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ABSTRACT

4,6-Dihydroxy-2-methyl pyrimidine asan important precursor, find widespread
applications in the preparation of high explosives and medicina valued
products. The synthesis of 4,6-dihydroxy-2-methylpyrimidine has been
carried out by the condensation of acetamidinium chloride and diethyl ma-
lonate in absolute methanol and further acidified by hydrochloric acid. Pro-
cess chemistry has been studied by using various alcohols, alkoxides and
effect of reaction period. The role of process variables and parameters has
been understood thoroughly and developed an economic process. Modi-
fied processyidded the product without compromising onitsquality, which
was confirmed by spectroscopic techniques and elemental analysis. Hence,
the study finds its usefulness in the development of an economic process
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for the production of 4, 6-dihydroxy-2-methylpyrimidine.
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1.INTRODUCTION

4, 6-Dihydroxy-2-methyl pyrimidineapotential mol-
ecule, find applicationsin pharmaceutical and explo-
siveindustries. Thismolecule and itsderivativeshave
proved to be active candidatesin thetreatment of in-
flammation, hypertension, anxiety etc. Thederivatives
of thismolecule have potent effectsof inhibiting ACAT
activity andlowering serum cholesterol™ and also ex-
tremely useful for the treatment and/or prevention of
arteriosclerosisor hyperlipidemia®. The substituted
pyrimidine-4, 6-diones are often being used in many
organic reactiong?. 4, 6-Dihydroxy-2-methyl pyrimidine
isaso animportant precursor for the preparation of an
insengtivehighexplosve 1, 1-diamino-2,2-dinitroethyl
ene (FOX-7)158, Although several routes have been
reported for preparation of FOX-71" but promisingand

versatile route is nitration of 4, 6-dihydroxy — 2 —
methyl pyrimiding®9. Present manufacturing process of
4, 6-dihydroxy-2-methyl pyrimidineinvol ves condensa:
tion of acetamidinium chlorideand diethyl maonatein
the presence of organic alkali®™® The process utilizes
absol ute ethanol for the preparation of sodium ethoxide.
Thus, ethanol actsasreaction mediumand it makesthe
process expensive. Longer processtimeand tempera-
tureisaso contributed for the higher cost. Asthemol-
eculefindsvita applicationsin pharmaceutica and ex-
plosiveindustries, it is necessary to devel op an eco-
nomic processfor the manufacture of 4, 6-dihydroxy-
2-methyl pyrimidinewithout losngthequdity of theprod-
uct by studying the processchemistry of reaction. Hence,
the present investigation focused on the process chem-
istry of 4, 6-dihydroxy-2-methyl pyrimidineand studied
the effect of process parameterslike solvent, reagents,
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TABLE 1: Roleof solvent on theproduct yield
Reflux Reflux

S gyvent  Alkali  Reagent time  temp. Yield (%)
(h) 4®)

1 Ethaol EON@ DEM 5 78 79

> FEthanol EtON& DEM 3 78 83

3 Methao MeON& DEM 5 64 81

4 Mehand MeON# DEM 3 64 85

a- Freshly prepared from sodium and al cohol
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Figure2: FT-IR spectrum

timeetc. to establish the economic process.
2.EXPERIMENTAL

General method of preparation of 4, 6-dihydroxy-
2-methylpyrimidine

() Preparation of sodium methoxide

25.5gof sodiumisreacted with400 mL dry metha:
nol at 20°C ina 1L jacketed glassreactor having lid
andreflux condenser.

(i1) Reaction of acetamidinium chlorideand diethyl
malonate

Theabove prepared sodium methoxide solutionwas
added with 50g acetamidinium chlorideand 81mL di-
ethyl malonate at room temperature. Thismixturewas
gtirred to 3 hoursunder reflux condition andthen cooled
toroomtemperature. Thesolid wasfiltered and washed
with methanol and dissolved in water. The aqueous so-
lution wasacidified to pH 2 with concentrated hydro-
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chloricacid at about 10°C. The precipitate wasfiltered,
washed withwater and dried.

