ERAKEEA

HREINE: BRI > HES

SEIREEREA: Pd(I)EAHRSAANERKSBEVIERBHRTIRSGE
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BIRIFN—XEBNENTF, | IZFETRAT. AAMRSFHh. —MNERS FREINMEURAL
AUERRER, ERERAIE/ZSAMMCBXUIEIN TIRIR SRS, TESIEEIEEITS R A05K]
S, NEFE—3IRESMAR, XLEEEIMERIBESMSBERTEEMNSEREEIEE (S

EIE/LHED, FHERIEAEMERSTRERTES THEMNA. XEFIHRRENTEEAER
FIENEN SR F R EMAERE R IETFERR TR ONFERIGE AR, SENTRFIERZE
EENELR, BIREFRRAREESHFEIRPOF NG EE T LU F RN g IR
1b) . EEETRSMFENSY), BEMFIECSMENECREREEEZ, FENHEFEEEE
ALk, BEUANTRIEFERZEBRORBEEZEMM: (1) BHTan, YanflShiRBEAKRRIETING-

(2) HABRIFERIANWangiRRAR RIS RHSRLECEZWRE (Scheme 1c) . BAXLETS]
ERRIFNMEENFERIERFHEUSY, BEINAREASZEEZBAIHIRT, 3- TIRERFIE
S,
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a) Challenges of synthesis of highly substituted alkenes

Stereoselectivity Atroposelectivity
stereoselectivity > atroposelectivity o~z
—_— - — -— =
EZ X N P X L
well-developed less-developed

b} The importance of chiral olefin ligands

*( ( new opportunity?
X §* >

X = olefin, P, N

chirality at skeleton chirality at sulfur

axial chiral S-olefin

c) Previous Work: Strategies for atroposelective synthesis of acyclic axially chiral styrenes

Strategy 1 Strategy 2
Organocatalytic asymmelric additions Asymmetric aryl C-H functionalization

R
2 R
I _ NuH R _ pamymean DG
R, =, Organo -Cat.” Aryf C-H activition FG
]
e

d) This Work: Strategy for atroposelective synthesis of conjugated diene-based axially chiral styrenes
Asymmetric alkenyl C-H functionalization

Ra
R R, P O axially chiral styrenes with conjugated dienes
=" "H Pd[II)JSPA =~ R @ more challenging asymmetric alkenyl C—H activation

SRI OO 5Ry O construction of diaxially chiral styrenes

O olefin ligands with axial chirality and S-stereogenic cen

O broad substrate scope O excellent stereoselectivity @ high atroposelectivity
67 examples complete 7-seleclivity up to 99% ee

Scheme 1. Challenges and Strategies for the Construction of Atropisomeric Styrenes with a Conjugated

TSk, SERERABANIMR SRR F S IR T RRMA0HAR:

1) EF "BSFUEE" R, LB ERENZEIRSER (Tle) AFUHEHVING FEWH, K
B SN B AF IS SRS RL (Angew. Chem. Int. Ed., 2017, 56, 6617; Angew. Chem. Int. Ed., 201¢
3661; Angew. Chem. Int. Ed., 2018, 57, 17151; ACS Catal.,, 2019, 9, 1956; Org. Lett., 2019, 21,

3352; Organometallics, 2019, 38, 4022; Angew. Chem. Int. Ed., 2019, 58, 11464; Angew. Chem. Int. Ed., 2!
6576; CCS Chem., 2021, 3, 455, ZziA: Chem. Commun., 2019, 55, 8514; Angew. Chem. Int. Ed., 2020, 59
Org. Chem., 2020, 40, 3517) ,

2) RREPA(I)/FHIEEABEE (SPA) EUARITZECSEMFMASEY) (Angew. Chem. Int. Ed., 201¢
6708; Angew. Chem. Int. Ed., 2020, 59, 3568; Org. Lett., 2020, 22, 9693) ,

3) REPA(/EBER (L-pGlu) EMAREEZIFIEMFMEZE (Chem, 2020, 6, 497) FERBZIHF
Chem. Soc., 2020, 142, 18266; Chem. Sci,, 2021, 12, 9391) .

