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ASYMMETRIC ALLYLIC SUBSTITUTION OF
3-METHYL-2-OXINDOLE

ABSTRACT

The allylic substitution reaction is a long-standing and widely studied reaction because of its
high regioselectivity and good enantioselectivity. It has its own advantages in the construction of
carbon-carbon single bond and is widely applied in the asymmetric synthesis of natural products.
Indole alkaloids are an important component of alkaloids. 2-Oxindole is a common structure in
many indole alkaloids, many of which have potential medicinal properties. (1) Compared with the
previous research, this paper uses the weaker 3-methyl-2-oxindole as the substrate, and chooses to
use the more common Ir catalyst and copper catalyst for the reaction, and the Ir catalyst is a
pre-prepared solid catalyst. So it has a wider range of application. (2) In this paper, the synergistic
catalysis concept has been applied to the asymmetric allylation of 3-methyl-2-oxindole, and a new
Ir/Cu bimetallic synergistic catalysis system has been developed, which can reach high reactivity,
high regioselectivity and high diastereoselectivity. It has a distinct advantage over the traditional
single-catalyst strategy. Additionally, the related study on the stereodivergent synthesis of the
asymmetric allylation of 3-methyl-2-oxindole in the Ir/Cu bimetallic synergistic catalytic system
has been carried out, and the possibility and the important factors of divergent synthesis of the
reaction has been discussed. The study can be a certain reference for the study of stereo divergent
synthesis. (3) In recent years, the bimetallic synergistic catalysis strategy has attracted some
attention. At present, the bimetallic synergistic catalytic reaction is still in the initial stage of
exploration. The new Ir/Cu bimetallic synergistic catalysis system developed in this paper
expands the application of bimetal synergistic catalysis strategy, which has certain reference value
and significance for the construction of other bimetallic synergistic catalytic systems.

Key words: allylic substitution, synergistic catalysis, bimetallic synergistic catalysis system,

stereodivergence
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Ar (R'R) L1 (x=H) \ Ar

N (R'R) L2 (x=OMe)
o OCO,tBu - o
* Mo(C7Hg)C O3, NaOtBu,

k 60 C, THF R

B 1-15 £HAEALEY 375 F-2- 15 IWRMR F AN X TR Ak A A0 J 2
Fig.1-15 Mo-Catalyzed Enantioselective Allylic Alkylation of 3-Aryloxindole
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7 23 2 BT S A5 21K 60%3RTHE] 1 80%, 53] T 5 X ek e . P

2017 4, A1 A AR SE A 5 2 M 3 R SRR AT 3577 Jik-2-M5| Wi S S SEEB 1 3-57
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&, ZJEEIBTERY), TR T [P -cin)(IPNCI4Fh . Hh 4 4 19 [Pd(°-cin) (IPr)CI] 4%

iR 3-75 HE-2- G| WA SN, RN FUAR T C-H IR ALIRAE — AN S i i,

iPr iPr -
— Ph K2COg3 (1.0 equiv) Ph
NN H,0 (13.5 equiv) > ph
\( + O > O
iprt iy N DCM, 60 'C, Ar, 24 h N
Cl ‘ Me Me
S7ph yield: 74%

B 1-16 BBBREE IR EEEY & BRIPd(y*-cin)(IPT)CIFHFI T 2- W8I MR E 5 I B4k
A
Fig.1-16 Direct Allylic C—H Bond Activation to Synthesize [Pd(5°- cin)(IPr)CI] Complex:
Application in the Allylation of Oxindoles
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PG LA AL 7 7RI B R UK EE 2 B A SRS, th gl 2 00 3 S L P A A
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S5 ST 5 55 e S LR T 25 (4 1ol R A R A = 2 TR R A RE 22 MR BB ORIX IR G 11
AL IS AL T R K L 4R 18) el BRI BT KRBT AL 22 SONLIRT A JF BEUR T LEAEAS
R, (HARAK B AL AR T A SN, i SO PSS L, 598
VP22 ToVE S I R IR BRHIT TAE 5 A 152 1 JF AL 2 A B BT a6 1k 2 AT — 28
Tevk i O SEIL RS AR R AP e Z MBS, R ERES DS
TG 52 BRI 22 A IERITT A o B[R] AR A SR Mg AR P P o PR AR S5 L ) P o (R AL 2 Bl
A TARR T2, B A T Al AT R L 5 VR R S D B CASEBL AL 22 S L o 3 []
AL AT A LE 1] 1-17 Frome W RIEAR IS B S i AT DA [R]85 s L 256
AR FAAN SR BT RO R AL AR, I ELBERE (R A Y P A P o i), —Fofr b5 ARG AG AR L
HA B HOMO 70 FHUET 53— 5 R3S HAH LE AT B LUMO 70 7 UE, it —5E
FEPE_EXEIN T A SN RV o XA AL T SO VEAR L T B AL SRR T 5 BRI A2 S
RERHEAE BR3P H AR S ST BRI AL e, SEHL A XE DLSEEL AR L . X —
PR M A, B RS e BE AT B W R L3

A A
LUMO = _ LUMO ——.,
N — A S — A
AE
AE
1B
B , B .-~
HOMO = == - B HOMO
tragitiona Synergistic
uncatalyzed catalysis uncatalyzed catalysis
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Fig.1-17 Comparison of the Concepts of Single Catalysis and Synergistic Catalysis
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A RS BA DU MR AR R (LD & mT BURI TR R RO AL T iR A0 S s v, SEBLRAT 6
Al PEBGHT A SO (2) & AT PABIE B 36 2 AT SL AL A P o B 3. e RS H
PUREAL IO 25 S AR LT — PR RC R SR 1 3 2 AL A A i ] e » s 1 FI A7 MLAEAL 77
AAEFAESR TR S R ARG S, TR sSe U e tl; (3) il pifh
B2 R AT B D[R] £ AT DA FR A 38 FH Y L

HETBTBL U R AR A PSR CSOBE FR T SO A B AL 22, A4 1 S J /0 e [ e
Wk R, ERIREDFRERRR. B DTRR YRR SRR F L
ARG R/ ER DRI R, X2 RS, HBEAEYLN TR
T E L EIA B SNRY), [N 45 A5 27 A B R BN T IR A, &
JEIe B T R A 2R, B S iy R A A SO ORI 5 1 AR 22 (R SQTE A 7T

1. 4.2 &)@/ )& U IR A AR 28 1 075 P 22 BBUA QU L HH S R s SR

e R R (A 1-18 frs) IS EZER (LD CIFREWIEKKEE T
BRI G BT (2) AT BB & PSR ARG B AR (3) AT AN
HIAKERRAEAL S S IR 2 & A RV < Je S T PR E A4, AT AT DA B — AN KR A X0 S AL 1Y
BeAR P o BEAh, X< A 1A 2 A P ARIAR ) 1 2 < AL ST E s T i 3 2 A Tk ot
(P2 IR SEAA R B T B 2200 L X4 1 0 7 AP A7 TR B R S B b B85 51 T
—RE BIIF R AN

M1
(m Members) Stereodijvergent synthesjs
> ML M2 — for a|| stereojsomers
q_) (m Xn Members)
M2 bimetallic catalysts library
(" Mempers, for target reactjons

ML ang M2 complexes for
electrophilic or nucieophilic
actjvatjon

® chemoselectivity ~ ® enantjoselectiVity
® diastereoselectivity ® stereodivergence

