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Preparation of Imidazolium lon Functionalized HG-II Chiral
Ruthenium Catalysts and Their Catalytic Performance in
Asymmetric Olefin Metathesis
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Abstract The yield and stereoselectivity of the ruthenium-catalyzed olefin metathesis reaction are mainly determined by the
nature of the ligands. In this study, two chiral HG-II ruthenium catalysts with imidazolium ion functionalized Hoveyda ligands
were prepared, and their activity and stereoselectivity in the symmetric ring-closure metathesis (ARCM) and asymmetric
ring-opening cross-olefin metathesis (AROCM) reactions were investigated. The results show that the modification of the
Hoveyda ligands by ionic functional group produced no significant effect on ARCM reaction. For AROCM reaction, the ionic
modification of the Hoveyda ligands shows an obvious improvment on both the £/Z selectivity and ee value for some products.
Therefore, in the AROCM reaction, the Hoveyda ligands modified with imidazolium ion can be considered as a means to
improve the stereoselectivity of the reaction.

Keywords imidazolium ion; GH-II ruthenium catalysts; chiral ruthenium catalysts; asymmetric ring opening cross metathe-
sis; Hoveyda ligands
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BIKE

1, b), Grubbs 7E & 243K F(NHC) K E 42 _E 5| ATk
Hly, LT N-J5H ERURES A I BR ) s, %
THEALTIXT =M AN KRR IS B 73 i (ARCM) 5 J82 o 0k i ik
PR B OB T IR 4544, 3 RV INR Nal B S50 =4
(1) ee fEIA ] 90%. i X BAREE AL, Grubbs 553K 15
T X ARCMIMAT AROCMI sz Jo 5 1t S5 6o Rl g 562 11 ff
HEF). Grubbs %538 K H AN BER IR 4 1 5 1%, 1 F
PEIRFPEIEFME NHC BifA N 7 B SRR BRI 1)
H e ET LA DR o0 WO 22 35 1 A AL, 12 1R A R
AROCM N AMYE 1R s e e B0, A L i
Z-1EFENE. Hoveyda 55 M) 3= & i o FH 4 F- 1 N-J5 %
RITFEFIMERE. EIEFH NHC FAMEIR T i
T BEZER IR, 15 EITFE HG-IT BLET Ak 77
X JLAS AROCM J LRI 1 A =i E- 4R HE(E/Z>98

Q)M Wi Bk (0I5 98% ee), - H SN 58 5 AL AT
LRI FEAE Y. 385 7E Hoveyda FCAA M O JR-1-4Bf7 &
Ifi Ph 2£ [, Hoveyda S5 — D48 a1 A0 1E A
FEI(B 1, ¢). iX—45 5%, %t Hoveyda Bt 4 (1) 45 44 g 4%
AT DL S AL I A M AE. Ho veyda 252K Grubbs HF
PE NHC “H 48R0 N-B K 255 4115 2010 TR AT A7), X
AROCM [ W3R JL 1 A w5 110 3 4 A0 of e A e 438 1 10110,
Collins 25214100 3= %2 DL Grubbs F1 Hoveyda ) T A3&
fit, AET ST NHC B 28R4 AL, bAK —ik
F1% NHC B 3211 N-J e FPEET AL 15161 Grisi 60
PL Grubbs [)F-1E NHC Z8H & SE 0 560, Hil & 17 —LA
SR IR] N-75 J5 N-Je L0781 X0 V-2 BTk 47 (40 571,
EUR 22 BRI PR X a6 14 A w5, Grrisi 55120048 DL F 1
(1 — R TR, 6% T — PO T N-IEE
AT HEAL TR, (BRI E/Z e3P A% i ade B R
m. BRT UL 1,2-OR L RO T EIRS S 2 AT
0 ) NHC AL A4k, Blechert 23R 1E 1 LR SR IEE A Ak
IR F RS BT A 1 AFHhon
NHC BB 1, d), FHA PURIR G IEIR N F PR 1 25 11
FHEETHEATITE AROCM S W H 3R T R 510 E/Z i 4%
PE(E © Z>20 © 1). Lemcoff 2521 FH T2 SRR 25 1 X
R HG-IT LRI E CIrEF, Frfsibiix AROCM
F1ARCM & B #8352 i R A& 1, (RO B B 1R
IR(<20%).

DL A BT R B, VR AL A S P R S AR R
SRR EIF M NHC BifA. Hoveyda Ftfa A& B
BT ECAR IR AL AR S R RN T 45 M s . RV e AL
FIAE HE L8 ) Eﬁaﬁﬁwﬁﬁ F ORI TR
PERE, (HIEE A HE VT IEET b7, Bt 2t
TR T, AE LM T 70 s e ke B 1 gk
() Hoveyda FCAA, ¥ HG-IT BYET {4k 70) 47 25 2 Wl 1k 4 >k
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Figure 1 Some typical ruthenium metathesis catalysts
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{LH) Hoveyda FCAAH & 1 T4 NHC 830 B 48 B2
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Figure 2 HG-II type ruthenium complexes synthesized in this
work
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1 BRER
1.1 HEEFER

NHC PR 242 FA — AT Aot i mkm 25 5 i
132744} Scheme 1 BRI 6 K22, L(R)-A H &R
6 NFHIERL, 7 Cul ML TS 7 K4 C—N B
AL G 8. (LG 8 AT EL At 7 B4R at,
B LiAIH, B, FPL 20%H0 7= R4 iR LR 9 (2
WrEER). 8 WAl LB EITES Bk, mER
21%. A& 9 fEMLIERIFEE TS5 SOCL MV, LA 56%
FIF= A K 10, FIAE RuClyHo0 FOfEAL R # NalO,y %64k,
PL97%MI 77 AL BR 11, 11 5B A% HUAR S B IR S B e
2 1 H AR 13.

