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Abstract  0 Guanabenz, [ (2,6-dichlorobenzylidene)amino]guanidine, 
acetate was shown to be the E-isomer. I t  decomposed to form the Z-iso- 
mer, 2,6-dichlorobenzaldehyde, aminoguanidine, and 2,g-dichloro- 
benzaldehyde semicarbazone. A stability-indicating assay for the intact 
drug in the presence of all of ita decomposition products by the use of UV 
spectroscopy is presented. 
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Guanabenz, [ (2,6-dichlorobenzylidene)amino]guanidine, 
acetate is being evaluated as an antihypertensive agent. 
To develop a stability-indicating assay, the drug was de- 
composed by all meaningful modes, i .e.,  hydrolytic, ther- 
mal (dry heat), and photolytic, and all degradation prod- 
ucts were isolated and identified. This paper describes the 
isolation and identification of these degradation products 
and the development of a rapid spectrophotometric assay 
specific for guanabenz in their presence. 

EXPERIMENTAL 

Guanabenz Degradation-Sufficient degradation products for 
characterization were obtained by using accelerated conditions. The 
hydrolysates were prepared by refluxing a guanabenz acetate solution 
in equal volumes of 2 N NaOH and ethanol for 8 hr or in 1 N HCI for 5 
days. These products were separated from the intact drug by a biphase 
extraction into chloroform from aqueous acid. 

Thermal degradation was studied by storing the drug substance a t  100 
and 75" for several weeks. 

The phatolytic degradation product was formed by exposing a 1% 
guanabenz solution in ethanol to UV light in a closed quartz vessel1 for 
1 week. The photolytic product was separated from guanabenz by column 
chromatography using silica gel2 as the adsorbent and increasing meth- 
anol concentrations in chloroform containing 1% ammonium hydroxide 
as the eluent. 

TLC-TLC was used to determine the purity of the isolated degra- 
dation products and to help establish their identity. Silica gel TLC plates 
with a fluorescent indicator? and an eluting solvent of chloroform- 
methanol-ammonium hydroxide (48.5:50:1.5) were used. Visualization 
was by shortwave UV light. 

For quantitative TIL, IOO-pg quantities were applied to the plate; after 
elution, the silica gel containing the intact guanabenz was scraped off and 
extracted from the silica gel with 10 ml of 10% 0.1 N NaOH in ethanol. 
The guanahenz concentration was determined by comparing the ab- 
sorbance of the resulting solution at 305 nm to the absorbance of a 
standard carried through the same procedure. 

NH 
CI 
/ (0)-CH=NNHCNH, I1 

k1 
I 

I A 10-cm pathlength spectrophotometric cell. 
*Silica gel grade 923, mesh 100-200, Grace &. Co., Davison Chemical Division. 

Baltimore, Md. 
Silica gel GF. Analtech Inc., Newark, Del. 

Spectrophotometric Analysis-UV spectra4 were obtained using 
I-cm path length silica cells and the described solvents. T o  obtain IR 
spectra5, samples were presented in the form of potassium bromide 
pellets. NMR spectra6 were obtained by preparing solutions of the 
samples in deuterated dimethyl sulfoxide containing tetramethylsilane 
as the internal marker. Mass spectra7 were obtained using an energy beam 
of 70 ev with the sample probe a t  150". 

Stability-Indicating Assay-Solvents-For the pH 4.5 buffer, a 0.2 
M aqueous monobasic sodium phosphate solution was diluted with an 
equal volume of methanol. 

For the pH 10.8 buffer, a 0.1 M aqueous dibasic sodium phosphate 
solution was adjusted to pH 10.8 with 5 N NaOH. Two volumes of this 
buffer were diluted with one volume of methanol. 

Procedure-The sample was quantitatively weighed or diluted into 
each solvent to obtain a concentration of 4 . 0 1  mg of guanabenz/ml. The 
method was applicable in the range of 0.004-0.015 mg of guanabenzhl.  
If the addition of the sample to the buffer solvent changed the pH by >0.1 
unit, the sample was neutralized with acid or base as necessary. 

The absorbance of each solution was determined a t  265 and 305 nm 
in a 1-cm silica cell versus a solvent blank. The guanabenz concentration 
(c) in the final solutions was calculated using the following equation: 

( A f '  - A$*) - 1.32(Af1 - A?') 
C =  (Eq. 1) 

where Af'  is the absorbance in pH 4.5 buffer a t  265 nm, A f 2  is the ab- 
sorhance in pH 10.8 buffer at 265 nm, As' is the absorbance in pH 4.5 
buffer a t  305 nm, and AS* is the absorbance in pH 10.8 buffer at 305 
nm. 

78.9 

RESULTS A N D  DISCUSSION 
Degradation Product Identification-Guanabenz was synthesized 

( 1 )  as the acetate by the condensation reaction of 2,6-dichlorobenzal- 
dehyde with aminoguanidine in the presence of acetic acid. Possible 
degradation hydrolysis routes were: (a) the reverse reaction of the syn- 
thesis, and (b) the replacement of the amino group on the guanidine by 
oxygen to give 2,6-dichlorobenzaldehyde semicarbazone. Both reactions 
occurred under reflux conditions in strong acid or base, based on a com- 
parison of TLC R/ values of the degradation products to those of the 
known compounds. 

