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I (S) -FHIRBEHE B 32 AR L (R) -5 M fAHiR 249 33 43 T e PR T4 e 445 T 2455 S 1 S S A KD 3
SRR IR 5 (R) - ARAH S RIS 2 o AR 7 M 80 1 s A [R5 DR SR PR AS %o
PRy B 45 H o — SRS 0 L2 B 2 R B WP i S R FH 25 394 7 L

ALY (S) -SA R BRI FR G R E AR SR 7k (AR S B 2, &) 5t Al
R A B R 55 54 B B sharpless AN X FRBURAL IR, A F T H Tl A 7 54K, B Jacobsen
2 TR K (4 L) T ( Salen ) Co 2480 M AREAL 37 (4 K 7 30 1 24 9% 43 SO (HKR) |, Ay i i L i o 4
VPRI B TR AL AT 1,2- T FdR A T34 19 T B Gurjar %1 FI Muthukrishnan %' 1]
ST I PSR S FE R EE T SR, (R, R) -salen Co( III) OAc AL, oK i8R A5 21 (S) - IR N B 2R
HEfE , PR AR LS (S) -4 IR o BRI 71 0 F s A X B, RO ) 5 ek ) i o3 5, — ik
T L AR BT B AR T Dok AR A7, R B 2 ROBE R 55— 721 (S ) -1, 2- ZRER AR 3 58 73 R, 18 1
JEHR 2%, AR o

ASCUASMHE e A AP e R, Bl (S, S) -salen Co( Il ) OAc S fiEfL 7] (Scheme 1) , fEfL7K
i 2 5 ik o AR 3 (S) -3-58-1,2- N AT (R) -FR A AN e o 5 (S) -3-58-1,2- N i 5 4-(2-1
AIECHE) K 46 6 )G, P55 S AR W A5 2 MR B 2 1R L A e A0 S5 P9 VR AR 210 (S) -2 4618 R
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Scheme 1 Structure of (S,S)-salen Co( Il ) OAc
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Scheme 2 Synthetic routes of (S)-metoprolol(1) from epichlorohydrin

1 SEEER
1.1 RFIF R

JIT AR 4 R A3 B 2 WA 3 e 2% (R 714 (S, S) -Salen Co () OAc fi k71 2 B STk
(1] k04

X4 BUBCF BRI s A I TR 248 0E s Nicolet: Avator370 FT-IR BUZT AP G154 (58 [E Thermo
Nicolet) , [E {44 i 1 KBr & R i, WA 5 F R 25 ; Bruker-Av400MHz #Y S 4% % 2L PR A ( 38 [F
Bruker /A ]) , TMS “Jy N#5 ; Varian Saturn 2200 % ffi1%{% ( 22 [E Varian /3 5)) ; Rudolph Research Analytical
Autopol TV BUENAX, Sl Na-D £k, Ml 5 A2 20 °C; FULIYIQI-9790 #4 GC 3% AL (IRIS 18 37 A W) ) 5
Waters1525 RS20 AH (35X (36 [E Waters 24F]) o
1.2 SMNERAEI RS

1 500 mL 2 W N A 350 mL (4. 473 mol ) M TERR RS HEF] 2. 97 g(0. 00447 mol) (S, S)-
Salen Co( Il ) OAc ##4LF],0 °C UK, 22183 0 36. 2 mL(2. 01 mol) 7K , i EE4EH 0 ~ 5 °C )W 48 h, LW
56 58 (RS0 G5 A5 D B A S P ot R Sl B 5 2t LS AR AL ) |, Dl R 75488 (60 ~ 62 °C/13. 3 kPa) 15 5
TEAaE AR (R) -FR S E A bE (3) , 1% 42.3% ,bp 116 C, A% & i 99.0% , [a]] = -29
(¢ 1.27 ,MeOH) (3¢ " i [a]) = -33;'H NMR(CDCl,,400 MHz) ,5:2.69(dd,1H,J, =10.8 Hz,
J, =7.6 Hz,ring CH,0),2.89(dd,1H,J, =11.2 Hz,J, =4.8 Hz,ring CH,0),3.22 ~3.27 (m, 1 H, ring
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CHO) ,3.55 ~3.60(m,2H, CH,Cl) ; IR (film) , o/cm ™' :3063,2927,2875, 1478 , 1444 1267, 1136, 1040,
930,815,761,696

