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METHOD FOR SYNTHESIS OF (18, 2R)-MILNACIPRAN
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NHEt) 48 R J& > A% A% 45 — B A% -B5

() A BhERz-FF R G Aiss A t8 RIE > MR USEAF — RACEE B »

(d) A3 Afnhng s —ikes 2 e B A R > 1 oA AT —Bkas 22 R 7 A 4

(e) KARZANEG D Rz fT A el aE e K W > A F(S2R)-EAE R 5 A

() E—B2LTHIHBRZIGFLET  H—EGBYOER A% T BILAS2R)-KAL & -

The present invention relates to a method for synthesizing a pharmaceutically acceptable acid addition
salt of (1S,2R)-milnacipran comprising the following successive steps: (a) reaction of phenylacetonitrile
and of (R)-epichlorhydrin in the presence of a base containing an alkaline metal, followed by a basic

treatment, and then by an acid treatment in order to obtain a lactone; (b) reaction of said lactone with

MNE?t, , wherein M represents an alkaline metal, or with NHEY, in the presence of a Lewis acid-amine
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complex, in order to obtain an amide-alcohol; (c) reaction of said amide-alcohol with thionyl chloride in

order to obtain a chlorinated amide; (d) reaction of said chlorinated amide with a phthalimide salt in order
to obtain a phthalimide derivative; (e) hydrolysis of the phthalimide group of said phthalimide derivative in
order to obtain (1S, 2R)-milnacipran; and (f) salification of (1S,2R)-milnacipran in a suitable solvent system

in the presence of a pharmaceutically acceptable acid.
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METHOD FOR SYNTHESIS OF (1S, 2R)-MILNACIPRAN

= PXEABE
" ABRAAMN—FARSARAS, 2R)-EBEAFZ —BEL LT
Fk HOSATIHRATHE:

QA—S2HF BB RBRIBLAT A HRALHEURR)-AABHBRE  #m
U—R R THEMA—BRIE 1R IUEE— NES

W) L—BHLE-BRELSYWHFTAET  2HANEBEAMNEL (APMR A 642 E)
KEMNHEL48 R FE » 1R A FE 15 — 8GRk -8%

(O 4 HEBKE-BADHBAERE 15 URF— RICERE
() AZAMBER KRBT EBARE ARG —RBERTEY

& B v A BB 64

Mo

g (&) KRB EBMTAYOKRBERAR > #URFAS, 2R)-KALH > UK
) £—B2ETRIXABIBLET  N—SBABER % T BRILUS, 2R)-K

ZCRXFARER

The present invention relates to a method for synthesizing a pharmaceutically acceptable
acid addition salt of (1S,2R)-milnacipran comprising the following successive steps:

(a) reaction of phenylacetonitrile and of (R)-epichlorhydrin in the presence of a base
containing an alkaline metal, followed by a basic treatment, and then by an acid
treatment in order to obtain a lactone;

(b) reaction of said lactone with MNEt,, wherein M represents an alkaline metal, or with
NHEt, in the presence of a Lewis acid-amine complex, in order to obtain an
amide-alcohol;

(c) reaction of said amide-alcohol with thionyl chloride in order to obtain a chlorinated
amide;

(d) reaction of said chlorinated amide with a phthalimide salt in order to obtain a
phthalimide derivative;

(e) hydrolysis of the phthalimide group of said phthalimide derivative in order to obtain
(1S, 2R)-milnacipran; and

(f) salification of (1S,2R)-milnacipran in a suitable solvent system in the presence of a
pharmaceutically acceptable acid.
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N~ BN
K 2% 88 £ /8 = 3% i 47 33 1
35 B8 45 3%,

A EH K MY — B LR H A R (asymmetric
synthesis)(1S, 2R)- #F % 4 [(1S, 2R)-milnacipran]éy # /% »
U R —F#EE Z (1S, 2R)% 1% & # 4 # K (enantiomeric
form) &y & 1t ¥ Fa 4 (chlorinated intermediate) o

[ S 77 3 405 3
EATF

KABE R —HipH 2 FF-EF LR FZAHA
(recapture) IR EE & CEETEEMN R LRAMHEE Y
(FR 2 508 035) -

