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PROCESS FOR THE PREPARATI ON OF DELMOPI NOL AND
DERI VATI VES THEREOF Field of the Invention The present

wonveErsiesn rel ates to a process for the producPComwB2H06/004293

del nopi nol or a derivative thereof, as well as to
i nternmedi ates useful in the production process.
Background to the Invention Del nopinol is the
Internatlonal Non- proprletary Narre (INN) of
e by 2R T REN Qi DRIGAOPINGS AN DERIVATIVES
79874 76- 3) Del rmpl nol hyﬁq@ﬁ@bgrl de salt (CAS No
98092 92-3) is intended to De Used in the treatment of
ve struct ure of del nopi nol hydrochl ori de
corre
o oduct e R YNBRIDN Riqted ko FhBEe B TREo1G) of Mmopinolor
teheeriyative thpreaf,casrs sj@satermatgevs@fal in rbfne)m@glgetsam fyocess.
LR Y $1eGRMRRKAd. I'n particul ar, EP-A-038785
?;I sc#‘Tdngm‘e—paT tion of del nopi nol by al kyl ati on
of a PeimeBinpk uisedtheor hremnatienal byNati-priokg¢tani oNaofe a(INN)  of

bi g h h
LB R oo bl A5 REL B85\, P Beimopinl
rfe@whmde Shlt ACABKYe 8&%%&2:6) Isentepdedio be aned br ﬂmttreaunent of

RO, el i r B bgfoprg ARSI BB o formule
for the producti on (gf del nopi nol whi ch conprises a
cycloaddition fro [ to obtain a
mor phol i ne-i so- ojazol ifdi ne, ductive ring opening,
foll owed by transfor ' g’? Iups
present in the siddNchain finally al kylation of

the nitrogen to vyi e|{/OH

Different processes for the production of delmopinol and its salts are known in

the art. EP-A-038785 describes several processes to produce this compound. In
particular, EP-A-038785 disclosed the preparation of delmopinol by alkylation of a
3-substituted morpholine, by dialkylation of a primary amine with a substituted
bis(haloethyl)ether or a substituted diethyleneglycol disulfonate, by reduction of a
dlketomorphollne or by transformation of the N-substituent of the morpholone into a
hydroxyethyl group. EP-A-0426826 describes a process for the production of
delmopinol which comprises a cycloaddition from a morpholine oxide to obtain a
morpholine-iso-oxazolidine, a reductive ring opening, followed by transformation of
functional groups present in the side chain, and finally alkylation of the nitrogen to yield
delmopinol.

The known processes to produce delmopinol are long and require the use of
some very toxic reagents, which make their industrial exploitation difficult and
expensive. Therefore, the provision of a new process for producing delmopinol is highly
desirable.

Summary of the Invention

The current invention is based on the surprising realisation that delmopinol, and
derivatives thereof, can be obtained by a short and convergent synthesis which takes
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del nopi nol . The known processes to produce del nopi no
are long and require the use of sone very toxic

woeag@ita] whi ch make their industrial exploitaCTaB2006/004293

difficult and expensive. Therefore, the provision of a
new process for produci ng del Jémpi nol is highly
desirable. Sunmary of the Invention The current
invention is based on the surprising realisation that
dedgepihirough, a sescitioe betnatenvaes oxdzelidiaR, 3-cimorii®lind camnpeshd and a
Q%ri@aﬁ{ﬂ%% ghrh% convergent synthesis which takespl ace
through a Peacti on between an
oxazolAatiordir®) 18-adirstaspdd bf the praseptonveshtiam ch prodass forainedproduction
C 0 c ' o fi spect. of, the present
iﬁﬁnw%‘?tﬁg g'ﬁ g%@ggéf@r V{ eééré)r'g‘dﬁsct%nor?"gi 4 5'8 Rl or a
athafroacauitiaallyl dcceptebleisalt,Rir d soheate Hlekgdf, including la hydrate,y,
or a pharmaceutically acceptable salt, or a solvate
t hereof, including a hydratep (1) conprises reacting a
conmpound of formula (I11) xfth rignard conpound of
formula (I11) where X is{an hal opgen selected fromd,
Br and | and R1 is an al Hyl or afyl noiety, and
optionally converting thexgonp of formula (1) free
base obtained into a pharmacButi callRf acceptable salt.
(N) (11'l') The inventors havelal so found an efficient
production process of the ney oxazolddin
[2,3-c]norpholine (11), starti om commercially
avai | abl e di et hanol am ne

)

comprises reacting a compound of formula (ll) with a grignard compound of formula
(1) where X is an halogen selected from Cl, Br and | and R, is an alkyl or aryl moiety,
and optionally converting the compound of formula (1) free base obtained into a
pharmaceutically acceptable sait.

N
_/

) ()

R1

The inventors have also found an efficient production process of the new
oxazolidin [2,3-c]morpholine (II), starting from commercially available diethanolamine
which proceeds with high yields and purity. Therefore, a second aspect of the present
invention is the provision of a process for the production of oxazolidin[2,3-c]morpholine,
which involves the reaction of diethanolamine with a (C,-C,)-alkyl haloacetate yielding
the known 4-(2-hydroxyethyl)-morpholin-3-one, followed by a reduction reaction, to
yield the oxazolidin[2,3-c]morpholine. Both steps can also be joined in a one pot
reaction, avoiding the isolation of the 4-(2-hydroxyethyl)-morpholin-3-one.
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whi ch proceeds with high yields and purity. Therefore,
a second aspect of the present invention is the

wonreiisiasn of a process for the production of PCT/GB2006/004293

oxazol i di n[ 2, 3-c] nor phol i ne, which invol ves the
reaction of diethanolamne wigjh a (C -C4)-alkyl
hal oacetate yi el ding the known

4- (2- hydr oxyet hyl ) - nor phol i n-3-one, followed by a
reduction reaction, to yield the

oxazol i di n[ 2, 3-c] nor phol i ne. Both ste can al so be
joined in a one pot reaction, avoilding the isol ation
of the 4-(2-hydroxyet KM9 ("TA)

