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> Bp-SEREMEIEYSF

(R)-B-Dopa Alvimopan

Bestatin

Ph o ~
NH2 OH lo) y’LN
H
. 0. 0O H
N 0]
ﬁ\ \)J\NHZ

: HN
COOH OH OH OH 0 < N~
NH
(0]
e
Zwittermicin A o

Dolastain D

> {EASREIS

R
T
/ o
-lactam
(0] NH, R

oo
R
B-amino acids \ U'lz

Rl
R

1
y-amino alcohols |

H
R N S

Peue

o) 4
COOH

Penicilin

Fluoxetine

> B-ABBBIR—REIIHT
i 8 i O NH2 o NHz & NH2 NKHZ & NH '\tz 8

Wavelength (nm)

(1) Lima, M. L.; etal. Eur. J. Med. Chem. 2020, 205 (8), 21941-21971. (2) Seebach, D., Gardiner, J.; Acc. Chem. Res. 2008, 41 (10), 1366-1375.
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N RERRET—F SRR

N = = g - — oa]
(> MR R > iR > o-EERIFEREN
O NHR’ Williams (1997)
Palomo (2000) HOJ\)\R () \H
C.H O NHBoc B /iR CszNJLl;l/\/YCOOH
2M2 R \I Ho . FiERRR Cbz NHCbz
E 5 M(+) ® l 1) CICOOEt/NMM
-~ . . B [0} NHR' (o) NH,R' 2) CH,N,
E _______ 0 ,: | %)]\)\R HOJ\)\R X@ NH o
Y (*) l ®) ChzHN” O N
Cbz NHCbz
OTMS LDA _ OTMS (RIEAEXI IR AR
NHBoc o BREERHITERSE cat. PACOOAg
o )\ P GGRGEEEEEEEEREEE L RRCEECETETTTTEPERDR . H,0/'BuOH
Ts” R BocHN'" R : OH O ! ';""2 : NH
; HO < SOH ©/\ 5 CszNJLrlq COOH
FRAA R EK R R IER o om g cox oz
i (+)-Tartaric acid o(+)1 -Phenylethylaminel; Arndt-Eistert reaction
\_ A&, RAEF RAnSEM LR, AFEH KX

) R R

(1) Palomo, C.; et al. Angew. Chem. Int. Ed. 2000, 39 (6), 1063-1065. (2) Williams, M. A.; et al. J. Am. Chem. Soc. 1997, 57 (4), 681-690. 5
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Wennemers (2015) Mannich reaction B T GEE T LR .
&
cat. (10 mol%) OMe X CFs ! °
@ o * PMPS OPME ol 15°C 2an 9 E 2
N R2 toluene, -15 °C, ' ® A AF i $
\ ' B,
§ LG e kares, saen
. N__— :
up to 96% yield ..z ; ) = B e
up to >20:1 dr and >99 ee ® %%%]#— = %'ﬁ.
Tan (2023) Ugi reaction %% .
[ ]
R! _{O cat. (10 mol%) /AUJ\ {E{&%] }ﬂ 2 %‘kk
\ - AI'1 2 . () _ 2 z 1 . ; >
N—R2 + + Ar“-NH > Ar< .R
/ H 2 EtOAC/Et,0 (1:1) N“ >~ N z
e " B £
’ ® B AREY
up to 93% yield . R = 1-ovrenvl
up to >20:1 dr and >99 ee \____ T -pyrenyl
Seidel (2020) Michael addition L \ '
o R ' Se Q S CF, CF; :
N . (10 mol%) Ry-R ! - !
R! R? ~A cat. ( . N0 . NH HN—{ .
~ 4 3 A 1 1
N * R OBn  toluene, -10 °C, 24 h 3J\)J\  —N HN O O : Sk
) o omn [ | 3B EEEN
up to 94% yield :l CF, CFj
upto 93 ee = @ v-mmeemmeeeeee e

(1) Wennemers, H.; et al. Angew. Chem. Int. Ed. 2015, 54 (28), 8193-8197. (2) Tan, B.; et al. Nat. Chem. 2023, 15, 647-657.
(3) Seidel, D.; etal. J. Am. Chem. Soc. 2020, 142 (12), 5627-5635. 6
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B R i R R
@ ZAMBEMIERD O NR, o E'-' /NRZ
® st bkt 8 AL AL X*ﬁr«" "M XJ\KR--
® ¥ Fg—l ) 'ﬂ;'pc 7;&%- hydefzg;r;:;osn of \ oo / hy dro:;’;g:’a eﬁon of
l XMR"
R’
o C;:l)HRz / \
> E$§E§§Eg§ﬂ XH@/\/ | R" other strategies?
> E&M‘E‘kﬁ“ﬁ% Mannich reaction

Xu, M.-H.; et al. Synthesis. 2024, 57 (5), 891-916.



Imatomo (2011)
: fBu
NHAc NHAc : P
RJ\/COOR [Rh(COD)(BenzP)IBFs 1 " cooR | @[
H, (30 atm), DCM, rt, 24 h ; p-
1 i
20 examples ! ‘Bu
86-99% ee BenzP*
enz
Zhang (2014)
NHAc NHAc O O
R')\(COOR [Rh(NBD)DuanPhos]BF, _ R'/:\/COOR H
H, (30 atm), DCM, rt, 24 h :
OAc 2(30 atm) r OAc P yP
‘Bu t
15 examples Bu
94-99% yield, DuanPhos
77-99% ee
Zhang (2023) ’
., COOR  [INCODICIL, (0.5mol%) 4 GOOR | oo O
N (R)-t-Binaphane (1.1 mol%) H . RP==r
Ar > Ar Fe PR, = —
TFA, AICI, -
i ’ PR
n IPrOH, H,(30 bar), rt, 24 h n PR, CO
23 examples
88-93% yield,
58-96% ee,
up to 99:1 dr

® LR
® It mkit M

® 3T & & LR

® = )5 B K A

(1) Imamoto, T.; et al. J. Am. Chem. Soc. 2012, 134 (3), 1754-1769. (2) Zhang, X.; et al. J. Am. Chem. Soc. 2024, 136, (46), 16120-16123.
(3) Zhang, X.; et al. CCS Chem. 2023, 5 (12), 2808-2817.
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2.1 ‘£ Mannich M

Shibasaki (2014, 2015)

e o [Cu(CH3)CN4IPFg (5 mol%)

; : R? F\)L chiral phosphines (6 mol%)

| . . ! N’ N — O NHR?

