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Abstract
Modafinil (Diphenyl methyl Sulfinyl acetamid) is used clinically in the treatment of narcolepsy
and sleeping disorders. The synthesis of R-modafinil, have started with the reaction of benzhydrol
and thioglycolic acid in trifluoroacetic acid to afford benzhydryl sulfanyl acetic acid. The reaction
of acid with thionyl chloride in benzene followed by treatment with ammonium hydroxide gave
acetamide. The process occurs at room temperature in toluene as a solvent and in the presence of
a bidendate diethyltartarate–titanium isopropoxide complex as chiral catalyst. The reaction using
this catalyst exhibits very good yield and appropriate enantioselectivity. The obtained products
were characterized with FT-IR, 1H NMR, 13C NMR, and mass spectral. The ee of the obtained
sulphoxide has been determined by high performance liquid chromatography (HPLC). 
Keywords: Diphenyl methyl sulfinyl acetamid, Modafinil drug, Diethyltartarate ligands.
Introduction
Enantiopure

by Kagan [5,6] and Modena [7] using a modified
sulfoxides

are

important Sharpless catalytic system. Andersen was the

auxiliaries in asymmetric synthesis and chiral

first to describe a general method using a chiral

ligands in enantioselective catalysis [1–4].

sulfinate intermediate.[8,9] After this success,

Several methods can be find in literature for many catalytic and enantioselective methods
preparation of the enantiopure sulfoxides.

were also described in which were competible

The preparation of enantiopure sulfoxides

with the Sharpless/Kagan system [2]. Among

achieved, mainly via asymmetric oxidation of

these systems, a catalytic organometallic

the corresponding thioether. The most popular complex of a vanadium-chiral Schiff base
method to date was discovered independently using hydrogen peroxide as a terminal oxidant
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was developed by Bolm [10,11]. This method

At the first, a new derivative of chiral ligands

was later improved by Anson using the Schiff

1, 2 (containing hydroxyl group) in one step

base to give higher enantioselectivities [12].

from a cheap and readily available substrate

Bolm also developed a method involving

(L/D-Tartaric acid) were synthesized in good

iron and the Schiff base [13,14]. Salen– yield (Fig 2) [17-25]. Then, this chiral ligand
manganese complexes, can also be used for the immobilized on titanium isopropoxide through
enantioselective oxidation of thioethers [15]. its hydroxyl group, in optimized reaction
In 2005, Cephalon patented the preparation condition [26-29]. The obtained new complex
of (R)-modafinil from the corresponding

was used in oxidation of 2-(benzhydrylthio)

thioether using a Kagan system, with a good acetamide. These reactions exhibits very
yield and excellent enantioselectivity [16]. good

yield

and

enantioselectivity.

The

However, this method gave disappointing synthesis of R-modafinil, started with the
results on the related compounds, modafinic reaction of benzhydrol and thioglycolic acid
acid and diphenyl methyl thioacetamide.

in trifluoroacetic acid to afford benzhydryl

In this paper, we reported a enantioselective

sulfanyl acetic acid. The reaction of acid

oxidation reaction of sulfide, 2-(benzhydrylthio) with thionyl chloride in benzene followed by
acetamide, with various peroxide using treatment with ammonium hydroxide gave
bidendate diethyltartarate-Ti(IV)isopropoxide acetamide. Then, bidendate diethyltartarate
complex as chiral catalyst, that can be readily was examined using 10 mol% Lewis acid
assembled

from

commercially

available as catalyst in a typical reaction of oxidation

a simple and efficient method has been

2-(benzhydrylthio) acetamide with oxidants

reported. We applied titaniume complex of the in various solvent (Scheme 1). Results are
bidendate diethyltartarate (Fig 1) as catalyst

summarized in Table 1.

for enantioselective synthesis of R-modafinil.
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Figure 1.chiral diethyltartarate ligands 1 and 2.
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Figure 2.synthesis of chiral diethyltartarate ligands 1 and 2.

Scheme 1. Asymmetric synthesis of modafinil.

Result and discussion

decrease in the reaction temperature from 25

The highest enantioselectivity (80%) and high

o

C to 0 oC and -25oC decreased the reaction

yield was achieved by employing toluene as yield and enantioselectivity (entries 7-10) and
solvent (Table 1,by comparison of entries 1-10).

increase in the reaction temperature from 25

Considering the toluene as the best solvent, we

o

C to 55 oC decreased the time of reaction and

tested the effect of temperature. The yields and increased yield and enantioselectivity (entries
enantiomeric excess of the products showed 9 and 10).
the temperature dependence in this process. A
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Table 1.Asymmetric synthesis of modafinil with various solvent.
8a
Entry

