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Electroorganic synthesis of benzathine
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Abstract—Benzathine is prepared in good yields from cyanobenzene by a combination of electrochemical hydrogenation and Kolbe
electrolysis using nickel and platinum electrodes in the presence of methanolic sodium methoxide in an undivided cell.
� 2006 Elsevier Ltd. All rights reserved.
A benzathine salt of penicillin is used in the treatment of
viral diseases like syphilis and rheumatic fever.1–3 In the
literature, chemists have synthesized benzathine by a
catalytic hydrogenation of N,N1-dibenzylethylene dia-
mine, by reaction of a benzyl halide and ethylene dia-
mine in the presence of an aqueous solution of caustic
soda and also by reacting benzylamine with 1,2-dichlo-
roethane.4–8 These reactions mostly involve the use of
an external supply of hydrogen gas at very high pressure
and are thus not recommended because of the possibili-
ties of explosion and fire. The use of noble metal cata-
lysts and the formation of undesirable by-products
such as mono-, tri- and tetra-benzylethylenediamines
were also major disadvantages of these methods. In view
of green chemistry and the developing interest of chem-
ists in electroorganic chemistry, we attempted the syn-
thesis of benzathine by electrochemical methods.
Electrochemical hydrogenation and Kolbe electrolysis
are used for the synthesis of many organic com-
pounds.9–14 Schafer and co-workers have published sev-
eral reviews and papers on Kolbe electrolysis.15–18

The advantages of Kolbe electrolysis compared with
non-electrochemical radical reactions19 are the use of
simple reaction conditions: a simple undivided cell can
be used, methanolic sodium methoxide serves in most
cases as the solvent/supporting electrolyte, electrode po-
tential need not be controlled, the cost of the electricity
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is low, scale-up is comparatively easy, which also makes
the reaction attractive for technical use and the starting
compounds, carboxylic acids, are readily available in a
wide structural variety.

Here, we report a new method for the synthesis of
benzathine from the simple molecule cyanobenzene,
which involves the combination of electrochemical hydro-
genation and Kolbe electrolysis.

Earlier, our group reported the synthesis of amino sul-
fonamides from cyano sulfonamides by electrochemical
hydrogenation involving a nickel cathode and a plati-
num anode in methanol–sodium methoxide with freshly
prepared Raney nickel as catalyst in an undivided cell.20

Thus benzylamine 2 could be prepared by electrochem-
ical hydrogenation of cyanobenzene 1 in good yield
(Scheme 1).21 The benzylamine was treated with a bro-
mo-ester at room temperature to afford ethyl (benzyl-
amine)acetate 3, which was refluxed in benzene with
benzoyl chloride for 30 min to afford benzoyl protected
ethyl-N-[benzoyl(benzyl)amino]acetate 4. Hydrolysis of
4 with 4 N sodium hydroxide yielded the protected acid
5. Compound 5 on Kolbe electrolysis in an undivided
cell, equipped with platinum electrodes in methanol–
sodium methoxide by passing 250 mA/cm2 of electricity
until the pH of electrolyte changed to 8, afforded
N,N 0-dibenzoyl-N,N 0-dibenzylethylene diamine 6 along
with 9% of the disproportionation product 7. Finally,
6 on acid hydrolysis afforded benzathine 8 in good
yield.

The mechanism of nitrile electroreduction as outlined
in Scheme 2 involves in situ electrochemical generation
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Table 1. Electrochemical synthesis of benzylaminea

Entry Temperature (�C) Isolated yield (%) of 2

1 5 61
2 15 70
3 25 77
4 35 84
5 45 87

a Current density is 10 mA/cm2.

Table 2. Effect of current density on the synthesis of benzylaminea

Entry Current density (mA/cm2) Isolated yield (%) of 2

1 10 77
2 25 73
3 50 66

a Temperature is 25 �C.
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of hydrogen. The hydrogen ion formed from metha-
nol takes one electron resulting in atomic hydrogen
(H�) which is adsorbed on the Raney nickel catalyst,
thus no evolution of hydrogen was observed. Finally,
the addition of adsorbed atomic hydrogen ðH�adsÞ to
the nitrile group results in formation of the desired
amine.

