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TBADT: Tetrabutylammonium Decatungstate (n-Bu/N) JW,,0;,]
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Photocatalytic Oxidation and Mechanism

Isopropyl alcohol Acetone
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Fig. 5. Schematic diagram of photo-oxidation of
isopropyl alcohol by decatungstate.

Polyhedron, 1986, 5, 1267-1271.



Site-selectivity: Synergistic Control by Polar and Steric Effects

Table 1. Selected Rate Constants (kg ) for Hydrogen
Abstraction from Various Hydrogen Donors by Excited

Decatungstate Anion“

hydrogen donor

CH;CN
CHCl,4
cyclopentane
cyclohexane
cycloheptane
(CH,),CHOH
PhCH,OH

kg.p (M_I'S_l)

6.5 x 10*
2.5 X 10°
2.4 X 107
4 x 107
5.6 x 107
1.0 x 10°
2.8 X 10°

references

24a
24d
24b
28
24b
28
29

“Measured in acetonitrile as solvent. Temperatures of the experiment
were not reported with the exception of cyclohexane (298 K).
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Scheme 3. Postulated S;2 TSs Exerted by Polar Effects with
Decatungstate Anion
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Site-selectivity: Synergistic Control by Polar and Steric Effects
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Site-selectivity: Synergistic Control by Polar and Steric Effects

sterically hindered
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Applications in Organic Reactions

R—H

UV light "

- O

RN <HCxey, [TBADT 22°C Py

" R” “CO,CH,
R/\ -< HC=CH R CHSCOZCN 59% ~ 78%
90 °C
R=—CHO CO RN
27% ~ 90%

J. Am. Chem. Soc. 1993, 115, 12212.
Synlett 1995, 127.
J. Am. Chem. Soc. 1995, 117, 4704.
Chem. Commun. 1998, 2467.



p-Alkylation and Acylation of Cyclopentanones

Q R3 TBADT (2 mol%) o o)
SolarBox (A) or sunlight (B)
é C O o RBEWG 0 TBADT (2 mol%)
R ) Ribe 4 + PN Xe lamp (300 W, Pyrex)
CO = "EWG >
« o MeCN EWG
Entry 1 Alkene 2 Method Product 3 Yield” (%)
o}
0 . 1a 2 O 4
1 é A 61
1 2 @ b
: Entry Alkene 2 Product 4 Yield” (%)
2 A o a1
3 1a /\'g/ B ﬁ/ﬁ‘/ 58 O
2b
b o
o]
OFt 1 2a 58
1 1a qr A &dr 16 CN
OEt
% 3¢ o O 4a
0
o'B
54 1a 0 o A &/W 51 O
o} 0'Bu
2d d O
) 2 2b 50
#>C0,Bu
6 1a (g;;u ’ A QA 61 (d.r. 1.1/1)°
o CO,Bu
: CO,Bu :e 0 4b
i O
#30,Ph
7 1a of B 70
SO,Ph
3f
0 3 2f SO,Ph 61
NCFen .
8 1 B 73 (d.r. 11
’ % Q/\CN dr-2 O 4c
CN 3g

Chem. Sci., 2014, 5, 2893-2898. 11



hydro-carbamoylation,-acylation,-alkylation,

and-silylation of styrenes

Typical mechanism

H
-~ SET step--1 52 ]
l R2 | R\)\R1 [W10032]% 34
N EWG! N
. la . ., SET/PT .
| favored : i+ e, H*i [W10032]
. i R : 5 H%RZ-H
i \/\Ar/AIk: [Wi0Og2I°H _
| | 2 N
i drsfavored : R\/\R1 - < R1J
_____________ 1 I

Design reaction: Disulfide, a key co-catalyst

R A
N~ ArAK H
R2
S fAT Ar/Alk
®) FOAS ArsH
[W1003,]°H \ / > [W1003]"
SET/PT
favored

Table 1. Optimization of the Hydrocarbamoylation
Reaction®

1 mol% TBADT *
©/\ )K 10 mol% (MeOpPhS), @/\)LNHZ
Ha ACN, RT, 405 nm

a (2 equiv.) 18 h 3a
Entry Deviation from standard conditions Yield 3a (%)"
1 w/o (MeOpPhS), N.R.
2 (PhS), instead of (MeOpPhS), 57
3 PhSH® instead of (MeOpPhS), 4
4 none 75 (59)°
S w/o light N.R.
6 w/o TBADT N.R.
7 365 nm instead of 405 nm 70
8 3 mol % TBADT 70
9 la (2 equiv), 2a (1 equiv) 49

“Reactlon conditions: 1a (0.3 mmol) 2a (0.6 mmol) in ACN (0.6
mL). “Yields were determined by 'H NMR using trichloroethylene as
an internal standard. 20 mol %. “Around 10% thiol—ene product was
detected. “Isolated yield. TBADT = Tetra-n-butylammonium
decatungstate. N.R. = no reaction, the starting materials were fully
recovered.

