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Transfer	 hydrodehalogenation	 of	 aryl	 halides	 accelerated	 by	
saturated	sodium	acetate	aqueous	solution		
Zhimin	Xue,a*	Xinhui	Zhao,b	Jinfang	Wang,b	and	Tiancheng	Mub*	

Development	 of	 catalytic	 hydrodehalogenation	 of	 halogenated	
organic	 compounds	 is	 an	 important	 topic	 from	 the	 viewpoint	 of	
environment	protection.	Herein,	we	 conducted	 the	 first	work	on	
the	 utilization	 of	 saturated	 aqueous	 solution	 of	 sodium	 acetate	
(CH3COONa)	 as	 efficient	 and	 environmentally-friendly	 reaction	
media	 for	 transfer	 hydrodehalogenation	 of	 various	 aryl	 halides	
using	 Pd/C	 as	 the	 catalyst.	 It	 was	 found	 that	 the	 transfer	
hydrodehalogenation	 could	 be	 accelerated	 significantly	 by	 the	
saturated	 CH3COONa	 aqueous	 solution	 due	 to	 the	 surfactant-
similar	effect	of	CH3COONa	and	the	activation	of	C-Cl	bond	by	the	
dissolved	solvated	ions.		

Halogenated	 organic	 compounds	 are	 important	 chemicals	
applied	 in	 synthetic	 chemistry	 and	 industrial	 processes.1	
However,	 most	 of	 these	 compounds	 show	 high	 toxicity	 and	
generally	are	unfriendly	to	the	environment,	and	thereby	have	
been	classified	as	persistent	organic	pollutants.2	Therefore,	it	is	
necessary	 and	 urgent	 to	 develop	 efficient	 methods	 and	
techniques	 to	 dispose	 them	 from	 the	 viewpoint	 of	
environment	 protection.	 Currently,	 several	 processes	 have	
been	 explored	 for	 the	 disposal	 of	 halogenated	 organic	
compounds,	such	as	incineration,3	microbial	or	photochemical	
degradation,4	and	catalytic	hydrodehalogenation,5	etc.	Among	
these	 methods,	 catalytic	 hydrodehalogenation	 has	 been	
recognized	 as	 an	 environmentally	 friendly	 and	 cost-saving	
procedure	 with	 non-destructive	 treatment.	 Various	 catalysts,	
including	 supported	 metal	 catalysts	 (e.g.,	 Pd,6	 Rh,7	 Au,8	 Ru,9	
Pt,10	 and	 Ni11)	 and	 transition	 metal	 complexes,12	 have	 been	
designed	 and	 used	 for	 the	 catalytic	 hydrodehalogenation	 of	
halogenated	 organic	 compounds	 with	 H2,

13	 NaBH4,
14	 formic	

acid	or	 formic	 salts,15	 or	 alcohols16	as	 the	hydrogen	 resource.	
Although	 good	 results	 have	 been	 achieved,	 it	 is	 highly	
desirable	 to	develop	more	environmentally	 friendly	 routes	 to	

overcome	some	drawbacks	of	the	use	of	organic	solvents	and	
the	low	activity.		

Simple	 inorganic	(e.g.,	sodium	chloride,	sodium	bromide,	
sodium	 sulfate,	 and	 sodium	 nitrate)	 and	 organic	 (sodium	
acetate)	 salts	 are	 abundant,	 non-toxic,	 and	 cheap.	 Their	
solutions	 have	 been	 found	 to	 be	 able	 to	 accelerate	 some	
organic	 reactions	 (i.e.,	 Diels-Alder	 cycloadditions,17	 Baylis-
Hillman	 reaction,18	Wittig	 reaction,19	 nucleophilic	 substitution	
reactions,20	 dehydration	 of	 fructose	 and	 cellulose	
depolymerization21)	 due	 to	 its	 influence	 of	 solvent	 pressure,	
hydrogen	 bond,	 hydrophobic	 hydration,	 and	 salting-
out/salting-in	 effects.22	 It	 has	 been	 reported	 that	 catalytic	
hydrodehalogenation	 of	 halogenated	 organic	 compounds	 can	
be	conducted	in	water,23	but	the	efficiency	need	to	be	further	
improved.	 Delighted	 by	 the	 enhancement	 effect	 of	 salts	 on	
organic	 reactions,	 we	 think	 that	 the	 aqueous	 solutions	 of	
sodium	 salts	 may	 be	 applied	 as	 an	 efficient	 media	 for	 the	
hydrodehalogenation	reactions.		

