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c) This work: asymmetric synthesis of a-allencls from sacom:lary propargy| bromides

' . Mitsunobu OH y

2 Nalkyl + @cHo ——= —feachion . _
good yield el % -
raceimic high dr & ee alky alky
chiral c-allencls all sterecisomers

I accessible

lSFT
CriL’ Efficient canstruction of central & axial chiralit

Good regio-, diastereo- & enantioselectivity
All stereoisomers accessible
Mild reaction condition & broad substrate sco|

= criL® CriL* H
= alkyl *—r—*‘_ = - alkyl
= 3
[®/\ ] ®@ ol

Challenge: reglossalectivity control

Angew. Chem. Int. Ed. 2022, 61, 202117114.  °
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. Cr Catalysis:smns BRELARAHTIARA S AL

Br 7 mol% CrClz o]
9 mol% (S,R)}-L1 Ph—, H
—_—
// Ef * BiFCHo 1.5 equiv Mn _\/=':’,
TIPS 1.5 equiv Cp;2rCl; TIPS Et
racertic DME (0.05 M), rt, 12 h
1.2 equiv “standard conditions”

entry variation from the "standard conditions” yield (%)° dr®  ee (%)°

1 none 88 >20:1 98
no CrCl; <2 - =
no (S,R}-L1 24 11 - j/j\', \'/J\, 7/J\r
L2, instead of L1 86 >20:1 -92 -SV ‘> il <, ‘2 S, J S, NHMs
a0 41 77 e i
o PR (s R)-LA Ph PR Ph i-Pr iPr i L4

L4, instead of L1 21 42

L5, instead of L1 23 2:1 - Me Me
L6, instead of L1 <2 - - ] MEHN NHMe
L7, instead of L1 <2 - 3{

_ &N

2
3
4
5 L3, instead of L1
6
7
8
9

10 L8, instead of L1 68 121 4 Ph ph PH F'h w7 Ph LB Ph

" (S)-BINAP, instead of L1 <2 = =

12 propargyl Cl, insead of Br 7% >20:1 a8

13 TMSCI, instead of Cp,ZrCly 18 =204 - [a] Reaction conducted under N, on 0.10 mmol scale for 12 h, and all
14 TESCI, instead of GppZrCly <2 - - data are the average of two experiments. [b] Yield and dr were
dSi MegBICle-SRSc Cparicly B RO e determined by 'H NMR analysis using 1,3,5-trimethoxybenzene as the
16 Zn, instead of Mn 9 15:1 = . . g

17 Mg, instead of Mn = ” _ internal standard. [c] ee was determined by SFC analysis.

18 THF, instead of DME 72 >20:1 95

19 MeCN, instead of DME 75 11:1 20

20 0.1M, instead of 0.05 M, in DME 81 >20:1 95

21 1.0, instead of 1.5, equiv Cp,ZrCly 70 >20:1 99

22 5 mol% CrCly, 6 mol% (S,R)-L1 84 >20:1 99 7

Angew. Chem. Int. Ed. 2022, 61, e202117114.
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Br 7 mal% CrCly oH N
9 mol% (S R)-L1 R H L
# Et + R-CHO 1.5 equiv Mn 4 Ph I “Ph
TIPE{mm 1.5 equiv Cpa2ZrCly TIPS Et ‘L
DME (0.05 M), t, 12 h Ph
1.2 equiv (005 M), (SAMA
Aromatic
o OH
R H p H <
’ M y ]
TIPS Bt ¢ = Tipg u 4
R=H 1, 81%, >20:1 dr, 98% ee TPs TIPS Et
(1.40 g, B4%, >20:1 dr, 98% ee) 12 § 13 14
R=F 2, 78%, >20:1 dr, 96% ee B8%, >20:1 dr, 98% ee T1%, >20:1 dr, 95% ee 83%, >20:1 dr, 96% ee
R=Cl 3, 75%, >20:1 dr, 95% ee
R=8Br 4, 70%, >20:1 dr, 96% ee
R=0Me 5, 57%, >20:1 dr, 57% es oH OH oH
R =SMe 6, 71%, >20:1 dr, 95% ee Y H g Y H
R = Bpin 7, 58% , >20:1 dr, 96% ee 'y , y
R=S0,Me 8, 68%,>20:1 dr, 94% ee” TIPS Et TIPS Et TIPS Et
R=CF;  © 65%, >20:1 dr, 95% ee® - pu 18
R = COOMe 10, 72%, >20:1 dr, 96% ee®  ggoq, »20:1 dr, 98% ee 76%, >20:1 r, 96% ee 84%, »20:1 dr, 97% ee  §3%, >20:1 dr, 95% ee®
R=CN 11, 61%, >20:1 dr, 95% ee”
Aliphatic
OH y OH
OH R=CH,Bn 19, 78%, >20:1 dr, 94% ee { H H { H
H R=CH;i-Pr 20, 82%, >20:1 dr, %6% ee MeS— 4 { —M:X:-:{
=L R=iPr 21,88%, >20:1 dr, 98% ee TIPS Et £l TiPs Et
TIPS Et R=cy 22, 82%, >20:1 dr, 97% ee 23 24 25
78%, >20:1 dr, 93% ee 79%, >20:1 dr, 97% ee 84%, >20:1 dr, 95% ee
cl OH s, OH s OH . OH _ OH
[ H BooN H g H L= H [>— H
TIPS = TIPS Bt TP Et Tips Bt TIPS Bt

26
80%, >20:1 dr, 92% ee

29 30
T9%, >20:1 dr, 97% ee  74%, >20:1 dr, 97% ee

Angew. Chem. Int. Ed.

7 28
B4%, >20:1 dr, 9% ee T8%, >20:1 dr, 97% ee

2022, 61, 202117114.  °
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a-Chiral ydes & Late-stag
BocHN  OH BocHN,  OH BocHN,  OH BocHN,  OH
\ H \ H 7\ H \ H
Bn/_>:-:{ Bn 4 Ma/_>:-:{ H:,-J_>:.:{
TIPS Et TIPS Et TIPS Et TIPS Et
from D-Phenylalanine from L-Alanine from L-Leucine
37, (S\R)-L1: 77%, >20:1 dr

35, (S,R)-L1: 84%, >20:1 dr

from L-Phenylalanine
[36, (R,S)-L1: 88%, >20:1 dr]

31, (S,R)-L1: 60%, >20:1 dr
[38, (R,S)-L1: 85%, >20:1 dr]

33, (S,R)-L1: 73%, >20:1 dr
[34, (R,S)-L1: 52%, >20:1 dr]

[32, (R.S)-L1: 67%, >20:1 dr]
Boc
I -} o]
N OH BocHN  OH « nPr, Q OH
V¢ > & 3 N— H
H H VAN
nPr 0 4
L/—>=.={, ! et / / o
TIPS Et TIPS Et TIPS Et N
Prob
from L-Proline from L-Valine ?& %, from Adapalene from r§4EHECId
41, (S,R)-L1: 60%, 6:1 dr® 43
(S > 74%, 520°1 dr. 97% e 75%, >20:1 dr, 96% ee®

39, (S,R)-L1: 30%, >20:1 dr®
[42, (R,S)-L1: 74%, 2:1 dr°9]
Me, OH

40, (R,S)-L1: 61%, >20:1 dr”9]
. r\“g U,
MeQ, .\ OH
3 M H %
° TIPS £t

MeQ 3
OH OH H
meo— S H ACO@‘ N H \_>=.=' e
“ 4 =/ = Mej/) TIPS B HJH
TIPS Et TIPS Et Me H
from veratraldehyde from vanillin acetate from (-)-citronellal from Lithocholic acid
45 47, (S,R)-L1: 81%, >20:1 dr 49, (S,R)-L1: 78%, >20:1 dr
80%, >20:1 dr, 96% ee [48, (R,S)-L1: 82%, >20:1 dr] [50, (R,S)-L1: 78%, >20:1 dr]

70%, >20:1 dr, 96% ee”
Figure 2. Substrate scope for aldehydes. Reactions were conducted on a 0.4 mmol scale; yields were determined after column chromatography. The

dr values were determined by 'H NMR analysis of the crude product. [a] 10 mol % CrCl,, 12 mol 9% L1, 40°C. [b] TMSCI (1.5 equiv) instead of

Cp,ZrCl,, THF (8.0 mL) instead of DME. [c] 2.2 equiv. propargyl bromide was used. [d] The major sterecisomer is not the one depicted.
Angew. Chem. Int. Ed. 2022, 61, e202117114.
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Br 7 mol% CrCly

9 mol% (S,R)-L1
2 CHO —8M8MM8 —
Z * @ 1.5 equiv Mn
racemic

1.5 equiv Cp,ZrCl, a @
1.2 equiv

DME (0.05 M), t, 12 h

TIPS TIPS Pr
81%, >20.1 dr, 93%ee 71%, >20.1 dr. 89% ee 69%, 10.1 dr, 89% ee
oH on — H
N N g W
Bn/_>=-='_ _>=-=' "
TIPS «/ N\ TIPS “iPr Ties D
54 55 56
82%, >20:1dr, 92% ee  51%, >20:1 dr, 94% ee® 64%, >20:1 dr, 94% ee®
OH OH OH
\ H \ H \ H
™S Et Et3Si Et 88 Et
57 58 59

68%, >20:1 dr, 98% ee  73%, >20:1 dr, 96% ee 85%, >20:1 dr, 96% ee

*. The Yang Research Group
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OH OH OH
3 H R=— H \ H
Ph3Si Bt iPrpHSI “—p-Bu +-Bu Et
60 R =Ph: 63
68%, 4.5:1dr, 75% ee  61,68%, 16:1dr, 96% e ggoy 520:1 dr, 99% ee

R =BnCHjz:
62, 68%, 7:1dr, 87% ee

TMSO E OH
j_ph
—r Pr i-Pr

65a
33%, >20:1 dr, 98% ee 50%, 1.5:1 dr‘ 82%{84% ee

52%, >20.1 dr. 97% ee

Figure 3. Substrate scope for propargyl bromides. Reactions were
conducted on a 0.4 mmol scale; yields were determined after column
chromatography. The dr values were determined by 'H NMR analysis
of the crude preduct. [a] TMSCI (1.5 equiv) instead of Cp,ZrCl,, THF
(8.0 mL) instead of DME.

Angew. Chem. Int. Ed. 2022, 61, e202117114.
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a) Access to all sterecisomers

OH
& H 1) PPhs, DEAD, p-nitrobenzoic acid, THF
Bn 4
TIPS £, 2)KzCOs MeOH
52% yield over 2 steps
-19
(S:8y >20:1 dr, 95% ee
OH +
H 1) PPh;, DEAD, p-nitrobenzoic acid, THF
Bn 3
pe ., 2)KCOs MeOH

(R.R)-19 52% yield over 2 steps
>20:1 dr, 94% ee

TIPS
(SR)19

Et

Precise Synthesis Lob o Tongii University

b) Synthetic transformations
OH OH
3 H TBAF ) H
Bn/jF-={ ~ B 4
R ® o H Et PheOn i,
R =TIPS: 19 66 NBS - n-Bu
R =TMS: 57 R =TIPS: 88%, 4:1 dr, 94% ee ———
R = TMS: 85%, 8:1dr, 96% ee | CHaCN/H:0 H Br
OH 68
= H 66% yield, >20:1 dr, 96% ee

Ph H TBAF
—

_Fa Ph H —]
i-ProHSi *—p-py THF — AgNO; Phﬁ_..n\

61 (96% ee) H ez ™ acetoneM;0 8

82% yield, >20:1 dr, 97% ee Hgg
90% yield, >20:1 dr, 97% ee

c) Application in formal total synthesis
Br OH
v * B D "standard condition" B O/ H
- e n = n
with (R.3-L1 iPraHSi Me
1.2 equiv 70

47%, 7:1 dr, 96% ee

i-PraHSi

OH OH

HO, OMe -— H  rgar

H Me  THF
™
82% yield

Me'

(#)-varitriol

Angew. Chem. Int. Ed. 2022, 61, 202117114. "'
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c) Propo:
a) Radical trapping experiment OH 2
= = Rt cr(i/Ll
B 2.0 equiv TEMPO Ph H nps/
Br
<10% conversion = fast
z Et ) TIPS, Et /
TIPS 1 2equiv | standard conditions = TIPS CriiyL1 A TE]
+ Ph—CHO . PR Ho W00 Z B e
COOMe 4 P TPS” g B
2.0 equiv T -
)\/ so,pn TIPS, Et 7z 45 1/2Mn(ll)y R-CHO
62%, >20:1 dr, 96% ee 22%, racemic

b) Non-linear effect study

Br ‘OH 1/2Mn(0) erilivLd
/\ +AREOH0 standard conditions  Ph H cr(lnyL R 201 ]H
= & E 4 A
s TIPS 4 Et o >-< PS¢ Bt
L TPS p Et Cps2iCl

= 0 y =0.975x d) Proposed ition states

£ 60 R?=0.9952 asymmetric propargylation asymmetric allenylation

= 40 steric H -

g repulsion gN HPh Ne Et o NG, EtO- ‘\Pq'\FS

© 20 i r

\ 0=
H

o "H  steric o -Tél/
1 ’ d L
'\';T‘&/N;;:Loﬂ(:):(’fﬂ”’o” P“ﬁ,&z”;d-oﬁ\ﬁh

o PhgreN~ci-0
0 20 40 60 80 100 . - :
ee of Catalyst (%) disfavored : Si-face attack disfavored Re-face attack favored
- - - TS1 H TS2 TS3

Angew. Chem. Int. Ed. 2022, 61, 202117114. "7
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a) TM-catalyzed asymmetric 1,4-functionalization of 1,3-enynes
lonic pathway: well-explored

e LM _’ « X _’
_ . >= -_:‘ or : >|=.___"’
z= Cu, Pd, Rh, Sc "L Y/ @
Y

chiral allenes
Radical pathway: limited success

— _g==’ _ " Nu#-:’_

“—Rad
“_Rad Nu—®
) 2 chiral allenes
allenyl radical
& Bao&Zhang (2020): Nu = CN
I Liu (2020): Nu = alkyne
. —

B !Fiad

propargyl radical

our design Glorius (2021)
asymmetric allenylation racemic propargylation

challenges: chemo-, diastereo- & enantioselectivity

Nat. Commun. 2022, 13,3804. '°
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b) This work: Radical 1,4-functionalization of 1,3-enynes by dual photoredox and Cr catalysis

=
Z + Rad—® +  (@-cCHo —1 or ()—» ®§:—/
“—Rad

chiral c-allenols

+ Merging photoredox and Cr catalysis + Good regio-, diastereo- & enantioselectivity
+ Control both central and axial chirality + Mild reaction condition & broad substrate scope
+ Radical 1,4-dialkylation of 1,3-enynes + Efficient access to valuable chiral a-allenols

& =501, 4-F RE A LA T, 2- B Ak AL 69 KR b

® EFLEG A b AR AT R A AT AL B AT

& Gl b A b AR AR R AU B A bR K ARG SRR

& 15 G0 A AUNHK B & 2 5201 2 09 318 R 5 Ao 3% 94 5 AT BR

H AL R P, ARG AT ARNHK R AR AEF A TR (PR T 39 240D

Nat. Commun. 2022, 13, 3804.
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Me%\ Me

P E S i-Pr o ——
/\ /c\/ = TIPS/— c._\—t‘—Pr
1

d) Proposed mechanism

L TIPS
) KT\ "
PC PC crlL1 eriL1
" Photoredox Pro__ o >=__
FPr-DHP Catalytic Cycle /\/ T1pg j_,,,:,
2 TIPS D D'

Chromium
Me Me

o Catalytic Cycle Ph-CHO
EtOOC COOEt pC
7 crilL
Me/g\

Me N™ "Me
Me H

OH
A Ph—, H ocr'L
_>=.=,'_ Ph H
EtOOC.__~_-COOEt TIPS “—iPr =
3 %
j:@I TIPS —Pr
Me” "N "Me E
Hp

Nat. Commun. 2022, 13,3804. °
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cz
— e o D¢
. EI00C COOEL % 4-CzIPN - - o o
/‘\ ! W THF (0.05 M), t ‘>=;,, Gz
e UL I v ]
1 (1.5 aquiv) 2 (1.5 equiv) - 3 (Cz = carbazalyl)
Entry Variation from “standard it Yield® [%] dr ee” [%]
1 None >95 204 94
2 Without CrCl, <2 - -
3 Without 4-CzIPN <2 - -
4 Without blue LED <2 = =
5 L2, instead of (S.R}FL1 85 2041 92
6 L3, instead of (S,R)-L1 84, EXE a7
7 L4, instead of (S,R)-L1 68 16:1 19
8 L5, instead of (S,R)-L1 52 5.5:1 34
g L6, instead of (S,R)-L1 7 18:1 46
10 L7, instead of (5,R}-L1 79 2.8 93
M DME, instead of THF 72 10:1 94
2 MeCN, instead of THF 85 201 95
3 EtOAC, instead of THF >85 2041 94
4 [Ir{dF(CF2)ppy)2Adtbpy)JPFg instead of 4-CzIPN >95 i1 88
5 5mol% CrCls, 6 mol% (S,R)-L1 74 2011 94
16 0.1M, instead of 0.05 M, in THF >95 124 93
7 1.2, instead of 15, equiv 1and 2 80 204 94
18 1.2, instead of 1.5, equiv 1 ED) 18:1 93
19 1.0 equiv H20 was added <2 S =
20 1mL air (added via syringe) 55 141 87
w)Y e 7*0 &ﬁ 5 f@ O\r
N NHMe HHiMs

o g gg:g W v Nat. Commun. 2022, 13,3804. '°
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Fl=Ba 24, 87%, 10 dr, B7% &8

RA=Ph 25 82%, 71 dr, B5% ee
P oW
H
o =
Ties’ —imr

30
8%, 20.1 dr, 95% e

oH
BN H
=

TIps' i

35
5%, 22011 dr, 2% ee

{n s}u -mn«, o aq

Cr Catalysis:x amsm/ s Hs R, 3-5 5 RaA, 4 R AR

20
55%, 201 a, 95% ee.

TS

o D-Phenyben
42, (S.AMLY
3 (RS am aa:1 m|

/7

*. The Yang Research Group
Precise Synthesis Lob af Tongji University

21 22 2
71%, 13:1 dr, 95% ee. 76%, B:1 o, 94% se TE%, 201 o, B4% e

Aliphatic aldehydes
oH

Ties

o
Y H
0_3.: 7

TIPs — i Pr

32
6%, 20:1 dr, 97% ee.

OH
. H
TIps —

a7
TT%,220:1 o, 023 o0

Chiral aldehydes

] e
. B
W et .
TIPS —Pr
n =Me: ‘mL-AIa-mt TS
rrsi e R

o s 50, (SA-L1: 86%, 199 4%

SEIES BRSO mun, 2022, 13, 3804,

[as(ﬁs;u 7%, 981 d]
Pl FBL o LLeuing
46, (5,A)-L1: 58%, 1:00 dt
a7 1@ €1 - AoR 001 A

17

[48, {FLS-L1: 52%, 83:1 o]




Cr Catalysis:x amsm/ s Hs R, 3-5 5 RaA, 4 R AR

CHO 10 mol% CrCly OH
@ Et00C COOBt 42 ooy (S AL u
__2moi%4CaPN ’
4 =
T bweled %
THF (0.05 M), 1, 12 h —@
| .5 equiv 15 aquw
DHP esters
oH OH OH
Ph H Ph—, H Ph—, H
_\F-=, Et _>=.=, ¥.£
TIPS —< TIPS 4<:> TIPS "4@0
Et

5! 53 54
B89%, 20:1 dr, 94% ee 75%, 18:1 dr, 94% ee 47%, 15:1dr, 92% ee

OH OH

Ph H Ph H
T}.%’—CN Boc 7;_}:‘__ —O T;s>=.:{'—<j

56 57

47%, 15:1 dr, 92% ee 78%, 16:1 dr, 95% ee 65%, 16:1dr, 93% ee

OH
Ph—, H
P
TIPS “—tBu TIPS
58 9a 58b
8%, >20:1 dr, 96% ee® 429, >20: | dr, B5% ee® 28%, 76% ee?