According to a t@ Ayd aspect of the present invention

t he production o 3 specific grignard conpound (II11A)

is carried out by treatnent of a

1- hal I

Four t B AP el Akt ARCA Rytor 6B Goh Bt Fopeciic

cgzﬁlsﬁ@r@m@@ﬁr(qunyl (IHMIS(an)d ourhyetreatmest ofsae 1 iaload-propylheptane with

b &iaRsl ates for the production of a conmpound of

formula (1 A). According to a fifth aspect of the

i nventAC@ﬁrd"”@QJM)@f.ﬂWb aspeqt o gresent investions isdorovidecheompounds
r

QY cRRAY, Trbe Bre SR dR i e foP i pogueh BF B Bound of

deoeiafdt.ve to manuf acture del nopi nol, derivatives of

del nopi nol and/ or pharmaceutically acceptable salts

thereof, on an industrihal scale. The process is

advantageous becaus nver gent

synthesis, it avoids| the [use of toxjic and flanmmable

reagents, it uses m and
del mopi nol i s obtai nedNwi t h~hi gh™Yyi el hi gh
purity. L\\//OH |

(1A) |

According to a fifth aspect of the invention, compounds (Il) and (ill) are used
in the manufacture of a compound of formula (l).

The process of the present invention is an easy and efficient alternative to
manufacture delmopinol, derivatives of delmopinol and/or pharmaceutically acceptable
salts thereof, on an industrial scale. The process is advantageous because it is a
short and convergent synthesis, it avoids the use of toxic and flammable reagents, it
uses mild reaction conditions, and delmopinol is obtained with high yields and high
purity.

Detailed Description of the Invention

A compound of formula (1) is produced according to the present invention.

o)

N R

K/OH
)
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Det ai | ed Description of the Invention A conpound of
formula (I) is produced according to the present

wonveErisiesn. | n t he conmpound of forrmula (1), Rl PETAIB2006/004293

al kyl or aryl noiety. The alkyl or aryl noiety can be

of any length, can be straight-chain or branched and

can be substituted, i.e. can contain atons other than
carbon in the carbon backbone. As used herein, the

tlatins cdrapeunid’ ofzimuhuIaI(IyIR‘1 inae atkgl dlr@rginwﬁetyt Mk ralkys ovaaryl moiety

AR 0By B S Do B Bt on

progafaim aloins djber\mhann c@rbanih A8 caemohdackitares A uredewereip| the terms
G i t . f I I

ool sy SRR BRI o Wb, o
Bafrazylmoi&tymhmnsea betvept il and1BQ( db{ledmgtbbrisemke preferably between
]2 ggdo %Q%MJﬁesc S et#%mr?-r%g 7%§ @t agQ%atokuhs?SEOmpounds of

;fpmﬂlda (¢ Habgaruprepafedivdrenthe R, grouﬁlschaﬂ-mnmyntﬂenzymilmtyl 1-

I I I | po
AlerAiE RS AheRE, B PR PheRA) SRbpor difig PGRIR of these
proay@unds iswdestrilvad indExaowjEsntd 1df for mula (l) is

b

oDt 21 e SR BB ERUERY  pepiogl v g gpeentd blow
casrfpoauid (IA).1 1) delmepimoX R, & am-pmﬂytblgptyl sediected from d

Br and I, and Rl is an al kyl or aryl noiety as defined

above and nost preferawly a 4-propyl tyl chain. A
preferred conpound foymula (111)Y; wherein Rl is a

4- propyl heptyl chai formula (I111A)
magnesi um
™

below. (I11A) Mst p d of formula
(111) is 4-propyl hept

(1A)

According to the present invention, a compound of formula (1) is obtained by a
reaction between the oxazolidin[2,3-c]morpholine (Il) and the Grignard compound (lI1)
where X is an halogen selected from Cl, Br and |, and R, is an alkyl or aryl moiety as
defined above and most preferably a 4-propylheptyl chain. A preferred compound of
formula (lll), wherein R, is a 4-propylheptyl chain is depicted as formula (IlI1A) below.

Most preferably, the compound of formula (Ill) is 4-propylheptylmagnesium

(IA)

bromide. As used herein, the term “Grignard Compound” is to be given its standard
meaning, which is well known in the art, i.e. an organo-magnesium compound.

For the avoidance of doubt, a compound of formula (1) is prepared by reacting
a compound of formula (II) with a Grignard compound of formula (Ill). A preferred
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brom de. As used herein, the term"Gignard Conpound”
is to be given its standard neani ng, which is well

wa@newosfasit he art, i.e. an organo- nagnesi um cORPOAGBL006/004293

For the avoi dance of doubt, a conpound of fornmula (I)

is prepared by reacting a compound of formula (I1)

wth a Gignard conpound of formula (I111). A
preferredenbodi ment of this general reaction conprises
tmbqﬂ"aamﬁf tmﬁgeﬂerabeﬁﬁpnmmpos@tha|pepo(um|¢r) ofg;elmopmol (formula

%%Q&ﬁnﬁ%&"&ﬁw&%&’& #oﬂ'ﬁl]'ﬂy lplvf t{h ’g\ mﬁf]e}r ﬁé?rfi %Blﬁ)ﬂﬁgund of

I gnar d or mu
tfRend (l§Adr d conpound (I111) and its subsequent

react ' Ql&n‘lﬁ tﬁgﬁﬁ%{dr@ bﬂﬁ#dd{?&l)%ﬁ% Ebtgs%l%g%t regct%n with

sui tab vent suc
dhe %P%P“dmﬁe(ﬂk isnfarried ogt i03) seitabishaelvent such @6-atByrs (C4-C12) and

%Rf@éé %f ey %@F@gﬂﬁ %:P XS QligHk¥ Jrhlgﬁ 392\/%8&@ hlydrocarbons

selected fromth rou 8hsi'stin

tRrefesaRivr toe uselvent nist ﬁ9lts@tedrﬁwdt’r@f arcwp canwsmg of haiethylether,
I t

