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Raltegravir sodium synthesis was achieved from its one of the key starting materials with retro synthetic approach, in which without using
its critical starting material chemically known as 5-methyl-1,3,4-oxadiazole-2-carbonyl chloride and which is more unstable during the
synthesis of raltegravir potassium. Almost all the existed literatures commonly using this starting material in its synthesis even it is having |

by constructing an oxadiazole ring in a retro synthetic manner.

| a stability issue and hence to achieve a stable and economically viable synthesis. The current research describes a new route of synthesis |

Keywords: Synthesis, 5-methyl-1,3,4-oxadiazole-2-carbonyl chloride, Raltegravir potassium. |

INTRODUCTION

Raltegravir sodium (I) is an integrase inhibitor which is com-
monly used for treatment of HIV patients since USFDA approved.
Raltegravir always used in combination of other HIV drugs.
Raltegravir, chemically designated as N-[(4-fluorophenyl)methyl]-
1,6-dihydro-5-hydroxy- 1-methyl-2-[ 1-methyl- 1-[[(5-methyl-1,3,4-
oxadiazol-2-yl)carbonyl]amino]ethyl]-6-o0xo0-4-pyrimidine
carboxamide monopotassium salt (I). It was chemically const-
ructed with three different chemical fragments/moieties such
as hydroxy pyrimidinone fragment is the main active scaffold in
the drug substance [1]. Its synthesis already has reported with
various synthesis methodologies [2-20], among those a few
literatures were available with three step sequential synthesis
process, which were disclosed from its basic raw material 2-
amino-2-methylpropionitrile [1,21] (ammonolysis product of
acetone cyanohydrin) and another synthesis was reported form
thermal rearrangement of E- and Z-amidoxime-DMAD adducts
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Chemical structure of raltegravir potassium salt (I)

product [7] benzyl (E)-2-amidinopropan-2-ylcarbamate,
dimethylbut-2-ynedioate [22] as shown in Scheme-1.

The second main fragment is 5-methyl-1,3,4-oxadiazole
ring, an unstable ring system, since having a carboxylic acid
group substitution at its second position and also adjacent to
oxygen atom in oxadiazole. These kind of chemical moieties
were somewhat difficult and unstable during drug substance
purification studies with various solvents. It was observed that
oxazolidine ring has been degraded in selective solvent purifi-
cations and which leads to the formation of USP monograph
listed degradative impurities like impurities G, J & C.

The synthesis of oxadiazole ring have limited articles
which is from acyl hydrazides under semi-aqueous conditions
[26], and one more interesting route was reported for oxadiazoles
[7] synthesis from a commercially available raw material
known as 2-methyl-1H-3,4,5-tetrazole [27], which undergoes
N-alkylation with ethyl oxalyl chloride in presence of an organic
base followed by thermal rearrangement to affoard fragment-
II [7] and third fragment is commercially available starting
material 4-flourobenzylamine [3].

Among all the three fragments, fragment-1I will be easily
degradable and unstable when it exposed to acid or base. Due
to its perilousness nature of fragment-II, some amount of frag-
ment-1I is directly going to be decomposed before the formation
of compound 1 when it is in the form of acid chloride [5]
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Scheme-I: Synthesis of hydroxy pyrimidinone (8)

during coupling reaction with compound 5 and hence compound
9 is consuming more in equivalents than the actual requirement.
Therefore, a new convenient synthesis (Scheme-II) is proposed
for making raltegravir potassium. By keeping all the aspects
in the view, such as costing, process safety, process stability
and commercial process feasibility during industrial scale up.

In the present work, raltegravir potassium synthesis was
developed or initiated from commercially and economically
available intermediate compound 8. The first and second step
of the synthesis very familiar and it is reported in various patents

and research articles (Scheme-III), but the main invention will
be reflected from third stage of the proposed route of synthesis
as shown as in Scheme-II.

