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ABSTRACT

The crystal size and the Jength to width ratio of Nitrofuran-
toin, an anti-bacterial urinary tract drug, can he controlicd
using an appropriate mixture of solvents and suitable crystal-
lization conditions.

Some solvents will form undesirable complexes with the drug
(IMF) while with others no crystal structure modification or
complexation was detected (IICO2il).

The length (y) to width (x) ratio of the Nitrofurantoin
varies from 2.5 to 1.5 when crystallized from pure formic acid or
in a mixture with water or ethanol.

The y/x values correspord to the solvent interactions and
supersaturation (S).

The crystal growth regularity is ascribed to the solvent
power and thus when more regular crystals will precipitate bio-
availability and solubilization of the drug will increase. Best
results were obtained when mixture of formic acid-ethanol solu-
tion was used as crystallization media yielding large tabular
crystals.

INTRODUCT TON

Some organic chemists feel that once the molecular fonmila
of a potential drug is established and understood, the compound is
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ready for formulation and no further investigation is needed. Yer
every year, muserous papers appear demwonstrating that the perform-
ance of different drugs depends on, wmong other parumeters, the
habit and crystulline modification of the drug (1-6).

Crystal habit of an organic compound may tablet well while
another may cause difficulties, One crystalline modification may
show better solubility and bio-availability than another poly-
morph of the same dyuyg (1). Those examples demonstrate only
parts of the importance of knowing the polymorphism and habit mod-
ifications of each organic compound prepared in the laboratory
and emphasizes the importance of having the capability to control
the crystallization conditions.

The crystalline modifications, their structure and habit
changes were reviewed by Haleblian (1) for some phammaceutical
important solids. Among the factors affecting the crystal habit
of the drnug, one can find the degr=e of supersaturation, the na-
ture of crystallizing solvent and the presence of impurities in
a form of cosolute, cosolvents and adsorbable foreign materials
(1). In a mumber of papers it was also pointed out, that in
some cases those factors can also affect the crystal structure of
the drug and cause the formation of polymorphs (7, 8).

In the following study we tried to establish the role of
those parameters on the habit and modification of an important
drug munufactured in this country and in many others. N-(S-
ni tro-2-furfurylidene) -1-aminchydantoine known also as Nitro-
furantoin (NFT) is prepared according to know-how incorporated
in a series of international patents (9). It is known in pharma-
cology for many years as an internal antiseptic and mainly as an
antibacterial chemotherapeutic agent for oral use useful for the
treatment of urinary tract infections.

The purified product is reported to be recrystallized from
several polar solvents and mainly from Dimethylformemide (IMF),
Dimsthylacetamide (DMA), Trichloracetaldehyde, acetic acid and a
variety of acetic acids and water mixtures.
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The pure product cbtained from the manufacturer is a lemon-
yellow fine powder with irregular shaped crystals in the range of
1-5y. V¥hen the drug as such is tabletted and taken orally, side
effects were detected with some patients. The drug partly dis-
solves in the oral tracts causing vomitting effect. Microencap-
sulation of large size crystals of that drug was showmn to prevent
this side effect (10).

Thus, the aim of this study is to search for suitable condi-
tions for crystallization of the drug and to examine carefully
the effect of each parameter on the crystal habit and structure
of the drug. In order to evaluate critically the effect of the
crystallization conditions on the crystal characteristics, the

‘'solubility curves of MFT in several solvents were determined.

On the basis of this data the attainable supersaturation in these
solvents was also measured.

EXPERIMENTAL

Materials - pure N-(5-nitro-2-furfurylidene)-1-aminohydantoine
(NFT) was obtained from "“Assia pahrmaceutical Industries, Israel”
and its purity (>99.5%) was tested via known procedures and by
Tepeated crystallizations, Its elemental analysis showed C
40,38% (40.35), H 2.83% (2.52) and N 23.48% (23.53) and m.p.

was 269-271° (decomp.)

The solvents for crystallization were spectroscopic grade
(>99%) formic acid and spectroscopic grade methanol, ethanol
(99.5%) and dioxane from Malinkrodt or Baker.

