-(2-

2543

ISBN 974-03-0038-3

2£00083 *



SOLID STATE CHARACTERIZATION OF N (2-PROPYLPENTANOYL) UREA

Miss Pasharin Siriaroonrat

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Sciences in Pharmacy
Department of Manufacturing Pharmacy
Faculty of Pharmaceutical Sciences
Chulalongkorn University
Academic Year 2000

ISBN 974-03-0038-3



Thesis Title Solid State Characterization of N (2-Propylpentanoyi) Urea

By Miss Pasharin Siriaroonrat

Field of Study Industrial Pharmacy

Thesis Advisor Narueporn Sutanthavibul, Ph.D.

Thesis Co-advisor Assistant Professor Chamnan Patarapanich, Ph.D.

Accepted by the Faculty of Pharmaceutical Sciences, Chulalongkorn University
in Partial Fulfillment of the Requirements for the Master ' Degree

....... y2 rvﬁu“*y .. ......Dean of Faculty of Pharmaceutical Sciences
(Associate Professor Sunibhond Pummangura, Ph.D.)

THESIS COMMITTEE

......... Chajrman

(Associate Professor Garnpimoi c. Ritthidej, Ph.D.)

(Narueporn Sutanthavibul, Ph.D.)

...... Thesis Advisor

SR Thesis Co-advisor
(Assistant Professor Chamnan Patarapanich, Ph.D.)

p 1.11 X tw- C ------------- Membel'

(Associate Professor Poj Kulvanich, Ph.D.)



. (2- )
. (SOLID STATE CHARACTERIZATION OF N (2-PROPYLPENTANOYL) UREA) .

. L , 105
ISBN  974-03-0038-3
-(2- ) (VPU)
VPU
VPU VPU
VPU VPU
VPU
thin layer chromatography (TLC)
fourier transform infrared spectroscopy (FTIR) x-ray powder
diffraction (XRPD) differential scanning calorimetry (DSC)
thermogravimetry (TGA) scanning electron microscopy (SEM)
XRPD hexane  heptane
(] DSC  TGA
polymorph solvate ~ hydrate  VPU
VPU
VPU 50-80 °c
quantitative XRPD analysis
VPU
activation energy Arrhenius activation
energy
VPU
VPU 80 °c
4 L | VPU .14

TUnsAnwn 2543




##4176571833 : MAJOR MANUFACTURING PHARMACY
KEYWORD: N (2-PROPYLPENTANOQYL) UREA/SOLID STATE/SOLID PHASE TRANSFORMATION/
AMORPHOUS/X-RAY POWDER DIFFRACTOMETRY
PASHARIN ~ SIRIAROONRAT : SOLID STATE CHARACTERIZATION OF N (2-
PROPYLPENTANOYL) UREA. THESIS ADVISOR : NARUEPORN SUTANTHAVIBUL, Ph.D.,
THESIS COADVISOR :ASSIST. PROF. CHAMNAN PATARAPANICH, Ph.D., 105 pp. ISBN
974-03-0038-3

Solid state chemical properties of N (2-propylpentanoyl) urea (VPU), a newly synthesized
anticonvulsant compound, were investigated. Solid state characterization of VPU includes solid phase
identification, solid state stability and solubility measurement.

Solid phase screening was investigated by treating reference VPU by various methods including
recrystallization in several solvents, evaporation crystallization, immediate solidification from melt and thermal
treatment. The products obtained were identified for their chemical integrity and purity using thin layer
chromatography (TLC) and fourier transform infrared spectroscopy (FTIR) and phase characterization was
done by x-ray powder diffraction (XRPD). Selected products were further determined by differential scanning
calorimetry (DSC), thermogravimetry (TGA) and scanning electron microscopy (SEM). There were no
differences in the XRPD patterns among the samples, except the product recrystallized from hexane and
heptane by rapid solvent evaporation method (method [). DSC and TGA patterns among samples are also
similar. As for the methods used to produce various solid phase, no evidence was found to support the
existance of polymorph, solvate or hydrate form of VPU. The pure amorphous form cannot be achievable by
any methods used in this stuay.

Solid state stability of VPU was studied over a temperature range of 50-80°C as a function of time. The
samples obtained were determined by quantitative XRPD analysis with sodium chloride used as internal
standard. It was found that the mechanism of the transformation from crystal form to amorphous form of VPU
cannot be described by any particular model but the models were needed to calculate the activation energy.
Using Arrhenius equation, activation energies obtained from all equations used were not significantly different.
Therefore, the major transformation mechanism occurred was not observable. However, it could be
summarized that the higher the temperature, the greater rate of transformation.

