Available onlinewww.jocpr.com

Jour nal of Chemical and Phar maceutical Resear ch, 2012, 4(10):4506-4513

. ISSN : 0975-7384
Research Article CODEN(USA) : JCPRCS5

Synthesis of related substances of Tramadol hydrochloride, analgesic drug

G. Venkanna®?, G. Madhusudhan®’, K. Mukkanti?, A. Sankar',V. Muneendra Kumar?,
Shaik Amjad Ali*

!Department of Research and Development, Inogertriaadries Private Limited, 28A, IDA,
Nacharam, Hyderabad 500 076, India
“Centre for Pharmaceutical Sciences, Institute aé18e and Technology, Jawaharlal Nehru
Technological University, Kukatpally, Hyderabad 302, India

ABSTRACT

Tramadol hydrochloride is a mild, non-addictive,ntally acting binary analgesic agent, during theopess
development of Tramadol hydrochloride, four relatedstances (Impurities) were observed along withfinal
APlL.Those impurities were identified as,[2-(3-metyjhenyl) cyclohex-1-enyl]-N,N-dimethylmethanamine
hydrochloridef),(1RS)-[2-(3-methoxyphenyl)cyclohex-2-enyl]-N, Neihylmethanaminehydrochlorid@(3-
((1R,2R)-2-((dimethylamino)methyl)-1-hydroxyclohghenol hydrochlorided) and 3,3'-Dimethoxy-biphengl).
Present work describes the synthesis and charaetiéon of all these four impurities.
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INTRODUCTION

Tramadol hydrochloride [(x )cis-2-[(dimethylaminogthyl]1-(3-methoxyphenyl) cyclohexanol hydrochl@jds a
mild, non-addictive, centrally acting binary anage agent, introduced in Germany in the late 19B§s
Grunenthal It was approved for use in the United States in5188d is currently marketed as Ultram by Ortho-
McNeil Pharmaceuticals, Inc.While the marketed fasrthe racemic hydrochloride salt of ttis-isomef™.

Cis-Tramadol HCI(RR, SS) 1
FIGURE 1

Tramadol hydrochloride is a very weakopioid receptor agonist, induces serotonin releasel inhibits the

reuptake of norepinephrifié. Tramadol is converted ©-desmethyltramadol, a significantly more potgrtpioid
agonist. The opioid agonistic effect of tramadad &3 major metabolite(s) is almost exclusively magetl by such
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u-opioid receptors. This further distinguishes trdolgrom opioids in general (including morphine)hiah do not
possess tramadol's degree of receptor subtypetis#leand which are much stronger opiate-recetgonists.
Similarly, the habituating properties of tramadsl¢h as they are) are arguably mainly dug-tipioid agonism
with contributions from serotonergic and noradregieeffects.

The identification of impurities and/or degradairtspharmaceuticals is critically important for reas of both
product efficacy and patient safety. The impuritieay evoke any form of adverse response, eithempd@nlogic
or toxicologic in patients undergoing medicatioreride to ensure patient safety, impurity profilifgaoy APl and
control it during the manufacturing of a drug protuhe API should be identified, synthesized ahdracterized
thoroughly and quantitative determination of orgaand inorganic impurities as well as residual sotg in bulk
drugs and pharmaceutical formulations is very esde@omplete identification of any impurity anor /degradation
product present at > 0.1% is desirable for drugedat < 2 g/day. For drugs dosed at > 2 g/daythiteshold for
isolation and identification is lower at 0.05% amting to ICH guideline$ &

EXPERIMENTAL SECTION

Material and Methods: All reagents and solvents employed were of commaégiade and were used as such,
unless otherwise specified. Reaction flasks wernalried at 200°C, flame-dried and flushed with dityogen
prior to use. All moisture and air-sensitive reacs were carried out under an atmosphere of drggah. TLC was
performed on Kieselgel 60 F254 silica-coated alimmmplates (Merck) and visualized by UV light£ 254 nm) or
by spraying with a solution of KMnO Organic extracts were dried over anhydrousS@. The melting points
were determined in an open capillary tube usingiehBB-540 melting point instrument and were uneoted. The
IR spectra were obtained on a Nicolet 380 FT-IRrimaent (neat for liquids and as KBr pellets folids).HPLC
(Agilent technologies, 1200series). NMR spectraewecorded with a Varian 300 MHz Mercury Plus Speueter

at 300 MHz tH) . Chemical shifts were given in ppm relativarimethylsilane (TMS). Mass spectra were recorded
on Waters quattro premier XE triple quadrupole speceter using either electron spray ionisation IJ&3
atmospheric pressure chemical ionization (APClhtégue.

