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Abs tract

The novel crys tal line phases were pre pared ei ther by a slow 
evap o ra tion or pre cip i ta tion of the so lu tion of agomelatine
with the re spec tive acid. The pre pared solid phases were
an a lyzed by pow der X-ray dif frac tion and the struc tures
were solved from sin gle-crys tal or pow der X-ray dif frac -
tion data. The crys tal struc tures of six agomelatine salts and 
of five co-crys tals were solved. In ad di tion to the an hy -
drous forms, in the case of three of the salts  the struc tures
of hy drated/solvated forms were de scribed as well. In all
the salts, the agomelatine mol e cule was pos i tively charged. 
The pro ton trans fer and the salt for ma tion were also con -

firmed by solid state NMR and the DpKA cal cu la tion. 

In tro ducti on

The search for new solid forms of an ac tive phar ma ceu ti cal
in gre di ent (API) is an im por tant step in a drug de vel op -
ment. Salts and co-crys tal are multicomponent sol ids
but in dif fer ent protonation (ion iza tion) states. In salts,
there is a pro ton trans fer be tween the mo lec u lar com -
po nents, mak ing it con tain cat ions and an ions.  On the
other hand, co-crys tals are made up from neu tral mol e -
cules held to gether by non-bonded in ter ac tions. [1, 2]
For pharmaceuticals, the de ter mi na tion whether the
ma te rial is a salt or a co-crys tal is in ter est ing not only
ac a dem i cally, but also from the reg u la tory point of
view. [3]

 Of ten, an API has a low wa ter sol u bil ity, which then
leads to a low oral bioavailability. This physico-chem i cal
prob lem can be solved by a co-crys tal or salt for ma tion.
An API with one such prob lem is agomelatine (Fig. 1), a
melatonergic an ti de pres sant. For agomelatine, some
co-crys tals have even al ready been pub lished. [4, 5]

How ever, agomelatine is an amidic com pound and,
since amides are gen er ally con sid ered as neu tral

(non- ionisable), it was quite a sur prise, when agome -
latine, in the com bi na tion with cer tain ac ids, pro duced
salts. Sev eral novel co-crys tals were pre pared as well. 

Methods

The novel crys tal line phases were pre pared ei ther by a slow 
evap o ra tion or pre cip i ta tion of the so lu tion of agomelatine
with the re spec tive acid. The pre pared solid phases were
an a lyzed by pow der X-ray dif frac tion and the struc tures
were solved from the sin gle-crys tal or pow der X-ray dif -
frac tion data. Fur ther anal y ses were done by the solid state

NMR and the DpKA cal cu la tion. 

Re sults and dis cus si on

The crys tal struc tures of six agomelatine salts (with
hydrobromic, hydroiodic, triiodic, sul fu ric, methan -
sulfonic and benzensulfonic ac ids) and of five co-crys tals
(with cit ric acid, maleic acid, ox alic acid, 4-hydroxy -
benzoic acid and hydroquinone) were solved. In ad di tion to 
the an hy drous forms, in the case of three of the salts (with
hydroiodic, sul fu ric and methansulfonic ac ids), the struc -
tures of hy drated/solvated forms were de scribed as well. In
all the salts, the agomelatine mol e cule was pos i tively
charged. Spe cif i cally, the am ide ox y gen was protonated 
(see Fig. 2). 

The pro ton trans fer and the salt for ma tion were also

con firmed by the DpKA cal cu la tion and by the solid state
NMR. In fig. 3, the cor re la tion be tween SXRD and 15N
ssNMR data in dis tin guish ing be tween salts and co-crys tals 
is shown.

Fig ure 1. Mo lec u lar for mula of agomelatine (AG)
Fig ure 2. The slant Fourier map of the ob served elec tron den sity and
the mo lec u lar model of agomelatine – benzensulfonic acid (a salt).



Conclu si on

The com par i son be tween sin gle-crys tal X-ray dif frac tion,
solid state NMR and DpKA data re vealed a strong cor re la -
tion, mean ing that all three meth ods can be re li ably used to
dis tin guish be tween salts and co-crys tals. For pharma -
ceuticals, the de ter mi na tion whether the ma te rial is a salt or 
a co-crys tal is in ter est ing not only ac a dem i cally, but also
from the reg u la tory point of view. There fore, our find ings
may play a cru cial role in the fu ture de vel op ment of the
multicomponent solid phases of agomelatine and other
amidic phar ma ceu ti cal com pounds.
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Fig ure 3. The cor re la tion be tween SXRD and 15N ssNMR data in dis tin guish ing be tween salts and co-crys tals.