*. The Yang Research Group
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1,3-Enynes

H Pn—3= _,H Ph—>=

“— iPr H — LPr FPrHSI —iPr

R =TES 61,75%, 8:1 dr, 3% ee 63
R = TMS 62, 60%, 6:1 dr, 95% ee 65%, 16:1 dr, 95% ee

60
T4%, 10:1 dr, 91% ee

OH
Ph 'JH on o
T Ph—, H Ph H
otMs —HPF / ¥:.f
B —Pr PH —Pr
66

64
45%, 20:1 dr, 97% ee 79%, 20:1 dr, 79% ee 63%, 21 m, 11:1 dr, 98% ee®

65%, 3.4:1 1, 4:1dr, 94% ee®  72%, B:1m, 4:1 dr, 94% ee®

68%, 4:1 1, 7:1 dr, 95% ee®
unsuscessful 1,3-enynes:

Me OH TIPS
"standard condition” # 2y Me
& " e /’/’/\"
TIPS M P TIPS
70 < 5% yield
42%, 1:1 dr

Nat. Commun. 2022, 13, 3804.



a) RBF;K as the radical precursor

Cr Catalysis:x amsm/ s Hs R, 3-5 5 RaA, 4 R AR

10 mol% CrClz
R'-CHO 12 mol% (S.A)-L1
— 2 mol% PC-2 R!
+ RE—BF — 22T
Z blue LED
20equiv  THF (0.O5 M) i, 12 h
TIPS 2.0 equiv a

TIPS
2 6-dimethylpyridine

hydrochloride {1.0 equiv)

oH OH OH
: Ph—, H :
Ph H oy H
— = D=t
TIPS —cy TIPS 4<:| TIPS —cy
53 56
75%, 151 dr, 95% ee

72%, 15:1 dr, 94% ee
b) Redox-active ester as the radical precursor

R'-CHO o Q
RT’_{
* . o=N
‘\
/\

7
69%, 18:1 dr, 96% ee

20 mol% CrCly
24 mol% (8, R)-L1

2 mol% In(dF(CF3)ppy)a(bpy)]PFs

e

. The Yang Research Group
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u

-
TIPS ’4@
72

68%, 16:1 dr, 97% ee

Hi
THF (0.05 M), 1, 12 h
TIPS 4 biue LED, HE (2.0 equiv) TIPS
1.5 equiv 2.0 equiv
OH OH OH oH
Ph— H Pr—, H Ph H Ph—, H
—>='—- _\F.=! .:( _=!
TIPS —iPr TIPS “—ipr TIPS “—cy  TPPS LR
3 53
64%, >20:1 dr, 80% ee 56%, 20:1 dr, 96% ee

73%, =20:1 dr, 89% ee

58
75%, >20:1 dr, 88% ee

Nat. Commun. 2022, 13,3804. '°
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a) Radical trapping experiment

. The Yang Research Group
Precise Synthesis Lob ot Tongji University

Cy
PhCHO standard condtion OH
E100C COOEt (as table 1) Ph— H COOMe
: : |1 —oome = -
N COOMe =,
= Me™ N7 “Me )\/sozph TIPS “—cy
TIPS " . 3 76
15 aquiv 1.5 aquv 2.0 equiv <10% yield 42% yield
b) Light on/off study and quantum yield measurement c) The Stern-Volmer plot Pr
115 equiv) o OH " Et00C COOEt
2 (1.5 equiv] =
e S e TS 3
standard condtion -
(as table 1) TIPS —Pr amyne 1 Ma’ N Me
© =035 3 DHP ester 2
L dark fight dark fight dark N s
light — —— ey fight 4 Enyna 1
70 /. 25 mDHP ester 2
60 ———y
2
=50 y=01517x+ 1.2312
£ s R = 0.9709
=40 1.5
@
=30
1 a
20 = 'y
10 0.5 ¥ =0.001x + 0.8827
R* = 0.0019
0 0
o 1 2 3 4 5 6 7 8
: : [} 2 4 3 8 10
Reaction h
ction time (h) Concentration (mM)
A Pl

Nat. Commun. 2022, 13,3804. %°
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a) Cr-Catalyzed asymmetric alkylation of carbonyl compounds:

0 ) oH
®x + —_—
H [reductant]
Previous reports: focus on primary alkyl Cr Chiral seconary Cr complex:
complex with an a-substituted r-functional aroup
OH
R’ . CriL*
2z CHL S e —_ RH)\@
RZJ\/\G rFL"R/\ A R J\alky! ol
< al
R' = p-functional group Y
facile reactivity & stereoselectivity control challenging reactivity &
(Zimmerman-traxler model) stereoselectivity control

b) Representative bioactive compounds with a f-hydroxy sulfide unit
OH i DA
MezN SN N
| 3 OMe
s 0~ “COOH ©,5
Diltiazem

ACS Catal. 2022, 12, 11152, *'
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. Cr Catalysis. s s -3 % s f=mst o9 46 5 vt H bt &

S,Ph

0 s
+ — + T .
P waumt * L TS eauw PRSiCh, 28 sa M e AT
0.5 equiv LITFSI S
2-MeTHF/EIOAC(1:5, 0.2 M)
rt,22h

0.2 mmol 2.5 equiv

156 mol% CrCl;

18 mol% (S,R)-L1

1.3 equiv

"standard conditions”

1

-Ph

OH

entry variation from the "standard conditions” yield [%]° ee [%]°  dr®

0o N DG s W

none
no CrCly

no L1

no LITFSI

L2, instead of L1

L3, instead of L1

L4, instead of L1

L5, instead of L1

Lé, instead of L1

Zn, instead of Mn

TMSCI, instead of PhSIClz

2-MeTHF as solvent

EtOAc as solvent

0.1 M, instead of 0.2 M

1.0, instead of 1.3, equiv of aldehyde
10 mol% CrCly, 12 mol% L1

12 h, instead of 20 h

85
<2
55
45
<5
26
19
35
<5
28
80
66
81
76
82
84
82

98

98
89
10
0
76
50
98
a7
97
98
95
a7

>20:1

5:1
8:1
1.5:1
11
2.51
31
6:1
181
>20:1
>20:1
11:1
>20:1
=20:1

*. The Yang Research Group
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1.0 ml air, added via syringe

18 to the 4 mL vial 80 o8 131
19 1.0 equiv of H;O was added 10 89 2:1
Me, Me

8 g 08
(S.R)-LT "P’ (S}L2 pr PA (S)L3 Fh
(Nj\ro P pn Q\’O

MeHN  NHMe | _NH N

(SyL4 tBu (S.5)}L5 (S)Le “Pr

“Yield and dr were determined via 'H NMR analysis with CH,Br, as
t]1e internal standard, and all data are the average of two experiments.
PEe was determined by SFC analysis.

ACS Catal. 2022, 12, 11152. %
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aldehyde scope
.Ph Ph .Ph -Ph -Ph
t-Bi ~ i-P B ~ C -B ~ t-B ~ t-B ~
U\/\:/J r U\/\\:/ Y u : u . U\/\:)\Et
OH OH OH OH OH
1 2 3 4 5
78%, >20:1 dr, 97% ee 71%, »20:1 dr, 97% ee 50%, 15:1 dr, 96% ee 82%, >20:1 dr, 97% ee 67%, >20:1 dr, 98% ee
Ph Ph Ph Ph Ph
g g g g g
r-Bu\/\:/t-Bu t-Bu \/\:/Ad {-Bu\/\“;/\n—Bu !-BU\/\:/\\FP[ {-Bu\/\\:/\\/\OBn
OH OH OH OH OH
6 7 8 9 10
47%, >20:1 dr, 99% ee  90%, >20:1 dr. 99% ee 6%, 15:1dr, 91% ee? 79%, 4:1 dr, 96% ee? 46%, 10:1 dr, 92% ee?
Ph Ph Ph Ph
s s 5 e Ph s
{-BU\/\:/\FBU t-Bu > t-Bu\/\:/\Bn t-Bu - Me
OH OH cl OH
1" 12

64%, 15:1 dr, 75% ee? 69%, 10:1 dr, 95% ee?

.Ph M ~Ph
s e
t-Bu A t-Bu ~
&H oH
16 17
37%, >20:1 dr, 96% ee

32%, >20:1 dr, 96% ee

70%, 12:1 dr, 93% ee?

(SH Me
13

Ph Cl

@
c
’;.m
Ay

OH
18
30%, 15:1 dr, 93% ee

Me 0
14a, (S,R)-L1, 78%, >20:1 dr®
[14b, (R,S)-L1, 78% >20:1 dr]?

48%, >20:1 dr, 96% ee

43%, >20:1 dr, 94% ee

ACS Catal. 2022, 12, 11152.
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Cr Catalysis: e mis p - % sstfmet s 5 ek 1 4%

vinyl sulfide scope
/:: ) /©\ u:@ /.

OO B
$ s F s s "

2 s
EBUS A~ PT FBU AP EBU AP EBU AP £BU A PT
o OH OH OH OH
R=F  20,61%, >20:1 dr, 98% ee 2 25 2 27

Cl 21,82%, 15:1 dr, 96% ee
OMe 22, 64%, 15:1 dr, 94% ee
t-Bu 23, 79%, >20:1 dr, 98% ee

76%, >20:1dr, 96% ee  62%, >20:1 dr, 98% ee 92%, >20:1dr, 96% ee  25%, 15:1 dr, 84% ee

alkyl iodide scope

Ph Ph Ph cl Ph
Me_ Me §° Me §° )OL Me, Me §” m
Bn\)k/\/i—l’r i-Pr Tol O/\X/\:/H’r cl i-Pr

6H OH OH OH

28 29 30 31
76%, >20:1 dr, 92% ee 33%, >20:1 dr, 86% ee 82%, >20:1 dr, 98% ee 49%, >20:1 dr, 95% ee
~Ph
Me Me 57 Ph g-mh
Br ~ -Pr -Prs H -Pr Cy\/’\/,'.p,-
OH éH C:)H
32 33 34
48%, >20:1 dr, 94% ee 60%, 4:1 dr, 77% ee® 46%, 3:1 dr, 65% ee®

ACS Catal. 2022, 12, 11152.
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Cr Catalysis: e mis p - % sstfmet s 5 ek 1 4%

15 mol% CrCly

~Fh o 22 mal% (S,R)-L1
7o @ ; \ ’A®
H 1.2 equiv ZrCp,Cly, 3.5 equiv Mn

'©

Qe
I

Z ) > 0.5 equiv LITFSI
02mmol  30equiv  1.3equiv  o.MeTHF/EIOAC(S1, 0.2 M)
i, 22h
aldehyde & alkyl iodide scope
.Ph .Ph .Ph
¥ ¥ ¥ Ph Ph
f—Bu\/f\_/J‘-Pr t-Bu \‘/E\VCy t-Bu A se” se .Ph
H H H +Bu A B~ S¢
OH oH OH YT MY TR s A
35 6 a7 OH o] OH T Bn
R =i-Pr. 45 OH
68%, >20:1 dr, 92% ee  86%, >20:1 dr, 92% ee  80%, >20:1 dr, 93% ee 44 0%, 15:1 dr. 83% ee® 47
78%, 13:1 dr, 84% ee® e R, 84%, 14:1 dr, 84% ee”
Fh .Ph Boc .Ph R=t-Bu: 46 ' g
\/S;G’\/O) s N se Et 62%, >20:1 dr, B6% ee®
t-Bu tBu.__A f—Bu\/:\/I\ £t g Ph
5 : T OE APh N sg " O Mo MeSE
OH 5 H Se’ Me, Me S€ T
OH OH rBu. E o A ACY
-Bu Y o H
38 39 40 Y O M i
T6%, =20:1 dr, 92% ee 7%, >20:1 dr, 90% ee 47%, >20:1 dr, 90% ee o Bn . OH ¢ "
.Ph .Ph -Ph 30%, >20:1 dr, 96% ee 63%, >20:1 dr, 92% ee 82%, >20:1 dr, 95% ee
Se Se s¢
FBU A _--BU 1-Bu A Ad FBU A~ By
OH oH OH
42 43
38%, »20:1 dr, 96% ee  59%, =20:1 dr, 96% ee  70%, 13:1 dr, 90% ee®
2
ACS Catal. 2022, 12, 11152. 2
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a) Radical trapping experiment

Me_ Me
g Bn\)<| standard conditions Me_Me Me, Me §’Ph
A 7 o COOMe B”Qk)tcoom B"M“"
i %}:;izph 20% yield not i:;ateSH
b) Non-linear effect ----- -
tBu—l + S/Ph + j)\ “standard condition" By §/Phl__Pr
A HY Sipr in table 1 il

T w
Ligand ee (%)

products

criL1
work‘-m SPh

*. The Yang Research Group
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Ligana ee (7o)

A SPh
t-Bu—I t-Bu 5
B
crliL1
criiL1
1/2 Mn'"
SPh
t-Bu "

S50 ¢ e

/—\ R-CHO
SPh

tBu AR I-Bu\/:'\/R

. OSiClPh  PhSICly Scry

ACS Catal. 2022, 12, 11152. °
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a) Chiral cyclopropanes in functional molecules OMe
WN_Z&, OR R= Me
HOOC Et Heo : -
Coronamic acid A\ -§ A\ /,N

o gt wH G 00
Aucoon — H T - AL ST =N
= Et 0 0 ; N W d \)\
\ NH Norcoronatine Vi H F~ipr
2,3-Methanopipecolic acid Simeprevir

b) Transition-metal-catalyzed asymmetric cyclop

Ch|r1ITN1c1th5|5
.)H( _\. TM = Rh, Ru, Cu, Cc

of diazo- p

L

pfausuhre metal
carbene intermediate
Na N cl

Nz y i Br
.)J‘EWG Ar alkyl) Ar_<CI alkYI_<Br

decreasing stability bench stable, readily available

7

o
o

F IR T IEAT £ A A Ao T 4 R I T By
HTEFERGAE. b, LEELEMELIG R
ARIR TS R R M X KM £ 275 k2 —,
BERFERPFEZHRE., 2R, ZH FBFTRME
R A F EATR, ERUAMERES, —&
FTE2ERARKL®ITAZ, PR b TREe LT
BRA, BAT, FRRHEAT RAWEA FEN
R T3 AR IR B RO AT AR — AN B K Bk o

", The Yang Research Group
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% R Rt Aa e LR HikiF, HibEF

ﬁ——%’f?f&fi‘# b5 A8 6 F R LA ARAF 6 B AR
P, MRXFARTEE— K al, Hlde£Simmons—
SmithR &, ZaFieik) 2 f T A&RIFAAK.
WOk, A — Ty R AE A = 5 AR ) &S A
FAKE, AL ENLERA. TELE
AR K BAT RS, XA ER T = m K
WIRAE A R EAIRG T, Rd, XTH=AK
RN A% — 5 A NR 5 0% 6 HE AL TS A AR 2R 7 AL
[2) REAT K AT B ARATF MR B o

Angew. Chem. Int. Ed. 2023, 62, ¢202305987.
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17 Zn, instead of Mn 36 >201 67
o 10 moL.% CrCl o 18 Fe, instead of Mn 4 >20:1 -
‘f‘ . NPh 12 mol% (8,8)-L1 e, 19 CrCly(THF)s, instead of CrCl, 88 >201 91
PRl 1.5 equiv Mn, DME (0.20 M) PhA 20 with 1.0 mL air, added via syringe 1 =201 90
NPhth ’ 0 24h NPhth 21 with 1.0 equiv H,0 20 »201 70
1a (1.2 equiv) 2a (1.0 equiv) “standard ;:ondmon" 3a
Me— NH HN-Me Me— NH HN-Me Me— NH HN-Me
Entry ? variation from the "standard condition" yield (%)°  dr®  ee (%)° Me—NH HN-Me
o LR e S & sfalvla
2 no CrCly <2 - -
3 no(S.SHA 4 >2011 0 Fi€ (ss1 CFs  (ss2 F (ssyL3 F MeO (g4 OMe
4 (8.8)-L2, instead of L1 63 >20:1 84 =
5 (S,S)-L3, instead of L1 68 >20:1 88 | o o
. = 0,
6  (5.5)-L4,instead of L1 27 >201 75 N \J /[ —4 j
7 (8)-L5, instead of L1 14 >20:1 14 N~ p” N N
8 (S.5)-L6, instead of L1 25 >20:1 0 (S5 Ph (S.5)1L6 Fh (S.5)-L7 Ph i Pf (S.5)-L8 fPf
9 (S5.8)-L7, instead of L1 23 >20:1 18
10 (S,5)-L8, instead of L1 1 >20:1 4 N N
11 THF. instead of DME 20 2011 42 [a] All data are the average of two experiments. [b] Yields were
12 MeCN. instead of DME 83 >2011 87 determined via "H NMR analysis with 1,3,5-trimethoxybenzene as the
13 DMF, instead of DME 16 >20:1 42 internal standard, and dr values were determined via 'H NMR analysis
14 5.0 mol% CrCly, 6.0 mol% L1 43 >20:1 78 of crude products. [c] ee values were determined via SFC analysis.
15, instead of 0 °C 95 >201 71 NPhth = phthalimide. DME=1,2-dimethoxyethane. THF =Tetrahydro-
16 -10°C, instead of 0°C 89 >20:1 91 furan. DMF = N,N-dimethylformamide.

Angew. Chem. Int. Ed. 2023, 62, €202305987.
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/&\?L NPh,

NPhth

™S

3f
4T%, >20:1 dr, BB% ee

R A\ NPh,

NPhth

MeOOC
3k
53%, >20:1 dr, 86% ee

]
A“—anz
Bu MPhth
3p
80%, >20:1 dr, 93% ee”

A\!—anz

NPhth

BZ%.'Hﬂr 84% ee”

0
A nwph,
| NPhth
3g
85%, >20:1 dr, 94% ee

A#an 2
NPhth

Me 3l

51%, >20:1 dr, 91% ee

a
S
Ph A o

NPhth

3q
90%, >20:1 dr, 94% ee”

\/A\RL MPhy

[ NPhth
o =
3h
81%, >20:1 dr, 96% ee

4 A\ NPh;
NPhth

3m
63%, >20:1 dr, 81% ee

AL

NPhth

3r
79%, 20:1 dr, 91% ee®

[+]
A nphy
NPhth
v
73%°

Br, Br ci ¢l
M M
Mg’ Me Ph™ "Ph
unsuccessful substrates

Ph

) /&\SLNFM

NPhth

Br”
3
91%, >20:1 dr, 95% ee

. /A\\\—anz

NPhth
3n
83%, >20:1 dr, 90% ee

o _adwe,

NPhth

COOMe

3s
2%, 5:1 dr, 84% ee”®

. The Yang Research Group
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o
Mphy
1 NPhih
3
61%, >20:1 dr, 94% ee

. o
| ] Anen,
& ANPMH

Fal

30
44%, >20:1 dr, 73% ee

o
. A}\—NPhg
B NPhtn
3t
83%, >20:1 dr, 89% ee®®

synthetic transformation

Q o
\_pph, 1)KOH (ag.), 1.4-dioxane L on
NPhin 2HCI G M), HOA: P17 i

3 73%, >20:1 dr

Figure 2. Substrate scope for gem-dihaloalkanes. Reactions were conducted on 0.40 mmol scale, and all data are the average of two experiments.
The dr values were determined by 'H NMR analysis of the crude product. [a] Use a modified reaction condition: gem-dibromoalkanes were used,
20 mol % CrCl,, 24 mol % (5,5)-L2, Mn (1.5 equiv), DME (0.20 M), —10°C, 24 h. [b] (tert-Butyl(3,3-dibromopropoxy)dimethylsilane) was used, while

tert-butyldimethylsilyl was deprotected during the reaction and work-up. TMS =trimethylsilyl. Ac=acetyl. Bu=butyl.
Angew. Chem. Int. Ed. 2023, 62, e202305987.
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. Cr Catalysis:mmm = m Rzt s R AHRARI

Me—HN HN-Me

b 0y o

20 mol% CrCly

:I?—an? 24 mol% (S,S)}-L3
@ : 1.5 equiv Mn, DME (0.20 M)

-10°C, 40 h ;Ph

(1.2 equiv) 2(1Deuu|v} 5a-5n Fess & (S}L9

59%, >20:1 cr, 94% ee T6%, >20:1 dr, 93% ee

o

Nan Lnen,
pF g

59
46%, >20:1 dr, B2% ee

o
YLNphz ‘?\_ X npn,

/AJ NPhy /A\

e Ph
P P PR 17

a “CFy Me
5i sk
60%, >20:1dr, 8% ee

a
3 NPh

68%, >20:1 dr, 93% ee

/%ihl Phy

66%, >20: 1 dr, 91% ee

GT%,>20|dn 91% ee 72%)201 dr, 85% ee

46%, >20: 1 dr, 86% ee 60%, >20:1 dr, 92% ee

. The Yang Research Group
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o Q
/A;\LNth nemey,
‘ Ph (A\Pn

5m
43%, >20:1 dr, 83% ee

Q
M—NPh,
rAPh

sl
§1%, >20:1 dr, 98% ee

B s
51%, 20:1 dr, 89% ee

Me
] :I?—Nphz NPhth
50 “MOM Me
TT%, >20:1 dr, 84% ee”
unsuccessful substrates

Figure 3. Asymmetric cyclopropanation of 2-arylacrylic amides. Reac-
tions were conducted on 0.40 mmol scale; all data are the average of
two experiments. The dr values were determined by 'H NMR analysis
of the crude product. [a] The reaction was conducted on 0.20 mmol
scale with 15 mol % CrCl,, 18 mol % (S)-L9, 24 h. Cy=cyclohexyl.
MOM =methoxymethyl. PMP =p-methoxyphenyl.