&l 1-18 B ih LA R

Fig.1-18 Bimetallic Synergistic Catalytic System
1996 4, Ito /INAARIE T — A LR FlANR] <5 A A 7R PR AL S BRI 25249 o Tto /N2 RO ATE
FEAERR I, MBI P A R (R Rh A1 Pd B R0 4 J8 AL FRIZL RO wT LRI (AL o-
KL LAk AW ) AN X R 0 7 A B BB 2 R S LB R Rh ORI A
AnisTRAP T AR & 15 2 fr i ZEH TR, IR 5 12 TR AR R U 2 1) A AR e A
TE IR S, 5 LRI I P S SR AN T AT AR A FRAR ELAE 7 2 o0 P R v ) A
PIMEACIEIR B 5 G SE T T SRAZME R B AR IRV M B BOR FEL R B0 o) P A Il44, AT RASE

R PEVE RO SRS . I FE AN B G B0 P 2R A S R Can 8] 1-18 o)

Rh(@&cacy(CO), (1 MOI%s)
O CF Pd(Cp)(C3Hs) ( 1m0I%

|

NC% )\Me S )k PR S'S) L10(2 m0|%) \/\%1\ )\Mei
© CFs ™ " THF 40°C |

|

I

ME& CN
93% yi€ld’ 99% €€

& 1-19 Rh/Pd X\&)B U AL 1A R
Fig.1-19 Rh/Pd Bimetallic Synergistic Catalytic System
2017 4F, KJTE/NARIE 7T ARG RARRA a,0- - bidk-o- 2 FERL I Pd/Cu XU
Pk RE, gk, %A AR PA/Cu At SEEIL T /N3 T AR 5 O ST AR SR 3 N
AR o4 IFEAL SOBE (BT 1-20 Pl D)o 1 Se M ISk B AN o- 20 55 R A i Schiff Bt AT
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AXIFRIGE IS, R SFTAE Pd R ETIIA R Cu SR AR RIS 4. A
P — 5 R A S5 i e o 8 ST 596 2 B - A T & 0 A T S E & 0 O T 55 T AT DA TR
T S 3 R BRI A, — B N SRONLIR L B A, ke — AN o 2SR BLXTH s P 2% L
FIRIERNVEEZEAT T, BTAERER, WM ZREREHE, R A bk, K
B 2 LT B T U QIR K 57 R BRI — R BIG TI 3E LRI AR5 2 1 BAT i S LR AR 57
HEPEPERI AR ) o

o *LCl‘J -0 ot o
Ph\;Nﬁ)kx cuL/base | pn _n {)kx RES RVWkX
R! " R 'NH,
- R _ aadialkyl 8 AAS
RY R 7 H alkyl aryl N metajated di” tfi”> ang tetrapeptides
X~ OMe’ OtBU’ peptide et al’ azomethine ylide Up t0 93% yield' >99% ee* >20:1 dr
PdL LCU\O
u/Pd
Rz/\/ Ph | N C
R27X"0Ac Bimetallic catalysis
allylpalladium N meta|a1ed
intermedjate h azomethine ylide 10)
paL* pajjadium Copper
Cé\talytlC Cycle CatalytlC Cycle
pase
R N cul” Ph N
F{1 sz

LPd

&l 1-20 Pd/Cu BRI AREL o -FEREK
Fig.1-20 Synthesis of a-Amino Acids by Pd/Cu Bimetallic Synergistic Catalytic System

KRN HAAMYAE Pd/Cu B [RIEAL A R DT THIEAS | — B BIRER, 7E Ir/Zn A1 Ir/Cu P3[F]
AR R T EA —E R T,

2016 4, FKIT/NIRGE TS E R T RS EE S G PR R T
PE B 42 R FIR T R SR FIAL R P . RARY R o305 57 S R RV 74 35 JE A0 4 0
AR X W A I B BAE 1 A AT AR FG A BBGAR 77 B A S A S B SE B . AR, TR
Zn-ProPhenol £&& W) FH T M5 MV I L O A4 28 & 0 () Bl [RIABE AGAE F RT STV AL T a2 B T
WaEE, JFRENS [ AN S PRl (i 1-21 Fs).

* X (o]
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: IZ~OH: | "
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cooperatjve
bimetal|ic catalysis

Up O 96% yield’ >99% €€’ >20:1 dr

B 1-21 Ir/Zn XU BEHREELER
Fig.1-21 Ir/Zn Bimetallic Synergistic Catalytic System
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S e
P Ph L (RRIL RR)L _ phoPh
Houw  RRRL E\PH (S'S'S)L H oH
R'S) Ph (S'S)
96% yield 919% yield
>9996 €€’ 1511 dr . >999% €€ 6:1 dr
N 0 S'syL  |Ph>"ocoMe| (L ] 9
Ph >~ Ph ~(SS5T RRR)L  Ph”Ph
OH OH

» Same starting materials

(S'R) o . " R'Ry
96% yield o identjcal reactjon congjtjons 91% yield
0895 €€’ 14:1 dr >990 €€’ 6:1 dr

B 1-22 Ir/ZIn XU&JB U RAEALIA R T BISLE R B R
Fig.1-22 Stereodivergent Synthesis under Ir/Zn Bimetallic Synergistic Catalytic System
Bt i, K 3 X /ISR P B A T PR ID e P s A R BRSO, D) S B 1 AR AR
o o hEdE o R A AR A R o SIS SR P T B R T A RO 4
AR, PRESE T AT 3] TR A, Il SR T A R A B R D SR B T DU AR S A
SERRART R RS R (U] 1-23 R ).

o Ssynergjstic X 9]
bimetallic catalysis
Ph\&N\‘)J\X + R2 /vocone R2 3 X
R1 NH,

Rl

a|| four
stereojsomers

" \fuko ‘ﬁ4,

cuL”

R R2 = alkyl aryl Ph\é'l'\Hl\x

X = OMe’ OBN' "AA €t &’

1
ylide R , I

Up t0 96% yield’ >99% ee’ >20:1 dr

& 1-23 Ir/Cu XU&JB U FIAEALIA R T BISLIA R B R
Fig.1-23 Stereodivergent Synthesis under Ir/Cu Bimetallic Synergistic Catalytic System
FAT, A @i B sl 1 UM S EEUC. FA PRI A BRI SN, IRk T
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T 22 BRI T, bl R A A R B R T N B A AL SR . B R4
FITTVEAESRAZ IR B o S REX e S A A of sk 3k AR ) o S TG B A RS A
KA T A B WL RIS, 152 78O 1 RIE RN

I FRMEAESRG ST, BATERIITA T — &5 Pd/Cu. Ir/Zn A Ir/Cu X< )& P 7]
AL IR R IR N HIAE T — R BIAIS W P9 SE BB N o 3O HE 215 WA (14 445 A 22k Y
AN B AT A 1% BB T, (R AR T F 0 < e iy R A S S T SRR b i 1 8
FAEA G, IFSEINL AR T RO T TS SR A7 AE 17
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[FI 255 STk B SO 2648, PL 1,5-3 0 E EALER K Ir(cod)Cl], A Ir AL AT,
PL O,0,PN IEBEFEIZEAALE Sy Ir AL FIIEC A", DA= 4 SRR Cu(OTH), v Cu #E4L7
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BTE WIS RIE

FHMRIL

2. 1.1 FEARGRA RS

X4 W AL 2R 544 ) B T O R AEA AR R AR LL, 75 BT Ah B O, b
ZRE R, e BAEA A R RES T EE, BARFEIEN . @ wEAFRM
S ZE A AT B SIS 2 A T I SEIR AR R, R AR R SO AT 48 0 R AE SO H b LA
ARSI BT RS, e DR SIS AR, ERRAL B (D /L Ir fi#
H R HEAR; (2) BT Cu bH R HA K, (3) ALK, 4R 2-1 frr.

