Literature Report 4

Ni-catalyzed asymmetric allylation of secondary
phosphine oxides

Reporter: Xiang Li
Checker: Zi-Biao Zhao
Date: 2019-11-11

Zhang, Q.-W. et al. J. Am. Chem. Soc. 2019, 141, 16584.
Kalnmals, C. A. et al. J. Am. Chem. Soc. 2019, 141, 14098.



Contents




CV of Prof. Qing-Wei Zhang

Education:

O 2003-2007 B.A., Lanzhou University

O 2007-2012 Ph.D., Lanzhou University

O 2012-2015 Postdoc, Tsinghua University

O 2015-2018 Postdoc, University of California, Berkeley
O 2018-Present Professor, USTC

Research:

O Transition-metal-catalysis asymmetric synthesis
O Chiral phosphine, silicon chemistry

O Mechanism research




Introduction

15 3 VA
O Transition metal catalysis
3s23p3 -
O Organocatalysis
+3 +5
OMe
Con O LD
P e R-wPh OMe
SLORSERY~ CE
Me tButBu
(R)-CAMP (R,R)-DiPAMP (S,S,S,S)-MeO-BIBOP (R,R)-BenzP*
i, PPh,
PPh, PPh,
2
)-BINAP S)C -TunaPhos (S,S)-CHIRAPHOS

n=1-6




Introduction

Catalytic asymmetric synthesis of P-stereogenic phosphines

a) Inter/intra molecular desymmetic reactions b) DKR of secondary phosphines

X X
P, T.M. Cat. P
IIZI’ T.M. or NHC Cat. o IIZI’ R’ |; > R |;R3
R” |1\R1 = '1'"R2 R RX or benzoquinones R
R R

- 1,4-addition - [2+2+2] - C-H activation

c) Arylation of secondary phosphines oxides

0 o)
I , CuL* [
/P\ + Ar 2|BF4 —_— - P\
Ar H ArY” i SAlkyl
Alkyl Ar

2 equiv excellent ee

- alkylation - arylation - 1,6-addition

d) KR of secondary phosphines oxides

O | O
- Pd/L* I
- — ~
AT OH AT AR
Ar? R Ar?

2 equiv R =!BuCONH- moderate to high ee




Inter/intra molecular desymmetic reactions

1,4- addition
o R [RhCI(coe),], (5 mol% Rh) QAR
N\ / (R)-SegPhos (10 mol%) P
P +  ArB(pin) >
§ 7 KOH, dioxane/H,0 (10/1), 80 °C
— 19 examples A
1 up to 99% vyield (1S,35)-2
>99% ee, >99:1 d.r.
O """"""
o)

S ArB(pin), Rh/L* (catalyst) ;_P;
H
ﬂ\ 7 fast

o R / (S)-2 i

(1S,3S)-2

\/—PD KOH kinetic resolution at hydroarylation
= o R
N\
1 \ P
R —— -
(R)-2

Hayashi, T. et al. J. Am. Chem. Soc. 2017, 139, 8122.
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Inter/intra molecular desymmetic reactions

[2+2+2]

--------------------------------------------------------------------------------------------------------------------------------------- I\-A- é--------------------------

: (@) Me O, Me

§ — e Spg [Rh(cod),]BF 4 (5 mol%) N

EZ/ T . | |\ (R)-DTBM-SegPhos (5 mol%) . \ .

Ph DCM, rt, 1 h ~ Ph

\%Me Ph

i Z=0,NTs Ph Me

: 1.2 equi

(1.2 equiv) up to 99% yield, 95% ee
_Ph\ =
% - Me
s OspMe Me=f — " O\\F,/'V'e
S \ Rh' O LA -Rh! "
Z + | | \ Ph —_— Ar\/“\ / _— 7 \
C =M Pot P—Ar o Ph
i Z=O,NTs AT\ Me
(1.2 equiv) (S)
A
S— Z —

Tanaka, K. et al. Angew. Chem. Int. Ed. 2008, 47, 3410.




Inter/intra molecular desymmetic reactions

C-H activation

Ir catalyst (3 mol%) Ar

0 (S)-A1 (15 mol%)
; A + > “
; R2 | AgSbFg (12 mol%)

' N N Dioxane, 15 °C '

17 examples

up to 98% yield, 97% ee

Bu CO,H

NPhth
(S)-A1

Cramer, N. et al. Angew. Chem. Int. Ed. 2018, 57, 12901.

8



Inter/intra molecular desymmetic reactions

C-H activation

@)
I N2 Ir catalyst (3 mol%) OO
P 0 (S)}-A1 (15 mol%) OHg

i . ¥ > R I

: R? | AgSbFg (12 mol%) B
X 2 N Dioxane, 15 °C i

: R

9 examples, 65-95% yield R R’
up to 99% ee, >20:1 d.r.