Angew. Chem. Int. Ed. 2023, 62, €202305987.
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a) Radical trapping experiment

Br 20 mol% CrCl, Q
P 24 mol% (S,5)-L2 Y NPh,
Ph g + 2a + TEMPO .
1.5 equiv Mn, DME (0.20 M) NPhth
1q(1.2equiv) 1.0equiv 2.0 equiv -10°C, 24 h 3q (not detected)
condition
COOM
. as above \LNPhZ Br GOOMe
19 + 2a + SO,ph —SS80V o /\M
55% conversion NPhth
1.2equiv 1.0equiv  6(1.0equiv) of 2a 3q, 33% yield, >20:1 dr 7 (not detected)
COOMe Conditon B COOMe
as above Ph
1q + SO,Ph + Ph/\/\rﬂ“\/
49% 1q Ph
1.2 equiv 6 (1.0 equiv) recovered 7, 35% yield 8, 6% yield
b) Nonlinear effect c) UV-vis study
i standard condition
1a % 2a srande‘rd condition a 1a " 2a e 3a
12equiv  10equy asintablel 12equiv 1.0 equiv Ll
120
100 ~=-- standard condition - 10 min
y =-0.0062x2 + 1.5423x i e 100 -== standard condition - 1 h
_ e P L — CICIy(S,S)L1
= e Pe 80 —— CrCly/(S,8)-L1
3 - 50 CrCly/(S.S)}L1 + 12
S 40 A E
H " S a0
204 , E
w 20
0+
0 20 40 60 80 100 ol
ee of L1 (%) 350 400 450 500 550 600 650 700 750
A (nm)

dl Prannsad machanism

*. The Yang Research Group
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1/2 Mn

ACONPM criiLd

NPhth A
3a

h LJ Cl

LAICHY, ., it 172 MnCi,
o ey 142 Mn a
cl cr--Gr'ict
E H, Lo
¢ o 2A
Lonen
NPhth A
PhoN_ NPhth
Ph pathway a
4 o Ft o
L1/Cr'” L LfCrg el
3 e
o |/ cl el
D Cc

Angew. Chem. Int. Ed. 2023, 62, e202305987.

1/2 MnCl,

criiL1

Ph,N Cr”/u P y
2!
NPhth \K
)/ Ph c.”"m 1a
P
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a) Chiral g-amino

*, The Yang Research Group
Precise Synthesis Lob ot Tongji University

Ph
o HNJ\ roH

o o
o A@H - Y'\r R,
& N

and

HN
Me
N . HN.,
| S o OH OH £) This work: Asy tric inacol ling with Cr-catalysis via i dical
N7 N Rz Rz
H
IRAKA inhibitor Cytoxazone  Taxol C-13 sida chain CN-Box o n-SOAT  chiral Cr catalyst OH
b |
b) Major in cross pit | chemo-, and O)I\H O/J\H NCkician NHSO,Ar
enantloselectivity control widely available
chiral f-amino alcohols
aza-pinacol OH l
o . N"FG cross-coupling .\ L .\ (o]
-S0Ar . -850
O)L" O)\H NHFG N7 ciiL N H
—_—
chiral f-amino alcohols OS% radical-polar O)\CI'" L asymmetric
o F@ competitive OH NHPG a-amino radical €rossover addition
N

SET

Previous reports: feature a

Fod e

ketyl radical

@[o,g

homo-coupling O)\I,O oF OJ\],O

Key to success:
« Selective single electron transfer to imines: adjust N-protecting group
« Suppress a-amino radical addition to imines: radical interception by Cr"

OH
1,2-diols

NHFG
1.2-diamines

Tyl

ﬁ{“\uw

2008, Lin & Xu

ketyl radical . ic addition to y high oxophilicity of Cr
alkyl H @

2
B O
“Buy Ar HN o,
=N, BN-T “"-LalL*
H M NMa, ; Ar

Bn
2018, Huang,
Lu & Zheng

2013, Knowles

J. Am. Chem. Soc. 2023, 145, 20775.  **
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T 15 mol% CrCl, OH 14 Zn, instead of Mn 23 17 >20:1
3 . Nl’ F 16 mol% (S)-L1 APh 15 24h, instead of 48 h 58 91 >201
e ) Ph -
Ph" "H Ph)\H CpzZrCl; (2.0 equiv) ’QHTSF 16°  2b, instead of 2a 52 70 >20:1
Mn (2.0 equiv), DME, rt, 48 h ; '
1a (1.5 equiv) 2a (1.0 equiv) ¢ quiv) 3a 17 1.0 equiv of 1a and 1.5 equiv of 2a 78 90 >20:1

"standard conditions"

Tsf = p-CF3-PhSO, 18 1.2, instead of 1.5, equiv of 1a 73 90 > 2011
19 1.0 mL air, added to the 4mL vial 71 90 >20:1

Entry  Variation from the "standard conditions” yield [%]* ee[%]° drf 20 1.0 equiv H,0 was added <2 _ _

1 none 82 91 > 20:1 = Me Me

2 CrCl <2 - - O\xo

no CrCl, ’ ‘J ‘)
3 no (S)-L1 10 0 > 20:1 NN/ S/
- - i-Pr - Pr

4 (S5)-L2, instead of (S)-L1 <2 (S-L1 (s)L2 (5)-L3

5 (S)-L3, instead of (S)-L1 78 75 =201

6 (S)-L4, instead of (S)-L1 20 3 20:1 Ph Ph N

instead of (S)- > 20:
\f} — r° S

7 (S)-L5, instead of (S)-L1 35 -7 > 20:1 PPhy N—/ MeHN NHMe Ms,NH N Ph™ "H

8 (R)-L6, instead of (S5)-L1 43 40 > 20:1 (S)-L4 +Bu (S)-L5 (R)-L6 i-Pr 2

9 THF, instead of DME 78 90 > 20:1

) “Yield and dr were determmed via ’F NMR analysis with CF,Ph as

10 EtOAc, instead of DME 73 78 >20:1  the internal standard. “The ee was determined via SFC analysis.
1 MeCN, instead of DME 66 43 > 201 “Yield and dr were determined via 'H NMR analysis with mesitylene
12 10 mol% CrCly, 12 mol% (S)-L1 74 91 »20q O the internal standard.

13 TMSCI, instead of Cp,ZrCl, 43 87  >20:1 J. Am. Chem. Soc. 2023, 145. 20775. 3
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Tsg 15 moi% CrCly oH o
0 N 16 mol% (S)-L1 ~_Ph 1J
oo —— &7 N~/
R” "H Ph” "H Cp2ZrCl, (2.0 equiv) NHTs ¢ PH P
1 2 Mn (2.0 equiv), DME, rt s (GHK

Tsg = p-CF3-PhSO,

Aromatic aldehydes®

OH OH OH OH Me OH
“__Ph x Ph MeO._~ Ph O~y Ph L APh
: Dt OGO o
H NHT: NHT: ~  NHTs
R/@/\N,HTSF apinL/ Sp N SE o7 ~F F = NHTs ¢
3f 3g 3h 3i
3a (R =H), 84%, >20:1 dr, 96% ee 57%, >20:1 dr, 94% ee 83%, >20:1 dr, 90% ee 91%, >20:1 dr, 82% ee 86%, >20:1 dr, 99% ee

3b (R = Me), 85%, >20:1 dr, 90% ee

3c (R = F), 74%, >20:1 dr, 94% ee oH OH
- 9 . 9 “_Ph Ph
e Y e %
(R= 2), 45%, i1 dr, b ee o NHTs¢ O""J NHTs -
3k 3l
72%, >20:1 dr, 83% ee 91%, >20:1 dr, 91% ee 74%, >20:1 dr, 91% ee 71%, >20:1 dr, 90% ee
OH a,f-Unsaturated aldehydes"
— H Ph = OH OH
\,,/ @/\/ ( 2\‘/'\/% J\/j/\‘/Ph OH o oH o
- NHTs | : < S~ Pt e
N F BucN"‘“ NHTs ¢ Meo” N7 NHTs ¢ \/%/ ¢ Me = Y
Et — NHTs ¢ NHTs¢
3n 30 3p 3q 3r
51%, >20:1 dr, 74% ee 73%, >20:1 dr, 86% ee 57%, >20:1 dr, 88% ee 71%, >20:1 dr, 92% ee 62%, >20:1 dr, 74% ee
Avotosio _tasu.aob

J. Am. Chem. Soc. 2023, 145, 20775. >
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Aliphatic aldehydes®

oH OH
R._A_Ph “_Ph
T cl H
NHTs NHTs¢
3s (R = Me), 80%, >20:1 dr, 94% ee 3v

3t (R = Bn), 78%, >20:1 dr, 92% ee
3u (R = OPMB), 40%, > 20:1 dr, 91% ee

70%, >20:1 dr, 96% ee

OH OH
FiC ~_-Ph O A A Ph
o ¥ Me—( ] Y
= NHTs¢ N NHTs
3z 3aa
53%, >20:1 dr, 94% ee 45%, >20:1 dr, 87% ee
OH OH
Ph A Ph
O/\ﬁ:ws, BooN._-  NHTsg
3ae 3af

70%, >20:1 dr, 94% ee

82%, >20:1 dr, 94% ee

OH
TESO/\/\:/P"
NHTs¢
3w
70%, >20:1 dr, 95% ee

OH
Lpr/\_/Fh
NHTs g
3ab
68%, >20:1dr, 97% ee

OH

Ph

3ag
62%, >20:1 dr, 93% ee

Chiral aldehydes®

Me
3aj, (S)-L1: 50%, >20:1 dr ©
[3ak, (R)-L1: 52%, >20:1 dr] >7

“Condition A: 15 mol % CrCl,, 16 mol % (5)-L1, 2.0 equiv Mn, 2.0 equiv Cp,ZtCl,, 1 mL DME (0.2 M), 1.5 equiv 1, 1.0 equiv 2. “Condition B:
15 mol % CrCl,, 16 mol % (5)-L1, 20 equiv Mn, 2.0 equiv Cp,ZrCl,, 1.0 equiv LiBF,, 1 mL DME (0.2 M), 2.0 equiv 1, 10 equiv 2, 50 °C, 24 h.

CH

OH Ph
Ph =
J\i/\/\/ YQ/;'TSF
Me NHTs¢

3al, (S)L1: 75%, >20:1 dr
[3am, (R)}-L1: 76%, >20:1 dr] ¢

L0 equiv aldehyde and 1.5 equiv 2a were used. “The major stereoisomer is not the one depicted.

OH
Mg~ P
NHTs ¢
3x
54%, >20:1 dr, 92% ee

OH

v/\E/Ph

NHTsg
3ac

84%, >20:1 dr, 94% ee

OH
8w~y PN
NHTs¢
3ah
65%, >20:1 dr, 84% ee

HO  Ph
Me,

*. The Yang Research Group
Precise Synthesis Lob ot Tongji University

rEiHTsF
3ad
67%, >20:1 dr, 94% ee

LiBFAYT A AE 4 74 5 A7 B

o AR TR
Me Me l‘iHTsF
3ai

42%, >20:1 dr, 80% ee

H NHTsg
Me*=

3an, (S)-L1: 63%, >20:1 dr
[3a0, (R)-L1: 61%, 1:6 dr] ¢

J. Am. Chem. Soc. 2023, 145, 20775.  *°
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15 mol% CrCl,

o7

*. The Yang Research Group
Precise Synthesis Lob af Tongji University

(o] N 16 mol% (S)-L1
/\)‘L + /t Ph/\/\-/ A
Ph H Ar H Cp2ZrCl; (2.0 equiv) NHTs ¢
2 Tsr = p-CF..PhSO. LiBF, (1.0 equiv) 4
1 T8F = P-CFPhS02 yh (2.0 equiv), DME, 50 °C
Me O Standard conditi Me Qn
OH Me oH OMe OH Ph \e . N"TSF o Toble 1 Ph Na,naphthalene
= = Y H —
- H H Z Ph)\H with (R)-L1 NHTs;  DME,-78°Ctort
Ph 5 Ph H Ph H 3
NHTs¢ NHTs ¢ NHTs ¢ 0.80 g, 90%, 96% ee, >20:1 dr
(99% ee after recrystallizaiton)
4a 4b 4c
76%, >20:1 dr, 94% ee® 63%, >20:1 dr, 93% ee” 79%, >20:1 dr, 99% ee Me CN  Me 1) Diethyl malonimidate dihydrochloride, Me OH
\ N HN\z : 2) n-BuLi, TMEDA, TsCN, THF, -78 °C NH,
/\/Qi)@/ F 4 ¢ il o " 5,86%
Ph A Y Ph v Ph : CF3 6, 58% (for two steps)
NHTsg NHTsg NHTsg
4d OH OH Ph CN Ph
4e 4f /\/H/ph Na, naphthalene Nkr”“ o\')\ro >
66%, >20:1 dr, 95% ee 73%, >20:1 dr, 94% ee 47%, >20:1 dr, 94% ee B DME, 78°Ctort " — D
NHTs¢ NH, \
3t Ph Ph
7,50% 8, 40% (for two steps)

OH
Ph

TsgHN  Me
4g
44%, >20:1 dr, 90% ee

NJee
PH’ Y (o)

NHTs
4h
55%, >20:1 dr, 94% ee”

65%, 96% ee, >20:1 dr

OH Oe (99% ee after recrystallizaiton)

Phi ¥
NHTsg
]
47%, >20:1 dr, 93% ee”

J. Am. Chem. Soc. 2023, 145, 20775.  °°
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c) Cyclic voltammetry
a) Radical trapping study

Standard condition —— [
2 as i Table 1 OH e —— 0

S Ph
with 2.0 equiv TEMPO =

1a (1.5 equiv) NHTs ¢ s P /ﬂ \
N 3a, trace N / /

Ph” “H

<
N,Tsr Srendqrdrcg’réd_}llon e / / -6 §
as in Ta o\ ~ / ;
‘ ’ \ — 2 Ep=-187V g
Ph)\H 3a + TstN y;( / M \ / 1a E.220v g 3
2a (1.0 equiv) ﬁ:o o 3339%!‘:6"1 \T/ \ / — BCH,CHO E,=-233V
.2 9, 18% yield i 19
2.0 equiv ' 20% ee cfereclea
-12
b) Radical clock study . = ? '3 I e “
OH Potential (V) vs SCE
Ph.. Ph trans-10 R
(o] Standard condition ‘_/\/ 86% yield B]’J '%5 11 7?‘7 N_‘E%Iﬁ;t _]]?.H#' él] Tﬁ ﬁa'fJ_'f/% T 31/? 7F£ o '1.&{'3’ “E T%:
R as in Table 1 vV NHTs
. . 5 @ s 9
\/ 2a (1.0 equiv) “Gh 6%, REBES CrClL/(S)-L1 %&mZ A A4S K69iL R
(£)-trans-1b (2.0 equiv) Ph Ph cfs-11

\_/\( notdetected WAz E, MAKLSEMHT, ATEBTHHFANE, —)HH
NHTs ¢
5 A BT B AT R RS o
J. Am. Chem. Soc. 2023, 145, 20775. '
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d) Non-linear effect study
Standard condition

N
ArJ\H
2

1a . 2a as in Table 1
(1.5 equiv) (1.0 equiv)
100
- y = 0.9451x .
9 R?*=0.9954
— 60
«©
™
B 40 ‘
o
. L
20
0
0 20 40 60 80

ee of L1 (%)

Precise Synthesis Lob ol Tongii University

e) Proposed mechanism

e}
[zrl.  _E-Ar o
crlL /k“'o R)LH
i
* Ar 1

£y
Cp,ZiCly Cr/L1

L1J'CV'HN.SOZAr‘

ArO,S. [Zr]
Ar E
" AN
c O s
,SOLA
| CpoZrCly
criLi H30"
OH
2 Mn(")::\ cri'iLl LA
112 Mn R/\r
NHSO,Ar

J. Am. Chem. Soc. 2023, 145, 20775.  *®
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c) This work; enantioconvergent alkylation of ketones via radical-polar crossover

criL* , |

®/L® @JL | ar tant] wo f e |
reauctan gty VN :

up to 97% yield ® :® :

SET ]

up to >20:1 dr major product .minor product
Mp%ee = 3@ ) @ 0 chessse====

[@%@lﬁ‘ o® "

reductive radical-polar crossover

+ Good regio-, diastereo-, & enantioselectivities ¢ Reductive radical-polar crossover
+ Efficient access to chiral tertiary alcohols + Mild condition & broad substrate scope

ACS Catal. 2023, 13,3170.
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ol CrCh (2.0 mn\%) (SHL1 (2.4 mol%)
S. (2.

Et

? 4 mol% "9
©\/§ vz R szZrC\z { :::mi) MTMS

- T™S Mn (2.0 equiv)

1a (msﬁluw,) EJME (0.2 M), nt, 2‘,“1” 3a

Standard condition

Entry Variation from “Sfandard condition” Yield (%)b drt e (%)°
1 none 98 >20:1 99
2 no CrClz <3 - -
3 no ligand 39 =101 rac.
4 no P.8. 88 >20:1 93
5 2.4 mol% NEy, instead of P.S. 92 =20:1 99
6 1.0 mol% CrClg, 1.2 mol% (S)-L1, 2.4 mol% P.S. 94 =2001 99
T (S)-L2, instead of (S)-L1 77 >20:1 a1
8 (S)-L3, instead of (S)-L1 40 >20:1 7
9 (5)-L4, instead of (5)-L1 95 74 50
10 (S)-L5, instead of (S)-L1 <3 - -
1 (S)-L8, instead of (S)-L1 87 41 12
12 1.1 equiv. TMSCI, instead of Cp,ZrCly 48 >2001 98
13 Zn, instead of Mn 93 =20:1 B

Precise Synthesis Lob of Tongji University

14 THF, instead of DME 88 >20:1 98
15 MeCN, instead of DME 45 241 83
16 0.1 M, instead of 0.2 M, in DME 926 >20:1 99
17 1.0, instead of 1.1 equiv. Cp,ZrCl; 96 >20:1 99
18 1.2, instead of 1.5 equiv. 2a 96 >20:1 a5
19 1.0 mL air, added through syringe 73 >20:1 99
20 with 1.0 equiv. H;0 <3 - R
MeO. OMe
N
N H
o 770
o “" 0 N N
N L
%y o Ph  PH
(KLt (SrL3
0 0, o}
I TJ |
N N N NHMs
Ph (54 PR (5)L5 Pr(sKLe

“Reactions were performed under a N, atmosphere, and conditions
are as follows: 1a (0.2 mmol), 2a (0.3 mmol), 1.0 mL of DME, CrCl,
(2.0 mol%), ligand (2.4 mol%), proton sponge (P.S.) (2.4 mul%),
Cp,ZrCl, (0.22 mmol), and Mn (0.4 mmol). "Yield and dr were
determined via "H NMR analysis of the reaction mixture with CH,Br,
as the internal standard. “ee was determined via HPLC analysis.