=, ZREAREPA()/FHEABRECER, BIFANREERSBERARE, SHTREES
FEESNFERTIENAMITMYE (Scheme 1d) . ZRMNEYFEE ZEBEBNHENTX, SXIBEEY
R,

MRARBFRAFEREASARNRZE1aEREY), RIFEEREE2aNGEEMINR, JRBATER.
HTTTEIE (Table 1) . RERIMZSEA3 3 -EEKMBBCHISPA LIMERFMEK, ZBER, B
B, BTLALL94% yieldF195% ee, Fe2MIIMTUIEFEHEEIBFRIEE)3aa.,



’;::\\-CO) Bu Ph )
ZaT 2a 2 N"""C0,Bu
Pd(CAC); (10 mel %)

SMe | SMe
“ Ligand (20 mol %) O‘
AgOAc (2.0 equiv)

Ph

1a Et,O, 60 °C, 24 h 3aa
co,H Bu COzH Me. _CO;H ﬁcogH
P e B AN
NHAc NHBoc NHCbz H

L1, 74%, 6% ee L2 91%,7%ee L3, 84%,3%ee L4, 23%, 0%ee

0. oo
o 0 f .,

OH 0/ \OH O/P_N(Me)z
U O, T OO

L5, 92%, 0% ee LB, R=H, 85%, 4% ee L8, 89%, 0% ee
L7, R =2.4,6-iPr;CgH;,
79%, -87% ee
L9, R =H, 90%, 10 % ee
L10, R = 3,5-'Bu,CgH3, 87%, -57% ee
L11, R = 2,4,6-iPryCgH>, 95%, 95% ee
94%, 95% ee”
L12, R = 9-phenanthrenyl, 90%, 81% ee
L13, R = 9-anthracenyl, 93%, 93% ee
L14, R = 1-pyrene, 31%, 88% ee
L15, R = Ph, 83%, 12% ee
L16, R = 2,4,6-Mes, 94%, 89% ee

ala (0.1mmol) ,2a (3.0equiv) ,Pd (QAc) 2 (10mol%) , AgOAc (2.0 equiv) , Ligand (20
mol%) nEtO (1mL} at60°C for 24 h under air. Isolated yield. The ee value was determined by
chiral HPLC. ?5 mol% Pd (QAc) 2, 10 mol% LI11.

Table 1. Optimization of C-H Olefination®

ERMRNEET, FRMBEX/NIGESAE (Table 2a) , FEFSERHIRZMFEY (Table 2b
EHEBAIRZIERY (Table 2¢) HRILALMATSRIF AT BRI ISR =B AIHAE RSB FIER
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‘ ‘ SRy + 08U

1

ZH

Pd{OAC): (5 mol%)

AgOAc (2.0 equiv.}

Rz
L11 {10 mol%)

Et:0,60°C, 24 h

=

" ~C0.Bu

Co™

Jaa-ixa

a) Ry = alkyl

i AN 00,80
o™

3aa, 94%, 95% ee

q
(0

3ba, R = EL, 72%, 92% ee

SR

3Aa, R = Me, 74%, 96% ee

AGT = 32.64 keal/mol
tz = 9.08 hours {125 °C)

Jca, R = Pr, 99%, 86% ee
T7%, 91% ee (L13)
Jda, R = Bu, 68%, 81% ee
81%, 90% ee (L13)
3ya, R = Pr, 80%, 53% ee
b} Ry = aryl

R

' AN 00,80
oo™

3fa, R = Cl, 80%, 92% ee
3Jga, R = OMe, 69%, 95% ee

: AN 0,8
oo

dha, R=F, 92%, 87% ee
Jia, R = CI, 71%, 97% ee
3ia, R = OMe, 78%, 95% ee

e " e COzBu
oo™

3ta, n=2 67%, 93% ee
3ua, n =4, 90%, 95% ee
3va, n =6, 73%, 92% ee

3pa,

3wa, 27%, 93% ee

3za, R =4-MeCgHy, 67%, 74% ee

Jka, R = Me, 82%, 97% ee
3la, R = Cl, 65%, 97% ee
3ma, R =F, 90%, 97% ee
3na, R = OMe, 49%, 96% ee
Joa, R = NMes, 99%, 96% ee
"Bu, 87%, 96% ee

HO NFSC0,Bu TBSO
She

g AN cop
O 4%
Jea, R = H, 66%, 90% ee

3qa, R = p-'Bu, 3%, 899
Jdra, R=m-Cl, 45%, 90%

Jsa, 82%, 94% ee

o~ P
SMe

CO,B

3xa, 59%, 90% ee

aConditions: 1 (0.1 mmol) ,2a (03 mmel) ,Pd (OAc) 2 (5Smol%) ,AgOAc (2.0equiv) L1

(10 mol%) in Et20 under 60 °C for 24 h.