The author constructed Fragment-II of raltegravir with
ethyl oxalyl chloride with a simple coupling reaction with primary
amine which is present in compound 5 to get compound 4.
Afterwards, ethyl ester (4) was treated with hydrazine hydrate
for resulting compound 3 and then it was condensed with acetic
acid and followed by ring cyclization to affoard compound 1.
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Scheme-II: Proposed route of synthesis for raltegravir potassium
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Scheme-III: General route of synthesis for raltegravir potassium

EXPERIMENTAL

Most of the raw materials, solvents and reagents were purc-
hased from commercial manufacturing sources. The techniques
which were used for its each stage analysis purpose were such
as '"Hand "C NMR (Bruker 400 MHz), mass (Agilent 6110AA
ESI and APCI system, FT-IR (Perkin-Elmer spectrum 100 FT-
IR spectrometer).

Synthesis of benzyl 2-(4-(4-fluorobenzylcarbamoyl)-
1, 6-dihydro-5-hydroxy-1-methyl-6-oxopyrimidin-2-yl)
propan-2-ylcarbamate (6): In a 250 mL clean and dry round
bottom flask, 4-flourobenzylamine was slowly added to a cooled
solution of compound 8 (15 g) in 150 mL of absolute ethanol
under vigorous stirring. After completion of the addition at 0-5
° C it was slowly heated to reflux temperature and maintained
the reaction for 3 h until the starting material complies. The
reaction mass was cooled to 50-60 °C, then there added 7 mL
of glacial acetic acid followed by 15 mL of water. The resulting
solution was cooled to room temperature and maintained for
30 min filtered under nitrogen atmosphere, washed with 10-
20 mL of 50 % aqueous ethanol solution and dried to afford
13.2 g of compound 6 with HPLC purity 98.10 %. '"H NMR
(DMSO-de): 6 11.04 (s, 1H), 7.93 (s, 1H), 7.33 (m, 5H), 7.10
(t, 4H), 5.23 (s, 2H), 4.97 (s, 2H), 4.46(d, 2H), 3.83(s, 3H),
1.57 (s, 6H); "CNMR (DMSO-d): 8 167.21, 165.11, 162.49,
160.08, 159.85, 154.81, 154.13, 141.53, 137.20, 136.52, 130.26,
129.17,128.97,127.69, 123.30, 114.94, 114.73, 64.97, 56.25,
43.63, 41.07, 32.04, 27.82, 22.55. Mass (m/z): M": 468.48,
M-H: 468.2 (-ve scan), M+H: 469.2 (+ve scan).

Synthesis of N-(4-fluorobenzyl)-2-(2-aminopropan-2-
yD)-1,6-dihydro-5-hydroxy-1-methyl-6-oxopyrimidine-4-

