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Background

Biologically relevant molecules containing a P(V)=0 stereocenter
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P-chiral phosphine oxides act as ligand or catalyst
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Preparation of P-chiral bis- or mono-phosphorus ligand from P(V)=0
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a) Zhou, J. et al. Acta Chim. Sinica 2020, 78, 193-216. b) Knowles, W.-S. et al. J. Am. Chem. Soc. 1977, 99, 5946—5952. ¢) Tang, W.-J. et al. Org. Process Res. Dev. 2013, 17, 1061-1065.



Background

Traditional synthetic method

Stoichiometric Chiral reagents
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Background

Asymmetric catalysis Specific substrates

Enantioselective desymmetrization
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:Z oH @/H Baran. P,* et al. ACS Cent. Sci. 2021, 7, 1473-1485.

NHC or Lewis Base C-H activation

Diastereoselective coupling

Direct asymmetric functionalization of racemic SPOs or H-phosphinates
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Zhou, J. et al. Acta Chim. Sinica 2020, 78, 193-216.



Background

Asymmetric functionalization
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TsHN
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Coupling reaction via kinetic resolution (KR)

Palladium catalysis

Scope

2
P\\ R +
H

(+)-1
(2.0 equiv.)
Q
wP—R1 R = Et 3aa
R =n-Pr 3ba
R=i-Pr 3ca
R =n-Bu 3da
R=t-Bu 3ea
Ph
Q
wR—,pr R?=0Ph  3ha
R2 = NHBoc 3ia
R2=¢tBu 3ja
R2=ClI 3ka
R2

Pd,(dba); (5 mol%) (o)
Ny B (S:Ro)X1g (11 mol%) (iiwa\R
7 Cs,CO03 (2.5 equiv.) J \/RZ
anisole, 35 °C, Ar . y
2 3
0}
69% yield, 91% ee P o
81% yield, 91% ee n-Fr
64% yield, 93% ee
47% yield, 93% ee 3ga, 95% yield, 96% ee
58% yield, 81% ee Me

(0]
P

]
well~
@ Meoipr

3la, 92% yield, 91% ee

55% yield, 93% ee
59% yield, 93% ee
65% yield, 91% ee
59% vyield, 93% ee

a) Zhang, J.-L. et al. J. Am. Chem. Soc. 2019, 141, 20556—20564.
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Coupling reaction via kinetic resolution (KR) Palladium catalysis

Mechanistic experiments

a) (S,Rs)-X10 (11 mol%)

95% 1e remaining, 74% ee
CSzCOs (25 equiv.)

9 anisole, 35 °C, Ar, 18 h
@'E—;\n-Pr
H
Pd,(dba); (5 mol%)
S)-1e
7(4")/0 ee (S.Rs)-X19 11 mol%)

) 73% 1e remaining, 70% ee
Cs,C0O3 (2.5 equiv.)

anisole, 35 °C, Ar, 18 h

b) 9
(R.SX1o (11 mol%) @f%\n-pr
9 4-PPZ-C§:4Br (50.2 r:’l;nol) (S)-3eb N
@VP-_\n-Pr 2(dba)s (5 mol%) 89%, 99% ee = Sl
= i’ ]
H Cs,CO5 (2.5 equiv.) ofh Ph” *‘bd.-c' 0 B
- anisole, 35 °C, Ar, 18 h U ~
(Z(gégjiv) (SRs)-Xro (11 mol') @“"P\n-Pr JR" <
. . > 1
74% ee Me
(R)-3eb Vi
39%, 66% ee D(Sg) ok D(Rp)
Ph favored disfavored
c)
Me

anisole, 35 °C, Ar, 5 h H )\/U\/\

Ph Ph
(0.2 mmol) (0.05 mmol) (S)-3mb (S)-1m 4ma

Trace D 22%, 27% ee 62%, 20% ee, 12% ee, dr = 1/1

4-Ph-CgH4Br (0.1 mmol) Il Me
Me 64 2 Me
0 (S,Rg)-Xg0 (0.1 mmol) @' n-pr 0 Q n-pr
P— + PdZ(dba)3 + P— + \P/ 0
\H n-Pr Cs,CO03 (0.25 mmol) Q —~n-Pr

a) Zhang, J.-L. et al. J. Am. Chem. Soc. 2019, 141, 20556—20564.



Coupling reaction via kinetic resolution (KR)

Palladium catalysis

Exploration of the tautomerization mechanisms of SPOs

(a) Intramolecular mechanism : (b) Intermolecular mechanism
E i " ]
ve o D[ Mo e 52 0. ki)
L.H 1 ST’ P,E? ‘;F.’ = Riut KESID
|'\If|e AG*=60.8 kcal/mol § ea" \H'_O " Tszl{Rp_l_Sp)
: © AG*=35.4 kcal/mol
TS1' TS2'
.................................................... .,.
(c) Unimolecular H,0-assisted mechanism (d) Bimolecular H,0-assisted mechanism
u T : HT
Me o™ 4 . : H-O. .
[} O TS3 : Me O H TS4
oy AG* = 38.5 kcal/mol : 'F', ; AG*= 31.1 kcal/mol
Me : L H--0,
Me H
TS3' TS4|
(e) Base-assisted mechanism
i
Me o-’CS

-Cs™
; O/J\OCS TS5' 0 OCs  (+)-1a"-CsHCO;
FI’uH AG* = 5.4 kcal/mol AG = -1.7 keal/mol
Me

TS§'

Scheme 2. Non-transition-metal-catalyzed tautomerization mechanisms.

