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Recent Advances in Visible-Light-Induced Organic Phosphine-
Promoted Deoxygenative Functionalization Reactions
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Abstract Organic phosphine-promoted organic synthesis reactions have developed rapidly in recent years. Triphenylphos-
phine and their derivatives are the most important class of organic phosphine compounds, which can not only serve as ligands
in organic synthesis reactions, but also serve as deoxygenative promoters in a large number of reactions. In recent years, visi-
ble-light-induced deoxygenative coupling reactions have aroused considerable attention. This type of reaction uses organic
phosphines to promote single electron transfer to form P—O intermediates with oxygen-containing organic molecules under
visible-light, followed by deoxidation to obtain highly active free radical species, and then deoxygenative coupling to afford
the desired products. Herein, the recent research progress in photoredox-induced organic phosphine-promoted deoxygenative

functionalization reactions is summarized.

Keywords visible-light; organic phosphine; deoxygenation; free radical; functionalization
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FIWEFAEATR) T Z RE. AR TR, WTIGES
AU e E 55 A Lo 7 B S E REAL S LI S B 7 T
TP S il T He i 5 5 & A A Ly 7
P—O ik, B4 p-WiE A s 2 miEtE A Y
i, IR SE B AR N, BAT OB R AFIR AN, TR
PG 76 P B e AL SR 8L AR 5 A Lo T
JrBHAT 338, RGN 4R WG A VUBH e 2 B AU H
REAL I MR FUiE e (B 1).

1 C—O §3UfiR
1.1 KUREBRIEARIRY

RIS N HAT AW R AL 2 Tl rp A2 56 = b i i
ERL 2 —, BARESS. 2SR5
A, R RIS S AT AE A P AR I B R R AL
e iy B, SR, BT C—C A C—O S sk iR 2 i
Fe HARBA(430.9 vs 443.5 kI/mol), % C—O HtHEIL I
AR EA EEPEL. 24 Wittig KN JE K, 2018
SF, USRS g SR U OVEE W L O A A D A R R I AR
REAb SN YA B LG, SIS R LA
C—C {8 SR (Scheme 1). K J& T A WGES = KB
FH B8 H EH 2 V3 5] 05 7 R R B B SR AL T L, S
TAE AL R RIS ) B B S AR R B 3 J R,
A R U@ AR e A Sz . I Bz ik R
W RIREIER . | AR o TS5 EY T R IR LT
W EED R, PRBLHZ 7 VR R & et . HLELE 5
FW, RGBT RS I 4675 PheP £ 5 H T4
B A G T — 2R BB 1 5, B4 p-E
P C—O BT 2 = AR L F 2% 10 58 R 4% 4. {EAS
TN, — RV AW 07 & R A R #rT AR e
2%, E& AT LN BITE R 3 KR = 0 F 1A 15 5
B, ST — M FRIR B RS A0 &L A

VIR 7. BRI, 1SR EE IR AN G T IR T R
1z

2018 4F, Rovis Fl1 Doyle Z5MF|H B H H 2 FH & 1
AR A0 S AR 2 1) B AR 1 58 RS & 1 = A2 8 B
B R AR S S, S AR S R SRR T O R
T2« i W7 R I 4 A i S8 iR (HLAT) S5 ) 6 A2 g
KA E)(Scheme 2), thabh, VEE LB MAE HLUBEH S,
R R IR, VIEM R, RR5H PR
BT SRIZ IR B B (R4, B S22 -2 AR
A LI e FE B S [ HH 4 DA R = ORI S AL . SRS TE DS
REWEEAAE FE R HAT BN BRI &1, ikt
H S H AT 5 85 (PT) 78 I ME AL I 3R,

2019 4E, lATI02E ¥ PMe,Ph {8 # PhsP 5] A f#
B ) 2RI TR AT G B ) 2,6- — FR RN e g — 2
SRAN TAR A RRUSE — ZR 81 TR DT R R R 1) it AL D e Ak
(Scheme 3).

[F 4, 20 UR A USR] M) FH R 6 B el i it 4
TG STIAL T 7 A TR T 0 R R R P ot S8 T A AN O A IR
BRIR WIS Y J1b S B (Scheme 4), VAFREEZE BRI~
AT A PR AN AR A AR — 05 JE /. ik Ak,
FHAZAE AL 56 B8 A P 5 8 SE B T (£)-Yaequinolone A2
F1 4-OMe Viridicatin iAW HI & 4 (Scheme 5), %%
Z R B (DFT)ERTHEEL %0 frid SRt R = 2K
S R ) AU TR B R IR AR

IR C—O Wil AR IR IEH HE A SR G S
5, Ha St kg BRI T AR Tk b AR A
2018 4, Cibulka Fil Mérz 25U SHRE 7 38 2 600 (3-FH A&
%t = W CIRER) 2 5 B G AL D5 B IR AR DT R IR S5
g4k [ . (Scheme 6). BF AR B, M = 2RI B 2%
RAEERINICHE T BT PhP R LG
K IR. 1% S S P AR 488 18 R ) 485 ) I RR
DA T FHE R, I A ) R AR B AR e
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Figure 1 Organic phosphine-promoted deoxygenative functionalization
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ie (2018
0 [Ir(dF (CF3)ppy)a(dtppy)IPFe, PhsP (1.2 equiv.) AR
PPN
Ar” “OH R KoHPO,, DCM-H,0, rt., Ar, blue LEDs NG
1 2 r 5

> 100 examples
38% ~ 89% yield

[-scission PhsP=0
Photoredox 9
light catalysis

L'
= N o)
R R M
SET o Ar Ar
11

|rIII

10
‘o
% R H,0 A
Product r Ar
(0] Ar o)
12 13
---------------------------------------- Selected examples)------------=--------------------------
O Ph 0 B P
N
m X N
Me o Me Z COOEt 72
3a, 40% 3b, 81% _ —
77% (5 mmol scale) gg ))i = (s)' gg?
y - y (]
(0}
2
Ay
Me Ph O 3f, 53%
3e, 78% (from hiestrone, hormone drugs)

