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A Simple Method for Quantitative Determination of Active Drug Polymorphs and
Amorphous in Drug Products by Fourier Transform-Raman Spectroscopy
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The feasibility of a simple Fourier transform (FT)—-Raman spectroscopic method for the quantitative determina-
tion of unexpected active drug polymorphs or amorphous in drug products was explored. In this study, calibration sam-
ples were prepared by physically mixing drug substances with their polymorphs or amorphous, without using excipients.
A partial least-squares (PLS) method was applied to the quantitative analysis of the FT-Raman spectra obtained. As
model drug products, compound A drug substances (form «) containing several ratios of polymorph, (form f), were
physically mixed with excipients to prepare powder samples corresponding to compound A tablets (30 and 120 mg) . The
mixture of compound B, form I and amorphous, were also mixed with excipients to mimic powdered compound B
tablets (32 mg) . Satisfactory relationships between the theoretical contents of polymorph or amorphous and determined
contents were obtained; quantitation limits were 5—10% . In the case of powder samples corresponding to compound A
tablets (30 mg) and compound B tablets (32 mg), differentiating the FT-Raman spectra prior to PLS analysis was re-
quired to improve the precision of the determinations.
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1. =E Compound A ® Form o« ¢ OX Form
B A TNZ Compound B @ Form T 13 i FH 38 5 T 268
BURAE SR THES N DD Z MR L 2.
Compound B O & §i 1L, A7 L A&y >
Y — X7 > L AR — )l KU Compound B D
Form I ) 1g & A, eI TR 20 73[R
%, SR X B CTESBOERZ L TH5
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HEATRHAIN A TEESIN DD ZMHL /2.

2. ¥y UT7L—2aHAHOHAE  Com-
pound A DR EARIERL (PLS £57 )L OREE) 1713
Form o (BAFRIAELSY) & Form B @{E':éufﬁﬂé?pﬂ
# L THW/Z Form B: 0, 10, 20, 40, 60, 80, 100%) .

Compound B O @#R{EM (PLS €5 )L D)
121X, Form I (BHFEEIAS &) & HEE ORGHE

ZHFHELTHWZ (S 0, 10, 20, 40, 60, 80,
100%).
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Compound A D &5 )L #HI & L T, Forma &
Form g Z (& D %% (Form B: 0, 5, 10, 20%) T

43 Compound A $£ (30 %X 120mg) ICAHYM T
DM ARABZFHML 7=, /2B, Compound A
(120 mg) %, Compound A JF 3K 120 mg T i 2 3K
200mg iR (BMEEOK S0%ITAME KRN N T E
a5 >7 >, BHARORERE37.5%) L,
Compound A $ (30mg) %, Compound A %«;?é
30 mg ICHRIEH 290 mg =S (MIBHE DK 85%
ﬂ%&vh@%nn/7/7/ @W*@%%%E
%) LIzWwdhbiEas330mg DEAITH D.

Compound BOEFIVEAZEL T, Form I & &
b EEREOEE (E&F 10, 10, 20, 50%) TH
¢ Compound B § (32 mg) IZHYT S8 KRidkl &
FEL /=, 728, Compound B & (32mg) I,
Compound B JF # 32 mg |Z R & 3K 228 mg ZE &
(Eft\i HOK 8B IFAMEXR N N RO F T

, BFIh OFEKIEE 12.3%) L 72/ & 260 mg

%”%'JT% %. Figures 1 &2 TX 2 12 Compound A &
X Compound B O#EEHX 2 RT.
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Fig. 1. Chemical Structure of Compound A

Fig. 2. Chemical Structure of Compound B
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NZ 30 mg KX 120 mg $EM S B Rl ko FT-5 <
SANXRZ )L (1400—1800 cm D %759 . Com-
pound A D FEFE, C=C kU C=N fiffE#REHI &L
5H0EHM T NS 1500—1700 cm—! DN > R
BEHOIEZRIFEAEZITT, Forma LU B D
FICTHHRE/R EZNEO 5N (FIAIE, 1605cm~—! @
N> R). E£77, 30mg & 120 mg $E D FT gt Bl
(Form o DAZH) ZHIE LR, wWIndl
Kidkt EFABED AR MV &ERL (Fig. 3), T8¢
FRiC £ % Form a R T8 B D AT MIVEALIZER
SNEh-o 7.

