o P4 s Hhag g R

I l I CHEMICAL JOURNAL OF CHINESE UNIVERSITIES ﬁﬂ:g_"ti/t\.j

Fir 2 = 1 5 403 = BT B4 8
KB ST

T, W, A, & R, x £
(PUZEHR R v TR 22 B, PH 22 710121)

FEE R AORRZE I OGRS AR (THZ-TDS)RIF 5 1 Fr5e =8 55 408 — FF I 0 et (8 A 220633 . ik 7™z
BER SRR T HIEE A . A W ENR A B HL B TE 0.5~5.0 THZ A9 SEI8 . 45 R R, Frss =ik 54678 —
F I SV Jie 1 1 7 2.18 1 2.49 THz A0 R BT 7 WSO, 2 ] THz-TDS AT AG 805 S5 =58 | SR8 — B IV Jie
T A . BT Y7 o P X ) A 1 RS o TR R L 5 R 1R A T 5 A LA S A AR L, AR 2 S
By S o SR A T TG L A i THz WSO IR 18 5 404, 2 BT 5 = W3k S A Y 4 IRIVE T
FPRT m-m RS, HEA /D R otk

KR hrsE =g SRR ORI Rl

FESES 0657 XHERERL A doi: 10.7503/cjcu20240242

Terahertz Spectroscopy of Lamotrigine and Phthalimide co-Crystals

ZHENG Zhuanping", WANG Bo, LIU Yuhang, HUANG Jing, LIU Xiao
(School of Electronic Engineering , Xi'an University of Posts and Telecommunications , Xi'an 710121, China)

Abstract  Lamotrigine is a prescribed pharmaceutical for the treatment of epilepsy, convulsions, and other
symptoms, but it has low solubility in water. Pharmaceutical cocrystals, as a new solid form of drugs, are formed
through the non-covalent bonding of active pharmaceutical ingredients (API) and cocrystal formers (CCF). This
non-covalent bonding can alter the internal structure of drug molecules and the weak intermolecular interactions,
effectively improving the physicochemical properties of APls, such as solubility, stability and bioavailability. In this
article, lamotrigine-phthalimide co-crystals were investigated using terahertz time-domain spectroscopy (THz-TDS).
Initially, the experimental THz spectra of lamotrigine, phthalimide, their physical mixture and the cocrystals were
measured in the 0.5—5.0 THz range. Experimental data reveal new absorption peaks at 2.18 and 2.49 THz in the
co-crystal, indicating that THz-TDS can effectively distinguish lamotrigine, phthalimide, and their co-crystals.
Structural optimization and spectral simulation were carried out on the constructed theoretical form and periodic
structure using density functional theory, and the calculated results can effectively reconstruct the experimental
spectrum. Through the discussion and analysis of the origins of THz absorption peaks in co-crystals, it is found
that the intermolecular forces of lamotrigine-phthalimide co-crystals mainly originate from 7 -7 stacking force, and
hydrogen bonding contributes slightly.
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$LMT(0. 9978 g, 3. 8962 mmol) FI PHT(0. 5718 g, 3. 8846 mmol) M AWIE , RS IAIJ5, JIA 300 pL
5t T BN 40 min 575 2] LMT 5 PHT 3t Sh 48 K .

122 E & KA SH & 8100 mg LMT 5 PHT AR A AE 10 MPa i9E 1 N OREE3 min, HIBEEN
13 mm (IR 5 P ERIR G Y A H 45 L 72« J3 I B LMT A1 PHT 3 5 hn ABFEE , 7ES IR T 78500
B HFEE 5 59 LMT (50 mg) fI PHT (50 mg) #FEH5], 78 10 MPa (95 7 R 845 3 min, HREAE N 13 mm 1)
WAL A 5 BRARE S A A 1 43 BECLMT 1 PHT 4% 100 mg, 7 12 MPa 1% 1 T 14545 3 min, I8 E
#0910 mm AIIHAAE -
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k.5 77 PR 3L (Density functional theory, DFT) X fR RS T 7 B THER, 115528 B3LYP ™, 7
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Fig.1 Molecular structures of LMT(A) and PHT(B)