Synthesis of [2-(3-methoxyphenyl) cyclohex-1-enyl]-N,N-dimstimethanamine hydro chloride (impurity 6)

A solution of1(25.0 g, 0.189 mol) in concentrated hydrochlorid4&25.0 mL) was heated at 90-100 °C for 14-15
h. The reaction mass was cooled to room temperatdeliluted with water (100.0 mL), extracted wit&M (50.0
mLx3). The solvent was removed by vacuum distitlatto get the crude material, which was dissolvéPi, pH
was adjusted to 1.8-2.0 using 20% IPA.HCI solutithe, resulting solution was stirred for 15-30 mewat 25-30
°C. Removal of solvent under reduced pressure gaesidue, which was recrystallized in MTBE to pda6 (10.0
g, vield 65 %; purity by HPLC 86.83%); IR: (KBr, erh) 3006 (Ar CH); 1588(C=C); 1413 (Ar C=C); 13190:
1284(C-0), 1033 (C-C); 1H NMR: (DMSO0-d6) 1.6-1.7,(&H); 2.0 (m, 1H); 2.2 (t, 2H); 2.45-2.83(m, 713)0-3.15
(m, 2H); 3.54 (d, 1H); 3.92 (s, 3H); 6.6 (t, 1HR@d, 2H); 7.3(s,1H)*C NMR (400MHz) (CDC)) &
(ppm):16.3,22.23,22.48,27.96,33.18,42.60,55.26/5912.28,113.83,120.01,123.49,130.00,143.18,145085;
ESI-MS: (m/z): 246.42(Nk1); mp: 122-12%C.

Synthesis of (1RS)-[2-(3-methoxyphenyl)cyclohex-2-enyl]-N,Nagethylmethanamine hydro chloride( impurity
7)

A solution of1(50.0 g, 0.189 mol) in concentrated hydrochlorig250.0 mL) was heated at 80-85 °C for 14-15
h. The reaction mass was cooled to room temperatnde Adjusted - 10.0 with diluted sodium hydroxide
solution, and the mixture was extracted with DCM{D0x 2mL).Organic layer was dried over sodium katp.
Solvent was distilled off under reduced pressurelttain the title compound as a residue, which was dissolve in
IPA; pH was adjusted to 1.8-2.0 using 20% IPA.H@L&on. The resulting solution was stirred for 38-minutes

at 25-30 °C,removal of solvent under reduced presgave a residue, which was recrystallized in ledlogtate to
provide7 (10.0 g, yield 65 %; purity by HPLC 90.32%); IR:BK cm-1) 3055 (=C-H ); 1579 (Ali C=C); 1486 (Ar
C=C); 1321 (C-N); 1263 (C-0).1083(C-C); 1H NMR: (¥®-d6) 1.6-1.9 (m, 3H); 2.04 (m, 1H); 2.2 (t, 2B}5-
2.82 (m, 7H); 3.0-3.15 (m, 2H); 3.83 (s,3H); 6.4 (@H); 6.65-6.83 (m, 4H)°C NMR (400MHz)
(CDCly)d(ppm):17.41,25.47,25.58,32.55,41.52,45.78,55.2316012.47,112.51,118.46,129.83,131.02,136.07,142.5
8,159.94; ESI-MS: (m/z): 246.42, mp: 122-9QA4ESI-MS: (m/z): 246.42(M+1); mp: 77-86C.
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Synthesis of (3-((1R,2R)-2-((dimethylamino)methyl)-1-hydroxycwtiexyl)phenol hydro chloride (impurity 9)

To a solution o8B (30.0 g, 0.11 mol) in DCM (150.0 mL) was added kation of boron tribromide in DCM (71.4 g,
0.28 mol) at (-)50 to (-)55°c°and maintained fo2 1+ (-)50 to (-)55°c®. After completion of the ré&aa, the
reaction mass was quenched with ice-cold water.QLOL) and extracted with MTBE (35.0 mLx 4). Thexdained
the organic layers and dried over sodium sulpt&dézent was distilled off under reduced pressurebt@in the title
compound9 as a residue, which was dissolve in MTBE, pH wgssdd to 2.0-2.2 using 20% IPA.HCI solution
The resulting solution was stirred for 15-30 mirsuéd 25-30 °C. The separated solid was filteredveashed with
MTBE(purity by HPLC 80%) , which was recrystallized 3:1 mixture of MTBE and ethyl acetate (100.0)nd
give the pure produ& (6.6 g, yield 96.6%; purity by HPLC 94.57%); IR:BK cm-1) 3410 (O-H); 3276(Ar O-H);
3029 (Ar C-H); 2921(C-H); 1614 (Ar C=C);1293(C-N)p69(C-C); 1H NMR: (DMSO-d6) 10.21 (s, 10H); 9.2 (s
10H); 7.1 (t, 1H); 6.95 (s, 1H); 6.9 (d, 1H); 6.€8,1H); 2.92 (dd, 1H); 2.6-2.8 (m, 7H), 2.3(t,1H),6-
1.9(m,7H),1.21-1.73(m,2H);*C NMR (400MHz) (DMSOd&)(ppm):10.90,21.14,24.57,26.15, 38.87,39.08,
415230,44.79,59.37,73.70,112.34,113.27,115.50,12849(158,157.22;ESI-MS: (m/z): 250.43[(M); mp: 183—
189C,

