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1. Introduction
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1. Introduction

— Reductive P"/PV=0 catalysis

Redox-neutral P"/PV=0 catalysis —

i:;”' substrate )|(
' A2 AN \/E ‘ixidation
@ G Py Pl
Q : 0 /
- I
reduction™ ..pY B" B" . P duction
7 > product ‘
Wittig Appel
Staudinger ' Mitsunobu
aza-Wittig :

Radosevich Group: JACS 2015; JACS 2017; JACS 2018;
JACS 2018; ACIE 2019; JACS 2019
Mecinovié Group: CC 2014

* T. Mukaiyama, Angew. Chem. Int. Ed. 2004, 43, 5590
* H. Guo, O. Kwon, et al. Chem. Rev. 2018, 118, 10049
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2.1 Wittig Reaction

1,2-butylene oxide (2.0 equiv)
dioxane, 150 °C, MWI, 20 h
39% yield, 62% ee

]
2 cat. (10 mol%) R’ ; O
O BrYR PhySitp (1.1-15 equiv) R3/\"" . A_ph
R1J\H + RO Na,COs (1 .50equiv) R2 :
toluene, 100 °C, 24 h 61-81% yield :
E/Z: 60:40->95:5 |
cat.* (5 mol%) '
HSi(OMe); (2.0 equiv) :
o) Na,CO; (1.5 equiv) O : —
0 toluene, 125 °C, 20 h Me X \ /
Me <10% yield, 90% ee : <
‘ Br — —> ' /
. P P
cat.” (5 mol%) : -
o) PhSiH; (1.5 equiv) o ! w
:
]
]

* C.J. OBrien, G. A. Chass, et al. Angew. Chem. Int. Ed. 2009, 48, 6836; for his further research, see:
Chem. Eur. J. 2013, 19, 5854; Chem. Eur. J. 2013, 19, 15281; ACIE 2014, 53, 12907
* T. Werner, et al. Eur. J. Org. Chem. 2014, 6630



2.1 Wittig Reaction

PBus (5 mol%)
PhSiH5 (1.0 equiv)

toluene, 125 °C, 24 h

R1 P\
EWG cat. (5 mol%) EWG Il pp,
PhCO,H (5 mol%) O

)=o
o m
3
|
',
/
%

(MeO);SiH (3.0 equiv)
toluene, 100 °C

R1
O
PRj
OEt
+ ~ -

R3P CO,Et O CO,Et

Z “OEt [
proton transfer . CO,Et

R;P CO,Et

* T. Werner, et al. Org. Lett. 2015, 17, 3078
* Y.-L. Tsai, W. Lin, et al. Asian J. Org. Chem. 2015, 4, 1040



2.2 Staudinger Reaction

RZ2 "Nj dioxane, reflux, 16 h R*  “NH,
51-99% vyield

R’ cat. (5 mol%) R’ : O O
J\ PhSiHg (1.5 equiv) J\ .

PR, R’

R2
0 PPhs (10 mol%) * P iy
, b PPh
AN PhSiH5 (1.0 equiv) RN RN N0
R N3 + 2 1/\ 2 H ~— H
R OH toluene, RT to 110 °C R ” R 2 = ,&
| R2CO, RO
61-97% yield | i

van Delft, et al. Adv. Synth. Catal. 2012, 354, 1417
Ashfeld, et al. Angew. Chem. Int. Ed. 2012, 51, 12036 11

- F L.
« B.L.



2.3 Aza-Wittig Reaction

0 R?  cat. (5 mol%) o : O O
RN . . I .
\"/ Ph,SiH, (1.1 equiv) R1—(;[ /> R2 :

1
R : 0 P
= ) dioxane, 100 °C N |
N5 Ph
O
R)]\X\JN?’
P D
&\OQ ' £3
b\\)o Ph o,;
o
Ph,SiH, & A S,
' N2

\
undesired: P=N,
reduction .