2 SRS

2.1 LMT,PHT, LMT-PHT £ & % LMT-PHT #1388 & 4180 THz SL18 i
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FIERMI R, BB LMT 5 PHT 2> F I E59AH H4E Fig. 2 THz spectra of LMT(a), PHT(5), LMT-PHT
Fi 77, 35 SR % S5 R H T ORI R B 28 R A co-crystal(c) and LMT-PHT physical mixture(d)
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XRD patterns of LMT(a), PHT(b) and
LMT-PHT co-crystal(c)
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FUEBE (NS - H39—N26 I NS—H23---024=C27) #y 2 M s [ K S1(B) |, B i UL LMT A U570
RS 5 PHT (4307 S S R FE5E 1 154> B 0B (N7—H20---024=C27 FIN5---H39—N26 ) F4 2 fij 1

[ESs1(C) ],
N5—H23---025=C28) &M s K S1(D) ].
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Fig. 4 Constructing structure(A) and unit cell of LMT-PHT cocrystal(B)
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S50 . R DFT BRI H A AL, el el S an el S th&k ¢ iron . ml U, FRISEE RE A 1T o 51256
S RHATEM (K5 ). il SMES T P RS T3 5001 1. 35, 2.16, 2.47, 3. 65, 4.37F
4.90 THz 6 G Bis. 28K, FE SR 5 S e A 7E— 28k 2=, 10, 1. 35F13. 65 THz £ 5
VA E S B 1 rh I A VETC 1457, 1. 35, 3. 65 F14. 37 THz ZbHR BEH K, X AT A2 fH Sl IS 4 rhse G A
Ay FIRVEEE, 43 F10] - HERU AR S TR

FET PR T PBIAE A, I S008 THZ 35 AR IR A 4N AN ¢ 1. 31 THz A Ay WIS 3= 2k 5 T
LMT 5 PHT J3 F [l ) - HEBUWE I 1 [ 6 (A) ], Hirh, SR FIHISS T LMT 43+ b2 51 R 50
[EIS3(A), WAS R fE R ], PEMEEs 7 LMT F1 PHT 437 [8) i - HERRIR S5t , (#1453 LMT-PHT 3£
fi7E 1. 31 THz A IR A5 B A7 ) T PR 5 W I B 11 55 5 76 2. 18 1 2. 49 THz Ab i I AL e 3= B T
LMT F1 PHT 43-F- (8] 1) 7r-ar $ERRAE F O A EGEVE R 1 L E 6(B)FI(C) |, A HBAE A 2% T LMT
¥ EEFEIRSNES3(B)FIC) |, IR T LMT 2> & Z IR BIHRSN , JEmimsE T LMT 5 PHT 2
1] 7r-or HERRPR 2N, (45 PHT-LMT 2@ S 30 7 A0 T 5B BT 9 THZ 1% 5 78 3. 71 THz 20 Wi 3=
BOR AT LMT B iR 3ILE 6(D) |, ZEESAERTT , PHT 431 M kL (C28=025, €27=024)
TR AME S ISR T LMT 43 F 2L i AME s [ S3(D) |, SEmiinsE 784 LMT 4 F iR sh, i1
LMT 7E 3. 71 THz &b it W g 06 75 1 54 A it 5 4. 40 THz &b (6 W% Wi 3 3251 J5 T LMT 5 PHT 431 1) 1)
m-m FER A EBE A D E [ e(E)MES3(E) ], Hi, m-a HEFWER J130H 7 LMT 5 PHT 4 1
(B SR, FE0EA b 2R BN 3 00 7 S I 5 AR P 25 SRR T S B LRI 25 51, FE i 8 3Ry
LMT 7E 4. 40 THz 40 (W s 7 2 5 s 55 5 4. 95 THz &b iy Wi 3= %Sk YT LMT 1 PHT LA K2 PHT F11
PHT 2> T8 i) ar-m HERAVE L D [ 6(F) ], Forr, LMT #IPHT 4314 F 094 35 A K2 431 [a) 48 55 1 VB A
FHLIE S3(F) 194 ar-ar HEFRAE FH 708055 , {3145 LMT 1 PHT AR shsi st w155 , S8R9 4. 95 THz
AU F VR AL W R A A T B A 0055 . B A X 2L THz SEBS TR IR 1 0 AT, & AL i o7 i I 45 4
BHLZE SR FHE SR, ST RIVER ) FEORIE T m-m ERUWER,, HA /Aol
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Fig. 6 Vibrational modes of LMT-PHT co-crystal at specific peak positions of 1. 35(A), 2. 16(B), 2. 47(C),
3. 65(D), 4. 37(E) and 4. 90 THz(F)
R1: The C;N, ring of LMT; R2: the benzene ring of LMT; R3: the benzene ring of PHT; R4: the C,N, ring of PHT.