Solubility of VPU was determined. Solubility of the sample which exhibited maximum partialy amorphous
phase when collected after 4 weeks at 80°c, was 1.4 times greater than the reference VPU.

Department Manufacturing Pharmacy ~ Student's signature....." e WAY.OOWV

Field of study....Industrial Pharmacy Advisor's signature . % Py Y
Academic year .. 2000 Co-advisor's signature Cé““‘ , / -



ACKNOWLEDGEMENT

1 would like to express my sincere gratitute to my thesis advisor, Dr.
Naruepom Sutanthavibul as well as Assistant Professor Dr. Chamnan Patarapanich
for their valuable advice, guidance, kindness and encouragement thorough my

graduate study.

I would like to thank the Department of Manufacturing Pharmacy and the
Department of Pharmaceutical Chemistry, Chulalongkom University for valuable

helps and supporting the research facilities.

My thankfulness is also extended to the National Metal and Materials
Technology Center, National Science and Technology Development Agency and the
Metal and Materials Technology Center, Chulalongkom University for kindly

providing x-ray powder diffractometry analysis.

To all members of thesis committee, | would like to thank for their valuable

suggestions and discussions.

To my friends and my colleagues, thanks for your understanding,
encouragement and helpfulness. Special thanks go to Miss Lueluk Lomlim for her

guidance on the synthesis method.

A special appreciation is given to Chaopraya Yomaraj Hospital, Suphanburi

for an opportunity to enter the program.

Deep gratitude is given to the Graduate School, Chulalongkom University

for granting partial financial support.

Finally, | would like to express my infinite thanks to my parents and my
aunts for their endless love, support, encouragement and everything you’ve done for
your girl. Also, to my brother and sister, thank for your understanding and standing by

me at all times



TABLE OF CONTENTS

Page

TRAT ADSTIACT. ...eee et e et e et b e e e s e e e e e e aneae s iv

ENGlISh ADSIIaCT. ... e e e e e a e e e e e e e n e V

F o] a TN L=To [ 1= 0 T=T o | SO PP RRPTTR Vi

[T o B =1 o] (= OO PP TUPRRRN Vii

I3 o T U U Viii

LiSt Of ADDIEVIAtIONS...oi it Xiii
Chapter

| Introduction 1

[T LItErature REVIBW . ..coi. ittt ettt e ettt e e e et e e e e snnaeeeas 4

TN o L= 10 T=T ] £ T PRSP 32

IV Results and DiSCUSSION......c.ueveiiiiiiiieciiiiiiae e 43

AV O o] o o] [V ] (o] o e TP PPP PR 81

] = =T aTod =S O PO PPPPOPRIPRT 84

F N o] o1=T g Lo [ o= TP PPPTUPIPRTN 90



Table

10

12

13

LIST OF TABLES

Page
Classification of crystal habitS...........ccccooviii e, 9
List of physicochemical properties that differ among various
POIYMOIPNS ..o s e 1o, 15
Solvents often used in the preparation of polymorphs...........ccccooeen. 16
Characterization methods used in solid phase screening of VPU........... 37
Integrated intensity ratio of VPU and sodium chloride of samples
obtained from stability study........ccccuviiiiiiieei 72
Kinetic equations used in the stability study............ccccciiiiiiiiics 73
The rate constants and the correlation of determination of all four
kinetic equations obtained from stabilityStudy.........ccccceeviiiiiiiiiiiiine 76
Activation energy of reaction obtained from correlated equations 78
Concentrations of the the reference VPU and the samples obtained
from stability study at 80 °c for 4 weeks in several time intervals........ 80
Intensity ratio of samples from stability study at 50, 60, 70 and
80°C fOr 0, 2 and 4 WEEKS.....cceuvreeiiieeeere et e e eeeeaaans .95
Concentration and absorbance data for calibration curve of the
reference VPU in acetonitrileiwater = 7:3 102
Solubility data ofthe reference VPU and the samples obtained from
stability study at 80 °C fOr 4 WeeKS......cooeiiiiiiiiiiiiieeii e 103