Analytical Methods

Samples obtained from the crystallization bath were examined
for their purity using simultaneous DTA, TG and DTG determinations
on a Mettler Thermoanalyzer under controlled dry nitrogen flow of
S 1/h, Perkin Elmer, Great IR, Model 457 spectrometer was used
to evaluate possible complexes with the solvent (see fig. 1)
elemental analyses were carried out after every crystallization
process. X-rays measurements were done on carefully grounded
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Figure 1: Nitrofurantoin crystals obtained from DMF solu-
tion. ‘Magnitude of 130,

powder with Philips diffractomster using Cu radiation and Ni fil-
ter. Diffraction analyses were tepeated several times using sam-
ples crystallized from variocus solvents at several conditions.

Observations on the crystal habit and detemmination of the
length to width ratios as well as crystals size were dane using
a scanning electron microscope (SEM).

Crystallization Techniques

All the experiments were carried out in a thermostatic bath
with controlled cooling profile.

Solubility curves were obtained according to procedures
described elsewhere (11). Supersaturation determinations were
carried out for equilibrium concentrations of 40°C and crystal-
lization temperatures were in the range of 9 -40°C.

The cooling procedure was discontinued after the beginning
of crystallization and the crystals were removed from the solu-
tion onto a slide glass and taken for inspection to the SEM.
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RESULTS

Solubility Data

In patents describing the preparation of Nitrofurantoin,
various polar organic solvents were used for crystallization and
purification purposes. Among them one can find Dimethylformamide
(IMF) ; Nitromethane; Dimethylacetamide (IMA) and sowe combina-
tions of acetic acid and water (9). Several solvents were ex-
amined, in the present study, as crystallization media.

When DMF was used, big and regular shaped crystals of Nitro-
furantoin were obtained (Fig. 1). Mixtures of DMF with a variety
of other polar solvents such as water, ethanol, methanol, dioxane
caused formation of tabular crystals and large enough for micro-
encapsulation, However when submitted to elemental amalysis,. a
conplex of the solvent with the solute was detected, C 41.63
(40.38), H 4.03 (2.53), N 22,09 (23.42). DNTA measurcments, IR
spectroscopy (Fig. 2) and X-ray diffractions (Fig. 3) confirmed
those findings.

When acetic acid or formic acid were used no such complexa-
tion was observed (C 40.36, H 2.54, N 23,19) (Fig. 2-3) and thus
formic acid was chaosen as suitable crystallization solvent in
several combinations with other polar solvents. X-rays diffrac-
tions and elemental analysis of all crystals obtained from formic
acid confirmed an absence of complexation. (Fipures 2-3)

Those results led us to believe that any
of the above mixtures can be used for industrial processes in
which the crop has to be crystallized.

The solubility curves of Nitrofurantoin in those mixtures
were determined and are presented in Fig. 4.

It can be seen that pure formic acid is the most powerful
solvent for this substance. (Fig. 1 curve 1). Addition of
increasing amounts of water in the formic acid will cause a
drastic decrease in the solubility of nitrofurantoin. (Fig. 4
curves 2, 6). By substituting the water with methanol, ethanol
or dioxane an increase in the NFT solubility in the mixture
can be achieved (Fig. 3 curves 3, 4, §5).
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Figure 2: Infra-red spectra of NFT crystallized from
(1) HCD,1Y; (2) HCOM:EtOH; (3) LCD,li: dioxane
in comparison to NFT crystallized from IMF (4)

RIGHTS

i,



385

MODIFICATIONS OF NITROFURANTOIN

B0 (€) HOIT:MEOOH (2) ‘HiaoH (1)

woxj pazIT1edsad [N JO UOTIDBIFIIp SAeL-X :¢ aandyy
[-}4 82 e
-0t $2 14 of §2 02 S 2t 14 02 st
f v A LI T T T Lo § T [] T
i

- .y

b ' M 3 ,)m‘_ Mp
TR

*Ajuo asn [euos.sed 104
ZT/0Z/T0 Uo 1Uel|fe N 0LBq|Y ed9101|q1g AQ WOD'9./e0y}[esyewliojul wolj papeojumoq AJewreud felisnpu| pue juswdoprag Bnig

i,

RIGHTS



Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/20/12

For personal use only.