@)
T N2 Ir catalyst (3 mol%) ‘O
MeO P. O S)-A1 (15 1% OH

/lx\Ar " | A()SbF ((12mo |°0/)) -~ K 0

r g 6 mol~7o
X DCE, 15 °C MeO PNar
R Ar
OMe

6 examples, 53-93% yield
up to 92% ee

Cramer, N. et al. Angew. Chem. Int. Ed. 2018, 57, 12901.




Inter/intra molecular desymmetic reactions

2 AgSbFg Cp

0.5 [CpXIrl,], ——— > ' 2 SbFs
[Cp™Irly]2 2 Agl n/lr"""' SbFg

OO HSbFG“R*COZH o
OHQ I
P
R

Cp"—I+

R*CO,H

Cramer, N. et al. Angew. Chem. Int. Ed. 2018, 57, 12091.
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Inter/intra molecular desymmetic reactions

NHC-catalyzed

i o)
i HO Yy  OH

R2 R2
@) /N\ ®
N—Ph
N—/
e|3F4
NHC

NHC (5 mol%)

[O] (100 mol%)>

EtsN (100 mol%)

THF
gram scales

13 examples
up to 90% vyield, 98% ee

‘Bu ‘Bu
o)==
Bu Bu
[O]

Chi, Y. R. et al. 3. Am. Chem. Soc. 2016, 138, 7524.
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DKR of secondary phosphines

racemic

Phl

THF, r.t.

Pd catalyst

NaOSiMe; |

Arylation
[Pd]
// \ 2
Phl P(Ph)(Me)(Is)
[Pd]
. N T [Pd] 5
Is D
H(Me)(Is)
Nal
Me3SiOH /
NaOSiMe; I~ [I;d]
Is
Cc

[Pd] = Pd((R,R)-Me-DuPhos), Is = 2,4,6-(Pr)3CgH,, L = PH(Me)(Is)

Glueck, D. S. et al. J. Am. Chem. Soc. 2002, 124, 13356.
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DKR of secondary phosphines

Pr Alkylation
P. H
\“H
Me "
i ' py” \ Me
Pr P P s PhCH_Br
racemic Ph A
P— NaBr
é Ao Me;SiOH
Pt catalyst : Bh S
PhCH,Br i
NaOSiMe;
THF, r.t. o
_Br + \ "Me
Y [Pt] Is
- \ Ph
iPr Ph
P B-1 B-2
\““CH,Ph PHMe(ls)
Me NaOSiMe;
'Pr Pr
________________________________________ (Ph
E \\“"O\ ; _ + /P\
LR s Br [py” \ Me
: \ p—Me : v Is
: Pt” \I Ph
: o “PhS C
\Q [Pt] = Pt(Me-DuPhos), Is = 2,4,6-(Pr);CgH,
Pt catalyst
"""""""""""""""""""""""""""" Glueck, D. S. et al. J. Am. Chem. Soc. 2006, 128, 2788.
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DKR of secondary phosphines

1,6-addition

Phjz;/[o
0] Ph
Ph Ph

\/

Me

PdL*

PdL* ( 5 mol%)

EtsN, CHCI3, -45°C artviNg Ph

P
\+_NCMe
Pd

“NCMe

clo,

Ar?
m-CPBA
oPn OH
LI
Ar'™1 N0 Ph
Ar?

Ar' = Ph, Ar? = 2,4,6-Me;CgH,

60% vyield, 98% ee

Ar?
10 examples

P OH |
LK,
A0 Ph |

up to 96% yield, 98% ee

Hayashi, T. et al. J. Am. Chem. Soc. 2014, 136, 4865.
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Arylation of secondary phosphines oxides

Q A
Cu(OTf), (10 mol%) F%’\R o | _ o
(S,S)-PhPyBox (12 mol%) 2 ] N \\>
©/ \@\ K,HPO, (2 eq.), H,O (2 eq. ) N N—
P MeCN, r.t., 12 h o
FsBF 36 examples

Cl
up to 98% vyield, 98% ee

a) Activation of diaryliodonium salts
with copper catalysts

LCu()X
II "'\"lu,,:
TfO **

Me =N_ ./X
L (Il X cd
>Cu/ Me” S=N"" Sr

+ = TiO \© o HO

catalytically generated aromatic electrophile

(b) 2'-Phosphine oxide (SPO) to phosphinous
acid tautomerization

(c) Enantioselective arylation of SPOs

(0] . OH
||3| nucleophilic I|D
O IH T atp 07|

Gaunt, M. J. et al. J. Am. Chem. Soc. 2016, 138, 13183.
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KR of secondary phosphines oxides