Table 2. Scope of Pd(Il)-Catalyzed Atroposelective C-H Olefination for the Synthesis of Trisubstitutec

BEEARARERT UEBYLAIT,3-3E
ENSRIREREMER TMERPELL RN TR BRI L.

LR T IREMNFER BN EMINEREENE (Table 3) .

R RA]

K g e
= = CO-Bu
oo

5da, R = Me, 91%, 95% ee
5ea, R = OMe, 85%, 93% ee
5fa, R = Cl, 92%, 93% ee
5ga, R=F, 76%, 93% ee

R
CO,Bu
srule

5aa, R =H, 94%, 95% ee
Sba, R =Cl, 43%, 90% ee
5Sca, R=F, 65%, 90% ee

5ka, 41%, 82% ee

5ja, 47%, 91% ee

Sla, 61%, 85% ee

Ry

Pd(OAC), (10 mol%) Re AN p

- L11 (10 mol%)
* 7R AdCOOH (1.0 equiv) e
AgOAC (2.0 equiv)
ELO, 80 °C, 24 h
2 5
g Ph
NP c0,8u

co™

5ha, 82%, 90% ee

CO.Bu COzBu
ShMe SMe /,

5ik, 78%, 85% ee”
56%, 87% ee®*

aConditions: 4 (0.1 mmol) ,2 (3.0equiv) ,Pd (OAc) 2 (10mol%) , AsOAc (2.0 equi

L11 (10mol%) , 1-AdCOOH (1.0 equiv) as additive in E2O  under 80 °C for 24 h. %60 ¢

L13 was used.

Table 3. Scope of Pd(Il)-Catalyzed Atroposelective C-H Olefination for the Synthesis of Tetrasubstitute



ZEMRARNRMANEERFIH T TR, ROARBRRENAGEREFIR 2SI LU EZ R AL
Fl. B, WFESRAFIEED FTENBECERETUERNAE TRFNFRS (Table 4) .

@ Pd{DAc): (5 mol%) O
N oy L1 {10 mol%) N
+ oy — -
SMe AgOAC (2.0 equiv) SMe
@e Et:0, 60 °C, 24 h OO
1a 2 Jaa-Jaw

3ab, R = Et, 92%, 93% ee
= =

AN o.R 3ac, R = 'Bu, 81%, 94% ee
. Shle Jad, R = Ph, 73%, 97% ee
OO 3ae, R = Bn, 69%, 97% ee

3af, R = CHiCF3, 61%, 92% ee

ac
- = (CCDC 2044236) Jag, 77%, 95% ee

”Tt (U o
CO " O™

Jah, R =F, 88%, 92% ee
3ai, R = CI, 90%, 87% ee 3ak, R =Cl, 95%, 97% ee
3aj, R = OMe, 68%, 91% ee Jal, A = Br, 98%, 96% ee Jam, R =Cl, 70%, 93% ee

.\IR ""-’2_\-’#
0 8

Jan, R=H, 61%, 7%
3ao, R = Et, 59%, 83%
dap, R = NiMe)s, 54%, 94%

(9]
o R . F e Oy
UV I SO L S o ¢

o r e, 1 Y s -
e NS L 5 4
Sy T~ b ~
OO 5} & }J MeD:C"" “MHBoc Me0,C* "NHBoc
fenofibrace derivative estrone derivative Phe derivati Tyr
3as, 99%, 90% ee 3at, 99%, 95% de 3au,88%, 94% de 3av, 95%, 95% de

e

% !
i Oy 3
2 I \[i j'j{H” r./ [i o
)f]rc A N . oy Do i, 14 1
) U MO LA Mpetesdonions
e A = T
Il

¢ o
L-menthel derivative estrone derivative D-galactopyranose tocophercl derivative
3ax, B9%, 99% de Jay, 995, 94% de 3az, 99%, 93% de 3aw, 95%, 91% de

aCopnditions: 1a (0.1mmol) .2 (0.3 mmol) .Pd (OAc) 2 (5mol%) . AgOAc (2.0 equiv) . L1l
(10 mol%) in Et20 under 60 °C for 24 h.