AL (130 ~ 132 °C/2. 67 kPa) Z&H (S)-3-50-1,2-P0 [ (2) 0% 37. 2% , S A5 & &
$99.3% [« =11.1(c 2.0, ethanol ) ( SCHk™ ffi: [a]X =11 (¢ 2.0, ethanol) ] ;' H NMR ( CDCI, ,
400 MHz) ,8:2.76 ~2.78(m,1H ,ring CH,0),2.90 ~2.92(m,1H,ring CH,0),3.35 ~3.38(m,1H,ring
CHO),3.95~3.99(dd,J, =10.8 Hz,J, =5.6 Hz,1H,CH,0),4.21 ~4.24(dd, J, =11.2 Hz, J, =
3.2 Hz,1H,CH,0),6.84 ~7.31 (m,5H, ArtH) ; IR (film) , o/cm "' :3359,2955,2879, 1707, 1645, 1431,
1299,1075,1039 ,948 ,921 ,894 746 ,699
1.3 (28)-3-[4-(2-HEEZCEXSE)-WiE-1,2- 2] (4) EK

FEREA IR A O R 500 mL PO FU A 30. 4 g(0. 2 mol )4-(2-H &3k 2, 3E)
DRI 250 mL Tk L, Pl RN IR E AN 5 C Uk o b A 8. 8 g(0. 22 mol) NaOH , JilikE , ik in
24.3 g(0.22 mol) (S)-3-%(-1,2-P —E(2) F1 20 mL To/K ZEERIIR AW, TH5e, T M 5 h, FFHE
£ 70 CRIS ho RMSEEE G IR, UEIRHR 4R RS L N A IE O e 11 38 2853 W 5, B vk A R 2,
b A, FhUETS 40 g FIEATIRY 4,005 88.5% , [a]f =9.1(c 2.28, MeOH) (3¢ "' fli: [ ]} =
-9.0,H (2R) ##) ;' H NMR ( CDCl,, 400 MHz),8:2.82(t,2H,J =7.2 Hz, CH,Ph),3.35(s,3H,
OCH,),3.56(t,2H,J =6.8 Hz,CH,0CH,) ,3.71 ~3.77(m,1H) ,3.80 ~3.86(m,1H) ,4.01 ~4.03(m,
2H,0CH,CH) ,4.08 ~4.13(m,1H) ,6.84(d,2H,J =8.4 Hz,Ar—H) ,7. 14(d,2H,J =8.8 Hz,Ar—H) ;
IR(KBr) ,o/cm ™' :3365,2929 ,2875,1600,1510,1456,1246 ,1127,1040,916 ,837 , 744,
1.4 (4R)4-[4-(2-FEEZCEXEHRE)-1,3,2-Z“EHMKXA2-8ELH] (5) WEK

$22.6 g(0.1 mol) fb5# 4 ¥ F 100 mL & H e, A 14 mL = Z %, I KB R =
- 10 °C, 22483 17. 85 g(0. 15 mol ) SOCL 120 mL S FLe IR AW . THEET — 10 CUkL /i 4 h,
] SN 28 N A 100 mL 7K, A3 HLZ K2 PR S0 %6 (30 mL x 3) KL, & 9 S H b, &
SIFZK (50 mL x2) ($57K (50 mL x 2) P, TCKBRER4M T8, D8 25 BRI 7145 23. 1 g iR 5, 10k
85.0% ,[a]® =37.4(c0.66,CHCL,) ;"H NMR ( CDCl, 400 MHz) ,5:2.81(t,2H,J =7.2 Hz,CH,Ph),
3.35(s,3H,0CH,),3.55(t,2H,J =6.4 Hz, CH,OCH,) ,4.41 ~4.47(m,1H) ,4.60 ~4.63 (m,1H),
4.78 ~4.83(m,2H),5.13 ~5.22(m,1H) ,6.85(d,2H,J =8.4 Hz, Ar—H),7.14(d,2H,J = 8.8 Hz,
Ar—H) ;IR(film) , o/cm ™' ;2925 2867 ,2824,1610, 1513, 1454 1240, 1200, 1108 ,960 835,749,680 ; MS
m/z:272[ M] * ;HRMS C,,H,,0,S J1-#4{f 272. 1847 , SZil{f 272. 1848 ,
1.5 (28)-3-[4-(2-FHEEZCEXSE)-1,2-REAR] (6) ERK