386 GARTI AND TIBIKA

4r
{1)
3
(2)
c
L)
2 (3)
<
- 2 14)
o
o (8)
Q
~ {6
I
»
3
°
e -
>
A i - J
o] 20 30 40 50
T.,°C
Figure 4: Solubility curves of Nitrofurantoin in (1) formic

acid; (2) formic acid - 110 (4:1) (3) fommic acid-
EeOH {2:1); (4) formic ucid-dioxane (2:1);

(5) formic acid - MeOil (2:1); (6) formic acid

0 (2:1).

Supersaturation measurements

Based an the solubility curves measurements, the crystal-
lization convenient temperatures were detected and the supersat-
uration values (Se5) wers calculated ani summarized in Table 1.
The Tc, and S values demonstrate that when changing the flow
regime of the system by shaking or stirring the solution, the
supersaturation values will decrease markedly. This phenomenon
was Jetected in each ane of the systems investigated regardless
of the cosposition of ths solvent mixtures. The same phenomenon
was also detectected in systems of cholesterol (12), fatty acids
(13), 1,4-Di-t-butylbenzene (14) in previous studies.
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TABLE 1

Exp.No. Solvent  Crystallization Tco. (1)  S=%
corditions o C*

1 lﬂ]zll quiescent 15 1.811
2 " shaken 23 1.574
3 * stirred 25 1.436
4 IICOZH:IIZO( 4:1) quiescent 11 2.328
S " shaken 22 1.785
9 ' stirred 27 1.562
10 llCOzll:IIZO(Z:l) quiescent 9 2.608
11 " shaken 21 1.818
12 " stirred 25 1.558

13 IICOZH:Me(ll(Z:l) quiescent 17 2.78
14 " shaken 29 1.576
15 " stirred 38 1.050
16 l[ZOZII:EtOII(Z:l) quiescent 9 2.520

17 " shaken .- --

18 ! stirred 24 1.600
19 ICOZH:dioxane quiescent 18 1.892
20 " shaken 19 1.692
21 " stirred 26 1.543

The effect of solvent composition on the supersaturation

values of nitrofurantoin solutions obtained in various f{low
regime at 0.03°C/min cooling rate.

(Mrsagoec

The comparison of the supersaturation data obtained for
various solvents in quiescent systems shows an increase in the

values with the decrease in the solubility power,

Thus Nitro-

furantoin will precipitate at 15°C (S=1.811) when crystallized
from HOO,H:H,0(4:1) and at 9°C ($+2.608) when 2:1 HOO,H:1L,0 was
used. The same tremi was detected for shaked and stirred solu-
tions (see Table 1).
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Observations of Crystal ikbit
The crystal habit was not affected by the length of time which

eluspsed from the beginning of the precipitation until the with-
druwal of the sample. There was no detectable chunge either in
habit or in size of crystals taken from any particular solvent
withing periods of 10 sec to 30 min. after the onset of crystal-
lization. The NFT obtained frowm the manufacturer without any
treatwent is shown in Fig. 5 from which it can be seen that the
crystals are very swull (0.5-1u) and tubular with y/x ratio of
n2.5. When crystallization was performed in pure fommic acid,

in a quiescent system, cooled at 0.03°C/min, a tabular to needle-
like crystul was obtained with y/x ratio of 8 (see Tuble 2). The
crystals are larger in size (125-800u). With the same solvent

in stirred or shaken systems, when lower supersaturation values
were measured, smuller but shorter crystals were obtained. (y/x =
6) as illustrated in Fig. 6 and Table 2.

When water was added to the crystallization solvent (I-l.‘uzll:
l|20 4:1) the solubility decressed and the supersaturation values
obtained for the various flow regime were larger than obtained in
pure formic acid. The crystals are bigger in size and more plate-
like with y/x ratio of 4 for stirred solution and y/x ratio of
9 for quicscent systems (Fig. 7, 8). Addition of more water to
the furmic acid decreased even more its solubility and increased
the supersaturation values. The crystals are much smaller in
size than when detained from pure formic acid and tabular to
newdle-like with y/x ratios of up to 26. (fig. 8, 10). On the
other hand when ethunol was used in cowbination with formic acid
very large and well-shuped crystals were obtained. The effect
upon the supersaturation values was similar to that of water but
less pronounced. The crystals obtained in shaken and stirred .
solutions were tabular to plate or cube like with y/x values close
to 1.5 (Fig. 11, 12) and average size of 170-300u. The mixtures
of formic acid with dioxune yields similar habits but more twin-
like, or conglomerates (Fig. 13, 14).
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Figure §5: Nitrofurantoin crystals obtained from the Israeli
manufacturer without further crystallization:
a) Magn. x 1000, b) Magn. x 5400, c) Magn. x
20,000,
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Figure 6: Nitrofurantoin crystals obtained from formic¢ acid
in stirred solution at 0.03°C/min cooling rate.
a) Magn. x 32, b) Magn. x 130, c) Magn. x 540.
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e