00

P P
/N /\
Ph O aza-Wittig Ph N J\

k/X R

* F. L.van Delft, et al. Eur. J. Org. Chem. 2013, 2013, 7059
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2.4 Recent Reports—Catalytic Deoxygenative Condensation

@)
Q Q P(NMe,); (1.05 equiv)
I 5 g
R1 COsz R3 OH THF, -78 °C to RT, 1 h J\
R ~CO,R? ®
cat. (15 mol%) O , 0O , Q!
PhSiH; (1.2 equiv) J]\ ' A I \ N/
R3 9) : —P—N \‘ 3 |
DCE, 80 °C, 20 h J\ . < A
R™” SCOR? 7\
0 0 Q
JU 0
4\ 4\ N @) p-FC6H4
H,N Ph”T Nco,Me Ph” I ~CO,Me 4 COEt
H _ Me i CO,Me
80% 93% 65% 68%
+ A.T. Radosevich, et al. Angew. Chem. Int. Ed. 2012, 51, 10605
* A.T. Radosevich, et al. J. Am. Chem. Soc. 2015, 137, 616 13



2.4 Recent Reports—Catalytic Deoxygenative Condensation

PhSiH;

3
g

\i
-
-
&,

/
C}\l\pl Catalytic A_P_NG

O/ v Deoxygenative /
Condensation

O —
Ph OBz
H OMe
Kukhtin-Ramirez
addition
N\ +
BzOH P— )]\
z o\ Ph”” NCO,Me
- O
Ph
OMe

* A.T. Radosevich, et al. 3. Am. Chem. Soc. 2015, 137, 616
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2.4 Recent Reports—Catalytic Cadogan Reaction

r- N :
1 1l ]
1 PRI ' X
-7 o uE SNR O pi =X
P ! 3 N—R
> -’ : . ~ ¢
NO, H : 2 X=C,N
R xR R R
T A A
N NI ia 2N ZXN
(g R\ Tl |
R;P=0 o +1.0
N—:PR, ReP N—:PR, RsP
xR +
A H N R
T’ —_— _ —
N: N N
RsP=0

» For P"-mediated Cadogan reaction, see: J. Chem. Soc. 1965, 4831; Synthesis 1969,
11; J. Chem. Soc. C 1969, 2808; Q. Rev. Chem. Soc. 1968, 22, 222
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2.4 Recent Reports—Catalytic Cadogan Reaction

' Me
[}
' |
N UR2 cat. (15 mol%) ' Me
X N PhSiH; (2.0 equiv Z N7 - PX
1 3 q » R'— N—R2 + Me"y. O
'/ toluene, 100 °C, 3-16 h A \N' , Me
N02 : Me
]
/ — s
, A '
< 'N NH - TS, Me\N:,O ' —_— phospheltane (5"
NS N 355 e TS, — MegP (8)
= — P 30.4 :
| | \ - — 1
91% 131.8 \ Me O=NMe
TS SN
= : \ e O o
N — : \ F222% Me Q- hMe
<7 3 ! TS P:---0
N % |II \“ : ‘n Me
o | 1 8+ S T538
63% HO E—)\ ' \MENO&: ' . 32
E) JI ‘\ OO " ‘1 I ~=
@ —0 ! v=39 , 28"
/ < ; o — -
N |-:|) 'I 0.0 3 , TS35 .
= ! 5+ - %
O-N =\ 5 MeNO, 5 '
2 ] I *
x ! .
o 1 8'+[0] + _ .
34% F 284 MoNO e Qe 284
T = P P—O \—
=N, ~29.2 N Me ~29.2
N F 5'-[O] + 5'
~< ¢ — MeNO
N - I -
direct O-atom transfer | stepwise O-atom transfer

A. T. Radosevich, et al. 3. Am. Chem. Soc. 2017, 139, 6839
16



2.4 Recent Reports—Catalytic Cadogan Reaction

o - [}
2" o 'r-_-:\) : '\|/Ie
1 [} ] ’
S cat. (20 mol%) \ _'_;' ' Mep§
PhSiH3 (2.0 equiv) . - ' Me/MV o)
BuOAc, 120 °C, 3-14 h N ; Me
NO, : Me
2
N CN MeO N 5
/ Oa® ]
N \
H N
N
> H
42% 56% 58%