Synthesis of 3,3'-Dimethoxy-biphenyl! (impurity 11)

To a solution of3 (25.0 g, 0.133 mol) in THF (70.0 mL) were addeitsdpropyl borate (40.21g, 0.213 mL)
followed by n-BLi in THF 1.6M (13.60 g, 0.28 mol} &)65 to (-)70°c°and maintained for 4-5 h (-)&b(t)70°c.
After completion of the reaction (18.4g, 0.133 m@lench the reaction mass with diluted hydrochladid (10.0
mL). It was extracted with ethyl acetate (50.0 mL)X&olvent was distilled off under reduced presgarebtained
residue taken for next step. The residues dissaldmethyl ether(DME) under nitrogen atmospheraswadded
meta-bromoansaole (25.09,0.133mol), potassium oatb(36.89,0.26t mol) methanol(20mL) and Palladium
tetrakis [bis triphenylphosphine Pd(0)](3.0g,0.0@2mat room temperature.The resulting mixture waatéd to
80-88C and maintained for 12-13 h. After completion lué reaction, solvent was distilled off completely the
residue was added ethyl acetate (50.0 mL) follolwed/ater (100.0 mL) and the resulting mixture wirsesd for 10
minutes. The layers were separated and the aquagess was extracted with ethyl acetate (2 x 50.0).ndlhe
combined the organic layers were washed with wgdBrO mL) and the resulting organic layer was driser
sodium sulphate. removal of solvent under reducedsure gave a residue(10.0 g, yield 65 %; puyty\HPLC
78%), which was taken for highvaccum distillatidhD) at 160°C and bath temperature 195°C, to getp
fraction 11 (4.5.0 g, yield 65 %; purity by HPLC 98.88%); IRKEr, cm-1) 3055 (Ar C-H); 1600(Ar C=C); 1234
(C-0); 1051(C-C);1H NMR: (DMSO-d6) 3.9 (s, 6H); @ 2H); 7.6 (d, 2H); 7.13 (d, 2H); 7.38 (d, 24C NMR
(400MHz) (CDCL)3(ppm):55.26,112.78,112.92,119.68,129.69,142.608BESI-MS: (m/z): 215.14(41).

Br

| Mg Turnings OH
NO -+ THF OCH3
le} OMe
. . H
2-dimethylamino N

methylcyclohexanone m-bromo anisol i .
Mix. of Cis & Trans Tramadol

@) ®) 4

OH
OCH3; DCM
Ether/HCI gas RE from MeOH
H
_N \.HCI
Mix. of Cis & Trans .
Tramadol HCI Cis-Tramadol HCI(RR, SS)

®) ™M

SCHEME 1: Synthesis of Tramadol hydrochloride (1)
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RESULTS

During the process for the synthesis1df four impurities were observed. However, as famasare aware, the
syntheses of these four impurities were not repostefar. Herein, we wish to discuss identificatisynthesis, and
characterization of these four impuritieslofThe HPLC chromatogram, Figure 2, shows the impuymitfile of 1.
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FIGURE 2: HPL C chromatogram of Tramadol hydrochloride.

Initially, 1 was subjected to LCMS to learn about the numberootaminants associated with it. Apart from the
molecular ion peak df, four more peaks with distinct molecular ions webserved in LCMS (Figure 3). Based on
the molecular ion peaks, the structure of impufty7, 9 and 11 has been already reported in the literature,
surprisingly its synthesis was not accounted. is thport syntheses and characterization of alfdbheimpurities of

1 will be discussed in detail.
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FIGURE 4: LC-M S chromatogram of impurity (6).
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FIGURE 5: LC-M S chromatogram of impurity (7).
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FIGURE 6: LC-M S chromatogram of impurity (9).
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FIGURE 7: LC-M S chromatogram of impurity (11).

