;qre3eU R(6T ; A-23 July 2002 1 5 10 15 Description Process for the
preparation of -

(-)cis-3-hydroxy-1-net hyl -4-(2, 4, 6tri met hoxyphenyl ) pi peri di nz3 July 2002
(-)cis-3-Hydroxy-1-nmethyl -4-(2,4,6-trinmethoxyphenyl)piperidine (I1) is a
central building block in the synthesis of flavopiridol (1) (HWR 1275 or
L86-8275), the first potent inhibitor of Tt he cyclin-dependent protein

ki nase (see, for exanple, Sedl acek, Hans Haral d; Czech, Joerg; Naik,
Ramachandra; Kaur, Gurneet; Wbrland, Peter; Losiew cz, Mchael; Parker,
Bernard; Carl son Bradl ey; Smth, Adal ine; et al. Flavopiridol (L86 8275;
NSC 649890) aDR&GintioRase i nhibitor for tunor therapy. Int. J. Oncol.
(1996), 9(6), 1143-1168 or Czech, Joerg; Hoffmann, Dieter; Naik,

Ramachandra; S K, Ant it al LV

bagogn e SPARASE f°|(_‘a 358?%%% satiol] | of) Tl & yf”%fth’j' & ‘{?go HO \
OCHI i Ob* trmﬂmwmhanvil)plmﬂdlroe) (1) 20 25 The process for the
preparation of (I1) previously described in EP-B 0 241 003 and EP-B 0 366

oxi dat i on. - sodl M BORGRGt At Padn e F By BT HP AT DGR 110 Madl e on
t he industri al centsdlebuilBingoblosknigl the syntiesise ofi dlavbpitddl d) {HYR f1i2Zanod vy
simpl er prepar eeewgy 9685 % PIRR it SRS (cGEMdEPeriehP BRordin Kidlel W~
/ Br , oH NN (\q, for examp edlacek ?-lans Harald; Czech \Poerg, Na|k

Ramachandra, Kaur, Gurmeet; Worland, Peter; Losiewicz, Michael; Parker,

Bernard; Carlson, Bradley; Smith, Adaline; et al. Flavopirido! (L.86 8275;

NSC 649890), a new kinase inhibitor for tumor therapy. Int. J. Oncol.

(1996), 9(6), 1143-1168 or Czech, Joerg; Hoffmann, Dieter; Naik,

15 Ramachandra; Sedlacek, Hans-Harald. Antitumoral activity of flavone L 86-
8275. Int. J. Oncol. (1995), 6(1), 31-36).

CH,

(If)

20
The process for the preparation of (ll) previously described in
EP-B 0241003 and EP-B 0366 061 is time-consuming and includes
reactions (hydroboration, Swern oxidation, sodium borohydride reduction)
which are difficult to handle on the industrial scale. Surprisingly, we have
25 now found a significantly simpler preparation process, which is illustrated in
Scheme 1.
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l i "HBr- i ~HBr I IIl IVVI VIl oi ~O~1 O OHNI VIII The process
for the.preparation of (-)cis-3-hydroxy-1-nethyl-4-(2,4, 65

trimet hoxyphenyl ) piperidine (11) o~ ~0 ~ 0" O4 NCH (Il) 10 xompf2ces a-~)

converting 1l-nethyl piperidin-4-one (I11) ONJ I Ill into the hydrobrom de

according to known processes, or 15 a2) converting 1-nmethyl pi peridin-4-one

(I11) directly into the hydrobrom de, pri®2r to the subsequent brom nation,

by introductio%(p]beﬁe thyI pi peridin-4-one into an HBr/glacial acetic acid

r

sol ution, and eacting 1-nethyl pi perl di n-4-one hydrobrom de in a
sui tabl e solvent) acetic acid, |no/the température ran from0C-30Cm th
brom ne to give 3(R S)-brono-1- 4- pi peridin dr obr om de
23 July 2002 3 ®@Br +, /N H Br~{ t hi s Sonteroedi ate (b o~
directly by addirty on of E(ltjgsrl eqLM val ent 1, 3 5-tp I‘ﬂhoxybenz on)
N . N
| a0 Mo !
n v vi vit Vil

The process for the preparation of (-)cis-3-hydroxy-1-methyl-4-(2,4,6-
5  trimethoxyphenyl)piperidine (II)

()

10  comprises
aq) converting 1-methylpiperidin-4-one (lll)

O

®

N
I

]
into the hydrobromide according to known processes, or
15
a2) converting 1-methylpiperidin-4-one  (lil) directly into the
hydrobromide, prior to the subsequent bromination, by introduction
of 1-methylpiperidin-4-one into an HBr/glacial acetic acid solution,
and
20
b) reacting 1-methylpiperidin-4-one hydrobromide in a suitable solvent,
, acetic acid, in the temperature range from 0°C-30°C with bromine
to give 3(R,S)-bromo-1-methyl-4-oxopiperidine hydrobromide (IV)



o0 Il ~o~0 Vtothe reaction solution at 0-30C to give

3(R'S) - hrono- 1- net hyl -410 : -

(2,4,6-trinmethoxyphenyl)-1, 2, 3,6-tetra”ydropyri di ne hydr obrom3drily Mo O i
~O\ O-Br +. /INHBr VI 15 and, if appropriate, additionally adding acetic
anhydride to renove any water of reaction forned d~) first isolating the
conmpound (VI) as a solid by stirring the 3eaction solution into a suitable
organic solvent, , nmethyl tert-butyl ether, 20 dichloromethane etc., and
subsequently reacting the resulting progyict with water and by stirring at
50- 100C, preferably at 23 July 2002 460-80C, to give

