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1. RS

0.3eq. catalyst, 4 mol% Bus,NHSO,

R/\/ R' 1.6 eq. KHSOsg, 2.4 eq. K,CO4
R" MeCN/ DME/ buffer(1:2:2)
-10°C, 2h
R,R' = Ar, alkyl
R" = H, alkyl, Ar

Y. Shi. et al. J. Am. Chem. Soc. 1996, 118, 9806

10 mol% catalyst
/\/ Rlll

1.0 eq. Oxone, 3.1 eq. NaHCO3

Ar MeCN/ H,0
t, pH = 7-7.5
R™ = Ar, H

D.Yang. et al. J. Am. Chem. Soc. 1998, 120, 24, 5943-5952
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15 examples,
41-84% yield,
84-95% ee

O L.
Ar/<'/R

12 examples
up to 99% yield
42%-87% ee



1. HRE=R

Cope-type hydroamination recation: carbonyl catalyst , 0
R’ o H CeH, rt, 24h RrNJ\ o .
1 2 3 ; 4
13 exampels
60-91% yields
, o 56-97% ee
R\)N\/:w/
H Cope-type hydroamination
RN R 21 P i bic{lclic TS
1 4-B

stereoselective

1,2-addition M y o
R1-N ,,/d R ~N+
RN'H Cﬂ“
transient /H R2 r N
stereocenter h1
'O\N+R2 0 4-C
L A I~y
R H 4 R1—N\4éz)'
4-A H,0 2 =
20 HO, R R-N"H
H H R2
2
HO\N,RZ
H _
R1’N\)\ (I)
HO.. _R? RN
a) André M. Beauchemin. et al. J. Am. Chem. Soc. 2011, 133, 20100-20103.; H R’
b) André M. Beauchemin. et al. Chem. Eur. J. 2013, 19, 2597 — 2601. 2 4-D



1. fRE=

Probing the source of epimerization for catalyst:

HO\N,Bn O
H 25mol% 1\’)\ ,
. R H * amine
CeHe, 24h PFt‘h7<O R2
o
66% ee lead to racemization of chiral carbonyl catalyst
O O L )
oj)L j)L
Ph H Ph
CgHg, 24h
Ph7<o 6’6 Ph7<o
99% ee
4 . .
allyl _Bn design new chiral carbonyl catalyst
H 25mol% j)\ (TTTTTTTTTTTTTTTmmommom oo mm o !
| *p4 DN 1
TN es o
H | + I
.................................................................................. : N OH
: : R'R2 1ge” Y OH l
: 0 0., .R? 2 I R’ :
: j)L HO.-R? v N | RO |
 Ph( e H H,0 Oj)\H o :
1 - 2 Ph H :
. Ph" o Ph7<o PhA |
! 4 2 4-A 4-A' 5

__________________________________________________________________________________



1. fRES

Threonine Aldolase-Catalyzed Reaction ,

0 threonine aldolase /KHJ\
P -
HoN * RO R OH
2 \)]\OH
1 2 3
OH O enZyme

Q)
o L,

NH, 204P0O
3 +/
H20 H*
H,0, H*
PLP
enzyme

% AN

B'H o enzyme
COy
ROT H /NtH
H /N\H ] é ]
! 2
e} O3PO =
-2
03PO | N | ﬁ(/'
+ N
N H
C enzyme ) A
H
R \O ) -
“05PO
(EV)
2

a) C.-H. Wong. et al. J. Am. Chem. Soc. 1997, 119, 11734 — 11742,
b) R. Contestabile. et al. FEBS J. 2014, 281, 129 — 145.
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PLP (pyridoxal 5'-phosphate)

enzyme~B : ZIEIRFRHEE, 0 Lysw
NH2 9
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2 FHERBEAITERI AT TR o-CE BERIC R MR R - A X FRAldol IRBL

OH O
O chiral pyridinophane M
HzN\)kOH Zn?* complex OH
(stoichiometric amount) NH; threo
+ - .

OH O
O -

)kH /\HkOH

NH, erythro
73% yield, erythro: thr =1.7:1

88% ee (erythro), 74% ee (threo) .