Me
O
=
“ | 3j, 20-membered macrocycloketones, 43%

Macrocyclic ketones

3 steps
39, overall 50% yield

Qe I
Me
e N 7/ o
O
N- . 3h, 18-membered macrocycloketones, 40%
Me” Me  Zolpidem 3i, 19-membered macrocycloketones, 48%
O
B 1 T EHERIRI AL
Scheme 1 Deoxyalkylation of aromatic carboxylic acids
2019 4, PISCEAPhE LR AR H A HLG Fr R R TR AN = 2R B I3 B b 2 BH B 7 A B A T B IR
IRIAG R Y A e e A St i s = N B 32 X S A BEIERS B L, fE4 - R A4S B SiE 1 B 2, Bl
(Scheme 7), A T — R¥ K IREIRTAY. @it )5 JE KA T AIAR BRI AR IR Y. (15—
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Doyle (2018
i [Ir(dFMeppy)(dtppy)IPFg o
PhsX (X = Ph or OEt, 1.2 equiv.
A" OH or  R” OH X quiv,) A H or L
R = Arvl. Alkyl (p-OMeCgH,).S5 (cat.), 2,4,6-collidine R™ 'H
14 = Anfl, Ally PhMe, blue LEDs 16 17
15 52 examples
25% ~ 97% yield
____________________________________________________ T
|I’”I /\ n
HSAr  R™“H
. -SAr
light 17
Photoredox HAT HAl ‘O‘
ET S
catalysis 3 cycle
et I
o . p-scission XPhoP=0
SAr
"
0 N
_Ps 9 R” “OH R™CO
Ph” 1L X Ph” 1 X 15 B
Ph Ph Ph” 1 X
-H* Ph
-------------------------------------- Selected examples J-----------------------------oo-oooooooooo
Me Ph (0]
H H
/©/\ /©/\ H H 74 H
Me NC
Cl MeO S
16a, 63% 16b, 52% 16¢c, 30% 16d, 47% 17a, 88%
/©A /§:§/ F (@]
// \\ ‘ N 4 H
N~
17b, 68% 17c, 80% 17d, 45% 17e, 54%
B2 R T
Scheme 2 Deoxygenative protonation of carboxylic acids
Doyle (2019
0 R : o R
)k N )\ [Ir(dF-Me-ppy),dtppy]PFs, PMesPh (2.0 equiv.) k)\
R™ "OH 19 R? 2,6-Lutidine, Ph,S, (cat.), MeCN, rt., N, blue LEDs R 2 R?
15
- 37 examples
R = Ar or Alkyl 27% ~ 8A6% yield
, O Me S-scission :
1
Lo I'e [ o T I
R@P\Me "\«
Me,PhP=0
----------------------------------- Selected examples)-----==-=-==-=-----------moo-omooooo
Primary acids Secondary acids Tertiary acids
0 N 0 Q
Me)kOH CL/)—\_(O OAOH OH
BocN
15a, 76% yield OH Br
10 mmol scale 48% yield 15b, 60% yield 15¢, 80% yield 16d, 47% yield

B3 R bR

Scheme 3 Deoxyalkylation of carboxylic acids
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Xie (2019)) o
L [Ir(dF(CF3)ppy)(dtppy)IPFe, PhsP (1.1 equiv.) /ﬂ\
R OH 2,4,6-Triisopropylbenzenethiol (cat.), K;HPO4 R 21 D
15
R = Ar, Ally DCM/(D,0 or H,0), r.t., blue LEDs 48 examples
o 41% ~ 96% yield
1
' A
: )k ( S-scission 1
S L -
\ PPhg \\
PhsP=0
--------------- (-)“--------------- Selected examples ------------------""""""""
Br NH, FmocN
21a, 76% 21b 92% 21c,41%, dr=5 21d, 92%
8 mmol scale ’ o
O D
S
(0] (e}
H
*()A "
21e, 64% Me 21f, 86%
(from pregnenolone, steroids) (from L-Menthol)
B4 R T
Scheme 4 Deoxygenative deuterization of carboxylic acids
Xie (2019)
(e}
/2 Rr2  [r(dF(CF3)ppy)(dtppy)]PFe
QL ST TOH AsoC i N ToH{ % PhaP (1.2 equiv.) RS 7 e
% XH no purification N X/:‘?\ KoHPO,, 1,4-dioxane, r.t., blue LEDs = XH X
X =NH, NR and O o
22 23 60 examples
! (e} 43% ~ 9P°A yield
! PPh i ‘
S Yo, FPhaf| _pscission
T _SOLAr ‘\\\
H PhsP=0
--------------------------------------------- Selected examples J-------==-=-=----------mmoomoooooooo oo oo oo
(e} e} o (e}
S
0. Ol L, coeo L)
NH; Me NH; 0 NH Me OH OH
Me
24a, 79% 24b, 69% 24c, 59% 24d, 72% 24e, 81%
0,
_.Smmolscalers% ... -{_Synthesis of Yaequinolone A2 and Viridicatin )----------=-===-=-=-------------
BnO;\ AroH
(i) standard conditions O“NH O (i) KOBUL, 0 °C; (ii) H,, Pd/C ©\/IOH
o i ¢} 9
(i) 76%
on CFJL\/OBn Ar N ©
Ar Yaequinolone A2
N—Ss AcO 24f, 82% Ar
HoO OH
= (A (i) standard conditions KOBU, r.t. N
Ar = -(4-OMe)CgH4 07 NH O
77% N~ o
H

22 i o
Cl)J\/OAc @AN

249, 78%

B 5 77 &R IR A5 24

Scheme 5 Deoxyarylation of aromatic carboxylic acids
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(0]
Cibulka (2018) N 0 S
Flavin, Ph;P (2 equiv.) L P
A =
R OH , HO %Rz PhNO,, 4 A o or 25
= 15 14 X MS, BTF, 40 °C, blue LEDs
T (0]
Ry P \+R2
STTTTTTTmmmmmmsmmmmmmmmes | o
: OAc | ) >—< }W PPhs*—OCOR! !> 20 examples
' H issi 0/ ~ 0,
E ACO oac L _|PhgP=0O ox 1L __ﬂ_?c_:l_s_s_lczn B 24/o 88% vyield
: | Ph3I5—O~©>R2 PPh;*—OR?
| ! PhsP=0
E HaC i Selected examples}---------------------oomoooooooooooooo oo
- Y e .
:H c Nechy! | | i E
Ha 3i 1+ FiC F3C +CgHy7 '
' Flavin P E o 0 Alcohol
_________________________ oo |
____________________________ . 25a, 78% 25b, 65% !
gy g g g g g gy 4
P o T o o k
1 1
| Py |
! X CsH (0] |
AcI:id @)ko/\©\ wo/\Q\ 5H 41 /\©\ :I
i cl cl cl
| 25c¢, 67% 25d, 34% 25e, 50% i

