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Introduction of Tsuji-Trost Reaction

B [n 1965, J. Tsuji discovered that C—C bond formation can
be achieved by the reaction of mr-allylpalladium complexes
with C-nucleophiles, typically stabilized carbanions such as
malonates.

COZEt CO,Et X CO,Et
<,,"Pd‘ ‘C""'Pd"‘\> '
-
=~ ci ™~ base y/ |

B [ ater on, catalytic and enantioselective versions were
developed mainly by B. M. Trost and his group.

Tsuiji, J et al. Tetrahedron lett. 1965, 6, 4387 .
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Typical Mechanism
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Soft & Hard Nucleophiles

B Normally, “Soft” nucleophiles’ conjugate acids have pKa <

25 and ” " nucleophiles’ conjugate acids have pKa > 25.
n-Bu
CO,Me — CO,Me
- AlMes :
S s QL
"OAC overall inversion = n-Bu
A
B
CO2Me _( COMe
fnversfml O MeoAl : retention
[PAO)] = - AIMe,OAc @ )—n-su - [Pd(0)]
[Pd]OAC [Pd]
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Classical Electrophiles

,/{;,\VO\H/CH;; WOTCFS WO\H/OR

O O O

R = Me, CH,CCls
N OPh

O
/;;\V,NOQ ,///”"\\/ONOE WNF@X
,//;—'\\/SH ////’,‘\\/SGR ///;\\/SOEPh
AL ﬁ E
V _~_-OP(OE), _~_-OH
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Possible Isomers

L
#", G_)
-

A

no stereogenic unit

R R
L L
l/ “® P r AS) llD
L"""'Pd% = L — Pd V
Eendo Eexo
one stereogenic unit: axis

one stereogenic unit: Pd atom

L R
@

ent-C
one stereogenic unit: allyl plane

B R L.
2 o R @ ~2
d—[F A\ Pd—

ent-D,

|—1’_ @ R R @ \L1
L—PifF A\Pd—,
Dz ent-D2

two stereogenic units: Pd atom, allyl plane
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Possible Equilibria

]
¥e
A
n°n’
ligand ligand
/‘\\ dissociation /i\\ association
Pd  ~ Pd L0
2 VIPSN
L1/® -L L1 ® L2 X

A

nucleophilic
displacement PA(O)L

r

@™
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Allyl Exchange: High Pd Concentration

-Na
Ly .
MeOsC NaH, Pd(OAc), MeO—~<__ O MeOL 4
" © dppe, DMF, 50°C N> Bh ~
- ( B O
90% H N~:
ph—/ H
[Pd]OAC
©
[Pd]om
Meogc
NaH, Pd(OAc); H
MeO,C OAc dppe, DMF 100°C _<_< “>p
l @’ ~  AcO[Pd] _”_, o
O N 60% & R
- C 5 B
O
[Pd]OAC
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Syn-Anti Exchange: Normally Fast

Syn position
X. L ﬂ X_ L
2
P;d 3 ﬁgrm y C-C rot //\R X n'-n3
/\\I/R'I - e '2!,de,.- —_— :-1 Pd/ —_— /’\I/RE
R® R' |
R% <= antiposition L L
—n -’ ® .~“L L%,. ® n*-n'-n’ ® ;LQ
L_...de ~ —Pd—< L1__..Pd—fc~ S fl—Pd-_.._L1
regeneration A B enantiomerization ent-B
R
L,,. ® R —n'—n’ @l:[_ L%'_ ® R n—n'-n3 R ® :Lz
L"""Pd_ ~ r’“———Pd-..._L l_1,,_..-Pd~ & (\__pd___L
1
C enantiomerization ent-C D; enantiomerization ent-D,
© L
L__._._Pd a ~—pPd— J
E.ngo diastereomerization IIE.EW:m.I:rj Maating (CCME@PKU) >




Syn-Anti: Solvent Effect

B More efficient in Me20 than in

L 3¢
= 3b 7 S¢ .
L F‘::d L _I } T .
S 228,
3aS=CHClL, [/ o | 29.1
L= PH3 ’,' ;F—L‘ 4c
4aS=PH; [, % 2aql |
L=PH, [/
Sa S = Me,O ;:.‘; ) 12.4
L=NH, //
S Y YY
rf-fnrm nl—ﬁ:}rm n > 1]1 TS

by 6.8 kcal/mol

n '_form

SRR Y
M 3a 4a Sa
S ———

n?’-form

Niclas, S et al. Organometallics 2001, 20, 5464.
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Syn-Anti: Ligand Effect

B ERG attached to phosphorus is beneficial for fast SAE.