H. Kuzuhara. et al. J. Chem. Soc. Chem. Commun. 1987, 95 — 96.
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AR R

| Xo
HO . | NO,
Ar chiral alcohol catalyst ;
COzMe R 4a (20 mol%) | OH
M + AN > I OH
e0,C NH, DNBA (30 mol%) ' 0N COOH
N CHCl3, 20 °C, 5-120 h ! 2
H | CHs
1 2 3 ' chiral alcohol catalyst 4a DNBA

20 examples
33-88% yields
77-98% ee

3a, 77% yield, 86% ee 3b, 64% vyield, 96% ee 3¢, 77% vyield, 87% ee 3d, 49% vyield, 94% ee  3e, 43% yield, 98% ee, at 40 °C

12
Q.-X. Guo. et al. Chem. Sci. 2014, 5, 1988 —1991.
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Proposed mechanism:

HO
Ar
R
A\
N DNBA
Ar, 2
R H,O
\ —
N Ar
H N R /
7
N

COzMe

H,O L 2
)\NHZ /

MeO,C CO,Me B COMe ]

chiral alcohol catalyst 4a



AR R

Monitor the reaction process by HRMS(In negative-ion model):

Intens. S, 2.1min #109 COZMe MeOZC COzMe
o] BTN ey OO So N"COsMe Ar
OH O:: / R
4000 OH \\O: N
2652331 O‘ : H H
-H* 4a-A-H* .
283.2635 4a H 2 C:H3 '/CH3
2000 /
210.9998 3271035 456.1460 4a 4a-A 4a-C
137.0120 L“ l
SIS V| T I OO B L " - —— da-H's 30minf 56 4Tk, AR e SRR R IR AT R
iers, 1 - M5, 1.1min #56 4a-A-H*: %%43'Aﬁﬁmﬁ$%¢%&?ﬁﬁ)§%ﬁﬁz
7 5m|n 167.0103
1.0
1
1 . . o e 0
+  Comparison of catalytic selectivities :
06 4a-A-H* |
] 4a-C-H" '
04 / i o b COsMe
024 rotis ooz 4561483 l/ ] Ph  chiral alcohol catalyst 4 COzMe
' I - o120 w0 : ¢OMe (20 mol%) NH,
0.0 bt fet el Ll R T T T T T T — 7T T T +
100 200 300 400 500 G600 700 800 mz : MeOzC NH2 \ DNBA (30 mol%) \
' N CHCI3, 20 °C N
fntens S, 0amn#zs| | H H
s004 30 Min 167.0096 : 1 2a 3a
i
- oo
1
! oH chiral alcohol catalyst 4a: R' = Me, R" = OH, 77% yield, 86% ee
4000 2562331 4a-C-H* ! R chiral alcohol catalyst 4b: R' = H, R" = OH, 75% yield, 74% ee
2032842 4a-A-HT / - O chiral alcohol catalyst 4c: R' = H, R" = OMe, 75% yield, -4% ee
20001 2109989 / '
137.0120 8612343 1 R
N I N ¥ M I T m[m ) l ! chiral alcohol catalyst 4
100 200 o0 400 T sho 800 Tro0 0 800 me |
1

14



AXJFRMannich iz

(R,S)-4(0.2-1mol%) Ph,P(OHN O

0 ? NaHCO 5

3 |

+ + x _P t !
/\ P Ar - O BU ]

I_'3N¢J\ot3u Art N Ph CHCIl3/H,0 (1:1) i |
Cr 10 °C, 3-20 h 2 ;

1 2 3 |

32 exampels
47-94% yields
up to >20:1 dr

94-99% ee

3a, 77%, >20:1 dr, 98% ee 3b, 92%, >20:1 dr, 99% ee 3c, 89%, >20:1 dr, 95% ee

Ph,P(OHN O
Ph,P 2P(0)

| (OHN O
MOMO:@ | A osu
| o NH
! TBSO CHs

3d (Synthroid analogue), 86%, >20:1 dr, 94% ee 3e, 62%, >20:1 dr

15
W. Yuan.; B. Zhao. et al. Science 2018, 360, 1438—-1442.
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Threonine Aldolase-Catalyzed Reaction

o threonine aldolase R
HQNJJ\OH + R o - R OH
(E) NH, LYSw |_ysw )
1 2 3 NH, Lysj NH, NH, R\’/COz'
20 H,0 N R COH H NS,
OH o} enzyme,, o 204P07 M ™ o 20,0 | on -H 205PO” o
ol Mo N o E k

Design N-quaternized chiral pyridoxals:

NH2 204P0 1
+/ PLP (internal aldimine) external aldimine
H,0, H*
H,0, H*
PLP ) .
enzyme .