! Mannich reaction : | + Barton's base (5 mol%) N

' 1 J\ H E— Y ot \ 1

: : RTH N THF, rt, 24 h - ¢ N R

E O../\/ [ML*] fo) NRZ ' \ / y I, «p

;X R : : N-BY

! R’ : : MeO PAr, )l\ '

i ! ' MeO PAr, SNONT

: ; ; O T

: " " : ! Barton's base :

i ®O[ML*] O[ML"*] (SHR : :  Ar = 3,5- -(‘Pr),-4-NMe,C¢H, !

1 2 N e e e s s aaEE o EE - - " - - - EEEEEE®®E®®S®®®S®®®=®®==

E R' R’ R" I Selected examples

! X = OR, NR, :

L B R AR S AR i \N NHBoc NHBoc =N O NHBoc —~N O NHBoc
i i Y, N % N /N /N

: l CF

| l : F 3 OMe CFs
E : 94% yield, >20:1 dr, 98% ee 92% yield, >20:1 dr, 99% ee 94% yield, >20:1 dr,98% ee 84% yield, >20:1 dr,94% ee
|9 i

: EWG| 18 = _H#: :

5 5 \_/ N)H/Lph \_/ N)H/LPh CC %

D eRCECTEEELTEEPLEE R P LR CEEEPEEEEP PR . C,Fs CF,CF,Br ¢ CF3

87% yield, >20:1 dr, 97% ee 91% yield, >20:1 dr, 98% ee 79% yield, 8.9:1 dr, 91% ee 93% yield, >20:1 dr, 95% ee
(1) Sibasaki, M.; et al. J. Am. Chem. Soc. 2014, 136 (8), 17958-17961. (2) Sibasaki, M.; et al. J. Am. Chem. Soc. 2015, 137 (50), 15929-15939 10
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> [EYIERRXII R > AJRERIRRIATE

— o w mm E mm E mEm EEm EEm R EEm EE MEm R MEm M MEm RE MEm RE MEm RE MEm R MEm M MEm M MEm M Mmm M M e M e e g

x rac-product

o)
F5C
: \)J\N Cu()PFglrac-BINAP %
o 3
N THF, rt H H
\ C

NOE

1a 1a/Cu(l)PFg/rac-L (R)-Cu* Boc o NHBoc

I
|
I
|
I
|
I
|
I
|
I
|
I
| N
N\
E-conformer Z-conformer : (R):;F\\ (l) N7 \ 1J|\ N)%Ph
I base F3Cﬁ)\ S R" 'H _{_ F CF;
~Z "N N
! TS \_/
|
I
|
I
|
I
|
I
|
I
|
I
|
I
|

L,
«f ™ F
}WH\C /(:((/\\q;\r Enolate (2R,3R)-product
Cu
, \
‘-( NH 1‘BI‘:JJ\O\:CU—JTP*
F\/% \?q/\/Q\O
Ph
L cF, i
TS

(1) Sibasaki, M.; et al. J. Am. Chem. Soc. 2014, 136 (8), 17958-17961. (2) Sibasaki, M.; et al. J. Am. Chem. Soc. 2015, 137 (50), 15929-15939 11
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Shibasaki (2018)

:' 0 ‘:

o) E < O N2 $ E

o Cu(MeCN),PFg (10 mol%) I | o PAr, bt )\ .

N/Pth . L (R)-Segphos (12 mol%) X HN- N2 5 o PAr, SNTONT H T i

A R2">CN - %) CN : ¢ | :

R OH Barton's base (10 mol%) R1 > : o :

thiourea (12 mol% 2 ' ' ; '

THE, -60( °C, 24 h°) R* F : (R)-Segphos Barton's base thiourea -

! Ar = 3,5-('Bu),-4-MeOCgH, !

Selected examples =———— T
Transformation of the product
o) o o o)
PPh PPh PPh I
HN™ 2 HN™ 2 HN" 2 un-PPh2
CN CN CN
Ph/k,< o 3 Ph/\/k( Ph/k(CONHz
PR F N\ pn F PR F i
97% yield, 92% yield, 93% yield, 81% yield,
16:1 dr, 97% ee 18:1 dr, 99% ee >20:1 dr, 95% ee 12:1 dr, 90% ee H,0, aq., Na,CO; | acetone, rt, 16 h
_______ oo
" .. K - '.&’ -
o - PPh2 B BARERETFEK
o

I i i
P RS L ERTLR

HCl aq. (12 N) l 100 °C,12 h

Ph
NH,-HCI
81% yield, 88% vyield, 94% vyield, 99% vyield, Ph COOH
>20:1 dr, 78% ee 12:1 dr, 87% ee 20:1 dr, 95% ee 4.7:1 dr, 71% ee Phsl .