Table 4. Scope of Olefins. ¢

ARARSLCRIBN AT REEEE SN FHHMIFIRZME (Table 5) . RMBELAFERLLLH
BRISEERMEA FRIBE R M HE B BARAI UM F R SIEF 4.

Pd{DAC), (15 mol%)
L11 (30 mol3)

I e e Y
AgQAc (4.0 equiv)
Et,0, 60 °C, 36 h

2a or 2K 7,R=HoroMe

n=1or2 n=1or2

Tck, 86%, 94% ee Tdk, 82%, 98% e Tea, 74%, 95% ee
BG4 dr 54:6 dr 937 dr

“Conditions: 6 (0.05mmol) ,2 (6.0 equiv) ,Pd (OAc) 2 (15mol%) , AgOAc
(4.0equiv) ,L11 (30mol%> inEnO (0.05M> at60 °C for 36 hunder air.

Table 5. Scope of Diaxially Chiral Styrenes &
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9a, 77%, 96% ee, 14:1dr

O N 1,01
Co

12, B0%, 97% ee

mCPBA {1.0 equiv)
_—

DCM, -TE°C, B h

DIBAL H
THF -78°C,6h

Q v
lSMe

3ak, 99%, 97% ee
{(2.049)

standard T, 5,
conditions

THF, it

1a {5 mmal)

sfano‘aro‘
condmon.s

COzBu
SMe

M eOH/THF
80 °C

3aa, 93%, 95% ee mCPBA |
(1.87 g) DCM, rt

O 20% PAIC, Hy
al

NaOH

8, 83%, 93% ee

g A )
o

10, 92%, 92% ee

11, 99%, 96% ee

Scheme 2. Scale-Up Preparation and Derivatizations, and application.

HEMRARBITENSRIRFIEFETMC S (9a-9e)
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AR F ISR

RIS N . R AT AL TS A9 2= AR B M AS ZIMERI R A NE=4# (Schen

9a, R = Cl, 83%, 82% ee

13

a) Rhodium-catalyzed asymmetric conjugate addition to cyclohexenone

O

[Rh({C,H,),Cl], {3 mol%) 0
ArB{OH), Ligand (6.6 mol%)
Ar=p-MeOC,H, THF/H;0, KOH (0.5 equiv)
40°C, Ny, 3h Ar
14 15

9b, R = CO,Bu, 78%, 70% ee
L 9¢, R = OMe, 78%, 70% ee  9d, R = 2-naphthyl, 75%, 79% ee

9e, 61%, 59% ee

9a,R=
9¢c, R = OMe, 47%, 66% ee

o}

Ph)kg’ph +

Cl, 86%, 72% ee

b) Rhodium-catalyzed asymmetric 1,2-addition to a-diketone

14

ArB(OH),
Ar = p-MeQC4H,

[Rh(GH, )Gl (3 mol%)
Ligand (6.6 mol%)

THF/H,O, KOH (0.5 equiv)
60 °C, Ny, overnight

9b, R = CO,Bu, 56%, 69% ee
9d, R = 2-naphihyl, 75%, 67% ee

Ye, 20%, 56% ee

Scheme 3. Applications as a New Type of Chiral S-Olefin Ligands

B&

I T SR SERAIRE 7 LAPA (I AR TR SR S G E RIS O BB S B e 550
Y. ZHEURBMEASHEE, NMETLUBUSMHFSHFE (up to 99% yield) FOXIRRIEREME (up to 99¢
2IR=CiEEYE, MEAUAKR—EEEFMEINTISER, RN AIFRINER N HREEEHR
RiFHA&%1EJournal of the American Chemical Society &, E%—{EEEINTI AT F RIELTHT

REEMERRAAAIETFE.

JRX: Atroposelective Synthesis of Conjugated Diene-Based Axially Chiral Styrenes via Pd(ll)-Catalyzed Thioether-L
C-H Olefination. Liang Jin, Peng Zhang, Ya Li, Xin Yu, and Bing-Feng Shi* . J. Am. Chem. Soc., 2021, 143, 12335-12344,
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