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ABSTRACT:	In	this	work	we	show	that	the	nature	of	the	
supporting	electrolyte	and	solvent	can	dramatically	al-
ter	 the	 outcome	 of	 the	 electrochemically	 mediated	
cleavage	of	alkoxyamines.	A	combination	of	cyclic	volt-
ammetry	(CV)	experiments	and	quantum	chemistry	is	
used	 to	 study	 the	 oxidation	 behavior	 of	 TEMPO-i-Pr	
under	different	conditions.	In	dichloromethane,	using	
a	non-coordinating	electrolyte	(TBAPF6),	TEMPO-i-Pr	
undergoes	 reversible	oxidation,	which	 indicates	 that	
the	 intermediate	 radical-cation	 is	 stable	 towards	
mesolytic	fragmentation.	In	contrast,	in	tetrahydrofu-
ran	 with	 the	 same	 electrolyte,	 oxidized	 TEMPO-i-Pr	
undergoes	a	rapid	and	 irreversible	 fragmentation.	 In	
nitromethane	 and	 acetonitrile,	 partially	 irreversible	
oxidation	is	observed,	indicating	that	fragmentation	is	
much	slower.	Likewise,	alkoxyamine	oxidation	 in	the	
presence	 of	 more	 strongly	 coordinating	 supporting	
electrolyte	anions	 (BF4−,	 ClO4−,	 OTf−,	 HSO4−,	 NO3−)	 is	
also	irreversible.	These	observations	can	be	explained	
in	terms	of	solvent-	or	electrolyte-mediated	SN2	path-
ways,	 and	 indicate	that	oxidative	alkoxyamine	 cleav-
age	can	be	‘activated’	by	introducing	coordinating	sol-
vents	or	electrolytes	or	‘inhibited’	through	the	use	of	
non-coordinating	solvents	and	electrolytes.	

INTRODUCTION 

Alkoxyamines	are	well-known	for	their	crucial	role	
in	 Nitroxide	 Mediated	 Polymerization	 (NMP),1-3	 un-
dergoing	reversible	homolysis	 to	generate	an	 initiat-
ing	carbon-centered	radical	and	persistent	nitroxide.	
Unfortunately,	 relatively	 high	 temperatures	 (ca.	 80–
120	 °C)	 are	 required	 to	 achieve	 sufficient	 levels	 of	
alkoxyamine	 homolysis,	 and	 at	 those	 temperatures	
unwanted	side-reactions	can	limit	the	scope	and	util-
ity	 of	 NMP.4-6	 To	 address	 these	 problems,	 various	
groups	 have	 examined	 using	 alternative	 stimuli	 to	
trigger	alkoxyamine	 fragmentation,	 including	 light7-9	

and	 chemical	 additives,10-11	 with	mixed	 success.	 Re-
cently,	we	demonstrated	that	both	charged-functional	
groups12-14	and	electric	fields15	can	be	used	to	induce	
alkoxyamine	homolysis.	
While	exploring	the	use	of	electric	fields	generated	

in	cyclic	voltammetry	(CV)	experiments,	we	found	that	
alkoxyamines	could	undergo	a	one-electron	oxidation	
followed	 by	 mesolytic	 fragmentation	 (see	 Scheme	
1).15	 In	 our	 original	work,	 the	alkoxyamine	 in	 ques-
tion,	 TEMPO-CH(CH3)Ph,	 underwent	 an	 oxidation		
process	 that	 could	be	described	by	an	ECirrE	mecha-
nism;	 with	 initial	 electrochemical	 oxidation	 of	 the	
alkoxyamine,	 irreversible	chemical	decomposition	to	
produce	TEMPO	radicals	and	+CH(CH3)Ph	cations	and	
subsequent	 electrochemical	 oxidation	 of	 the	 nitrox-
ide.15	Obviously,	these	fragmentation	patterns	suggest	
that	electrochemical	cleavage	would	be	an	unsuitable	
trigger	for	traditional	NMP	but	raise	the	exciting	pos-
sibility	of	in	situ	“on	demand”	carbocation	generation	
for	synthesis,16-17	surface	modification18	and	tandem	
radical-cationic	polymerizations.19-20	
	

	

Scheme	1.	Electrochemical	cleavage	of	alkoxyamines	and	their	
subsequent	fragmentation	pathways.		



