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Abstract  0 Hydrolytic reactions of nimetazepam and nitrazepam in 
acidic solutions a t  body temperature were studied spectrophotometri- 
cally. The open-ring compounds produced by hydrolysis were in equi- 
librium with the corresponding closed-ring compounds (protonated 
nimetazepam and nitrazepam). Forward-reaction rate constants of both 
drugs were greater than the rate constant of diazepam. In nimetazepam, 
the forward-reaction rate constant was smaller than the reverse-reaction 
rate constant; in nitrazepam, the reverse-reaction rate constant was much 
smaller than the forward-reaction rate constant, and possible amide bond 
cleavage was indicated. The activation energies of the forward and reverse 
reactions of nimetazepam and the forward reaction of nitrazepam were 
calculated from Arrhenius-type plots, whereas no clear temperature 
dependency was observed in the reverse-reaction rate constant of ni- 
trazepam. The effect of pH on these reactions also was examined. In 
addition, the pKa values of nimetazepam and nitrazepam were calculated 
to be 2.53 and 2.77, respectively. 
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The hydrolytic cleavage of benzodiazepines has been 
considered to take place only at elevated temperatures 
(1-4). On the other hand, pyrazolodiazepinones have been 
shown to be hydrolyzed easily at ambient temperatures (5). 
During permeation studies of benzodiazepines at 30°, 
chemical changes of some benzodiazepines were noted in 
the receptor solution, which was kept acidic (6). This ob- 
servation prompted a kinetic investigation of the hydro- 
lytic reaction in acidic media at 37O, and the results indi- 
cated that diazepam undergoes reversible ring-opening 
reactions at  its azomethine bond, even at 37" (7). 

Since reactions of drugs in acidic media may cause errors 
in the measurement of dissolution rates in acidic dissolu- 
tion media and also may influence absorption from the GI 
tract following oral administration of acid-labile drugs, it 
is worthwhile to examine the relationship between the 
chemical structures of benzodiazepines and the rate and 
extent of hydrolytic reactions. The present report com- 
pares the rate constants of nimetazepam (N-methylni- 
trazepam) and nitrazepam with the rate constant of di- 
azepam (7) and relates the different rate constants to 
structural differences. 

EXPERIMENTAL 

Materials-Nimetazepam', nitrazepam2, 2-glycylamino-5-nitro- 
benzophenone hydrochloride2, and 2-amino-5-nitrobenzophenone' were 
used as received, and their identity and purity were verified by their NMR 
spectra. Chloroform and ethanol were distilled prior to use. Other 
chemicals were reagent grade3 and were used without further purifica- 
tion. 
~ 
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Kinetic Studies-The kinetic studies of the hydrolysis of nime- 
tazepam and nitrazepam were carried out spectrophotometrically. De- 
tailed procedures were given previously (7). For experiments a t  pH 2.2, 
2.8, 3.3, and 7.4,O.l M citric acid-0.2 M NaZHP04 or 0.1 M phosphate 
buffers were used. 

By employing the molar absorptivity of nimetazepam, nitrazepam, the 
chloroform-unextractable species from nimetazepam, and P-glycylam- 
ino-5-nitrobenzophenone, the concentration of each species was com- 
puted from the observed absorbance in the UV spectra. The forward- and 
reverse-reaction rate constants ( k f  and k,) for the reversible first-order 
reactions were obtained from (8): 

P - P ,  k f + k r t  
Po- P ,  2.303 

I o g L =  -- 

where PO, Pt ,  and P ,  are the concentrations or fractions of unreacted 
nimetazepam or nitrazepam at time zero, t ,  and infinity, respectively, 
and Keq is an equilibrium constant. 

Separate determinations of protonated nimetazeparn and the chlo- 
roform-unextractable species in the kinetic studies in the constant- 
temperature bath and partition kinetic experiments were carried out as 
reported previously (7). 