- O
Pd—MOP ;

MOP = PAr;

l OMe
Hy Hg -9 mop : “

Entry Ar k(s™)
] 3-CF3CgHy 1.7

2 Ph 0.4

3 4-MeOC4H, 0.08
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Syn-Prefer: Z-Selectivity is Hard

[Pd(0)] s ~.__Ph [Pd(0)]

X, dppe cat \/‘\ o O (/‘\/ dppecat >N
= »- g Ph OAc OAc ®py - =
OAc Ph P/Pd\P P/ \P Me OAc

anti to syn equil.

A B faster than e C

syn-anti Nalonate addition ,#  anti-syn
Ph s g b [£d(0)] x_Ph
pPpe ca 5 e cat
=k L oac Ure
E . L
via Pd(0) .- ent-E
slow .-~ syn-syn F
th ""r/ l
l o .
PN GOAC e - Ph no significant erosion
e P < + of enantiomeric ratio
syn-syn G k E- B 90 E-E 10
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Syn-Prefer: Z-Selectivity is Hard

s N\ J’N\ /N ~ ,/N‘\
PhoP_ PPhy Ph,P_ PPhy PhoP_  PPh, Ph,P_ PPh,
Me. = Me (%/ME Ph_a_Ph _~__Ph
Me Ph
syn, syn ~65% anti, syn ~35% syn, syn > 95% anti, syn < 5%
) o
OPPh,
BNO,C._~ o~ A PMBOH
~ COR | by dba, cat OPMB
2 . BnOC._~ A~ P con

89%

R = (1R,25,5R)-8-phenylmenthyl

Mandal, S et al. J. Organomet. Chem|-2003,0676\V2ZPedérsén-Téttdl)J. Am. Chem. Soc. 2001, 123, 9738. 16




How to Make Z-Selectivity Possible?

B Two paths: Slow down SAE or Speed up

NHTfa
; OTBDPS NHTfa
THPO CO,tBu R = THP: fast R = TBDPS: slow - :
E - N W SR
" 3 CO,1Bu
[Pd(C3H5)Cl]» (2 mol%) [Pd(C3Hs)Cl], (2 mol%)

PPh, (4 mol%) PPhs (4 mol%) SR G .
84%, 82% syn, 90% Z 1 B0 THE. 78°C o 75-93%, 96% syn, 99% E

nu Sy | mu arnt e nu Syrn | nv arii .
I I

profile a profile b

Kramer, K et al. J. Org. Chem. 2006, 71, 8950.
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Ir-Catalyzed Z-Retentive: A Solution

RN G

E-linear

LG

RN

branched

7

oS

chiral transition
metal catalyst

M

f syn-n-allyl

N metal

R/>|/ complex
H

M = Pd, Ir, Rh, Mo
Well-known

m=-0-1T
interconversion

f‘iﬂ I anti-r-allyl

R
metal

Nl
2 complex

H

/‘“g 3 prochiral
&y nucleophile

R.'.?-
............. . S
Previously unknown
this work: M = Ir

You, S et al. Science. 2021, 371, 380.
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Iridium & Ligand: Isomerization Slower

Ph LG In(OTf),

Q AgOTf
(S)-L1
In{OTf}3

+ or
_CHlh o: $ ’, X TfOH
[Ir(cod)CI 15 min 00 2
[IN/(S)-L1=1:1 ﬁ_\p ‘/r
Ph %
—
K1 VNMR

