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Abstract Decarboxylation of N-hydroxyphthalimide (NHPI) esters represents a powerful tool to generate carbon radicals,
which has wide applications in the construction of C—C bonds and C—X bonds. Traditionally, the radical decarboxylation of
NHPI esters has been enabled by transition-metal catalysis and photoredox catalysis. Recently, several visible light-mediated
photosensor-free decarboxylation reactions have been reported with the use of special electron-donor systems. While notable,
it’s still highly desirable to develop transition-metal-free, mild, and general methods to realize the radical decarboxylation of
NHPI esters. Herein, we report 4-dimethylaminopyridine (DMAP)-boryl radical enabled Giese reaction and Barton decar-
boxylation of NHPI esters. The reaction starts from the generation of DMAP-boryl radical in the presence of a radical initia-
tor, which then adds specifically to the carbonyl oxygen atom of NHPI ester 2, followed by f-fragmentation to give a nucle-
ophilic carbon radical intermediate. Addition of the carbon radical to electron-deficient alkenes affords the Giese reaction
product 4. On the other hand, hydrogen atom transfer from thiol to the nucleophilic carbon radical results in the Barton de-
carboxylation products 5. The reactions exhibit a broad substrate scope and excellent functional group tolerance. NHPI esters
of primary, secondary, and tertiary alkyl carboxylic acids, including bio-active natural products and drugs, proceed smoothly
to give the corresponding products in moderate to good yields. A variety of electron-deficient alkenes, such as vinyl esters,
vinyl amides and vinyl sulphones, can be used as the Michael acceptors. A general procedure for the Giese reaction is as fol-
lowing: a solution of NHPI ester 2 (0.5 mmol), 4-dimethylaminopyridine-borane (0.6 mmol), AIBN (0.1 mmol) and electron-
deficient alkenes 3 (0.4 mmol) in toluene (4.0 mL) was stirred at 80 ‘C for 4 h under nitrogen atmosphere. After evaporation
of solvent, the crude residue was purified by flash column chromatography on silica gel (petroleum ether/ethyl acetate) to
afford Giese reaction product 4. A general procedure for the Barton decarboxylation is as following: a solution of NHPI ester
2 (0.5 mmol), 4-dimethylaminopyridine-borane (0.55 mmol), TBHN (0.1 mmol) and PhSH (0.1 mmol) in benzotrifluoride
(5.0 mL) was stirred at 80 C for 1 h under nitrogen atmosphere. After evaporation of solvent, the crude residue was purified
by flash column chromatography on silica gel (petroleum ether/ethyl acetate) to afford decarboxylative reduction product 5.
Keywords 4-dimethylaminopyridine-boryl radical; radical decarboxylation; Giese reaction; Barton decarboxylative reduc-
tion; radical chemistry
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(a) Generally used methods for decarboxylation of NHPI esters

Transition metal catalysis
Ni, Cu, Fe, etc.

Baran, Weix, et al.

Photoredox catalysis \
(@) Ru, Ir, etc. R=C
o visible light 3
)k N - R = or
R "O” Overman, Glorius,

o) Reiser, et al. R=X
Special electron-donors
visible light

Glorius, Aggarwal, Fu, et al.

(b) This work: Lewis base-boryl radical enabled Giese reaction and
Barton decarboxylation

Giese reaction
> Ewe (1 equiv.)

AIBN (20 mol%)
DMAP-BH; (1.5 equiv.)

R~ EWG
toluene, 80 °C
o
0 };(< >
R)I\O’N TBHN (20 mol%)
PhSH (20 mol%)
0 DMAP-BH; (1.1 equiv.) 9y

Ph-CF3, 80°C
Barton decarboxylation

B 1 NHPI BE A o2 R =
Scheme 1 Radical decarboxylation of NHPI esters

REAEAFIIRIE. 3R 1 R, 8L DMAP-BH; 114
B B LA, RS0 T HS(AIBN)E N 51AI, 75
#1RIARA

Table 1 Optimization of reaction condition

initiator (20 mol%)
Lewis base-BH3

(0] (1.5 equiv.)
{  Y=CONPhth + Z O _ Usequv)
: /\g PMP - oivent, 80 °C. 4 h

2a 3a o

o)
()/\)kO/PMP NPhth = §—N>\>,:©
4aa (0]

