
Chapter 3
E x p e r im e n t s

M a t e r i a l s

Chemicals

- 2-propylpentanoic acid  (V alproic acid)
(S ig m a  C hem ical C o., U S A , Lot. 67H  1126)
D istilled  water

- A ceton e (E. M erck, G erm any)
A ceton itrile  (M alinckrodt Baker, Inc., U S A )
B en zen e  (A JA X  Laboratory C hem icals, A ustralia)

- C hloroform  (E. M erck, G erm any)
D ieth yl ether (A JA X  Laboratory C h em icals, A ustralia)
Ethanol absoluted anhydrous (M alinckrodt Baker, Inc., U S A )
Ethyl acetate (M alinckrodt Baker, Inc., U S A )
H eptane (E. M erck, G erm any)

- H exan e (M alinckrodt Baker, Inc., U S A )
- Isopropyl a lcoh ol (M alinckrodt Baker, Inc., U S A )

M ethyl a lcoh ol anhydrous (M alinckrodt Baker, Inc., U S A )
- M eth ylen e chloride (M alinckrodt Baker, Inc., U S A )

Sodium  carbonate (E. M erck, G erm any)
Sulfuric acid  concentration  (L ab-scan, Ltd., Ireland)
U rea (F luka C h em ie A G ., Sw itzerland)
S od iu m  chloride (R ied el-d eH aën , RdH  L aborchem ikalien  G m bH  &  C o., 
Sw itzerland, Lot. 8 3 1 4 0 )
Sodium  sulphate anhydrous (E. M erck, G erm any)

A ll so lv en ts are o f  analytical grade.
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Analytical Instruments

O ven (M am m ert, G erm any)
Fourier Transform  Infrared Spectroscopy -  Spectrum  2 0 0 0  (Perkin Elm er  
Ltd., G erm any)
X -ray D iffractom eter for qualitative analysis -  J D X -3 5 3 0  D iffractom eter  
(Jeol, Japan)

- X -ray D iffractom eter for quantitative analysis -  P h ilips P W 3 7 1 0  (P h ilip s)
- T herm ogravim etric analysis -  ST A  409 c  T herm ische A n a ly se  (N E T Z SC H , 

G erm any)
D ifferen tia l Scanning C alorim eter -  D SC  200C  T h erm isch e A n alyse  
(N E T Z SC H , G erm any)
Scanning E lectron  M icroscop e -  JSM -541O LV  (Jeol, Japan)
W ater bath w ith  dual action  shaker -  28L /B /S H /C  (P o ly  S c ien ce , U S A )  
U ltravio let Spectrophotom eter -  Spectronic 2 0 0 0  array (M ilton  R oy , U S A )

- A nalytica l balance for quantitative analysis -  A G 2 4 5  (M ettler T o led o , 
Sw itzerland)

Miscellaneous
- R otaevaporator -  R otavapo (B iich i, Sw itzerland)
- TLC plate -  p lastic  sheet s ilica  g e l 60 F254 (E. M erck, G erm any)
- F ilter paper N o . 1 (W hatm an International Ltd., England)
- Parafilm  (A m erica  N ation al Can., U S A )
- A lu m in iu m  fo il (M M P  P ackaging, Thailand)
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Method

I  S y n t h e s i s  of N - ( 2 - p r o p y l p e n t a n o y l )  u r e a

2-propylpentanoic acid (V P A ) (1 4 .4 2  g , 0 .1 0  m o le) w as d rop w ise ly  added to 
th ionyl ch loride ( 8 .0 m l, 0.11 m o le ), then the m ixture w as stirred under reflux  
con d ition  for approxim ately three hours. E x cess  th ionyl ch loride w as rem oved  by  
d istilla tion  to y ie ld  a crude acid  ch loride, w h ich  w as further purified  by d istilla tion  
under reduced pressure. T he pure acid  ch loride w as then added d rop w ise  into a 
m ixture o f  urea (12.01 g , 0 .2  m o le ) and p otassiu m  carbonate (1 6 .5 9  g , 0 .1 2  m o le) in  
dry b en zen e (30  m l). The m ixture w a s stirred under reflux con d ition  for s ix  hours, 
then filtered im m ediately. Precipitate w a s co llected . B en zen e in filtrate w as rem oved  
under reduced pressure to y ie ld  dry residue, w h ich  then d isso lv e  in ethyl acetate  
together w ith  the early precipitate. T hen the organic phase w as extracted w ith  w ater, 
dried over  m agnesium  sulfate anhydrous and evaporated under reduced pressure to  
y ie ld  crude V P U .

