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[RuCl(p-cymene)-(S)-BINAP]CI Catalyzed Asymmetric Preparation
of trans-3-Amino-bicyclo[2.2.2]octane-2-carboxylic Acid Ethyl Ester

Zhou, Zhangtao Wang, Yang Cheng, Bingxin Ye, Weiping™*
(Shenzhen HwaGen Pharmacuticial Co., Ltd, Shenzhen, Guangdong 518118)

Abstract frans-3-Amino-bicyclo[2.2.2]octane-2-carboxylic acid ester is the key common chiral fragment of some novel
antiviral drugs (like Pimodivir and ZSP1273), which targets the PB2 subunit of RNA polymerase. Now, the market demand of this
molecule is at level of hundreds kilograms to tons, and there are several related innovative drugs in clinical study. Here a
asymmetric transfer hydrogenation strategy to directly construct frans-3-amino-bicyclo[2.2.2]octane-2-carboxylic acid ethyl ester
using [RuCl(p-cymene)-(S)-BINAP]CI as catalyst with excellent enantioselectivity (over 98% ee) and without tautomerization and
protecting/de-protecting process is developed, which holds the potential of scale up production and commercial value.

Keywords influenza; Ru catalysis; asymmetric transfer hydrogenation; f-amino acid ester
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MfERBL JAT, eI e NInR =T A B,  HREER, ik P e &9, AT
RREABRITTH 1. AR, oF Rk EE A, B TR AR P K )

7EK %8 Pimodivir Bi# ZSP1273 25¥14 T K #Eh,
T 3-FHENIA[2.2.2]F k-2- F R & 2200 HEME
H. B, 5T FHE 3-2 - X0R[2.2.2]F Fi-2- HER 1)
A HARIESCHR T, AW ER KL RN T2 L
FET AR —SZR(D-A) S B S A8 S A 45 14 (Scheme 1,
A~CQ), RIGLTEXFRUA Al OFT1Hi% F(B)E
HAr b &4t (B R 07 vk, 3R A i a ik R
EMEEZE, HA GRS, BOKAEF T2 NRHOK.
LTS SRR S K, S H 2R SR 3-
PRIE-RUA[2.2.2)F bE-2- IR CER1E A aa kL, S-1-28
LI RTFEFE TR, Eidimle ik, SR, 1
TR A AN 5649 20 H bR A 4k & P(Scheme 1, D).
I 2R G T F PR D IR, AR WCRAS B KR T
{BFELE A R b e i A rp TR BT M B B L D IR 2
&, AR LR T T2, 3-8k
F-XUIR[2.2.2]% Ke-2- H R LB AR FRIE R ek, —
Ry HFRALEYI(Scheme 1, E)SL A TAER A FR
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Table 1 Screening reaction conditions for the asymmetric reductive amination

@Eo [RuCl(p-cymene)-(S)-BINAP]CI (5.0 mol%)
CO,Et Amine source, hydrogen source

1 TFE, 75 °C, Ar

NH, NH, Et02CQ
Suic el
NH
CO,Et CO,Et

CO,Et
2 3 4
1 0

Entry Hydrogen source ~ Amine source 1 5 GC yield/% 3 1 ee/% of 2
1 HCO2NH4 aq. NH3*H20 39.4 20.7 14.5 43 93.8
2 HCO2NH4 aq. NH4Cl1 31.7 38.2 7.3 4.8 92.9
3 HCO2NH4 aq. NHsAc 32.7 36.2 8.3 5.0 89.9
4 HCO2NH4 NH4C1 13.9 439 3.4 8.9 86.5
5 HCO2NH4 NHiAc 22.9 25.7 9.4 10.1 88.5
6° HCO2NH4 1.0 51.1 1.0 4.1 92.7
7° HCO:H/Et;:N aq. NH3*H20 44.1 21.1 11.8 2.9 58.7
8d HCO:H/Et;:N aq. NH4Cl 245 52.7 2.1 2.5 79.1
9d HCO:H/Et;:N aq. NHsAc 1.8 53.4 1.0 5.5 70.5
10 HCO:H/Et:N NH4C1 39.1 36.2 0.4 0.9 68.1
11 HCO:H/Et;N NHsAc 0.4 52.8 0.2 1.4 67.1

