Research Article

Kinetics and mechanism of the oxidative degradation of sofosbuvir
by N-bromosuccinimide in aqueous medium

Alaa Eldin Mokhtar Abdel-Hady' - Ashraf M. Taha'
© Springer Nature Switzerland AG 2019

Abstract

The kinetics of the electron transfer in sofosbuvir (Sofo) using N-bromosuccinimide (NBS) in aqueous medium has been
studied spectrophotometrically over the (10-30) °C range, (0.1-0.5) mol dm~3ionic strength, pH=6.0-8.0 range over
a range of NBS and Sofo concentrations. The rate of reaction was first order dependence on both [NBS] and [Sofo] and
decreased with increasing [H*] over the range studied suggesting that the deprotonated form of sofosbuvir is more
reactive than its conjugate acid. The hydrogen atom attached to the nitrogen atom of pyrimidine dione ring has a highly
acidic character due to withdrawing effect of the adjacent two carbonyl groups and so the sofosbuvir acted as an acid.
The rate decreased with increasing the ionic strength of the reaction mixture and supported that the reaction took place

between two ions of different charges.
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1 Introduction

Sofosbuvir, (Sofo) is an antiviral agent against hepatitis C
virus [1]. It was reported by the World Health Organization
(WHO) that hepatitis C is considered as a global health
problem, and more than 3% of the world’s peoples were
infected with hepatitis C virus. According to the released
Egyptian Demographic Health Survey (EDHS), Egypt has
the largest epidemic of HCV in the world and the overall
percentage of Egyptian peoples that have positive results
for hepatitis C antibody was 14% [2]. The drug showed
degradation under oxidative, photolysis, acid and base
hydrolysis conditions. Oxidative degradation of sofosbu-
vir was carried out by 3% H,0, and 6% H,0, at room tem-
perature for 10 days [3]. It was found that 3% H,0, was
ineffective to oxidize the drug even after 10 days, whereas
6% H,0, lead to 11% degradation of the drug. Since the
drug is recently introduced to the market, no much litera-
ture has been reported for its degradation or its kinetics
of oxidation by different oxidizing agents.

N-Bromosuccinimide (NBS) is an organic compound
that is used for oxidation and selective bromination of
organic compounds and substrates on a large scale [4-6].
Three different oxidation pathways using NBS could be
observed including the coordination to the substrate
through the carbonyl group [7], homolytic dissociation of
N-Br bond to give bromine radical which acts as an oxi-
dizing agent or heterolytic dissociation to give bromium
ion (Br*) which also acts as an oxidizing agent [8—12]. Oxi-
dation of gabapentin (GBP) with NBS was studied under
varied conditions [13]. The kinetic reaction was first order
dependence on [GBP], fractional order on [H*] and zero
order dependence on [NBS]. It was surprising that the
reaction rate decreased with temperature over the range
(25-40) °C. This behavior has been ascribed to a highly
exothermic rate determining step. Oxidative degradation
of rhodamine-B (RhB) with NBS in aqueous and different
water alcohol solvent mixtures has been investigated over
varied conditions of [RhB], [NBS], pH and temperatures
[14]. The reaction exhibited a first-order dependence on
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[NBS], [RhB], inverse first-order dependence on [OH™] and
decreased with decreasing the dielectric constant of the
medium. Also, the oxidation of L-proline by NBS in aque-
ous media was carried out [15]. The reaction rate was first-
order dependence on [NBS], [L-proline] and decreased
with increasing [H*] over (2.6-3.3) pH range.

In the present work, there was an intention to study the
kinetics and mechanism of the electrons transfer in sofos-
buvir (Sofo) by N-bromosuccinimide (NBS), since the drug
has been recently discovered and no much literature has
been reported for its degradation or kinetics of oxidation
by different oxidizing agents.