W E O RMAL S Y6 B AR B S R STRK(EP 0 377
381; EP 0 200 638; EP 1 757 597; EP 1 767 522; EP 1 845
084; EP 1 770 084; Shuto S. et al., J. Med. Chem. 1995, 38,
2964-2968) ¥ -

REELE RAMET L SEEHY (S, 2R)- K FF
Z & [(1S, 2R)-milnacipran)| R ELH R R A H E R EMH Y
(Viazzo P. et al., Tetrahedron Lett. 1996, 37, 26, 4519-4522)-

—HERAUEFULEN TN A ZIEREHBDOSF &
CERIRARMELEBYIYr BRI ERTEREESEDYD
(Bonnaud B. et al., J. Chromatogr. 1985, 318, 398-403) - %X
Mo tb— AR AR T ¥ EF &Rk 8y (cost-effective) » B
BE—EV—F2ZEMORK - G- BERSRE AR
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BERARUEBESLEHMEEHXRAN L S (Doyle M. PR
Hu W. Adv. Synth. Catal. 2001, 343, 299-302; Roggen H. et
al., Bioorg. Med. Chem. 2007, 17, 2834-2837; Shuto S. et al.,
Tetrahedron Lett. 1996, 37, 641-644; Wang X.-Q. et al.,
Chinese journal of Pharmaceuticals 2004, 35, 259-260; WO
2005/118 564) - i » K5 # ey omF 2EA R AL
41 (sodium azide)tk & — Al > A A ERLMIFHURTE
MAZEBR(ETRBE—BE) CAFFH T E LS
B o Bk HMNEXL ZEBEUAREIAKFEZA UL R
(1S,2R)- KA E GAOM B AN AR —BEHTF R -
K3%83 P9z 1

K AME

B ZHb AEAHBREA—HAUREGRESA
FTHALLKXDMAAS, 2R)-KEHREHFX—BE LTHI K
Ao pk B ey ik

2,
o#%\wm
<NT
D >

EOo4ATHRAEFSH:
(a) A—4 A RELBHABRZIFLET A FXATLHE U
BR-ZABHBRE #mHUA—KEE LBHEM
H—BRE MUABFTEAFTIRELEAADY A

B -
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(I1) ;
by £—BHL+E-BRALSYWHFIHEEIEZAN T A
BZ LA - —ERATHEKE NN-—_T X8 -
N,N-— F B ¥ B~ N-F A9k ~ N-F K 9% 3& % -
NN-ZFRARAURBRNEFRAOEYOFLET » 4
1 AT F B (a) ¥ Fr 4% 43 6 3% MBS (ID $L MNEt, (#

® PMKR &k — x4 B)xFH LNHELE R E > 2 0%
# B A T 54t £ X (A1) &) &5 Az -8F -
<“‘\
(110) ;
(c) #HEAMTBO)TAEFZEAFILLEAAN) B
’ BR-EBERDHmEBAMRE  HUEF—BA T It

2 X (AV)e) A 1L 8k Rk -

<“T
(IV) ;

@ AL TBEOPHESZAEAAFLELEXXAV)E A
LB BB RB (BB RE 2

FEATHALRZX(V)HEREB S RRITAY !
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(V) ;

() KBAALAMFRAFTHEFTZIAALENANV)S
BREBR 2 MR ATA I BREE B AR A @ - 1% U 45 (1S,
2R)- (A E 4 5 U AR

f) E—BRELTHLHBEXIHFALET  H—54i#EHE
Bl % &% ¥ B L AT F B (e) ¥ A& 4F &9 (1S, 2R)-
KARE & o

L35 76 %5 =X 1
B AR F A X 3F tm A

EAEAY (BELTHEXY)HELE - LAY
MEBFAFANBTRREDS  RBFHURRALAHE LA
W BERREFRRY  LEEEARELAREAR AR

Z2LrHRBATHELY -

EARABEAT > —Eebthes— (B2 LTH G
REB)YREREHRALLZLTHZLHE b RAET RG>
% BB AT Ak 2 B 2 1t A 4 (parent compounds)#y & £ 7%
Mo EERERERE AR Y LA —BEE LT
BB mAAESF -

