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ABSTRACT:	Decarboxylative	coupling	reactions	offer	
an	attractive	route	to	generate	functionalized	arenes	
from	 simple	 and	 readily	 available	 carboxylic	 acid	
coupling	partners,	yet	they	are	underutilized	due	to	
limitations	 in	 the	 scope	of	 carboxylic	 acid	coupling	
partner.	Here	we	report	that	the	field	effect	parame-
ter	(F)	has	a	substantial	influence	on	the	rate	of	de-
carboxylation	 of	 well-defined	 silver	 benzoate	 com-
plexes.	This	finding	provides	the	opportunity	to	sur-
pass	 current	 substrate	 limitations	 associated	 with	
decarboxylation	 and	 to	 enable	 widespread	 utiliza-
tion	of	decarboxylative	coupling	reactions.	

Oxidative	decarboxylative	coupling	(ODC)	reactions	
have	received	significant	attention	as	benign	routes	
to	 access	 functionalized	 arenes	 from	widely	 availa-
ble	 and	 inexpensive	 carboxylic	 acid	 coupling	 part-
ners.1	Despite	their	potential	 to	offer	efficient	alter-
natives	to	traditional	cross-coupling	reactions,	these	
reactions	have	not	seen	widespread	utilization	due,	
in	 part,	 to	 the	 substrate	 limitations	 commonly	 ob-
served.	In	many	ODC	reactions,	only	ortho-nitro	or	
ortho-fluorobenzoic	 acids	 undergo	 efficient	 decar-
boxylative	coupling.2-3	 It	 is	unclear	 if	this	 limitation	
arises	 from	 the	 decarboxylation	 step	 and/or	 the	
coupling	step(s).	
In	many	ODC	reactions	Pd,4	Cu,2b-d	or	Ni3	catalysts	
are	 paired	 with	 Ag-based	 stoichiometric	 oxidants	
(Scheme	1b).	Silver	salts	are	well-known	to	promote	
decarboxylation	reactions5	and	are	likely	responsible	
for	 the	decarboxylation	step	 in	many	of	 these	cata-
lytic	 coupling	 reactions.	 The	 influence	 of	 benzoate	
substitution	on	the	decarboxylation	of	silver	carbox-
ylate	 species	 has	 been	 studied	 computationally	 by	
Su	 and	 Lin	 who	 concluded	 that	 the	 ortho-nitro	
group	 facilitates	 decarboxylation	 through	 the	 com-
bination	of	a	destabilizing	steric	effect	on	the	start-
ing	material	ground	state	and	a	stabilizing	influence	

on	the	transition	state	 from	coordination	of	 the	ni-
tro	 group	 to	 silver.5b	 Subsequently,	 Larrossa,	 Cam-
panera	and	coworkers	measured	the	rates	of	the	sil-
ver-catalyzed	protodecarboxylation	(Scheme	1a)	and	
found	that	 the	strong	activating	 influence	of	ortho-
nitro	 substituents	 could	 instead	 be	 explained	 by	 a	
combination	 of	 electronic	 and	 steric	 effects	 de-
scribed	using	 the	Fujita-Nishioka	 linear	 free	energy	
correlation.6	The	ability	 to	extend	 these	 findings	 to	
decarboxylative	 coupling	 reactions	 (Scheme	 1b)	
would	 enable	 both	 an	 improved	 understanding	 of	
the	substituent	trends	and	limitations	in	ODC	reac-
tions	 that	may	 arise	 from	 the	 decarboxylation	 step	
and	 also	 the	 prediction	 of	 new	 efficient	 coupling	
partners.	 It	has	been	shown	in	related	systems	that	
the	 trends	 observed	 for	 catalytic	 protodecarboxyla-
tion	reactions	are	not	the	same	as	those	observed	for	
the	decarboxylation	step	when	measured	from	well-
defined	 carboxylate	 complexes	because	 the	 rates	of	
complex	formation	and	protodemetallation	contrib-
ute	to	the	overall	catalytic	rate.7	Thus,	the	decarbox-
ylation	step	is	important	for	understanding	catalytic	
ODC	 reactions,	 yet	 there	 are	no	 studies	 that	probe	
the	decarboxylation	step	of		
Scheme	 1.	 (a)	 Catalytic	 protodecarboxylation	 and	
(b)	oxidative	decarboxylative	coupling	reactions.	
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well-defined	 silver	 carboxylate	 complexes.	 We	 re-
port	here	a	new	understanding	of	the	current	scope	
limitations	of	decarboxylation	gained	from	the	syn-
thesis	and	reactivity	of	a	series	of	differently	substi-
tuted	silver	carboxylate	complexes	(Scheme	1c).	
We	 recently	 reported	 the	 synthesis	 and	 characteri-
zation	of	(phen)Ag(2-NO2-benzoate)	from	Ag2O	and	
2-nitrobenzoic	 acid	 (phen	 =	 1,10-phenanthroline).8	
This	 complex	 readily	 undergoes	 decarboxylation	 at	
110	 °C	 in	 DMF	 to	 yield	 nitrobenzene	 and	 2,2’-
dinitrobiphenyl.	To	ensure	reproducible	rates	and		