Hoveyda BeA_bA5 DRPRES T 10 1 F- 4T A7) 1
%18 Scheme 2 AT~ T 24 1. 1E K[OC(CFs3),Me]HI1E
R, 13 5 Grubbs T AT N A BTF- 14 1 Grubbs 11
RUEALT 14, 14 F1 5 5 N 2 sRIDKIME 25 T2 A7 1)
HG I BFPEMET 1. b &9 5 SOGa k. 16
AL 14 FI& R, A KHMDS 8515 2174 14,
{ER P2 RA; BT B S 50T BN S50, A RETS

551 S RSB DR 25 18T HG 1T BUEAL ) 3 4%
f# Scheme 3 s 7 A 1L, 18 K[OC(CFs):Me]ft 15
By, HRF R

BTN EH 2 AFHFOK HG 1T BT 2
4 53 EAAEY 1 A3 775 S %(Scheme 4). F
HAL &9 15 F1 16 FRYESCHR[41 8 K. TEMEALT 4 14k
W, i K[OC(CF3):MelRefB 15 2724, (HE %1k
1.2 FHETECFI1-4EUHTITRZGERIAE SR
K R (ARCM)

AL 1~4 fE4L 17a F1 17b JCHR S N 1 7= 29
& 93%~98%, R HIXLLAAL TG AHIT KA IE Y. i
1571 3, 1 14k 17a A2k 18a [N ee (I 11%(F 1,
Entries 1, 2), 4k 17b JXHA2 B 18b (1] ee {E HEE A [F]
(Entries 3, 4). iX— 45 5L B 1% HG-IT Y8 A6 77 1) 0t i
EFME YL E T NHC BRI 45, 5 Hoveyda PR L&
A DKMEES FEIHTE R, RMEIIEHA F Hoveda Fiik
MRS T & @, fELLTT 4 5 2 4K 172 425K 18a 1] ee
H 3472 35% (Entries 5, 6), fE4L 17b 425K 18b ] ee fHTE
A3 MR 22 30 Bl Y 2 AR [F] i (Entries 7, 8). 7F E-f AL
=5 1Ta R0 g S BE R, Co SRR NHC A B 1

2.
Phh O Ph
Ph Cul (0.2 equiv.), K,CO4 )—/< LiAIH, H
Oft + NH OH  Et0 25°C12h NH - OH
NH, DMSO, 95 °C, 12 h 20 ’ '
i 20% (2 steps) ip
Pr r
8 9
Ph Ph
. RuCl3, NalO4 (1) NH(Boc)Mes, NaH
SOCly, pyridine I\?_\O silical gel I\?_\O DMF, 25 °C, 12 h
DCM, -78 °C g7 EtOAc, 25 °C o8 (2) TFA, 25 °C
3 h, 56% pr O 3h,97% ip0 O 12h, 80%
10 1"
Ph Ph
: \ H Ets), NH4BF —
NHHN—Mes _C(OFts) NHaBF, N N—Mes
_ 120 °C, 12 h, 94% o oF
ipr Pr 4
12 13
B 1 FHrkmh 13 6K
Scheme 1 Synthesis of chiral imidazolinium 13
Ph
)\/O N N Me i
Ph ‘(v)' JPr >—
ITCy3 JPr PF6 ©_N N=Mes
K[OC(CF3),M
13 + CI~Ru= M. ©_NYN Mes CI’RU_
C|\“ | Ph toluene, 60 °C Cl CuCl. r.t.. 3 h, 55% /\\ T
PCy 4h,57% ~Ru=\ ubl rL, 9, oo Me~
3 ) Cl7 | Ph @Y \(‘/)/\O
G PCY3 Me
. 14 PFg

B 2 ke ERAZ 0 PR MR 1 8RR

Scheme 2 Synthesis of imidazolium-tagged chiral catalyst 1
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BH=E
Ph
A\’Pf
PCy3 ©_N N-Mes
13 + I? KHMDS CI/,,R
A u=
Cl toluene 60 °C C|(?
2h, 58% 0
Pr~
3

B3 b 3 E Rk
Scheme 3 Synthesis of chiral catalyst 3
K5 2 A1 4 B C) SEFRIG NHC A AL 1 A0 3 45
TFHIAKI RIS FRCR. R4 Cavallo S8R BIR TH LR
UM —FH AR S Z R (B 3). fEREL A AR
s SRR, 2 ARSI E S (favored TS)H 2 MIEH
FI 7y 2 — R IR, T 1 B S ACH 1AM
V5r 2 —RIR, Bk 2 fe /A i AR 3.