2 Experimental
2.1 Materials and methods

BDH, Fluka or Analar chemicals were used in this study
without any further purifications. Sofosbuvir was obtained
as a gift sample from Pharco B International (Chemical),
Egypt and the working solution was prepared in dou-
bly distilled water. This working solution was stable for
2 weeks at room temperature. Freshly prepared solutions
of N-bromosuccinimide (NBS) were prepared daily. The pH
of the reaction medium was maintained constant using
K,HPO, and citric acid buffer. Aqueous solution of NaCl of
known concentration has been used to change the ionic
strength of the reaction mixture. Bidistilled water has been
used in all kinetics run and preparations.

2.2 Kinetic procedure

A Shimadzu 1700UV-visible spectrophotometer was used
to follow the rate of oxidation reaction. The initial rates of
oxidation were followed by measuring the decrease in the
absorbance of sofosbuvir at its characteristic wavelength,
(A=260 nm) for a definite period of time, Fig. 1. The reac-
tants, other than NBS were mixed and equilibrated at the
required temperature for 15-20 min. The required vol-
ume of separately thermostated NBS stock solution was
rapidly added to the reaction mixture and a sample was
transferred to the measuring cell where the absorbance
was measured for a definite period of time. The pH of the
reaction was determined using 3505 Jenway pH-meter.
Pseudo-first order conditions were applied in all kinetic
runs using excess (at least tenfold) concentrations of NBS
as compared to the concentrations of sofosbuvir.

The stoichiometry of the reaction was determined by
using different [NBS]:[Sofo] ratios, keeping the concentra-
tion of (Sofo) at least twice over that of [NBS] and the mix-
tures were kept a side for 24 h. The concentration of the
unreacted (Sofo) was measured by dividing the absorb-
ance at A=260 nm by its molar absorptivity. The experi-
mental results showed that 1 mol of (Sofo) consumed
1 mol of NBS and consistent with Eq. 1

[Sofo| . + [NBS] — products 1M

where [Sofol; represented the total concentration of all
sofosbuvir species in the solution

Fig. 1 Absorption spectra 1550
of the reaction mixture at 1500
[Sofo]=5x% 107> mol dm~3,

[NBS]=0.56x 10"*mol dm3,

pH=7.6,and 1=0.05 mol dm~3.

Peaks 1, 2, 3,4, 5,6 and 7 were
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Fig.2 Structure of sofosbuvir

3 Results and discussion

Sofosbuvir is a monophosphorylatedpyrimidine with chemi-
cal formula as shown in Fig. 2.

Figure 2 Chemical structure of sofosbuvir (C,,H,oFN;OgP,
M.wt=529.453). Isopropy! (25)-2-[[[(2R, 3R, 4R, 5R)-5-(2,4-
dioxopyrimidin-1-yl)-4-fluoro-3-hydroxy-4-methyl-
tetrahydrofuran-2-yllmethoxy-phenoxyphosphorryl] amino]
propanoat.

Sofosbuvir was approved to be used alone or in com-
bination with ribavarin and ledipasvir for the treatment of
HCV [16, 17]. The hydrogen atom attached to the nitrogen
of pyrimidine dione ring has a highly acidic character due to
withdrawing effect of the adjacent two carbonyl groups and
so the sofosbuvir acted as an acid.

Oxidation of sofosbuvir by NBS was studied over
(6.0-8.0) pH range, ionic strength (0.10-0.50) mol dm™3
and (10-30) °C using different [Sofo] and [NBS]. The rate of
oxidation reaction was measured at fixed NBS concentra-
tion, ionic strength, pH and temperature. Plots of (A,) versus
time, where A, was the absorbance of the drug at time t,
were curved indicating that the reaction was not zero order
dependent on sofosbuvir. Variation of In(A_,—A,),where A_,
and A, were the absorbance of sofosbuvir at infinity and at
time t respectively versus time was linear up to =80% of
the reaction indicating that the reaction was first order. The
pseudo-first order rate constant, k,,,, was calculated from the
slopes of the first order plots.