 

While	our	original	study15	highlighted	the	potential	
use	of	electrochemistry	as	a	 trigger	 for	alkoxyamine	
cleavage,	 the	 actual	 fragmentation	 mechanism	 was	
somewhat	 contentious.	 Experimentally,	 the	 CV	 data	
indicated	 unambiguously	 that	 the	 unimolecular	 de-
composition	 of	 oxidized	 TEMPO-CH(CH3)Ph	was	 ex-
ceedingly	 rapid	 (kfrag	 ~	 106	 s−1),	 and	 irreversible.	 In	
contrast,	high-level	theoretical	calculations	predicted	
that	 the	 unmediated	 cleavage	 of	 the	 TEMPO-
CH(CH3)Ph	radical-cation	is	slow	and	thermodynami-
cally	unfavorable.	Despite	this	discrepancy,	theoretical	
predictions	for	the	oxidation	potentials	of	all	the	com-
ponent	species	were	 in	excellent	agreement	with	ex-
perimental	 values,	 suggesting	 that	 the	 problem	was	
not	with	the	level	of	theory	itself.15		
Previous	work	 indicated	 that	 the	precise	 chemical	

environment	of	 the	double-layer	 could	 influence	the	
oxidation	behavior	of	Si(100)-grafted	TEMPO	radicals,	
as	 the	 supporting	 electrolyte	predictably	 shifted	 the	
oxidation	 potential	 via	 ion-pairing.21	 While	 similar	
calculations	 on	 TEMPO-CH(CH3)Ph	 hinted	 that	 sol-
vent	 or	 supporting	 electrolyte	 could	promote	 oxida-
tive	 fragmentation,	 changing	 the	 conditions	 did	 not	
significantly	affect	the	experimentally	observed	CV	re-
sults.	Follow-up	theoretical	and	experimental	studies	
of	a	wide	test	set	of	TEMPO-based	alkoxyamines	in	ac-
etonitrile	with	(n-Bu)4NClO4	(TBAClO4)	as	an	electro-
lyte	 showed	 a	 diversity	 of	 oxidation	 behavior.22	 De-
pending	on	the	leaving	group,	oxidation	was	either	re-
versible,	partially	 reversible	 or	 completely	 irreversi-
ble.			
While	oxidative	cleavage	of	alkoxyamines	promises	

to	 offer	 a	 convenient	 “on	 demand”	 route	 to	 carbo-
cations,	 it	would	 be	 enormously	 beneficial	 to	 clarify	
the	 precise	mechanism	 of	 their	 fragmentation.	 Con-
versely,	as	species	with	reversible	redox	characteris-
tics	 are	 often	 of	 interest	 for	 energy	 storage	applica-
tions,23-27	 suppressing	 alkoxyamine	 fragmentation	 is	
also	of	 interest.	To	better	understand	 the	 factors	 in-
volved	 in	 alkoxyamine	 cleavage,	we	 explored	 the	CV	
behavior	of	a	TEMPO-based	alkoxyamine,	TEMPO-i-Pr.	
This	species	showed	partially	reversible	oxidation	and	
a	slower	kfrag	(~	0.3	s−1)	in	acetonitrile	with	TBAClO4	
electrolyte,22	and	thus	is	a	good	candidate	for	manip-
ulation	based	on	the	reaction	conditions.	In	conjunc-
tion	with	this	experimental	work,	we	used	high-level	
calculations	to	study	the	effect	of	different	electrolytes	
and	solvents	on	this	process.		

EXPERIMENTAL AND COMPUTATIONAL METHODS 

General	 Experimental.	 Starting	 materials	 were	
purchased	from	commercial	sources	unless	otherwise	
stated.	Brine	refers	to	a	saturated	aqueous	solution	of	
NaCl.	Petrol	refers	to	the	fraction	of	petroleum	ether	
boiling	in	the	range	40–60	°C.	All	synthetic	reactions	

were	conducted	open	to	the	air.	All	compounds,	rea-
gents	and	solvents	were	purchased	from	commercial	
sources	and	used	as	supplied	unless	otherwise	stated.	
Flash	column	chromatography	was	carried	out	using	
Merck	silica	gel	60	(0.04–0.063	mm,	230–400	mesh).	
Thin	 layer	 chromatography	 was	 carried	 out	 using	
Merck	F254	aluminium-backed	silica	plates	and	visual-
ized	using	UV	 light	 (254	and	365	nm)	or	potassium	
permanganate	 solution.	 All	 NMR	 spectra	 were	 ob-
tained	at	298	K	on	a	Bruker	AVANCE	400	(1H	at	400.1	
MHz	and	13C	at	100.5	MHz).	Chemical	shifts	are	quoted	
as	parts	per	million	(ppm)	and	referenced	to	CHCl3	(dH	
7.26)	or	CDCl3	(dC	77.16).	High	Resolution	Mass	Spec-
trometry	 data	was	 obtained	 on	 an	Orbitrap	QE	plus	
mass	spectrometer.  
Cyclic	Voltammetry.	 Electrochemical	 experiments	

