
Ó Krystalografická spoleènost

94 Ma te ri als Struc ture, vol. 25, no. 2 (2018)

PHAR MA CEU TI CAL COCRYSTALS AND THEIR AP PLI CA TION

Veronika Sládková1,2, Ondøej Dammer1, Bohumil Kratochvíl2

1Zentiva, k.s., U kabelovny 130, 10237, Prague 10, Czech Re pub lic
2De part ment of Solid State Chem is try, Uni ver sity of Chem is try and Tech nol ogy Prague, Technická 5, 16628,

Prague 6, Czech Re pub lic

Key words:  co-crys tals, sin g le crys tal diffracti on, pow -
der diffraction 

In tro ducti on

When speak ing of multicomponent solid forms of or ganic
mol e cules, terms such as solvates, hy drates, salts and
cocrystals are of ten used. From these forms, the cocrystals
have re cently gained much at ten tion. By the term cocrystal, 
a stoichiometric multicomponent solid with host and guest
mol e cules ar ranged in a com mon crys tal lat tice, is meant.
In the case of phar ma ceu ti cal cocrystal, one of the com po -
nents is an ac tive phar ma ceu ti cal in gre di ent (API); the
other is a phar ma ceu ti cally ac cept able coformer [1]. In the
ge neric phar ma ceu ti cal in dus try, cocrystals are used to
widen the port fo lio of solid forms of APIs, from which the
form with the op ti mal physico-chem i cal prop er ties is cho -
sen for the drug prod uct for mu la tion.

To ob tain as many solid forms of API as pos si ble, a sys -
tem atic screen ing is un der taken dur ing the early de vel op -
ment stages of the com pound. Thus, poly morphs and
solvates are ob tained from var i ous sol vent-based tech -
niques. When com bin ing API to coun ter ions or coformers
(in many cases the coun ter ions and coformers are the same
com pounds), a salt or a cocrystal can be pre pared. Such
forms can be fur ther screened for poly morphs and
solvates/hy drates.

The unique ness of the novel crys tal line form is usu ally
con firmed by X-ray crys tal log ra phy. In the past, the pow -
der X-ray dif frac tion (PXRD) pat terns were used to dif fer -
en ti ate be tween the forms of phar ma ceu ti cal sub stances
(es pe cially in pat ent lit er a ture); more re cently, sin gle crys -
tal X-ray dif frac tion is the most com mon tech nique for
structure determination.

In the pre sented case stud ies, two cocrystals of phar ma -
ceu ti cal sub stances are in tro duced and their ap pli ca tion in
the in dus try is discussed.

Methods

Sin gle crys tal X-ray dif frac tion (SXRD) was used for
struc ture de ter mi na tion. Data were col lected us ing an
Xcalibur PXTM four-cir cle diffractometer with OnyxCCD

area de tec tor and graph ite monochromated CuKa ra di a -
tion.

Pow der X-ray dif frac tion (PXRD) was used for iden ti -
fi ca tion of the phases. Data were col lected at room tem per -
a ture with lab o ra tory X´PERT PRO MPD PANalytical
diffractometer with parafocusing Bragg-Brentano ge om e -

try, us ing CuKa ra di a tion (l = 1.54184 C), mea sure ment

range 2- 40° 2q, a step size of 0.01° 2q and a count ing time
of 0.5 s/step. Sam ples were ground in an ag ate mor tar and
stacked on a Si holder (zero back ground).

Re sults and dis cus si on

Case study 1
A phar ma ceu ti cal hy dro chlo ride salt used for the treat -

ment of an gina pectoris (Fig ure 1) forms var i ous poly -
morphs and it could be prone to form cocrystals. 

There fore, the cocrystal screen ing was per formed, us -
ing 25 coformers. Slow crys tal li za tion from eth a nol was
cho sen as a screen ing method. A hit with (S)-mandelic acid
was iden ti fied. Upon struc ture de ter mi na tion from SXRD
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Fig ure 1. Mo lec u lar for mula of the cocrystal of ivabradine

hy dro chlo ride.

Fig ure 1. The pack ing of cocrystal ivabradine hy dro chlo ride
(S)-mandelic acid (1:1). H-bonds are formed be tween hydroxy
group of (S)-mandelic acid, chlo ride an ion and car boxyl group
of the next (S)-mandelic acid mol e cule.



(Ta ble 1) and char ac ter iza tion by X-ray dif frac tion (Fig -
ures 2-4), the for ma tion of cocrystal was con firmed [2].

The prop er ties of the cocrystal were then stud ied, as it
fol lows: from dy namic va por sorp tion curves it was con -
cluded that the cocrystal was not hy gro scopic; the melt ing
point of 160 °C was de ter mined by dif fer en tial scan ning
cal o rim e try. The Raman and in fra red spec tra con firmed the 
in ter ac tions of (S)-mandelic acid func tional groups within
chlo ride an ion of ivabradine salt as were ob served from
SXRD de ter mined struc ture. More over, the sta bil ity of the
cocrystal was com pared with two other solid forms of the

API: Form g, which is pres ent in the orig i nal drug prod uct,
and Form II. The sam ples were treated for 3 and 10 days at
0 and 75% RH. The phys i cal and chem i cal sta bil ity were
tested by PXRD and UPLC, re spec tively (Ta ble 2).