Zhang, J.-L. et al. Eur. J. Org. Chem. 2023, 26, €202300804.

10



Coupling reaction via kinetic resolution (KR)

Palladium catalysis
DFT computations on the asymmetric arylation
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Figure 2. DFT Studies on arylation. Ar=o-methylphenyl. Gibbs free energies are in kcal/mol.
Zhang, J.-L. et al. Eur. J. Org. Chem. 2023, 26, €202300804.
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Coupling reaction via kinetic resolution (KR) Nickel catalysis

B
A 1% Ni(COD), (10 mol%)
Scope KOAc (2.0 equiv.) PN L7 (11 mol%) I
. - = P\
Dioxane (1.0 mL), rt, N, (/ 0 OO K,HPO, (2.0 equiv.) Ph—P—¢By
—R Br
A2 3 Ph~\>~tBu * " EA (1.0 mL), 40 °C, N, 'O
H Q
L7 O/X.nph '
0 Ni(COD), (10 mol%) =\ (t)-1a
|':'> L7 (11 mol%) (2.0 equiv.) 0.1 mmol (S)-5zi
Ph™ \>t-Bu = —PPh;
H Fe
(+)-1
(2.0 equiv.) Pd,(dba)s (5 mol%) o
0 Xantphos (11 mol%) PhR—tBu
Br—Ar? 0 1 Br K,CO3 (2.0 equiv.)
: . +
KHPO, (20equiv) B _ L\t_Bu 'O

Ar P " THF (2.0 mL), 40 °C, N,
EA (1.0 mL), 40 °C, N, A 'Q

5 (R)-1a
(0.2 mmol) 1.5 equiv. (R)-5zi
9 R =4-MeCgH,; 3a 99% yield, 94% ee A
AH'B—_\t Bu R=4-OMeCgH; 3b 84% yield, 91% ee 4
Va R = 4-FCgH,4 3c 98% yield, 95% ee [
( R = 4-CICgH, 3d 98% yield, 93% ee L -
Ar? (crystal structure of 3e) .
- G4
% § 10
o g %4 B 5
2 i I : s §
Ar™ By AT EBY Ar' T EBu 3 g £
2 B = % g o i
s 2 Z x= I 0 =
o
— —_— o = Z o
o 0 i
(0] Me ! -15
N HN (0) Me on 1
Q‘ 1CO,Me >/C02Me %Me 2 @ w0 ® a0 & -:1] 250 0 s e w50
Ph/‘ _ Wa\.ralengm { i) ) Wavelength {nm)
72% yield, 97:3 dr 43% yield, 99:1 dr 88% yield, 98:2 dr UV-vis absorption and PL spectra of 5zi CD spectra of (§)-5zi and (R)-5zi
(from L-Pro) (from L-Phe) (from (-)-borneol)

12

Duan, W.-L. et al. Angew. Chem. Int. Ed. 2023, 62, €202300011.



Coupling reaction via kinetic resolution (KR)

Nickel catalysis

Studies on active intermediate

Ni(COD), (0.2 mmol)

" PPhj3 (2.5 equiv.)
S toluene (2.0 mL)
‘ Y/ Br
3
2.0 equiv.

s\
phep, =/ -

7 (1.0 equiv.)

/NI\
PhsP Br tol

uene (2.0 mL)

O/x.\\ph
N Br

Sy
_-Ni S

g@egﬁzw

4
65% vyield

9 KoHPO, (2.0 equiv.) 9
Ph/P\\t-BU + 4 2 4 <L Ph/F?-\t-BU
H EA (1.3 mL), 40 °C, N, B

2]
(£)-1a Q/
(2.0 equiv.)

5h, 67%), 99% ee
Standard conditions: 76% yield, 97% ee

Studies on recovered starting materials
Ni(COD), (10 mol%)

L7 (11 mol%)
KOACc (2.0 equiv.)

Ph/F{\t-Bu + 2
H
(+)-1a 0.1 mmol
(2.0 equiv.)
2
R R=4-Me 3e
»
R=4-CI 3h
Br’ X Z
R=4F 3g
R=3-F 3k
R=2-F 3m

Dioxane (1.0 mL), rt, N,

Product 3

99%, 94% ee

98%, 93% ee

98%, 95% ee

90%, 88% ee

99%, 85% ee

recovered (R)-1a

99%, 95% ee

77%, 90% ee

94%, 88% ee

55%, 99% ee

81%, 99% ee

Duan, W.-L. et al. Angew. Chem. Int. Ed. 2023, 62, €202300011.

(0]
I

P.,
Ph” '\ "t-Bu
H

recovered (R)-1a

145.7

94.5

122.5

80.1

60.6

Proposed mechanism

Ar2-Br
Br
L*N/Q
Ar?
B
?
P
PR V> tBu 0
- H ph” o tau
L*Ni (R)-1a 0
A (S)-1a
O/\E‘-\Ph
=N._ Br HQ
(@ _-*Nj=----Rum
9] p
V'I:I’\ Fe IIZhz />~s \Bu
1% 2 >t-Bu
: :Arz = steric hindrance
(S)-int-C -r Stacking (R)-int-C
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Coupling reaction via kinetic resolution (KR) Palladium or Nickel catalysis

Similar examples

o o Pd,(dba)s (5 mol%) 9 o
@/l':',\R . PR /II'-I‘—OEt (S,Rs)-X4 or X5 (15 mol%) @“‘P\R . II-'.I’\R

}4 Ar 07 bEt Rb,CO3 (2.2 equiv.) LAr @

MeCN (2.0 mL), 55 °C, Ar
(*)-1 2 3 Recovered 1
(2.0 equiv.) (0.2 mmol) X4 R = H: Xp: R = i-Pr:
(S,RS)—X1 or Xz
Zhang, J.-L. et al. Angew. Chem. Int. Ed. 2021, 60, 27247 —27252.
Ni(COD), (10 mol%) Me
(S,S)-Me-Duphos (11 mol%)

KoHPO4 (2.5 equiv.)
i-PrOH (5.0 equiv.)