Org. Lett., 2021, 23, 1484—1488. 12



Direct Arylation of Strong Aliphatic C—H Bonds

H A R 1 mol% TBADT, 5 mol% Ni(dtbbpy)Br, =~ | * Light-enabled
* | z > X2 _ "
Br Z 1.1 equiv. K;PQ,, acetonitrile (0.1 M) * Mild conditions
34 W 390 nm Kessil lamp, fan

Broad
C-H nucleophile (hetero)aryl bromide Arylated product 11 * Broad scope

(5 equiv.)

H . .
R
fwa A P, ~
3 5 5 Br =22z
C-H nucleophile Arvl bromid
HAT ryl bromide
T [W100sol*H*

[W 16030]5 H* 4 LN LNi'— Alk 9
4 \ /4 7 8
-HBr
SET

W 10032]* Decatungstate SET Electron Nickel
oxidant catalytic cycle relay catalytic cycle
2
IBr
: I
[W1gOs2]* L.Ni'—Br LoNi"'-Ar
[W103]° 2H* }|\Ik
1] 1 reductant 12 10
6

Arylated product 11

Nature, 2018, 560, 70-75. 13



Acylation of Aryl Halides and a-Bromo Acetates

TBADT (5 mol%)
Nil, (10 mol%)
1 (10 mol%)

ka KsPOj (1.1 equiv) j\
Ar-Br + o
R MeCN (0.2 M),
390 nm, RT, 4 h
0 0 0 Me O 0 N 0
Me Me Me Me Me Me
HO
Ac EtO,C NC
Cl 3m, 59% 3n, 76% 30, 43%
3a, 94% (90%)° 3b, 61% 3¢, 92%
0 o)
Q CN O " Me Me
NC Mo
Me Me Me0,C
3p, 38% (R= 3-MeO)¢ 3r, 69% 3s, 62%
3d, 82% 3e, 92% F o 3f91% 3, 60% (R= 4-MeO)
o] 0 0 O o)
x Me Me
Me Me | 4
Bu N Ac
3t, 82% 3u, 77% 3v, 76%
3g, 60% 3h, 67% 3i, 83% o o o
(@] (@] (@] R OBz t-Bu
Me Me Me 3 ‘g
Ac Ac MeO.C
Ms F3C tBu 3w, R= i-Pr, 82% 3y, 75% 32, 70%
3j, 91% 3k, 52% 31, 54% 3x, R=t-Bu, 55%

Org. Lett., 2020, 22, 3875-3878.



Direct acylation and alkynylation

,"R1

[
Y

>—H

“'Rz

180

R1,R2:

LEDs

(390 nm)

CH4CN

X
R™ ~Cl SR
TBADT (2 mol%) " 1 R
Ni(dtbbpy)Br (1 mol%) ‘Rz)\n/
K3PO,, 25 °C 3
- 181
up to 73% yield
Br— R3

TBADT (2 mol%)
Ni(dtbbpy)Br, (10 mol%)

KzHPO4, 5°C ' RS

o ‘\"-R
A 182

up to 83% yield

(cyclic) = cyclohexane, cycloheptane, bicyclo [2.2.1] heptane, tolue
(acyclic) = CH,(O'Bu), diethyl ether, CH,NBocMe, etc.

R = Ph, 3-OMeCgHj,4, 4-MeCgHj,, furan, etc.

R3 = Ph, 4-OMeCgH,, 4-CO-MeCgH,, TIPS, etc.

B) Proposed mechanism

R-Q
>/—\ %(l
: { R-Ni"'L
[W1003,]* L"CN;' A ¢
A F
hv
Decatungstate Nickel
catalytic cycle catalytic cycle
[W10032]* [W10032]  H" L,Ni° R-Ni'L,
B C D E
R~—H R’

Chem. Commun., 2022, 58, 11937-11940.

Q—X

O = Electrophiles
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Three-Component Alkene Difunctionalization

H " Ni(atbbpy)Br, (10 mol%) @
TBADT (2 mol%) .
* -

Zcoome 10 W LEDS (390 nm)
G—H
/\EWG G .
= INCTEWG
/_ﬁ "M i D
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" \ SET B S ewe
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Angew. Chem., Int. Ed., 2021, 60, 7405-7411.