carboxamide (5): In a 250 mL four necked round bottom flask
added 5 g of compound 6 portion-wise to a alcoholic solution
of sodium hydroxide (2 g) in n-butanol (20 mL) at room temper-
ature under vigorous stirring. The slurry solution was slowly
heated to reflux and maintain for 3-4 h until it TLC complies.
The resulting brown colored precipitated solution was cooled
to 20-25 °C diluted with 50 mL of water to get clear solution.
The obtained off-white coloured solid was filtered and dried
after reaction mass pH was adjusted to 7.5 with conc. HCI (5
mL) to afford 3 g of compound 5 with HPLC purity 99.4 %.
'HNMR (DMSO-dy): 8 10.55 (s, 1H), 7.27-7.30 (m, 2H), 7.10
(t, 2H), 4.43 (d, 2H), 3.60 (s, 3H), 1.58 (s, 6H); “C NMR
(DMSO0-ds):167.87, 162.50, 159.95, 152.15, 145.17, 135.77,
129.23,122.92,115.10,56.02,41.33,33.01, 27.24. Mass: M™:
334.35 , M+H: 435.1 (+ve Scan), M-H: 333.1 (-ve scan).
Synthesis of ethyl-(2-(4-(4-fluorobenzylcarbamoyl)-1,
6-dihydro-5-hydroxy-1-methyl-6-oxopyrimidin-2-yl)
propan-2-ylcarbamoyl)formate (4): In a clean and dry 3000
mL round bottom flask, it was taken 400 mL of chloroform,
40 g of compound 8 and 38 g of triethylamine at room temp-
erature under gentle stirring, then added 32 g of ethyl oxalyl
chloride dropwise over a period of 0.5 h at 0-5 °C. The reaction
mass was maintained for 1 h at 0-5 °C and another 1 h at room
temperature until the reaction get complies in TLC. After
completion of the reaction added IN HCI (200 mL) to the
wine red colour reaction mass to remove excess of triethyl-
amine, the obtained organic residue after distillation under
reduced pressure was isolated in isopropyl ether (IPE) and
got 25 g pure material. 'H NMR (DMSO-dq): 8 12.21 (s, 1H),
9.48 (s, 1H), 9.06 (t, 1H), 7.38 (t, 2H), 7.16 (t, 2H), 4.51 (d, 2H),
3.36 (s, 3H), 1.64 (s, 6H); *C NMR (DMSO-dq): 8 168.45,
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162.53,160.52, 160.12, 158.59, 156.92, 151.74, 145.72, 134.90,
134.88, 129.47, 124.40, 115.25, 115.04, 62.19, 57.16, 41.65,
32.96,26.90, 13.78. Mass: M*: 434.42, M-H: 433.3 (-ve scan).

Synthesis of 2-((2-(2-hydrazinyl)-2-oxoacetamido)propan-
2-yl)-N-(4-fluorobenzyl)-5-hydroxy-1-methyl-6-oxo-1,6-
dihydropyrimidine-4-carboxamide (3): In a clean and dry
four necked round bottom flask fitted with mechanical stirrer,
20 g of compound 4 was taken in 250 mL of absolute ethanol
under gentle stirring followed by 5 g of 80 % hydrazine hydrate
at 25-35 °C. The reaction mixture was stirred for 15 min at
25-35 °C and then slowly heated the reaction mass to reflux
temperature. After 45 min reaction was completed over TLC
and then the reaction mass was cooled to room temperature
the obtained off-white color precipitate was filtered and washed
with excess ethanol (50 mL) and dried the material under reduced
pressure. The resulting yield was 17.5 g with HPLC purity
98.6 %. 'H NMR (DMSO-ds): 8 10.68 (t, 1H), 9.09 (bs, 1H),
7.31-7.35 (m, 2H), 7.15 (t, 2H), 4.46 (d, 2H), 4.20-4.25 (q, 2H),
1.68 (s, 6H), 1.25 (t, 3H); *C NMR (DMSO-ds): & 167.30,
163.65,162.22,159.82, 158.83, 157.97, 152.98, 143.18, 136.34,
129.11, 123.59, 115.02, 62.19, 56.61, 41.12, 32.41, 27.02.
Mass: M*: 420.39 , M-H: 419.2 (-ve scan).

Synthesis of (E)-N-(2-((2-(4-((4-fluorobenzyl)carbamo-
yl)-5-hydroxy-1-methyl-6-oxo0-1,6-dihydropyrimidin-2-yl)
propan-2-yl)amino)-2-oxoacetyl)acetohydrazoic acid (2):
In a250 mL round flask fitted with dean-stark condenser 10 g
of compound 3 and 20 mL of acetic acid was taken in 100 mL
of toluene. The reaction mixture was slowly heated to reflux
for 4-5 h to collect the condensed water. After completion, the
reaction mass was cooled to room temperature and the resulting
precipitate was filtered, washed with another 20 mL of fresh
toluene. The filter cake was dried and reported the yield as 14
g with HPLC purity 99.0 %. "H NMR (DMSO-ds): 8 12.22 (s,
1H),10.42 (s, 1H), 9.88 (s, 1H), 9.53(d, 1H), 9.09 (d, 1H),
7.36-7.40 (m, 2H), 7.16 (t, 2H), 4.51 (d, 2H), 3.42 (s, 3H),
1.87 (t,2H), 1.70 (s, 6H); *C NMR (DMSO-ds): 8 168.47,167.84,