FRIAL A HERODstioRln, BLLOBCEN el PR, s

rietr ey @‘tlfaéhtpl}te@ﬁur &eirabyfsfwrandyleney | eteﬂefitekgltxdnta‘uran-toluene
Ghebidehldonal RABRe, d%u.&ﬁé‘tﬁ@?%r%éd?‘bgy‘%h@r tolubpe | OF

exanpl e del nopi no obt al ne SS O
pr eserf COMpeS aformuia Befor exarenle delmopingl, @btained by the process of

f { t

ﬁggragﬁeﬁg rn:\%gt t;aefl r4F 88 d;%ﬁt e%ua.lhtnooﬁqtrﬁ.\frmaeatt%a@ﬁgecetp&%te salt,

deieeatiye inte th%hwpﬁfﬂ@ndmalt @9d mmtolmcétaa&mnayeb@ ppnmanted into
r I

1 B8 b Dl e She ARk 48| BRIkt prgpie, demonin

r'@’ﬁmlﬂﬁ'dwcﬁh bﬁ;nmamqi trpmcd@npmnelrbyamyctm WIﬁbmeirochlonc acid in

SQly\sBdble @ﬂ | ERarfple Uf 4 Aabie sﬁ@ie S 8¢ |Estaf19é toluene; xylene,

i nSt ance, uene, ene I SO Utyl
ornﬁttwltspbuw&&etonﬁedlhw t@r,tm@hyl;te@tbhtytetheét ethy! asetstertead mixtures

ARgheB Xt Ur es

The compound of formula (Il) can be obtained by the process summarised in
Scheme |, which can be carried out in two steps or as a one pot reaction. As used
herein, the term “one pot reaction” is to be given its normal meaning in the art, i.e. the
compound of formula (Il) is produced in a single reaction vessel, such that at least a
proportion of compounds (V) and (VI) are converted to compound (IV), and
subsequently compound (1l), without the isolation of intermediates.

The alternative to a one pot reaction is a two step reaction wherein formula (IV)
is produced in a first step, and the second step of converting (1V) into (11) is carried out
separately.

SCHEME 1
OH

G o == 0y —
(_on |\/OH

(V) (Vi) (V) (I
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thereof. The conpound of fornula (I11) can be obtai ned

by the process sumuarised in Schene | , which can be
woane7iosthsout in two steps or as a one pot reacPCOIGB2®&/004293

used herein, the term"one pot reaction” is to be

given its normal nmeaning in the art, i.e. the conpound

of formula (11) is produced inh a single reaction

vessel, such that at |east a proportion of conpounds

(V) and fovhylagive, Xoisvar thakbgen setecteauimdm( CV)Br amtll, and R, is a

ECEEAAS oA BB et B8 LB PP Bfoaceat
is a t e rebelorr deeerothewtiethanabarhiae ifv) and ih\d)ha'lcycetate of formula
IO( l%‘flerbﬂ( ??5”65 %i.lt |ﬁ%l$e$5>reg%qgcg a?%sé%bgraga%e %gdr %tc,lél able solvent.
SEEXEIEMESI of (sv)talfle| haseh \Varensddimmuhwiridy) sopddm snetoxide, potassmm
B 398052 LA b g el Sy ey o
(tMtt)outcmdeetShyable lsblventa et ddreexaliiple tetrabydrofurdretxytsee, tdesne or
| i Q%eram' ne (V) and the hal oacetate of fornmula (M)

pre

ably carried out in the presence of a
sui t abfhe rbastmnetmd\W@ersbh'etdﬁdbh@oianmme (\).ar@x¢berphieaceathte (V1) can be

SRS o BRI Bre ) AR e 0P B i Efapgatore o
ieg tsolvesiubisesi. @frefetﬁcmmtmedeamoﬂn lspoaraed iowinat high temperatures (i.e.
ts@%t&ﬂéés?fﬁ:aﬁ ?%enl%lﬁl.l)t( Fe%rpeerg‘tgovcgfg{hé sapgrgi %5‘ teg? nE 5%% %tge reflux
rtemperature e Bheen ptdferablyeﬁ(]"}/aﬂcﬂ‘yarﬁWe of w%a:ﬁdihe hedlux temperature)
*{8 208§ ﬁ’h&én%sg Mtﬁe &dle Rﬁxture by insolubility of diethanolamine alkoxyde at low
temperatures. Compound (IV) can be isolated from the reaction medium with high yield
as an oil, which can be used without purification in the next step. If required, it can be
purified by distillation.

3-Morpholinone (IV) can also be prepared by a process described in the
literature (Australian Journal of Chemistry, 1996, vol. 49, pp. 1235-1242). However, this
process uses an excess of acylating reagent, it goes through an unstable intermediate
and proceeds with low yields.

The reduction of 3-morpholinone (1V) to yield the oxazolidine (ll) is carried out
using a reducing agent. Examples of reducing agents are sodium
bis(2-methoxyethoxy)aluminum hydride (Vitride), sodium borohydride, lithium aluminiun
hydride and sodium bisethoxyaluminum hydride. A preferred reducing agent is sodium
bis(2-methoxyethoxy)aluminum hydride. The reduction reaction is carried out in a
solvent selected from a (C¢-C;) aromatic hydrocarbon such as toluene or xilene and an
ether (C,-C,,) such as diethylether, tetrahydrofuran, dibutylether, methyl tert-butylether,
and diethyleneglycol dibutyl ether.

Preferably, when the process of producing the compound of formula Il is carried
out in one pot, the alcohols generated during the reaction between the diethanolamine
and the compound of formula (V) are distilled before adding the reducing agent.

The compound of formula (lll) can be produced by reacting an alkyl or aryl
halide with magnesium. Preferably, the halide is in the terminal or secondary position.
In a preferred embodiment, as illustrated in Scheme Il, the compound of formula (I1A)
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carried out at a tenperature between roomtenperature
and the reflux tenperature of the solvent used.

woénef/@saisly, the reaction is carried out at hi 80T/GB2006/004293

tenperatures (i.e. slightly less than the refl ux
tenperature of the solvent, for exanple 50% of the

reflux tenperature or above, preferably 60% 70% 80%

or 90% of the reflux tenperature) to avoid thickness

a$ prelvusly poepanekivyreatiby aicompburis dfiforynudd (V) ehieeiroX Erentalogen

I A oMy t I at.u ; g :
YOO o o8 IR Toe P A bl S b ona
amactions subh aietbars (6¢-Qug add wibtthres tof puchi dtheratwitbir(Ci, )t dlighatic or

Lt : . A ‘
AR Bt SRR o, S8R YR B o rigpard compound
bheaGpgnardssomimsiod ioh éafmiuta (iheis| nat ésclated engdAasisedlin aelution. Its