Determination of pKa of Nimetazepam and  Nitrazepam-Stock 
solutions of nimetazepam and nitrazepam in ethanol were diluted with 
0.1 N HCI, pH 7.4 phosphate buffer, and 1 M sodium acetate-1 N HCI 
of a t  least seven pH values around pH 2.5 and 2.7, respectively. The ab- 
sorbance of the diluted solutions was measured quickly a t  280 nm to 
minimize errors due to changes in the chemical species by hydrolysis. The 
pKa values were calculated according to the standard spectrophotometric 
method (9). 

RESULTS 

Na tu re  of Reaction and Properties of Reaction Products of 
Nimetazepam-The spectral change of nimetazepam in 0.1 N HCI at 
37" is shown in Fig. 1. Following chloroform extraction of the acidic so- 
lution of nimetazepam that had equilibrated for >210 min, the spectrum 
of the aqueous layer was quite different from that of the equilibrated 
solution (before extraction). This observation indicates the presence in 
the equilibrated solution of at least two species that differed markedly 
in their partition coefficients. 
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Figure 1-Typical spectral changes due to the hydrolysis of 4.26 X 
M nimetazepam in 0.1 N HCl at 37". Absorbance at 280 nm decreased 
with time [measured at 0,5,15,30,60,W, and 210 ( m )  min]. 

0022-3549l80/1100- 1331$01.00/0 
@ 1980, American Pharmaceutical Association 

Journal of Pharmaceutical Sciences I 1331 
Vol. 69, No. 11, November 1980 



I MINUTES 

WAVELENGTH, nm 

Figure 2-Typical spectral changes due to the ring-closure reaction 
of the chloroform-unextractable species a t  4.19 X M formed from 
nimetazepam in 0.1 N HCl saturated with chloroform a t  37O. Absorb- 
ance a t  280 nm increased with time [measured a t  0,5,15,30,50,80,120, 
and 240 (a) rnin]. 

Since nimetazepam was extracted quantitatively into chloroform im- 
mediately after acidification of the aqueous nimetazepam solution, 
protonated nimetazepam was shown to be chloroform unextractable. The 
species that remained in the aqueous solution after chloroform extraction 
was essentially unextractable with chloroform since a second extraction 
did not significantly affect the spectrum of the aqueous layer. 

The reversible nature of the reaction was demonstrated by the for- 
mation of protonated nimetazepam from the chloroform-unextractable, 
species. A spectrum of this species with a A,,, value of 259.5 nm, which 
was taken immediately following extraction (Fig. 2,O min), changed with 
time to give a spectrum (Fig. 2,240 min) that was quite similar to that 
of the equilibrium mixture starting from protonated nimetazepam (Fig. 
1,210 min). The spectrum in the equilibrium state changed quickly to 
that of nimetazepam when the pH value of the medium was raised to pH 
7.4 by the addition of 2.5 and 0.0025 N NaOH and pH 7.4 phosphate 
buffer. In addition, a spectrum of the species extracted with chloroform 
from the equilibrated mixture starting from the chloroform-unextractable 
species was identical to that of nimetazepam extracted with chloroform 
From an acidic solution of nimetazepam immediately after dilution of the 
stock nimetazepam solution. Figure 3 depicts the changes in the con- 
centration of both species obtained by separate determinations of each 
species. An approach to and eventual attainment of the equilibrium are 
apparent. 

Results of the partition kinetics experiments are shown in Fig. 4. An 
essentially first-order decrease in the amount of the chloroform-unex- 
tractable species indicates that nimetazepam is removed from the system 
as s w n  as it is formed and that the reaction can go to completion. This 
process may be used to synthesize nimetazepam from the chloroform- 
unextractable species in aqueous solutions. Since all of the chloroform- 
unextractable species was converted to nimetazepam, the reaction is 
quantitatively reversible. 

