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Abstract

Benzocaine (BZC), butambene (BTN) and isobutambene (BTI) are basic local anaesthetic agents of the ester type, preferentially
used for surgery and dental procedures. The compounds, official in the USP (BZC and BTN) and Ph. Eur. (BZC), were each
found to exist in two polymorphic crystal forms and their solid state characteristics have been determined by thermomicroscopy,
differential scanning calorimetry (DSC), FTIR-, FT-Raman-spectroscopy as well as X-ray powder diffractometry. This work
further emphasizes the comparison of solid state characteristics of three compounds with closely related structural features
on molecular level, leading to opportunities for the investigation of structure-property relationships.’Ntothe particular
thermodynamically stable form at room temperature in all of the three systems. This form is present in commercial products and
can be crystallized from solvents at room conditions. Mod. Il can be obtained by annealing the supercooled melt or fast cooling
of a saturated solution, respectively. The endothermic transformation of mod. Il to fngubri heating confirms that mod. |
is thermodynamically stable at ambient conditions (heat of transition rule) whereas mod. Il is enantiotropically related to mod.
19, i.e. is metastable at temperatures above the transition temperature. The metastable forms show different kinetic stabilities a
room temperature.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction CO: negatively charged linkage, commonly ester or
amide; hydr: hydrophilic group, tertiary or secondary
Local anaesthetics (LA) of a general formula amine) are representatives of a drug class well
lip—CO-hydr (lip: lipophilic end, mostly phenyl ring;  known for the formation of polymorphs and solvates
(Giron et al.,, 1997; Borka and Haleblian, 1990
"+ Tel.: +43 512 507 5370; fax: +43 512 507 2933, The hydrophilic group is responsible for the receptor
E-mail addressandrea.schmidt@uibk.ac.at. binding whereas the lipophilic and the linking group
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Fig. 1. Molecular structure of three local anaesthetic bases benzocaine (BZC), butambene (BTN), isobutambene (BTI) with atomic numbers.

affect the duration of actionGoodman and Gilman, They all agree that the compound comprises a flat

1998. molecule arranged, head to tail, in linear ribbon arrays
The present paper deals with the solid state char- via a N-H. - -.O=C association as found in some other

acterization and phenomena of crystal polymorphism local anaesthetics.

of three local anaesthetic basic compouniig.( 1), In the present study, we describe the formation, the

which cause reversible local loss of feeling before and physical properties and similarities of polymorphic

during surgery, dental procedures (including dental behaviour of the structural related BZC, BTN and

surgery) or labor and delivery. They generally are used BTI by thermal analytical methods, vibrational spec-

in topical compositions and methods for treating pain troscopy, powder X-ray diffraction and water-vapor

(Williams and zZhang, 2003 Benzocaine (BZC) and  sorption analysis evaluating their relative thermo-

isobutambene (BTI) moreover are used in sunscreendynamic and kinetic stabilities. Although the other

lotions as UV-absorbing active compounds with a analytical methods indicate a strong relationship

Sunscreen Index (SI) at a medium level of 9.6 (BZC), between the three compounds, X-ray studies show

9.2 (BTI), 8 (BTN) determined at an optical density of different crystal systems.

3.080A in a concentration of 1%Royle et al., 200p

BZC is official in the European (Ph. Eur.) and the US

Pharmacopoeia (USP) and BTN only is official in the 2. Materials and methods

USP. BTI, mainly used in cosmetics, is not official

in any pharmacopeia. The structural related methyl 2.1. Materials

p-hydroxybenzoate was one of the earliest being recog-

nized as organic polymorphic compound showing six ~ BZC: four samples of benzocaine (“uk aus

polymorphs Lindpaintner, 1939; Kofler and Kofler, H,Ol/ether 10/77”, “Dr. E. Ritsert's Anaesthesin

1954; Kuhnert-Brandatter, 197) and the crystal AMNG?”, “An asthesin Benzocain INN”, “Benzocaine

structure of the stable form (monoclinic) was solved B.P. Herba”) were available for this study. BTN/BTI:

with crystals grown from organic solutioZliengdong “Butamben EC No. 202-317-1 Lot 99H2514" and

et al., 1997. Thus, we expected the structural relatives “Cycloform Curta & Co. Berlin-Britz 941249” were

BTN and BTI to be polymorphic, too. used. All solvents used in this study were of p.a. (“pro
The existence of polymorphic crystal forms of analysis”) quality.