	

	

	

Figure	1.	(a)	1H	NMR	time	course	and	(b)	reaction	
profile	 for	 the	 decarboxylation	 of	 (phen)Ag(2-NO2-
benzoate)	 (3.5	mM,	 •)	 to	 form	nitrobenzene	 (!)	 in	
DMF-d7	 with	 0.7	mM	H2O	 at	 110	 °C.	 The	 asterisk	
denotes	the	residual	solvent	signals.	

product	 distributions,	 all	 reactions	 in	 this	 study	
were	conducted	with	0.7	mM	H2O	in	DMF-d7	under	
a	 N2	 atmosphere	 in	 a	 J.	 Young	 NMR	 tube.9	 Under	
these	conditions	nitrobenzene	is	formed	as	the	sole	
product	 (Figure	 1a).	 The	 decarboxylation	 of	 a	 3.5	
mM	solution	of	(phen)Ag(2-NO2-benzoate)	at	110	°C	
in	DMF-d7	with	0.7	mM	H2O,	follows	an	exponential	
decay	and	the	reaction	reaches	83%	completion	in	3	
h	(Figure	1b).	The	initial	rate	of	decarboxylation	(3.6	
mM	h-1)	was	determined	by	fitting	the	early	reaction	
times	 (Figure	 S3F).	 Varying	 the	 concentration	 of	
(phen)Ag(2-NO2-benzoate)	 reveals	 a	 first	 order	 de-
pendence	(Figures	S2	and	S3).	Similarly,	the	unligat-
ed	 Ag(2-NO2-benzoate)	 complex	 undergoes	 facile	
decarboxylation	 when	 heated	 at	 110	 °C	 in	 DMF-d7,	
with	 a	 reaction	 rate	 and	 reaction	 profile	 similar	 to	
that	 of	 (phen)Ag(2-NO2-benzoate)	 (Figure	 S4).	
Thus,	it	appears	that	the	phen	ligand	provides	a	mi-
nor	accelerating	effect	in	the	decarboxylation	of	the-
se	 silver	 carboxylate	 complexes.5d	 The	 complexes	
bearing	phen	were	used	for	further	study	due	to	the	
improved	 isolability	 of	 a	 large	 series	 of	 complexes	
bearing	differing	benzoate	substitution.		
Under	the	standard	decarboxylation	conditions,	the	
expected	 silver	 aryl	 intermediate	 could	 not	 be	 de-
tected,	 suggesting	 that	 protodemetallation	 is	much	
more	 rapid	 than	 decarboxylation	 in	 these	 systems.	
To	confirm	this	conclusion,	the	corresponding	silver	
aryl	 complex,	 Ag(2-NO2-phenyl),8	 was	 synthesized	
independently	 and	 the	 rate	 of	 protodemetallation	
was	measured	both	 in	 the	presence	and	absence	of	
phen	(Figures	S5	and	S6).	In	the	presence	of	1	equiv	
of	 phenanthroline	 in	 DMF-d7	 at	 110	 °C,	 Ag(2-NO2-
phenyl)	 undergoes	 protodemetallation	 at	 a	 rate	 of	
(15.85	 mM	 h-1	 at	 5.4	 mM).10	 The	 rapid	 rate	 of	 pro-
todemetallation	is	consistent	with	the	absence	of	an	
observable	 silver	 aryl	 intermediate	 in	 these	 decar-
boxylation	reactions	and	with	the	calculated	energy	
barriers	previously	reported	for	related	catalytic	pro-
todecarboxylation	reactions.5d-e	
Because	 decarboxylation	 and	 in	 particular	 decar-
boxylative	 coupling	 reactions	 are	 often	 limited	 to	
the	 reactions	 of	 ortho-substituted	 carboxylates,	 we	
were	 interested	 in	 probing	 the	 dependence	 of	 the	
decarboxylation	rate	on	the	substitution	of	the	ben-
zoate.	A	series	of	silver	benzoate	complexes	bearing	
different	 ortho-substituents,	 (phen)Ag(2-R-
benzoate),	were	 synthesized.	Upon	heating	 each	of	
these	complexes	under	the	standard	reaction	condi-
tions	 in	DMF-d7	at	 110	 °C,	we	observed	much	 faster	
rates	 of	 decarboxylation	 for	 benzoates	 bearing	 in-
ductively	 electron-withdrawing	 substituents	 than	
electron-donating	ones	(Figure	2a).	Similar	to	stud-
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ies	 of	 protodecarboxylation	 reactions,6a	 these	 data	
are	well	fit	by	the	Fujita-Nishioka	linear	free	energy	
correlation	 (Eq	 1,	 Figure	 2b),6b,9	 yet	 this	 system	 re-
veals	 a	 striking	 dependence	 on	 the	 Swain-Lupton-
Hansch	 field	 effect	 parameter	 (8.428F),	 while	 the	
Hammett	 (-1.392σ)	 and	 steric	 (0.204Es)	 coefficients	
are	small.	