HRAE LMT-PHT 3 5 9 B A S5 F BcdE , LMT-PHT 25 DL ABA 2885 18907 =0 o il 2 B AT R HES , At
pnfm A LMT 235 PHT 73 A7 O UG 42 XS Be A DA IR . 7 45 00 7 S dh il 2
[ LMT 5 PHT 20 093875, AT UL, LMT 233 2 W 8 (N—H---0 I N---H—N) 35 A1 B AE A5
PHT 3 Fi% ;. 2 12740 T A 15 @ Mg b &3P U5 40+ B 1 28 fe 8l . 72300
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Fig. 7 Hydrogen-bonded linkage structure between unit cell of LMT-PHT co-crystal

Table 1 Bond lengths of LMT, PHT and LMT-PHT co-crystals

Bond length/nm
Chemical bond

LMT PHT Co-crystal
N5—H21 0.10069(0.08020) ! — 0.10124(0.08727)"%!
C27=024 — 0.12070(0.12016)*" 0.12149(0.12149) 2!
N26—H39 — 0.10101(0.07962)"% 0.10421(0.08629) %!

U1, S NS—H21---024=C27 Fll N4---H39—N26 [} T i fili 15 N5S—H21 (54 1 0. 10069 nm i
% 0. 10124 nm, C27=024 4K M 0. 12070 nm i K £ 0. 12149 nm, N26—H39 £ H1 0. 10101 nm {1 <
0. 10421 nm. #HF AR AR AL 5 3 it Sl IS A Hh i S AR AL — B0, R ALY Tt i A
JERATIY .

FE LMT-PHT 3 iy, S0 iR sl B =0 0 52 ) S 220 0AE LMT F1 PHT 4% B iR 308 o A 855
AHEAEFHSZ XS 7 B 5343l , S - HERRAVE AT A I s Bl 55 . 10 ar-or MERRAE T ol 0 hn 1
O3 FASF AR E M, 8RO i ) S R R SR A M S AR T . LMT F0 PHT 43145
P 4 T a0V A 32 R - MEBUWEF 7, 1 LMT-PHT 3t 5 B - HERUR EL A F oA e S
YER, AR BRSO IE T m-m WERL . W - SEBUVE R D A 1, E RS &I 7w K E
FHEAEFIE B — R 5 | 7, X o 1a] i As e P A S 258 ) . Xl ar-ar MERRAE D FE RS s 2L 4,
FRE MR R , 2S5 A RAS 5 = b A A U5, 145 LMT-PHT 325 1) 0 RIVE R 13 L) - HEBUE
I35, INMFECT LMT-PHT 344 5 LMT-PHT ¥/ PR & W11 THz 135 22 7 500N

3 &

¥ FH THz-TDS $ A& 7 LMT. PHT ., LMT-PHT ¥ FRIE & ¥ K LMT-PHT 2 5 () THz 3% . 25 3%
B, JLdhfE 2. 18 F12. 49 THz b H 3L T BB AT 51 IOk 0 A Wi , 58 BHAH B ISR S d R B T
B G a5 . AN, 5B XRD 15 B BE T THz-TDS 7 AR AT DIRG9 s AL b (9 FRAF . B T35 7 sR 3
W, BT LMT-PHT e fhSEF U0 it 250 S I i i 25 AL, WFoE 4 RIS Al A0 5 2 i
SERITT IS A S SRR I A, X ARAF IR SR IR T T AR, oA T Al A iR S AR
KHPIER . BB, iR BRI T LMT A PHT (943 F0] - HERLU AU, Hoep
Ve - EBUWER 1 0 32 - HEBUN GV W R o3RI A BLRC A A ESE MR, A2 2 W 3%
A LMT-PHT 345 H B0 3T FRIR A 900 THz WS, (H 22 52550/ . ARS8 A LMT-PHT 3 54 1)
FAE | SR - HERE I 75 36 S A F 5 e R 2R (R 52 AR AR AR 431~V P2 A AR L T 380
=G

X #1458 R http: //www.cjeu.jlu.edu.cn/CN/10.7503/cjcu20240242.
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