ACS Catal. 2023, 13,3170.  “°
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158496 » Sigma-Aldrich.
C|3H3 C|:H3
HsG-N  N-CHg Proton-sponge®

E: 18- Z—REEE NNN N-ORE-18-58

P.S. 894b 5
O @A s (pKa=12.1) , A& kA 5 m ok s e,
O &t 4 & B % B TAam S il, bt =m0k s,

BT &% (P.S.) EALTAXERMA, 833 AIR-E B Bz Fo 4 55 RS 4K
RARE M, PR T HARACER 5 ke T A F AL RABIR RS 8 B 2t A AR AR
HERETHRECIEHRS»BHNR, 12 P.S. MR EINREL R E LR

ACS Catal. 2023, 13,3170.
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MeD. OMe
a CrClz (2.0 mol%). (SHL (2.4 moi%) B ©
PS. (24 mol%) . Wms N

o . _{
QJVQ A CpaZrCly (1.1 equiv) o N, ]
TMS Mn (2.0 squiv.} At

0.4 mmol 1.5 equiv. DME (02 M), . 24h L@ g

Cyelic ketone scope

L El J\
I:N:B/Kws o QK

Propargylic chioride scope

e

\ e
3 £ £ 3 PN
91%, >20:1 or, 99% ee 90%, *20:1 or, 99% a6 67%, >20:1 o, 99% s0 3%, 5201 or, 99% ee 1O,
A\
Acyciic ketone scops 1> ¥
HO Me _.-TMS HQ Me },/TMS HQ_Me //TMS 32
,*;.T # A 5 # 93%, >201 &, 99% s
Mo = Me" AP B J & HG\J ~oan
39 h 3 3 Ay
84%, 5:1 dr, 08% e B1%, 7:1 dr, 98% oa B1%, 5:1 dr, 98% 68 83%, 501, 09% ee [ . \ms
HO Me TMS HO Me -TMS 3aa 3ab 3ac 3ad
o o A 98%, >20:1 dr, 99% o8 91%, >20:1 dr, 3% oo 78%, 20:1 dr, 09% se 96%, »20:1 dr, 99°% oo
Y jo s
Ur'l‘f] L [ =
1 am 10
5%, 5:1 dr, 90% eo 0%, 3:1 dr, 08% on 735, 511 dr, 99% ee
HO, Mo dld TMS
L e Ho e TMS Tvs  to e
s. A _H# ks Tl s r A
e L ~
- o L :
&t &
&
3p 3¢ 388 E
91%, 21 o, 6% o6 0%, 21 &, 9% oo 7%, 311 0, 9% ee 1%, 21 &, 9% oo 40%, 5:1 o, 9% o
42

ACS Catal. 2023, 13, 3170.
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Il (10 mol%), (SHLB (12 mol%)
PS. (12 matt)
@’ “R CpaZiCl, (1.6 oquiv) 3,
' ®/\® Mn (2.0-0quiv.), Mgl (0.5 equiv) NHMs
0.2 mmal 1.5 equiv. i

DOME (0.1 M), rt, 48 h (SHLE

Propargylic chloride scope
He

Ph
HOCFs Ph QLR
HO CFa/ Fh 4a, R = Et, 60%, >20:1 dr, 91% ea o Me
4b, R = Me, 5%, 16:1 dr, 85% ee {\;‘T Me' Me
i 4c,R=n-Bu, 69%, >20:1 or, 0% e Me A% b
Me 44, R = Bn, 63%, >20:1 dr, 90% ee de “
6%, 5201 dr, 89% ee 4%, >20:1 dr, 90% oo

Ph

~1-Bu

HO, CF; " .
; HO, CFy = H HO, CF,
/@/\l/ W ! £z
Cy
Me e Cy Me Cy Ma
49 4n 4 4
T4%, »20:1 dr, 94% ee 81%, >20:1 dr. 92% ee 65%, 18:1,93% ee

~t-Bu

HO, CF %
M
Me Et

Et
41 4m" 4n*
52%, >20:1 dr, 89% ee 76%. 20:1 dr, 87% ee 60%, >20:1 dr, 88% e 63%, >20:1 dr, 83% ee
Ketone scope
§ HO, CF Ph HO, CF Ph HO, CF; _Ph
HO, CF, _-Ph £F 4 £F 2 £ 2 HO, Caf Ph
Fn)\/ I\ = B o B = I
Et o B o~ B meo” ~F B EL
40 ap 4q ar 4s
67%, 1111 dr, 86% ee 65%, 8:1 dr, 87% ee 40%, 51 dr, 70% ee 75%, >20:1 o, B8% ee  40%, >10:1 dr, 85% ee

ACS Catal. 2023, 13, 3170.
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a) Free radical trapping experiment

"Standard condition”

Et
C /CLI as in table 1 HE, /El\i
+* . +
[ [ r> = TEt v A / COOMe
z =
™S COOMe ™S TMS
1a 2a

S0,Ph
(1.5 equiv) A0 3a, 15%, >20:1 dr 7,20%
(2.0 equiv.)
b) Nonlinear effect & UV-Vis spectroscopy
"Standard condition”
ia # 2a as in table 1 3a
Non-inear effect -vi
B i P UV-vis study
y =0.9891x S - i
i . 16 — CrCl,+PS. +(5)-L1
80% Ri=0.5604 /. — c;mta‘.ur. P.5.+(S)-L1
/,/ —CICl,+PS. + (S)}11+1a
g % P 2 - Stand condition 6 h
] o g - Stand condition 9 h
K A 2
o 40% = 208
o / 2 \
0'/ 3
20% ) // = o
0% ‘/
0% 20% 40% 60% 80%  100% o+
ee of (S)-L1

ACS Catal. 2023, 13,3170. **
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crlliL1
%\ Et v

¢) Proposed mechanism .

™S i
ol fast
/\ Et
T™MS Cr’”IL1 Crm[L‘l
I - L
crliLt ™s” g T™S - Et
172 M )/ fOE -
1/2 Mn® ok L1icrt, Bt cr(R)-L1
r
N
Cicpszr—o Bt >‘< ™S
Cc
_ Cp,ZrCl,
™S
D

ACS Catal. 2023, 13,3170.  “°
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a) Representative natural products with chiral g-hydroxyl carbonyl unit

me OH 0 Fhp-RABEESMERLEAET S
- ; OMe RREFMAERHHH TP, «;-)*@fl‘l
/ \—0 :\Me Reformatsky B T 1887F B K A H, 8% %
MeO BAFNF 00— B K3 E AL A4 5 85 SR 64 5T
Plakortethers F BABEE, HAE G Lo R R+ H AL
b OH O TG A B AT AR, %R
0O OH o S NP v WA B A AR T RS, Bk, T
R=H, epothilone A M Me < NA— A M ECCRW R T X, T2 A
R=Me, epothilone B At FRAAMDTHERT. HHR, Titf
Iithomyein & Reformatsky A& £ & & F 1 8- i # & Ae
b) Previous work: Catalytic asymmetric Reformatsky reaction LA\ B B E R

2 #6440 T 3F AR Reformatsky B R R 9%
o 0 iral cé R?0OH O EBMERHR_F RERFENZRA, A

S i et A am Pa kR B & 06800 3

chiral -hydoxy A ik F #— F 48 & TS 3 AR Reformatsky R &,
carbonyl compounds & J& — A7 & sk, L 69 Rk kA & T 5
OZnMe o] BEEBEAENED.
— MeZn\/U\ e Mainly rely on chiral Zn or Mn catalysis bk s =
OR ~ 7 OR] e The use of primary a-iodo esters or amides
proceed via in-situ » Pyrophoric ZnMe; as the reductant i
formed Zn enolate Angew. Chem. Int. Ed. 2024, 63, ¢202406109
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o 5 o 12 mol% CrCly, 16 mol% (S)-L1 G OH
B0 * HJLph P.S. (15 mal%), CpaZrCly(1.5 equiv.) E'O)S(L Ph
Me Me Mn(2.0 equiv.), DME (0.2 M), rt, 24 h Me Me
1a 2a 3a
(2.0 equiv.) (0.1 mmeol) “standard conditions”
Entry Variations from "stardard conditions” Yield [%]? ee [%]®

1 none 82 98

2 no CrCl; <2 -

3 no (S)-L1 50 0

4 noP.S. 60 96

5 L2, instead of (S)-L1 72 71

<] L3, instead of (5)-L1 80 68

7 L4, instead of (S)-L1 42 18

8 L5, instead of (S)-L1 72 22

k] L8, instead of (S)-L1 70 16

10 TMSCI, instead of CppZrCl; 45 98

11 Zn, instead of Mn 46 65

12 THF, instead of DME 27 91

13 EtOAc, instead of DME 60 96

14 DMF, instead of DME g 36

*. The Yang Research Group
Precise Synthesis Lob af Tongji University

15 8 mol% CrCly, 10 mol% (S)-L1 65 o7
16 12 h, instead of 24 h 57 97
17 1.2, instead of 2.0, equiv. 1a 55 98
18 with 2.0 mL air, added via syringe 58 98
19 with 1.0 equiv. H,O -
N
5 >j_ .5 )j_ _E H -0
Ph Ph
N N\_/k N\) F.h\ N Apn
i-Pr (1 i-Pr ﬂPr (s)L2 l-Pr i-Pr (s, S-L3 -Pr
CN
0. Q o) O-. /(; 0\{&(0
] 1J ] I
N N/ N NHMs N HN
F i PR Ph
7] (S)-L4 D L (S)-L5 (R)-L6

? Reactions were performed under a N; atmosphere, yields were

determined via "H NMR analysis of the reaction mixture with CH,Br,

as the internal standard. *

Angew. Chem. Int. Ed. 2024, 63,

ee was determined via HPLC analysis.

€202406109 7
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O OH o OH 0 OH 0 OH
oo T e . .
Me Me Mé Me L Me Me "-'s Me Me L/
3z 3ab 3ac 3ad
92%, 92% ee 85%, 98% ee 92%, 97% ee 66%, 92% ee
Alkenyl
o OH o OH O OH
. )17(\/,. ~
Et0 ZSnpr BnO EtO “ph
Me Me Me Me Me Me Me Me Me Me pe
3ae R=Ph, 3af, 66%, 97% ee 3ah 3ai 3aj
92%, 57% ee R = PMP, 3ag, 66%, 98% ee 86%, 98% ee 69%, 97% ee 7%, 97% ee
Alkynyl
o oH o oH o OoH o OH
BnO AN )I}(’\ )S('\ ano)g('\’"‘"e E10 “ph
Me Me ~n-Bu Me Me Me Me Me Me M Me
3ak 3an 3a0
87%, 99% ee 84%, 95% ee SB%. ‘38% ee 86%, 90% ee 93%, 95% ee
Aliphatic & Chiral aldehydes
o oH o oH g o OoH
P A" -CF:
N - )5('\,\ ~a s oms 80" S~ oo 'S 5k
Mé Me Mé Me Me Me Me Me B Me Me F
3ap 3ar 3as 3at
64%, 95% ee 82%, sa% ee 76%, 97% ee 87%, 97% ee 74%, 97% ee
o OH
O OH Me

3au
62%, 95% ee

O OH

Me Me

=i-Pr, 3aw, 81%, 81% ee
R =Cy, 3ax, 86%, 88% ee

Jav
80%, 97% ee

ano%(“a E'O)l?ﬂ'\' e

o ,;J

Me
from (-)-citronellal

3ay, (S)-L1: 81%, 13:1dr
[3az, (R)}-L1: 7%, 13:1dr"]

Angew. Chem. Int. Ed. 2024, 63, e202406109

from (-)-perillaldehyde
3ba, (S}-L1: 85%, 8:1 dr
[3bb, (R)-L1: 73%, 7:1 dr’]
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CI‘ Ca taIJ/Sis:%ﬁﬁhﬁﬁ AR5} #MReformatsky B &

PMP.

0 oH g o oH oH
EtO Ph El0 b n-Pro Ph PMP\N)%F’VW
Et Et Me Me Hme Me
d4a 4b dc ad
65%, 95% ee 92%, 96% ee 93%, 98% ee 60%, 96% ee
Fr oo oH 0 OH
.\
o oH }0)17('\ Ph Me"\. Do Ph
PMP.. o~ Me Me : H y, Me Me
N P ' H
Me Me from (+)-menthol from pregnenolone i-Pr
4 4g, (S)-L1: 83%, >20:1 dr &, (S)-L1: 79%, 15:1 dr
56%, 95% ee [4h, (R)-L1: 83%, >20:1 dr¥] [4j, (R)-L1: 78%, >20:1 dr¥]
O OH O OH 0 OH O OH
ANy e Ao ol A
~F R = NN -0
- 4s 4t 4u
R=H,  4m,B1%, 92% ee 72%, 90% ea 70%, 91% e 2%, 87% ee
R=0Me, 4n, 72%, 80% ee
R=SMe, 4o,63%,82% ee O OH f\l u M
R=Cl,  4p 65%, 03%ee  EO -y 7 BnO' 4 ) BnO g
R=CF;  4q,59%, 94% ee P w © o g
R = COMe, 4r, 49%, 92% ee 75%, 91% ee 51%, 93% ee 60%, 93% ee

7

0O OH

e

"OCF,
de
60%, 97% ee

O OH

) H T me Me

from dehydroabietylamine

4K, (S)-L1: 54%, 10:1 dr
[41, (Ry-L1: 50%, 10:1 dr¥]

o OH
E0 ““Ph
av
80%, 92% ee
o OH
BnO - sMe
4z
51%, 87% ee

O OH

oo
FF

N
4ad
63%, 92% ee
o OH
EtO Ph
FH

4dal
88%, 1.3:1 dr, 63%/63% ee

*. The Yang Research Group
Procise Synshesis Lob of Tongj Universiy

EtO =

S 0CF,
sae
61%, 94% ee

0 OH
EtO ~ph
FH

4aj
79%, 1.4:1 dr, 60%/63% ee

Angew. Chem. Int. Ed. 2024, 63, ¢202406109  *°



. Cr CatalJ/Sis:%1i§-1'hﬁﬁZiiﬂ'ﬁ:Reformatsky}iE_

12 mol% CrCly, 15 mol% (S)-L1

o o
Br +
"o e

1 (2.0 equiv.) 2 (1.0 equiv.)

DIPEA (1.0 equiv.), DME, rt, 24 h
Blue LEDs

O  OH 0 OH
E'OJ% Fh EO ) Enoj%f’"‘ph
Me Me o e

Me Me

3z, 68%, 97% ee 3ac, B1%, 81% ee 3af, 73%, 97% ee

OH

1 mol% [Ir(dF(CF3)ppy).dtbpy]PFg
P.8. (15 mal%), HE(2.0 equiv.)

O  OH

3ak, 52%, 96% ee

o}
- JYK S SN PN
Me Me Me Me

Ph
3al, 67%, 93% ee

MS Me Me

3am, 47%, 92% ee 3ao, 59%, 93% ee

Me Me
3aq, 52%, 94% ee

scope

o OH g 0 oH o OoH
Eto)l\;\/LF‘h EtO Ph r=n.n=nNJJ>(LPh PMP\N%_,«\PH

et Et L Hue' e He e

o

4a, 83% 97% ce 4b, 68%, 08% e 4d, 58%, 98% ee 41, 46%, 99% ee

P— M o OoH 0 OH

P EDJ‘S(LPh EtO Ph

EtO’ Ph EtO Ph FE FF
4m, 60%, 95% e 4v, 61%, 96% ee 4aa, 90%, 97% e 4ah, 65%, 97%

. The Yang Research Group
Procise Synshesis Lob of Tongj Universiy

a) Application in the formal is of lysine
standard conditions 06
NHBDE as in table 1 N oH O
J_cHo CI\)L e
+Bu0OC OEt 5 mol% NiGIy(PPhg);  -BUOOC OEt
Sa

previous work:

(S)-L1: 82%, 14:1 dr

!

o
Boc.
MEOL/B' NH OH QO Boc. ., ¢-SMe
+Buc0C” OMe —
Zn, TMSCI &b HOOC NHCbz
92% yield, 2.3:1 dr w7
lysine derivative
b)A in the formal of ent- A
itk 8nO e
standard conditions =

i
\‘/Q/\/O - 78\051

Me Me
5b

1a

prevmus work:

JlMe Bn —
3 HMe

40% yield. 3.5:1dr

as in table 1 \

oEt
O A Me
HO\, 3 i Me

a
(R)-L1: 72%, 9:1dr

= A

Angew. Chem. Int. Ed. 2024, 63, ¢202406109 *°
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Precise Synthesis Lob o Tongii University

a) Radical trapping experiment b) Non-linear effect study e
O OH standard conditions
o] as in table 1
1 -+ RO ~ph )%TEMPO 1a oo ——
2.0 equiv 1.0 equiv
-~ Cl TEMPO id s Et0 o (2.0equiv)  (1.0equiv)
Me' Me 2.0 equiv. 3a 100 - .
1a 46%, 94% ee not detected a0 | o
2.0 equiv. standard conditions &
+ as in table 1 80 1 re
Ph-CHO - 2 _ 701 -
2a preww 52%, 97% ee + EDM’COOM& i 60 - .
Me Me & 50 7 y=10,9867x
A 5O0Ph . 2 . R? = 0.9987
2.0 equiv. g 40 1
c) Control experiment 30
20 A -
o OH
CrCly (2.1 equiv) ) . ; 109 -
N NaH(2.3 equiv.) 1a (1.0 equiv.) 2a (1.0 equiv.) Elojw\ Ph ol X ) . ) ,
(S)-L1 (23 equiv) DOMETH 15h 24h o le 0 20 40 60 80 100
a
26%, 8% ea ee of (S)-L1 (%)

Angew. Chem. Int. Ed. 2024, 63, ¢202406109 °'
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Precise Synthesis Lob ol Tongii University

) Prop d hani nng_a i x’I i &
Percent Buried Volume of L1| .,
o O qMe ] Jas
1y
E0” % C! go °Me IGHfS a .
i : ‘
o ™
- -on
criiLt y 150
am
172 Mn'! ocrLi i WVour = 62.5% | o=

ELOJ\/(CH“-U Elo)*rME O B B A e

Me Me Percent Buried Volume of L2| B,., |Percent Buried Volume of L3 L0
12 MnD ’ 2138 ! 25
3 2
i 150 150
3 TS 3 0.75
o oo o oo
l
= 0 ocr'iL1 A oy 05
work-up 150 -130
2 -H
H:0 Me e /
ZrCp,Cl, c -3 3
YoV = 56.9% | [l % Viyr = 56.8% | [-0o0
P -3 -3 -1 a 1 2 3 & 4 =3 = =1 g 1 F] F1

Angew. Chem. Int. Ed. 2024, 63, e202406109
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Precise Synthesis Lob of Tongji University

SambVca 2 R —HKF Ldy it HNF TR, T &ATERRKY T AMZERS, L1 £
BB BB Ge Rzt AEL) F AT oERAK GeBBA, REFXFTES) g0

9
E&L&

AN Y8
& F 4z =L
Bt H AR E e B P ) AR BASIRAR, AR UAT R AR
> %V<sub>bur</sub)>: Bk 48 H &E = RAREE ot (B IR, AR K E T4
PEAEK)
> 48R (Solid Angle) : FEBLARM £ & 869 A2 B .
> BB SHIES S,
AT RERFEBAIUTHR, WA UBLIR ) = 8.
@ TR H
A REAR-2 B 2 593D T HAARA, ANETEMESR GrBPREMEN EEZRER) .