@ Reaction conditions: 3 (5.0 mmol), [RuCl(p-cymene)-(S)-BINAP]CI (5.0 mol%), hydrogen source (25.0 mmol), amine source (5.0 mmol), TFE (10.0 mL), 16 h
under Argon. » HCO,NHj also works as amine source. ¢ 27% NHz*H,0. ¢ 10 equiv. of H,O added.

MRPER 1 AR T A SR 45 R, RIRY)
1 75515 BAEE G a4k 3 BB, 1A ik —d Sk
&Y 2. TG, S T e b AR A IS AR, B
8 F I e vh R AR 3 A KR AR SR R, BkFRE
U] 52 AR Z8 3 73 OSSR AR B (R AR ok, AR THEE AR Al S5

Rk, AT T ANER 2 B AR RREE RS A AR SR A4
A, SRR A R EE R - = O R,
ISR IR, He_ PR R, 15105
RIS, PR A i 51.1%(3% 1, Entry 6),
MAEARNIRERL FA AT T, Ml iE k& 3 w7 LUGF]
PR E N AR &Y 2, P IS (GO) R Al 1R
8] 74.4%, ee [H M 92.7%$E 5] T 98.0%(F 2, Entry
). 76 R RN A, INEAEEINR, =4 2 1
rRBai it — IR B T 86.0%(3E 2, Entry 2). B EIE
W PR = Ceh &R, SALEAE NRINR, BRI
AL R, (H7P29) 2 1 GC HRE4iE R A 61.1%, ee fE
WA FT FBE(EE 2, Entry 3). SBITXE, AHET HR-—24
etk &, WRREAT A R BA & IR, 5 S0 B
HHAT TR E, 8 S BRI, B I BRI IR
IR R A FEFRLEBIAMER, B GC W IRFF
DL ISR, (B ee EHAANFREERHIRIEE 2,
Entries 4~7), & T &I 461 H RISk R, 18
AR AR, B RRL 3 PTRASE ARk, HER T AR H
WA 2 4, IEH TR EEL 3 KRS EIED 1 BUE
RGP 4, IX5R 1 A5 S0 1) P BE AL
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).

FH T 6T 4 Ja A A R e BEAR k) A o o G v,
T B P IR R R 2. Rtk BRI
AT EM T —PIRE. EEAEEEMT, ik
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AN H AR AP iR 4R N Bt B, TEARTRI R
S T) Y TG SE B 5E A #5 4k (3R 3, Entries 1~5). BT
TER R A R, G0 5 R 43 il e s S VR 1) e e 5
PR, TS PR A TR ) A 2o SR DL R U
T, AR R A R R T, TR T RN AR R
TEHEEIRIRE, FEURPERAN, R T RS E
SEGRERPEER, TRA TR e sk S v S B A R 3 B I
Mg RN SIS R ). SRR A R EOR, HE R
ML 28 2.5 mol%H, S56 45 Sk T LLIA 2|2
HIE A 5.0 mol% AL I K (FK 3, Entry 5). 44k &2k%
REHE SO SR T A B 31 2.0 mol %), [ Bigh IR
TBAT R AR, 2 J5 M 2.0 mol %4k SEFEA 3 0.5 mol%
R, JER B TEiE5E e #0 (3R 3, Entries 6~~9).
I, TERUET AL R S A A T 5 T, B
SN AT T AL EAE 2.0 mol% A DLARIE S i %
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Table 2 Reaction condition screening of asymmetric transfer hydrogenation
@:NHZ [RUCl(p-cymene)-(S)-BINAP]CI (5.0 mol%) @.\\\NHz
Hydrogen source
s COEt Additive, TFE, 75 °C, Ar ) COEt
Entry Hydrogen source Additive Conversation/% of 3~ GC yield/% of 2 ee/% 2
1 HCO2NH4 98.1 74.4 98.0
2 HCO2NH4 NH4Cl 99.0 86.0 97.4
3 HCO:H/Et;N NH4Cl 99.0 61.1 96.0
4 HCO2NH4 HCO:H 97.6 71.7 92.5
5 HCO2NH4 AcOH 99.0 75.6 82.5
6" HCO2NH4 HCI 96.1 61.2 88.3
7 HCO2NH4 PhCO:H 91.0 61.2 39.0
8¢ HCO2NH4 NH4Cl 99.0 85.0 97.3