B 6 FREM AN

Scheme 6 Deoxygenative esterification of carboxylic acids

Chu (2019 Q
RN on /@ R? Methylene blue, PPhs (1.5 equiv.)
= o X 2,4,6-Collidine, DMA, O,, white LEDs
0

E 33 examples

' 49% ~ 86% yield
| PC boPh v VY

: CAAL

1

L

p-scission cyclization

A 3
€ G . oy
/ 0N\ PhsP=0

(0]
------------------------------------------- { Selected examples) -=--====--==========----smmseoooooooooooooooooo-
27a, R = Me, 83% 27c, 58% 27d, 61% 27e, 83%
27b, R = NOy, 59%
--------------------- N le) 0
\
N HCl

X=0 O O O O X=N
X X

: \ 5 (1) Mel, NaOH, rt., 2 h
: O O H(1) Cl‘Mg/\/\N/ 279, X=C,81% 27,X=C,86% (2) PhMgBr, HCIO,
! i |

X
+ 2
N Z

THF, toliene, 65 °C, 2 h 27k, X = N, 74% . | CIO‘}E
(2) HCl-gas, 65 °C, 1.5 h 271, X =S, 72% . Arc’™-Mes CIO, ;

27h, X =0, 77% 27j, X =0, 75% CH,Cl,, r.t., 3h

0]
Doxepin hydrochloride

BR 7 FEERREAD T AL

Scheme 7 Intermolecular deoxygenative cyclization of aromatic carboxylic acids
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&, ZRBEIE ] H T A BRI G L K R R 2 267
FELAR Y Fi o 0B 5 1 1) 2%

2020 4, WIEHUR T Y AL IE R S R
ARSI T 55 5L BRI AN 57 FE /e 3 1R A 40 1 it SEL A BBk S
J¥i(Scheme 8). 1% 771G i il £ 1 A0 B B 22k Hh [A) AAR BL A
MR &, KB 55 R xR E R R
JRY), i C—O BN B E AR S A LA
JEER R AA IR, EEE R T HAA R S T A
Y. AEE PR TR RE R ONHLEE, 1, JeR AR R
AL ORI E i 2R H BT SR S T R R AR B

BT AR E AP A BTRE e RESEET
Z M HESEA 7, S0 F A R A p-Wr T kR B
ti3E 33, Ff)E, Bt B i3t 33 555 2 -Ni H aA R AR A

Xie (2020)

Br:
0 [Ir(dF(CF3)ppy)2(dtppy)]PFs, N|Br2 dme (cat.)

PhsP (1.5 equiv.)

eI A NIt EC &4 34, fiedm, Nt e AR 208 S T
BRAE AR =) R-CO-Ar. [FIIS, TR Nil 26 5l 7
F2(SET) NI 3RTS el S s fe AL 3R, R A AT 138 i ik
3 4 P ECAAR FVAFIH] C—O BERITE R, (EAEBAMElL
PRI FR s A o]k G R AR IR E C—C B C—O
K, AT FRAIC S Rk 3. 4, AT TUSIR) A 2R Al it b
TGS T 07 B R IR S L0 I I SN B Y. (Scheme
9). ZIR AR IR RN G AE T B ARE 205 5 Ak v B R ()
D5, 7 A R = Ik 92%.

TR e O R AR A A 2 A P () 4T 40U 2021
T, SR UORGE T R R S A R T R B R I )
PR EE I N A L % (Scheme  10), R MNiEIT Felas
P(V)/P(IID) = & Wi [F) fee AL RO S AL B fR AL SE B T R IR

29
RiThet] M+
L or

dtbbpy (cat.), K3PO4, DCM:CH;CN

111 111 ~
R Het or R'-jHet
=

r.t., blue LEDs
28 8- R 52 examples
r 30 38% ~ 92% yield
T T e Ar—X T
Ar
1 RCOOH . }\ L
RYOI Base 3 SET LNi X
T
R
o 1l Photoredox SET Nickel 33
f-scission PhsP=0 catalysis catalysis
Ar
| R
o LN} LR —¢
u light il X
R 34
33 i
Ar R
32
---------------------------------------------- Selected examples J------------------------------oooooooooooooooooo
O

X
L.
R N~ CF,

31a, R = Me, 82% (88:12)
31b, R = F, 70% (86:14)
31¢,R = NHBoc 82% (91:9)

QL

32h, 87% (98:2)
5 mmol scale 82%

M
e O%O al

Me O
32k, 65% (ester: 4%) from fenofibrate

31d, 67% (85:15)

Q*U

31i, 71% (95:5)

@mm

31e, X =0, 57% ( >991)
31f, X =S, 82% (95:5)

(e}
B Q)KACN
)\ Me

31j, 81% 937 32a, 92% (98:2)

31g, 68% (96:4)

e

e
321, 74% (ester: 3% from Geranlol

B8 FFEMRIRM A E el

Scheme 8 Deoxygenative functionalization of aromatic carboxylic acids
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Xie (2021) o
O .
)k . [Ir(dF(CF3)ppy)o(dtppy)IPFe, PhaP (1.2 equiv.) Ark/
Ar” “OH NiCI-DME (cat.), L (cat.), CHsCN, r.t., blue 36
15 35 LEDs 36 examples
! 41% ~ QAZ% yield
| (o) : '
' ( [-scission
P gt B | R T = 1 = ] P P Y
A )L@) PPh, 8
PhsP=0

----------------------------------- SeIected examples bt

36a R = Me, 80% 36d, 86% 36e, 86% 36f, 51% 369, 41%
36b, R = OMe, 92%
36c, R=F, 65%

B9 FFEMRIRM AR

Scheme 9 Deoxygenative acylation of carboxylic acids

Xie (2021} 0O .
e 2021)) [Ir(dF (CF3)ppy)2(dtppy)IPFs, P-A (30 mol%) i
N

+ — : N
RTNO, Fel, (cat.), PhSiH3, K;HPOy, blue LEDs, r.t., 24 h 1 P‘O
OH 37 : d
{

