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R 14 B B8 1% S 2 F IE XS BEC K pyrphos BYE B R A MRS LR
5 =2 Rkt B R R

(I TR A T 22 e RS OTSR R P BRI A i R SIS HRE 411104)
C IR A2 IRBE ACUFAL 2 55 0 F A S A T A 58 JHIRE 411105)

WE  CRA N-H R A Bk, LGy BT XSUBEBC#&  pyrphos [(R,R)-3,4-bis(diphenylphosphino)pyr-
rolidine A IRIEXT G, BIFFT T N-FIHEBK MR 273 AR 47 280 T 1 XUBRIRC 44 pyrphos (45 17 1%, #f0E T H bR 23 115 Bt
2 MR a5k, ) HARMELS WA S T aAEAT T TH NMR, °C NMR, *'P NMR, IR Al HRMS 5% 4E. W97 7 i%35h ik
L5 45 SR S 20 B A TR e IR S S R IR (M AN R & S B A R N P, 45 AR H: R [bmim]BF/MeOH V&7, LL N-
FF R0k 14 Y 9045 IR 6 15 79 9428 (1 pyrphos BIE A4 5 [Rh(COD),BE, JE SR IKBE &0 N AL 7, 7 a- L IBE 28 5 Y RERR 1)
AKERREA SN P 3RAT T 5/ TR FIABI EAE E, P20 100%, XTIUEREE N 97.0%. fEALFIIEIR
4 YR, 5RO W B AR AR,

KEER  ANFREM; SUBERCAA; BRI B A, o ARG IR R

Study on Synthesis of Imidazolium-Tagged Chiral Pyrphos
Diphosphine Ligands and Their Applications in
Asymmetric Hydrogenation

Yi, Bing™*” Wu, Gaofeng” Zhou, Wei” He, Huaping”
(“ Key Laboratory of Ecological Textile Materials & Novel Dying and Finishing Technology, Hunan Provincial Education
Department, School of Chemistry & Chemical Engineering, Hunan Institute of Engineering, Xiangtan 411104)
(® Key Laboratory of Environmentally Friendly Chemistry and Applications, Ministry of Education, School of Chemistry,
Xiangtan University, Xiangtan 411105)

Abstract Herein we developed a facile method for preparation of a new functionalized ionic liquids supported chiral di-
phosphine ligands by grafting homogeneous chiral pyrphos [(R,R)-3,4-bis(diphenylphosphino)pyrrolidine] ligand with C, axis
onto imidazolium ionic liquids supports. Firstly the linker groups having halogen atoms were attached to amino group in pyr-
phos, and then reacted with N-methylimidazole. The other anion-containing chiral ligands located on ionic ligids (ILs) were
synthesized via ion exchange technique. These ligands and the related intermediates were purified by flash column chroma-
tography and were characterized by 'H NMR, *C NMR, *'P NMR, IR and HRMS techniques. All results were consistent with
the compounds synthesized. Then we focused on the catalytic performances and the feasibility of catalyst recycling in rho-
dium-catalyzed asymmetric hydrogenation of prechiral dehydroamino acid. The results showed that the catalyst generated in
situ by imidazolium-tagged pyrphos ligands with BF, as counteranion and [Rh(COD),]|BF, exhibited high catalytic activity
and enantioselectivity in asymmetric hydrogenation of a-acetamido cinnamic acid in [bmim]BF,/MeOH cosolvent systems,
which was similar to the molecule catalyst. The conversion is 100%, and the ee value is up to 97.0%. Moreover, the catalyst
could be reused four times without significant loss of activity and enantioselectivity.