3(R, S)-hydroxy-1-nethyl -4-(2,4, 6trinmet nyl)-1,2,3,6-tetrahydropyridin
e (MIlI) O~-O\ O- HN VI or 5 d2) trleatijng the reaction m xture

cont ai ning the conpound (VI) directly .QF wat er and reacting by stirring
at 50-100C, preferably at 6080C to gixe |y . -

3(R, S)-hydroxy-1-nethyl-4-(2,4,6-trimet hoxﬁfhenyl )1, 2, 3,6-tetrahydropyridin
e (M1), and 10 d3) cooling the reaction m xtures obtained according to d~)
or d2), if appropriate diluting furtherpnpvth water and adjusting to pH > 12
at 0-30C by addition of aqueous al kali, preferably sodi um hydroxi de,

3(R, S) - hydroxy-1-nethyl -4-(2, 4, 6-trinmet hoxyphenyl)-1,2,3,6-tetra 15

hydr opyri di ne €V |) rgactog his anteraediatel (\@rdirastipbly additionesfi.841repuivaletd
product wi th suctiogs fnc-trimatRBkyBRAzenE(v)f or purification, taking it up
again in aqueous hydrochloric acid, fil %eri ng and optionally extracting
wth a water-inmm sci ble solvent, e.g. ethyl acetate, and then adjusting the
agueous phase to pH > 12 by addition of agieous 20 al kali, preferably

sodi um hydr oxi de,
3(R S)-hydroxy-1-nethyl -4(2,4,6-trimeth henyl )-1, 2, 3, 6-tetrahydropyridin
e (M) precipitating, extracting theg htated product, if appropriate
for further purification, with one or nokre suitable organic solvents, ,
acetone, isopropanol, diisopropyl ether or alternatively m xtures of these
25 solvents, and e~ ) catalytically hydrogenating the resulting product

(VIT) in a suitabl etshlereattioresdlutidieahensd C i §Ne MRB)LDrokiat B-medtiyl2-Xt ur es

oo e o TP QrOAENTIE P el (B

\
o/
Z Br
N+
7 H gy
\
15 and, if appropriate, additionally adding acetic anhydride to remove

any water of reaction formed

dq) first isolating the compound (VI) as a solid by stirring the reaction
solution into a suitable organic solvent, , methyl tert-butyl ether,

20 dichloromethane etc., and subsequently reacting the resulting
product with water and by stirring at 50°-100°C, preferably at



23 July 2002 5 O~O\ O~ OH N- VIII where the 3,4-traps al cohol, which
possibly results in small anmobunts 5 during the reduction, can be renoved by
crystallization fromsuitable solvents, , acetone, or e2) fara$ Ry 2002

hydr ogenati on, enploying easily accessible esters (IXa) or 10 car%onat es

(1 Xb) of the corrpound (M1) o_o_/ [/ ~owl o, ~ow~o0o~/ OIll R/ OII

OR ON OCH ~IXaIXb|nV\/n|chR|s4(C~Cog) al kyl,

(Cg-C~4)-aryl - (C~- 15 ( C~4) nat (1 Xa)
is further carboxy- aI k I unds F)yé%\ Q«Z%) rﬂ%th&%g%#;bl ned,
from whi ch the conp lmel anheﬁyli-érﬂ B&- ﬂBIFBBY pRyridine RABwn procedures 20 f~)

eohol (11) fromthe conpound
ing suitable chiral auxiliary
id, or 23 July 2002 6 f2)
nds (Xa) or (Xb) oo o_i ~o ~ |
a Xb 5 where Ris
Qr (C6-Cl4)aryl and in the
H

obtaining the enantionerically pure cis 3§
(VII'l1) by a known process by resolution
reagents such as, for exanple, ketopini
carrying out the resolution using the c
o~ ~0 ~ |l o~ Ol | RO=O-RON] OC 4
(C1-C16)-al kyl, (C6-Cl4)-aryl-(Cl-C16)-alkyl
formula (Xa) is further carboxy-(C2-C6) -z

N
I
vii
or
5
d2) treating the reaction mixture containing the compound (VI) directly
with water and reacting by stirring at 50°-100°C, preferably at 60°-
80°C, to give 3(R,S)-hydroxy-1-methyl-4-(2,4,6-trimethoxyphenyl)-
1,2,3,6-tetrahydropyridine (Vil), and
10

d3) cooling the reaction mixtures obtained according to d4) or dp), if
appropriate diluting further with water and adjusting to pH > 12 at
0°-30°C by addition of aqueous alkali, preferably sodium hydroxide,
3(R,S)-hydroxy-1-methyl-4-(2,4,6-trimethoxyphenyl)-1,2,3,6-tetra-
15 hydropyridine (VIl) precipitating, filtering off the resulting crude
product with suction and if appropriate, for purification, taking it up
again in aqueous hydrochloric acid, filtering and optionally extracting
with a water-immiscible solvent, e.g. ethyl acetate, and then
adjusting the aqueous phase to pH > 12 by addition of aqueous
20 alkali, preferably sodium hydroxide, 3(R,S)-hydroxy-1-methyl-4-
(2,4,6-trimethoxyphenyl)-1,2,3,6-tetrahydropyridine (VIl) precipitating,
extracting the precipitated product, if appropriate for further
purification, with one or more suitable organic solvents, , acetone,
isopropanol, diisopropyl ether or alternatively mixtures of these