T he crude V P U  w as further purified  by d isso lv in g  crude V P U  in hot b en zene. 
T hen, h exan e w as s lo w ly  added in  to the so lu tion  and a llo w ed  to stand in the  
refrigerator overnight. The separated crystals w ere then filtered o f f  and a llo w ed  to  
dried at room  temperature to y ie ld  final V P U  product. The product w a s identified  by  
TLC  and FTIR as m entioned  b e lo w . The synthetic pathw ay o f  V P U  is  sh ow n  in  
Figure 3.

Several lots o f  syn th esized  V P U  w ere recrystallized together by the sam e  
m ethod  m ention ing  above to y ie ld  crystals, w h ich  w ere identified  b y  TLC  and FTIR. 
T he crystals obtained w ill be referred to  as a reference form  o f  V P U  in future studies  
in c lu d in g  o f  so lid  phase screening, so lid  state stab ility  and so lu b ility  m easurem ent.

T he reference V P U  w as characterized by SE M , X R P D , T G A  and D S C .
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I I  S o l i d  p h a s e  s c r e e n i n g  of N - ( 2 - p r o p y l p e n t a n o y l )  u r e a

2.1. Preparation of polymorphs, hydrates, solvates or amorphous forms of VPU

A ttem pts w ere m ade to treat reference V P U  by various techniques in order to 
obtain its polym orphs, hydrates, so lva tes or am orphous form s. A ll treated products 
w ere identified  by TLC and FTIR and characterized by X R P D  to determ ine so lid  
form s. The m ethods w ere as fo llo w s.

Method I -  R ecrystallization  by rapid so lven t evaporation

T he reference V P U  w as d isso lv ed  in so lven ts, including aceton e, acetonitrile, 
b en zen e, chloroform , diethyl ether, ethanol absoluted anhydrous, ethyl acetate, 
heptane, hexane, isopropyl a lcoh o l, anhydrous m ethyl a lcoh ol and m ethylene  
ch loride, at b o ilin g  point o f  each so lven t. T he so lu tion  at the b o ilin g  p oin t w as then  
filtered. B ecau se  o f  theirs lo w  b o ilin g  points, diethyl ether and m eth ylen e ch loride  
w ere rem oved  by p lacing  the so lu tion , contacting w ith  steam , over  w ater bath to 
evaporate the so lven ts until a lm ost dried out. The other so lven ts w ere rem oved  in  a 
rotary evaporator under vacuum  until a lm ost dried out. Then, the resid u es w ere dried  
at room  temperature.

T he residues recrystallized from  heptane and diethyl ether w ere further characterized  
by T G A /D S C .

Method I I -  R ecrystallization  by tem perature change

T he reference V P U  w as d isso lv ed  in  so lven ts, includ in g benzen e, heptane, h exane and  
w ater, at the b o ilin g  point o f  each so lven t. T he solu tion  at the b o ilin g  p oin t w as  
filtered  and a llow ed  to recrystallized by spontaneous co o lin g  to room  tem perature and 
w as then a llow ed  to stand in  the refrigerator overnight. T he separated crystals w ere  
filtered o ff. The crystals w ere co llec ted  in tw o  conditions.

a) The crystals w ere a llow ed  to dry at room  temperature and co llec ted  in dry 
form .

b) The crystals w ere co llec ted  as dam p m ass in order to obtain so lvate  or hydrate 
form s.

2 2 O 0 O S 3 O X
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A ll o f  the dried form  products w ere exam in ed  by X R P D , the dried form s 
obtained by hexane, heptane and w ater w ere exam in ed  by D S C . The dry product 
obtained  from  water w as a lso  determ ined by T G A . A ll o f  the dam p m ass products 
w ere exam in ed  by D S C , the dam p m ass products obtained from  h exan e, heptane and 
b en zen e w ere exam ined  by X R P D  sum m arized  in T able 4. T he dried crystals obtained  
w ere gen tly  ground in agate mortar before determ ined by X R P D .