Coupling Reaction between Aldehydes and Non-Activated

Hydrocarbons

CrCl; (3 equiv)
TBADT (10 mol %)
O Cs,CO4 (1.5 equiv)

MeCN/EtOAc (1:1, 0.1 M), 48 h
2 40W 390 nm Kessil lamp, fan
of

Hydrogen
Abstraction

* 4.
[W10032]

hVW“M B

\ io [W10032]° H*
0 0
OOSW — 2 A S ET C L]
o:w'—:\o—lbw:o

D

\ om0 -HCI

Radical
Capture

ocr'ci, Hk@ crcl,
-
SA® O
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Org. Lett., 2020, 22, 1199-1203.
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site-selective alkenylation of alkanes and aldehydes

0

R-H +

.2 mmol

1 equiv

R’H

)

Alkane or
aldehyde HAT

-/

*[W10032]*

hv

2

i

TBADT (4 mol%)

Co(dmgH)(dmgH5)Cl, (1 mol%)

2,6-lutidine (10 mol%)

MeCN (0.1 M)
hv, 60 °C, Ar, 12-24 h

/\r
R—R.... R;/\/R

/.

[""‘1'10032]5_HJr

[W4 0032] -

4

L,- Co"

Vo

Nat. Commun. 2020, 11, 1956.
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direct hydrogen isotope exchange

A) Previous methods to produce formyl-deuterated aldehydes through FG transformation

[Pd)/[Rh], D0 1. LIAID,4 0

Bl co (15-25 bar) . oxidation
FG FG
0 0
o} J.
photocatalyst 0 O H OO
C ZrDCI
. @)L H _PhgP, thiol, D,0 P2 . Jl\@ - : —_
FG 10a product
B) Hydrogen isotope exchange (HIE) to produce deuterated aldehydes \\ /
D O 0 "HAT
0 [Ir], acetone-dg i [Ru], D20 / [VV1003215 H*
. or D, D 14-84% D R \
-
FG > FG FG 3 (ofxd;it Decatungstate D20 s
atalytic SET R’ “H

Thiol catalysis R’ D~——

\ Cycle /\ 7
’ Wy 0032] R—SH %}

O TBADT (4 mol %) o Scheme 2 Proposed mechanism.
L thiol 7a (40 mol %)
R™H - '
1a-1pp DCM/D,0 (1:1, viv) R D
R = (hetero)aryl, apliphatic 390 nm, rt, 24 h 10a-10rr

Chem. Sci. 2020, 11, 1026. 19



C(sp’)-H azidation

o\\s/N3
/ﬁ\ /@’ %  TBADT (1 mol%) _
+
N Acetone (0.4 M),
HR

R—H R-N3
: 2
1 (5 equiv) 390 nm, 20 h, RT
(o)
I g
" | o
Photo HAT o
*[W 1002514 " o
T
H*[W;003,]* o o

Chem. Commun., 2022, 58, 4869-4872.

O N
2a (49%)

N3
1

2d (57%)°
C1:C2=3.3:1

/\)<N :
BzO

21 (34%)

N3 N3
2b (31%) 2¢ (36%)°
X
N3
- \(\/)?\
2e, X = COOMe (64%) 2g,n=5 (17%)
2f, X = Cl (69%) 2h, n =9 (22%)
(o] (o]
2 2
1 1
N3 N3
2j (39%)¢ 2k (49%)°
C1:C2=2.3:1 C1:C2=3.1:1
v /\JQN ’
BzO PhthN
2m (19%) 2n (22%)
20



Positional Alkene Isomerization

5 mol % Co(dmgh)(dmgH)Br,
4 mol % NaDT or TBADT
0 or 5 mol % (TripS).

Y

hv

Acetone or MeCN (0.1 M)
390 nm LED, rt, 18h

:

!

