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PROCESS FOR PRODUCING AN INTERMEDIATE PRODUCT OF
DABIGATRAN ETERILATE

The invention relates to a process for producing the compound of formula §
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a valuakds intermediste product in the synthesis of the pharmaceutical active
substance dabigatran stexilate,

Prior art
Dabigatran etexilate is knowr in the prior art and was first disclosed in
internationat Fatent Application WO 38/37075.  Processes fur preparing
dabigatran etexilale gre also known from WO 3008/000353 or frony Hauel et al.
{J. Med. Chem,, 2002, 45, 1757 #),

As can he ssen from WO SSA7075 ar W 2008/000383, the compound of
formule 4, the T-msthyl-2-{N-d-amidinophenyl}-amino-methy(-benzimidezobbyb
carbowlic acid-N-{2-pyridyl-N-{2-sthoxycarbonylathyl-amide-p-tolusnesulphonic
acid sak, is of ceniral importance in the synthesis of dabigatran etexilete as an

intermediate product.

in addition to International Patent Applications WO 88/37075 and WO
2008/000353, WO 007071742 A1 and WO 2007071743 A1 alsa disclose
aspects of possible methods of preparing dablyatran slexilate,

it is proposed in WO S8/37078 1o prepars the substituted {(¢-benzimidazobas
vimethylamina-benzamidines by reacting the corresponding substituted {4
henzimidazol 2-vimethylamine-banzonitries with ammionia.  This process is
very demanding in terms of production tachnology and resulls in @ hgh foad of

acikds requiring disposal,
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in Patent Applications WO 2006/000383 A1, WO 2007/071742 AT and WO

2007071743 At the compound of formuls 1 is prepared tyough the synthesls of
the condensation product of formula 4, as shown in the following Scheme 1
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Scheme b

The compound of formula 4 §s first of all isolated and then hydrogenated,
according 1o the methods desoribed in the priee art

in the condensation according to Scheme 1 the by-product of formula § is often
shtained, and this has 1o be removed in a laboricus hot filtration process before
the solation of the condensation product 4.
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in addition, the further reaction o foom the compound of formula 1 requires @
changs of sohvert and additionatly very ima-consuming and sxgensive isolation
and drving of the infermadiate 4 This may be sssociated with high losses of
yigld,

The aim of the present invention i to provide 8 process which allows the
compound of formula 1 1o be synthesised on g large scale in an improved
manner and whershy the disadvantages mentioned above can be avolded,
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Cetaled description of the invention
The prasent invention relates to & method for the large-soale production of the

compound of formiula
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is reacted, by reaction with an oxadiazolons of formila 3
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which, without being isniated, s converted inlo the amiding of formula 1 by
hydrogenation and the addition of p-lolusnesulphonic ackd and ammonia.
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The starting compounds of formulas 2 and 3 may be preparsd by the method
desoibed in WO 2008/000353.

Farthe reaction according to the invention, 2 and 3§ are dissolved in an inert
arganic solvent and condensed in'the presence of & water-binding agent.

The inert organic soivent used is preferably an aprotic solvent.  Aprofic sclvents
ars selected for example from amang aliphatic or aramatic, optionally
halogenated hydrocarbons, ethers, amides or mixtures thereof.  Aprotic apolar
solvents used ars preferably branched or unbranched Oy ~ Cq aliphatic alkanes,
Oy~ Oy tycicalkanas, Oy = Gy aliphatic haloakanes, s ~ Gy aromatic alkanes
or mixtures thereof,  Particulardy preferred are alkanes such as pentane, hexang
or heptane, oyclosikanes such as cyclohexane or methyloyclohexans,
haloalkanes such as dichioromsthang, aromatic alkanes such as banzene,
toluene or xylens or mixtures thersof.  Other suitable aprotic solvents ars polar
athers such as for example letratydrofuran {THF) . methyltetrahydrofurarn,
dioxane, tert-buty-methylether or dimethoxyethylether or amides such as for
axample dimethyiformemide, or lactams sush as Ne-methylpyrrolidone, for

gxample,

Water-binding agents that may be used include hygroscopic salls, inorganic o
arganic atids or the acid chiorides thersof, anhydrides of inorganic or organic
acids, anhydrides of alkanephosphonic acids, molecular sleves or urea
derivatives. 1, 1-carbonyidimidazole and alkanephosphonic anhydrides are
wreferred, while alkanephosphonic anhydrides are paricularly preferred.  Ofthe
fatier, propanephosphonic anhydride (PPA = 24, 8-ripropyh{1,3,8,2,4,8)
trioxatriphosphinane 2,4.6-0iokide} is of paricular importance socerding to the
frvantion,

if slkanephosphonic anhydrides are used, preferably an organic bass, particularly
preferably @ terliary aming, particudarly preferably dilscpropylethylamine is added

according to the invention,

Preforably 0.5 - 2.5 1 {(itres), particularly preferaldy 1.0 201, move preferably
1.3 - 1.51 of the above-mentionsd inert organic solvent are used per mol of the
compound of formida € used.