B* enzymeﬁﬂ N\
B H COz
COZ‘
R H. N
H NS, 2 g_
' 2
o 0O3PO R
205P0 N | :g/,
‘s N
N H
H
c enzyme A
B H ﬁCO
N
H
R \ | (I)_
2 . - .
E ) O3PO pydioxal-dependent aldolase bioinspired carbonyl catalyst
2 N
H 16
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Ph,P(O)HN O

Ar” 7 S0Bu "///N\V\o HZN\)J\ O'BY
NH, O

anti-3

Ph  ph
0P NP Ar
%5 B
N !
4& “® .
- - F L
w M . t' . ‘bht\ Ph\ Ph
I bl | = \ /P:
&Y “ e o NP A .
. - N
Y L'? N N\t/Bu\|f| A SN P
& R
!
= o ) Ph
/\/O Bu

[hydrogen-bonding] Ph  ph

activation _P~
0”7 N7 Ar

¢
-Bu H [ proximity and ]
orientation effects

[carbonyl—catalysis]
activation

A possible transition state proposed
for the Mannich reaction.

17
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Comparison of catalytic selectivities :

0.5 -
0 (R,S)-4/5/6/7 (1 mol%) Ph,P(O)HN O 04 -
0 N _Po NaHCOj; (2.5 equiv) : 1 (1.5 equiv)
N * N1 “Ph -~ ~O'Bu
3 O'Bu Ph CHCly/H,0 (1:1) " O (R,S)-4/5/6 Ph,P(ONH O
cr Ph 10 °C, 9-10 h Ph 2 50'3 . . P (1 mol%) !
0.2 1 2g  CHCly/H0 3g V2

(R,S)-4(R= Me, R'= H, R"= H): 90% vyield, >20:1dr, 99%ee
(R,S)-5(R= Me, R'= H, R"= Me): 27% yield, 12:1dr, -31%ee
(R,S)-6(R= Me, R'= Me, R"= H): 9% vyield, 1:1dr, -87%ee

(R,S)-7(R= None, R'= H, R"= H): 0%

18
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H,N  NHP(O)Ph, chiral aldehyde ent-3 (10 mol%) NH, _P(O)Ph, chiral aldehyde 4 (20 mol%) HoN  NHP(O)Phy
—\ DBU (70 mol%) N| DBU (30 mol%) ;
Ar DCM, 0°C * H)\Ar o-xylene, -10°C Ar

Syn-5, up to 90% yield, Anti-5, up to 90% yield,

>99:1 dr, 90% ee 1 2 91:9 dr, 96% ee
N Br
SN .
on (1,
OH
(10 A
o T
4

"""""" Steric repulsion
~/.—CHO Hydrogen bonding OH IC repulsi
= IOH interaction CHO

Acceptor
11

19
Q.-X. Guo. et al. Nat Commun. 2020, 11, 5372.
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Proposed mechanism:

2, base

o

H
\ —_
Y
OH Re-Si o
(I)/O:F)cl_:>h2 H
H N=
D

KA

ent-3-B

|

N
SPRRD

OH

OH

w

LI,

ent-3-A

Ph NHP(O)Ph,

NH,

H,0

~
I Y T

OH H,O
904

Br

ent-3-C

Y
Syn-5 Anti-5

Br

OH
OO — N\@
0y

4-A
Ar' = 4-1BuCgHy4

Br

OH
I
Ar'

"

4-C

NHP(O)Ph;,

1. /=NP(O)Ph;