5 . N L (5 mol%) . i 5
5 o T h ) E
E : L | NMM, MeCN, 70°C, 20h 1 i
I|D kinetic resolution BUOCHNG
: H R :
: _ 13 examples :
: racemic up to 96% vyield, 83% ee :

OMe

Z
\ /7

MeO PPh,
MeO PPh,

Cai, Q. et al. Tetrahedron Lett. 2016, 57, 5308.
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Asymmetric allylation of secondary phosphine oxides

Catalytic Asymmetric Synthesis of P-Stereogenic Phosphines

a) Inter/intra molecular desymmetic reactions b) DKR of secondary phosphines
X X
.P. T.M. Cat. P
||:|> T.M. or NHC Cat. o II3| R |;H . > R |;R3
~ |1\R1 =’ 1'"R2 R RX or benzoquinones R
R
- 1,4-addition - [2+2+2] - C-H activation - Arylation - alkylation - 1,6-addition
c) Arylation of secondary phosphines oxides d) KR of secondary phosphines oxides
O @) O I O
||:| AP IBE CuL* II3I’ I|=|> Pd/L* IIZI’
+ 2 4 —> - -, + 2 -
Ar”| H Ar'™ A\Alkyl A7 H A7 AR
Alky! Ar Ar? R Ar?
2 equiv excellent ee 2 equiv. R =!BuCONH- moderate to high ee
e) This work: DYKAT/KR of secondary phosphine oxides
o) - Ni(cod), 0O DYKAT with KOAc as base
||3| + (S,S)-BDPP ||3| SR KR with K3PO, as base
A | H R Z base AT Exclusively linear selectivity
Alkyl Alkyl Only E-alkenes obtained
(+/-)-SPO (+/-)
1.0 equiv 1.2 equiv high to excellent ee
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Optimization of reaction conditions?

Ni(cod), (10 mol%)

OMe
p

(ﬁ OAc (S,S)-BDPP (12 mol%) ﬁ
Ph” |\FI;|:H o Additive, dioxane (0.5 mL)  Ph” ze/\/ il
. ” rt., 24 h
(0.1 mmol) (0.12 mmol) 3a
Entry L Additive Yield (%) Ee (%)°
1 L1 KsPO, 15 <5
2 L2 K;PO, 18 17
3 L3 K,PO, 18 30
4 L4 KsPO, 30 53
5 L5 K,PO, >95 6
6d L5 K,PO, 51 (42) 87 (80)
7 L5 DBU >95 45
8 L5 DABCO >905 57
9 L5 KOAC >95 71
10ef L5 KOAC >95 82
11e9 L5 KOAC >95, 96" 89

a Ni(cod),, (S,S)-BDPP in dioxane was stirred for 10 min, followed by the addition of 1a, 2a,
and additive (1.5 equiv). ® NMR yield with PO(OMe); as internal standard; yield of remaining
la is shown in parentheses. ¢ Determined by chiral HPLC analysis; ee of remaining la is

shown in parentheses. 9 2 h. € 2 mL dioxane. 48 h. 9 72 h. " Isolated yield.

LD
MeO :

L2: (R,R)-DiPAMP

?h Ph

-

Ph Ph
L3: (R,R)-BPE
PPh,

PPh,
L4: (S,S)-Chiraphos

thp)\)umpphz

L5: (S,S)-BDPP
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Scope of phosphine oxides

Ni(cod), (10 mol%)

o) o)
I LG (S,S)-BDPP (12 mol%) I NPh
+ I oy,
Aryl” | H Ph)\/ HOAc or KOAc (1.5eq.)  Aryl” k"
Alkyl Dioxane, r.t. Alkyl
1 (1.0 equiv) 2 (1.2 equiv) 3
0 <__Ph LG LG, Yield, ee of 3b PN T < _Ph
Py __ OBz, 96% yield, 94% ee Ph OAc Py
Ph ét Ph OBoc, 22% yield, 94% ee 2a' Ph },Bu
-OMeOBz, 95% yield, 94% ee  3b, 95% yield, 94% ee _
79% yield, 92% ee (HOAC) P oY ° oY °©® 3¢, 95% yield, 87% ee
96% vyield, 94% ee
3b
o) o) o) o) o)
[ ~_Fh [ -~ Fh [ -~ Fh [ ~._Fh [l ~_Fh
P, P, /\/ P, /\/ P, /\/ _Puu, /\/
Ph k PR PR Ph ‘\ Ph
r
Bn T™S