1
2
3

Solve
nt
CH2Cl
2

CH2Cl
2

CH2Cl
2

4

CHCl3

5

EtOA
c

6

EtOA
c

7
8
9
10

PhCH
3

PhCH
3

PhCH
3

PhCH
3

T (oC)

Time(h)

0

24

55

23

24

62

25

24

65

33

24

61

17

48

38

race

55

48

45

race

-25

48

45

race

0

48

53

37

25

48

60

68

55

24

72

80

25
55
25
25

Yield (%)b

ee(%)c

a

reaction was carried out in 10ml of solvent in the presence of 10% catalyst Ti(OiPr)4 unless otherwise noted
Isolated yield.
c
Determined by chiral HPLC analysis.
b

Considering the toluene as the best solvent and when 10 mol % catalyst loading was used in
the 55oC as the best temprature, we tested the

the reaction. The ligand-to-metal ratio of 1:1

effect of oxidants and ligands (Table 2). In all

using 20 mol % of ligand was investigated

cases, the ligand 1 proved to be the best ligand

under the similar conditions and the isolated

source with ee to 80% (entry 1) whiles other yields and enantioselectivity led to decrease
entries led to a decrease in the ee from 17 to 68% in the results (entry 7 and 8). Lowering the
and increase in yield by 68–85%. Changing catalyst loading to less than 10 mol % led to
oxidant using of cumenehydroperoxide and

a sharp decrease in the results. It should be

tert-butyl hydroperoxide instead of hydrogen noted, the addition of additives such as MS
peroxide gave the better enantioselectivity.

4A, 3A did not give any observable changes

The effects of catalyst loading were also in the results of the reaction and even lead to
investigated and the best results were obtained

decreasing yields.
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Table 2. Asymmetric synthesis of of R-modafinil 8.

a

Oxidant

%Yield

Ee%a

Entry

Ligand

1

1

Cumenehydroperoxide

2

1

tert-Butyl hydroperoxide

75

68

3

1

Hydrogen peroxide

85

37

4

2

Cumenehydroperoxide

68

46

5

2

tert-Butyl hydroperoxide

73

30

6

2

Hydrogen peroxide

78

31

7

1

Cumenehydroperoxide

56

17b

8

2

Cumenehydroperoxide

66

19b

72

80

Determined by chiral HPLC analysis
20% catalyst is used

b

The structures of adducts were characterized and the message base peak on the m/z 167 for
on the basis of spectroscopic data. Thus, the ion diphenyl methylene and m/z 152 for ion
IR spectrum of R-modafinil 8 showed two molecular.
absorption at 1676 cm-1 and 1373 cm-1 The sense of asymmetric induction for the
indicating the presence of carbonyl group and reported reactions is stereo-regular over
sulfoxide group respectively. The 1HNMR

the range of substrates examined in this

spectrum of modafinil exhibits two doublet of study. By inspection, it is evident that the
double signal at δ = 3.2 ppm and a doublet at δ

stereo chemical course of the reaction is

= 3.3 ppm with 3JHH of about 13Hz which are dictated by the geometry of the catalyst-2related to H band Ha protons diastreotopics (benzhydrylthio)acetamide complex at the
and confirmed unambiguously the formation metal center where the square planar and
of a chiral sulfoxide group. The off resonance
decoupled

tetrahedral complexes shield opposite faces

C NMR spectra of 8 exhibited of the 2-(benzhydrylthio)acetamide (Scheme

13

characteristic peaks for the carbonyl group

2). The sense of asymmetric induction in these

and methylene group attached to the sulfoxide reactions can be rationalized by assuming that
at 166.6 and 56.2 ppm respectively. The

the reaction proceeds via the intermediacy

formation of the product was confirmed by

of the non-reasonable square-planar rather

mass spectral. In the mass spectrum modafinil

than tetrahedral catalyst-2-(benzhydrylthio)

be seen the message ion molecule in m/z 273

acetamide complex (Scheme 2).
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Scheme 2.Transition state square planar and transition state tetrahedral.

The following reaction mechanism and of R-modafinil was formed in high yield in
transition state for the reactions are proposed

all the cases that studied here. On the basis

(Scheme 3). The reactions of proxides

of the absolute structure of the one chiral

with

centers in the R-modafinil, it is determined

2-(benzhydrylthio)acetamide

are

controlled, in order to obtain an increased that the peroxide attack to the Pro-R face
reaction rate, 1,2-Ti(Oipr)4 coordinates to of the 2-(benzhydrylthio)acetamide when
the 2-(benzhydrylthio)acetamide to form coordinated to the bidendate complex. Based
square planar geometry. Despite the fact

on the stereochemistry of the oxidation, the

that two different enantiomers could be transition state and the reaction pathway were
obtained theoretically, further enantiomer proposed as below:
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Scheme 3.A suggested reaction pathway for the enantioselective synthesis of modafinil.

Conclusion
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