A (R2LTHEIHER) AFHNLERL BRI 3
o BOREE - RUREL - HBL - RHEL - BREL AR B  RH
KB Hho LB K-FREE - KT B BAG-m Bk BB -
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¥

W-FREL ~ BE R BR - 2-R AR EL -

Wit s X FM-L- Bt - B p-FR-mH-=F
z

ATEE - ZRACEUREMY - > WEL FTRHZ
o Bk & B ABE -
3 8% (a)
s B RN T 5 R ENEAF
o : .
EES ’A} Qﬁ O'f)
o NC (a2) (a3)
%Cl (a?) 3 " 4OH (n
(2)
AARATHAHHNERY FH (S HF L Bthek) £ F
5 — A FIE ARM&YE > H P
- MR&A—8h42B > & B4F5EMWNa) -~ 7(K) &R H
#2(L1); R A
@
- RRE—&GBRF--—KEA[#EwTHARFLE] KA

Ao F=TAAIXEZNRLAB[EAR KE— &
BF -~ — A (B RA)RHSI(CH) A H] -
EABAGERT AM(KA) R EH —ffafw -
GHRFENEIGER[ASERIZOMBER F]- 455 1 ik
EABEA-—TA CAXFERAAM -
EABANTAY AWM (RAA) AEH ML
BAREORAARNEG AR T ML LEN FOHLAN
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oo HA o W ALAB TR -FA=ZTAEALAB -

HA 4K — 4B e iF X EA »  NaH-NaNH; -
N F A — ®m R 4 K # & (potassium or lithium
hexamethyldisilazane)(KHMDS &% LiHMDS) ~ T # 42 - & %
- FZTEHEMRETRAE - ERAAKELDA) - F#3>
A F — k4 B o % & & NaH % NaNH,» i B &1 3t b
AHH — k2B ek IE & £ NaNH, -

ER R B2 TAK LIS WO M T A A K AR R
— 4B MU FRILEA @) — RSB R AL E4FF
W@ AN R IE 0 # 4o NaOH # KOH > M B 4% %] 36 &
NaOH -

FREAMBMRIE TR EBRNTAE DR K
—EE(D - —EE NN BSEANLRITHIM T — 8RB
B AE—KRBER Blio 0 225%] -

T E@l) s @QUAR@)F A -—MBRHORER T A A
WEST MAAERBREZFTRAEANQCUARG)[—EH LA
4o — {8 — 481t F /& (one-pot method) &y F 7] - £ 33 e 45 4
T —#AaF L AE - eyE B A AR AP E3ME P BR
voomBEALERBAT R B S EH@2)K K (a3)H
BRREE AL - KBERAM XM A A HEEFAN -

& B (b) :

FHM(BLRB) REBNHLEHEN  FURE -

# %) 3. MNEL T # & £ NHEG 2 — &2 £ B St R 1t 4 48
R Mm% 45 - MNEGLR: @M iF B #l db e R AL (in situ) #& 7

A
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Ao TREP 0 324 R B (NHEL IR R ék 2 B % A1t 4) o
ANESHUNBEORENE T -

EABRABERLF  AHM(REBRALH) RESE
—# A AL KXAK-O-Mehit &4 X Y MR %k — 4o L & A7
REGREB  ARAKKR K — 8ot - BUHEREF X2
s (LFEHRIZ6E SR IZMEG B TF) 455 4 sk
& B A1t 4 & £ MeONa ~ MeOK - EtONa @ 2 & i —
EtOK -

% M=Lis} > LINEGT # hff — /A W (oo T £ 4)
7 ho ENHEt, £ M Bk o 48 b4 F > 842 3 LINEG £ 3%
UNZHULANBORENEZA  BRAAKEE

EREAGERY A (1L WH) RENESR
—#HEALEXAIKLIGTEAMEFAIK KK —fafody ~
BHREFIOTE(OERIZON > REWKIZIER R
F)l o 455 ETAMRA T A -

ERABABNERY AWM (B HIE) REHE—FE4
Bt —EFoEgtERkEmESaEERNEIDZEL
(carbonyl) C=0#¢) & B FH &K —#H & H &h it £ @ &
(chemical entity) - A& > ZNEEHH AT UK FILE LR
b 18 1% @ 89 B A% 1L & 4 (NHE) &9 & o 5T LA 3 4R & - 4F 7
Mo 0 MG 8T R AICI -

