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,wrmcr 
The crystal size rud the length to width ratio o f  Nitrofiiran- 

toin, a11 anti-bacterial urinary tract drug, can he coritrollcvl 
using an appropriate mixture of solvcnts n n l  suitable crystal - 
lization coditions. 

(1PF) while with others no crystal s t n r t u r c  malificiition or 
canplexation was detected (IRx)2II). 

The length ( y )  t o  width (x) ratio OF t h e  Nitrofurantoin 
varies from 2.5 to 1.5 when crystallized frm pttre f u n k  i d d  or 

Sane solvents w i l l  €om udcsirablc canplexes with the dnig 

i n  a mixture with water or ethanol. 
The y/x values correspond to tlie solvent 

supersaturation (S) . 
The crystal growth regularity is ascribd 

power and thus when more regular crystals wi 11 

nternctioiis a d  

to t h e  solvent 
prccipi tat  c h io- 

availability and solubilization of tlie dnlg will increase. 
results were obtained when mixture of fonnic acid-ethanol solu- 
tion was used as crystallization &xiin yieIding large tatwlilr 
crystals. 

Best 

II.rnTT0N 

Sane organic chemists fee1 that once the molecular foniaila 
of a potential dmg is established and understood, the  c c n n p ~ ~ ~ ~ I  is 
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380 CART1 AND TIBIU 

twdy For fornutlittion ild no hrtfwr irivestigation is nedd.  Ycf 

cvery year, IUUICI'OUS papers uppeiir duuonstrating that the perfonn- 
i . 1 1 1 ~ ~  of d i  ffcrcnt Jnips tlepeids 011, ;woiig otltcr Imrawtcrr , the 
lmhit and crystalliiw idification oC tlw drug (1-61. 

Cvstal habit o f  an organic ccmpomd m y  tahlet well while 
another m y  cause difficulties. One crystalline modification may 
show better solubility arrf bio-availability than another p l y -  
po@i of the s w  drug (1). Those examples demonstrate only 
pans of the impcratrrnce of knowing the polymorphism and lobit mod- 

ifications of each organic cwpound prepred in tte laborator). 
d emphasizes the importance of having the capability to contal 
tlfa crystallization conditions. 

ahe crystaf1ine modifications, their stzuture and habit 
h g e s  were r e v i d  by Haleblian (1) for some pharmaceutical 
important solids. lhDng the factors affecting the crystal habit 
of the dntg, one can find the degr?e of supersancation, the M- 

ture OP crystallizing solvent pnf the presence of implrities in 
a fom of cosolute, cosolvsnts and adsha&le foreign materials 
(1). 
SQPQ cases those factors can also affect th cryttal s t n r ~ n  of 
the dnrg and c a w  the formation of polyrporph~ (7, 8) a 

In the following s.tudy w tried b establish the mle of 
those pun#tun  on the habit a d  mxiificiatim of an hportano 
drug apulufilcturcd[ in this country and in many others. N- (S- 
Ritro-2-f~lid)-l-eainohydantoi~ kwwr also as Nitro- 
furantoin (") is prepared according to kww-how incorporated 
in a series of international patents (9). It is known in phamm- 
cology for many years  as an intaxnal antiseptic and mainly as an 
antibacterial drtlpthexapeutic agent for oral  use useful for ths 

In a nubar of papers it was also pointed out, that in 

meafmwlt of Lpinary trrt infalctions. 
ahs purified producz is nportcd to be recrystallized fmr 

several polar solvents and Painly fra hthylforreaide m, 
Oi~lathylacstarida W), Mchloracctal~, acetic acid and a 
variety of acetic acids a d  water mixtuns. 
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MODIFICATIONS O? NITROFURANTOIN 381 

The pure product obtained fmn the ranufacturer is a 1emon- 

yellow fine povder w i t h  irregular shaped crystals in the range of 
1-Su. b n  the dmg as such is tabletted and taken orally, side 
effects were detected uith soam patients. Ihe drug partly dis- 
solves in the aal tracts causing vomitting effect. Maoencap- 
sulation of large size crystals of that d m g  was shin to  prevent 
this side effect  (10). 

'lkus, the aim of this study is to search for suitablc condi- 
tions for crystallization of the dmg ond to exwine aref i i l ly  
the effect of each parameter on the cxystal habit and stnctitrr 
of the dmg. In order to evaluate c r i t i ca l ly  the effect of-the 
crystallization conditions on the aystal characteristics, the 
'solubility c u m s  of NFI' in several solvents were detennined. 
[Ir the basis of tlds data the attainable npersatvratian in these 
solvents was also measured. 