20



A¥FFRMichael IEER R

4a (10 mol%)
2,6-pyridinedicarboxylic
acid (25 mol%) R1
0 O TBD (100 mol%) >

I—>‘CO Bu
PhﬂCOZtBU Ph N 2

N

3a, 72% yield, 91:9dr, 3b, 81% yield, 90:10 dr,
92% ee 95% ee

Q.-X. Guo. et al. J. Am. Chem. Soc. 2018, 140, 9774-9780

PhCH ~ D‘
3 R2 N COztBU

50°C, 24-101 h

3

60 exampels, 28->99% 4a TBD
yields, 70-96% ee, Ar = 2-naphthyl
79:21->99:1 dr

>\7

ph//——>‘C02tBu Br

N

3c, 64% yield, >99:1 dr, 3d, 79% yield, 85:15dr,  3e, >99% vyield, 87:13 dr,
95% ee 95% ee 95% ee

21
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Proposed mechanism:

Comparison of catalytic selectivities :
4a (10 mol%)
2,6-pyridinedicarboxylic
acid (25 mol%) R1
0 0 TBD (100 mol%) ; 4 (20 mol%)
H N\)J\ + /\)k //—1 PMPCOOH (30 mol%) Ph
2 OB ROSTR 50°, 24101 h R2” N7 CO;Bu i . i DBU (100 mol%) \
' H2N\)J\OtBu PhMPh CHCHs phﬂcozfau
1 2 3 50°C N
T 1 2f
Ar‘CHO - Ar*CHO
-H* .
= . _

3f

OH
A C

Br * 0
O\ ——H
OIS | S
N _

L, /N\/\OtBu 2 N2

Br Br H
OH OMe OO
(0]
OO _0 OO _0 #
O Ph Ph Ph O Ph
2 iAo oo e®
R
OO face-control Q R?
- Active Intermediate

4b
22% yield, 74% ee
Transition State (TS)

70% yield, 87% ee 0% yield 0% yield

22
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DFT :

O
—N--CO,Bu
el

Schiff base

TBD, -H*

Croy
/ll\l\/COZtBU
Ph 2f

—_—

Si-face

Path A

Si-face

Path B

Re-face

Path C

Re-face

Path D

o—H

L
Ph 7 Cc0,Bu
-t O
O N W TPn
Q Ph

TS1A

(SR)-INT2A
nE
o—H
(I I cosss
— Ph 5 (s

™
Ph (S
H

(SS)-INT2B

seCa

- Ph (R)

O BuO,C

(RS)-INT2C

(R)
R CO, 'B

Ty

(RR)-INT2D

e

E——

o—H
Coszu

Lk
(9

OQ

(SR)-TS2A

o—H

Oe /,\’f CO,Bu
OQ Ph (S)

(SS)-Ts2B

R): (R)
. )CO tBu

(RR)-TS2D

e

E——

o
_N C02 Bu
(S)
(R)
(SR)-INT3A
o
Oe _N _\\COZ'Bu
Ph o (S) —_—
+'Ph
Wy 79
H H
(SS)-INT3B
H Ph
O H o
el 0
Ph 3
O Bu0,C ®
(RS)-INT3C

(RR)-INT3D

Ph
= ~cosm

(SR)-3f

Ph
PhI,JS‘COQtBU

(SS)-3f

Ph
phjgg"'cozfsu

(RS)-3f

Ph

ph//:> "'CO,'Bu

(RR)-3f

23



A¥FFRMichael IEER R

(S)-5 (10 mol%)

LIOTf (0.4 equiv) O R O E
o] o] DBU [ w : o]
+ 1
HZN\)J\OtBu RMOMG MeCN BuO H OMe E | X \O
40°C, 48 h NH, | Ne
. OH
1 2 3 ; (S)-5
R l R
et
07N “ICOBUu & N CO,'Bu
H H
trans-4, 81-94% ee  cis-4, 82-97% ee
21 exampels, 43-96% yields
1:1~2.2:1 trans/cis
CF;
\ X
(0}
= CO,'B = CO,'Bu
(6] H 2 BuU (6] H 2 oy CO,Bu
H
3b, 69%, 1.1:1 trans/cis, 3c, 68%, 1:1 trans/cis, 3d, 62%, 2.1:1 trans/cis,
86/91% ee 87/90% ee 90/91% ee
1|
0=\ COZBu 07 N~ CO2Bu
B H
3e, 45%, 1:1.2 trans/cis, 3f, 52%, 1:1.1 trans/cis,
88/86% ee 89/86% ee