L. ' : - .

HBHidIEn € Earl Shetidte o disckPoretid of Praglestin s e brownish
rexdmeation éftthgeastiarhr ough an unst abl e i nternedi ate and
proceeds with |Iow yields. The reduction of
3-nor pholinone (IV) to yield the oxazolidine (Il) is
BCHEME Wut using a reduci ng agent. Exanpl es of
reduci ng agents are sodi um

bi s( 2- net hoxy y)al um num hydride (Vitride), &0 m
bor ohydri de, |ithium al um njun hydride and sodi ym
bi st dride. Wprefer r &Y egady

I's sodi um bi s(2- net hoxyet hoxy) al um num hydri de. The
reduction r@dtion is carried out in a sol vent (llIA)

selected froma (C6-C8) aromatic hydrocarbon such as

tol uene or xilene and an ether (C4-Cl2) such as

di et hyTks lcempourd o ffigrehuts (ViBngard b wargpared érom ribe fppiresponding

tiit oo UG of tRRdiatVRh By AR RStorieBUloH. et her.

oA

(VI

Preferably in the compound of formula (VII), X is bromine and is preferably
obtained by a brominating reaction of the compound (VIIl) with aqueous hydrobromic
acid. The compound of formula (VIII) can be prepared by the process described in
Justus Liebigs Annalen Chemie ,1966, vol. 693, p. 90, the content of which is hereby
incorporated by reference.

Throughout the description and claims the word "comprise" and variations of
the word, such as "comprising", are not intended to exclude other technical features,
additives, components, or steps. Additional objects, advantages and features of the
invention will become apparent to those skilled in the art upon examination of the
description or may be learned by practice of the invention.

The following examples are provided by way of illustration, and are not intended

to be limiting of the present invention.
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Preferably, when the process of producing the conpound
of formula Il is carried out in one pot, the al cohols

waqgemgroatesd during the reaction between the PCT/GB2006/004293

di et hanol am ne and the conpound of formula (VI) are
distilled before adding the r§duci ng agent. The
conpound of formula (I11) can be produced by reacting
an al kyl or aryl halide with nmagnesium Preferably,
tEAMBLESe is in the ternminal or secondary position.
In a preferred enbodi nent, as illustrated in Schene
I'l, the conmpound of formula (II1A)is previously
pepmpled: P gt of el 2ehydimxpethyitmarphdlor-8aohea (W1 | )
wherein X is an hal ogen selected fromd, Br, and I,
Wi th magnesi um Any suitabl @ solvent for Gignard

reacti ons such as ethers -§12) and m xtures of such
ethers with (C5-C8) aliphatic Jor (C6-C8) aromatic
d

[
hydr ocar bons can be used foiy formati on of Grignard
conmpound. The Grignard conpdundoef formula (111) is
not isolated and is used in ution. Its formation is
easi |y detectable by the di sappearance of magnhesi um
and the browni sh colouration of the solution. SCHEME

1% e 2 f lia. lV p r
ey SOTROMDS L FOETY el Yok #9BaE PLAPA B 0G0 e
avshensigrewas i eatecebc 75 36. andvimiaintaifedk ffer a8l inuies bietil complete
f QL O s X ' .
SR oo Qe ok PO ABOE Mk 40 ¢ 100 vas
chovdp added. Vhe kickwaldyaliqusaspsensiotveasmoaintairssi with stioeg stirring for
SRR AT Bl 898, B 85 S0RL BBV o soon
MEg6aintaiied &8 §® same teMpetatrre faytwe hoursf Tanthiestraringnikteresbgthanol
(600 ml) was added and cooled at room temperature, salts were filirated and the
organic layer concentrated until dry. Compound (IV) was obtained as an orange oil
(204 g, 98%) which was distilled under high vacuum to obtain it as a highly pure
colorless oit (80%, bp5 180°C). IR (film) (n cm-1): 3410, 2934, 2874, 1633, 1501, 1350,
1141. MS (El), (m/z, %): 145 (M+., 12), 114 (M-CH20H, 100), 86 (M-NC2H40H, 65),

74 (M-71, 7), 56 (M-89, 41), 42 (M-103, 44).

Example 2: Production of oxazolidin[2,3-clmorpholine (1)
[Ol
Nuo

To a solution of 3-morpholinone (V) (207 g, 1 eq.) in toluene (1450 ml), Vitride solution

(412 g, 2 eq., 70% in toluene) was slowly added at room temperature. The reaction
was maintained for 15 min at this temperature. 50% aqueous sodium hydroxide
solution (360 g, 3.15 eq.) was slowly added keeping the mixture at room temperature.
The mixture was warmed to 50-60 °C and the aqueous layer was separated and
extracted at the same temperature with toluene (924 ml). Both organic layers were
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i ncorporated by reference. Throughout the description
and clains the word "conprise" and variations of the

woo/05%sth as "conprising”, are not intended POT/GB2006/004293

excl ude other technical features, additives,

components, or steps. Additiogal obj ects, advant ages

and features of the invention wll becone apparent to
those skilled in the art upon exam nation of the
deescentpated togstharaintibdryl Oxazndidiney(llpwas tobtainest (19465 g, 84%) as a
| (RYERIh B widHnd SUib el Mg A HINA AL CoiBiid oﬂ?ésngvbpvz@é °C). IR

ustrati on, are no
ofilm)i{e qméh@ﬁﬁS|1@7§n1455n1MAWPL£$0®4m(55) m/z, %): 129 (M+., 50),

R t haki
et AEHER, ) 0 IS A5 Y REAI Tor 3 Bbaifeo,sn. so
1B%03,A7).0F2 (oB A8, 4 %8§L@3en5| on was heat ed to 75 0OC
and mai ntained for 30 mnutes until conplete
dlssolutlon of_the whi te SO|Id At thlstenperature
e o] FH A ]; n spivbeiobt régdedion starting
dow suspen5| on was nai nt ained wth

i KR
s‘tTcﬁﬁ.ﬂ—?fr‘lL%lﬁﬁ_ for 30 m nutes and net hyl

chl oroacetate (163 g, 1.05 eq.) was added slowy. The

sol uti t
sol hoﬁlg o[@LB&t@ki&%‘ﬁn fg, Jﬁei@ﬁﬁs 5&1@93%3%45 3 éf%luene The
ugeensigivadlotater tet75°6 and mainieined far 30 il uetllmmelete dlssolutlon

fdfltljier \ﬁft\lfédsoﬂ@ ?t?ﬂ@té?ﬁﬁ@%ge diBHERoISAMR] 158 gt £, %\W%é %(Ed&? slowly.

al ned as an or
gThe%%( pmﬂ mﬂomysmr§tqn| waesdﬂalnwfedhmghstmmlmmgofor 30 min. and

%%gbhb:i'oRﬁ% éi‘? m&;&hx Oglé&ﬁ wad gﬁ?&%ﬁﬁ\gggi"{hé %cgtﬁon%%égamtamed

1650&6 samgsemperpire fwst\n(omqurs (Rerastionjnixtambwas/sogled 2) 30 °C and
]\%&ld%"ébf&%@%m]g‘? Q)eq., % lMtSfEl@rll_g} Qs a@é)ad slowly at room temperature.

