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Abstract In this paper, the complicated polymorphism of linagliptin was investigated along with conformational
changes in the lattice. Three crystal structures including form A were obtained for the first time by the growth of single
crystals and X-ray single-crystal diffraction analysis. The structure and molecular conformation of each crystal were
analyzed in combination with two crystal structures reported in the literature. Two crystal forms, form A and form F,
are found among the five crystals. Form F can exist as a variety of channel solvates, with lattice parameters varying
slightly with the included solvent. There is a high energy barrier between the conformers in form A lattice and those in
form F, which probably accounts for the difficult conversion from form F to form A. The molecular conformations are
not identical in the varieties of form F, and their powder X-ray raditional diffraction (PXRD) patterns are also
distinetly different. Finally, the conversion between form A and form F was revealed by common methods, such as
suspension conversion and thermal analysis.

Keywords Linagliptin; Polymorphism; Conformer; Channel solvate

Z il B 48 A TR AL e R 2 B AR g5 A i B 42, TR 2 (AP, Active pharmaceutical
ingredients ) BRI G UIRUK GY—RBIHE 2 reI L JESE T, 50% UL F R APLAEAE L2 SR AP ,
A2 SEVEFELEN , WA 85% B APLAFAEZ dn Tl E 2 f IR 4 8 38 AL A 725 57 (KO B W e I 25
VSR () B S 30 5 SRR G A AN 23 A R 7R A, DRI A S e 700 8 B 40 5 ) T 2 [ — ol AR 4
FUL 2 R A B TR] AR R TE RGP | A B N R Il A B 2R R, INMTE Yt &

W H 1 : 2023-09-07. W28 E & H B : 2023-11-10.
PR NI s ), 9, 18, mIESR 61, S AR 259 S AR ZS & 5 T8I 19 4F5T . E-mail: heyunliang@bipt.edu.cn

Chem. J. Chinese Universities, 2024, 45(1), 20230400 20230400(1/10)



T
:u CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

TR AR APT Y SR EA T IR E AR AMFST, LA I Z RISy, e Aad i im . 2 iRl
Yo E — R M AR X S ZRAT S (PXRD) 204 . (HJEXT T —26fb 59 PXRD i IR MEE A, 452 h 70
MRk 7 KHEER, WnAIRE 57T (LN). AR PXRD 3% P X LU E 2 B — fh A TR il 2, 1% IR A 41
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Fig. 1 Molecular structure of linagliptin

Chem. J. Chinese Universities, 2024, 45(1), 20230400 20230400(2/10)



Jd B3 ks %R
Eu CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

IRBTT B ARG, IR R Z i P A R4, o fh B AR EVE FIAR AR LG 2 . FIAR ST 10K
FYRPEL LRSI AMRE, TR A TEH ERAIGY), XL a Y SR A E
P RAS TR Z—.

1 SEIGERS

1.1 RFI 5

FIRE ST, AHERE 99% , LAt HRIEBUES 25\Mb A A BRAN /5 & %e, AL R. 2%, ISk PGPtk TR0y
AR AL, AR, %, RIEETMAEMREA R BEE O BTEE . CROTE . SN,
PITEAD TR, o3 Ar i, deatfb T WIRRUT SElk, /A, Rt Rib2=ilm) B8R
DBW-UP 4li7K Z4¢ (H [ ) 3@ 2 6] R K e A s 28 e e A 7 alifh il 45