BTN and BTI has not been mentioned in any of the

previous analytical studies dealing with the solid state 2.2. Methods

properties of these compounds. The stable crystal form

of BTN was determined to be monoclinie¢vatanabe, 2.2.1. Hot-stage microscopy

2002. BZC was found to be dimorphicGfuno et The thermal behaviour of the solid state forms was

al., 1993 and the crystal structure of the stable form observed using a Olympus BH-2 polarizing micro-

was solved Baptista, 1968; Sinha and Pattabhi, 1987 scope (Olympus Optical Co. Ltd.) equipped with a

as orthorhombic B21212;) and revised llynch and Kofler hot-stage (Reichert, Vienna, A) and linked with

McClenaghan, 2002with crystals grown from an  adigital camera (Olympus DP50, Olympus Optical Co.

ethanolic solution being also monoclinid4;/c). Ltd.) using AnalySI& Image Processing software.
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2.2.2. Differential scanning calorimetry (DSC)

DSC-thermograms were recorded with a DSC 7
system (Perkin-Elmer, Norwalk, CT, USA) using the
Pyris 2.0 software. Samples of approximately 2 mg
(weights controlled ta-0.0005 mg using a UM3 ultra-
microbalance, Mettler, Greifensee, CH) were weighed
into Al-Pans (2%ul) with perforated cover. Dry
nitrogen was used as purge gas (purge: 20 mii)in
Low-temperature DSC-curves were recorded with
a DSC 7 (Perkin-Elmer), head temperatur80°C.
Both were calibrated with caffeine (236@) and
indium 99.999% (156.6C, 28.45 J/g).

2.2.3. Thermal gravimetric analysis
TGA-7 (Perkin-Elmer), sample weights 3-5 mg, Al-
pans (5Qul), N2> (sample purge: 20 ml/min).

2.2.4. Infrared-spectroscopy

Fourier transform infrared (FTIR)-spectra were
acquired on a Bruker IFS 25 spectrometer (Bruker
Analytische Messtechnik GmbH, Karlsruhe, D). Spec-
tra over a range of 4000—-400 cthwith a resolution
of 2cm1 (50 scans) were recorded on KBr tablets
(approximately 2mg PRCHC per 300 mg KBr). For
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in the angular range of°240° in 20. Temperature-
and moisture-controlled experiments were done with a
low-temperature camera TTK (Anton Paar KG, Graz,
A) and a SYCOS-H humidity control system (Asynco,
Karlsruhe, D).

2.2.7. Water-vapor sorption analysis

The moisture sorption isotherms were acquired
using a SPS-11 moisture sorption analyzer (MD
Messtechnik, Ulm, D). The measurement cycles were
started at 0% relative humidity (RH) and increased in
10% steps up to 90% RH and back to 0% RH. The
equilibrium condition for each step was set to a weight
constance of:0.007% over 40 min. The temperature
was 25+ 0.1°C.

3. Results and discussion

The crystal forms are named according to the
Kofler notation Kofler and Kofler, 195%using roman
numerals in the order of the melting points (i.e. the
form with the highest melting point is called mod. I).
The modification which is thermodynamically stable

temperature-controlled FTIR-spectra the samples were at 20°C is marked with a superscript zero.

prepared on ZnSe disks using a heating device (Bruker)

and the Bruker IR microscope | (Bruker Analytische
Messtechnik GmbH), with 16-Cassegrain-objectives
(spectral range 4000-600cM resolution 4cm?,
100 interferograms per spectrum).