25 solvents, and

e1) catalytically hydrogenating the resulting product (VIl) in a suitable
solvent, e.g. methanol, isopropanol, water or mixtures of these
solvents using a suitable catalyst, e.g. palladium/carbon,

30 rhodium/carbon etc., to give the racemic 3,4-cis alcohol (VIII)



and then converting these into the conpound (I11) by known processes, 10 it
.al so being possible to exchange the sequence of the reaction steps e) and

f), i.e. also to carry out the resolution as early as at the st 2602 t he
allyl alcohol (VII) or of the conpounds (IXa) and (1 Xb) obtained therefrom
15 In analogy to a process described in the literature (Trost et al., JACS

1994, 116, 10320), the esters (IXa) or cabbonates (I Xb) are suitable for
the deraceni zation to give the enantionerically pure esters. After
hydrogenati on and ester cleavage, (-)cis-3-hydroxy-1-nmethyl-4-(2,4,6 20
trimet hoxyphenyl )piperidine (11) is then 'gbtained.

3(R S)-Bronp-1-nethyl-4.-(2,4,6-trinmetho henyl )-1, 2, 3, 6-tetrahydropyridin
e hydrobrom de (VI) and

3(R S)-hydroxy-1-nmethyl -4-(2,4,6triget
e (VIl) are valuable 25 i nt er medi at e n
(-)cis-3-hydroxy-1-nethyl-4-(2, 4, 6trinet
Exanpl es: 30 Exanple 1: Preparation of
3(R S)-brono-1-nethyl -4-(2, 4, 6-tri net hokyphenyl ) -1, 2, 3, 6t et rahydropyri di ne
hydr obrom de (VI) 23 July 2002 7 75.7 Ml (0.44 nDI) of 33% strength HBr
in glacial acetic acid were added to 200 W of glacial acetic acid, and 50
g (0.44 nol) of 1-methyl piperidin-4-one (I11) were then rapidly added
dropwi se at 20-25C with ice-cooling. 70.4 g 5 (0.44 nol) of brom ne were
added dropwi se at 20-25C in the course fj30 mn to the suspension of the
hydr obr om de obtained in this way, a clear, yellow sh solution being
obtained. This was stirred at 25C for a further 15 mn and 67.2 g (0.40
mol ) of 1,3, 5-tri mewhers thend.éritans\gicatil evhinke posslbiiy desdtst ihesmalizarhoants
solution. | was thaprigg tHe %u@ﬁor?%@nfﬂérrehd?/ed'Nyt&&stélhtﬁlon%rﬁgglt%eOf .
methyl tert-butyl ether were |l owed to run in, "the product being deposited
inoily form The sGp¥PR&t aRtEIRE Mecanted off, the residue was stirred
again with 300 mM of nethyl tert-butyl ether and t he supernatant was
decanted off. The residue was then stirred with 150 m of dichloronethane,

t he product crys aI i ziNng O The 3 brom- 1- 4- 6, 15

trinet hoxyphenﬁ2§ ,tb?%lxdg?QWB?o%W%f%eﬂ?Hr %‘Hieé#lfee?t%fs) Aigﬁ? & ned was
filtered oftdb with suarﬁaioaatesmeﬂjeﬁthﬂ tdmpéurd (Vi) di chl or onet hane and dri ed
in vacuo. Yield: 147 g of alnost colorless crystals. Mp.: 190-192C 20

MS( ES+) : 342. 2( MtH) + Exanpl e 2: Preparation of

3(R, S)- hydroxy-1-met hyl -4- (2, 4; 6-tri met hoxyphenyloy=1, 2, 3, 6t et rahydr opyridin
e (M1) 25 50 g (0.118 nol of
3(R S)-brono-1-nethyl-4-(2, 4
hydr obromi de (V) were heat®d

enyl)-1,2,3,6-tetrahydropyridin
he @repar ation of

xypsgnyl ) pi peridine (I1).

| pet hoxyphenyl \1,! 3, 6-tetrahydropyridi ne
r reflux fop |On 100 M of water. The

reaction mxture was then cog ?q]/EOC and P o\n/o\R
N N ©
CH, CH,

in which R is (Cq1-C4g)-alkyl, (Cg-C14)-aryl-(C1-Cqg)-alkyl or
16 (Ce-C14)-aryl and in the formula (IXa) is further carboxy-(C2-Cg)-
alkyl;

compounds (Xa) and (Xb) being obtained, from which the compound
(V) can be liberated by known procedures,
20
f1)  obtaining the enantiomerically pure cis alcohol (ll) from the
compound (VIII) by a known process by resolution using suitable
chiral auxiliary reagents such as, for example, ketopinic acid, or



adjusted to pH 12.5 by dropwi se addition of 30 m of 30% strength sodi um 30
hydroxi de solution. After a short tine, a pale brown precipitate
crystallized out. The mixture was stirred at 5-10C for a furtheyodyy and
the precipitated product was filtered off with suction and washed wth 30
m of water. The crude product was then stirred with 20 nml of acetone,
filtered off with suction and dried in vaguo. 35 Yield: 25.2 g of colorless
crystals Mp.: 125-127C M5(Cl +): 280. 3( MtH) + 23 July 2002 8 Exanple 3:
Preparation of _ ) .