Both phys i cal and chem i cal sta bil i ties were sat is fac -
tory, se lect ing the cocrystal as a drug form com pa ra ble

with Form g, which is used in the orig i nal drug prod uct. Af -
ter the op ti mi za tion of for mu la tion pro cess, the ge neric
drug prod uct with the cocrystal can be used for early mar -
ket en try (ba sic pat ent ex piry).

Case study 2
In this study, the cocrystal of the API with fumaric acid

(2:1) was an un de sired sta ble form, ap pear ing as im pu rity
in the de vel oped drug prod uct of a prodrug (Fig ure 5).

Re la tion ship be tween the de sired phar ma ceu ti cal salt
(fumarate, 1:1) and the cocrystal (2:1) was in ves ti gated to
avoid con ver sion to the cocrystal dur ing the for mu la tion
pro cess. Both the ex cipi ents (their pH) and for mu la tion
pro cess (wet gran u la tion) could con trib ute to the con ver -
sion, caus ing phys i cal im pu ri ties in the bulk [3]. Firstly, pH 
de pend ent con ver sion of pure API was stud ied. It was
found that in creased pH ac cel er ated the con ver sion of API
to the cocrystal. The most ba sic excipient in the for mu la -
tion was iden ti fied: Croscarmellose so dium (Cros.Na),
which played the role of the disintegrant in the tab let and
could be re spon si ble for the con ver sion. There fore, the pla -
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Sys tem Orthor hom bic

Spa ce group P 212121 

a (C) 7.4447(4) 

b (C) 8.5027(4)  

c (C) 52.159(2)  

a (°) 90 

b (°) 90

g (°) 90 

Vo lu me (C3) 3301.67

Ta ble 1. Crystallograhic data of the cocrystal.

Fig ure 3. Pow der pat terns of a hit (top), API in the screened form
(mid dle) and a coformer (bot tom). The pat tern of hit does not cor -
re spond with any pre vi ously de scribed forms of the API.

Fig ure 4. Fi nal Rietveld plot of the cocrystal show ing the mea sured
and cal cu lated data. Cal cu lated Bragg po si tions are shown by ver ti -
cal bars.

Stress con di tions Form II Form g co crys tal

Phys. Chem. Phys. Chem. Phys. Chem.

3 days 80 °C Form II + g 0.15  OK Form g £ 0.05  OK co crys tal £ 0.05 

3 days 80°C/75% RH Form g 2.12   x Form g £ 0.05  OK co crys tal £  0.05 

10 days 0% RH Form II 0.15  OK Form g £ 0.05  OK co crys tal £  0.05 

10 days 100% RH Form b 0.14  OK Form b £ 0.05  OK co crys tal  £  0.05 

Ta ble 2. Com par i son of phys i cal and chem i cal sta bil ity of solid forms of ivabradine hy dro chlo ride: poly morphs II and g and the
cocrystal with (S)-mandelic acid.
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cebo mix tures of ex cipi ents with var i ous disintegrants
were pre pared, dif fer ing in pH (Ta ble 3). When API was
added to the mix tures and the mix tures were gran u lated
with wa ter, it was found that three disintegrants (Cros.Na,
croscarmellose cal cium - Cros.Ca and carboxy -
methylstarch - CMS), whose pH was above 5.2 (pKa of the
phar ma ceu ti cal salt = 5.2), sup ported the con ver sion to the
cocrystal. The pow der pat terns of the mix tures with other
tested disintegrants (with pH lower than 5.2) corresponded
to the desired phase (Figure 6).

The sta bi li za tion of the phar ma ceu ti cal salt in the ge -
neric drug prod uct was thus achieved by pH ad just ment of
suit able disintegrants [4].

Conclu si on

The cocrystal with (S)-mandelic acid was cho sen as the
form with op ti mal prop er ties for for mu la tion and ap pears
to be an ex em plary phar ma ceu ti cal cocrystal. In the other
case study we have in tro duced a cocrystal with fumaric
acid which is an un de sired phase in the de vel oped drug
prod uct. Even though the drug prod ucts for mu lated within
cocrystals of APIs are not yet com mon, the phar ma ceu ti cal
in dus try has al ready adapted to the large scale cocrystal
pro duc tion and for mu la tion.
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Fig ure 5. De tail of pow der pat tern of the de sired salt fumarate
(red pat tern) and the bulk con tain ing cocrystal ad mix ture (blue
pat tern).

Fig ure 6. Pow der pat terns of mix tures of API, ex cipi ents and dif -
fer ent disintegrants: Red (Cros. Na), blue (Cros.Ca) and black
(CMS) pat terns con tain ad mix ture of the cocrystal.

Mix tu re wi thout API and

with disintegrant

Me a su red pH when 5 ml of
wa ter was ad ded

No disintegrant 4.7

Cros car mel lo se Na 6.0 

Cros car mel lo se Ca 5.2

Carboxylmethylstarch 6.4

Mai se starch 5.0

Hyd ro pro pyl cel lu lo se

Type LH21
4.9

Cro s po vido ne 4.4

Ta ble 3. Pla cebo mix tures pH mea sure ment. The mea sure ment
di vided the disintegrants to those with pH above and be low the
pKa of the de sired salt.