Mesitylene (0.05 M), r.t.

R' = alkyl R =H or Me D’

S ’ Me
@2alequis) (S,S)-Me-Duphos
Zhang, Q.-W. et al. Org. Lett. 2022, 24, 1258—1262.
Ni(COD), (10 mol%) B
o oA (R,R)-QuinoxP* (12 mol%) o N P.f' u
11 - 11 -
P—( ) + DABCO (1.5 equiv.) wP—f \:[ Me
OR ) OR
® }_| Ar)\/ Dioxane (0.1 M), r.t. ® = .
Ph Me
(+)-1 2 (R,R)-QuinoxP*

(3.0 equiv.)

Zhang, Q.-W. et al. Org. Lett. 2021, 23, 8683—8687.
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Insertion reaction via kinetic resolution (KR) Palladium catalysis

- - Pd,(dba)s (5 mol%)
anti-Markovnikov products 0 P (SRIX. (15 mol%) Q
RZ/F{\R1 + // 2\“P\R1
H R H,0 or (EtO),MeSiH (0.2 mmol) X
DCE (2.0 mL), 35°C, Ar, 12 h
(£)-1 2 (0.2 mmol) (R-3 R
(2.0 equiv.) rr>20:1
Scope B R 9 9 9 0
E O Me E O\\l"P\n_Pr O\\\"P\i_Pr O\\l“P\t_Bu O\\"P\Bn
E - E N § \\ N
\ : Ph Ph Ph Ph
"""""""""""""" 3a 3b 3c 3d
72% yield, 91% ee 86% yield, 99% ee 85% vyield, 95% ee 49% vyield, 95% ee
? ? ® ? ?
O““'P\Ph O“"P\t-Bu O“"P\t-Bu phR~tBu phR~tBu
AN X 1-Bu N
PR EtO,C7
Ph Ph Ph -B
e Me” " oH
3e 3f 3g 3h 3i
72% yield, 91% ee 54%; 97% ee 54%; 81% ee 61%; 96% ee 66%; 95% ee
Mechanistic studies — _ .
Deuterium-incorporation experiments
0 (e}
P / Standard conditions_ u--lg\t B
O s * Ph Additi Q D
H itive . _ D(H)
R)-3 Ph
(*)-1c 2 (0.2 mmol) (R)-3e
(2.0 equiv.) D,0: H/D = 2.70/1, 86%; 98% ee
PhMe,SiD: H/D = 7.26/1, 78%; 97% ee
2 _ i
Standard conditions e P—
O/F{\t-Bu + Ph// — O t-Bu
b Additive x-D(H)
-3 Ph
1 2 (0.2 mmol) (R)-3¢
(2.0 equiv.) D,0: H/D = 1/2.34, 86%; 98% ee
H,0: H/D = 2.06/1, 87%; 97% ee
PhMe,SiH: H/D = 1.31/1, 82%; 98% ee 15

Zhang, J.-L. et al. Angew. Chem. Int. Ed. 2020, 59, 20645 — 20650.



Insertion reaction via kinetic resolution (KR) Palladium catalysis

Markovnikov products

Pd,(dba)s (1 mol%)

o)
A — 4 Q (R,R)-QuinoxP* (2 mol%) I
r pr— R~ > | 28N
B0~ Ph (Ph),P(O)OH (4 mol%) EtoT W/
Toluene, 60 °C or 80 °C Ar
1 2 3 (Ph),P(0)OH 9
_I_ph
O—P
/ \
9 0 L*p({ Ph
9 EtO'P Ig o Oxidative addition H
Eto~ F = EtO™ - I
2 Ph v~ P—
Ph Ph R'O”"\~Ph
H L*Pd
/ ‘ path A P
M -
Me e major Ph//
3a 3b 3c O\\P/OR' path B
70% yield, 83% ee 70% yield, 82% ee 70% yield, 81% ee L*p o Ph 3 Reductive elimination Hydropalladation
60% yield, 84% ee? d\H E N

Q 0 Q
Et0~ Et0~ Et0~ ¥ O e o
Ph Ph Ph W OR [_ph
_P~pPn rO—R”

L*Pd Ligand exchange | « \Ph
Ph—= Ph =P
DW N Ph
C PCO

t-Bu Et n-Pent N
3d 3e 3f RO Ph
84% yield, 81% ee 72% vyield, 83% ee 54% yield, 82% ee

T

@ Without phosphoric acid

16
Wang, J. et al. Chem. Sci, 2020, 11, 7451-7455.



Michael addition reaction via kinetic resolution (KR)

Co catalysis

ZEWG

(S,S)-5 (10 mol%)
i-ProNEt (1.5 equiv.)