Figure 7: Nitrofurantoin crystals obtained from fomic acid
water (4:1) solution in yuiescent system at (.03°C/
min cooling rate. Mayn. x 32.

o
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Figure 8: b{itrgfurantoin crystals obtained from stirred
tomic acid-water (4:1) solution at 0.03°C/min
cool ing rate. Magn. x 32.
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Figure 9: Nitrofurantoin crystallized from formic acid-water
(2:1) solution at 0.03°C/min cooling rate. Magn.
x 130.
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Figure 10: Nitrofurantoin crystals obtained from stirred
formic acid-water (2:1) solution at 0,03°C/wmin
cooling rate. Magn. x 540.
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Figure 11: Nitrofurantoin crystals obtained from quiescent
formic acid-ethanol (2:1) solution at a) 0.03°C/min
cooling rate, b) 0.1°C/min cooling rate. Mugn. x
32,
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Figure 12: Crystallization of Nitrofurantoin from stirred
formic acid-ethanol (2:1) solution at 0.03°C/min
cooling rate a) Magn. x 130, b) Magn. x 32.
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Figure 13: Nitrofurantoin crystals obtained {rom stirred
formic acid-dioxane (2:1) solution at 0.03°C/min
cooling rate. Magn. x 32.

The effect of cooling rate on the metastable zone widths was
demonstrated in Table 3, fram which it ¢an be seen that when nitro-
furantoin was crystallized in fomic acid-ethanol (2:1) solution
at a quiescent condition, the supersaturation values increascd
remarkedly with an increase in the cooling rate. Thus, values
of 2.520 and 2.051 were obtained at 0.03°C/min and 1.0°C/min
cooling rates respectively. The length to width values increased
with the supersaturation and became more elongated. The crystal
dimensions decreased considerably.

DISCUSSION

The use of solvents such as IMSO, IMF and IMA will result in
crystals of regular shape and size but cannot serve as crystal-
lization solvents since a complexation with the solute takes
place and the poisonous solvent remains in the final product.

In a search for suitable solvents it was found that ethyl
acetate, formic amd acetic acids will not complex with the solute.
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TABLE 3
Cooling Tc(°C) S y/x Crystals Fig. No.
rate dimensions
°C/min (n)
0.03 9-10 2.520 3 230/760 ila
0.1 8 2.748 S 160/800 11b
0.5 6 2.906 7 25/250 .-
1.0 6 3.081 7 15/150 --

Effect of cooling rate on supersaturation values, length to
width ratios and crystal habit and size of nitrofurantoin
crystallized in a mixture of formic-ethanol (2:1) at a quiescent
solutiom.

X-rays measurements, elesental analysis, infra-red spectra and
differential thermal analysis proved that the crystal structure
of the NFT did not changye after the crystallizationm.

The results of this work demonstrate clearly that the crystal
structure and habit of NFT can be governed by controlling the
crystallization solvents and conditions in which the drug was
precipitated. Thus, by choosing the appropriate cooling rate,
flow regime and solvent mixtures it was found that cube-like
crystals of significantly big size can be obtained.

Mixtures of formic acid with water, dioxane methanol and
ethanol did not change the crystal structure but had a significant
effect on the hubit and the size of the NFT crystals. Regular
shaped cubes crystals were cbtained with an average size of 200-
300 microns when mixture of 2:1 fromic acid-ethanol was used as
crystallization salvent in stirred solutions cooled at 0.03°C/min.