* 2-1 XHRER
Table 2-1 Control Experiments®

Me Ph
4 mol% Ir/L1 Me = Y
wo . 5 mol% Cu/L2 :
N Ph\/\/OCOZMe o
B Base, THF N
oc
1a 2a rt, 12 h Boc

WiPr
(e o
N
o) ~Ph
;P_ &PPh
2
(e :
|
<

(R'R'Rq).L1 (S’ Sp)-L2
Ir(1)/L1 Cu(l)/L2 Base Yiel c
Entry (rr(mgl%) (rrgoR%) (equiv.) (%)5JI Dr
1 4 5 Cs,CO3 (1.2 equiv. ) 89 1.8:1
2 4 0 0 nr --
3 4 0 Cs,CO3 (1.2 equiv. ) 87 1.2:1
4 0 5 0 nr --
5 0 5 Cs,CO3 (1.2 equiv. ) nr -
6 4 0 NMM? ( 1.2 equiv. ) trace -
7 4 5 NMM ( 1.2 equiv. ) 93 4.1:1

®Reaction conditions: 1a (0.2 mmol, 1.0 equiv.), 2a (0.25 mmol, 1.25 equiv.), 4.0 mol%

Ir/(R,R,Ra)-L1, 5.0 mol% Cu(OTf),, 6.0 mol% (S,Sy)-L2, Base (1.2 equiv.), THF (2 mL), rt, 12 h.

®Isolated yield. nr = no reaction. “Ratio of dr determined by *H NMR. “NMM g N- F 3 1 ik
Table 2-1 H Entry 1 JySEia e, HR4E AR -0 P9 2R SRR BIE 7E - 308 FH 4% 4 SCHR L
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UG &AM B R LB AT BB VE . Entry 2-7 JySEIb R4, 5 Entry 1 (19X 5148 51,
B/ Cu(OTH), S HEAAAIBEE AT (Entry 2). &R/ Cu(OTH), M HE A (Entry 3). &b
[Ir(cod)CI], A HFECARAERE AR INF (Entry 4). $/D[Ir(cod)Cl], LEALHA (Entry 5). #Hib
Cu(OTH), S FLAAR IR 5 —Ff N-H LR mEmk (NMMD Bt n 7] (Entry 6). &M 55—
Ff N-FE R mEmk (NMMD BREEZR NG (Entry 7). SZIRZEREH, SREMEIER. &8
HRPE A AA ZR s BB S 0 7 08 A TR S PRI P R/ PR A 2%, R/ LR R — Pk, OB
W TR R AR B I N4 R R R . 6T Entry 3 H IR R IR 0, ZEIN N4 (Cs,CO3)
FSCH & 0T 10 & JBAR AL PR M RIANE BRI G, RNAGE] T 87%MIF=3%, M
MIX—SEEG 5 K, HREATITE SRS 2 A A P 75 2258 2 B SR B0 g AT 30 . 5 e
BITT BB L&A R IBEE I T N SR, R, SRR AR N R N-H R
HEBR (NMM) BEAT X FRSEES (Entry 6 and 7), #3604 @ P [FIEAL A R A Cu fifb 1R R 1)
VER o SEOREE AR, S HBPERING NMM I, 35—4 08 Ir ALK R AL T i SR %
PEIRMG, LT RIESRI=Y. fEMANRERIARG, RN 2EE] 93%, dr {HikF] 4.1:1,
¥ Entry 3,6,7 HEHATXT LG4, BT DAE HYHR AT T SRS P SO R %o B a2 36 A P 42 il
R T B EEME . BRIESING Cs,COs H FHl Itk L 558, $5 451 Mk A S i AR 1
Y SRR s NG M R 2508, BT CARBSE A5 B s R L= 28, (HJ2 X T A 51
B — PR T R B AEX e BEvE I JTE B B Rg i . BRI S0 45 B 4 B0 UE T
Ir/Cu XU 4@ th FIEAL R R AP AR AR A, BRIER 7 ¥ —42J@ Ir 3 Cu AL R BE 1k
75 ICIE 2 TBE I SR T ROSITE PRI ZER , AR B U R, HAESE T BRI 14 R 0T
Eb BA (AN A4 2R AR 3 v SN I AT o e e 3 25y T PRI v

T AR SES, B2 T [Ir(cod)Cl], K ELACAA . Cu(OTH), A HFL A Bt 7 75 b 1,
HAE JG S5 58 o6 T IX L S AR AT T B AR A e

2. 1.2 WM 07 ) 7 ik

M SEALER A, 2 B0 PR A TR A0 P S I D T F e P PR s TR SR P 5, 1 B
T B BRAE 9 5 L PR 8 0 77) S B A s R JEC A2 ¥ P o Bl 53 ot PO P EC ) — 5 A6 B
T, TE BRI RN 1 o 7EIX — RS FE A, Btk 5 55 % T OB s B (1 52
L SRR TS IR R R 1 K 55 0T R S S0 R R ) TEIE R VE AL, T BUR B 28R B, T
SRR A 5 S 2 T DAY R AR T Y T /K AR S 0o 9L PRV R B2 [ 1T B, (S 750 TR i IR T 4 i &
2 B, BB SR, e REUTE R TR, ACES T AR 18—
B I —fk—7—)% (DBU). RN LG (DIPEA). 4- —HEF I E(DMAP), =
N (END I N-FEEMSHER (NMMD,  JEHLIR UK (Cs,CO3) FIIRIREH (K,CO3)
AL R DL BhFR . Seat gt Bk 2-2 Fiow.

(1) 4 Entry 2-4 44 Entry 1,5-7 )£ X LL W %1, DBU. DIPEA 1 DMAP {15
RPBEYFEA TS E R, 1528 T BRI R P2 X —BLG 0] RE R R 21X LR E 2R
BRI DR BB R 55, ARSI IR KA, 8RN R K. DBU F DMAP f£4k
XTUEFEVE 5 DIPEA MHEERIAME, JHF TR DBU 1 DMAP [H & FIFRIREE 5% T
AR R0 . DIPEA F1 EtgN FRER 2550 T 5B B AR XS R A — 8 HIR R A

(2) ¥4 Entry 1 and 5 HIEE AT %1, Cs,CO3 Al K,COg 78 SN F A sk £k 1 A
BRI IO FRAR LU A — 5 B ZERE . 0T R PR AT e & Cu B A 77 FHRG  fla JEC 40 2 )l it & AR
A LA, Bl Re AL 5E, SR SRR, RIS Cu AT 25 0 vk
AR FHEHFER, 80T dr [ERREK.