AN BT BBELEA_CAEAR-—BEYD
AICI;-NHEt 89 77 f£ T 4 & 4T -

WS BRTHNAETF AL BB PHET O F
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B HEHGERAICLHNFLAT MR ZNEARTF X
Z fth k E4& @ -5 k45 881t 4 A (Friedel-Crafts acylation)
AT £—% §H LEEey 7 4 T 4% ANHE -

842 b0 3t BR % i NHEG A B AICL; (1 B — 3 5 L 8%)
o 77 4 F AT |

% B (c) ¢

AL EORE S RERTER - £ T —EFHEX
MR ILEHRER - HBERA—EEFETFX) Y
%%ﬁuﬁéﬁﬁﬁg%%%ﬁﬁﬁﬁ°$€%’H%?
FOOBBH B ERFRLLER BB e =8 F HR]T LA
EE Gt E-AEFRARBRARRE -

¥ BR(d) ¢

e BB ABRBE P AR ST R Mk A Al 4T - LR
BT ot F R A — 5B ¥ A Al AT -

% B (e) :
LR EE AR ATAE M KRB AR — B — BB SR ARG
#1 B (hydrazine) ~ — R BBk [ FAK] > F —BAK

AR (B CBEIREMKE ik -
LEABBHEAT AWM (RAK) REXE—HELA
b2 X AIKNH, 8 B[R H A K & —fafo g ~ Gt R F H
IS (OB HIZ6E  REMKIZAERE TF)] - 45
Moo sbe R R F AR
EABRGEAT A (RARAKR) REH—#
EA2 XHO-R-NHu 8 A B[AARK LA —ffoey - &
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MXENZHRE(OHEKRLIZOME  BEBKIZIERR
F)l e 55 WRARKKER LK -

Bt T BB ARG A THET -

b BT AL — BB (o FR)FHA Al i 4T - A
Mo M RAK S REFREARABRTUE - KBERAOT X
A& A Ao o

F B

VAL 5 BRST SL B Ak 4 L AT BB (e) ¥ AT 43 89 (1S, 2R)-
kAR LA LERMEGLLIUNREMBIERLILRARE
BS,2R)-RA L A ey B o B o

BiEk LT BB ARABOFT LA THET UK
A& (1S, 2R)- k #F % & #A 1t & [(1S, 2R)-milnacipran
hydrochloride] -

FHW  MARBILERZIASABERB A KB OSTE
TR ZEBABBER-—EGTATR  CHEERAABUAR
AREBHLEY -

Bk MEHNSGEERNERME WRSHKEA
T 5l it -

- 0250% ° A A ##30%240% - u%#ﬁ#é’) TR

- 40290% > A AN K S0ZE80% > ALK R

AIEs S AR

- 5%25%  FAMKI0E20% > AEEF M E HE -

HAw o FRAEEMBALE-—HLA —MRLEE—
ARGl P R)GRENE FPHA P BT -
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BEEH AL T R T REHB/MER TR
ZPER — BRI LR E ey E > TR X %
Lo BERE  TERSBERATRZALB I B FTH
HEMETETRBKCHRA LB EGEAZIT BEmBAE
SEERE TR BPEERSBTREKRET  BUBKR
—kHN 2B TROETERTRAMRBOMRE -

Rt BERATHERE © AT A G REIRFT L4458
(EZFBE)MER — 4R i HLE— &R (E AL EBM4EHEER
FR)MAAERL KRB HEAT -

ABESSFZT BeAafOR  FERZIRENE
FosbEMAESR@EMY[EL&MEMQE@E]ME
B PR AN RLEBRAGET  MERSOTRIAEADKE G
ABEFGEANZRENEHER P (BAERALETRXP) L AK
F & 2B REF-LIF(Quasidry) g X ™ 5 B -
Mo ARREZRENE AT B TRKEST BRI AL
BREBZE XA BTAANOR  FHSGHRAURTZ
B E » REE & (dryevaporate) R BN - T A A & £
ATRH&ILTBROREARIGEDIBRZ MRS -

B> BHNR)-ZAEHAREA - EED AR
b— FETUAERZEE -2V A495% (UABREWED S
98%) 4 45 1% B # 4 i® & {4 (enantiomeric excess, ee) A B &
FIBEF — AN40% (423 KN 45%) 2 & % #9(1S, 2R)-
KAE & -

AEAGBENFZEAR THALZKXAVIIZAS, 2R)&
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% E#mHY X]nibs i -

.