Sibasaki, M.; et al. Angew. Chem. Int. Ed. 2019, 58 (9), 2644-2648 12



2.1 ‘£ Mannich M

> WHRERECHS (TU)TFi% > EIEERYHLIE

Q Cu(MeCN),PF¢ (10 mol%) 2
PPh 6 - - )
N/Pth F (R)-Segphos (12 mol%) HN 2 rL H
Py PN . g CN d ™
Ph H Ph CN Barton's base (10 mol%) Ph S Sl
TU (12 mol%) P \Cu/P)
THF, -60 °C, 24 h NN B
’ 1] H N P
Ph \T///N Ph\~/// BH*
(Without TU : 88% yield, 2.4:1 dr, 82% ee) F L F ]
S S S
Ph_ .Ph Ph_ _Ph
on Jonen Y
H H H | | | _ | W -
0, 0, ) | H N N
TU1 0% TU2 0% TU3 86% N N -~ Y ~
2.9:1 dr, 90% ee Y |

s J
S P \Cu/ )
S s s Seul ) N p
Ao o L e ST e P
N" N N” N SNTONT
H H H H H

L F -
i
TU4 47% TU5 >99% TU6 <10% un-FPh2
>20:1 dr, 90% ee 8.5:1 dr, 92% ee CN | H - _ | H _
o AN IS
s s S Ph F BH* I o I ;
X L L 2 “Seud Scul )
S Cu * Cu *
\H "ll/ \'il T/ H ITI/ PhZP\N/ \P 9/ \P
PPy
TU7 70% TUS 88% TU9 >99% B: Barton’s base P or Y _ (P N .
16:1 dr, 91% ee 5.1:1 dr, 89% ee 17:1 dr, 93% ee N J

Sibasaki, M.; et al. Angew. Chem. Int. Ed. 2019, 58 (9), 2644-2648 13
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:' a-functionalization enolizable carboxylic
i i R _ base i base oX E i i
1HO ® eO R ® XO)\/R — HO)KKR E
: -H (¢ -H E |
| o-Lewis base catalysis
o P @o EDB o
| — e '
5 ROJ\/\ Ro)\/K -HLE® ROJY\ 5

: HOMO-raised :
: electron ey I
: flow — E :
e — 47 s
: Pd® v :
: P-complex ;
oo T T T Tt decarboxylation  FG | [
I o | AN I
1 G @ o |
| FG j “NBoc Pd(ll) R'"T>NHBoc 1
I R~ .. — NP © R? |
=/ 1 2 r (0)
I R™ R FG '
1Pd(0) R'7>NHBoc !
| T Pd(0) R FG !
, | _ | E~_COOH |,
1 S EG\ GErE reduction I |
1 XN ) 1 I
| & JEMannichx B R gzNHBocl
I |

Chen, Y.-C.; et al. J. Am. Chem. Soc. 2022, 144 (49), 22689-22697

[ Chen group (2022) )
i) Pdy(dba); (5 mol%)

hiral phosphines (11 mol%) AL L o I

N _COOH ¢ ! !

Y HCOOH (1.5 equiv) ! S

. BocHN COOMe ! ,

+ DME, 40 C, 96 h - R1 P : PthuE

ii) TMSCHN, (3 equiv) R? \ 1 MeO OMe |

J'LB“ toluene/MeOH (4:1) R !

R “R2 rt, 15 min v Phm > Ph !

Selected examples
BocHN COOMe
BocHN COOMe BocHN COOMe
\_p, g§_<_\_©
Fe
MeO
66% yield, 99% ee 72% vyield, 96% ee 58% yield, 99% ee
BocHN COOMe BocHN COOMe BocHN COOMe
\ Ph
|

54% yield, 99% ee 66% yield, 98% ee 45% yield, >99% ee 41% yield, >99% ee
& J
14
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2.2 ERFESSHN=HDBEX

2
Hu (2004) proton transfer‘ Ar\NR
AﬂﬂrCOOMe
2 @
N, Rh,(OAc), ArSNEIR
+ APPZNHR —> I —
COOMe DCM ArlOcooMe | .
Ar:CHO A2 A
s yies | L AEXO_ a2 E AR T A
\ proton transfer Ar’ COOMe:
- S — N
EHRZ
o O NR,
L*
N Cm R Y .
£EFRESAENZHHEE | S pm X NCR
R,\, @Nu R’ NU
\§ J
Hu (2011) S ,
R ' R
Rh,(OAc), (2 mol%) i OO ¥ OO !
, CPA (5 mol%) R 5 0.0 ¥ 0,50 !
N, AN L-tartaric acid (20 mol%) a1, seNHCbZ 0" “OH ! 0" “OH |
111\ + CbzNH, 4 J\ > %COOMe : :E O i
R" “COOMe H A toluene, -20 °C NHAr2 i R ' R 5
: (S)-CPA ¥ (R)-CPA '
R = SiPh; i1 R=3,5-(CF;),Ph

(1) Hu, W.-H.; et al. Chem. Commun.. 2004, 2486-2487 (2) Hu, W.-H.; et al. J. Am. Chem. Soc. 2011, 133 (22), 8428-8431 16



2.2 ERFESSHN=HDBEX

-
Hu (2011)
Rh,(OAc), (2 mol%)
) CPA (5 mol%) R!
N Ar\N L-tartaric acid (20 mol%) Arl . > NHCbz |
+ CbzNH, 4 I} > COOMe i
R’ "COOMe H DAr! toluene, -20 °C NHAr2 !
l delayed proton transferT i
© ) © R1 @ :
Rh,Ln > __NH,Cbz !
LnRh CbzH;,N ORh,Ln Ar' ) 2 !
[ — 2 NHCbz o — — COOMe |
cooMe COOMe R' OMe NAr2 |
© !
T R p T R TTTTTT e : : anti-TS
: COOMe ! ! COOMe ! E
! CbzHN, | _Ph Lo CbzHN,.|_Ph ; ;
: 0.p20 > L O. 30 — > : : Ph
1 TN ~ : : “ : :
: 0" "OH Ph” “NHPh : 0" "OH Ph NHPh . -
: O b : : MeO
: R , Vo R I :
! (2R,3R)-anti-TM o (2R,3S)-syn-TM | ' LnRhO
' (S)-CPA 75:25 to >99:1 dr . (R)-CPA 35:65 to 90:10 dr E E
: 87-99% ee - 88-99% ee ! !
: R = SiPh, .+ R=3,5-(CF;),Ph : :
\ J