(3) MR N-F B ek (NMMD PR IS, 7 FIFERSEIe 26 4 N 13280 T
BIFH dr 8, XA BE S NMM B)438E BB A 5%
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(4) FETHIERIEAINFI R RIS 2% e Ml BE 26 A AT 1 ik |y Entry 1-7 )
HE Tz, AEAIN Ir/Cu X<z W IR AL A 28 LU ARV E AR IR, £ 50 CHRIRMIRE T,
SLHEPE . ROSCEAR OB B T AR . WSS BT, P AR 0 s AL S
PR S L TR RE NS 7353l AR AN ] B AR EL R S B e 24 S Bt R T vy, S AR B
25 v A S L A B 3 — SR T LA 3G, S S b A [ B 18 S 7 7 A R 22 0k
N HBIREAR, dr AE0/N . 2 RONR AR, <RI AL 5 A S ML) S 1 T L s
RESAR I SR Y 5 5 — IR EE 6, S BUMARIAS [RGB 10 S = ) LI K, dIr A Y
e PIE, ABEFENY iR BRI, B AR xT Mk e A L. i Entry 1,79 1
Hymnrkn, SR 50 CREARE] rt i, S AAERT BRI FEEAT IR 5, R OBAS
i E AR T REWHFE, IERNZINEE A

ALY, AWFTCHE 1R P BRIEA AN N-F RS HERR (NMMD, 5 S48 il
PEAS NGRS N-F LR R A SCSCIG IR RE 1 1% S T AR SR 25 1 TS R 10 s
BOR, RSN N E TR .

R 2-2 FRWHIHIE
Table 2-2 Base Screening®
Me Ph
4 mol% Ir/L1 Me =
©\/g:0 - 0CO.Me 5 mol% Cu/L2= -
N NN ’ Base, THF N ©
Boc
la 2a t, 12 h Boc
OO ) 0/7\'“\ iPr
o\P_ '\/—Ph
eyl o E T
<
(R’R’Ra)_Ll (S’ Sp)_LZ
Entry Base T (°C) Yield (%)° Dr°
1 Cs,CO3 50 97 14:1
2 DBU 50 72 1.2:1
3 DIPEA 50 68 2.8:1
4 DMAP 50 76 1.7:1
5 K,COs 50 80 18:1
6 Et;N 50 90 2.4:1
7 NMM 50 93 2.8:1
8 Cs,CO3 rt 89 18:1
9 NMM rt 93 4.1:1

®Reaction conditions: 1la (0.2 mmol, 1.0 equiv.), 2a (0.25 mmol, 1.25 equiv.), 4.0 mol%
Ir/(R,R,Ra)-L1, 5.0 mol% Cu(OTf),, 6.0 mol% (S,Sy)-L2, Base (1.2 equiv.), THF (2 mL), rt, 12 h.
®Isolated yield. nr = no reaction. °Ratio of dr determined by *H NMR.
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2. 1.3 ARE AT EC AR 1 7 ik

H1 T [Ir(cod)Cl], 5 HAC A (1) 326 555 & AEAH 5 SRR LA S AR SR AIE 78 iR R 4T T i ik
A FIF AN HFEAT A AR SR 00 . G0 2.1.1 R B B0 A,  Hl fhe A5 T e S A
SONE X B £ )42 A AR B 1 RO E M o A TSR A AR Wk £, AHIT
FEAE P AR BCAA HEAT TG T o AN SCESE T 9 FIAS [R5 I BAS B A B 40 e A4 75 P
A, A0 2 Pl SRR EC 4 2 R-Box . R-Pybox, 7 XUl C /440 R-BINAP. S-BINAP., Ph-bpe.
R-segphos. (Sp,R)-Josiphos SL-J002-1. (S,,R)-Josiphos SL-J505-1. (Sp,R)-walphos. 445 R

% 2-3 s

R 2-3 HEAFIR AR L
Table 2-3 The Ligand of Copper Catalyst Screening®

Me 4 mol% Ir/L1 Meph y
@ES:O 5 mol% Cu/L2
N * Ph__~_OCO,Me o
\ Base, THF N
Boc i, 12 h \
la 2a ' Boc
Ir/L1
e (e yn
\P— \p_
‘ g o )»Ph ] ! g —Ph
(RR'Ra)-L1 (S'S'Sa)-L1
Cu/L2
® 9®
o) (6]
N PPh,

U
O

R-Box

C
I | PPh,

S-binap

th%ﬁf\ﬁ

el

(Sp’ R)_Josiphos SL-J002-1

PPh,

R_pybox R—binap
I
@ Q\@ o oPh,
K o PPh,
@QQ <O g
Ph-bpe R-segphos
; > PPh,
>I\pj 7\; PPh,

CHs

. \fj =X
Fe = e
//\ @ CHs,

(Sp'R)-Josiphos SL-J505-1 (Sp’R)-walphos
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MRS/ SHANGHAL JIAO TONG UNIVERSITY 3-FRELMI R B R A X FR G R B R R R 3R
Entry Ir(1)/L1 cu(in/L2 }389 Dr°
1 (R,R,Ry)-L1 R-Box 27 2.5:1
2 (R,R,Ry)-L1 R-pybox 57 2.3:1
3 (R,R,Ry)-L1 R-BINAP 99 12:1
4 (R,R,Ry)-L1 S-BINAP 70 8.0:1
5 (R,R,Ra)-L1 Ph-bpe nr
6 (R,R,Ry)-L1 R-segphos 9 4.0:1
7 (R,R,Ry)-L1 (Sp,R)-Josiphos SL-J002-1 99 16:1
8 (R,R,Ry)-L1 (Sp,R)-Josiphos SL-J505-1 90 2.0:1
9 (R,R,Ry)-L1 (Sp,R)-walphos 83 10:1
10 (5,5,S,)-L1 (Sp,R)-Josiphos SL-J002-1 65 4.0:1

®Reaction conditions: 1a (0.2 mmol, 1.0 equiv.), 2a (0.25 mmol, 1.25 equiv.), 4.0 mol% Ir/L1,
5.0 mol% Cu(OTf),, 6.0 mol% L2, NMM (1.2 equiv.), THF (2 mL), rt, 12 h. "Isolated yield. nr =
no reaction. °Ratio of dr determined by *H NMR.

(1) 1 Entry 1and 2 (%8 AT A1, XUVEREIRREC A AE AR 22 0 Jem B i A F) B I o 15 22
B AR I RRSOR, (HRTEAT L R-Box Al R-pybox 251 ) MK A BE R B 5E 4.
JE A A BEAZ Cu Al R-Box B R-pybox JiZ s i) 4 A 771375 A4 MGl Wk B JEC V0 T2 G 0, ZEA I AL
FE AN TR = IR AT PR 075 TR R R R AR B I, SUTR R IR G A4 T8V 5 ) — TC A4 25 [a] AR DL
fic.

(2) 1 Entry 3and 4 [33E 0T 1, 2448 F & T 5 R ORUBE L AR BINAP, 5772 R-BINAP
i, AT DS B LR AT 1 R REAE 3 (72 %6 99%, dr {H 12:1). ffiH] S-BINAP 43 21 52564
o AR 1% S SAE B s R s B R 44 7 THIAE A LUK BT R 77

(3) Hi Entry 5,6,8,9 (%l AT, X JUMXUBERCAA th T B £ 5 R R B A 77 A0
Ty R 2 A G5 44 FEASULHED, M AR AN B R AR AR B (R B IR AGAE T, TS 2
) S5 45

I o 3 — 2H A A R TG AR B 0 Ok S B, BT T IR IE A IR A A AL R B TS AR R
(Sp,R)-Josiphos SL-J002-1. XFCARTESE S R BLIE T F SL 0T Bede 38 U T 0 B A R H 6
MR, IR R 2 T 5 R SR AIELAA BINAP. BINAP i T i Ab e m, AR {E e,
HiZz e P A R-BINAP i1 S-BINAP H#REUE I B AHF K S N ACR , [RIFEBAT BTt
fH.

B2 AN SRR SE S, 135 T AU RN 4.0 mol% Ir/(RR,R.)-L1,
5.0 mol% Cu(OTf),, 6.0 mol% (S,,R)-Josiphos SL-J002-1, NMM (1.2 equiv.), THF (2 mL), rt, J
NI A] 12 h.