Keywords asymmetric hydrogenation; diphosphine ligand; imidazolium ionic liquid; immobilization; catalyst recycling
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b b A= T 2 el A Tk P AT SR,
FHEEAA & AT T B2, M THEEd 2P R
N, T B R AR A% — S T B o, i HL
FH S5 MARI 2 B S AL R PR
Py AR FRE A 7 22— 2D g e ) . DR, S
w8 w5 53 B D) T P A R B A R 5T
—HIIAEHP

BT E AR B BHE 7458 m] vtk AYE 0 s
M, TEB AR RS e se A, SEILE A )
AeAb T LA R /R sk, b, R R R S Ak
WIS B IR, A B U AR R AL ) AR S
— AN R AR G e 1A, A AR ) {5
FHLCER, B AR S 8 ) TR A ) 5 B iR A
AEABLIR 25 46 5.5, DR 28— YA v A AR I R A
ARSI (e ke Bk SRR LT %, X
FERI T DA P s At B 1) 22 S SE I AR A R 5 - 1k = 5
AR5y 255 [, I e A 3 1 T BH 25 - on) 91 BH
B AT BB SR EA, T LE— D R s A R AR
B, SRR TERE, AR . B,
U BEAb B 7 A 7 28 1) T M R R R O A B Ak A Ak
S WL SRS J W TR Michael i s
Aldol J 2018 C—C Bl Rl N, AR S IX 5 TH )
WEFAIEAERIGE B B, HRIE 1) [ AR I 143/

4B BAAE S BT PE AL AU 5T 7 T OB 2R R 2
Fth 22200 AR SR FH IO W B 5 7 70 88 A O B AR, AN a
FF X BC AR pyrphos [(R,R)-3,4-bis(biphenylphos-
phino) pyrrolidine] AUEHEX 4, Gl T — BRI AR 1
WA 2K 1T pyrphos XUBEREL A4 (Scheme 1), 7E s 45 A1
T 5 EAERNECA, N T T 2 LR 1A
FREAL N, BT T AL R N 45 1, FR 1T T AT
IR AT M, 2552 T b5 B AS e Tk

o) PPh
)K/CI ¢ K00
cl + HCleN D ——
"/pPh, CH,Cl,
2 —
PPh [\ PPh
cl 2 \—/ _N__N- 2
N . - \/ N .
o “PPh, c” o “PPh,
1 2a
- PPh,
KBF, +BF4
——— NN No S
CH,Cly \__/ W 'PPh,
o)
2b
Scheme 1
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1 HR5tE
1.1 BREEEYES 7k 62 20 F MU BC K pyrphos B9 & X

h T AEBK B B BRI NTFEXURERC K pyrphos,
BPATBEVE T A M 2. B2k — S 7E 40 & 7 (DCC,
N,N'-dicyclohexylcarbodiimide) 1 & HL 1 [DMAP, 4-(di-
methylamino)pyridine] £7-7E ~, ¥ & 5 ¥ K M 25 19 44
HAEE NS FEXUBECAR pyrphos [V, {H T i
WA, T HAR Al N, h T 49 3 s 4l R ke 2 g 1
WA BT VOB RCAR, AT T 55— 4 & i 4 (K
1), RIZEAEFPERCAA pyrphos 2L 5] N5 & 2 i1
(PEREIE A, SRS 5 WK M . HL 8 (9 o 1 R K e
T B I B ) TR A ) T o B ATk A 4R
KW B TR N AARR AN, PRl R )
L. A BOESEHT, S5 EREY3
1.2 EUFIEEETR

BAVEF(Z)-0- L2 HE AR A i A0 AL R AR Y
RVJEY), 9T FIRBCAR S 6@ Rh 20 ) fiE A ) (i
RrE O YERE. B SEERTT T AN IR 2H 1 1 b A4 70T
J A ZE RN WG FEPE R 20, 55 @R R N o
T4k 7 Gepyrphos [N-benzyl-(R,R)-3,4-bis(diphenyl-
phosphino)pyrrolidine] 4T T LLER, &R W% 1.