{“T

(Iv) -

B A — SR TR -

SAb A 4 & s — K #90% (Bik b AN 95% » B 4 i
A8 R) 1% R B EME MK A F KT -

BBETEHERETERG 0 REAFK B0 -
F 5l

M— B4l kgt R A B &R 0 (1S, 2R)- KA & & &
ICEERBE TR REUARBERERF MBS R
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1. NaNH, P &
2. NaOH" '\

3. HCI25%,F % _
4.Na,CO, aq A
R(') 2{ %‘Lé{;‘ (o X

O
M: 9252 - _
P 85 (1S5R)
M:174.19
/ 5. AICI, / NHEL, /F %

.
[ ey
o 6.50Ct,/ T 34 0 —0
OH

- (0

I TH
M:117.15

hoirs LB
M:247.3 | At
7. BE G 5 HEBP
i N W I A
8T P &
g "I Y| sre s etk m e o NH,HCl
0 ( j
HaamLar M: 2828
M:37%.5

S E134:

28 kgt & R AL[682E H 4 B iFN400 Loy F X
ETEEMA—LLAENNOOASCZHMBET > £5%852 8
BHT 855 kg # A BN LHF R Py XA TH
(72958 F)hEIN - R ENEHIOCTHBEHEFZE DI

NN EBEEENIOC 2 0 2T kg2 BN20 Ly TR
BMEMRERAB(ZER 2VEFT)M Do LEANE RZF
NE%BLBEEEE V2N o EHFANNSAHIOCZ
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Fioy > KBREOKRSIRENEBANE— A0 L KHIER
Pk EAT c EREBAEFHBERZE 115 kgx30%4) &
HEAWEBENEHRAWREINST  BUTHFH BT REAN
KA o BUI190 L&y F R F UFE H2R o £ 5 m270 Ley
FR2G FREMBHR mAkiaahtB#Ed— AH25%
MERABRERMHEBILRE-—ESENH1E22 B &pH

&

B ZNETHEMBEWREZOCREFE DI - EHEFZ
% AL AUNEDFT RABURIAOLYK[ECEH — A 10%8 5

BRANER MM TR E— 2R NMN8AIZ B eypHE]F U F
M B HFEMBRUI0 LeyKFTRF R o AT es F X84 0R
BHE—BHI20LY MM S A8 kg NEE(218KE F)] -
& BRS

34 kgt RALEBQRSSEF)HRBIFN240 L F X ¥ > i
BEEMESEREFAENNISAZ0CZ M > 383 kgey o £
BR(S235E )i fm o FAPEF & MBS R B4 (38 kg)#k
BINERBHENCHNE T - GRENERBHEFE
U304 o —WBRM AT R EE -

BEREANE A4S Ly KT LAKAR > 3t B3 £ 5 o —

BB B X BB -

PN 214 0 AMABUA235 LA R 175 Ley K F shiF k2
RO EAEMBKEGEE A0 L S-S AW E
W5 e
& 856 -

W2CTF » £A%AORHFET > £1)832 W 247 kg

15



1455911

BB AQITET)KREAN - ZIRENEHBRETBEZE
50C AAEZTHRE - HLWREZBETHARNW2RO62LEY
FRZ BB EAR2R HEURF—RCEBEOREDY -
FERT

AR TBTHEFTHARILEBEREMHENE —K
B 25 AR 47 49 T 0E R [51.9 kgoh BRBE T B 47 (2803 H)EL#* 155
L F AP > BERNEHRWHRESSCREGFE DI -
URENEHASEASC » X130 LYK PR FHR2KR - ££
M2k PREFHT RIBAEE KA T4 kgt BREG 32 AX -
B Ak (196.58 F) o
P

