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(1. AL Tk KA T2 B, K 3001305
2. AZEPIAL IR 25 A R F], ATZ 0 050041)

B E: D) -IHATRCER (1) 20545 2-28 BB MEBE A 4-28 B BEMEBE SO, B8 1 D(-) - I IE FF LTS 1 PR e
2 3. 73HIAT ~3 S FERC RS BRAR SR N IR IC 7 , i AL S (L EU57 N2 ( CHP) AR PR AL R R SE R4 ( Eso-
D BRIRR NI, Z5RRN], diFClR 2 203 MR AL PR R IR AR S A B S R A 5 ) A 34 A e
BEREVE. flin, L2 SRR, HEOEN, TEMRALI A0 T #EAT ORI, Eso-1 (FE L1k 84. 7% , SRR SEHImk

MEFEMETE 91. 8% , XA E{E 1k 89.0% .
*x g
hESES: 0643.32

R R A D R o R TR N R e
R et TR 2 25
WA, VP2 R TEE S T S A A
JETFAELEH, AR ZRIEHIME (esomeprazole) . R
RFEPIMGE SR S BIFA AR, Z5—n H
TG R BT TSl e — A i, 2 Tk
PRz . B RO W E R £ G N T AR
PR ITRYT . SRR SEhIE ELAT B 55 17 e 7 e 4 o A L
FZY R RO, B R i 32 1 Fn s 2
(25 RN, I PR A DGR 98 I R IR &R 5
LT N FRR I . BRI, SRR SR &
RFSE B B BRSNS bR L

HHE A A F A il 5 —FE, 124
1k, I IRRSERIR I AT BT R AR X FR A Ak 4
LA 5 (T o e ol o L 7K X il Bt = RN )
XA AL R . 1984 =S Kagan[ﬁj F1 Mode-
na'” LRI RE T 0 BB Sharpless™ ) R xR gk
Bl AL A AR R — R A B ik A T B o A Xt
FrEafl, B TR & AR BeE v, ILr ZRHF
N GOAH 48 783X — SR E AT T T 2 IR A IR R B
FEH1 1996 4F, von Unge" '™ 45 ) 1 3 A AL
T RN O (DIPEA ) X Kagan 1A ZiFAT 00K,
TRk AR R A TR R, iR AR R

ZHRFRIZAG: A

YRS EE: 2011-12-15; £ HHA: 2012-01-20.
BEEWE: kg A A RF A4 (B2009000008 ) .
TEEW AT B, 2o, 4T 1986 4%, M4k

s D(-) - e F R TR e ;s BB AXIRREAL; RE SR

FITF R SRR £ 18, Ao RV R 3K 94 % ee
PA L, D3R A me i Tl A A 7 3858 T 3
Al SR, A E T AR R DA AT
(UNMERE S ) 2 TP BC ARG 1Y AL IR RAEIR G
PRI 5 2 O TR R R
PR, AR FER R SR e /e F [ i IR A= 7, 48
M TZ s A AR IR &, T8 IEE
T WIS T D (-) -0 A BRIGE i C 14K ( Scheme 1) ,
BEET HAR SRR S G SN R Y TR S A
L WS TR R4S

1 LIGERH

1.1 (XS ik F

Bruker Vector 22 By A2 2T ARG 35AX (12
Bruker /3], KBr [} ) ; Bruker AC-P 400 %%
WEIARPEAL (F2 ] Bruker 24 H], LA TMS /ENAR) ;
WZZ7-28/28S B 2 A Sl /T A (RS %
FEAESAT R A B ) 5 22 HEAE 1260 B AR (4,35 A
(CZFERFHHCA R ) 3 Chiral OD-H (4.6 x 250
mm ) FPEE R (HAS Daicel 2AH]) , WahitH: V(L
fE): VOECHE) : V(IKZR) =50:50:0.05, i
. 0.5 mL/min, ZAMGIH 1 302 nm.
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(Ti (0-iPr),) (99%). N, N =S5 N 3 & %
(DIPEA) (99% ) | AL A 5+ N A CHP (85% ) Il
A B IR AL TA PR R 5 2% FH R REIE (99% ) |
4-S P AEEIE (99% ) HrJE st R H F AL B A R
ARt a5 AR -2-[ (4-F (2R3, 5- T
PR 2-NHEE L ) -1 FFY A i -1 H-28 B ( Eso-1)
(99% ) ¥ 3CHR[ 18 1 J7 i1l 4%