FEBCA B FE A5 B 11 500 mL = FUfH I 4-(2-F 8L 238 ) R 30. 4 g(0. 2 mol ) 1250 mL
DMSO, pK¥ H1ii I 8. 8 g(0. 22 mol ) i #7341 5% 1) NaOH 753, F il I Bl EEAS 3 5 °C i 55.5 ¢
(0.6 mol) (R)-FRAGNKE(3) K , MW 12 h J5, A 100 mL ZE187K , F§ — 50 H %6 (50 mL x
3) FEHL, BIHAYUZE, AR E K PER , oK BRER 0 T4, 1k U8, s He 2518, Wi B 122 ~ 124 °C/0. 66 kPa
(i85 15 32.6 g TLAMARY) 6,008 78.4% . [a]}) =4.3(c 1.27,CHCL) (SCHR" {8 : [a]}) =4.9;
"H NMR(CDCl, ,400 MHz),6:2.74(dd,1H,J, =5.0 Hz, J, =2.8 Hz,ring CH,0),2.83 (t,2H, J =
7.0 Hz,CH,Ph) ,2.91(t,1H,J =4. 6 Hz,ring CH,0) ,3. 34 ~3.36(m,4H,0CH, and ring CHO) ,3.55(t,
2H,/=7.2 Hz,CH,0CH,),3.92(dd,1H,J, =11.2 Hz,J, =5.6 Hz, OCH,CH) ,4.19 (dd,1H, J, =
10.8 Hz,J, =3.2 Hz,0CH,CH) ,6.86(d,2H,J =8.4 Hz,Ar—H),7.14(d,2H,J =8.8 Hz, Ar—H) ;IR
(film) ,o/cm ™' ;2984 ,2923 2876 ,2826,1610,1582,1492 1453 ,1114,1037,915,834,
1.6 (S)-ERERIFE()

Ayl A S 16 A . HHEMA S A 7E 100 mL = A 13.6 g(0.05 mol) fb& 4 5.
18.9 g(0.32 mol) 5P MR 2 h, J i 58 42 J5 25 ik i i S e, A Bk 45 18 11.6 g 18
BRI A4 1,00 87. 1% ,mp 41 ~42°C,[a]® = =8.2(c 10.0,CHCL,) ( 3CHk"™ {f: mp 39 ~40 C,
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[a]® = -8.1, Ak 6 & i: 7€ 100 mL = T A 16.6 g(0.08 mol) L& 41 6.18.9 ¢
(0.32 mol) S i, IFAIRIIAE 5 b, S i 56 42 i 78 H VS RN o0 9 S R, ATl Bk e 45 i 2175 19.. 0 ¢
HAE RS 1,10%89.0% , [a]l = =7.6(c¢ 10.0,CHCI,) ;'H NMR( CDCL, ,400 MHz) ,5:1.09(d,
6H,J =6.4 Hz,CH(CH,),) ,2.26(brs,2H,O0H and NH) ,2. 80 ~2.90(m,5H) ,3.35(s,3H,0CH,) ,3. 56
(t,2H,J =7.0 Hz, CH,OCH,) ,3.94 ~3.99(m,2H),3.99 ~4.02(m,1H) ,6.84(d,2H,J = 8.8 Hz,
Ar—H) ,7.15(d,2H,J =8.4 Hz, Ar—H) ;" C NMR (CDCl,, 100 MHz) ,§:157.1,131.3,129.8,114. 4,
73.9,70.5,68.5,49.2,48.9,35.3,23.1,23.0; IR (KBr) , o/cm ' :3289,2967,2924 2866, 1611, 1583,
1513,1458,1383,1244,1176,1114,1025 ,969 ,824 ; MS m/z:267 [M] ",

2 GIRHWHE

1E(S,S)-Salen Co( Il ) OAc fEALFHI A1 FI T K T 70 B0 8 SN Bre S 8l )~ P il A 5 PR SR o 7K
53 RES AME A 1 (S) - e R (R ) -BR AR SN Bt A LB AR A SO B 5 (S ) -3 48U S P o B o it
FESLN 2 o S BROK I o 6T B vy 45 SR AR EE SR I 2K i 5 JEORHEE JR LK T 0. 55 I, R 4015 20 Y
(R)-FRASENEE(3) B A4 5 T 99% 5 1M 247K it 5 JFURHEE /R LU /N T 0. 45 1, PF 70453 () -3-54-
1,2-PN W (2) MG a3 T 98% 5 24K i 5 JRURHEE JR HE A5 T 0. 50 I A7 I (R) - PRSI BE(3) 7
LR AN (S) -3-58-1,2-I0 8 (2) Jeop el s o BEIE B 2K a5 UG HE 25 T 0. 50 1), (R) -
IR ARE(3) FI(S) -3-58-1,2-T8 ZWE(2) Sy Sl B 24 ey, (H S B 2B 7 vh 32 3 30 R AP B K 43 4
SR B AN AR b (S) - PR N B MK i 58 T (R ) -BR RSN e (3) A K g B B, AT AT
LI i P i K R A B A B = A S 2 8 30 AU e Al AR S 2 B 3,
FEAR B L3 R3] T BARY)(S) -RFEIE IR o (HE ERIHR I G 19 (R) -FR A AN e TE 5 4-(2-H AU
) TR TN 5 % AR I TR T, A o, 3P T 1 3 4 S8 P e 7 A A K e v, o e K o 5 et
TERHEE IR EE R 0. 45 SRHEAT K MR 2 1 #4753 B , N TAS 3 8 627 4l i) (S ) -3-58-1,2-8 1 (2) A
£ (S) -FEFEIRIR s [RIPFEHF 53 B8 T ARG 2l BERS AR (R) - BR8N e (3) I T AR i G i, B e i
S 2 bR i B AR DGR A

