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  CuCl/Phen	can	catalyze	the	C–N	coupling	between	arylboronic	acid	and	benzofurazan	1‐oxide.	This	
reaction	occurred	under	mild	and	redox‐neutral	conditions	with	benzofurazan	1‐oxide	as	an	ami‐
nating	reagent	via	ring	scission,	leading	to	a	bifunctionalized	aminonitrobenzene.	
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1.	 	 Introduction	

The	C–N	bond	is	a	key	linkage	in	most	pharmaceuticals	and	
organic	 functional	 molecules	 [1–6].	 Traditional	 methods	 to	
construct	C–N	bonds	include	the	Goldberg	reaction	[5–11],	the	
Buchwald‐Hartwig	 coupling	 [12–16],	 the	 Chan‐Lam	 coupling	
[17–24],	 and	 C–H	 activation‐amination/amidation	 [25–45].	
Although	very	 efficient,	 these	methods	either	 require	 the	 em‐
ployment	of	functionalized	arenes	[46],	functionalized	aminat‐
ing	 reagents	 [47–53],	 or	 oxidative	 conditions	 [54].	 From	 the	
redox‐economy	 aspect,	 the	 amination	 reaction	 is	 ideally	 per‐
formed	 under	 redox‐neutral	 conditions.	 Moreover,	 it	 is	 ideal	
that	 this	 process	 allows	 the	 introduction	 of	 an	 amine	 group	
simultaneously	 with	 another	 functional	 group.	 The	 most	
straightforward	 strategy	 to	 realize	 this	 is	 probably	 the	 em‐

ployment	 of	 an	 azacycle	 (Scheme	 1).	 Upon	 cleavage	 of	 N–E	
bond,	both	 the	N	and	 the	E	 atoms	 can	be	 incorporated,	 espe‐
cially	 under	 redox‐neutral	 conditions.	 Indeed,	 this	 difunction‐
alization	process	has	been	recently	realized	by	us	and	others	in	
C–H	 activation	 chemistry	 using	 anthranils	 [50,55–58]	 and	
azabenzonorbornadienes	[59].	 	

Although	 appealing,	 difunctionalization	 via	 scission	 of	 an	
azacycle	 requires	 overcome	 of	 unfavorable	 thermodynamics	
associated	with	scission	of	unstrained	rings.	In	this	respect	and	
as	 a	 continuation	of	our	 interest	 in	amination	of	nucleophiles	
[50,55,59],	we	 reasoned	 that	benzofurazan	1‐oxide	may	 func‐
tion	 as	 an	 aminating	 reagent	 because	 it	 is	 known	 to	 undergo	
ring	scission	to	give	an	ortho	dinitrosobenzene	[60,61].	On	the	
other	 hand,	 although	 simple	 amination	 of	 phenyboronic	 acid	
has	been	reported	using	nitrosobenzene	[62],	either	a	stoichi‐
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ometric	amount	of	copper	salt	or	terminal	reducing	reagent	is	
necessary.	 We	 now	 report	 copper‐catalyzed	 amination	 of	
phenyboronic	 acid	 using	 benzofurazan	 1‐oxide,	 leading	 to	 di‐
functionalization	under	mild	and	redox‐neutral	conditions.	

2.	 	 Experimental	

2.1.	 	 General	 	

All	 chemicals	were	obtained	 from	commercial	 sources	and	
were	used	as	received	unless	otherwise	noted.	All	the	reactions	
were	 carried	 out	 under	 nitrogen	 atmosphere	 using	 standard	
Schlenk	 technique.	 The	 1H	 NMR	 spectra	 were	 recorded	 on	 a	
400	or	600	MHz	NMR	spectrometer.	The	13C	NMR	spectra	were	
recorded	 at	100	or	150	MHz.	The	 19F	NMR	 spectra	were	 rec‐
orded	at	565	MHz.	Chemical	shifts	were	expressed	in	parts	per	
million	 (δ)	 downfield	 from	 the	 internal	 standard	 tetrame‐
thylsilane,	and	were	reported	as	s	(singlet),	d	(doublet),	t	(tri‐
plet),	dd	(doublet	of	doublet),	dt	(doublet	of	triplet),	m	(multi‐
plet),	br	s	(broad	singlet),	etc.	The	residual	solvent	signals	were	
used	 as	 references	 and	 the	 chemical	 shifts	were	 converted	 to	
the	TMS	scale.	High	resolution	mass	spectra	were	obtained	on	
an	Agilent	Q‐TOF	6540	spectrometer.	Column	chromatography	
was	performed	on	 silica	 gel	 (300–400	mesh)	using	 ethyl	 ace‐
tate	(EA)/petroleum	ether	(PE).	