[0}
: 0:W ——|-o Io——w:o =N_5"_\ S
RO 0-,)@!-'0—,}!}’"—07 Me’z'-r;-':qo:;—“z Me -)-2
E 000 | DO\' " x Me '—PI" i

4-

B .
*w-—ﬂo--w-—"'c, o H.n"ro\H i
(0] 0]
Decatungstate (DT) Co(dmgH)(dmgH5)Br» (TripS),
D - - - H\
Me /L O
N_ | ’
_.'_' ""cn__..-r N Me
r
D [ Mg | sessesssnnss -
% =) . B
@ H=" via .
/\) homolytic "
R ~ substitution v
. (SH2)
R M
I |
- L . i
) A— ) -

J. Am. Chem. Soc. 2022, 144, 145—152.
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Isomerization of Stereocenters

(i) ring strain effects H (ii) varying substitution pattern
Me Me Me Me
OBz ~~0Bz Me «Me H -
( —~ bl CE e Q — —
n OBz n OBz Me Me
_ E Me Me
n=1,3b (82%)" : Me Me
n=2, 4b (81%)" :
n =3, 5b (53%)" 5 6a 6b (87%)1+ 7a 7b (75%)1+ 8a 8b (77%)T+
(i) substituent effects (iv) site-selective HAA/HAD
: i i
R Me Pr Pr
T R = Me, 9b (47%)* M D AcO,,, AcO,,
R ="Pe, 10b (24%)* D— —
— R = iPr, 11b (30%)*
R = Ph, 12b (46%)* NHBOC NHBoc \NHBOC 3
% E R =Bu, 13b (10%)* 14b :
HO Me HO Me g (64%)S1 o Me Mef
: ) . +)-16a +)>16b (97%
______________________________________________________________________________________ '”c"’p"’a"o” o o8 g)-scale( (94"/)0)T-#
Pr Pr

A Het, .. Het, .
sterically bulky :
—
5D I .
H Me H H
EWG = Me E@I’ﬁ: Hett  Me
{+)—15a (+)- menthone (15b) (+F17a i Na ;‘ - (+>17b

(78%)" emmmemnenes < (53%)1

fused bicyclic saturated compounds

(O~-0 L0~ L0

X=0,18a 18b (94%)T** X =NH, 20a: 20b 20a: 20b (dr 1.0 : 15
X = CH,, 19a 19b (90%)+$ (dr3.5:1.0) 55% yield of 20b)S
X =CHy, 21a 21b (91%)T .
X =0, 22a 22b (94%)§ H (+)-23b (82%)1T

Science, 2022, 378, 383-390.



Functional-group translocation of cyano groups

C
NC CN 2 mol% NaDT Me
40 mol% TRIPSH - C5 coN
Me 365-nm LED,N, ~ NC
1 MeCN:acetone 1:1 )
Me 45-55°C Me™ C6
Standard conditions
a b CN H H
11l

Common nitrile substrates:
[tiple C-H bonds with
C H G Rw\ _ Multiple L=t bonds wi
RJW‘ _______________ i RJW\
! n R i : n s

similar steric, polarity and BDEs
Direct translocation

of cyano group in nitriles j jf ,\\ \\‘ Steps Aand E

Net reversibility
K | T R CN

in HAT
R CN (less site selective)
R CN R CN
T \(/\ \KA
Step E . l | or ET/PT

N
Y . C C N v \ Kinetically coupled
R’,’\N . R’,‘\”/I\/‘ .. |
] n n

intramolecular
radical addition
Step B

(more site selective)
"':/\. ? f& -~ \6
R /S<tep C
Radical addition -

B scission Steps C and D
A --

—>

Site selective 1,4-
CN translocation products

Nature, 2023, 620, 1007-1012. 23



Application in total synthesis

X equiv TBADT
additive H
390 nm LEDs, O.__o R?
rt,24 h O~ =/
. o2
CD3CN (0.1 M)
H o
R' = H, R = CH,0Bz: (+)-12a (X-ray)
5 (1*°C NMR) R' = CH,0Bz, R? = H: (+)-12b (X-ray)

yield (%)”

entry X additive conversion (%)“ 12a 12b
1 0.05 - 61 13 0
2 0.2 - 58 24 0
3 0.5 - 70 27 0
4 0.2 0.4 equiv TFA 28 <10 0
S 0.2 0.4 equiv T1 73 30 16
6 0.2 0.4 equiv T1° 66 32 12
7 0.2 0.4 equiv T17 63 30 8
8 0.2 0.4 equiv T1° 88 23 10
9 0.2 0.4 equiv TV 89 39 38

“Irradiation was performed with a 12 W, 390 nm LED lamp. "NMR
yield using 1,3,5-trimethoxybenzene as the internal standard; [15] =
0.1 M (0.011 mmol). “The reaction was performed at 60 C.
4CD,CN/acetone = 1:1. °NaDT instead of TBADT was used.”100 W
LED was used.

J. Am. Chem. Soc. 2025, 147, 8132—8137.
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