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Pipemidic acid (I) (S-ethyl-5oxo-2-( 1-piperazinyl)-5,8-dihydro [2,3-&pyrido- 
6-pyrimidinecarboxylic acid)L has become an important chemotherapeutic agent with 
a broad-spectrum activi@4. The antibacterial activity of I proved to be higher than 
that of piromidic acid (II) and nalidixic acid (III)‘-“. 

lx- -t%, III 

Recently, the pharmacol&etic1z-‘6 and pharmacological properties17-u of I 
in humans and animals have been extensively studied, and the toxicity of I found 
to be very low. However, the presence of monosubstituted piperazine in I makes 
possible the reaction with sodium nitrite, “in vitro” and “in viva”, to yield N-uitro- 
sopiperazine derivatives. The toxicity of N-nitroso derivatives is well kn~wn*~~~~; 
therefore it is very important to investigate the formation of such derivatives. 

For these reasons, the reaction between pipemidic acid and sodium nitrite was 
studied. In the course of this study, the cleavage of I to give N-nitrosopiperazine and 
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N,Ndinitrosopiperazine was excluded f6, N-nitrosopipemidic acid (IV) being the 
only product. Its identity was confirmed by infrared (IR), nuclear magnetic resonance 
(NMR) and mass spectrometry. 

A selective and sensitive assay was needed to evaluate IV in the presence of large 
amounts of I. Thin-layer chromatography proved to be unsuitable, due to the low 
mobility of I, except in n-butanol-acetic acid-water (4:l :l v/v) or similar systems, 
where IV is easily decomposed. The high molecular weights of I and IV and the 
variety of polar functional groups precluded the use of gas-liquid chromatography_ 
On the other hand, high-performance liquid chromatography (HPLC) was very 
effective in the simultaneous analysis of I and IV. 

EXPERIMENTAL 

Equipment 
Spectra were recorded on Perk&Elmer Model 297, Model R-2%, Pye Unicam 

Model SP 1700 and Hitachi Per&-Elmer Model RMU-6D spcctrophotometers. 
A liquid chromatograph (Perk&Elmer Model 601) equipped with a Model 7105 
injector (Rheodyne), a 0.26 x 25 cm polar bonded-phase column (Amino Sil-X-l, 
Perk&Elmer) and a Model LC-55 variable-wavelength detector operating at 275 nm 
(Perkin-Ehner) was used 

Powdered samples of pipemidic acid (B.T.B., Milan, Italy) were used in the 
analytical procedure and in the preparation of standard curves The solvents were 
redistilled in all-glass apparatus; other chemicals were of the highest purity commer- 
cially available 

Compound IV was synthesized in our laboratory as follows. To a solution of 
I (5 g) in acetic acid (1000 ml), sodium nitrite (4 g) was added portionwise within20 min 
with stirring After 30 min the solvent was decanted ofI, the precipitate filtered off 
and thoroughly washed with water The product was dried under vacuum over phos- 
phorus pentoxide at room temperature Yield: 4.2 g (77 %); m.p. 302°C (with decom- 
position). It is soluble in alkalies and acids, in dimethyl sulphoxide, dimethylforma- 
mide and carbon tetrachloride, but insoluble in methanol, ethanol, diethyl ether and 
water. Calc. for C,,H,,N60a; C, 50.60; H, 4.85; N, 25.29 %. Found: C, 50.92; H, 4.74; 
N. 25.0%. IR (in Nujol): 1530, 1430, 1120, 1020 and 980 cm-l. NMR: 6 = 1.4-1.7 
(t, 3; CH,CH,, J = 8 Hz); 8 = 4.44.7 (m, 10; piperazine ring); 6 = 9.1, 9.4 (s, 1; 
C,, C,), UV: log E = 4.6733 at &__ = 276 nm, also &_ = 325 mn in 50% v/v 
N,N-dimethylformamide. Mass spectrum: parent at m/e 332; fragments at m/e 302 
(loss of NO) and m/e 287 (loss of COOH). 
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Solutions 
Stock solutions (0.2% w/v) of I and IV were prepared by dissolving each 

powder in N,N-dimethylformamide. Appropriate dilutions yielded solutions of 
10-200 pg/ml of I and 3.5-310 pgml of Iv in N,N-dimethylformamide+hloroform 
(1:l v/v). The solutions were used within 24 h. 

