Crystalline vs amorphous drugs:
the benzodiazepines case-study

\ /
Sofia Valenti,! Maria del Barrio, ! Philippe Negrier, > Michela Romanini, ° Roberto Macovez, ! and Josep Lluis Tamarit

I Grup de Caracteritzacio de Materials, Departament de Fisica, Universitat Politecnica de Catalunya,
EEBE, Campus Diagonal-Besos, Av. Eduard Maristany 10-14, 08019 Barcelona, Catalonia, Spain.
2 Universite Bordeaux, LOMA, UMR 5798, F-33400 Talence, France CNRS, LOMA, UMR 5798, F-33400 1alence, France

Calorimetry and phase changes

Bioavailability, strategies and the

. . |Diazepam _ -
benzodiazepines ; T=3756 The Avrami law[3]:
5. Tm =404.1 K “ ! NOR ¢ (.ps |
API (active pharmaceutical ingredients) can be poorly water-soluble, % 3 :13\,\ e (t) = gs(t) — &5(SL)
: : : : o R B M- | R I R S ity
hindering the bioavailability of a medicament. - 17_?""'--~=::g\:-\¥_\\' ] " es(C) — &5(SL)
. - : : - : - : o 25 ) ' ;\N_ |
Poss}blelstr.ategles are chemical derivatizations, amorphization and < : 16HEEEEEEE};\_:-\\%\ : £ (£) = 1 — exp(=Z(t — t,)")
CcO-dissolutions. i — 1544 ]
- : | To 317;iK :_%-L 1.4 ""::‘:::::'s:%:@\:\:&\. t-4,7 239074's | = 71/n
* 322 mullion people sufter from depression as of 2015 2] 04— T ——
: : : : : : . . 250 275 300 325 350 375 400 425 450 | ,r=?‘?‘iif::*‘f.’.‘i‘:f".‘i“f‘i:i,‘f‘f’f‘i.'.;.T"i’i’.'.‘;.’..‘,“'.".".:T?.T, .
* 40% of patients with depressive disorders are prescribed benzodiazepines S L ) A does not crystallize;
°1Nordiazepam R e
) = 5-¢ Tm = 487.0 K# 2.75-""'“-\ LR ] i S ld . 1
Dlazepam (DIA) Nordiazepam (NOR) Tetrazepam (TETRA) = o] e ; ame crystal dimensionality
i 0 3 e U _' (n) for TETRA and NOR;
— . "W ] ‘\_\.\ ]
I f T,=317.8K 15 ) T.=346.8K O, T 415.6 K .l ol 11 __
TIm =404.1 K T =487.0K = 313.0 K = ) 1; [nmx\;i:;::::\g% e |+ TETRA crystallizes faster
EPSENSTRRS t-t= S 7
O O 04— e -ks%%ww%;; ’*1555 LT YT e than NOR.
Only one with strong H-bonds 325 350 375 400 425 450 475 500 525 SO o
54{Tetrazepam
Crystalline 54| B |
= |z Tm = 415.6K
z 37 i
o { [«
s o B L
ICII:J " 315 400 T(Kzzs
Hirshfeld Surfaces [4] "
- R )\g
- — — 225 250 275 300 325 350 375 400 425
T(K)
T, (TETRA) < T, (DIA) < T, (NOR) D n=1.1+0.1
| P k=(4+2)10"s"
T (DIA)<T_(TETRA)<T_ (NOR) 3 9 10
In(t - t,)
C24-H24---01 2.44 C15-H3:--01 2.65 C2-H2B--01 2.51 Co-Dissolutions of NOR and DIA
C22-H22---01 2.53 N1-H11---01 2.03 C7-H7---01 2.61 .
C13-H13:-N2 2.81 C3-H8N1 2.79 C10-H10A--01 2.75 | — Dezepar "o Beem SSIEEETN. 35 - Mixtures  *-
—— Nordiazepam Utectic X . T~ / '
C15-H15:-N2 2.79 C6-H10-+N2 2.79 C9-H8-+N2 2.70 07— oo Nor | | | . . 01\ ) <38
t S ook wof L 2" g,
. ~ | 00 | : oy - . - 1 / i
Lower bond length - strong H-bond in NOR S 300 sunor. T L S\ opitl 2
° o ° - i A = 0 (o)) ! \\l
— lower Hirshfeld surface/volume, higher density, T,, and T, B ¥ 3 s =1 N