Herein,	catalytic	transfer	hydrodehalogenation	of	various	
aryl	halides	was	conducted	using	sodium	formate	(HCOONa)	as	
the	 hydrogen	 resource	 in	 saturated	 aqueous	 solutions	 of	
several	 sodium	 salts.	 It	was	demonstrated	 that	 the	 saturated	
salts	 aqueous	 solutions	 could	 affect	 the	 activity	 significantly,	
and	 sodium	 acetate	 (CH3COONa)	 showed	 the	 best	
performance.	 To	 the	 best	 of	 our	 knowledge,	 this	 is	 the	 first	
work	 on	 the	 use	 of	 saturated	 salts	 aqueous	 solutions	 as	 the	
reaction	media	in	the	catalytic	transfer	hydrodehalogenation.		

Initial	 experiments	 were	 carried	 out	 to	 evaluate	 the	
influence	 of	 concentrated	 or	 saturated	 aqueous	 solutions	 of	
sodium	 salts	 on	 transfer	 hydrodehalogenation	 of	 aryl	 halides	
with	 HCOONa	 as	 the	 hydrogen	 resource,	 and	 chlorobenzene	
was	used	as	the	model	reactant.	All	experiments	were	carried	
out	at	100	oC	by	using	commercial	Pd/C	as	the	catalyst	in	a	50	
ml	 round	 bottom	 flask,	 and	 the	 results	 were	 summarized	 in	
Table	 1.	 It	 is	 obvious	 that	 the	 effect	 of	 the	 used	 salts	 varied	
from	 different	 salts.	 Compared	 with	 the	 control	 experiment	
conducted	 under	 salt-free	 conditions	 (Table	 1,	 entry	 1),	
saturated	 aqueous	 solutions	 of	 CH3COONa	 or	 sodium	 sulfate	
(Na2SO4)	 could	 improve	 the	 transfer	 hydrodehalogenation	 of	
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chlorobenzene	 (Table	 1,	 entries	 2	 and	 3).	 However,	 salts	 like	
sodium	 chloride	 (NaCl),	 sodium	 bromide	 (NaBr),	 sodium	
carbonate	 (Na2CO3)	 and	 sodium	 nitrate	 (NaNO3)	 showed	
negative	effect	on	the	reaction	(Table	1,	entries	4-7).	Especially	
for	 sodium	 iodide	 (NaI,	 Table	 1,	 entry	 8),	 the	 reaction	 hardly	
happened	under	the	same	reaction	conditions	due	to	the	high	
poison	 of	 I-	 on	 the	 Pd/C	 catalyst.24	 For	 example,	 when	 a	
chlorobenzene	conversion	of	36.9%	was	achieved	without	any	
salts	 (Table	 1,	 entry	 1),	 a	 quantitative	 conversion	 would	 be	
produced	in	saturated	aqueous	solution	of	CH3COONa	(Table	1,	
entry	2)	while	the	chlorobenzene	conversion	was	only	4.8%	in	
NaI	aqueous	solution	(Table	1,	entry	8).	These	results	indicated	
that	 CH3COONa	 showed	 the	 highest	 improvement	 effect	 to	
transfer	 hydrodehalogenation	 of	 chlorobenzene,	 and	 the	
reason	 will	 be	 discussed	 in	 detail	 in	 the	 following	 sections.	
Therefore,	 we	 chose	 the	 saturated	 aqueous	 solutions	 of	
CH3COONa	for	further	experiments.	
	
Table	 1.	 Effect	 of	 saturated	 aqueous	 solutions	 of	 various	
sodium	 salts	 on	 transfer	 hydrodehalogenation	 of	
chlorobenzene.a	

Entry	
Salt	(saturated	

in	water)	
Percentage	

conversion	(%)b	
Yield	of	

benzene	(%)b	
1	 none	 37.6	 35.3	
2	 CH3COONa	 >99	 98.2	
3	 Na2SO4	 67.8	 67.4	
4	 NaCl	 36.9	 35.6	
5	 NaBr	 26.1	 25.1	
6	 Na2CO3	 25.4	 23.8	
7	 NaNO3	 15.3	 13.9	
8	 NaI	 4.8	 2.7	

aReaction	 conditions:	 chlorobenzene,	 5	 mmol;	 HCOONa,	 10	
mmol;	sodium	hydroxide,	1	g;	water,	5	g;	Pd/C	(5	wt%),	50	mg;	
salt,	 saturated	 amount;	 reaction	 temperature,	 100	 oC.	 bThe	
conversion	 of	 chlorobenzene	 and	 the	 yield	 of	 benzene	 were	
determined	by	GC	using	toluene	as	the	internal	standard.		
	