IZ/
ENG%

7
a8y,
T

Iz /S>\'U
3
ENG%

55% 60% 82% 86%

A. T. Radosevich, et al. 3. Am. Chem. Soc. 2018, 140, 3103
17



2.4 Recent Reports—Catalytic Cadogan Reaction

]
, Me
cat. (15 mol%) : Me|_!>
PhSiH; (2.0 equiv) ' Me o
> : Me—#
toluene, 100 °C, 16 h ” . Me
NG 67% ' Me
Me i ]
M
Me| ArNO Vel ® N—AT
P. toluene-dg SN |
Me™ M 0
€ 7 -60<T<-50 °C € MeN\y
e Me
Me Ar = 2-biphenyl Me
+24.2 ppm VT-NMR -24.4 ppm
calcd by GIAO NMR -26.8 ppm
Me i Me A
Me/l Ar'NO vel JeN—A
M P. toluene-dg P4
© Me > Me 0)
: -60<T<-50 °C Me—ay
Me Me
Me Ar = 2-biphenyl | Me |
+24.2 ppm

A. T. Radosevich, et al. 3. Am. Chem. Soc. 2018, 140, 3103
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2.4 Recent Reports—Catalytic Cadogan Reaction

O
W\ + 3+1 oN
PR3 + /N—Ar u» 3P< N—Ar
O © -RsP=0
A l
QA
PhSiH Catalytic Cadogan Reaction N
° N—Ar
_0 [2+1] \ PR3
R;P=0 + N—Ar —-e— R:;F’\Ill
\
Ar

T. Radosevich, et al. 3. Am. Chem. Soc. 2017, 139, 6839

A.
* A.T. Radosevich, et al. 3. Am. Chem. Soc. 2018, 140, 3103



2.4 Recent Reports—Catalytic N-Arylation

NO, (HO),B cat. (15 mol%)
+ PhSiH; (2.0 equiv) -
m-xylene, 120 °C, 4 h

. G. Csaky, et al. Org. Lett. 2018, 20, 1667
T.

e A
* A.T. Radosevich, et al. J. Am. Chem. Soc. 2018, 140, 15200
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2.4 Recent Reports—Catalytic N-Arylation

CN Me 1. cat. (15 mol%) COH Me

ZT

Me

]
]
]
NO, (HO).B Me  PhSiH3 (2.0 equiv) ! P
| N +( )2 m-xylene, 120°C, 4h _ ;MGN
= 2. KOH, A : Me

Ponstel, 67%

Ii’h

AcN NO,

Chan-Lam

[Cul This method H
Br 52% AcHN NO, cat. (15 mol%) AcHN N\Ph
PhSiH3 (2.0 equiv)
m-xylene, 120 °C, 8 h
Buchwald-Hatwig Br 81% Br

[Pd]

AcHN NO/
71%

NHPh * A.T. Radosevich, et al. J. Am. Chem. Soc. 2018, 140, 15200
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2.4 Recent Reports—Catalytic Thiolation

+
K, PMe O
. o /\ o 3 Y
(lln N\ PMe; | ’ l —> I:SC_S\
Fsc_ﬁ_CI F3C—'ﬁ C{IJ_PM% > F3C—ﬁ _ Cl
o) O O cl Me3;P=0
+
(0 o'/—\' ~PMes F,C—S
I~ , | - > 72
F C/S\Cl : PMej = C/S Cl—PMe; S > ¢
3 3 F4C Cl MesP=0

) ‘\_
Cl

©j\> F3C/S\C| — @S - HCI ©i\g
N ¢ +/
H ”Q H

* N. Shibata, D. Cahard, et al. Org. Lett. 2016, 18, 2467
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2.4 Recent Reports—Catalytic Thiolation

]
]
cat. (15-20 mol%) : b
PhSiH; (2. i : A
D RSO,CI SiHy (20equiv) N AV o
N dioxane, 40 °C, 1-15 h ' Me
H N '