																ln(kR/kMe)	=	aσ	+	bEs	+	cF	+	d	 (1)	
The	 influence	 of	 the	 field	 effect	 parameter	 (F)	 de-
creases	with	distance	from	the	reaction	site	and	thus		

	

Figure	 2.	 (a)	Kinetic	 profiles	 for	 the	decarboxyla-
tion	 of	 (phen)Ag(2-R-benzoate)	 where	 R	 is:	 Me,	
CF3,	OMe,	Cl,	 F,	 and	NO2.	Traces	 are	 included	 to	
guide	 the	 eye	 and	 are	 not	 fits.	 Standard	 reaction	
conditions:	8	mM	(phen)Ag(2-R-benzoate),	0.5	mL	
DMF-d7	 with	 0.7	 mM	 H2O	 at	 110	 °C.	 (b)	 Fujita-
Nishioka	 Linear	 free	 energy	 correlation	 fit	 to	 the	
rates	 of	 decarboxylation	 of	 (phen)Ag(2-R-
benzoate)	 in	 DMF-d7	 at	 110	 °C.	 Time	 course	 data	
and	initial	rate	fits	are	 included	in	the	Supporting	
Information	(Figures	S3C	and	S8-12).		

the	 field	 effect	 is	 negligible	 for	 meta-	 and	 para-
substituted	 benzoates.6b,11	 To	 further	 probe	 the	 im-
portance	of	the	field	effect,	 the	meta-nitro-	and	pa-
ra-trifluoromethylbenzoate	 silver	 complexes	 were	
synthesized	and	heated	under	the	standard	reaction	
conditions.	In	each	case	the	rate	of	decarboxylation	
is	slow	(0.066	mM	h-1	and	0.108	mM	h-1	respectively)	
reaching	less	than	10%	conversion	after	2	h	(Figures	
S12	and	S13).	These	data	are	consistent	with	the	field	
effect	parameter	of	the	ortho-substituents	being	the	
dominant	factor	influencing	the	rate	of	decarboxyla-
tion.	To	explore	the	generality	of	this	trend,	the	in-
clusion	of	a	large	array	of	mono-	and	di-substituted	
carboxylates	 were	 studied.	 This	 large	 series	 of	 car-
boxylates	provides	further	refinement	of	the	correla-
tion.	While	the	coefficients	 for	the	minor	contribu-
tors	σ	and	Es	undergo	a	small	change,	the	field	effect	
parameter	remains	large	and	continues	to	dominate	
the	 correlation	 (7.210F,	 -0.022σ,	 0.272Es,	 Figure	 3a).	
These	data	 confirm	 the	 influence	of	 the	 field	 effect	
in	enhancing	 the	 rate	of	decarboxylation.	Although	
the	Fujita-Nishioka	correlation	has	been	applied	to	a	
number	 of	 organic	 transformations,12	 we	 are	 una-
