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An efficient and facile synthesis of 2-bromo-5-methylpyrazine
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ABSTRACT

A facile and efficient synthesis of 2-bromo-5-methyl pyrazineis described.
The synthetic scheme involves the conversion of 5-methyl pyrazine-2-car-

boxylic acid to the corresponding amide which on Hofmann degradation
gives the amine compound. This amine compound on diazotization fol-
lowed by in-situ bromination produces the targeted 2-bromo-5-methyl

pyrazine. © 2009 Trade Sciencelnc. - INDIA

INTRODUCTION

Theemergenceof drug-resistant pathogenic srains
in recent years, e.g. Streptococcus pneumoniae, Sta-
phylococcus aureus, Entero-coccus faecium,
Pseudomonas aeruginosa, Steno-trophomonas
maltophilia, Salmond latyphi, has been of major con-
cerni*4, Among other infectious diseases, tuberculosis,
caused by Mycobacterium tuberculosis, seemsto be
themost invasive, and the multidrugresistance (MDR)
phenomenon makesit theworld’s number one killer
especidly for immunosuppressed AIDS patients®. Be-
causeof this, thereisagreat need for antibacteria and
antituberculousdrugswithimproved propertiessuch as
enhanced activity against MDR strains and reduced
toxicity.

Pyrazines (1) represent animportant classof het-
erocyclic compounds®. Assevera bio synthetic paths
alow the conversion of anamino acid into apyrazine,
thisstructural unitisfound in many natural products.
They areimportant flavor ingredientsinfood™, and have
shown interesting anticancer’® aswd | asantitubercul o-
sig¥ activities. Pyrazines have been used widely as

carboxylicacid;
Hofmann degradation;
Diazotization;
2-bromo-5-methylpyrazine.

agrochemicasaswelI'9, Subgtituted pyrazineshavea so
gained increased attention in recent yearsdueto their
usefulness asimportant constituents either of biologi-
cdly active compounds™ or functional material g*2.

Pyrazinamide (2) isoneof themost effective antitu-
berculousdrugs. Variouspyrazinederivativesand pyrazi-
namide ana ogsa so exhibit high antibacterial activity
such as esters of pyrazinoic acid*®, pyrazine
thiocarboxamide and N-hydroxy methylpyrazine
thiocarboxamidel®*¥ and ring substituted
pyrazinylcha cones®®. Microbiologicd evauation of the
2-bromo-5-methyl pyrazine (3) was performed by de-
termining theantitubercul ousactivity on Mycobacterium
tuberculosis, M. avinum, M. kansasii and M. fortutium
invitroincomparison with theeffect of pyrazinamidd*®
(Figurel).
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Figurel: Sructuresof Pyrazine(1), Pyrazinamide (2) and
2-bromo-5-methylpyrazine(3)
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RESULTSAND DISCUSSION

Irrespective of the importance of 2-bromo-5-
methyl pyrazine (3), an efficient synthetic routeto this
key 2-bromo-5-methylpyrazine (3) intermediatehasthus
far not beenfully devel oped. Only onereportisavail-
able as on date for the preparation of 2-bromo-5-
methylpyrazine (3)%, direct condensation of
aminoacetamide chloridewith methylglyoxa gave 5
methyl pyrazine-2-ol which being treated with phos-
phoryl bromideresulted thetitle compound. However,
poor yieldsreduce the efficiency of thisapproach.

For these reasons, the aim of this study isto de-
velop an efficient and improved routeto synthesizethe
2-bromo-5-methylpyrazine (3) by using 5-
methyl pyrazine-2-carboxylic acid (7). The preparation
of 5-methyl pyrazine-2-carboxylic acid™ involvesthe
freeradicd chlorination of 2,5-dimethyl pyrazine(4) with
N-chlorosuccin- imideinthe presence of benzoyl per-
oxideasinitiator afforded 2-chloromethyl-5-methyl
pyrazine (5) whichwasrefluxed withanhydrousNaOAc
in absolute ethanol under argon gave acetoxymethyl
derivative. Hydrolysis of the obtained acetoxymethyl
derivativewith NaOH gavea cohol (6) which on oxi-
dation with KMnO, producesthedesired acid (7) in
50% overdl yied (Schemel).