Tables 1 and 2 show the variation of product yields due
to the changes in the reaction temperature and current
densities. The conditions which favour the formation
of good yields of the product were high temperature
and low current density. The reactions at the cathode
mainly include hydrogenation and hydrogen evolution,
which alters the product yield. The results suggest that
elevated temperatures accelerate the reaction of ad-
sorbed hydrogen with the substrate to a greater extent
than the adsorbed atomic hydrogen to hydrogen gas
reaction. Since the increase of current density increases
hydrogen evolution, low current densities are favourable
for electrochemical hydrogenation. The improved prod-
uct yield is again the result of competition between the
two reactions.
Compounds having electron-donating groups such as
NH2 a to the carboxylic acid cannot be subjected to rad-
ical coupling by Kolbe electrolysis as further oxidation
of the intermediate radical predominates due to carbo-
cation stabilization by the amino group. Compounds
with remote amino groups (b or x-position) can be cou-
pled, however, it is appropriate to protect the amino
group.22

For Kolbe electrolysis, high current densities are needed
for the generation of high radical concentrations, which
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favour radical coupling. This also leads to fast conver-
sion and a very positive anode potential that promote
oxidation of the negatively charged carboxylate and dis-
favours oxidation of the neutral solvent methanol. Oxi-
dation of carboxylic anion, formation of an alkyl radical
and coupling of the two radicals results in the formation
of Kolbe dimer 6 from benzoyl-protected adduct [ben-
zoyl(benzyl)amino]acetic acid 5 and in addition to 6,
the disproportionation product N-benzyl-N-(meth-
oxymethyl)benzamide 7 was formed in 9% by the oxida-
tion of the radical to a carbocation.