ware	of	any	examples	in	which	the	field	effect	coeffi-
cient	is	orders	of	magnitude	larger	than	the	steric	or	
Hammett	 coefficients.	 This	 strong	 dependence	 on	
the	field	effect	suggests	that	decarboxylation	of	the-
se	 complexes	 proceeds	 by	 a	 polar	 transition	 state	
that	 is	 stabilized	 by	 the	 electrostatic	 effects	 of	 the	
nearby	ortho-substituent.13	
Because	of	the	strong	dependence	on	the	field	effect	
parameter	 (F)	 observed	 in	 this	 system	we	 explored	
the	possibility	 of	 correlating	 the	 rates	directly	with	
F.	A	plot	of	 log(k)	 versus	F	 shows	a	 strong	correla-
tion	and	enables	the	rapid	prediction	of	carboxylates	
that	undergo	efficient	decarboxylation.	To	illustrate	
the	 predictive	 power	 enabled	 by	 these	 findings	 we	
synthesized	 several	 additional	 silver	 carboxylate	
complexes	and	measured	their	rates	of	decarboxyla-
tion	 (Figures	 S27-S31).	 Gratifyingly,	 the	 measured	
rates	of	decarboxylation	of	these	benzoate	complex-
es	 are	 well-predicted	 by	 the	 field	 effect	 parameter	
(Figure	 3b,	 red	 squares).	 For	 example,	 the	 rates	 of	
decarboxylation	 of	 the	 2-Me-6-NO2-benzoate	 (k	 =	
0.56	h-1,	F	=	0.65)	and	the	2-Cl-6-NO2-benzoate	(k	=	
3.45	h-1,	F	=	 1.07)	complexes	show	reasonable	fits	to	
the	 correlation.	 Furthermore,	 the	 2-tosylbenzoate	
complex	(F	=	0.53)	undergoes	facile	decarboxylation	
(k	=	0.203	h-1).	This	result	is	notable	because	this	is	a	
synthetically	attractive	carboxylate	that	 is	easily	ac-
cessible	from	salicylic	acid	and	can	be	further	func-
tionalized	or	deprotected.13	
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Figure	 3.	 (a)	 Fujita-Nishioka	 Linear	 free	 energy	
correlation	 fit	 to	 the	 rates	 of	 decarboxylation	 of	
(phen)Ag(benzoate)	 complexes	 in	 0.5	mL	DMF-d7	
with	0.7	mM	H2O	at	 110	°C.	Time	course	data	and	
initial	 rate	 fits	 are	 included	 in	 the	 Supporting	 In-
formation	 (Figure	 S11-S26).	 (b)	 Correlation	 of	 the	
log(k)	with	the	field	effect	parameter	(F).	The	gray	
area	 indicates	 the	 approximated	 experimental	 er-
ror	in	log(k).	

