WO 2011/ 146009PCT/ SE2011/ 050630 NEW PROCESS FOR THE PREPARATI ON OF ARYL
SUBSTI TUTED OLEFI NI C AM NES FI ELD OF THE | NVENTI ON 5The present invention
rel at es twoi2opr@gmd processes for the preparation of arpycTsEbaEtiosassed

ol efinic am nes such as (2S)-(4E)-N nethyl-543-(5-isopropoxypyridin)yl]-4-
pent en- 2- am ne and

(2S) - (4E) - N-net hyl - 5-[ 3- (5- met hoxypyri din)yl]-4-penten-2-am ne and to new
i nternedi ates used in said processes. 10 BACKGROUND Aryl substituted

ol efinic amnes are useful_as neuronal_nicotinic rece tor EOI’II st

especi al INFWPROGESS AQRIHE PB!EZBARATﬂQNaQFrABXI-ﬁHB TeLeph BrOhEEHﬂQ s.

These conpounds are contenplated to g ful in treatnment and prophyl axis
of disorders related to the central nervous system (CNS). Exanples of such
di sorders are, 15for exanple Al zheimer's Di sease, pre-senile denmentia

ear | t i ' | sease), denmentia of the Al zheiner's type,
gijt t en?i@ﬁﬁﬁegéﬁﬁﬁgﬁé&fi ncl Ldi ng attention deficit hyperact |y\F/)| ty
di sqrder, S%eé@?@éﬁﬁuh%n%d %I&%E%Frhtﬂﬁ)\ﬁeggﬁhéé@%% foffe &%ﬁ@%tﬁh%fr drpnory

i mpai rrrent tive s unction 1 n schi renia and pai
pr epar substitutedd ahefnhlcmmmtestawcb@sc(QSMﬁEbl\lamﬂieﬂeé SHQﬁSBeepro@exymyrmd)yl]m us

20Pat ent s, 6, 803, 011 6,27 6,979 432 54 and PCTs
102006 RSB 58 ARBC OB D8ERAL e B e eV Ry s SR A B by
ref er engR tomdw mté&ritedigle¥.used |n said prbe@sgseparation of p-hydroxybenzoate
salt of (2S)-(4E)-N-nethyl-5-[3-(5- isopropoxypyridin)yl]-4-penten-2-am ne

is described in W2006/ 053082, which is 25incorporated herein by reference

|n |ts Further salts of p- hydr oxybenzoate salt of
E@&hﬁcﬁ@”}”o . -y :

5-[3-(5- isopropoxypyridin)yl]-4-penten-2-am ne are

descrl bed i mrymﬂﬁﬁutédwmwémw&sﬂa*‘eamef@ adeﬁr?elﬁﬁﬁal nibbtiic récdpieror por at ed
herein by reference in its entiret phic fornms of p-hydroxybenzoate
sal t ofagopiys, @mppc!esaiPhas4/ @1’[@1‘2/(04[32) neuronal nicotinic receptor agonists.

30i SOprﬂw%%éyo%Yﬁp%cﬂIé@)s dd E c%nPé?ﬂ;%l%fboz 08ef f FeifdrPefg! d?oma\%%/ojf?’“?""

whi ch i's 1T ncor erein by reference in 1ts entiret
2011/ 1466088CTreBE20 14 (S 0& 3 6nl Desvou s ystem (CNS)e Exampitas@rﬁsuch disordEscareped

T ooy R oo e Pl B 4] BB . o
and (29)isé4de): AbrmBhhY br ﬁT&&rzﬁ@nﬁ@ﬁé‘%lépﬁftémdﬁdéf]mt"dlé’@r@b?rlné’luélﬁgrﬁte@bh has

now been found that several process steps can be i nproved there
deficit hyperactivity disorder, schizophrenia, mild cognitive impairment, age assomated

memory impairment, cognitive dysfunction in schizophrenia and pain.
The preparation of aryl substituted olefinic amines has been described in US
20  Patents 6,603,011, 6,958,399, 6,274,606, 6,979,695, 6,432,954, and PCTs
W02006/053039 and W0O2006/053082, each of which is incorporated herein by
reference in its entirety.

The preparation of p-hydroxybenzoate salt of (2S)-(4E)-N-methyl-5-[3-(5-

isopropoxypyridin)yl]-4-penten-2-amine is described in W0O2006/053082, which is
25 incorporated herein by reference in its entirety.

Further salts of p-hydroxybenzoate salt of (2S)-(4E)-N-methyl-5-[3-(5-
isopropoxypyridin)yl]-4-penten-2-amine are described in W0O2007/134038 and US
Patent 6,432,954, which is incorporated herein by reference in its entirety.

Polymorphic forms of p-hydroxybenzoate salt of (2S)-(4E)-N-methyl-5-[3-(5-

30 isopropoxypyridin)yl]-4-penten-2-amine are described in WO2007/134034, which is
incorporated herein by reference in its entirety.
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increasing the selectivity, the conversion and the yields of the several
steps and the yield of the overall process. Al so, the reaction tinmes of
several swopsiianeooshortened and the | evel of inpuritiesPdesSE@sPse3durt her,
the new process is nore suited for |arge scale manufacturing of aryl
10substituted ol efinic am nes such as

(2S) - (4E) - N-nmet hy1-543- (5-i sopropoxypyridin)yl]-4- penten-2-am ne and

(2S) - (4E) - N-net hyl - 5-[ 3- (5- net hoxypyri di n) y1] - 4- pent en- 2- am ne. The

new process_ i s contenPI ated to be nore scal able and reproduci ble and to be
econoniRegariptiamobthe Iemtianl |y nore favourable. Al so described herein is

f
2 Process ! ek hBeBIRRANAL Lame idkoRe BaRaRuRlo TR bR Rttt
chl ori depinésklohad (Bg)(41e)- Nddemybﬁ [Gf(5psmpmbemﬂ)wndnrdgl -diperaes+d-amirieeand
I t | t d 01 nol | ent
coppor (25 - oheTaha T EN B sbavaa AT ArBoTienra-aRIEh orf de rel ative t o

propyl ene ox been found tatARYERS bréchRcdte b BaR BRYMprfed/thidYdBpRgNesi um
chl ori de usedﬁifss ?\gsseetn anor 20equal ptro 1. ?T%?eae ui v renet rel at%plive to

propy| émeressingdhe selectivity loe corversonednd ihe ﬁelpsmféh;@ sewgrat steppragpahat i on of
N-(tert t car bo Net 4- pent en- g.onp ng _preparin f

- pert SIS BN Bt racdsan e MgeRb el GoRTr sr g vies e ShEHRhed el
(rel at itNe |dvel @f PRirRiRe decrsdedof p-tol uenesul fonyl chloride in
tetrahydrofuran, adding the resulting 4-penten-2-yl p-toluenesul fonate in

25t et r ahydr dfutihgn, theInaw precess Immgqum@rm@m manuiReBIing agarhe
res];dl ti ﬁgu{‘% SELIYA c”farﬂ‘ﬁ%%ﬁcﬁ a[%r?zﬁ‘j’ (ﬂéi HHnt%)E/}] [? -|§b§@'}%§}é&&ldmyl]-4-

dr car onate in

N- di rretdewtat hareidieamd@ )94 EReV-metiofl i50)3-(B- Pﬂe‘thi(ﬁ(ypf/rldﬂﬁiWIPélibeﬁ{Q)ﬁﬂtané am ne
to N-(tert- butoxycarbonyl) N- et hyl - 4- pent en-2-am ne. Al so descrlbed here| n

| s g pr ocess eghew ﬁ@ﬁﬂ%ﬁapam%mplaiedﬂor@ RpIe ac?Jéﬁkeeaﬁdztepg%wﬁ'h@ and
(- (R cemicaly B e R B TS0 S0 art ar i ¢ aci d (0.5

nol e- eqw valAdsd destriiadvieerem N—arprcdmbszaorpteatmepér-aaun ¢ ¥} -ppentan-edlut i on of
N- net hy -2 amne in ani c ﬁsﬁ[g)ﬁpedhreinis
a plrﬁoc&Qg‘Rrgﬁ‘”Q ﬂ% 'BQ@WJ’E?BB%S'H’F” 9r'd%E93§tm'E<€’{%8’f8%FP?r ¢ uch as

(29)-( %ﬁ)uuﬁi‘éﬁéﬂ’d@ “féndv@ed Ey 'tﬁé’ﬁél@uﬂ@ﬁb%%@léﬁé’éhdé Ped 5 Gifatle 3BIBAt.OF
5(29) - (4E) - N- net hyl - 543- ( 57 met hoxypyri di n)’y1] - 4- pent en- 2- am ne conpri si ng:

m xi ng (2S) -Imooeaetpebum@maurmt@mﬂeﬁ aﬂerﬁaehmolamema&ntm@ner(é qhloride and
| e- i t b d 1. 1. nol e- i val ent ith
o pal | 02 e B R ol ehe e (aand (0,28

ol e- equi valigahslher@pachbmsaradurt ﬂlrﬁdmégheyahﬁéﬁlébldé 0séd flebgh#n eF gani ¢
sol vent under an at nosphere of nitrogen, adding 10water and heating the

m x@ur @€augl BT 6 mele-a@livalentralative tarrpPYIeRe oXisier opri at e | evel of
Described herein is a process for the preparation of N-(tert-butoxycarbonyl)-N-

methyl-4-penten-2-amine comprising preparing of 4-penten-2-ol, adding 4-penten-2-ol
to a solution of 1.0 mole-equivalent (relative to propylene oxide) of p-toluenesulfonyl
chloride in tetrahydrofuran, adding the resulting 4-penten-2-yl p-toluenesulfonate in

25 tetrahydrofuran solution, to 40% aqueous methylamine, combining the resulting N-
methyl-4-penten-2-amine solution with a mixture of di-tert-butyl dicarbonate in methyl
tert-butyl ether, and adding N, N-dimethylethanediamine to the reaction mixture of N-
methyl-4-penten-2-amine to N-(tert-butoxycarbonyl)-N-methyl-4-penten-2-amine.

Also described herein is a process for the preparation of N-methyl-4-penten-2-
30 amine di-benzoyl-L-(-)-tartaric acid comprising adding a solution of (L)-(-)-benzoyl-



conversi on has been achi eved, cooling the m xture and addi ng water and an
acid, followed by stirring at 0-70 Cfor 3 to 8 h, separating the organic
sol vent awo020hel4e@bdi ¢ aqueous phase foll owed by washi ng@Crise2@aoswes phase
wi th an organic solvent, adjusting the pHin the aqueous phase by the
addition of a base, and extracting the 15product into the organic phase
foll owed by separation of the organic phase, and optionally treating the
organi ¢ phase with a netal scavenger or charcoal . A further process
described herein is for preparation of N methyl-543-

i sopr oﬁ@&%ﬁ@?'éu@)@TP@%@M@'@HI @'ﬁﬁ'ﬁ%@ Neeethyl- f‘\tj)qnéeri Rearﬁmséécaa Selution of
descri t?\?ijnélﬁ%l Eﬁm%rfamﬁ%%égt h@ém %ﬁ\/ﬁﬂ luene are reused in a series of

consecuti ve wher e | um cont ai ni ng tol uene phase is
kept in the Deszcibed haneinpsit pIOCkEBS ’mntra& presjaination of anyl sulssdiéuted mdefirtie cycl e
I's repeat.ed bﬁ t he

N- (t er AUPER FHER BS r@g; (‘Kéh&ffnstiwlr%{é H PSR ORAYYRY MNP 6N 2R ENS Oand
5- bromzzé)v g@é)‘w&ﬁé% usl[gl(aﬁnét%o%ywlﬁnﬁqm Yeh A2 bnikidl o eanb Bixing

nol e- equi val ents | owed by to e) or optional Iy g). 25In"one
aspect (BS) i\h(éelrﬁm@@s@esioqiwt)dhl1rbet@yl éfpemer&Ztafweu (4 rhgleremhvaﬂemt) aadid. In

th t of d b d i
' anotharea plrverifie CFT 3B02TiRLER) wab T oRBRSub R PP BRET: &
noNo  OleRivaldtef RNBHESphine ligand (0.24 modegRElcriPesid 8batb g1 BmeRSSes
descri bed the pal l'adium source i1s a Pd(l11) 30 conplex or a Pd(0) conpl ex.

WO 201m114@dﬂmpbwesszmb1¢ OBPBRO solvent umgercan abursrhese of nkroges, pAdiegnedi at e

conpoundh N 4 heds REDKRAGA: RBAEC h5 s 1 28059 e adorbBb bbet @

e asp ec 1 on 0O a pI‘OCESS e pr paratlon
of (ZS)coNven(sticmha@béemacarebedydwmgrthéh]yuktwe@edtm@weite’reanmsamgc@t eps 1 to

4a as shown in 5 Schene Sche 1 1 ad step 2 1\.------ Not isol ated
/ followed by stirring at 0 70 °C for 3 to 8 h, separating the organic solvent and the acidic
aqueous phase followed by washing the aqueous phase with an organic solvent,
adjusting the pH in the aqueous phase by the addition of a base, and extracting the
15 product into the organic phase followed by separation of the organic phase, and
optionally treating the organic phase with a metal scavenger or charcoal.

A further process described herein is for the preparation of N-methyl-5-[3-(5-
isopropoxypyridin)yl]-4-penten-2-amine according to the procedures described herein
where the catalyst and toluene are reused in a series of consecutive batches, whereby

20  the palladium containing toluene phase is kept in the reactor and put under an
atmosphere of nitrogen and the cycle is repeated by the addition of N-(tert-
butoxycarbonyl)-N-methyl-4-penten-2-amine (1 mole-equivalent) and 5-bromo-3-
alkoxoxypyridine (1.1 mole-equivalents) and base (1.5 mole-equivalents) followed by
steps b) to e) or optionally g).

25 In one aspect of the processes described, an acid used is hydrochloric acid.

In another aspect of the processes described, the base used is an amine.

In another aspect of the processes described, the phosphine ligand is a mono or
bis phosphine.

In another aspect of the processes described the palladium source is a Pd(ll)

30  complex or a Pd(0) complex.



H1 Nstep 4a Step 1 of Scheme 1: One enbodi nent of the invention relates
to a process for the preparation of 4- 10penten-2-ol by addi ng

vi nyl magreeizamviahioor i de to a m xture of copper (1) chl oripde/SEad 1loftchd um
chloride, prior to the addition of propylene oxide, in a suitable solvent.
Anot her enbodi ment relates to process step 1, whereby the anobunts used are
0. 01 nol e-equi val ent copper (1) chloride and 0.02 nol e-equi val ent |ithium
chloride relative to propyl ene oxi de. 15In yet anot her enbodi nent the
anount of vinyl magnesi um chloride is nol e- eqU|vaIent relative to

propyl ene o&feribed hereifyig thg i”&?fgi@'@t@aﬁﬂmwr}%’é’ "BebW-frented-a5)inene
exchan f ( a mxture of copper(l) chloride and
l'ithi u?ffegﬂldolﬁé@%{/l - ))téﬁgllélj' Clwastr?tr)tunt of copper used has been reduced to a
catal yti c ar@umaspdat@itiie meﬁmr@amuo\eapmtass ﬁjrathe\peeparapoopf/(zsl)eNom de

in the Vi OUS 0. qui val ent chl ori de and

ol e- oty GHYCA ORI BIR B TeRen R PEUE B 65 ALD 4t R Bopper (1)
chlQri dgpegsdihts in less inpurities generated during the reaction steps and
| ess waste products thus making this process WO

2011/ 180®@weT/ SE2011/ 050630 step nore environnmentally friendly, and nore
suitabl e for manufacturing by reducing the nunber of operations in the
process and renoving a cunbersone filtratign. The addition of 1he

co-catal yst, |i th;;%c‘hl ori de Wg@ e conv i /z,oel ectl vity of

this pr ocegg/'g?gp rthers {he anoint of [v[J gnesi um CIRNG uged is
decreased from1 nmol gtepdui yal ent fo 1.07 nol €- ¢qui valentOr ¢ velto
propyl ene oxide. As a consequence of g his, | ess p-tol uenesul f ohy h| ori de

is needed in step 2. Anot her \advant age_i s—that the reactio
m xture can be used directly in the yWdost§P W t hout using the work-up
procedure described in the previous pr cess such as;qﬂgiltering of f the
copper salt. Non-limting exa es of suitabl écetbher solvents nay be
sel ected fromthe group co risi ng tigt r ghydr of ur an,
2- met hyl t et r ahydr of ur an, ne NQu yI et her\gnd\ﬁNél\ di oxane.