In conclusion, benzathine can be prepared via a combi-
nation of electrochemical hydrogenation and Kolbe
electrolysis in good yields. Electrochemical hydrogena-
tion involves in situ generation of hydrogen, which does
not involve high pressure generating equipments. Com-
pounds having electron-donating groups b to a carbox-
ylic group can be successively subjected to Kolbe
electrolysis by protection with benzoyl chloride. This
electrolysis procedure is an alternative route for the syn-
thesis of benzathine from the simple molecule cyano-
benzene and has great potential in green chemistry.
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in 40 ml of methanol and 0.1 mol of sodium methoxide.
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gas through the solution for about 10–15 min. Then, the
solution was subjected to electrolysis at a constant current
density of 10 mA/cm2 and at 35 �C temperature until 4 F/
mol of electricity had been passed. Next, the solution was
transferred to a round-bottomed flask and the solvent was
evaporated. The residue was treated with 10% HCl and the
aqueous layer was washed with ether. The aqueous
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and evaporated under reduced pressure to give benzyl-
amine 2 (yield 84%) as a colourless liquid, bp 186–187 �C
(lit.24 185 �C).
Synthesis of ethyl(benzylamino)acetate (3) from benzyl
amine (2): 1.07 g (0.01 mol) of 2 was taken in a round-
bottomed flask along with 5 ml of DCM and 2.81 ml of
triethylamine. To this mixture, ethyl bromoacetate (1.67 g,
0.01 mol) was added dropwise at room temperature with
constant stirring for about 2 h. The solvent was evapo-
rated under vacuum and to this 25 ml of water was added
and the aqueous layer was extracted with ether, and the
combined organics were dried over sodium sulfate, evap-
orated and purified by column chromatography (silica gel
60–120 mesh, hexane:ethyl acetate 3:1) to afford com-
pound 3 (yield 92%) as a yellowish liquid, bp 142–143 �C
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into 100 ml of water. The benzene layer was separated and
the aqueous layer was extracted with benzene (3 · 10 ml).
The combined benzene layers were washed with 5%
sodium carbonate solution (15 ml) followed by 10 ml of
water and then dried over Na2SO4. The benzene layer was
removed under vacuum to give ethyl-N-[benzoyl(benzyl)-
amino]acetate 4 (yield 89%). Compound 4 thus obtained
was dissolved in 5 ml of methanol. To this, 4 ml of 4 N
NaOH was added at 0 �C and the mixture stirred for 1 h.
Methanol was removed under reduced pressure, the
solution was acidified with 1 N HCl and then extracted
with ethyl acetate, which on removal under vacuum gave
compound 5 (yield 95%).
Data for (4): pale yellow powder, mp 172–175 �C. IR
(KBr): m = 1679, 1746 cm�1. 1H NMR (300 MHz, CDCl3)
d = 1.26 (t, 3H, CH3), 3.50 (s, 2H, Ar–CH2), 3.84, (s, 2H,
–CH2–CO), 4.16 (m, 2H, –CH2–CH3), 7.05–7.62 (m, 10H,
Ar–H). 13C NMR (75 MHz, CDCl3) d = 12.91 (CH2–
CH3), 51.43 (N–CH2), 57.69 (Ph–CH2), 58.33 (CH2–CH3),
126.44, 126.91, 127.87, 128.78, 129.45, 131.24, 138.62
(aromatic carbons), 168.36 (Ph–CO), 172.46 (COO). Anal.
Calcd for C18H19NO3 (297.34): C, 72.71; H, 6.44. Found:
C, 72.69; H, 6.48.
[Benzoyl(benzyl)amino]acetic acid (5): colourless powder,
mp 258–260 �C. IR (KBr): m = 1689, 1746, 3297 cm�1. 1H
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NMR (300 MHz, CDCl3) d = 4.02 (s, 2H, N–CH2–CO),
4.39 (s, 2H, Ph–CH2–N), 7.04–7.88 (m, 10H, Ar–H). 13C
NMR (75 MHz, CDCl3) d = 51.84 (N–CH2), 56.91 (Ph–
CH2), 126.14, 126.72, 127.47, 128.56, 129.71, 130.94,
137.11 (aromatic carbons), 168.74 (Ph–CO), 174.93
(COOH). Anal. Calcd For C16H15NO3 (269.30): C,
71.36; H, 5.61. Found: C, 71.40; H, 5.69.
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methanol equipped with platinum electrodes (2 · 2 cm2).
The pH was adjusted to slightly alkaline with sodium
methoxide and dissolved oxygen was removed by passing
N2 gas through the solution for 10–15 min. The solution
was then subjected to electrolysis at 35–40 �C at a constant
current density of 250 mA/cm2 until the pH of the
electrolyte had changed to 8. The solution was transferred
to a round-bottomed flask and the solvent was evaporated
in vacuo. The residue was dissolved in ethyl acetate and
transferred to a separating funnel. The organic phase was
washed with 10% HCl solution, then saturated sodium
bicarbonate (2 · 25 ml) and brine (2 · 25 ml). The organic
phase was dried over sodium sulfate and filtered. The
filtrate was concentrated to give a mixture of N,N 0-
dibenzoyl-N,N 0-dibenzylethylenediamine (6) (yield 86%)
and N-benzyl-N-(methoxymethyl)benzamide (7) (yield
9%), which was purified by column chromatography
(silica gel 60–120 mesh, hexane:ethyl acetate 9:1).
Data for (6): colourless powder, mp 313–315 �C. IR (KBr):
m = 1695 cm�1. 1H NMR (300 MHz, CDCl3) d = 3.62 (s,
4H, N–CH2–), 4.39 (s, 4H, Ph–CH2–N), 7.01–7.82 (m,
20H, Ar–H). 13C NMR (75 MHz, CDCl3) d = 44.44 (N–
CH2), 51.92 (Ph–CH2), 126.35, 126.64, 127.41, 128.39,
129.73, 130.71, 131.46, 136.55 (aromatic carbons), 165.79
(Ph–CO). Anal. Calcd for C30H28N2O2 (448.56) C, 80.33;
H, 6.29. Found: C, 80.30; H, 6.33.
N-benzyl-N-(methoxymethyl)benzamide (7): colourless
powder, mp 132–135 �C. IR (KBr): m = 1691 cm�1. 1H
NMR (300 MHz, CDCl3) d = 3.58 (s, 3H, CH3), 4.32 (s,
2H, Ar–CH2), 4.96 (s, 2H, CH2–O–), 7.08–7.58 (m, 10 H,
Ar–H). 13C NMR (75 MHz, CDCl3) d = 52.66 (Ph–CH3),
52.95 (O–CH3), 81.26 (N–CH2), 126.24, 127.12, 128.94,
129.45, 130.11, 131.36, 137.21 (aromatic carbons), 169.45
(Ph–CO). Anal. Calcd for C16H17NO2 (255.32) C,75.27;
H, 6.71. Found: C, 75.30; H, 6.65.
Hydrolysis of 6, for the synthesis of benzathine (8):
Compound 6 (2.24 g (0.005 mol)) was dissolved in 12 ml
of ethanol in a 50 ml round-bottomed flask. To this, 4 ml
of concentrated HCl was added dropwise and the mixture
refluxed for about 40 min and then diluted with 30 ml of
water. The reaction mixture was poured into 50 ml of ice
water, to this 5% aqueous sodium hydroxide solution was
added with vigorous stirring until the solution became
slightly alkaline. The mixture was extracted with ether and
the organics were dried over Na2SO4 and purified by
column chromatography (hexane:ethyl acetate 3:1) (yield
94%) pale yellow oily liquid, bp 214–215 �C (12 mm Hg)
(lit.26 212–213 �C at 12 mm Hg). IR (KBr): m = 3345 cm�1.
1H NMR (300 MHz, CDCl3) d = 2.62 (s, 4H, N–CH2–),
3.75 (s, 4H, Ph–CH2–N), 4.65 (br s, 2H, NH), 7.18–7.57
(m, 10H, Ar–H). Anal. Calcd for C16H20N2 (240.34) C,
79.96; H, 8.39. Found: C, 79.99; H, 8.36.
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