1.3 FHETRAT 1~ EUNATIRARIZRE N F
K R (AROCM)

2 HIH T AT 1~4 EALIIFRIRIE R 19a 5258
27 (202) K 2K 2 RTEYI(20b, 200)2 18], LLA 19b 5

K1 A 1~4 GRS AR I RN 7 i S @

Table 1 Asymmetric ring-closing metathesis catalyzed by 1~4
R
07N
0.04 equw 1~ / R
c;H2C|2 40°C,2h j

R =H:17a; R = Me: 17b 18a, 18b
Entry Substrate  Product Catalyst ee?/% Yield/%
1 17a 18a 3 11 98
2 17a 18a 1 11 98
3 17b 18b 3 5 94
4 17b 18b 1 3 93
5 17a 18a 4 35 95
6 17a 18a 2 35 96
7 17b 18b 4 40 95
8 17b 18b 2 39 95

@ 1~4, 0.04 equiv.; temperature 40 C; substrate, 0.1 mmol; CH,Cl,, 2 mL.
b ee values were determined by HPLC with a chiral liquid chromatography
column Chiralpak IG. ¢ Isolated yields.

FE L2 A KA AROCM RN P23 E-F2HI) ee i
J R Biff) EIZ e, 1F 19a 5 20a M, BREL
ML TR 3 FIMEAL SO =11 Z/E 3% 5 14 G e e 3 4

Ph  Ph
Ph - J\/O N Me Pr.
/ 'Pr e [N
Q/ Y r
’ Pr RU‘\ o [\\ T
C,/ CuCl, CH,Cly, r.t., 3 h, 55% PF \W\O/ﬁ/o
6
PCy3
15
Ph  Ph
B i
Ph,  Ph PCys e Pr.
— Pt Cimy] KHMDS Q’ Y CT@
WRU= e ) N
QNng +oam 4 toluene, 60 °C Pr__Ru=
ipr © o) 2h, 57% ary
BF4 i/
ipr P 0
16 H-l "4
B4 FUEMELT 2 14 95

Scheme 4 Synthesis of chiral catalysts 2 and 4

favored TS

favored TS

““

unfavored TS

unfavored TS

B3 {7 1 F0 2 £ ARCM N ARG FRIE 2 H

Figure 3 Difference of asymmetric induction for 1 and 2 catalyzed ARCM reaction
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R2 TAEEEAR 1~4 LA FRIT IS IR 7 it S @

Table 2 Asymmetric ring-opening cross metathesis catalyzed by 1~4

R
/\@\ 0.04 equiv. 1~ 4 \\ ,,,,,,,,,, \/@
* R THF,40°C,2h g
20a:R=H
19 20b: R = Me 21
20c: R=ClI
Entry Substrate Product Catalyst ee®/% Yield/% 7 E?
1 3 11 98 5:95
2 /Q\/O 1 7 98 23:77
3 . 4 21 97 2674
/\
00 ° 21aa
4 @ 2 22 97 11:89
5 — 3 9 96 5:95
6 0Ny O 1 15 92 3:97
7 4 9 95 5:95
8 19a 2 19 97 298
9 \ cl 3 65 97 3:97
10 7 O \/@/ 1 45 98 2:98
11 o 4 27 96 2:98
A =0
12 070 21ac 2 50 95 2:98
13 3 7 97 17 : 83
14 r@ 1 7 98 17 : 83
15 @ PN, 4 27 98 13: 87
HO—  “—OH /\—/\
16 19b HO—  *—o0H 2 25 96 10 : 90
21ba

“ Catalyst, 0.04 equiv.; substrate, 0.01 mmol; THF, 2 mL; temperature, 40 “C. ® Determined by HPLC with a chiral liquid chromatography column Chi-

ralpak IG. “Isolated yields. ‘ Measured by 'H NMR.

BT 1 (Entries 1,2). 5465 3R 1 AR,
B ReAAEAL T 4 F0 2 i S B B BRI B (ee 1H) 22
BIAK, FEH 4 AL Z/E TR T 2 1R
J%(Entry 3, 4). AT 3. 1 Al 4. 2 {#1L 19a 45k 21ab
A 21ac WM H, B REAHIMEILTI AT 4)RITAH RS A
BRI AL (A 2) G R E/Z B, (B
I FRY R IR VR A7 JE 35 2 57 (Entries 5~8). T{E 19b
AR 21ba FIMEGR B, B REAL LIS AT 4)FIAH
IR B BEAY AL (1 R 2) 78 R s B A B/ Z 1k 4%
P b #S AL HT (Entries 13~16). X Ee5086 45 BLR A,
1~4 L AROCM J B0 WOk Bt Fl E/Z iR Bk
ZAEA T Hoveyda LA KM ES 75 BE 52, {H1%
s 5] N5 ) SR I S5 89 5. ARHE Grubbs 550
ARE, AT 4 A AR T NHC B G-I 2L
FfELL 192 AR5 21aa, SR BRIEREEN 29%, Z/E
EEfE A 10 1 ZERRIZRAT T, M4 4 A AR TR SR )
RN 21%, Z/E EUAB N 26 © 74 (Entry 3), R E/Z
EREVEAR R TR . Db, BRI AR A 1
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A7) 2 AR AR ) S L ) Z/E 3Bkt — b ) 11 & 89
(Entry 4). 3 2 HH=4) 1AL BUAR S O A0 STHRf e 4700,