Similarly, theexperimentswerecarried out by vary-
Ing process parameters. M ethanol was replaced with
absolute ethanol and diethyl ma onate by dimethyl ma-
lonate in stoichiometric proportionsin different set of
experiments. Thereactionwasaso carried out toevalu-
atetheroleof different organic dkaiesand their forms
ontheproduct yied likesodium ethoxideand methoxide
powder and solution and potassium butoxide. The
strength of akali during thereaction coursewasmoni-
tored titrimetry. In aset of experiments, by varyingthe
reflux timefrom 0.5 to 6 hours, optimized thereaction
time

The obtained product has been characterized by
Spectroscopictechniques, thermd and dementd andysis
etc. The IR spectra were recorded on PerkinElmer
FTIR-1600 spectrophotometer in KBr matrix and *H
NMR spectrascanned on a 300 MHz Varian instru-
mentindeuterated dimethyl sulfoxideat 3°CwithTMS
asaninterna standard. The DSC studieswere under-
taken on aPerkinElmer DSC-7 instrument at the hesat-
ing rateof 10°C/minin nitrogen atmosphere.

3.RESULTSAND DISCUSSION

Process chemistry playsanimportant rolein devel-
oping an appropriate and economical process. Under-
standing therole of process parameterson the product
yiddwill fadilitateinevolving with an absol ute process ™.
Figure 1 show, the basic route for synthesis of 4, 6-
dihydroxy-2-methyl pyrimidinefrom condensation re-
action of acetamidinium chlorideand diethyl maonate
inthe presence of sodium ethoxideg®,

For the samereaction scheme, process parameters
have been varied systematically to redlizerole of each
parameter on the yield of 4, 6-dihydroxy-2-methyl
pyrimidine. TABLE 1 showsdetalsof experimentsand
theobtainedyied.

Thesynthesi zed 4, 6-dihydroxy-2-methylpyrimidine
was characterized by spectroscopictools. FT-IR spec-
trum of 4, 6-dihydroxy-2-methylpyrimidineisshownin
figure 2. Theabsorptionsat 3084, 1680, 1639, 1577,
1460, 1336, 532, 441 cm* confirms the functional
groups. *H NM R spectrum wasrecorded in DM SO -
d, (Figure 3) and the peaksat 6 2.215 (s, 3H); 4.950
(s, 1H); 11.674 (s, 2H) confirmed the presence of me-
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Figure4: Differential scanning calorimetric profile

TABLE 2: Influenceof natureof alkali on theyield

Sr. . Reflux .
no. Solvent Alkali Reagent time (h) Yield (%)
1 Ethanol EtON&® DEM 3 83

2  Ethanol EtON&® DEM 3 71

3  Methanol FEtONa® DEM 3 67

4  Methanol MeONa® DEM 3 85

5 Methanol MeON& DEM 3 80

6 Methanol MeONa DEM 3 66

7  Methanol t-BuOKY DEM 3 57

3Freshly prepared from sodium and alcohol; *Solution of 20%
EtONa in ethanol; °Solution of 30% MeONa in methanol; ¢Dry
powder of alkoxide

thylene, methyl and hydroxy protonsrespectively of 4,
6-dihydroxy-2-methyl pyrimidine. Endothermic pesk at
355°Cindifferential scanning cal orimetric study con-
firms the melting behavior of 4, 6-dihydroxy-2-
methyl pyrimidine (FHgure4). Thegtoichiometricformula
of the compound was ascertained by the elemental
anaysis. Theestimated valuesfound to match with the
ca culated carbon, hydrogen, and nitrogen contents.

3.1 Role of solvent

Natureand purity of the solvent atersthereaction
rateand cost of the solvent dso contributessignificantly

—= Pyl Peper

for the process cost. The use of apolar solvent will
greatly increasetherate of ionization of substratein
nucleophilic substitution reactions. A roughindication
of asolvent’spolarity isaquantity caled thedieectric
constant. Thedielectric constant isameasure of the
solvent’sability toinsul ate opposite chargesfrom each
other. Electrostatic attractionsand repul sions between
ionsaresmaller in solventswith higher dielectric con-
stants. Water isthemost effective solvent for promot-
ingionization, but most organic compoundsdo not dis-
solvegppreciably inwater. They usudly dissolve, how-
ever inadcohals, and quiteoften mixed sol ventsare used.
Thereaction between acetamidinium chlorideand di-
ethyl maonateisbasi cally nucleophilic substitution at
theacyl carbon. Hence, the polar methanol (dielectric
constant = 33) was used instead of absolute ethanol
(dielectric constant = 24) as a reaction solvent!*2,
TABLE 1reved sthat changing the solvent from etha-
nol to methanol not only increasesyield but also mini-
mizesthereaction time. Further, thiscondensationre-
actioniseffected by refluxing the solvent. Utilization of
methanol brings down reflux temperature to 64°C,
which savesthe power consumption toraisethetemp
to 78°C inthe case of ethanol asasolvent.