® 10 - N e
l 104 o 5_- ,’I LN
) : : - ~ SpiatSyor B 'f; RS
1.395 3324  305.9 1.432 308.8  287.2 1.319 357.2  315.9 2730 R O ERRPE R 7 00 02 04 06 08 10 00 02 04 06 08 10
T (K) Xy (molar) Xy (molar)
] — Diazepam —
4.0 - / —— Nordiazepam - » ;
Amorphous . »/ — amenor - . S(?h.d solupon prepared by
: : : I : 5 2 50%NOR | 340 mixing with a mortar
* Primary relaxation (a) 1n the liquid state (structural and cooperative) s '/ 30%NOR .
: . . . . - 20% NOR ||~
* Three secondary relaxations (3, v, ¥’) in the glass state (B observable also in the liquid state) 3 2 5%NOR [ . . ,
L 2.0+ ' .
10" = 2L 330  Eutectic concentration =
w0 K e T 15 18% molar
3 °* dame T, at same 4 .
S T, at T/T 190
¥ log , (Ty) =2 b 05- f S
| o 2 11qu1d unaftected by 00 J —  T_linear with concentration
- ol 2, TERA wa e payvy H-bonds, crystallization 213 a3 33 43 00 02 04 06 08 10 g
| g.'i . behavior independent of T(K) X (molar)
r- 0l gf fragility.
' 2] ook oA T * Tgsame at same T/T, - R 822 :?) ' | 13 .
107 3 A v intermolecular and local | - NOF | : - -
0 33 4" ' 1 err———— S I . * Dielectric constant of
41 o 3% B o crystallization is 15- "\ : - ] 0/ i -
{ 1 f‘f i il independent of T, (B). o \}.\ $21 L o 0% mixture in
61 3 . o . Lo - - between DIA and
0 g v P-Conformer | \'\ 4 4 N A
:r.o - = - Y' R! ¢ m fEmEEm AEEEEEEREEm .{.‘ : A A
J o . I3 Same T, at same T - _ . | . NOR
Sy \\// intramolecular, due to . R | L, e DIA
§ PN . . “taa, A 50%
R Inter-conversion TP . . '
e [ cgnformers AL 25 30 35 40 45 50 55 60 process inthe 50%
100 3 TR T T T T T O.’ | . 10 Jr e 1000/T
: C¥ 1 , 1" " o 5
_ :; -. 5 /@% ° T’Y' Only present 1m DIA :'\_\ \\ \.\ ,‘,-’. ‘:.\.\. N :AA . e Same TOL and TB at
1 Eﬁé : A M-Conformer aIld TETRA 9 due to ' .\_ \ //__...__ \ \\.i'\_ ' - A:f A SAImnec T/ T
26 f A - . . 0] NN T e N a4 I : g
: £ e v the 1internal rotation { N A | of & X
@ 40 1, E‘j A‘,‘:‘ AA = 1 th 1 tb d ] \. \_,’/I/ '\.\. \i.\. ] ] P2 A, 0
_ LA . along the covalent bon SR - L ¥ A °T, and T, of 50% and
2 N A o v . . . _ I\.‘ ././ . \':. g2 - B A /;3 A . . .
e 5 A‘::-A 11.nkmg. the fusg:d double vy ) R e | I S DIA coinciding at
E AT ) ring with the six- N “ e 1 o4l ] : same T
| Tetrazepam ol 0 . membered carbon ring, M- ((355 K; oo Y e . .
(L% P Ry PR P P v P - hindered by H-bonds. | —+ NOR (373 K) S A (intramolecular)
v(Hz) sl | 10% e e S | | | | | |
1.0 15 2.0 2.5 107 107 107 101 107 107 0t 107 10 B e
T "3 TyT
9 g
4
N . - - 1 - References }
[ 1] Rams-Baron, M.; et al. Springer International Publishing AG, Cham, Switzerland, 2018 L

[2] WHO | Depressmn and Other Common Mental Disorders. (2017).
[3] Avrami, M., J. Chem. Phys. 1939, 7, 1103—-1112.
\[4] Spackman, M. A.; Jayatilaka, D., Cryst. Eng. Comm. 2009, 11, 19-32. Y




	Slide Number 1

