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ABSTRACT

Trametinib Dimethyl sulfoxidé),a typical anti neo plastic agent drug is used fioe treatment of skin cancer.
During the laboratory optimization, formation ofn@us impurities wereobserved in the final TramigtirOrigin of
these impurities were possible when key startinteria 2-fluoro-4-iodo aniline contained2-fluorodime, leading
to the formation of the des-iodo impurity. Anotlpexssibility of des iodo impurity was observed dgrthe nitro
reduction step using tin (I) chloride. A cyclic poritywas also found during nitro reduction stegngstin (II)
chloride. These impurities were monitored and thaiuctures were tentatively assigned on the basisheir
fragmentation patterns in LC-MS. Further, these umities weresynthesized andcharacterized. We dasdrére-in,
the formation, synthesis and characterization afsthimpurities.Our study will be of immense helmttoers to
obtain chemically pure Trametinib Dimethyl sulfaxid

INTRODUCTION

The safety of adrug product is not only dependenthe toxicological properties of the active drudpstance (or
API), but also on the impurities formed during tha&rious chemical transformations. Therefore, idiatiion,

quantification, and control of impurities in theudr substance and drug product are important pdrteeodrug
development for obtaining marketing approval. Itn®re challenging for an organic chemist to idgntifie

impurities which are formed in very small quanstia drug substance. Since most of the time ieiy difficult to

identify and control impurities within acceptabkvéls in the process, extra purification steps ey become
necessary thereby making the process less competiMore often than not, the synthesis of impuwsiteee not
described in the literature which makes it even endifficult for the organic chemist, who must thdesign a
synthesis, which is time consuming. The developneémirug substance is incomplete without the idatiion of

an impurity profile involved in the process. Furtiere, it is not mandatory to design synthetic esutor the
impurities. Thus, in our study we explored the fation, identification, synthesis and characteraatf impurities
found in the preparation of Trametinib Dimethyl feside. This study will help organic chemistsin teet
understanding of the potential impurities in TramietDimethyl sulfoxide synthesis and thereby inabing a pure
compound.[1-3]
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MATERIALSAND METHODS

2.1 Preparation of desiodol mpurity:

The des iodo Trametinib impurif2) was prepared by using nitro phenyl pyrido pyrima&liring(15) withRaney-
Nickel, hydrazine hydrate in ethanol under reflabldwed by reacting with acetic anhydride in presenf pyridine
to give N-(3-{3-cyclopropyl-5-[(2-fluorophenyl)ama}-6,8-dimethyl-2,4,7-trioxo-3,4,6,7-tetrahydromoi [4,3-
d]pyrimidin-1 (2H)-yl}phenyl) acetamide (des iod@ametinib) (2) under the Synthetic scheme -1

(Full scheme $ynthetic scheme -3) of Trametinib Dimethyl sulfoxide synthesis giveelow under results and
discussion.)

Synthetic scheme -1

Scheme 1:
Reagents, conditiongt) Raney-Nickel, NHNH, hydrate in ethanol reflux(ii) Acetic anhydride rigyne, DCM at 25-30°c
Massm/z = 488 (M -1), UV { nm) 320, 248,202

IR Values:

3348(N-H stretching), 3026 (Aromatic C-H stretching719, 1690 (C=0 stretching), 1638, 1605, 155 (#atic
C=C stretching), 1483, 1421 (Aliphatic C-H bendint369, 1350, 1307 (C-N stretching), 1288, 1258112208,
1104, 1033 (C-F stretching), 788,755 (Aromatic ®dhding)

NMR (DMSO - d, 300 MHz)