Preferably, at least stoichiometric amounts of the compound of formuta § are
ysed per mol of the compound of formula 2 used.  Particulady preferably, the
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compound of formula 3 is used in a slight excess, 1020 mol, paricularly
prefarably 1.0 - 1.5 mol, particutarly preferably 1.1+ 1.3 mot of the compound of
formula 3 are used per mol of the compound of formuia 4 used.

The compounds 2and 3 are dissolved in the above-mentionad iner, organic
solvert at 10~ 50°C, preferably at 20 - 40°C, partivularly preferably at 35 - ARG
Ther, in the particulany preferred smbodiment of the Invention, the terttary aming
is added at constant temperature.  Preforably, st least stoichiomatric amounts of
the tertiary antine are used per mol of the compound of formuta & used.
Particularly preferably, however, the tertiary smine isusedin 2 farge excess.
Accordingly, 1.5 - 5.0 mol, partisularly preferably 2.0~ 4.0 mal, particularly
prefarably 2.3 - 2.7 mol of the terliary aming are used per mot of the compound of

fornuia @ used,

After the addition of the tertiary amine has ended, the alkanephosphonic
anhydride, preferably PPA, ls preferably metered inat a femperaturs in the range
fromn 10 - 40°C, particularly preferably at 20-30°C.  Preferably, at laast
stoichiometric amounts of the alkansphosphionic anhydride are used per mol of
the compound of formula 2 used. Particularly preferably, the aikansphosphanic
arhydride is used In a dight excess.  Particulary preferably, 1.0~ 2.0 mok
particutarly preferably 1.0 - 1.7 mol, particularly preferably 1.1 -1 4 mol of the
alkanephosphonic anhydride are used per mot of the compournd of formula 2
used. The PPA that is preferably used according 1o the invention is preferably
addsd in dilute form.  In & preferred smbodiment, for the addition, # is teken up in
the inert prganic sobvent used.  Particularly preferably, the PPA s added in a
solution containing 30 - 80% by weight (wt.-%), preferably 50% of tetrahydrofuran

o ethyl acsials.

Cince the addition of PRA has ended, the mixture js stirrad for about ancther 0.258
-4 h 5t constant temperature.  Then preferably at least 0.5 equivalents of 8 weak
arganic acid are added, based on the compound 2 used. The waak organic ackd
is preferably citric or acefio soid.  The acid may also be usad i exncess,
Accordingly, 0.5 - 4.0 equivalents, particularly prefecably 1.0+ 3 aquivalents,
particularty prefarably 1.0 - 2.0 squivalents of the scid are wssd per mol of the
compound of formula 2 used.  Optionally, the reaction miture may be dilited
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with ane of the above-mentioned inert organic solvents, preferably with the same
solvent. For the diution, preferably up to 50%, particularly preferably 10~ 30 %

of the guantity of solvent already put in are added.

After the addition of the acld and optionally dilution, the condensation to oblain
the compound ¢ is carrfed out at slevated temperature and optionally stevated
pressure,  According to the invention the temperaturs is preferably bept in the
rangs above 50°C, preferably at 80 - 100°C, particularly preferably at 85-85°C.

f @ saivent that boils In this lemperature range is ussd, the prassure is increased
so that the reaction may be caried ouwl af the specified tlemperature, in spite of
the lowsr boliing point.  Preferably, the pressurs af which the reaction is carried

out s adjusiad fo g value of 1-3 bar.

The course of the reaction is monitored by conventional methods, for example by
thin layer chromatography of HPLC. Afer the reaction the reaction mixture s
slowdy cooled, preforably to 4 temperature in the range from 10- 507G,
particulardy preferably o about 20-30°C.