2.2.5. Raman-spectroscopy
Raman-spectra were recorded with a Bruker

3.1. Preparation of the polymorphic crystal phases

BZC: Mod. I°, the thermodynamically stable form
atroom temperature, is present in commercial products
and crystallizes from all organic solvents tested in
this study, such as ethanol, ethanol 70%, methanol, 1-
propanol, 2-propanol, 1-butanol, 1-pentanol, acetone,

RFS 100 Raman spectrometer (Bruker Analytische acetonitrile, methylene chloride, trichlormethylene,

Messtechnik GmbH), equipped with a Nd:YAG Laser
(1064 nm) as excitation source and a liquid-nitrogen-

diethyl ether, ethyl acetata-hexane, cyclohexane,
1,4-dioxane, nitromethane, ethyl methyl ketone,

cooled, high-sensitivity Ge-detector. The spectra were dimethyl formamide, toluene and from the melt at
recorded in aluminium sample holders at a laser power temperatures above 66. Mod. Il can be crystallized

of 300 mW (64 scans per spectrum).

2.2.6. Powder X-ray diffractometry (PXRD)
The X-ray diffraction patterns were obtained using
a Siemens D-5000 diffractometer (Siemens AG, Karl-

by quenching a saturated solution of BZC in 1-butanol
at—8°C (Gruno et al., 1998and from the supercooled
melt below 64C.

BTN: Mod. I° is present in commercial products
and crystallizes from all organic solvents tested in this

sruhe, D) equipped with a theta/theta goniometer, a study and from the melt at temperatures above@ls

Goebel mirror (Bruker AXS, Karlsruhe, D), a 0715
soller slit collimator and a scintillation counter. The pat-

ternswere recorded at atube voltage of 40 kV and atube

current of 35 mA, applying a scan rate of 0.0@8 s+

Mod. Il can be crystallized from the supercooled melt
below 45°C.

BTI: Mod. 1%is present in commercial products and
crystallizes from all organic solvents tested in this study
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and from the melt at temperatures above @5Mod. birefringent crystals of the stable form mod. with
Il can be crystallized from the supercooled meltbelow a strong secondary texture. On heating up t6®0
45°C. using a heating rate of 5Kmift the crystals start

All of the three unstable crystal forms occur to condense and sublime intensely. Sublimates shaped
on quenching the melt or the solution, respectively, as square rooftiles precipitate on the slidiég( 2C)
according to Ostwald’s Rule of Stagé&stwald, 189Y. increasing until the temperature reaches the melting
Recrystallization from the solvents mentioned above point. The crystals and the sublimates melt at 88:5

did not lead to solvent adducts (pseudopolymorphs), (equilibrium of melting), which coincides with the
as expected from former investigations on local anaes- melting points given in the literature: 88-92 (US

thetics of the ester type&SChmidt, in press Pharmacopeia, 200088-90°C (Merck Index, 199§
89-92°C (Pharmacopeia Europaea, 200Zlowly
3.2. Characterization of the polymorphic crystal cooling the melt, mod9crystallizes after seeding with
phases a high crystallization rate as highly birefringent stems
and plates attemperatures abové®5Mod. Il crystal-
3.2.1. Thermal analysis lizes from the supercooled melt in capillary spherulites

Hot-stage microscopy-BZC: The commercial  being stable between two slides at room temperature
product consists of polyedric (100-2@@), highly for a few weeksig. 2A). On heating mod. Il slowly

Fig. 2. Micrographs of BZC, BTN and BTI crystal phases: (A) crystal film of BZC mod. Il &t@Q(B) crystal film of BZC mod.{ grown
over mod. Il at 65C, (C) sublimates (mod®) of BZC commercial crystals at 8@, (D) crystal film of BTN mod. Il at room temperature, (E)
crystal film of BTN mod. ? grown over mod. Il at about 7GC, (F) crystal film of BTI mod. Il at room temperature and (G) crystal film of BTI
mod. P grown over mod. Il at about 7AC.