HI R 2 A (S) -3-56-1,2-P9 1 (2) il 4-(2-F 4 BE O 0k) R W 4 5 TR AL & 0 4, FRf b &
Py 45 FACATEARIR T R4S BIPRROE AR IR R () , LR BRI 75 57 N A AR T ROBAF3 (S) -5 4E1%
IR, HOG A R 99% | SR 24. 4% L TALG Y 4 b 2 AR ERRE el , |l /b , 14l
Jifd

TEPR AR B (R) -FR AN BE(3) 55 4-(2-HA BE O 58 ) R B 9 4 5 SO o, R RS [R] S AR 2 1
ARG RN A RAFTE ORI 22 57 o 18 K, COy/ TR AR FR b, RIS i 8] 0] B 7 % A SR AN i 5 T 7R CsF/
DMF f&ZH1,50 ~60 °C i 10 h J5 4-(2-H & HE L HL) PRE LA K A5 20 A )i 6 il %o i {4 aot i
(enantiomeric excess, faj FK ee ) {H, N 71% ; M 1E 5% NaOH 75/ DMSO 7, il 4-(2-F 48 3L 2 1) K I
IR R T FHE R IR NS (R) -FR AN EE (2) 476, 1R RIS W) 6 S 22l B fie iy, ee {HH 82%
J&— BUREAA 28 QIR PR SO ) — UM I A B R A48 e T T AT 1 253 Ak S 6 1062
AR AR, VR TE1% 46 G BN TP [ IR By AU 00 B 1 ek BOR R B A C BT, ARG R 4R B TH
WA SR 6 LI By 7 B S CLE AR C gt M B A R A &I sz, e
— B W) SE RS R TS AR AR S, BTS20 ) 6 RG-Sl R [ PA SO B A 5% NaOH
VW DMSO 2 AR R A T40 G SO o F A5 B Hh B 6 725 A AE T [ SO TF 3, 75 (S) - 3B 4E
WK RN 29. 5% o P IRMA 3 il s BRI G 2 4l BE RS 22  (H 8 3k 2 R 25 5, AT (S) -SR4E0%
IRIDLAA AR P 2 92% o

2 % x M
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Asymmetric Synthesis of (.S)-Metoprolol

SONG Guang-Wei, ZHU Jin-Tao" , YAO Guo-Xin, CHEN Gang
( Department of Chemistry , Zhejiang Science-Technology University , Hangzhou 310018 )

Abstract Enantioenriched (S)-3-chloro-1,2-propanediol and ( R) -epichlorohydrin were obtained from the
kinetic hydrolysis resolution of racemic epichlorohydrin by (S, S)-salen Co( Il ) OAc. (S)-Metoprolol with
optical purity higher than 99% could be prepared via the reaction of 4-(2-methoxyethyl ) phenol with (S)-3-
chloro-1,2-propanediol followed by an amination reaction using isopropyl amine. When ( R ) -epichlorohydrin
was used as the chiral precursor, (S )-metoprolol could be also prepared but with less optical purity
( >92% ). The overall yield of (S)-metoprolol was 53.9% . The structure of the product was determined by
IR, '"H NMR, "C NMR and MS. This procedure is effective, simple and has a high utilization rate of raw
material. The optical purity and yield of the product are satisfactory. The process is promising for scaling-up
industrial potential applications.

Keywords (S)-metoprolol, racemic epichlorohydrin, catalyzed hydrolysis resolution, ( R ) -epichlorohydrin,

(S) -chloropropanediol , asymmetric synthesis