1.2 FHEREREK

Tk AR PP A A An P L

: R = Et
o 1 o

=

HO . 7

o 3: R = HN N
Scheme 1

1.2.1 NN=Z(2-REBEFE HT L) -D (=) -1 4 R — Ik i
(2) 4 A N, AR, 100 mL = I m A
10.3 g (0.05 mol) 1, 50 mL HIfEE, 13.0 g(0. 12
mol ) 2-Z I BEMERE, 0.2 g TL/KBRERHT, Il
12 h, WA, ik, BT 50% Z s s
13.1 g (IR A 2, 773 80%. m. p. 182.0 ~
182.8°C; [«],90.0 (¢ 1.0, H,O0); '"H NMR
(DMSO, 400 MH,) §: 4.38 ~4.52 (m, 6H, NHCH, ,

OCH,

(i) Ti(O-Pr),/Chiral ligand/H,0

HOCHCONH), 5.90 (d, 2H, J = 6.4 Hz, OH),
7.26 (t, 2H, J = 5.6 Hz, pyridine-H) , 7.37 (d,
2H, J = 7.6 Hz, pyridine-H), 7.74 (t, 2H, ] =
7.2 Hz, pyridine-H) , 8.40 (s, 2H, CONH), 8.50
(d, 2H, J = 3.6 Hz, pyridine-H); IR (KBr) v:
3417,3292,3078, 1657, 1527, 1144, 1082,
758, 610 cm™.
1.2.2 N N (4-mE gL BL) -D (-) -1 A7 R — It i
) MEM W2 WERINERR B AR 3,
FERT0%. m.p. 223.3~224.4 C; [a],97.7 (c
0.3, H,0); '"H NMR(DMSO, 400 MH,) 3: 4.26 ~
4.49 (m, 6H, NHCH,, HOCHCONH), 5.88 (d,
2H, J = 6.8 Hz, OH), 7.31 (d, 4H, J = 4.8 Hz,
pyridine-H) , 8.46 ~8.48 (m, 6H, CONH, pyridine-
H); IR (KBr)v: 3 332, 3 114, 1 642, 1 531,
1426,1 107, 794, 634 cm™.
1.3 AxFREN KM

HEAL SN (Scheme 2) L) 2 fiEALAXTFR AL A BL
BRI (Eso-11) {9 S K il . 10 mL P L
JMA0.13 g (0.4 mmol) ff] Eso-1, 3 mL FIZE, JHi
%60 C, A 0.72 mg (0.04 mmol) H,0, 0.08 g
(0.24 mmol) 2, 0.035 ¢ (0.12 mmol) Ti( O-iPr),,
60 CTHEHEZ I 3 h, FEIRZE 20 C, fIA 0.015 g
(0.12 mmol) DIPEA, f# & #EFEE3 0 0. 075 ¢
(0.4 mmol) CHP(85% ), AHALIN S #EFE.

OCH;,

HyC_~\_CH,

Eso-1

\Eﬁ; b OCH; () (iPr),NEt,CHP (85 %)
& e : Toluene

\CI (I) NUOCHS
N g —/

4 N

- H

Eso-11

Scheme 2

2 RS
2.11~3/Ti( O-iPr) , {4, Eso-I1 RIFREL

KT BT A B TR 2 3 FEAR X R
& R R FER R N R s T PERE, K2, 3
51 #eSCERL 1S TR RO A543 51 5 Ti( O-iPr) (44 1,
AR R, TEJLFNAS [ 55 44k CHP 454k Eso-1
AR Eso-IT, Z55R MR 1 k.