Withaut any further working up 8 sultable hydrogenation satalyst is now added to
the reaciion mixkuwre.  Sultable hydrogenation catalysts are generally tranaition
metals such as for example nicke!, patinum or palladium or the salts or oxides
thereof  Preferred caialysts are Raney nickel, plalinum oxide and pelfadium on
an inert carrier material, particularly palladivm on activated charcoal (PAC)

in @ preferred embodiment, water-moistened 10% PAC s used. Preferably

about 2 « 35 g, particularly preferably about 4 - 25 g, pardicularly preferably abowt

8« 18 ¢ of this catalyst are used per mol of the compound of formula g used,
After the addition of the hydrogenation catalyst, waler is added, The amount of
water addad is preferably determined according fo the totsl quantity of inert
srganio soheent used.  Preferably, the amount of water added i 50 - 100% {uiv),
particularly preferably 70 - 80% (v} of the total amount of solvent usaed.

Alter the addition of water, the reaction mixiure is heated {o & temperature in the
range from 30 - 70°C, particularly preferably about 40-60°C, and s hydrogenated
with sticring under & hydrogen pressure of about 2 < 8 bar, preferably 3 ~ 5 bar,
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After the resction the catalyst is filtered off, the fitrate is optionally diluted with
ahout 5 - 30 % of the quantity of water used previsusly, and para~
toluenesulphanic acid is added et a temperatige in the rangs from 10 - 80°0,
particularly preferably about 20:40°C. The para-oluenssulphonic goid may be
added as @ solid, optionally in the form of the moenohydrate thareof or in agueous
solution. Preferably, at least stoichiomstric amounts of the pars-
tolusnesuiphonic acld are used per mol of the compound of formula 2 used.
Particularly preferably, the para-teluenesulphonic acid is used in @ slight sxcess.
Rarticularly preferably 1.0 - 2.0 mol, particularly prefevably 1.0 1.7 mal,
particularly preferably 1.0~ 1.4 mol, particularly preferably 1.1 - 1.3 miol of para-
toluenesulphonic acld are used per mol of the compound of formula 2 used,

Then ammonia is added, efther in gasecus form ar in the form of agusous
solutions, Preferably, according to the invention, the ammania is used inthe
form of aqusous solutions, particularly preferably in the form of an aquecus
solution containing about 25% (wiw) ammonia (NEOH).  The addition may be
carried out for sxample ot a temperature in the rangs from 30 - 85°C. Atths
noint preferalty 2 - 20 mol, pariiculary preferably 8 - 18 mol, particularly
praferably about § - 13 mol of ammonia are added per mal of the compound of

formiula @ wsed,

During the addition of the arynonta, compound § begins to crystailisa out. The
renchion mixure is cooled to @ temperature in the range from § - 40°C,
particularly preferably o about 18-28°C, the compound 1 18 fitterad off and
washad with water or acstone, More smmaonia may optionally be added to the
mother fiquar in order i erystalfise out further compound 1. more ammania s
added at this point, this preferably smaunts fo 1+ 10 mal, pavticuiarly preferaldy 2
- 8 mol, paricularly preferably about 3 ~ § rool of arnmonia per mol of the

compound of farmuda 2 used.

Surprisingly, the addition of the ammaonia causes the compound 1 fo be simost
totally precipitated from the resction mdure,  This resulls in a numbser af
advantages over the processes known in the att, soms of which are mentioned
below, The vield of compound 1 is Increased significantly, Thereisno need for
any hat filfration 1o eliminate impurities § in the preparation of the intermediate 4
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Moreaver, less solvent and reagents are nesdad, which makes the synihesis

much easier 1o carry out, particularly on an industrial scale.  Furthermore, by

contrast with the prier as, the time-consuming fsolalion and drying of an

intermadiale can be dispensed with,

The foliowing abbraviations are used in the forsgoing and hersinafier

AeOH
DHPEA
EQAL
PdiC
PPA
PTEA
RT
THF

The following Examples sarve to Hlustrate 5 synthesis process caried out by way

acetic acid

N N-diisepropylethyiaming
athyl acstate

paliadium on activated charcoal
prapanephosphonic anhydrides
pckenesulphonic acd

room iempetalire
{etrahydrofuran

of example. They ars intended sclely as examples of possible procedures

withaut resiricting the invention o thelr contents,
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Example 42

2420 5 of 2 and 18.85 ¢ of § are largsly dissolved in 100 mi THF at approx.
APC. 24.82 g of DIPEA are then added at this temperature. Then 57.88 g of 8
50% salution of PR in THF are metered in af RT and the mixiure is stirred for
spprox. 2 h. Afier the addition of 13.44 ¢ of citric acid and 20 mi THF,
condensation is carred out &t approx. 80°C under pressure 1o oblain the ramn-
isolated intermediate 4. After the reaction has taken place the reaction mixtuwre
is cooled to BT and combined with 1.21 g of water-maistened 10 % PdiC and 100
ml of water, Then the suspsnsion fs heated to spprox. 80°C and nydrogenated
under & hydrogen atmosphere (at approx. 4 bark

PAiC is filtered off and washed with 25 mi of water. After the addition of 28 miof
water the reaction mbdure is combined af approx. 80°C with 20,40 g of 2 85%
aquecus PTSA solution and 80 mi of 2 25% aguecus ammonia solution. The
tosylate begins to precipitate out. 1tis cooled to RT, the product 1 is filtered off
and washed with water,

Dirving s carried cut at 80°C of up to 8870 iy vacua.