The synthesis of [2-(3-methoxyphenyl) cyclohex-3AgN,N-dimethylmethanamine hydrochloride impuriy , is
described in Scheme 2. Tramadol hydrochloddeas subjected to dehydration using concentratedolipbric
acid, at 90-100°Creaction conditions afforded thpurity 6 in good yield and 86.3% HPLC purity. The structafe

6 was confirmed by spectral analysis.
l OCH,

Conc.Hcl OCH; ‘
- N

90-100Tt
HCI .HCI
- N\ - N\
@ (6) 7
Purity:86.3% purity :13%

SCHEME 2: Synthesisof impurity (6)
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FIGURE 8: HPL C chromatogram of impurity (6).
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The (1RS)-[2-(3-methoxyphenyl)cyclohex-2-enyl]-Ndimethylmethanaminehydrochloriddias been synthesized
according to the synthetic sequence shown in Scienfgamadol hydrochloridé was subjected to dehydration
using concentrated hydrochloric acid, at 80-85°@ctien conditions afforded the impuri#fin good yield and
93.6% HPLC purity. The structure dfwas confirmed by spectral analysis.

OCH; Conc.Hcl ‘ ! OCHj

80-85°c Hl
NI
M @)
purity :90%
SCHEME 3: Synthesisof impurity (7)
040 — S S — - - e ———— e ——
0.30
d
E 0.20 E o
O— v (30 o L
1 w0 o Mo e oo reo
I ooy © YO @
1 x o W0 S w eeay
oo I AR
1 < I oy =
’ S £ T Ol T Aar sar
o o w o @ oo oo
© e O L 0o o Cuw
o an oo | 00 0on
Q T TR — - TREATTTI A T BT TR T T -
T [ R S A B BT [ e R i I T R B e B B |
D.hD 5.-}JD 10,00 15.00 20,00 25.00 30.00 35.00 40,00 45.00 50.00

Minutes

FIGURE 9: HPL C chromatogram of impurity (7).

Preparationof (3-((1R,2R)-2-((dimethylamino)methi#hydroxyclohexyl)phenol hydrochloride impurityd,
originated from base of 1. demethylation®fvith borantribromide in methylene dichloride afsQ to (-)55°C
under nitrogen conditions provided the correspogpdiemethylation impurity® in good yield and 93.6% HPLC
purity. The structure d was confirmed by spectral analysis.

OCH3; Boran tribromide

MDC/(-)50 to (-)55%

®) )
purity :90%

SCHEME 4: Synthesis of impurity (9)

4511



G. Madhusudhan et al J. Chem. Pharm. Res., 2012, 4(10):4506-4513

030 — S I
D.25"_ ' !
0.20-]

] i
- 0.15- |
] o ® 0o
< + o5 o oHi
e ~ e =
Q.10 ~ oW o P 1
oo ! — I (aaY] |
1 sl ' port |
— - Fs] 00 |
0.057 = ﬁ @ B gx_v_' |
o wl [ M © |
L] 7] L [ |
o alfl o oo.0 R S
0.00— — - T |
R S I
I o o [ T T T ] T | T T [
0.00 5,00 10.00 15.00 20,00 25.00 3000 35,00 40.00 45.00 50.00
Minutes

FIGURE 10: HPL C chromatogram of impurity (9).

The synthesis of 3,3'-Dimethoxy-biphenyl impurly commenced from the meta bromo anisole which isadribe
intermediates in the synthesis b{Scheme 1). Originated from 3. metaboric acid ofith triisopropyl borate, n-
BuLi in methylene dichloride and Tetrhydofuran (g§65°C to (-)60°c under nitrogen conditiof®, which on
condentaion with metabromo anisole usirgrakis(triphenylphosphingjalladium(0) catalystn presence of DME
and methanol provided impuritil in good yield and 95.6 %purity. The structureléfwas confirmed by standard
spectral analysis.

OCH
OH ;
Br\©/OCH3 THF/n-BLI HsCO B.gy| Palladium tetrakis (Pd(0)) Q O
. (-)80°c Dimethylether
Triisopropyl borate Methanol/(3) H;CO
(3) (10) (11)
SCHEME 5: Synthesis of impurity (11)
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FIGURE 11: HPL C chromatogram of impurity (11)

TABLE-1: Impurity RRT.

Entry number | Impurity | RRT by HPLC | Purity by HPLC (%) | Mass(m/z) valueby LC-MS
1 6 1.66 86.83 246.42
2 7 1.60 90.32 246.42
3 9 0.46 94.57 250.43
4 11 2.26 98.88 215.48
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Finally, all the impurities 6,7,9 and Iidere individually co-injected with the ARIin the HPLC and the HPLC data
was compared with that of the APIAs expected, all the impurities were matchingwite impurity profile ofL.

CONCLUSION

These process-related impurities of Tramadol hydos@e () are confirmed by chemical synthesis and
characterization using analytical tools such as EPHNMR, IR, mass, and melting point.
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