3(R, S) - hydr oxyfa- meCAYYiIng.qubthe reselution LHipL JimhepRIPPUNdSXa) 6f XB)ahydr opyri di n
e (MI) 575.7 m (0.44 nmol) o$—33% strength HBr -~ gl acial acetic acid
were added to 100 m of gl aci acetic acid and 30 g (0.44 nol) of

1- met hyl pi peridin-4-one (I11) re then vigorou added dropwi se at 20-25C

with ice-cooling. 70.4 g (® b)Y of broning Gdded dropwi se at

20- 25C under nitrogen in the urse @f 30 mnto the0 suspensi on of the
hydr obr om de 10 obtai ned in tfhi , a clear, ye V\]n’S r'rsol ution being
obtained. This was stirred at~@5C for a further mo and 67.2 g (0.40

nmol) of 1,3,5trinet hoxybenzened{}\/) were then added to the reaction
solution. It was then stirred at 25C for 1 h. Af{Er this, 400 m of water
were allowed to run in and t 3 m xture was heated to reflux for 3 h. The
reaction mixture was 15 allowed to stand at roofPtenperature overnight,
diluted with 400 mM of water and then cooled to 10C, and a total of 320 ni

‘ | i hvdr oxi da ( : (
" the courge of 4 MABHER BUdiq ATaKA ICRCEOIBRCR Blo! 8 TRe ERRFI0. 7) ©
In the course of thR&lanaimihefprragladha) isfwther carbaxy-(Eres)mindt ed in

slightly oily form but then on 20 | onger stirring becane solid and coul d

readily be filtered off with suction, The dark yell ow precjpitate was
filtered off with s@@dit®n SARYRING: RSSaits Bt CamPRHRGefi)” byhkiewade

product was then stprocedses,th 80 m of acetone, filtered off with suction
and dried 3@ vacuo. Yield: 55 g of pale yellow crystals 25 M p.:125-127C
M5(C | +): 0.3(M+rH) + ~ H- NVMR(dnso-dg): 8 (ppn%s. 15(s, 2H); 5.65(dd, 1 H)
4.20(m 1 H): 3.80(k,alsgqbeing pggsiblectq) exchange hg seqyence dolhg, reactipn

%’ 84(dd, 1 H)];c 2. T1steds e) ahly;f), 2e5@kcddo carribout theZrdsiutidirhs FArifpaarallthe 4:
reparation o

3(R, S) - hydr oxy- 1- ne?‘ﬁ??%”(‘% ,allY'()‘?'??*}"r'réYWo%B tgr?yﬁm&?%%,@t(ae)t ?%%(/Iélb é)pyri din
e (M) 35 75.7 m ¢lfainediperefrgm. 330 strength HBr in glacial acetic acid
were added1$o0 100 ml of glacial acetic acid and 50 g (0.44 nol) of

1- net hyl pi i di n-4- | i.dl d d i 0- 25C
wi th i e cool i b andpa a plocest Helolead g \AEMIHyAE ARGy F ThAGSMod -
20- 25C under nﬂ?@od@ﬁz@)m the costergr &apor rppnates (PHY 3igs puitaliiefopfthe he

hyflrf_br om'bd_e oaéw'tcepmzdtmntT E@os givé3 thel Yeﬁém%n%rl&@]ljy @ggé eadstery el h@t\é’tzsh
Sol uti on el n 0] LN . | St,Lrre a 0 m n
20 50 oo s Cof PnbBefidin e, 488 SHebVEHE, SdR a1 NP8 D o1

sol ution. 29t etrim&hakypheayhpipetidine 4 .igthen(abtaingdl ) of acetic anhydride were
added with cooling and the m xture was stirred at 5 25C for 1 h. After

80C for 9.5 h. e Eeaber emettdrd G ReR TboY b 2 S BB ad; ust ed
to pH 5.5 by dpyjdinge byftfobiooridef @QOD randof 3HB)-hydroxy-1-methyl-4-(2,4,6-
trimethoxyphenyl)-1,2,3,6-tetrahydropyridine (Vi) are valuable
25 intermediates in the preparation of (-)cis-3-hydroxy-1-methyl-4-(2,4,6-
trimethoxyphenyl)piperidine (iI).