Yiedd: 41.4 g of (87.2 %)

Purity: » 88 % HPLC peak ares

Example &

24,20 g of 2 and 19.95 g of 3 are largely disschved in 87 miof THF at RT. Althis
tomperature 24.92 g of DIPEA are then added. Then &t RY §7.89 g of & 50%
solution of PRPA in THF are meterad i, the mixiure s rinsed with 13 mi of THF
and stirred for approx. 2 . After the addition of 6.72 g of citric acid and 20 mi of
THF, condensation fo obtain the non-isolated intermadiate 4 is camed cut at
approx, $0°C under pressure.  Alter the reaction has taken place the raaction
mixture s cooled to RT and combined with 1.24 g of water-muoistensd 18 % PG
and 80 miof water. Then the suspension is heated to approx. §8°C and
nydrogenated under & hydrogen atmosphere (af approx. 4 bar.

PAIC is Fltared off and washed with 50 mi of @ THFwater mixture (713).  Aerthe
sddition of 20 mi of & THR-water mixture {7:3) the reaction mixure is combined at
approx, 50°C with 39.83 g of solid PTSA and 80 mi of @ 38% agueous ammonis
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sofution.  The tosylate bagins to precipitate out. Ris cooled to BT, the product 4
iz filtered off and washed wilhy water,

Drying Is carried out &t 40°C or up o B5°C i vacuo,

Yield: 42.2 g of (82,9 %); purity: » 88 % HPLU peak area

Example 3

24,20 g of g and 18.98 g of 3 are largely dissolved in BY miof THF at RY, Atthis
temperaturs 24.92 g of DIPEA are then added.  Then at RY §7.88 g of a 50%
solution of PPA ¥ BtOAC are metered i, rinsed with 13 mi of THF and stived for
approx. 2 b After the addition of 8.72 g of citric acid and 20 mi of THF
condensation to obtain the non-isolated Infermediate BIBR 1048 oxa-amidine s
carried out 8t approx. S9°C under pressure.  After the reaction has takeh placs
the reaction mixture is cooled to RT and combined with 121 g of water-
motstened 10 % PO and 7% mi of water.  Then the suspension is healed fo
approx. 50°C and hydrogenated under & hydrogen atrmosphere {at approx. 4
bar}.

PO is ftered off and washed with 50 mi of & THF-water mdture (U1}, Afterthe
addition of 25 mi of THF and 10 mi of water the reaction mixture is combined at
ag;x»;:\mx; 5070 with 3383 g of solid PTSA and 60 mi of & 25% agquecus ammonia
solution.  The tosylate beging to precipitate oul. It is opoled to RT, the produet
is fiftered off and washed with waler.

Drying s carried out at 40°C or up to 88°C iy vasua.

Yield: 43.1 g of (80.8 %), purity: > 89 % HPLC peax ares

Bxample 4

24,20 g of 2 and 18.85 g of 3 are largely dissolved in 87 mi of THF &t RT. Althis
tomperature 24.92 g of DIPEA are then added. Then at RT 8789 gofs 50%
solution of PRA in EtOAc are metered in, rinsed with 13 mi of THF and stirred for
approx. 2 k. After the addition of 420 g of AcOH and 20 mi of THF,
condensation to ohiain the non<solated intermediate 4 is camied oul st approx.
80°C under pressure.  After the reaction has taken place the reaction mixture is
cooled to RT and combined with 1.28 g of watsr-moistensd 10 % Pd/C and 80 mi
of water, Then the suspension is heated to approx. 80°C and hydrogenated
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under a hvdragen atmosphera {at approx. 4 bar), P/ s filtered off and washed
with 50 o4 of & THF-water mixture (111}, After the addition of 20 ml of & THF-
water mbdure the rescion mibkurs is combined al approx. 50°C with 3883 g of
solid BTSA and B0 mi of 2 25% agueocus ammenia soivtion.  The tosylate beging
to precipitate cut. 1t is cooled to RY, the product 1 is fitered off and washed with
water. Drying ls caried out et 48 C orup to 857 In vaouo,