Table 1: NMR values
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Position 1H[ & (ppm) | multiplicity BC, J(Hz} DEPT
1 1H | 7.60-7.62 m 119.99 CH
2 - - - 140.32 -
3 1H | 7.60-7.62 m 118.21 CH
4 1H | 7.34-7.39 m 128.68 CH
5 1H | 7.03-7.06 m 123.89 CH
6 - - - 139.55 -
7 - 151.01
8 - 145.00
9 - - - 101.31
10 - - - 164.28
11 - - - 151.59
12 - - - 89.64
13 - - - 162.87 -
14 1H | 2.62-2.64 m 24.83 CH
15Ha, 16Ha| 2H 0.68 br
15Hb, 16Hb| 2H| 0.95-0.97 m 8.17 Ch
17 3H 1.26 S 12.94 CH
18 3H 3.05 S 33.90 CH
19 - - - 127.87, d(8.6) -
20 1H | 7.13-7.25 m 123.99 CH
21 1H | 7.13-7.25 m 126.32,d (6.6 CH
22 1H | 7.13-7.25 m 125.23,d (3.2 CH
23 1H | 7.34-7.39 m 116.25,d (18.9) CH
24 - - - 154.66,d (2431 | -
25 - - - 168.52 -
26 3H 2.05 S 23.97 CH
NH’ 1H 10.13 S - -
NH 1H 11.25 S -

s- singlet, d- doublet, t- triplet, m-multiplet-troad
115C _1% Coupling constant

2.2 Preparation of Cycliclmpurity:

The Tin (Il) chloride dihydrate reduction of nitygghenyl pyrido pyrimidine ring(15) is a critical reaction. A
prolonged reaction time leads to a cyclic impufibis contaminated material when reacted with acaticydride
(18) in presence of pyridineresultsin Trametifl) contaminated wit{3). The degree of contamination was 0.5-
1.0%.1t isdifficult to remove the impuritf8) from the Trametinib dimethyl sulfoxidd).

Scheme 2

The preparation of cyclic impurity is as illustrdteere:

Nitro phenyl pyrido pyrimidine ring15) was reacted with excess stannous chloride dihydratier reflux in
ethanol for 24 hours followed by reaction with &einhydride, in presence of pyridine to give &lopropyl-5-
[(2-fluoro-4-iodophenyl)amino]-6,8-dimethyl-1-(2-tiglquinolin-7-yl)pyrido[4,3-d]pyrimidine-2,4,7 (1)3H,6H)-
trione (3)Cyclic impurity) under the Synthetic scheme -2tHer purified by using preparative HPLC .
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Synthetic scheme-2:

as) . A

X

©)
Scheme 2: Reagents and condition§) stannous chloride dihydrate in ethanol refldcetic anhydride, pyridine,
DCM at 25-30°c
Massm/z = 624 (M + H), UV L nm) 324, 254,211
IR values:
3430 (N-H stretching), 3092 (Aromatic C-H stretal)i, 2922 (Aliphatic C-H stretching), 1633 (C=0esthing),
1555(Aromatic C=C stretching), 1478, 1422 (Alipba@-H bending), 1351, 1305 (C-N stretching), 128244,
1204, 1134(C-F stretching), 834,790,720 (Aromatie 6ending)
NMR (DMSO - ¢, 300 MHz)

Table2: NMR data

Position 1H] & (ppm) J (HD) BC, J(HZ§ DEPT

1 1H 7.9¢ d@aa? 124.3: CH
2 - - - 142.8¢ -
3 - - - 125.32 -
4 1H 8.14 d(8.h 128.30 CH
5 1H | 7.78-7.82] dd(10.4,1.%) 128.90 CH
6 - - - 142.36 -
7 - 150.8¢
8 - 144.87
9 - - - 102.17
10 - - - 162.83
11 - - - 151.01
12 90.58
13 - - - 164.09 -
14 1H | 2.63-2.66] m 24.86 CH

15Ha, 16Ha| 2H 0.72 br

15Hb, 16Hb| 2H| 0.97-0.94 m 8.14 ch
17 3H 1.13 s 13.63 GH
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18 3H 3.10 s 33.90 GH
19 - - - 128.13, d(11.2) -
20 1H 6.98 t (8.7)° 125.08 CH
21 1H 7.57 d(8.4 134.01,d (3.2 CH
22 - - - 88.36,d (7.2) -
23 1H | 7.71-7.75 (8.9?{‘.7)12 124.86,d (21.4) CH
24 - - 154.16,d (249.1

25 - - - 159.38 -
26 3H 2.83 s 23.10 GH
27 1H 7.69 t(8.7) 123.46 CH
28 1H 8.61 t(9.0) 140.01 CH
NH 1H 11.02 s - -

s- singlet, d- doublet, t- triplet, m-multiplet-troad
11H- *H Coupling constant
214 _F Coupling constant
31%C ~1F Coupling constant