As	 an	 important	 reaction	 parameter,	 reaction	
temperature	 could	 affect	 the	 reaction	 significantly.	 We	
subsequently	examined	the	influence	of	reaction	temperature	
on	 the	 transfer	 hydrodehalogenation	 of	 chlorobenzene	 in	
saturated	aqueous	solution	of	CH3COONa	with	a	reaction	time	
of	 2	 h.	 Considering	 the	 boiling	 point	 of	 water,	 herein,	 we	
examined	the	influence	of	reaction	temperature	in	the	scale	of	
not	 higher	 than	 the	 boiling	 point	 of	 water,	 and	 the	 results	
were	 showed	 in	 Fig.	 1.	 It	 was	 found	 that	 the	 conversion	 of	
chlorobenzene	decreased	drastically	from	99.4%	to	9.7%	when	
temperature	changed	from	100	oC	to	40	oC.	Therefore,	100	oC	
was	 chosen	 as	 reaction	 temperature	 in	 our	 following	
experiments.	 Here,	 we	 should	 point	 out	 that	 the	 quality	 of	
CH3COONa	 in	 each	 saturated	 solution	 was	 different	 because	
the	 solubility	 of	 sodium	 acetate	 changed	 with	 the	
temperatures,	and	the	effect	of	CH3COONa	amount	would	be	
discussed	in	the	following	section.	

As	shown	in	Table	1,	CH3COONa	had	an	important	impact	
on	 the	 transfer	 hydrodehalogenation	 of	 chlorobenzene.	
Therefore,	 the	 influence	 of	 the	 CH3COONa	 amount	 was	

examined	(Fig.	2).	The	conversion	of	chlorobenzene	increased	
dramatically	 before	 the	 aqueous	 solution	 of	 CH3COONa	 was	
saturated.	When	the	solution	got	the	saturated	point	(8.5	g	in	
5g	 water),	 further	 increase	 of	 CH3COONa	 resulted	 in	 the	
decrease	of	the	conversion	of	chlorobenzene	and	the	yield	of	
benzene.	 This	 may	 be	 caused	 by	 that	 the	 solid	 CH3COONa	
particles	after	 the	 saturated	point	mixed	with	Pd/C,	and	 thus	
some	catalytic	active	center	was	embedded	by	the	CH3COONa	
particles,	 which	 could	 decrease	 the	 interaction	 opportunity	
between	 chlorobenzene	 and	 Pd/C.	 Therefore,	 the	 activity	
decreased	after	the	solution	was	saturated.	

	

	
Fig.	 1.	 Influence	 of	 reaction	 temperature.	 Reaction	 conditions:	
chlorobenzene,	5	mmol;	HCOONa,	10	mmol;	sodium	hydroxide,	1	g;	
water,	5	g;	Pd/C	(5	wt%),	50	mg;	CH3COONa,	saturated	amount.		

	

	
Fig.	 2.	 Effect	 of	 CH3COONa	 amount.	 Reaction	 conditions:	
chlorobenzene,	5	mmol;	HCOONa,	10	mmol;	sodium	hydroxide,	1	g;	
water,	5	g;	Pd/C	(5	wt%),	50	mg;	reaction	temperature,	100	oC.		
	

Delighted	 by	 the	 excellent	 performance	 of	 saturated	
aqueous	 solution	 of	 CH3COONa	 for	 transfer	
hydrodehalogenation	 of	 chlorobenzene,	 we	 conducted	
transfer	 hydrodehalogenation	 of	 other	 aryl	 chlorides	 in	 this	
novel	 reaction	media	 at	 100	oC	 (Table	 2).	 It	was	 obvious	 that	
the	 results	 for	 all	 the	 examined	 aryl	 chlorides	 were	 much	
better	 in	 saturated	 aqueous	 solution	 of	 CH3COONa	 than	 in	
pure	 water,	 indicating	 the	 important	 role	 in	 the	 transfer	
hydrodehalogenation	of	aryl	chlorides.	 In	all	experiments,	 the	
aryl	 chlorides	 were	 completely	 converted	 into	 benzene	
without	 by-products	 generated	 (Table	 2,	 entries	 1-8).	 More	
surprising,	there	was	no	1-phenylethyl	alcohol	produced	when	
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using	 3'-chloroacetophenone	 as	 the	 reactant	 in	 CH3COONa	
solution,	while	1-phenylethyl	alcohol	could	be	detected	in	pure	
water	(Table	2,	entry	9).	This	may	be	caused	by	the	 inhibiting	
effect	of	CH3COONa	on	the	transfer	hydrogenation	of	carbonyl	
groups.	 In	 order	 to	 prove	 this,	 we	 conducted	 the	 control	
experiments	 of	 transfer	 hydrogenation	 of	 acetatebenzene	 in	
CH3COONa	 solution	 and	 pure	 water.	 It	 was	 found	 that	 the	
reaction	 did	 not	 happen	 in	 the	 CH3COONa	 solution	 (Table	 2,	
entry	 10),	 suggesting	 the	 inhibiting	 effect	 of	 CH3COONa.	
Compared	with	phase-transfer	agents	(such	as	TBAB)25	on	the	
hydrodehalogenation	reaction,	the	saturated	aqueous	solution	
of	 CH3COONa	 showed	 much	 better	 selectivity	 to	 product	
(quantitative	 to	 benzene)	 and	 avoided	 the	 use	 of	 organic	
solvent	(CH3OH).	