The	rapid	decarboxylation	of	benzoates	bearing	sub-
stituents	 with	 large	 field	 effect	 parameters	 is	 con-
sistent	 with	 literature	 reports	 in	 which	 the	 ortho-
NO2-	 (F	 =	 0.65)	 and	 pentafluoro-substituted	 (F	 =	
0.90)	 benzoates	 are	 efficient	 coupling	 partners	 in	
ODC	 reactions.2-4	 Thus,	 we	 wondered	 whether	 a	
high	field	effect	value	may	not	only	facilitate	decar-
boxylation,	 but	 also	 decarboxylative	 coupling.	 The	
nickel-catalyzed	 decarboxylative	 arylation	 reported	
by	Kalyani	and	coworkers3b	is	an	attractive	test	reac-
tion	 because	 it	 utilizes	 bench-stable	 reagents	 and	
employs	 Ag(OTf)	 as	 the	 oxidant,	 yet	 this	 reaction	
appears	 to	be	 limited	to	ortho-nitro	and	 fluoroben-

zoates	 (Scheme	2).	We	sought	 to	employ	 this	 reac-
tion	to	probe	the	possibility	of	using	our	findings	to	
expand	 the	 scope	of	decarboxylative	 coupling	 reac-
tions.	 Utilizing	 the	 ortho-tosylate-	 (F	 =	 0.53)	 and	
ortho-acetyl-	(F	=	0.33)	substituted	carboxylates	un-
der	 the	 reported	 reaction	 conditions	 results	 in	 for-
mation	 of	 the	 corresponding	 coupling	 products	 in	
yields	(53%	and	72%	respectively)	that	are	similar	to	
those	 obtained	 with	 the	 ortho-nitrobenzoic	 acid	
(54%).	 This	 result	 highlights	 the	 ability	 to	 utilize	
synthetically	 attractive	 carboxylates	 in	 previously	
limited	ODC	reactions.	
Scheme	 2.	 Ni-Catalyzed	 Decarboxylative	 Aryla-
tion3b	

 
In	conclusion,	we	have	evaluated	the	role	of	benzo-
ate	 substitution	 on	 the	 rate	 of	 decarboxylation	 of	
well-defined	silver	benzoate	complexes.	The	rate	of	
decarboxylation	is	 influenced	predominantly	by	the	
field	effect	parameter,	enabling	prediction	of	benzo-
ates	 that	 undergo	 facile	 decarboxylation.	 We	 have	
demonstrated	 this	 predictive	 power	 by	 measuring	
the	 rates	 of	 decarboxylation	 of	 several	 new	 benzo-
ates	 including	 the	 ortho-tosyl-,	 tetrafluoro-,	 and	 2-
Cl-6-NO2-substituted	benzoates	and	highlighted	the	
synthetic	 power	 of	 this	 finding	 with	 the	 efficient	
catalytic	 decarboxylative	 coupling	 of	 the	 ortho-
tosyl-	and	ortho-acetyl-substituted	carboxylates.	We	
anticipate	 that	 this	 work	 will	 further	 enable	 the	
widespread	 utilization	 of	 decarboxylation	 and	 de-
carboxylative	coupling	reactions.		

ASSOCIATED CONTENT  

Supporting	Information.		
The	Supporting	Information	is	available	free	of	charge	
on	the	ACS	Publications	website.	
Experimental	details,	kinetic	data,	spectral	data,	1H	and	
13C	NMR	spectra	(PDF)	

Corresponding Author 
*E-mail:	Jessica.Hoover@mail.wvu.edu	
Notes 
The	authors	declare	no	competing	financial	interest.	

ACKNOWLEDGMENT  

We	 are	 grateful	 to	 West	 Virginia	 University	 (WVU)	
and	 the	 NSF	 (CHE-1453879)	 for	 financial	 support	 of	
this	work.	NMR	spectroscopy	facilities	were	supported	
in	part	by	the	NSF	(CHE-1228336).		