The reaction was maintained for 30 min at this temperature. 50% aqueous sodium

hydroxide solution (360 g, 3.15 eq.) was added slowly keeping the mixture at room
temperature. The mixture was warmed to 50 °C and the aqueous layer was separated
and extracted at the same temperature with toluene (924 ml). Both organic layers were
concentrated together until dry. Oxazolidine (II) was obtained (147 g, 80%) as a
brownish oil.

Example 4: Production of 4-(2-hydroxyethy)-3-(4-propylheptyl)morpholine (1A)
N
(o

To a suspension of 1.3 g of magnesium (1 eq.) in 24 ml of toluene and 18 ml of

tetrahydrofuran a small crystal of iodine was added. The mixture was heated at 64 °C
and 12 g of 1-bromo-4-propylheptane (VIl) (1 eq.) was added slowly controlling
exothermicity of the reaction. The mixture was maintained at the same temperature for
2 hours and cooled at room temperature, obtaining a solution of compound (lll). A
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74 (M71, 7), 56 (M89, 41), 42 (M 103, 44). Exanple
2: Production of oxazolidin[2, 3-clnorpholine (Il) To a

weabartosws1 of 3- mor phol i none (1V) (207 g, 1 eq. PCT/GB2006/004293

toluene (1450 m ), Vitride solution (412 g, 2 eq., 70%

in toluene) was sl owy added @t roomtenperature. The
reaction was maintained for 15 mn at this

tenperature. 50% aqueous sodi um hydroxi de sol ution

(s®Bfiog of B gbb oraro)idinadll)$1 end) n Anhtleftokienpivag atitied tvithé pregiously

bR R By TP U B R 12y Bon ne

ai0 mh sataraed agqeeua omeoniun bhibddeisohgiondzste atiged Batthe resulting

S gk 4P 50,55 RGBSR s s «vonase

bniatune. Siheairganiovayethwasesepdiratéd bl 40°C. G hgi angeaudilagdr was extracted

5555 9558, 452, B2 00 bAR] fvr 1 o
(abtzining(8:8 g 29 4((Réhydrax@athy!P9-(4dr st Bptyl)adrphdifie @btaCHBaRhge oil.

g%(fnmj;} n%M@?E@%f&% zng,k}sggf 1%%5'?&5@?(@;& 204 W', (miz, %):
FR7d Bt j DR TEF (Mokla ) AQKMFCHBOK 148) 1 130{N-141,(100), 100 (&1-171, 29),

one-pot reaction starting from di et hanol am ne
Pot assiumtert-butoxyde (176 g, 1.1 eq.) was added to

1Edenpié SoiProtindtivarsd 4-(2Hydsugatayls-Bda-prersyIepatadorpbol#s0 C

ggg‘rgﬁilg}tﬁi ned for 30 mn. until conplete dissolution
e solid. At this tenperature diethanol am ne

( 150 g, 1 eq.) was added slowy. The thick pale

yel | ow suspensi on nai nt ai ned w4 strong stirring

for 30 min. and ngt hyl 63 g, 1.05 eq.)

was added slowy. [The tai nddl at the
sane tenperature forNtwo X ion~m xture was

cool ed at 30 OC and k/
OH

To a solution of 7.4 g of crude 4-(2-hydroxyethyl)-3-(4-propylheptyl)morpholine in 22

ml of methyl iso-butyl ketone at room temperature concentrated hydrochloric acid
(2.7g, 1 eq.) was added. The solution was concentrated until dry at 60 °C. The oil was
dissolved again in 21 ml of methyl iso-butyl ketone the solution was seeded and stirred
for 2 hours at 0 °C. The white solid was filtered, washed with 20 ml of cold methyl
iso-butyl ketone and dried to obtain 5.9 g of 4-(2-hydroxyethyl)-3-(4-propylheptyl)
morpholine hydrochloride (delmopinol hydrochloride). 1TH-NMR (CDCI3, 400 MHz),( d
ppm): 0.88 (6H, m, H15), 1.2-1.4 (13H, m), 1.8-2.0 (2H, m), 2.8-3.4 (5H, m), 3.4-4.4
(6H, m). 13C-NMR (CDCI3, 400 MHz),(d ppm): 14.26 (C15), 19.47,19.52 (C14), 22.87
(C10), 27.11 (C9), 33.25 (C11), 35.54,35.62 (C13), 36.59 (C12), 49.25 (C5), 53.20
(C7), 55.93 (C3), 57.08, 59.89 (C8), 63.1, 63.2, 65.0 (C6), 67.7 (C2).