step3 step 4a

Step 1 of Scheme 1:
One embodiment of the invention relates to a process for the preparation of 4-
10 penten-2-ol by adding vinylmagnesium chloride to a mixture of copper(l) chloride and
lithium chloride, prior to the addition of propylene oxide, in a suitable solvent.
Another embodiment relates to process step 1, whereby the amounts used are
0.01 mole-equivalent copper(l) chloride and 0.02 mole-equivalent lithium chloride
relative to propylene oxide.
15 In yet another embodiment the amount of vinylmagnesium chloride is 1.0 mole-
equivalent relative to propylene oxide.
The Grignard reaction has been modified by the exchange of copper(ll) iodide
with a mixture of copper(l) chloride and lithium chloride.
The amount of copper used has been reduced to a catalytic amount, from 0.15
20  mole-equivalent relative to propylene oxide in the previous to 0.01 mole-equivalent
copper(l) chloride and 0.02 mole-equivalent lithium chloride.
The reduction of the amount of copper(l) chloride results in less impurities
generated during the reaction steps and less waste products thus making this process
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I n one enbodi nent the solvent is tetrahydrofuran. 15Non-limting exanples
of other copper salts that may be used are copper(l) cyani de, copper(l)
cyani de iwoOconbi4n@®i on with lithiumchloride, copper(l) PCYsERWE/050830

conmbi nation with lithium brom de, copper brom de, |ithium

2-t hi enyl cyanocuprate and copper (I) brom de-di net hyl sulfide. In
yet a further aspect the tenperature in said process step 1 is from-20 C
to 10 20C. Typically, the reaction tenperature is around O C before

propyl ene oxide is added and the tenperature decreased to -15 C. In
one eniStRP MR enMiEorRMEALEIlY fEendy pRNchINoER UG8 doY @aﬂ§@(ﬂ?tl{r6790b!é[§%9@'rlg the

pent en . t £ne oxide is
used tﬁ@ergfgp%%t% 'H%@? EE -ogl br%@ rgmr‘?] %g E éorﬁfﬁftPé’c)H One aspect
of the i nventhecadditdrabbthet ap-aatalyst diisiufrochlofide pnemeases tlecofvetsiparanen2- y1

p-t ol uenFq#Ifon addi n the magnesi um salt of 4-penten-2-ol to a
sol uti GGV '%B%l@@ﬁ?]e chloride in tetrahydrofuran, whereby the

amoynt  of p‘F‘dPiHé‘?“tﬁé‘Hnﬂ&M'on/m h ﬁeé't,lﬁmlcrﬂor"@é &I é!é’ér@ﬁé%d ﬁbﬁ‘?'l\')@ to

propyl ene oxi de. 30l n one enbodi me e reaction mxture obtained is
subsequeolietequivaestftor.e2 male-®guivalentee@tivede propyehenexitlg! Aser cohsaquenseher

fol | owe t he addi tion_.of 'anp, acid as

bo11; 1 B dusess eRofiene8aidn BRoktsdn rebit Bpeb Yt i 1 acidic pH s

obt ai ned, wirgisiRért fdvdnbegePRapasthelreattiRraktae aawl b eeardiiatig irthseexts
washed and distilled. The anpbunt of p-tol uenesul fonyl chloride used

i s decrséewithewossing thevyoek- uglmrwﬂdme describen hmuh@-m’quuamémes’a‘estmmaﬁe to
ropyI %ﬂﬁeﬁﬁgﬁghgébﬁﬁ%r gé]g sol vent is 5changed from pyridine and dried

d| chioro pr évi ous process to tetrahydrofuran. The

filtration Nevlimitklgyexaeesed of euitmwercsmmrntgaiawbe Selectedfe@rulthe@r@lw to
the | ower appunt of copper used in theﬂg_rew ous step up nethod is

change&%%ﬁ'%@@é‘ﬁ[‘&fumsRrrﬁgtm’ﬁétrﬁrﬁ ﬁf%aﬁh@§§1yéltﬁﬂ !PUH’ f}e@amdth sodi um
sul f at g %n% partitioning of the m xture between aqueous aC| d and net hyl
tert- buty et her (including one additional extraction of the aqueous phase
w th net hyl Ihene- dmqulrrmlhmesolf/Mtllsquamwrmm ng with brine and

distillati ft thyl tertbutyl t Th |
ebinr a1 o0 NG Giabte S Gias CopRPLSAILS tat ey b USTRIRA AU at e | s
not SUlchﬁHid% EQﬂSpér@l') %?aﬁuaéh#caﬁfbma%h%tmgtmum chlorid@, éoﬁb%rklggglacﬁﬂg%“ ment,

process’step 2 Is per ormed at a tenperature of from -
Non- | i rdombigatéocawith éfhiwh ramiceh|aoppehbrorsidey ithium Petnidnyleyanecuerdte aoth t he

group CC% eras B%m%t roanpéﬂgy? uiaa 2-met hyl t et rahydr of uran and 1, 4- di oxane.

In yet a further aspect the temperature in said process step 1 is from -20 °C to 10
20  °C. Typically, the reaction temperature is around 0 °C before propylene oxide is added
and the temperature decreased to -15 °C.

In one embodiment the enantiomer R-propylene oxide is used to prepare 4-
penten-2(R)-ol. In another embodiment the enantiomer S-propylene oxide is used to
prepare 4-penten-2(S)-ol.

25 Step 2 of Scheme 1:

One aspect of the invention relates to a process for the preparation of 4-penten-
2-yl p-toluenesulfonate by adding the magnesium salt of 4-penten-2-ol to a solution of p-
toluenesulfonyl chloride in tetrahydrofuran, whereby the amount of p-toluenesulfonyl
chloride is 1.0 mole-equivalent relative to propylene oxide.

30 In one embodiment the reaction mixture obtained is subsequently transferred to a

mixture of water and methyl tert-butyl ether followed by the addition of an acid, such as
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20l n one enbodi nent, the solvent is tetrahydrofuran. In a further
enbodi nent, the enantioner 4-penten-2(R)-ol is used to prepare (R)-

4- pent en-woytipus@buenesul fonate. I n yet another enbodi FEMISE2011/050630
4-penten-2(S)-ol is used to prepare (S)-4-penten-2-ylp-tol uenesul fonate.
Step 3 of Schene 1: 250ne aspect relates to a process for the preparation
of N-nethyl-4-penten-2- am ne by addi ng 4-penten-2-ylp-toluenesulfonate in
tetrahydrofuran, over time, to a refluxing solution of 40% aqueous sol ution
of nmethylam ne (7.3 nole-equivalent relative to ﬁ”@ pyl ene oxi de) and

t et r ahyYEEQvQLe 21 N @cislic pEpa oRtaiIaed ameereaday Qf?a%earérs@:&ﬁf&feﬂ e .
WO 201 I n one enbodi nent

(R -4- éé%?%?ﬁ%%ﬁéﬁ@%ﬁ?ﬁ@%ﬁtgeqS used to prepare (S)-

N- net hyl - 4- ﬂ'muwnoammﬁmmluemeanfohwarhlmrdmdserbrs;tdecreased from 1.1 mole-

(S)-4-penten p enesul onate i s, used

()~ N e Bl SRR Pt o Branv D ﬁgeg\'%%w? solvent is

N, N-di fc‘}ﬁfah b %Wﬁyﬁlﬁné%ngﬂtﬁlew S¥hIBHSMBIHRRB T tﬁ Lﬂ)@?bﬁé@@&%a“ The
vvork-up o) vent i S"changed fromether to nethyl ert ether. In the
previ oustrpnysiresamn.he m xture needed to be dried, for exarrpl e W|th sodi um

sul fate, and.th istilled,to r e the ampunt o e ,st.eps
oo oo T onodreiftafart blevidit Bepdtd e iautEr s3lis WhSERautd R Bufes
these ¢haBoeHoLAL @)ﬂ‘@ipﬁéﬁ@sédﬂﬁ id pﬂ'e@ﬁﬁ}sl&éptl me for step 3 has been

10reduced from48 h to h. The reaction tenperature is raised to refl ux.

Non- I'i mi ti nd Nexeek- lé%mﬁth@dﬂ& enangest rem rglge@t@dbfswaﬂyn@@%@rgmceahwe)&ml he
3 ol PO G Sl . BRR Gy T ¥ PR P hBuB0ls BBl TG,

4a for méthyptreetptaﬂtgltéther Qrﬁcll}ng one addltlonal extraction of the aqueous phase with
(tert-butox carbonly % 1- 4- pent en- 2-am ne b% addition of a m xture of
di - t er tORIGY 49“3’9@& $joRB! Eo"pweﬁettyngvasmegwmrme af €f$t'{'%t'qrh@f thepethyhiert
mxtur%hl@ﬁ ded in step 3, followed by addition of N,

N- di et et hanedi ami ne at full conversion of the (S)-N nethyl-

pent en- 2- am i o\&alh peedarnatidretimerttasdoemme shorter. Also, the use of sodium

N-(ter oxyc [).- N et hyl - 4- ten-2-amne is prepared by addition
o7 kTl et SRR o Dla o SR A B RaE L g ot | ot Butul ot her

fol I owed by |addiFthene@bolimdhtdprariely lsedhanegeasiniey ﬁfafté%hbef?a%\*é%ﬁk&ﬁ -8f
t he (S)-Nmethyl -4-penten-2-am ne and subsequent addition of water and

hydr oc it S0i °€. aC| d until pH 2 followed by separation and washing the organic

From 16 h © OB BGEERReS bf sbidl sinprsonEs hEBfRe SPoHeah bR aHER ng

from16 h t

changi fwrﬁﬂﬁ%l @ftﬁalh rd-’furfi#lr 2tmhemyrentamgdrafurb @ ahdbul MioxHrear bonate to the
solution to a |ng he sol utlontoasolutlon of di-tert-butyl dicarbonate
i n %et hyl In one embodiment, the solvent is tetrahydrofuran.

In a further embodiment, the enantiomer 4-penten-2(R)-ol is used to prepare (R)-
4-penten-2-yl p-toluenesulfonate. In yet another embodiment 4-penten-2(S)-ol is used
to prepare (S)-4-penten-2-yl p-toluenesulfonate.

Step 3 of Scheme 1:

25 One aspect relates to a process for the preparation of N-methyl-4-penten-2-
amine by adding 4-penten-2-yl p-toluenesulfonate in tetrahydrofuran, over time, to a
refluxing solution of 40% aqueous solution of methylamine (7.3 mole-equivalent relative
to propylene oxide) and tetrahydrofuran followed by separation and washing of the

organic layer.



tert-butyl ether. N, N-dinethylethanediamne is added to the reaction to
quench the 30excess of di-tert-butyl dicarbonate. In one enbodi nent process
step 4a iwoperffusteed at a roomtenperature. WO PCT/SE2011/050630

2011/ 146009PCT/ SE2011/ 050630 Non-limting exanpl es of suitable solvents
may be selected fromthe group conprising tetrahydrofuran, mnethyl

tert-butyl ether and 2-nethyltetrahydrofuran. I n one enbodi nent
(S)-N-nethyl -4-penten-2-amne is used to prepare

(S)-N(tert-but oxycarbonyl) N net r)g{e pent en- 2- am ne. In anot her enbodi nent
(R) - N 5net Hyong-gsebeARLep! HRi-Ag nu@e)d &@'W’@&HF@”G’[G is used to prepare (S)-

(R)- N (/\‘l?r'{éth?% @é%f‘eﬂr@%m’hé % ARGMLL ¢ f’f} I %ﬁt{]}% @g%out %gﬁp overall yield

of process s I'S 1 Nncrease 55% The
pr ocesSoIﬂbomulfdma&:isau&edltormyepre (R)eN-mathykdqienmten ﬁaamrmg a volune of 2.5 3

O e ant S LR R R PRE B A brb SRR
d;) g?né%éé%drgh}r?rﬁl t gﬁg@gﬁg@i %bém% cﬁB qéa ggﬁ{h%ﬁgom%ﬁtr%ﬂ her®ud) etherSt €p
- bendoythe praviaus pracess &tpa moetaltet ne@qﬁt@dw dded),yfoaammplmwmm sadiioh ut i on of
(L) (-) que ¥1d tﬁgrrm td%rtlllled ?c():'reddu(ce tﬁe%orrllgun%%lf' F\l/en{1 These steps are no longer
necessary in the improved process.

The effect of these changes is that the overall reaction time for step 3 has been

10 reduced from 48 hto 8 h.

The reaction temperature is raised to reflux.

Non-limiting examples of suitable ether solvents may be selected from the group
comprising tetrahydrofuran, 2-methyltetrahydrofuran and 1,4-dioxane.

Step 4a of Scheme 1:

15 One aspect of the invention relates to process step 4a for the preparation of N-
(tert-butoxycarbonyl)-N-methyl-4-penten-2-amine by addition of a mixture of di-tert-butyl
dicarbonate in methyl fert-butyl ether to the reaction mixture obtained in step 3, followed
by addition of N, N-dimethylethanediamine at full conversion of the (S)-N-methyl-4-
penten-2-amine.

20 In a further embodiment N-(tert-butoxycarbonyl)-N-methyl-4-penten-2-amine is
prepared by addition of a mixture of di-tert-butyl dicarbonate in methyl tert-butyl ether
followed by addition of N, N-dimethylethanediamine at full conversion of the (S)-N-
methyl-4-penten-2-amine and subsequent addition of water and hydrochloric acid until
pH < 2 followed by separation and washing the organic phase, evaporating and

25 distilling.

The reaction time is reduced from 16 h to 1 h by optimising the amount of di-fert-
butyl dicarbonate and changing the charging order from adding di-tert-butyl dicarbonate
to the solution to adding the solution to a solution of di-tert-butyl dicarbonate in methyl
tert-butyl ether. N, N-dimethylethanediamine is added to the reaction to quench the

30 excess of di-tert-butyl dicarbonate.

In one embodiment process step 4a is performed at a room temperature.

~7 ~



WO 2011/ 146009PCT/ SE2011/ 050630 rel ative to N-nethyl-4-penten-2-anine) to a
sol ution of N-nethyl-4-penten-2-amne in an organic solvent. In an
enbodi merwolRenetsbopb - 4- pent en- 2- am ne di - benzoyl - L- (-) - t RCTSER@ 1480660 salt i s
prepared by addition of a solution of (L)-(-)-benzoyl-tartaric acid (0.5
nol e- equi val ent) to 5a solution of N-nethyl-4-penten-2-amne in an organic
sol vent, and washing using a 1:1 m xture of nethyl tert-butyl ether and

i sooct ane and dryi ng under vacuum One enbodi ment relates to the

conmpound N-net hyl - 4- pent en-2-am ne di benzoyl-L-Htartaric acid salt. Acids
t hat nﬁ‘!prblémﬂ@@opﬁaén@?%@lf pHitanle S@/l\/teﬁtth}WPe'QCtﬁgrﬁ%ﬂi@ gFAURECABPY3IBEd a
10sal t t z acid, oxalic acid,
fumari é%@’?@%“&%@ﬁﬂlb{c acl dbu@] ?ﬁe(r:%gg Zébﬁ'e Wﬂég%ﬂga r%‘(gyl D-tartaric aci d
(-)-di - p-tollnoynk-dmibaditreenit ¢S pbkrdethii-Beyerdgh 2Ehr(mrbe|saxs‘edrto¢)ramré (S)iN-one

enbod t he salt d enzo tartar ac sal t further
enbod:R%f{b josuEaboay kP mshd Baetsnreamine r oaneBapsrboarees @il | ti ng

exanpl I 1] D ing
et hyl %?%“ﬁ?' FlehRIL? h%ﬁ'““ﬁf“é?%mgﬁﬁééﬁﬁwéﬁt@ﬁ%@wﬁr )

pr opancﬂent%ttrétalinl@e tetrahydr of uran, ethanol, isooctane and acetonitrile. In
anot her enbadi nent vent ert but ln_o

nbodt ment, (GO ALV ShpERbe Alral ke hbicifelrdih 43%% to fefiipo -

20net hygse4- pent en- 2- am ne di - benzoyl -L-H-tartaric aci d salt. In another
enbodi nment, (R)- N-nethyl-4- genten 2-amne is used to prepare

(R) - N- net hyI @r@ﬁe@snsnowmm chement 6ay-he vsedin mactoradiedingaa volume of 2.9hj s
process has two fewer steps than the previously described process and

yi el’ds M he interrredi ate N-net hyl - 4-penten-2-anine as a solid salt instead

of an oil. The N- et - ent en- 2- m ne) .oth e needed. to be
ami ne- pr ot ect'bdl %[Hé 'Yﬁ gquelségg t@%&@%ﬂfﬂ“% 91 fe p%qtggtpﬁ %{? -HEWRE (SR4 i n
the preyboMhPNIREEYI-4Tiken Quémﬁ‘feséﬁ%r&b?loé (B8t @RS 2ESESE D t he
process described heérein. enbodi ment” of the invention relates to
a proceéghema 2t he preparation of aryI substituted ol efinic am nes such as
(29) - ( h N- et hyl - 543- (5-1 sopropoxypyri din)yl]-4- 30penten-2-am ne and
(29) -(M hyl - 5- [ 3- (5- met hoxypyri di n) y1] - 4- pent en- 2- am ne conpri si ng
the steps shown in Scheme 3 and Schene 4. WD 2011/ 146009PCT/ SE2011/ 050630
Schene 3

o ~_-OMgCl \/\/o\sf,o
x-MgCl —_— e H 7
step 1 step 2 - 0
Not isolated
H H o~ 0 O
. \/\rN\ . \/\rN\ Ho\”/:\)J\
step 3 step 4b ; OH
2 O O O

15

Step 4b of Scheme 2:
In one aspect, N-methyl-4-penten-2-amine di-benzoyl-L-(-)-tartaric acid salt is

prepared by addition of a solution of (L)-(-)-benzoyl-tartaric acid (0.5 mole-equivalent
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isolated t...,,,,,,----/step 3 step 1
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WO 2011/146009 PCT/SE2011/050630

relative to N-methyl-4-penten-2-amine) to a solution of N-methyl-4-penten-2-amine in an
organic solvent.

In an embodiment N-methyl-4-penten-2-amine di-benzoyl-L-(-)-tartaric acid salt is
prepared by addition of a solution of (L)-(-)-benzoyl-tartaric acid (0.5 mole-equivalent) to
a solution of N-methyl-4-penten-2-amine in an organic solvent, and washing using a 1:1
mixture of methyl tert-butyl ether and isooctane and drying under vacuum.

One embodiment relates to the compound N-methyl-4-penten-2-amine di-
benzoyl-L-(-)-tartaric acid salt.

Acids that may be used to precipitate with N-methyl-4-penten-2-amine to yield a
salt are, but not limited to, di-benzoyl-L-(-)-tartaric acid, oxalic acid, fumaric acid,
succinic acid, citric acid, (+)-di-p-toluoyl-D-tartaric acid, (-)-di-p-toluoyl-L-tartaric acid, di-
benzoyl-D-(+)-tartaric acid. In one embodiment the salt is a di-benzoyl-L-(-)-tartaric acid
salt.

In a further embodiment process step 4b is performed at room temperature.

Non-limiting examples of suitable solvents may be selected from the group
comprising methyl tert-butyl ether, diethyl ether and 2-methyltetrahydrofuran, 2-
propanol, acetone, tetrahydrofuran, ethanol, isooctane and acetonitrile.

In another embodiment, the solvent is methyl fert-butyl ether.

In one embodiment, (S)-N-methyl-4-penten-2-amine is used to prepare (S)-N-
methyl-4-penten-2-amine di-benzoyl-L-(-)-tartaric acid salt. In another embodiment, (R)-
N-methyl-4-penten-2-amine is used to prepare (R)-N-methyl-4-penten-2-amine di-
benzoyl-L-(-)-tartaric acid salt.