Hu, W.-H; et al. J. Am. Chem. Soc. 2011, 133 (22), 8428-8431 17
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\

2.2 EBF

FUWaR: SH/EFRRC-HAMIRE R

g
Hu (2012)

@ R!' NHAr?
y 2 Rh,(OAc), (1 mol%) M h
N 2 \ Ar\ o,
2 . R | . N (S)-CPA (2 mol%) R Ar!
N XN \ L > \
R

R" ~cooMme H” SAr'  toluene, 4 AMS, -10 °C

30 examples, 58-98% yield,
>20:1 dr, 84-99% ee

—————————————————————————————————————————————

i R 5 R
sodiiise
R’ \ Rh,(OAc), (1 mol%) R’ : 0.0 0.,.0

| : p0 P22
JNJi + @ Nre Ar\|N (R-CPA (10 mol%) gz @ NHAr2 | oo ! 0" “OH !
1 > : : I
Ar'” “COOMe . H)\Arz DCM, 0 °C < AP OO R I OO R E
MeOOC Ar' ; ; 5
(S)-CPA ; (R)-CPA
24 examples, 40-84% vyield, : i : = - l
80:20 to 95:5 dr, 90-99% ee S R=SiPh; . _R==246-PrsCeH; |
Hu (2013)
3, 0 Ar'  NHAr
N, R A [PACIN®-C3H)l; (5mol%) o A !
+ (/ A N (R)-CPA (10 mol%) )
Ar” coome ' I ) , > = A
N H” SAr2 THF, 4 AMS, 0 °C +. NH
R/v

26 examples, 40-84% yield,
72:28 to 95:5 dr, 58-99% ee

. /

(1) Hu, W.-H; et al. Nat. Chem. 2012, 4, 733-738. (2) Hu, W.-H; et al. Angew. Chem. Int. Ed. 2014, 53 (48), 13098-13101.
(3) Hu, W.-H; et al. Angew. Chem. Int. Ed. 2013, 52 (50), 13356-13360. 18




2.2 BEFE

S5N=H5 Bk

> $EHISEIS

N,

PN

Ph COOMe

[Pd(n3-C3H5)-CPA] (10 mol%)

THF, 4 AMS, 0 °C

U\(COOMe /@/%N/Ph
N +
Br

H  Ph

Ly .
N

Ph

COOMe

N.
o
H Br

L
’

80:

[PACI(n3-C3H5)], (5 mol%)

(R)-CPA (10 mol%)

THF, 4 AMS, 0 °C

v

[PACI(n3-C3H5)], (5 mol%)

(R)-CPA (10 mol%)

THF, 4 AMS, 0 °C

y

45% yield,
20 dr, 93% ee

No detected

No detected

Hu, W.-H; et al. Angew. Chem. Int. Ed. 2013, 52 (50), 13356-13360.

I I
o I
! O-P-Opg B .
N o JI_ N I
: Ar'” >COOMe H :
I I
I I
| N, |
I I
I Ar1JJ\COOMe I
I I
1 |
I I
I I
I I
I
: // Pd/Cl CPA O\P// \Pd \\ I
| \\ )42 { 0/ N // I
I I
I A I
1 ©) |
l AR® y CI I
1 IN 1
1 |
. H)\Arz — — I
I Ard O I
1 |N 00 |
l H)\Arz B, '
| NI e !
I ' P 3@ y Cl 1
1 (gl 3 Ill I-ll Ar\N’H 1
Ar? |
1 0 ®N N= J\ 1
! MeO % H™ SAr2 !
I ® H Ar? 1
| | CI Ar1 ] 1




2.2 EEEESSH=AS B ok

Xu (2021)
P COOR! Ar2 Rhy(Oct), (2 mol%) 1 R20  NHAr2
YRR IXIEIRAOSIA R LU R
_o H” SAr'  PhCI,5AMS, 35°C N
_________________________ 47 examples. 38-95% yield
1 2 1 1
N, R, NAr2 [RhJ/L* RI0OC ~ NHAr ! O R ! >20:1 dr, 86-99% ee
Acoor! " So * MM X Rﬁen( Ar! 5 O 0.0 E
' N0 ! >PZ :
: 0" "OH !
revious work : OO = ,
previotis w Ar M, Nu A R__R=SiPhs
4 &, NuH (0 selected examples
R 5-exo-dig = RY- /[ CAr COOMe
_0 R_°
................................................................................................. Bno NHPh Bno NHPh Bno HN
N2 o0R! MeOOC—— MeOOC—— MeOOC—— COOMe
[Rh] ® =
%Z/ —_— '59 . NHAr2 e ) i o] P i o]
RR/O [RA] u l 1 Nu NHAr Br
COOR! Ar :
> > | MeOOC—rTN\, 91%, 99% ee 95%, >99% ee 90%, 94% ee
ITTTTTTmmTmmommmmmmmsmmsmeees B = _—
: - R— O i
. _COOR" oy | ~/ =° COOMe
: / 1 \ Y,
'R~ !
E 0 : 0 '[\lHPh o HN
""""""""""""""" : MeOOC MeOOC COOMe
-
o] )
Sy
Br =
73%, >20:1 dr 85%, >20:1 dr