Na tu re  of Reaction and Properties of Reaction Products of Ni- 
trazepam-The spectral change of nitrazepam in 0.1 N HCI a t  3 7 O  (Fig. 
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Figure %,Separately determined concentrations of protonated ni- 
metazepam (0) and the chloroform-unextractable species (0) for the 
hydrolysis of 8.29 X M nimetazeparn in 0.1 N HCl a t  37'. 
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Figure 4-Changes in absorbance (A) with time of the chloroform- 
unextractable species in the aqueous layer (0.1 N HCL) in the partition 
kinetics experiment using chloroform a t  37'. Nimetazepam solution 
(1.36 X lO-'M) was incubated in 0.1 N HCl a t  37' for 5.5 hr prior to the 
partition experiment. 

5) differed from the changes of nimetazepam and diazepam. Although 
the isosbestic points of nitrazepam in Fig. 5 were observed initially at  251 
and 363 nm (not shown), they gradually moved to 252 and 346 nm after 
incubation for 11 hr, and the spectral change continued for >29 hr. Ap- 
pearance of a new A,,, a t  358 nm when the test solution was incubated 
for 18 days a t  3 7 O  indicates formation of a benzophenone derivative, 2- 
amino-5-nitrobenzophenone, which was produced by hydrolysis of both 
the azomethine and amide bonds of nitrazepam. Authentic 2-amino-5- 
nitrobenzophenone has a A,,, a t  362 nm. 

A spectrum obtained from an equilibrated solution of authentic 2- 
glycylamino-5-nitrobenzophenone, an opened form of nitrazepam, with 
an original A,,, of 263.5 nm was quite similar to that of the test solution 
incubated for 11 hr (protonated nitrazepam) (Fig. 5 , l l  hr). In addition, 
a spectrum of the equilibrated nitrazepam in 0.1 N HC1 rapidly changed 
to that of nitrazepam by the addition of 2.5 and 0.0025 N NaOH and pH 
7.4 phosphate buffer. This result indicates the reversibility of the reaction 
of nitrazepam in the acidic solution. 

Although a quinazoline derivative with a A,,, at -295 nm in 0.1 N HCI 
was reported to be produced by incubation of nitrazepam in 0.1 N HCI 
a t  90° for 28 hr (2), no increase in absorbanFe at 295 nm was noted in the 
spectrum of nitrazepam (Fig. 5). Furthermore, Fig. 5 has an isosbestic 
point at 251 nm. This observation indicates that this reaction is essentially 
one step. Therefore, ring contraction upon closure to quinazoline may 
be negligible under mild conditions. 

S t r u c t u r a l  Assignment of Chloroform-Unextractable 
Species-Similar to the case of diazepam, although definite identifica- 
tion of the chloroform-unextractable species from nimetazepam is yet 
to be achieved, the ohservations discussed earlier ruled out 2-methyl- 
amino-5-nitrobenzophenone, which is not expected to be cyclized, as the 
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Figure 5-Typical spectral changes due to the hydrolysis of 4.1 I X 
M nitrazepam in 0.1 N HC1 a t  370. Absorbance a t  277 nm decreased with 
time (measured a t  0,0.67, 1.5,2.5,3.5,5, 7,9,13, 18, and 27 hr). 
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Table I-Rate Constants of Ring-Opening and  Ring-Closure 
Reactions Estimated by Four  Procedures  

Rate Constant a t  
37', hr-I 

Ring Ring 
Estimqtion Procedure Opening Closure 

2 4 6 8 
HOURS 

M nitrazepam (A) in 0.1 N HC1 a t  37'. 
Figure 6-Plots according to Eq. 1 for 4.26 X 
and 4.1 I X 

M nimetazeparn (@) 

chloroform-unextractable species. Since assignment of an open-ring 
compound a t  the azomethine bond as the structure of the chloroform- 
unextractable species did not contradict any spectrophotometric and 
partition characteristics of the species, 2-glycyl(methyl)amino-5-ni- 
trobenzophenone was tentatively assigned to the chloroform-unex- 
tractable species. 

In nitrazepam, the same reaction as for diazepam and nimetazepam 
is likely to take place initially, but an additional hydrolysis of the amide 
bond to produce 2-amino-5-nitrobenzophenone seems to occur, as judged 
from spectral changes. 