This process has two fewer steps than the previously described process and
yields the intermediate N-methyl-4-penten-2-amine as a solid salt instead of an oil. The
oil (N-methyl-4-penten-2-amine) otherwise needed to be amine-protected and distilled
to accomplish purification, as described in the previous process. These cumbersome
steps are no longer needed in the process described herein.

One embodiment of the invention relates to a process for the preparation of aryl
substituted olefinic amines such as (2S)-(4E)-N-methyl-5-[3-(5-isopropoxypyridin)yl]-4-
penten-2-amine and (2S)-(4E)-N-methyl-5-[3-(5-methoxypyridin)yl]-4-penten-2-amine

comprising the steps shown in Scheme 3 and Scheme 4.

~0 ~



Not isolated - Step 1 of Schene 3: Preparati on of 4-penten-2-ol by
addi ng vi nyl magnesium chloride to a m xture of 5copper (1) chloride and

| ithium cwbaniidesoobol | oned by the addition of propyl enePOXiSEe)11i050630
suitabl e solvent, for exanple tetrahydrofuran; WO

2011/ 146009PCT/ SE2011/ 050630 Step 2 of Schene 3: Preparation of

4- penten-2-yl p-toluenesul fonate by adding the nagnesi um salt of
4-penten-2-ol to a solution of p-toluenesul fonyl chloride in
tetrahydrof uran and subsequently transferring the m xture to a m xture of
wat er 2hemeRy| tert-butyl ether 5followed by addition of an acid, such as
hydrochloric acid, until acidic pHis obtained, separation and washing of

t he organi ¢ phase qu distillation thereofy Ste \§ of SQhene : Preparation
of N-net hyl - 4- peng e 2- aff ne_by |asdiragoMscpent an ?Yyi“p uenesul fonate in
t et rahydrof uran over ti t gered rlef | uxi ng splFar? on of © 499& guepus 10sol ution
of nmethylam ne 7.3 nol e-equival ent relative to opyl ene oxi de and
tetrahydrofuran foll owed by separatiom anq/ﬂashfﬁg of sttgwe organi c | ayer;
Step 4a of Schene 3: Pr epar ajd; RS
N-(tert-butoxycarbonyl)-N nethyl - 4- pent er- 2- gm ne byyaddjtion of a m xture
of di-tert-butyl dicarbonate in nethyl ter u Ner, | fol | owed by
addition of N, 15 N-di met hyl et hanedi am ne at |full cbnvergion of the

(S) - N-net hyl - 4- pens -am ne, and subsequen di tion @lpasater and
hydrochl oric acid untlilJpH 2 foll owed by attPdf an shing the organic

phase, evaporating and distilling. Step of Schene 3: Preparation of

N- net hyl - 4- penterbZ ami ne di-benzoyl-L-HYartaric acid salkt by 20addition

of a solution of” h SQ 9be oyl -tagr ar| c~aeid 0.5 nole-e valent, to a
| - 4-

O
sol ution of N et n\z,wa?m I a_organi ol ventQahd washi ng
using a 1:1 mxture o] 'f] terk-b tyI M%dgﬁo ctanejand drying
under vacuum o. The groduct of st'ép 48 of is ustPepare a final
aryl substituted %Iﬁfc am ne using the progess as set o in steps 5, 6,
7 and 8 of Schene 3 Schene 4.

(1)
\ step 5

H
RO N
' e I/YVT
-~
N step 6

v) ()
Not isolated
Not isolated

@)

step 7 /@A OH

HO

H H

R,O PN NG R.O AN N

| . Recrystallisation | _
—_—
" N o) U] N @)

step 8

Step 1 of Scheme 3:
Preparation of 4-penten-2-ol by adding vinylmagnesium chloride to a mixture of
s copper(l) chloride and lithium chloride, followed by the addition of propylene oxide, in a
suitable solvent, for example tetrahydrofuran;



WO 2011/ 146009PCT/ SE2011/ 050630 Schene 4 Not i sol ated wherein in
Schene 4 Ris a G _6al kyl such as nethyl, ethyl, n-propyl, i-propyl,
n-butyl, wo2011/faedo9l , s-butyl, t-butyl, n-pentyl, i-penPgr/SEse1ponicgd

n- hexyl or i-hexyl. In one enbodinent, 50-R is isopropoxy. |In another
enbodi nent, O R is nmethoxy. WD 2011/ 146009PCT/ SE2011/ 050630 Steps 5 and 6
of Schene 4: One enbodi nent of the invention relates to process step
5 for the preparation of aryl substituted olefinic amnes (lI) such as
(2S)-(4E) - N- net hyl - 5-%3-(5- i sopropoxypyridin)yl]-4-penten-2-am ne and
(29) - (&tepN abSRPeML. $:3- (5. 5met hoxypyri din)yl] - 4- pent en- 2-ani ne (the
product) co LSidag ~the W N0 X 3 XN ; ;

N (tert but ourRarandRAER 1 8 esMondle b Boding the magnesiym saltof g
5- br one-BertekXpptpra dolndorg df p-toleacsyjivnyh chioride imitdthareydpafuradandn sour ce
(0.01 nol e-equiyval ents), hosphi ne |igand (0.24 nol e- ivalents) and a
base. ( PUbSROENYIATRP SHodnB ke tb pBIbrG aTe S0 eVl Fadt dine

at oS PRI by BUBABAMT k0o A WABENBRE oRALUNICadiR JH 1S oiteied, 90 C

for 15 to 25 or until the appropri eve conver si on have been

achi evegparationcarsl waghingef the biganiapbaseidna gistidaton thedeafh aci d, such as
hydroc%tori%c gglﬁ foll owed by stirring at 0-70 C for 3 to 8 h; d)
separ at ﬁB Re>6 8% * sol vent and the acidic (product containing) agueous

15phases f olprepaehtioy ofdshidiByli41pe R@HERUMIRE B @ddiid4 PesitsH-2-\ ol vent | e)
adj ustnment of the pH in the aqueous phase by the addition of a base and
ext r acttPlignesidfonetel inctetiahydrafr@ndyvganinme toha seflldng seletiom pf 48jmacieasts of t he
or gl%ni %oﬂn%ﬁedf n%'tﬂy%%ihg%é ln'¥ole-equivalent relative to propylene oxide and
tetrahydrofuran followed by separation and washing of the organic layer;
Step 4a of Scheme 3:
Preparation of N-(tert-butoxycarbonyl)-N-methyl-4-penten-2-amine by addition of
a mixture of di-tert-butyl dicarbonate in methyl tert-butyl ether, followed by addition of N,
15 N-dimethylethanediamine at full conversion of the (S)-N-methyl-4-penten-2-amine, and
subsequent addition of water and hydrochloric acid until pH < 2 followed by separation
and washing the organic phase, evaporating and distilling.
Step 4b of Scheme 3:
Preparation of N-methyl-4-penten-2-amine di-benzoyl-L-(-)-tartaric acid salt by
20  addition of a solution of (L)-(-)-benzoyl-tartaric acid 0.5 mole-equivalent, to a solution of
N-methyl-4-penten-2-amine in an organic solvent, and washing using a 1:1 mixture of
methyl tert-butyl ether and isooctane and drying under vacuum.
The product of step 4a or 4b is used to prepare a final aryl substituted olefinic

amine using the process as set out in steps 5, 6, 7 and 8 of Scheme 3 and Scheme 4.
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f) treating the organic phase with a netal scavenger or charcoal. 200ne
enbodi nent of the invention relates to a process for the preparation of
aryl subswototede®befi nic am nes (1) such as PCT/SE2011/050630
(2S)-(4E) - N-net hyl -5-[ 3- (5-i sopropoxypyridin)yl]- 4-penten-2-am ne and
(2S) - (4E) - N-net hyl - 543- ( 5- met hoxypyri di n) y1] - 4- pent en- 2- am ne conpri si ng
the followi ng steps; Another non-limting exanple of the process step 5 1is
a process for the 25preparation of

N- et hyl - 5-[ 3-(5-i sopropoxypyri di n) yl] - 4- pent en- 2-am ne whereby N-(tert-
but oxyc2ghemme #) - N- met hy1- 4- pent en- 2-ani ne (1 nol e- equi val ent) and
5-brono- 3- isopropoxypyridine (1.1 nole-equivalents) are m xed with
pal | adi um acetate (0.01 nol e-equi val ents), firi-o-tolyl phosphi . 25
nol e- equi val ents) and trieth mne (1.5 nolle-equivalents) int ne {under
an atnDspgeP: 0 j4rogen. The mixture is inerted, a small 30 areyupio df
water is adde the m xture & heated to|90 C and kept at this [ WD
2011/ 146009P 27011/ 050630 tenperatyese forn 20 toor unt gt appvQpr|i at e
| evel of conversion havg§%66ﬁ§atﬁ$eved as det erti neg by gas chrymat ogrlaphy
anal ysis. The m xture is cool gd, and water and hydriqchboric aci 8 are gdded.
The reaction mixture is stirred at 0-70 C (e.g. 40 ONfor 5 h, whereafter
the toluene and acidic 5 (product containin aqueousynheses are separat ed.
The aqueous phase is washed wi t hstdp@l uene he pH in the aqueous phase is
adjusted to an al kaline pH by the addith on of aqueous sodi um hydr oxi de and
the product is extracted into tol e. The phases are separated and the

tol uene phase is analysed foqr palladium |f the palladiumcontent is bel ow

a predet er pione i t I ure is concentrated under reduced pressure to
yi el d 10t Re prpodudt N-net hyl - 543- (5-i sopropoxypyri di n) y1] - 4- pent en- 2- ani ne.
I f the pall adi ontent i's above a predetermned limt (not nore than 20

ppm), the mixtufe is treated with a nmetal scavenger in order to reduce the
pal | adi um contento and then concentrated under reduced pressure to yield the
product N-neghyl 5-[3£(5- i sopropoxypyridin)yl]-4-penten-2-am ne. 15This

new proces t heHpr epgrati on of N nethyl -543-(5-i sopropoxypyridin)yl]-4-
pent en- 2-a has sejeral advantages over the previous nethod

(W2006H053 ) and it is nore suited for |arge scale manufacture. In
particular, the use of toluene, instead of N, N-di nethylformam de and

di chl or onet hape, \has e.adv Qlages of being aheapgr, re~en Hronnentally
friendly 2BandYgi Wyhg & belff er “pr oBessalis@Bmnde t Of UENE i S~ notYm stible with
water, a two plasglsystem ils obtarngiafrtn t he @ddition of the water and
hydrochl oric aci i, Mre than 99% of the pal | adi umNYemains in the tol uene
phase, while the productyis in the acidic aqueaus phase amd si npl e phase
separation renoves _wmustaf the palladiumfromthe product \During the
subsequent evapor g of $he solvent, the approprid at er’content 25 in
the product is obtaiped directly due to the better gt'rope with tol uene.
Wth other solVv€nts it may be necessary to do rep€ated sol vent
distillations to reach the | ow water content required for the next step.
Anot hewhaieinnazfdente ¢ isna v 1p5aied s5ch astmethyk et Ropred dsyopy!, pHautyl, I-

5-b -3- 1 i di [ t t to th [ th th
N Ot o Buityt, & BB SR gent)Si-pen Siodh, hhexyoP eyt Tn SR efbodiment, o

s O-Ris isopropoxy. In another embodiment, O-R is methoxy.

t
0
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30but oxycar bonyl ) - N- et hyl - 4- pent en- 2- am ne was used in excess. WO

2011/ 146009PCT/ SE2011/ 050630 In the previous nethod, the palladi um
preci pi t aWodous14800) at the end of the reacti on which eoms#2anes(1680

probl ens regardi ng cl eaning of the equi pnent. By using an excess of the

5- br ono- 3-i sopropoxypyri di ne the pall adium catal yst remains as stable
Pd(I'l) conplexes at the end of the reaction and no precipitation of Pd(0)
occurs. 5The use of an excess of the 5-bronp-3-isopropoxypyridi ne gives a
cheaper_ process conpared to the previous process where the
N(tert3t59§&<9'3‘&|6tfgﬁ§q|)emed’ét hyl- 4-penten-2-anine was used in excess, due

to the | - - i di :
hvant age. o' ThEmEBKIhetR or e Arfion SERELRIKESS Slels fof the PRatgfon ot
addi t i @mylefubstitiéed blefinEaaremesh®) surhas(2S)HEE)-Santstioyl-5§8(55i ves a nor e

robust .process by ensurin rQper.cata ivation. Anot her
enbodi FOB?XXHYE'dIWEﬁfF?%ﬁg?%r%M? @QA ?%F@%&'W%Pﬁfqiég'ﬁ'epar ation of

N- et h SR iS4 _bAi 1 gak o the
pr ocestM ROy RT SPERER RIS HAE TAORRT] EomB gy U AR SBEE "
seri es of agomxiaguli(test-idoxycarbenyl BIV-meitiylsh-peries-2-amina(1 adilerengoiyateaithi ng

tol uene phase. s kept itn the reactor and put under.an atnmpsphere of

i trogen 408 T RPBSerakPoEing 0. mpemetlialnls biitda saddii Sotice (0.01

N(t er t - butrABGRIUMRIALS), MBI idare(U. 20 ribledqisaléntsphet absisegh et) and
5- brono- 3- al koxoxypyridine (1.1 nol e-equival ents) and base (1.5

mol e- equi Vedleraa)valentspinez sujabie frganjc solyenPomersars aimesphsire @b nE@geN; ve

cycl es ma - j o [ - per quality
o e pr 2 0P EERALT oY the FRRwRE 5165 L B5 % p ¥ ot ITIMREP L, vt
and t ol uerptdpriate Giet of odn\psivatidvesedredcthiesreds descri bed above has the
advantage of significantly reducing both the cost and enviraonnental inpact

of the pr&&99lingbeHityre nstadding Wwaler andhanact Syah asdieheeBaneaclh uene
that is r%Wé@b?g“m@%%?é@g&?g tg@gynt of the product. In one

enbodi ment the solvent ¥in step IS selécted froman ether, ketone,
aromat i ¢ lydepeaemtingrihe esgaric sblvientaad kye acidobe(poodwadt cohtdiningdpaglieods i ng

I f I t b | ected f th ! i Si t ol ,
i oane, MUPRYT ITIOWG 5Y WRShBEENS RU0RPYF Rossardh QB0 et at e,
- but y1 2c8) s sifeRo AR 4 Mte AOTRL UG0S TIEI it OF Sbgss Bibacet ani de

t
and 1-nmethyl-2-pyrrolidinone. In one enbodi nent the solvent is toluene. WO
2011/ 1460@xPati|EL®E1 o0806BMm the organit pitasehiolowead byiseparatiancofithe @rganist ep 5

is an amne. Non-lim.ti exanpl es of am nes may be selected fromthe group
conpri si né)%ta??e?rﬁ?Pgh?ng?/ di i sopropyl et hyl am ne, diisopropyl am ne,

di cycl ohexylrgzinyinerarganichbrHaelwitimameétal saeenger br tieddeaapl am ne. 51 n one
enbodi nent the base is triethylam ne. .

20 One embodiment of the Invention relates to a process for the preparation of aryl
substituted olefinic amines (l) such as (2S)-(4E)-N-methyl-5-[3-(5-isopropoxypyridin)yl]-
4-penten-2-amine and (2S)-(4E)-N-methyl-5-[3-(5-methoxypyridin)yl]-4-penten-2-amine
comprising the following steps;

Another non-limiting example of the process step 5 is a process for the

25 preparation of N-methyl-5-[3-(5-isopropoxypyridin)yl]-4-penten-2-amine whereby N-(tert-
butoxycarbonyl)-N-methyl-4-penten-2-amine (1 mole-equivalent) and 5-bromo-3-
isopropoxypyridine (1.1 mole-equivalents) are mixed with palladium acetate (0.01 mole-
equivalents), tri-o-tolylphosphine (0.25 mole-equivalents) and triethylamine (1.5 mole-
equivalents) in toluene under an atmosphere of nitrogen. The mixture is inerted, a small

30 amount of water is added and the mixture is heated to 90 °C and kept at this
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In a further enbodi nent the base in step 5 is an inorganic base.
Non-limting exanples of inorganic bases may be potassium carbonate, sodium
car bonat eyvoodiunaobi car bonat e, sodi um phosphat e and sodiPaFISEe@1A5S30

The use of an inorganic base may have the advantage of providing a cheaper

10and nore environnental ly friendly process. I n one enbodi nent the
base and solvent in step 5 are an arbitrary conbi nation of any of the
sol vents and bases |isted above. The stucture of the phosphine |igand

has a strong influence on the yield of the desired product. The |igand may

be a pREEBRIHGIE 19 G9ThOE Wit dho FBRTGRTRLE Vel shermyeRePRMBYE heen ashigusdas

enbodi AL gphosphine. Non- limting exanples of
l'i gands marr’flilﬂsdtO %?Cehléé odrﬁ??ﬁ@%”g'g%' conprising triphenyl phosphi ne,

tri-o-tol yI ﬂ?hmsrph«tlmwe is tcoplgal, Bad yWaiboapdhhgerochloric acid are added. The reaction

Ejr thngﬁfxﬂjr@ g?rs Bﬁ 7:9;‘!(?&4 lgﬁgﬁy%}%oﬁléhhﬁ&e&%fﬁrﬁge toluene and acidic

di phenyph&4elcBsHA| uéa% h ted. Th h hed
o1 (01 oyerEiet K BRRARLREs pfases re separseg, Thg agueous pheag s wpshe

2 (di - twithutoyuepieos e pbl)|b|trpeleqy90us2pbal$e:md3hetgg|t@|aa:i§qjkﬂ|m@)miﬂ}blyethgladdttuon (2-

hi ! h 1 t - but.
15! BIBRRERPE sadhp SRR A R Bt iros B D BRBY. e phases are
(disebarstb®hasnrhé feLERE g@ﬁaee |s1—ar23I?$éd fOr A adiuBpNOF Rie PQH@dlbmﬂ&)ntent is
bIS- di phenyl phosphi no) pr opane 2- bi s(di cycl ohexyl phosphi no) et hane,

is-
3-
1' QW prHeadetenoyad ol the ﬁw@@fﬂgls concentrated under reduced pressure to yield
b