Urine samples were doped with I and IV to yield solutions of 10-100 pg/ml 
of I and l-10 pg/ml of IV. A 5-ml specimen was acidified with 6 N hydrochloric acid 
to pH 2.5, saturated with sodium chloride and extracted with three 5-&l portions of 
ethyl acetate. The combined extracts were then treated with 4 N NaOH to pH 10 
and extracted with three 5-ml portions of ethyl acetate. The specimen was finally 
neutralized to pH 5.6 and extracted with three 5-ml portions of carbon tetrachloride. 
The pooled extracts were dried over anhydrous sodium sulphate, filtered and evaporated 
to dryness in vacua. The residue was dissolved in N,N-dimethylformamide-chloro- 
form (I:1 v/v) in preparation for assay by HPLC. 

Chrotnatographic conditions 
The mobile phase was N,N-dimethylformamide-chloroform-acetic acid 

(50 : 50 : 1, v/v/v), the components of which were separately filtered through membrane 
filters (Type FH 0.5 pm, Millipore) before mixing. The flow-rate of the mobile phase 
was 0.5 ml/mm. The column effluent was monitored by UV absorption at 275 nm. 

Chromatograms were recorded on a potentiometric recorder (Model PM 
8010/02, Philips) and peak areas were used for quantitation. Replicate 2-~1 injections 
of standard solutions were made using a lo-p1 Hamilton syringe. The column was 
maintained at 60°C for all separations. 

RESULTS AND DISCUSSION 

Compound I was easily converted into IV by reaction with sodium nitrite in 
acetic acid. IV showed the spectral properties of N-nitroso derivatives (see Materials). 

As shown in Fig. 1A and IB, compounds 1 and IV were eluted as sharp, 
symmetrical and well-defined peaks with respect to the baseline. They were completely 
separated and eluted in less than 20 min (Fig. -lC), with retention times of 172 (IV) 
and 416 set (I) under these chromatographic conditions. 

The calibration curves of I and IV, obtained by four or more injections of 
seven standard solutions of each substance, showed in the investigated range a linear 
relationship between concentration and peak area (mm’) with a slope of 3.89 mm’/ml/ 
pg, intercept of 0.156 mm2 and r* of 0.9974 for I, and a slope of 5.40 mm*/ml/pg, 
intercept of 4.422 mm* and r* of 0.9984 for IV. The highest relative standard deviation 
of the areas (within each group) at any concentration was 2.68 % (at 25.16 pg/ml, 
five injections) for I and 2.37 % (at 38.4 pg/ml, six injections) for IV. 

The detection limit, on the basis of the amount of the injected compound that 
caused an absorption of twice the standard deviation of the baseline noise, was found 
to be 8.10 (I) and 1.25 ng (IV). The analytical sensitivity of the photometric method, 
expressed as the amount of drug giving a detector response of O.OU44 au. (absorbance 
units), was calculated to be about 42.6 (I) and 8.6 ng (IV). The recoveries in the 
specified concentration ranges were 99.6 i 2.L oA (mean f SD.) with a range of 
98.1-100.8% for I, and 99.8 f 1.8 % with a range of 9&l-100.4% for IV. There were 
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Fig. 1. High-_pcrformancc liquid chromatogram of N-nitrosopipemidic acid (A), pipemidic acid (B) 
and their mixture (C). 

no significant differences between the areas obtained by injecting 2-~1 samples of a 
standard solution containing known amounts of I and IV and the areas obtained by 
injecting 8-~1 samples of the same solution diluted by a factor of four. 

No interference from known impurities (pipemidic acid methyl ester) was 
noted. .T’he described HPLC procedure is precise, accurate and specific for I and IV. 
it has been applied to the analytical control and assay of I either as bulk drug or as a 
component in pharmaceutical preparations (capsules), and the results indicated the 
absence of IV. The importance of the last result is marked by the recent fhxiir&’ 
that pure drugs containing secondary and/or tertiary amino groups can react with 
nitrogen oxides in the air to give N-nitroso derivatives. Therefore these compounds 
may be present as impurities, despite ffie use of a nitrite-free synthetic process. 
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This method was also applied to the analysis of samples of urine doped with I 
and IV. In this case a preliminary extraction at acidic and basic pH values was 
necessary. The recoveries were 96.8 f 2.5 % fot I and 97.8 f 1.8 % for IV. 

In conclusion, the present method is specifk and sensitive enough to detect 

very small nrnounts of IV, resulting from drug-nitrite interaction, even in &presence 
of a large quantity of I. 