As with diazepam, the chloroform-unextractable species could not be 
isolated as such from aqueous solutions because of the reversible nature 
of the reaction in 0.1 N HCI and because they are rapidly cyclized to form 
nimetazepam and nitrazepam a t  pH values above their pKa values. Thus, 
any attempt to extract the ionized form of the chloroform-unextractable 
species into organic solvents after neutralization failed. 

Quantitative Aspects-The linear relations were obtained in plots 
according to Eq. 1 (Fig. 6 ) .  The reversible first-order reactions with re- 
spect to nimetazepam and nitrazepam are indicated. Reaction rate con- 
stants calculated for nimetazepam according to Eqs. 1 and 2 are recorded 
in Table I. Although the general magnitude of the rate constants rea- 
sonably agreed, they differed somewhat from each other depending on 
the experimental method employed. In any case, both the forward- and 
the reverse-reaction rate constants of nimetazepam were greater than 
those of diazepam (7), and the rate constant of ring closure was greater 
than that of the ring-opening reaction. The former observation was at- 
tributed to a greater effect of the nitro group than the chloro group on 
the reactivity. The latter observation indicates a greater concentration 
of the closed-ring compound (protonated nimetazepam) than the open- 
ring compound in the equilibrium state at 37'. 

Effect of Temperature-The rate constants a t  25,50, and 61' for 
nimetazepam and at 25 and 50" for nitrazepam were calculated from 
spectral changes similar to those a t  37". Arrhenius-type rate constant 
uersus temperature plots for nimetazepam (Fig. 7) indicate that the re- 
verse-reaction rate constants of nimetazepam were greater than the 
forward-reaction rate constants below 50' and that the former constant 
was smaller than the latter constant a t  temperatures above 50'. This 
result indicates a greater concentration of the open-ring compound than 
the closed-ring compound (protonated nimetazepam) a t  equilibrium a t  
temperatures above 50". 

In nitrazepam, the rate constants of the reverse reaction at 25,37, and 
50° were much smaller than those of the forward reaction and were within 
the range of experimental error; therefore, no clear dependency of the 
reverse-reaction rate constants on temperature was noted. The activation 
energies (mean f S E )  calculated were 16.1 f 0.3 and 11.7 * 0.8 kcal/mole 
for the forward and reverse reactions of nimetazepam, respectively. These 
values were smaller than corresponding values in diazepam (7). The ac- 
tivation energy (mean f S E )  for the forward reaction of nitrazepam was 
17.2 f 2.1 kcal/mole. 

Effect of pH-Preliminary studies indicated that spectral changes 

Spectral change starting from protonated 0.61 0.82 

Spectral change starting from chloroform- 0.53 0.91 

Assay of nimetazepam extracted into chloroform 0.45 0.74 

Decrease in absorbance in aqueous layer during - 0.61 

nimetazepam (Fig. 1) 

unextractable species (Fig. 2) 

layer (Fig. 3) 

partition kinetics experiments (Fig. 4) 

similar to those shown in Figs. 1 and 5 took place in the buffers a t  pH 2.2 
and 3.3 for nimetazepam and a t  pH 2.8 for nitrazepam. However, the 
changes in absorbance were smaller than those in 0.1 N HCI, indicating 
that the reactions proceeded to a lesser extent. At pH values higher than 
the pKa values of nimetazepam and nitrazepam, little change in the ab- 
sorbance with time was observed. As already indicated, open-ring com- 
pounds, once formed in the acidic solutions, reverted back to nime- 
tazepam and nitrazepam when the pH values of the media were in- 
creased. 

pKa Values of Nimetazepam and Nitrazepam-The calculated pKa 
values were 2.53 for nimetazepam and 2.77 for nitrazepam. The latter 
value is smaller than the reported pKa value (3.2) of nitrazepam (10). 