MR, RAERER 2 F13 5 Ti(0-iPr) M A%
AR R AL PEREA N 1 5 Ti( O-iPr) 44 ik
R, TS BMETE X B & P rse 561

HRA FTREAG, ELEN R, AR PR/ A R A
DU ALBR P AT, LRI AR AR R BB K. i
HIZR BN RICR B, 2 103 D IC AR I B2 i ) 4
Fefb R 85% , Abnb &R EFEIk i 90%
2 N BCHAIE A B BE 1k 89% . % 1 45 RiE ] H
H, JEIEME— Rl AR R A A AR, R TR
PERYIE R, MEALIR R AL TSR, SR AYEE 1L |
PRAR SRR A2 e PR PE SR A B (A T T
W, X A] REJE SO AR I B A IR Eso-1, i
PSP AR 5 e o i 220 f R 5 ) B A
A%
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Table 1 Results of 1 ~3/Ti(0-iPr), catalyzed asymmetric oxidation of Eso-I with CHP as an oxidant

Entry”  Chiral ligand Solvent Dipole moment (107 C - m)  Conv. (%)  Select. (%) ee( %)
1 1 ccl, 0.0 91.7 92.8 89.7
2 1 toluene 1.23 97.9 94.4 92.8
3 1 CHCI, 4.9 86.9 91.6 89.2
4 1 THF 7.58 47.7 80.3 29.5
5 1 acetone 20.7 25.5 60.0 20.2
6 2 ccl, 0.0 83.8 89.8 79.7
7 2 toluene 1.23 84.7 91.8 89.0
8 2 CHCI, 4.9 68.7 75.6 65.7
9 2 THF 7.58 34.5 72.4 48.5
10 2 acetone 20.7 25.5 60.0 20. 1
11 3 ccl, 0.0 74.9 86.0 72.0
12 3 toluene 1.23 87.5 90.7 81.3
13 3 CHCI, 4.9 57.7 82.5 65.0
14 3 THF 7.58 39.5 56.0 21.8
15 3 acetone 20.7 26. 1 59.0 18.0

"Reactions were carried out in the presence of Eso-I (0.4 mmol), 10% of H,0, 60% of chiral ligand, 30% of Ti( O-iPr),,
30% of DIPEA and 1.0 equiv. of CHP(85% ) in solvent, 20 °C. The results were determined by HPLC with Daicel Chiralcel OD-H

column. I)Entlry 1 ~5: React for 2 h; Entry 6 ~15; React for 5 h

SR 2 AT 1 B R AR R R AR 1
e, fHJ2, XORACIR 2 1 O T ok i A X FR A ik
JBE, T SRR IR T % R RGE 1 Rk 2 50
P, DR, (B 2/Ti(O-iPr) AL AS X FR 4R AL
Eso-1 & IR R IR TE— 5T
2.2 iR RN F N

DAFRZR R 700, 28 2281 B0 il B % S5 g 1) 5%
M, 5L 2. a2 nl, BEERIER S, K
NEEPEA TR, BAE 0 ~20 CHuE W, Hir™9Y
YRR IR 1 BE PR KOS A (A LT S5 R TG
K (R EAE 225 TR 22 P8 , BRI
Tkt WAt 8 {43 3l 230 91% Fi1 89% 5 4R E N
30 CHF, HAR™ W0 38 B B B A it 2 (e 34 A
ROERE T B
2.3 SUFIFHER A3 R BN

FEARE S 25, 2/Ti (O-iPr)  fiEALAS [ 4
AEF X HT LR EE Eso-1 1A X FR 28 A 14 25 SR AS T
(%3). WJLLAEH, 25302 30% H,0,, mCPBA |
UHP S bR, SOVTEHEARAR, Fb R 50% ,

%2 BEMEEGHS
Table 2 Effect of temperature on the reaction
Temp. Conv. Select. ee
Entry
(C) (%) (%) (%)
1 0 45.0 91.0 88.5
2 10 56.8 91.2 89.1
3 20 84.7 91.8 89.0
4 30 86.6 77.2 61.7

Reactions were carried out in the presence of Eso-1 (0.4
mmol) , 10% of H,0, 60% of 2, 30% of Ti( 0-iPr),, 30% of
DIPEA and 1.0 equiv. of CHP(85% ) in toluene, 5 h. The re-
sults were determined by HPLC with Daicel Chiralcel OD-H

column.