WPERIEerrAL 

Miterials - pum N-(S-nitro-2-furfurylidene) -1-aminohydantoine 
(NIT) was obtained froa "Asia pahntaceudcal Industries, Israel" 
and its purity (>99.5%) was tested via kmun pmcdures and by 
repeated nystall izatians.  Its elrmental analysis showed C 

40.38% (40.35), tI 2 . 8 3  (2.52) a d  N 23.481 (23.53) and m.p. 
tta~ 269-271O (dcc-.) 

The solvents for crystallizatia, were spectroscopic grade 
(>Wt)  fonnic acid and spectroscopic grack mtlmnol, ethanol 
(99.51) and Jioxane from hfalinkrodt or  Bnker. 
Analytical CIethOds 

Saqles obtained fran the crystallization bath were exmined 
for their purity using sinrultanMus DTA, 'IG and arC; determinations 
on a rattler lhnmnalyzn mder controlled dxy n i t r o s n  flaw of 
5 l/h. Perkin Elmr, Great IR ,  h b d e l  4f7 spectrometer was used 

to evaluate possible complexes with the solvent (see fig. 1) 
elenmtal analyses were carried out af ter  every crystallization 
process. X-rays masureamnts were dane on carefully gromded 
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482 

Figure 1: N i  trofirrantoin crystals obtained fram BfF solus 
tion. .Ctagniturie of 130. 

powrler w i t h  Philips diffractorater using (31 radiaticm and N i  fil- 
ter. Diffractian analyses we= repeated savetal times using sam- 
p l e ~  crystallized f rom ~ ~ I + X A S  solwnts at  several c m d t i m a ,  

Bsemtiau on the crystal habit and detednatiran 0% the 

length to width ra t id  as well as aystals size wen done wing 
a scanning e l e m  micmxopa (ser). 

Crystallizatiar Techniques 
All the exparimts were carried out in a thermostatic bath 

Solubility ameu were obtained a ~ c ~ ~ d i n g  to procedures 
u i th  cmtrolled cooling profile. 

described elseuhere (11). Srperssturatian deteminatiau were 
canid art for aquilibriu carcantraticms of 40.C and cxystal- 

ahe coaling pmcsQra was disantinued after the beginning 
of crystallizatiar and ths cryltals w e n  remvexi from the solrp- 
tiat atto a slide glass and taken for inspecticm t o  the S M .  

l iath W ~ S  in t h ~  range of 9 -40.C. 
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HODIFICATIONS OF NITROPURANTOIW 383 

Solrrbility Data - 
In patents describing the ptcparation of Nitrofiirantoin, 

w~ricms polar organic solvents e r e  used for n stall it at ion and 
plr i f icat iar  purposes. Among them om cm find Diinethylforwmrirk 
(US); N i t m t d a a n e ;  Mmcthylacetaaide (DM) and sane codina- 
ticns of acetic acid and water (9). Several sol \mts  were ex- 
erein&, in  the prrsent snwr)., as crystallitotjon nedia. 

when W was used, big  and regular shaped crystals of Nitro- 
furantoin were obtained (Fig. 1). Mixtures of DM: w l t h  a variety 
of other polar solvents such as water, ethanol, ~lcthmof, dioxane 
caused forumtian of tabular crystals and large enough for micro- 
enqsula t icn .  HoweMr &en submitted to  elemental analysis, a 
carplex of the solvent with the salute was detected, C 41.63 
(40.38), H 4.03 (2.53), N 22.09 (23.42). IITA measummts, IR 

those findings. 
When acetic a d d  OT f d c  acid were used no such conplexa- 

ticn was observed (C 40.36, H 2.54, N 23.19) (Fig. 2-5) and thus 
f d c  acid was chosen as suitable crystallization solvent i n  
several um&inatiars w i t h  other polar solvents. X-rays diffrac- 
tions a d  elemental analysis of a l l  crystals obtained frorp formic 
acid eonfiraed an absence of canplexation. 

of the above mixtures can be used for industrial processes in 
which the crop has to  be crystallized. 

were detelmtined 8nd am presented in  Fig. 4. 

solvent for this substance. (Fig. 1 culvlc 1). Addition of 
inmasing arpurts of water in the formic acid will cause a 
drastic decrease in  the solubility of nitrofinantoin. 
a m c s  2, 6). By substituting the water with nethanol, ethanol 
or dioxane an increase in the NFT solubility in the mixture 
can be achieved (Fig. 3 m s  3, 4, 5). 