He¥E Grubbs Z501%F AROCM 5z v WL H 1) fift B
HG-II BY4T AL 7 E AROCM & 43 [ 3 i 5 5 805 IR
MR LI IRBE, FFREAE OB RPN [R5 T 4438 T e
B8] 44 T A T (Scheme 5). T A XX 23 @B b & P20 18 I
53 VA B A 7 R A 3 R g T R ST A% 328 H i) 4k
22 FZRNE H SEET M [E] A 23 (Scheme 5). WL
7 3 Al 1(5% 4 A1 2)7E AROCM [ o v 48 [ A 7] ) o 1)
(22 B 23), T 3 F1 1 AR =W A AR R E/Z HoAE
FIAHEI) ee fl. X — (B AR 53 2 tPfk 7] 3 A 1(8k,
4 2 P YA AN ) Z/E EUAE AR R JE (HL % Entries
11 2; 3 Al 4). [Kk 3 71 1(2% 4 A1 2)7E AROCM X3
21 T A FE sk, BIFE Hoveyda FC A bA7 mRm:
BT 55 S AROCM Jx M4 AR A& k. B
T H AT BAT AR & B 4 i Z- 20 e = E I8, Rk
KR Z-AXF=M0) ee fH, FrLAABERA & DKM S 1211
575 AT o IG5 T W — A% 35 v ] 4.
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AL
e
: = ClLRu= =
NHC A A0 Q Zp
CIZRué 7 T>(;|2RU—CH2—» — — > 22 + products
o~ of\o/_%o ee values of E- and Z-products
Ph must be the same
3+1
(or 4 + 2)
*NﬁC Ph
o~ "NHC . St ChRu=, =
Ph Ph N‘HC OAO/QO 2 Q /\Ph
CLRY VCIZRU_ __/ — 23 + products
2RU N
0 R' = 23 Ph 0FN~—0 ee values of E- and Z-products
R' Y determined independently

B S AT 3(30 4)5 1(20 2)7E AROCM [ LA TR T AR F) 22 57
Scheme 5 Difference of catalytic intermediates for 3 (or 4) and 1 (or 2) catalyzed AROCM reaction

1.4 FHEFTEMLT 2 £ FRAEBmMIn]PFs FHY
ARCM & [

TR TR 2 TR RS TR R R A R AT RE
PE, ARYEE | A OB A, o 2 AARAE 0.5 mL
B FIAAR[Bmin]PFs H, I 1 mL H Z£A10.1 mmol JE&4)
17a, Z RN 2 h J&, FIH ARG R 4675 21
94% =4 18a, ee [E N 35%. 1L N R EF NN H 2K 5
JEW 17, St BN 2 h g, FIF B AR BUG R 4615
F 10%729 18a, AKAESLIMELL T 2 1 E A H.

2 Zhig

45T 4 FET T H-G 11 RS BE 2 f Ak 7,
XA R AR AR v, v AR RE IR A E AT 4 5,
X ARCM F1 AROCM J= S #RBRER IR mr g 1k, r=2
T REIEE] 90%LL |, 7E AROCM J i H1, Hoveyda At
M A B A P A A TR R LR R S A AL
FIRILEUT (1) ee AN E/Z iR FENE, IEBEMER 2207 fE &
PIAHEALFIE AROCM [ B2 [I7 1 A [R] Ak 51 o