2.2 Wo|WRERERADRIPEFIEUK ERIE B

ARSI — RV SRR S, SERSR AL, JFRE] T SR N 2% At . (R (E
FHEREN, SR BRI BRI, SN M) AR R AR SV o Ao RS A A 4 0 £ L £
FEARAEN 0L B Lon A, RIGFBCA SCINL AR BE & e I8 T R S5 # K 70 #r
WA B B 5 HER R EE . 3 5 CLAIHURIE NS T S ML) AL B e A7 AE 2

2.2. 1 M| SRR AU 1 FHE (1 PRI FE RN,

A SR, PR A3 LU G| R 2 5 (o2 R B 2 AR (AL R EAT EC LR, TR EAN ]
AR 22 S JEE AN HEAL R R 45 o A SO A STIR 5 9255 J 7 T AN [] R 377 22 PR |
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*FE:% FEHs E N T N, iR 2-4 Fis.

WA Entry 1-8 (5, WTLURBL, B EMIVERIEY 1la. 1b. 1c, #EAT LA A2 X0
b TR A A 2 225 PR 14 s PR 35k B S R T PR PR 5K, (H R AE 18 A [RI R AR B 21
B SNPRS00 P AR SR A AR AR TH A A AR 3, AR ORP3E HDFAS
R M LA R T A R SR AT

R 2-4 Ry ERTIE
Table 2-4 Protecting Groups Screening®
Me 4 mol% Ir/L1 e y
mo 5 mol% Cu/L2
+  Ph____ _OCO,Me -
N)Q NN NMM, THF ©
o r, 12 h
2a '
: o
R \
1b: R = Me R
1c: R = CH,Ph
Ir/L1 Cu/L2
(o, m| | 1 e
Spo PPh; PPh,
g g o )—Ph ! ‘ PPh, ] I PPh,
(R'R'Ra)-L1 R-binap S-binap
- \Y
OO Q*Ph thpg\( \’<
] i \_Ph @ CHj
(5'5'Sa)-L1 (Sp'R)-Josiphos SL-J002-1
03 Yield ¢
Entry WIS Ir(l)/LL Cu(l/L2 (%) Dr
1 1b (R,R,Rx)-L1 R-BINAP 99 5.0:1
2 1b (R,R,Ry)-L1 S-BINAP 70 7.0:1
3 1b (RRR2)-LL  (SyR)-Josiphos SL-J002-1 99 >20:1°
4 1b (5.5.8:)-L1  (S,R)-Josiphos SL-J002-1 89 4.0:1
5 1c (R,R,Ry)-L1 R-BINAP 99 5.0:1
6 1c (R,R,R,)-L1 S-BINAP 99 3.0:1
7 1c (RRR.)-L1  (S,R)-Josiphos SL-J002-1 99 20:1
8 1c (5,5,S,)-L1 (Sp,R)-Josiphos SL-J002-1 89 4.0:1

®Reaction conditions: 1a (0.2 mmol, 1.0 equiv.), 2a (0.25 mmol, 1.25 equiv.), 4.0 mol% Ir/L1, 5.0
mol% Cu(OTf),, 6.0 mol% L2, NMM (1.2 equiv.), THF (2 mL), rt, 12 h. "Isolated yield. nr = no
reaction. °Ratio of dr determined by *H NMR. %ee > 98%.
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2. 2.2 WWREHZRIRY) 3 5L ) HUR IR RN,

3 ST HUAR I DR Ay S A0 1 W B SIS A0 ) S A s A TR A 32 1 2 [ 7 BEL AN LT~
2RI JE A F A6 BTN 55 35 K L PR B DA S S Y& 1 o BRI AS R AR 3 2 5 M S R AR o A
SR A SCER T VA BT AN TRD 3 5 7 IR JE (15| W 2R A, FEH R F e i,
W 2-5 s,

(1) AR Entry 1 %R T AN, 3-2R LM WRER ICAITE Ir/Cu X4 & Y R AR R R A
RE AR R N T AR S PR 2 B T S A A 75 A i TR R TR AE RN, 3 5 AR
FERVEES, BRZH 5550 NMM A MIRE ), TCIEE UGG, RS ERMNM. KEH
SRS (AL BN, s T R SR

(2) H Entry 2-5 BJ%HE TN, 3-55AKR5 | WRHR KA 7E AR SRR A S, AN O34 i 10 77 e
PRFNRI B 8 BE AR s R R N = %, X 5 F R FER IR 7 REJIAERF & . F IRT1
W FFRE I3 0 T 3 S AL SR TR, MY 5E R SR HIE R, IR R R, (E 1R R A
SEARRM . B2 F RFARGEM/N, KT RN R REISS 6 5 A R o8 B,
BITCIEAR B () dr A

& 2-5 3 SR RURER ik
Table 2-5 3-Substituents Screening®
R! Ph
4 mol% Ir/L1 Me VY
o . pp 0CO-Me 5 mol% Cu/L2
= 2
'\); NN NMM, THF N ©
o r, 12 h
O 2a '
R? o)§ ©
\
1d: R = Ph R?=Boc R

le:R=F R2=Me

Ir/lL1 Cu/L2

(T o | | T O
SpoN PPh, PPh,
g g i »—Ph i : PPh, ] I PPh,

(R'R'Ra)-L1 R-binap S-binap

|:>|=>h2
L, e g'v * S
g : \—Ph Q; CH, c

SssyLL (SpR)-Josiphos SL-J002-1 (S R) walphos
a)-
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o 4 SHANGHAI JIAO TONG UNIVERSITY 3-BBE MBI A S TR A B & M AFS
Entry WU Ir(1)/LL cu(in/L2 }ggg Dr°
1 1d (R,R,Ry)-L1 (Sp,R)-Josiphos SL-J002-1 nr --
2 le (R,R,Rx)-L1 (Sp,R)-Josiphos SL-J002-1 70 2.4:1
3 le (R,R,Ry)-L1 R-BINAP 99 2.6:1
4 le (S,5,5.)-L1 S-BINAP 89 2.7:1
5 le (R,R,Rx)-L1 (Sp,R)-walphos 99 2.4:1

®Reaction conditions: 1a (0.2 mmol, 1.0 equiv.), 2a (0.25 mmol, 1.25 equiv.), 4.0 mol% Ir/L1, 5.0
mol% Cu(OTf),, 6.0 mol% L2, NMM (1.2 equiv.), THF (2 mL), rt, 12 h. ®Isolated yield. “Ratio of
dr determined by 'H NMR.

AT TR T 51 RER ) N7 BRI ORGP 3 DA 3 SO BRI AT 1L, JF
BE 7 EORA A Boc {RIPIEFRAENS BT LT HO ML GE R, FHBEBUAHE g S N A8 R Bt
75 BRI o

2.3 KA RMR D

MBI IR EGE (A58 2-6 s 43T, AL2E00FE § = 7.58 MIA IR IE 4 T
TR R ZEAL RS & = 7.64 FIARIRHEIETARAR 7 LU 18:1, 3% — S I WLAE I S =1 1)
PRI FEIRG BT, SR T T ERUR, AR § = 758 MAHE T (RS A4,
W22 0% 6= 7.64 AR T (RR) WBL=H. SN THRZ Ir/Cu X4 & B R Ab A4 R A0
MR ) s P e LA S I P R R B B ORI BB 0, AHIR TR I R A5 P R R S k) 28 %) A A
Cu AL AP FAR A B O AR B RS &, SERgh Rk 2-7 fw.