B. Zhao. et al. Angew. Chem. Int. Ed. 2021, 60, 10588 —10592

OO B Proposed mechanism:
N~

1)
-MeOH H/" COzBU oMo
HoN
T ODLCL
3 N\/\ H2N\)J\ .
o O'Bu
,/ISR T o 1
N~
07N "'COBu  H,0 OH H20
H oy (S)-5
SO FSN
O H CO,Bu
AN
N R O
> 0oH
5-D

base

LiOTf
RMOMG

2
24




AXIFRMichael Bk R

Control experiments : ™" Condition A: o ™"
standard reaction
conditions .
Condition B:
o= N COZ’Bu DBU, CH3CN, 40 °C o= N "/CoztBu o= N COQtBU
H H H
4a trans-4a cis-4a
Entry Reactant Conditions  Time Product
1 trans-4a (86% ee) A 48 h  99% yield, 4.3:1 trans/cis, 86%/86% ece
2 cis-4a (91% ce) A 48 h  99% yield, 1.3:1 trans/cis, 91%/91% ece
3 trans-4a (86% ee) B 48 h 4.7:1 trans/cis, 86%/86% ee
4 cis-4a (91% ee) B 48 h 1.2:1 trans/cis, 91%/91% ee
Ph Ph
(S)-5 (10 mol%)
o LiOTf (0.4 equiv)
D S S +
2 OBu CH5CN
Ph 50 °C, Time o= N 'I/CoztBu 0= N COztBU
H H
1 2a trans-4a cis-4a

Entry Time Yield (%)  trans:cis ee (%)

1 48 h 71 1.4:1 87/91

2 30 h 58 1.2:1 86/92

3 15h 47 1.1:1 86/92

25



ATIFR1,6-FEHENN AR R

Ar. NH,
1 |R1
CO,R?
Bu

HO 'Bu

Anti-5, up to 84% yield,
>99:1 dr, 99% ee

chiral aldehyde 3 (10 mol%)
'BUOK (30 mol%)

Q.-X. Guo. et al. Nat Commun. 2020, 11, 5372.

Toluene, 25°C
R2='Bu or Et

Ar

Bu

+

H,N

R1

PN

CO,R?

chiral aldehyde 4 (20 mol%)

'BUOK (30 mol%)

Mesitylene, 25°C
R'=H, R?=Bu

Ar' = 3,5-2'BuCgHj

\\\

CO,R?
Bu

HO Bu

Syn-5, up to 83% yield,
98:2 dr, 94% ee

26
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Proposed mechanism:

R1
& )\ Br
2
SN -
OH OO _N._CO,Bu
1, base OH ‘ 3 4 N 1, base
— 1
l -H N R? = 'Bu or Et R'=H, R2=Bu OO

4
Bu -

3-A R1 4-A

Ar' = 3,5-21BuCgHjs

HZN)\COZR2 O O- H \OtBu
2 C
90 ‘\S;@ES'
// u

3 4
\ \ Br 4-B
OH
OO OO N H CO,Bu +H*
H,O H,O = 2
Ar' Bu
99 - 99 N
u
27

Q.-X. Guo. et al. Nat Commun. 2020, 11, 5372.
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(S)-4 (0.1 -0.0033 mol%) Fs;C OH

0 0 Tf,NH /k( ¢ ;

002 Bu '

* R !

NI o R)kCFa Y |
-10°C, 48-72 h NH; ;

1 2 3 :

30 exampels
up to 82% yields
up to >20:1 dr and 99% ee

FsC OH
. COZtBU
5
NH,
NH,
3a, 80%, 9:1 dr, 98% ee 3b, 67%, 7:1dr, 99% ee 3¢, 59%, >20:1 dr, 98% ee
FsC OH F3C OH 4-D 4-A o
AL __CO,Bu X AL __CO,B
Bno/\(\’)s/k‘/ 2 \/\M;Q( Che HN A g
NH, NH, base (1)
3d, 60%, 9:1 dr, 99% ee 3e, 67%, 8:1 dr, 99% ee
KIE studies: - - N~
(0] \N/\/O‘Bu
H,N -
2 O'Bu ©
H H 2f (1.0 equiv)
) (S)-4 (0.1 mol%)
1 (0.75+equ|v) Tf,NH (0.2 equiv) syn-3f+(48%) ’C_HI Cas TH,NH
10° lco ~ 0
o DCM, -10°C, 40h R/\)k
N CF,
2 O'Bu | ac a 2
D D
1-d, (0.75 equiv) syn-3f-d (14%) 28