T, DRI H3E I 02 Hoveyda B4 45 #4311 4 2% Js S AL
HEPE R AROCM = RO FEPE 1) — 2512

3 X
3.1 NBES5RHF

Super Star 1220/75 FE4, B, GCMS-QP2010 ¥
FH L TS B X 28; Bruker Avance 111 400 MHz #% 1
FEHRAX('H NMR: 400 MHz, *C NMR: 101 MHz); Bruker
Avance 11T 500 MHz #%#;3£471X("H NMR: 500 MHz, '3C
NMR: 125 MHz) ZF-5 FRNEIITL B AUX
320 HLFHTRE WIS T BT al, IR
AKAAF.
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3.2 =ZWAEE
3.2.1  fEALH 69 A Ak
((4R,5R)-1,3-X~(2- ¢ T B R Jik )-4,5- — IR ik -2- K g
Q- AR I SAET (V) @& R 7EF
BT, 7£5 mL REEH, KIKIA4R,5R)-1,3-3-(2-
SR LR RE)-4,5- K FE-4,5- A -3H-PKME-1-84 U A
2 £5(54.6 mg, 0.1 mmol), Hoveyda-Grubbs-1% (60 mg, 0.1
mmol), KHMDS(/~ F 2 — kL 2 B2 48) (20 mg, 0.1
mmol), AEFIF A 1 mL. 60 CHEPESBi2 h, AEIF =R
Jii, FIAE I (SiO,, PE (petroleum ether)/EtO, V @ V=
2 D)PEAL SR 45 mg S EE K 4, 725 58%. mop.
186~189 ‘C(43f#); 'H NMR (500 MHz, CD,Cl,) ¢:
17.42 (d, J=4.6 Hz, 1H), 8.37 (s, 1H), 7.71 (t, J=7.9 Hz,
1H), 7.43 (t, J=8.0 Hz, 1H), 7.35 (d, J=7.3 Hz, 1H), 7.29
(t, J=7.5 Hz, 1H), 7.24 (d, J=8.5 Hz, 3H), 7.17 (d, J=8.0
Hz, 2H), 7.12 (t, J=7.4 Hz, 3H), 7.06 (q, J=7.4, 6.6 Hz,
3H), 6.96 (t, J=7.7 Hz, 1H), 6.83 (d, J=7.5 Hz, 2H), 6.68
(t, J=7.5 Hz, 1H), 6.57 (d, J=8.1 Hz, 1H), 6.24 (d, J=
11.1 Hz, 1H), 5.67 (d, J=7.9 Hz, 1H), 5.12 (dd, J=112,
8.0 Hz, 1H), 3.10~3.04 (m, 1H), 2.41~2.27 (m, 3H), 1.81
(d, J=6.1 Hz, 3H), 1.38 (d, J=6.7 Hz, 3H), 1.30 (d, J=
7.2 Hz, 6H), 0.99 (d, J=6.8 Hz, 3H), 0.22 (d, J=6.8 Hz,
3H). HRMS (EI) calcd for Ci3H47CILN,ORu 779.2109,
found 779.2100.
FL((((4R,5R)-1,3- X (2- S N FE 2K JE)-4,5- — 2R Jk-2-1K
MR ) (2-((1-((5-(1,2-— F - 1 H-IR M- 3343 -3 -3 ) TR 3 ) 4L
o)) AR ET (V) —E A S mBE R R (V) ()1
ER: FEFERD, 45 mL B RMNE T, KICKHEY 15
(63 mg, 0.059 mmol). 5 (17.7 mg, 0.04 mmoL)*!, CuCl
(5.9 mg, 0.059 mmol), ¥ CH.Cl, 2.5 mL IIA. 7EEiR

Chin. J. Org. Chem. 2022, 42, 1713~1721
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RN 4 h, FAEEIEE(SIO,, MeOH/CHCl,, V't
V=1 12)#aifb 15 35.5 mg ki B O AA 2, P25 55%.
m.p. 202~206 ‘C(4fi#); '"H NMR (400 MHz, CDCl3) &:
16.60 (d, J=63.7 Hz, 1H), 7.81~7.30 (m, 10H), 7.15~
7.03 (m, 8H), 6.92~6.82 (m, 5H), 6.68 (d, J/=17.9 Hz,
2H), 6.24~6.11 (m, 2H), 4.53 (dt, J=6.5, 3.2 Hz, 2H),
3.99 (t, J=7.4 Hz, 4H), 3.69 (s, 9H), 3.61 (t, J=5.2 Hz,
3H), 2.43 (s, 6H), 1.86 (dd, J=6.6, 1.8 Hz, 10H); 1*C
NMR (101 MHz, CDCly) 6: 154.66, 143.75, 128.77,
128.14, 127.80, 126.39, 126.29, 126.11, 125.65, 122.37,
121.14, 120.85, 114.63, 70.69, 31.60, 29.71, 26.98, 26.92,
26.90, 26.33, 26.13, 25.91, 22.63, 18.96, 16.99, 14.14,
9.18. HRMS (EI) caled for CsoHssCL.N4O,Ru [M—PF4]"
918.2980, found 918.2988.

(257 A AU MR J ) ((48)-3-(2- 7 I R R 3 )- 1- 3 =
R -4- 2R 2 R B AT (V) BB R TEFEH
i, fE 5 mL WRME T, IKUCKIRY) 13 (48 mg, 0.1
mmol). Hoveyda-Grubbs-1 (60 mg, 0.1 mmol). KHMDS
(20 mg, 0.1 mmol). ¥ toluene 1 mL fIA, 60 CHiHt:
KB 2 h, BEIBIER G, G SIO, PE/ERLO,
Viv=12: DREL{kL1E 41 mg SEEE A 3, 72K 58%.
m.p. 182~185 ‘C(4M#); 'H NMR (400 MHz, CeDs) 9t
16.79 (s, 1H), 9.05 (dd, J=7.3, 1.8 Hz, 1H), 7.72 (d, J=
7.6 Hz, 1H), 7.24 (dd, J=17.5, 2.1 Hz, 1H), 7.11~6.94 (m,
9H), 6.85 (s, 1H), 6.79 (s, 1H), 6.65 (t, J=7.4 Hz, 1H),
6.36 (d, J=8.6 Hz, 1H), 5.35~5.26 (m, 1H), 4.50~4.47
(m, 1H), 4.12 (t, J=10.8 Hz, 1H), 3.68~3.56 (m, 2H),
3.26 (q, J=7.0 Hz, 3H), 2.57~2.30 (m, 6H), 1.72 (d, J=
6.7 Hz, 3H), 1.49 (d, J=6.1 Hz, 3H), 1.39 (d, J=5.4 Hz,
3H), 1.28 (d, J=6.1 Hz, 3H); '*C NMR (101 MHz, C¢Ds)
5: 211.91, 152.45, 147.62, 144.73, 140.09, 138.91, 138.46,
138.36, 137.58, 130.69, 129.96, 129.80, 129.59, 129.15,
128.82, 128.50, 127.36, 127.29, 127.18, 122.74, 122.34,
113.02, 67.92, 61.12, 28.45, 25.95, 23.08, 22.11, 21.97,
21.22, 18.64, 18.09. HRMS (EI) caled for Cs7HgCly-
N,ORu 703.1796, found 703.1790.