\[ (PhCO,), \[ 1 AcONa
j\ NCS, A N” CH,CI NaOH
T l \E l
CH,0H COOH
Schemel

We have utilized 5-methyl pyrazine-2-carboxylic
acid (7) asakey starting materid for the preparation of
title compound (Schemell). 5-Methyl pyrazine-2-car-
boxylic acid (7) whichiswell availablecommercialy
andisconverted tothemethyl ester (8) usingH,SO, in
methanol followed by the reaction withammoniain
methanol producesthe corresponding amide(9). This
amide on Hofmann degradati on producesthe 2-amino-
5-methylpyrazine (10). For thisreaction, literature®
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reveal sthe usage of potassium hypochloritewhichis
prepared in-situ by using chlorinein agueous potas-
sium hydroxide. To avoid the usage of chlorinegas, we
have utilized the potassium hypochloriteinthereaction
directly. However, upon direct usage of potassium hy-
pochloriteresultsthe run away reaction. Finally, it has
beenidentified acommercid viable Hofmann degrada
tion reaction conditionsby using Br, in aqueousKOH
to prepare 2-amino-5-methylpyrazine, (10).

N N
\E N H,SO,, MeOH \E N
~ OH > Z OCHjs
N 70°C, 12 hr N
o) 90 % o)
(7) (8
N

Y
\

N
NH3;, MeOH | Br,, aq. KOH
NH, -
0-5°C, 4 hr N 90°C. 2 hr

N aq. 48% HBr / Br, N
W, e 0
N/ NH, -45°C, 2 hr N/
65 %

(10) 3)
Schemell

Br

2-Amino-5-methylpyrazine, (10) on diazotization
with NaNO,/HBr foll owed by displacement with mo-
lecular bromine (Sandmeyer type reaction) produces
the 2-bromo-5-methyl pyrazine, (3). Initidly, thisreac-
tion proceeded with only 5-7%yield. Toimprovethe
yield, conditionsfor theformation of diazonium salt,
sability and reactivity of theobtained diazonium salt at
different reaction temperatureswas studied. Complete
absence of amine compound (10) was observed with
NaNO,/HBr at 0°C, and target compound formation
was not observed with NaBr or CuBr at the sametem-
perature. However, 25-30 % product (3) formationwas
observed with molecular bromineasabrominating agent
instead of NaBr or CuBr at 0 °C. The unmanageable
exothermicity of thisreaction intended usto examine
thefeasibility of thisreaction at further low tempera-
turesand found that -45°C is the optimum temperature
to control exothermic nature of thereaction. At-15to-
10°C, we have observed only 10% product formation
with NaBr or CuBr and 20% product formation with
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molecular bromine. Yieldwasnot muchimproved even
at further low temperatures.

It was started suspecting about the stability of the
corresponding diazonium salt. To provethis, bromine
was added to thereaction prior to theformation of dia-
zonium salt which gave > 60% of product formation
evenat -45°C. After these results, the reasons for the
low yield could bethe obtained diazonium satishighly
unstabl e at above-20°C and not reactive towards the
NaBr and CuBr at below -20°C. The immediate avail-
ability of thebromineradicd after theformation of dia-
zonium salt givesthemore product formation.

Asaconclusion, an efficient and facile synthes sof
2-bromo-5-methylpyrazine (3) isdescribed by conver-
sion of 5-methyl pyrazine-2-carboxylic acid to the cor-
responding amidewhich on Hofmann degradation gave
theaminecompound. Thisamine compound on diazo-
tizationfoll owed by in-situ bromination yiel ded thetar-
geted 2-bromo-5-methyl pyrazine. Based on thispro-
cess 2 Kgof title compound was prepared.

EXPERIMENTAL SECTION

Melting pointswere determined on aBuchi 540
melting point apparatus and are uncorrected. *H and
13C NMR (proton decoupled) spectrawere recorded
on Varian 400 MHz spectrometer usng DM SO-d, and
CDCl, assolvent, and tetramethyl silane(TMS) asin-
ternal standard. Mass spectrawererecorded onAgilent
triple quadrupol e mass spectrometer equipped with
turboion spray interfaceat 375°C. Unless otherwise
mentioned, al the solvents and reagents used were of
commercial grade. TLC was performed on pre coated
dlica-gd plates, whichwerevisudizedusng UV light.
Preparation of methyl 5-methylpyrazine-2-car-
boxylate (8)

