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Zhao and Lu: Syntheses and Property of Nicotinoyl Derivatives
Nicotinic acid and niacinamide are used in a variety of therapeutic application as important components
of the co-factors, nicotinamide adenine dinucleotide and nicotinamide adenine dinucleotide phosphate.
Decreasing the adverse effects will improve the stability and absorption of nicotinic acid. Nicotinic acid
aspartic acid dipeptide and tetrapeptide were synthesized via Fmoc solid-phase synthesis, purified via
reversed-phase high performance liquid chromatography and characterized via proton and 13C nuclear
magnetic resonance and electrospray ionization mass spectrometry to change the property of nicotinic acid
for promoting application of niacin derivatives. The interactions of nicotinic acid and nicotinoyl aspartic
acid derivatives with calf thymus DNA were investigated by ultraviolet-visible absorption and fluorescence
spectroscopy. The hypochromicity in ultraviolet spectra of DNA with increasing of nicotinic acid and
derivatives concentration was observed. The fluorescence quenching of nicotinic acid and derivatives to
ethidium bromide-DNA was mixture mode according to the Stern-Volmer equation. The results indicated
that the interaction modes of nicotinic acid and nicotinoyl derivatives with calf thymus DNA were mixed
mode of electrostatic repulsion and embed interaction, and the interaction of derivatives with calf thymus
DNA was weakened by the carboxyl number of aspartic acids. Bioavailability and adverse event potential of
the synthesized nicotinoyl aspartic acid di and tetrapeptides required to be evaluated.
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Nicotinic acid (NA) and niacinamide are important
components of the co-factors, nicotinamide adenine
dinucleotide (NAD) and nicotinamide adenine
dinucleotide phosphate (NADP), which widely
participate in the lipid metabolism, oxidation and
anaerobic decomposition of sugars in the body and
also are used in a variety of therapeutic application
such as treating pellagra, cardiovascular diseases and
Alzheimer's disease[1,2]. A myriad of studies examined
the efficacy and safety of niacin and niacinamide, but

several studies reported adverse effects of niacin and
niacinamide, such as diarrhoea, hyperglycaemia and
hepatotoxicity[3]. Many recent studies also focused
on improving the stability, absorption and potency
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of drug by peptidyl modification . Many drugs
affect the abnormal physiological metabolic process
through interaction with DNA in vivo, and peptidyl
derivatives of drugs normally have stronger biological
activities[4,5]. NA modified by amino acids as nicotinoyl
compounds have been found to be more stable with
lower side effects, better bioavailability and activity[6].
Aspartic acid, a usual component of proteins, has
special functions for carboxyl side chain in medicines,
metalloproteins, and specific enzymes by forming
common coordinating ligand or providing acidic
surrounding in vivo[7]. Evaluation of the interaction
of nicotinoyl peptide with calf thymus DNA (ctDNA)
is likely to be helpful to understand the molecular
mechanism of drugs, which could assist in drug design
and prove to be of significantly important to the field of
medicine, pharmacy and biology[8].
[4]

Thus, nicotinoyl aspartic acid dipeptide (NA-ASPASP) and tetrapeptide (NA-ASP-ASP-ASP-ASP)
are efficiently synthesized in this study via solidphase peptide synthesis, purified via reversed-phase
high performance liquid chromatography (HPLC),
and characterized via electrospray ionization mass
spectrometry (ESI-MS), proton and 13C nuclear
magnetic resonance (NMR). Preliminary studies on
the DNA-binding properties of niacin and niacin
derivatives using UV/Vis absorption and fluorescence
spectroscopy are described.
Fmoc-ASP(OtBu)-Wang resin, Fmoc-ASP(OtBu)OH,
N,N-diisopropylethylamine
(DIEA),
1-hydroxybenzotriazole
hydrate
(HOBT),
2-(1H-Benzotriazole-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate (HBTU) and piperidine
were purchased from GL Biochem (Shanghai) Ltd.
(Shanghai, China). Dimethylformamide (DMF),
ninhydrin, ct-DNA, NA and ethidium bromide (EB)
were purchased from Tiangen Biochemical Reagent Co.
Ltd. (Beiging, China). Piperidine, triisopropylsilane
(TIS) and trifluoroacetic acid (TFA) were purchased