Examples:
30 Example 1:

Preparation of 3(R,S)-bromo-1-methyl-4-(2,4,6-trimethoxyphenyl)-1,2,3,6-
tetrahydropyridine hydrobromide (V1)



sodi um hydroxi de solution in the course of 30 mn. In the course of this,
‘unreacted 1, 3,5-trinethoxybenzene precipitated. The suspension was 10
filtered and the filtrate was adjusted to pH 14 at 5-10C usi g Jalyfaoopher
200 m of conc. sodium hydroxide solution. In the course of this, the allyl
al cohol (VIl) initially precipitated in slightly oily form but on | onger
stirring becane solid and could then be repadily filtered off with suction.
The batch stood overnight at roomtenperature. The pale yellow precipitate
was then 15 filtered off with suction, washed with 300 ml of water to
neutral pH and 767 ed (wd# ImolDpli3R % strength 18Br in gjacitl acetie agid were addesttal s. The

crude product vy hhéryisdiard@ec Weidd add80y (0%44 %ﬁtdm%efﬂyﬁiﬁérf?ﬂ\-gfdcne‘m th
suction and dri I n vacuo. .Yjeld: Qf of 8%@ éﬁél 0{{5{i .crystf;\ s 20
M p. : 125- 127C N ¢yars:t 9%6?@E’M?~€dﬁd Qﬁms@ L 22 a Mt iGRoP!ing ik 8
g(é gl) sha:jcéhol(o.@\dlr’?d)l) at bréminegwele? abdedralrgpwite at 20-25°C in the course of g
, S) - r OXY-oh- = 4r . B - = ridin
o (W) wer o s DuB Bthe Sugdertidh bt hEHIRBK AR Adined 1 s RRVGAMEREPY;
catal yst (5% Pyetowishesalding beingsortaingd hhisewp§ slifgdatded Gefrit @ durthera
Bi i chi autocl avies fhipr aA8 67.2g GMD ant) of h\3l5-birethdRybureerer®) afereOthear . The
t al yst t fi fiil [
ot ar i“"é‘a : ?@?ﬁééﬁqﬁfgj ga:éf‘%s'* wpt ?*ﬁ?d%;%f{f??éﬁ?gq&'c d%ﬁéﬁ Worhe
product obtl&in off e -ofty! elner wereallowe 40 inyitieg groqucy bgingf
) L5 VSt M TG Sl s 18 ey 200
T e
, 2, 3, 6-t et r ahyldcaptediafi. i and -
hydr ogenat ed | 1 BT En¥elinsPouc TEDY 2SS -b“*ﬁ‘z@-qqn@‘higﬂ%%%eié‘ﬂr e
B N Ry £ A T NN N S b
i n vacuo on a masafilfered ayfbowith osuction, whehed siitiug0 wd of dichlomdnetbarve ®hd20 i

of acetone. Th%lri@&‘?ﬁ'U &Jdgbt ained was filtered off and dried in vacuo.

Yield: 9.2 g of .colorless crystal]s Mp.: 131-132C M5(Cl +): 282. 3(MH) + 15
Exanpl e 7: Yield: 147 g of almost colorless crystals.

M.p.: 190-192°C
+
20 MS(ES"): 342.2(M+H)

Example 2:
Preparation of 3(R,S)-hydroxy-1-methyl-4-(2,4,6-trimethoxyphenyl)-1,2,3,6-
tetrahydropyridine (VIl)
25
50 g (0.118 mol of 3(R,S)-bromo-1-methyl-4-(2,4,6-trimethoxyphenyl)-
1,2,3,6-tetrahydropyridine hydrobromide (VI) were heated under reflux for
2 h in 100 ml of water. The reaction mixture was then cooled to 20°C and
adjusted to pH 12.5 by dropwise addition of 30 ml of 30% strength sodium
30 hydroxide solution. After a short time, a pale brown precipitate crystallized
out. The mixture was stirred at 5-10°C for a further 1 h, and the precipitated
product was filtered off with suction and washed with 30 ml of water. The
crude product was then stirred with 20 ml of acetone, filtered off with
suction and dried in vacuo.
35 Yield: 25.2 g of colorless crystals
M.p.: 125-127°C
MS(CI™): 280.3(M+H)"



Preparation of

.3(R S)-acetoxy-1-nmethyl-4-(2, 4, 6-trimethoxyphenyl)-1, 2, 3, 6tetrahydropyridin
e (I Xa) [R= nethyl] 20 2.79 g (10 nmol) of 23 July 2002

3(R, S)-hydroxy-1-nethyl -4-(2, 4, 6-tri nmet hoxyphenyl)1, 2, 3, 6-tetrahydropyridin
e (M1) were dissolved in 15 mM of acetic anhydride and stirred at 100C for
4 h. The solution was then evaporated in gacuo in a rotary evaporator and

t he resi due wa dIS ol,ved in 10 m of water, adjusted to pH > 12 with

sodi um hydr oxi l3r on and extracted twice 25 with 20 ml of ethyl

acet ate each tll?repafﬁuenmrﬁﬂRl&)dwydrcg@m-mqﬂmge(Q 4\B+temetoivgshamyl) 23,64 of
sat urated sodi qg?r&@o%bﬂﬁim%o\}ff" on, then dried over sodiumsulfate and
evaporated in vacuo on r ot ry evaporator. Yield: 2.55 g of an oil