Aeris Research U R X SR ATHL (PRXD ), faf 2% Panalytical 23 /] ; D8 VENTURE Y 5 5 X 526477
FHY(SC-XRD), fE[E Bruker 23 Al ; DSC 3 Bl 22 /R 94 #UL(DSC) , %Kiyt Mettler Toledo 23 H] ; DM2700P
G A, 51 Leica /A H] .
1.2 KIidiE
121 B @EEx GRS SITTAE L R AE 40~50 CHNHAA R 5 1 LAY, IBIRE A 1.5 mL/Mi
o, TR EE A B, B R ERE 2 2~10 dJE AT H R BURL A A . PRk A 0 SR TR .
S B B R 0 B B T EURT AR R, T 45 CF R 48 h, 20 E T LA
122 Zdh BRRESITRES RV RIS RS, &I N RO BRE , A b A g T
123 FIBFTH HA#ALE FILTRULE Z TR ST B AT T =R TR SR
12~120 h.
124 X &4 FAT4 (PXRD) 241 K JLZ T8 JLZ T A SN TTAE S TS 29 1 min J5 , A
PR F R PXRD 285 SERE S S rh, R Aeris & 20 X MR AT EHGHERE S, . 2KH 0.011°(26).
DL RE AL 2RI DL 174 vfs BORE S TERE .
125 X A& 2 @474 (SC-XRD) A1 3EFE—A~ = T L, 76 X SPERATETX 1 (200 KO WA 315k
I, e FRIE Mo 585U (A=0. 071073 nm) , fii Ff] Olex2" ) SHELXT-2014 > FE A M4t , H5e i i i)
SHELXL A B T RS &
1.2.6 ZrAHERLH(DSC)  FEM R ETE AR ST SR T TR, BULZ 73 AFLAL
FIERHHR R, 7E 20 mL/min BRI AL 10 °C/min BYER M 25 “CTHE 2 230 “C.
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H eI 7 G B LA, . B S e s S D R BT 45 CEOXTRAR rh 18 s f 24 h )5, 1580 T
— B ICAK SR OV 50 ) (R B A . 3 B XSRS A0 B e 1 3 B R Y SR AR 2 A, LA A
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P2 /e A AIRE, o AR —2, BB T P22 2 25 A . 4 FP GRSy SR —Fh i B (BD AR B F) , T
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morph) , TEZJY) 2 fh AL HLECH DL, A, Shrati &8 HGE T # 2RI SFREFRIG Y, A LAY db
NS ER 77 .
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Table 1 Comparison of five crystal structures of linagliptin
Compound A Fowi! F-OH!? F-DCM F-DS
Form Anhydrate Dihydrate MeOH EtOH solvate DCM solvate Anhydrate
Empirical formula~ C,iH, N0,  C,iH,N,0,-2H,0 C,sH, N0, C,sH,N,0,-CH,CI, C,sH,gN,0,
(C,H )5+ (CH,0), 5
Space group P2 /e P22,2 P222 P222 P22.2
a/nm 1.60004(5) 2.16488(10) 2.1663(2) 2.14400(5) 2.17458(9)
b/nm 1.70056(6) 2.47873(12) 2.4777(2) 2.44430(5) 2.46922(12)
¢/nm 1.80549(7) 0.96891(4) 0.97428(7) 1.00323(2) 0.97015(4)
af(”) 90 90 90 90 90
BI(%) 100.46 90 90 90 90
y/(°) 90 90 90 90 90
Volume/nm* 4.83103 5.19932 5.22939 5.25751 5.20924
zZ, 7' 8,2 8,2 4,1 8,2 8,2

3 AR ACE AT Platon™ 04T T RN 9 45 I AR, R B S V300 401 10 K/ IV R B, (R4
A K (0. 680~0. 791 nm?*, F£2). FAAYF (1) AEARFL L F 7 A K 79%~9%, T HiH 23 o & b AR L EE
13%~15%. iH 3k DCM A P B A5 2 04 Jo/K S 9 22 o AR BRI A 46 /) s S5 258 e BB AR TR, il
FERRJE T BN 2 AR AT DL 21 s BRI 1. 4%~16. 5%, ZARARKR™. EI2XF L T d Rl F 35
AR F (K F) MR . 76T F rRia R o T o HEAS , T8 B — 4R ) 3m 1A (1] 3).
3 R R R o TR Ak, FIRR ST 0 TR O A, (2 5 A0 T RIAE AU . X S AT B
TREAL SRS e, (RIEAERIGIRTE R . R RGP, VATl ad 5 P sl U A s 13, 15315
R I AR RSE Y, J2& APLIA R AW L ECH WL SR 225U . VR 2 APL, JEHUE RE A 1 APL AT /K& Wk
A, W R AR SRR R TR

Table 2 Comparison of cell volume and void in five crystal structures

Form A F-W F-OH F-DCM F-DS
Relative volume of lattice (% ) 100 107.6 108.2 108.8 107.8
Void volume/nm® 0 0.6956 0.7541 0.7910 0.6804
Void percentage (%) 0 13.4 14.4 15.0 13.1
A we (B)
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Fig.2 Form F lattice with different solvent molecules
(A) F-DS; (B) F-W, (C) F-DCM; (D) F-OH.