% \/NMR \/x-ﬁay
S

B _1@) & k
Spectrum 1 anti-K3 Q D“
t, = 10 min 5 77.0 ppm 5 On Ph "‘“‘OTf

ti-K3 K3
e \/NMR Vv Hrus ™

Spectrum 2 \
= 40 min K4 Nu HNU 1
?P_egif;jum_3 Spectra 1-3 & anti-K3
R w5 W OOCOMS b o If
—
l\‘:/l 0°Ctort % borts
Spectrum 4 (1.0 equiv) (3.0 equiv) (1.0 equiv) \\
t;=5min syn-K3
Spectrum 4
3 76.4, 76.3 ppm —— 1 Q 0
K2+ + HOTf —————= | + ’
T T T T T T T T T T T 1 i i G C to n Ph/\\‘-_;‘/. ph%
780 776 77.2 768 764  76.0 (1.0 equiv) (3.0 equiv) (1.0 equiv) syn-K3 (endo or exo)

f1 (ppm)
You, S et al. Science. 2021, 371, 380. Luo Group Meeting (CCME@PKU) 19



Iridium & Ligand: Isomerization Slower

; e %70
e K5 (2 mol%) ~ Arﬁb{/\" \ ?—) '
Ar” "N TEWG Cu(MeCN),OTf (5 mol%) Ar” "NH Oup_ AN 7
8 1 (SSprL5 (3.5 mol%) | .*—EWG @ T s | “PPh,
i OAc ' il Q b Fe
J(,-“\/ CSECD:g (1 equw) R ':Sa) —_— &
R? 9 then NaBH, (10 equiv) 10 O OTf
(2eam T KS (Ar = 2-MeOCgH,)

R? Z-retentive allylic substitution

|
RLF n O [I{COD)CI], (3 mol%)
e LT W I

N In(OTf)s (1 equiv)
|1.-G = CHCl;, 0°C, 3d
2 (2.0 equiv)
: : i b : : b : d b

(S)}-L2 (S}-L3

You, S et al. Science. 2021, 371, 380. Luo Group Meeting (CCME@PKU) 20



Apparent Allyl Rotation: Pathways

{270 8 dissociative 1 /“l\ 3
AdeC‘D ) ®Pd\
A
“-B = “
1/'-;'{'-“\\3 ??3' n1 F?d C'Pd rDt ;Ld n1-n3 _[{.:_’1"\\.}3
Pd® | = f\;’@“ﬁ = ZYeB = Pd®
A/ xB 1 3 B/ xA
| x°}
1.2~%.8 -
S associative 12723
_'/Ed ) - ./F"d'\
A, B
% B X A
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AAR & SAE: Share Bliss?

/Kph/*

P @/'

PH 7 rPh / A
R

AR A Z

endo/exo syn trans-P (a/b or b/a)

A P @ /NfH

ph /F"'d Ar Ph /F"d r
R
AR RN
endolexo syn cis-P (c¢/d or d/c)

3 53/30 11/6
4 78/9 9/4
5 55/22 12/11
6 9/7 62/22
6¢
6d
GbGa
t=24 h ' l
t=7h —i—l—% J-L
=20 min L'L
t=3 min l_i . J~

AT

T ] T T T
34 33 32 31 30 29 28 27 20 25 24 23 22 21

(ppm)
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N
[(’-CsH,R)PA(P N)',PF4]

1,R=H, Ar=Ph

2, R =H, Ar = 2,6-C¢H,iPr,
3, R = Me, Ar = Ph

4, R = Me, Ar = 2,6-C¢H,iPr,
5,R = Ph, Ar = Ph

6, R = Ph, Ar = 2,6-C4H,iPr,

Rinaldo, P et al. Eur. J. Inorg. Chem. 2004, 1081.
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AAR vs SAE: Possible Paths

B Pd-C is harder to
rotate than C-C

B Larger
- in Pd-C
rotation

® N ! ¥ C-C rotation

-~ P @,N @xN
1 H\ H,
~Pd Hs/a\/R H\lz)%rR :
N™s\ HOS R
P Cl H, Ha, H H o

endo syn trans-P

trans-P opening

.........................................................