MS(ES+) : 322. 2( M+H) + 30 Exarrpl e 8: Preparation of

3(5 g) et hgl OXABCRF QDK onol)y AF 3656 yrength(HBYintylAdialnasetio ayiaheere! addeddo3, 6- t et
E?Rysg O%(rjlro;(gelfb %?%fﬁl%al%gxéé%é?ﬁé%g 4(43'%WH) %Bglp pend!’%y&PSpyrl din

e (M) were di(BRovewedthen movouﬂy afdd ?‘étqrah\yﬁﬁoﬂhﬂﬂr?%ﬁdwlthe@@@@obﬁlgh 12. 4
m I(;90 ][nrml % hof70t4%;e(du#/4 Aionef bIMINE wevs eadeRe arsPwWAsk t 5@25%551%@{5(33
nmo 0 ne ar g ur s 0 mn
and the m xt u)r/é’tv%%e s ﬁeng&gfg\%f%% foﬂ'n g%%%%egﬁﬁﬁ dn EFQ'WQ? 3 h.
Si nce TLC dReclobtajned iin thismayed clearr yekryvishmiselutian being abtained. This whs(12. 9

mmol ) - of - et hylstibl OB0faer gt %f&th@ﬁd&ﬂnﬁﬂ%ﬁd’%m ¥t 060 Hﬁﬂ)eﬁ"r 1ol again

for 1 h. 50 mM  ,of wat

with 50 M of &R§ 1“058%?%@86 &]H’V‘%fﬁ eéJ%F%EF"@“B? ggglth@"pﬁtag’% wer e

washed with 30 tlmden siﬁrr@cham&"&bﬁbrgddlAftarcthlbow@mlofs\caltertwem albled tdrrued over
di | f at 8.7

sodium sulta e:@BHdQH@mmfé’%brhe \% RafuR beBEH %Egg'ﬁ H@g gzk/g H g9

of an oil which becones so on allo to sta,n + 10

Exanpl e 9: 1PreflPWed dp $pnd &Rl l‘ﬁ”ép"e@ # Quesyigh Hﬁtht]‘ 460
t ol uenesul f oni evaaen eénd ahén cooRHROS) 0T, chK - ﬂotalebhfaizeﬁnl(tﬁ éorﬁ:lfsodlum

i h h
Gl saol ved | 10yticice SoiliathbR AP Hioplict ol M% leprpiraflic Il S6Urge,
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cis ester $xa) M.R:32pERhyE] vvere heated under reflux for 8 h in 20 m of
met hanol and hydrochl ori c acid. The nethanol was then
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2.57(dd, 1H); 2.24(s, 3H)
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Example 4:
Preparation of 3(R,S)-hydroxy-1-methyl-4-(2,4 6-trimethoxyphenyl)-1,2,3,6-
tetrahydropyridine (VII)

35 75.7 mil (0.44 mol) of 33% strength HBr in glacial acetic acid were added to
100 m! of glacial acetic acid and 50 g (0.44 mol) of 1-methylpiperidin-4-one
(1I1) were then rapidly added dropwise at 20-25°C with ice cooling. 70.4 g
(0.44 mol) of bromine were added dropwise at 20-25°C under nitrogen in
the course of 30 min to the suspension of the hydrobromide obtained in this



35 solution. In the course of this the product precipitated. The product
obtained was filtered off, washed with water and dried in vacuo. Yield: 1.1
g of colorless crystals Mp.: 131-132C M5(Cl +): 282. 4( MtH) + 233glyleby 2002
WD 991 37615 - 12 - PCIT/ EP98/ 08327 Patent clainms: 1. A process for t he
preparation of

(-)cis-3-hydroxy-1-nethyl -4-(2, 4, 6tri met hgxyphenyl ) pi peridine (11) o~ ~0o ~
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to 5-10°C and adjusted to pH 5.5 by dropwise addition of 200 ml of conc.
sodium hydroxide solution in the course of 30 min. In the course of this,
unreacted 1,3,5-trimethoxybenzene precipitated. The suspension was

10 filtered and the filtrate was adjusted to pH 14 at 5-10°C using a further
200 mi of conc. sodium hydroxide solution. In the course of this, the allyl
alcohol (VII) initially precipitated in slightly oily form, but on longer stirring
became solid and could then be readily filtered off with suction. The batch
stood overnight at room temperature. The pale yellow precipitate was then

15 filtered off with suction, washed with 300 ml of water to neutral pH and
dried well. Crude yield: 87.2 g of pale yellow crystals. The crude product
was then stirred with 100 ml of acetone, filtered off with suction and dried in
vacuo.

Yield: 73 g of pale yellow crystals

20 M.p.: 125-127°C

MS(CI™): 280.3(M+H)"

Example &:
Preparation of racemic 3,4-cis alcohoi (VIif)
25
3.5 g (12.5 mmol) of 3(R,S)-hydroxy-1-methyi-4-(2,4,6-trimethoxyphenyl)-
1,2,3,6-tetrahydropyridine (VIl) were dissolved in 100 ml of methanol and
treated with 0.35 g of catalyst (6% Pd/C, previously washed with MeOH)
and hydrogenated in a Buchi autoclave for 16 h at 50°C and a hydrogen
30 pressure of 50 bar. The catalyst was then filtered off, the filtrate was
evaporated in vacuo on a rotary evaporator and the residue was stirred
with 4 ml of acetone. The product obtained was filiered off and dried in
vacuo.
Yield: 2.7 g of colorless crystals
35 M.p.: 131-132°C
MS(CI"): 282.3(M+H)"



c) reacting this internediate (1V) directly by addition of 0.8-1 equival ent
of 1,3,5-trinethoxybenzene (V) o' | ~0 ~ 0" Vto the reaction solution at
0-30C to give 23 July 2002