EtOH, 0 °C

Q
N\yoeR
@ ) L

(S,S)-5 oj”/

i SN “Ph
N—Co OAc
\ _N_ _Ph

My

2 EWG

O 0] O
I KR B I
Art— R ~alkyl =A™ 2 alkyl O art= P —alkenyl ¢
H MIL* R R
_ // H \
(#)-1
(2.5 equiv.)
A4
i w 2
1— R ~Ap 2
Ar }-I ArT e > Ar'™ F'f:\Ar2 Scope 0
R \\"P
Challenge: substitution group with similar size
A
CO,Et
(R)-2a

98% vyield, 96% ee

Ho\L
bidentate chelating

@3@

SO,Ph

(R)-2d
85% yield, 94% ee

@3@

(R)-2b
84% yield, 92% ee

@)@

P(O)OEt,

(R)-2e
82% yield, 86% ee

@E@

CONMe,

(R)-2¢
99% vyield, 90% ee

@)@

P(O)Ph,

(R)-2d
68% yield, 94% ee
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Michael addition reaction via kinetic resolution (KR)

Co catalysis

Compared experiments

Q
Ot

()1
(2.5 equiv.)

(2.5 equiv.)

Duan, W.-L. et al. Angew. Chem. Int. Ed. 2021, 60, 27241 —27246.

2 C0,Et

(S,S)-5 (10 mol%)
i-ProNEt (1.5 equiv.)

EtOH, 0 °C

2 C0,Et

(S,S)-5 (10 mol%)
i-ProNEt (1.5 equiv.)

EtOH, 0 °C

i
o5

CO,Et
(R)-2a
98% vyield, 96% ee

O30

<5% yield

. 0
Mechanism _P. (N
O H/ ‘7 N
R~ 8 P |
ol "/| Ny i-ProNEt (R)-1a
_ matched
ColL*
fast
i-ProN*HEt
O’/COL* O/’CCIJL*
R3 g 1 : 11 (/’T\\\‘
KIP:II N\ H;PI/| N
Pr' | Ph
c F A F
i-Pr,NEt
L*
09
| 1
R3 P., [N _ .
N— { ’| 5 -ProN"HEt
Ph P
B




CPA catalysis

Michael addition reaction via kinetic resolution (KR)

Hydrogen-Bond

Q ~ CPA (15 mol%) i
aPou AP ] H
N t-BuCgHs/Cy = 1/6 NI Ar y \?
-15°C N _P
Ar, A’ AR
= aryl, alkyl __ /
Application s value up to 127
(O] i Ts
0 Ti(O#-Pr)y (1.0 equiv.) TsN3 (4.0 equiv) N~
P N (EtO);SiH (6.0 equiv.) p P Ny oluene, 25 °C P N
Ph BN | Ph BN
| toluene, reflux, 2 h _ |
= =
4, 84% vyield, 92% ee
(99% ee after recrystalization)
3. 92% ee 7, 52% yield, 96% ee

Synthetic transformation

Do GZ '8uan|o}
(Ainba ') @8

AercoJ\/U\OCHZAr

8: Ar= 3,5-(CF3)2C6H3

[Pd(ally!)CI], (2 mol%)
4 (5 mol%)
OAc LiOH+H,0 (20 mol%)

Ar')\/\Ar' BSA (3.0 equiv.), toluene
-20 °C, Ar, 96 h

AerCO)‘ﬁ.\CHzAr
Ar' 7 Ar'

10a: Ar' = Ph, 97% vyield, 83% ee
10b: Ar' = 4-FCgH,4, 89% vyield, 81% ee

Jiang, Z.-Y. et al. Angew. Chem. Int. Ed. 2023, 62, e202216605.
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Michael addition reaction via kinetic resolution (KR)

Sulfinamide catalysis

Steric hindrance

Me o) OBz Me o Me P/ \\ P5
p P5 (10 mol%) B 1 PP o
R+ cogen o ReR T R'co,n !
o] .
R H t-BuPh, 0 °C H R \\< N™""t-Bu
Me H
(+)-1 2 recovered-1
(2.05 equiv.)
Scope Me o Me o ; Me o Me o : Me o Me o
1 11 ' 1 |l ' 1 |1
wR—Ph P—Pn | wR—Ph P—Ph : wP—n-Pr P—n-Pr
\ > CO,Bn | \ > CO,Bn ! \ > CO.Bn
Me H Me : H © Me H Me
Me Me ! Me Me : Me Me
(R)}-1a,40%, 89% ee  3aa, 41%, 90% ee . (Ry1b,38%85% ce  3ba 39% 90%ee ! (R)-12, 25% ee Sca, 62%, 82% ee
_ ' s=53 | s=12.9
s=957 '
Me o Me o Failed examples
I I \
wR—s-Bu P—s-Bu ! .
A > CO.Bn | FPro e i Me o
Me H Me '\\< : P P\\ph I
: i-Pr H H
' i-Pr .
(R)-1d, 27% ee 3da, 69%, 87% ee ! ! t:Bu
§=18.7 Trace 1: 10% ee 1: 39% ee
. 3:10% ee 3: 66% ee
Compared experi ments 5 [\ E
Me L ppr P Ph= P !
Me 0 . Ph 0 Q .
0 OAc Catalyst (10 mol%) P ! 1 .S, :
P\Ph + CO,CHPh ' Ph CO,CHPh | N~ "+-Bu N ‘t-Bu :
" \ 2> +BuPh,0°C  Me 2~ : :
e y H Me 5 |
e ! P5 N-Me-P5 :
3ae | 3ae, 39%, 92% ee 3ae, 16%, 24% ee |
i s=72 s=2

Zhang, J.-L. et al. Chem. Sci. 2020, 11, 9983-9988.

20



Asymmetric functionalization via KR

0
R1/P\\R2
H

()1
X equiv.