Xu, X.; et al. ACS Catal. 2021, 11 (12), 6750-6756 20



2.2 ElF R~

FESSN=HSBEX

SIANFEZIHFIN=ERERt

up to 99% yield
and 98% ee

Ar = 9-anthracenyl

up to 73% yield
and 99% ee

selected examples

Rh,(Oct), (2 mol%) HN,Ar2
Hu (2024) (S)-PPA (13 mol%) )
~ 2R?0H » R2%0 At
PhCl,4AMS,-20°C R20
N, COOR!
tane AN
R'O0C |\o + Ar1\¢N\Ar2 + <
2
(o} R(hz,)(OAc)‘z (2 mc:;’?) HN,Ar
S)-PPA (5 mol% 2
- 2 RZNH2 > RZHN>‘/kAr1
A -20° R2HN
DCM, 4 A MS, -20 °C COOR!
challenges N, l\fR' [M] Nu Nu
+ f
. kR" 2 Nuh . )Q(NHR
RII
NR
+ |l
Rll
S
[M] Nu [M] Nu @ [M] e [M] Nu
— = | N X
R)L® R R” “Nu R” “Nu
Suero (2023)
(o) Ar
= 0 0
HO [Rh] [Rh] o Ar o
)L(m) [Rh ™ EtooC
N, EtOOC™ | COOEt / Ar
H
EtOOC)L 1am

HN :
BnO
BnO
95% vyield, 92% ee
HN :
CbzHN
CbzHN

72% yield, 97% ee

21

(1) Hu, W.-H.; et al. ACS Catal. 2024, 11 (12), 6750-6756 (2) Suero, M. G.; et al. J. Am. Chem. Soc. 2023, 145 (9), 4975-4981
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S5=HI{HBEX

4.9k

feEhlsEs

N,

EtOOC

> aJEERYHNIE

_Ph
HN
[Rh] (5 mol%) PMBO
»  PMBO
PhCI, 4 A MS, -20 °C Et0” YO Br

Rhy(R-PTTL),, rac-PPA, 83% yield, <56% ee
Rhy(S-PTTL),, rac-PPA, 82% yield, <5% ee
Rhy(R-PTTL)4, (S)-PPA, 82% yield, 92% ee

_Ph
2 HN HN”F‘h
E00c | \EjV PMBO BnO
PMBO BnO
standard
EtO” ~O B
(1.5 eq) conditions r Et0” "0 Br
25% yield, 91% ee + 20% yield, 92% ee
©\/ _Ph
HN
(1.5 eq) BnO
PMBO
EtO” ~O Br

42% yield, 1:1 dr
92% eel92% ee

Hu, W.-H.; et al. ACS Catal. 2024, 11 (12), 6750-6756

-

[Rh] R2XH
N
; R1ooc)L 1 \
X=0,NH H.Q.R?
_Ar?
HN [Rh] R'ooc”|1(M
R2X Rh
o A ©I[Rh]
COOR!
j
Mannich-type
interception
[Rh]
1 R'00C” “XR?
Ar\7N\Ar2
H. @ _R2 H\@,R2
“X” X
2
R1OOC/\\XR2 IRhIO._- XR? R
©I[Rh] OR'
X-H X 4
= 2
XR? insertion x’R
1 )\ 2 HO. __—~
OR!
22




fi

2.2 ERFESSHN=HDBEX

\

Hu (2022 !
(2022) N, N, Rh,(OAc), (1 mol%) :
H A OR3 (S)-CPA (10 mol%) :
Ar1'N\0/\Ar2 * R o Arsjﬁf > :
Z =N o) toluene, rt to -20 °C !
R? !
30 examples, 49-84% yield, R? 5 .
>20:1 dr, 90-98% ee R=SiPh;
T A "___C"""_""""""""'""""""""'"": selected examples
: >_< — 1 H :
| B D 2 : BnO
' R1N\0/R A * ok c ! Ph\NH P
: —— R'HN OR2?:
: B D :
N, N, ? i MeO
A E
; Sun (2019) L eeeteteeeeeeeeeeeeneeeeeeneneeeeneneneraenenenarenanans
! Ar |
: N N’ : s el 2 A
N T T R S g - 15
' Ar” "OH R' R2 R1 R2 ! H N2
: ! ( o)
: ; L — BnOH Ph)H(O’Bu
5 [Rh]l -N; - [Rh] T -H,0 + [Rh] + NPh o)
! ] —_—
! 1 N —_— TM1
! (Rh] [Rhf : 2 CPA @E@Z o
; — 2 ok N
: R1JJ\R2 _NH i N ‘ Me
; Ar’® OH : \

Hu, W.-H.: et al. ACS Catal. 2022, 12 (19), 12302-12309 23



2.2 ERFESSHN=HDBEX

> BIEEATINIE

~N

BnOH

NPh
@[&o

© Phy N

[Rh] R

:| catalytic cycle-/

\ 5
PhNHOBN [Rh]

[RhL,]

COOR COOR
catalytic cycle-//
Ph OR
Bn : T : ©
®(|_)| O[Rh]

[Rh]

\

(R)-CPA

R

@Hf

BnOH

©
[Rh]

— ROOC+Ph

NPh

side
fo) reaction
N

O-H
insertion

Hu, W.-H.; et al. ACS Catal. 2022, 12 (19), 12302-12309
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2.3 HHREMannich Rk

Chen (2024)

.Ar Col,, ligand ArHN R'
' : N - 3
 AlkyI=Br s 1 "~ Alkyl” “COOR?
LI : R' “COOR? reductant y
side reaction OMBr N,Ar
| Reformatsky
o " —> R R >COOR?2 reaction
B
R)J\/ r 0 Ar
direct

radical addition

pwl SRR, AR 3B

Chen (2024)

Col, (5 mol%)

ligand (6 mol%) : oh :
(o] N’R Zn (2 equiv) RHN R' O : b :
cr ¥ | R200C X :
XJ\/ R1J\COOR2 R20H (1 equiv) ‘oSN N o !
X = NR.. OR Lil (20 mol%) up to 92% yield \ 5
S MeCN/DMA (9:1) upto98%ee | ‘BuBG |
35 OC g g gy 4
selected examples
3 F
Ph O O HN
PMPHN:.. Ph
Etooc)\/U\NMez NMe, MeZNMCOO"Pr