B. Zhao. et al. Angew. Chem. Int. Ed. 2021, 60, 20166 —20172
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Proposed mechanism:

B OO
R N\ﬁ\OH /\ NH,

NH, 3 g R
AN
Too B Y= SoINE
o (S)-4 (10 mol%) Ho CF, _R' | N&\OH H,0 OH H0
pPar K2COs Nz o (54
1 = * L R? : AN
R R?" "CF3 DCM-H,0 N ’ ; | o
25°C,36 h 2 ! N~ H OH
s : H
1 2 3 . OH N~ O 1 _OH
! (S)-4 OH N
30 exampels O R2 o OH
up to 84% yield Ny NS
up to >20:1 dr and 99% ee | Nrv—=OH | N/Il-l\ ]
_______________________________________________________________________________________________________ N~ CF3; N~ R
\\ OH
Ph_ HO CF; __Ph 4-D 4-A
D AZ R
Ph = base
NH,
3a, 81% yield, 3b, 80% yield, 3¢, 84% yield, H  OH
>20:1 dr, 95% ee >20:1 dr, 97% ee 7:1dr, 85% ee OO l{l\ﬁ\
OH
O . =
HO, CFs Ph - n NN
/M H* N R'
OH
10 7 !
NH; 4-B
3d, 70% yield, 3a, 61% yield,
>20:1 dr, 94% ee >20:1 dr, 94% ee o
RZJLCF3
2
29

B. Zhao. et al. Angew. Chem. Int. Ed. 2022, accepted.
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chiral aldehyde 4a (10 mol%)
dppp (10 mol%)

oo
OH

R’ [Pd(C3H5)Cl]2 (5 mol%) R' NH,
PY + Aco” N R ~ R2___ :
H,N~ >CO,Et ZnCl, (40 mol%), DBU CO,Et ! OH
PhCls, 0 °C ; OO
1 2 3 | TMS
30 examples ' 4a
up to 87% yield,

up to 96% ee

OMe
= = CO,Et = CO,Et

CO,Et
3a, 61% yield, 96% ee 3b, 66% yield, 95% ee 3¢, 62% yield, 88% ee
Ph NH, \/ NH,
Ph > Pho~_~
MCOZEt MCOzEt
3d, 60% yield, 89% ee 3e, 21% yield, 95% ee

BRAE R PAEREMEAL + U & EPd + LewisBRA R = JuhE b 14 5

Q.-X. Guo. et al. J. Am. Chem. Soc. 2019, 141, 5159-5163
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Proposed mechanism: R’

+ OEt
O Y
O/Zn---O base

H,0*

ACO/\/\ R2

oxidative
addition

CHO
OO - AcO”

Pd%Ln
— R! - 4
exacmhiar:1e e R! \N)\%Q\Et
9 \\ //VO ‘\IRe-face

)\ 0—Zn H
H,oN CO,Et /
K/ 2 1 2 o + #

reductive
elimination

TMS 31
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Control Experiments :

a) without palladium

Bn _
P * A0 N ph
H,N"~ >CO,Et
1a 2f
b) without ZnCl,
Bn
_
' AcO” N ph
H,N" >CO,Et
1a 2f

chiral aldehyde 4a (10 mol%) Bn_ NH,
~ Pho .~ ’
ZnCl, (40 mol%), DBU CO,Et
PhCls, 50 °C, 48h
3f
0% yield
chiral aldehyde 4a (10 mol%)
dppp (10 mol%)
[Pd(C3H5)Cl]5 (5 mol%) Bn_ NH,
- ph 3
DBU = CO,Et
PhCls, 50 °C, 36h
3f

14% yield, 55% ee

c) with modified chiral aldehyde catalyst

AT D pn

1a 2f

4b, 18% yield, 84% ee

chiral aldehyde 4 (10 mol%)
dppp (10 mol%)