RESULTSAND DISCUSSION
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Synthetic scheme-3:
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Scheme 3:

Reagents and conditions: (i) N, N-Carbonyl diimidazole, Triethyl amine, DM{#) Acetyl chloride, Acetic anhydridéi) POCE Dimethyl
aniline, water, 95-100°c ,25% methyl amine solutomethanol at 25-30°@v) 2,6 —lutidine, DCM at 25-30°¢v) DMF 130-135 °c (vi)
Potassium carbonate, methanol, THF 60-65 °c,(vigkSH,O (viii) Pyridine, DCM, (ix) DMSO.

Trametinib Dimethyl sulfoxide is designated chertljcaas Acetamide,N[3-[3-cyclopropyl-5-[(2-fluoro-4-
iodophenyl)amino]3,4,6,7-tetrahydro-6,8-dimethy-Z-trioxopyrido[4,3-d]pyrimidin-1(2H)-yl]phenyl]compound
with 1,1’-sulfinylbis[methane] (1:1). Its literateirsynthesi®(Scheme 1) (1-9) involves reaction of 2-fluoro4-iodo
aniling(4) with cyclopropyl amings).The productl-cyclopropyl-3-(2-fluoro-4-iodo-phenyirea (6) on treatment
with malonic acid (7)gives the product 1-cyclopropryl-3-(2-fluoro-4-iocgbenyl) pyrimidine-2, 4, 6-
triong(8)whichwhentreated with 2-methyl malonic a@wivesthe product 3-cyclo propyl-1-(2-fluoro-4-
iodophenyl)-5-hydroxy-6, 8-dimethyl-1H, 8H-pyrid@,[3-d] pyrimidine-2, 4, 7-trion€l0)which furtherreacts with
Trifloromethane sulfonic anhydridéll) to givethe product Trifluoromethanesulfonic aciccy&lo-propyl-1-(2-
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fluoro-4-iodophenyl)-6,8-dimethyl-2,4,7-tri-oxo-134,7,8-hexahydro-pyrido[2,3-d]pyrimidin-5-yl egtE)which
was reacted with 3-Nitro anilin€l3)to give rise to the product 3-Cyclopropyl-1-(2-ftoe4-iodo-phenyl)-6,8-
dimethyl-5-(3-nitro-phenylamino)-1H,8H-pyrido[2,3myrimidine-2,4,7-trionél4) which when reacted under basic
condition affords the product 3-Cyclopropyl-5-(2dko-4-iodo-phenylamino)-6,8-dimethyl-1-(3-nitrogatyl)-
1H,6H-pyrido[4,3-d]pyrimidine-2,4,7-trior{#5). with stannous chloride dihydrat@d6) affords the productl-(3-
Aminophenyl)-3-cyclopropyl-5-[(2-fluoro-4-iodophelgmino]-6,8-dimethyl-2,4,7-trioxo-3,4,6,7-tetrahnpd2H-
pyrido[4,3-d]pyrimidin€17), which is furtherreacted with acetic anhydri8) to afford theproduct N-{3-[3-
cyclopropyl-5-(2-fluoro-4-iodophenylamino)-6,8-dithgl-2,4,7-trioxo-3,4,6,7-tetrahydro-2H-pyrido[4,3-
d]pyrimidin -1-yl]phenyl}acetamide(19)which formsolsate with Dimethyl sulfoxide (20) to giveTramdtbn
Dimethyl sulfoxide(1).

During the laboratory optimization of theTrametirilimethyl sulfoxide(1),two process related impurities were
identified. The guidelines recommend by ICH stais the acceptable levels for a known and unknosynpound
(impurity) in the drug should be less than 0.15 ariD%, respectively. In order to meet the stringegulatory
requirements, the impurities present in the drugggance must be identified and characterized.

CONCLUSION

The two process-related impurities identified dgrthe preparation of TrametinibDimethyl sulfoxidehich were
synthesized and characterized, will aid in bettedasstanding of the impurity profile of Trametiniinethyl
sulfoxide. Complete characterization of the procedated impurities also helps in better stratemjzivays and
means to remove them from the desired product.
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