PMPHN...
)\/U\NMBZ

EtOOC

80%, 98% ee 65%, 98% ee

Ph O

CN
PMPHN... /(
L
Ph

Me O
EtOOC

51%, 91% ee 72%, 98% ee

86%, 98% ee

Ph O

PMPHN:M
OEt

EtOOC

65%, 96% ee

Ph O . PMP.
pwPHN. | J| DS
iProoC OPh THF

(1) Chen, Y; et al. Nat. Chem. 2024, 63, 398-407 (2) Chen, Y; et al. Angew. Chem. Int. Ed. 2024, 63 (25), 202318991

ﬁcooipr
B-lactam

80%, 97% ee

26



2.3 HREMannich kI

> EHISEl

> EIREHHIRZEIN

PMP o - Ph O
- standard conditions
N| + Br\)J\ > PMPHNIM
P NPh NPh
Ph”” “COOEt 2 EtOOC 2
13%, 21% ee
(o) (0]

Zn (2.0 equiv)
- ca N
NPh,

MeCN/DMA (9:1)

35°C 96%
\)OJ\ Zn (2.0 equiv) o ., W20
Br > A
NPh, MeCN/DMA (9:1) Me™ NPh, NPh,
35°C
1% 75%

EtOOC N
Me
N’PMP o0 XX 43%, 97% ee
| + standard conditions
Py a - .
Ph” “COOEt N o)
Me Ph
PMPHN':. N\

EtOOC

25%, 97% ee, 1:1 dr

Chen, Y; et al. Angew. Chem. Int. Ed. 2024, 63 (25), €202318991

.PMP fo) e
standard conditions

(of
\)J\NMez Ph
(1.5 equiv)
/]\Ph

ol Ar
> aJgeRUHNIE LColl—y
c'> R
N R}g
OR?
Int E
R20_ _O.
’ S
I colL o
Nid
R1 r;l
Ar R
IntD
1/2 Zn?*
1/2 Zn°
(o)
R20_ _O. QgLR
’ ~
I coL o
e
R1 r;l
Ar R
R20 _O,
IntC I \COIIL
N -7
R! rll
Ar

Ph

EtOOC

o)

75%, 96% ee

PMPHN... E
)\/U\NMGZ E

Zn, R20H

Int B

27



2.3 HHREMannich Rk

Huang group (2025)

o 4CzIPN (2 mol%) o
Fe(TPP)CI (1 mol%)
Br\)LR2 + Cy,NMe » Cy,N R2
R DMF, 455 nm, rt R
g
o , 4CzIPN (2 mol%) o)
Br\)k@ + RS~~~y  Fe(OEP)CI (1 mol%) R?2 % o]
£ ! > N 7D =
R3 ! :
R? DMF, 455 nm, rt RS A -
X=HorTMS L )
selected examples
T T T T T T T T T T EE T e EEEEEEEEEEEEEEEEEEE T ] X = H
| Huang (2023) ; o o B°°N§K o
: ! o )
T 1 4CzIPN 1 R! ' Cye Ad. Pr< /\)‘k /\)J\
L Akyl—X L+ ONTH — = Ry? /l-AIkyI — = BN kg Y rﬂ% N/\)J\@ N : DG N
1 1 1 1 ! ' = ! Z i n
D e ; R2 hv R2 R2 : Cy Me Pr Me Pr "Bu Bu Me
1 : 0, -
e e e e e e e eeemm e eeemm e eeemmeseeememeememeeeeneneneeenenn | 95%,>20:1 dr 90%, >20:1 dr 76%, >20:1 dr 52%, >20:1 dr
o $2 i from tropinone
: RJ\D/\4 Nore . Xx=TMS
: o
. o) ' (o)
. e 1 I (o] (o} o
R /\)J\
I X — . . .
: R)J\/ gz R E Cy\N/\.)J\@ Bn\N/\.)J\f@ N/\)J\(@ / fo) (\N/\_)J\'@
: 2 ' | =z | - Z 7
: o Mmn-1 om" E : Me Me Bn Me Me = N\) Me
E e R —_— R N i i o
e ' 76%,>20:1dr 95%, >20:1 dr 76%, >20:1 dr 84%, >20:1 dr

Huang, H.; et al. J. Am. Chem. Soc. 2025, 147 (41), 37565-37575 28



2.3 HREMannich kI

> EIREHIREIN

(0]

Br.
NHPh + Cy,NMe

Me

> 1GEEREISHT

lo) 1a
Br
j)LNHPh
Me
+ Cy,NMe
oTS 2a
n
B
u\/\OTS
1b
oTS
ng + Cy,NMe
UFSots
1b 2a

4CzIPN (2 mol%)

0}
Fe(TPP)CI (1 mol%) o
TEMPO (2.0 equiv) N~ W)LNHPh
DMF, 455 nm, rt

21%, TM not detected

CyzN/\)LNHPh 3a

Me

with Fe(TPP)CI:  42%

0,
4CzIPN (2 mol%) without Fe(TPP)CI: 7%

Fe(TPP)CI (1 mol%)

L

y o

DMF, 455 nm, rt (o)

CyzN/\)kOMe 3b

Bu

with Fe(TPP)CIl:  55%
without Fe(TPP)CI: 69%

4CzIPN (2 mol%)