The	 [c][1,2,5]oxadiazole	 1‐oxide	 1a,	 1b	 and	 1h	 were	 ob‐
tained	 from	 commercial	 sources.	 The	 others	 were	 prepared	
following	 a	 published	 procedure	 [63].	 Compounds	 6	 and	 7	
were	prepared	according	to	the	literature	report	[64,65].	

2.2.	 	 General	procedure	for	the	synthesis	of	compounds	3	and	3’	

Benzofuroxan	 (0.2	mmol),	 phenylboronic	 acid	 (0.6	mmol),	
CuCl	 (10	mol%),	 1,10‐phen	 (10	mol%)	 and	Na2CO3	(2	 equiv.)	
were	 charged	 into	 a	 Schlenk	 tube,	 to	which	was	 added	anhy‐
drous	 1,4‐dioxane	 (2	ml)	 under	N2	 atmosphere.	 The	 reaction	
mixture	 was	 stirred	 at	 60	 ºC	 for	 12	 h.	 After	 cooled	 to	 room	
temperature,	the	solvent	was	removed	under	reduced	pressure	
and	the	residue	was	purified	by	silica	gel	chromatography	us‐
ing	PE/EA	to	afford	the	product.	 	

2.3.	 	 Spectral	data	for	products	

3aa.	1H	NMR	(400	MHz,	CDCl3)	δ	9.41	(br	s,	1H),	8.12	(dd,	J	=	
8.6,	 1.4	 Hz,	 1H),	 7.34	 (t,	 J	 =	 7.8	 Hz,	 2H),	 7.31–7.25	 (m,	 1H),	
7.22–7.12	 (m,	 4H),	 6.70	 –6.67	 (m,	 1H).	 13C	 NMR	 (100	 MHz,	
CDCl3)	δ	143.1,	138.7,	135.7,	133.2,	129.8,	126.7,	125.7,	124.4,	
117.5,	 116.1.	HRMS	calc.	 for	C12H11N2O2+	 (M	+	H)+:	 215.0815;	
found:	215.0818.	

3ab.	1H	NMR	(400	MHz,	CDCl3)	δ	9.36	(br	s,	1H),	8.09	(dd,	J	=	
8.6,	1.5	Hz,	1H),	7.26–7.22	(m,	1H),	7.13	(m,	2H),	7.09–7.03	(m,	
3H),	6.66–6.61	(m,	1H),	2.29	(s,	3H).	13C	NMR	(100	MHz,	CDCl3)	
δ	143.7,	135.9,	135.7,	135.7,	132.8,	130.3,	126.6,	124.8,	117.1,	
116.0,	 21.0.	 HRMS	 calc.	 for	 C13H13N2O2+	 (M	 +	 H)+:	 229.0972;	
found:	229.0974.	

3ac.	1H	NMR	(400	MHz,	CDCl3)	δ	9.39	(br	s,	1H),	8.10	(dd,	J	=	
8.6,	 1.5	 Hz,	 1H),	 7.38–7.31	 (m,	 2H),	 7.36–7.32	 (m,	 1H),	
7.12–7.10	 (m,	 3H),	 6.66–6.62	 (m,	 1H),	 1.26	 (s,	 9H).	 13C	 NMR	
(100	 MHz,	 CDCl3)	 δ	 148.9,	 143.6,	 135.9,	 135.7,	 132.9,	 126.7,	
126.6,	 124.3,	 117.2,	 116.1,	 34.6,	 31.4.	 HRMS	 calc.	 for	
C16H19N2O2+	(M	+	H)+:	271.1441;	found:	271.1443.	

3ad.	1H	NMR	(400	MHz,	CDCl3)	δ	9.31	(br	s,	1H),	8.11	(dd,	J	=	
8.6,	 1.2	 Hz,	 1H),	 7.32–7.24	 (m,	 1H),	 7.22–7.12	 (m,	 2H),	
7.08–6.99	(m,	2H),	6.96	(d,	J	=	8.6	Hz,	1H),	6.73–6.64	(m,	1H).	
13C	 NMR	 (100	 MHz,	 CDCl3)	 δ	 160.6	 (d,	 J	 =	 245.8	 Hz),	 143.6,	
135.8,	134.6	(d,	J	=	3.0	Hz),	133.0,	127.0	(d,	J	=	8.3	Hz),	126.7,	
117.5,	116.6	(d,	J	=	22.5	Hz),	115.7.	HRMS	calc.	for	C12H10FN2O2+	
(M	+	H)+:	233.0721;	found:	233.0725.	