For further proof of the reactions, the semicarbazone was isolated from 
the refluxed basic solution and identified by comparison of its IR spec- 
trum with that of an authentic sample prepared from 2,6-dichlorohenz- 
aldehyde and semicarhazide hydrochloride using the classical method 
(2). The 2,6-dichlorobenzaldehyde was similarly obtained in appreciable 
quantities from the refluxed acidic solution. No attempt was made to 
isolate and characterize the aminoguanidine found along with the 2,6- 
dichlorobenzaldehyde. TLC of the guanabenz-containing layers of the 
biphase extractions in both refluxed solutions showed a small amount 
of an additional degradation product, characterized as Z-2,6-dichloro- 
phenylmethyleneaminoguanidine and later shown by TLC to be the same 
as the photoproduct. 

In the thermal study, no degradation product was observed by TLC 
for samples of guanabenz acetate stored a t  75 or 100° for 4 weeks. The 
sample stored at 100" did lose a portion of the acetic acid associated with 
it, as verified by titrimetric analysis (3) in 50% methanol-water. 

The photolytic degradation product was not as readily identified as 
were the hydrolytic products. Guanabenz in mildly acidic, neutral, or 
mildly basic solutions undergoes a reversible reaction in the presence of 
light. The reaction reversibility was established by starting with the 
photoproduct and allowing it to convert to guanahenz. The same re- 
versible reaction occurred in the dark hut only in acidic solution. 
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Table I-Absorptivities of Guanabenz E- and  Z-Isomers 

E-Isomer Z-Isomer 
Wavelength, nm pH 10.8 pH 4.5 pH 10.8 pH 4.5 

~ 

305 55.2 14.8 18.2 0.2 
265 28.3 53.9 40.1 16.2 

The reaction reversibility immediately suggested that the two com- 
pounds were isomers. The photoproduct structure proved to be like that 
of the intact guanabenz by many classical structure elucidation methods. 
The mass spectra of the two compounds were the same (m/e 230), as were 

.the elemental analyses (guanabenz: C, 41.29; H, 3.61; CI, 30.84; N, 23.99; 
photoproduct: C, 41.57; H, 3.60; CI, 30.39; N, 24.35). The equivalent 
weights, as determined by nonaqueous titrations, were the same and were 
in agreement with the mass spectrometric molecular weight. The ion- 
ization constants were 8.3. These were determined spectrophotometri- 
cally, thus assuring that changes in the spectra were due to ionization and 
not to interconversion of guanabenz and the photoproduct. These data 
and the reversibility of the reaction support the contention that the two 
compounds are isomers. 

IR spectra of guanabenz and the photoproduct were distinctly differ- 
ent, but no useful information could be derived from these differences. 
NMR spectra showed four nonexchangeable protons. Three of these 
protons were aromatic and, although the spectra of the two compounds 
in the aromatic region were slightly different, these differences are not 
readily interpreted. The singlet peak for the other proton associated with 
the imino carbon was a t  8.22 ppm for guanabenz and a t  7.21 ppm for the 
photoproduct. 

Previous investigators (4-9) extensively studied the NMR spectra of 
Z- and E-isomers about imino and similar bonds. In all cases, the signal 
from the E-isomer was downfield from that of the Z-isomer. A compar- 
ison of these data with those for guanabenz and the photoproduct indi- 
cated that the photoproduct is the Z-isomer and that guanabenz is the 
E-isomer. However, only aliphatic conkpounds were studied previously 
(4-9). 

IJV spectrophotometry was most important in proving the structure 
of the two compounds. Other investigators (10) found that phenyl ketone 
semicarhazones were categorized into two types by their UV spectra. One 
group had a maximum ahsorbance around 280 nm, and the second group 
showed a maximum absorbance only a t  lower wavelengths, if a t  all. 
Stenberg ~t a/ .  (1 1) reported that Z-phenyl acetophenone semicarhazone 
had no peak in its IJV spectrum above 230 nm while the E-isomer had 
a maximum at about 270 nm. When the UV spectra for guanabenz and 
the photoproduct (Fig. 1) were compared with these observations, it 
became evident that guanabenz was the E-isomer and that the photo- 
product was the Z-isomer. 

Differences in the UV spectra of the two isomers can be explained on 
the basis of steric hindrance. In an examination of a molecular model, 
a restricted rotation of the dichlorophenyl group in the 2-isomer is ap- 
parent. The x orbital of the imino hond is nearly perpendicular to the 
H orbital of the phenyl ring. The x orbital system for the E-isomer is 
nearly parallel throughout the molecule. Thus, the E-isomer, with a 
longer conjugated x electron system, will have a maximum absorbance 
a t  a longer wavelength than the 2-isomer. 