Example 6: Synthesis of 4-(2-Hydroxyethyl)-3-propylmorpholine (IB)

01
8 2
3 10
5
4N 9
7‘\/0H "

8
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Vitride solution (412 g, 2 eq., 70%in toluene) was
added slowy at roomtenperature. The reaction was

waorbetiarased for 30 mn at this tenperature. 50PCaMRB006804293

sodi um hydroxi de solution (360 g, 3.15 eq.) was added
slowy keeping the m xture at,,roomtenperature. The

m xture was warned to 50 OC and the aqueous | ayer was
separated and extracted at the same tenperature with
toluene (924 m). Both organic |ayers were

concentrated together until dry. Oxazolidine (11) was

obt ai ned (147 %; 80% as a brownish oil. Exanple 4:
PRgefcrazalidime(ll) was dissolved in 215 mi of THF. At room temperature a solution

_ ) _ | '

S BN SR PG B B e

hixigre weis URived o 13 gnintitesf Mixture avasdewrfcantiated untiatifyness under
Ay AP eYat . ' :

S04 nt g ol AU o 7 PR B AR S

églutionavere gddef andbieyeswting mixtinegvasxaiiriedratirain yeroperatues until
g . ; . ) )

(R A0 s TR 3, ORI vas soparaes

tabghsaHeousayer wigs akinaater wits288mi il obiene strpomiempériature. Organic
ti f i ne( | 1 ]

s e ooyl BRHS, B (oo, Sl 557 6 o

G i2griygraxyediotra@pyimarphddine Hksoarorangp e arhichewanfugtenpurified by

nd.. . . t.e

Al o RaBanRGRA ) B 9 g8 B4R oIcOHNIS

{8Y{ )i ekjainingtthe enendiened prodedt 28 a4pldigssintli 1H-ABMRIE@DEI3, 300

. 5 X tai i ) ; . _

ssgluhon ol oeel uer 208 A1) 18eRg R RBSGRDSEME g o

1282 (1 hhadfice ¥l 72 B 42719, h356.Ohtz oH5), @ e (i, adddad1812.3, J2=7.8,

o@gtggl%'nrfrzn |H55§%é:§4 (Y 8a.2ARGRE! FAESINE QUSLR8E (11 |da, A1 2, J2=4.9

Kz tﬁhyajg%&%ldgy\lob:-"@w 02=DB bfry HAB3:67 (b @hbI=7r8e J24.a iz, HE),
. ) : .
%@53%1%%8},{8)!14 (%?\"\}ll %‘?C%Z@.‘ﬂ%@éﬁfﬁ?- 1%?35@113/? 1?953 (C10), 2.2

(C9), 49.9 (C5), 54.6 (CT7), 57.7 (C8), 59.5 (C3), 66.9 (CB), 70.4 (C2). IR (film),(n
cm-1): 3444, 2958, 2863, 1456, 1366, 1129, 1052. MS (El), (m/z, %): 173 (M+., 42),
142 (M-CH20H, 100), 130 (M-C3H7, 100), 112 (M-C3H7-H20, 14), 100 (M-73, 48), 84
(10), 71 (5), 56 (20), 42 (14).

Example 7 of 4-(2-Hydroxyethyl)-3-(1-heptyl)morpholine(IC)

USSR
Ca

200 g of 1-Bromoheptane were slowly added at 65°C to a suspension of 32.6 g of
magnesium, 0.5 g of iodine and 2.4 ml of Dibromoetane in a mixture of 182 ml of THF
and 400 ml of toluene. The reaction mixture was stirred at the same temperature for
3 h. When the formation of the corresponding Grignard compound was compieted, the
mixture was cooled down at room temperature and a solution of 158 g of Oxazolidine
(I1) in 500 ml of toluene was added in 1 hour. The mixture was stirred for 30 min. and
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271 (M+., 1), 270 (MH, 1), 240 (M CH2OH, 46), 130
(M 141 , 100), 100 (M171 , 29). Exanple 5: Production

woho0/06Zs8hydr oxyet hyl ) - 3- (4- propyl heptyl ) nor pROTIGB2006/004293

Hydroc hloride To a solution of 7.4 g of crude

4- (2- hydroxyet hyl ) - 3- (4- propyl ,hept yl ) mor phol i ne in 22
m of nethyl iso-butyl ket one 2at roomtenperature
concentrated hydrochloric acid (2.7g, 1 eq.) was

atleie dddethte mlmtéoMomasaql@boeavormemh@ Btganicdsyer & déz@nted and
s di ssol ved

0C. T i | (nin 2 1 m of hyl
Soetlig e B S3pUnd B ae Sdinae s af el o ) s
f(&f), miuiey: ap9 OMBC,. 1 heosviMt@H2OH| ®25)as3d i (M-evkds, 100), 112

\é@fgzﬂe%ﬂ,@& %5) m@ @{@:%IP?I 8%%%%'(1659{1 %g yl ketone and

4- (2- hydroxyet hyl ) - 3- (4- propyl heptyl ) nnrphollne
. Ihd

(S ‘ ' PG R e .

(13H m, 1820(2H m 2.8- 4(5H m 3.4-4.4

(6H 1m). 13C- NWR (CDCl 3, 40 (d ppm): 14.26

(C15), 19.47,19.52 (Cl4), 23;15@[0), 27.1 1 (Q9),

33.25 (Cl 1), 35.54,35.6 =46.59 (Cl2), 49.25

(C5), 53.20 (C7), 55.93 (G%L,EQ,;?. 08, 59.89 (C8), 63.1,
)

63.2, 65.0 (C6), 67.7 (C2). anpl e 6: Synthesis of
4-(2 Hydroxyet hyl ) - 3- propyl nor phol i ne (1B43 g of

iﬁﬂn'g Sr %ﬂf) %roge%l%{-:s egffiorn (lé;lsang[1 ste(\)r{ing;r 'f_r"c:fm ‘I/_E g of Benzyl
rehiRyrioieyelnaeld reesfi Oueczolidime dl&, 20 g%f compolind (ITPwas otiteigpd waan light

sl qwl v. The .. S j r ] .
P RERJTE D 2 P 19RO ROl BT 100, o1
a@H208B15B) of Tol uene and 64 g of saturated aqueous
Amoni um Chl ori de sol ution were added and the
resulting mxture was stirred at roomtenperature
uBtaniple OnPyrehesisl oi4-(1-Hydroryetiiy 2 t-sctgbrarhioliree ()
bi phasic m xture. Organic | ayer was separated