-4

-3

-2

-1

0

1

2

-0.2 0 0.2 0.4 0.6 0.8 1 1.2

lo
g(
k)

Field Effect (F)

N

N
Ag O

O

RR

(a)

(b)

DMF-d7, H2O
110 °C

2-Cl-6-NO2

2-Me-6-NO2

2-OAc

2,3,4,5-F4

2-OTs

= vaidation set
 = training set

-4

-2

0

2

4

6

8

-2 0 2 4 6 8

M
ea

su
re

d 
ln

(k
R
/k

M
e)

Calculated ln(k
R
/k

Me
)

2-F-6-NO2
2,6-F2-NO2-4-Cl

2-NO2-5-OMe 2,4-NO22-NO2-4-Me2-NO2-4-OMe 2-NO2-4-F
2-NO22-F

2-Cl
2-OMe

2-CF3

2-F-6-Me

2-Me

4-CF3

ln(kR/kMe) = -0.022σ + 0.271Es + 7.210F + 0.104

3-NO2

N

O
H +

O
HO

R

Ni(OTf)2 (5 mol%)
Ag(OTf) (3 equiv)

Li2CO3, DMA/diglyme
160 °C, 24 h

N

O

R
R = NO2

Ac
OTs

54% (65%)3b
72%
53%

Page 4 of 6

ACS Paragon Plus Environment

Journal of the American Chemical Society

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 

REFERENCES 
(1)	(a)	Goossen,	L.	J.;	Rodríguez,	N.;	Goossen,	K.	Angew.	Chem.	

Int.	 Ed.	 2008,	 47,	 3100-3120.	 (b)	 Rodríguez,	 N.;	 Goossen,	 L.	 J.	
Chem.	 Soc.	 Rev.	2011,	40,	 5030-5048.	 (c)	Cornella,	 J.;	 Larrosa,	 I.	
Synthesis	2012,	44,	653-676.	

(2)	 (a)	 Zhang,	 Y.;	 Patel,	 S.;	 Mainolfi,	 N.	 Chem.	 Sci.	 2012,	 3,	
3196-3199.	(b)	Bhadra,	S.;	Dzik,	W.	I.;	Goossen,	L.	J.	J.	Am.	Chem.	
Soc.	2012,	134,	9938-9941.	(c)	Chen,	L.;	Ju,	L.;	Bustin,	K.	A.;	Hoo-
ver,	J.	M.	Chem.	Commun.	2015,	51,	15059-15062.	(d)	Zhao,	S.;	Liu,	
Y.-J.;	 Yan,	 S.-Y.;	 Chen,	 F.-J.;	 Zhang,	 Z.-Z.;	 Shi,	 B.-F.	Org.	 Lett.	
2015,	17,	3338-3341.	(e)	Patra,	T.;	Nandi,	S.;	Sahoo,	S.	K.;	Maiti,	D.	
Chem.	 Commun.	 2016,	 52,	 1432-1435.	 (f)	 Fu,	 Z.;	 Li,	 Z.;	 Song,	 Y.;	
Yang,	 R.;	 Liu,	 Y.;	 Cai,	H.	 J.	Org.	 Chem.	2016,	81,	 2794-2803.	 (g)	
Hoover,	 J.	M.	Comm.	 Inorg.	 Chem.	 2017,	 37,	 169-200.	 (h)	 Taka-
matsu,	K.;	Hirano,	K.;	Miura,	M.	Angew.	Chem.	Int.	Ed.	2017,	56,	
5353-5357.	

(3)	(a)	Yang,	K.;	Wang,	P.;	Zhang,	C.;	Kadi,	A.	A.;	Fun,	H.-K.;	
Zhang,	Y.;	Lu,	H.	Eur.	 J.	Org.	Chem.	2014,	 7586-7589.	 (b)	Craw-
ford,	J.	M.;	Shelton,	K.	E.;	Reeves,	E.	K.;	Sadarananda,	B.	K.;	Kal-
yani,	D.	Org.	Chem.	Front.	2015,	2,	726-729.	