Cho, C et &l TstrahBaren Ay oty 2008, 17, 2240. 23



AAR vs SAE: Relationship

B Normally, direct AAR (lowest energy barrier is )
Is slower than SAE.

B Coordination solvents or additives accelerate AAR.

B Positive Pd-center prefer AAR when additives exist.

1 (with 1)

" P“ 1 (with 2)
Pcl— v ‘\/\ Ph
fast
as 0o cr CpFE o Cl
endo-syn-syn exo-syn- syn <N C‘_I‘D N
I Bu' PP Bu'
] CpFe pp. N h.
cr J AgPFg (-AgCl) cr ‘ igg':ﬁ( PFe Ph, ‘\\//\ Ph Ph, I\:-//\ Ph
gCl)
Ph Ph
_ PFg
P, e pn wﬂh‘l} P+ i " "
+ (with 2) <\ —_
RC - Ph 4;:' Pd ‘\/\ Ph
N” slow
endo-syn-syn exo-syn-syn

Cho, C et &l TstrahBaren Ay oty 2008, 17, 2240.



Soft Nu: Terminal or Branch

nucleophilic substitution

jonization
s !
R ~_ X
E linear 1~ Pd‘“L NuY E linear

A
R T " NS

X Nu
branched l branched
(/\/X LnPd(0) ﬁ\ Xe NUY/ lf\/mu
- - R_Pd® 3

| I L -XY,-LnPd(0) R

Z linear anti Z linear
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Structural Detail: Allyl Groups

B Terminal carbanion is more stable.

B For symmetric ligands: terminal is Steric favored and

branch is favored.

COEMG

NS
Ph” X" 0Ac Ph \M
linear COzMe

or NaCMe(COsMe), +
- COEME
)Of/ [Pd(0)] cat, THF, rt
=
Ph MeQO,C :
branched Ph

Ligand Substrate Linear Branched Ref

: . linear 91 ; 09 219

canonical (ionic) PPhs

branched 92 : 08 219

ThomasL,UIg. %Pgu ng/ln%g}iar}ﬁcgc%lgl&@g,g%g&
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Structural Detail: Asymmetric Ligands

B Trans-P effect: trans-P is longer and easy to be attacked.

Trans-to-C allyl terminus has more
o-character than trans-to-P one

Lioyd-Jonea" & aE sl Enenr Eul 2000, 6, 4348, 27



Substance Control: Hydrogen Bond

[Pd(C3H5)Cl]» cat. )J\
BINAP cat. Ph™ NH

phthalimide, toluene Ph
= M

linear : branched 20 : 1 NPhth
syn : anti > 99:1

phtalimide Ph

L.

Cook, G el al” A’ &pan. (6565085, 925, 5115, 28



Substance Control: Coordination

CO,Et

OAc [Pd(C3Hs)Cl], / PPhg cat. Y A~ Y
WY LICH(COEY), /\/]\/\/ EtO,C X
THF EtOQC COgEt
(87%) 10 : 1 Y=5Me
Nu®
/ (76%) 19 : 1 Y =NMe,
M

'|<l>)
Pd.
/dY

RsP

AcO

Q

Pd(C3H5)Cl], cat.
oA |, ED(éSFSS )35)033.2 EtO,C.__CO,Et
S A_Si__N__ LICH(COEt),

~
U THF

Luo G
ltami, K et al.

COEt

N/ EtO,C \S'/ N
L X Si__N 2 M ! | N
| -
/
(92%) 95 : 5

o Sher soo5681 12 es7. 29



Substance Control: Coordination

MeOH g R-E;,R
(R,R)-Ly (1.2 mol %) 0 o
~ dPOI R
O PdgdbaS’CHC|3 (1 mol O/o) AN H bMe
(s-C4Hg)3B (1 mol %), CH,Cl, A
+ Pd(Il)L*
103 106 o
82%, 89% ee
NaHCO3 J(?I\
S,9)-Lg (1.5 mol % O
g BT | NS | - Zo0
O szdbas'CHC|3 /,"\% é‘&
(0.5 mol %) | 0
H20, CHxCl, * Pd(ll)L*
112 113 114
88%, 93% ee
NaHCOjq [ OH |
(S,S)-Ls (3 mol %)
112 - /y - />'_/\OH
Pd>dbaz*CHCI3 'OCOQ— (":)H
(1 mol %) - i
Et3B (1 mol %) 115 116
H,0, CH,Cl, 91%, 97% ee
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Memory Effect

classical chloride-free conditions in the presence of chloride anions
@ @ k2 > k1
- o~ Nu <
Cl © _I @
~ PPhg-Pd-PPhy = ~  PPhg-Pd-Cl "
PPhs
k‘l kg