5 s(

.2 T RN b & BRI M genen 2 e

1, 2-bi s(di phEtlfnyel Ehladim sonteen keasovel & ppdustgtnpined pilit (¢1,ot more than 20 ppm),
dllsopropylphenylphosphlnlte triisopropyl phosphite,

tri met Ky Mixgreisgreaied yitsa IU%%%C@Y&BQ@S/WI opsr @Hﬁ@é%ﬁé”ad'um content

bi s(d I n
0 1 BB BB ARLRBILNSS pressur 1 e o procuct ety 5-0-5
2- (di cysdprbpwyym'hldspm -Agerilen-2harNied. net hyl am no) bi phenyl ,

L b T Oy nsRROR )% LrargeaT Oy (3:(5-isopropoxypyridin)yl-4-
et hOX)ﬁé'h?éWb)é?ﬁi%ﬂms%veréﬂ\%d%%ﬂdq%wWb%h%%@vb?o%ﬁ)%@%?ﬁ' ent

t he phosphine ligand is tri-o-tolyl phosphine. In one enbodi nent the
pal | adiameh ItstSlmOEB $l$t@i fed(arge scaiepmmufancttuepd(O) corrpl ex. Non-limting

exanpl es of 'Qﬁ Itl I%(egggﬁﬁyﬁﬂ%ef% ae‘uc F@cl%:% ryﬁ?%oup co r| si ng

Pd( OAc) 2, C ¢

3( Conbld?clfm(srom&ﬁlahe r{d%dtﬁb[a(dvahtag?e%)&ﬁ(émg [:héépérumolé %Hvi&&!rﬁméﬂa%ll?@@éﬁdl?hos
POPd1) . Non limting exanple conpl exes may be sel ected from

t heogr GG GWRPrE BeURY NPaces) %Incpdqueaa)l%n@h@Ia%tﬂ@wﬂwtwat)es]8ztwq> rhase
mbodi i
ani on Cheiosh i oftRlneRiteae daBiohrt e and vdrachioph B HRL o9 %
[ PAC12 (of el pylla RRNPhidins {HRuel tauehetghla)sél%lﬂ)lé the prdaluicy k)i Bhé BE)IG &queous
2, an additional phosphine ligand is

Cl 2Pd[ P(o- tol)3 and Pd[P(o-to
opt i onafﬂ(h '%?Pl‘? %réﬁo%fgm%lée%ﬁﬁ%%ﬁ &e prlipdiem %@%H}eeraroﬂvsh t he

group Durlng the subsequent evaporation of the solvent, the appropriate water content

1,
bi
1,
1,
2
4

25 in the product is obtained directly due to the better azeotrope with toluene. With other
solvents it may be necessary to do repeated solvent distillations to reach the low water
content required for the next step.

Another advantage of the new process is the use of an excess of the 5-bromo-3-
isopropoxypyridine in contrast to the previous method where the N-(tert-

30 butoxycarbonyl)-N-methyl-4-penten-2-amine was used in excess.
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TM conprising SiliCycle SiliaBond-Thiol , Argonaut TMI, Polymer Labs TM,
Johnson (r) TMIM Matt hey Snopex 234, Reaxa QuadraPure MPA, Reaxa QuadraPure
| MDAZ. 15w6ten/idc@wd Schene 4: I n one enbodi nent  PCT/SE2011/050630

N- et hyl - 5-[ 3- (5-i sopropoxypyri di n) yl] - 4- pent en- 2- am ne 4- hydroxybenzoate
IS prepared by addition of N-nethyl-543-(5-isopropoxypyridin)yl]-4-

pent en- 2-am ne and 4- hydroxybenzoic acid in an organi c sol vent.

In a further enbodi nent

N- et hyl - 5-[ 3- (5-i sopropoxypyri di ne y1] - 4- pent en- 2- ami ne 204- hydr oxybenzoat e
i s prepar ed IByN@BEBMOUHMSNAD. e RPllakUMIAresitatast apBd(Datite g of the

t en-.2: aM 4 ' W , ' | t | d: b
ool at Bt BRIt YL BRI, Sodfidthd QeBRngla1N: SqBRME, £y sifded >
sol ventexcessotthen® bromoisoprdpmsky penidine thoe pakaditiepcalaly st reendios s dtatile a
t f Cto,2 fl . I nbodi t
et HlReSroplerBos g 50 SF i isking 2nding BreEbRATR OLROED QSR | s used
: ' * AL penren ‘ %5
i B hy i o peE) a N RE DT RE S bR GONSORSEBRIN TR giks S RRIRE 2. 5
WO 201 ProcesE0aPaIaree20 the psaeads prsess pdieygiire di-(iggbutaxysarnasyl)2N-anethyl-i s

d - - N\ hyl - -(5:
opr ogoR AP e T5eH B R e e e -1 s S PO NS PTG % of scheme
4: Cryséaprbp6”ipyeitlines control | ed by addi ng 4-hydroxybenzoic acid at 50 C

The cl ear 5solution maqy og)t ionally be seeded to induce a desired form of
crystal s. Thetanpdietiadveatagerrighe devspriosess inifed ser dfrivales e e adslitives C t o

cool i ngrthe, t.& | i ' ryvst al s.
Coobor ST bL OBl B o800 35 Bl AR Al o more o process
(29) - (4 ersuningmroped Gatélyst sctivatipaxypyri di n) y1] - 4- pent en- 2- ani ne

4- hydr oxybenzoate as shown in Schene 103. Anot her enbodi nent rel at es

to the | ar gé\ihgreempadiment of Fhﬁgi”(y?_nﬁl‘i’me@i%stf)iat préﬁs%f%fthﬁipée%ﬁfﬁﬂ% of | )
e SY R BB Bl s RN Repegsd. o e
as t he cuwylarenixatimesez bat eheed thet detalgsf and BHAudne ateereuset ol arseniesrodlcahsscutivea
PT 01(§essbaftc%rest. Iﬂﬁ"y Rwris? %caetsis, He %‘éné”‘éiﬁﬁn c?oun gi%%r;[gutto?udene phase is kept in the reactor
and put under an atmosphere of nitrogen and the cycle is repeated by the addition of N-
(tert-butoxycarbonyl)-N-methyl-4-penten-2-amine (1 mole-equivalent) and 5-bromo-3-
alkoxoxypyridine (1.1 mole-equivalents) and base (1.5 mole-equivalents) followed by
heating etc.
20 This series of consecutive cycles may be repeated as many times as desired
provided the proper quality of the product can be obtained.

The reuse of the palladium catalyst and toluene in a series of consecutive
batches as described above has the advantage of significantly reducing both the cost
and environmental impact of the process due to the much smaller amount of palladium

25 and toluene that is required to produce a given amount of the product.

In one embodiment the solvent in step 5 is selected from an ether, ketone,
aromatic hydrocarbon, ester, N,N-dialkylamide or alcohol. Non-limiting examples of
solvents may be selected from the group comprising toluene, dioxane, methyl isobutyl
ketone, n-butylacetate, iso-propylacetate, t-butylacetate, n-butanol, N,N-

30 dimethylformamide, N,N-dimethylacetamide and 1-methyl-2-pyrrolidinone.

In one embodiment the solvent is toluene.
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olefinic amnes (I) such as

(25) - (4E) - N-net hyl - 5-[ 3- (5-i sopropoxypyri di n)yl] - 4- penten-2- am ne and

(25) - (4E)WhR2net 13900954 3- ( 5- met hoxypyri di n) y1] - 4- pent en- 2PamiSE201¢05BB6 Si ng
process steps 1 to 7. Yet a further enbodinent relates to a process for the
preparation of 20hydroxybenzoate salt of aryl substituted ol efinic am nes
(I') such as (25)-(4E)-N nethyl -

5-[3-(5-isopropoxypyridin)yl]-4-penten-2-am ne and

(25)-(4E) - N-net hyl -5-] 3%% met hoxypyri di n)yl] - 4-penten-2-am ne conpri sing
process stepd amoglr@r@r@po gehEhesbasthia e ds aNsHBINE- | Norstimding exarapesefused

in rea | ; o The invention wl|
now be%ﬁﬁﬁégmggsglf%ﬁe ;o%gér% ﬁéﬁ_pﬁé@iﬁﬂ%@ygglﬁ& es in which,
gener aldiigopropeg et ylam eyeliisoprapyiaetne udicadloheaimetyben ey Nemeth yémorphdline

range 16 to 25 C evaporations were carried out by rotary evaporation in
vacuo; %Y GrPRG: (GC) was performed using an Utra 2 colum; vyi el ds,

wher.e present ondldn irrié‘ﬁ?ﬁ%g@ééébétﬁ@fﬁg&rﬁﬁ i mum attai nable; in general,
the structures of the end-products weré confirmed WO

2011/ 146009PCH f8EDEN emMbBdBBENtHhe hask éastapaisean inarganindase. (NVR)mMEINg or
mass spectral t echpi ques; ss spectral data were obtained usin

Vet or o SHPLIFTR L D IR R B R ATE CHRRE b a0 ol SOHEAL brdenaIe B! « o
scal e [HpbenateRgeGlhtpheshaee 6Ad SBERIN acugte determ ned using a Bruker
Avance NWVR spectroneter operating at a field strength of 400 MHz]; the

5f ol | owi ng lﬂ@rléﬁﬂ at arv nergrivie bese Maisbave he advagtage otiprayiling étO,heBP?r
trllgl et g 8@!&5\'/i%n%%nt§rl ﬂre(?]%ﬂi P@%Fﬁ oubl et doubl et; dt, doublet triplet;

i nternmediates” Wwere no essari ly purified but their structures and

purity wer e lagpesavodisnenCtandasy aNyBoreat irsstep Saretamgriteamtcdnasieation of
uncorrected and were determ ned using a DSC, Perkin-El nmer DSC7 Differential

Scanni Y& |tee Saveais andpzes ited @eA¥C abbr evi ations are used herein:
LT S IR A 31000 Rt 0 R TRETY
di car balesired @ychMN,ThN—IIg'amdahayle)d ptmdaégﬂirmﬁphmsﬂ)ﬁit@l%ﬂﬁphinite or
%F@%@ﬁﬁ%ﬂ%@%&%&%@wér Q-m%orcrl?r%gﬁ/tl t%@h?;%% r|]§/lr:tarrrlrg)rr1]c?or bis phosphine. Non-
limiting examples of ligands may be selected from the group comprising
triphenylphosphine, tri-o-tolylphosphine, tri-p-tolylphosphine, tri-p-methoxyphosphine,tri-
p-fluorophenylphosphine, diphenyl-o-tolylphosphine, diphenyl-t-butylphosphine,
diphenylcyclohexylphosphine, 2-(dicyclohexylphosphino)-2’,4°,6'-tri-i-propyl-1,1'-

20  biphenyl, 2-(di-t-butylphosphino)biphenyl, 2-(dicyclohexylphosphino)biphenyl, tri-(2-
furyl)phosphine, tricyclohexylphosphine, tri-t-butylphosphine, 1,2,3,4,5-pentaphenyl-1"-
(di-t-butylphosphino)ferrocene, bis-(diphenylphosphino)methane, 1,2-bis-
(diphenylphosphino)ethane, 1,3-bis-(diphenylphosphino)propane, 1,2-bis-
(dicyclohexylphosphino)ethane, 1,1’-bis(diphenylphosphino)ferrocene,

25 bis(diphenylphosphino)1,1’-binaphtyl, 4,5-bis(diphenylphosphino)9,9-dimethylxanthene,
1,2-bis(diphenylphosphino)benzene, triphenylphosphite, diisopropylphenylphosphinite,
triisopropylphosphite, 2,8,9 trimethyl-2,5,8,9-tetraaza-1-phosphabicyklo[3.3.3]undekane,
bis(dicyclohexylphosphino)methane, 2-dicyclohexylphosphino-2’,6’-dimethoxy-1,1'-
biphenyl, 2-(dicyclohexylphosphino)-2’-(N,N-dimethylamino)biphenyl, tris-(3,5-dimethyl-

30 4-methoxyphenyl)phosphine, 1,1’-bis(di-t-butylphosphino)ferrocene, and tris-(4-
methoxyphenyl)phosphine.
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equi vMol e- equi val ents Et 3NTri et hyl am ne 20 GCGas chr omat ogr aphy MIBEMet hyl
tert-butyl ether NMM\- Met hyl nor phol i ne Pd( OAc) 2Pal | adi um acetate i-Pr2NEtN,
N- Di i soprwpybaigioanm ne 25 THFTet r ahydr of uran TsCl p- Tol remsged 1050680
chloride A) Steps 1 to 4a Step 4a

(S)-N-(tert-butoxycarbonyl)-Nnethyl -4-penten-2-amne WO

2011/ 146009PCT/ SE2011/ 050630 A sol ution of

(S)-Nnet hyl -4-penten-2-am ne in MIBE was charged over tine at anbient
tenperature to a solution of Boc20 (113 kg, 518 nol %@%n MIBE (110 L). The
ni xt ure was I3ONeresAbRFimMent st ehespivne bgand isrtricasjaliphesriyne - pent en- 2- ani ne
had been co b J?'?M%n( qﬂdj(@ I me
at anbi ent Eﬁpgsn%eré%{?ddﬁ%nande? e m th&?agéev\léga E@ﬁﬁr%%ﬁ%@famreggﬁﬁ@%. 5%

of the Boc2WNdretimimgre aomsased PA(s) conexes Weyeve §8@0tddgyomdke gdolgel, and
hydrochl ori c acid was added until pH 2. The phases were separated and the

or gani cophasngBd(QAske &l d[R (e talsiriand &di( TR iz [Bd Coé-dyle P (@H)]The or gani ¢
phase was evaporated to renove the solvent and further distilled under

vacyum(@othtiRiads PORAX)| (PACIRt-butyl)pPeOYPaudy [ F2EOKY), (CdnBiPtRs PORA(). 2
The (S)-N nethyl-4-penten-2-amne used as a starting material was prepared
as foll ows: Non limitidgpp@aniples ohPd(0)doni@dsesymay. b2 setetiedaramltihé graup chl ori de
(550 g, 12.9 nol) were dissolved in THF (140 L) and cooled to O C. Vinyl
magnesicompising PdebedzaPdddbapantbRelP(o46l)8% i n THF) was added slowy,
mai ntai ning the tenperature below 5 C. The

In one embodiment the palladium source is Pd(OAc)2.

In embodiments in which the palladium source also contains phosphine ligands,
10 such as [PdCla(t-butyl)2P(OH)]2, {PdCI[(t-butyl)2P(O)][ (t-butyl)2P (OH)]}2, CloPd[P(o-
tol)3]2, and Pd[P(o-tol)3]2, an additional phosphine ligand is optional.
Non-limiting examples of the scavanger may be selected from the group

comprising SiliCycle SiIiaBond-ThioITM, Argonaut TMT, Polymer Labs TMT, Johnson

Matthey Smopex® 234, Reaxa QuadraPure MPA, Reaxa QuadraPure IMDAZ.

15 Step 7 of Scheme 4:

In one embodiment N-methyl-5-[3-(5-isopropoxypyridin)yl]-4-penten-2-amine 4-
hydroxybenzoate is prepared by addition of N-methyl-5-[3-(5-isopropoxypyridin)yl]-4-
penten-2-amine and 4-hydroxybenzoic acid in an organic solvent.

In a further embodiment N-methyl-5-[3-(5-isopropoxypyridin)yl]-4-penten-2-amine

20  4-hydroxybenzoate is prepared by addition of N-methyl-5-[3-(5-isopropoxypyridin)yl]-4-
penten-2-amine and 4-hydroxybenzoic acid in an organic solvent followed by isolating
and washing the precipitate.

In another embodiment the organic solvent is acetone.

In one embodiment process step 7 is performed at a temperature of from 0 °C to

25 reflux.

In one embodiment (2S)-(4E)-N-methyl-5-[3-(5-isopropoxypyridin)yl]-4-penten-2-
amine is used to prepare (2S)-(4 E)-N-methyl-5-[3-(5-isopropoxypyridin)yl]-4-penten-2-
amine 4-hydroxybenzoate. In another embodiment (2R)-(4E)-N-methyl-5-[3-(5-
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m xture was cooled to -15 C. A cool ed sol ution of R-propylene oxide (37.8
kg, 651 nol) in THF (900 L) was added slowy, maintaining the tenperature
bel ow - 15vQ.20Tih@etoeact i on m xture was stirred until nor @CrisaR01985036 of

R- propyl ene oxi de had been consunmed (using GC). The m xture was added
slowy to a cooled solution of TsCl (127 20kg, 664 nol) in THF (470 L). The
m xture was heated to anbient tenperature and stirred until nore than 98%
of the 4-penten-2(R)-ol had been consuned (using GC). The reaction m xture
was transferred to a mxture of water (630 L) and MIBE é280 L

Hy dr oc h$QRTPRORMYAIdRY]-AcRREte I amingHs xisgd tq’rﬁ)ée@ﬁfés('é?)xﬂé NS MOeld-@nd t he

aqueou A rgani ¢ phases were washed
ZEWI t h§a%§gﬁxy@g8mﬁg?ﬁ%ﬂrtlé@g%@ﬁ%?@ﬁdW?ﬁ%&ogggm C pﬁase was distilled
to remStepNI8EScheme 41 d (R) - 4- penten 2- yI p-tol uenesul fonate in a THF

3o 51t S 8 A4 R i e
. 03 (%blu]t?d)w’m?ysg§tléﬁ%l e sdedd (Finde ad&freldorhlor crydis. The

2011/ 146009PCT/ SE2011/ 050630 13C-NWR (CDCI 3) 6 20.3 , 21.6 CH3, 40.7

CH2, 79:rystajH$atM8pmceBEJs dreangeddrom 12eligg @H 1832 t@ coplingL . rg¢action M0 6CC. MS
mz = 240. 1I @é?’ 5A oI ution of (R)-4- penten 2-yl p-tol uenesul fonate (310
L) in ﬁqg IFREIR HECITESti me to a refl uxi ng sol uti on of 40% aqueous

sol ution of s Bitibadiment(Bfflek h a brosedsmal iheaﬂfé{ﬁ)rﬁ.oﬁw&ﬁ (28)-(ABENc@agyl-on

m xture was stirred until nore than 99% of the

pent en-RByE-isopmpgiiewidin yt-eenten -Besrine driydreyianzoate &Cphowndn Hickemnee
was co ed, MIBE (370 L) was added and the phases were separated. The
aqueous phase 10 was washed two tines with MIBE, and the conbi ned organic

phases were Amﬁm@cbmbodtnerm%w;wéslwtoatqae@*ge sifxad; nmh@rdcnumrcgao( 28Vsubstiteted
solution of (S)-Nnet hyl 4- MIBE was used |n t he next

step. PEINGRMITEBENUE w@#y m%hwl45i$n(§ﬁ0pr9pq>9/p(yﬁﬂlml -4 PEPLN-¢- 3H)
2 & g S iciach s G eI Peg ARl
4b St dipe h;zdﬂoﬁybehmte)slalftm@enfen 2-am ne di-benzoyl-L-Htartaric acid salt
'(6‘151?7”}_') 020%@ %&%ﬁ%@p r@%tgrs S rgﬁrg?é%%fo&ghez Brekpga’ratcl)dnng gr?/l gut‘)sr%itl'}{lggE
(S) - N- pdinid athimeN{i puck 881 2%)-(4E )N9-nkéthyils 13- (5®opropoxypyridin)yl]-4-penten-2-
amine and (2S)-(4E)-N-methyl-5-[3-(5-methoxypyridin)yl]-4-penten-2-amine comprising
process steps 1to 7.
Yet a further embodiment relates to a process for the preparation of
20  hydroxybenzoate salt of aryl substituted olefinic amines (l) such as (2S)-(4E)-N-methyl-
5-[3-(5-isopropoxypyridin)yl]-4-penten-2-amine and (2S)-(4E)-N-methyl-5-[3-(5-
methoxypyridin)yl]-4-penten-2-amine comprising process steps 1 to 8 of Scheme 3.