3.2 Influence of natureand strength of alkali on
yied

The presence of strong dkali facilitatestheforma:
tion of barbituric acid from diethyl mal onate and ured*2.
As4, 6-dihydroxy2-methyl pyrimidineisastructural
analogous of barbituric acid, the reaction of aceta
midinium chlorideand diethyl maonateisdsosamilarto
theformation of barbiturates. Sodium and potassium
alkoxidesareoften used asbasesin organic synthesis
duetotheir solubility inalcohol solvent rather thanin
water. In order to realizethe effect of alkali onthere-
action yield, different alkalies like ethoxide and
methoxide of sodium and tertiary butoxide of potas-
siumwereattempted.

Theeffect of thealkaiesontheyield are capitu-
lated in TABLE 2 and it reveal sthefreshly prepared
sodium methoxide by the reaction of sodium and metha-
nol yields maximum amount of product of about 85%
in contrast to 83% from freshly prepared sodium
ethoxide. Freshly prepared sodium methoxide, gave
better yield thanits30 % stock solution (E-Merck, LR).
Thismay beduetolossof virginity of akali strength of
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available solution (trade). Similarly poor yield isob-
served by the direct use of sodium methoxide and
ethoxide powders dissolved in methanol and ethanal,
respectively. Better yield by using freshly prepared so-
dium methoxide compared to sodium ethoxide and
potassium t-butoxide may be dueto the better stabili-
zation of reaction intermediate formed during for the
formation of 4, 6 dihydroxy 2-methyl pyrimidine. The
pK, values of methanol (pK_=15.5), water (pK_
=15.74) and ethanol (pK =15.9) arecloser and their
conjugate dkaisareaso equaly powerful in contrast
tot-butanol (pK_=18). Thisrevea sthat the condensa-
tionreactionrequiresmoderately powerful dkali. Hence,
moretheakali strength poor aretheyield. Further, the
use of sodium methoxide reducesthe overall cost of
the processsincethe processusesreatively cheap dry
methanol ascompared to absol ute ethanol and better
yield. Thechangeof basi city during addition of reagents
and reaction has been recorded (Figure 5), which may
bedueto formation of alcohols, and further stabiliza-
tion of intermediatein theform of sodium salt.

3.3Influenceof reagent on theyield

Reaction between acetamidinium chlorideand di-
ethyl ma onate can be characterized asnud eophilic sub-
dtitution reactionasmentioned earlier. Theinitia stepin
thistype of reaction isnucleophilic addition at the car-
bonyl carbon atom. Theinitia attack isfacilitated by
followingfactors: therd ative steric opennessof thecar-
bonyl carbon atom and the ability of the carbonyl oxy-
gen atom to accommodate an €l ectron pair of the car-
bon-oxygen double bond. The intermediate formed
from an acyl compound usually eliminatesaleaving
group; thiselimination leadsto regeneration of thecar-
bon-oxygen double bond and to asubstitution prod-
uct. Theoveral processinthisacyl substitutionfollows
nucleophilic addition-€limination mechanism. Thereec-
tivity of acid derivativescan beexplained by takinginto
account the basicity of theleaving groups. Acyl com-
pounds react as they do because they all have good
leaving groupsattached to the carbonyl carbon atom.
Estersgeneraly undergo nucleophilic substitution by
losing amoleculeof anacohol, whichisawesk akali
and isreasonably good |eaving group. In the present
investigation esterslikediethyl malonate (DEM) and
dimethyl malonate (DMM) in ethanol and methanol
solventswereatempted. Thereactioninvolvesthedimi-

@Wuc CHEMISTRY co—

E - Imithal alkali concantration
e
= Alali concantralion after Ae HCladdition
5 Alkali concentration profile
N