(4)	 (a)	Wang,	C.;	Piel,	 I.;	Glorius,	F.	 J.	Am.	Chem.	Soc.,	2009,	
131,	4194-4195.	(b)	Cornella,	J.;	Lu,	P.;	Larrosa,	I.	Org.	Lett.,	2009,	
11,	5506-5509.	(c)	Xie,	K.;	Yang,	Z.;	Zhou,	X.;	Li,	X.;	Wang,	S.;	Tan,	
Z.;	An,	X.;	Guo,	C.-C.	Org.	Lett.,	2010,	12,	1564-1567.	(d)	Zhou,	J.;	
Hu,	 P.;	 Zhang,	M.;	Huang,	 S.;	Wang,	M.;	 Su,	W.	Chem.	 Eur.	 J.,	
2010,	16,	5876-5881.	(e)	Zhao,	H.;	Wei,	Y.;	Xu,	J.;	Kan,	J.;	Su,	W.;	
Hong,	M.	J.	Org.	Chem.,	2011,	76,	882-893.	(f)	Hu,	P.;	Zhang,	M.;	
Jie,	X.;	Su,	W.	Angew.	Chem.	Int.	Ed.	2012,	51,	227-231.	(g)	Pei,	K.;	
Jie,	X.;	Zhao,	H.;	Su,	W.	Eur.	 J.	Org.	Chem.	2014,	4230-4233.	 (h)	
Cornella,	 J.;	 Lahlali,	 H.;	 Larrosa,	 I.	 Chem.	 Commun.	 2010,	 46,	
8286-8278.	(i)	Xie,	K.;	Wang,	S.;	Yang,	Z.;	Liu,	J.;	Wang,	A.;	Li,	X.;	
Tan,	Z.;	Gui,	C.-C.;	Deng,	W.	Eur.	J.	Org.	Chem.	2011,	5787-5790.	
(j)	Hu,	P.;	Shang,	Y.;	Su,	W.	Angew.	Chem.	Int.	Ed.	2012,	51,	5945-
5949.	

(5)	 (a)	 Lu,	 P.;	 Sanchez,	 C.;	 Cornella,	 J.;	 Larrosa,	 I.	Org.	 Lett.	
2009,	11,	5710-5713.	(b)	Goossen,	L.	 J.;	Lunder,	C.;	Rodríguez,	N.;	
Lange,	 P.	 P.;	 Fromm,	 A.	 Chem.	 Commun.	 2009,	 7173-7175.	 (c)	
Cornella,	 J.;	 Sanchez,	C.;	 Banawa,	D.;	 Larrosa,	 I.	Chem.	Comun.	
2009,	 7176-7178.	 (d)	 Goossen,	 L.	 J.;	 Rodríguez,	 N.;	 Linder,	 C.;	

Lange,	P.	P.;	Fromm,	A.	Chem.	Cat.	Chem.	2010,	2,	 430-422.	 (e)	
Xue,	 L.;	 Su,	W.;	 Lin,	 Z.	Dalton	 Trans.	 2011,	 40,	 11926-11936.	 (f)	
Seo,	S.;	Slater,	M.;	Greaney,	M.	F.	Org.	Lett.	2012,	14,	2650-2653.	
(g)	Seo,	S.;	Taylor,	J.	B.;	Greaney,	M.	F.	Chem.	Commun.	2012,	48,	
8270-8272.	(h)	Kan,	 J.;	Huang,	S.;	Lin,	 J.;	Zhang,	M.;	Su,	W.	An-
gew.	Chem.	Int.	Ed.	2015,	54,	2199-2203.	

(6)	(a)	Grainger,	R.;	Cornella,	J.;	Blakemore,	D.	C.;	Larrosa,	I.;	
Campanera,	J.	M.	Chem.	Eur.	J.	2014,	20,	16680-16687.	(b)	Fujita,	
T.;	Nishioka,	T.	Prog.	Phys.	Org.	Chem.	1976,	12,	49-89.	