[Pd(C3Hs)ClL, (5 mol%) Bn, NH,
Pha_~__~
ZnCl, (40 mol%), DBU CO,Et
PhCls, 0 °C, 48h
3f
O O CHO CHO
OH : l OH

4c, 0% yield 4d, 0% yield
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chiral aldehyde 4 (10 mol%)
dppp (10 mol%) Boc,0O NHBoc

Pd(C3H5)Cl], (5 mol% Na,CO RZ _—
' RZ/\/\OPG TG | " > .
NH; ZnF; (80 mol%)

TMG (100 mol%)

1 2 PhCl3, 0 °C 3
PG = 4-CF3CgH,CO 28 exarmples 4
= 4-Lirslehy up to 77% yield, — A
up to 95% ee R =4-CF3Cets
NHBoc
= | N\
=

3a, 77% yield, 93% ee

: CHO
OH

S94
R

NHBoc NHBoc
Ph._~ N Ph._~ N._ _ClI
B |
= Z>ql
3d, 23% yield, 78% ee 3e, 45% vyield, 80% ee
unsuccessful substrates:
HzN OCHj

—

N N

N NH, N NH, N NH,
COr™ O™ O LA
N N S

NH,

N-Z5% 75 /e dE T i o-HIR TEAN IR, 5 R AEN-I N A S BU R A
Q.-X. Guo. et al. Org. Lett. 2021, 23, 1463—1467
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Proposed mechanism:

Hs0* base
1
+ 4-A
zn?* R N"0pg
oxidative
addition
Cor”
OH NHBoc
OH RZ PG = 4-CF3CH4CO Pd°Ln
99 DO -
Ar 3 amine
4 Boc,0 exchange
Ar = 4-CF3CgH, Na,COy
\/ O
OO > reductive
Ar elimination
R2
L 4-C - Ln = dppp
Zn2* hydrolysis
H+

H3O*
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Proposed mechanism:

: O Bu 0O Bu
o OAc (S,S)-SMAOPmolo/O) tBU02C .‘\NHZ 5 OO H)\”/O\’< tBUOzC _‘\NHg OO H/'ﬁ‘(oj< o
{] i
N Mg, Ar)choz > DCM AN COZBY © Ar‘jﬁ(coztBu i N g
-20°C, 72 h E 1
22 exampels | N~ NFon H,0
58-86% yields | OH H20 S 4
up to >20:1 dr (S,5)-4 Bu (S.S)-
97% ee 0 /L«o\é o Bu
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" N N&(OK
\ BuO,C._ . OO Hoo OO o
' CO,/Bu
' \_-CO,Bu X Ar N OBu
I® o vy
AcHN OH CO,'Bu OH
3a, 76%, 9:1 dr, 97% ee 3b, 75%, >20:1 dr, 96% ee 4-D 4-A
base
'BuO,C._ \NH, DMAP
BUO,C
o CO,'Bu 0O Bu
“‘O N/Hfoj<
I W
3d, 72%, 10:1 dr, 93% ee 3e, 85%, 7:1dr, 93% ee o oB
u
D Gl
Z > oH
4-B
JSANAET=Y
1 B T BB R AR AL 2 B ) T P R (AL 77
2. VRI2I0 S FIN-J6 PR B 25 Ha-C IR TR IR AL (-NHL A (RS .
Ar/\[ 2 Bu DMAP ArwcoztBu
RN
AcO™ ||
N~ 2
2 \
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Ligand (10 mol%) Ligand = dppp or

I
chiral aldehyde 4 (10 mol%) OO CHO ') PPh,

H,N R! :
S 2 TS WS S § ceg
HN" “COOR? r ZnCl, (40 mol%) COOR™ OH o
TDMAIP (140 mol%) 3 : OO (R)-L4
1 2 Mesitylene, 60 °C : SiMe; HN
PG = Boc or 55 examples 4 TDMAIP: \ B /
A, up to 95% yield, NN
2 up to 98% ee NI

' H,N Me
COOEt

3a, 93% vyield, 90% ee 3b, 85% yield, 78% ee 3¢, 85% yield, 81% ee 3d, 82% yield, 88% ee 3f, 83% yield, 98% ee

COO'Bu

Reaction mechanism investigation:

Schiff base 4-A’ (10 mol%)
dppp (10 mol%)

)M\e . OO OBoc__ [Pd(C3Hs)Cll, (5 mol%)
H,N~ COOE ZnCl, (40 mol%)

TDMAIP (140 mol%)
Mesitylene, 60 °C

1a 2a 5a, 92% yield, 89% ee 4-A'

TR FERZRIERE -
Q.-X. Guo. et al. Nat Commun. 2022, 13, 2509.