@ Reaction conditions: 3 (5.0 mmol), [RuCl(p-cymene)-(S)-BINAP]CI (5.0 mol%), hydrogen source (25.0 mmol), additive (5.0 mmol), TFE (10.0 mL), 16 h under

Argon. » HCI was trapped with 3 before used. ¢ Bubble with Argon.

R3S ERTRE
Table 3 Catalyst loading screening

[RuCl(p-cymene)-(S)-BINAP]CI

CO,Et

HCO,NH,, NH,CI, TFE

SN
CO,Et

3 75°C, Ar, 16 h 2
Entry Catalyst loading/mol% Conversion/% of 3 GC yield/% of 2 ee/% of 2
1° 5.0 99.0 86.0 98.0
2b 4.0 84.3 62.3 97.4
30 3.0 78.9 57.1 97.5
4t 2.0 64.6 36.4 99.0
5¢ 25 99.9 86.3 97.4
6° 2.0 99.9 86.0 97.4
7¢ 1.5 93.1 79.6 97.8
8¢ 1.0 91.1 74.8 97.5
9¢ 0.5 30.1 5.9 99.0

@ Reaction conditions: 3 (5.0 mmol), HCO,NH, (25.0 mmol), NH4Cl (5.0 mmol), TFE (10.0 mL). ® Under 101 kPa pressure. ¢ Proceeded in sealed tube.

M R seag gt a s, K A R R AL
EF RS E R, HEERET, RN EZ D
ETE AR, Rk, T SR E R R S I N
WERZ KR, SRR RE AT T 6 &
VRN AR I 7108 0.3 MPa i, B gs iR S
A HEE %M —FE(ER 3, Entry 6; 3K 4, Entry 1).
B J5, 2GS AR R R D E] 0.5 F11.0 MPa, J v H
5 45 A W 2 (K 2% (3R 4, Entries 2~~3), #4E & N
LN 2 AF 5 RN B2, OB AR R B 4 RR TR
0.3~0.5 MPa HJEJ120F . WIRTATiR, MRIEAXTFREE
B S AL SN HLER, IR B A S R TR, SRR 2T i
PRFE AT TG PR AT - B A, 0 P RS B b
AT IR S OB, TG PR T - AL A T R B FE v, g
PEEUIR 2 15 s A Ui ROBEA T, IX AT DL
TN T B 5 0 R i DA e 3 24 T o A A &R
AIEER. WEXANEE, HEERASENEE
AR, A EE OSSP RS B0 1 A R SR ISR M AL A K
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AR, LIRS R ROR, BRI s A
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98.4%(FK 4, Entry 4). {HuFZMFIAR R AESUE
AR, BIMELE 2.0 MPa 500, 7290 2 1% i S 4 ik
Pt A 91.8%(% 4, Entry 5). Hbal WL, AXFREE
T A 1 S5 R e o S B R AR 3 R BEE L, T
FEMESMENTBER, P& — ISR Z A R T
A X i S AL R A, IR SN AT
TREELL, e NIREANREIR T 2 s Al
STHEIN T B F=P0 5 LR 4, Entry 6). BRSO R FE,
TEARE B SO NI TR Y, R 3 ik se &84k, 729 2 1)
Hrs gl AR, A KRR (K 4, Entry 7).
5B, XRBEFIAT T e, BT s,
JRSEIR T35 B 32 AR R AR H L 5515 B B S A
. Hop = AR SRR BERUR (RS,
Entry 1), 1M [R5 1) O BER R A 22 AR, 78
FHIF SRS TR PN, 3R — - R B (55 5, Entry
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2), HAEHAER, WHEE. OFE. NN-ZH B
(DMF).  PUSkIR A 2R3 %A 1E A A AR R R I H
RIFHIE IR (FR 5, Entries 3~7). XH[AEE S =4
P SRR PRI EE AN 22 M A G, 5 R P 3 ] — 35 PR 3
T =5 CRERI R, A H 5 A Bl ™= 2 1A () A B A
FH 77558, X SR R A IR ARG AE . B KA =
WOBE R AR R, AR B3, (=5 S 1)