were	carried	out	using	a	PalmSens4	Potentiostat/Gal-
vanostat/Impedance	Analyzer	and	a	single	 compart-
ment	three-electrode	glass	cell.	The	working	electrode	
was	either	glassy	carbon	or	gold	disks	with	an	active	
area	 of	 0.064–0.065	 cm2,	 electrochemically	 deter-
mined	from	refinement	of	an	E	model	against	experi-
mental	 voltammograms	 measured	 in	 7.1 × 10−2 M 
MeCN/Bu4NClO4 in the presence of 1.0 × 10−3 M ferro-
cene.	Ag/AgCl	was	used	as	the	reference	electrode	and	
platinum	wire	as	the	counter	electrode.	Alkoxyamine	
(2	mM)	and	electrolyte	(TBA	salts,	1.0	× 10−1 M)	was	
dissolved	 in	 10	mL	 of	 dried	 solvent	 (MeCN,	 CH2Cl2,	
MeNO2,	or	THF).	In	the	case	of	TBAHSO4,	the	electro-
lyte	 concentration	was	 (2.0	× 10−1 M).	 The	 solution	
was	 sparged	with	 argon	 prior	 to	 analysis.	 All	 cyclic	
voltammograms	 were	 obtained	 after	 bubbling,	 with	
no	stirring.	Digital	simulations	of	cyclic	voltammetry	
data	 were	 performed	 in	 DigiElch-Professional	 v7	
(ElchSoft). Butler-Volmer	 kinetics	 was	 used	 to	 esti-
mate	 charge	 transfer	parameters	and	we	assumed	a	
semi-infinite	 1D	 diffusion.	 The	 cell	 iR	 drop	was	 not	
compensated	during	measurement.	Values	of	cell	re-
sistance	 were	 measured	 by	 electrochemical	 imped-
ance	 spectroscopy	 and	 used	 in	 the	 simulations.	 Ad-
sorption	steps	were	neglected	in	the	simulations	and	
the	transfer	coefficients	for	both	electron	transfer	re-
actions	 (TEMPO/oxoammonium	 and	 alkoxy-
amine/alkoxyamine•+)	were	assumed	as	constants	(α,	
0.5)	 for	 fitting	purposes.	For	 the	 chemical	step,	only	
the	forward	(𝑘")	constant	is	considered.	The	second-
order	backward	(𝑘#)	constant	tends	to	zero	(i.e.	back-
ward	 chemical	 reaction	 is	 not	 operative	 in	 the	 time	
scale	of	the	experiments).	
Synthesis	of	TEMPO-iPr.	TEMPO-iPr	was	prepared	

in	an	analogous	fashion	to	that	described	previously,22	
to	give	a	colourless	oil;	1H	NMR	(400	MHz;	CDCl3)	3.98	
(sept,	 J	=	6.2	Hz,	1H),	1.45–1.10	(m,	6	x	CH3	and	3	x	
CH2,	24H);	13C	NMR	(100	MHz;	CDCl3)	75.1	(CH),	59.5	
(C),	40.3	(CH2),	34.5	(CH3),	22.4	(CH3),	20.3	(CH3),	17.4	



 

(CH2);	HRMS	m/z	 calculated	 for	C12H26NO+	 (M	+	H)+	
200.2009,	found	200.2010	(+	0.345	ppm	error).	
Computational	Procedures.	All	standard	ab	initio	

molecular	orbital	 theory	and	density	 functional	 the-
ory	(DFT)	calculations	were	carried	out	using	Gauss-
ian	0928	and	Molpro29	software	packages.	Procedures	
were	chosen	based	on	benchmarking	against	experi-
ment	 in	previous	 studies	of	 similar	 systems.15,	22	Ge-
ometries	 were	 optimized	 at	 the	 M06-2X/6-
31+G(d,p)30	level	of	theory,	and	frequencies	were	also	
calculated	at	this	level.	Single	point	energies	were	cal-
culated	 using	 the	 high-level	 composite	 ab	 initio	
method	 G3(MP2)CC(+),	 which	 is	 a	 variant	 of	
G3(MP2)CC31	 where	 the	 calculations	 with	 the	 6-
31G(d)	basis	set	are	replaced	with	corresponding	6-
31+G(d)	calculations	to	allow	for	better	treatment	of	
the	anionic	species.	These	high-level	calculations	were	
utilized	in	conjunction	with	the	ONIOM	style	approxi-
mation	for	 larger	systems,32-33	where	the	 full	system	
was	modelled	using	UMP2/GTMP2Large//M06-2X/6-
31+G(d,p)	(see	Supporting	Information).	
Gibbs	free	energies	in	solution	were	calculated	via	a	

