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SN AFIFTHE(R)-1-[EENH

RETT E & % A

TR TR A TSR BN 310027)

Bt 3R

WE  HUCRHASESN 07 R &2 4E(R)-1-Z L B, DA bR AR 55 1 etk 1 2 RO E A AL ) (LDH)
AR S BRI T AL FEHEAL 7 PA/LDH-DS, Xt H I HEAh (S)-1-Z0 I i 1) e B 4 AEREAT THIFSY, RELH A
PRI S NPk B fE IRl 255 IR Novozym 435 IR B4, 2y LAFZR N IR RV, IR S 2R A 1t
B, SRR R 82.5 mmol/L, 55 C4MET KN 15 h 543 BI(R)-1-Z AL el IR IS, 7 P4 >99%, =¥t
22U eep™>99%.

KA A (R)-1-BIL W, THiefAL7); Novozym 435

Preparation of (R)-1-Aminoindan by Dynamic Kinetic Resolution

Xu, Gang™
(Department of Chemical and Biological Engineering, Zhejiang University, Hangzhou 310027)

Dai, Xiaoting Wu, Jianping™ Meng, Xiao Yang, Lirong

Abstract Enantiomerically pure (R)-1-aminoindan was firstly prepared by dynamic kinetic resolution. A novel racemization
catalyst Pd/layered double-hydroxide-dodecyl sulfate anion (PD/LDH-DS) was prepared and used in the racemization of
(S)-1-aminoindan, and the reaction condition was investigated. It was found that the catalyst had superior racemization ability.
On this basis, combined with reaction condition of lipase Novozym 435, it was confirmed that toluene was the reaction sol-
vent, 4-chlorophenyl valerate was the acyl donor, concentration of substrate was 82.5 mmol/L, reaction temperature was 55 C,
and the reaction time was 15 h. Under the condition, (R)-1-aminoindan valerate was prepared with excellent eep value (=99%)

and high conversion (>99%).

Keywords dynamic kinetic resolution; (R)-1-aminoindan; racemization catalyst; Novozym 435

(R)-1-28 2k B 2 15 DU & AR 250 76 v 7 2210
KA T AT, F TSR 2 Al (R)-1- F Ik Bl 1
TG B ED ARG T g
U AR A T 8 g 2 A A0 VRV I Al 2 R vk 2 H
B MV B w7 i, 7 AR AE I, T BLadE
I TARE 2 TR S P %, [R5 9547
FERAE D BRGEBA, TEFRIEZE, WORAR DL ] R SE
AR A A AN Bk A B T S A AR A (1 16
HUE, R RIS AR FIERA S, B w15 B me
PRI (K74, (R T Tk AR AR W 1
ANt e R R AR, R T O
BRI, By 0y R oA R T IR L T —
PERURE i, TR PRl A b B EEAT SO, HAT
AR, SEARIE R R R, ERRE A B
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i SR R B AR L REIA 21 50%, IR IR N
b, Ak T E Lo s WM. Tsha&3) 1)
SRy J7 TR (DKR)M 2O 2 5 B 7 2 4% 4 1) Sk B
T — AN A I VAL e S Y, IR s R AT S v g K
BB HAL RIS E] 100%, ML) %247, HAEW
W AR BT, & T IR I A AU IR T 07 V6%
RRBT B, BEHI T I AL & W07 RO T A IR A 7r A2
IRD, IF HBFIT I NG R G D AN A A7 BR 2K S e 2R AL,
WA KT T -2 e 830 ) = il o, B
I 5 AL 27T A A TR R ST R R R 2R B =
P77 T H AR AT RIFS.

AICR B B4 4 B 40 7] PA/LDH-DS A 4 W JiE
PEACTIEAT HEAL SO, o) T AR (S)- 1- 2 6k B s
SAFRAT T FEA WS, okl B 454 Novozym 435
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AR N 26, T ORI S B T 6 24 4 (R)-1- 5 ik i ik
B8N I 2Rl &, RN SERR, P9 (R)-1-A 5%
By IR IR R > 99%, eep>>99%.