TEARTS SRS M B IS, A Mercury 45 fh IR 22 LGt T PXRD 35 &1 (&1 4) , AH 1RHIE DG
B TFR3IH . Hdr, d4RA RIS ELF ) PXRD 35 EIAE7E B DX . S8 A B8 I RRAE IS (20) 3 T
7.2°,7.6°,8.6°, 11.7°F112. 474k, T b AU F AR YRR AR T-7.2°, 8.1°, 8.9°, 10. 6 F113. 574k
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Fig.3 Solvent channels and intermolecular Fig.4 Overlay of simulated PXRD pattern of
hydrogen bonds in DCM solvate lattice form A(a), form F(b), F-DCM(c), F-OH(d)

(along ¢ axis) and F-W(e)

Table 3 Comparison of characteristic peaks and relative intensities of each crystal

A F-DS F-DCM F-W F-OH
20/(°) 1(%) 20/(°) (%) 20/(°) 1(%) 20/(°) 1(%) 20/(°) 1(%)
7.2 26.4 7.2 100 7.2 1.5 7.1 100 7.1 75.7
7.6 100 8.1 24.9 8.2 20.9 8.2 37.6 8.2 29.5
8.6 17.8 8.9 67.7 9.4 49.6 8.9 36.0 8.9 26.5
11.7 30.3 9.8 15.7 10.3 100 9.8 24.4 9.7 27.9
12.4 46.7 10.6 32.9 15.5 79.5 10.6 76.5 10.6 79.2
23.2 28.8 13.5 36.8 16.8 51.0 14.1 54.4 14.0 94.1
25.3 26.9 14.1 35.3 21.8 97.0 21.8 81.6 16.7 79.4
25.8 27.0 21.8 20.0 23.5 88.7 23.6 67.7 21.8 100

AL B RIS A A S G (R i B A 784k . AN F-W B RS 1 7. 174k, 17 F-OH [R5 g 7E 21. 874k . 24
An T F I S A S TR e, RRAE I AR SR A B S A Al R AT S A AR — . X AT
A2 CLUR T8 FEE T, HXFLEETaE 31 2ok T H B R, 32 PXRD i &l i B B A8
B8 UL, 2R PXRD ALV FI & Wi, 5 225 FR B[R] 7006 77T 5 04tk B (g g . XL G 1)
PXRD 3 E AL 0% AT 17X e (B S) , SEB0RE LAY 32 BE4RAE 065 R SR ZE R FL5 A PXRD 33 (& A
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Fig. 5 Overlay of experiment(a) and simulated(b) PXRD patterns of form A(A), F-DS(B), F-W(C),
F-DCM(D) and F-OH(E)
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Fig. 6 Asymmetric units in the lattice of form A(A) and form F(B)
F-W-L
F-W-R

Fig.7 Molecular conformers in linagliptin lattice
R4S TSP 73 FAIR I T A . RS TR, R LARI M B, v, SI2EHY

Table 4 Comparison of torsion angles of conformers in five crystal lattices

B
ik

Molecular conformer af/(?) BI(°) y/(7) &1(%) AE/(kJ-mol™)
A-R -6.3 89.1 -58.2 -95.8 895.0
A-L -7.0 -76.3 176.3 -113.2 292.8
F-DCM-L -17.5 -67.1 -56.5 -96.7 0
F-DCM-R 22.0 68.5 63.7 97.2 43
F-DS-L -26.6 -66.0 -63.9 -98.2 337.6
F-DS-R 23.7 66.1 55.9 100.7 338.8
F-OH-L -21.8 -67.0 -57.0 -101.1 776.2
F-OH-R 26.6 65.4 63.5 97.4 783.6
F-W-L 158.3 -66.2 -56.5 -100.7 285.8
F-W-R 26.7 65.4 62.8 97.6 260.3
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KF95°. MR A-LI) Ty SHE LR MZEEIRF 5", L A-RM _Hifiy, S SHERWSEE
HIKTF 957, ML F-W-L I [ o SHEM R ZEEI T 95°. M4 1w M i 22 (bR EHENRA R 5
PR AARSER THAETE S TR 4