HP= PR Wk 1%, ee (AT 20% ; tBuOOH Jy
SAACTIN, IR BRPEFEEA P i (55.4 % ) , {3
TS EFAL R A 19% 5 CHP Sy %4050, SR Y
FeAR | MR RO W RS A AR ORI, ee



51

LIPS+ D (=) - RHIE P ST 7 PR T M 70 A X B e A B IR 2R S o e v ) 49

H 35 89.0% . M3 iEn] A, Fig CHP H&
B, SN B AR S N, (22 CHP & T
1000 IR 7497 14 358 £ L2 of e b % 1 249 BT T e
R BT AR A, & CHP AL
ke LA 20 B X B Rk R PR AL TR, TR
I, RS IE I — A AR = IR 255 %
&, CHP )&k 100% .

£3 SUFTERRENREE MW

Table 3 Effect of oxidant on the reaction
Entry Oxidant Conv. Select. ee

(mol% )" (%) (%) (%)
1 30%H,0,(100) 37.6 48.7 14.2
2 tBuOOH (100) 19.0 77.6 55.4
3 mCPBA (100) 40.5 50.7 16.8
4 UHP (100) 32.9 51.7 17.2
5 CHP (80) 70.7 92.0 87.8
6 CHP (100) 84.7 91.8 89.0
7 CHP (110) 90.6 85.5 80.9
8 CHP (120) 95.8 79.3 71.6

a. Reactions were carried out in the presence of Eso-I (0.4
mmol) , 10% of H,0, 60% of 2, 30% of Ti( O-iPr),, 30% of
DIPEA and oxidant in toluene, 20 °C , 5 h. The results were de-
termined by HPLC with Daicel Chiralcel OD-H column. b. The
data in the parentheses are the moles of oxidants compared to the

substrate.

2.4 R & k43t R R B840

TE A1 BR - BE 25 MeR 5 Ti (0-iPr) , fi Ak ik
H, AR R K, HoE R AR EA AL
TR T R AR I . R REALE 2/Ti (O-
iPr) Ak Eso-T FYAALIT R R, — 5 fk BRI K 0 2
G FHEAT 2 o . 7K A3 A o S 1 5 T 5
HIFF 4. AT L, 2SRRI, S5 % AL
FARAL AW Pe R ML ee (IS s B K iHY
B, AR | PRI R M ee (EAEIS NS
BEAG, 247K 10% I & RS bt ik B o R fH. iy
EET LAAEIRT, 2/Ti (0-iPr), 5 1/Ti (O-iPr) , L5
B xR AL R LR
2.5 EALFIHRNEX K EHIEM

SHIFESCHR[6,15 126, HHZAREF 2 5 Ti(0-
iPr)  HOFCRH B L2 &, B 2.1, SRSk

AR SR BE AR L, DIRAT s e A3 | v ik
PEPEANR ee [ M43 %R 28 S0 19 385 L 1) i AL 571
FIiE. 3RS AR B AT B SN 25, dE
THACR ML FE M L3 G % 1, Al LAy Ti(0-
iPr) ;5 Eso-1 ()5t He o 30% 25 R fE.

x4 EEDKS IR

Table 4 Effect of amount of H,O on the reaction

H,0 Conv. Select. ee
Entry

(mol% ) (%) (%) (%)
1 0 46.3 73.2 48.9
2 5 74.2 85.5 78.9
3 10 84.7 91.8 89.0
4 50 55.5 56.4 17.1
5 100 49.1 54.9 13.2

Reactions were carried out in the presence of Eso-1 (0.4
mmol) , H,0, 60% of 2, 30% of Ti(0-iPr),, 30% of DIPEA
and 1.0 equiv. of CHP(85% ) in toluene, 20 °C, 5 h. The re-
sults were determined by HPLC with Daicel Chiralcel OD-H col-

umn.