AXo-FTEARIREC R M

Proposed mechanism: R’

sonsw
O'Z”'"o base

HsO*

ope

oxidative
addition

CoL,
OH

Pd%Ln

R’
amine N
4 h exchange R’ \
1 )\ /O Si-face
HN R H,N~ “COOR? o-2n
Ar\/< &/ 2 1

COOR? 1

— > reductive
3 elimination

Ln = dppp

Zn2* hydrolysis

H30*
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Biological Transamination of a-Keto Acidos

1 . )N\H2 transaminase )N\H2 . i
R™ “CO,H R CO,H R™ CO,H R "CO,H
1 2 3 4
enzyme
B*H RYCOZ
HN.
enzyme ! enzyme,, R
yme., -/203PO ~© \ ° H\kcoz_
Lo H_ _N*
H ” ZH
|
o
20,P0 X
2O3PO B ’ ‘ +. 2
2 P
H
R™ "COH c R” “CO,H
1 A 3
enzyme
enzyme «,
g HNH, B H 20
pyridoxamine 5’-phosphate (PMP) oH ) \\OH pyridoxal 5'-phosphate (PLP)
20,P0 | X PMP pLp OsPO |
+ NG
N H
O
- A\\ / P
R’ COzH
2 " >CO,H
4 enzyme ' - enzyme R )
B H\{/co2
enzyme
B+HR‘YCOZ_ H._N?*
> Ny
205PO H NG " N o
. —= T0sPO |
: (e} +
205PO | N N
F N H
H D 39
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O o AL OTEs

O NH
NH, Catalyst 9 (20 mol%) z 2 0
4\ Rl OH R OH . Py
P COoH N

T
@)
N/
[{e]
=
Q"" >

THF/H,O (7:3) Ph Ph
© 72h, 1t 0 \
5 6 7 8
15 exampels
29-85% y:)elds Ar = 3,5-Ph,CgHj3

53-80% ee

NH
B 2 N N
CO,H
COzH CO,H

7a, 85%, 79% ee 7b, 73%, 78% ee 7c, 70%, 74% ee 7d, 52%, 78% ee 7e, 67%, 66% ee

83-94% ee

: | Ho
o g oL
: 4\ . R1JH(OH Catalyst 10 (20 mol%) R1WOH ) )OJ\ : N |
.~ Ph o MeOH/H,0, rt 5 5 AN |
S 6 7 8 1 N,
: 18 exampels :
| 66-99% yields 5 10 :

B. Zhao. et al. Org. Lett. 2015, 17, 57845787,
B. Zhao. et al. J. Am. Chem. Soc. 2016, 138, 34, 10730-10733.
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Proposed mechanism:

H
o) |
6 o
*R ‘ \
.
oH H NH3 N
9-C
. Q OH /
[ 0, o
N
H
b R
By °
Ph” “Ph 6 41
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3. BE5RE

IStrd
a) FHEHREEAFIE R AN FRa-C

JENA

B He

40 I B F R L

FHEIRIEMEFIFE:

AT RAEAL R SR A

! 0
X or
! HzNJJ\ofBu

Mannich N/

__________________________________

_____________________________________________

@]
. HoN %OtBu or R1002C)\ R :
AN S (Michael TR, 1,6-SE5E0AK)

_____________________________________________

___________________________________

___________________________________

_____________________________________________________

LD

CO,Me
MeOzC NH»>

or

NH,

O
HZN&J\OtBu R1002C/I\R”

o)
H2N¢OH

or
/\NHz
R12
or

@NHZ
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PN P

GWE~ “NH, Ar” NH,
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CO CHO

OH

— OH
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