Fe(TPP)CI (1 mol%) o
BrCCl; (1.5 equiv) . CyzN/\)kOMe 3b
DMF, 455 nm, rt MBu

with Fe(TPP)CIl:  68%
without Fe(TPP)CI: 60%

Huang, H.; et al. J. Am. Chem. Soc. 2025, 147 (41), 37565-37575

4CzIPN (2 mol%) o

o Fe(TPP)CI (1 mol%)
B L* (4 mol%
r\)LNHPh + Cy,NMe ( 0 CyzN/\)LNHPh

Me DMF/THF, 455 nm, rt Me
42%, 37% ee

> BIRERIHNIE

Cy<}:-Cy Brj)LNHPh NHPh
| A Me 1 Me
Cy....C 4CzIPN~ /_*‘
Y'Y _/SET
4CzIPN* E ~ “NHPh

cy.@.c
& 4CzIPN |II\% y N y
hv I
(0]

Cc

1
I
1
I
1
I
1
I
1
I
1
I
1
1 g | OFe
1
I
1
I
1
I
1
I
1
I
1
1
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3 IR BRAL

secondary amines' addition

| o R _R? is R! _R? :
: /\)J\ . N7 oraganocataly5|s: N 0 .
: R OBn H Michael addition L :
: 1p2 = R OBn -
| R',R“ = alkyl !
E a-selective Cu-H catalysis '
5 H-CuL H ocCuL H o !
: R/\)J\OB - R/\)kOB = X~ g \ :
! 4 Hol n R OBn R OBn :
Buchwald (2020)
B-selective
o e
N I Ph
R Cu(OAc), (2.0 mol%) . Ph ;
2 (<. ° OS|(OMe)2Me I P
(S,S)-Ph-BPE (2.2 mol%) N
+ > !
Me(MeO),SiH (3.2 equiv) L Ph
N CPME, rt, 3-5 h . Ph

Z | (S,S)-Ph-BPE

_________________

(R=0OH, OR, NR'R?)

! OSi(OMe),Me

(o)

NaHCO3 (aq)

H” SN

&

Buchwald, S.L.; et al. Angew. Chem. Int. Ed. 2020, 132 (47), 21027-21031

_NH,OH-HCI

MeOH

3
S
‘M

N e e e e e e e mm—————— ==

Selected examples

Ar
Ar
H)§N o CH;N O H)§N 0 o
Ph/k)J\O‘Bu o o Ph/k)J\N\i(/o

81% yield, >99:1 er

> HIBHR

74% yield, >99:1 er

0] o
- i OCulL CD-.OD
Ph/\)J\O‘Bu a-selective . /\/\ 3 Ph/\)kO‘Bu
+ 1a Path a Ph O'Bu D
CD;0D Re1
Cu(OAc), (2.0 mol%)
L (2.2 mol%) oct D O
Me(MeO),SiH (3.2 equiv) |__P-Selective CuL O CD;0D I
CPME, rt, 3-5 h Path b /k)J\ p Ph O'Bu
Ph O'Bu
Re2

Condition with L = (S)-BINAP:
Condition with L = (S,S)-Ph-BPE:

99% Re1, 0% Re2, 0% 1a, favoring Path a
7% Re1, 42% Re2, 47% 1a, favoring Path b

o Cu(OAc), (2.0 mol%) )A\"
/\)J\ O\N (S,5)-Ph-BPE (2.2 mol%) HXN o
P X NoBy 4 o
thSIDZ (20 equiV) otBu
1a CPME, rt, 8 h D
97% D

67% yield, >99:1 er

31



3 IR BRAL

Chang group (2024)
NiCl,-glyme (10 mol%)

EIER: g T A S O
=H._ Ny </ Re O o EtOH (2.0 equiv) : .
B *;EE a'B Zzlﬂ*uﬂ O\;)/>_R1 + Rzﬂ\/\R?’ equiv RleJ\iNLRSw i N N t.‘Bui

|

KsPO4 (1.0 equiv) Ph o
LiCl (50 mol%)

DMPU/diglyme (1:10) up to 95% yield . _IWLIVRIUCHATe fig9ana .
0 OC, 16 h and >99:1 er

Biorevelant derivatives
(o] NHBz
Cl
o M

EtOM/\W / Ph O NHBz N
N EtO
EtO cl

o NHBz Addition of LiCl influenced hydroamidation

g

Ph ' o o
0 . E )J\/\/\
79%, 91:9 er 82%, 99:1 er 61%, >20:1 dr ' BnO O HN
from Oxaprozin from Chiorambucil from (-)-Nopol ! standard conditions
I >  BnO F
BnO_ NG
i ! />—< >*F

O NHBz -«OMe 0 NHBz O ~0Bn O-N with LiCl: 70% yield, 99:1 er

c OW\ z : wlo LiCl: 1% yield, 99:1 er
t . !
EtO ) EtO ‘OBn !
) OBn !
58%, >20:1 dr 68%, 99:1 dr 43%, >20:1 dr :
from (-)-Citronellal from Lithocholic acid from a-d-Galactopyranoside

Chang, S.; etal. J. Am. Chem. Soc. 2024, 146 (21), 14745-14753 32



3 IR BRAL

A
> DFTit&
b. DFT study of the reaction initiations by Ni'H 7\ O Sa™S
\
- — “~,. - - | /O
H--NiL3 P B o N"tgu Lt = ¥ )
T AG(sol) o i bh 0 o
(kcal/mol) BnO™ ™~ )J\ j\ N t
o. TS-AT HN” “Ph H*+CI + NilCI HN" “Ph 3\\".‘ ¢y
'..’ \“ 19.9 €N\NIiIII A ~ » EN\N:iII a Bh "‘l—Nli"_N
- 3 s H—Ni'L3 N~ _ N I/ 0
H-nilL3 : 0! H H, + Ni'Cl cl A~AANA
/\/“‘\\"L_J? Bno)j\\/\/\ Int-D Int-E OBn
. L TS
OBn ——:r\ . i
) Ph O.
.
N--O
N ’ e
Ni'L30 L3Ni',_--Li
4 ) Int-C1 .
oBn © 0.0 o e 2.0
H Int-A2" —_ a+2a+Li ' .
T NiL3 + L3Ni'—H Ph.__O 5 I
H o N “Ph - -
///m
- |-3N\' (S)-face insertion (R)-face insertion
Ni'L3  Int-A2 H AG(TS-Sa) = 23.59 kcal/mol AG(TS-Ra) = 25.52 kcal/mol
-15.4 Int-D
-30.8
~—  Hydronickelation - N-activation ——M—