SCF5 SCF4 SCF, SC,4Hs Y
Bpin OHC O,N
N\ N\ N\ N 4
N N y
96% 64% 58% 79% 61%
F. 3 Me

O,N
F =

S S S ST\ _0
S

75% 98% 94% 96%
* A.T. Radosevich, et al. Angew. Chem. Int. Ed. 2019, 58, 2864



2.4 Recent Reports—Catalytic Thiolation

a) indole (1.0 equiv)

Me

o

14-dioxane, RT . NR
Me Me
Me/ Mel Me
Me P Phscl M E\sph b) indole (1.0 equiv) |VIeFI’.'
Me—Xy _— € MeNy . ' . e
PhSiH3 (2.0 equiv) Me
e Me — . ‘
Me Me C 1,4-dioxane, RT i e
3P NMR (162 MHz, dioxane) eSPh
& 87.3 major, 94.4 minor ppm c) indole (1.0 equiv)
PhSiH; (2.0 equiv) N\
Me PhSO,CI (1.8 equiv)
Me| 1,4-dioxane, RT N
P.
Me H
Me 99%
e
Me PhSOCI
+ / Me \
M I\|/Ie Me | MeIL
et P. SPh : S
P XNo” PhSCI (2.0 equiv
Me”\ Nol ——— | M e Ny Q -« ( g )_ Me™ Mo s
°=Y Me N DCM, N,, RT, 5 min Me
Me Me Cl Me
Me PhSO
DART-MS
m/z = 283.13
Me \ /
Mellj\
N
Me Me ; @)
e :
Me PhSCI A. T. Radosevich, et al. Angew. Chem. Int. Ed. 2019, 58, 2864
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2.4 Recent Reports—Catalytic Thiolation

Me
Mel!,_
Me . RSH + [Si]-ClI
. Me :
[Si]-OH Ve G
1 Me

[Si]-H
A
RSO,CI 'YI .
Me
[Si]-H B P R
1-[cnt S
Me + RSO, ci
Me/
P\ % C
N
MGW 0o RSOCI
e
Me 1-[0]
1-[0]

Iz

1.1cn’t
+ RSO~
A\
Me
@
N
H

Ie
P
%+
- SR
Me ClI

R = Ph, m/z=283.13 (DART-MS)

* A. T. Radosevich, et al. Angew. Chem. Int. Ed. 2019, 58, 2864
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3.1 Catalytic Mitsunobu Reaction

catalytic Mitsunobu reaction in phosphine

)

PR3 R3P=0
R’ R
>—0H + H—Nu > > “INu
R? R?2
R30,C 2N 3 H
3 R30,C N
N CO5R 2 N7 \CO2R3
\_/ :
catalytic Mitsunobu reaction in azodicarboxylate
o) :
]
co,H  cat (10mol%) 0B ( \
OH DIAD (1.1 equiv) , P
+ PhSiH5 (1.1 equiv) /A
o)
O,N THF, 80 °C, 24 h OaN o Ph
]

« C. C. Aldrich, et al. Angew. Chem. Int. Ed. 2015, 54, 13041
* Azo-catalyzed: JACS. 2006, 128, 9636; Synlett 2010, 1115;
ACIE. 2013, 52, 4613; Chem. Sci. 2016, 7, 5148 27



3.2 Catalytic Appel Reaction

1
R Br P1 (10 mol%) R
J\ + )\ Ph,SiH, (1.1 equiv) .~ /k
2
R* TOH EtO,C CO2Et ™ MeCN. reflux, 16 h RZ [Br
DEBM 20-72% yield
Cl P2 (10 mol%)

Ph,SiH, (1.1 equiv)

- Cl
MeCN, 100 °C, 16 h pr” NS
40% yield
PRs CX,
Ph,SiH _
2 2\/ \' .
+
R3P=O R3P_X
X R
J\ + O_
R'”” “R2 RsP—O R?
R2
X