1 &R5ihe
1.1 HIEELFEaE 2R

ERANTHTIE 5T, #ALF] PA/LDH-DS RE%f
R T 128 Z R e, e TR & B AL
(K9 EHLEE, RAIT¥ PA/LDH-DS I £(S)-1-28 K efivh
MR NV R, FEEE T AR RV DL
SRR TH R,
1.1.1  SH 2 B0 5] 0 s M fh bk

TeA 1 145 AL 77 PA/LDH-DS 5 HoAu 4k 7]
AT ErEREE 5, HARG LW N 1 Pros, nf DRI
PA/LDH-DS A%} T HoAth #0454 A 770K 1 o) 11 4k 7 i
(S)-1-Z & efigs HA T 5 1009 ek e

1 AR AT e b e % 5% ¢

Table 1 Racemization of (S)-1-aminoindan over Pd catalysts

Specific Surface

Entry CatalySt area/(mz.g—l) eeamine/% SeLInda.n/%
1 Pd/C 55 65 20
2 Pd/BaSO, 2.967 8 13
3 Pd/CaCO; 0.945 12 17
4  Pd/AIO(OH)  9.872 39 15
5 Pd/BaCO; 2.353 35 5
6 Pd/LDH-DS  69.389 4 2

“ Reaction condition: 4 mL of toluene, 10 mg/mL Pd/LDH-DS, 80 mmol/L
(S)-1-aminoindan, 55 ‘C, 200 r/min, 0.03 MPa H,.

1.1.2 &% 5T PA/LDH-DS 1EAV ¥ 5% 64 % 7h

5 L 77 6 R A 700 ) R A 18 2 R R s P 1) 2 i 4R
K, BUEXT PA/LDH-DS AL 113 Bett [ S AE A A7)
PSR T TRIFY, S5 2.
F 2 AEVERNT PA/LDH-DS fEAK(S)-1-2 5 B 4 Be i 5% m ¢

Table 2 Effect of solvents on Pd/LDH-DS catalyzed racemiza-
tion of (S)-1-aminoindan

Solvent Time/h ee/%| Time/h ee/%| Time/h ee/%
Toluene 5 729 10 33.0f 15 3
Hexane 5 65.0 10 30.7 15 5098
Chloroform 5 89.8 10 69.7 15 525
Isopropyl ether 5 56.6(| 10 193] 15 0.79
Ethylene glycol 5 940] 10 834| 15 693
dimethyl ether
THF 5 9951 10 96.5| 15 91.8
1,2-Dichloroethane 5 54.9 10 2.17 15 =0
Acetonitrile 5 5771 10 378 15 9.29

“ Reaction condition: 4 mL of solvent, 10 mg/mL Pd/LDH-DS, 80 mmol/L
(S)-1-aminoindan, 55 ‘C, 200 r/min, 0.03 MPa H,.

MWHHIR, RAEE. 1,2- ROk LI
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WESR VAR, V15 h 5, FEAR ERNGEA ee (H AT A
3%, 0.79%, 0%, 9.29%. T H B % FW: THF. =5 4L,
O R R TR RIS B N R R 2. A O R R
FIH, 25 RSB A S RIS 1k DL T e e 1 1 e B
TR, BATTIERE IR N S5 S .
1.1.3  4E4eF) A &7 PA/LDH-DS 1AL} 3% 64 % 7%
EERHEEAL T SR BRATTEAT T 8582, 4307 S0
FHEN 5, 7.5, 10, 12.5 g/mL I} 52 I 25 SR 5 th 2 [
1 o, BB 1 BAE e th Ze ] LU, b 7] T &
AR A S N P AR, I AR A B A R K
SN A R () — RO, N 15 h IR & . %
FE B AL T RRA DL AR, BRATIEE 10 mg/mL
A HIREA R

100
—&— 12.5 mg/mL
80 —e— 10 mg/mL
7.5 mg/mL
—v—5mg/mL
60
&
8 404
20
0 T

LA L I N S LA DL B B I
0 2 4 6 8 10 12 14 16 18 20 22

Reaction time/h

B 1 AR RS PA/LDH-DS fiEA6(S)-1-203E B i e

IR
Figure 1 Effect of catalyst amount on Pd/LDH-DS catalyzed

racemization of (S)-1-aminoindan
Reaction condition: 4 mL of toluene, 80 mmol/L (S)-1-aminoindan, 55
‘C, 200 r/min, 0.03 MPa H,

1.1.4 & /Z5t PA/LDH-DS B0 H 3% 49 %57

X BB IENR R FOR U, R — AR
B S NL R 3, — 7 T R T sy, 9 A A
SN JE o bt i, dREET i o R AE— SRR RN —
J7 Tt A il R B TR, T M A RS & 1 AR A 7
— P RIE S I, B SOV Rl 2 T . DRI,
B AN A e Ak S N FE AT 5 5%, IO 45 R LT 2 B
7.