Dielectric constant of solvents used in recrystallization 105

i



Figure

10
1
12
13

14
15

16

17

18

19

20

vin

LIST OF FIGURES

Page
Molecular structure of N-(2-propylpentanoyl) urea.......ccccceeviiieieeniiiieenenns 1
Chemical structures of a) N-(2-propylpentanoyl) urea,
b) Valproic acid, €) Barbiturate..........ccccceeeeiii i 5
Synthesis pathway of N-(2-propylpentanoyl) urea.........ccccovciiiieiiiiiiiieeininneen. 5
Outline differentiating habit and crystal chemistry of a chemical
compound ................ L Lo 8
Morphology of anhedral (A) and euhedral (B)........oocueiiiiiiiiiniiiiiiiie i 9
Different habits of crystals
(A-tabular, B-platy, c-prismatic, D-acicular, and E- bladed)....................... 9
Two forms of silica: (a) crystobalite crystalline and (b) glass
AMOIPROUS. ...t et ettt e Lol e 1
X-ray diffraction and heats of solution for crystalline, weakly
crystalline, and amorphous forms of cefazolin sodium...........ccccocciiernnne _12
SEM photomicrograph (I000x) ofthe reference VPU crystals... .............. 43
FTIR pattern of the reference VP U 45
XRPD pattern ofthe reference VPU a7
DSC thermogram (10°c/min) obtained from the reference VPU 47
DSC/TGA thermogram (15°c/min) obtain from the reference VPU....... .... 48
DSC thermogram (5°c/min) obtained from the reference VPU..........c.......... 48
SEM (I000x) of VPU crystal recrystallized from water by method I1........... 52
SEM (I000x) of VPU crystal recrystallized from benzene by
(4o T=Y 1o ToTo I PR 52
SEM (I000x) of VPU crystal recrystallized from hexane by method | 52
SEM (I000x) of VPU crystal recrystallized from heptane by
method I........cccociiiiiiiis e, EeP T PP PP T PP PTPOPR 52
SEM (I000x) of VPU crystal recrystallized from acetonitrile by
METNOM L. e 520

SEM (I000Ox) of VPU crystal recrystallized from acetone by method | 52



Figure
21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

LIST OF FIGURES (Continued)

Page

SEM (I000x) of crystal recrystallized from chloroform by method 1......... 53
SEM (IOO0x) of crystal recrystallized from methylene chloride by

[0 1=1 o T I T Lo, 53
SEM (I00O0Ox) of VPU crystal recrystallized from diethylether by

method I...... oo Lo Lot e 53
SEM (I000x) of VPU crystal recrystallized from ethyl acetate by

method | " * 1 53

SEM (I0O0O0Ox) of VPU crystal recrystallized from ethanol by method 1...... 53

SEM (I000x) of VPU crystal recrystallized from isopropyl alcohol
by method I ... 1 * 53

SEM (I0O00Ox) of VPU crystal recrystallized from methanol by
method 1.....1L................ NI A e SN N Toiiieeenn, 54

SEM (I000x) of VPU crystal recrystallized from Ethanol/water by
method rv 1 Sl 1 54

SEM (I000x) of VPU crystal obtained from evaporation
recrystallization (Method V) 54

SEM (I000x) of VPU crystal obtained from immediate solidification
OfMeElt (MethOA V1) .o 54

XRPD patterns ofthe products recrystallized from hexane and
heptane by Mmethod | . ..o 56

XRPD patterns ofthe products recrystallized from benzene, diethyl
ether and ethyl acetate by method | ..., 56

DSC/TGA thermogram (15°c/min) of the %roduct obtained from
heptane by method | g 57

DSC/TGA thermogram (15°c/min) of the product obtained from
diethyl ether by method | ... e 57

XRPD patterns of VPU recrystallized from benzene, heptane, hexane
and water by method Il and recrystallized from diethyl ether by
METNOA 11 e e e e 59

XRPD patterns of VPU obtained from benzene by method II:
a) before thermal treatment; b) after thermal treatment..L..............c.co....... 61



Figure

37

38

39

40

41

42

43

44

45

46

a7
48

49

50

51

52

LIST OF FIGURES (Continued)

Page
XRPD patterns of VPU obtained from heptane by method II:
a) before thermal treatment; b) after thermal treatment..............ccccoeveeeeen. 62
DSC thermogram (10°c/min) of the product obtained from benzene
by method Il ' _ 64
DSC thermogram (10°c/min) of the product obtained from heptane
by method I ' Coe 64
DSC thermogram (10°c/min) of the product obtained from hexane
by method Il 65
DSC thermogram (10°c/min) of the product obtained from diethyl
ether by method [ .. ... 1...;..65
DSC/TGA thermogram (15°c/min) of the product obtained from
water by method Il _ o 66
Proposed structure of VPU showing intramolecular hydrogen
(aToT 0T 11 o o TR P S TP PRPOTUPRRT 1. 66
SEM photomicrographs of the samples obtained from solid state
stability  dy for four weeks, a) 50°c, b) 60°c, c) 70°c, d) 80°c............ 68
XRPD patterns ofreference VPU and sodium chloride...........cccocciiieernnen 71
XRPD patterns of reference VPU mixed with 5%, 10%, 20%, 30%
and 40% s0dium ChIOAE. ......c.. woiiiiiiiee e 71
A plot of (1-a) versus time (Zero-0rder).....ccccciiieeien e 74
A plot ofIn(I-a) versus time (First-order) .......cccccccceveeiiiiiiiicciieeeee e, 74
A plot of (I-(I-a) 12 versus time (Two Dimensional Phase
BOUNAAIY) ittt et ettt ettt e e et eee e e nte e e e e e neee 75
A plot of (I-(l-a) 23 versus time (Three Dimensional Phase
BoUNdary)....ccoveeveeiiiiicie e
A plot ofrate constant VErsuS L/T ... 77
Solubility of the reference VPU and the sample obtained from