HL(((4R,5R)-1,3- R (2- 53 TN K 5k )-4,5- — R FE-2-IK
M 3 ) (2-((1-(5-(1,2- — H 3= 1 H-IK - 3-54) TR 5 ) 480 1 -2-
FEO) AR ER)ET (V) = S /S R 25(V) (D&
EFEFT, /£ 5 mL FIRFES, RTEIERY 14 (52
mg, 0.055 mmol)-JK# 5 (16.5 mg, 0.037mmol). CuCl (5.5
mg, 0.055 mmol). ¥ CH.Cl, 2 mL I, =il KR
N 4 h, FFE (SO, MeOH/CH.CL, Vi V=1 12)
PUR 4L 1F 17.3 mg FFEAREK 1, 7% 55%. mp.
198~201 ‘C(%3i#); 'TH NMR (400 MHz, CDCl;) d: 16.65
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(d, J=24.6 Hz, 1H), 7.69~7.28 (m, 5H), 7.23~6.73 (m,
10H), 6.68 (d, J=14.0 Hz, 1H), 6.24~6.14 (m, 1H), 4.53
(tt, J=6.4, 3.4 Hz, 1H), 4.01 (t, J=7.4 Hz, 3H), 3.71 (s,
3H), 3.66~3.44 (m, 6H), 2.45 (s, 3H), 1.86 (d, J=6.7 Hz,
6H), 1.68~1.57 (m, 9H), 1.44 (d, J=11.1 Hz, 3H), 1.28
(d, J=6.3 Hz, 9H); *C NMR (101 MHz, CDCl) ¢:
154.76, 143.85, 128.94, 128.87, 128.77, 128.23, 127.89,
126.49, 126.39, 126.20, 125.75, 123.79, 122.59, 121.40,
121.24, 121.05, 120.98, 114.75, 114.71, 113.49, 74.42,
70.88, 70.80, 31.69, 29.80, 29.76, 27.04, 27.01, 26.03,
22.80, 22.76, 22.73, 19.07, 17.10, 17.03, 14.43, 14.23,
11.54, 9.53. HRMS (EI) calcd for C44H54C12N402Ru [M_
PFs]" 842.2667, found 842.2661.

322 JRAEY AR

(8)-2-((2- 7 A = AR Fk ) 2 58 )-2- 2K LR (8) I & B 22
EAMRYTE, 1E 250 mL XU, R L-ZEZHEE
1%(8.00 g, 52.93 mmol). HALIE4R(2.02 g, 10.58 mmol).
To/K R ER(14.64 g, 105.86 mmol). DMSO 90 mL. 1-
IR2-SENHEZL(10.54 g, 52.93 mmol)IIAN. 95 CHitdkx
48 h. JRNAEI R ERE, M 80 mL H,0, FE{EH 2
mol/L #hIREZ 12 pH=3, /KA H EtOAc (75 mL X 6)%
B, &AM, HHO0 (40 mL X 8) A1 A1 NaCl ¥k
(80 mLX 1)¥E¥k. HBEREE TG, Wel 2 KR4 31
TR R EHPRY), TEEHT T PR AT
DAE 3o i FH A €201 9% (Si0,, PE/EtOAC/AcOH, V@ V'@
V=50 :49 : D4t 2.9 g HEMAREE 8, 772K 21%.
'H NMR (400 MHz, CDCl;) 6: 8.76 (s, 2H), 7.35 (d, J=
6.7 Hz, 2H), 7.19~7.08 (m, 3H), 7.01 (d, J=6.0 Hz, 1H),
6.80 (t, J=8.5 Hz, 1H), 6.59 (t, J=7.4 Hz, 1H), 6.25 (d,
J=8.1 Hz, 1H), 4.98 (s, 1H), 2.89 (hept, J=6.8 Hz, 1H),
1.81 (s, 1H), 1.20~1.10 (m, 6H); '*C NMR (101 MHz,
CDCls) d: 177.58, 142.60, 137.60, 133.00, 129.19, 128.71,
127.54, 126.95, 125.45, 111.86, 61.19, 27.75, 22.60, 22.58.
HRMS (EI) caled for Ci7;HioNO, 269.1416, found
269.1412.

(8)-2-((2-5r N FE AT ) 2 ) 2- 2K OFF (I & HE: &
SARYTT, VKRR, £ 250 mL XU RS H K
W LiAlH;, (0.46 g, 12.00 mmol). JE7K Et,O 44 mL.
JEA) 8 (2.69 g, 10.00 mmol). LUK, EiRBiFERP 3
h, H TLC Wl SVEEJ5E, WedeZ8kkds. At
¥5(SiO,, PE/EtOAc, V & V=4 : 1)4li{k15 2.48 g LR
WA 9, 723 97%. 'H NMR (400 MHz, CDCl;) 6: 7.40~
7.31 (m, 4H), 7.29~7.25 (m, 1H), 7.16 (dd, J=7.6, 1.6
Hz, 1H), 6.93 (td, J=7.7, 1.6 Hz, 1H), 6.71 (td, J=7.5, 1.2
Hz, 1H), 6.39 (dd, J=8.1, 1.3 Hz, 1H), 4.62 (s, 1H), 4.53