Yield: 36.4 g of (78.7 %) purity: > 88 % HPLC pagk arsa

Sxampls &

24.20 g of 2 and 18.85 g of 3 are largely Jdissolvad in 88 mi THF at approx, 307G
At this temperaturs 24.92 g of DIPEA are then added,  Then atRTE7BBgafa
50t solution of PRA in THF are metered in and stirred for approx. 2h Afterthe
addition of 10.50 g of Ltartaric acid and 20 miof THF, condensation to obtain the
non-isolated intermediate 4 s camied ol 8t approx. Q0°C under pressure,  After
the reaction has taken pace the reaction mikure is socled o RT and combined
with 1,29 g of watermoistenad 10 % PdiC and 100 o of water. Thentha
suspension is heated to spprox, §3°C and hydrogenated undet 8 hydrogen
strosphere {af approx. 4 bar). FdiCis fikered off snd washed with 30 miof
water, ARter the addition of 20 mi of watey the reaction misturs is combined at
approy, BO°C with 22.25 g of & 68% aqueaus BTSA sohution and 80 mi of 8 28%
aguecus ammonia solution.  The tosylate begins to precipiiate out. Ris cocled
fo RT, the product 1 is fitered off and washed with water. Dirving is carried out at
00 or up to 85°Q i vacuo.

Yield: 30.3 g of (82.8 %); purity: > 89 % HPLC peak arsa,

Example &

2430 g of 2 &l 19,08 g of 3 are largely dissoheed i 100 ml THE at approx.
30°C. Al this femperature 23.07 g of DIPEA are then added. Thenat 28°C
§7.89 g of & 0% solution of PRA IR THF are meterad in and stirned for approx.
30 i, After the addition of 20.17 g of citric acid and 20 mi THF pondensation
o obtain the non-isolated intermediate 4 Is carrled out at approx, TEC undey
pressure. After the reaction has taken place the reaction mixture is cocisd to 8T
and combined with 1.21 g of water-moistened 10 % FalC and 100 mi of waten
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Then the suspension is heated to approx. 50°C and hydrogenated under a
hydrogen atmosphers (gt approx. 4 bar),  PA/C s filtered off and washed with 3Q
mi of water, ARer the addition of 20 mi of water the reaction mixture is corbinsd
at S8-38°0 with 22.28 g of 3 65% agueous PTSA solution. Then at 38°C upto
raflux temperature (94-85°C), 80 mi of & 35% agueous ammonia solulion is
meterad in.  Thetosyiale begins fo pracipitate oud. Hiscodled o RT and g
further 20 ml of & 25% agquecus smmonia solution are sdded. The product 1 is
fttered off and washed with water,  Drying is carried out 8t 80°C or up fo 88°C i
VECUO.

Yield: 42.4 g of (88.3 %); purity: » 98 % HPLC poak ares



Szabadalmi igénypontok

1. Eljdrss az 1 képlotd vegylilet eltidliftdsdra
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amelvet slkitioniiés nélkitl alakitink & hidrogénesdssel p-toluolsauifonsay €8 ammdnia
hozzdaddsn melloit ax 1 képletlh amidinnd.

2. Az 1. igdoyponi seerinti elifrds, seeal jellemezve, Bogy a 2 & 3 kipletd vepyiist
falakitden a 4 képlothh kSrbensd tormékké kiztimbds swerves olddswerben vizmeghkiitSsrer
jefentésshen Wirténik.

3. A 2. igénypont szerintl eljdvds, sexal jellemezve, hogy sz olddszer aprotikus olddsser,
amely elényisen a kovetkezOkbSl 8116 csoportba] kert Kivalasztasra: alifis vagy aromds, adett
eseiben halogdnerent sednhidrogének, Slorek, amidok vagy elegyelk.

4, A 2. vagy 3. ipfnyponi seerioti oljdrds, azeal jellemenve, hogy a viemeghkfitbszer a
higrosdkdpos sok, szervetlen savak, szorves savak, swerves savkloddok, szervetlen savak
anhidridiel, szevves savak anhidridjel, alkan-foszfonsavak anhidridiel, molekulaseitdk, karbamid-
spdrmandkok és alkén-foszfonsav-anhidridek koat! kertil kivalasztasra,

5. A 4. igénypont szecingi elidrds, azzal jellemenve, bogy a vizmeghtbszer az 1,1 -karbonil-

diimidazolbdl &s propdn-foszfonsav-anhidridbél allé cseportbol kerli! Kivalasatdara,
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