HE 2 ATEE A Y, SOVl BBk s, S N A
PR SR B TR (R T, R X RONAE 60 °C R E
ATHE, BB B T BB I 4 4% =) e
WHL. 1M 40, 50 F1 55 CREEAT B NILPAS AN )
UEEI=H). 537% EE BIMEAE R 3% 53 P A AR AR 3 v R T
RNAE 5 i, IRIIERE 55 °C o RVl
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100
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i —m—40°C
80+ ——350°C
70 55°C
60; +600C
50 |
40
30
20 ]
10
o+ T,
0 2 4 6 8 10 12 14 16 18 20

Reaction time/h

ee /%

B2 AFNEE PA/LDH-DS fEA(S)-1-205E B i e (1 5 i
Figure 2 Effect of different temperature on Pd/LDH-DS cata-
lyzed racemization of (S)-1-aminoindan

Reaction condition: 4 mL of toluene, 10 mg/mL Pd/LDH-DS, 80 mmol/L
(S)-1-aminoindan, 200 r/min, 0.03 MPa H,
1.1.5  &JExt PA/LDH-DS 1BV 5% 69 %5 7f)

1 - 5 5 A0 3 T s . 3 sk 471 3 T i 1) 2 AT
JE (R N ST, B =) AU T e 5 e S I B A 117 —
VR NS A B e, SR R e R S e RS AN T
T — 7GSRI, A S N e o — T
THIREAE S () T e ) B N B2 Bl in bk, Bl =4 b2 1
%Z. PrUAEX W 2 A — N e s, ik, &x)
ANFE AT NI RN T S, 453K 3 Fir.
# 3 %X PA/LDH-DS Ak (S)-1-Z0 5 B 1 e 1) 5
M @
Table 3 Effect of different hydrogen pressure on Pd/LDH-DS
catalyzed racemization of (S)-1-aminoindan

Entry Hydrogen pressure/MPa  ee pine/%  Sel.jngan/%
1 0.01 8.9 0
2 0.02 5.1 0
3 0.03 0.39 0
4 0.04 0 1.0
5 0.05 0 1.5
6 0.06 0 2.2
7 0.1 0 3.8
8 0.2 0 5.3

“Reaction condition: 4 mL of toluene, 10 mg/mL Pd/LDH-DS, 80 mmol/mL
(S)-1-aminoindan, 200 r/min, 55 ‘C, 15 h.

& 3 nTHEAE N, Al fEd, SR, Hix
NI R, SRR A SR I T, R e M AR
0.2 MPa I,  53%ME = Peimi 4. m9sEh
0.01, 0.02 1 0.03 MPa FHEAT N, EIF“4) Sel.jngan N
0%. 256 LA BT AT TERE 0.03 MPa K Je WA ).
1.2 BEEMAEX 1-SESRENSH N FIRS

TEBEIEAL PR P EIRATIFEREAT T35, g R
W 4 Frox. B3R 4 ATTLUGE H, WA 1-205E
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EH BB IR A ARG — B, iR %, DKR
S NG5 SRARR RO, 2R 4- SR R N A O Tt
SO, 1= IR Bl A3 T A P o0 T LS B b
ROR. I IRATRIT 4- SR R IE AT A S5 I3 A e it
1.
R4 WAL 1B 1) FR A S ¢
Table 4 Effect of acyl donor in DKR of 1-aminoindan

Entry Acyl donor €€amine/%0 Conv./%
(0]
1 )LO/\ 55.1 91

[\

0
)ko J\ 84.0 94

o (¢]]
3 /@ 65.7 93.1
)'Lo
0 Cl
4 Q/ 87.5 90.8
A

(¢]]
O
5 91.7 >99
/\)ko

Cl
(0]
6 ©/ >99  >99
\/\)’LO
o (¢]]
0

© 2014 Chinese Chemical Society & SIOC, CAS

“ Reaction condition: 4 mL of toluene, 0.33 mmol of 1-Aminoindan, 0.35
mmol of acyl donor, 40 mg of Pd/LDH-DS, 100 mg of Novozym 435, 200
r/min, 55 °C, 0.03 MPa H,, 15 h.