DISCUSSION 

At body temperature, the reversible reactions involving hydrolysis of 
4,5-azomethine bonds of nimetazepam and nitrazepam are expected to 
take place. The result that  the forward-reaction rate constant of nime- 
tazepam is greater than that of diazepam may be explained by the lower 
electron density of the A-ring of nimetazepam (nitrobenzene group) 
caused by the higher electron-withdrawing tendency of the nitro group 
in nimetazepam relative to that of the chlorine in diazepam. The same 
mechanism may be applicable to the acidic hydrolysis of m-nitrobenzoate, 
which was hydrolyzed faster than m-chlorobenzoate to the same degree 
(11). 

The result that  the forward-reaction rate constant of nimetazepam is 
greater than that of nitrazepam may be explained by the higher electron 
density of the A-ring of nitrazepam caused by the delocalization of the 
lone electron on the amide nitrogen. In nimetazepam, the lone electron 
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Figure 7-Arrhenius-type rate constants of ring-opening (@) and 
r ingdosure (0) reactions of nimetazepam and ring-opening (A) re- 
action of nztrazeparn in 0.1 N HCl. 
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on the amide nitrogen is fixed by the methyl group. This difference is not 
unique in nimetazepam and nitrazepam because the same trend was 
observed with diazepam and desmethyldiazepam. Diazepam in acidic 
solution reached equilibrium after incubation for 11 hr (7), whereas 
desmethyldiazepam in acidic solution did not reach equilibrium, even 
after incubation for 210 hr4. 

Since further hydrolysis of the amide bond of the chloroform-unex- 
tractable species from nitrazepam to 2-amino-5-nitrobenzopbenone is 
expected to be irreversible, such a hydrolysis in the stomach may reduce 
the amount of the chloroform-unextractable species that reverts back 
to the original drug and then is absorbed from the intestine. However, 
since the irreversible hydrolysis of the amide bond of nitrazepam proceeds 
only at a slow rate, it is not expected to affect the bioavailability of orally 
administered nitrazepam. The rate constant of formation of 2-amino- 
5-nitrobenzophenone was not determined in the present study. However, 
the magnitude of this rate relative to that of the reverse-reaction rate, 
the dissolution rate of the drug in the stomach, the forward-reaction rate 
constant, and the stomach-emptying rate is expected to affect the bio- 
availability of nitrazepam. 

Based on the experimental data obtained in the present i n  vitro study, 
it  may be postulated that after administration of dosage forms of nime- 
tazepam and nitrazepam, some nimetazepam and nitrazepam dissolved 
in the stomach is hydrolyzed to the open-ring compounds because of the 
acidic pH of the stomach contents. When the open-ring compounds 
empty from the stomach to the intestine, they are expected to revert back 
to the parent drugs upon increase in the pH value of the media. Therefore, 
there can be little loss in drug bioavailability. 
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Abstract Isomers of distamycin A and tripyrrole congocidine con- 
taining 2,5-disubstituted pyrroles were synthesized along with distamycin 
and congocidine homologs containing a single pyrrole ring. Selected 
compounds were evaluated for their cytotoxicity and antiviral activity. 
All of the tripyrrole derivatives tested in this series were nontoxic but 
were less active than distamycin A. The monopyrrole derivative, N -  
methyl-5-nitropyrrole-2-carboxamido-~-propionamidine hydrochloride, 
was nontoxic and was almost as active antivirally as distamycin A. 
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Distamycin A (I), a basic oligopeptide antibiotic isolated 
from the fermentation medium of Streptomyces distalli- 
cus (l), has interesting antibacterial (2) and antiviral ac- 
tivities. As an antiviral drug, distamycin A inhibits the 
multiplication of DNA viruses and certain retroviruses 
(3-7). The mechanism of its antiviral activity is believed 
to be related to its ability to bind to single- and double- 
stranded DNA molecules, with a particularly high affinity 

for adenine-thymine-rich DNA sequences. Subsequent 
formation of a DN A-distamycin A complex destroys the 
DNA molecule, which serves as a template for the enzyme 
DNA polymerase (3-7). Distamycin A has been used 
clinically in cases of herpes virus infections (8). 

Distamycin A belongs to a group of compounds known 
as pyrrole amidine antiviral antibiotics. Another member 
of this group is congocidine (netropsin, 11) (6, 7). This 
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