15 R = aryl; alkyl

86 examples
43% ~97%yield ~TTTTTTTTTTO

P\\O "Hexyl-COOH

Jbase
p— %#P/ "Hexyl-COO ILJ o
”\# 1 W# (Q/)'%
40

Ir

f-scission
P-A

Photoredox

catalysis

0}
_— l .
i HexyI” ON—pPhH  Hexyl
TFeIz/[Si]fH

Fel O,N—Ph
2 3a 2

O)\Hex n [51-H

light

)

5 o Br O NO,
OH Me” 2 N
H

15a, 95%
10 mmol scale 72% 15b, 54% 15¢, 52% 37a, 63% 37b, 72%

j\ (0] H (0]
O)LN%TN\*N/Ph
H 0 H

38a, 67% 38b, 48%
(from AD-17-Carboxylic acid) (from L-Alanylglycine)

Bl 10 FRER A mEIZ AL
Scheme 10 Carboxylic acid deoxyamidation
i S AL S . 5 A B R R R AL S, B3 IR B BRI At e AL W R B 5 & 3R A 1 — i
R 5 B RN B R IR AR RE A 1) 76 Rt g AL e Ak, 1% %, JF H RN RV E Be B ARSI 4r. HUERBE 7R,

AN
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R SR

TSR E BT RaP &5 HL A A A BT BE 1 el R
ER 39, B S, P50 LS RERIR I B 45 AR
B EBHEAEE 40. BT P-F1 O-JR TIIESEM ),
(44 40 SEAG ] T A B-Wi e DAY i A% I ik 9 56 oAy
HUBS I EALIEIR. 72 Fel, I JEZ4F T, AEZEATIE AL
THEEOR, FE AR IR FE R 260 T, SRR MEBESE 3 Hh
FEXT S FE RN, M= AE N-A0 B B EE R 41
FAEFMEA TR JFAE R SRR B R A, TR A
et T OGRS IRIERE. Ak, BRI 5
B RN 5w % N IR A T 12 77 R 1 S A

2020 4E, VR RUR A ROME S I T O S 3
H B £ 2 510 B A B RCE fe 1k ) B (Scheme 11). — &
I ERIR K ORRBNEWIRRIR . LARA BT & AR
RIRIRE LA S5 2 RIF P~ R G2 BARF=9, Hl%E33]
FAE REETIURIE 1 p,p- 500 T8 2.

2022 4, Masarwa BB HRIE T 0] WotiHE S =%
TR FRIR S T A B A B B3N R =
N ) 4% -1 = A7 B (Scheme 12). 1% 5B 7E i A1 4414
THHT, WA WOLHES PPhs iGLSERER C—O 4,
N R R T ) A i 1 R 29 43 1) i B T R AL R

Wang(2020 o /ﬂ\ F_F
R1 OH | R2” “CF, [Ir(dF(CF3)ppy)2(dtppy)IPFe, PhsP (1.5 equiv.) ,
NaHCOj3, DMF, 4 A MS, r.t., blue LEDs R R!
15 42 43
42 examples
| 52% ~ 92% yield
| o ( [-scission i
Lo SonMy ___ ST !
Ar)kko/,‘PPhg,
-------------------------------------------- Selected examples Jr----=-=-=-----------oo-o oo
"~ Fo F_F
FuF
| | 9] | O
Ph X
Ph \ / Ph /\
N
43a, R = Me, 90%
43b. R = OMe, 83% 43f, X = 0, 80% 43h, 87% L_o
43c,R=F, 81% 430.X=8,72% ¢ FF
43d,R=1, 82% 0 7 ©
43e, R = NHBoc, 63% NTX
T J T |
R Me = Me
Ph 43j, R = Me, 84% F F 431, 70%
43k, R =Br, 77%
43m, 67% Me
from Adapalene o S 43n, 53%
B 11 J5 A AR IR I A — s 2R AL
Scheme 11 Deoxydifluoroallylation of carboxylic acids
Masarwa (2022)) O Bpin [Ir(dF (CF 5)ppy)2(dtppy)PFe ©  Bpin
A OH  + Rk\é¢i\R PhsP (1.1 equiv.) A R
15 4 K,HPO,, DCM, H,0, r.t., blue LEDs 45
R=H Akvl A > 40 examples
! » AL AL 28% ~ 83% yield
! A [-scission :
bl A PPR. e oo o o e e
Ar)ko PPh3]
PhsP=0
———————————————————————————————————————————————————————————— Selected examples)--------------r-ooereme oo
0 Bpin (0] Bpln
Bpin WBpin g =N (0] Bpin
S N Bpin
45a, 54% 45b, 37%

(from 3-thiophenecarboxylic acid)

B 12 A& R p-IH A i

Scheme 12 Deoxyalkylation for f-ketogem diboronenes
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REVIEW

7 — Mgt

HA b0 IR A VI AR IS Y4 T AN
Vi 2 ARAE, W RA SV R B T
W E. TSR, H R AEIR I S 00 b B
Iz, BT IS B B A IR IR S S A5
FIREE R R, Bk, Peter NAPUERI N T =KL
et B o SR S, D) SEBL T 43 N B oy ] R BRI
b2 75 /AL B (Scheme  13). 1E# N A e IE S
HUBR 22 B A0 S I i 0™ AR 2 B Pl o, B 5l
ik B O, AR TR G TSR
FHMMN, AR BRI IR ).

B R OC TAE W N, FIFSRIE S 15 452 HE.
Oy TAEAF R IR A G WE N IR B, ERT WG R S
AWV S AT A A AR, 8 AT S IR AR N R
TESCIL S B IE 5 IR BRI T R Al SO, AT
T IZRRR LA AR . SR, 7RISR N 24T,
K 22 BB 7 IR T ME LA S BHUAH 8L 1) It 4 B A S
1.2 UEEHEARY

B2 H ARG A TR ™ S b d o il 1 — 5
MULEY, HEBEFRZREN D T4, B 7
T RIRF . Adn i TRZEM D Trb. S LS
e sE E BT AR R TR, BRI AR R R
T, A A e 1 ER R, T S I A e
FEA B B R S NA. ST, BRI S
C—O AR RI(BDE~397.5 kJ/mol), Xk LZfARE L
FiFE H I R). IR, WG R IE JE A AL SR )

[Ir(dF(CF3)ppy).(dtbbpy)]l(PFe), PhsP (1.5 equiv.)