1.3 1-2EEFENSHNERAR

7 HI T 9 e S 1 o JE Atk AT P/LDH-DS i fig
[l Novozym 435 £54 3T 1-RIEEiH 2301240t
5%, 76 4 mL 2, 0.33 mmol 1-52 L2, 0.35 mmol
R R IR AE R e it 44, 40 mg Pd/LDH-DS, 100
mg Novozym 435, 0.03 MPa H,, 55 ‘C, 200 r/min %14 F,
1-Z BE el DKR S WY BEE AT r= W) 4 4k 2 > 99% I
eep=>99% 1 Fef3: 45 UL

©:> Novozym 435

1 Pd/LDH-DS
toluene, 55 'C 2

B3 2z A 12 R e
Figure 3 Dynamic kinetic resolution of 1-aminoindan
Reaction condition: 4 mL of toluene, 0.33 mmol of 1-aminoindan, 0.35
mmol of 4-chlorophenyl calerate, 40 mg of Pd/LDH-DS, 100 mg of No-
vozym 435, 200 r/min, 55 C, 0.03 MPa H,, 15 h

1.4 BEHNFRROIREEER
Ht—2% PA/LDH-DS % Novozym 435 {6714

http://sioc-journal.cn/ 935
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RGBT S, RILZMAL AR R A R G A
FeoetE, EEAM 30 IRZJG, eep — HARFF>99%, #Ak
FABYERFE 99%LA L.

2 #ig

AR AT A S AR & 0T BE M 1k 5
PA/LDH-DS, LA(S)-1-24 H &fi i 15 A A5 B P ik 5 1 AL
TS BETERE, 8¢ THA. AL 2. HEELAE
J4) PA/LDH-DS 40 e RE 1 iI5em, R IE v 5
HHZE, AR FIESY 10 g/mL, BAERE N 55 °C, ik
25N 0.03 MPa. {EUbAEEAl EIRATRES Novozym 435
AT -2 5L e )30 )1 #9770 (DKR) R AR5, 175
4 mL FI2K, 0.33 mmol 1-Z(JEEii#, 0.35 mmol X G K%
IR EEAE Rt 1K, 40 mg PA/LDH-DS, 100 mg No-
vozym 435, 0.03 MPa H,, 55 ‘C, 200 r/min 4<1F , 1-%7&
BT A 0 B P2 W) AL %6 > 99% IS LA eep ™ 99% 1) 15
(EXSE
3 KEIHN
3.1 UEHIKF

ASCRE SR IS8 A ARSI, {E Fuli FL2200 243
FHAE A (LS AR 3 BT AR A R A 7)) BT I e, R
A 725 CHIRALPAK® AD-H 250X 4.6 mm AT
PERE; BEGAEIMELE WZZ-1S X A sl kit
1T, MWiE "TH NMR, °C NMR ¥J7644 [ BRUKER
Advance2B (400 MHz) bl sz, I+ CDCl; A5, TMS
H IR, H A BT AR A T A B Al pk A AL
3.2 HIEMELTIEIZ

Pd/LDH-DS [fifil4: (1)% 10 mL % 60 mmol
MgCl, #1120 mmol AICL; [FI7K # ¥ IIA %2 200 mL 3 mol/L
AR, FARYTE, B 10~30 min.
Z B B S VRV 2 BT 60 mL AN R I s B 2
KPAEF 16 h J55%] LDH-CL )% E—15 3011
LDH-Cl JIAZE 100 mL 2 mol/L ¥+ ke hEmi ik
W, 80 'C RIS 12 h. A4, B, oJg. K
Ve WEAYEE . 80 'C M1 4 h 5433 LDH-DS. 3)/m
NJFHLE 108 fRAR SR Na,PdCL, M1# 4 LDH-DS, f£ 10
mL 7K 80 ‘CHn#4 1 h, A 1 mol/L [UHIIA MR, 80 C
I 30~60 min, HEVEEGW LGN ILE. HO
IYES, KUE, WEAYES:. —50 CIRELAS FAE T, 15
FI¥ g1k 77 PA/LDH-DS.