The process shown in Scheme 4 may be used in reactors having a volume of 4

3
m .

25 Examples
The invention will now be illustrated by the following non-limiting examples in
which, generally: operations were carried out at room temperature, /.e. in the range 16
to 25 °C; evaporations were carried out by rotary evaporation in vacuo; chromatography
(GC) was performed using an Ultra 2 column; yields, where present, are not necessarily

30 the maximum attainable; in general, the structures of the end-products were confirmed
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6.1% in MIBE at anbient tenperature. The m xture was stirred at anbi ent
tenperature for 6 h. The m xture was cooled to O C over 6 h and stirred
over ni ghtwOothea/me®al t ant solid was isol ated, washed usi RGT&E2011/05063¢ ur e of
MIBE and i sooctane and dried under vacuumat 25 Cto yield the title
compound (0.29 kg). 251 H-NWR (0DOI'3) 61.10 (d 6H), 2.14 (m2H), 2.33(s
6H), 2.37 (m2H), 2.90 (m2H), 4.95 (d 2H), 4.98 (s 2H), 5.57 (m2H), 5.63
(s 2H), 7.52 (t 4H), 7.63 (t 2H), 8.01 (d 4H) 9,59 (b 4H). 130-NWR (0DOI 3)
6 15.2 OH3, 29.2 OH3, 26.5 OH2, 52.9 CH, 75 CH, 118 3 OH2, 128.4 CH,
129. 3 @Mn@é%ﬁrg'n@gnqt@regowcqﬁél\ﬂﬁi)@qd/qre”sa?,s speatra) (M§) teggpiques; mass

2011/ 1 The
(9N PR POpEaE Oea g Uk Wetds hofdifors 20; AR Bk o shit alves "

f ol | owsverdCogasuréd oncheaeltdescal PAoton rﬁﬁgrzﬂetmmlsbnammb *sped’(rame@detrelrmhme(& 75

Pagnes AR FEHGI A NI SReche Pogér%%)@an%fﬁ%? st Aol e
mai ot a'f@l!d?ﬂn%;%b?é\ﬂ@tﬁfr%tﬁﬁ\fae BELPUS G ST XSS RAS GRR! ROLRIZATC, A

cool ed solutfon of R pyeneomde(. kg, 3.24'nmol) in THF 041L)
was adddad| dﬂMdpublmldmuhlerh,l afgdohielet tsiphadr itennediatieswereéotnetesskiy fudlyct i on

i d 98.5% 0 he d
Tt o oo B et ltos Bty Byt a2 e Sled BE GRGNUIT IR AHERSIER (0 67
kg, 3. 4\3elﬂ"ﬁd; boirts AH&ufdorféctbd andhferdl ddteiginsa uisitpa B¢ P&k -Elther DSC7

tenperature and stirred until nore than 98% of the 4- penten- 2(R)-ol had

been cdhifeiesdal Geamyn@Calormetereacti on ni xture was transferred to a cool

m xt ure of 8 Hydrochloric acid (65.5 Q)
was added u\r/ﬁ'l efroll(g\%[r@g%t%b?re%g @Q_?Fe é?édlhgéent ‘ai ned. The phases were

separ atBMARNd t hqsween&;m@mrmlwwahemm:dmNﬂi&@ntﬂhene:cmm neghedr gani c
phases were washed with aqueous sodi um chloride solution and the organic

phase \)(/§%"\b(t§’ft1qqt@8’°?6bq dNRifgE4-Repten-ramine

(R) - 4- pent sul fonate in a THF solution. 201 H NWR (0D013) 6
1.27 (33609@56-’% é’ﬁ’(tﬁmdi%gﬁ%(s 3H), 4.65 (m1H), 5.02 (t 1H), 5.05 (dt
1H), 5.61 H) 34 (d 2H), 7.80 (d 2H). 130-NWVR (0D013) 6 20.3 OHS,

21. 6 0IGy2NMe7 oM, Nibcyclmxymsthylamme 127.7 CH, 129.8 CH, 132.2 CH, 134.4

C, 144.6 C. I\/B mz = 240.1. 25 Step 3 A solution of
(R 54- pMAEN- 2- yINb- N@'m@Haé@ﬁeftémi% (1.80 kg) in THF was added

DMAEA N, N-Dimethylaminoethylamine

DMF N,N-dimethylformamide
equiv Mole-equivalents
Et3N Triethylamine

0 GC Gas chromatography
MTBE Methyl tert-butyl ether
NMM N-Methylmorpholine

Pd(OAc)2  Palladium acetate

i-ProNEt N, N-Diisopropylethylamine

s THF Tetrahydrofuran
TsCl p-Toluenesulfonyl chloride
A) Steps 1 to 4a
Step 4a

(S)-N-(tert-butoxycarbonyl)-N-methyl-4-penten-2-amine
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over time to a refluxing solution of 40% aqueous sol ution of nethyl am ne
(24.3 nol, 1.89 kg). The reaction mxture was stirred until nore than 99%
of the (Ryvofeperst@n-2-yl p-tol uenesul fonate had been comsused1d0si6py GO) .
The m xture was cool ed and pH 30 was adjusted to 14 using aqueous sodi um
hydr oxi de. MIBE was added and the WO 2011/ 146009PCT/ SE2011/ 050630 phases
wer e separated. The aqueous phase was washed two tines with MIBE and the
combi ned organi c phases mere washed two tines with aqueous sodi um chloride.
The organi ¢ phase was dri W th sodlun1sulphate to yield 3.47 kg of

(5) N- et hy & %0|UB%PE(15)ZN3[H¢%| 4pesipriira eIty TBE M@zc%rggﬁ)oveétw qtm

(i Heedeflt sl Bl b e 0T o

To128) TOH® ARG &3 Fpa BB RSBl o e M-44RRiRp Bieming g been

Tol uengohddHelqLsRBAGEY. BMIEATI NS KA 300nof Fhshadded\sVer tméi@ﬂaﬁrfble’htr eactor
at anbi ent tenperature. To the stirred solution, Pd(OAc)2 (1.41 kg, 6.28

mol )} andémperat(e ey theoimdgple wes 6trréd ungl mbbe ﬂwem)ﬁas) 5%bﬁth@d3t@c§§0 head ¢ezh
inertations were perfornmed and the m xture was stirred until a clear

sol uti mnmedt(Umnge(aC).mee( D kg, waRaddédyand fayaifochloric acid was added
3-brono-5-i so ridine 149 90, nol added, d by
Cepeat G BES 2¢ 196 SHARgD afere SEbaIRIE GROdmorgata enaaaaESeshaE )

i nertatdq%%uw%e.uwes@hee solltenT THiebRaNRSo R wls 9aBfefed@reniovg B unt i |
nore than 97% of the had been conisuned (usi ng Water (380 kg) and
hydr ocIslobent and |fu|rtPQe_r858uld@d Uiz vmumwmobhaatdewleidélnetltleneotrtpqmdr(fl abkg).he

errper ure unc}?r 40 C. The mi xture 20 was heated to 40 C and stirred until
mor'8 t AAfP §§ 3f the protected product had been consumed (using gas

chr omat ogr apihe) (2ng &h?%@eﬂ@r@%ﬂﬂﬁé@%@d R stalfen PaIARS IS peRsd ¥gshed
with toluene (2 kg) ol uene (330 kg) and aqueous sodi um hydroxi de (98

kg) wer@llayiled over tine to retain the tenperature under 40 C. The mixture

Dovas i ot 19aperth NEaE fods's, GR25aaN MRbTURERALRbCe (PEIEg A8 MG RAER, -
(400 MdisdDRBiN BHI (950 (Handdoolkd-to® 2tz Vinyl ndyriediurbidhiotide (640Hg) 633

2.08-2.25 (m_2H), 2.28 (s, 3H), 2.55 (m 1H), 4.45 (sept, 1H,_ 6.0Hz),
6 06. & ol 1B5% MATHE) s asiged YambiyaingInas Hie e eBrbluIon 5 85 (6 1H)
TP e 80 . g KRS 0
129. 9, 6633nbl) ||1$HF5(901)4Q was aﬁ«.‘kedsslowly, maintaining the temperature below -15 °C.
The reaction mixture was stirred until more than 98.5% of R-propylene oxide had been
consumed (using GC). The mixture was added slowly to a cooled solution of TsCl (127
20 kg, 664 mol) in THF (470 L). The mixture was heated to ambient temperature and
stirred until more than 98% of the 4-penten-2(R)-ol had been consumed (using GC).
The reaction mixture was transferred to a mixture of water (630 L) and MTBE (280 L).
Hydrochloric acid was added until pH < 2.5. The phases were separated and the
aqueous phase was washed with MTBE. The combined organic phases were washed
25 with aqueous sodium chloride solution and the organic phase was distilled to remove
MTBE, to yield (R)-4-penten-2-yl p-toluenesulfonate in a THF solution (190 L). THF
(120 L) is then added to the solution.

"H-NMR (CDCI3) & 1.27 (d 3H), 2.33 (m 2H), 2.45 (s 3H), 4.65 (m 1H), 5.02 (t 1H), 5.05
(dt 1H), 5.61 (m 1H), 7.34 (d 2H), 7.80 (d 2H).
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Step 5 using different solvents and bases 1. n-Butvl acetate as sol vent,
triethvlamne as base 5To a 50 nL reaction vessel were added, under an

at nospherwoab1misstoogen, Pd(OAc)2 (33.5 ng, 149 pnol), PCT/SE2011/050630
tris(2-nmethyl phenyl)phosphine (104 ng, 343 pnol), 3-

br ono- 5-i sopropoxypyridine (3.70 g, 16.4 mol),

N- Boc- N- net hyl - 4- pentene-2-amne (3.00 g, 14.9 mmol ), triethylamne (2.3 g,
22.4 mmol) and n-butylacetate 9 nL. The mi xture was then stirred at 90 C
for 18 |h. The m xture was cooled to 40 C and water 10 (9 nL) foll owed by
hydr och CrNMRECOCEN %D 20.3)CKI3, 71 8L.CH3440.7ridR ) 79dLClddtiedl7 AH2, i@ %7 O, was
stirred at 40 C for 4 h. The phases were separated and the aqueous | ayer
cont ai Mi29 Chk 132000tt, \Wdst badAé® @i t h t ol uene (6 nmL). Toluene (9 nL) and
sodi um h%dr/ox_i 22 0% (aq) was added and the m xture was stirred for 15 mn.
The phé\é Y Q parated and the toluene | ayer was evaporated to yield the
productsteg.-32 g, with 1 15 a GC purity of 74% H NVR spectroscopic data
were in accordance with the above exanple (in Ste

5 d 6),
(25)- (4E) - Nﬁmluyon of ng)ﬁmns@pzo@@xtyweawmwp(gi@éﬁ?reﬁb% wasrpgded pver

Yonct i JTERLS Len RIS 8GR0 BT N AT houdS USRS IRARRS 258 B Tl o))
(33.5 md 11149 (@(mlﬂ))ThtarrESétbrﬂmﬁ)hUﬂenhamthl)ré@@&ﬂhﬂnbﬁe {hPvogns, of?eHé(IR}ml) 3-
br ono- 5-i sopropoxypyridine (3.70 g, 16.4 %4" , ,

N, Boc. ReRTa b Bolnssulondiainad Haerensumer BisneBC). (FIemiguavas (2.3 o

e e

hy dinoc Was wasleed tv@Tiftesagih M3.BE,rdnd thé.commined ovwladdasles @erd’ h/ashedltwoe
was stirred

o er LB agoenes Sl enipage PR S TR AR RS T TR e B R o )

and socynqqﬁbhyﬂ,{m%sﬁ%éo(,ﬁq%e\p@% g@ﬁed and the m xture was stirred for 15
m n. e phases were separated and the toluene |ayer was evaporated to

yield thENMF@@thBcN% 8.99, (dSH) 204 R I2.y|58fn TAY02.261(SBR) SPESYAPSIAPPI C
data were in accordance with WO 2011/ 146009PCT/ SE2011/ 050630 exanple in
Step 5 506! (t6IHY, 3I)4 (B HN-S®0 (i HHDy: [ 3- ( 5- 1 sopropoxypyri di n)yl] - 4- pent en- 2-
am ne. 3. |Isopropyl acetate as solvent, triethvlamne as base To a 50 nL
react i onCvibiR(CMBCH!) adte8,Ciddet.0aHAt 40 E 1312 HHP CH t T QR ICHD B DAH.2
(33.5 ng, 149 pnol), tris(2-nmethyl phenyl)phosphine (104 ng, 343 pnol), 3-
br ono- Myrldl ne (3.70 g, 16.4 mmol),

I\I—Bocn%rreti;#% pentene-2-amne (3.00 g, 14.9 nmmol ), triethylamne (2.3 g,
22.4 F d i sopropyl acetate 9 nL. The m xture was then stirred at 90 C

for 18 (k). NTh@tmlmyérﬂe\A@am @F’bé@ZO‘WLQ pRctavalRid 69t L) fol | oned by
hydrochloric acid 37% ( 447 mmol ) was_ _added. The 10 m xture

was stirred AagolytioTof by)- (q)) henZP(Yétqﬂﬁi%%Cl@\éQ 8O§@p9}’5¥[ @@)dAdMTBE (AgUeaus

el sod e g B A SN SRR P PRt R e T S0s L By 16
m n. Tr@e1%*)&sWBEaEam@imﬁaémdemdret hEhé nlixtarewas stirredas sevsipor at ed to

yield the product, g th
temperature for 6 h Th mlxture was cooled to 0 °C over 6 h and stirred overnight.

The resultant solid was isolated, washed using a 1:1 mixture of MTBE and isooctane
and dried under vacuum at 25 °C to yield the title compound (0.29 kg).

s TH-NMR (CDCI3) 5 1.10 (d 6H), 2.14 (m 2H), 2.33 (s 6H), 2.37 (m 2H), 2.90 (m 2H),

4.95 (d 2H), 4.98 (s 2H), 5.57 (m 2H), 5.63 (s 2H), 7.52 (t 4H), 7.63 (t 2H), 8.01 (d 4H),
9,59 (b 4H).

13C-NMR (CDCI3) 8 15.2 CH3, 29.2 CH3, 26.5 CH2, 52.9 CH, 75.6 CH, 118.3 CH2,
128.4 CH, 129.3 CH, 130.9 C, 132.8 CH, 133.4 CH, 165.3 C, 170.2 C.
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1 a G purity of 75% H NWVR spectroscopic data were in accordance with
exanple in 15Step 5 and 6,

(2S) - (4E)WhR2nett g9 5- [ 3- (5- 1 sopropoxypyri di n) y1] - 4- pent @aTRE011/0806301 .