BB T R24kg TEEASIBEFT)HEANE
BRKBGR & AR R -BR AR FRIBERTY » BN E sk 2825CE
B2 NBF o AR R A MW24T LY F X2 RENE
$A225 Lk Bk 20% NaCLER T S #F vk o £2R4E A 52
Lz PR kiaR-EM2ik T K404 B E 5 H 02251
#) B K20% NaCLiE &R F IR F k2R - A4 2 1% » 185 L&y
KA mEZFTRAEP > LEENE R25%4) & A8 F A
BALE — 5 ANN2832 M eypHME - AMEN X 1& 0 HEE
MAH#EAMMUTE LOKMEBHER - ZHFHMBEESR -
BREHBEMEKAAEUL—KH20& T ERRDE E —

SHEMNI2E132 MeyskMpHE 2 4% » 2370 LA & 150 L

MFRFURER2R -BREGHHKAAUBOLA KT UFR
T BEEMBRYE -
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5 HO:
HHZTRESEY 283 LAHTEE R LB U R484 L
R BER T R—BNCHEBET » —RNEREL
N&, £UB B (K 430 LB R B AL LA BT
Rik— 044 AM3842 B ey pHIE » £ 3 N IE R 6 7
?L’fbfi B BN B AP EIOCH B AEE TH®

=S L

A
BIEHEREFZE V2N FRAEIBE C USO6LBY L EE R
AP uARIR - AEAMEHRTOCFARE ¢ HE
# - 41kgeh (IS, 2R)- 76 % & 16 SL(ASE VA A - 7
Br » —A49.6%0 2 R (R N E MK REE) -

[ &1k, 75 5 2% 99

(%)

-

(&= vHF5e3A ]

(&)

[N Y
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28 99101933 57 | 5 2 R G SR BV i A H¥A:-10356 A 16 H

- PHFHER -

. —#AREREE T HALEN(DE(IS, 2R)-K A & &
Z—REFPTHRIAOBE KRBk

D

BEa2AR THRAFSHE:

() A— 2K — B2 BARIFBAT A RXEALIIFEUA
R)-ZREHRE B hHA—hkE T AHEMAE
—BREEREFEAETFTHIEXADSY N ES -

i

0™ ™o

(11) ;

b BHLIEE-BEASGHW(HETRIEZBEN A
BRZ AR -—ERKRTHERK  NN-ZCT X
NN-= ¥ &K & N-F &K= -N-F A %@0-N,N’-
Z—FRAIMHAUR R AT FRAOBR)GHFAT » 44 LA
F B8 (a) P A7 % 43 89 3% M 85 1D S MNEL, (£ ¥ MK %
— A2 B)REFHANHELAERE » LB 5 A F T 5
16 £ X (111) & 85 B - 8%
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25 99101933 5% BLAI] FR 25 28 FR B BRI i B B e HHEf: 1036 H16 H
N
(\
(111) ;

(c) A AT HBO)PrAESFZAEAH LS XA 85 AR
- EADHEBEARMRE  EREFAE T IS KX
(IV) ey fAL 88 Bk

<“—\
(Iv) ;
(d 2T THRCOPHAEFZAEAALLAAV)EY AL
R — TR BARE  SUEFEAE T AL

2 X (V)& BREE 22 AR 4T £ 4 -

(V)

() KA XS HRAFmESFZEAFILE N (V)SEK
BERITAMOBKEB AR - £ UEF(S, 2R)-
KALL & 0 AR

) £ — 22 LTHEIHBIFLET  NH— & %5 B

%P BAL L kAT B (e) T A AT 89 (1S, 2R)-3K BR

o

&
i
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55 99101933 SR B ERGHZ FEE A H B A Hi#A: 10346 A 16 H

10.

11.

EPSH@ECORE—HROLLSA—HBELAE—6)E
B RENE PHRET  HBEBRALFTR-

W EEAGEEARE BT AP ASHU)P 2BLEE
DR B REKEE DR E -

WwEFEFN BB IEFTE AP AL HRQ@EWTH
BEBAFTHEADFRARAE—FLHLBIEF-LBRON
EWGE RO A
WwHEEAHGERA LB T E AP AT BHQE()PFAH
BN FTRAEAMDFTARAEE—FLLBERE F-LEAOF
A Ak e Bk o
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