(7)	 (a)	Dupuy,	S.;	Lazreg,	F.;	 Slawin,	A.	M.	Z.;	Cazin,	C.	S.	 J.;	
Nolan,	S.	P.	Chem.	Commun.	2011,	47,	5455-5457.	(b)	Dicksein,	J.	
S.;	Curto,	J.	M.;	Gutierrez,	O.;	Mulrooney,	C.	A.;	Kozlowski,	M.	C.	
J.	 Org.	 Chem.	 2013,	 78,	 4744-4761.	 (c)	 Dupuy,	 S.;	 Crawford,	 K.;	
Bühl,	M.;	Nolan,	S.	P.	Chem.	Eur.	J.	2015,	21,	3399-3408.		

(8)	Baur,	A.;	Bustin,	K.	A.;	Aguilera,	E.;	Petersen,	J.	L.;	Hoover,	
J.	M.	Org.	Chem.	Front.	2017,	4,	519-524	

(9)	See	Supporting	Information	for	additional	details.	
(10)	In	the	absence	of	phen,	the	rate	of	protodemetallation	of	

Ag(2-NO2-phenyl)	is	25.5	mM	h-1.	See	supporting	information	for	
details.	

(11)	Hansch,	C.;	 Leo,	A.;	Taft,	R.	W.	Chem.	Rev.	 1991,	91,	 165-
195.	

(12)	ref	6a	and	(a)	Frenna,	V.;	Macalyso,	G.;	Consiglio,	G.;	Co-
simelli,	 B.;	 Spinelli,	 D.	 Tetrahedron	 1999,	 55,	 12885-129896.	 (b)	
D’Anna,	 F.;	 Ferroni,	 F.;	 Frenna,	 V.;	 Guernelli,	 S.;	 Lanza,	 C.	 Z.;	
Macaluso,	G.;	Pace,	V.;	Petrillo,	G.;	Spinelli,	D.;	Spisani,	R.	Tetra-
hedron,	2005,	61,	167-178.	(c)	D’Anna,	F.;	Frenna,	V.;	Lanza,	C.	Z.;	
Macaluso,	 G.;	 Marullo,	 S.;	 Spinelli,	 D.;	 Spisani,	 R.;	 Petrillo,	 G.	
Tetrahedron,	2010,	66,	5442-5450.	(d)	Gupta,	.S.	K.	S.;	Mishra,	S.	
J.	Phys.	Chem.	A.	2011,	115,	4616-4623.	(e)	Stratton,	S.	G.;	Taumoe-
folau,	G.	H.;	 Purnell,	G.	 E.;	 Rasooly,	M.;	Czaplyski,	W.	 L.;	Har-
bron,	E.	J.	Chem.	Eur.	J.	2017,	23,	14064-14072.	

(13).	 Vidhani,	D.	V.;	 Krafft,	M.	 E.	 J.	 Phys.	 Chem.	A.	2015,	 119,	
3141-3146.	

	(14)	For	 select	examples	 see:	 (a)	Yu,	D.-G.;	Li,	B.-J.;	Shi,	Z.-J.	
Acc.	Chem.	Res.	2010,	43,	1486-1495.	(b)	Ackermann,	L.;	Altham-
mer,	A.;	Born,	R.	Angew.	Chem.	Int.	Ed.	2006,	45,	2619-2622.	(c)	
Roy,	A.	H.;	Hartwig,	J.	F.	J.	Am.	Chem.	Soc.	2003,	125,	8704-8705.		
	

Page 5 of 6

ACS Paragon Plus Environment

Journal of the American Chemical Society

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 

	
Insert	Table	of	Contents	artwork	here	

 	
-4

-3

-2

-1

0

1

2

-0.2 0 0.2 0.4 0.6 0.8 1 1.2

lo
g(
k)

Field Effect (F)

field effect enables prediction of 
decarboxylation rates

N

N
Ag O

O

R -CO2

DMF-d7, H2O R

lo
g 

(k
)

Field Effect (F)

Page 6 of 6

ACS Paragon Plus Environment

Journal of the American Chemical Society

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60