1-2. REZEDOER Figure 4 iZ Form o & O
B DREHARID FT-5< > AXRY ML ZERT (1400
—1800cm~!). PLS EF )L O, 1589 cm~! @
N> RCHEEMIE, PLS [HIFOHTIZE D 1500—
1700 cm~! OHPFHD /N> R TIro 7z k558, Himfl &
FHEME & O T RIF/RER (y=0.996x+0.362, r=
0.997) NMfFoNiz. 51, WBELZPLS E5)L
DZYUMEHRL-E A, —FEDMHMMIIZED 51
7, BEESN-RERLEZESBRIFBERTH-
7= (Fig. 5). A&#EEMNS, Forma KX B D FT-5
R ANRY ML O EER, 1589 cm—! DN R
THIEZITTZAXFUMEIC/R S 2 EAVHBAL /2.

1-3. Compound A §& (120mg) EFIJLEF D
BIE  Form o XU\ Form g Zfi % DEI&GTEHE
9% 120 mg FEAH LM ARARHI DWW T FT-5 < 2l
TExETW, BONEAXRY MV%E 1-2. THEL
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Fig. 3. FT-Raman Spectra of Form «, Form f and Various Drug Products of Compound A
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Fig. 4. FT-Raman Spectra of Form o of Compound A
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Fig. 5. Calibration Curve for Mixtures of Form « and f of
Compound A Using FT-Raman Spectra: PLS Model

PLS €5 )L &2 WTEEMFTZITo 7. 6 [EHEDIR
UHIE U 7= 18 & OB VB Rl + 5 % 0 &P AL O il
HARD NN, TS OFEEILT X THGHME £
5% DEFHNTH >/~ (Table 1).

1-4. Compound A £ (30 mg) DOEFILEF|D
A 120 mg §E M4 ARk & FARIZ, 30mg
MY ARBEHI DWW THRF L 2R, 6 [EOY
HETHHBMBE LS N SANDHERENE SN
(Table 2). ZDJFHKR&EL TIE, FEENED L 7=
72 Fig. 312k L7z 1605 cm ! 5D EHE L 72\
CREBEDOHNENREIC R oD EZZ LN

Table 1. Results of FT-Raman Analysis of Compound A
Tablets (120 mg)

Calc. %
Act. % S.D.
1 2 3 4 5 6 Mean

0 1.9 1.7 04 00 —24 04 03 15
5 49 45 59 3.0 74 41 5.0 15
10 106 99 72 7.8 9.1 164 102 3.3
15 12.3 13.0 10.9 123 6.8 14.7 11.7 2.7
20 20.0 24.1 18.3 15.2 16.6 26.4 20.1 4.4

: within 5% value of Act. %.

Table 2. Results of FT-Raman Analysis of Compound A
Tablets (30 mg)

Calc. %
Act. % S.D.
1 2 3 4 5 6 Mean

0 -39 02 —22 —13 21 0.1 —0.8 2.1

5 6.7 44 —09 4.1 35 6.2 4.0 2.7
10 3.7 50 25 —28 34 89 34 38
15 9.7 13.1 49 123 74 51 88 3.5

20 18.3 21.8 13.8 21.0 10.3 16.1 16.9 4.4

: within 5% value of Act. %.