A

N X X_I © N_| ©
u
Z ZN start here N AN
;Pd"“PPhS deHPPhg ,Pd“"Cl ’Pd--ucl
PhsP ‘ PhaP PhsP PhoP
h A
e_l
X
© o) o
Nu x@ PN _ Cl~ P N
l | PPh, |
Pd

M Pd.
Xe PhaP Fl)_lag'f@roup Meetﬂg%CME@B@? Cl 31



Memory Effect I: Asymmetric Ligands

allyl malonate anion \/\ N /\/\Nu

-

r

substrate 1py(C HA)Cll, cat,, L cat,, THF  Nu

entry allyl substrate® malonate anion L branched : linear Ref.
1 YN NaHC(COsMe);  PCys 87 (82%ee) : 13 222
OCOEt
2 e { NaHC(CO,Me), PCys; 94 (64% ee) : 6 223
3 C) Ac NaHC(CO,Me),  PPhs 50 (15% ee) 50 223
4 “X""0Ac NaHC(CO;Me), PCys 57 . 43 293
5 X" OAc NaEiC(CO,Et), PCys 8 : 92 223

a) allyl carbonate: 91% ee

Blatkéi A'et MEOrRy LetMe697 1 Yos.



Memory Effect ll: Tight lon Pair

e,
Nu o
R\/\/X Pd(O)L _ R\/,\ ra -Pd(O)L-X= R\/\/Nu
|
( |inear Pd A “near
LPd(0) L X

13 T . A

L approaches antito X \\/\// A less stable but

.7 . more reactive than B

Pd(O))L Ly o
R PAO)L  RY _~_ -PdOL-X" R
\l/\ _ ) | . > Y\
X Pd_ Nu
branched X L B branched
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Memory Effect ll: Tight lon Pair

. COsMe
Ph” " " 0Ac Ph.___
linear COzMe
or NaCMe(COsMe)» +
- COEME‘
j’i"/ [Pd(0)] cat, THF,
= ’ .
Ph MeQO,C : =
branched Ph
Ligand Substrate Linear Branched Ref
canonical (ionic) L1 linear 91 09 219
L1 branched 92 08 219
(L2 linear 79 21 220
L2 branched 23 77 220
memory effect <
L3 linear 97 03 80
. L3 branched 33 67 80
. ] L3+Cr linear Q9 01 80
chloride effect | L3 + CI branched 84 16 80
Luo Group Meeting (CCME PKU

Boele, M et al. Chem.

ur J. 2004, 232.

L1:

L2:

L3:




Memory Effect Missing

B Complexes formation: Memory vs Steric.
B Complexes Equilibria: SAE and AAR.

B Nucleophilic reagent:

Early Transition State, Reactant-like Late Transition State, Product-like

R I\l/l;ci\':'ﬂ+ + Nu Nu/;j\P "N
Pd“'r | +Nu
N R\//?'\/R—\
TN 7N
T Nl, ‘;P N" it P
Pd'R P
Most electrophilic site s <
R—/—_/ R
Nu Nu

Most stable intermediate
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Equilibria vs Memory: B-H Type

O OBoc Pd,(dba); (5 mol %) .
RL\ o R CO,Me L8 (12 mol %) . Ri™
\ B = A DIPEA (2.0 eq), rt

Toluene,12 h

\ 7/
Sl')_l

< Pd,(dba); (10 mol%)

0 OA
AN N COEt L5(24mol%) R
R1_| CF3+ R2+ >
/ L Az Na;PO, (3.0 eq)

THF, -30 °C, 48 h

Ar Ar SIPHOS L8

OH
C = (S,)-SPINOL

_____________________________________________________________

Luo Group Meeting (CCME@PKU)
Pan, Y et al. Org. Lett. 2021, ASAP.
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Hard Nu: Reductive Elimination

B Hard Nu is usually more

B For HCOOH, H-M, R-M? Any differences between them?