Kinetic resolution

R1\u"

(I)I 9 Limitations
P—p2 + 1e-P—p2
}? R R ?—i R [[] excess raw material (X > 2)
3 seavEed) [] lower recovery yield of 1
mismatched configuration
M !
0]
R“’P\O/H fast P
R1\\\I \\R
R
. 0
R P~o-H slow = 5
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Coupling reaction via DYKAT Nickel catalysis

Ni(COD), (10 mol%)

(S,S)-BDPP (12 mol%) o
9 OAc KOACc (1.5 equiv.) ||:|) A
+ > . r
Ph/F\>TH Ar)\/ Dioxane (2 mL), r.t. Ph” }Qq/\/
R
(#)-1 2 3
(1.2 equiv.)
0 LG Yield ee of 3b P N
_P, _N_Ph OAc  9%%yield  94%ee S OAc Mo Me
Ph \Et OBz 96% yield  94% ee oo PR PPh;
OBoc  22%vyield  94% ee 3b, 95% yield, 94% ee i
3b p-OMeOBz  95% yield 94% ee Ar/‘\l/’

proposed intermediate

Me F cl CF
P, P P., R,
N Ph T\ N Ph T\ N Ph™ \Et
E

t
3c 3d 3e 3e
77% yield, 94% ee 88% yield, 92% ee 84% yield, 92% ee 74% vyield, 92% ee

Zhang, Q.-W. et al. J. Am. Chem. Soc. 2019, 141, 16584—16589.
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Coupling reaction via DYKAT

Nickel catalysis

Ni(COD), (10 mol%)

OAc (S,S)-BDPP (12 mol%) CE
9 _ Base (1.5 equiv.) (I.?\/\/©/ 3 (,? Conditions 9
AF/P\\H * Dioxane (2 mL), r.t. Ar\“P\ X Ph=R~Me Ph=P~Me
(S)-1a, 91% ee remained (S)-1a
1b 2z 3z
(1.0 equiv.) (1.2 equiv.) . »
Entry Conditions Initial ee% recovered ee%
@® ee of remaining 1b conversion of 1b ee of 3z
1 none 91 91
A 2 1.5 equiv. KOAc 91 91
) KLPO,ns base LG .t .
160 . ® ® 8 0 e e e 100 3 1.5 equiv. HOAc 91 91
o . & 4 1.5 equiv. K3POy4 91 91
o s 5 Ni(COD),, (S,S)-BDPP, K3PO, 91 91
s E w0 . 0 [ ] .
% 2 s * B 6 Ni(COD),, (S,S)-BDPP, KOAc 91 88
Z 'é = . . 7 NiBry, (S,S)-BDPP, K;PO, 91 85
o S i 8 NiBry, (S,S)-BDPP, KOAc 91 34
20
1]
1 2 3 L) 5 6 7 B 9 10 12
t'h
Proposed mechanism ?H ot 9
as
- — > P - . .P R
OAc Ar Ar \/\/
Me \Me alkyl alkyl
NiL* Ph,P  PPh, DYKAT P stereo retention
20r2" — N\ [Ni/L*],
KOAc f‘fi Base
| solw PR
B —— /P B —— AI"( ,:
Ar % alkyl
alkyl

Zhang, Q.-W. et al. J. Am. Chem. Soc. 2019, 141, 16584—16589.
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Coupling reaction via DYKAT Cooper catalysis

Cul (10 mol%) L6
L6 (15 mol%) e
X X/O\E,RZ KoCO3 (4.0 equiv.) b
L n 1 MeCN, Ar e o Nte
7 ° P,
I -~0
=0or1 Ph | J
n=~uor n=1,2,3
Yang, W.-Q. et al. Angew. Chem. Int. Ed. 2022, 61, €202117093.

Cu(MeCN)4PFg (10 mol%)
Ligand (15 mol%) [l

Q : KsPO, (2.0 equiv.) PhR~ipr
Ph—R~i-Pr ¥ MeCN, Ar, 0 °C, 48 h MeO
) omte ,Ar, 0°C,

NH-Pr

O

v NHMe NHEt

)

NHi-Pr /@\ NHMe
MeO cl

L1 L4 NHMe
40% vyield, 86% ee - - 35% vyield, 86% ee

1a 2a 3a
NHMe @[NHEt
L2

r //"2
w

=
@
ﬁé

Z

T

<

o

15
s

lo

" "NHMe *" "NHMe * "NHMe * "NHMe 4
79% yield, 90% ee ?
OM M Br

e
L5 L8
46% yield, 87% ee 22% vyield, 77% ee 11% yield, 84% ee 46% yield, 89% ee

e

" “NHMe
F OMe Me Br
Cl
NHMe NHMe NHMe NHMe Lo
- . - o 50% yield, 90% ee
L7

-
[=2]

@ Reaction was conducted with Cs,CO3 for 72 h.

Su, B. et al. Angew. Chem. Int. Ed. 2023, 62, €202301628.
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Summary

Coupling reaction

A
|
Pg
>
%
&
z
ar

0

. . . (0]
anti-Markovnikov product Insertion O/P\O/H ) B [M/L*], Base
— - ( , ™) = Ni
O\ Int-5 R—= d H M = Ni, Cu
7,

P.