fz. ZIT, EELENY REHEICHHEL TER
57720, Forma KB DI AR MLDH
5y %l A&7z, Figure 6 IZ/RT KD IZ Forma & g D
AR BIVTIEZRM T 5 Z &Iz k- THEERN
> ROGBENERD 5Nz, RICZRMG LIz AR
RV PLS €57 )L 2 H4E T % 2912 Form o &
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Fig. 6. FT-Raman Spectra of Form « and # of Compound A and Their 2nd Derivative

DB DOREABDARYT MLE ZRIH L. Z
B AR 8% PLS A4 L TR ER 2Bk
U7z, HERMESFIREMEE ORI TRIFRER (v

100

=0.989x + 0.467, r=0.995) M55, HEL - i
PLS EF O Y ka8l L5, —EDMH 60 -
MERD 5N, FE/ONMmER L E2ED BRI

BAERTH-7 (Fig. 7). TO KM LGS el

® PLS :Eij)l/%:’ﬁﬁ W, 30 mg ﬁ*ﬁ %’l*ﬁ?ﬁﬁfﬁﬂ@ # Calibration point

TIRIVARY NVE Rk U TCHEMSBR L. 614
FOIRUHEIE U8 & Ol 13 B3Rl + 5% O sk

W Validation checkpoint

Calculated Cone. of Form B8 (%)

20

DEHED SN, 15 OFIMEIZT X THH 0 . . . .
BE5%DOHFEANTH D, WMo LianGa & il 0 20 40 60 80 100
THRBIEOR LAY 51/ (Table 3). FifHIZ fAotual Gono.af Fom. 5 (8
S EIN % 55 S SN SH Fig. 7. Calibration Curve for Mixtures of Form « and § of
—d_/%T}E“HH{[EiS/@%BWT%jt#’ Ml 22 > Compound A Using 2nd Derivative FT-Raman Spectra:
EILHDENS, REMHFTTO Form g OFE &fES PLS Model
% 10% E%E L 7=, —7F, Pratiwi’® 513, 150 mg
ZEHALTVWLEHE-ATIIH 20, T 200t
& Fn T*ﬁ'ﬁﬂﬁﬁﬁ&@‘ﬁf%ﬁﬁﬁ % 0.6% BZU\ 1.8 Table 3. 2nd Derivative Results of FT-Raman
%EHMELTNS, LiL, ZOREIIHTHE Act. % Cale. % D
FRVERI R SR AS S S ERL U 72 ERR T3 <, 1 2 3 4 5 6 Mean
BANC R4 OFIG ORSREEZIRML THERLZD 0 —66 73 —04 38 57 59 26 52
DTHY, EBEAEURNETT 5513 -A O 3 ] — LS T e SO
e — N = 10 2.5 11.0 10.5 14.1 16.7 13.2 11.3 4.9
FRAEITH 2 ORESRERNTBEE B D RAERT 15 183 17.3 9.8 209 109 15.1 154 43
5. 20 22.1 244 18.8 25.1 164 22.7 21.6 3.4
2. Compound B EROREERFOES : within 5% value of Act. %.

2-1. FT-5 v > AR ML Figure 8 2
Compound B @ Form I OB, WRIEEIESH
AR NT 32 mg FEAH L RFARID FT-5 < 2 AN
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Fig. 8. FT-Raman Spectra of Form I, Amorphous and Various Drug Products of Compound B
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Fig. 9. 1st Derivative FT-Raman Spectra of Form I and Amorphous of Compound B and Their Binary Mixtures
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FEAEZITT, 1600 cm ! £HFD /N> KT Form
I fMOVESIE OB RIGETH o7z, LorL,
Compound B ® Form I & &5 1 D% 5] 1% Com-
pound A DB EIFERHMELR SO TR Ao/, £
7z, 32mg fEDTEERE Form I OAEH) %l
FELURER, BRBREEFAREDOZXRT MV TH @
(Fig. 8), FI8RIC &k 2 AR MIVEIZED

Moz,

222, BREBOEMK Figure 9 IZ Form I &k OV
m S ORGSR 2 — KRG L7 FT-9 < 2 AN
27 MV &R (1400—1800cm~!). Compound B