Well-documented cis-trans isomerizations of semicarbazones and 
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Table 11-Analysis of Synthetic SarnDles of DecornDosed Guanabenz Acetate 

0.0 
220 260 300 340 380 

WAVELENGTH. nm 
Figure I-UVspectra of guanabenz ( I )  and  photoproduct (2) (-0.01 
mglml in methanol). 

similar molecules occur under photolytic conditions as well as acidic 
conditions. Previous investigators (1 1) reported the photoisomerization 
of semicarbazones and gave evidence that the photoproduct of aceto- 
phenone semicarbazone, when dissolved in an ether solution, isomerized 
to the starting semicarbazone on exposure to anhydrous hydrogen chlo- 
ride. Earlier work (12,13) showed that Z- and E-isomers of semicarba- 
zones could be interconverted by UV light. 

The cis-trans photoisomerization of aromatic Schiff bases has been 
studied (14). Aldehyde 2,4-dinitrophenylhydrazones underwent isomer 
equilibration in acid solution (15). Methylene bromide solutions of ac- 
etaldehyde 2,4-dinitrophenyIhydrazone did not reach equilibrium after 
standing a t  room temperature for 10 days, while the addition of traces 
of sulfuric acid effected equilibration in less than a day. Another report 
(7) gave evidence for acid-catalyzed isomerization of several phenylhy- 
drazones, semicarbazones, and thiosemicarbazones. 2,4-Dinitrophenyl- 
hydrazones of a-hromoacetophenone and a-bromobutyrophenone un- 
derwent cis-trans isomerization when refluxed in an organic solvent in 
the presence of a trace of hydrochloric acid (16). 

Assay Development-The difference in the UV spectra of guanabenz 
and the Z-isomer, as well as the change in spectra with pH as related to 
the determination of the ionization constant, has been discussed. Figures 
2 and 3 present the spectra of the neutral and the protonated species of 

Micrograms per Milliliter 
Z- 2,6-Dichlorobenzal- 2,6-Dichloro- Guanabenz Guanabenz 

Isomer dehyde Semicarbazone benzaldehyde Acetate Acetate, mglml found Recovery, % 

0.0 
0.0 
0.0 
0.0 
0.0018 
0.0 
0.0 
0.0007 
0.0 
0.0007 
0.0 
0.0006 
0.001 1 
0.002 1 
0.0033 
0.0054 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0021 
0.0 
0.0004 
0.0012 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0018 
0.0004 
0.0 
0.0008 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0269 
0.0242 
0.02 15 
0.0188 
0.0242 
0.0242 
0.0252 

0.0270 
0.0249 
0.0217 
0.0188 
0.0242 
0.0244 
0.0249 

0.0252 0.0255 
0.0252 0.0255 
0.0252 0.0255 
0.0269 0.0271 
0.0263 0.0262 
0.0258 0.0260 
0.0241 0.0246 
0.0236 0.0235 
0.0215 0.02 17 

100 
100 
101 
100 
100 
101 
99 

101 
101 
101 
100 
100 
100 
100 
100 
101 
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Table 111-Comparison of Stability Assay and  Quantitative T L C  
for  Decomposed Guanabenz Acetate 

Intact Guanabenz 
Acetate Found, ?6 

Stability Quantitative 
Condition for Degradation Assay TLC 

1.0- 

0.9 

5 weeks a t  60’ in water 89 92 
5 weeks in direct sunli h t  in water 50 50 

5 weeks in direct sunlight in 0.1 N HCI 80 76 
5 weeks in direct shortwave UV light (solid) 99 98 
3 davs a t  170’ (solid) 72 69 

5 weeks a t  60° in 0.1 J H C I  76 73 

- 

~~ ~~ 

guanabenz and the 2-isomer, respectively. Aminoguanidine has no ap- 
preciable UV spectrum. The spectra of the two UV-absorbing hydroly- 
sates, 2,6-dichlorobenzaldehyde and 2,6-dichlorobenzaldehyde semi- 
carbazone, do not change between pH 4.5 and 10.8. Thus, only guanahenz 
and the 2-isomer have spectral differences a t  these two pH values. 

By utilizing these differences, a simple stability-indicating assay was 
developed. The procedure can be considered to he a two-component 
spectral method; but rather than using the predetermined absorptivities 
of the twospecies, this method uses the differences in the absorptivities 
(Table I) at  two wavelengths and the two pH values. Thus, this method 
combines the concepts of At values described by Aulin-Erdtman (17) and 
Vieroidt’s method (18) for two-component mixtures. 

Method Validation-To determine the accuracy and specificity of 
this method, solutions were prepared containing varying amounts of 
guanahenz and the degradation products (Table 11). Solutions containing 
only small percentages (120%) of the decomposition products were 
prepared since this is the range of interest. 

To evaluate this assay procedure further, guanabenz acetate was de- 
composed in solution and as a dry drug substance under various condi- 
tions. These samples were analyzed by the stability-indicating assay, and 
the results of these analyses were compared with the results of quanti- 

240 280 320 360 400 
WAVELENGTH. nm 

Figure 2-UVspectra of guanabenz 03-isomer) in pH 4.4 buffer ( 1 )  and 
pH 10.8 buffer (2). 
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Figure 3-UV spectra of photoproducl (Z-isomer) in pH 4.4 buffer ( I )  
and pH 10.8 buffer (2). 

tative TLC. The conditions for the degradation and the results are given 
in Table 111. 
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