FRAE SR AN A S206: 58 LAAE BT SR 217, Ir HEARFRIAE 375 TR L B S N 5 T 35 B A
TFrEHRE f. W 2-6 s, (RS) Al (RR) N—4AER WL ik, (RS) AR,
(RR) NHHMAL, i Cu MEAFITEA N A REME R I b S — - S (1 1k 4%
i, Cu AR B BYASAR (P15 L SE A ) T Cu # B) F MR 7 TR R S ML T
BB IE T MRIEIX—250, AL Cu AL AR RIS, 70 Ir A0 TR BT A4 A4 B 1)
LT, BI(RRR)-LL AFH(S,S,S,)-L1, Hig L= Fii Rl (R,S) Al (RR) & #AF k% (S,9)
A (SR, FHER| Cu MR TFrEIESIES, (S,S) LB —RMNEM T B AMNAK
R, (SR) B NEHAMME, (RR) M (S,S) N—xpxfmh tyik, fEZHIRAR -
HE T A — SRR, (RS) Al (SR N—X ik, 7ERRILIREW LIHE T H
—AMIRHEYE . BT, BRG BT ERHEIE T AR AR S I L 2 R T 1 AR T 1o

SRIM, SEOG St FR I, PR & B AN ST RCAR AR RIS, FR53a 18 R R
AR TR, R0 & = 7.58 A MIRFIEVE HARFL TSR KA 2008 & = 7.64 A
FRAEWETHIRRAR 23 o [RIE, AR SCHFR B In/Cu U4 & i IR A A 22 97 FH Vsl WAk i 0 74 6 BA e
N M A SE R B A B 0T S AT O R B 4 FRASFER AL, Z AR R R
REAS B — XXt i R . HARJERNEA 1) Cu ALFIAER ML ECAAZS R, Cu f#
A7) ¥ A ST P Pl s PR 2 BB I L P - P A 1
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R 2-T RPLF=YREREILHRE 0 58 2 R A Ve T
Table 2-7 The Area of Several Characteristic Peaks of *H NMR

160
155

150

140

Entry 2z H—1k Y HE
1 7.58 17.66 1602.61
2 7.64 1.00 90.74

R 2-71 Wi BARHARANAS
Table 2-7 The Combination of Different Ligands of Two Metal®

Me Ph
4 mol% Ir/L1 Me Y
1) 5 mol% Cu/L2
+ Ph\/\/OCOZMe o
\ Base, THF N
Boc rt, 12 h \
la 2a ' Boc
Ir/L1

(Lo Yom
gg / \—Ph

(R’R’Ra)_Ll (S’S’Sa)_Ll

Cu/L2

DO
: g PPh, PPh, 2 : j<

R-binap S-binap (Sp'R)-Josiphos SL-J002-1

On

@ =
PPh, oh P%,
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Entry Ir(1)/L1 cu(in/L2 \(ﬂ)'/g)'éj Dr°

1 (R.R,Ry)-L1 R-BINAP 99 12:1

2 (R,R,R,)-L1 S-BINAP 70 8.0:1

3 (RRR.)-LL  (S,R)-Josiphos SL-J002-1 99 16:1

4 (5,5,S,)-L1 (Sp,R)-Josiphos SL-J002-1 65 4.0:1

®Reaction conditions: 1a (0.2 mmol, 1.0 equiv.), 2a (0.25 mmol, 1.25 equiv.), 4.0 mol% Ir/L1,
5.0 mol% Cu(OTf),, 6.0 mol% L2, NMM (1.2 equiv.), THF (2 mL), rt, 12 h. "Isolated yield. nr =
no reaction. °Ratio of dr determined by *H NMR.

2.4 KEINGE

A RS, (1D AGH] 1 3-F NG| e JER A AN FM A J A S L ) B DL S L 2% A5 (2)
I KT IriCu W< Ul R AL A AR BTG RIVE L, 200 <2 e W R AR AL AR 2R 500 0 T ik e
AARIFHRBENE, X TAE 3 SA B (HH, FIERT). AFRRFHE (Boc ZEH. H
SR FRIESE (A1 "R FR LI (A1) (105 Wl JE 20 P AN AR 0 PR A S B2 A3 5 (3D 4R ST 1 Ir/Cu
X4 Je O AL AR 2R 0 RS TR O I R R I RE 7, B 3-FR LG WA () AN X A
A5 P A SN R A BROVE B BSEERL D Cu AR A Ji AT 7 AR SEEB
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B=F KWk

3.1 SKE{NEEFIXF

(1) BRGFEIRIC (NMR): ZE72] 54 Varian, FHd FIACSEMI7 5 4 400 MHz 1)
MERCURY plus-400. I F %% 5 (A% RESE IR B0 52 "H NMR i (400 MHz) , °C NMR
# (101 MHz) 1 °FNMR i (376 MHz). 'H NMR &8 A FRZE TMS  (5,0.0 ppm) , °C
NMR &) A5 4& CDCly - (8, 77.2 ppm), *°F NMR i AA54& CFCl; (8, 0.0 ppm). & T
I P AZ M S HR A PR R AE BT 43 B i Ak 3 () S L= 4k, S R A8 v SR o S B2 =
dr 3R . @it R A MestReNova 24T "H-NMR B3 347 4028, SRAF I A7 B ] LLIX 45 7
SRS SEA R, SR IR S R I T AR R AR TSR B LA, B dr .

(2) FRCEAREIEC (HPLC): A= ARy EEE, A58 LC-20A. XiuiAid & H 5>
B (ee%) TE BB (I & (Daicel Chiralcel OJ-H; Chiralpak IC, or IE column) %€ .

(3) ¥ BREFAIEIIAL, VA3 DLV FRR 1 A 3T i 3 0 b v Sl Ak AN 45 7 vk
WhIE, BT R N ERTE BV AR AR T o ARSI A BT A 0 S AU AR (THR, 45t
SR (Na) B, DL 2KHEDN R R, IR

3.2 A EIKY) 2a FIE K

KRR (5.09) WTHRATET 0 CUKBMIFEE (30mL) 1, TEVKIZIE R d s
&I NaBH, (1.2 equiv.). 81 h J&, 1) sORAA & Hoim A #ok F DA K 5 i A4
R LRI NaBH,. FINER: 28 AR ZVE R EE, SR A& H 5 (30 mL) #EHL
P L. 4K L AR (20 mLx3), &IFEHME, LK MgSO, T,
T8, R e e 78 AN ek e 28 R VS 71145 21l 1 ) PR RE I o

FEEERE ) DCM ¥ (0.2 M) AR AT B T UOKII S =3k, A
EE (1.3 equiv.), NG B HIE (1.3 equiv.), JHEE SEMHPEE R, TLC SR,
¥R PR EGYIH DCM g, 2SR F, 5K, 5% NaOH ¥, 1M HCI
AN kv, AHUAHATEK NagSO, Tk, ik, AR ENT 71k 7 B3 B Al Th 2
IR F R ) 2a.