V t m c o p y  (Fig. 2) and X-ray diffractions (Fig. 3) confinned 

(Figures 2-3) 
lbmz~ results led us to  believe that any 

?he solubility cunrcs of Nitrofurantoin in those mixtures 

I t  can be seen that pun fonnic acid is thc mst powerful 

(Fig. 4 
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384 CART% AND T I B X U  

Figure 2 :  I n h - r e d  spectra of NW crystallized from 
(1) llC021!; (2) l ~ z l l : E t f l l ;  (3) iX02ii: dioxane 
in ccqarisan to NFT crystalIized from W (4) 
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HODIFICARONS OF NITROFURANTOIN 

A- - 
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386 CARTS AND T X B I U  

4r 

10 20 3 0  4 0  5 0  

T , O C  

Solihility curves OC Nitrohrantoin in (1) formic 
acid; (2) fonnic acid - 1l2O ( 4 : l )  (3) fonnic acid- 
EtOli ( 2 : l ) ;  (4) fomic acid-dioxane ( 2 : l ) ;  
(5) formic acid - bMXI [2:1); (61 formic acid 
1110 ( 2 : l )  D 

Sqersunlratim masuremen- 

liratim c a r d e n t  tapperarums )re= detected and the supersat- 
urat i -  values (4) wre calculated an& n w a ~ r i r e d  in Table 1. 
?he Tc, and S values &amstrate that whar changing the f low 
ngirr,  of the system by shaking QT stirring the solution, the 
supersaturatim values will decnase mprkedly. This phemnmon 
w a s  detected in each cne of the system investigated regardless 
of  the Corpositim of the solvent mixtures. The s a m  phenoarencn 
uas also detactected in systens of cholesterol (12), fatty acids 

3ased m the solubility cunres mssnrements, the crystal- 

(13) , 1 . 4 - l X - t - b ~ t y I k ~  (14) in p m v i e  shdia. 
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MODIFICATIONS OF NITROFURANTOIN 387 

TABLE 1 

Exp.No. a l v c n t  Crystallization ~ c , ~ ~ ~  (1 I s = 5 
c o d  i t ions (7 

1 in1p quiescent 1s 1.811 
shaken 23 1.574 
stirrctl 2s 1.4M 

I1 2 

3 ** 

a iKW~l:l120(4 : 1) quicsccnt 11 2.32s 

10 I K X ) i I :  t120(2: 1) quiescent 9 .2.608 

shakcn 22 I .785 
st irrd 27 1.562 

w w  5 
9 19 

shaken 21 1.818 
s t i r red  2s 1.558 

W I  I 1  
12 
13 IICOz11:Wl(2: 1) quiescent 17 2.78 

shaken 29 1.576 14 

s t i r r ed  38 1.050 15 
16 IICO~l:EtUI(Z: 1) quiesccnt 9 2.520 
17 11 shaken - -  - -  

s t i r red  24 1.600 18 
19 liCO+l:dioxme quiescent 15 1 A92 

siwken 19 1.692 20 

stirred 26 1.543 21 

11 

11 

tt 

I W  

I 1  

11 

The effect of solvent camposition on die supcrsattrrirtion 
values of nitroCtirnntoin solutions obtained i n  wiriuts Clow 
regime a t  0.03°C/ein cooling rate. 

)Ts=4O0C 

The carparison of the supena tma t i a t  data obtained for 
various solvents in  quiescent systems s h  an increase in  the 
valrrts w i t h  the decrnase in the solubili ty pawer. Thus Nitro- 
furantoin will precipitate a t  lS°C (S-1,811) when crystallized 
frun tla)$:f120(4:1) and a t  9% (S-2.608) when 2:l tKX)21i:f120 was 

used. The same trend was detcctcd for shaked and stirred solu- 
tions (see Table 1). 
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Obsicrvatiolis of Crystal llilbi t 

e1aspset.I fram the beginning of the precipitation unt i l  the with: 
druwl of thc simple. There was IY) detectable clwnge ei ther  in 
lwbit or i n  size of crystals taken fran any particular solvent 
withing periods of 10 sec to 30 min. a f t e r  the onset of crystal-  
lization. 
treatwent is sllonr in Fig.  5 fraa which i t  can be seen that the 
crystals arc very  slpull ( 0 . 5 - 1 ~ )  a id  tabular with y/x r a t i o  of 
1.2.5. 
in a cpiiasiccnt systm, cooled a t  O.U3'C/nin, a tahriar to iiecdle- 

liko crystal w s  o b t a i i d  with y/x r a t io  o€  8 (see Tuble 2 ) -  The 
ciyseals 4r-e larger i n  size (12s-800~).  