Tol uene as solvent, triethanol am ne as base To a 50 nL reaction
vessel were added, under an atnosphere of nitrogen, Pd(QAc)2 (33.5 ng, 149
pnol ), tris(2-nethyl phenyl)phosphine (104 ng, 343 pnol), 3-

br ono- 5-i sopropoxypyridine (3.70 g, 16.4 mol),

N—Boc-N-rreth | - 4- pent ene-2-am ne 20(3.00 g, 14.9 mmol), triethanol am ne
(3.3 g,M@f %@m@ toluene 9 mL. The mixture was then stirred at 90 C
for ture was cooled to 40 C and water (9 nL) foll owed by
hydroch 0P| c am? 37% (aq) (3.7 nm., 44.7 mmol) was added. The m xture was
stirred at 4heGS)av-rethyl-dHpentemaasnine used egzaa ataetihgunditéred wepuereparddhger
cont alq t he product was washed with toluene (6 nL). Toluene (9 niL) and
sodi um'@ droxi de 50% (aq) was added and the m xture was stirred for 15

m n. The ph t
V16 the bt G e o B L S PP i o

dat a wevereidissatvast inahide (0.16t4H_)ea(‘ah@:bcéed to 8t° éip Binghntagnesium chloride (1.87 kg,

29) - (4R \- -5-13.(5- din)yl ten- 2-anj ne, .
n- buryio Se0idl (% BoTEhwaS BEREERIMY Rt e BRlighue 8EliYs -
2011/ 146ROAREIeK2 63616606320 °C. A cd6led softith dfera@wmnerv@éﬁ.@b (Deroekgrdded,

under an_at nosphere of nitrogen, Pd(QAc)2 (33.5 ny,

E)r i s(2-n4 mp|blﬁe'ﬁg}lf X@Hasjpm/aﬁeaqqmg@g/ly :m@ntﬁlmng thgiemper%ture)below -10 °C.
7
Nf%gg ﬁ[H S'%%f/:ﬁ&i pem: Q -t'g%dn®t?§m%g tha@g%/ Oft %ep?mdeepﬁgno Sni ne (3.3

g, 22. lboninudnbda(uémg @09 yTrhammtr@maasrdddeH@oﬁvlwm w@emlutbarofsrtscrlr(emat
90 C for cooled to 40 C and water 9rrL) fol | owed by

hydr oc IJF9®|3|A@’ @é’i)dn :ﬁ% (h@ L@ ST?erm'XtUATQ Wﬁ%ﬁﬁﬁ"@\ﬁ%@%@@&emﬂ@@ Wr&edfe was
cont o SR Eo e e e e R R oE a8 EBe LR AR O Y e

sodi umTinedreaxiiore Mbxiure ags treansferdetbthb adol inextunexdfuwatends 28 i) laneld\/ITBE 15 mn.
e b S FRoR 05 8 6 e HRSE 3o R SR B Rt
vere iy r@ws%%ﬂﬁ@re\'! r§tearENethehoPledBs D@8e was washed with MTBE. The

(2S)-(4E) - N-net hyl - 3-(5-isopropoxypyridin)yl]-4-penten-2-amne 6. Methyl
i sobut mmmMQrmlspham weta washechvlithrdqueocas sodien cioridesolutionr aat theon

vessel ovrvgeér%c% %gg’wa nc?le{llledntoarte \/%hﬁﬁ'EEotto Qfe ag)e)? ‘penten-2-yl p-
toluenesulfonate in a THF solution.
% H-NMR (CDCI3) 8 1.27 (d 3H), 2.33 (m 2H), 2.45 (s 3H), 4.65 (m 1H), 5.02 (t 1H), 5.05
(dt 1H), 5.61 (m 1H), 7.34 (d 2H), 7.80 (d 2H).
Bc.NMR (CDCI3) 6 20.3 CH3, 21.6 CH3, 40.7 CH2, 79.4 CH, 118.7 CH2, 127.7 CH,

129.8 CH, 132.2 CH, 134.4 C, 144 6 C.
MS m/z = 240.1.
s Step 3
A solution of (R)-4-penten-2-yl p-toluenesulfonate (1.80 kg) in THF was added
over time to a refluxing solution of 40% aqueous solution of methylamine (24.3 mol,
1.89 kg). The reaction mixture was stirred until more than 99% of the (R)-4-penten-2-yl
p-toluenesulfonate had been consumed (using GC). The mixture was cooled and pH
30 was adjusted to 14 using aqueous sodium hydroxide. MTBE was added and the
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15 Pd(QAc)2 (33.5 ng, 149 pnol), tris(2-nethyl phenyl)phosphine (104 ng, 343
pnol ), 3- brono-5-isopropoxypyridine (3.70 g, 16.4 mol),

N- Boc- N- wohgit/deq@ent ene- 2-am ne (3.00 g, 14.9 mol), tPCeiSEanessBhe (3.3

g, 22.4 mmol) and nethyl isobutyl ketone 9 nmiL. The m xture was then stirred
at 90 C for 18 h. The m xture was cooled to 40 C and water (9 nL) foll owed

by hydrochloric acid 37% (aq) (3.7 m., 44.7 mol) was 20 added. The m xture
was stirred at 40 C for 4 h. The phases were separated and t he agueous

| ayer containing the product was washed with toluene (6 Tol uene (9 i)
and sodiN@&eH Y@ 6)@?8@@@% Thg)aangsua PHage Aras Wwashed M%F"é‘eﬁ/élﬂ”’sMTﬁEeamﬂ or 15

T
;]/1| gl d ?ﬁeegﬁﬁ%#\@@%n%&qﬁ% r%ﬁﬁgé@ %ﬁﬁ@%@ V#@%@%Wecﬁ r OSCOpI C
dat a wdire o aamakenmas driedh wathesaatigrhesuilphabe ép ykeldBdt 76kg of (S)-N-methyl-4-

(2S)-(4E | -5-[3-(5-isopropoxypyridin)yl]-4-penten-2- amne. 7.
Tol uené)e)&erége %? aqueous sodi um acetate as base To a 50 nmlL reaction

o), 1!%&%@39%@9;&9@”‘3?@“@%84 16, (5380 7091 380 2 fier AR 149
ﬁ’ronl)llg 12‘{\3@%@Pﬂi ??Ef‘ﬁgﬂﬂd Pﬁg -2- aﬁ‘l hlzoz)goggxgpyrlléldbn%n()?) 7Oagheéﬁs4sodi um
Sirred ?“W@P%’?W?ﬁ%%@%%@& kil kg 8%
foll OV\?} %dgryglwghl oric acid 37% (aq) (3.7 ni, 44 7 rrrml) was 5 added. The

m xt ur d at 40 Cfor 4 h. The phases were separated and the
aqueou§tea§e§ram@ﬁt ai ning the product was washed with toluene (6 ni).

Tol uene d h as ded and the m xture was
stifred<Ps SRRV R RE S| uene | ayer was
evapor at ed t|Q)|lYél’ﬂil Q@d‘!@)@r@dﬁéthylé’mﬁé (95909 %9%@’1) %r@%db& t®% redéor Ht NVR
spectroscopi ¢ data were in accordance with 10exanple in Step 5 and 6,

(29) - (4mbidhinempetatré 3ToThe stiredpoiution; PA(OAL ) (144 PRYL &8 2nolaahderi-(8-

Tol uene as sol vent, aqueous potassium carbonate as base To a 50 nL

reacti dolyhplsesghine (e 7adde d5. 7undhwere aaideds Beregaldheriatioreyweare Perfargd ( 33. 5

, sbr oi@@%@d’ﬁ'ﬁ&%ﬁ%ﬁ %gﬁtﬁ]engggt&&g@gli\?v%ﬁﬁg&aﬁngg B:mgP (n%)kg 827
N-Bac- M hAY |3 Hrd?ﬁﬂiﬂ&gor%péﬁ}d}@mﬁr?e P, %@Ongére a%‘ﬂi'é@ofbﬂo%ﬁao%ﬁ' um

carbonate” 26% (9.0 nL and toluene 9 ni. he m xture was t hen
sti rr edepeated mterfcaiton}sas WateTH#. 1nkgctajr‘enM)swae@Iddddtamdztbe@ertmwnﬁaM@e (9 nm)

i xt or Souaied T RCAAireuREh faliont e oo hulfea dify DolERidnPT% &S, (e

aqUeOUSBMAPQfaOC@é‘érﬂCMSELﬁné@QJS?rﬁ@@@)t Waker880&g) whél ihybrRd e 4did T35 kg,
Tol uene and sodi um hgdrom de 50% (aq) was added and the m xture was

stirred Ber were addge qyrases tagpaindaipdhe tepaiadurenandesidlete ThE Erixivae
evapor %aesdhéé)teéf & |46 @gncﬁ’éﬁrqg&hntillmore than 99.5% of the protected product had

been consumed (using gas chromatography). The phases were separated and the

aqueous phase was washed with toluene (220 kg). Toluene (330 kg) and aqueous

sodium hydroxide (98 kg) were added over time to retain the temperature under 40 °C.

The mixture was stirred for 20 min and the phases were separated. The organic phase
25 was distilled to yield the title compound (111 kg, 0.474 kmol).

1H NMR (400 MHz CDCI3) 6 0.95 (d, 3H, J = 6.4Hz), 1.20 (d, 6H, J = 6.0Hz), 2.08-2.25

(m, 2H), 2.28 (s, 3H), 2.55 (m, 1H), 4.45 (sept, 1H, 6.0Hz), 6.06-6.17 (dt, 1H, J = 7.5Hz,
16.0Hz), 6.25 (d, 1H, 16.0Hz), 7.02 (m, 1H), 7.96-7.99 (m, 1H), 8.00-8.03 (m, 1H)
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2.87 g, with a GC purity of 64% H NVR spectroscopic data were in
accordance with exanple in Step 5 and 6,

(2S) - (4E)Wh-2nE 1399 5- [ 3- (5-1 sopr opoxypyri di n) yl] - 4- pent @ecTRE20%aM6BE. St ep
5. Heck reaction with recycling of the catalyst Cycle 1 Palladiumacetate
(111 nmg, 496 pnol), tri-o-tolyl phosphine (378 ng, 1.24 mmol), toluene (30
m), triethylamne (10.3 nm, 75 mmol), 3-brono-5-isopropoxypyridine (12.9
30 g, 54.6 muol) and N Boc- N-net hyl - 4- pentene-2-amne (10.0 g, 49.7 mol)
were a ged WO 2011/ 146009PCT/ SE2011/ 050630 to a 250 nL Schlenk flask with
a magnet CcNBIR (108aMHZTBBCH])@s k9. Fal1 &y 38 L Ued3,&64d4 r /3.8) 1 &RI7W 28 7nil 28 @gen gas
tw ce foll owed by one mnute of nitrogen purging and then heated to 90 C
The m Xt33c% Vs5,s140.2eHbH8 thi s terrperature for 22 h at which point GC

anal ysig indicate 8% conver si an t he N Boc- N-net hyl - 4- pent ene- 2- am ne
and Sostehr uSPe drRieRERONERE BRgdasetng pr oduct _ |

N-boc- N-nﬂ?—@ul/\}laéeté@a§§@|K/éﬁp>KrYetﬁvlaﬁﬁrﬁé@*sfb)é%b 4-penten-2-am ne. The m xture
was cooled to roomtenperature. Vater and 37% aqueous hydrochloric

acid (12 n)To@d$0dnhkreretioanessrewaie@ %d esanratwsahewoofmlrr@gem h. The
m xture was transferred to a separatory funnel and the phases were

separ atefOACH(33 -8 Mg, MUY alrp6- %Qihylahﬁn%oh%pnmeﬂpéyag HEZ VMO SF er r ed

ga(l;l; Ot r&*ﬁs@%ﬁ%{ﬁ/&’% |inﬁgg 7tj(_)rzg g% %X lr@rﬁ‘ogepé%@g Lme ’thy? 4- pente%é 2-amine
N- Boc- ha et 4, émapftﬁ.@trﬁn%ﬂn%e%(?{lg 92 8. mdi) 7aﬁHTPJ&JtY}§é@ca@|§%L The flask

was evacuated and re ogen gas tw ce foll owed by one m nute
of 15n|mlxtugem1qaihgnrs@rr@dcatt%e°r€ faratlelnl. ToeduixTire Was cooled te408€ and watet at

this t f 22 h t I t ed 989

conber SPBILPHEFed R ebBraer b v 8 2R i BT by WS el e

f or mat irgiRtPE \Aﬁdsestﬁﬁédoét'm oo et Th#eb@%s!&sméﬂéyéeﬁ%rated and the aqueous layer

(5- |soprogalxy 3-pyridinyl)-4-penten-2-amne. The m xture was then cooled to

r oom t &@peaiaindrtee preduat wasovashedawih dqueag (e oild- hhalveee(Dmle aadisedium ni)
Was Ch"H c%g?egé‘gs)sgajr a’%sxéd’cf 8 AR ﬁetﬂn t@% \% St 190t ?ﬂg ed(ﬁa?ébgre Vas

transf el ory unne RESEST Wer e separ a
were separated and the toluene layer was evaporated to yield the product, 2.92 g, with

15 a GC purity of 74%. 1H NMR spectroscopic data were in accordance with the above
example (in Step 5 and 6), (2S)-(4 E)-N-methyl-5-[3-(5-isopropoxypyridin)yl]-4-penten-2-
amine.

2. Methyl isobutyl ketone as solvent, triethylamine as base

To a 50 mL reaction vessel were added, under an atmosphere of nitrogen,

20  Pd(OAC)2 (33.5 mg, 149 umol), tris(2-methylphenyl)phosphine (104 mg, 343 pmol), 3-
bromo-5-isopropoxypyridine (3.70 g, 16.4 mmol), N-Boc-N-methyl-4-pentene-2-amine
(3.00 g, 14.9 mmol), triethylamine (2.3 g, 22.4 mmol) and methyl isobutyl ketone 9 mL.
The mixture was then stirred at 90 °C for 18 h. The mixture was cooled to 40 °C and
water (9 mL) followed by hydrochloric acid 37% (aq) (3.7 mL, 44.7 mmol) was added.

25 The mixture was stirred at 40 °C for 4 h. The phases were separated and the aqueous
layer containing the product was washed with toluene (6 mL). Toluene (9 mL) and
sodium hydroxide 50% (aq) was added and the mixture was stirred for 15 min. The

phases were separated and the toluene layer was evaporated to yield the product, 2.89

g, with a GC purity of 74%. 1H NMR spectroscopic data were in accordance with
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Cycle 3 The catal yst containing toluene |ayer was transferred back to the
Schlenk flask and triethylamne (10.3 i, 75 mol),

3- br ono- SWp0v@pwrypyri di ne (12.9 g, 54.6 25 muol) andPCT/SE2011/050630

N- Boc- N- et hyl - 4- pent ene-2-amne (10.0 g, 49.7 mvol) were added. The fl ask
was evacuated and refilled with nitrogen gas twi ce foll owed by one mnute
of nitrogen purging and then heated to 90 C. The m xture was stirred at
this tenmperature for 22 h at which point GC analysis indicated 98%
conversion of the N-Boc-Nne pent ene- 2-am ne and concurrent

f or mt IESAMEHE iheteroRpne iy (%$bm@er%mal -Re[FéprigaRrgPoxypyridin)yl]-4-penten-2-
30(5-i sppRaPoxy-3-pyridinyl)-4-penten-2-amne. The m xture was then cool ed
to roomtenperature. Water (30 nL) and 37% aqueous hydrochloric acid (12
m) was.clsapmeyl amam)aa/saweﬁommsmmamsm@%o and the m xture was

stirred at C_for 5 h.. The m ture tra sferredt as ratory funnel
and the phadd@sa ARBL SepitionGpsel were a ERBe mpﬁeﬁeﬁﬁ%ﬁu

at e ad ROV Ry ol gﬁ?%rmeéﬁ%bﬁnw heRBBI 04 Faaabburge Lﬁ“of
gﬁsghgisbﬁ 'lln?ljlas S@L@’@%ﬁ%ﬂdkﬁq?%zé 3186 ET@%?) #?gaccorﬁﬁpld'ng ﬁgt%ogminef Then

1.5 rrL(efooag S1t409knmol)Uttnemylam|riél\(BC3 OP2 dirhinag) ahddisopropyt ae@tatem@my.psrhedl ne
(200 ng,. 0.926 mmol) Boc- N- et entene-2-amne (221 ng, 1.1 mol)
hapht hahiiVES FReIDSM R osial B9 1 st TRy TR SVASISAPIBR (0 40 4Coar Wolkte
dded it 0 9
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were separated and the toluene Iayer was evaporated to yield the product, 2.95 g, with

a GC purity of 75%. 1H NMR spectroscopic data were in accordance with example in
15 Step 5 and 6, (2S)-(4E)-N-methyl-5-[3-(5-isopropoxypyridin)yl]-4-penten-2-amine.

4. Toluene as solvent, triethanolamine as base

To a 50 mL reaction vessel were added, under an atmosphere of nitrogen,

Pd(OAc)2 (33.5 mg, 149 pmol), tris(2-methylphenyl)phosphine (104 mg, 343 umol), 3-
bromo-5-isopropoxypyridine (3.70 g, 16.4 mmol), N-Boc-N-methyl-4-pentene-2-amine

20 (3.00 g, 14.9 mmol), triethanolamine (3.3 g, 22.4 mmol) and toluene 9 mL. The mixture
was then stirred at 90 °C for 18 h. The mixture was cooled to 40 °C and water (9 mL)
followed by hydrochloric acid 37% (aq) (3.7 mL, 44.7 mmol) was added. The mixture
was stirred at 40 °C for 4 h. The phases were separated and the aqueous layer
containing the product was washed with toluene (6 mL). Toluene (9 mL) and sodium

25 hydroxide 50% (aq) was added and the mixture was stirred for 15 min. The phases
were separated and the toluene layer was evaporated to yield the product, 2.93 g, with

a GC purity of 72%. 1H NMR spectroscopic data were in accordance with example in
Step 5 and 6, (2S)-(4 E)-N-methyl-5-[3-(5-isopropoxypyridin)yl]-4-penten-2-amine.