R5 RYSHKRENRRERE/RE X R0
Table 5 Effect of the molar ratio of substrate to isopropyl titanate

on the reaction

2. Ti(O0-iPr), Conv. Select. ee
Entry
(mol% ) (%) (%) (%)
1 40.20 55.5 91.3 83.6
2 60:30 84.7 91.8 89.0
3 8040 87.6 76.8 63.4

Reactions were carried out in the presence of Eso-1 (0.4
mmol) , 10% of H,0, 2, Ti(0-iPr),, 30% of DIPEA and 1.0
equiv. of CHP(85% ) in toluene, 20 °C, 5 h. The results were
determined by HPLC with Daicel Chiralcel OD-H column.

2.6 Jx Rz a3 5 Rz 9 0

e IR BRI FL SOV 2R E R, 5T RO
IFIR)XS BN R, 25 2R 80 T34 6. i & P Ul ml
B, RWZES hid e, BEE Eso-1 HALA 1Y
K, 779 Eso-I1 BUEFEIE L ee (HIGA TR, FALR
FRTEBER KT 5 ARSEAE A SOV (], EFRIE % ee fH
W TR, TR AR AL AL S BN DR e e
IO (R AR ] S .
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F6 REIATERS R R R
Table 6 Effect of the reaction time on the reaction
Time Conv. Select. ee
Entry

(h) (%) (%) (%)
1 1 65.5 93.2 90.1
2 3 77.0 92.7 88.9
3 5 84.7 91.8 89.0
4 7 90.2 90.2 87.6

Reactions were carried out in the presence of Eso-I (0.4
mmol) , 10% of H,0, 60% of 2, 30% of Ti(0-iPr),, 30% of
DIPEA and 1.0 equiv. of CHP(85% ) in toluene, 20 °C. The
results were determined by HPLC with Daicel Chiralcel OD-H

column.

3 4 e

D(-) -V A1 R - WE R LA 2 X 5 R X FR AL &
IR F SR 1) AT B v N e R, LA CHP
(85% ) R, 2/ (Ti(0-iPr), ) 1K R AE LA X R4
TG B R R B e 2 R« IR R EE Eso-
1/2/(Ti( 0-iPr),)/H,0/DIPEA/CHP % 1.0.6.0. 3.
0.1.0.3.1, HFZEREEH], 20 C R 5 h, Eso-1 #:4k
K 84.7% , Eso-11 Y1k 91.8% , ee {1 89.0% .
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Application of D( -) -Di-pyridylmethyl Tartaric Acid Amide in the
Synthesis of Esomeprazole through Asymmetric Oxidation

ZHAO Shan-shan', LU Hua>, ZHANG Yue-cheng'* |, ZHAO Ji-quan'
(1. School of Chemical Engineering and Technology, Hebei University of Technology, Tianjin 300130 ;
2. Hebei Zhongrun Pharmaceutical Cooperation, Limited, CSPC, Shijiazhuang 050041 )

Abstract: Two di-pyridylmethyl D( -) -tartaric acid amides 2 and 3 were respectively prepared through the reaction
of (-)-diethyl D-tartrate (1) with 2-aminomethyl pyridine and 4- aminomethyl pyridine. The compounds 1, 2 and 3
coordinated with isopropyl titanate, respectively, were used as catalyst in the asymmetric oxidation of the precursor
(Eso-I) of esomeprazole with cumene hydroperoxide (CHP) as oxidant. The results revealed that both the catalytic
systems derived from ligand 2 and 3 and isopropyl titanate showed good catalytic activity and enantioselectivity in
the synthesis of esomeprazole. For example, the conversion of Eso-I, the selectivity toward to the esomeprazole and
the enantio excess reached 84.7% , 91.8% and 89.0% , respectively, when 2 was used as the ligand and the re-
action was conducted in toluene under the optimized conditions.

Key words: D(-)-Di-pyridylmethyl tartaric acid amide; sulfide; asymmetric oxidation; esomeprazole