(o

25 g of 1-Bromooctane were slowly added to a suspension of 3.5 g of magnesium and
7.5 mg of iodine in 41 ml of THF at 65°C. The reaction mixture was stirred at the same
temperature for 2 h. When the corresponding Grignard compound was prepared, the
mixture was cooled down at 5°C and a solution of 16.7 g of Oxazolidine (11) in 40 ml of
toluene was added in 1 hour. The mixture was stirred at 5°C for 30 min. and the
reaction Was warmed up until room temperature. The mixture was added to an
aqueous solution of 5% HCI and stirred for 30 min. The organic layer was decanted,
dried and concentrated until dryness to obtain 19 g of the desired compound as a
brown oil. MS (El), (m/z, %): 243 (M+., 5), 242 (M-H, 5), 212 (M-CH20H, 50), 198 (M-
(CH2)20H, 8), 130 (M-C8H17, 100), 112 (M-C8H17-H20, 8), 100 (M-73, 30), 86 (8),
71 (8), 56 (9), 41 (14).
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and aqueous | ayer was extracted with 265 m of Tol uene
at roomtenperature. Organic | ayers were concentrated

woagetosmsiunt i | dryness, obtaining 33.4 g of PCT/GB2006/004293

4- (2- Hydr oxyet hyl ) - 3- propyl norpholine |i ke a orange
oi |, which was further purlfl%d by col um
chrormtography in silica gel eI uting with a mxture of
CH2Cl 2/ I\/EO—V NH3 (99/1/1), obtaining the rrentl oned
thasisoof|4e@<Hydroxyetiyh) MR -(estk 2
ppm : 0.92 (3H, t , J=7.2 Hz, H 11), 1.36 (4H m
HO9/ H10), 2.36 (3H, m H3/H7), 2.82 (1H, ddd, J1=12. 3,
J2=4.9, J3=3.0 Hz, H5), E.O (¥A, ddd, Ji1=12. 3,
J2=7.8, J3=4.8 Hz, H5), m J1=1 1.2, J2=6.9
Hz, H2), 3.88 (1H, dd, J1%1 1.2, J2=4.9 Hz, H2), 3.62
(1H, dd, J1=4.8, J2=7.8 Hz ), 3.67 (1H, dd, J1=7.8,
J2=4.9 Hz, H6), 3.75 (2H, m H3). 13C-NWR (CDCl 3, 75
MHz), (d ppn): 14.3 (C1 1), 19.3 (C10), 29.2 (C9), 49.9
(thyywmg4thg ga07g procedurg @gcnbg@ fer (IEfg)andeﬁa@mgcfegm 266 4 g of

g%%omdl?zegﬁ)ﬂﬂl%éaé BW@H%@M%M%@@E@M@%% ]948582 pound (IF)

METe MPlEMEDHES ADdYrk orImEiCHST(ENNL00f, %12¢3NBHT), HZ&)(M C2H5,
]q 4§121@§sz6$4 ‘71181 1884 a0, 49, 156 @), 138G 88N 17,%108), 100 (46).

4 (2- Hvdroxyet hv03 (1- heptyl)m)r phoI [ ne(IC) 200 g of
5)

2.4 mM of Dbrormetane in a mxture of 182 m of THF

and 400 m of tol uene. re on m xture was
stirred at the sane temeraturie for 3 h. \Wen the
formati on of the correspot\d’ic g ignard conpound was

conpl eted, the m xture was.c@ol ed down at room
tenperature and a solution of 158 g of Oxazoli di ne

Following the same procedure described for (IE) and starting from 5.8 g g of
1-Bromo-2-propylpentane and 4 g of Oxazolidine (l), 3.3 g of compound (IF) were
obtained as an dark yellow oil. MS (El), (m/z, %): 243 (M+., 1), 212 (M-CH20H, 8), 200
(M-C3H7, 6), 170 (10), 130 (M-C8H17, 100), 100 (50).



10

15

20

25

30

35

(I'l) in 500 M of toluene was added in 1 hour. The
m xture was stirred for 30 min. andthen added to 795

woho@akstsi on of aqueous 5% HCI . The organi c | aper/GB006/004293

decant ed and concentrated until dryness. Conpound (1 C)

was obtai ned as an orange oil, (179 g). M5 (El), (mz,

% : 229 (M+., 1), 198 MCHZéﬂl 25), 130 (M C7H15,

100), 112 (MC7H15 H20 4), 100 (M73, 30), 86 (5 56
(AAMSA 1 (8). Exanple 8: Synthesis of

4- (2- Hvdr oxyet hyl ) - 3- benzyl nor pholine (1 D) Fol |l ow ng

the sane procedure described for (1C and starting

ft.om 19 rocdssBenthgl prodilialion @é a aochpdiind) ob foruakz@d) \h/hiéram R, is an

( , ned .as |

y_A"M o°\7v ao lrgo%& (ogn%)%ﬂ?ﬁ?éceg%a‘ﬂ’a %&ﬁt?}@le sait or%9 Ivgte thereof,
(imvicH2EOeh hdrate] 30 (M C7H7, 100), 9 (CH206H5 8)

Exanpl e 9: Synt hesis of

4- (2- Hvdr oxyet hyl )-3-(1-octyl )norpho Iine(lE) 25 g of

1- Bronooct ane were slowy d to a suspension of 3.5

g of magnesiumand 7.5 inein4 1 m of THF

at 650C. The reaction m s stirred at the sane
tenperature for 2 h. Wep the cgrresponding Gignard
conmpound was prepared, t u was cool ed down at

50C and a solution of 16.7 of Oxd%olidine (11) in 40

m of toluene was added in hour. The m xture was
stirred at 50C for 30 mn. dtheo;eactlon was war med

up until roomtenperature. Th ture was added to an
aqueous sol ution(llof 5% HCl and stirred for 30 min. The
organi c |l ayer was decanted, dried and concentrated

until dryness to obtain 19 g of the desired conpound

aghich boroprisesi tleactig 4 Ebinpoymd af, fo@@ulazqu'(tWh Grighard 2dr@pound of

(M@?—@p ""ﬁ%‘é)'{ Mi%ﬁ?ék 8%’8&9‘6 %f&% %%gﬁéﬁ%ﬂlkw or

%’yl(r&)lety, and optionally converting the compound of formula (1) free base obtained

into a pharmaceutically acceptable salt.
0]
L
N\\/O \

(1 (1)

R1

2. The process according to claim 1, wherein in formula (111) X is bromine.
3. The process according to claim 1 or claim 2, wherein formula (lll) is formula
(INA)

(INA) XMg\/\)i:\
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71 (8), 56 (9), 41 (14). Exanple 10: Synthesis of