Chang, S.; etal. J. Am. Chem. Soc. 2024, 146 (21), 14745-14753 33



3 IR BRAL

sk

Hong (2020)

o
1 |
R\/\(\/j%J\N + N
H N

n=1,2
AQ

Hong (2022)

(0] (0]
1
RMR?’ + o/
R2 R2 ~\

R2 = H or Me |
R3= NHPh or OBn

R3

| BzO™

. Py RZ R3
Ni(acac), (10 mol%) ‘NNo

(EtO),MeSiH (3 equiv) RW/U\
R? g n AQ

Cs,C0; (2 equiv)

' THF, rt, 24 h n=12
R* :
| NiBry(DME) (10 mol%) RY RS
N.gs Ligand (12 mol%) NT O
. R1
(MeO),MeSiH (3 equiv) MW
R? R?

THF, rt, argon, 18 h

__________

up to 92% yield and 99% ee

! LN

; N N/ =N N

' Ph Ph !

| R=4-BuCeH, :
___________________________________ ;
1 _ VR _ I
[ N N |
! NiL* v,/
T H-[Ni] N-0 NRe © |
7 N X Si—H !
! I
i

o JEFEALH 2

(1) Hong, S.; et al. J. Am. Chem. Soc. 2020, 142 (48), 20470-20480 (2) Hong, S.; et al. J.

Selected examples

O (I )
/'\)J\NHPh NHPh nB"\/'\)J\NHPh

91%, 96% ee 73%, 92% ee

NMe,0

MNHPh

75%, 99% ee 58%, 96% ee

> e )

NJ\NHPh D\/k)J\NHPh I
(0]

(\o 'standard conditions’

0, 0,
Ph,SiD, (4.0 equiv) 76%, 96% ee

instead of (MeO),MeSiH
o
Et [ ]
) N~ O
D
\MNHPh

Et

58%, 98% ee

Am. Chem. Soc. 2022, 144 (20), 9091-9100



3 IR BRAL

Hong group (2023)

fo) R3 NiCl,-glyme (10 mol%) o

R3 _R*
Ligand (12 mol%) /\)J\Rz N O
> +

0 a
NL 2 + Pro )J\ . fll - . . E
Zzi‘:ﬁl]ﬁ;ﬁ:ﬁ R ) Tpr R (MeO),MeSiH (2.5 equiv) R! /H)LRZ

RQQR
o) o
N »}J }

R = 3,5-Bu,CgH3

H,0 (1.0 equiv) R
THF, rt,12 h up to 48% yield,

to 46% yield,
98% ee up to 46% yie

99% ee
> waUEEE [, T -
standard conditions o
iPr\NJ\O’ \) -

N > N~ O
Me -. /\)LNHPh *
ipr e NHPh
Me
(¥)-1a 2a (1.0 equiv) (R)-1a (S,R)-3a

Progression curves for compositions Progression curves for ee values

100 100 -
80

60

Yield (%)

Enantiomeric excess (%)

20 +

20

-@—1a
—B-—(S,R)-3a

5 10 15 20
Reaction time (h)

25

The composition of 1a and (S,R)-3a and ee values of (R)-1a and (S,R)-3a were analyzed by HPLC.

——(R)-1a
—8—(S,R)-3a

1|o 15 20 25
Reaction time (h)

Hong, S.; et al. Angew. Chem. Int. Ed. 2023, 62 (24), e202305042
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3 IR BRAL

> TESDFTIHE
> aJgeRUHIE

SF‘ L*Ni'X,
Si-H
Si-H /\g)LNHPh
*LNi'-0
}—Ar
O IntF L*Ni'H + L*Ni"(H)(X)

Int G

Int A
*LXNl"\
R,HN fo) Transmetallation AAG = -5.3 kcal/mol |0
)\)L /\)\NHPh

NHPh

R *L__NI - *L__Nlll__

Int B
o N\NHPh NHPh
H R
Mo nr,
1
AT / intD TG

L10-£TSs 5 L10-t-TSr R

AAG = 0.0 keal/mol AAG* = 1.8 keal/mol

Hong, S.; et al. Angew. Chem. Int. Ed. 2023, 62 (24), 202305042 36
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3 BEEERE

=0 ,
o) ks
B RN AR A R
_/_\/NHRZ
P
e — IRIREREM
C) R’
e 0 NR; REZETRIRZS S
TERE =R @j U5 G R S
eNu R'
BB A E =
# B & B S E SHEK L e
. R A 2 3 RABAT K
X)k(Br
r
O .
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SERE

RRIRIVIA R

|
B o R it |
Vo T T T T \ v o 00, : 0O NR, NR, 0 NR,
N s @R, — o)& R S xS M AR
:_______________! e W ! R' R2 R R2
o« BAEML o WAL i FHRFEFSEEK
SEIMASRIFRELL
Tang (2023)
LG R ﬁ[Ni]f Ry
a\‘\N B B
COOR H COOR
B-amino acid ester eccceoe

Schafer (2025)
[Si] [Ta] [Sl]

H OH
R/NVH ' [ ’H \)i \I
R' R Rl

y-amino alcohol

(1)Tang, S.; et al. ACS Catal. 2024, 14 (8), 5491-5502 (2) Schafer, L. L.; et al. J. Am. Chem. Soc. 2025, 147 (16), 13415-13423 39
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