PO K A b B A AR A N e R R T
EA AR, SR, B R OO R B AT L R g A
Afedk B HIER 7, REAEH TAERMKA T HA
Pt B S AR R AP bE2E E 2E, HOR SRR A RBR .

2018 %, Rovis fil Doyle Z5UHRIE T R I B 2
H AP G A i A R . (B A2, B
W B E RS, AR5 T C—0. C—N
M C—C . AAZ)E, HEHEREHCHRE T —f A
P B MKIE 25 15 10 BEAT A2 A v i AU e 8 A 1 A
W15 (Scheme 14), 7] LAJ7 L& B A R 4 e
i 2 MR DhEe AL . WLERRF AR, B M E LB
1R S R A LA, ER WGBSR, AHUBES
BB RAL &Y I AR R SR AL i — P FE B MR
THENUBE B HEEA T p-Wr R AU B R, I FH K
DI 7 — RANGEWE 3 AEMEFE IR, 5
1[5 A1 35 S S 51 i (S ) A s o 7/ = ST
PLSEEEL C—O BRI, thrlilid F 5 TR A7 % R i iR
SEANUBAEAE T & p-B WL LB 4 B Be AL R B

B BRI Sh 2 — R I e ik B AR AR, R AR
e IR JFEFAE A NG B RS EEAE P 55
TR #h 7 Tl 45 HLRe i K A8 C—S/IC—O #IZL
15 S S AS B AN [ D REFN G5 A A AR AR AT A 2%
Mg, DAAE RO B B ek B e . SR, FEIR AR T
JE AT P ' T IO ST b A 1 R — TR A PR
PR TAE. 2021 4F, Takemoto A1 Nanjo 201 i@ 7 A] I,
613 SR R ER i 4 C—C RIS (Scheme 15). %)%

Peter (2022) o
OH
0 >Ph

K3POj, CH3CN/H,0 (85/15 vol%), Ny, r.t., blue LEDSs, 36 h

48

4 23 examples
6 23% ~ 78% yield
0 o ‘Bu
OH + \)LN N [Ir(dF(CF3)ppy)(dtbbpy)](PFs), PhsP (2.0 equiv.) 0 N
‘IIBU/\@ K3POy4, CH3CN/H,0 (85/15 vol%), Ny, r.t., blue LEDs, 48 h
\
15 ! 47 R 0 o A @ \
2 p-scission 49
bommmmom oo IR ("M EE v R —
Ar” (O £ 11 examples
PhsP=0 27% ~ 81% yield
———————————————————————————————————————————————————————— Selected examples J-------------mmroe s
Bu
F F ;
O 0} ! e} II °
o MeO I 0" Me
48a, 56% 48b, 47% MeO 49a, 48%
(from diflunisal) (from (R)-1-phenylethanol) (from adapalene)
B 13 57 A DRI I S R IR AL
Scheme 13 Deoxygenative spirocylation of Aromatic carboxylic acids
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BILILE FRSHR
Ying (2019 ; R1
R
? _h_s0,ph AR
_ 51 [Ir(dtb-bpy)(ppy)2]PFs, (OMe)sP (8 equiv.) 53
O-N + 57 examples
R or Hantzsch ester, methyl tert-butyl ether or 11% ~ 90% yield
r.t., blue LEDs AR
(0] 50 Ar/\/SOZPh Ar ;
R = Aryl, Alkyl 52
: !
i |
i LR
o R—0O (OMe)sP (O; /+scission
PO [T T
MeO 6'\?Me -\r
S (OMe);P=0
------------------------------------------ Selected examples )-------------------ooooosoomooooooooooo
CO,Et
CO,Et \ N\ N
\ CO,Bn \
N ~
© Boc cl N
53a, 80% 53b, 49% 53c, 70% 54d, 72%
Ph A)L w
CO,Et N N
@ Ph CO,Et ©/\/\J\ CO,Et
53e, 55% 53f, 69% 539, 33% 53h, 30% (E/Z = 2:1)
B 14 N-HE SRR SR I R e AL
Scheme 14 Deoxyfunctionalization of N-alkoxy-o-phthalimides
Takemoto(2022

1
sz\ NaH, CS,
R®” “OH  THF

1
sz\ $ g 58 [-scission
R® O)LQS/—PPh(OEt)Q )

.
n-NHCPZ  [ir(dF (Me)ppy),(dtppy)]PFs 2R
M PhP(OEt), (3 equiv.) R®

MeOH/H,0, blue LEDs 61

> 15 examples
36% ~ 83% yield
A

R'" s :
R? . =SCO,_ 1 QuR® ___i
R39\O) R

R2
S=PPh(OEt), 59 60
------------------------------------------ Selected examples J----------------------------oooooooooooooo

61a, 64%
1 mmol scale, 59%

61b, 60%

H
@VN‘NHCbz H
\/\/\/\/\X/N‘NHCbz

61c, 41%

B 15 B m kit

Scheme 15 Deoxygenative aminoalkylation of alcohols

N R 2 AEAE T AR T B B A AL ) 3R
PR ER AN HUBE A& SRIEBRAL YD B I B Ak, AT o] 2615
2 — R 5 Z WAL

IAER, RE PR A 3 24 £ ke 1) H |
FERTA, FER] WOGTE A HLBE L2t I U B e A0 A o B
37 HERERE. 2022 4F, ARA1PEEEE 5 T RALER R AL
TR B IR IR #, 72T WOGAFAE S — ik SE o JR R 6
L i AR R i A Giese M (Scheme 16). 7E =%k
BRAFAET, SR SR ALTE 1 0 3 SR 2 R 6 1 9 i A JE 14
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A EEE, MESEFEEE RN, HaRR
FHF . R E1E R B AR ).