from Shanghai Jingchun Reagent Co. Ltd. (Shanghai,
China).
The syntheses of NA aspartic acid derivatives were
according to a modification of the literature report[9].
As shown in fig. 1, the NA-ASP-ASP synthesis process
is detailed. Fmoc-ASP(OtBu)-Wang resin (512.8 mg,
0.39 mmol/g) was placed in a peptide synthesis vessel
and treated with DMF (5 ml, 30 min), 20% piperidine
in DMF (5 ml, 3 min), 20% piperidine in DMF (5 ml,
30 min), DMF (5×3 ml, 2 min each), and methanol (5×3
ml, 2 min each). The Kaiser test was performed at this
point to identify the presence of free amine available
for coupling. In a dried 50 ml round bottom flask, a
coupling solution was prepared by adding DIEA (0.135
ml, 0.8169 mmol) to a DMF (5 ml) solution containing
Fmoc-ASP(OtBu)-OH (329.2 mg, 0.8000 mmol),
HOBT (108.5 g, 0.8000 mmol) and HBTU (303.8 mg,
0.8000 mM) in the ice bath for 2-3 min. The coupling
solution was added to the peptide synthesis vessel
containing the resin and reacted for 4 h. The resin
was then washed with DMF (5×3 ml, 2 min each) and
methanol (5×3 ml, 2 min each). The Kaiser test showed
the full coupling. A coupling solution was prepared by
adding DIEA (0.135 ml, 0.8169 mmol) to a DMF (5
ml) solution containing niacin (98.5 mg, 0.8000 mM),
HOBT (108.3 mg, 0.8000 mM) and HBTU (303.4 mg,
0.8000 mM) in an ice bath. The coupling solution was
added to the peptide synthesis vessel containing the
resin and reacted for 4 h. The coupling solution was
added to the peptide synthesis vessel that contains the
resin and reacted for 4 h. After the Kaiser Test showed
the full coupling, the resin was then washed with DMF
(2×10 ml, 2 min each), CH2Cl2 (2×5 ml, 2 min each),
methanol (2×5 ml, 2 min each), and DMF (2×10 ml,
2 min each). The cleavage of NA-ASP-ASP from the
resin was accomplished using a solution of 95% TFA,
2.5% thioanisole and 2.5% water. Reaction time for
cleavage was 3 h. The crude product of NA-ASP-ASP
is obtained by precipitation in cold diethyl ether. And