5. n-Butyl acetate as solvent, triethanolamine as base
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Tri phenyl phosphi ne (PPh3) 51 2 Tri-o-tolyl phosphine (P(o-to0l)3) 80 3
Tri-p-tol yl phosphine (P(p-tol)3) 40 4 Tri-p-net hoxyphosphi ne (P(p-OvePh) 3)
49 5 Trweopeflderephenyl phosphi ne (P(p-FPh)3) 46 6 PCT/SE2011/050630

D phenyl - o-t ol yl phosphi ne (P(o-tol)Ph2) 50 7 Di phenyl -t-butyl phosphi ne
(P(t-Bu)Ph2) 59 8 Di phenyl cycl ohexyl phosphi ne (PCyPh2)

To a 50 mL reaction vessel were added, under an atmosphere of nitrogen,
Pd(OAc)2 (33.5 mg, 149 umol), tris(2-methylphenyl)phosphine (104 mg, 343 umol), 3-
bromo-5-isopropoxypyridine (3.70 g, 16.4 mmol), N-Boc-N-methyl-4-pentene-2-amine
(3.00 g, 14.9 mmol), triethanolamine (3.3 g, 22.4 mmol) and n-butyl acetate 9 mL. The
s mixture was then stirred at 90 °C for 18 h. The mixture was cooled to 40 °C and water
(9 mL) followed by hydrochloric acid 37% (aq) (3.7 mL, 44.7 mmol) was added. The
mixture was stirred at 40 °C for 4 h. The phases were separated and the aqueous layer
containing the product was washed with toluene (6 mL). Toluene (9 mL) and sodium
hydroxide 50% (aq) was added and the mixture was stirred for 15 min. The phases

10 were separated and the toluene layer was evaporated to yield the product, 2.91 g, with
a GC purity of 70%. 1H NMR spectroscopic data were in accordance with example in
Step 5 and 6, (2S)-(4E)-N-methyl-5-[3-(5-isopropoxypyridin)yl]-4-penten-2-amine

6. Methyl isobutyl ketone as solvent, triethanolamine as base

To a 50 mL reaction vessel were added, under an atmosphere of nitrogen,
15 Pd(OAc)2 (33.5 mg, 149 pumol), tris(2-methylphenyl)phosphine (104 mg, 343 umol), 3-

bromo-5-isopropoxypyridine (3.70 g, 16.4 mmol), N-Boc-N-methyl-4-pentene-2-amine
(3.00 g, 14.9 mmol), triethanolamine (3.3 g, 22.4 mmol) and methyl isobutyl ketone 9
mL. The mixture was then stirred at 90 °C for 18 h. The mixture was cooled to 40 °C
and water (9 mL) followed by hydrochloric acid 37% (aq) (3.7 mL, 44.7 mmol) was

20 added. The mixture was stirred at 40 °C for 4 h. The phases were separated and the
aqueous layer containing the product was washed with toluene (6 mL). Toluene (9 mL)
and sodium hydroxide 50% (aq) was added and the mixture was stirred for 15 min. The
phases were separated and the toluene layer was evaporated to yield the product, 2.90

g, with a GC purity of 70%. 1H NMR spectroscopic data were in accordance with
25 example in Step 5 and 6, (2S)-(4E)-N-methyl-5-[3-(5-isopropoxypyridin)yl]-4-penten-2-
amine.

7. Toluene as solvent, agueous sodium acetate as base

To a 50 mL reaction vessel were added, under an atmosphere of nitrogen,

Pd(OAc)2 (33.5 mg, 149 umol), tris(2-methylphenyl)phosphine (104 mg, 343 umol), 3-
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48 9 2-(d icycl ohexyl phosph ino)-2',4",6"-tri-i-propyl1,1'-biphenyl

(X-Phos) 78 10 2-(di-t-butyl phosphi no) bi phenyl ((tBu)2Pbi phen) 70 11

2- (di cyclwberylgbwsphi no) bi phenyl (Cy2Pbi phen) 80 12 TripCTAERunpsdephosphi ne
(P(fur)3) 53 13 Tricycl ohexyl phosphine (P(Cy)3) 67 14 Tri-t-butyl phosphine
(P(t-Bu)3) 31 15 1, 2, 3,4, 5-pentaphenyl-1"-(di-tbutyl phosphi no)ferrocene

(@ Phos) 70 16 Bi s-(di phenyl phosphi no) net hane (dppm

bromo-5-isopropoxypyridine (3.70 g, 16.4 mmol), N-Boc-N-methyl-4-pentene-2-amine
(3.00 g, 14.9 mmol), aqueous sodium acetate 23% (9.3 mL, 29.8 mmol) and toluene 9
mL. The mixture was then stirred at 90 °C for 18 h. The mixture was cooled to 40 °C
and water (9 mL) followed by hydrochloric acid 37% (aq) (3.7 mL, 44.7 mmol) was

s added. The mixture was stirred at 40 °C for 4 h. The phases were separated and the
aqueous layer containing the product was washed with toluene (6 mL). Toluene (9 mL)
and sodium hydroxide 50% (aq) was added and the mixture was stirred for 15 min. The
phases were separated and the toluene layer was evaporated to yield the product, 3.17

g, with a GC purity of 65%. 1H NMR spectroscopic data were in accordance with
10 example in Step 5 and 6, (2S)-(4E)-N-methyl-5-[3-(5-isopropoxypyridin)yl]-4-penten-2-
amine.

8. Toluene as solvent, aqueous potassium carbonate as base

To a 50 mL reaction vessel were added, under an atmosphere of nitrogen,
Pd(OAc)2 (33.5 mg, 149 umol), tris(2-methylphenyl)phosphine (104 mg, 343 umol), 3-
15 bromo-5-isopropoxypyridine (3.70 g, 16.4 mmol), N-Boc-N-methyl-4-pentene-2-amine
(3.00 g, 14.9 mmol), aqueous potassium carbonate 26% (9.0 mL, 22.4 mmol) and
toluene 9 mL. The mixture was then stirred at 90 °C for 18 h. The mixture was cooled
to 40 °C, and water (9 mL) followed by hydrochloric acid 37% (aq) (3.7 mL, 44.7 mmol)
was added. The mixture was stirred at 40 °C for 4 h. The phases were separated and
20  the aqueous layer containing the product was washed with toluene (6 mL). Toluene (9
mL) and sodium hydroxide 50% (aq) was added and the mixture was stirred for 15 min.
The phases were separated and the toluene layer was evaporated to yield the product,
2.87 g, with a GC purity of 64%. 1H NMR spectroscopic data were in accordance with
example in Step 5 and 6, (2S)-(4 E)-N-methyl-5-[3-(5-isopropoxypyridin)yl]-4-penten-2-
25 amine.
Step 5. Heck reaction with recycling of the catalyst
Cycle 1
Palladium acetate (111 mg, 496 umol), tri-o-tolylphosphine (378 mg, 1.24 mmol),
toluene (30 mL), triethylamine (10.3 mL, 75 mmol), 3-bromo-5-isopropoxypyridine (12.9
30 g, 54.6 mmol) and N-Boc-N-methyl-4-pentene-2-amine (10.0 g, 49.7 mmol) were added
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62 17 1, 2-Bi s-(di phenyl phosphi no) et hane (dppe) 54 18

1, 3-Bi s- (di phenyl phosphi no) propane (dppp) 59 19

1, 2- Bi s- (Wooyolab@gyl phosphi no) et hane (dcpe) 62 20 PCT/SE2011/050630
R-(-)-1-[(S)-2-(dicycl ohexyl phosphi no) ferrocenyl]ethyl-di-t-butyl phosphi ne
(Josi phos) No reaction 21 1,1'-bis(di phenyl phosphino)ferrocene (dppf) 71 22
Bi s(di phenyl phosphi no) 1, 1' - bi napht hyl (binap) 72 23

4, 5- bi s(di phenyl phosphi no) 9, 9- di net hyl xant hene (xant phos) 77

to a 250 mL Schlenk flask with a magnetic stir bar. The flask was evacuated and
refilled with nitrogen gas twice followed by one minute of nitrogen purging and then
heated to 90 °C. The mixture was stirred at this temperature for 22 h at which point GC
analysis indicated 98% conversion of the N-Boc-N-methyl-4-pentene-2-amine and

s concurrent formation of the coupling product N-boc-N-methyl-5-(5-isopropoxy-3-
pyridinyl)-4-penten-2-amine. The mixture was cooled to room temperature. Water (30
mL) and 37% aqueous hydrochloric acid (12 mL) was charged and the mixture was
stirred at 40 °C for 5 h. The mixture was transferred to a separatory funnel and the
phases were separated.

0 Cycle 2

The catalyst containing toluene layer was transferred back to the Schlenk flask

and triethylamine (10.3 mL, 75 mmol), 3-bromo-5-isopropoxypyridine (12.9 g, 54.6
mmol) and N-Boc-N-methyl-4-pentene-2-amine (10.0 g, 49.7 mmol) were added. The
flask was evacuated and refilled with nitrogen gas twice followed by one minute of

15 nitrogen purging and then heated to 90 °C. The mixture was stirred at this temperature
for 22 h at which point GC analysis indicated 98% conversion of the N-Boc-N-methyl-4-
pentene-2-amine and concurrent formation of the coupling product N-boc-N-methyl-5-
(5-isopropoxy-3-pyridinyl)-4-penten-2-amine. The mixture was then cooled to room
temperature. Water (30 mL) and 37% aqueous hydrochloric acid (12 mL) was charged

20 and the mixture was stirred at 40 °C for 5 h. The mixture was transferred to a
separatory funnel and the phases were separated.
Cycle 3

The catalyst containing toluene layer was transferred back to the Schlenk flask

and triethylamine (10.3 mL, 75 mmol), 3-bromo-5-isopropoxypyridine (12.9 g, 54.6

25 mmol) and N-Boc-N-methyl-4-pentene-2-amine (10.0 g, 49.7 mmol) were added. The
flask was evacuated and refilled with nitrogen gas twice followed by one minute of
nitrogen purging and then heated to 90 °C. The mixture was stirred at this temperature
for 22 h at which point GC analysis indicated 98% conversion of the N-Boc-N-methyl-4-
pentene-2-amine and concurrent formation of the coupling product N-boc-N-methyl-5-

30 (5-isopropoxy-3-pyridinyl)-4-penten-2-amine. The mixture was then cooled to room
temperature. Water (30 mL) and 37% aqueous hydrochloric acid (12 mL) was charged
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Di i sopr opyopharb@bosphi nite (i Pr2P-0OPh) 60 27 Trii sopr epyISghasjosicse
(P(-0iPr)3) 60 28 2,8,9 trinethyl-2,5,8,9-tetraaza- 1-
phosphabi cykl o[ 3. 3. 3] undekane (verkade base) 48 29
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and the mixture was stirred at 40 °C for 5 h. The mixture was transferred to a

separatory funnel and the phases were separated.

The sequence was repeated until 9 cycles had been completed with no reduction
in product yield or reaction rate as determined by GC.
s Step 5. Screen of phosphine ligands

To each of 34 4-mL vials were added ligand (38 pmol for monophosphines, 20
pumol for bisphosphines) and Pd(OAc)2 (4.2 mg, 18.7 umol) according to Table 1. Then

1.5 mL of a stock solution in DMAC containing 3-bromo-5-isopropoxypyridine (200 mg,
0.926 mmol), N-Boc-N-methyl-4-pentene-2-amine (221 mg, 1.1 mmol) naphthalene

10 (309 mg) and diisopropylethylamine (179 mg, 1.4 mmol) was added and the vials were
sealed and heated to 90 °C. The reactions were monitored until full conversion of the 3-
bromo-5-isopropoxypyridine was achieved and the mixtures were analysed by GC and
the desired product / naphthalene peak areas were determined. The results are
presented in table 1.

15 Table 1. Yields obtained with alternative ligands in step 5.

Experiment | Ligand % Yield of boc
protected N-
methyl-5-(5-
isopropoxy-3-
pyridinyl)-4-
penten-2-
amine

(determined

by GC)
1 Triphenylphosphine (PPh3) 51
2 Tri-o-tolylphosphine (P(o-tol)3) 80
3 Tri-p-tolylphosphine (P(p-tol)3) 40
4 Tri-p-methoxyphosphine (P(p-OMePh)3) 49
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71 32 Tris-(3,5-dinethyl-4- nethoxyphenyl)phosphi ne (3, 5-Me-4-0nme-Ph3P) 56
33 1,1 -bis(di-t-butyl phosphino)ferrocene (bdtbf) 59 34

Tri s- (4- neOhoxyb@nyl ) phosphi ne (P(4- OwWePh)3) 71 St epPBT/SBer1e®snesd am ne
bases To each of 20 4-nL vials were added |Iigand (38 pnol for
nmonophosphi nes, 20 pnol for bisphosphines), Pd(OAc)2 (4.2 ng, 18.7 pnol)
and amne (1.4 mmol) according to Table 2. Then 1.2 nL of a stock sol ution
in toluene containing: 3-brono-5- 5isopropoxypyridine (200 ng, 0.926 mmol ),

N-Boc- N- methyl -4-pentene-2-amine (221 ng 1.1 nwol) and naphthalene (119
my) was afded and therispdlunropienyismisptinen@®(peRreg) to 90 46 The react|i ons
were nonitored untill full conversion of the 3-bronp-5- isopropoxypyrildi ne
dosi red pfoduct/ napri el s PR daM BP0 SIP2T, nea. | PoThe rosul 14 are
SR RT L R
8 Diphenylcyclohexylphosphine (PCyPh2) 48
9 2-(dicyclohexylphosphino)-2’,4’,6'-tri-i-propyl-
1,1’-biphenyl (X-Phos) 78
10 2-(di-t-butylphosphino)biphenyl ((t-
Bu)2Pbiphen) 70
11 2-(dicyclohexylphosphino)biphenyl
(Cy2Pbiphen) 80
12 Tri-(2-furyl)phosphine (P(fur)s) 53
13 Tricyclohexylphosphine (P(Cy)3) 67
14 Tri-t-butylphosphine (P(t-Bu)3z) 31
15 1,2,3,4,5-pentaphenyl-1°-(di-t-
butylphosphino)ferrocene (Q-Phos) 70
16 Bis-(diphenylphosphino)methane (dppm) 62
17 1,2-Bis-(diphenylphosphino)ethane (dppe) 54
18 1,3-Bis-(diphenylphosphino)propane (dppp) 59
19 1,2-Bis-(dicyclohexylphosphino)ethane (dcpe) | 62
20 R-(-)-1-[(S)-2-(dicyclohexylphosphino)
ferrocenyl]ethyl-di-t-butylphosphine (Josiphos) | No reaction
21 1,1’-bis(diphenylphosphino)ferrocene (dppf) 71
22 Bis(diphenylphosphino)1,1’-binaphthyl (binap) | 72
23 4,5-bis(diphenylphosphino)9,9-
dimethylxanthene
(xantphos) 77
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WO 2011/146009 PCT/SE2011/050630
24 1,2-bis(diphenylphosphino)benzene (1,2-
PPh2benz) No reaction
25 Triphenylphosphite (P-OPh3) 61
26 Diisopropylphenylphosphinite (iProP-OPh) 60
27 Triisopropylphosphite (P(-OiPr)3) 60
28 2,8,9 trimethyl-2,5,8,9-tetraaza-1-
phosphabicyklo[3.3.3Jundekane
(verkade base) 48
29 Bis(dicyclohexylphosphino)methane (dcpm) 54
30 2-dicyclohexylphosphino-2’,6’-dimethoxy-1,1’-
biphenyl (s-phos) 72
31 2-(dicyclohexylphosphino)-2’-(N,N-
dimethylamino)biphenyl (Davephos) 71
32 Tris-(3,5-dimethyl-4-
methoxyphenyl)phosphine
(3,5-Me-4-Ome-Ph3P) 56
33 1,1’-bis(di-t-butylphosphino)ferrocene (bdtbf) | 59
34 Tris-(4-methoxyphenyl)phosphine (P(4-
OMePh)3) 71

Step 5. Screen of amine bases
To each of 20 4-mL vials were added ligand (38 pmol for monophosphines, 20

pumol for bisphosphines), Pd(OAc)2 (4.2 mg, 18.7 umol) and amine (1.4 mmol)

according to Table 2. Then 1.2 mL of a stock solution in toluene containing: 3-bromo-5-
s isopropoxypyridine (200 mg, 0.926 mmol), N-Boc-N-methyl-4-pentene-2-amine (221
mg, 1.1 mmol) and naphthalene (119 mg) was added and the vials were sealed and
heated to 90 °C. The reactions were monitored until full conversion of the 3-bromo-5-
isopropoxypyridine was achieved and the mixtures were analysed by gas
chromatography and the desired product/naphthalene peak areas were determined.
10 The results are presented in table 2.
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I -Pr2NEt DPPf 1.05 7 i-Pr2NEt Binap 1.03 8 i-Pr2NEt xantphos 1.1 9 i-Pr2NEt

P(o-t01)3 1.26 10 i-Pr2NEt DPPf 1.2 11 i-Pr2NEt Binap 1.22 12

WO 2011/146009 PCT/SE2011/050630
Table 2. Yields obtained with alternative amines in step 5.

Experiment | Amine Ligand GC product
area/naphthalene
area

1 Et3N P(o-tol)3 1.23

2 EtsN Dppf 1.32

3 Et3N Binap 1.19

4 EtsN xantphos 1.1

5 i-ProNEt | P(o-tol)3 1.21

6 i-ProNEt | Dppf 1.05

7 i-ProNEt Binap 1.03

8 i-ProNEt xantphos 1.1

° i-ProNEt | P(o-tol)3 1.26

10 i-ProNEt | Dppf 1.2

11 i-ProNEt Binap 1.22

12 i-ProNEt xantphos 1.13

13 CyoNMe | P(o-tol)3 1.27

14 CyoNMe Dppf 1.1

15 CyoNMe Binap 1.17

16 CyoNMe xantphos 1.12

17 NMM P(o-tol)3 1.21

18 NMM Dppf 1.13

19 NMM Binap 1.19

20 NMM xantphos 1.16

Step 5. Screen of palladium sources
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To each of five 4-mL vials was added catalyst (25 umol) according to Table 3.
Then 1.2 mL of a stock solution in toluene containing: 3-bromo-5-isopropoxypyridine
(200 mg, 0.926 mmol), N-Boc-N-methyl-4-pentene-2-amine (221 mg, 1.1 mmol) and
naphthalene (119 mg) was added and the vials were sealed and heated to 90 °C for 7 h
and then analysed by GC. The results are presented in table 3.
Table 3. Yields obtained with alternative catalysts in step 5.