Angew. Chem. Int. Ed. 2024, 63, 202406109
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c). This work: Catalytic asy via radical approach

ino C-H functi :
orﬁu\o o} %@ Z}t{o : Tu..ﬁ.,mum.,! -

- &
OJ\ redox neutral Ly

H OH 'i(
chiral p-amino alcohols ohNHTE
l HAT
e’
e @' ~ ﬁéO T
- - =%
ng radical H HN asymmetric
approach Q addition
supported by DFT
Challenge: competitive HAT
1% 3
43 [fj A .
j vs H e <
'ﬂ /\ H deo L Direct HAT 1 H-Bond assisted HAT |
< | I |
Ph/\NHTf g NN PhN0 ]
Tf  H-bonding BDE Figure S19. HAT process of substrate
18:6lkealimol 84.8 kcalimol
AG4* = 13.1 kcal/mol AG,* =2.0 kcallmol  AGt = 10.8 kcal/mol

Selective HAT enabled by H-bonding interaction

J. Am. Chem. Soc. 2024, 146, 5316  **
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Cr Catalysis:~ -se % ¥ 58 A3t fra - C-Hw

15 mol% CrCly, 16 mol% (S)-L1

NHT o 2 mol% Irf[(dF(CF3)ppy)z(dtbpy)]PFg NHTf
| 4 )\ 30 mol% Quinuclidine AT R
- H
Ar R™ "H 1.4-dioxane (0.1 M), rt oH
1 2 blue LEDs (440 nm) 3
"standard conditions"
a,f-Unsaturated aldehydes®
NHTF ﬁ’\> %OME NHTF % NHTfMe
H | B I - [
PN O o SN PSS Me ph/WME
OH OH OH OH OH
3q, 53%, 97% ee 3r, 69%, 90% ee 3s, 54%, 97% ee 3t, 53%, 98% ee 3u, 57%, 99% ee
Aliphatic aldehydes®
NHT? NHTF NHTF NHTF /\‘ NHTF
P >R PN e SNOTES A S SN Ner, P /\/\H/\
OH OH OH OH

3x (R =n-Pr), 50%, 99% ee

3y (R=Ph), 51%, 98% ee

Ph” n
OH
3af (0 =1), 71%, 98% ee
2), 78%, 98% ee
3), 53%, 98% ee

3z, 56%, 98% ee

NHTf
- x. Ph
Ph/\(l Bu
OH
3aj,< 10%

NHTF
AP
Mo OH
3Jav, 56%, 92% ee

3aa, 49%, 95% ee 3ab, 45%, 97% ee 3ac, 54%, 98% ee

NHTf NHTF
, Me
© P >

I
OH WMe Me
3am, (S)-L1: 53%, >20:1 dr
[3an, (R)-L1: 56%, >20:1 dr]

3ak, (S)}L1: 63%, >20:1 dr
[3al, (R)-L1: 51%, >20:1 dr]

N-Benzyltriflamides

Me

NHTE ‘/\)\
N
OH
3v, (S)-L1: 74%, >20:1 dr
[3w, (RFL1: 77%, >20:1 df]

NHTF
Ph

OH
ad (R = 0), 73%, 98% ee

3
3ae (R = NBoc), 65%, 96% ee’

NHTfMe

OH OMe

3ao, (S}L1, 38%, >20:1 dr
3ap, [(R)}-L1, 35%, >20:1 dr]

NHTV NHTV NHTV NHTF
ﬂ/ AP /r. j/\/Fh ﬂ/iT/\/Ph ]/\] \/ph
o~ OH LS OH s OH
3aw, 75%, 93% ee 3ax, 6%, 93% ee 3ay, 37%, 94% ee 3az, 67%, 94% ee

J. Am. Chem. Soc. 2024, 146, 5316
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. Cr Catalysis.\ 5.5 % 5w rstfa- C-Hi

a. Radica| trapplng experimen‘ -------------------------------------------
NHTF o "standard conditions” ;h 29%. 0%
B a, X ee
. )_I\ as in Table 1 M

Ph Ph” "H CO.Me NHTfCHO;Me
1a 2a SO,Ph Ph)\)\/soz"h

8, (2.0 equiv) 9b, 20%, 1.2:1 dr

3a (not detected)
b. Radical-clock eXperiment «««ecceereereirnirmiimiiiiiiiiioiioocenanns
PRT YT g, Ph

o “standard conditions" OH

10, 32%, >20:1 dr

+
NHTF
/\/é\
Ph TN Ph
OH

11, 32%, >20:1 dr

as in Table 1

NHTF
P , Ph. #H
Ph

1a (x)-trans-2b
(5.0 equiv) (1.0 equiv)

35

: c. Stern-Volmer plot

=
*. The Yang Research Group
Procise Synshesis Lob of Tongj Universiy

A quinuclidine y 228x + 0.95
1 ®PhCHO v EREee
+ BnNHTf
1 quinuclidine+BnNHTf
1 0.983
1 &= & @ =0
0 2 10

4 6
Concentration (mM)

J. Am. Chem. Soc. 2024, 146, 5316 °°
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Precise Synthesis Lob o Tongii University

el
Ph H " CriiL
1a > NHTF Ph/”\H CO o~ PN
HAT_ | ol 2a P
\\ Ph” PR™H  NHTF
& B TN
+u
o, 2 ey .
H’N Organocatalytic A criliL1  Chromium Catalytic =~ NHTf @ Bt ZEFENAR
c Cycle I Cycle Ph Ph F 44 (HAT) 4%
RN E Omei Aa-fk b,
SET SET ® it Cr-O%fE %
Photoredox Catalytic )\ Hor G
Cycle
H [NA? i I crifLt NHTH
4a Ph/;\\/ Ph
Tl .\. (:)H
/ 3a

J. Am. Chem. Soc. 2024, 146, 5316 °/
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. Cr CataIJ/Siszif‘if&%%%% 7%1’2‘;&%% —1-3 ﬁ%ﬁ&i[%i‘%}ﬁﬁ%%}iﬁ .:i' The Yang Research Group

e Underdeveloped: stereoablation of axial chirality

% 9.9 =€ TMIL
Q (P)_bl C{—(M) Q %
(elusive)
racemic mixture allyl radical

e Lack of suitable catalytic systems and reaction models
« Challenging E/Z-, regio- and enantioselectivity control

BRI A— LK GHANE & A RS HANL S BT HRAFNEH, BIEARESHERIALEFEH
B &V, £ TRRAZHENRED>TERT EA T ERGFAMNE. LF, M EEGELTAT
AT RARIEE T Ay & T REEARE T — S A A& HE. BATCRE S E AT ALK RH L 1I-= 3K
BR MG B B G A AR T RABIR R, AR 7 A TR M 5 R 6 AL TR A AR TR AB IR B R g A SR e ARR T B S
F1, - BRERM, A% B AR A AT AR @ e A S TR RL: 1. BRMZIRA93E KT R A TR s 2. K3k
Frreishl: 3. ZARBFIES, BHR B RIEF PO F 6 AR AR R A,

Angew. Chem. Int. Ed. 2025, 64, e202413198  °*°



. Cr Catalysis: &+ = wismm s b %t 586 5 HOL R XL RIBHA L

0 0,0 CrCly (5 mol%)/(R,S)-L1 (9 mol%) OH o0
P AI,S\: CoTPP (2.5 mol%)/IF] (1 mol%) Y
PH “H . - P A

Me Hantzsch ester (2.0 equiv) M
1a (£)-2a DME (0.05 M), 30 °C, 12 h ©
Ar = 2,4,6-Meg-CgHy Blue LED 3a

(£)2b: Ar = 2-Me-CgH,  "standard conditions”

(£)-2c: Ar = 4-Me-CgHy

(£)-2d: Ar = 4-CF3-CgHs

Entry  Variations from “standard conditions”  yield [%]* EZ" dr® ee[%]°

1 none 81 (80)¢ 14:1 15:1 91
2 wio CrCly, CaTPP, [Ir], light <2 - - -
3 NiCly, instead of CrCly <2 - - -
4 TiCly, instead of CrCl, 36 >20:1 2:1 30
5 L2, instead of (R, S)-L1 77 6:1 o1 70
6 L3, instead of (R, S)-L1 63 6:1 5:1 62
7 L4, instead of (R,5)-L1 63 1:2 >2011 B
8 L5, instead of (R, S)-L1 64 1:20 >20:1 10
9 L6, instead of (R,S)-L1 <2 - - -
10 2b, instead of 2a 64 41 51 82
11 2c, instead of 2a 61 1.3:11 5:1 68
12 2d, instead of 2a 57 1.6:1 51 70
13 E10Ac, instead of DME 71 12:1 13:1 88

. The Yang Research Group
Precise Synthesis Lob ot Tongji University
14 THF, instead of DME 70 21 a7

15 CH4CN, instead of DME 16 51 1M1 86

2
F
3
CFy
Ir(dF(CF3)ppy)2(dtbpy)]PFg] CoTPP
Me, Me
> A
,.«-L[ i 0, \:} Ph 1 i )ePh
>N N N N/ N N- 4
N pH Bh P Ph
(RS)L1 L2 L3

Me_Me N
0 0. Ph  Ph
Ph h weh PO \3,..% N
NN NS MeHN  NHMe
Ph Ph 15 Ph

PR 14 L6

Standard reaction conditions: 1a (0.2 mmol, 1.0equiv), 2a
(1.1 equiv.), CrCl, (5 mol %), (R,S)-L1 (3 mol%), [Ir] (1 mol %), CoTPP
(2.5 mol%), Hantzsch ester (2.0 equiv.), DME (0.05 M), upon Blue
LEDs (440 nm, 20 W) irradiation for 12 h under N, at 30°C. [Ir]=
Ir(dF (CF;) ppy).(dtbpy)]PFs. “The yield of product as mixture stereo-
isomers were determined by 'H NMR analysis using 1,3,5-trimeth-
oxybenzene as the internal standard. *The Z/E and dr value were
determined by 'H NMR analysis of crude reaction mixture. “The ee
value was determined by SFC analysis. “Isolated yields as mixture
stereoisomers based on aldehyde Ta.

Angew. Chem. Int. Ed. 2025, 64, e202413198 *°



Cr CataIJ/SiS;E%iﬂi%%%%

OH
<o xFG MeO
o} Me

McO
3, 7%, 15:1 E2Z
86% ee, 14:1 dr

84% ee, 14:1 dr

oH i «
o FG

g Bod

3k, 63%, 12:1 E/Z

31, 52%, 15:1 £/Z
87% ee, 14:1 dr 84% ee, 17:1 dr

OH oH
ph/\/\(\/ FG Me\NY\/FG
Me Me
30, 98%, 17:1 E/Z

3p, 71%, 141 EZ
94% ee, »20:1 dr

94% ee, 20:1 dar

OH oH
TBSO. -G *xFG
; /\H:\l/\/
Me ™S Me
3u, 87%, 16:1 E/Z

3t,35%, 1711 EZ
93% ee, >20:1 dr

95% ee, >20:1 ar

OH
o FG

3g°, 96%, 15:1 E/2

%W%ﬁ%ﬁﬂki[%iﬁ%lfi%ﬁ%}ilﬁ

w%

ah, 94%, 171 E/Z
87% oe, 18:1 dr

MeO*/j/Y\I

3m, 82%, 14:1 E/Z
92% ee, 14:1 dr

Aliphatic aldehydes
OH
& /\A/Y\/ FG
Me

3q, 84%, 15:1 EZ
95% ee, >20:1 dr

3v, 89%, 15:1 EZ
96% ee, >20:1 dr

SRS e N
Me Boc™ L

3z, 94%, 171 EZ 3aa, 98%, >20:1 E/Z
94% ee, >20:1 dr 86% ee, >20:1 dr

T4% ee, >20:1 dr

3i, 91%, 15:1 EZ
94% ee, 14:1dr

X—Me

3r, 76%, 15:1 E/Z
91% ee, >20:1 dr

OH

V/Y\/FG

Me

3w, 91%, 12:1 E2Z
98% ee, >20:1 dr

oH OH
G
° O/\‘/\l/\/
Me Me Me
el
3ab, 46%, 7:1 EZ

3ac?, (R, S)-L1; 529
171 E/Z, 973 dr

)

3j,86%, 13:1 E2
89% ee, >20:1 dr

OH
\ FG

s

m n®, 90%, 16:1 E2Z
87% ee, 13:1 dr

3s, 54%, 141 E2Z
94% ee, >20:1 dr

OH

WFG
1 Me

=1: 3x, 90%, 14:1 E/Z
94% ee, >20:1 dr
n=2: 3y, 37%, 16:1 EZ
94% ee, >20:1 dr

. Me
Boc

3ae, (R, S)-L1: 69%

>20:1 E/Z, 973 or

Angew. Chem. Int. Ed. 2025, 64, e202413198
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Cr Catalysis.x+ =i

BoC\H oH

- CJ\WFG

Me
3ag, (R, S)-L1: 77%
18:1 E/Z, 94:6 dr
(3ah, (S, R)-L1: 72%
18:1 E/Z, 3:97 dr)

OoH
Ph/\/\(\\,FG
R

R=Bn 3aq, 92%, >20:1 E/Z
94% ee, »20:1 dr

R = n-Bu 3ar, 89%, >20:1 E/Z
94% ee, >20:1 dr
OH

2 -FG

3aw, 84%, =20:1 E/Z
92% ee, >20:1 dr

% B b B 0 2 UL 3R X AR R AR BR R

*. The Yang Research Group

Precise Synthesis Lob ol Tongi University
Ghiral aldehydes~ 18:1 E/Z, 4:96 dr) 2011 /2, 5:95 dr)
OH OH OH
BocHN\/\\(‘\\/FG BﬂcHN\/\l/\\/FG BOCHN\/Y\\,FG
Me Me F’h/_ Me iPr Me
3ai, (R, S)}L1: 80% 3ak, (R, S)-L1: 77% 3am, (R, S)-L1: 45%
201 E/Z, 97:3 dr 20:1 E/Z, 973 dr 20:1 E/Z, 96:4 dr

(3aj, (S, R)-L1: B6%
20:1 E/Z, 2:98 dr)

/\/\(\,FG

i-Pr

3as, 81%, »20:1 E/Z
88% ee, >20:1 dr
X-Ray

é.o

R=Cy 3ax, 55%. >20:1 EZ
96% ee, >20:1 dr

i-Pr 3ay, 87%, >20:1 EZ
96% ee, >20:1 dr

(3al, (S, R)L1: 77%
20:1 E/Z, 2:98 dr)

(3an, (S, R)-L1: 57%
2011 E/Z, 3:97 dr)

3a0, (R, S)-L1: 84%, 18:1 £/Z, 94:6 dr
(3ap, (S, R)-L1: 98%, 15:1 E/Z, 4:96 dr)

Allenyl sulfones
oH
3at’, 83%, 19:1 EZ 3au, 82%, =201 E/Z 3av, 64%, >20:1 E/Z

94% ee, 191 dr 94% o8, >20:1 dr 94% ea, >20:1 dr

oH oH
Ph/\—/)\/\‘/FG r\/ET H
Me™ ™M M R
e Me €
R =Me 3bb, 49%, >20:1 EZ
90% ee

R=Et 3be, 33%, >20:1 E/Z
90% ee (90% ee), 1:1 dr

\FG

3az, 56%, 11:1 £/Z

3ba, 46%,
99% ee, >20:1 dr

>20:1 E/Z, 94% ee

Angew. Chem. Int. Ed. 2025, 64, 202413198  °
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. Cr Cata/ySI'.S:;E‘T—EJ&%%%%iﬁﬁ%%%ﬁ%ﬁﬂki[%ﬁ%ﬁ%ﬁ%&ﬁ

CrCl/(S, R)-L4 oH @)
“” CoTPP, [If], MgCl, R R
\= —_— = Ld
Hantzsch ester, EtOAc FG |FG=
30 °C, Blue LEDs - Me
(£)2 42
OH OH OH
PN o N
MeO Ph
4a, 57%, 4.1 ZE 4b, 68%, 3:1 ZE dc, 63%, 3.1 ZE
90% ee, >20:1 dr 94% ee, > 20:1 dr 91% ee, > 20:1 dr

on on Ve OH Scheme 2. The substrate scope for Z-selectivity. Standard reaction
H H H conditions: 1 (0.2 mmol, 1.0 equiv.), 2 (2.0 equiv.), CrCl, (15 mol %),

cl \ MeoW m
S,R)-L4 (25 mol %), [Ir] (1 mol%), CoTPP (2.5 mol %), MgCl
T T e UL K e | (SR @5 mol%), [ (1 mol%), CoTPP (2.5 mol %), MeCl,

o (10 mol %), Hantzsch ester (2.0 equiv.), EtOAc (0.05 M), upen Blue
oy SR b T 41 T 5%, 51 ZE LEDs (440 nm, 20 W) irradiation for 12 h under N, at 30°C. *Yields

91% ee, > 20:1 dr 91% ee, = 20:1 dr 88% ee, > 20:1 dr
indicate the yield of the isolated product as mixture stereoisomers
oH OH OH
: : : based on aldehyde 1.
SOR% TN T
Me FG YO Me FG Me FG
4g, 69%, 4:1 ZE 4h, 6%, 3:1 ZE 4i, 86%, 3:1 ZE
90% ee, > 20:1 dr 94% ee, > 20:1 dr 80% ee, 7:1 dr
or on oM
RN RN =
FG Cy FG FG
Me0” ~“nBu MeO MeQ Me” | Me
4j, 85%, 2:1 ZE ak, 85%, 1.3:1 Z/E 4\, 44%, 2:1 ZE
92% ee, >20:1 dr 96% ee, >20:1 dr 96% ee, >20:1 dr 62
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o]

Q,
Me, Q

OJ\H ® e

1

Me )2

5f, 59%, 90% ee

nBu FG

5i°, 57%, 83% ee

OH
v
nBu FG

50°C, 81%, 63% ce

OH

Ph’ \
FG

o

Ph
5t, 86%, 89% ee

CrCL/(S, R)-LT OH
CoTPP, [ir] N
Hantzsch ester, DME . FG

30 °C, Blue LEDs 58

OH

|

s n»i; FG

59, 61%, 87% ee

/\/\/k/\\ M TBSO.
nBu

5k, 55%, 87% ee

OH
@%ﬁ
nBu FG

5p®, 57%, 89% ee

FG

"

OPh
5u, 52%, 78% ee

anti-Z selectivity

% B b B 0 2 UL 3R X AR R AR BR R

/7
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9 Me

g

FG= e - 8 @
S, RyLT

n-| BU
N

5h, 76%, 92% ee 5i®, 56%, 85% ee

Aliphatic aldehydes, >20:1 dr

51, 61%, 87% ee

oH
N
BocN nBu FG

5q, 45%, 84% ee

Substituted allenes, >20:1 dr’
OH
Ph’\/\
'W\FG
Cl
5v, 70%, 90% ee

5mP°, 63%,

5w, 39%, 6

nBu FG TMS

87% ee 5n®, 47%, 79% ee

5°, (S, R)-LT: 39%, 96:4 dr
(555, (R, S)-LT: 39%, 5:95 dr)
Ef\/{e OH

OH

6% ee 5x°, 38%, 77% ee

Angew. Chem. Int. Ed. 2025, 64, e202413198
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0TBS Q0 0TBS QTBS
Bno\A‘4>‘,‘s’.Ar BnO\/Y\,Ph Bno\/'\(\/nne
Me0 Me Me
7,63%, 92% ee, >20:1 dr 8, 51%, 90% ee, 18:1 dr 9, 50%, 92% ee, 17:1 dr
(c) NiCly (d) Ni(acac),
(6) TRHP I PhMgBr MeMgBr
OTBS 0 0
BnO. WA
“Ar]
6, 63%, 93% ee, 18:1 dr
T(a) TBSOTF
OH Q.0
BnO.__~ ‘sLA ) oH
o AP g peu T (Vg BnO._ A~ H
BnO A, Nie S
Y Ar =2,4,6-Mey-CeHp Me
Me gs. 141 EZ 14, 65%, 88% ee, >20:1 dr
10, 60%, 93% ee @ Silelen 220, dr
i
K\Q& \(g)PhCHO
Ph
oH o OH OHQ 0
BnO 2 oo I T AL L W I
\/W Ar Bno. & \/Y\/ “Ar
Me Ar Me