O
4
O \/ll/R /PQO Pd/H* Phosphinous acid \\ 0
L*P -

Mark 'kH duct i \/ll/R Hﬂ O\\\\‘('P?—Q - j:»')
arkovnikov produc H g\o/ d Fé X O‘ \R\O
Int-2 H
- O/CO\‘ Co
GWE \
(I? \§ ﬂP-u@ Michael

O’ P\O addition
¢ _ N T
EWG H Int-3

GWE | Organocatalyst
S Ar1/P\Ar2 (CPA, Lephos)
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Outlook-Dynamic Kinetic Resolution (DKR)

0 OH  higher OH
ph=—PH =—— pp—P =—— ppP ——
t-BU t-BU t-BU
R R s
Q1159 Q
Ph=—P* =—— ppP-
t-BU t-Bu
R s
Liu Wu
£-BuOs t-BuOH Eosin B*
o) o)
11 1 11
ArR~ar R P Ar~R>~ar
H R? H

Wu, L. etal. Org. Lett. 2016, 18, 452—455.
Liu, G.-S. etal. Org. Lett. 2019, 21, 5015-5020.

T
phiPH

t-Bu

Eosin B

0
1\||-P°
R4
R2

M/L*, Nu”

—_— R1\‘

O
M

I:i\Nu
R2
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Outlook-Photocatalysis

Zhi
N o 7 W BLED (.P?
. wP—
| _ + Ph"'Fi\R NaOH (1.5 equiv.) ~ Ph R
N Cl H DMSO, rt Z N
\
=
DMSO DMSO
i, DMSO ' DMSO

| ’ | e

/)\‘a _ISC _  sET /)\la,\‘o

Cl O — N

N P YR
T~ REE ]
U © Ph | ) = Ph

photocatalyst A

Et0,C.  Me /,Q\P/OD*
N—H g ©
Et0,C | Me '
0 >_<R
@:(«N—O NHAc
o

EDA complex activated by CPA

Che, C. etal. Chem. Sci. 2022, 13, 6519-6524.
Lu, G. etal. ACS Catal. 2022, 12, 13065—13074.
Jiang, Z. etal. Angew. Chem. Int. Ed. 2023, 62, €202216605.

\P:
‘\\ X é/ o
Ar1\ . / —H
p\
Ar?

EDA complex activated by CPA



Outlook-New organocatalyst

Construct C-O bond in Enzymes

Enzymes lower the barrier to phosphorus bond formation through:

! Nucleophile Activation

H ;
o 0
N /R er'ssz Leaving Group Activation
/K/N——H---O———P---O————H
His32 OH Transition State Stabilization
HO OH
OH

Construct C-O bond by using organocatalyst

(o}
9 Hydrogen Bonding Interaction |':',
H OR

tBuO  t-Bu Me
OO . /LHJLHJ\N &
S O,

BIMP

Me

DiRocco. D.-A. et al. Science 2017, 356, 426-430.
Dixon. D. et al. Nat. Chem. 2023, 15, 714-721.
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Thank you!



CgHs\
P 4+ CH,0H =—
C.H.CH,” MH
CEHE,\P/-O"'}EI e CEHE;\P/OH + CH OH
» - ! _ - . 3
CHCHY e OCHs CH:CHY” )
VII

J. Am. Chem. Soc. 1968, 90, 3459-3465.

+
3 CH.. _OH
+H LN
v<———>[ P’ i\
C

~H* eHsCHz/ \H
IX
CH,OH||CH,0™
I il
- X
C6H5CH2/ C5H5CH2/>|(
VIII X

!

CH,P=0 + CH,CH,
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Key ureidopeptide
hydrogen-bond donor

Key nitrophenol

o o
leaving group ‘ )J\ T JJ\
| Q¢

H H H

1
A

ﬁ O,N_ % F OH N*F{Ph}s P.
. Ph™ 1 “o—Ar
F*h“"i"‘ﬂ@ Me B1-(PPhg) (10 mol%) o 9

o + -
7N\ PhF (0.5 M), 0 °C, 24 h he
O:N —TR Me
(1.1 equiv.) vie
Prochiral Model Enantioenriched
P{V) centre nucleophile P(V) centre
Ar—OH Optimal conditions
OH OH OH OH
N'D'g NDE NGE Me NDQ

BIMP (15 mol%)

Me |::> r.t. (0.25 M)

P(p-tol)z instead of PPhy

Me
LG1; 41% yield LG2; 34% yield LG3; 61% yield LG4; 10% yield 1; 84% yield
87% e.e. 67% e.e. 89% e.e. 94% e.e. 91% e.e.

ArOH = LG4

cal
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Table 1: Optimization of reaction conditions.?

o ~cat (10 mol%)
II=I’\ A_Ph ligand (11 mol%) Ph"l:l':\/\
PRUITR T BTN KOAc (2 eq.), 25 °C, N, ! Ph
1,4-dioxane (0.1 M), 12 h
(+)-1 2a
Coo @v @
P Pr L3R= Ph LSR—’Bu
L1 L2 L4R =Pr @ L7 R =Ph
entry  cat ligand R product  yield ee
(%) [b]le] (%) [d]

1 Ni(cod), L1 ‘Bu  3a 21 9

2 Ni(cod), L2 ‘Bu 3a 13 8

3 Ni(cod), L3 ‘Bu  3a 82 78
4 Ni(cod), L4 ‘Bu 3a 50 &9
5 Ni(cod), LS ‘Bu 3a 76 86
6 Ni(cod), L6 ‘Bu 3a 41 94
7 Ni(cod), L7 ‘Bu 3a 96 95
8 Pd,(dba), L7 ‘Bu  3a 95 57
9 Ni(cod), L7 'Pr 3b 41 50
10 Ni(cod), L7 Et 3c 40 44
11 Ni(cod), L7 Mes 3d 13 50