R
! Nu

//”““@ Nu
R '
[Pd

D

R1 . 83
Bz>|/\/ R? . R

OR + HCOH — o
» 16a a3 R? !
o
R2 OR 17
18h
OCOH
H
=
~H Pd(acac),
n-BusP
TBDMSO'

TBDMSO

L uo Group Me
Ujino, K et al. Organometalllucs ?Q%Gp 15,

- [Pd(0)]

—_—

1 : 1 mixture

than Soft Nu

[H MP4SDQ

SD-CI(D)?
SD-CI(DS)¢

_ SD-CI(P)?
CCD
CCD(ST4)

N5 S SBt A  Tetranedron 1994, 2, 475.

8.4
8.3
8.3
8.1
5.6

—40.5
—24.8
—27.4
—28.1
—29.4
—29.7
—26.5
—27.3
—28.2
—-27.9
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Asymmetric Allylic Alkylation

B Two different types: Enantiodiscriminating Step?

e, o =) o
g = 55 - . S8 3% o
SE 8§ 8% g5 S 8% 8% =3
-2 = = X x
co OO O O c® cw O O S Ne) cow
oy E oy 5
B E
=
r— L
: ‘\ \ ’r 1‘
— ! ' b S * | \
— | %1 ' e ' S \ r— i j
! .l* Jr ‘|. " ‘I ." \\ l" !
FonSallyl-1 | \ ConPalylt L ﬁ
—=  np3allyl-2 - prallyl2
; substrate \ ; substrate ;
— — — —
ent-1 ent-2 ent-1 ent-2
(major) (minor)  (major) (minor)
RC ent-1 : RC ent-2 RC ent-1 . RC ent-2
profile a profile b

Luo Group Meeting (CCME@PKU)
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OA iIs Enantiodiscriminating Step

X X[Pd]* 5 .

| [Pd(0)" , Nu " ,
—_— n

” - [PA(O)F", - X° "

X X A

e
 fPdOF Nu _ y
Y N Paor,-x° 7Y
X [Pd]"X N
o |
OBoc ’ [Pd(C3Hs)Cll, (1.25 mol%) N™ “co,Me
N Ligand (1.9 mol %) Eé
U Cs>COs5 83% (92% ee)

CHoClp,

OBoc OBoc

Ligand : d NH b
PPh, PhyP

Luo Group Meeting (CCME@PKU
. Ghems, Soc. 200

40
Trost, B et al. J. Am. Chem. Soc. 6, 12& 6054.



OA Determining: SAE is Undesirable

X [Pd]*X
_ [Pd(ON* 1. Chuat

OCO,CHj

BnO NS szdba3CHC|3 (1 m0|%) BnO
Ligand (3 mol %)

= ,',f/
OH NEt; (1.5 equiv.) o’

CH2CI2, rt
89% (86% ee)
o Y o

Ligand : dNH HNb
P

Ph, PhyP

Luo Group Meetin CME@PKU 41
Trost Botal & ntibsie 189621407



Attack Determining: Symmetry Allyl

- X S )\/\
A~ Pd]*X /
R R | [Pd(O) £
< r X == R/(v)\ -[Pd(0)]*, -
5, a ©/b
\- R/\/'\R/ NL \ R/\/'\R
sz(dba)3CHC|3 (25 m0|%) TsN
Qcozme Ligand (7.5 mol%) %
>~ N\
CH,Cl,, 0°C
TsHN OCO,Me 22 MeO,C
Ligand: o Q o 90% (88% ee)
NH HN
PPh, N\

Luo Group Meeting (CCME@PKU) 42
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Attack Determining: Symmetry Allyl