in s t i r r a l  or shaken systejas, when lower supersaturation values 
were wsurcd, swiller hut shorter crystals were ohtainql. 
6 )  as i l i u s t r a t d  in Fig. 6 and Tabla 2 .  

llzcl 4 : l )  tlle solubili ty decreased d the supersamratioii values 
obtained for the varicus flclw regime were larger tlun obtained i n  
pire foilvic acid. The crystals are bigger in size nnl more plate- 
l ike with y/rr r a t i o  o€  4 for s t i r red solution a d  y/x ra t io  of 
9 for qiiicssent systems (Pig. 7 ,  81, 

the fuiluic acid Jcuwserl even mre i t s  solubili ty a d  increasd 
the uqkrsaturntiori values. The crystals are  mlch suullcr irr 
size tluur w I m  detained frm pure formic acid a d  tabular t o  
needle-like wi th  y / x  ra t ios  of up to 26. ( f i g .  8, 10). On the 
ocher hand when ethilnol was used in caubination with fonaic acid 
very large ;uui well-sbprl crystals were obtained. The e€fcct 
qmn the supersaturation values was similar to that of water but 

less prorwriired. The crystals obtained i n  shaken a d  s t i r r ed  
solutions were tabular to  plate or cide l i k e  with y/x values close 
te 1.5 [Fig. 11, 12) and average s ize  o€ 170-300~. The mixtures 
of formic acid with d i o x m  yields similar hubits but =re twin- 
l i k e ,  or conglomerates (Fig. 13, 14) .  

The crystal lwbit was mt affected by the length of tiim which 

'fhe NFI' obtained I'raw the mrufacnircr without any 

w1r.11 crystall ization was p e r f o n d  i n  pare foiiaic acid, 

With t h e  same solvent 

( y / x  * 

Whcn wter was added to the crystall ization solvent [ILU~I: 

M i t i o n  of more water to  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



MODIFICATIONS OF NIlRORlaANMIN 389 

Figure 5: Nitrofurantoin crystals obtained €ran the Israeli 
manufacturer wittnxlt further crystnllizat ion: 
a) Megn. x 1000, b) k g n .  x S S h ,  c) h g i r .  x 
20,000. 
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Figure 6 :  Nitrofurantoin crystals obtained from formic acid 
in stirred soltrt ion at O.O3OC/min cooling rate, 
a) kgn.  x 32, b) k g n .  x 130, c) Mgn. x 540. 
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Figure 7 :  Nitrofurantoin crystals o b t a i n 4  from Fonaic x i t i  
water ( 4 : l )  solution in quiescent system a t  0.03"C/ 
min cooling nte. libyn. x SZ. 

Figure 8: Nitrofurantoin crystals obtaintxl Frola stirred 
fomipic acirl-uater (4 :  11 solution ;It 0.03°C/~nix~ 
cooling rate. Mqn. x 52. 
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Figure 9:  Nitrofurantoin crystal 1 izd from formic acid-water 
(2: l )  solution at 0.03°C/min cooling ntc. 
x 130. 

k g n .  

Figure 10: ?litrofiirontoin crystals abtoinal fmn st irrd 
formic acid-wtlter (2: I )  solution at 0.03"C/rttin 
cooling rate. Magn. x 540. 
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Figure 11: NitroEurautoin crystals obtained from quiescent 
formic acid-ethiulol (2:l) solution at al 0.Q3°C/min 
cooling rate, b) O.l°C/ain cooling rate. k g n .  x 
32. 

Figure 12: Crystallization of Nitrofurantoin frw stirred 
formic acid-ethanol (2:l) solution at 0.03*C/min 
cooiing rate a) kgn. x 130, b) hen. x 32. 
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Figure 13: Nitrohutcurtoin crystals o h t n i d  [ran s t i r red  
€omit ocid-dioxane (2: l )  solution i i t  O.O.i°C/min 
cooling rate. khgn. x 32. 

The effect  of cooling rtite on the metnstablc zone nitlttis was 

demonstrated in Table 3, €ran which it can Ix? seen t l u i t  wlicn nitro- 
furantoin was crystallized in formic acid-ctluimml (2: I ) soltit ion 
a t  a quiescent condition, thc  supersaturcltion valties increased 
reMrkcJly w i t h  an increase in the cooling rate. '~JIus, values 
of 2.520 and 2.051 were o b t a i d  a t  O.OI°C/min and l.O°C/min 
cooling rates respectively. Tile length to  width values increased 
wi th  t he  supersaturation Nlll k a n e  more elongated. 
dimens ions decreased cons idernbl y . 