DEM wddition

- W - -

tratios aftar

"

\ e A IBIE EONGaRITE e

-

i o

uBdar rafluy

Alkali strength (%)

LTI
I

" 50 108 160 300 250 388 350 400 450
Time (Min)
Figure5: Alkali strength monitoring during cour se of
reaction

a0

Condeneation time : 3h
B -

E0 o

76 =
7o
25
0 -
E5 =
&0

+Ef0OH CMM+ETDH DEM=M=0H DMM=-Ma0OH
Regent
Figure6: Effectofreagentsony|eldofreact|on

Yield (%)

nation of weak akaliesof ethanol and methanol by the
useof DEM and DMM, respectively. Figure6 reveals
that the DEM in methanol resultsoverall better yield.
No significant changeinyield isobserved whileusage
of DMM in methanol and ethanol. Further, cost of
DMM makesit asindigible candidatefor theeconomic
production of 4, 6 dihydroxy 2-methyl pyrimidine.

3.4 Optimization of reaction time

Processoptimizationisamedtodesignachemica
plant at lowest totd costs, whilesatisfyingthequality of
product and market requirements. Chemica processes
arehighly non-linear systemswith optimum settingsex-
isting for most of theindependent variablesinthesys-
tem. Thereactor isusudly themost important entity of
equipment for which selecting best valuesfor theinde-
pendent variables, becauseits operationshasadirect
effect onraw materia costs, and thecomposition of the
reactor outlet stream determinesthe cost of the prod-
uct work-up section of the plant!*¥. Optimization of
reactiontimeplaysavita rolein significantly reducing
cost. Minimized reaction time not only reduces utility
costs but also improvesthe product yield and maxi-
mizestheoverall productivity of theprocess.

Au Tudian Yournal



OCAIJ, 4(12) December 2008

S.Radhakrishnan et al.

531

TABLE 3: Optimization of reaction time
Reflux

no. Solvent  Alkali Reagent time (h) Yield (%)
1 Methanol MeONa&® DEM 0.5 79
2 Methanol MeON&® DEM 1 78
3 Methanol MeONa® DEM 2 80
4 Methanol MeON&® DEM 3 85
5 Methanol MeONa® DEM 4 81
6 Methanol MeONa® DEM 5 81
7 Methanol MeONa&® DEM 6 81

#Freshly prepared from sodium and alcohol

Yield (%)
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Figure7: Effect of reaction timeonyidld of reaction

TABLE 3indicatesthat theresult of reactionwhich
carried out on wide span of period. Theplot of reac-
tiontimeversusyied of 4, 6-dihydroxy 2-methyl pyri-
midine (Figure7), revealsthat thereisno significant
changeinyield from 0.5to 2h and from 4 to 6h. Maxi-
mum 85% yield is obtained after 3 hoursof reaction.
The product purity was confirmed by the spectrascopic
toolsand dso by dementd andys s. Optimization study
hel ped reducing thereactiontimefrom 5hto 3h, which
significantly reduced the operational cost aswell, im-
provedtheyield.

Thisoptimized processwas carried out at interme-
diatescale (500 g of acetamidinium chloride) in ajack-
eted glass reactor of 10L volume. The reactor was
equipped with hot water circulator and doublecoil con-
denser (chilled water circulated) for reflux and agitator
assembly containing four-bladeturbinethrough variable
frequency drive. Thetemperature of reactionand utili-
tieswere monitored and controlled automatically. The
product obtained dso met thequality and yield aslabo-
ratory product.

4. CONCLUSIONS

A systematic study on process chemistry of 4, 6-
dihydroxy-2-methyl pyrimidine has been carried out.

—= Pyl Peper

Influence of various process parametersontheyield
have been studied and thisstudy reportsoptimized pro-
cessfor the economic production of 4, 6-dihydroxy-2-
methyl pyrimidine. Theoptimized processusesinexpen-
sivedry methanol (0.2% max. moisture) instead of ab-
solute ethanol asreaction medium and also minimizes
theoveral reaction time and process cost. Thechange
intheseparametersalso led tothe significant improve-
ment in yield (85%) of 4, 6-dihydroxy-2-
methyl pyrimidinewithout loogngitsqudity.
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