Method III -  R ecrystallization  by s lo w  evaporation

T he reference V P U  w as d isso lv ed  in b o ilin g  d iethyl ether. Then, the b o ilin g  so lu tion  
w as filtered. The so lu tion  w as a llo w ed  to stand at room  tem perature until all the 
so lv en t w a s evaporated. T hen the crysta llized  residue w as co llec ted . The product w as  
determ ined  by D SC .

Method IV  -  R ecrystallization  from  binary m ixture o f  so lven ts

100 m g  o f  the reference V P U  w as d isso lv ed  in 50  m l o f  anhydrous ethanol, and then  
3 5 0  m l o f  d istilled  w ater w as s lo w ly  added into the so lu tion  w ith  stirring at am bient 
tem perature. T he separated crystals w ere filtered o f f  and a llow ed  to dried under 
reduced  pressure at room  tem perature.

Method V -  Evaporation crystallization

T he reference V P U  w as p laced  in an alum in ium  cup and heated o n  a hot-p late to  
a llo w  m eltin g . W ith an increased in tem perature, the sam ple evaporated. W hen the  
evaporated  V P U  reached the co o ler  rim  o f  the alum in ium  cup, it recrystallized . Then, 
the crystals w ere co llected .

Method VI -  Im m ediate so lid ifica tion  o f  the m elt

T he reference V P U  w as m elted  in an alum in ium  cup on  hot-plate and im m ediately  
co o led  d ow n  w ith  liquid nitrogen or ethanol bath filled  w ith  dried ice. The residues  
w ere co llected .
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Method VII -  Therm al treatment

D ried V P U  recrystallized from  b en zene and heptane by m ethod II and from  diethyl 
ether by m ethod III w ere placed into open  5 m l am ber g lass v ia ls, w h ich  w ere then  
heated in a hot air o ven  m aintained at 100°c, 10 hours for three con secu tive  days. The  
resid u es w ere co llected . A ll residues w ere exam in ed  by D S C . The products obtained  
from  b en zen e and heptane w ere characterized by X R P D .

T he products obtained by all m ethods w ere identified  by TLC , FTIR. X R P D . 
M orp h ology  study o f  the products w as conducted  by SEM .

T able 4: C haracterization m ethods used  in so lid  phase screen ing o f  V P U

Methods Solvents Characterization
methods

Method I diethyl ether, heptane XRPD, TGA/DSC, SEM

acetone, acetonitrile, chloroform, ethanol, 
hexane, methyl alcohol, methylene chloride, 
ethyl acetate, isopropyl alcohol

XRPD, SEM

benzene XRPD

Method II Damp mass Water DSC

hexane, heptane XRPD, DSC

benzene XRPD, DSC, SEM

Dry forms Water XRPD, TGA/DSC, DSC

benzene, hexane, heptane XRPD, DSC

Method III diethyl ether XRPD, DSC

Method IV ethanol/water XRPD, SEM

Method V ... XRPD, SEM

Method V I ... XRPD, SEM

Method V II Products obtained from diethyl ether (method III) DSC

Products obtained from benzene and heptane 
(method II)

XRPD, DSC
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2.2. Method for Identification of VPU products

V P U  sam ples w ere identified  u sin g  TLC and FTIR.

2.2.1 Fourier Transform Infrared Spectroscopy

T he so lid  state FTIR w as used  to determ ined identity o f  all V P U  products 
com pared w ith  IR pattern o f  V P U  ach ieved  by W ich am  Janw itayanuchit (5).

FTIR  can be used to indicate d ifferen ces in crystal structures for som e  
com p ou n d s but in general o ften  found ju st s ligh tly  d ifferent am on g polym orph. In 
addition, m any FTIR pattern can be altered w h en  so lven t m o lecu le s  are incorporated  
in  crystal lattice (51).

A  Perkin E lm er Fourier Transform  Infrared S p ectroscop y  (M od el spectrum  
2 0 0 0 ) w a s used  to acquire the infrared data. T he dried sam ple (about 1 m g) w as  
m ix ed  w ith  potassiu m  brom ide (K Br, about 2 5 0  m g) in  an agate mortar by geom etric  
dilu tion  technique, then press u sin g  hydrolic press to a thin d isc. T he K B r p elle t w as  
then m easured  w ith in  a w avenum ber range 4 0 0 -4 0 0 0  cm '1

2.2.2 Thin layer chromatography

TLC  w as used  to  ensure ch em ica l identity and purity o f  all V P U  sam p les by  
com paring w ith  TLC patterns o f  the V P U  sam p les p rev iou sly  id en tified  by FTIR. 
TLC pattern w as acquired u sin g  TLC p lastic  sheet s ilica  g e l 60  F254 (M erck) and ethyl 
acetate w as u sed  as a m ob ile  phase.