11, 67%. 86% ee. >20:1 dr

13. 72%. 83% ee. >20:1 dr

Angew. Chem. Int. Ed. 2025, 64, e202413198
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12. 39%. 84% ee. >20:1 dr
64



Cr Catalysis. s+ = i sy i # B 5 8605 BOL R X8 RIBH AR

\. TEMPO inhibition experiments

1° P
ﬁ =y
Me Me Me

Standard conditions
as in Table 1
with pentanal

TEMPO (2.0 equiv)

(¢)-2a

3. Evidence for enanti gent coupling
Me q\;,o Standard conditions

\_ 7 as in Table 1

Mo . T Me with pentanal

(M)-2a, 99% ee

Me QO -
k-4 4 Standard conditions

5\=_=-\‘ as in Table 1

Me Me Me with pentanal

(P)2a, 99% ee

OH Q0 Me

W

Me
3p, 0%

n-Bu

OH Q.0 Me

i - \\Sa
JI-BU/\TA\/
Me e

3p, 69%, 14:1 E/Z
94% ee, >20:1 dr

Me

OH o Me

Me
Me Me

3p, T2%, 14:1 EAZ
94% ee, >20:1 dr

n-Bu

. The Yang Research Group
Procise Synshesis Lob of Tongj Universiy

P 2% D
Me Q, 0 Standard conditions OH M 0
5, asin Table 1
\=.=.\ —= By
Me with pentanal

Me’ Mea
(%)-2a
Eo,cDDcoe 'EtochDcoz
f t . t
ﬁ " 3p 67%, 131 £12 | ﬂ 3p, 73%, 141 B2
. H . 9
Me N Me >20:1 dr, (T4% D) ' Me ':‘ Me >20:1 dr, (<1% D)
H
- -—
HEH.| 77%D HEH4  0%D
P x% D
e Q0 Standard condiions oH H Qo Me
(CE __ asinTablet : 5
wulh 34 phonylpropanal
Ms Me Me Me
(2)-2a

30, O7%, 16:1 EZ
>20:1 dr, (<1% D)

D
ElOyCﬁCO;Et
||

Me” N Me
HEH H ™~ g, p

Angew. Chem. Int. Ed. 2025, 64, €202413198  ©°
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IC. Time course experiments

MeQ O Standard conditions OH 0,0 Me
5\=‘=(H as in Table 1 f'Bu/Ws f
i with pentanal
Me' Ma Me Me Me Me
(M)-2a, 99% ee ap
100 o= _
% >4
B0
70
g B0 —e—yield of recovered (M}-2a
'5‘ 50 —s—yield of 3p
2 40 —a—ge of recovered [M)-2a
€ 0] epit
20
10
]
[+] 1 2 3 4
Time (h}

Mo Q.0
Joass
Me' Me Me

(+)-2a
=

Parcent (%)

e0
80
70
&0
50
40
30
20
10

o

7
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Standard conditions OH

as in Table 1 H \q:?:p e
with pentanal L Ve
Me Mea
3p

—=—yield of recovered (1)-2a
—s—yield of 3p

—e—ge of recovered (£)-2a
—+—e8 of 3p

Angew. Chem. Int. Ed. 2025, 64, ¢202413198  °°
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E. Proposed mechanism

Et0:C._A_COE oH
XX b e W

Et0,C coet M N Me Me
H HE™ IntA-CrifL1 o o

Me’ H Me H /U\ W ]
HEH e H 7 R

1a
] S
1 Ir IntA-CriL1

photoredox A Cr-Catalysis
\cnwlym cg" j‘
® i SOAr ~ ey

Co-Catalysis

allyl rad‘lca.!

MHAT Et05C_~._-COE!
" X
S

Co''H N'OZS Me N Ma
Py
(£)-2a ""‘
Ar = 2.4,6-Mey-CgHa

Angew. Chem. Int. Ed. 2025, 64, ¢202413198 %
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C This work: A radical approach to catalytic asymmetric homoaldol addition

H OH
w~-/"*'v-lﬁ\t3.r‘N + U\ R! “R% —» homoaldol
R2 R* "H Hantzsch ester OIN_ = =2 products

Z/E mixture
0: acyloxy; N: amide

|—. E
Crv/L*
MHAT 1 2. 2z cri/L 1 . 3
RYY\OIN Cr RW\O."N R* "H
H =¥ radical-polar H R2

allyl radical crossover
homoenolate equivalents

® Catalytic asymmetric homoaldol addition in a radical approach

® Quadruple selectivity control via photoredox/Cr/Co triple catalysis
®Using easily accessible internal 1,3-dienes as homoenolate equivalent
®Regioselective MHAT of internal 1,3-dienes

Chem 2024 10,998  °°
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CrCl, (5 mol%)

IR 5 B A 3 L R XL RABEKA K

*. The Yang Research Group
Frcie Sydhess oo Tongi Unveriy

R/
o CoTPP (2 mol%) e H Et0,C COE q
Me™ PP one + -1 (1 mol%) || R -
£/7 mixture . Hantzsch ester (2 equiv.) AcO_~ +Bu Me H Me ‘ N/
1a tBu CH3CN (0.05 M), 30 °C, 14 h 2a N
2a Blue LEDs (440 nm) 99% yield Hantzsch ester
"standard condition” anti-Z selectivity, >20:1 dr I = (RI=F, Rz CFy
(L] OH 40, 78%, 2011 dr 4p, 27%, 13:1 dr
Dl e rea
ClAcO. ~Aoe TMS A0l 2 A2 NP oue
M
4g.97%, 201 dr 4h, 99%, >20:1 or 41, 94%, >20:1 dr ¢ o
Me e
R
-
| Lt
A"O “OMe OMe

4j, 99%, >20:1 or®

OH
L’ ~Fome

4s, 89%, >20:1 dr®

Ph Me Ay
MOM AEOJ ﬂ\

Ph

K, 90%, ZE =441

41,82%, ZE=131

Unsubstituted 1,3-dienes
Me OH
= "R
Me' Me
4, (R = 4-Methoxyphenyl), 96%
4u, (R = Phenethyl), 92%
4v, (R = Tetrahydropyranyl), 90%

Aw, 95%, »20:1 dr, >20:1

Unsuccessful examples
oH

»’j+

0% yield

o]
4r, 84%, >20:1 dr
ZE=171

OH
Mo I
T C

4y,90%, 71

“ome
ax,95%, 71 dP

Chem 2024 10,998  °°
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EtOZC

EtO,C

CO,Et

CO,EL Me N Me

%\

[l
photoredox
catalysis

I

T

Co-Catalysis

N

Mes  ow
Cy
FG. _~
Sac

0 i

Cy H ; ~ 'Y

2bf
crlL
InA-Cr'/L1

“‘ Cr-Catalysis

n-CaHy” " FG o1 “ I

MHAT

Me™ N

N
Me” ™ kG Py

1t

Me

Fa
"%, The Yang Research Group
Precise Synthesis Lob ot Tongji University

L ~crt (0]
n-PrMO/U\Ar

InA'-Cr'/L1

1

1}
Cr -0

A

n-Pr (o) Ar
InA-Cri'L1

L1q

criiL
T~ ’
- Z\IO

y 0.__0
\(

Et0,C.__~_COsEt
XX o
N .

plausible
Zimmerman-Traxler TS

Chem 2024 10,998  '°
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a) The importance of chiral alcohols bearing a g-functional group
i-Pr OH OH O (?Me
o]
7 N OH

OH
PhHN = R/‘\, Bpin

p-F-Ph pm—

AF’h - bioisosteres
torvastatin of g-hydroxyl acids U
OH O
Me OH
OH
Me NH; R/I\’ 1-N
Statin Propranolol

FHBEAMBE R — L AA T L ANEG SRk, THAFHRZERRN DTSk, 3
BF AN 5 HIHACHE, % RIS T 8 A S RABE . 12- 284 %06 79 83 5B
S LS
ACS Catal. 2025, 15, 8454 7'
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b) Previous art: Catalytic asymmetric synthesis of chiral B-hydroxyboronate esters

Cu-catalyzed carbonyl addition: proceed via ionic pathway
OH

j\ N j\ il R#\rspin
Bpin” Bpin R™ "R' R"=Me, R=Ar, Alkenyl, R"=H R R"
transmetalation R" =H or Alkyl, R = Ar, R" = CO,#-Bu
OH
/\Bpin + JO\ Cu R/H, Bpin
R™ "H R'=CH,Bpin, R = Ar, Alkenyl, Alkyl R
Cu-Bpin or Cu-H insertion R'= Me, R = Ar, Alkenyl

Transformation of chiral substrates: selective mono-oxidation of 1,2-bisboronates

noble metal selective
) . orsugar cat. Bpin 2°-oxidation CH
alkyl/\\% pinB-Bpin ——— alkyl Bpin R Bpin

©® SRMEAL a —aMke AR 4R o 1A] PR 2 A A A 4 69 TR X AR Am AR 5
® FE1, - AME AR Ay AR AN ACS Catal. 2025, 15, 8454 72
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% B b B 0 2 UL 3R X AR R AR BR R

CrCl, (10 mol%), (S)-L1 (12 mol%) Me FPT
0 CoPC (5 mol%) OH o
L +  Bpin” Cl ~Brin \J
R”TH CpyZrCl; (1.2 equiv.), Mn (1.2 equiv.) R N
1 2a THF (0.05 M), tt, 16 h 3 (941  Ph
(0.5 mmol, 1.0 equiv.) (1.2 equiv.)
OH OH
OH 0
OH Me Me OH H "
H 5 " Bpin
A : Bpin [~ BP Bpin
Pho_~-Bpin MEJMBW W/\/ A C‘,/\/
3k (S)-L1, 31, 81%, 30:1 dr? n=1,3n, 40%, 74% ee? 3p g
54%, 79% ee (R)-L1, 3m, 70%, 1:44 dr? n=2, 30, 53%, 91% ee? 61%, 89% ee® 61%, 91% ee®
o oH OH oH oH
Bpin : Bpin j/\,ﬂpm Bpin Me~_~_-Bpin
|
4 7\ Q/\/ g™ o/ Me
3r 3u 3v
65%, 95% ee 64%, 89% ee? 53%, 90% ee 70%, 87% ee? 67%, 88% ee?
Aromatic aldehydes
OH OH OH OH Me OH
; ‘~_-Bpin Bpin cl A\ Bpin \_ Bpin
B Bpin @/\/ p /@/\/ \@/\, pi @/\, p
Me Me = Bpin
3w 3 3z 3aa
17%, 14% ee 57%, 94% ee 62%, 85% ee 48%, 82% ee 50%, 58% ee
OH OH o~ OH
Bpin By B B
/©/\/ U\, pin ~/\/Bpln y: ; x pin \\72\©/\/ pin
FaG OO 0 ~F s
3ab 3ae 3af
20%, 69% ee 52%, ﬂd% ee 57%, 34% ee 66%, 93% ee

IS Catal. 2025, 15, 8454
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OH

: OH! Me OH Ms
™~ eOH N L N o
4a 4b 4c

20%, 90% ee

R=H R=MOM
(a) R=H| (b) (©)

91%, 91% ee 59%, 89% ee

oTBS OR : oTBS
; R=TBS : in R=TBS ! :
ph N0 — Ph/s\/R\/Bpm L p S SNOH
= a
ad a,R=H @ 49

2.5 mmol, 466 mg 1
67%, 90% ee .

R=TBS
% R= TBS\(f) \(g)

68%, 90% ee

PR NN Ph e P SR

4e 4f
70%, 91% ee 77%, 91% ee

4h,R=H, 44%, 91% ee
4i,R=D, 43%, 91% ee

Figure 3. Product derivatization. Legend: (a) NaBO;-4H,0, THE/H,0, 1t, | h; (b) Cu(OAc),, N-methylaniline, (t-BuQ),, m-xylene, 100 °C, 24
h; (c) Pd,(dba);, RuPhos, 4-bromotoluene, t-BuOK, THF/PhCH;/H,0, 70 °C, 24 h, then HCl, MeOH, 65 °C, 30 min; (d) CH,Br,, n-BuLi,
THE, =78 °C to rt, 14 h, then NaBO;-4H,0, THF/H,0, t, 1 h; (e) vinylmagnesium bromide, I,, NaOMe, THF/DMSO, 0 °C, 1 h, then TBAF,
50 °C, 4 h; (f) thiophene, n-BuLi, NBS, THF, =78 °C, 2.5 h, then TBAF, 30 °C, 4 h; (g) TsCl, Et;N, DMAP, DCM, rt, 16 h, then LiAlH, or

LiAlD,, THF, 0 °C to rt, 12 h, and then TBAF, 50 °C, 4 h.

ACS Catal. 2025, 15, 8454
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la) Radical tfrapping experiments

A faZal
Ph H  TEMPO (3.0 equiv.) OH : N-O 3
3 _ “ _Bpin | :
- standard conditions PR P LS S H
Bpin” Cl as in Table 1 3a 5, Detected by HRMS

2a = [M+H]* found: 298.2538
calcd for: 298.2548
b) Non-linear effect

"standard conditions"
e

as in Table 1

100

80 y = 0.865x

= 0.9993

F60 :
8 40
g -

20 s

0 &
0 20 40 60 80 100
L1 ee (%)

¢) Control experiment with stoichiometric amounts of Cr/L1

o
Ph/\)\ﬂ

1a (1.2 equiv.)

CrCl; (2.4 equiv.), (S)-L1 (2.8 equiv.)
CoPc (2 mol%)

Bpin” ~Cl 3 -
THF (0.025 M), t, 12 h CpsZrCly (3.0 equiv.y  20%. 88% ee
2a then filtered
(1.0 equiv.) o
CrCl; (1.2 equiv.), (S)-L1 (1.4 equiv.) ph/\)tH
Bpin” Cl CoPc (2 mol%), Mn (2.0 equiv.) 1a (1.0 equiv.) -
2a THF (0.05M),rt, 4 h Cpa2rCly (2.0 equiv) ~ 30%. 81%ee
(1.2 equiv.) then filtered
Bpln—? radical-polar
rossover
Cr"/L
AN
Bpin—ﬂ CoPe(l) 172 Mn2* Bpin” ~CrliL
+
--Cr"'IL1 o)
Bpln R)'L H
Bpin™ CoPc(ll) 1/2Mn
P criL
2a ocriL
OH work-up  O[Zr] R/‘\/Bpin
~.Bpin A-Bpin c
RN R
D Cp,ZrCl,

ACS Catal. 2025, 15, 8454 75
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a) The importance of chiral cyclopropanes

lo) Me, Me MeH
H y—NHCOOH . ] 0-_Et
PR NH Me 7 “Me
O W
Et OH
(-)-Tranylcypromine Norcoronatine (+)-Ambruticin S
b) Transition metal-catalyzed asymmetric cyclopropanation reactions
Late TM catalyst R?
M , Cu, Ni, Co, etc. 1 " {
JL . (Rh, Ir, Cu, Ni, Co, etc.) RA\R RA R,
R™ R R' Rt R R' et pe
metal one or iwo stereocenters three stereocenters
carbenes relatively well expolored still challenging
). Ar, ® ©lsi., ¢
oD /CG’
/ 0 R -~ 0 H” 0
stabilized mono-substituted a-boryl/silyl carbenes
relatively well explored less stable, limited pl

7

o
o

", The Yang Research Group
Precise Synthesis Lob af Tongji University

FARREA—LELAR =24
Mg = TS, B e s
MAF T, EhhiE P LA
T2 NN E. FRARGET
IR EWmAMER S THELE
Fo ) Fe bk FE, XAEFENEDY
R IAFe T R P & T Kixo

T E AL R R A IR A R
By kz —, LKA BB
St AL B B & A A
PRI T R B TP IR TR 89
TER, XER M FRYTE
BAEBBAF (iR, 4. KF)

Fofa @ K EP AR (dea-n-2&
Brg R EZATIR) .

J. Am. Chem. Soc. 2025, 147, 7282 ¢
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ey MRk

O RMTAATHFTREAIK: RERTHEEMHEMN a-n-E£IaFEATER (e a-BRKBGE R
b)) |, XIRH T AT dEEALe a -2 Ao a - TR AR

® LRFUATIEM IS : RECHHES FETUAREA —NRAN AT S ORI,
A2 A R B A AN L S AR S 8 IR TR IR R A — AN AR & 94T

® B AR FEANA T AT EHRISRBFTANEM, R THEL L RS T2

}ﬂ o c) This work: metalloradical approach for non-stabilized carbene asymmetric cyclopropanation

i R? Cr catalyst (BJ1S1 [esil

) + FG —  ———~ 2 1

[BISi” Br R1J\*/ [Reductant] R’-)A L R'-/A‘__’
bench-stable R' FG R? FQ

three contiguous stereocenters

[ ]—{ R‘%I lgl

criL*

[[B]i[su’%‘ar] Mn

[BJISi] radical . radical
- addition [BYISI]™ "Cr/L"] substitution
a—chmrrfﬁo y-chromio
atkyl radical alky! radical
[Bl  all-carbon [si] P [B] R
N quaternary '
R '
", .. Stereocentre A ! /A
1 “FG H . stereospecific
R R FG . PN FC  wansformations  P" e
33 examples 35 examples |

J. Am. Chem. Soc. 2025, 147, 7282
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5 o 20 mol% CrCly . Bpin

r 24 mol% (S,R)-L1 r

Bpin)\Br ’ PhMNEtz 28 mol% P.S., Mn (3.0 equiv) Ph%"’w“a?

1a 2a DME (0.2 M), 60°C, 36 h  dr>20:10
(2.4 equiv) (1.0 equiv) "standard conditions” 8a
yield

entry”  variations from “standard conditions” [%] A’ eef [%]
1 none 97 11:1 91
2 without CrCl, <2
3 without (5,R)-L1 23 9:1 0
4 without P.S. 97 9:1 88
5 (S,R)-L2, instead of (S,R)-L1 94 12:1 88
6 (5)-L3, instead of (S,R)-L1 30 13:1 68
7 (S,R)-L4, instead of (S,R)-L1 20 4:1 47
8 (5,5)-LS, instead of (S,R)-L1 2 21 61
9 (SR)-L6, instead of (S,R)-L1 70 31 52
10 (8)-L7, instead of ($,R)-L1 12 41 18
11 NiBr,-glyme, instead of CrCl, <2
12 CoBr, DME, instead of CrCl, <2
13 THEF, instead of DME 39 20:1 85
14 DMF, instead of DME <2

*. The Yang Research Group
Precise Synthesis Lob ot Tongji University

ote
o711

15 BpinCHCI,, instead of 1a <2
16 Zn, instead of Mn 20 20:1 80
17 15 mol % CrCl,/18 mol % (S,R)-L1 89 10:1 89
18 1.2, instead of 2.4, equiv la 88 13:1 90
19 1.5, instead of 2.4, equiv Mn 79 12:1 91
20 30 °C, instead of 60 °C 82 10:1 85
Tj\r
8 e A
Ph
R = Me, (S,R)-L1 (S)L3 (S,R)-L4
R=i-Pr, (S.R)- Lz R

Y(l

o} o)

N

| \

MeHN NHMe &' @ S/N N\?
(S.5)-L5 S,R)-L6 Bn (S)-L7 Bn

“Reactions were conducted on a 0.10 mmol scale under N,. Yields
were determined via 'H NMR analysis with 1,3,5- tnmethoxybenzene
as the internal standard. “Dr va.lues were determined via'H NMR
analysis of the crude product. “ee values were determined by HPLC
analysis.

J. Am. Chem. Soc. 2025, 147, 7282 '8
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Bpin Bpin

NMePh NMePh

v 1

n=1 3x,78%, >20:1 dr, 92% eel®
n=2 3y 91%, >20:1 dr, 91% ee®

o I

3w
71%, >20:1 dr, 92% ee®®

Quaternary stereocenter

Bpin

Bpin
A e e
e £, _NMePh oy
Me’ I PH
el V%
3ac 3ad
60%, >20:1 dr, 97% eel” 62%, >20:1 dr, 96% eel!