R4 PEIELA R

B, TAVBORA I, YRR 2 R ngE s m. Kk,
X S SEAR 2R ) = SR REAT T BT AR A [ iy = 36 L I
ARG, fE, RNESHRE, 2% K207 L
T 70% 1 =3 S B, AT R =M i 2 5
AN RREEAS SN, FLSEEe 45 5K 5 48 F 3 =9 S 1)
RO, TR ZRIGE S, Entry 8).

IR «

Table 4 Pressure effect on catalytic system

NH,
@KNOEt

[RuCl(p-cymene)-(S)-BINAPICI (2.0 mol%) ~NH;
HCO,NH,4, NH4CI, TFE OEt

e} O
3 2
Entry P/105 Pa Temperature/C Conversion/% of 3 GC yield/% of 2 ee/% of 2
1 3 75 99.9 86.0 97.4
2 5 75 99.9 86.5 97.4
3 10 75 99.9 82.9 97.3
4b 5 75 99.9 86.0 98.4
5¢ 20 75 99.9 82.8 91.8
6 5 85 99.9 75.0 90.1
7 5 65 80.3 62.9 94.5

“ Reaction conditions: 3 (5.0 mmol), [RuCl(p-cymene)-(S)-BINAP]CI (2.0 mol%), HCO,NH, (25.0 mmol), NH,4CI (5.0 mmol), TFE (10.0 mL). * H, as back pressure

gas. ¢ Without HCO,NH,, only H, gas as hydrogen source.

RS NEFIN TR

Table 5 Solvent screening®

NH,
@K[(oa

[RuCl(p-cymene)-(S)-BINAP]CI (2.0 mol%) ~NH;
HCO,NH,, NH,CI, solvent, 75 °C, H, 16 h OEt

O O
3 2
Entry Solvent Conversion/% of 3 GC yield/% of 2 ee/% of 2
1 TFE 99.9 86.0 98.4
2 EtOH 47.1 16.4 99.0
3 MeOH 243 3.1 ND
4 CH3CN 16.2 0 ND
5 DMF 10.1 0.6 ND
6 THF 12.1 0.3 ND
7 Toluene 14.2 1.5 ND
8’ TFE 99.9 86.1 98.4

4 Reaction conditions: 3 (5.0 mmol), [RuCl(p-cymene)-(S)-BINAP]CI (2.0 mol%), HCO,NH, (25.0 mmol), NH4C1 (5.0 mmol), solvent (10.0 mL), 16 h under H, with

0.5 MPa pressure. * Use recovered TFE as reaction solvent.

B, WRAE R A R BT T 15 g 201
R T Z W AE(Scheme 2). M SR ZE SBuT 51, M H
e R /NS Rz, T2ED MR, H— 25K
KB TT A2, SO 58 B AR EE M S5 K 4 b, X
AR TR R RN, O R RRE, H R
B 5 @A VS R TR, DA PRI Z R BT
.
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[RuCl(p-cymene)-(S)-BINAPICI «NH,

