plates were Sigma T 6145 (polyester silica gel 60 Å, 0.25 mm). Flash
column chromatography was performed according to the method of Still
et al. on Merck grade 60 silica gel, 230–400 mesh [33]. All solvents used
in chromatography were distilled.

The infrared spectra were taken on a Nicolet Impact 420 FT-IR
spectrophotometer. Mass spectral assays were obtained using a MS
model 6210, Agilent technology instrument. The high resolution mass
spectra (HRMS) were obtained by TOF (time of flight) using ESI (elec-
trospray ionization) using the positive mode (ESIþ) (Universit�e du
Qu�ebec �a Montr�eal). Nuclear magnetic resonance (NMR) spectra were
recorded on a Varian 200 MHz NMR apparatus. Samples were dissolved
in deuterated acetone (acetone-d6) or deuterated dimethylsulfoxide
(DMSO-d6) for data acquisition using the residual solvent signal as in-
ternal standard (acetone, δ 2.05 ppm for 1H NMR and δ 29.84 ppm for 13C
NMR; dimethylsulfoxide, δ 2.50 ppm for 1H NMR and δ 39.52 ppm for 13C
NMR). Chemical shifts (δ) are expressed in parts per million (ppm), the
coupling constants (J) are expressed in hertz (Hz). Multiplicities are
described by the following abbreviations: s for singlet, d for doublet, t for
triplet, m for multiplet, #m for several multiplets and, br s for broad
singlet.

5.2.1. Synthesis of 4-maleimidylphenyl-hydrazide molecules

5.2.1.1. Synthesis of tert-butyl 2-(4-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)
benzoyl)hydrazinecarboxylate (DAB-1). DAB-1 was synthesized using a
procedure reported in an earlier manuscript [28]. The 1H NMR and 13C
NMR spectral data are given to facilitate comparison with the novel
molecules reported in this manuscript. 1H NMR (200 MHz, DMSO-d6, δ
ppm): 10.25 and 8.93 (2 x s, 2H, 2 x NH), 7.92 and 7.46 (2 x d, J¼ 8.4 Hz,
4H, aromatic), 7.20 (s, 2H, maleimide), 1.41 (s, 9H, 3 x CH3); 13C NMR
(50 MHz, DMSO-d6, δ ppm): 170.1, 165.8, 155.9, 135.3, 135.0, 131.9,
128.4, 126.7, 79.7, 28.5.

5.2.1.2. Synthesis of 4-(2,5-dioxo-2,5-dihydro-pyrrol-1-yl)-benzoic acid
hydrazide trifluoroacetic acid salt (DAB-1.TFA). A solution of DAB-1 (106
mg, 0.32 mmol) dissolved in dichloromethane (1 mL) and trifluoroacetic
acid (0.25 mL) was stirred at 20 �C for a period of 2 h. Afterwards, the
excess trifluoroacetic acid was removed under vacuum at 20 �C to give
compound DAB-1.TFA quantitatively. IR (ν, cm�1): 3500-2500 (CO2H),
3277 (NH), 1710 (C––O); 1H NMR (200 MHz, DMSO-d6, δ ppm): 11.62
(br s, 1H, NHNH3

þCF3CO2
�), 8.63 (br s, NH3

þ), 8.01 and 7.56 (2 x d, J ¼
5

8.5 Hz, 4H, aromatic), 7.24 (s, 2H, maleimide); 13C NMR (50 MHz,
DMSO-d6, δ ppm): 169.6, 165.4, 135.5, 135.0, 129.4, 128.4, 126.5.

5.2.1.3. Synthesis of N0-acetyl-4-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)
benzohydrazide (1). Acetic anhydride (145 μL, 1.53 mmol) and trie-
thylamine (255 μL, 1.83 mmol) were added to a cooled solution of crude
DAB-1.TFA (104 mg, 0.30 mmol) dissolved in dichloromethane (4 mL).
The mixture was stirred at 20 �C for 30 min. Afterwards, the suspension
was filtered on fritted glass filter under vacuum. The product was washed
with dichloromethane (4 x 2 mL) and with water (4 x 2 mL) and dried
under vacuum to give 40 mg (40%) of the desired material 1. Yields up to
about 48.5% were obtained using this procedure. mp: Decomposition
begins at 211 �C; IR (ν, cm�1): 3210 (N–H), 3101-3018 (C–H), 1706
(C––O), 1685 (C––O), 1646 (C––O), 1606 (C––C); 1H NMR (200 MHz,
DMSO-d6, δ ppm): 10.34 and 9.91 (2 x s, 2H, 2 x NH), 7.94 and 7.47 (2 x
d, J ¼ 8.2 Hz, 4H, aromatic), 7.20 (s, 2H, maleimide), 1.91 (s, 3H, CH3);
13C NMR (50 MHz, DMSO-d6, δ ppm): 170.1, 169.0, 165.3, 135.3, 135.0,
131.9, 128.5, 126.7, 21.1; ESI þ HRMS: (M þ H)þ calculated for
C13H12N3O4 ¼ 274.0822; found ¼ 274.0818 and ESI þ HRMS: (M þ
Na)þ calculated for C13H11N3NaO4 ¼ 296.0642; found ¼ 296.0636.