3ae.	1H	NMR	(400	MHz,	CDCl3)	δ	9.32	(br	s,	1H),	8.11	(dd,	J	=	
8.6,	1.5	Hz,	1H),	7.32–7.28	(m,	3H),	7.15–7.12	(m,	2H),	7.09	(dd,	
J	 =	 8.6,	 1.0	 Hz,	 1H),	 6.74–6.70	 (m,	 1H).	 13C	 NMR	 (100	 MHz,	
CDCl3)	δ	142.6,	137.4,	135.8,	133.5,	130.8,	129.9,	126.8,	125.5,	
118.0,	115.9.	HRMS	calc.	for	C12H10ClN2O2+	(M	+	H)+:	249.0425;	
found:	249.0428.	

3af.	1H	NMR	(400	MHz,	CDCl3)	δ	9.39	(br	s,	1H),	8.20	(dd,	J	=	
8.6,	 1.4	 Hz,	 1H),	 7.57–7.47	 (m,	 2H),	 7.43–7.35	 (m,	 1H),	
7.24–7.11	 (m,	 3H),	 6.83–6.79	 (m,	 1H).	 13C	 NMR	 (100	 MHz,	
CDCl3)	δ	142.4,	138.0,	135.8,	133.6,	132.8,	126.8,	125.7,	118.4,	
118.1,	 116.0.	 HRMS	 calc.	 for	 C12H10BrN2O2+	 (M	 +	 H)+:	 	
292.9920;	found:	292.9922.	

3ag.	1H	NMR	(400	MHz,	CDCl3)	δ	9.38	(br	s,	1H),	8.20	(dd,	J	=	
8.6,	1.2	Hz,	1H),	7.77–7.67	(m,	2H),	7.43–7.35	(m,	1H),	7.22	(dd,	
J	=	8.6,	0.8	Hz,	1H),	7.05–7.03	 (m,	2H),	6.84–6.80	(m,	1H).	 13C	
NMR	 (100	 MHz,	 CDCl3)	 δ	 142.2,	 138.8,	 138.7,	 135.8,	 133.8,	
126.8,	125.8,	118.2,	116.1,	89.0.	HRMS	calc.	for	C12H10IN2O2+	(M	
+	H)+:	340.9781;	found:	340.9785.	

3ah.	1H	NMR	(400	MHz,	CDCl3)	δ	9.56	(br	s,	1H),	8.23	(dd,	J	=	
8.6,	 1.5	 Hz,	 1H),	 7.67–7.62	 (m,	 4H),	 7.50–7.46	 (m,	 2H),	
7.44–7.38	 (m,	2H),	7.36–7.32	(m,	3H),	6.83–	6.79	 (m,	1H).	 13C	
NMR	 (100	 MHz,	 CDCl3)	 δ	 142.9,	 140.2,	 138.4,	 138.0,	 135.8,	
133.4,	 128.9,	 128.4,	 127.5,	 126.9,	 126.8,	 124.4,	 117.7,	 116.3.	
HRMS	 calc.	 for	 C18H15N2O2+	 (M	 +	 H)+:	 291.1128;	 found:	
291.1131.	

3ai.	1H	NMR	(400	MHz,	CDCl3)	δ	9.43	(br	s,	1H),	8.20	(dd,	J	=	
8.6,	1.3	Hz,	1H),	7.40–7.34	(m,	1H),	7.31–7.26	(m,	2H),	7.19	(d,	J	
=	 8.6	 Hz,	 1H),	 7.17–7.11	 (m,	 2H),	 6.82–6.74	 (m,	 1H),	 2.32	 (s,	
3H).	 13C	NMR	 (100	MHz,	 CDCl3)	 δ	 169.5,	 148.2,	 143.1,	 136.3,	
135.8,	133.2,	126.7,	125.6,	122.9,	117.7,	116.0,	21.1.	HRMS	calc.	
for	C14H13N2O4+	(M	+	H)+:	273.0870;	found:	273.0874.	

3aj.	1H	NMR	(400	MHz,	CDCl3)	δ	9.43	(br	s,	1H),	8.20	(dd,	J	=	
8.6,	 1.3	 Hz,	 1H),	 7.50–7.40	 (m,	 4H),	 7.39–7.30	 (m,	 2H),	
7.22–7.19	(m,	2H),	7.10–7.01	(m,	3H),	6.77–6.67	(m,	1H),	5.11	
(s,	2H).	13C	NMR	(100	MHz,	CDCl3)	δ	157.1,	144.4,	136.8,	135.8,	
132.5,	 131.5,	 128.7,	 128.2,	 127.5,	 127.0,	 126.6,	 116.9,	 116.0,	
115.8,	 70.4.	 HRMS	 calc.	 for	 C19H17N2O3+	 (M	 +	 H)+:	 321.1234;	
found:	321.1236.	

Scheme	1.	Amination	leading	to	bifuncationality.	
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