NH, (2.0 mol%) '
OEt HCO,NH, (375 mmol), NH,CI (75 mmol) OEt
0

TFE (150 mL), 75 °C, H, (0.5 MPa), 20 h 0
2

3
1064
15.0g 70.0% yield
97.1% ee

B2 a2 M Busos s

Scheme 2 Gram-scale synthesis of compound 2
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2 Zhig

DL 3-SR I AR [2.2.2] 3 -2- M -2- R 2 Bg ket )
B DUREE . BRI HI(S)-(—)-2,2"- B (=R EE ) - 1,11k
Z5(S-BINAP) A F LA, LI T 47 4 @ fh A0 1 A %o R
HRE RN, LAEIE 98% Xt ik #1153 3K 15 H hrtk
GV A-3-AIE- IR [2.2.2)E bi-2- W R 2B, ek
T RPN T 2O IE SR, Z @k R, &
RH AR, B e WA BOR A F= (138 77,

3 EES
3.1 UHFES5HF

Wi AR N Bruker Avance NEO 400 %Y WiAH- 5
PE{CA Agilent 1290 infinity IT UPLC-Agilent G6125C 7Y;
T ROBORR € 3% 43 N Thermo U3000, 343y CHIRALP-
AK®IG, 4.6 mm X 150 mm, 5 pm; A G Agilent
8890, {4 SH-Rtx-1701, 30 m X 0.53 mm, 1.50 pm.
AL T 2% 5 W) AR [(S)-(—)-2,2"- X (— Z8 J: JBl)-1,1'- Bk
25 (p-AE 2 AL ET (AN K T8 2 i 7 8 AR R
BIRAR, HARKT o Hraigy.

3.2 ZLWAHE
32,1 AL AL A R X -3- R - IR[2.2.2]
Fhz-2-F B LER(2)

T 50 mL SE3EFE A 3 (1.0 g, 5.0 mmol). R
#2(1.58 g, 25.0 mmol). S {L4#(0.5 g, 10.0 mmol). fEfk
#1245 P [RuCl(p-cymene)-(S)-BINAP]CI (231.7 mg, 0.25
mmol) M E A =8 Z8£(10.0 mL), 18 F &< B Hefk
RIW, RARET 75 CRIL20 h, JlEARAE b2 B
. ARG FIIA K (5.0 mL)AT — & H %£(10.0 mL)# iR
B AW, A8 PR H R (2.0 mol/L) A & pH 3] 1~2, #
B ZBR AN, AR E ALK IER(2.0 mol/L)
WHTKAIA R pH 3 12~13, 7KHHFH & H%£(20.0 mL)
O, FEEYAMHSEEAEEE/K10.0 mL)PeE, JTK
RN T2 5, RS R 0.31 g MR IR 2.
R 31.0%, 86.5% ee [HPLC, CHIRALPAK®IG column,
ECK/ W W vV : V=850 ":150 : 0.5), 1
mL/min, 210 nm]. '"H NMR (400 MHz, CDCl;) J: 8.51 (s,
2H), 4.19 (dd, J=8.0 Hz, 2H), 3.87 (s, 1H), 2.70 (d, J=
8.0 Hz, 1H), 1.97~2.12 (m, 3H), 1.77~1.89 (m, 1H),
1.47~1.65 (m, 4H), 1.36~1.46 (m, 2H), 1.26 (t, J=8.0
Hz, 3H); 3C NMR (100 MHz, CDCls) 0: 172.66, 77.13,
61.26, 51.36, 47.76, 27.84, 25.02, 24.06, 20.72, 18.77,
14.27; HRMS calcd for C;;HNO, [M+H]" 198.1230,
found 198.1231.
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322 3-RAABIR[2.2.215F-2-H-2- F L T BE(3) 49 & Ak
T LOL =B AN 1 (150 g, 0.765 mol). £.F&
#:(118 g, 1.53 mol) 1 Z(750 mL), 70 “C )% 10 h, I
JEGE T, MK (600 mL)FI Z. R 2.5 (1500 mL)AE
W, #ESZ, F30AVAEHK600 mL)¥Es, oK
TREREN T, ZRRRVEFIEE] 175 g R BHPIRY) 3-& 3
WIAR[2.2.2]3F-2-1-2-F R Z.BK(3), IMAIK(700 mL)F1Z,
BE(350 mL)VA MR RIEEAT Hefn, U, T8, B
FEAMBAE 3, WX 79.6%. 'H NMR (400 MHz,
CDCls) d: 4.13 (dd, J=14.4 Hz, 2H), 3.01 (s, 1H), 2.28 (s,
1H), 1.33~1.61 (m, 8H), 1.26 (t, J=7.2 Hz, 3H); 3C
NMR (100 MHz, CDCl3) 6: 167.63, 96.40, 77.10, 58.66,
37.08,27.53, 27.34, 25.25, 14.68; HRMS calcd for C Hs-
NO, [M+H]" 196.2030, found 196.2029.
323 AAFAREEAS A S AR A -3-F A -IUIR[2.2.2]
Fhe-2-F B TS (2)