190 A.C. Schmidt / International Journal of Pharmaceutics 298 (2005) 186197

transforms to modllat about 65C. The transforma- ~ G). Thus, the capability of crystallization is rather low
tion mostly starts from the border of the spherulithes, With BTl and the hot-stage microscopic behaviour of
where brightand highly birefringent stems and plates of the BTl crystals evidently differs from BZC and BTN.
mod. P grow into the spherulithes of mod. Fig. 2B). Differential scanning calorimetry-BTN and BTI
Probably, the commercial crystals investigated in Show very closely related thermal analytical behaviour,
this study were rapidly precipitated from a saturated Whereas the enthalpies of fusion differ a 16ig. 3
quenched solution primarily as mod. ID¢twald,  shows the DSC curves of BZC, BTN and BTI and
1897 and during the storage the crystals transformed to Table 1summarizes the thermophysical data. The sta-
the stable modflwith the striking secondary texture.  ble mod. P of all three compounds exhibit an endother-
BTN: The melting and crystallization behaviour is mic melting peak (BZC at 88.7C, BTN at 57.4'C and
closely related to BZC. The highly birefringent crystals BTl at54.6°C) with fusion enthalpies of 20.5 kJ mdl
of the commercial product scarcely show a secondary (BZC), 23.9kImot! (BTN), 10.7kJmoat! (BTI).
texture and the sublimation rate is lower than that of BZC and BTN can be recrystallized from the melt,

BZC. Mod. Il transforms to mod.llat about 45C. whereas BTI does not nucleate at all (see hot-stage
The shapes of the two phases and the transformationmicroscopy). On cooling the commercial samples
behaviour of BTN are very similar to BZGF{g. 2D using a cooling rate of 5Kmin' a phase transi-
and E). tion to the unstable mod. Il could be recognized

BTI: The crystals of the commercial product as well with BTN at 8°C (0.8 kJmot™), with BTl at —10°C
asthe crystals purified by recrystallization from toluene (0.4 kJ mot™?), but not with BZC. Crystallization from
and from ethanol melt over a larger temperature interval the melt directly in the DSC pan was not successful to
than BZC and BTN. The crystals show neither subli- receive the DSC-curves of mod. Il. The unstable modi-
mation on heating nor recrystallization on slow or fast fication of BZC only was achievable by crystallization
cooling of the melt. Crystallization of mod. Il from the ~ from solvent and shows an endothermic phase transi-
supercooled melt only succeeded by seeding with com- tion to the stable mod®lat 81.5°C with an enthalpy of
mercial crystals at temperatures between 40 arfi60 ~ approximately 1 kJmot! (Gruno et al., 1998 Mods.

but the crystallization rate is very slowig. 2F and Il of BTN and BTl endothermally retransform to mods.
30 -
25 4
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— mod. I°
2 20
8 —
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2 BTN
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Fig. 3. DSC-curves of BZC, BTN and BTI crystal forms. Measurement cycles started @ 26oling down to-40°C and heating up to 70,
80 and 100C, respectively. Heating/cooling rates: 5K min



Table 1

Physicochemical data of BZC, BTN and BTI crystal forms

Compound BzC BTN BTI
Crystal form Mod. Il Mod. ? Mod. Il Mod. I° Mod. Il Mod. 1°
Production From the Commercial From the supercooled = Commercial From the supercooled = Commercial product,

Melting point (C)
Enthalpy of fusion
(kI mol1) £95% c.i.
Transition temperature
(°C) (experimental,
DSC onset)

Enthalpy of transition
(kI molt) £95% c.i.

IR data (cnTt) vNH,

Order of
thermodynamics
stability of
polymorphs at a.c.

Kinetic stability
(storage, 20-2%C,
30-45% RH)

supercooled
melt and from
1-butanol at
—-8°Cca

21.8ac.

81.8

—mod. P
1.7

—mod. P

3407

Few month8

product, from all
tested solvents at
a.c. and from mod.
Il by solid—solid
transition (HSM)

88.7+0.6
20.5£0.2

3410

Stable

melt and from mod.9
by solid—solid
transition (DSC)

24 Zalc.

12+0.2

— mod. P

0.8+0.1

— mod. P

1 day

product, from all
tested solvents at
a.c. and from
mod. Il by
solid—solid
transition (HSM,
DSC)

57.4+0.4
23.9+0.2

3396

Stable

melt and from mod.9
by solid—solid
transition (DSC)

11.%ac.