Bpin Bpin

on NR; - N(-Pr),

g
o]

R=Et 3a,98%, 10:1dr, 91% ee
R =Me 3b, 62%, 9:1 dr, 86% ee
R=Bn 3c, 95%,>20:1dr, 91% ee

T
[s]

3d
97%, 6:1 dr, 90% ee

Bpin

NEt,

1

3i
98%, 9:1 dr, 90% ee

3h
71%, 10:1.dr, 91% ee

Bpin

«,, -NMePh
ot
(o]

3z
83%, >20:1 dr, 91% ee

Bpin

[N
59%, >20:1 dr, 90% ee®®

Other functional groups

Bpin Bpin

PH 80,Ph Ph "CN

3ae
61%, 8:1 dr, 96% ee 58%, >20:1 dr, 82% ee

Ph

. The Yang Research Group
Precise Synthesi Lob af Tongji University
Variations of the amide group

Bpin Bpin Bpin
/A )
» «, -NBnPh -, -NMePh
e P L
Q o o}
3e 3f 3g
81%, 7:1 dr, 90% ee

73%, 5:1 dr, 95% eel®) 89%, 6:1 dr , 95% eel®)

Variations of the -substituent

Bpin

/@/A ,,,‘O(NEIZ

3j
98%, 10:1 dr, 90% ee

Bpin Bpin

NE,  FiC o~

oy

3l
98%, 13:1 dr, 90% ee

Bre_ “r NEt

F4CO” p o
3k

82%, 14:1dr, 89% ee

Bpin

., NMePh
T
Q

BocN._~

3ab
93%, >20:1 dr, 90% ee !

Other borate

PhP
Ph hPh
O.g© 3ag, 87%
>20:1 dr, 88% ee

,,Wwa2
o

J. Am. Chem. Soc. 2025, 147, 7282  '°
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10 mol% CrCl,

[sil
Br 12 mol% (S)-L3
Py + g fC e
(Si) Br 14 mol% P.S., Mn (3.0 equiv) (W)
DME (0.4 M), 60 °C Rar> 2
1 2
4
Variations of the silyl group
8BS SiMePh; SiMe;R
., -NMePh +,, -NMePh -, ~NMePh
Ph! “n’ © Ph ’n’ ° Ph' ]{ °
e} o o
4a 4b R=Ph 4c, 86%,>20:1dr, 94% ee
92%, >20:1 dr, 93% ee 76%, >20:1 dr, 94% ee

R=Cy 4d,88%, >20:1 dr, 93% ee
(1.20 g, 82%, >20:1, 92% ee )

R =n-Bu 4e, 86%, >20:1 dr, 93% ee

Variations of the f-substituent

51%, >20:1 dr, 97% ee

The Yang Research Group
Precise Synthesis Lab ot Tongii University
NHMs
'FG
0:1
(S)L3
TIPS ™S
.., -NMePh /A-v NMePh
SO L
(o) ]
af

4g
89%, 4:1, 94% ee

TBS TBS TBS TBS
s o rNMePh 'r,,rNMePh — M.~ v, NMePh Gl ., -NMePh
S ! IS D (i
R” Me ~F o ~F o
40 4p aq
R=0Me 4h, 89%, >20:1 dr, 91% ee 92%, >20:1 dr, 93% ee 88%, >20:1 dr, 92% ee 90%, >20:1 dr, 90% ee
R=SMe 4i,40%, >20:1 dr. 89% ee
R = OCF; 4j, 77%, >20:1 dr, 90% ee
188
R=Ph 4k, 74%, >20:1 dr, 91% ee 188 TBs 188
R=Cl  41,85%, >20:1 dr, 93% ee NMePh
am, 76%, >20:1 dr, 90% ee  FaC-_ .,,erMePh FiCO._~, .,WNMQPh <o .1/\ -.,erMeF'h I
R=CN 4n, 32%,>20:1 dr, 2% ee “\f 5 S o ) k)

4r 4s
92%, >20:1 dr, 90% ee 83%, >20:1 dr, 88% ee 61%,

=

4t 4u
>20:1 dr, 91% ee 67%, >20:1 dr, 84% ee

J. Am. Chem. Soc. 2025, 147, 7282 0
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TBS

FsC '(l)]’

4aa

62%, >20:1 dr, 93% ee

TBS

NPh;

PR
(o]

dae
71%, >20:1 dr, 92% ee

o

NMePh

TBS

NMePh

n-Bu ""’
o

4ab?®

73%, 1:1 dr, 95%/80% ee

TBS

NBnPh

P
0

a
71%, >20:1 dr, 91% ee
TBS

. A
C\O(/\)kNE(g @j ‘,,1O|,NEt2

(E}-2c

4ah
64%, 11:1 dr, 89% ee

o7

*. The Yang Research Group
Precise Synthesis Lob af Tongji University

Use (Z)-a.f-unsaturated amides
T8S : TBS
Ph O ! Ph O
— : —
= NE P ""WNE[? = NMeph P ""‘rNMePh
o] : 0
4ac . 4ad
(2r2a 92%, >20:1, 68% ee (220 90%, >20:1, 72% ee
Variations of the amide group
TBS TBS

| R A

! s M - LA NE ... _NEt

. NEt, Ph" L 2 Ph " 2

: o] . a

' (E}-2a 4ac & 4ag (ratio 2:1)

96%, 98%/T7% ee
TBS
Le, — A

: =S NEt, - NEt2
A = =
: \s
(£)-2d 4dai

91%, 18:1 dr, 94% ee
(2d: E/Z = 4:1,71%, 171 dr, 90% ee)

Figure 3. Substrate scope for the cyclopropanation of silyl dibromomethanes. Reactions were conducted on a 0.20 mmol scale, and all data were
the average of two experiments. Dr values were determined by "H NMR analysis of crude products. ee values were determined by HPLC or SEC
analysis. *20 mol % CrCl,, 24 mol % (§)-L3, 28 mol % P.S.

J. Am. Chem. Soc. 2025, 147, 7282 ©1
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a) Radical trapping experiment

o7

*. The Yang Research Group

Precise Synthesis Lob of Tongji University

standard conditions

Br ¢] COOMe -
as in Figure 3 Br  COOMe
)\ * PhMNM Ph * SO,Ph _asinFloures 4a, < 2% +
TBS™ Br © 14% conversion TBS
of (E)-2b 7, 33%
1c (2.4 equiv.) (E)-2b (1.0 equiv.) 6 (1.0 equiv.) & N

b) Equivalent experiment

r ’ 1
(o] -
DME 3’ |

(S}L3 4+ NaH +  CrCly N [pie} ’
o+ / v
(1.0 equiv.) (1.1 equiv) (1.0 equiv) . 48h i-Pr \Cr/~ "O\M i :
4
P.S.
CrCl, +  (SKL3 (2.8 equiv.) 1c (1.0 equiv.) (E)-2b (1.0 equiv.) 4a
(2.0 equiv.) (2.4 equiv.) DME 60°C. 36 h 86%, »20:1, 89% ee
c) gem-Dichromiomethane complex as intermediate
CrCl, Me  TMS Me ™S
(4.0 equiv.) ACI o] (S)-L3 (4.8 equiv.) /A
THF, h .S. (5. iv. -, -NMePh
+ a) THF, 11, 6 . E |\Cl/\j PS. (56equiv) Ve
1 b) DME, rt, 10 min (E)-2b (1.0 equiv.) 0
e DME. 60 °C, 36 h 4a
) gem-d\chromlomelhane 43%, 4:1, 96% ee
(1.0 equiv.)

+2CrClol

J. Am. Chem. Soc. 2025, 147, 7282
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d) Nonlinear effect

standard condition
1c  + (Bf2b ————————

2.4 equiv. 1.0 equiv. as in Figure 3

100 4
80 | .
= 0.8991x
Feo | R=08995 .
£ p
820 .
0

0 20 40 60 80 100
eeof L3 (%)

e) UV-vis study
standard condition
1c + (E)2b —————————  4a
2.4 equiv. 1.0 equiv. as in Figure 3

‘.j —CrCl, + P.S. + (SHL3
i CrCly(THF); + P.S. + (S)-L3
It —CrCl,+ P.S. + (SFL3 + 1¢c
Standard condition 3 h
300 4| - Standard condition 6 h

— Standard condition 9 h

5

*. The Yang Research Group

Precise Synthesis Lob o Tongii University

f) Proposed mechanism

TBS 1/2 Mn

Me cr'iLs3 1/2 MnBr;
N B

TBS%\B

o . A
o]
TBS (“Cr”'ﬂLS ¢rivLa ¢

chromioradical criL3 1¢ /'\
TBS” TBr
TBS™ "Br
D
y- l’.‘.l‘“alkyl radlcal
H (‘lllBs cI
|
L3/crl” Ser'L3 A
NeE
Cl 8
+A
-A
TBS\kCr'”!LJ
Iy (E)r2b criL3
Pr S e _“_L_JI,IBS*%’ E
G pp a-Crilalkyl radical

J. Am. Chem. Soc. 2025, 147, 7282
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mK with Ti cataly
OH
Alkoxide Ti(IV) Hédg @g

direct addition
by-product

+ Use of reactive alkyl Grignard reagents
+ Narrow functional group compatibility

Kulinkovich B & (ZE kAL 4 2 B ) & —#F 6 & & 2 & R A BE 09 7 k. % RS £ 8 Kulinkovich ¥ A&
1989-F 4Rl , M AMKNF T AR BRES Ao be A& XX F A R A & A0 09 SRR EE . RARG A — E 95T 50K
B, BRIZRANKREFTERERALSO[EEREALXAF, TFEARGOETREAZEMEE, Wi, ZARE
BREBALH, TRERNERRER AL XRAFNRY & ERFBRHRICE, BT, FRRAH
¥ 5%, KbiRAe. FALH AV RAT HRFE FH AR AR LA S E 26 E L,

(c) This work: Ti-catalyzed cyclopropanation of carboxylic derivatives with olefins

R1
o — Cp*TiCl, HO, H R2Z-N
PN W e or
Y Mg, Me,SiCl, H
- 1R2
¥ =0H, OR, NR'R cyclopropanol cyclopropylamine

widely available chemicals
« Identify Cp*TiCl; as the catalyst + Mild condition & broad substrate scope
» Direct cyclopropanation of carboxylic acid e Good diastereoselectivity
« Both reaction partners widely available + Diverse application in organic synthesis

J. Am. Chem. Soc. 2022, 144, 7889 &
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(SA( =AY

3a 3b
76%, 17:1 d.r.

t-Bu
3i 3j
39%, 4:1 d.r. 35%, 4:1 d.r.
T " HO, H
OCH (ﬁx
o ’ &
3an 3ao0
89%, 4:1d.r. 85%®, 6:1.d.r.

Activated olefin

5B &G

R = F, 3at, 50%, 2!!1 dor. 3av

H, 3au, 46%, 20:1d.r. 59%, 20:1 d.r. O’

83%, 15:1dur.
Tertiary alkyl carboxylic acid

HO i\ H HO ﬂ H
PMB Ad PMB
7%, 5:1dr.

from estrone o-
3aw, 45%, 5:1d.r.

iﬂﬁﬁﬁ'f"ii%%*jrﬁ%i’é % E’kﬁ Hj{iﬁﬁ‘fﬁﬂ: ﬁb‘ﬁ’i&}iﬁg’ H:;?«Eﬁ:h‘:?r:}-‘u?:tp

Secondery alkyl carboxylic acid

oA HO A H
HO, H
PMB
PMB
R
R=H, Jc 85%, 12:1d.r. R=H,3f, 77%, 9:1 d.r. 3h
F,3d, 62%, 12:1d.r.  59%, 10 1dr F.39.46%, 6:1d.r.  54%, 11:1 dr.
Primary alkyl carboxylic acid
HO H HO H
)ﬁ( HO A H
R PMB PMB
R PMB
R = Me, 3k, 46%, 20:1 d.r.
EL, 3I, 72%, 17:1 d.r. 3n R=H, 30,63%, 12:1dr.
n-Pr, 3m, 71%, 15 1dr 55%, 16:1d.r. F,3p, 57%, 10:1d.r.
H
HOQ, H HO, H
N Cy
j \ N—Ph
3ap n= 3 3aq, 63% 6:1d.r. 3as
55%, 6:1 d.r.

n =1, 3ar, 56%, 6:1 d.r.

Late-stage functionalization

o)

Chem. Soc. 2022, 144, 7889

J. Am.

from Liquid crystal
3ax, 59%, 5:1d.r.

85
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TI CatalJ/SI.s:%kﬁif)C9‘:5ﬂﬁﬁﬁﬁ’i%7ﬁ9*iﬁ%féﬁ@ilFxﬂ'Hkiiﬁ‘fiﬂ: ﬁb‘i‘t&&' The Yang Research Group

Precise Synthesis Lob of Tongji University

Primary alkyl carboxylic ester
R

(6] o *Ti HU H
. — 10 mol% Cp*TiCl; HO H (o
OMe PMB 2 equiv. Mg, 2 equiv. Me,SiCl, PME A HRAH o
4

HO H
2a  0:5equivLiBF, THF (0.1 M), 60 °C 3 R PMB B
(1equiv.) (2 equiv.) R= Me, 3k?, 66%, 20:1d.r. R=H, PMB
Secondary alkyl carboxylic ester n-Pr, 3m, 77%, 20:1 d.r.  3q, 68%, 16:1 d.r. 3t,77%, 17:1 d.r.
Bn, 30, 74%, 11:1 d.r. R =CFy,
HO H HO, H 3r, 58%, 20:1 d.r. Ho H
HO H o Ko i
H
Pme FMB PMB
-Pr PMB PMB PMB —
(8}
3a, 73%, 19:1 d.r. 3b, 74%, 18:1 d.r. 3c, 73%, 17:1 d.r. - 5 y s Me’N
X
HO H HO H HO H =
3u, 72%,19:1d.r. 3y, 76%, 17:1 d.r. 3w, 72%, 16:1 d.r.
PMB PMB HO H PMB
PMB
H0>4 &<H PMBWH
PMB HO
F E F F nCiHs  PMB et
. . . Ph from stearic acid from adipic acid
3d, 80%, 20:1 d.r. 38, 73%, 16:1 d-. 3g. 52%, 13:1 dr. 3y, 80%, 16:1d.r.  3aa, 85%, 16:1 d.r. 3ay, 71%, 16:1 d.r.

J. Am. Chem. Soc. 2022, 144, 7889  &°
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TI Catalysl-s:ék‘ﬁ{tg?iﬂﬁﬁi'fﬁ—i%%*jrﬁ%i’é%E’F‘ﬁﬂkiﬁﬁ‘&% ﬁb’?fi&&&’ The Yang Research Group

Precise Synthesis Lob o Tongii University

|a) Eviaence on tne litanacycliopropane intermealate

1) 4.0 equiv Mg, THF

Cp*Ti-ClI
rt, 30 min H50, 60 °C .Ph PR
Cp*TiCl, - 2—__ /\/\rTl N Me/\/\l\ll
2) Z N N—Ph Me Me
1.0 equiv (e 15 Me 77% 17%
60 °C, 30 min titanacyclopropane
(b) Activation of carboxylic acid
- HO A H
0 . =\ standand conditions R = TMS: 18% yield, 15:1 d.r.
Bn/\)j\OR PMB PMB R =H: 66% yield, 15:1 d.r.
2a Bn 3x
0] "standard ditions" w“ .
Standari onaition.
PURE —ﬂPMB o il R = H: 58% yield, 15:1 d.r.
n-Ci7Hazs™ "OR 2a "'CWH:: ] PMB g = 1/,Mg: 79% yield, 15:1 d.r.

J. Am. Chem. Soc. 2022, 144, 7889  ©7
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Precise Synthesis Lob of Tongji University

(c) Evidence on the acyl titanium complex Ve

H H Me Me
o] "standard conditions" \—< +

=
+

PMB
Bn/\)I\OH 2;’MB Bn Me

Me
detected in GCMS 16

/\i standard conditions” /\)H(\/
Bn OH without olefm
17, 10% yleld
@\ 16, 11% yleld
P X N f\
via g \\(\

Y

(o]

Bn
acyl complex 18
[0}
4.0 equiv Mg Bn/\)J\OH HRMS analysis:
CpTiCH, 4.0 equiv MezsIC|2 1.0 equw \/\I]BTI\[(\/ [M—Cl]": C30H3702Ti
THF, rt, 30 min 60°C, 2h Calcd. 477.2276

dia Cy, compl e Found. 477.2271

J. Am. Chem. Soc. 2022, 144, 7889  ©°
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Precise Synthesis Lob o Tongii University

a) Prop tor cycloprop:

CIMe,SiO, H Mg

oo 5 R "R? L/T\(:\ J\ |
o R
R“"\v,”R? ~~  Int-G c” ‘¢ \
NS>
major MgCl, / o K
Me,SiCl, N el Jl\

\ R‘
T
“Rome X/
OMe = ¢ ™0

X =Cl, OMe
catalyst
HOL_ R consumption
R! H = ;
minor R
[ N
=2 P =
Cls /™ i cu& T Nl [ — _M
e T >02< . steric ., G 7
OQ<>'H Inrlaeracnzn o’\\>,R repulsion a R 2
W "2 favore Nc--¥,
R’ R RM 'y unfavored Int-A Ints
Int-D IntE
T £
R"" “OMe,
e
A2 R
oI
O 4R!
Int-C ome

J. Am. Chem. Soc. 2022, 144, 7889  ©°
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Precise Synthesis Lob o Tongii University

Q cl 15 mol% Cp.TiCl o]
+ —_—
@JLOH @J\Cl Mg, TMSCI, THF @™~
1 2 80°C,5h 3

work-up with 2N HCl ag

Primary alkyl carboxylic acid

o]
o Ph o Me O OO Ph
PhW\/Ph /©/\/u\/\’ MB)'L\/\/ph MB/L.*/\/FN o}
F
3a, 77% (73%5) = 3b, 48% 3c, 41% 3d, 76% 3e, 46%
o
Ph
Me= g\)krv O\/\/‘K/\/ g\/ﬁ\’\' f\)k/\,
3f, 70% 3g, 3h, 2% 3i, 56%
Sacondary alkyl carboxylic acid -
Ph Ph
F
3], 58% 3k, 80% 31, 66% Sm 8% F 3n, 65%

Tertiary alkyl carboxylic acid

o M@j\mml/w

30, 74% 3p, 40% 3q, 45% 3r, 46%

J. Am. Chem. Soc. 2023, 145, 14884 °
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J Precise Synthesis Lob of Tongj University

Chiral carboxylic acid Aromatic acid
Me o (o] 0, OMe o
Me Ph Ph\])k/\/lah PH/]Y\/\Ph PhMph
Me Me Ph 8]

from (S Hbuprofen from (S )hydratropic Acid  from (R)-2-furcic acid from (R }-methoxyphenylacetic acid 3y, 45%

3u, 85%, es 97% 3v, 63%, es 91% 3w, 33%, es 95% 3x, 41%, es 88% '
a, FUnsaturated acid Dicarboxylic acid Bioactive compounds

Ph
o / /\/Y\/\)k/\/
Me 0
3z, 75% 3aa, 34%
from chrysanthemum acid
Me 3ab, 70% HO" [ from lithocholic acid
3ac, 66%
/\ﬂ/\/\ /@ /\/»(K/\, i
Ph
Ph =
nC, 7H35 MM
n-CgHyz
from (-}menthoxyacetic acid from gemfibrozil from stearic acid from oleic acid
3ad, 47% Jae, 38% 3af, 71% 3ag, 75%

J. Am. Chem. Soc. 2023, 145, 14884 '
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? Cl
+
®JLY Ph/\)\CI

Y = OMe, NMe,
2a

O

®JL M Br
-Me
i @ e

I
Me

4 5

O Br
+
@L OMe Ph/\)\Br

7 5a

Precise Synthesis Lob of Tengj University

15 mol% Cp,TiCl, 0
i @J\/\/F’h
Mg, TMSCI, LiBF 4
THF, 80°C,5h 3
work-up with 2N HCl aq