3.3 Pd/LDH-DS jHnE/R Kz %52

SR FH T 28 4 Jem LA A A DA 3 g A AR, xod G g

H(S)-1- 28 FE Bl | N 4 A HEAT T VEAN BIE ST, 2 Sl
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WA AT R DL Ay AR AT
T e J2 I3 % 5%
3.4 1-BEHFHNNTEHFERAR

FEBFA1) 30 mL ANEEAN = He S N A AT | V.
MNAEUR: 4 mL BRSO brat, 4> 7l K), 0.33
mmol VY BE 1-Z FE 2, 0.35 mmol X ZU KNy L IREE, 40
mg Pd/LDH-DS, 100 mg fi5 /i Novozym 435, Vit &
55 °C, &)k 0.03 MPa, ¥3£ 200 t/min. )V 15 h Jo, HF
ATEURE AT

0]
W\ o)
NH

: Novozym 435
2

1 Pd/LDH-DS
toluene, 55 C

(1) diluted hydrochloric acid

(2) ammonia water 3

Bl 4 (R)-1-Z ) &5 )24 & ik
Figure 4 Preparation of (R)-1-aminoindan by dynamic kinetic
resolution

35 (R)-1-IXEi-1-REEHQ)FIZF R AL

¥ Bk R AR RAELLHITTR 50 5575 1 L A%
AT RN, 1-Z R Ik 2.20 g, 15 h JHHE, 55
CAA T i PR 2 IR T fh A0 R0 [ 44 2% 5T, 150 mL
ARUEERIERE 3 UG MDBCIER, TEZERR AR 2 G,
(A1 (R)- 13 IE-1- 28 5 e o, ML EAT R R AT 2
alifh 43 B4l (R)- e - 1 - AL B, 2Rl 3.41
g, TR A 95.2%, WILHIF= i ee {H>99%.

(R)- G Bk -1- & BE Bl 2): [a]y +31.2 (c=1.00,
CH;OH); 'H NMR (400 MHz, CDCl;, 25 C) ¢: 7.45 (d,
J=8.4 Hz, 2H, CH), 7.18 (d, J=8.4 Hz, 2H, CH), 5.61 (d,
J=6.4 Hz, 1H, NH), 5.05~5.12 (m, 1H, CH), 2.18 (t, J=
7.6 Hz, 2H, CH,), 1.91~1.94 (m, 2H, CH,), 1.67~1.72
(m, 2H, CH,), 1.58 (d, J=7.6 Hz, 2H, CH,), 1.64 (d, J=
7.6 Hz, 2H, CH,), 1.46 (d, J=6.8 Hz, 2H, CH,), 1.30~
1.36 (m, 2H, CH,), 0.91 (t, J=7.2 Hz, 3H, CH3); *C NMR
(400 MHz, CDCl;) d: 13.74 (CHj), 22.33, 27.86, 30.13,
34.05, 36.58 (CH,), 54.43 (CH), 123.87, 124.71, 126.66,
127.83, 143.23, 143.33 (Ph), 172.84 (CO).

3.6 (R)-1-IkEr-1-EEENHKE
IR B 48 (R)- - 1-Z 23 2 mol/L i
ERRKAR RN 10 h, &NVE5 RS 2K pH>10, H =
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APEEHEA TR, T8 5 WA WA e 2515 2103k o (i 14
BI(R)-1-AILE. [aly —20.7 (¢=1.00, CH;0H); 'H
NMR (400 MHz, CDCls, 25 °C) &: 7.29~7.31 (m, 1H,
CH), 7.15~7.22 (m, 3H, CH), 4.29~4.33 (m, 1H, CH),
2.91~295 (m, 2H, CH,), 2.65~2.89 (m, 2H, CH,),
2.36~2.53 (m, 2H, CH,), 1.66 (s, 2H, NH,); *C NMR
(400 MHz, CDCl5) 6: 57.1 (CH3), 37.3, 29.9 (CH,), 124.4,
126.1, 127.1, 128.6, 143.4, 147.3 (Ph).

3.7 oWEH

FHWAHT-PEAE CHIRALPAK® AD-H 250 mm X 6
mm, WA VOEC%E) @ MLRE)=98 1 2, Wik 1
mL/min, HFEARLS L, DK 224 nm, Pl -2
BN WA R O/ BR B 18] 2331 8 12.8 min (R)F! 14.6 min
(S), T A 2 I -1 - 0 e 35 S5 A 116 AR B 1) 43 i
21.1 min (R)F1 24.2 min (S).

P (R)- 136 I - 1- 2 5 1 90 (1) 0 WAR S {E eep=
(Cor— Cps)/(Cpr+ Cps) X 100%, Hrp#Eib C JEMR PR
Y D B AT H TG 8. Cor AT Cos 2390 R TR BE-1-
SR S IGIE- 1- 20 55 B
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