4- ( 2- Hvdr oxyet hyl V3- H ( 2- et hyl hexyn ") nor phol i ne(1F)
weoéabdmarasy t he sane procedure described for (| BLTAB1006/004293

starting from25.5 g g of 1-Brono-2-ethyl hexane

brom de and 16.2 g of Oxazol i1%i ne (I11), 19.8 g

conpound (IF) were obtained as an dark orange oil. M

(El), (mMz, %9: 243 (MWM+., 1), 214 (M C2H5, 6), 212

(M CH20H, 11), 186 (M C4H9, 4), 156 (8), 130 (M C8H17,

100), 0 : : ' ;
4‘?( 2. }—ﬁger %éé%shaﬁ'?’g@(@ -Cﬂ%’-" S’%ﬁ%ﬁ‘:‘h?&%ﬁ%‘ﬁﬁ%ﬁ formula (1) that is
i preduaed is-tdrinalai (M. t he sanme procedure described for

(IE) and starting from5.8 g g of

1- Brono- 2- propyl pentang_and 4 g of Ox
3.3 g of conpound (I e obtai ne
oil. Ms (El), (mMz, [%: 212 (M CH20H,
8), 200 (M C3H7, 6),\7 0); 7, 100), 100
(50).CLAINMS 1. A pr oceﬁﬂ:r the production of a

olidine (1),
as™an dark yel | ow

compound of formula (I} whegpgjn Rl is an alkyl or

aryl noiety, o r a phar eutically acceptable salt, o

r a solvate ther@Y, including an hydrate, which

conprises reacting a conpound of fornula (I1l) with a
Gignard conpound of formula (111) wherein Xis a n

hal ogefhspioeessaatchrding tGlany Brecgdiag iclasm dwiRareinghe reagtiy Is carried

(ONN A i ' td . ' .
o8 IR LAMER Bt 1 L XSRIKP RIS 1) apmicrs o
phuhredlosrs witb 4CL-¢.Jealipbpticady] (€.-€5) arometic hyqrpearbomh@r combinations
thgpe%ﬁ;s according to claim1, wherein in forrmula (I11)

'S bromine. 3 . The process according to claim1 or
claim2 , wherein formula (I1l) is formula

6. The process according to any preceding claim, wherein the compound of
formula (Il) is obtained by a reduction reaction of a compound of formula (V).

(A
K/OH

(V)

7. The process according to claim 6, wherein the reduction reaction is carried out
with a reducing agent selected from sodium bis(2-methoxyethoxy)aluminum hydride,
sodium borohydride, lithium aluminiun hydride, and sodium bisethoxyaluminum hydride.

8. The process according to claim 7, wherein the reducing agent is sodium

bis(2-methoxyethoxy)aluminum hydride.

9. The process according to any of the claims 6-8, wherein the reduction reaction
is carried out in a solvent selected from a (C4-C;) aromatic hydrocarbon and an ether
(C4-Cia)-
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(NIA)4. The process according to claim 3, wherein the
conpound of formula (1) that is produced is fornula

wOR#Y7/05(dsA) 5. The process according to any precCediBigp6/004293

claim wherein the reaction is carried out in a
sol vent selected fromthe gr gup consi sting of: ethers
(CG4-C12) and m xtures of such ethers with (C5-C8)
al i phatic or (C6-C8) aromatic hydrocarbons, or
conbi nations thereof. 6. The process according to any
cedj |.ad ' h f .
Pl oy ot 14y BL R REHRS . b bR, fdgpoun of
fformula 8 V] is\dptained Bireagtioned diethano@minenf fommwh &V)with, a compound

‘r’}g%%lﬂat(gg \X/ﬁéjrgl‘r“\tj((?$ ghqfa?%%ﬂg%eg?cﬁ%ﬁéheel,%taﬁ@ F,han% R1is a

cl ng ent sel’ec
H(iC4 ¢4 )radit th cadjet, Hio $he) presericawfalpade de, sodi um
bor ohydri de, lithium alum niun hydride, and sodi um

bi set hoxyal um yn hydride. 8. The process according to
claim7, wher@in the reduci ng agent i(§ sodi um
bi s(2- met hoxyet hoxy) al um num hydri de.{{9. The process

according to of the clains 6x rein the
reduction reactfjon is carried out in a s¥fvent
sel ected froma Ot8) aromatic hydrocarbon and an

et her (C4-Cl12) .10. The process according to any of

the clains 6-9, Mierein the conpoundM)¥ fornula (IV)

i s obtained by reaction of diethanol am ne of fornula

(V) with a conmpound of formula (VI) wherein X is an

htil. ogethesprbezsseagconding taiclairir Oawierein the bastl isiselegted from sodium

(Kytiri&é) soRlukY nef BfeC Bbtasdilim B8 bBIRRE™MAA <Bhivth RiKutoxide.

12. The process according to any of the claims 10-11, wherein the compound of
formula (VI) is methyl chloroacetate.

13. The process of producing a compound of formula (11) according to any of the

claims 6-12, which is carried out in a single reaction vessel.
14. The process according to any of the claims 3-13, wherein the Grignard

compound of formula (ll1A) is previously prepared by reacting a compound of formula
(VIl) wherein X is an halogen selected from the group consisting of Cl, Br and I, with

e

(Vi)

magnesium.
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(V) (M) 11. The process according to claim 10,
wherein the base is selected from sodi um hydri de,

tert-butoxide. 12. The process according to any of the
claims 10-1 1, wherein the coppound of formula (VI) is
nmet hyl chl oroacetate. 13. The process of producing a
compound of formula (I1) according to any of the

cl@i nsA ormpoundheichrmgladlrri ed out in a single reaction
vessel . 14. The process according to any of the clains
3-13, wherein the Gignard ound of fornmula (I UA)
is previously prepared by [reacting a conpound of
formula (VI1) wherein X i al ogen selected from
the group consisting of O, d!l , with magnesi um
(VI1)15. A conpound of fornu H. (H 16. A conpound
of formula (I11A), wherein X is an hal ogen sel ected
fromd, Br, and I . (IllA) 17. The conpound accordi ng
to claim16, wherein Xl s bronine. 18. Use of a
conpound according to any of clains 15 to 17, in the
manuf act ure of del nopi nol .

16. A compound of formula (llIA), wherein X is an halogen selected from CI, Br, and

XMg\/\/C\

(A)

17. The compound according to claim 16, wherein X is bromine.

18. Use of a compound according to any of claims 15 to 17, in the manufacture of

delmopinol.

pot assiumtert-but oxi de and BOTIGBIV06/004293