3.1 Effect of [Sofo] concentration on k,

The effect of [Sofo] concentrations on k,, was studied over
the range (5.0-6.4) x 10~ mol dm™3 and keeping other
parameters at constant values. Kinetics data Table 1 and
Fig. 3 indicated that the values of k,,. were unchanged
when the concentration of (Sofo) was varied at constant
[NBS], proving that the reaction was first order dependent
on [Sofo]. Furthermore, plot of log initial rate (— d[Sofol/dt)
versus log initial [Sofo] was linear with slope=1.0+0.15.The
reaction rate can therefore be represented by Eq. 2

(—d[Sofo] /dt) = kyps[Sofo] )

Table 1 Variation of the reaction rate on [Sofo], [NBS] and tempera-
tures at pH=7. 80, 1=0.05 mol dm™3

T(°C) 10° [Sofo] 103 [NBS] 10° kyps (571
(mol dm™3) (mol dm™3)
10 5.00 0.56 4.08
10 5.00 0.90 4.94
10 5.00 1.10 5.29
10 5.00 1.30 5.49
10 5.00 1.70 5.99
10 5.00 2.20 6.33
10 5.00 2.80 6.50
10 5.00 3.06 6.66
10 5.00 333 6.71
10 5.20 0.90 4.83
10 5.40 0.90 4.81
10 5.60 0.90 4.78
10 5.80 0.90 4.75
10 6.00 0.90 4.80
10 6.40 0.90 4.80
15 5.00 0.56 4.81
15 5.00 0.90 5.82
15 5.00 1.10 6.05
15 5.00 1.30 6.54
15 5.00 1.70 6.93
15 5.00 2.20 7.30
15 5.00 2.80 7.41
15 5.00 3.06 7.81
15 5.00 3.33 7.69
20 5.00 0.56 5.85
20 5.00 0.90 6.94
20 5.00 1.10 7.35
20 5.00 1.30 7.69
20 5.00 1.70 8.19
20 5.00 2.20 8.48
20 5.00 2.80 8.69
20 5.00 3.06 8.82
20 5.00 333 8.93
30 5.00 0.56 6.78
30 5.00 0.90 7.91
30 5.00 1.10 8.37
30 5.00 1.30 8.73
30 5.00 1.70 9.14
30 5.00 2.20 9.43
30 5.00 2.80 9.80
30 5.00 3.06 9.98
30 5.00 3.33 10.10
35 5.00 0.56 8.19
35 5.00 0.90 9.39
35 5.00 1.10 9.82
35 5.00 130 10.22
35 5.00 170 1075
35 5.00 2.20 10.99
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Table 1 (continued)

T(°C) 10° [Sofo] 10° [NBS] 10° Kgps (571
(mol dm™3) (mol dm™3)
35 5.00 2.80 11.49
35 5.00 3.06 11.36
35 5.00 3.33 11.52
0.6
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Fig.3 Plots of In(A,—A) versus time at different [Sofo].
[NBS]=0.56x10"3 mol dm™3, pH=7.6, 1=0.05 mol dm~ and
T=25°C

where [Sofo]y, represented the total [Sofo] present. k.
including the value of the specific rate constant and the
concentration of NBS.

3.2 Effect of temperatures onk,,

The effect of temperature on the rate of oxidation was
studied over the range (10-30) °C and keeping all other
parameters constant. The experimental data Table 1 indi-
cated that the values of k., increased with temperature
over the range studied. At constant [H*] and ionic strength,
1/kqp,, varied linearly with 1/[NBS] at different temperatures
Fig. 4 according to the equation 1/k,,,=m(1/[NBS]+C
with correlation coefficients r,;=0.99945, r,;=0.99729,
ry0=0.99943, r;,=0.99928 and r;;=0.99878 Where r,(, 1,5,
Iyor I30 @and r3s were the correlation coefficients at 10,15,
20,30 and 35 °Crespectively. So, the relation between k,
and [NBS] at different temperatures was represented by
Eq.3

Kobs = {a[NBS]/1+ b[NBS]} 3)
and

1/kops = 1/a[NBS] + b/a (4)
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Fig.4 Plots of 1/k,, versus 1/[NBS] at different temperatures

3.3 Effectof pHonk,,

The effect of pH on the reaction rate was studied by vary-
ing the pH values using citric acid and KH,PO, buffer over
the range (6.0-8.0) at constant [NBS], [Sofo], ionic strength
and temperatures. Data in Table 2 indicated that the rate of
the electrons transfer reaction was increased by decreas-
ing [H*] over the pH range considered and supported the
participation of the deprotonated form of sofosbuvir in
the slowest steps.