[FJ4F, AbATICPSIFE = 3R AR BE AR N, BEEmE i
R R R B B 7SI T 2 P A 1) e
SR IR AN FE AL [ B (Scheme  17). 1% N TG 75 s 0
FeMEAT, FEHRSEMIEET, B a2 L, 6
WE S 2 o B S BRThRE AL, [RIAE, AAT 1RO B R
Mn e 2 — R I KA EY)(Scheme 18), F H A
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Wu(2021 s
NaO'Bu, CS i
ROy 2B o2 - )L* R A EWG [Ir(ppy)2dtbbpy](PFs), PhP3 (1.5 equiv.) R\/\EWG
THF 0" "SNa H,0, MeCN, r.t., 30 W blue LEDs, 24 h
. . 64 72 examples
Primary, Secondary, Tertiary alcohols 38% ~ 94% yield
62 63
S 5 25
—scission
R '
777777777777777777777777777777 ‘O)%PPhg

65f, R = Ph, 71% OR
O,R
COzBn 65a, 1= 1, 64% ZB” 65g, R = Me, 63% | L icos
65b, n =2, 85% 65h, R = Et, 65% Boc”
65c, n =3, 83% 65i. R = "Bu, 64% 65§, 63%

), 65d, n=4,80% 65e 42% » 64%

0
o % OH Me

——————————————————————————————————————————————————————————————— Selected examples

Me * 0
Y o]
‘ Me < 4
O A TEEENG
HO H Me HOH‘L
651, 61% OH ' 65m, 68% (2:1 dn)
65k, 50% (> 20:1 rr) from p-D-ribofuranoside drospiroone intermediate
B 16 Bl Giese M
Scheme 16 Alcohol deoxygenation Giese reaction
\Wu(2022 2
Wu(2022) KO®Bu, CS, S Ph(PMP); (1.5 equiv.), 4 A MS \i
ROH —— 2| o L, | + Rsozs\)\ . RANg
THF 07 s M R 1,4-dioxane/DME/MeCN
62 66 - 40 °C, blue LEDs 8068 |
i i > 80 examples
Primary, Secondary, Tertlary alcohols . . 23% ~ 91% yield
R-OH S2 R. A &» R. )k - RIOZS\/\
Base ) S Ph
XS *XS 67
69 SET
R'SO," SET < [R ozs\/\Ph
- 70
Pha~p RSO; © R g
68 \( PRy’ pathway b
Photoredox S RO S
RO,S . catalysis R. k e . 2
2 Ph O (&7PRs R 68
R [-scission
73
\ j S=PRj"
. R, —rs R'SO,
ROS A R 0" 7 PR~k
o7 — 68
0=C=S
72
———————————————————————————————————————————————————————————— Selected examples - ------------ocormrrr
OH OH
Me—OH Q/
62a, 60% (10:1 £/2) [( X
62b, 91% 62e, X =0, 88%
1.04 g, 67% 62c, 89% 62d, 61% 62f X =S, 71%
Me O 629, 80%

e 0 D L

62h, 69%  62i, 70% 62j, 40% 62k, 55% (> 20:1rm) HO

drospirenone intermediate
621, 63% (10:1 dr, > 20:1 rr)

B 17 Bl A

Scheme 17 Deoxygenative alkenylation of alcohols
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BH=E SFiR5HRE
Wu(2022) ,
; KO'Bu, CS, S N-R PhCys (1.5 equiv.), 4 AMS HN- R
ROH o | Rottsik | * 0 - Y
62 2 O SK A 1,4-dioxane, 40 W blue LEDs AT R
Primary, Secondary, Tertiary alcohols 74 49 ex7a5mples
‘ o o oPe
. pscission 42% ; 91% yield
o] |
,,,,,,,,,,,,,,,,, R! e [ N,
0~ (S-PCy X
s S=PCy,
———————————————————————————————————————————————— Selected examples)-------------cmroremrona
ArO,S.
NH
Hn-SO2AT 753, n =1, 44% - SOAT ArOzS\NH Ph o
75b, n=2, 81% /K/
Ph 75¢c,n=3,73% Ph Ph
), 75d, n =4, 74%
75e, 42% 75f, 60% 759, 60%
SO,A Phy
- 2Al NH
N 75h, n=1, 54% AN O o
75i,n=2,80%  pp HN
Ph 75j, n =3, 81% /KO
/\@)n b= B 0 Ph/kCy
75Kk, 73% 751, 51% 75m, 60%

B 18 Efli A E bt
Scheme 18 Alcohol deoxidation ammonia alkylation

FZRAIPAA PRRURUEE S ] R A i e C—O fsh,
b J5 5 5l N-TE RS . V-0 FE P IR S, S MR 25 4%
PMIRERUEDE L a- BRI G Pt T 5 2L
opE e

B, /NSRS PO SR B A SR I, R
T BRI B A T 00 R A R SR A
(Scheme 19). % TAELLBEWT Y PhsP /EA—FA M) O
JEFHAE A, [FIRECR R T B M 4, NI 2B e P Joe
FHBEYM. PR, BORA O EE Rk

P 5 SR D B A UE W 1 12 S L R 5 s S V.

2022 4F, Sungwoo R @ZH BUIE T iE 35 £ A1 PrBus
FTEE I SZ 4% 55 vt (FLP) & 1 — Fb T & Fe it A
FERAL G WA BRI RE A6 S . (Scheme 20). HLEE
R, B2 N-2AENEnE 25 PrBus JERL FLP A
RhEs R, B S AR R B E AR B T 81 HIRAITE
IR BE SR R IR 25 TR, SRS TETCBON 4 R & B-Ih
R R H R R 82 FRHE NI B IR &
Hbrr=4.

Hu(2022
o NaO'Bu, CS, i JL [Ir(ppy)2(dtppy)IPFg, PPhs (1.6 equiv.) R-§=<F
o THF Rosm| & RV SCry CH,Cl, rt., blue LEDs KA
- 76
Primary, Secondary alcohols 7
26 examples
40% 798% yield
i J-scission :
,,,,,,,, .
Ro (S5 -PPhy N
S=PPh3
fffffffffffffffffffffffffffffffffffffffffffffff Selected examples J-------------m-omemmene e

Ph

Ph F
_F ~ Pho o
F

77a, 98% 77b, 60%

B 19 EiE

77d,n=1,73%

77c, 84% 77e,n =2, 96%
77, n =3, 89%
779, n=4,96%
TR

Scheme 19 Deoxygenative difluoroethylation of alcohols
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Sungwoo(2022)