SRR R Y R 0 NaBH, /235 IR R IR MR T, AEBORI T st b BN, |
FRMSFEH NaBH, 2 57 F PR E D REAS, ArblRM AR T ERMIOAR, JEEE
KBS AT RNEERE, RARNTIERIRN NaBH, BB S5 KRN, FEMKEK, 7L
RN 5 N HE o

o)

[:TAbADJYMe

Cinnamyl methyl carbonate (2a): *H NMR (400 MHz, CDCl3) & = 7.42 - 7.40 (m, 2H, ArH),
7.36 — 7.32 (m, 2H, ArH), 7.30 — 7.26 (m, 1H, ArH), 6.69 (d, J = 16.0 Hz, 1H, CH=), 6.30 (dt, J =
16.0, 1.2 Hz, 1H, CH=), 4.74 (dd, J = 6.4, 1.2 Hz, 2H, CH,), 1.52 (s, 3H, CH3);
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3. 3 Ma| kB 8 & A

3.3.1 Boc PRI 3—H ZEM|BRER A 1a 15 R

FERS ARSI = FU0EH A i N e 3051 R (1.5 mmol, 1 equiv.) F§#IA THF (10 mL).
Na,CO; (13.5 mmol, 9 equiv.). Boc fREF (3.8 mmol, 2.5 equiv.), Jn#% 70 °C, f#f] TLC
WO SR o SOV SR AR, L EDTIE, A8 e 2 R AR 28 BR AR, A AR R Tk
Iy BRI R 1a.

e

o

O

)V

Tert-Butyl 3-methyl-2-oxoindoline-1-carboxylate (1a) : 1H NMR (400 MHz, CDCl3) & = 7.83
(d, J=8.0 Hz, 1H), 7.34 - 7.24 (m, 2H), 7.17 (td, J = 7.2 Hz, J = 1.0 Hz, 1H), 3.58 (q, J = 7.6 Hz,
1H), 1.67 (s, 9H), 1.54 (d, J = 7.6 Hz, 3H);

3.3.2 3-HIEEMIREHEY) 1b. 1c K&K

I P AP B AR BUSAR = S i N K2 (8,550, 100mmol) - k5 i ) THF(120 mL),
0 CFINABES (55 mmol), $iiH: 3h. ihJE, [ IEF: 28 RSO R ZEBRIER], 133 N-HUR
KM 7RG IRt 22 5 S P I AR ORGP 1Y) 3-F 5|l (3 mmol, 1 equiv.) ¥ THF
W (22 mL). P#iRZ-20 °C, & NaHMDS (3.3 mmol, 1.1 equiv.) ] THF ¥ (7.5
mL) FHHLEsHRE. B N-BUCBERE (3.3 mmol, 1.1 equiv.) ¥ T 11 mL K5 HIH THF 1, 32
FIMANB R NAR RS AR R AEETTH R, Bk 3he IMAMT 3 mL THF H1(1% 0.75
mL AcOH K, FIIA 30 mL 7K. FJ EtOAc (30 mLx3) AHU™ 4, A HUHFER£ K
Ui, DATE/K MgSO, T, 1k, (ERAEEMT 7750 549 B 47 o

(o

O\F ©
\

Methyl 3-methyl-2-oxoindoline-1-carboxylate (1b): {3 F3& il 4%&, BrEANR PR FEg
1H NMR (400 MHz, CDCl;) 8 = 7.90 (d, J = 8.2 Hz, 1H), 7.32 (t, J = 7.8 Hz, 1H), 7.25 (d, J = 7.4
Hz, 1H), 7.18 (t, J = 7.5 Hz, 1H), 4.02 (s, 3H), 3.62 (q, J = 7.6 Hz, 1H), § 1.53 (d, J = 7.6 Hz,
3H);

b

o

O

Benzyl 3-methyl-2-oxoindoline-1-carboxylate (1c): i F@H 5 EH %, BEENR PR

2025 3k 37 0t
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'H NMR (400 MHz, CDCl3) 5 =7.90 (d, J = 8.1 Hz, 1H), 7.54 (d, J = 7.1 Hz, 2H), 7.52 — 7.24 (m,
5H), 7.18 (t, J = 7.4 Hz, 1H), 5.45 (s, 2H), 3.61 (q, J = 7.5 Hz, 1H), 1.59 (d, J = 7.6 Hz, 3H);
3.3.3 3-IRELMWREH KA 1d (1A R
FER/ AR = 3bet B N A BE4E (1.0 g, 6.8 mmol). ¥E#If) THF (30 mL), -40°CF
TN PhMgBr f] THF 35 (1.0 M, 13.6 mL), JR AR RBHFF 2 06, #H TLC M v
BEE, BEATEARN . FH OEFRRERBRED), TRV I IM HCI KR KR
Ao HOBEERUREGY, RIGAENFHK. WA KM, LAK MgSO, T4, g, f#
FAREERT 515 B4R 3] 3-F2 2E-3-2K - 1H-2- 5] W
$ 3-FRFE-3- K B 1H-2-M5| WEBR  (1.125 g, 5 mmol) % fi#T DCM (50 mL), 7% T )
I DMAP (61 mg, 0.5 mmol) A1 Boc FREF (1.25 g, 5.80 mmol), &AWk 3 /M.
M I8 LR IR SR, VBRI SIS K . 1 G CRRRERURAY), SR A HUAH
FKS MAFIE EhkdE, LAJG/K MgSO, T4, 38, A ZEN 7 B3 2R iE =4,
¥ bS8 2 B4 (421 mg, 1.16 mmol) & fiF 2| U EE (20 mL) A, Jn ANHL/H% (200 mg),
EESRERMZAM FEEBE 3he BREBEBR, LB BIRAY), RAAENT5 85
B R4 1d.

(L=
N
o)§O
3.4 |r LTI THIF
T OTf

OO O Ph  agoOTf é\
Np_n/ P

—

12Ir(cod)Cll2 +

’

o )*Ph N-"0co,Me
THF, 1t, 20 h

OR
C = (Ra)-BINOL

IF1) 783 U = 30680 7 in A\ [Ir(cod)Cl], (335.5 mg, 0.5 mmol) #11 O,0,PN Atk (464.1
mg, 1.0 mmoD), B THF (10 mL), % T4 30 min. A AgOTf (258.2 mg, 1.0 mmoD),
AR5 PRI I RS BRI (2205 mg, 3.8 mmol), Pk, RN EAe)E, g, F
JEIR iR 28 AR ZEBRVE A, CIRGEG: (3 mLx3), 15 315 2R 5 [ 44 ™ M i Ak
o
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3.5 M| WRHEREERIBI A IS FRER EAL R B

R Ph
4 mol% Ir/L1 Me Y
O . pp OCOM 5 mol% Cu/L2
= 2Me >
I\!RZ NN NMM, THF \ ©
la'le 2a M, 12h Boc

FEPANG T, RGP TAHE 10 mL S8R BGET 25N (a) Cu(OTf),,
(Sp,R)-Josiphos SL-J002-1; (b) WIWAEREY) (la), MHEEIRY) (2a), FERTECE LR Ir fE1k
7, N-F LM ek, fE%S, SRS, EE=R. RN (@ FIMA 1mLTHF, =#E T
BidE LB, RO (2) FEEBENRNE (b, TLC Ml . RMNEEHRE, B
FI A ZATIEAT 70 B8, R A9 30 00t B ey WIS R S, ) EA BRI~ 2R B A
GO, U8, EZERIEFEE R,

FH T SRR 25 A b A R, S aet AR D0 LA R S ) SR B AR R gl NS, D
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ASYMMETRIC ALLYLIC SUBSTITUTION OF
3-METHYL-2-OXINDOLE