R EAGTIZH O R R0

Table 1 Effect of composition of catalysts on asymmetric hy-
drogenation

0, (e}
OH Catalyst

— + Hy ——

NHCOCH;

NHCOCH;

Entry Ligand  Rhprecursor Convn.’/%  ee’/%

1 2a  [Rh(COD)CI,  99.1 79.9
2 2b  [RR(COD)Cll, 97 80.9
3 2a  [Rh(COD),]BE, 100 84.5
4 2b  [Rh(COD),]BF, 100 97.1
5 Gopyrphos [Rh(COD),]BF, 100 97.3

© 2013 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: 0.049 moleL ' solution of substrate (0.0976 mmol);
substrate . catalyst=200 : 1; 5.05 MPa hydrogen pressure; 2.0 mL MeOH; 4
h; 20 °C. " Based on GC analysis with a 25 m X 0.25 mm Chrompack Chirasil
L-Val column. The absoluted configuration of product is (S), which were
determined by comparison of the optical rotation with the literature value.

SRS RR W] PHE T Rh AT AT AL TP
BEAT BRI, SRI[Rh(COD),IBF, 5 L A4¢ JEA S i 1
B FIROR B UF (3R 1, Entries 3 vs. 1, 4 vs. 2). &
VAT BH 125 7 1) 445 R R A 003 A RS e e 49 12 A
FEAE T RIS W3R 1, Entries 3 vs. 4), MHFESAE T N-
FR R DK e DU 5 07 568 128 1 5 80K Tk pyrphos [T
& 2b E[Rh(COD),IBF, B 5 I3V il £ A4 A 77 R S e

Chin. J. Org. Chem. 2013, 33, 2143~2147
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U, K43 T 5N AT (Gopyrphos/Rh) AHABL 1) 4 44,
PERE, NG WAL E 100%, X ik £ 1
97.1% (3K 1, Entries 4, 5). 1 N-F DKM SUER 251 £
# 1) F-HE pyrphos L& 2a 5 [Rh(COD),]BE, J5A 2
AR AR 22, ANRAS T 84.5% 1% ik 21
(3 1, Entry 3).

B, BATESE N-FF IR Y 55 B0 R & 28 1
BT pyrphos BERCAE 2b A BFIEN S, BFIE T OV
T NP R ) 55 A7) R A R i b 5 DR 50
SRR, 4 R L3 2.

AR AL BRI, N A 5% Wi AL 7 1
PEfE, KA AN RG22 RS
T, BESSEE T IR R LU IR TP (3R 2, Entries 1~
3), o7 P A S R A SRR i R I e A
(3 2, Entry 1). ZERAFI > B, FATZRT
BT IARA TR AL SN R e, AR RIS AT, A
— IR AR A, AR S T RO B PR S
figt HR AR LU 34 BT B 2, Entries 7~9). 7ESbJEA
b, AT DT TR S A TR R
SNV IFEN, ZE[bmim]BF,/MeOH ¥EHIAZR T, FEHIH
AL R RISTARE PR ERIE T R I ROV 5 IR, etk

H 100%, SFRGEFENETE 97.0% (% 2, Entry 10). [FH, 7E
S v R L VR PR A0 B A R R M e AT R, T
A5 () [bmim]BF, & 7B W RAS AL B B AR, (AL
FPRT S P R WG BEVEHG BT R FR(R 2, Entry 12). i
XA TR BEAT 5, I BN 5 Tl R A, L
o SO IR, A= (R R B A R PR GR 2,
Entries 13~14), ATER R VIHELE 20 C. M4k, 75
BT ORI, BRI &, AR I AR
MR, A5 Ak 7RI ) o Lk 21 2000 B,
AT PG PE RS ARIE R AR FFGR 2, Entry 16). i
— AR &, IR SR ) S LA
3000 I, MEALFIG PR S R B, SRR IR T
(# 2, Entry 17).

IR, BRIT T N-FR K i DY 4 &
2 3 B 7 9 1 F PE pyrphos BERCAA 2b 5
[Rh(COD),|BF, 41 ¥ Ak 1 e i TP Al 2 L 1R
AXFREA N, VLR g REW, 5(2)-0-&
T 2 2 R RERR AT LG, A FIAE e IR CR IR At ik
R B ) B AN BR A I P R AN AR, (HR)
WLk FEPEE IS A R P2 (3K 2, Entries 18~20).