162.52,160.11, 158.81, 158.60, 152.00, 151.94, 145.69, 134.89,
134.88, 129.50, 124.39, 115.27, 115.06, 57.11, 41.64, 32.96,
26.96, 20.56. Mass: M*: 462.43, M+H: 463.1 (+ve scan) .
Synthesis of N-(4-fluorobenzyl)-2-(2-(5-methyl-1,3,4-
oxadiazole-2-carboxamido)propan-2-yl)-1,6-dihydro-5-
hydroxy-1-methyl-6-oxopyrimidine-4-carboxamide (1):
Refluxed a mixture of compound 2 (20 g), toluene (200 mL)
and p-toluene sulfonic acid (5 g) in a 500 mL round bottom
flask which was equipped with a Dean-Stark condenser and
collected the water for 1 h. The cyclization was completed
within 45 min, then the reaction mass was cooled to room temp-
erature. The reaction mass was washed with 1 N KOH solution
(2x 50 mL). The organic layer was concentrated under reduced
pressure. The obtained residue (15 g) was taken in absolute
ethanol (17 mL) and water (17 mL) under gentle stirring added
45 % (w/w) aqueous KOH solution at 15-20 °C. The resulting
solution was stirred for 0.5 h, filtered through hyflo bed to
remove haziness and obtained clear solution was seeded with
0.5 g of raltegravir potassium salt (1) at room temperature
with constant agitation. The obtained solid after 2-3 h cooling
at 5-10 °C was filtered, washed with fresh ethanol (8mL) and
dried to afford 18 gm of raltegravir potassium salt (1) as a
white crystalline solid with purity 99.8 %. "H NMR (DMSO-
de): 8 11.67 (t, 1H), 9.75 (s, 1H), 7.32 (m, 2H), 7.13 (t, 2H),
3.39 (s, 3H), 2.56 (s, 3H), 1.69 (s, 6H); *C NMR (DMSO-dj):
167.34,165.98, 165.39, 162.13, 159.73, 158.60, 157.47,151.91,
137.17,129.04,129.04, 128.96, 122.46, 114.91, 114.70, 57.19,
40.87, 32.11, 26.91,10.64; Mass: M": 444.42, M+H: 445.30
(+ve scan). FT-IR: 3428.51,3176.09, 3030.01, 3010.61,2959.48,
1676.23,1655.52, 1631.46, 1544.25, 1516.78, 1575.95, 693.36.

RESULTS AND DISCUSSION

When initiated raltegravir potassium process related impu-
rities synthesis at S.M.S. Pharmaceutical R&D Center, unfor-
tunately got this idea about synthesis raltegravir API with retro
approach (Scheme-IV), since the commercial availability of
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Scheme-IV: Retro synthetic approach for synthesis of raltegravir from compound 5
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its critical raw material known as potassium 5-methyl-1,3,4-
oxadiazole-2-carboxylate is rare and having some stability
issue during the synthesis process. Therefore to circumvent
all this issues, a new route of synthesis for raltegravir potassium
is developed.

The first step in this work involves N-acylation process
between ethyl oxalyl chloride and compound 5 in presence of
a base to afford compound 4, which was further treated with
hydrazine hydrate in presence of alcohol and then coupled
with acetic acid followed by cyclization to afford compound
3,2 and 1, respectively as shown in Scheme-II.

Conclusion

A retro-approach synthesis of raltegravir potassium was
explored with possible commercial raw materials in an economic
way of synthetic methodology. It will be recommended for
commercial manufacturing site to produce raltegravir potassium
without using potassium 5-methyl-1,3,4-oxadiazole-2-carbox-
ylate and to avoid the key starting material random stability
issues.
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