Plots of 1/k,, versus 1/[NBS] at different pHs (6.0-8.0)
Fig. 5 indicated that the rate of reaction increased with
increasing pH, Table 2 and fits the linear relation, 1/
Kops =m(1/[NBS]) + C with correlation coefficients of 0.9970,
0.9910, 0.9979, 0.9973, and 0.9773, at pHs, 6.0, 6.4, 6.8, 7.6,
and 8.0 respectively.

3.4 Effect of ionic strength

Effect of ionic strength on the rate of oxidation was exam-
ined using different values of ionic strength for the reac-
tion mixture and keeping other parameters constant. The
experimental data Table 3 showed that the reaction rate
decreased by increasing the ionic strength and proved
that the reaction took place between ions of different
charges. So the main reactive ionic species are the anion
of sofosbuvir and the bromium ion (Br*) which produced
by heterolytic dissociation of N-Br bond.

3.5 Identification of the oxidation products
The oxidative degradation products of sofosbuvir in addi-

tion to acid, base degradation impurity were reported [18].
Oxidative degradation, acid and base chromatograms



SN Applied Sciences (2019) 1:986 | https://doi.org/10.1007/542452-019-1021-3

Research Article

1.10 1.30 1.70 2.20 2.80 3.06 333

Table 2 Effect of pHon k. at -1

[Sofo]=5.0% 1 O‘Spmol dn'?Eg, :rglﬁl\éiﬂg) 10 kops (57)

I=0.05 mol dm=3and T=10°C
pH 0.56 0.90
6.0 0.85 1.12
6.4 1.60 1.94
6.8 2.46 3.08
7.6 3.04 3.84
8.0 4.46 5.67

1.29 1.45 1.56 1.81 1.84 1.98 1.91
2.24 2.35 2.80 3.05 3.35 3.49 3.61
3.31 3.71 3.99 4.33 4.52 4.56 4.75
4.37 4.67 4.92 5.51 5.90 6.20 6.27
6.03 6.33 6.91 7.26 6.90 7.04 713
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Fig.5 Plots of 1/k, versus 1/[NBS] at different pH’s

obs

Table 3 Effect of ionic strength
at [Sofo]=5.0% 107> mol dm3,
pH=8.0, [NBS]=1.10X 0.10 5.84
103 moldm=3and T=10"°C

I (mol dm™3) 103k (s

0.20 5.05
0.30 431
0.40 3.71
0.50 3.36

were shown in Figs. 6, 7 and 8. In oxidative degradation
study, degradation was observed very less and with
obtained quantity (less than 2 mg) recorded 1TH NMR
and HRMS analysis Figs. 9, 10, 11, 12, 13, 14 and 15 From
the spectral data, oxidation degradation product was
showing molecular weight of 527.15, molecular formula
C,,H,,FN;O4P and its name as (S)-isopropyl 2-((S)-(((2R, 4S,
5R)-5-(2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)-4-fluoro-
4-methyl-3 oxotetrahydrofuran2yl) methoxy) (phenoxy)
phospho-rylamino)propanoate. The acid oxidation was
showing molecular weight of 416.08, molecular formula
C,6H15FN,O4P and its name as (R)-((2R,3R,4R,5R)-5-(2,4-
dioxo-3,4-dihydropyrimidin-1(2H)-yl)-4-fluoro-3-hydroxy-
4-methyltetrahydr- ofura-n-2-yl) methylphenyl hydrogen