Experiment | Catalyst GC conversion after 7 h
1 Pd[P(o-tol)3]2 88%
2 Pd(OAc), + P(o-tol) | 73%
3 Pd(TFA)2 + P(o-tol)g | 77%
4 ClaPd[P(o-tol)3]2 46%
5 Pd(dba)y 84%

Steps 7 and 8
(28)-(4 E)-N-methyl-5-[3-(5-isopropoxypyridin)yl]-4-penten-2-amine 4-hydroxybenzoate

A mixture of (2S)-(4E)-N-methyl-5-[3-(5-isopropoxypyridin)yl]-4-penten-2-amine
(111 kg, 0.474 kmol) and acetone (1200 kg) were heated to 51 °C. 4-Hydroxybenzoic
acid (81 kg, 0.586 kmol) was added and the clear solution was cooled to 45 °C. The
solution was optionally seeded (0.45 kg, 1.21 mol) and stirred for 0.5 h to let the
crystallisation start. The slurry was cooled to 0 °C over time and the crystals were
isolated. The cake was washed with acetone (840 kg). Acetone (930 kg) was added to
the wet crystals and the slurry was heated to 55 °C. Water (16 kg) was added until a
clear solution was obtained. The solution was clear filtered and cooled to 45°C,
optionally seeded (0.90 kg, 2.42 mol) and stirred for 0.5 h to let the crystallisation start.
The slurry was cooled to 0 °C over time and the crystals were isolated. The cake was
washed with acetone (840 kg) and dried at 70 °C under vacuum to yield the title

compound (141 kg).
1H NMR (400 MHz DMSO-dg) 6 1.10 (d, 3H, J = 6.5HZ), 1.26 (d, 6H, J = 6.0Hz), 2.22-
2.35(m, 1H), 2.39 (s, 3H), 2.43-2.48 (m, 1H), 2.88 (m, 1H), 4.71 (sept, 1H, J = 6.0Hz),
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NWM Dppf 1.13 19 NW Binap 1.19 20 NMM xant phos 1.16 Step 5. Screen of

pal | adi um sources WO 2011/ 146009PCT/ SE2011/ 050630 To each of five
4-mL vi alwowasl/i@aeed cat al yst (25 pnol) according to TalpCe/sB201Tlhsmw3d. 2 nl
of a stock solution in toluene containing: 3-brono-5-isopropoxypyridine
(200 nmg, 0.926 mmol ), N-Boc-N-nethyl -4-pentene-2-amne (221 ng, 1.1 mmol)
and napht hal ene (119 ng) was added and the vials were seal ed and heated to
90 C for 7 h 5and then anal ysed by GC. The results are presented in table
3. Table 3. Yields obtained with alternative catalysts in

5.
S peri fA-6cR My 2it). G 2 OrkFelBi I, 4By b, 17 PR & (Doha 084w, TH),
8.14 (m, 1H)

130 NMR (100 MHz DMSO-dg) 6 17.9, 31.7, 38.1, 53.8, 69.8, 114.6, 118.1, 125.1,

128.4,129.7, 131.1, 133.5, 137.6, 139.9, 153.7, 160.5, 168.7
s Examples of the Use of CombiPhos Catalyst in Step 5

In a series of experiments, the use of either of two CombiPhos catalyst (POPd1
and POPd2) in step 5 provided coupling product, (2S)-(4E)-N-methyl-5-[3-(5-
isopropoxypyridin)yl]-4-penten-2-amine, in yields comparable to those obtained using
palladium acetate, but with lower levels of isomeric by-products. Two representative

10 procedures are reported here.

With CombiPhos POPd1: To a 50 mL reaction vessel were added, under an
atmosphere of nitrogen, {PdCI[(t-butyl)2P(O)][ (t-butyl)2P (OH)]}2 (55 mg, 59 pmol), 3-
bromo-5-isopropoxypyridine (5.25 g, 24.3 mmol), N-Boc-N-methyl-4-pentene-2-amine
(6.20 g, 31.2 mmol), potassium carbonate (5.0 g, 36 mmol) and DMF (20 mL). The

15 mixture was then stirred at 140 °C until the coupling reaction was complete (~12 h) as
indicated by thin layer chromatography. The mixture was cooled to 25 °C and
partitioned between water and dichloromethane. Concentration of the dichloromethane
layer left an oil which was combined with 6 M hydrochloric acid (25 mL). This mixture
was stirred and heated at 55 °C until the removal of the protecting group was complete

20  (~1h) as indicated by thin layer chromatography. Sodium hydroxide 50% (aq) was
added slowly until the mixture was strongly basic (pH>11), and the mixture was
extracted with dichloromethane. Concentration of the dichloromethane layer gave a
viscous oil. Gas chromatographic analysis (mass spectrometric detection) indicated
that the (2S)-N-methyl-5-[3-(5-isopropoxypyridin)yl]-4-penten-2-amine thus produced

25 was 97% the 4E isomer.

With CombiPhos POPd2: To a 50 mL reaction vessel were added, under an

atmosphere of nitrogen, [PdCla(t-butyl)2P(OH)]2 (33 mg, 49 umol), 3-bromo-5-
isopropoxypyridine (2.67 g, 12.4 mmol), N-Boc-N-methyl-4-pentene-2-amine (3.50 g,

17.6 mmol), potassium carbonate (4.0 g, 29 mmol) and DMF (15 mL). The mixture was
30 then stirred at 140 °C until the coupling reaction was complete (~4 h) as indicated by
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2 Pd(QAc)2 + P(o-t0l1)3 73% 3 Pd(TFA)2 + P(0-t01)3 77% 4 C 2Pd[ P(o-t01) 3] 2
46% 5 Pd(dba)2 84% Steps 7 and 8

(2S) - (4E)Wh-2nE 13900954 3- ( 5- 1 sopropoxypyri di n) y11- 4- pent eRCZSELI1MH50630

4- hydr oxybenzoate A m xture of

(2S) - (4E) - N-met hyl - 543- (5-i sopropoxypyridi n) yl] - 4- penten-2-am ne 10(111 kg,
0.474 knol) and acetone (1200 kg) were heated to 51 C. 4-Hydroxybenzoic
acid (81 kg, 0.586 knmpol) was added and the clear solution was cooled to 45
C. The solution was optionally seeded (0. 45 21 nol) and stirred for

0.5 h thinlayerghEomaiagraphy. sEthSﬂ'XB{r@rV‘faS W%?QJ?'YSyCvW@ edwithovates over

tinme a t ch%h‘fre 840

kg) . Acr?jg]td ofﬂ%r%%ggbggr)% dﬁéﬁ35§§l§%§H95m§m crys?a S anm@ tﬁ%hég ﬁ%é’ﬁ?th@

heat ed filter b&keoweitskakdrldget)ernasd dwxldichlonometreane leger was arawn oWaand

obt ai ned. The sql |on s clear filtered oled to,. 45C naI y

Seeqed COBCRUTRES. Snpespogicvas bt o S TYEEPaATG Aet 40 S AT i on

start. r .gﬂg tah$)uRr e

i soI at gg%'cliﬁéetQ?a%%%mggﬁﬁgéﬁgﬁﬁ?f?ﬂgﬁt?g%@g ?%4 § %?l(eg 3;%70 C under

vacuumlm@cahedlbj/ thirelayet cleroptaiogaphyd S@Aﬂmkquromdﬁ5&8m(a(q4®m9\mddm@m@6)

61.10 d‘t|I t% mlxture wasHZPrOnchy%asgc I-g1 1), and {%e mn&ure wazszextracted with
dichloromethane. Concentration of the dichloromethane layer gave a viscous oil. Gas
chromatographic analysis (mass spectrometric detection) indicated that the (2S)-N-

10 methyl-5-[3-(5-isopropoxypyridin)yl]-4-penten-2-amine thus produced was 97% the 4E

isomer.
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2.35 (m 1H, 2.39 (s, 3H), 2.43-2.48 (m 1H), 2.88 (m 1H), 4.71 (sept,
1H, J = 6.0Hz), WD 2011/ 146009PCT/ SE2011/ 050630 6.44-6.48 (m 2H),

6. 72-6. 78VORP11214$0097. 42 (m 1H), 7.72-7.78 (m 2H), 8. 08CTSE2@P50680 14( m
1H) 130 NWR (100 Mz DMSO-d6) 6 17.9, 31.7, 38.1, 53.8, 69.8, 114.6, 118.1,
125.1, 128.4, 129.7, 131.1, 133.5, 137.6, 139.9, 153.7, 160.5, 168.7 5
Exanpl es of the Use of Conbi Phos Catalyst in Step 5 In a series of
experinments, the use of either of two Combi Phos catal yst (POPd1 and POPd2)
in step. 5 provided coupling product, (2S)-(4E)-N nethyl-5-[3-(5-

i sopr o¥R WM di n)yl]-4-penten-2-anine, in yields conparable to those

obt ai ned using pal |l adium acetate, but with [ower | evels of isoneric

by- products. Two representative 10procedures are reported here. Wth

Conbi PHos P@Pdiocess far thé prepamdion iob A -perdeei2-alesoeneritdegt, under an at nosphere

of 1t rogen, LPICLLCL DU 2L (L ) 28 (CAIZ (S5, 1Ry 59, A1)
N- Boc- NniBiday kolbweRbhe e safidh 8f &t@pﬁ%n@’ oxdde,4n TRidap|P8SIRSSH. UM car bonat e
(5.0 g, 36 mmol) and DMF (20 nL). The 15m xture was then stirred at 140 C

until the coupling reaction was conplete (-12 h) as indicated by thin |ayer
chromatpography. The m xt ure s. cqgoled to,25 C an artiti d_bet ween

et or dnd aruHiosov bR R aPe’ 476 arotare et air ORISRy er I ef ¢
an oi | aguivellerwasppeni dhishidd dhd 6.09 MorE-eghivakene litdird chikPidelislatilBite m xture
was stirred and heated at 55 C until the renoval of the protecting group
was corppPeylen@okide. h) as indicated by thin |layer chromatography. Sodium

hydr oxi de 50% (aq) was added slowy until the m xture was strongly basic
(pH>11), and the m xture was extracted wi th di chl oromet hane. Concentration

of the 3i chifopwvesbaceotcayeto game 1aond, srstsintthk.ant@mtai vinirhagnegitime

anal ysis (nmass spectronetric detection) indicated that the ,

(2S) - NChiar U%ﬁ's('?ﬁﬁi Eepryssighin | @ molerpauivalent etatiete; rieryIg0s 9¥idiuced
25 was 97% the 4E i soner. Wth Conbi Phos POPd2: To a 50 nlL reaction vessel
wer e added, under an atnosphere of nitrogen, [Pd012(t-butyl)2P(OH)]2 (33

ny, 49 4pnol A pdessiiiar-the prepamation o XN g rfalitorey caBo@ W )gN-rhethyl-drpEnten-2-
N- Boc- N- net hyl - 4- pent ene- 2-amine (3.50 g, 17.6 mmol ), potassi um carbonate
(4.0 g 2MBEROINTSAM¥H DMVF (15 ). The mixture was 30then stirred at 140 C

until therqeasPhiedsrdy {418 9eeReRlgt e (-4 h) as indicated by WO
2011/ 146009PCT/ SE2011/ 050630 thin | ayér chromatography. The m xture was

cool ed t o 2mdgirgnd-peintar-2ebl i arsolwtiosrof aldndletequiadent{relatve i propy@aeous
earth. JINg)fdriot foflehedlifofy ThiHdR R Bt Aot 458 Of the
adding the resulting 4-penten-2-yl p-toluenesulfonate in tetrahydrofuran solution,
to 40% aqueous methylamine,
combining the resulting N-methyl-4-penten-2-amine solution with a mixture of di-
tert-butyl dicarbonate in methyl tert-butyl ether, and
adding N, N-dimethylethanediamine to the reaction mixture of N-methyl-4-
penten-2-amine to N-(tert-butoxycarbonyl)-N-methyl-4-penten-2-amine.

5. A process for the preparation of N-methyl-4-penten-2-amine di-benzoyl-L-(-)-
tartaric acid comprising:

adding a solution of (L)-(-)-benzoyl-tartaric acid (0.5 mole-equivalent relative to N-
methyl-4-penten-2-amine) to a solution of N-methyl-4-penten-2-amine in an organic

solvent.
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filter cake were shaken together, and the dichl oronethane | ayer was drawn
of f and concentrated. The resulting oil was conbined with 6 M hydrochloric
acid (40 whpoade®stirred at 25 C until the renoval of wPrhe/Sge@testcdihg gr oup
was conplete (-3 h) as indicated by thin | ayer chromatography. Sodi um

hydr oxi de 50% (aq) was added slowy until the m xture was strongly basic
(pH>11), and the m xture was extracted with dichl oronet hane. Concentration
of the dichloromethane |ayer gave a viscous oil. Gas chronat ographi c

anal ysis (mass spectronetric detection) indicated that the (
10net h{: - 543 PEMCESS fRTIP6EFBRaNalieR 1f 8Tyl supstiuiasd Q'eﬁﬂ'Fr?énPﬁ§§Uﬁh @éd@@éf was

For. tnaGFALERIRN S-IoP-SOR b AP el st Wy, 1 Process

vi nyl rragnesm)mmuximngQSdé\I {tertebutoxyaarisorofl )-Meppary{-H)partito2-arairend motedi um
hi d th di t bl
Sol 32%@%@ en&?a»ﬂ@é omizaapeviane & el R alen i mithaselediis ey are
0.01
TG0 PRI ORRRILL), NN IR 005 TRAESBENLIERHnd § bk

chl ori Ive to ene oxi . ocess according to claim1l or
2, mhedé:&moteeeqwaulantajﬁn alsmytrab’@gmrgahwraqwﬂrwmnder asadmiosphereoftriiogen; equal

tolOm)Ie wvalen relati t.o pr.o Q C for the
br epar at T on BFCRITA Bpter s isnt Byl Tisie Ty 4 1aip ah bl difiife

conpr i Hppdopriat® e 85 coPERsdhthst BedH athTeved;f ol | oned by: addi ng
4-penten-2-ol to a solution of 1.0 nole- equival ent (relative to pr QE; | ene

oxi de) of p-Q) epPakingthe modyie and adding waiet and anyapibfaliewed by stirringafi g0t he
resul t|o ﬁé%ﬁn 2-yl p-tol uenesul fonate in tetrahydrofuran solution, to
40% aqu yl am ne, conbi ning the resulting

N- et hyl - 4 mlarsteﬁaraZm@rthe@rg@huutSDMnV\eh@ tiee atididuquetfusdiiegietfolowsd by

di carbonate in nethyl tert-butyl ether, and addi ng N,

N- di thW%M%%@W@QW@ ?‘@é’(‘f@@'ﬂiﬁ spiventire of N-nethyl- 4-
pent en- ep%d fustie (tES tp?—%ﬁ“rh?%@%ﬁﬁﬂﬁ%e 'BLgnrfﬁé %}dg”t%nﬂﬁ’?} @é%eﬁ gine. 5. A

process for he pre ara -am ne enzoyl -L-(-)-
tartaric amf)jex:tmqmmlgsthegpromdmlth themgamc cp)hasé fellowed by beparatibn Dather i ¢
acid (0.5 UIV relative to Nmethyl-4-penten-2-amine) to a

sol ut i (959%'?'(’!{3- h?/” Qp I¥n-2-anine in an organic solvent. WO

2011/ 146009RGHeakidg 11é BRAE pRasde Wi tﬂ%elﬁr%tél%rcaﬁlé}‘?gé?r&%%%da@” of aryl

substituted ol efinic ammnes such as (2
7. A process for the preparation of N-methyl-5-[3-(5-isopropoxypyridin)yl]-4-penten-
2-amine according to any one of claims 1 to 6, where the catalyst and toluene are
reused in a series of consecutive batches, whereby the palladium containing toluene
phase is kept in the reactor and put under an atmosphere of nitrogen and the cycle is
repeated by the addition of N-(fert-butoxycarbonyl)-N-methyl-4-penten-2-amine (1 mole-
equivalent) and 5-bromo-3-alkoxoxypyridine (1.1 mole-equivalents) and base (1.5 mole-

equivalents) followed by steps b) to e) or optionally g).
8. A process according to claim 6 or 7, wherein the acid is hydrochloric acid.
9. A process according to claim 6 or 7, wherein the base is an amine.

10. A process according to claim 7 or 8, wherein the ligand is a mono or bis
phosphine.
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(4E) - N-net hyl - 543- (5-1 sopropoxypyri di n) yl] - 4- pent en- 2-am ne conpri si ng:

a) mxing (2S)-N-(tert-butoxycarbonyl)-N-nethyl-4-penten-2-amne (1

nol e- equiwal2entipe@nd 5- br ono- 3- al koxypyri di ne (1.1 nol ePeqsEr@ahenies) with a
pal | adi um source (0.01 nol e-equi val ents), a phosphine Iigand (0. 24

nol e- equi val ents) and a base (1.5 nol e-equivalents) in a suitable organic

sol vent under an atnosphere of nitrogen; b) addi ng water and heati ng
the m xture to 90 C for 15 to 25 h or until the appropriate |evel of
conversi on has been achi eved; c) cooling the m xture and addi ng
water and an acid, followed by stirring at 0-70 C for 3 to 8 h, d)
separ at4isng t

SSPar a9 UGRRAEAke BRIy RILaBRE 4 R e BUURBHERP BT O ANA Y,
pH i n tdoenpiguepaPdiDpsemplext he additi on of a base, and f) extracting
the product into the organic phase foll owed by separation of the organic
phase; and optionally g) treating the organic phase wth a netal

scavenger OrTHeHhfdhnd A-Melf Qﬂo‘éntéﬁfz mﬁ@m@rﬂa&a@éﬁbﬁ (-)-tartaric acid
N- net hyl - 5- [3 (5-1sopropoxypyridin)yl]-4-penten- 2-am ne according to any

one of saltains 1 to 6, where the catal yst and toluene are reused in a series
of consecutive batches, whereby the palladi umcontaining toluene phase is
kept in the reactor and put under an atnosphere of nitrogen and the cycle
is repeated by the addition of
N-(tert-butoxycarbonyl)-N nethyl - 4- pent en-2-am ne (1 nol e-equi val ent) and
5- br ono- 3- al koxoxypyridine (1.1 nol e-equivalents) and base (1.5

nol e- equi val ents) foll owed by steps b) to e) or optionally g). 8. A process
according to claim6 or 7, wherein the acid is hydrochloric acid. 9. A
process according to claim®6 or 7, wherein the base is an amne. 10. A
process according to claim7 or 8, wherein the ligand is a nono or bis
phosphi ne. WD 2011/ 146009PCT/ SE2011/ 050630 11. A process according to
claim8 or 9, wherein the palladiumsource is a Pd(I1) conplex or a Pd(0)
complex. 12. The conpound N nethyl -4-penten-2-am ne

hem - di - benzoyl -L-(-)-tartaric acid salt.
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