Thc crystal  

DISCUSSICFl 

Thc use of solvents nich as lM0, IMF and 1MI w i l l  rcsiilt in 
crystals of regular shape ;id size bit cannot serve as crystal-  
l ization solvents since a complexation w i t h  t h e  solute takes 
place and the poisonws solvent remains in t h e  €ha1  prdiict. 

In a search for suitable solvents it was fairrl that ethyl 
acetate, formic a d  acetic acids w i l l  not canplex wi th  the solute. 
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TABLE 3 - 
Cuoling Tc(OC) S Y h  Crystals Fig. No. 
rate dimensions 
'C/ain (PI 

0.03 9- 10 2.520 3 230/760 l la  

0.1 8 2.745 S lOO/aOO l l b  

0. s 6 2.906 7 2S/2SQ - -  

1 ,O Q 3.051 7 W l S O  - -  

E f f e c t  of cooling rate on ryn?rs;lturation values, length to 
width ratios a d  crystal habit and s i r e  of dtrofurantoin 
crystallized i n  a mixture of formic-ethanol (2:l) a t  a quiescent 
solution. 

X-rays urePsurePl?nts, elerental ;ur;rlysis, infra-red spectra and 
differential thereal analysis proved that ths crystal structure 
of the NkT did not change after the crystallization. 

stsucture a d  habit of NFb can be governed by controlling the 
crystallization solvents and conditions in which the drug was 
precipitated. 
flow reginre curd solvent mixtures it was Eourd that cube-like 
crystals of significantly big size can bet obtained. 

Mixtures of formic acid with uater, dioxane methanol and 
ethanol did not change the crystal structure but had a significant 
effect on the  habit unl tha size of the NFT crystals. Regular 
shepal cubes crystals were obtained with an average size of 200- 

300 microns w h e n  mixture of 2:l Emmic acid-ethanol uas used as 
crystallization solvent in st irred solutions coolsd a t  0.03°C/min. 

The correlation between mcleation, crystal growth rates 
arrd supersaturation values has been shmmn in both inorganic and 
organic materiuls (15). J=kn At?, where J is the rrrleation 

The results of this work d-nstrate c lear ly  that the crystal 

Thus, by choosing the appropriate cooling rate,  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



UODIPICATIONS OF NITRONRANTOIN 39 7 

rate and AC is the nipcrwturcltioa voluc. llsirlg an a n p i r i d  
equation i t  was a lso  danonstritnl thut tlw length to  width r a t io  
of the crystals obtained is linearly r c l a t d  to tllc supersatura- 
tion valucs, y/x=& AC" (16). Asswing both equations are val id 
ia our system, it was reasonable to  search for suitahle solvcnt and 
crystall ization conditions to gain law stlpersnturation vnliics 
in order t o  decrease the r a t io  of length to width and obtain 
cubic or tabular crystals.  On the other h a d  high supcrscltura- 
tions caused bigger crystals i n  size sliitJle for microcncapsula- 
t ion. 

the crystall ization system. Agitation, mechimica1 shock, f r i c -  
t ion  and extreae preswre i  within the solution were slrown by 
early experiments t o  influence the supersolubility curve (15, 17, 
18). In nost studies it has been found generally that mechanical 
disturbance such as agitation can decrease supersaturation vat- 
ws a d  enhance rucleation anl crystal growth (15). This,  by 
shaking or s t i r r i n g  tlle crystall ization system tlle sulxrsatura- 
tion values for each solvent decrease and as a rcailt ttlc crystals 
obtained were sraaller i n  size hit less eiongated than dicri qu i -  
escent system was used. 

an increase i n  the coaling rate of the crystall ization system 
caused an increase i n  the supersaturation values and more elon- 
gated, needle-like crystals were collected. 
Nielsen (20), using the  classical nicleation relationship, demon- 
strated that there is a linear dcpemlence between thc cooling 
rate, log b, and the maximan allowable supersaturation, ACmlLu(. 

Those finlings were proven again i n  the  NkT solutions and 
thus i n  cooling r a t e  of l.O'C/min, the sitpersaturation v' .J 1 ues 
were remorkably larger than when the solution was cooled a t  
0 .  05°C/m (Table 3). 

In conclusion, it can be seen that in  order t o  obtain large 
cubical crystals one should examine possible sohite-solvent in- 

Flucleation cin often bc induced by external inflitcnces on 

The-effect of cooling rate was also exained a d  as expected, 

tW1t (19) and 
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398 CARTI AND TIBIKA 

reractions, ilrd the solubility p w r  of tlrc solvent. Then the 

crystnllizer slnnrlcl hc designed for low cooling rates ,  control 
d tqwraturcs ~ J J  appropriate o g i t n t  ioci. 
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