T he sam p les w ere d isso lv ed  in a sm allest v o lu m e p o ssib le  o f  ethyl acetate. 
Then, the so lu tion s w ere applied  to  the TLC plate by capillary tube drawn out to a 
fine point. T he spots w ere located  by spraying w ith  D ragen d orff reagent (72). The  
orange spot o f  V P U  occurred after heating w ith  a b lo w  dryer.
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2.3. Methods for Characterization of Solid phase.

2.3.1 Qualitative X-ray Powder Diffraction analysis
X R P D  w as used to determ ine so lid  phase o f  V P U  sam p les obtained  from  all 

m ethods sin ce  X R P D  pattern o f  each crystalline form  is unique, w h ile  those o f  
am orphous form s exh ib it a broad halo betw een  2 and 2 0 ° 20  and exp ected  to have no  
peaks (34).

S am ple  prepara tion

T he so lid  form  o f  V P U  obtained by all m ethods m en tion ed  p rev iou sly  w ere  
packed onto a holder m ade o f  quartz p lates contain ing rectangular w in d ow . The  
sam p les w ere sm ooth ed -ou t and pressed using  a m icroscop e s lid e  until it w as at the 
sam e lev e l as the fram e o f  the holder. O nly dried V P U  recrystallized  from  benzene, 
h exane and heptane by m ethod II w ere gen tly  ground in an agate mortar before  
packing b ecau se o f  its large m on oclin ic  habits.

T he pow der x-ray diffraction patterns o f  various so lid  sam p les w ere  
determ ined at am bient tem perature and atm osphere u sin g  a Jeo l X -ray D iffraction  
R efractom eter (J D X -3 5 3 0 ) at 30  m A  and 30  k v  w ith  CuK a radiation. T he sam ples  
w ere scanned, w ith  the diffraction anglè increasing from  5° to  4 0 ° , 2 0 , w ith  a step  size  
o f  0 .0 4 °  and count tim e o f  0.5 second .

2.3.2 Thermogravimetric Analysis
T herm ogravim etric analysis (T G A ) w as used to study the d eso lv a tio n  process  

and com pound d ecom p osition . T G A  and D SC  curves w ere obtained  together u sin g  a 
N E T Z S C H  (S T A  4 0 9  C). A  heating rate o f  1 5 °c /m in u te  w as em p loyed  under 
nitrogen atm osphere at tem perature range from  2 0-250°C .
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2.3.3 Differential Scanning Calorimetry

T he differential scanning calorim etry (D S C ) w as used  to determ ine m elting  
point, so lid  phase transform ation and so lvate  or hydrate form s o f  sam ples. D SC  
therm ogram s for various system s w ere determ ined using  a N E T Z S C H  D S C  200 . 
A p p roxim ately  2 m g o f  sam ple w as accurately w eigh ed  into a crim ped alum in ium  pan  
w ith  1 p in h ole. The sam p les w ere heated u sin g  heating rate o f  1 0 °c /m in u te  for all 
sam ples. T he tem perature used  w a s from  room  tem perature to 300°c under nitrogen  
atm osphere.

2.3.4 Scanning Electron Microscopy

T he m orphology  o f  various so lid  sam p les w as investigated  u sin g  a Jeo l JSM - 
5 4 1 0 L V  Scanning E lectron  M icroscop e. T he dry pow der w as m ounted  onto m etal 
stubs u sin g  a p iece  o f  d ou b le-sid ed  con d u ctive  ad h esive  tape and vacu u m -coated  w ith  
gold .

I l l  So lid -Sta te  St a b il it y

S o lid  state reaction can be either ch em ica l reactions or p h ysica l transform ation  
(3 7 ). O b jective  o f  th is study w a s to evaluate the su scep tib ility  o f  V P U  to 
p h y sico ch em ica l transform ation such  as p olym orphic transform ation by tem perature. 
S o lid  state transform ation a ffects the p h ysicoch em ica l properties o f  com pound .