IR EL AR TR AR G 0 s . AR SGE I T IR e B B A B T Al e R
W% Z A2 . P A-LI A i, 101 Molclus 3042 1) Gentor B 22 45 il 4t ¥y 333 5 77 A=
P4 . (2R 7 127 7 1 GEN2-xTBPO AR 42 1 B 5 RE 153140 F 3B AI T —1a A A 748
1Rl . HE 8 T, 4k R A i A 2 MK RER . I BTE-50"~50"FF1E 1 1~27 440
kJ/mol BIXTFRAVAE SR , 1E-125°~125°1FAE 1 2355 ki/mol X FRIVAESR . 1E-125°~—50°F1 50~125° [X.
[N, AL 0°. MG LS RO TEMAL SRR, NG A B A . A o AL EERE, L
HI RIS AE 0° I A REBIE, R F-W-L Bl AE 175° B 93 BEBE R, BEZ2Z0°M 41 kJ/mol. —
Ty B =REEDF, BEZ2°M 10~45 k)/mol. A-LB7E—b3FGEdF b, A-R 5 T Hy LIS AER—A
FEEBE . IH AR S 7E 100°~275° 47 200 kJ/mol A fE& , {H7E 270°~350° Ab I BE 22 H AT 16 kl/mol, HAT
F-DCM-L Fll F-DS-R A0 TE [F]— 4GB . MR S kb 3 GEBIE , AT LLIACH F-W-L, A-LFIA-R 53518
— RS, B LSRRG 50 PR S, S5 SRS . A-LFIA-RI G S MR AR
AE22, XA W F 5 A Z AW AL TR 2 S RE i, NED M ERAL. EH I, 28B4 g5
Z AR HER 2 A, AR S R A R B2 — B0 . B LN AR el LR B, F-W-LA G 5 HE
) F A RERA 4 FEh 2B, PR AT RE AN AR R, 33X R 2 AT AR P A AR AL
HHGE . Mo TAAE L 2 IS, I HASG RIMELV L ARES , AN F87 A Az

(A) Cl1—N3—C10—C9 25(B) N2—C9—C10—N3
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Fig. 8 Potential energy surface of linagliptin as a function of torsion angle 8(A), @(B), ¥(C) and 6(D)
A A-R; B F-DCM; % F-DS-R; @ F-OH-R; + F-W-R; A A-L; O F-DCM-L; % F-DS-L; 0 F-OH-L; + F-W-L.
2.3 LNRERHI &ML
S LT MR ST LR | S5 R WA LA R AR B4, R BERTEE (MeOH) | L1 (EtOH) FI
THEHBE(DCM) FRIE BRI G YIF, LE S KT, AN ERE- K THE-R 2 L , e e il
FIEPIRE R P RES 2] T AR A, W THF-ZBE B8 (EA) A1 THF-BUT B (TBA)SE . A5 AEL R, —
AP escE HEErh TRERIRE 8 h L b, Wl fg Bl F. 25 M A 4 7 8 TR 5. RIOXS I
TRE AR PXRD 335 18 FUE L S AR ZE AR PXRD 35 18], A i i AR I 7E R0 i rh 4 Re 4R 3, TRt
Ao ity FXT O Bt R TR — Y
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Table 5 Preparation of forms A and F
No. Solvent Experimental detail Form

1 2v ' DCM and 3 v EA Stirring at room temperature(r.t.) for 24 h after dissolved clearly F-DCM
2 0.5vDCM and 5v EA Suspend Form A in solution for 48 h at room temperature. F-DCM
3 1 v MeOH and 7.5 v TBA Suspend Form A in solution for 72 h at room temperature F-OH
4 7.5 v EtOH Suspend Form A in solution for 12 h at room temperature F-OH
5 2.5 v THF and 3 v EA Add EA to clear THF solution and stirring for10 h at room temperature A

* v (mL solvent )/(mg LN).

@A) ®B) ©
_ DCM+EA-cooling ‘ MEQH+TBA-sturry

. ~ | P e _\MEOH-slurry
CM+EA-slurry | |~ T

fl W THF+EA-cooling
| sV M

ol

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1
5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40 3 10 15 20 25 30 35 40
20/(°) 20/(°) 20/(°)

Fig. 9 Overlay of measured and simulated PXRD pattern of linagliptin as prepared in Table 5
(A) F-DCM; (B) F-OH; (C) form A.

FIFH DSCHELZE T AIG Y F-DCM A1 A, & 10 AT L, F-DCM7E 97 “CHI B — b, nlfE
JBR R0, WA AE N 94 J/g. WA JS B — I (I 112 °C, KSME 17 J/g) , 7T BEJE HL4h Al .
P TF 25204 CAE AR BT G 5 b R A ks b —35, NZE A0 A R A IS A0k . % F-DCM F
130 “CHNFA 30 min J5 PRI E PXRD, A5 58 A —20 (- 11), Ui T FAEZ 120 CR3AE R i A,
5 DSCHPrai R —8. 7EH IR T ARWEE] A A B A4S B F-DS fl A, A R ST B JCK b R

Ar A ASE AR, F-DS AR A A . &AL ] A G R AT 12 F
5 5
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Fig. 10 Comparison of DSC diagram of F-DCM(A) and form A(B)

Humidification
F-DCM F-W ¢— F.OH
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