3d, 84% vyield, 81% ee 3e, 61% yield, 77% ee 3f, 77% yield, 74% ee 34, 53% yield, 64% ee 3h, 46% yield, 66% ee

O O @) @) O
[ ~_Fh [ ~._Fh [ ~_Fh [ ~_Fh [ ~_Fh
P, P, P, P, P,
Ph/ \ Ar/ A I/\/ Ar/ ; I/\/ Ar/ ; I/\/ Ar/ A I/\/
= Et Et Et Et
Ar = 4-MeCgH,4 Ar = 3-MeCgH,4 Ar = 2-MeCgH,4 Ar =4-MeOCgH,
3i, 91% yield, 86% ee 3j, 95% yield, 91% ee 3k, 95% vyield, 89% ee 3I, ¥27% yield, 75% ee 3m, b359% yield, 92% ee
O @) O
I =~ h I ~_ Fh I ~._ Fh
P, P, o
Ar”d '/\/ Ar” A '/\/ AL
Et Et Et @1 (0.1 mmol), 2 (0.12 mmol), Ni(cod), (10 mol%),
Ar = 4-FCgH, Ar = 2-naphthyl Ar = thiophen-2-yl (S,S)-BDPP (12 mol%), KOAc (1.5 equiv), dioxane
(2.0 mL), r.t., LG = OAc unless noted. ? 40 °C.

3n, 89% vyield, 90% ee 30, 76% vyield, 94% ee 3p, 93% yield, 86% ee
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Mechanistic study

o OAc Ni(cod), (10 mol%) CFs |
[l = (S,S)-BDPP (12 mol%) o)
P + > :
Ph”| H Base, dioxane (0.05 M), r.t. ||:|>, N
Et F.C PR :
3 Et ;
1b 2z 3z
OAc \l/\““‘\\\\\ “
Ni(cod i i OAcC i
P (cod), »  Ph,P,_PPh, linear selectwe» E
(S,S)-BDPP l\lll - E
3 :
FaC R™ N :
; 2z OAc 27'
: <5% ee throughout the reaction
2) K, PO_as base b) KOAcas base
1% o5 'D'S v 8sN eedll
L1 . 0
E E i SRR 1l
< - -
& g w N
< S . || | I I I

Figure 1. Mechnistic study. Green dots, ee of remaining 1b; yellow dots, ee of 3z; blue columns,
conversion of 1b.
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Proposed reaction mechanism in terms of DYKAT

6Ac&
org L % DYKAT
o oAc PhaP¢..-PPh,
L.
RT

L = (S,S)-BDPP

T Q
- P\_ fast o P\/\/ R
Art Art i
Alkyl Alkyl
S-P (lIl) ,o P stereo retention
Sx
Qﬁdﬁa
ﬁsb‘"‘.
. @ﬁG‘.".‘
Ni (II) 45'
N
o Q
P slow P ~_R
| Amw*A\\f i Amw“A\\//\\//
Ar Ar
R-P (Ill)
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Pd-catalyzed asymmetric allylic alkylation of phosphinic acids

a) Previously desymmetrized P-chiral molecules
BH3 BH3 O

®\/I:I>\Ar ®\/I:I)\Ph IFI’\X N
@ A

enantioselective enzymatic asymmetric ring-closing
deprotonation acetylation metathesis

desymmetric C-H activation NHC-catalyzed acylation

b) This work:

o) F o ] 5

1 Base NS Pd/L’ I

P\\ O H \\\““ Fi\ O —— > \\\\,‘- Fi*\ O\\\\w‘
R R C _Br R
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Pd-catalyzed asymmetric allylic alkylation of phosphinic acids

; o g, Pdy(dba);+CHCly (2.5 mol%) 0 ©
: L (6 mol%), base (1.0 eq. I . :
E P\\ OH + ( 0) ( q ) - - Fi\ O\\\\\“
5 Me Solvent (0.5 M), T, 2 h [::} M

: e

’ 1a 2 3a

NH HN
PPh,Ph,P
(S,S)-L1

Ph Ph

0 >—/ 0
NH HN
PPh,Ph,P

.......................................................................................................................................................
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Optimization of reaction conditions?
|