T he solid -state therm al degradation o f  V P U  w as studied  b y  p lac in g  the  
reference V P U  sam ples o f  k n ow n  w eig h t (approxim ately lg )  into 5 m l op en  am ber 
g la ss v ia ls . The v ia ls w ere then, p laced  in a desiccator con ta in in g  silica  gel to  
m aintain  0%  R H  dryness. A  M ammert® o v en  w as used  to m aintain  constant 
tem perature at 50 , 60 , 70  and 80°c (± 2 °C ). Sam ples w ere co llec ted  at tw o  and four  
w eek s interval. M orphology  o f  the sam p les at four w eek s interval w ere then exam in ed  
by SE M . The ch em ical integrity o f  sam p les w ere determ ined by TLC  and FTIR as 
m en tion ed  previously  and the so lid  state integrity w as determ ined by a quantitative  
X R P D  assay.
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Quantitative X-ray Powder Diffraction analysis

X R P D  can be used for the quantitative determ ination o f  phase com p osition . 
Q uantitative X R P D  analysis w ith  sod ium  chloride as an internal standard w as used in 
th is study.

D eterm ination  f o r  the O ptim al Proportion  o f  Sodiu m  C hloride

The reference V P U  w as m ixed  w ith  sod ium  chloride at concentration  o f  5, 10, 
20 , 30  and 40%  พ /พ . The m ixtures w ere prepared and characterized by the m ethod  
described  in the next section.

S am ple  prepara tion

V P U  sam ples obtained from  stability  study w ere m ixed  w ith  sod iu m  ch loride  
(10%  พ /พ ) as an internal standard. To ensure uniform ity o f  the m ixture and reduce a 
m ix in g  problem  from  the static property o f  V P U , sodium  chloride w a s d isso lv ed  in a 
few  drops o f  water in a g la ss mortar, and then the V P U  sam ple w as added by  
geom etric  d ilu tion  technique (approxim ately 300  m g total w eigh t). T he m ixtures w ere  
a llo w ed  to dry at room  tem perature under reduced pressure. Then, the m ixtures w ere  
gen tly  ground in an agate mortar. T he fin e m ixtures w ere filled  into a sam p le holder  
m ade o f  a lum inium  con sistin g  o f  rectangular central cavity.

The m ixtures w ere filled  from  the back o f  the holder to reduced  preferred  
orientation (53 ). First, the face o f  holder w as covered  w ith  a g la ss slid e  bonded  w ith  
tape. E x cess  am ount o f  lo o se  pow der w as loaded from  the back, and then the surplus 
pow d er w as tam ped gently  and slice  o f f  w ith  ed ge o f  the spatula. T he back o f  holder  
w as then covered  w ith  alum inium  plate. F inally , the g lass slide w as rem oved  to y ie ld  
sm ooth  surface.

The experim ent w as repeated three tim es for each sam ple.
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T he pow der x-ray diffraction  patterns o f  the sam ples w ere acquired at am bient 
tem perature and atm osphere u sin g  a P h ilips A nalytical X -ray D iffractom eter (type  
P W 3 7 1 0 ) at 30  m A  and 4 0  k v  w ith  CuK a radiation. The sam p les w ere scanned  
con tin u ou sly , w ith  the diffraction angle increasing from  5° to 4 0 °  2 9 , w ith  a step size  
o f  0 .0 2 ° and count tim e o f  1 secon d  to be m ore accurate.

IV  So l u b il it y  M easurem ents

T he reference V P U  and the V P U  obtained  from  stability  study at 80°c for four 
w eek s w ere  se lected  for so lu b ility  study. T he sam p les w ere ground gen tly  in a g lass  
m ortar to  reduce size  variation b etw een  sam ples. E x cess  am ounts o f  V P U  pow der  
w ere added to  150 m l d istilled  w ater in sea led  2 5 0  m l flat-bottom ed  flask. Then, the  
sam p les w ere p laced  in 37°c (± 2 °C ) w ater bath, con sistin g  o f  agitator, shaken at 150 

rpm. A t su itable tim e intervals the sam p les w ere w ithdraw n, filtered  and diluted w ith  
aceton itrile  at ratio sam ple so lu tion  ะ aceton itrile  o f  7 ะ 3. T hen, the sam p les w ere  
assayed  for drug concentration by u v  spectrophotom eter (M ilton  R oy  Spectronic  
2 0 0 0  array) at X = 225  nm  (ท= 3).
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