http://sioc-journal.cn/ 1719



BIKE

MRILX

(dd, J=17.1, 4.2 Hz, 1H), 4.03~3.95 (m, 1H), 3.80 (ddd,
J=11.1,7.0, 4.6 Hz, 1H), 3.12~2.98 (m, 1H), 1.69 (t, J=
5.6 Hz, 1H), 1.33 (d, J=6.8 Hz, 6H); 3C NMR (101 MHz,
CDCls) d: 143.92, 132.82, 128.89, 127.62, 126.75, 126.60,
117.87, 112.21, 67.62, 60.03, 22.52, 22.45. HRMS (EI)
calcd for C17H9NO: 255.1623, found 255.1627.

(48)-3-(2- 57 T 2 2R 3 )-4- TR k- 1,2, 3- TR E M J5 -2 - 46
Ao& s @R, —78 CHRIZMHT, 1
250 mL X FEIR AR IR 9 (2.0 g, 7.84 mmol).
e (12.4 g, 156.74 mmol). CH,Cl, 40 mL, K SOCI,
(2.8 g, 23.52 mmol)#& T 20 mL CH,Cl, ", 22183 s
R A, TLC Wl B, B3 hs, [FHE 2R,
A 25 mL AR HAOK. SR 5 H 2 mol/L #iFRIR A 22 pH=
3, /KA CH.Cl, (40 mLX3)AEHL. &3AHIH, Ff
I NaCLEWE. BRI G, hek 2% ik4d, 1
FEE95(Si0,, PE/EtOA, Vi V=17 : D)&i{ki5 132 g
O E K 10, 772 56%. m.p.114~116 °C; "H NMR (400
MHz, CDCls) 6: 7.33~7.23 (m, 6H), 7.23 (dd, J=3.5, 1.4
Hz, 1H), 7.18 (td, J=7.5, 1.5 Hz, 1H), 7.12 (td, J=7.5, 1.8
Hz, 1H), 5.45~5.34 (m, 1H), 5.23~5.13 (m, 1H), 448 (t,
J=8.3 Hz, 1H), 3.58 (hept, J=6.9 Hz, 1H), 1.20 (d, J=
6.9 Hz, 3H), 1.00 (d, J=6.9 Hz, 3H); '*C NMR (101 MHz,
CDCls) 0: 148.01, 135.32, 132.46, 128.86, 128.74, 128.02,
127.99, 127.46, 126.73, 126.58, 77.92, 27.06. HRMS (EI)
caled for C17H19NO,S 301.1136, found 301.1131.

(S)-3-(2-57 P A8 2K )-4- 4 k1,2, 3 e g -2,2- —
FUMADE G SRS, KBRS T, £ 100
mL XA F, KIKMA RuClyH,0 (15 mg, 0.067
mmol), 4fi7K 10.75 mL, NalO4 (0.74 g, 3.46 mmol), #ii#¥:
BRI B, BRI 4.2 g RERAD
NalO; (1.48 g, 6.90 mmol), 14 mL EtOAc, J&E# 10 (1.0 g
3.34mmol) A, #EFE 10 min J5, LUK, EEBFER
i3 hfE, FH TLC Wl MR, BEH=ZZEH)
1, (2) ALOs, 3)EER; EtOAc Pt it iEiR &, 15
1.03 g AMMEAE 11, 723% 97%. mp. 116~118 C; 'H
NMR (400 MHz, CDCl;) d: 7.51~7.14 (m, 9H), 5.21 (dd,
J=8.7, 6.8 Hz, 1H), 4.90 (dd, J/=8.8, 6.8 Hz, 1H), 4.68 (t,
J=8.7 Hz, 1H), 3.59~3.52 (m, 1H), 1.23 (d, J=6.9 Hz,
3H), 0.86 (d, J=7.2 Hz, 3H); 3*C NMR (101 MHz, CDCl;)
9t 134.46, 129.55, 129.11, 128.13, 127.39, 126.77, 27.33,
24.35, 23.89. HRMS (EI) calcd for C17H;sNOsS 317.1086,
found 317.1081.

(S)-N'-(2- 57 T i 4% 3k )-N2- F RS o 3 - 1- 2 206 -1,2-
TRRQ)ME R SRR, ZRAAMET, /£ 50 mL
BB, Ui NaH (0.16 g, 4.41 mmol), N,N-—
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& L% (DMF) 9 mL, K¢ NH(BOC)MES (0.92 g, 3.9
mmoL), 4 11 (0.82 g, 2.6 mmol). FiFH+FE N 12 h
&, BEZFR2E DME. A=A 14.4 mL, =EH
$E 12 h )5, FINEAAR Na,COs 75 pH=10. CH,Cl, (20
mL X 3)AHY, MIF NaCl ¥iRYE. TREREET IR, Weik
RS, R AiE(Si0,, PE/EtOAc, Vi V=19 : )4l
115 0.66 g TLOTIRIEAR 12, 775 80%. 'H NMR (400
MHz, CDCly) d: 7.45~7.33 (m, 4H), 7.32~7.26 (m, 1H),
7.19 (dd, J=7.7, 1.6 Hz, 1H), 6.84 (s, 2H), 6.75~6.69 (m,
1H), 6.39 (dd, J=8.1, 1.3 Hz, 1H), 5.21 (s, 1H), 4.65 (dd,
J=6.8, 4.1 Hz, 1H), 3.41 (dd, J=11.9, 4.1 Hz, 1H), 3.19
(dd, J=11.9, 6.8 Hz, 1H), 3.08~3.04 (m, 1H), 3.03~2.87
(m, 1H), 2.22 (d, J=25.2 Hz, 9H), 1.38 (dd, J=6.8, 4.4
Hz, 6H); 3C NMR (101 MHz, CDCl;) d: 143.94, 130.55,
129.53, 128.80, 127.37, 126.57, 126.43, 124.85, 117.31,
111.74, 5522, 22.45, 22.34. HRMS (EI) caled for
CasH32N, 372.2565, found 372.2563.