PMP = é—QOMe

Entry Initiator Lewis base-BH3 Solvent Yield®/%

1 AIBN DMAP-BH; toluene 73¢

2 AIBN NHC-BH; toluene 33

3 AIBN Ph;P-BH; toluene 7

4 AIBN DMAP-BH; CH;CN 41

5 TBHN DMAP-BH; toluene 66

6 BEty/air DMAP-BH; toluene 0 (86)°
7 AIBN — toluene 0 (98)°
8 DMAP-BH; toluene 0 (37)

© 2019 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“Unless otherwise noted, the reactions were carried out on a 0.2~0.5 mmol
scale of 3a with 1.2 equiv. of 2a in the presence of an initiator (20 mol%) and
Lewis base-BH; (1.5 equiv.) in solvent (3 mL) at 80 C under a nitrogen
atmosphere; * NMR vyield using tetrachloroethane as an internal standard;
“Isolated yield; “ The reaction was carried out at room temperature under an air
atmosphere; ¢ Recovery yield of 2a are shown in parentheses.
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Table 2  Scopes of boryl radical-promoted Giese reaction”
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1 2
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0
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(2m) (472 1% T e 0 ML) 3t 1 A1 DA AR L it 22 e i A 7 )

Z EwG 3 (1 equiv.)

AIBN (20 mol%) R1 EWG
DMAP-BHj; (1.5 equiv.) R>3(\/
toluene, 80 °C R 4

4ba, R=H, 51%
4ca, R =4-Me, 57%
4da, R =4-Cl, 61%

wawjbi:jpm
A

OMQ v 3T ot

4ga, X =0, 81%

4ha, X = NBoc, 58% (68%)° 4ia, 64%

Me Me

o 4ma, 55%
4la, 52% (from Gemfibrozi)
F
2 o j@ SO,Ph
oBn N (j/\/
H
40b, 57% 400, 54%, 40d, 61%

OoM
SO
M
GMO
Me

B
UMO
Et

4ea, 85%

4fa, 57%
OMe o OMe
e 2
alises
4ja, 52% 4ka, 70%

L

4na, 77% (dr > 20:1)
(from Oleanolic amd)

OM
SO
O

4dua, 0% (78%)°

MBOZC

“Unless otherwise noted, the reactions were carried out on a 0.3~0.5 mmol scale of 2 with 1.2 equiv. of 2 in the presence of AIBN (20 mol%) and DMAP-BHj; (1.5
equiv.) in toluene (3 mL) at 80 ‘C under a nitrogen atmosphere. ®The reaction was performed in one-pot fashion from 1h. ¢ Recovery yield of 2 is shown in paren-

theses.
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Table 3 Scopes of boryl radical-promoted Barton decarboxylative “

TBHN (20 mol%)

o PhSH (20 mol%) ;
R%OH NHPI, DCC DMAP-BH; (1.1 equiv.) RP(H
R2 R3 CHQC|2, r.t. Ph-CF3, 80 °C R R3

1 5

H Ph

Ph \©\’ SNTNH /©/O\K H
| Me
ﬁj H Boc R Me

N 5q, 70% 51, 72%  5g R=Me, 61%

Bz 5j, R=Cl, 57%
5p, 82% (73%)° /@Me

H
Me OW Me_ Me
5m,79% M Me

(from Gemfibrozi)

y
el R
Me Me AcO

5n, 86% (dr > 20:1)
(from Oleanolic acid)

5t, 86% (dr = 4:1)
(from Dehydroabietic acid)

“Unless otherwise noted, the reactions were carried out on a 0.3~0.5 mmol
scale of 1 with DMAP-BH; (1.1 equiv.) in the presence of AIBN (20 mol%)
and PhSH (20 mol%) in PhCF; (3 mL) at 80 ‘C under a nitrogen atmosphere.
’The reaction was performed in one-pot fashion from 1s.
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(a) Mechanistic study

_ A
J 3a, (1 equiv.) o OMe
o~ o AIBN (20 mol %) o
NPhth  DMAP-BH; (1.5 equiv.) 9\ ~
o
Me
Me Me toluene, 80 °C Me 6aa. 53Y%
2aa aa, °
(1.2 equiv.)
ldecarboxylation ]addition
e OMe
o™ j cyclization am \,}i /©/
&3 §( 0
Me Me Me' Me
A B
(b) A plausible mechanism
DMAP-BH; =B—H
init.
o l HZB’DMAP
- 1
o] B o
R! N % oY
%o RLOAEN
R? s P RT O {
2 R c
H2|I3/DMAP
7
o (detected by HRMS) CO,
N/ miz [M+H]*
found: 282.1420 B_H B
° —
B B— PhSH PhS
EWG R! WEWG R! R! RI__H
\/YRZ M \'/YRZ Rh RX
R R R® R®
4 E EWG.__~ D 5

B2 SHLEHEI.

Scheme 2 Mechanistic study and a plausible mechanism.
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