phosphate. In base degradation study two impurities
were observed and were isolated. Impurity-A was show-
ing molecular weight of 453.13, molecular formula
C,6H25FN;O4P and its name as (S)-isopropyl 2-((R)-(((2R,
3R, 4R, 5R)-5-(2,4-dioxo-3,4-dihydro pyramid-in-1(2H)-yl)-
4-fluoro-3-hydroxy-4-methyltetrahydrofuran-2-yl)meth-
oxy)(hydroxyl) phospho -rylamino) propanoate. Isolated
base degradation impurity-B was showing molecular
weight of 411.08, molecular formula C;3H;sFN;O4P and
its name as (S)-2-((R)-(((2R, 3R, 4R, 5R)-5-(2,4-dioxo-3,4-di-
hydropyrimidin-1(2H)-yl)-4-fluoro-3-hydroxy-4-methyltet-
rahydrofuran-2-yl)methoxy)(hydroxy)phosphorylamino)
propanoic acid.

3.6 Test for free radicals

In order to check the presence of the free radicals inter-
mediates in the reaction mixture, the following test was
performed. A reaction mixture containing acrylonitrile
was kept aside for 24 h at the experimental conditions.
On addition of methanol, no precipitate was observed
suggesting that no free radical could be detected in the
reaction. Addition of AgNO; to the reaction mixture led to
a slow formation of a pale yellow AgBr precipitate. When
succinimide (the reduced form of NBS) was added to the
reaction mixture, no significant effect on the rate reaction
was observed. In aqueous medium the succinimide anion
abstract H* from the medium to form succinimide rather
than dimerize to bisuccinimide [19, 20].

Since the oxidation of organic compounds by NBS
can proceed via the bromium ion (Br*) in polar media.
The mechanistic pathway for the oxidation of sofosbu-
vir by NBS may be interpreted by the following reaction
schemeNBS = Br™ + R~ where R is succinimide anion.

K

[Sofo - H] = [Sofo]” + H* )
K4
[Sofo - H] + [Br*] = [Sofo - H - Br]* ©6)
KS
[Sofo]™ + [Br*] = [Sofo - Br] (7)
SN Applied Sciences
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Fig.9 "H NMR spectrum of acid degradation product
From the above mechanism, the rate law of the reaction
K .
[Sofo - H - Br]* — products (8)  isrepresented by,
) rate = k, [Sofo - H-Br] " + k, [Sofo - Br] (10)
[Sofo - Br]— products ) = [Sofo - H] [Br*] {kK, + KsKsk,/[H*]}
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Fig. 10 '3C NMR spectrum of acid degradation product

From the suggested mechanistic pathway, then

[Sofo - H|. = [Sofo-H]{1 +Ks/[H"] + [Br*] (K, + KsKs/[H*])} and
[Sofo-H| = [Sofo-H] /{1 +Ks/[H*] + [Br] (K, + KsKs/[H*]) }

Substitution in Eq. (10),then

rate = { [Br*] [Sofo - H], (k,K, + KsKsky /[HT]) } /{1 + Ks/[H] + [Br*] (K4 + KsKs /[HT]) } (12)

Since, the deprotonated form of the complex, [Sofo-Br] The graphical relation between 1/a and [H*] was lin-
is assumed to be more reactive than its conjugate acid,  ear of form, y=mx+c with slope =3.84x 10° and inter-

then ks >> k4, and Eq. (12) is reduced to Eq. (13) cept=0.0797. K was calculated by dividing the intercept

Rate = [Br*][Sofo - H] (KsKsky/[H*]) /{1 + Ks/[H*] + [Br*] (K, + KsKs/[H*]) } (13)

Kops = [Br] (KsKskyo/[H*]) /{1 + Ks/[H*] + [Br*]K, + K;Ks/[H*] } and
1/Kops = [HT] + K + [Br¥] (K, [H*] + K3Ks) /[Br*] (KsKsk;) (14)
= [HT] + Ks/[Brt] (KsKsky) + Ky [H] + K3Ks /KsKsk,