DG EVXHERIN Y ROZENED S NRN> 72D T
— R4 E1T> 7. PLS EF)L DML, 1620
em~! DN R THERER, PLS BIGESHTICED
1500—1750 cm~! OEPHD /N> R 2N TIT o 724
F, O BEEREEEFEMOMTRF/RER (y=1.000x
+0.007, r=0.999) NES5N7Z. I HITHEEL &
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PLS EF)ILOZY el /=& 25, —EDMH
MEERD 5NT, FFESN-HMER EZ2E D BT
BEERTH o2 (Fig. 10). AfEFREMN S Form I K
OISR D FT-5 < > AT )V Ofaxh i i
1620 cm™! O/N > R THIEZ1T ZXFR U EIZ /25
ZEDHBAL .

2-3. Compound B £& (32 mg) EFILEFID A
E Form I kR ZFE 42 DHETEHET S
32 mg SEAH LI AR FAEHI DWW T FT-F < HllE 217
VW, —RWM LI AXRY M)V E 22 THEL-—
R D PLS EF IV EHWTE&MBITZIT> 2
(Table 4). 6 [\I#% D x UHIE U 7= % O fiF 13 2 G
E£5% QHEHNADEHED SN0, TS DY
BEIZ TR THBZBME LSS OB TH > /= (Table
4). SEHEMEIXT X THERME 5% AN O#HIFH TH -
=, Hx OPEIX S DENSALRM T TOEFIE
DERRRZ 10% EHRELI-.
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Fig. 10. Calibration Curve for Mixtures of Form I and
Amorphous of Compound B Using 1st Derivative FT-Ra-
man Spectra: PLS Model

Table 4. 1st Derivative Results of FT-Raman Analysis of
Compound B Drug Products (32 mg)

Calc. % 1 2 3 4 5 6 Mean S.D.

0 6.4 87 38 85 —26 32 4.7 4.2
10 79 126 9.1 99 5.7 13.8 9.8 3.0
20 24.1 27.7 16.5 22.5 153 17.8 20.7 4.9
50 55.9 56.0 48.7 41.7 57.6 41.5 502 7.4

: within 5% value of Calc. %.

& E

BN b D SR 22 M OV B D TE BE I D WD
T, FT-5 < > A7 b)VIZ PLS [a]l# 53 47 % i
LT Lz FT-5 < >0k TIE, ﬁéﬁm&
OD_HiEG e mEEICEAITE S5 2 & RUIREEH
KZHEHFGZAE TN EnTninl en
5, AME T EA O E &5 & 1500—
1800 cm~! O#HPH TITo 7z, F7z, WEHARARED
EEDOfEEEEZE R, FHEDANSIERL - RER
Z FA D TRIF P R O S 26 1 S OV L B E = 0D 1]
REMEZMGE L 7=, T ORER, HEEEHTAXRY b
VICHATE 7222 D & % Compound A O /& F & 1%
(120 mg $8) TIE, AR NV T2 E DL %
T2 &Rk, BHEFEEDFT-5Y2AXY ML
MOMELZPLS EFINVICXDERNAIRETH >
7o, Fiz, AR MVEENFHEEL TWSHN
K7W d 5545 [Compound A $E (30mg) KO
Compound B § (32mg)] &, FT-F <X 2 AXY
MVEMSTHZEICEDEEL 2N REREIC
NEELTCERMEZN LSS I ENARETH o /-,
SEER L7 FT-7 < > o E TS5 O IR R
HETZHZEHAETHD, WEICET 2R S8
HOITM IS HEETHD. AFEzHNNUT, L
5 Beat 2 2 0 L5 B 7 00 4] U B B C A Hh D T SR
m B ROV O B e BRI EICHIET 2 2 &N
T[HETH U, Process Analytical Technology (PAT)
MHEHINTNWDZENE HSEDOFRENHE

2.
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