In recent years, the asymmetric metal catalyzed synthesis method has been deeply studied
and developed rapidly, and it has become challenging and the most attractive research field. After
decades of research, the transition metal-catalyzed asymmetric synthesis reaction has made great
breakthroughs, especially through the asymmetric hydrogenation and coupling reaction catalyzed
by transition metals, which not only shines in the academic field, but also in the industrial field. In
1965, the Tsuji group first realized the construction of carbon-carbon bond by the reaction of allyl
palladium complexes with malonate nucleophiles, which marked the birth of allyl chemistry.
Subsequently, the Trost group firstly realized the transition metal catalyzed allylic substitution
reaction and has long been committed to the development of new reactions in this field. The Trost
group has made outstanding contributions to the expansion of allyl substrates and nucleophiles,
the development of new catalysts, and the investigation of reaction mechanisms, and has promoted
the rapid development of asymmetric metal-substituted asymmetric allyl substitution reactions.
After more than half a century of research conducted by many chemists, the transition
metal-catalyzed asymmetric allylic substitution reaction has become a highly efficient means of
constructing Carbon-Carbon bonds and Carbon-Oxygen bonds, and is widely used in the synthesis
of bioactive molecules and in the synthesis of natural products. Alkaloids are a large number of
natural products that are widely found in nature and have significant activity and various
structures. Indole alkaloids are important components of alkaloids and can be divided into
mono-indole alkaloids and double-indole alkaloids. 2-oxindole is a class of important
representatives of mono-indole alkaloids and is a common structure in many natural products such
as macrophyllionium, many of which have potential medicinal properties. In the modification of
various 2-oxindole substances, the introduction of new functional groups at the 3 position is the
most common and most effective strategy.

The synergistic catalytic strategy uses a combination of two catalysts and two catalytic cycles
in the reaction to create a new and effective mechanism to achieve previously difficult chemical
reactions. Synergistic catalysis involves two different catalysts that can simultaneously activate
the nucleophile and electrophile in the reaction, and can simultaneously produce two reactive
intermediates, one having a higher HOMO molecular orbital compared to the unactivated
substances and the other one having a lower LUMO molecular orbital compared to the unactivated
substances, thereby it can increase the activity of the two reaction substrates to some extent.
Compared with the single catalytic strategy, this catalytic method can meet the requirements of the
reaction on the activity, significantly reduce the activation energy required for the target reaction,
and achieve the conversion which is difficult to achieve by single catalysis. From this perspective,
the synergistic catalytic strategy undoubtedly has obvious advantages.

At present, synergistic catalysis has been studied and applied in allylic substitution reactions,
including metal/organic synergistic catalyzed activation of allylic alcohol substrate, metal/organic
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synergistic catalyzed activation of allylic ether substrate and allylic amine substrate and
metal/metal synergistic catalyzed allylic substitution reaction. In these numerous synergistic
catalysis strategies, it is considered that organic small molecules often require an equivalent
addition to activate the reaction substrate in the reaction, and an equivalent amount of organic
small molecule waste is generated after the reaction is completed. Considering the drawback of
metal/organic synergistic catalysis, the metal/metal synergistic catalytic system has attracted a lot
of attention and research in recent years.

The advantages of the bimetallic synergistic catalysis system are mainly as followed. (1)
there are abundant commercially available chiral ligands and metal catalysts; (2) the system can be
applied into a wide range of asymmetric metal catalytic reactions; (3) Targeted for different
asymmetric metal-catalytic reaction, it can choose to combine different metals and chiral ligands,
so it will create a large library of bimetallic catalyzed ligands. In addition, the bimetallic catalytic
system utilizes two different chiral metal catalysts to provide a complete uniform and predictable
route for stereodivergent synthesis of products with multiple stereocenters. At present, bimetallic
catalysis has achieved several challenging asymmetric transformations and improved the activity
and selectivity of various reactions. More importantly, the simultaneous use of two different chiral
catalysts allows for complete control of the configuration of the two stereocenters, thus providing
the possibility of developing new reactions with high stereoselectivity.

Guided by the synergistic catalytic concept, we have successfully developed a series of
Pd/Cu, Ir/Zn and Ir/Cu bimetallic synergistic catalytic systems and applied them in a series of
asymmetric allyl substitution reactions. The allylic substitution of 3-substituted-2-oxindole has
been studied to some extent, but for the use of bimetallic synergistic catalysis strategy to the
construction of continuous chiral centers of such substrates, and to achieve stereodivergent
synthesis, there are still many problems. Therefore, the research of this thesis mainly focuses on
the following two aspects: (1) Focus on the optimal reaction conditions for the allylic substitution
reaction of the 2-oxindole substrate catalyzed by the Ir/Cu bimetallic synergistic catalytic system;
2) Using the advantages of the bimetallic synergistic catalytic system, attempt to synthesize all
four isomers by stereodivergent synthesis to test the advantages of the bimetallic synergistic
catalytic system in stereoselectivity.

The reaction mechanism of the Ir/Cu bimetallic synergistic catalytic system developed in this
paper is as follows: (1) Ir metal catalyst can activate allyl substrate to form allylic-Iridium
electrophilic species possessing high reactivity, and Ir-catalyzed allylic substitution reaction has a
strong tendency to form a branched-substituted allyl product in terms of regioselectivity; (2) the
Cu metal catalyst, the oxygen atom of the carbonyl group of the oxindole substrate and the oxygen
atom of the protecting group can be combined together. This complexation activates the hydrogen
atom at the 3 position of oxindole substrates, so that the activity of the oxindole substrate which is
not easily removed by the weak base NMM becomes higher. So the enolate structure is formed
after hydrogen extraction. Thereby, it can realize the double activation of two different substrates
catalyzed by two different metals. Through a synergistic catalytic cycle, the reaction can
ultimately get the product of consecutive stereocenters with high yield and high stereoselectivity.

Through a series of experimental studies, the paper has achieved good results in many
aspects: (1) we found the optimal reaction conditions for the asymmetric allylic substitution of
3-methyl-2-oxindole substrate; (2) we investigated the application range of the Ir/Cu bimetallic
synergistic catalytic system. The research proves that the system can activate the
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3-methyl-2-oxindole substrate and the 3-fluorine-2-oxindole substrate well, but it is not suitable
for 3-phenyl-2-oxindole substrate. The reaction can get good result with the substrate which has
different protecting group (Boc group, methoxycarbonyl group and benzylcarbonyl group) on the
N atom. (3) The chiral control ability of the Ir/Cu bimetallic synergistic catalytic system for the
products of two consecutive stereocenters was investigated. The ability to achieve the
stereodivergent synthesis was also investigated. The reaction yielded a dr value greater than 20:1,
but only a pair of diastereoisomers were obtained, and the product of the configuration flipping
could not be obtained, and stereodivergent synthesis could not be achieved. In summary, this paper
developed a new type of Ir/Cu bimetallic synergistic catalytic system which can synthesize an
isomer of 2-oxindole products of two consecutive stereocenters with high regioselectivity and
diastereoselectivity. The ability to maintain efficient regioselectivity and diastereoselectivity for
the reaction of 2-oxindole substrates with different N atom protecting groups reveals excellent
substrate suitability.

There are also some shortcomings in the experiment. (1) In the optimal condition screening
process, the number of certain conditions is not enough, for example, the number of different
temperatures and the number of inorganic bases. Therefore, better reaction conditions may be
missed. (2) The problem that the reaction cannot achieve stereodivergent synthesis indicates that
there are still some problems in this Ir/Cu bimetallic synergistic catalytic system, which needs to
be solved by subsequent related research work. This not only raises questions for subsequent
research, but also provides some reference value for the construction of other bimetallic
synergistic catalytic systems.
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