Pyramidal Inversion Coordinate

J. Am. Chem. Soc. 2013, 135, 9354-9357
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RC=CR
R? R
0 = /\y I Ill _ /\u = P H- Pd F'--
) ' ‘
/P.f 5 Ps. -\H P._~ > \H\ >—IP..‘ L 0
%4 R P4 e Pd s 3 R!
kol TN WAL | R R A VII-TS
& R :
a-Addition 7 %4 : a-Addition » VIII-TS
RE R R s R' | RE
or  —— R =  or
(N o]
g N 5 W, g
3_//_/ %, Pd ! /‘Pd * R:’-//_I 1
3 ', 5 -
p-Addition | = R R . R 2 p-Addition RC CR
ropalladation Phosphinylpaliadation
Hydropalladation L 0
anti-Markovnikov addition X-TS
P, S
Pg O H
/ \pr,O
Ph™" Mews” w VAR
O MGX Q Ph\ / : H Ph P/ %H
ph\/\é.’.,, M:, Pn’P“ 0= S\KMe Ph ., 0255 _me
Pd o]
T \" slle!
(Rp)-3ma Me
M 5 @ Me
P o) 0 e e
Peesp
% L ’ C (Sp) C (Re) -
'_l' { ji{ favored "I disfavored R
| i
(S, Rg)-X1 A H R-Cf,&pﬁﬁ' =
R! R 5 R, m H H-Pd---0
NP R L D - |
[SPO] [P A= '\ HE— a L
o7 M r? OH o0 20 i
R2” \ H R2” \
R1 R1
B C
Pd-H Species

Scheme 4. Proposed mechanism.



— cat Pd R R
= dPEH —— RJ\[P(O)] + R ooy R—==__ FOH o R
1 2 3 3 IlDd "hydropalladation” Pd—P(0) Pd—P(0)
p Markovnikov anti-Markovnikov
P(0)-H compound catalyst major adduct Electronically favored  Stereically favored
(RO),P(O)H Pd(0) 3 16 16'
H-phosphonate Pd(0)/Ph,P(0)OH 3 oll (RCO) = 5
(RO)(R')P(O)H Pd(0) 3 '§ (RO),P(O)H g g
= o
RoP(O)H Pd(0) 3 E| phypOH 2 o
H-phosphine oxide Pd(0)/Ph,P(O)OH 3
Ph,P(O)OH
R—= K =
x hydropalladation R” “Pd—OP(O)Ph;
Pd(0) 18
ligand- |~ Ph2P(OMH
exchange
Ph,P(O)OH

/lth(O)
-,

R” “P(O)Ph, reductive R™ "Pd—P(O)Phy
17 elimination 16



Introduction

Cu(OTf), (10 mol%)
. (S.9)-PhPyBox (12 mol%)

Ph/R,_TR | K,HPO, (2.0 equiv.)
BF, H,0 (2.0 equiv.)
1 2 MeCN, rt
2.0 equiv.

(i

Ph~P~R

o =
TfO

Gaunt, M.* et al. J. Am. Chem. Soc. 2016, 138, 13183—-13186.

I
Ph™ P':_\n-Bu
H

1c
91% ee

Ph™ I:’\n Bu
H

1c
91% ee

MeCN, rt, 16 h

10% 1c¢ remaining, racemic
MeCN, KoHPOy, rt, 16 h

90% 1c¢ remaining, 77% ee
(4-CICgH4),IBF4, MeCN, rt, 16 h

50% 1c remaining, racemic
Cu(OTf),, MeCN, rt, 16 h

10% 1¢ remaining, racemic

Cu(OTf), (10 mol%)

(4-CICgH,)IBF4 (1.0 equiv.)

) P
(4-CICgH4),IBF4 (1.0 equiv.) Ph™"->n-Bu PhrP\n Bu
KoHPO, (2.0 equiv.) +
MeCN, rt
Cl
3a 5a
35%, 91% ee 35%, racemic
Ph’P\

(S,S)-PhPyBox+Cu(OTf),

Catalyst (10 mol%) 31%, 96% ee

K,HPO, (2.0 equiv.)
MeCN, rt

ent-3a
25%, 68% ee

||
(R,R)-PhPyBox-Cu(OTf), Ph" P?\



Kinetic resolution

- —t
H
N
P \S;O
NI
Pd  tBu
PH-----Br
27.0
i Ay -
/ TSE' % TS6'
/ \:1
/’f \‘:\
" (Ry)-1a"-CsHCO,
/ o/ (Sp)-1a"-CsHCO4
Int1*  / TS3(S,) (
17.4 K
X1 T 22 - ;‘J

x1 . -0.5 o5 s ‘,j":‘\ NN
PhBr — ) - TS3{RD)
(S, )1a'" Ccho3 ST IntS(S)

R,)-1a"-CsHCO,
\_‘:‘

X1 -37.4
Int8(R
0.0 ,;,»* (Re)
—
Int0

Zhang, J.* et al. Eur. J. Org. Chem. 2023, 26, €202300804.
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Kinetic resolution

NMR titration experiment

§930UY XANDUSE :
'l.: ‘.N" .'Vl'('/.\lr’_»' S0 4 .\:V'-/-

- 22

2a
2a+CPA(3 mol%)

2a+CPA(6 mol%)

1 2a+CPA(9 mol%)
' 2a+CPA(12 mol%)

Jiang, Z.* et al. Angew. Chem. Int. Ed. 2023, 62, €202216605.