thermocycle	 in	which	Gibbs	 free	energies	 in	 the	 gas	
phase,	 as	 calculated	 via	 standard	 ideal	 gas	 partition	
functions,	were	combined	with	Gibbs	free	energies	of	
solvation	and	the	necessary	phase	change	correction	
term.34	The	SMD	solvent	model35	was	used	to	correct	
for	 implicit	 solvent	 effects,	 and	where	 noted	 below,	
this	was	used	in	conjunction	with	explicit	solvent	mol-
ecules.	For	 this	purpose,	geometries	were	 fully	opti-
mized	in	solution	at	the	M06-2X/6-31+G(d,p)	level.	
For	 oxidation	 in	 the	 various	 solvents,	 potentials	

were	calculated	via	the	Nernst	equation	using	 litera-
ture	values	of	the	respective	reference	electrodes	(see	
Supporting	Information	for	details).	For	the	study	of	
electrolyte	effects	in	DCM,	the	isodesmic	method	was	
used	 using	 the	 (reversible)	 experimental	 oxidation	
potential	of	the	TBAPF6/DCM.	

RESULTS AND DISCUSSION 

Solvent	Effects.	To	examine	the	potential	impact	of	
solvent	on	the	oxidative	 fragmentation	process,	a	CV	
study	 of	 TEMPO-i-Pr	 was	 performed	 in	 acetonitrile	
(ACN),	 tetrahydrofuran	 (THF),	 nitromethane	 (NM)	
and	 dichloromethane	 (DCM).	 These	 solvents	 were	
chosen	so	that	the	influence	of	dielectric	permittivity	
(ε)	and	Lewis	basicity	could	be	examined	separately;	
with	ACN	and	NM	possessing	relatively	similar	high	ε	
values	 (but	markedly	 different	 Lewis	 basicities)	 and	
THF	and	DCM	possessing	relatively	similar	low	ε	val-
ues.	The	obtained	CV	data	for	these	systems	in	differ-
ent	solvent	systems	are	shown	in	Figure	1.	
TEMPO-i-Pr	oxidation	was	 found	to	be	 irreversible	

in	THF,	partially	irreversible	in	ACN,	mostly	reversible	

in	NM,	and	completely	reversible	in	DCM.	This	is	con-
sistent	with	the	rate	coefficients	for	the	fragmentation	
reaction,	modelled	as	an	SN2	 reaction	with	a	 solvent	
molecule,	as	fitted	to	the	CV	scans,	(see	Table	1).	These	
data	suggest	that	Lewis	basicity,	rather	than	dielectric	
constant,	is	the	key	factor	driving	mesolytic	cleavage.	
Indeed,	 the	 observed	 fragmentation	 rates	 follow	 the	
same	ordering	as	the	Gutmann	donor	number36	of	the	
respective	solvents	(THF	>	ACN	>	NM	>	DCM).		
	

 

Figure	1.	Effect	of	solvent	coordination	on	the	reversibility	of	
TEMPO-i-Pr	oxidation	with	TBAPF6	electrolyte.	

To	 help	 rationalize	 these	 experimental	 results	 in	
terms	 of	 the	 underlying	 interactions,	 we	 also	 exam-
ined	the	energetics	of	TEMPO-i-Pr	oxidation	and	sub-
sequent	reaction	using	high-level	ab	 initio	molecular	
orbital	theory	(under	analogous	solvation	conditions	
to	the	respective	CV	experiments).	These	calculations	
reveal	 that	 unimolecular	 fragmentation	 of	 oxidized	
TEMPO-i-Pr	to	 form	TEMPO	and	‘free’	 isopropyl	car-
bocations	 is	 prohibitively	 slow	 and	 thermodynami-
cally	unfavorable	in	all	solvents	examined	(Figure	2).	
However,	for	ACN,	THF	and	NM,	cleavage	via	a	solvent	
mediated	SN2	pathway	was	possible,	though	only	ther-
modynamically	favorable	in	the	case	of	ACN	and	THF.		
Theoretical	predictions	of	the	fragmentation	rate	

coefficient	are	within	the	correct	order	of	magnitude	
of	those	derived	from	the	experimental	CV	data	and	
follow	the	same	qualitative	order	(see	Table	1).	These	
computational	results	clearly	indicate	that	strongly	
coordinating	solvents	can	mediate	the	cleavage	of	