5.2.1.4. Synthesis of N0,N0-diacetyl-4-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-
yl)benzohydrazide (2 or DAB-2-28). Acetic anhydride (0.72 mL, 7.6
mmol) and triethylamine (1.27 mL, 9.1 mmol) were added to a cooled
solution (0 �C) of crude DAB-1.TFA (523 mg, 1.51 mmol) dissolved in
dichloromethane (10 mL). The mixture was stirred at 20 �C for 30 min.
Afterwards, the organic phase was diluted with ethyl acetate (75 mL)
directly into an extraction funnel. The organic phase was washed with a
5% sodium bicarbonate aqueous solution (2 x 50 mL) and with water (4 x
50 mL). The organic phase was dried with anhydrous magnesium sulfate,
filtered and evaporated to the crude material. The product was purified
by flash column chromatography using a mixture of hexane/acetone (7/
3) to give 86 mg (18%) of the desired material 2. Of note, using the re-
action conditions of entry 4 indicated in Table 1 (40 �C for 30 min),
compound 2 was obtained with about 37% yield. mp: Decomposition
begins at 190 �C; IR (ν, cm�1): 3194 (NH), 3093-3021 (C–H), 1701
(C––O), 1661 (C––O), 1607 (C––C); 1H NMR (200 MHz, acetone-d6, δ
ppm): 10.14 (s, 1H, NH), 8.09 and 7.61 (2 x d, J ¼ 8.8 Hz, 4H, aromatic),
7.09 (s, 2H, maleimide), 2.41 (s, 6H, 2 x CH3); 13C NMR (50 MHz,
acetone-d6, δ ppm): 171.1, 169.3, 166.0, 135.8, 134.7, 130.8, 128.2,
126.1, 24.2; ESI þ HRMS: (M þ H)þ calculated for C15H14N3O5 ¼
316.0928; found ¼ 316.0945 and ESI þ HRMS: (M þ H -Ac)þ calculated
for C13H12N3O4 ¼ 275.08252; found ¼ 275.0856.

5.2.1.5. Synthesis of N,N0-diacetyl-4-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-
yl)benzohydrazide (3). Acetyl chloride (130 μL, 1.83 mmol) and trie-
thylamine (260 μL, 1.87 mmol) were added to a cooled solution of crude
DAB-1-TFA (104 mg, 0.30 mmol) dissolved in dichloromethane (4 mL)
and DMSO (0.2 mL). The mixture was stirred at 40 �C for 2 h. Afterwards,
the crude product was directly adsorbed on silica and purified by flash
column chromatography using a mixture of hexane/acetone (4/1) to give
18.5 mg (19%) of the desired material 3. mp: Decomposition begins at
159 �C; IR (ν, cm�1): 3397 (N–H), 3163-2944 (C–H), 1783 (C––O), 1711
(C––O), 1652 (C––O), 1613 (C––C); 1H NMR (200 MHz, (CD3)2CO, δ
ppm): 8.00 and 7.65 (2 x d, J ¼ 8.8 Hz, 4H, aromatic), 7.10 (s, 2H,
maleimide), 2.35 and 2.21 (2 x s, 6H, 2 x CH3); 13C NMR (50 MHz,
(CD3)2CO, δ ppm): 169.2, 168.4, 166.5, 150.8, 135.7, 134.7, 127.1,
126.5, 121.2, 21.8, 19.9.

5.2.1.6. Synthesis of N,N0,N0-triacetyl-4-(2,5-dioxo-2,5-dihydro-1H-pyrrol-
1-yl)benzohydrazide (4). Acetic anhydride (140 μL, 1.48 mmol) and
triethylamine (250 μL, 1.79 mmol) were added to a cooled solution of
crude DAB-1.TFA (104 mg, 0.30 mmol) dissolved in dichloromethane (4
mL). The mixture was stirred at 40 �C for 60 min. Afterwards, the crude
product was directly adsorbed on silica and purified by flash column
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chromatography using a mixture of hexane/acetone (4/1) to give 30.1
mg (28%) of the desired material 4. mp: 165.2–166.0 �C; IR (ν, cm�1):
3092-2936 (C–H), 1744 (C––O), 1706 (C––O), 1605 (C––C); 1H NMR
(200 MHz, (CD3)2CO, δ ppm): 7.84 and 7.58 (2 x d, J ¼ 8.6 Hz, 4H, ar-
omatic), 7.09 (s, 2H, maleimide), 2.44 and 2.34 (2 x s, 9H, 3 x CH3); 13C
NMR (50 MHz, (CD3)2CO, δ ppm): 171.3, 170.9, 169.4, 169.2, 135.6,
134.7, 132.8, 128.7, 125.6, 24.0 23.3; ESI þ HRMS: (M þ Na)þ calcu-
lated for C17H15N3NaO6 ¼ 380.0853; found ¼ 380.0852.