F 50 mL EEEH A 3 (1.0 g, 5.0 mmol). R
H:(1.58 g, 25 mmol). & ALE(267.5 mg, 5.0 mmol). f#1k
%A P [RuCl(p-cymene)-(S)-BINAP]CI (92.69 mg, 0.1
mmol) Al 2 it 5 ) =5 4 E(10.0 mL), i F G B ek
A2k, FHAZESINESR 0.5 MPa, 75 C&HT, &M
16 h. YRR 4 bR 2 NI, AR5 I ZK (5.0 mL)AT —
AFLE(10.0 mL)EMIRARY), FFERER(2.0 mol/L)i T
&% pH B 1~2, #EDEREEHAH, HMmEELN
IKIEW(2.0 mol/L)WH57KAH pH F 12~13, /KM=
FH(20.0 mL)AHL, 43 2] () A HLAH 200 1 A& 2R K
(10.0 mL)Beik T/KBMBRIN T 5, WERS 2R
T HPIRY I 30-3- 2 BN [2.2.2] 2 Je-2- R R (2)
0.71 g, Y 71.0%, 98.4% ee.

324 A KHE R XN-3- R A -IR[2.2.2]F be-2-F IR
THEE(2)

T 200 mL AW E R BZEHIA 3 (15.0 g, 75.0
mmol). F4(23.7 g, 375 mmol). F1L44#(4.00 g, 75
mmol) . i 1k 77 2% & ) [RuCl(p-cymene)-(S)-BINAP]CI
(1.39 g, 1.5 mmol)Fl i 4 1 =9 L BE(150 mL). SAJ5
Kz, HETRSEATEERER 2 R, 2FH
BRI AN, FRESR—R, FFENE
J1%] 0.5 MPa. FFEINHES B, SN ARS
75 C, FHFFEEEE 16~20 h. N SERE S, JlE 4
W =3 CBEIE T, AR5 AR B N K (75.0 mL) AT —
FAHLE(150.0 mL), HEFEISIE, FFERER(2.0 mol/L)if
FIKAH pH B 1~2, BESEREA VA, 5K
S S BRI R(2.0 mol/L)HT pH %] 12~13. Z
Je K AE PR =AU 6E(300.0 mL)AEEL, A HUHE PR k2
AN ER 7K (150.0 mL)BES TG K BRBRAN T 15, Ik
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JE A 45 2R B (PR e 2-3- 2 B - WA [2.2.2] F It
2-HER 2.8 (2), 10.6 g, WK 70.0%, 97.1% ee.

4 BTkl (Supporting Information)

& 2~4 1 'H

NMR. *C NMR ¥ B LA AL &9 2 B9 F IR IE . X
LA RL AT LA A 2 AT 19 328 (http://sioc-journal.cn/) | R
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