PAO] A Y :
P A - | . 4 =
Pax - [PAO)T, - X2 | m
[PA(C3H5)Cl], (3.6 mol%)
NHT Ligand (7.3 mol%) Lrs
& t-BuOK (1 equiv.) ~ X
+ /\/OAC .
NHTrs 1 equiv. Toluene-dioxane, -15°C NHTrs
Trs = 2,4,6(i-Pr)3CgH,SO, L ivaind Q 85% (93% ee)
o 0
C NH HN O
PPh, Ph,P Q
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Attack Determining: SAE is Desirable

: R oo Dl TN %
_N O N _Ph igand (3.3 mol%
H
O THF, reflux, 2h O

(E)or(Z) HO from (E): 80%(73% ee)

Ligand: Me\N]\/OH from (Z): 92%(77% ee)
“Me

Fe PPh,
PPh,
m! mn H
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Attack Determining: AAR is Desirable

OH H3CO
— Pdgdba3-CHC|3 (1 mol%) —
w& - Ligand (3 mol%) ‘ &
BocO 0 @) > 0" o7 0
n-BugNClI (30 mol%)
OCHz  CH2Clp, 0°C 74% (84% ee)
1 equiv. 1 equiv. o Q o
Ligand : dNH HNb
PPh, Ph,P
(PdIX [Pd]X
A U .=
L\l — @ JPAX == [
o © o © o" ©
Trost, B et al. JAm. Ghens, Soc, 2003, 125, 3080, ®



Memory Effect: Desired or Not?

- Q )
g

racemic

>

\:X/

MeOQC

COgMe

79% vyield
34% ee

Trost, B et al. J.

m. Chem. Soc. 1996, 118, 235.

\‘/ ~_ Nu@
[PAI"X A NH HN
x . O
Nu® i
[ we N
z Nu e
[Pd*X g ™
. o Na
i
(R,R)-(3)-Pd ©
NaCH(CO-Me), NaCH(CO-Me), ®
(S,9)-TSL cat. (R,R)-TSL cat.
[Pd(C3H5)C|]2 cat. [Pd(CgH5)C|]Q cat.
THF, 1h @ THF, 1h Q (Cone
s ""OAc g o
mismatched matched CO,Me
55% ee 71% yield
46% ee
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Kinetic Resolution: Block lon Pair

MeO->C COsMe

OCOsMe (R,R)-Lg (7.5 mol %)
)\/\ g o

[n3-C3HsPdCl], (2.5 mol %)

rac-9 CHQ(COQMG)Q 10
CSQCOS, CHQC|2 98%, 92% ee
entry base solvent yield (%) ee’ (%)
1 NaH THF 63 29
2 Cs,COs THF 62 84
3 NaH CH2C12 86 81
4 Rb,CO; CH,CL, 92 91
5 Cs,COs CH,Cl, 98 92
¢ Determined by '"H NMR chiral shift with Eu(hfc); in CgDs.
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Kinetic Resolution: Block lon Pair

Me
HG
OCOzMe o (S,5)-Ls (0.75 mol %) H S—NO>
P + 2 > NP
~ Pd,dbag*CHCI; (0.25 mol %) PN
BSA, CH,Cly, (n-Bu)4NCI

14 15 16
71%, 11:1 dr, 97% ee

BSA = N,O-bis(trimethylsilyl)acetamide
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Kinetic Resolution: Block lon Pair

@)
HNJ\NH (R,R)-Ls (5 mol %)
rac-9 + -t
Pdgdba3’CHC|3 (2.5 mol %)
O O CH,Cl,, TBAT
17 18

96%, 72% ee

TBAT = tetra-n-butylammonium
triphenyldifluorosilicate

pentobarbital
99%
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somerization
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Asymmetric Allylic Alkylation
Kinetic Resolution
« Summary
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Summary

B Mechanism: Formation, Equilibria, Trapping

B Soft reagent and Hard reagent

B SAE and AAR: relevant, depend on additives and Nu

B Selectivity controlled by asymmetric ligands, asymmetric
substances

B Memory effect: sometimes we want, sometimes we don't

B Enantioselectivity: enantiodiscriminating step, avoid tight ion
pair

B Imperfection is the foundation of development.
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