At constant [H*], Eq. (14) is consistent to Eq. (4) where. by the slope of the plot as 2.07 x 10~ mol dm™. Also,
a= (K3K5k2)/[H+] +K; and b/a varies linearly with [H*] according to the equation

=mx+c with slope =2.42 x 108 and intercept=122.66.
b = (K, [H*] + KsKs) /Ks + [HY] y b P
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Fig. 11 "H NMR spectrum of base degradation product-A

The specific rate constant k, was measured from the
reciprocal of the intercept as 8.15x 1073 mol™" dm? s.
Value of K; was calculated from quotient of the intercept
of b/a versus [H*] by the intercept of 1/a versus [H] as
1.54x 10° mol™" dm>. Replacement of the values of K, Ks
and k,, K, can be calculated from the slope of b/a versus
[H*] as 628.73. The thermodynamic parameters (AH¥) and
(ASH accompanied to the factor a Table 4 were measured
by least square fit to the transition state theory equation
as 24.8 k) mol™" and —134.1 J K™ mol™ respectively. AH
is a composite value including the enthalpy of formation
accompanied with the intermediate complex, [Sof-Br] and
the enthalpy of activation of the intramolecular electron

transfer step. The positive AH* value indicated that the
formation of the precursor intermediate complex is an
endothermic process. The AS* negative value was ascribed
to increase the result of mutual ordering of the solvated
water molecules of the equilibrium and intramolecular
electron transfer step.

An inner-sphere mechanism was considered for the
oxidation of both protonated and deprotonated forms
of sofosbuvir. The deprotonated form was considered as
more reactive than its conjugate acid. Formation of Br™ as
a product to the oxidation process was detected by pre-
cipitation of AgBr upon addition of AgNO; solution to the
reaction mixture
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Fig. 12 '3C NMR spectrum of base degradation product-A

4 Conclusion

Sofosbuvir acted as an acid. The hydrogen atom attached
to the nitrogen atom of pyrimidine dione ring has a
highly acidic character due to withdrawing effect of the
adjacent two carbonyl groups. The rate of oxidation was

SN Applied Sciences
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increased by decreasing [H*] of the reaction mixture and
supported that the deprotonated form of sofosbuvir was
more reactive than its conjugate acid. The reaction rate
decreased with increasing the ionic strength and proved
that the reaction took place between ions of different
charges.
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Fig. 13 "H NMR spectrum of base degradation product-B

An inner-sphere mechanism was considered for the
electron transfer of the protonated and deprotonated
forms of sofosbuvir via the formation of an intermedi-
ate between sofosbuvir anion and the bromium ion (Br*)

that produced by heterolytic dissociation of N-Br bond
in N-bromosuccinime in a step preceding the rate deter-
mining steps.
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Table 4 Values of a and b at different temperatures

T(°CQ) a(moldm™5) b (mol~'dm3)
10 15.19 1963.38
15 18.60 2105.49
20 25.20 2509.82
35 41.39 3287.21

Acknowledgements We thank to the Pharco B International (Chemi-
cal), Egypt Company for providing sofosbovir as gift sample.

Compliance with Ethical Standards

Conflict of interest On behalf of all authors, the corresponding au-
thor states that there is no conflict of interest.

References

Asselah T (2014) Sofosbuvir for the treatment of hepatitis C
virus. Expert Opin Pharmacother 15:121-130

Mahmoud YA, Mumtaz GR, Riome S, Miller D, Abu-Raddad LJ
(2013) The epidemiology of hepatitis C virus in Egypt: a sys-
tematic review and data synthesis. BMC Infect Dis 13:288-308
Nebsen M, Elzanfaly ES (2016) Stabilily-indicating method and
LC-MS-MS characterization of forced degradation products of
sofosbuvir. J Chromatogr. Sci 54:1631-1640

Basavaiah K, Anilkumar UR (2008) Sensitive and validated
spectrophotometric methods for the determination of pan-
toprazole sodium in pharmaceuticals using N-bromosuccin-
imide based on redox and complexation reactions. Bull Chem
Soc Ethiop 22:135-141

