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ABSTRACT

Pyrazinamide is an antitubercular drug, commonly prepared by ammoxidation
of 2-methylpyrazine (2-MP), which also may be prepared by several routes. Rapid,
sensitive and selective analytical methods are essential for monitoring the reactions
during process development. Methods based on gas chromatography were developed
for monitoring the reactions during the preparation of 2-MP and a high-performance
liquid chromatographic procedure was used to separate and determine the ammoxi-
dation products of 2-MP. The methods were utilized successfully in analysing the
reaction streams.

INTRODUCTION

Pyrazinamide (PZA) is a drug used in the treatment of pulmonary tuberculo-
sis!'2 and is manufactured by several ways®, including the hydrolysis of 2-cyano-
pyrazine (2-CP), obtained by ammoxidation of 2-methylpyrazine (2-MP). Pyrazine
may be obtained as a byproduct during this ammoxidation process. The raw material,
2-MP, necessary for this ammoxidation is prepared by several routes. Pyrazine
derivatives are useful not only in the preparation of pyrazinamide, but also in the
manufacture of many other industrial products, e.g., flavouring agents, pharmaceuti-
cals and agricultural chemicals*. The reactions chosen for the preparation of 2-MP and
PZA in the present studies are shown in Fig. 1.

PZA levels in biological fluids have previously been determined by spectro-
photometric®%, gas chromatographic-mass spectrometric (GC-MS)” and high-per-
formance liquid chromatographic (HPLC)3~!2 techniques. GC analysis of reaction
mixtures obtained in the synthesis of 2-MP from EDA and PG (route I) and
ammoxidation products of 2-MP (route IV) was reported by Forni er al.!314
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Fig. 1. Reactions for the preparation of 2-MP and PZA. -HPEDA = f-hydroxypropylethylenediamine;
PG = propylene glycol; EDA = ethylenediamine.

Attempts to standardize these methods in our laboratory are not successful. It was
found that the stationary phase deteriorated quickly and that EDA was not eluted
from the column.

In addition, no GC or HPLC methods are available for the analysis of reaction
mixtures obtained in the preparation of 2-MP from f-hydroxypropylethylenediamine
(B-HPEDA) (route II) and 2-methylpiperazine (route III). Therefore, there is an
increasing need for rapid and selective methods for the determination of raw materials,
intermediates and finished products in reaction streams during process development of
2-MP and PZA.

In this study, methods based on GC and HPLC were developed for the
determination of 2-MP and PZA in reaction mixtures and their application to
monitoring the reactions during process development is demonstrated.

EXPERIMENTAL

Reagents

2-MP and pyrazine were purchased from Aldrich (Milwaukee, WI, U.S.A)),
PZA from IDPL (Hyderabad, India), 2-CP by Armour Chemicals (Bombay, India),
EDA from Qualigens Fine Chemicals (Bombay, India) and PG from S.D. Fine
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Chemicals (Bombay, India). All solvents used in HPLC except ethanol were obtained
from Spectrochem (Bombay, India). Ethanol, 2-chloropyridine and 2,3-dichloro-
pyridine (internal standards) were purchased from Fluka (Buchs, Switzerland).
Chromosorb 101 was supplied by Sigma (St. Louis, MO, U.S.A.), other stationary
phases employed in GC were purchased from Analabs (Norwalk, CT, U.S.A.) and
stationary-phases used in HPLC from Waters Assoc. (Milford, MA, U.S.A.). All other
reagents were of analytical-reagent grade.

Doubly distilled water from a glass apparatus was used throughout. All
glassware was cleaned, rinsed with acetone and silanized before use.

Instrumentation

The GC system consisted of Perkin-Elmer Model 910 chromatograph equipped
with a flame ionization detector in conjunction with a Perkin-Elmer 1-mV potentio-
metric strip-chart recorder. The following GC conditions were used for the analysis of
reaction mixtures of 2-MP obtained from route I: injection temperature, 300°C;
detector temperature, 300°C; column, 10% Carbowax 20M (12 ft. x 1/8in.) coated on
Chromosorb W AW (80-100 mesh); carrier gas, nitrogen at a flow-rate of 45 ml/min;
column temperature, programmed from 80 to 120°C at 5°C/min. The column was
saturated with aliquots of ammonia before the sample was analysed. The following
GC conditions were used for the analysis of reaction mixtures of 2-MP from routes II
and III: injection temperature, 230°C; detector temperature, 250°C; stationary phase,
Chromosorb 101 (6 ft. x 1/8 in.); oven temperature, 250°C; carrier gas, nitrogen at
a flow-rate of 40 ml/min.