The correlation between mucleation, crystal growth rates
and supersaturation values has been shown in both inorganic and
organic materials (15). J-kn AC", where J is the nucleation
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rate and AC is the supersaturation value. Using an ompirical
equation it was also demonstrated that the length to width ratio
of the crystals obtained is linearly related to the supersatura-
tion values, y/x-l% act (16). Assuming both equations are valid

in our system, it was reasonable to search for suitable solvent and
crystallization conditions to gain low supersaturation values

in order to decrease the ratio of length to width and obtain

cubic or tabular crystals. On the other hand high supersatura-
tions caused bigger crystals in size suitable for microencapsula-
tion.

Nucleation can often be induced by external influences on
the crystallization system. Agitation, mechanical shock, fric-
tion and extreme pressures within the solution were shown by
early experiments to influence the supersolubility curve (15, 17,
18). In most studies it has heen found generally that mechanical
disturbance such as agitation can decrease supersaturation val-
ues and enhance mucleation and crystal growth (15). Thus, by
shaking or stirring the crystallization system the supersatura-
tion values for each solvent decrease and as a result the crystals
obtained were smaller in size but less elongated than when qui-
escent system was used.

The- effect of cooling rate was also examined and as expected,
an increase in the cooling rate of the crystallization system
caused an increase in the supersaturation values and more eion-
gated, needle-like crystals were collected. thvlit (19) and
Nielsen (20), using the classical micleation relationship, demon-
strated that there is a linear depemdence between the cooling
rate, log b, and the maximm allowable supersaturation, AC .. .

Those findings were proven again in the NFT solutions and
thus in cooling rate of 1.0°C/min, the supersaturation values
were remarkably larger than when the solution was cooled at
0.03°C/m (Table 3).

In conclusion, it can be seen that in order to obtain large
cubical crystals one should examine possible solute-solvent in-
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teractions, amd the solubility power of the solvent. Then the

crystullizer should be designed for low cooling rutes, coutrol

of tuemperatures amd appropriate agitation.

L B
. . .

v & N o v B
e e & @ 5 .

10.
1.

12.
13.
4.
18.

16.

17.

18.

19.
20.

REFEREMNCES

J.K. Hateblian, J. Pham. Sci., 64, 1269(1975).
K. talebtian and W. McCrone, J. Pharm. Sci., S8, 911(1869).

S. Roscnstein aml P. Lawmy, Amer. J. Hosp. Pharm., 26, 598,
(1969).

M. tlocke, Pharm. Weekbl., 104, 935(1969).

i. Saias, Amn. Phamm. Fr., 29, 263(1971).

L. de Silva Carbalho, Rev. Port. Phamm., 21, 8,(1971).

N. Garti, S. Sarig. E. Wellner - Submitted to .J. Crystul Gr.
K. Sato amd M. Ukadu, J. Cryst. Gr., 42, 259(1977).

U.S. Pat. 2610181 (1952); U.S. Pat. 2898335 (1959); U.S. Pat.
2908689 (1959); Jap. Pat. 19456 (1904); Ger. Pat. 1177644
(1964); Spun. Put. 288893 (1963); Ger. Pat. 1202281 (1965);
Brit. Put. 991664 (1965).

N. Garti, unpublished results

N. Garti. L. Karpnj and S. Sarig - accepted for publication
in Thermo. Chem. Acta.

N. Garti. S. Sarig amd E. Wellner - submitted to J. Cryst. Gr.
N. Garti, S. Sarig and L. Karpuj - submitted to J. Cryst. Gr.
N. Garti, C. Leci and S. Sarig - submitted to J. Cryst. Gr.

J.W. Mullin, "Crystallisation' Sec. ed., Butterworths,
Lomlon, 1972, p. 136.

J. Brzymek, Urzemysl. Chem., 21, 279 {1937); through Chem.
Abstr., 32, 2802 (1938).

J.C. Fisher, J.H. Holloman and D. Turnbull, Science, 109,
168 {1949).

J.W. Mullin and X.D. Raven, Nature, London, 190, 251 (1961);
195, 35(1962).

J. Nyvlt, J. Cryst. Gr., 3/4, 377 (1968).

A.E. Nielsen, "Kinetics of Precipitation’ Pergamon, Oxford,
1964.

RIGHTS

i,