K2 AR RV

Table 2  Effect of various conditions on asymmetric hydrogenation

PN COOH _— Catalyst R COOH
NHCOCH; NHCOCH;
S

Entry Substrate (R) Sub./Cat. (molar ratio) Solvent Convn.”/% ee®/%

1 S1 (C¢Hs) 200 MeOH 100 97.1

2 S1 (C¢Hs) 200 EtOH 100 94.8

3 S1 (C¢Hs) 200 i-PrOH 94.3 95.2

4 S1 (C¢Hs) 200 CH,Cl, 60 96.3

5 S1 (CHs) 200 V(MeOH)/V(CH,Cl,)=1/1 92.1 96.1

6 S1 (CHs) 200 V(MeOH)/V(CH,ClL)=1/2 76.3 96.0

7 S1 (CHs) 200 [bmim]BF, 70 75

8 S1 (CeHs) 200 [bmim]SbF 96.3 25

9 S1 (CeHs) 200 [bmim]PF 8.6 53
10 S1 (CHs) 200 V([bmim]BF,)/V(McOH)=1/2 100 97.0
11 S1 (CHs) 200 V([bmim]BF,)/V(i-PrOH)=1/10 100 90.8
12¢ S1 (CHs) 200 V([bmim]BF,)/V(McOH)=1/2 85.5 93.1
13¢ S1 (CHs) 200 V([bmim]BF,)/V(McOH)=1/2 74.2 96.3
14¢ S1 (CHs) 200 V([bmim]BF,)/V(McOH)=1/2 100 95.5
15 S1 (CHs) 1000 V([bmim]BF,)/V(McOH)=1/2 100 97.0
16° S1 (CHs) 2000 V([bmim]BF,)/V(McOH)=1/2 100 96.7
17¢ S1 (CHs) 3000 V([bmim]BF,)/V(McOH)=1/2 58.0 93.0
18 S2 (4-CH;0CH,) 200 V([bmim]BF,)/V(McOH)=1/2 100 96.0
19 S3 (4-CH;CH,) 200 V([bmim]BF,)/V(McOH)=1/2 100 96.4
20 S4 (4-NO,CgH,) 200 V([bmim]BF,)/V(McOH)=1/2 100 95.5

“ Reaction conditions: 0.049 molsL " solution of substrate (0.0976 mmol); 5.05 MPa hydrogen pressure; 2.0 mL of solvent; 4 h; 20 ‘C.* Based on GC analysis with
a 25 mX0.25 mm Chrompack Chirasil L-Val column. The absoluted configuration of product is (S), which were determined by comparison of the optical rotation
with the literature value. ¢ Obtained commercially and used as received. ¢ 0 ‘C.“40 “C./8 h.¢24 h.

Chin. J. Org. Chem. 2013, 33, 2143~2147
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1.3 LTRSS BRI

1F B TAER RS b, BATHE— 0090 T 467
(P70 B IR, B e PR 3R T K P BH 2 1 Ak B 2 1) T
P B AMEAFIR R AT RE, SEI0 R DRtk & AL
LR WG LBk 2R, SRR LU s
AH, BT HIEE, 2. MeCN 283557, M2 TK.
P25 TRAT1 R PV Y A 43 3 B 7 V2 A RN A T T 43
5 RIBORI T, BA N- R R K e DY 5 0 1 5 25 YR A
3 1) T-HE pyrphos JBHC 44 2b L5 [Rh(COD),]BF, 1 ik f{Hc
B AT, AT 5888 — KRN R, FEIRE R 7
T, IMATCK B, RIZIHEFE S min, FE 10 min,
THFEYIN CTEZRRU . S AR 0 BN 5 A e
Y o- LBEEFEWEER A, R NESHT TR
i HEALFAREERE ] 5 U, BUTH 4 XA 35 1 0
W RIE P SEAAAS, RIS 5 IRJE VST R, Xk
PRVERS AT AR, LI g RO 3R,