-6+£0.6

— mod. P

0.4£0.1

— mod. P

1h

from all tested
solvents at a.c. and
from mod. Il by
solid—solid transition
(HSM, DSC)

54.6+£0.3
10.7+£0.1

3378

Stable

DSC: differential scanning calorimetry, HSM:

2 Data from literature@runo et al., 1998

hot-stage microscopy, calc.: calculated, c.i.: confidence interval, a.c.: ambient conditions.

16T-98T (S002) 862 SonnadeuIeyd JO [eunor [eUORBUIBIU| / IPILYDS D'V

16T
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Fig. 4. FTIR-spectra of BZC, BTN and BTI stable crystal forms at room temperature (KBr method).

1% in a very small temperature interval at a2 (BTN, structure during the phase transition in these three poly-
DSC onset) and-6°C (BTI, DSC onset), respectively. ~morphic systems.

The enthalpy differences between the polymorphic ~ Thermogravimetry did not show significant
forms lie between 0.4 and1 kJ mot, whicharerela- ~ amounts of residual solvents (<0.04%), but a con-
tively low values compared to other local anaesthetics, tinuous weight loss due to sublimation could be
indicating similar and low changes within the crystal registered.

Lo 1 |

BZC i

P _
o | W

T T T T T T T T T T T T T
3500 3000 2500 2000 1750 1500 1250 1000 750 500 250
Wavenumber [cm-1]

Raman units
1 1
<
T

BTN

Fig. 5. FT-Raman-spectra of BZC, BTN and BTI stable crystal forms at room temperature.
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Fig. 6. Solid staté3C NMR-spectra of BZC, BTN and BTl stable crystal forms at room temperature.

3.2.2. Spectroscopy FTIR), probably caused by different arrangements

FTIR- and Raman-spectroscopyBoth, FTIR- of the methylene groups (asymmetric CH-stretching
(Fig. 4 and Raman-spectra of the stable crystal forms vibrations Gruno et al., 1998. Smaller differences
(Fig. 5 show closely related structural composition of were found in the range ofC=0, stretching vibrations
the three compounds. With the IR-microscopic method of hydrogens of the NHmoiety and hydrogen bond-
the IR-spectrum of BZC mod. Il could be recorded ings (3450-3220cmt, FTIR). The absorption band
from a thin crystal film between two ZnSe-tablets (not of the stable modllies at higher wavenumbers as that
shown). The polymorphs of BZC show minor (band of mod. Il, which evidences a larger entropy for mod.
shifts of 3-5cnm! in average, comparable to other 1° than for mod. Il. The latter is, related to the free-
conformational polymorphic LA%chmidt etal., 2002,  energy curves, the thermodynamic stable form at O K.
2004) but well reproducible differencesinnumberand This is consistent with the infrared rul®grger and
positions of absorption bands. The main differences lie Ramberger, 1979n contrastto many other compounds
in the range of molecular vibrations (3000-2800¢m of local anaesthetic agenSc¢hmidt, in pressyawhich

Table 2
Solid state carbon-13 chemical shifts for the stable crystal forms of BZC, BTN and BTl at ambient probe temperature and solution state carbon-13
chemical shifts from the Daresbury database

Carbon numbér BZC BTN BTI
SSNMR Databade SSNMR Databade SSNMR Databade
1 152.4 152 152.3 1524 152.0sh 1524
2and6 113.0; 117.4 116 112.8;116.9 113 113.1; 116.3 113
3and5 131.4;132.8 13 131.%;133.2 1316 130.3; 1325 1316
4 117.0 1166 131.%9 1239 130.8 1239
7 168.3 1653 168.3 167 168.0sh 1663
8 61.6 609 66.0 652 71.6 709
9 13.2 142 31.9 308 27.7 278
10 - - 21.9 18 19.3; 19.6sh 19.1
11 - - 14.1 1%
a SeeFig. 1

b UK Chemical Database Service Daresbury.
¢ sh: shoulder.
d Assignments uncertain.
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Fig. 7. Powder X-ray diffraction patterns of BZC, BTN and BTI modsahd BZC mod. Il (above) at room temperature. The differences in the
peak intensities are attributed to preferred orientation.