Entry L Solvent Base T Yield (%) D.r. Ee (%)
1 L1 THF Cs,COq r.t. 83 11 96/93
2 L2 THF Cs,COq r.t. 97 2:1 80
3 L3 THF Cs,COq r.t. 70 11 91/92
4 L4 THF Cs,COq r.t. 70 6:1 97
5 L4 2-Me-THF Cs,CO4 r.t. 77 51 94
6 L4 Dioxane Cs,CO4 r.t. 89 5:1 95
7 L4 DME Cs,COq r.t. 77 4:1 91
8 L4 DCE Cs,CO4 r.t. 86 4:1 95
9 L4 Toluene Cs,CO4 r.t. 92 4:1 94
10 L4 THF Li,CO,4 r.t. no reaction
11 L4 THF K,CO4 r.t. 67 4:1 -
12 L4 THF NEt; r.t. 77 5:1 90
13 L4 THF Cs,COq 0°C 76 5.5:1 93
14 L4 THF Cs,CO4 40 °C 79 45:1 93

15b L4 THF Cs,CO4 r.t. 96 71 97

a All reactions performed on 0.1 mmol scale. Yields are isolated yields; d.r. determined by crude 3P NMR, and ee determined by chiral
HPLC. In diastereoselective cases, only the ee of the major diastereomer is reported. ? Reaction concentration of 0.1 M, based on
phosphinic acid.
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Scope of phenyl-substituted phosphinic acids?

THF (0.1 M), r.t., 30-95 min

\\‘\"‘ Fi\ O\\\\\"‘ \\‘“v Fi\ O\\‘\\\“ \\‘\v‘ P\ O\\\\\\“ \\‘\‘v P\ O\“\\‘“
Me "Bu
Ph

3a, 96%, 7:1d.r, 97% ee 3b®, 97%, 4.5:1d.r., 95% ee 3cP, 84%, 4.5:1d.r., 94% ee 3d, 79%, 6:1 d.r., 96% ee

(I? B Pd,(dba)z*CHCl; (2.5 mol%) o)
O/F{\OH . @/ (S,5)-L4 (6 mol%), Cs,CO5 (1.0 eq) \“"IFIi\o“““"
R ©\\

1 2

) O )
Il I

- P A = P\\ O\“““‘ = P\\ O\“““‘ = P— O\\“‘“
Bu Bn

3e?, 79%, 4:1 d.r., 95% ee 3f, 83%, 10:1d.r., 95% ee  3gP, 79%, 4:1d.r., 94% ee 3hP, 82%, 1.5:1 d.r., 83% ee

O O

||3| \O Il Q a All reactions performed on 0.1 mmol scale at room
= \O\\ P\ W . . . .
©“ \\\ o temperature. Yields are isolated yields; d.r. determined by

© TMS crude 3P NMR; ee is reported for the major diastereomer
and was determined by chiral HPLC. ® Ee may be slightly
3i,85%,4:1d.r,,94% ee  3j, 82%, 5:1d.r., 94% ee

lower than reported due to lack of baseline separation;
see Sl for details.
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Summary

(S,S)-BDPP (12 mol%)

o Ni(cod), (10 mol%) o : :
I LG I = PN )\)
Ph 5

: P > Py,
Ayl H HOAc or KOAc (1.5eq.)  Aryl” 1 :

35 examples
up to 96% yield, 95% ee

e DYKAT with KOAc as base e Exclusively linear selectivity
¢ KR with K3PO,4 as base ¢ Only E-alkenes obtained

o) Pd,(dba)z* CHCl; (2.5 mol%)
(S,S)-L (6 mol%)

| Br

i R~oH + -
: R CSch3 (1 .0 GQ) ¥
THF (0.1 M), r.t.

23 examples
up to 97% yield, 26:1 d.r., 99% ee

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

Kalnmals, C. A. et al. J. Am. Chem. Soc. 2019, 141, 14098.
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The first paragraph

Enantioenriched P-stereogenic phosphines have served as important
chiral ligands for transition metals as well as organocatalysts. However, they
are less studied compared to their counterparts that have chiral carbon
backbones, in part due to their less availability and synthetic challenges.
Traditional methods to synthesize P-stereogenic phosphines require the use
of stoichiometric amounts of chiral reagents; such as methods include
resolution, auxiliary-induced  diastereoselective  substitution, and
enantioselective deprotonation/derivatization reactions. Ephedrine-based
strategies are also considered as reliable and robust methods for the

preparation of P-stereogenic phosphines.
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The last paragraph

In summary, we have achieved the first example of nickel-catalyzed
dynamic kinetic asymmetric transformation (DYKAT) allylation of SPO. A
series of P-stereogenic tertiary phosphine oxides were synthesized from
both racemic allylic esters and secondary phosphine oxides (SPO). The
kinetic and racemization study revealed the origin of the DYKAT reaction
which relies on the Ni(ll) catalyzed racemization of the SPO when KOAc
was used as an additive. The finding of this research will expand the

applications of SPO in the synthesis of P-stereogenic phosphines.
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