L i
NaO'Bu, CS S + ¢
Ry Nao'Bu. CS; e “ph P'Bus (0.12 mmol) E*EFR
x=o0s THF 0~ “SNa /,{,BE4 DMSO, r.t., Ny, blue LEDs, 22 h N7 80
' “Ts
primary, secondary, tertiary alcohols 72 examples
78 38% ~ 94% vyield
L,
H
R.
/ B p ath A base
+/ 1 4
Q tSE D P Bus nltlatlon
/N\
Ts MeB spm3
frustrated Lewis pair dark reactlon
ﬂ-sussmm/ BF4
“Ts
product
. Photoredox
O (S7 p Buz catalysis NTs(Me)
s Y| s
R. AN N7 R
N 07 S
Me”™ "Me
PB
light reaction Us R~Ok NTs(Me)
———————————————————————————————————————————————— Selected examples J------------oomrsoame e
NPhth
H
7 N OH
X XX A /©/
| | | EtO S N ©
N/ Ph N/ Ph N/ Ph | Z | pZ
N” "Ph N™ "Ph
80a, 88% 80b, 55% 80c, 52% 80d, 62% 80e, 45%
| 20
OYN N
w7 \
- N — Ph
(e}
80f, 54%

from proxyphylline

809, 66% (1.3:1 dr)
from hecogenin

B 20  FE/AREE M AU/ BR L E 1L
Scheme 20  Alcohol/thiol deoxygenation/thiopyridinization

2022 4, FHAERREABILUN RN B =K EWE A
PGNP, A LN TR R K &
W EREESEIL T AR A 0 R 2k 22 S 2 4L (Scheme
21). Z SR T BT I/ -1 W AR, (R
Sl S R RE A RO A R AR 0 B L AN, =
S K SRS K =R R RS T % & )
MG, RNCEATEAERE . SRR E RN 2 Pk LF
SR JUNEERGE, 207X T A AR T R
OHR A AR IO AL, %%T%%ﬁ&ﬁﬁ%??%
TR EOT RRYIA 2. Wi — RIVEAE SRR T 1%
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SN K ARSE R IR, 2 eGSR T A o Ik
FH W ARSI SIS TR B K AP BRI,
SR J5 T B S PR g A B bt | i 3E 86, 1T JE R R K
A EBENR. BE TR, RS /AR
LAFB|H IR 85.

B ik — R 50/ 0] T 615 S 0l B 2
MR et RN Ah, KT DNA KBt a] sl 5l
k. 2022 4F, Chheda %533 & 7 —F0m] WoG{Eif DNA
AH 2 it S8 e JE 4k S B (Scheme 22), T AT AL (1)
{ABEA PR = AR e . OV ERE ) 2, TR T
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BT iR SR
Yang (2022
HO, OH B [Ir(dF (CF 3)ppy)(dtppy)IPFs, PPh (3.6 equiv.) R? OH
FeSR T RRS A ko
3 R CH3CN, Ar, 30 W blue LEDs, 36 h R3 R!
85
50 examples
21% ~ 95% yield
_ +
HO_ O -Hz0 30
F:C~ "CF; PKa=66 F;C” "CF;
PPh
o
o ae - HO_ O3 PPhs
/ Ir PPh; nucleophilic trapping F.C” CF,
Light /-scission
Photoredox Ir2* O=PPhg
catalysis
OH 84
H . CF3 OH
N\”/\XCF;; . 4 )\
13t e} FsC CF3
86
OH
OH N CF3
+
H CF3 +H NCFs
0
—————————————————————————————————————————————— Selected examples J-----------------oomoe oo
OH Bn._ COOEt H CF3 OH

| CF OH CF3
N 3 Ph.__N
\”/\XCF:; |-P\]/\”/\)<CF3 \n/ CF3
O CF3 o
o)

85a, 82% 85b, 22% 85c, 89%
CF3 OH
o 3 PTer, o Qtr, 9/\)O<HCF3
< o P CFa i CFs
o N~ o
85d, 73% 85e, 60% 85f, 28%

B 21 A b
Scheme 21  Deoxypolyfluoroalkylation

154 DNA 5% PR &I B e B, JF
HwTdk— T DNA-%ifid ZE(DEL)A4 ™, 1435 DEL )
22 FEE.

2 N—O 3T

B E BN G Z AT HEYNETE T RRS™
VIR REAT R RBA. 22 g R i C—N B 7 ik 2R
&, Ul Buchwald-Hartwig P, B JR AP, T8
K, WHAEATRA T WA ST T R IRH A ik
SR C—N BT, {H 2 55 e A AR G o ik it —
W AT S, BRI, SR & R AT AR IR
W, IR IRAS S B ERE I ) P AT TH LA PR AR
TEA] LG5 S A MU 5 N—O SRR I B 1, N—O #2t
PRfREFE RS P=0 B LA OB HERTEK,
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TE R 0 O 2R B S5 P 5 %Rl 2R S A R A A
BEl s s B, HET A RS C—N BERAEA ML &k
a1

2018 4F, Schmidt V841 IE T 0 B R & 4 it
N—O BRI SR B BEAL N, 3 1T 58 1 3% i A
J& W) . Markovnikov 3% #PE S %4k (Scheme 23).