F. L. van Delft, et al. Chem. - Eur. J. 2011, 17, 11290
F. L.

P1:R=H
P2: R = OMe

van Delft; F. P. J. T. Rutjes, et al. Pure Appl. Chem. 2013, 85, 817

28



3.3 Recent Reports—Amidation

o PPh3 (25 mol%) 0
CCl4 (2.0 equiv)
)I\ + /R i i - )k R
HoN (EtO),MeSiH (1.5 equiv) Ar N”
Ar OH (p-NO,CgH,0),PO,H (5 mol%) H

toluene, 110 °C, 20 h

PPhs

ccl,
(EtO),MeSiH
{ +
PhsPRQ PhsP—Cl
o)
ArCONHR p > Ar
Q 0
R—NH, + At o
PhsP+0

+ J. Mecinovi¢, et al. Chem. Commun. 2014, 50, 5763 29



3.3 Recent Reports—Amidation

a—" g 1
1
Q Q cat. (15 mol%) N 4 , I\I/Ie
)]\ DEBM (2.4 equiv) : Me
1 P\
+ HOT DR : : ‘Me ~o
PhSiH5 (2.2 equiv) — ' Me g
NH, DCE, 80 °C, 14 h N R ©
. Me
— = I
I o) cat. (15 mol%) N/ ' EtO,C._ _CO,Et
)]\ DEMBM (2.4 equiv) - \r
¥ HO TR | v R
NH, Ph,SiH, (4.4 equiv) / : Br
MeCN, 80 °C, 14 h N : DEBM
1
R :
0 cat. (15 mol%) ! Eto?C\I/COZ'Et
NH, )]\ DEMBM (2.4 equiv) N | L
HO R PhSiH3 (2.2 equiv) :
DCE, 80 °C, 14 h ! DEMBM
MeO
O N Q ~N
= MeO
OMe
e ®
77% Me 71% OMe 70% OMe

* A.T. Radosevich, et al. 3. Am. Chem. Soc. 2019, 141, 12507
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3.3 Recent Reports—Amidation

1a

cat. (15 mol%)

DEBM (2.4 equiv)

2a

Reaction of 1a and 2a (0-60 min)

15

30
time (mins)

MeO

MeO

45

1 |\I/|e ?I’

1

: MeP+\ MeP+\
:Meﬁy Br MeW Me
! Me - Me -

: Me Br Me Br

60 TETEEEEEEEEEmTmEEEEmEEETEEEEEEEET

[P-Br]Br (15 mol%) MeO
DEBM (1.15 equiv) - NN
PhSiH3 (1.05 equiv)

NH

DCE, 80 °C, 45 min  MeO
O)\ 100%

A. T. Radosevich, et al. J. Am. Chem. Soc. 2019, 141, 12507

e ==

31

O p E

) P\

> + \Me N

J\ PhSiH3 (2.2 equiv) =z NH . W

OMe DCE, 80 °C, 0-14 h N :
:
]
]



3.3 Recent Reports—Amidation

I\I/Ie
Me
[Si]-OH M P
€ Me g
e
Sk Me DEBM
| -
O
Me pp, )I\O O Me
Me |

« A.T. Radosevich, et al. J. Am. Chem. Soc. 2019, 141, 12507 32
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4. Summary and Prospection

— Reductive P"/PV=0 catalysis Redox-neutral P"/PV=0 catalysis —

iD' " substrate )|<

V
\/ N AN+2 A" \yE\ \oxidation

® AN
@) @) /
B" Bn Il reduction

reduction™  ,.pY PV
‘7 product '
Wittig ' Appel
Staudinger ' Mitsunobu
aza-Wittig :
Radosevich Group Mecinovié Group

JACS 2015: Deoxygenative Condensation CC 2014: Amidation
JACS 2017: Cadogan Reaction

JACS 2018: Cadogan Reaction

JACS 2018: N-Arylation

ACIE 2019: Thiolation

JACS 2019: Amidation/Annulation

34



4. Summary and Prospection

O O
O cat* Me
«Me Br reductant - High yield
High ee (>90%)

@) @)
, R' ﬁ 0O
: S' O >
1 7
! N\PG Bu P.
1 't
: PR, Bu
: R = Ph, Ming-Phos
1 R = Cy, Xu-Phos
' R = Ad, Xiang-Phos
: Zhang's Sadphos Tang's

----------------------------------------------------------

I R e e e e e e e e e
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