3 AL 2b-Rh(D)F Ml 5 R @
Table 3 Recycling of the catalyst 2b-Rh(I)

Cycle 1 2 3 4 5
Convn.”/% 100 100 100 100 75
ee’ /% 97.0 97.0 96.7 96.5 95.0

“ Hydrogenations were carried out in 0.049 molsL ' solution of substrate (20
mg) under the following conditions: substrate : catalyst=200 : 1; 5.05 MPa
hydrogen pressure; 2.0 mL of 7([bmim]BF4)/V(MeOH)=1/2; 20 C; 4 h for
cycles 1~2, 6 h for cycles 3~4, 24 h for cycle 5. ” Based on GC analysis with
a 25 mX0.25 mm Chrompack Chirasil L-Val column.

AT TCPCHLERR A 25 85 T4 R SR T
S5 5 A i YR A 4 B4 0 PR A o G 1
RGBT RN 0.25%, IX— 4 H 5 A 1P
A RS RERDIR 2 AL FIA L I T —L8, F& 4
JREEIITR R 0.35%. LB T SR AL U A e
AT T
2 i

Wit 4y T T B 8 T o s N TR ok
FARACRI B 48, R T — I . PEAE s
G35 [ S 77 68 Y 85 YA 7 A T M < R M4 1 5
TR Z. T8 T A R R R S I A R R
o, AR AR R 3 R R () B b, el
L SZIL T AT K43 85 S5 R A .

3 SLOES
3.1 {Lg5itH
P BT X-10 305 BoR B SO0 E, FERR

I AA-10R  E B 6l e A0 5, 20486 1E{E ] Nicole
AVATAR-37 21 Ak 56 3% A0 52, A% jd 3t 3 0% A

2146 http://sioc-journal.cn/
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Brucker DMX-300 MHz A% HEHe S e, o4 H
Brucker APEX IV # Gt {52, i 50 #1 H] Varian
CP-3800 24 AH €3 3l o .

TV XU S 4K pyrphos £ 2 3k A1 4k 7 1 44
[Rh(COD),]BF, (COD = 1,5-cyclooctadiene)Z % ik J5
A HIETE PO A R AN E AR S AT, A
LA, TR S, FLAb IR A R8T A b 4l
IR ER M oo dt o R W N I Al Wi
32 ZWHE
3.2.1  N-WAeked 503 & TR i 349 F 14 pyrphos B
FAR 2a #945-A%,

TR W PEFE T 0T 25 mL AR AR
B 2.03 g (4.26 mmol) pyrphos Eh/R AT 1.78 g (12.92
mmol) K,CO;, #EH AT, BN 15 mL KEHI & F
el 480 uL (5.76 mmol)5H L WES, =i TN 4 h,
TLC EREFMN[REFFF: VA B/ V(LR L1g)=2/1].
BN A5G HA R DRI R V(A i) (LR &
BR)=4 : 1], W™ M, D2 T3], 25T 6 h
PLE, Atk ARREA 1157 g PR 71.2%.
m.p. 227~229 C; [a]y +111.0 (¢ 1, CHCly); '"H NMR
(300 MHz, CDCly) &: 7.25~7.05 (m, 20H), 3.93~3.84
(m, 2H), 3.81~3.70 (m, 2H), 3.63~3.54 (m, 1H), 3.37~
3.30 (m, 1H), 2.89~2.82 (m, 2H); °C NMR (75 MHz,
CDCly) 6: 164.7, 135.6 (m), 133.7 (m), 129.1 (m), 48.8
(m), 42.0, 39.3 (m), 37.2 (m); *'P NMR (121 MHz, CDCl5)
5. —14.8, —15.0 (J=7 Hz); IR (KBr) v: 1636, 1589
ecm '. HRMS (FAB) caled for CsoH,sCINOP, [M+H]":
516.1413, found 516.1411.