(S)-1-(2-F LR IE) 3-8 = FH L5 B4 5- & -
LH-BRE-3- 55 DU SIS 2 (13) I & B &SR R, £
15 mL JEREBHE G, RIKIMAIRY 12 (0.6 g, 1.62
mmol). HC(OEt); (2.54 g, 24.2 mmoL). NH4BF,4 (0.96 g,
6.45 mmoL), 120 CHiHE XM 12 h, AERER)E, H
FE 38 (Si02, MeOH/CHCL, Vi V=1 : 12)4i{k1%
1.03 g iR ME K 13, 725 97%. m.p. 227~230 C(%
fi#}); "H NMR (400 MHz, CDCl3) 6: 7.92 (s, 1H), 7.59 (dd,
J=17.9, 1.4 Hz, 1H), 7.46~7.30 (m, 6H), 7.29~7.21 (m,
5H), 7.03 (s, 2H), 6.24 (dd, J=12.5, 9.0 Hz, 1H), 5.08 (t,
J=12.4 Hz, 1H), 4.33 (dd, J=12.2, 9.0 Hz, 1H), 3.01~
2.95 (m, J=6.9 Hz, 1H), 2.51 (s, 6H), 2.33 (s, 3H), 1.28
(d, J=6.9 Hz, 3H), 0.96 (d, J=6.7 Hz, 3H); 3C NMR
(101 MHz, CDCly) &: 157.33, 145.05, 140.88, 134.75,
130.73, 130.16, 130.10, 129.61, 128.23, 127.99, 127.57,
127.01, 68.87, 58.43, 28.20, 24.44, 24.07, 21.06. HRMS
(EI) caled for CpH3N, [M—BF4 " 382.2408, found
382.2404.

((Z)-YEARFE)((48)-3-(2- 5 A 2R Jk )-1- 5y = i k-4
IR L 2R ML (= B O - B ) &AL AT (V) (14) 11
AR AR, fE5 mL RN T, RITINEY) 13
(48 mg, 0.1 mmol) . K[OC(CF;);Me] (22 mg, 0.1
mmol)?’, Grubbs-1% (55 mg, 0.67 mmol), 60 C $if £ < v
2 h, AHBEESE. HF ARSI, ELO/PE, Vi V=
1:20)46643 53.7 mg tREFEME 14, 2% 57%. m.p.
160~164 C(4#); '"H NMR (500 MHz, CDCls) J: 8.13
(s, 1H), 7.44~7.27 (m, 6H), 7.22 (q, J=7.7 Hz, 2H), 7.14
(d, J=7.7 Hz, 2H), 6.97 (d, J=12.7 Hz, 2H), 6.83 (t, J=
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7.7 Hz, 1H), 6.63 (t, J=7.4 Hz, 1H), 6.14 (d, J=8.1 Hz,
1H), 5.63 (d, J=4.7 Hz, 1H), 4.65~4.56 (m, 1H), 4.47 (d,
J=11.5 Hz, 1H), 3.15 (dd, J=14.1, 3.0 Hz, 1H), 3.06
(hept, J=6.6 Hz, 1H), 2.33 (s, 3H), 2.14 (s, 3H), 2.10 (s,
3H), 1.94 (s, 2H), 1.79 (q, J=9.4, 6.2 Hz, 3H), 1.70~1.39
(m, 20H), 1.37 (d, J=6.7 Hz, 3H), 1.30 (d, J=6.7 Hz,
6H), 1.18~1.03 (m, 5H); 3C NMR (101 MHz, CDCl) &:
165.52, 143.35, 141.25, 140.01, 138.63, 137.89, 137.04,
136.24, 136.12, 135.82, 135.41, 132.32, 129.99, 129.78,
128.97, 128.84, 128.32, 127.76, 127.54, 127.07, 126.54,
126.25, 124.77, 60.30, 58.47, 53.17, 31.66, 31.50, 31.26,
31.14, 29.73, 28.49, 28.27, 27.75, 27.66, 27.56, 26.96,
26.59, 26.17, 25.95, 22.77, 20.97, 18.00. HRMS (EI) caled
for Cs2H7CLN2PRu: 925.3697, found 925.3694.

i B &L (Supporting Information) A% EILIREE . Bk
W MRS T S VB T B XA R RT L BN
AT 9 3k (http://sioc-journal.cn/)_F R %K.
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