The HPLC system consisted of a Waters Assoc. Model ALC/GPC/244
chromatograph with an isocratic solvent delivery system (Model 6000A) equipped
with a U6K injector, a Model 440 absorbance fixed-wavelength detector (254 nm at
0.1 a.u.fs.), combined with a Chromatopak EIA integrator (Shimadzu, Kyoto,
Japan). Analyses of process streams of PZA (route IV) were performed on a
normal-phase pPorasil (10 um particle size) column (30 mm x 3.9 mm 1.D.) with
isooctane—ethanol-acetic acid (75:24:1, v/v/v) as mobile' phase at a flow-rate of
1.5 mi/min. The mobile phase was freshly prepared and filtered through Millipore HF
0.5-um filters and the solvent was degassed before use.

Chromatographic analyses

Standard mixtures with different concentrations of 2-MP, EDA and PG
together with 2-chloropyridine (internal standard) were prepared and analysed by GC.
Standard solutions with different concentrations of 2-MP were prepared in order to
construct a calibration graph for the determination of 2-MP reaction products by
routes IT and III. Sample volumes of 1 ul were injected in each instance.

Standard mixtures with different concentrations of 2-MP, pyrazine, 2-CP and
PZA together with 2,3-dichloropyridine (internal standard) were prepared and
analysed by HPLC; 5 ul of the sample were injected.

RESULTS AND DISCUSSION

GC analysis of reaction mixtures of 2-MP (route 1)
The relative retention times of EDA, PG and 2-MP on Carbowax 20M
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TABLE 1

RELATIVE RETENTION TIMES (RRT) AND RESPONSE FACTORS OF EDA, PG AND 2-MP BY
GC

Compound RRT Response
Sactor

EDA 0.26 3.65

PG 0.41 2.17

2-MP 0.57 1.26

2-Chloropyridine (internal standard) 1.00 1.00

stationary phase are given in Table I. Stationary phases with different polarities such
as Porapak Q, OV-17 and QF-1, and also Chromosorb 1014, were tried for the
separation of these compounds, but EDA was not quantitatively eluted and response
factors calculated for PG and 2-MP were not reproducible. This problem was
overcome by saturating the stationary phase with ammonia as the compounds under
investigation are basic. It was observed that 5-ul aliquots of ammonia solution,
injected six times, was sufficient for complete elution of all the compounds.

A typical chromatogram illustrating the separation of EDA, PG and 2-MP is
shown in Fig. 2. Standard mixtures were prepared and analysed by GC. Response
factors were calculated and presented in Table I. Results obtained in the analysis of
standard mixtures are given in Table I1, and are in close agreement with the true values.
Reaction mixtures were analysed utilizing the developed method and the results are
given in Table IIIL.

GC procedure for the analysis of reaction mixtures of 2-MP (route II)
A procedure for monitoring the conversion of f-HPEDA to 2-MP by GC using
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Fig. 2. Typical gas chromatogram showing the separation of the reaction mixture of 2-MP (route I). Peaks:
= solvent; 2 = EDA; 3 = PG; 4 = 2-MP; 5 = 2-chloropyridine (internal standard).
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TABLE I
RESULTS OF ANALYSIS OF STANDARD MIXTURES OF EDA, PG AND 2-MP BY GC

Average of triplicate determinations.

Mixture EDA PG 2-MP
No.
Taken (%) Found (%) Taken (%) Found (%) Taken (%) Found (%)
1 25.31 25.46 24.89 24.70 49.80 49.33
2 21.43 21.27 22.86 22.72 55.71 55.89
3 16.58 16.40 20.08 20.19 63.34 63.12
4 34.92 35.61 32.23 32.05 32.85 32.64
5 10.47 10.41 13.74 . 13.91 75.79 76.50
6 5.58 5.65 8.28 8.38 86.14 86.09
TABLE III

RESULTS OF ANALYSIS OF REACTION MIXTURES OF 2-MP BY GC (ROUTE I)

Average values obtained from duplicate GC runs.