Fig. 1: Synthesis route of NA-ASP-ASP
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the coupling of Fmoc-ASP(OtBu)-OH was repeated
three times to obtain NA-ASP-ASP-ASP-ASP. The
purification by HPLC afforded pure NA peptides.
The NA derivatives were analysed and purified on an
Agilent C18 column (150×4.6 mm) with 5 μm silica as a
stationary phase. A gradient elution with eluent A (0.5%
TFA in water) and eluent B (acetonitrile, 90:10, v/v) was
used at a flow rate of 1 ml×min-1. Peaks were detected
at λ=246 nm. 1H NMR and 13C NMR experiments were
performed using a Bruker DPX-400 MHz instrument
with TMS as the internal standard. Mass spectra were
analysed on an Agilent Esquire 3000 mass spectrometer
fitted with an ion spray source working in positive ion
mode with methanol as a solvent. UV/Vis absorption
spectra were recorded in a quartz cell on a UV-2450
spectrometer. The concentration of ctDNA solution
was calculated based on the standard ε260=6600 l×mol1
×cm-1. Then ctDNA solution was titrated with NA
or NA derivatives solution using 3 ml corresponding
Tris-HCl buffer solution (pH=7.4) as reference, and
the UV absorption spectra of ctDNA from 200 nm to
300 nm were measured. The volumes of niacin and
niacin derivatives solutions (3.75×10-2 M×l-1) were
determined by Rt (Rt = ccompound/cDNA). Steady-state
fluorescence spectra were recorded in a quartz cell (light
path=10 mm) on an F 23010 fluorescence spectrometer.
Different volumes of NA and NA derivatives solutions
added to a series of 10 ml colorimetric tube at fixed
concentration of ctDNA (4.1×10-5 M×l-1) and EB
(1.23×10-6 M×l-1), were determined by Rt (Rt = cNA/
cDNA), that were diluted to 10 ml with a Tris-HCl buffer
solution (pH=7.4). After heating in a water bath for
1 h at a constant temperature (37°), its fluorescence
spectra were measured in the range of 550 nm to 700
nm at an excitation wavelength of 260 nm by using
a spectrofluorometer (Varian, America). The entrance
and exit slits for all fluorescence measurements were
both maintained at 5 nm.
Nicotinoyl aspartic acid peptides were synthesized via
solid phase peptide synthesis on Wang resin with good
yield, NA-ASP-ASP (83%) and NA-ASP-ASP-ASPASP (83%) analysed by the peak area normalization
method of RP-HPLC spectra. The final products were
characterized by 1H NMR, 13C NMR and ESI-MS. The
purified products isolated via RP-HPLC were judged to
be higher than 95% in purity from the ESI-MS results.
The characterizations of the synthesized compounds
are as following. NA-ASP-ASP 1H NMR (400MHz,
D2O): 9.048 (s, 1H, -N=CH-), 8.044 (t, J=1.04 Hz,
1H, =N-CH=CH), 8.529 (d, J=1.12 Hz, 1H, -NH),
January-February 2017

4.829-4.892 (m, 1H, NH-CH-CONH), 4.637-4.651
(m, 1H, NH-CH-COOH), 2.924 (d, J=1.25 Hz, 2H,
-CH2-CO), 2.843 (d, J=2.88 Hz, 2H, -CH2-CO). 13C
NMR (400MHz, D2O): 35.05 (-CH2), 35.26 (-CH2),
49.19 (-CH), 50.80 (-CH), 127.43 (=CH), 132.72 (=C),
141.25 (=CH), 143.82 (=N-CH), 144.94 (-N=CH),
164.28 (-NH-CO), 171.52 (-CH-CO), 173.63-174.29
(-CO). Mass spectrometry calcd for C14H15N3O8:
[M+H]+=353.3. Found: 353.8. And mass spectrometry
calcd for NA-Asp-Asp-Asp-Asp (C22H25N5O14):
[M+H]+=584.2. Found: 583.8. The results of 1H
NMR, 13C NMR and ESI-Mass are in accord with the
theoretical values of NA derivatives. So the syntheses
and purities of nicotinoyl compounds are suitable for
further investigating their qualities.
DNA molecular contraction usually induced the
hypochromicity in UV absorption intensity of drugDNA interaction system, and exposed DNA base
pair led hyperchromicity[10]. The ctDNA ultraviolet
absorption at 260 nm showed a hypochromic
effect with the concentration increasing of NA and
NA derivatives, and the wavelength of maximum
absorption is not changed. The hypochromism of NA
and NA derivatives with ctDNA are 55.8% (NA), NAASP-ASP (14.57%), and NA-ASP-ASP-ASP-ASP
(7.55%) respectively in fig. 2. With the hypochromism
increasing, the derivative-DNA interaction enhanced.
Thus, the interaction of nicotinoyl derivatives with
ctDNA was weakened because of aspartic acid
increasing in number. According to the Eqn., ΔA-1
= (ΔεCD)-1+(ΔεKCD)-1CN-1, where CN is the analysis