3(R ' S)-brono-1-nethyl -4(2, 4, 6-tri met hoxyphenyl )-1, 2, 3, 6-tet rahydr opyri di ne
hydrobrom de (VI) O~i ~O\ O- Br +, NH Br Vi and if appropriate,

addi tional |y adding acetic anhydride to ngnmove any water of reaction formed
d~) first isolating the compound (VI) as a solid by stirring the reaction
sol ution into &X&MR86i e organic sol vent, and subsequently reacting the
resul ting produgkpaation vhtaendnd, 4szstdohbi(WI)at 50-100C to give

3(R, S)-hydroxy-1-nethy |-4-(2,4,6-trinethoxyphenyl)-1, 2,3, 6tetrahydropyridi
ne (V1) 23 July 2002 14 O~ ~O\ O- OH N~ VIl or d2) treating the
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racem c 3, 4 Ci
tetrahydropyridine (1Xa) [R= methyl]

yridin

20 2.79 g (10 mmol) of 3(R,S)-hydroxy-1-methyl-4-(2,4,6-trimethoxyphenyl)-
1,2,3,6-tetrahydropyridine (VIl) were dissolved in 15 ml of acetic anhydride
and stirred at 100°C for 4 h. The solution was then evaporated in vacuo in
a rotary evaporator and the residue was dissolved in 10 ml of water,
adjusted to pH > 12 with sodium hydroxide solution and extracted twice

25 with 20 ml of ethyl acetate each time. The combined organic phases were
washed with 10 m| of saturated sodium chloride solution, then dried over
sodium sulfate and evaporated in vacuo on a rotary evaporator.

Yield: 2.55 g of an ol
MS(ES™): 322.2(M+H)"

30
Example 8:

Preparation of 3(R,S)-methyloxycarbonyloxy-1-methyl-4-(2 4, 6-trimethoxy-
phenyl)-1,2,3,6-tetrahydropyridine (IXb) [R= methyl]

35 8.37 g (30 mmol) of 3(R,S)-hydroxy-1-methyl-4-(2,4,6-trimethoxyphenyl)-
1,2,3,6-tetrahydropyridine (VII) were dissolved in 83.7 ml of tetrahydrofuran
and treated with 12.4 ml (90 mmol) of triethylamine. The mixture was
cooled to 5°C, 2.55 ml (33 mmol) of methyl chlioroformate were added
dropwise in the course of 15 min and the mixture was stirred at 5-10°C for



1 23 July 2002 15 O~O\ O- OH N~ VIII where the 3,4-trans al cohol, which
possibly results in small anounts during the reduction, can be renoved by
crystallization fromsuitable solvents, or e2) for the hydroggmmly 20v2
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cis al cohol ("voasfétﬁredtan.ﬁqaaownéowldflwatéyweré<mwrbdaee $ieYm @ﬁ@l ution

cartying out { MEY SRR oHoRTSE Y & Siimeatt 2ah die i%e gamginst; — |
0~ ~0 ~ | 05 Oorg&ni©O1bRsed werk wakhedCittCt3I0 b oKisaturated sodium chloride
- solution, then dried over sodium sulfate and evaporated in vacuo on a

rotary evaporator.

Yield: 8.7 g of an oil which becomes solid on allowing to stand

MS(ES"): 338.2(M+H)"
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Example 9:
Preparation of racemic cis ester (Xa) [R= methyl]

15.33 g of toluenesulfonic acid salt of 3(R,S)-acetoxy-1-methyl-4-(2,4,6-
15  trimethoxyphenyl)-1,2,3,6-tetrahydropyridine  (IXa) [R= methyl]] were
dissolved in 1563 mi of methanol, filtered through active carbon and the
filtrate was treated with 1.53 g of catalyst (5% Rh/C) and hydrogenated in a
Bichi autoclave for 24 h at 50°C and a hydrogen pressure of 18 bar. The
catalyst was then filtered off and the filtrate was evaporated in vacuo on a
20 rotary evaporator. The residue was dissolved in 50 ml of water and
adjusted to a pH of > 12 using conc. sodium hydroxide solution. After a
short time, the base precipitated. The product obtained was filtered off,
washed with water and dried in vacuo.
Yield: 8.5 g of coloriess crystals
25 M.p.:115-117°C
MS(CI™): 324.2(M+H)"