Mixture EDA (%) PG (%) 2-MP (%)
No.
1 30.62 16.53 57.75
2 36.73 20.09 43.18
3 27.95 14.81 60.30
4 40.58 22.33 37.87
5 50.34 26.71 23.59
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Fig. 3. Calibration graph for the determination of 2-MP in reaction mixtures obtained by routes I (O) and
I (@).



88 S. HUSAIN et al.

TABLE IV
RESULTS OF ANALYSIS OF REACTION MIXTURES OF 2-MP BY GC (ROUTE II)

Mixture 2-MP Unconverted Pyrazine (%)
No. formed (%) B-HPEDA (%)

1 53.50 35.00 9.50

2 57.00 40.00 2.50

3 73.50 20.00 6.50

4 72.00 22.00 4.00

the external standard method was devéloped. Mixtures with different concentrations
of 2-MP and S-HPEDA were prepared and a calibration graph was constructed of
peak height (ordinate) versus concentration of 2-MP (abscissa) (Fig. 3). Results of the
analysis of reaction mixtures are given in Table IV.

GC procedure for the analysis of reaction mixtures of 2-MP (route II1)

A similar method was developed for the analysis of reaction mixtures of 2-MP
from route II1. The calibration graph is shown in Fig. 3. Results of the analysis of
reaction mixtures are given in Table V. The results obtained are in close agreement
with the yields obtained after isolating the products.

HPLC analysis of 2-MP reaction mixtures of pyrazinamide (route IV)
Normal-phase HPLC with yPorasil as stationary phase and isooctane—ethanol-

acetic acid (75:24:1, v/v/v) as mobile phase separated all the components, i.e., 2-MP,
2-CP, PZA and pyrazine. A typical chromatogram is shown in Fig. 4. Relative
retention times along with capacity factors are given in Table VI. Quantitative analysis
was carried out by the internal standard method. Many compounds were tried as
internal standards and 2,3-dichloropyridine was found to be most suitable. Response
factors determined by well established procedures!’ are given in Table VI. It was found
that the response factors for all the components are much less than 1, which indicates
that the detector response is good.

. The validity of the method was checked by analysing synthetic mixtures and the
results are presented in Table VII. The results obtained are in good agreement with the
true values.

TABLE V
RESULTS OF ANALYSIS OF REACTION MIXTURES OF 2-MP BY GC (ROUTE III)

Mixture 2-MP Unconverted Pyrazine (%)
No. formed (%) 2-methylpiperazine
(%)
1 64.00 35.00 2.00
2 57.50 40.50 2.50
3 80.50 17.00 2.50
4 85.50 12.50 2.00
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Fig. 4. Typical high-performance liquid chromatogram showing the separation of reaction mixtures of
pyrazinamide (route IV). Peaks: 1 = 2,3-dichloropyridine (internal standard); 2 = 2-CP; 3 = 2-MP:
4 = pyrazine; 5 = PZA.

TABLE VI

RELATIVE RETENTION TIMES (RRT), RESPONSE FACTORS AND CAPACITY FACTORS OF
THE CONSTITUENTS OF REACTION MIXTURES OF PYRAZINAMIDE BY HPLC

Compound RRT Response Capacity
factor Jactor (k')

2,3-Dichloropyridine (internal standard) 1.00 1.00 0.37

2-CP 1.88 0.25 0.82

2-MP 222 0.26 1.15

Pyrazine 243 0.13 1.36

PZA 293 0.23 1.84
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TABLE VII
RESULTS OF ANALYSIS OF SYNTHETIC MIXTURES OF PYRAZINAMIDE BY HPLC

Average of triplicate determinations.

Mixture 2-MP 2-CP Pyrazine PzZ4

Taken Found Error  Taken Found Error  Taken Found Error  Taken Found Error
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

1 5599 56.55 1.00 2787 2747 144 13.83 13.72 0.80 226 222 1.77
2 18.29 18.56 1.48 42.11 4236 0.59 560 557 0.54 3400 3351 1.4
3 19.89 20.09 1.01 19.84 19.82 0.10 10.65 10.53 1.23 49.61 49.56 0.10
4 30.46 30.10 1.18 28.98 29.04 0.21 26.51 26.89 0.30 14.05 13.96 047
5 564 554 177 430 436 1.39 .72 169 1.74 88.34 88.41 0.08

TABLE VHI
RESULTS OF ANALYSIS OF REACTION MIXTURES OF PYRAZINAMIDE BY HPLC

Average values obtained from duplicate GC runs.