5.2.1.7. Synthesis of 4-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)-N0-propio-
nylbenzohydrazide (5) and 4-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)-N0,N0-
dipropionylbenzohydrazide (6). Propionic anhydride (200 μL, 1.56 mmol)
and triethylamine (250 μL, 1.79 mmol) were added to a cooled solution of
crude DAB-1-TFA (104 mg, 0.30 mmol) dissolved in dichloromethane (4
mL). The mixture was stirred at 40 �C for 30 min. Afterwards, the crude
products were directly adsorbed on silica and purified and separated by
flash column chromatography using a mixture of hexane/acetone (4/1) to
give 5 (20.9 mg, 24%) and 6 (48.3 mg, 46%). Compound 5: mp: Decom-
position begins at 205 �C; IR (ν, cm�1): 3288 and 3231 (2 x N–H), 3093-
2882 (C–H), 1703 (C––O), 1677 (C––O), 1623 (C––O), 1586 (C––C); 1H
NMR (200 MHz, (CD3)2SO, δ ppm): 10.05 and 9.85 (2 x s, 2H, 2 x NH),
7.95 and 7.47 (2 x d, J ¼ 8.6 Hz, 4H, aromatic), 7.21 (s, 2H, maleimide),
2.19 (q, J ¼ 7.5 Hz, 2H, CH2), 1.05 (t, J ¼ 7.5 Hz, 3H, CH3); 13C NMR (50
MHz, (CD3)2SO, δ ppm): 172.7, 170.1, 165.3, 135.3, 135.0, 131.9, 128.5,
126.7, 27,0, 10.1; ESI þ HRMS: (M þ H)þ calculated for C14H14N3O4 ¼
288.0979; found ¼ 288.0969 and ESI þ HRMS: (M þ Na)þ calculated for
C14H13N3NaO4 ¼ 310.0798; found ¼ 310.0785. Compound 6: mp:
174.1–174.8 �C; IR (ν, cm�1): 3283 (N–H), 3094-2880 (C–H), 1705
(C––O), 1664 (C––O), 1610 (C––C); 1H NMR (200MHz, (CD3)2CO, δ ppm):
10.05 (s, 1H, NH), 8.09 and 7.61 (2 x d, J¼ 8.8 Hz, 4H, aromatic), 7.09 (s,
2H, maleimide), 2.85–2.81 (m, 4H, 2 x CH2), 1.10 (t, J ¼ 7.4 Hz, 6H, 2 x
CH3); 13C NMR (50 MHz, (CD3)2CO, δ ppm): 174.7, 169.3, 166.1, 135.8,
134.7, 130.9, 128.2, 126.1, 29.8, 8.1; ESI þ HRMS: (Mþ Na)þ calculated
for C17H17N3NaO5 ¼ 366.1060; found ¼ 366.1052.