Fig. 2: Hypochromism
NA (A), NA-ASP-ASP (B) and NA-ASP-ASP-ASP-ASP (C)
resulted in the ultraviolet absorption intensity of ctDNA.
DNA solution (3.75×10-3 M×l-1) was titrated with the different
volumes of NA and nicotinoyl peptides (3.75×10-2 M×l-1)
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concentration of NA and NA derivatives, CD is the
analysis concentration of ctDNA, Δε is a constant
value in a certain measurement conditions, K is the
apparent binding constant of ctDNA and NA or NA
derivatives[11]. In the experiment, fixed CD and changed
CN, then ΔA-1 and CN-1 showed a linear relationship,
so the K of compounds with ctDNA obtained from
the regression line were 5.81×102 mol-1×l-1 (NA),
1.84×102 mol-1×l-1 (NA-ASP-ASP), and 1.89×102
(NA-ASP-ASP-ASP-ASP), respectively. The binding
constants of NA and NA derivatives with ctDNA are
below the normal range of 1.1 mol-1×l-1 to 4.8×104
mol-1×l-1 calculated from the intercalation mode of
molecular with DNA[12]. Therefore, the interaction of
NA and NA derivatives with ctDNA is mainly due to
the electrostatic repulsion of molecular with ctDNA
phosphate backbone, which caused the conformational
contraction of ctDNA and generated a hypochromic
effect[10]. The hypochromism of ultraviolet absorption
of NA and NA modifier with ctDNA was weakened
by carboxyl, which ionized in physiological condition
and enhanced the electrostatic repulsion between NA
or NA derivatives and the ctDNA phosphate backbone.
EB was a commonly used fluorescent dye for DNA
binding studies because its fluorescence was extremely

weak and it could specifically embed in base pairs
of DNA double-helical, which caused fluorescence
enhancement of the system. When another molecule
intercalated with the stacked base pairs of DNA, it
would compete with the action site of DNA base
pairs with EB and the EB dissociated from the DNA,
which finally led to the fluorescence quenching. And
the fluorescence quenching extent of EB-DNA could
be used to determine the binding extent between the
molecule and DNA[13]. So fluorescence spectra studies
were performed to investigate the interaction mode
of NA or NA derivatives and DNA. The fluorescence
quenching is divided into dynamic quenching and
static quenching. Static quenching is caused by the
non-fluorescent compound produced by the interaction
between quenching agent and fluorescent substance
in the ground state. Dynamic quenching refers to
fluorescent substance molecules in excited state
collide with quenching agent molecules, and results in
fluorescence intensity quenching[14]. The experiments
showed that the fluorescence of EB-DNA system at
610 nm was quenched by increasing the concentrations
of NA and NA derivatives. The Stern-Volmer curves of
fluorescence intensity and compound concentrations in
fig. 3 are non-linear, indicating a complex quenching
behaviour between compounds with ctDNA, and this

Fig. 3: Stern-Volmer curves
NA (A), NA-ASP-ASP (B) and NA-ASP-ASP-ASP-ASP (C) with ctDNA. The system of ctDNA (4.1×10-5 M×l-1) and EB (1.23×10-6
M×l-1) was titrated with the different volumes of NA and nicotinoyl peptides (3.75×10-2 M×l-1)
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quenching most likely involves both static and dynamic
quenching mechanisms because the electrostatic
interaction from the charged side-chains of aspartic
acids disturbs the weak intercalating of NA pyridyl into
ctDNA[15]. This scenario indicates that NA modified
with aspartic acid is difficult to intercalate into the
stacked base pairs of DNA, and the electrostatic
repulsion between NA aspartic acid derivatives and
ctDNA is stronger than that of NA and ctDNA.
NA derivatives modified by aspartic acids can be
effectively synthesized using Fmoc solid-phase
peptide synthesis, and the interaction of NA modifier
with ctDNA is smaller than the interaction of NA with
DNA. Whether the smaller interaction of derivatives
with ctDNA can lead to the controlled release of NA
from derivatives, the higher bioavailability and the
lower adverse effect, still are required to investigate
through further studies.
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