Mixture 2-MP 2-CP Pyrazine PZA

No. (%) (%) (%) (%)
1 97.23 1.96 - 0.82
2 85.85 0.70 11.90 0.01
3 47.78 28.73 2243 1.08
4 42.51 — 24.16 33.32
5 44.45 52.11 0.96 2.46
6 41.87 54.67 0.77 2.66
7 47.71 47.69 3.15 1.43
8 37.26 2.70 8.51 51.54
9 34.78 - 10.47 54.75

10 40.54 - 4.23 55.22

Experiments on the ammoxidation of 2-MP were carried out under different
conditions and with various catalysts. Typical samples of the reaction mixtures
collected were analysed by the developed procedures and the results obtained are given
in Table VIII. It can be seen that the amounts of PZA and 2-CP formed are different in
each instance, depending on the experimental conditions.

CONCLUSIONS

A rapid and accurate GC method was developed for the determination of 2-MP,
EDA and PG in reaction mixtures, in which presaturation of the column with
ammonia before sample analysis enhanced the accuracy. A GC method was
established for determining 2-MP in the conversion of -HPEDA to 2-MP. Reaction
mixtures obtained during the dehydrogenation of methylpiperazine were also
monitored by GC under similar conditions.

In addition, an HPLC procedure for the determination of ammoxidation
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products of 2-MP was developed. The time required for complete elution of the
compounds is 10 min whereas the reported GC method requires nearly 20 min.
Further, in the reported GC procedure, the stationary phase material deteriorates after
a few months of use, whereas such a drawback is not observed in the developed HPLC
method.

The methods developed are applicable to the assay of pyrazinamide and for
monitoring the reactions during its process development. Further, the procedures are
useful in the assay of the components of reaction mixtures in the process development
of 2-methylpyrazine, which is the starting material for the manufacture of pyrazin-
amide.

ACKNOWLEDGEMENTS

The authors thank Dr. A. V. Rama Rao, Director, IICT(H), for his encourage-
ment in carrying out this work. Thanks are also due to Dr. J. S. Yadav, Scientist,
IICT(H), for his interest in this study.

REFERENCES

1 A. Brouard, H. Barreteau, H. Merdjan, M. Paillet and G. Fredj, J. Chromatogr., 345 (1985) 453.

2 J. K. Landquist, in O. Meth-Cohn (Editor), Comprehensive Heterocyclic Chemistry, Vol. 1, Part 1,
Pergamon Press, New York, 1st ed., 1984, p. 180.

3 A.V.Rama Rao, J. S. Yadav, K. Ravichandran, A. B. Sahasrabudhe and S. S. Chaurassia, Indian J.
Chem., 23B (1984) 850.

4 A.E. A. Porter, in A. J. Boulton and A. AcKillop (Editors), Comprehensive Heterocyclic Chemistry,

Vol. 3, Part 2B, Pergamon Press, New York, Ist ed., 1984, p. 158.

H. Foks and D. Panchechowska, Acta Pol. Pharm., 33 (1976) 49; C.A., 86 (1977) 72574p.

P. A. Caccia, Am. Rev. Tuberc. Pulm. Dis., 75 (1957) 105; C.A., 52 (1958) 1453a.

W. S. Allen, S. M. Aronovic, L. M. Bracone and J. H. Williams, Anal. Chem., 25 (1953) 895.

J. Roboz, R. Suzuki and T. F. Yu, J. Chromatogr., 147 (1978) 337.

B. Ratti, A. Toselli, E. Beretta, A. Bernareggi, Farmaco, Ed. Prat., 37 (1982) 226; C.A., 97 (1982) 84622t.

10 T. Yamamoto, Y. Moriwaki, S. Takahashi, T. Hada and K. Higashino, J. Chromatogr., 382 (1986) 270.

11 K. Chan, C. L. Wong and S. Lok, J. Chromatogr., 380 (1986) 367.

12 J. Woo, C. L. Wong, R. Teoh and K. Chan, J. Chromatogr., 420 (1987) 73.

13 L. Forni, Appl. Catal., 20 (1986) 219.

14 L. Forni, G. Stern and M. Gatti, Appl. Catal., 29 (1987) 161.

15 F. J. Debbrecht, in R. L. Grob (Editor), Modern Practice of Gas Chromatography, Wiley, New York,
2nd ed., 1985, p. 409.

00 =3 &\ Lh

o