	 	



 

Table	1.	Theoretical	and	Experimental	oxidation	potential	(V	vs	Ag/AgCl)	for	TEMPO-i-Pr	and	SN2	rate	coefficient	(L	
mol–1s–1)	with	solvent	(kS)	and/or	electrolyte	(kE).a	

Solvent	 Electrolyte	 E	(V	vs	Ag/AgCl)	 SN2	Rate	Coefficient	k	(L	mol–1s–1)	
	 	 experiment	 theory	 kS	or	kE	 experiment	 theory	

THF	 TBA-PF6	 1.29	±	0.01	 1.10	 kS	 0.075	±	0.006	 0.023	
ACN	 TBA-PF6	 1.03	±	0.00	 0.85	 kS	 0.006	±	0.001	 0.0006	
NM	 TBA-PF6	 0.96	±	0.00	 0.71	 kS	 0.0003	±	0.0001	 0.0001	
DCM	 TBA-PF6	 1.11	±	0.00	 0.98	 	 –	 –	
DCM	 TBA-BF4	 1.21	±	0.00	 1.20	 kE	 2.5	±	0.0	 1.12	
DCM	 TBA-ClO4	 1.17	±	0.00	 1.07	 kE	 10.2	±	0.6	 37.6	
DCM	 TBA-OTf	 1.19	±	0.00	 1.10	 kE	 15.0	±	0.8	 137	
DCM	 TBA-HSO4	 1.35	±	0.00	 1.18	 kE	 45.3	±	4.1	 250	
DCM	 TBA-NO3	 1.26	±	0.01	 1.01	 kE	 13316	±	2186	 7950	

aElectrochemical	formal	potential	of	the	alkoxyamine/alkoxyamine•+	redox	couple,	as	estimated	from	digital	simulations	of	exper-
imental	CV	data.	The	fragmentation	reaction	is	a	second	order	SN2	process	with	solvent	and/or	electrolyte.	Calculations	carried	out	
at	G3(MP2,CC)(+)//M06-2X/6-31+G(d,p),	see	text.	For	electrolytes	other	than	TBAPF6,	theoretical	oxidation	potentials	were	refer-
enced	to	the	reversible	experimental	TBAPF6/DCM	oxidation	potential.		

alkoxyamine	 radical-cations	 by	 stabilizing	 the	 frag-
ment	 carbocation	 as	 an	 explicit	 adduct.	 In	 contrast,	
weak	donor	solvents	(NM	and	DCM)	are	unable	to	ef-
fectively	stabilize	the	 i-Pr+	 fragment	and	at	best	only	
marginally	promote	the	otherwise	highly	unfavorable	
fragmentation	process.	
	

	
Figure	2.	PES	showing	the	energetics	of	TEMPO-i-Pr	oxidation	
and	cleavage	 in	the	presence	of	different	solvents.	Dots	 indi-
cated	predicted	cleavage	energy	 in	 continuum	solvent,	while	
the	lines	indicate	explicit	solvent	mediated	cleavage.	Unlike	the	
other	solvents,	DCM	did	not	form	a	stable	complex	with	an	iso-
propyl	cation.	

Electrolyte	Effects.	Having	established	 the	 crucial	
role	of	solvent	nucleophilicity	on	alkoxyamine	oxida-
tive	 cleavage,	 next	 we	 examined	 the	 potential	 influ-
ence	of	supporting	electrolyte.	Utilizing	DCM	as	a	non-
coordinating	 solvent	 (to	 exclude	 solvent	 effects	 on	
alkoxyamine	radical-cation	cleavage),	different	tetra-
n-butylammonium	(TBA)	salts	encompassing	a	range	
of	 Lewis	 basicities	 were	 investigated.	 The	 anions	 of	

these	salts	ranged	from	PF6−	and	BF4−	(usually	consid-
ered	 “non-coordinating”),	 to	 OTf−	 and	 ClO4−	 (very	
weakly	coordinating),	to	HSO4−	and	NO3−	(weakly	co-
ordinating).	The	obtained	CV	data	 for	 these	systems	
are	presented	in	Figure	3,	while	fitted	oxidation	poten-
tials	and	rate	coefficients	are	included	in	Table	1.	