TR BT T S mL s ImA
952.6 mg (1.84 mmo)b &) 1, BHFRE )G, ¥ 0.24
mL (3.6 mmol)BR /K B4 1) V- FEmk e, 60 °C N [V 4 h,
RV E, WEZE R 2RI RN, H IR CEREG
3 k. BRI SR B R AR, BidE I LR &
fig, FAEAGYINE, RARFE 10 min 5L yEH =&, B
T4 24 h, 770k 2a 0K 98%. mp. 43~45 C; [ald
+130.0 (¢ 1.0, CHCly); '"H NMR (300 MHz, CDCl;) §:
10.1 (s, 2H), 7.33~7.10 (m, 20H), 5.48~5.42 (m, 1H),
4.96~4.90 (m, 1H), 4.12~4.05 (m, 1H), 3.82~3.75 (m,
5H), 3.58~3.50 (m, 1H), 3.42~3.32 (m, 1H), 2.94~2.80
(m, 2H); C NMR (75 MHz, CDCl;) J: 162.6, 138.9,
135.5 (m), 133.5 (m), 129.1 (m), 50.6, 47.7, 36.5; *'P
NMR (121 MHz, CDCly) 6: —11.4, —12.5 (J=7 Hz); IR
(KBr) v: 1641, 1594 cm ™ '; HRMS (FAB) caled for
C34H3,CIN;OP,: 562.2172, found 562.2180

Chin. J. Org. Chem. 2013, 33, 2143~2147
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322 N-Fikokedvo fAANBR B TR AKT KR
pyrphos BEEeAR 2b 94 A%,

FEATRE B PTG 10 mL AKX
TN 420.0 mg 1b&4) 2a F1 88.1 mg KBF,, %A )G
TINS5 2 mL, =i NN 24 h, HRIEEAE
wh, SOV SRS P UE R uE . SR T, B TR
i 388.0 mg, 7fh 2b E 85.2%. m.p. 122~124 C;
[a]d +86.0 (¢ 1.0, CHCLy); '"H NMR (300 MHz, CDCls)
d: 9.83 (s, 2H), 7.31~7.09 (m, 20H), 5.30~5.23 (m, 1H),
4.87~4.81 (m, 1H), 4.09~4.02 (m, 1H), 3.92~3.80 (m,
5H), 3.58~3.51 (m, 1H), 3.41~3.34 (m, 1H), 2.99~2.88
(m, 2H); *C NMR (75 MHz, CDCl;) J: 158.0, 134.4,
130.7 (m), 128.9 (m), 124.8 (m), 119.2, 117.8, 45.9, 43.6,
32.0; *'P NMR (121 MHz, CDCl3) 6: —11.2; IR (KBr) v:
1640, 1592 cm~'. HRMS (FAB) calcd for C;4H;4BF,-
N;OP,: 562.2172, found 562.2168.

323 FRAAREAR

AL S A B T 10 mL BB, HERIFR
W BB U 3 T pyrphos JBERCARFNEAL 77 i
A[Rh(COD),] BH; (MR &ELLY 1.05 1 1~1.10 & 1),
B NI S BRI, MM R 0.5 h SV
AR, ROV ARG RRRE R — e A, & H.

AR EFEH T, 4 4.88X107* mmol
IR A R R AL, 20.0 mg (0.0976 mmol) a- 2k
RAERFERRFI 2.0 mL A INAAEAN & s V5.
AAEW 3 A, TR 5.06 MPa, &l T V.
RN &5 5K AT AR BT I, @i GC (25 mX0.25
mm chrompack chirasil-dex column)ll & 7= i (146 40 2 F1
o R IEFEVE.

44 Bl #1 ¥} (Supporting Information) H btk &4 KA
A 4R IR, "H NMR, PC NMR, *'P NMR Fil HRMS
S RAEWE B AT LA A 9 A TI) 9 35 (hitp://sioc-journal.
cn/) bR E
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