Example 10:
Preparation of racemic 3,4-cis alcohol (VIII) from (Xa) [R= methyl]
30
1.61 g (5 mmol) of racemic cis ester (Xa) [R = methyl] were heated under
reflux for 8 h in 20 mi of methanol and with 5 ml of conc. hydrochloric acid.
The methanol was then removed in vacuo, the residue was treated with
10 ml of water and a pH of > 12 was set using conc. sodium hydroxide
35 solution. In the course of this the product precipitated. The product
obtained was filtered off, washed with water and dried in vacuo.
Yield: 1.1 g of colorless crystals
M.p.: 131-132°C
MS(CI™): 282.4(M+H)"



where R is (Cl-Cig)-al kyl, (Cg-Cl4)-aryl-(Cl-Clg)-alkyl or (Cg-Cl4)aryl and
in the fornmula (Xa) is further carboxy-(C2-Cg)-al kyl, and then converting
these into the conpound (I1) by known processes, it also bei 3 pesZaR! e to
exchange the sequence of the reaction steps e) and f), i.e. alsoto carry
out the resolution as early as at the stage of the allyl alcohol (VIIl) or

of the conpoundy do@ysemnd (1 Xb) obtainedizherefrom 2. pcT/EP98/08327
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into the hydrobromide according to known processes, or

ap) converting 1-methylpiperidin-4-one  (lll) directly into the
hydrobromide, prior to the subsequent bromination, by introduction
of 1-methylpiperidin-4-one into an HBr glacial acetic acid solution,
and

b) reacting 1-methylpiperidin-4-one hydrobromide in a suitable solvent
in the temperature range from 0°C-30°C with bromine to give
3(R,S)-bromo-1-methyl-4-oxopiperidine hydrobromide (IV)
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c) reacting this intermediate (1V) directly by addition of 0.8-1 equivalent
of 1,3,5-trimethoxybenzene (V) '

to the reaction solution at 0°-30°C to give 3(R,S)-bromo-1-methyi-4-
(2,4,6-trimethoxyphenyl)-1,2,3,6-tetrahydropyridine hydrobromide
(V1)

and, if appropriate, additionally adding acetic anhydride to remove
any water of reaction formed

dq) first isolating the compound (VI) as a solid by stirring the reaction
solution into a suitable organic solvent, and subsequently reacting
the resulting product with water and by stirring at 50°-100°C to give
3(R,S)-hydroxy-1-methyl-4-(2,4,6-trimethoxyphenyl)-1,2,3,6-
tetrahydropyridine (VII)
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or

d2) treating the reaction mixture containing the compound (VI) directly
with water and reacting by stirring at 50°-100°C to give 3(R,S)-
hydroxy-1-methyl-4-(2,4,6-trimethoxyphenyl)-1,2,3,6-
tetrahydropyridine (VIl), and

d3) cooling the reaction mixtures obtained according to d1) or dp), if
appropriate diluting further with water and adjusting to pH > 12 at
0°-30°C by addition of aqueous alkali, 3(R,S)-hydroxy-1-methyl-4-
(2,4,6-trimethoxyphenyl)-1,2,3,6-tetrahydropyridine (Vi)
precipitating, filtering off the resulting crude product with suction and
if appropriate, for purification, taking it up again in aqueous
hydrochloric acid, filtering and optionally extracting with a water-
immiscible solvent, and then adjusting the aqueous phase to pH >
12 by addition of aqueous alkali, 3(R,S)-hydroxy-1-methyl-4-(2,4,6-
trimethoxyphenyl)-1,2,3,6-tetrahydropyridine  (VIl)  precipitating,
extracting the precipitated product, if appropriate for further
purification, by stirring with one or more suitable organic solvents or
alternatively mixtures of these solvents, and

e1) catalytically hydrogenating the resulting product (Vil) in a suitable
solvent or mixtures of these solvents using a suitable catalyst to give
the racemic 3,4-cis alcohol (Vill)
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where the 3,4-trans alcohol, which possibly results in small amounts
during the reduction, can be removed by crystallization from suitable
solvents, or

ep) for the hydrogenation, employing easily accessible esters (IXa) or
carbonates (IXb) of the compound (VII)

O/ o/

~o o~ ~6 o~
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in which R is (C1-Cqg)-alkyl, (Cg-C14)-aryl-(C1-Cqg)-alkyl or
(Ce-C14)-aryl and in the formula (1Xa) is further carboxy-(C2-Cg)-
alkyl,

compounds (Xa) and (Xb) being obtained, from which the compound
(VI can be liberated by known procedures,

1) obtaining the enantiomerically pure cis alcohol (ll) from the
compound (VIIl) by a known process by resolution using suitable
chiral auxiliary reagents, or
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Xa Xb

where R is (C4-C1g)-alkyl, (Cs-C14)-aryl-(C1-C1g)-alkyl or (Cg-C14)-
aryl and in the formula (Xa) is further carboxy-(C2-Cg)-alkyl,

and then converting these into the compound () by known
processes,

it also being possible to exchange the sequence of the reaction
steps e) and f), i.e. also to carry out the resolution as early as at the
stage of the allyl alcohol (VII) or of the compounds (IXa) and (IXb)
obtained therefrom.

2. 3(R,S)-Bromo-1-methyl-4-(2,4,6-trimethoxyphenyi)-1,2,3,6-
tetrahydropyridine hydrobromide (VI).

3. 3(R,S)-Hydroxy-1-methyl-4-(2,4,6-trimethoxyphenyl)-1,2,3,6-
tetrahydropyridine (Vil).

4. The use of (-)cis-3-hydroxy-1-methyl-4-(2,4,6-trimethoxyphenyl)-
piperidine (ll) for the preparation of flavopiridol (1).