Basavaiah K, Anil Kumar UR UR, Rama krishna V (2007) Quan-
tification of an antiviral drug (stavudine) by three complex
formation using N-bromosuccinimide Indian. J Chem Technol
14:313-316

Basavaiah K, Ramakrishna V, Somashekara B (2007) Rapid
titrimetric and spectrophotometric methods for salbutamol
sulphate in pharmaceuticals using N-bromosuccinimide. Acta
Pharm 57:87-98

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Varaprasad DVPR, Mahadevan V (1983) Aqueous redox polym-
erization of acrylonitrile initiated by systems based on terva-
lent and tetravalent vanadium in combination with N-brom-
osuccinimide as the oxidant. J Macromol Sci Chem A 19:781
Kruse PF, Grist KL, McCoy TA (1954) Studies with N-halo rea-
gents. Anal Chem 26:1319-1322

Lecomte J, Gault H, Lecomte J, Gault H (1954) Oxidation of aro-
matic alcohols with N-bromosuccinimide. C R 238:2538-2541
Mathur NK, Narang CK (1975) The determination of organic com-
pounds with N-bromosuccinimide. Academic Press, New York
Mushran SP, Pandy L, Singh K (1980) Mechanism of the oxidation
of some substituted acetophenones by N-bromosuccinimide in
acidic media. Monatsh Chem 111:1135-1142

Singh B, Pandy L, Sharma J, Pandt SM (1982) Mechanism of oxi-
dation of some aliphatic ketones by N-bromosuccinimide in
acidic media. Tetrahedron 38:169-172

Abdel-Hady AEM (2014) Kinetics and mechanism of oxidation
of gabapentin by N-bromosuccinimide in aqueous alkaline
medium. Int Res J Pure Appl Chem 4:76-87

Abdel-Hady AEM (2013) Kinetics of oxidative degradation of
Rhodamine-B by N-bromosuccinimide in aqueous alkaline
medium. Eur J Chem 4:292-296

Abdel-Hady AEM (2011) Kinetics and mechanism of oxidation
of L-proline by N-bromosuccinimide in aqueous acidic medium.
Ind Eng Chem Res 50:12421-12451

Bhatia HK, Singh H, Grewal N, Natt NK (2014) Sofosbuvir; a novel
treatment option for chronic hepatitis C infection. J Pharmacol
Pharmacother 5:278-284

Kowdley KV, Gordon SC, Reddy KR, Rossaro L, Bernstein DE,
Lawitz E (2014) Ledipasvir and sofosbuvir for 8 or 12 weeks for
chronic HCV without cirrhosis. N Engl J Med 370:1879-1888
Vasudev P, Vijayacharan G, Muralidharan K, Satyanarayana B
(2016) Identification, isolation and structure confirmation of
forced degradation products of Sofosbuvir. Am J Anal Chem
7:797-815

Hedaya E, Hinman RL, Kibler LM, Theodoropulos S (1964) Stabil-
ity of the succinimidyle radical. Decomposition of t-butyl suc-
cinimide percarboxylate. J Chem Soc 86:272

Keonig T, Brever W (1964) The thermal decomposition of t-butyl
2,5-dioxo-1-pyrrolidine performate. J Chem Soc 86:2728-2730

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

SN Applied Sciences

A SPRINGERNATURE journal



	Kinetics and mechanism of the oxidative degradation of sofosbuvir by N-bromosuccinimide in aqueous medium
	Abstract
	1 Introduction
	2 Experimental
	2.1 Materials and methods
	2.2 Kinetic procedure

	3 Results and discussion
	3.1 Effect of [Sofo] concentration on kobs
	3.2 Effect of temperatures on kobs
	3.3 Effect of pH on kobs
	3.4 Effect of ionic strength
	3.5 Identification of the oxidation products
	3.6 Test for free radicals

	4 Conclusion
	Acknowledgements 
	References