REFERENCES 

M. Pesson, Michel, S. P. Girard D. Richard, Acad. Sci., Ser. C, 278 
(1974) 717. 

2 S. Nakazawa, M. Qhtsuki, Y. Hirai, Y. Obana, M. Kubota, Y. Sugihara, M. Toda and S. 
Yamada, Chemotherapy (Tokyo), 25 (1977) 357. 

3 M. Shirnizu, Y. Takase, S. Nakamura, H. Katae, A. Minami, K. Nakata, S. Inoue, M. Ishiyama 
and Y. Kuobo, Anfimicrob. Ag_ C’hemother., 8 (1975) 132. 

4 P. Adamowicz, J. F. Deiagneau, P. Delajudie, M. Pesson and M. Reynier, Chemother. Proc. 
9th Int. Congr. Chemother., 5 (1976) 379. 

5 S. Nakazawa, T. Nishino, Y. Hamasu and M. Ishiyama, Chemoiheropy (Tokyo), 23 (1975) 2647. 
6 S. Goto, I. Dogasaki, Y. Kaneko, M. Ogawa, T. Takita, A. Tsuji, K. Takahashi and S. Kuwahara, 

Chemotherapy (Tokyo), 23 (1975) 2640. 
7 M. Shimin, Y. Takase, S. Nakamura, H. Katae, A. Minami, K. Nakata and M. Kurobe, Anti- 

microb. Ag. Chemother., 9 (1976) 569. 
8 S. Inoue, T. Ohue, J. Yamagisbi, S. Nakamura and M. Shimizu, Antimicrob. Ag. Chemother., 

14 (1978) 240. 
9 K. Shin&u, M. Konno, K. Fukaya, F. Matsumoto, I. Nakayama, S. Iwai. M. Shimii and S. 

Nakamura. Chemotfzerapy (Tokyo), 23 (1975) 2707. 
10 C. I. Soussy. M. Thibault, M. D. Kitzis, J. F. Acar, J. Duval and Y. A. Chabbert, Ann. &ficro- 

bio!. (Purti). 128B (1977) 19. 
11 D. Greenwood, I: AppC Bacterial., 44 (19%) 191. 
12 Y. Matsuno, Y. Sohji and M. Shii, Chemotherapy (Tokyo), 23 (1975) 2671. 
13 J. Shimada, F. Matsumoto, AL Saito, M. Omori, K. Shiba, J. Yamaji, M. Saigusa and Y. Ueda, 

Chemotherupy (Tokyo), 23 (1975) 2685. 
14 T. Kadokawa, S. Nakamura, M. Shimizn and K. Yamam oto, Chemofheropy (Tokyo), 23 (1975) 

2730. 
15 M. Hashimoto, N. Merino, H. Miyazaki and A. Kagemoto, Chemothero;:: (Tokyo), 23 (1975) 

2693. 
16 N. Motio, H. Miyazaki and M. Hashimoto, Radioisofopes, 27 (1978) 135. 
17 Y. Ueda, F. Matsumoto, A. Saito, M. Ohkoshi, N. Nawamura, T. Nishium, Y. Kawada and Y. 

Ban, Jpn. J. Anti&or., 31 (197s) 528. 
18 H. Senda, S. Yatera, S. Fujimoto, K. Ohnishi and H. Tatsumi, Chemotherapy (Tokyo), 23 (1975) 

2765. 
19 M. Oishi, K. Nishizuba, M. Motoyama and T. Ogawa, Nippon Ganka Gakkui Zasshi, 80 (1976) 

1701. 
20 S. Nakamura, S. Inoue, M. Shimizu, S. lyobe and S. Mitsuhashi, Antimicrob. Ag. Chenrother., 

10 (1976) 779. 
21 S. Yamabe, Chemotherapy (&se!), 24 (1978) 8 1 _ 
22 B. l&ham. D. W. Brentnali, E. A. Dale and J. A. McFadzean, Toxicol. I&f_. 1 (1977) 21. 
23 G. Montay, M. Vigouroux, F. Roquet and M. Reynier, Therapie, 32 (1977) 553. 
24 R. Lowy and P. Maachon, Ann. Nurr. Aliment., 30 (1976) 839. 
25 D. Ziebarth, IARC Sci. PC&., (1975) 137. 
26 G. S. Rao and D. A. McLennon, J. AnaL Toxicol., 1 (1977) 43. 
27 I. S. Krull. U. GoE, A. Sirvergieid and D. H. Fine, Arzneim.-Forsch., 29 (1979) 870. 