5.2.1.8. Synthesis of N0-butyryl-4-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)
benzohydrazide (7) and N0,N0-dibutyryl-4-(2,5-dioxo-2,5-dihydro-1H-pyr-
rol-1-yl)benzohydrazide (8). Butyric anhydride (250 μL, 1.53 mmol) and
triethylamine (250 μL, 1.79 mmol) were added to a cooled solution of
crude DAB-1.TFA (104 mg, 0.30 mmol) dissolved in dichloromethane (4
mL). The mixture was stirred at 40 �C for 45 min. Afterwards, the crude
products were directly adsorbed on silica and purified and separated by
flash column chromatography using a mixture of hexane/acetone (4/1)
to give 7 (33.6 mg, 37%) and 8 (28.7 mg, 25%). Compound 7: mp:
Decomposition begins at 200 �C; IR (ν, cm�1): 3335 and 3262 (2 x N–H),
3117-2875 (C–H), 1715 (C––O), 1687 (C––O), 1620 (C––O), 1572
(C––C); 1H NMR (200 MHz, (CD3)2SO, δ ppm): 10.05 and 9.85 (2 x s, 2H,
2 x NH), 7.95 and 7.47 (2 x d, J ¼ 8.2 Hz, 4H, aromatic), 7.21 (s, 2H,
maleimide), 2.15 (t, J ¼ 7.3 Hz, 2H, CH2 α), 1.57 (sex, J ¼ 7.3 Hz, 2H,
CH2 β) 0.91 (t, J ¼ 7.3 Hz, 3H, CH3); 13C NMR (50 MHz, (CD3)2SO, δ
ppm): 171.9, 170.1, 165.3, 135.3, 135.0, 131.9, 128.5, 126.7, 35.7, 19.0,
14.0; ESI þ HRMS: (M þ H)þ calculated for C15H16N3O4 ¼ 302.1135;
found ¼ 302.1129 and ESI þ HRMS: (M þ Na)þ calculated for
C15H15N3NaO4 ¼ 324.0955; found ¼ 324.0946. Compound 8: mp:
166.3–167.0 �C; IR (ν, cm�1): 3273 (N–H), 3093-2875 (C–H), 1704
(C––O), 1666 (C––O), 1609 (C––C); 1H NMR (200 MHz, (CD3)2CO, δ
ppm): 10.06 (s, 1H, NH), 8.09 and 7.61 (2 x d, J ¼ 8.8 Hz, 4H, aromatic),
7.09 (s, 2H, maleimide), 2.85–2.81 (m, 4H, 2 x CH2 α), 1.66 (sex, J ¼ 7.4
Hz, 4H, 2 x CH2 β), 0.95 (t, J ¼ 7.4 Hz, 6H, 2 x CH3); 13C NMR (50 MHz,
(CD3)2CO, δ ppm): 173.8, 169.3, 166.1, 135.8, 134.7, 130.9, 128.2,
126.1, 38.2, 17.6, 13.0; ESI þ HRMS: (M þ Na)þ calculated for
C19H21N3NaO5 ¼ 394.1373; found ¼ 394.1367.

5.2.1.9. Synthesis of 4-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)-N0-iso-
butyrylbenzohydrazide (9) and 4-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)-
6

N0,N0-diisobutyrylbenzohydrazide (10). Isobutyric anhydride (250 μL,
1.51 mmol) and triethylamine (250 μL, 1.79 mmol) were added to a
cooled solution of crude DAB-1.TFA (104 mg, 0.30 mmol) dissolved in
dichloromethane (4 mL). The mixture was stirred at 40 �C for 90 min.
Afterwards, the crude products were directly adsorbed on silica and
purified and separated by flash column chromatography using a mixture
of hexane/acetone (4/1) to give 9 (45.8 mg, 50%) and 10 (25.2 mg,
22%). Compound 9: mp: Decomposition begins at 208 �C; IR (ν, cm�1):
3301 and 3232 (2 x N–H), 3087-2876 (C–H), 1705 (C––O), 1681 (C––O),
1630 (C––O), 1584 (C––C); 1H NMR (200 MHz, (CD3)2SO, δ ppm): 10.36
and 9.85 (2 x s, 2H, 2 x NH), 7.95 and 7.47 (2 x d, J ¼ 8.8 Hz, 4H, ar-
omatic), 7.21 (s, 2H, maleimide), 2.53–2.47 (m, 1H, CH), 1.07 (d, J¼ 7.0
Hz, 6H, 2 x CH3); 13C NMR (50 MHz, (CD3)2SO, δ ppm): 176.0, 170.1,
165.3, 135.3, 135.0, 132.0, 128.5, 126.7, 32.6, 19.8; ESI þ HRMS: (M þ
H)þ calculated for C15H16N3O4 ¼ 302.1135; found ¼ 302.1130 and ESI
þ HRMS: (Mþ Na)þ calculated for C15H15N3NaO4 ¼ 324.0955; found ¼
324.0948. Compound 10: mp: 169.5–170.5 �C; IR (ν, cm�1): 3275 (N–H),
3091-2878 (C–H), 1705 (C––O), 1672 (C––O), 1609 (C––C); 1H NMR
(200 MHz, (CD3)2CO, δ ppm): 10.09 (s, 1H, NH), 8.09 and 7.61 (2 x d, J
¼ 8.8 Hz, 4H, aromatic), 7.09 (s, 2H, maleimide), 3.45 (sep, J ¼ 6,8 Hz,
2H, 2 x CH), 1.17 (d, J ¼ 6.8 Hz, 12H, 4 x CH3); 13C NMR (50 MHz,
(CD3)2CO, δ ppm): 178.5, 169.3, 166.5, 135.8, 134.7, 130.9, 128.2,
126.1, 34.1, 18.6; ESIþHRMS: (Mþ Na)þ calculated for C19H21N3NaO5
¼ 394.1373; found ¼ 394.1369.
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