Table 3

Most important two theta position82p), d-spacingsd) and relative intensities)of the powder X-ray diffraction patterns of BZC polymorphic
crystal forms at 25C compared to the values from the literatu@rno et al., 1998

hkR BzC mod. P BZCo? BZC mod. II BzCp?

°20 d(A) I (%) °20 d(A) | (%) °20 d(A) I (%) °20 d(A) I (%)
002 847 1043 47 852 1036 24 877 1007 2 879 1005 18
011 1159 767 35 1152 7.63 16 1152 7.68 15 1057 836 3
013 1664 532 47 1671 530 55 1666 532 8 1658 534 10
004 16.94 523 100 17.02 520 74 1754 505 2 17.66 502 100
102 1875 4727 12 1878 4721 15 1869 474 2 1831 4840 14
014 2010 4415 67 20.16 4401 100 19.76 4490 10 1979 4483 6
103 2103 4220 16 2110 4207 29 2101 4224 6 2085 4257 34
104 2388 3727 48 2393 3716 99 2392 3718 21 2398 3709 87
006 2557 3485 12 2561 3476 14 2623 3395 3 2669 3338 19
105 2713 3284 34 2719 3278 68 2715 328 3 2752 3239 70
107 3446 2601 7 3446 2601 12 2715 328 3 3535 2537 14

The highest peak (intensity 100%) is set in bold letters.
a Data from literature@runo et al., 1998
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violate the infrared rule. Most of the exceptions of the
infrared rule found by Burger and Ramberger show an
amide moiety, which is missing within the group of
estertype LA (and with BZC, BTN and BT, too). Nev-
ertheless most of the ester type LA violate the infrared
rule probably supported by the NH-group in vinyl-
position to the carbonyl function. The shift of the=0

is also seen at 1700 cmh, FTIR. These findings agree
with the suggestion of a layer structure, which causes
the phase transformation by modifying the molecular
packing.

SSNMR-spectroscop$polid state NMR measure-
ments did not show significant differences between
the polymorphic forms in all three systems. THe-
spectra of the stable forms moB(Fig. 6) indicate each
a single molecule in the asymmetric unit of the three
compounds. Thé3C chemical shifts and assignments
are listed inTable 2in comparison with the estimated
13C shifts for the solution in DMSO from the Specinfo
database system at Daresbury, UK.

3.2.3. X-ray diffractometry

Powder X-ray diffractometry (PXRD)he X-ray
powder patterns of the stable forms of the three bases
are illustrated inFig. 7 and the positions and rela-
tive intensities for BZC, compared to the values found
in the literature, are listed ifiable 3 Comparison of
the patterns confirms the samples comprise different
polycrystalline structures. BTI commercial and recrys-
tallized samples probably show additional peaks of
another system, probably of a (polymorphic) impurity,
which is also indicated by the broadened peaks seen
in the DSC and IR- and by the multiple peaks in the
SSNMR-spectra. The PXRD pattern of BZC mod. Il
could be recorded after pouring the melt of BZC into the
ice-cooled sample holder, where mod. Il crystallized
immediately. This unstable polymorph shows a crys-
talline structure completely different from the stable
mod. P. The positions of the mod. Il peaks partly dif-
fer from the positions shown lgruno et al. (1993put
the data are not evident enough to assume that mod. II
possibly is a third polymorph of BZC. The differences
in the relative intensities are attributed to preferred ori-
entation.

3.2.4. Moisture sorption
The three compounds show no significant absorp-
tion of water at relative humidities between 0 and

195

0,30 1

BZC

dm [%]

10 20 30 40 50 60 70 80 90
RH [%]

0,30
0,25
0,20
0,15
0,10
0,05

BTN

dm [%]

0,00

0 10 20 30 40 50 60 70 80 90

RH [%]

0,30
0,256
0,20
0,15
0,10
0,05
0,00

dm [%]

10 20 30 40 50 60 70 80 90
RH [%]

0

Fig. 8. Moisture sorption isotherms of BZC, BTN and BTI stable
crystal forms at 25C. The mass change is corrected for the minimum
mass value at 0% RH. The measurement cycle started at 0% RH. The
whole cycle required about 3 days.