stability study at 80°C for four WeeKS.........ccoiiiiiiiiiiiii e, 79



Figure

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

Xl

LIST OF FIGURES (Continued)

Page
XRPD pattern of VPU products obtained from various solvents
obtained by method L. 91
XRPD pattern of VPU product obtained from benzene by method Il
collected IN daMP MASS.....uiiiiiiieie e e ereaae e e e e e e snneeees 92
XRPD pattern of VPU product obtained from heptane by method Il
collected IN dAMP MASS........uviiiiiiieee e e e e s e s eeaeaes 92
XRPD pattern of VPU product obtained from hexane by method I
collected in damp MAaSS.......ccceveeeieeeeeer e e S, 93
XRPD pattern of VPU product obtained by recrystallized from
ethanol/water (Method ) ... e i,
XRPD patterns of VPU products obtained by evaporation
crystallization (Method V)....o..ccccoviviennnnennn. D Lo 94
XRPD patterns of VPU products obtained by immediate
solidification from the melt (Method V1) ....— oom v e, 94
DSC thermogram (10°c/min) ofthe product obtained from heptane
by method Il collected in damp MasS....ccccccevevevvveeecen ceveeieieee D S 96
DSC thermogram (10°c/min) ofthe product obtained from heptane
by method Il collected in dry fOrm-...- ....ccoooiees s e 96
DSC thermogram (10°c/min) of the product obtained from hexane
by method Il collected in damp Mass. .......cuueevieeeeiiiiicir e 97
DSC thermogram (10°c/min) ofthe product obtained from hexane
by method Il collected in dry fOrm ......cccoccvvves e 97
DSC thermogram (10°c/min) ofthe product obtained from water by
method |l collected iN damP MaASS... c.occeeeiiiiicir s erreeeaeees eeeeaaaaans .98
DSC thermogram (10°c/min) of the product obtained from water by
method Il collected in dry fOrm ... 1. 98
DSC thermogram (10°c/min) of the product obtained from benzene
by method Il collected in dry fOrm ..., 99

DSC thermogram (10°c/min) ofthe product obtained from benzene
by thermal treatment (Method V1) ... 99

93



X1

LIST OF FIGURES (Continued)

Figure Page

68 DSC thermogram (10°c/min) ofthe product obtained from diethyl
ether by thermal treatment (Method V1) ..o, .100

69 DSC thermogram (10°c/min) ofthe product obtained from heptane
by thermal treatment (Method VII) ..o e, 100

70 DSC thermogram (10°c/min) of the product obtained from stability
stability at 80 °C fOr 4 WEEKS.......o.ooeeereereeeeeeeeeeeeseee e 101

71 Calibration curve for the reference VPU in acetonitrile:water = 7:3
using UV absorption spectroscopy at X= 225 NM........cccooeeereeevrreeennns 102

72 UV absorption spectrum of reference VPU 0.0600 mg/ml in
ACETONIIIIEIWALEr = 7:3 . it 104



cm

DSC

FTIR

hr

KV

mA

mg

min

mi

nm

r2

RH

rpm

SD

SEM

TGA

TLC

VPA

VPU

XRPD

LIST OF ABBREVIATIONS

centimeter ()

differential scanning calorimetry
degree 2 theta

degree celcius (centrigrade)

fourier transform infrared spectroscopy
gram ()

hour ()

kilovolt

milliampere ()

milligram ()

minute ()

milliliter ()

nanometer ()

correlation of determination

relative humidity

revolution per minute

standard deviation

scanning electron microscopy

absolute temperature
thermogravimetric analysis

thin layer chromatography
2-propylpentanoic acid (Valproic acid)
N-(2-propylpentanoyl) urea (Valproyl urea)
weight by weight

x-ray powder diffraction



	Cover (Thai)


	Cover (English)


	Accepted


	Abstract (Thai)


	Abstract (English)


	Acknowledgements


	Contents