M T AL BRI S 15 W R = 2 F1 N-FRE4T
oK WG i R AT B 2 77 42 PhthNe, $2ft 7= 4
PhthNef{Hg %, 85 7 N-F2FE40 2K — LV lZ(NHPT)
ME— Dhaetl, JF B IGTHEHAN & 5t G AR A
RANE IR, HLERHT 7R B, NHPL fE# SR T R AR
THBIE PhthN-Oe, HAEWHERE = ZFRMI1EH T
TP B PhthNe, 1% [ RS0 ) T T AR B 2 (1
P2, E T S ILER TR RS T AL IE . A, 1R
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Chheda(2022)
. [Ir(FCF3(CF3)ppy)(dtbbpy)]PFg R
R' _O_ _SNa PMP3P (150 equiv.
YOUT . OOV NA PUED e SOVOWN A~z
R2 g DMSO/H,0, 30 min, 25 °C, blue LEDs 50
87 88 63 examples
5% ~ 80% yield
. A
E i [-scission 1
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, -
R "0 (S5 PPhs
S=PPh,
———————————————————————————————————————————————————————— Selected examples Ji-----------ooomorosoe
: e o N 5
Monofunctional ,20) 87a,n=1,60% 7% *%CO *%Q) *g :
Alcohol n 87b, n=2,67% ,g :
| 87c,n=3,80% 87d,63%  87e,70% 871, 63%  87g,61% 87h,51% |
E 2 0 E E H CYE
- -$<_ X _ NCbz o on N Cy H :
Bifunctional 32%0 1 DNA 71/& ona Y on-DNA Olefins
Alcohol " o 5 ,
i i 0, . [Nl 1
; 871, 53% 87j,31% || 89K, 73% 891,67% |
B 22 TR s b L
Scheme 22 Deoxyalkylation of xanthate
Schmidt (2018
H H
(OEt)5P (1.5 equiv.)
PhthNOH + 2> S PhthN\)\R _HaNNH, HzN\)\R
(‘BUON),, (dodecylCO,),
20 DCE, 50 or 110 ° C 91 92
33 examples
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 14% ~98%yield .
PhthN—o'(\ -
95 P(OED) [PhthN-ejP(OEt)s}
PhthN—OH
90 HAT [-scission
H SET Photoredox O=P(OEt)s
PhthN catalysis
N
91
. Z >R PhthN-
PhthN
w 94
93 ‘\/
——————————————————————————————————————————————— Selected examples ---------------ororororor o
PhthN H
PhthN
PN~ g Q PhthN” 3 N ey
91a, R = SiEts, 42% 91c,n=1,76% 91f, 21% (> 95:5dr) 919, 27% (> 95:5 E:Z)
91b, R = S"Bu, 43% 91d, n =3, 64%

91e,n=4,70%

B 23 Aol fid S At

Scheme 23 Deoxyhydroamination of terminal alkenes

T AR SE B8 — 2P BRAE AR LA R SEALH. (H 3R TAE 5 T & (AIBN)EL('BUON), (0.25 equiv.), H.7EZH50
e — e R IR E, B, TR A mESIRAEE = TREEMAS0 C)A ReIRAF & HL =%,
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BIKE

Bk SR
O R2 [Ir(dF(CF3)ppy)a(dtppy)IPFe H g2
P(OEt); (1.5 equiv.) )
©<§NOH R CHACN, rt, blue LEDs Phth':‘))/‘;
R oL
9 © 96
19 examples
38% ~A83% yield
[ P J S-scission :
””””””””” PhthN =7 P(OEt) W
(OEt)sP=0
————————————————————————————————————————————————
NPhth NPhth
Q_ g g NP B~ A~ NP
R 96c, n = 3, 62%
96a, R=H, 82% 96d,n=5,71% 96f, 73% 969, 65%
96b, R = Me, 82% 96e, n =9, 60%
Bl 24 N-FRIEAT R — FI GV G 5 0 e i S U AL
Scheme 24 Deoxyhydroamination of N-hydroxyphthalimide with alkenes
%ﬂj‘ﬁﬂﬁm, PR A, BHAESEBIRR T Sl 1 ke 5 WIr g, TRk, B O AR AL,
N-F AR — P I MV Jie 14 ) O 5 5/ R (1 2 ) S DAL R S R PN 80 e A e T AT 52 ).
Markovnlkov S R Bi(Scheme 24), 1% J 3 H 5 T4 i, Sk BOEEAH PR N-F2HEAR 2K — L

R N TIRER
FIALEE, (E#F AT T s AR TH R A, XA A

Ve A LU B SR FRE S T B4 Ej‘lﬁ%&ﬂ’ﬂ\:
JE /B AL 5 /& C—H &AL Bi(Scheme 25). 1% 7%

Yan (2020)
4CzIPN 0
P(3,5-(CF3)206H3)3 (20 equiv.) : X -
N-OH 4+ e N=\ %
NaHCOj, CHCl3, 32 °C, blue LEDs = R
10.0 equiv. © 97
30 examples
43% ~ 83% yield
A
- [-scission |
”””””””””””” PhthN™—"P(Ar)3 ‘\
(Ar)3P=0
fffffffffffffffffffffffffffffffffffffffffffffff Selected examples)-------------msmrme e
Me
NPhth NPhth NPhth NPhth
o T CE
b
Me Me F 3 b Cl a Br 2
97a, 77% 97b, 46% 97c, 54% 97d, 51%
5 mmol scale: 74% abc=315 abc=131 abic=3:14
NPhth NPhth (6]
(0]
97e, 52% cl
aib = 4:1 97, 76% 979, 73% 97h, 80%
B 25  N-FRERAHIK R B 0 S
Scheme 25 Deoxyarylation of N-hydroxyphthalimide
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RO HRF RAE T NE S IR N-FR A0 — P I fie

Schmidt (2019

B R T R N-05 B A0SR R R, TG “NR o

i () A T ARG V-SRI WP v ) 4. LR ©_OH _P(OEts (15 equiv), (-BuO), _ HO

BRI, [ iR I BT S S0 N—O i R DCE, 90 °C \ R

AL BEAE, 10 A5 FEAL R (5 B AT RE I 209 1% o8 9

fﬁ%ﬁ"]lﬁ*ﬁ%%iﬁfﬁ)ﬂ ‘ ‘ R =H, Alkyl, Aryl 264:’2 stgg/i)lyeiseld
B NHPI LAAR, S-RhAduRe . 350 (A oK 58 R ok | :

e I T N—O BRI KNS, Hltn 2009 &, 1 0 N&)—ﬁ(ogn Bscission

Schmidt VAL Ak T RRAESRE LIRS N @

e IR B A SR AT 2 ) N—O B OO

i3 Ak N R 1) 3 72 (Scheme 26). &I B 13X Al T (Selected examples)

IR = B T O TR TR 7 i & M, SEBL T LA i 5 E

AR AR IR A 5T B3RS B SR SR A AH L 1 2R B T AR 4. 4 \©\ SA/N\Ph SATY] \/
[G4F, BHAESEWIEE ST T — PRI 5L A T D i " N

b sy e S PN 99a, R = OMe, 74% 99f, R = H, 80% 99k, 42%

IR B A% PE/SET A8 X FE B e N—O 2R 71 99b, R = Br, 79% 99g, R = Ph, 99%

(Scheme 27). TEIZMF 7t A A [F] HL R 45 H4) REAIE (1) 45 42 3231 F; - :B;égg% 99h, R = Cy, 37%
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