To acooled solution of methanol (300 mL) and 5-
methyl pyrazine-2-carboxylicacid (100 g, 0.724 mole),
conc. sulphuric acid (8.0 mL) was added drop wise at
0-5°C. The reaction mixture was heated to 65°C and
maintained at this temperature for over night. After
compl etion of thereaction, cool the reaction massto
RT and distill off the solvent under vacuum at bel ow
30°C. The obtained residue was partitioned between
water (300 mL) and toluene (500 mL). Boththelayers
were separated and the agueous layer was extracted
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with toluene (2 * 400 mL). Combined organic layer
waswashed with 2% agueous sodium hydroxide solu-
tion (100 mL), dried over sodium sulfate, filtered and
the sol vent wasremoved by evaporati on under vacuum
at below 45°C to give the compound 2 as a light brown
colored solid; 91% yield; mp 92-5 °C; *H NMR
(CDCl,): 5 2.6 (s, 3H), 3.95 (s, 3H), 8.75 (s, 1H),
9.05(s, 1H); MS: m/z (M*+1) 153.1;

Preparation of 5-methylpyrazine-2-carbox-
amide, (9)

To acooled solution of methanol (800 mL) and
crude compound 2 (100.0 g, 0.657 mole), ammonia
gaswas purged at 0-5°C for 4 hr. Completion of the
reaction was monitored by TLC. After completion of
thereection, filtered the reaction massand the obtained
solid waswashed with pre-cooled methanol (80 mL)
to givecompound 3 asalight brown col ored powder;
82% yield; mp 206-207°C; '"HNMR (CDCl,): 6 2.7
(s, 3H), 5.85 (bs, 1H, D,0O exchangeable), 7.60 (bs,
1H, D,0 exchangeable), 8.40 (s, 1H), 9.3 (s, 1H);
MS:. m/z(M*+1) 138.0.

Prepar ation of 5-methylpyrazin-2-amine, (10)

To acooled solution of water (80 mL) and potas-
sium hydroxide (18.0 g, 0.321 mole), bromine was
added dropwiseat 0-5°C. Compound 3 (10.0 g, 0.073
mole) was added to the reaction mass at 0-5°C and
thereaction masswas maintained at sametemperature
for 1 hr. Another lot of potassium hydroxide (4.09g,
0.073mole) wascharged at 0-5°C. The reaction mass
was heated to 85-90°C for 2 hr. Completion of the
reaction was monitored by TLC. After completion of
the reaction, compound was extracted with
dichloromethane (3" 100 mL). Combined organic layer
was washed with water, dried over sodium sulfateand
evaporation of the solvent under reduced pressureto
giveresidue. Theresiduewastriturated with n-hexane
and the obtai ned solid wasfiltered to give compound 4
asayelow colored powder; 75%yield; mp 113-15°C;
'H NMR (CDCl,): 6 2.4 (s, 3H), 4.4 (bs, 2H, D,0
exchangeable), 7.85 (s, 1H), 7.95 (s, 1H); MS. m/z
(M*+1) 110.

Prepar ation of 2-bromo-5-methylpyrazine, (3)

Powdered 5-methyl pyrazin-2-amine, 4 (100.0 g,
0.916 mole) wasadded with vigorousstirring in por-
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tionsto 48% aqg. hydrobromic acid (1000 mL ) at 25-
30°C. After the entire compound was dissolved, the
reaction mixture was cooled to -55t0 -50°C. To this
suspension, cooled bromine (132.0 mL) was added
dropwise over 1 hr, maintaining thetemperature at -
50°C and was stirred for 90 min at this temperature.
Then sodium nitrite(168.0 g, 2.435 mole) inwater (340
mL) was added drop wise at -50°C and maintains the
reaction mass at same temperature for 2 hr. After
completion of thereaction, reaction masswasbasified
with agueous sodium hydroxide (pH >9) at below -
20°C and the compound was extracted with n-hexane
(37500 mL). Distill offthe solvent under reduced pres-
sureat below 30°C until the reaction mass volume be-
comes 300 mL. Theresiduewas cooledto-15°C and
stirred at sametemperaturefor 1 hr. Filter thereaction
massto givethetitle compound asawhite color crys-
tallinesolid; mp 45-7°C; *H NMR (CDCl,): 6 2.5 (s,
3H), 8.2 (s, 1H), 8.6 (s, 1H); *C NMR (CDCl,): 6
20.53,137.7,144.2,146.3,152.2. MS: m/z (M*) 173.
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