90% RH, so they can be classified as non-hygroscopic
compared to other local anaesthetic compounds of
this structural type §chmidt et al., submitted for
publication; Schmidt and Schwarz, 2005; Schmidt,
in press-§. The moisture sorption isotherms of the
three stable forms are depictedkig. 8 which only
show a continuous weight loss during the measurement
cycle. This effect is independent from the relative
humidity of the sample holder, which indicates that
the weight loss is caused by sublimation of the crystal
compounds (see hot-stage microscopy and TGA).
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crystallization
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2 Hyo
e (] |2 '
65°CHSM(BZC) e Hi
10°C (BTN)
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Fig. 9. Flow chart of BZC, BTN and BTI crystal forms and melt with transformation temperatures under ambient pressure conditions (left)

and semischematic energy/temperature-diagram of the polymorphs (Hgitithalpy,G Gibbs free energyaHs heat of fusion AHys heat of
transition and liq liquid phase (melt). Thermal data from DSC, HSM is the data from hot-stage microscopy.

3.3. Thermodynamic and kinetic stability of BZC, crystallized from a rapidly cooled saturated solution
BTN and BTI solid state forms shows a distinctly greater kinetic stability, with the
crystals remaining stable for several montk&uyno
Table 1 summarizes the most important ther- et al., 1993. This observation supports the results
modynamic data of the polymorphs as well as the of former investigations on the polymorphism of
wavenumbers of theNH IR-modes of the compounds local anaesthetic drugs examined by us where we
(intermolecular hydrogen bondings). The thermo- came to the conclusion that a crystallization process
dynamic relationship of the solid state forms of all from a solution or the melt provides these crystalline
three compounds is displayed in the semi-schematic structures with more kinetic stability than a solid—solid
energy/temperature-diagra@runenberg et al., 1996  transformation.
in Fig. 9along with a scheme showing the possible tran-
sition pathways between the forms. Since the mods. Il
of all three bases transform endothermally to mo¥s. | 4. Conclusions
each of the three pairs of polymorphs are enantiotrop-
ically related (heat of transition rule/g, 1995), and All of the three local anaesthetics of this study
thus, the mods.% are the thermodynamically stable are polymorphic compounds whereas only BZC was
forms above their particular transition temperature. known to be dimorphic. The different crystal forms of
Mods. I, which are obtained by recrystallization from BzC, BTN and BTI could be identified and proved
the melt (BZC) or by cooling the crystals of modS. | by thermal analytic and IR-microscopic methods. In
(BTN and BTI), transform to the stable mod3within all three cases, mod [s the stable form and present
a short time (confirmed by DSC) at room temperature. in commercial products. Mods. Il crystallize from
As with other polymorphic local anaesthetics, where the supercooled melt, are enantiotropically related to
the thermodynamically unstable form is only obtain- mods. P and thermodynamically stable attemperatures
able by cooling the crystalline sample (e.g. pramocaine below the thermodynamic transition points. Neverthe-
HCI (Schmidt et al., 2003, the mods. Il of BTN less, BZC mod. Il, crystallized from solution, exhibits
and BTI exhibit a low degree of kinetic stability, and a relatively high kinetic stability (a few months) at
transform to the more stable form rapidly on reheating ambient conditions. The experimental transition tem-
above the transformation temperature (see DSC). Theperatures were foundto lie between 45 and@5Thus,
thermodynamically unstable mod. Il of BZC, which is in the syntheses and formulation processes for drug
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products of these compounds it is possible to change Lindpaintner, E., 1939. Microscopic study of polymorphic sub-

crystal phases with different physical properties. In

order to avoid processing and stability problems asso-

ciated with unplanned changes in crystal structure, it
is important to know in an early preformulation state
which of the possible crystal forms are used, which
easily can be identified by DSC.
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