Hydrogen-bonding

mteraction

1a+CPA(3 mol%)
1a+CPA(6 mol%)
(1a+CPA(9 nml%)}
(Ta+CPA{TZ mol%)
s X )-/
- -
S —

' - ' 2 .. ' - ' 4 - ' 2 - Y
» » - 4

O

(e
b

d “OH
Ar
Ar =2 44BuCeHa

CPA
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Kinetic resolution

. e » ] 2 + . * kY N % +
75 A 7™ L " 25 s i &
o, ° o, ° o, ° o, ° o, ° o, ° o, ,° o, ° o, ° o,
” P P P P! P P P
0”0 oo o o7 07 Q 0% o o7 %o, o” Yo, o % o
) | i \ { \ { \ \ { H H J
N S T T T N A T T . B S S e S .
M .3 H 0 H o ! i H H i 1 X & \ N C
mnsrts e Fe O B O Ot O Ot (Vo (TN O o
" X , - " “y 0 ", " - ~
With (R)-1a " o iy R M N wi PN e TP s fen o/ e e B TR R
R-1a-com R-1a-ts0 R-1a%int0 R-com R-ts1 R-int1 R-s2 R-int2 R-int3 R-ts3
1 /= (R)-Ts1 15.1]
g (Y
AG A . '.‘ ' N
N wl|/ | (S)-1a-Ts0 10.7 L= 1} SRR |
(keal/mol) , . (R)-int3 9.2 (R)7s3 8.2
Vs s (S)-12™int0 6.2 S (S)Ts1 138, pS— :
“,, “\:\\ 2a ‘I(-cum 3 "/ “‘ .“ g s m—
A(R)-1a-Ts0 10.4 ™ ™ " / A A (5)-Ts3 7.8
v DR .
S L O 4 ;!
(S)-1a 1.1 (R)-1a%int0 4.0 R % B
—" % . %
&' (R)-int1 -1.8 O \/
Y % ’ ]
(R)-1a 0.0 \ e (RTs2:35 e ] Ar = 24-BuCs \
\ / \
‘.‘(S)-int1 741 (S)-int2 6.9 ‘
[ (S)-Ts2 84 \
N e y
.
. . S . 2 3+ . . £3 . > . + b3
~ AF 7S ™ o A A1 A o) Sy \
Q. o, /° °, /° Ot %/ %, /° % P ./ o/ . /° \
", %, %, " P! ", 2 P
o”P\O O”P\O OI’P “o o”P\O 0% Yo o’/P\o o”P\O o/’P\O 9’/ \9 0% Yo %\ (R)-3a-14.4
. i I3 'R A {0 T N i ©H | o To—
L Hoof H of i H H " H Q?, ¢« @ H 4 W H Y o (S)-3a -14.8
H % A ’ 7 o ! i 1 i \ H n. o 0 .
;P::'OI-P' '\P::O ¢ ',d @NJ/ :PP @‘/f"p' 6'}9/\ 7 C'}"‘ey\‘lo C'}Q/\ ;,0 (C;)/‘-é\l{'pph (LN;)/é\P, Ph d"/\f"'“’f
“i-Pr ““. ’r. o %, | ."I-P 4y v, 4 ey N ‘0 - o
Ph Ph" "i-Pr PK “i-Pr pif iPr o r i “j-Pr PH 'i-Pr e i-Pr pd ipd \ ' Ph
S-1a-com S-1a-ts0 S-1a%int0 S-com S-ts1 S-int1 S-ts2 S-int2 S-int3 S-ts3 S-3a
. 1
tautomerization 1 nucleophilic addition ‘ proton transfer ‘ protonation
Jiang, Z.* et al. Angew. Chem. Int. Ed. 2023, 62, €202216605.
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Dynamic Kinetic asymmetric transforamation

a) reaction profiles regarding yield and ee of pdt. and ee of recovered SM

2 0
P | Cu(MeCN)4PFs (10 mol%) I
ph TNiPr 4 /@/ (R,R)-L16 (15 mol%) ph..--‘P
1Ha tBu Cs;CO03 (2.0 equiv) Be
(1.0 equiv) 2n MeCN, 0 °C, Ny, 72 h (Sp)-3n
100
% e ® . . . .
B0
™ L]
g .
gt_‘ w0 .
% .
= L]
30
o, . .
e ]
10 . .
]
o 10 20 30 a0 =0 s

0 80
®ee% of In  eyield% of 3n  ®ee% of recovered 12  ime/h

b) racemization study of the SPO

Cu(MeCN),PFg (10 mol%)
(R,R)-L16 (15 mol%)

ﬁ Cs,CO5 (2.0 equiv.) 0
Ph’ \H\"'Pr MeCN, Ar, 0°C P R~i-Pr
H

(S)-1a, 70% ee

Entry Conditions Recovered yield% Recovered ee%
1 none, 2 h 40 0
2 w/o [Cu/L"], 12 h 90 70
3 w/o Cs,CO3, 12 h 38 68

Su, B.* et al. Angew. Chem. Int. Ed. 2023, 62, €202301628.

c) Nonlinear effect study on the asymmetric Cu-catalyzed P-C coupling

100
=Ti L
5 .
tBu T
= 0 :,r=.C "ﬁx-E_.E L
o &D R*=0.9925
50 &
. .
30
20 =
w
O &
0 0 a0 B0 E0 10
ea of L16
d) Proposed reaction mechanism
OH Base o base*HI o
b [Cu/L*], Ar-l i LB
PR\ fast Ph"'lpi/cu\ P.h 4 Ar
i-Pr ipf Ar 1 i-Pr

s-1A B (53
/

[Cu/L*], Base
(rac)-1a (SPO)

\ OH Base , base*HI o

B [CulL*], Ar-I E & P LB
Ph™" % p slow |i-Pry ,”\I - rPrf Ar
R1A T Ph AF
c (R)-3
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