	 	
Figure	3.	Effect	of	supporting	electrolyte	on	the	reversibility	of	
TEMPO-i-Pr	oxidation	in	DCM.	

As	illustrated	in	Figure	3,	TEMPO-i-Pr	cleavage	is	ob-
served	with	all	electrolytes	except	for	TBAPF6,	which	
is	 the	 least	 coordinating	 of	 those	 studied.	 The	 frag-
mentation	 rate	 coefficients	approximately	 follow	the	
same	ordering	as	Lewis	basicity,	decreasing	from	NO3−	
>>	HSO4−	>	OTf–	~	ClO4−	>	BF4−.	Surprisingly,	noticea-
ble	 fragmentation	 was	 observed	 even	 with	 the	



 

relatively	noncoordinating	TBABF4	as	the	supporting	
electrolyte.	To	help	rationalize	these	underlying	elec-
trolyte	 interactions,	 high-level	 computational	 theory	
was	used	to	explore	the	mesolytic	fragmentation	pro-
cess	(see	Figure	4).	
The	 kinetic	 and	 thermodynamic	 favorability	 of	

TEMPO-i-Pr	 radical-cation	 fragmentation	 is	 strongly	
dependent	on	the	 identity	of	 the	supporting	electro-
lyte	anion.	Relatively	Lewis	basic	anions,	such	as	NO3−	
and	HSO4−,	dramatically	stabilize	the	i-Pr+	fragment	as	
an	 organo-nitrate	 and	 organo-bisulfate,	 respectively.	
Indeed,	cleavage	of	TEMPO-i-Pr	radical-cations	in	the	
presence	of	NO3−	and	HSO4−	via	an	electrolyte	anion-
mediated	SN2	pathway	was	found	to	have	small	barri-
ers	 and	 highly	 favorable	 reaction	 free-energies	 (c.a.	
−100	 kJ/mol	 and	 −75	 kJ/mol,	 respectively).	 Indeed,	
the	 electrolyte	 anion-mediated	 SN2	 pathway	 was	
found	 to	 be	 highly	 favorable	 (ca.	 −50	 kJ/mol)	 even	
with	the	weakly	coordinating	anions	ClO4−	and	OTf−.	
		

 
Figure	4.	PES	showing	the	energetics	of	TEMPO-i-Pr	oxidation	
and	cleavage	in	the	presence	of	different	supporting	electrolyte	
anions	in	DCM.	

Interestingly,	 BF4−	 and	 PF6−	 showed	 somewhat	
unique	behavior	in	that	their	respective	ion-pairs	with	
the	i-Pr+	cation	were	found	to	be	strongly	susceptible	
to	fluoride	transfer	to	generate	i-Pr-F	and	BF3	or	PF5,	
respectively	(Scheme	2).	In	the	case	of	BF4−,	this	fluo-
ride	 transfer	 process	 results	 in	 an	 essentially	 ther-
moneutral	overall	cleavage	free-energy,	which	is	con-
sistent	with	the	observed	CV	behavior.	However,	in	the	
case	of	PF6−,	cleavage	was	found	to	be	thermodynami-
cally	unfavorable,	even	when	this	fluoride	transfer	re-
action	was	 considered.	 Excitingly,	 this	 reaction	with	
BF4−	suggests	a	potential	new	in	situ	method	for	fluor-
ination.37	
	

	 	

Scheme	2.	Proposed	SN2	cleavage	of	TEMPO-i-Pr	with	fluoride-
containing	electrolytes.	Here	X	=	BF3	or	PF5	

CONCLUSION 
In	summary,	these	theoretical	and	experimental	re-

sults	 reveal	and	 rationalize	 the	 critical	but	underap-
preciated	 role	 that	 solvents	 and	 supporting	 electro-
lytes	 have	 on	 electrochemically-triggered	 reactions,	
and	 provide	 a	 strategy	 for	 inducing	 or	 preventing	
alkoxyamine	cleavage,	depending	on	the	desired	out-
come.	 This	 is	 important	 as	 when	 cleavage	 is	 sup-
pressed,	high	voltage	alkoxyamine	oxidation	is	poten-
tially	 useful	 for	 energy	 storage	 applications,	 while	
when	 promoted	 it	 can	 offer	 an	 in	 situ	 “on-demand”	
SN2-method	for	alkylation	or	fluorination.		
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