15 mol% Cp,TiCl, o

-
Zn, TMSCI, LiBF,

2-MeTHF, 80°C, 3 h

work-up with 2N HCl aq 6
15 mol% Cp,TiCl, O
. @JK/\/Ph
Zn, TMSCI, LiBF4
2-MeTHF, 80 °C, 3 h 8

work-up with 2N HC/l aq
J. Am. Chem. Soc. 2023, 145, 14884 2
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Precise Synthesis Lob of Tongji University

b) EPR stud
(b) y Br /\)oj\
Ph' Br Ph ‘OMe
. Zn, TMSCI (1 equiv) (1 equiv) 9
Cp,TiCl, T /\)k/\/Ph (eq. 1)
(33equiv) 2MeTHF, it 3h 60°C, 0.5h 60°C, 4h Ph
then filtration 3a, 10%
Cl o]
Mg, TMSCI
P(OES; (4.0 equiv) Prh i) equlv)CI an)oMe 2
Cp,TiCl, utl NG N L]
. THF, i, 3h it, 0.5h i, 4h
(20€quV)  4pen filtration 3a, 37%
s===solitioniA\ ——solution ¢
i .
H ———solution D
A/
I . &
i 7. 7
solution B /
v
3350 3400 3450 3500 3550
3360 3400 3440 3480 3520 Magnetic field (G)

Magnetic field (G)

J. Am. Chem. Soc. 2023, 145, 14884
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(a) Activation of carboxylic acid

Precise Synthesis Lob of Tongji University

(o] cl . ey o 7
'standard condition X=H: 71%
* Ph - -
n-Cy7Hs 5)1\0)( Ph/\)\CI —_— n-Cy 7H35)k/\/ X=SiMe;: 92%
2a as in Scheme 1 saf X=1/2Mg: 46%
(1.0 equiv) (3.5 equiv)
it - equiv Cp,TiCly, 4.5 equiv Mg it X=H: 18%
+ 211Clp, 4. =
; cstﬁ)Lox Ph/\ACI = C"H“)K/\/ PR X=SiMe;:30%
2a THF, 80°C, 5h 3af X=1/2Mg: NR
(1.0 equiv) (3.5 equiv)
(c) NMR study on in-situ generated Ti complexes
Mg, TMSCI c el H o +CpTiX N\
P(OEt); (2.0 equiv) (05 equiv) e TV === ¢, 1%,
Cp,TiCl, lution E H - CpTiXe b e
(1.0 equiv) d8-THF, it, 3 h t, 0.5h H
Qe then filtration alkylidene titanocene gem-dimetallic complex
plausible Ti complexes
/\ /I\ 313K
I NG I/ N —
j\ 303K
A 208K

0 2.5 X 6 1.0 10.5 1
R

J. Am. Chem. Soc. 2023, 145, 14884
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Precise Synthesis Lob o Tongii University

1/2Zn
TMSOTMS cp,Tivel, 1/2 ZnCl,
Mg
TMSCI MgCl, Cp,Ti' cp,Ti'cl o
CPzTiW=0 \Q‘
or
(CpXTiV),0 ZnX,
X
R? x
H* O Cp,TiV CpsTI M 2Tie
| 3 poTi ﬂ — 2 Y P2
R
OMe R alkylidene R?
ketones - gem-bimetallic
c titanocene
complex
il
1
AV R" "OMe
o-Tivop,| [ TXees,
4 (o] TiVXCp,
R
Mo R’ RT
OMe
Int-A Int-B

J. Am. Chem. Soc. 2023, 145, 14884
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b) State of the art: Doering-LaFlamme reaction for allene synthesis from alkenes

Na or Mg

X, X
[ x> l or alkyl—Li
— - O Wl : o
dihalocarbene

Allene

Alkene gem-dihalocyclopropane

+ Harsh reaction condition ¢ Limited functional group compatibility

c) This Work: single carbon atom insertion into alkenes via photoredox/Co catalysis

[ Br‘)L‘Br l REH Gﬁ@
- — .lr “‘. — T -
dibromocarbene [Reductant]

Alkene Allene

¢SET J
.;.Z;. <= oz%xo ] — |/ "']

byproducts i carbene
P e Angew. Chem. Int. Ed. 2025, 64, ¢202418746 %
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CoPC (10 mol%)
[Ir({dFCF appy)a(dtbpy)]PFg (1 mol%)

DBU (3.0 equiv), MeCN (0.05 M)
45 °C, 24 h, Blue light (425 nm)

"standard condtions"

2a
(1:1 dr)

Entry Variations of "standard condtions” Conv. (%) 3a (%)* 4a (%)*

1

W @ N T o s w R

none

wilo CoPC, [Ir], light

Vitamin By, instead of CoPC
CoTPP, instead of CoPC
Co(salen), instead of CoPC
CoBry/dtbbpy, instead of CoPC
FePC, instead of CoPC
NiPC, instead of CoPC
CuPC, instead of CoPC
Ir(ppy)a. instead of [Ir]
4-CzIPN, instead of [Ir]

HE, instead of DBU

DIPEA, instead of DBU

THF, instead of MeCN

=95 Q0
- <2
29 9
>95 34
=95 86
>85 <2
>95 69
92 <2
89 22
65 6
92 81
=95 <2
92 64
46 24

<1
70, <1, <1
15
44
8
76
12
67
30
44
7
91
23
15

Bnr H
N
H Me

3a

Precise Synthesis Lob of Tongji University

Br
m A,
4a
O 0 15 DCE, instead of MeCN <5 <2 <1
16 DMF, instead of MeCN 85 81 [
17 strictly degassed MeCN >95 87 <1 By By
18 rt,instead of 45°C 84 75 <1
"Bu Bu
19 60°C, instead of 45°C =95 76 <1
CoSalen
O Q 20 0.10 M, instead of D.OSM, in MeCN 90 7 <
By, /Bu
M = Co, CoPC 21 0.03 M, instead of D.OSM,inMeCN >95 86 <1 —
M = Fe, FePC ) )
7~
M= Cu, CuPt 22 with 2.0 equiv H,0 10 <2 <1 N\ & & /
M = Ni, NiPC 23 with 2.0 mL air, added via syringe 71 53 9
Ph 24 36h, instead of 24 h >95 7o« Dibbpy
Standard reaction conditions: 2a (0.1 mmol, 1equiv), CoPC
Al P (10 mol %), [Ir(dFCF;ppy).(dtbpy)] (1 mol%), DBU (3.0 equiv.) in
MeCN (2 mL, 0.05 M) upon Blue LEDs (425 nm, 15 W) irradiation for
L, 24 h under N, at 45°C. ? Yields were determined by GC analysis with

CoTPP n-dodecane as the internal standard.

Angew. Chem. Int. Ed. 2025, 64, €202418746 %7
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CoPC (10 melt)

Br, Br
CHBr;. NaoH > [P CF ppy bRy IPF s 1 mal5) }s ac
. ) | DELI (3.0 squiv), MeCN (0.05 M)
yriopropanation n
1 2 46 °C, 24 n. Blue light {425 nm) 3
1,2-disubstituted alkenes
S an &n = -Pr Cy
Bzl T B0 = S Bzl - o =
md (a e e R
3a, 84% 3b, 84% 3c.83% 3d B6% 30, B0%
+Bu P OTES =, P H H
B2C = == —_ v=  WHCbr = =
)\_f: A PP(= DhF DnjI= P H
3T g T 3h T H, 7O 3j, BE% 3K, B1%
B H Me
< :NEa-c j ={Me #H
W rm‘,.=.. - 5=' i Mel
M, 795 3Im, 90% Bn, 875 M 3p. B3%
1,1-disubstifuted alkanas
P ! Et
— — n;c\}: EfDOC, =
PH .
3q, T3% (84%) a-bam Ju, 1% Iv, 81% Jw, 9% I 53

monosubstituted alkenes

C;: o W NS meo Q

{
R=0Bz 320 7o% OO

il ¥, 0% R = n-Bu: Jab© 72%

3ac, TH4

tri- & totra-substituted alkenes

H, H
}=.={ Ma Ma Ma e Ma
H

ﬁnf-=<Me

adl, 91%

I".‘daf.:f

Jaw, B1%

==
PhI Ma

3af, 57%

*. The Yang Research Group
Procise Synshesis Lob of Tongj Universiy
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a} Gontrol experiments

H M
Br, Br [Ir(dFGF 3ppy )2 (dibpy)]PFyg P)=.=( e
PMP%"Me DBU, MeCN, rt PM H
2n 3n, 20%
standard conditons
Br as in table 1 H =(Me
PVMP™  Me or GoPG, Mn, MeCN PME H
4n, mixture 3n
c) EPR study

®— []+D8U

(== tavoBUzn]

—@— [I)+CoPC+DBU+2n

\ A
'_j\ﬁAJW/W"} \—
. . —®— Simulation)

Magetic R (G}

b) Radical trapping experiments

[Ir] (2 mol%), CoPC (3 mol% or w/o)

. The Yang Research Group
Precise Synthesis Lob ot Tongji University

A,

*  PMP Me

with 5.0 equiv
4n, 50%, dr = 1.5:1

Entry

1

d) Carbene or carbe:

P
PMPT "Me <><Er
Ve Br
N-g
M Me 8
{DMPO}
e
Br
PMP, N, Me
Me @
Me
9=2.0059 Ay=14.50 G
Au=19.00 G S

Angew.

DBU, MeCHN, 10 °C

1,1-Diphenylethylene

. Fn Me, Ph oo
o+ Ph * M
PMP “Me PMP
6 7
CoPC 3n 6 7
wio 8% 12% -
3 mol% 41% 2% -
noid trapping experiments
Ph,
[ir] {1 mal%), CoPC (10 mal%) Ph
DBU. MeCN. 10 °C
with 5.0 equiv
1,1-Diphenylethylene 9, 2%
Possible intermediate
‘-“'F'_I- co''pC
O>< Ph
LU Ph

Carbenoid Metalloradical

Chem. Int. Ed. 2025, 64, ¢202418746  %°
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€) Stern-Volmer plot

Il

14
e DBU -
12
10 e 2n
3 .
.
L]
4 . .
z % a o
3 -
o
o 1 2 3 4 s © T
Concentration (mM)

f) UV-Vis study

9 F

-e- CoPC in DMF
e~ CoPC+[Ir[+DBU in MeCN, hv, 20 min h
—e—  Standard conditions, hv, 20 min | \
A ‘
\ |
320 370 420 470 520 870 - 20 670 720 770

g) Possible reaction pathway

Co''PC
Sy2 Br. o
PMP “"Me
Carbenoid
Co'PC
2n CoPC
Br.
SET Z
— PMP “"Me
i

Alkyl radical

—_———

SET

7

o

o
"%, The Yang Research Group
Precise Synthesis Lob ot Tongji University

3n

PMPT  'Me

Carbene

Angew. Chem. Int. Ed. 2025, 64, €202418746 %0
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Precise Synthesis Lob o Tongii University

d) This work: Fe-catalyzed homolytic substitution of unactivated allylic alcohols

R? R @ R R?
R—X + R‘NXOH - R‘J\%\R‘
Reductant

R3 R3
regioselective 2 o1
XAT [ - radical addition R RIR
R‘J%OH P s \
R3 FeL  HO-Fe™'IL

Good regioselectivity control Iron promoted hydroxyl transfer Moderate to excellent E/Z selectivity contro

Angew. Chem. Int. Ed. 2025, 202500781 %"
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*. The Yang Research Group
Precise Synthesis Lob ot Tongji University

R? R* R o}
Hoﬁ/ﬁ“ . - FeBry/L1 (15 mol%), Mn (3.0 or 4.0 equiv.) R‘JYKR )<(ILNHF'h o
e MeCN (0.2 M), 50 or 60 °C, 36 h R Y
1 2, (2.0 or 3.0 equiv.) 3

Scope of secondary alcohols
x
OH g X Ph x Me. .
e ) D/\/\)
Az ’ Me Ve e

3a, 88%, E/Z > 20:1 3b, 49%, E/Z = 16:1 3¢, 75%, EIZ > 20:1 3d, 52%, EIZ > 20:1 3e, 87%, E/IZ > 201

R
R = Me, 3f, 88%, E/Z =31

“ RoBL 30,83 EZ=51 1oy . R=H,  31,63%, EIZ=14:1 N
RS0 ol pam, 3h, 91%, E/Z = 6:1 R-©/\/\O R=2-Me, 3m, 56%7 E/Z=5:1 SQ/\/\O
R = BNCHy, 3, 72%°, E1Z = 7:1

R =3-CF3, 3n,66%, , £/Z > 20:1

R=Bn, 3j, 72%°, EIZ = 9:1 3k, 36%, E/Z> 201 R = 4-OMe, 30, 32%, E/Z > 20:1 3p, 28%, E/Z > 20:1
. n-pPr Me e
oH Mew_ Mew_~
A Bn/\/% Me Ph/\)\)
R’ R Me Me
3q, 46%, £1Z > 20:1 3r, 44%, E1Z > 20:1 3s, 67%, £1Z > 20:1 3t, 42%, E/Z > 20:1 3u,24%
B
o Et " iPr +Bu
X . X . Cl
S
Rw)\//"w K(\O L]/\) H/\O k(\) \/\/\(\0
L Ph Ph Ph Ph Me
3v, 50%, E1Z = 7:1 3w, B1%, E/Z= 10:1 3x, 70%, £Z= 12:1 3y, 53%7, £iZ= 14:1 32, 49%, E/Z = 20
Me Me e
=
W\D m Me/\/\H\O Cr\/% !
Me Boc” Me Me Br ¢
3aa, 82%, EIZ = 3:1 3ab, 41% 3ac, 45%, E/Z = 3.5:1 3ad, 43%, E/2=2.8:1 3ae, 35%, E/Z = 5:1

Angew. Chem. Int. Ed. 2025, €202500781 02
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Fe Catalysis:smmxmymmae & b5 & B A

Scope of tertiary alcohols

'?\Hf Me Me Me

; e LN NN o : s
RLY P oo ome L
3af, 92%"° 3ag, 61%,*P E/Z =411 3ah,82% 2P E/Z >201 3ai, 56% *P E/1Z =141 3aj, 55%,*° E/Z > 20:1
Me Pr
s -5 Me Me

P Pn)\/\o & Ph Ph Ph

3ak, 52% %59 EIZ = 411 3al,20 3g% 3am,” 71% 3an’ 29% 3a0,%42% 3ap, 60%.% E/Z=4:1

Scope of primary alcohols

"‘B”M % ’}\K" PP \‘)M:o

Me

3aq, 72%° E/Z=1.4:1 3ar,56%° E/Z =131 3as, 39% 3at, 14%
‘Scope of halides
& /@,cooa & ’©,oue
_nBu
CVWN Cyww N )Y\(IL
Fr A FFEH PhEE PhF F
3au, B8%, E/Z > 20:1 3av, 74%, E/Z > 2011 3aw? B85% 3ax,” 74%
Me 9 kME 0 Me 0 Q
o _Me
Maw CwaNAPh C‘IWNAF”\ Jo! N N
phFF H FF H FF Me Me FF Me
3ay.” B6% 3az, 83%,° EIZ > 201 3ba, 81%,° £/Z > 20:1 3bb, 61%,° £/Z > 20:1
i i WF
= COOEt
x -OMe \ N/\ [T G R X F
3 h § FE FFFF
Me FF fhe me FF L_o
R = Ph, 3bf, 42%,° E/Z > 201
3be, 53%.° E/Z > 2001 3bd, 64%.° EIZ > 20:1 3be, 35%.° E/Z > 20:1 R =Bn, 3bg, 64%.° £/Z = 6.4:1

Angew. Chem. Int. Ed. 2025, €202500781 '%°



Me

SO
MeO" Me

Me,
B 4
Me id
Me
Me
from (S)-Citronellal
3bm, 48%, EIZ > 20:1

Fe Catalysis:smuxmymmme b nmLRRAE

MEYME

from (Rac)-Naproxen

from (L)-Menthone from (R)-Muscone
3bn, 32%.7 E/Z = 10:1 3bo, 58%,%"7 E/Z = 10:1 3bp, 74%,” E/Z = 1.6:1
Me Me Me HO Me Me Me Me Me
ME/J\/\/K/\)\/\)V >
Isophytol

3bg, 87%,° E/Z =31
Bromides from drugs or bioactive molecules

e o OMe 0 /@:O>
[
Me CyWN OMe Cy/\/YU\'\O/\O 0
FF FF ":,
o}

from Dehydroabietylamine

: ~E
from Donepezil
3br, 60%, E/Z > 20:1

from Paroxetine
3bs, 42%,° E/Z > 20:1

3bt, 64%.° E/Z > 20:1
Me
2 ~ i F Me. oXe
ey 2 N Cy/\/%N [e] i-Pr
CT FF /\/VK Me Me
F F Me Me 1 Cy 2 O
N FF

from Tomoxetine

Me
from Paliperidone Int.
3bu, 55%.° E/IZ > 20:1

from Vitamin E
3bv, 22%,° E/Z > 20:1

3bw, 41%,° E/Z > 20:1

Angew. Chem. Int. Ed. 2025, 202500781
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a) Radical trapping experiments

o standard conditions o
H + Br as in table 1 -
cy & NHPh —————— Cy NHPh
FF TEMPO (2.0 equiv.) F F
1a (1.0 equiv.)  2a (2.0 equiv.) 3a, < 2%

standard conditions
as in table 1 2

fa  + 2 B FnMNHPh
FF
JL (2.0 equiv.) o
Ph™ “Ph <2% 8, 28%

[ 4

Int-1

=
"%, The Yang Research Group
Precise Synthesis Lob ot Tongji University

b) Radical clock experiment

standard conditions
OH

) as in table 1 Me
S TSy gy
WGA/D)\ME RF,C = x Me

9,dr=T:1

10, 13% (E/Z mixture)

Me
M
me\r .
OH

Int-3

Angew. Chem. Int. Ed. 2025, €202500781 '9°
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d) Control experiments for involved radical intermediate
OH AIBN (2.0 equiv.) OH
TTMSS (3.0 equiv.) B
—_—
Ph)Y\n-C.,Fg P N"NnCuFy * ph 1-CaFq
Br MeCN, 70 °C, 40 h H
G) LONUYI EAPETIIMENLS TUT INE TequGUon OF dIKY1 Dromues 11 (dr=1.7:1) Additive 3bf 12
Additive
e " - MeCN (0.1 M), 50°C, 36 h B + *
eCN (0.1 M), i XAT [ OH ] dehydroxylation HAT
J
Entry Additive 1a (%) 2a (%) 3a (%) Ph 'n-C4Fg
Iint-4
1 Mn (3.0 equiv.) >95 > 98 <1

2 MnBr; (3.0 equiv.) > 05 > 98 <1 Entry Additive Conv. (%) 3bf (%) 12 (%)

3 FeBry/L1 (2.0 equiv.) 92 >98 <1 1 FeBry/L3 (1.0 equiv.) 94 <1 16

4 FeBra/L1 (2.0 equiv.) 91 >98 =1 2 FeBr,/L3 (1.0 equiv.) 90 <1 44

FeBra/L3 (1.0 equiv.) -
3 Mn (3.0 equiv.) 94 15, ElZ =61 71
FeBra/L3 (15 mol%) e
4 Mn (3.0 equiv.) 91 20, E/Z = 6:1 64

Angew. Chem. Int. Ed. 2025, €202500781 '%°
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OH
Cy)%(R

L

-—
=
*. The Yang Research Group
Precise Synthesis Lob af Tongji University

1a
Br FF
1/2 Mn Br—Fe"*'/L y Int-B
g
Int-A
2+ =Fan+1
1/2 Mn Br X=Fen/l HO Fe L
Fen/L Br. R
Mn
Br % FF
2a
Br—!le"‘fL 2+
1 Min 112 Mn
r n=0or1 1/2 Mn2*
possible transition state
_Fe"lL H
- ~Q---Fe" /L
HOZ~ (o] e
Q R
Cy Cy *—CF,R
F F
hydroxy transfer fhydroxy elimination

@
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