Additionally,	we	found	that	transfer	hydrodehalogenation	
of	fluorobenzene,	bromobenzene	and	iodobenzene	could	also	
be	conducted	more	efficiently	in	saturated	CH3COONa	solution	
than	 in	 water.	 However,	 fluorobenzene	 (Table	 2,	 entry	 11)	
showed	much	lower	activity	due	to	the	high	bond	energy	of	C-
F,	 while	 bromobenzene	 (Table	 2,	 entry	 12)	 and	 iodobenzene	
(Table	2,	entry	13)	would	generate	biphenyl	as	the	by-product	
resulting	 from	 the	 high	 reactivity	 of	 bromobenzene	 and	
iodobenzene.	 It	 was	 also	 found	 that	 iodobenzene	 (Table	 2,	
entry	 13)	 need	 longer	 reaction	 time	 (3	 h)	 to	 complete	 the	
reaction	 due	 to	 the	 poison	 effect	 of	 the	 in-situ	 formed	 I-	 on	
Pd/C.	
	
Table	 2.	 Transfer	 hydrodehalogenation	 of	 various	 aryl	
chlorides	 in	 saturated	 aqueous	 solution	 of	 CH3COONa	 or	 in	
pure	water.a	

Entry	 Substrate	
(mmol)	 Prod.b	 tb	

(h)	

Yield(%)b	
With	

CH3COONa	
Without	

CH3COONa	

1	

Cl

	
(5)	

	
2	 98.2	 35.3	

2	
Cl

Cl
Cl

	
(1.7)	

	
6	 100	 21.4	

3	

Cl

Cl 	
(2.5)	 	

3	 86.9	 22.5	

4	

Cl

Cl 	
(2.5)	 	

3	 100	 44.9	

5	
Cl Cl

	
(2.5)	 	

3	 100	 37.1	

6c	
Cl

	
(5)	 	

6	 100	 15.9	

7	

Cl

NH2
	(5)	

NH2
	

2	 100	 12.9	

8	

O

Cl 		
(5)	

O

	
3	 100	 35.6	

9	
Cl

O

		
(5)	

O

	 2	

85.6	 25.5	

OH

	
0	 5.2	

10	

O

		
(5)	

OH

	
2	 0	 11.2	

11	

F

		
(5)	

	
2	 33.8	 0	

12	

Br

		
(5)	

	
2	

91.1	 18.6	

	

8.9	 0	

13	

I

		
(5)	

	

3	

58.5	 9.5	

	

36.3	 2.9	

aReaction	 conditions:	 HCOONa,	 10	 mmol;	 sodium	 hydroxide,	 1	 g;	
water,	 5	 g;	 Pd/C	 (5	 wt%),	 50	 mg;	 CH3COONa,	 8.5	 g;	 reaction	
temperature,	100	oC.	bThe	yield	of	benzene	was	determined	by	GC	
using	 toluene	 as	 the	 internal	 standard.	 Prod.	 =	 Product.	 t	 =	 Time.	
cThe	internal	standard	was	n-dodecane.	
	

As	 discussed	 above,	 saturated	 CH3COONa	 solution	
showed	 excellent	 promotion	 for	 the	 transfer	
hydrodehalogenation.	 There	 may	 be	 three	 reasons	 for	 this	
enhancement	of	CH3COONa	solution.	 Firstly,	 the	basicity	may	
attribute	 to	 the	 improvement	 effect	 because	 the	 solution	 of	
CH3COONa	 was	 basic.	 To	 confirm	 whether	 the	 improvement	
effect	was	 caused	by	basicity	or	not,	we	 conducted	a	 control	
experiment	 with	 5	 g	 sodium	 hydroxide	 added	 to	 get	 a	 high	
basic	environment.	However,	the	reaction	was	inhibited	with	a	
benzene	yield	of	only	4.2%	generated	in	the	presence	of	more	
sodium	hydroxide.	This	control	experiment	excluded	the	effect	
of	basicity	on	the	transfer	hydrodehalogenation.	Secondly,	the	
dissolved	CH3COONa	may	play	some	similar	role	of	surfactants.	
In	 saturated	 solution	 of	 CH3COONa,	 part	 of	 CH3COONa	
molecules	 located	 at	 the	 interface	 of	 substrate	 and	 water	
phase	 (Fig.	 3).	 The	 non-polar	 tail	 of	 acetate	 anion	 in	 the	
substrate	phase	may	enrich	the	concentration	of	the	substrate,	
while	 the	polar	part	of	acetate	anion	 in	 the	water	phase	may	
facilitate	the	transport	of	hydrogen	chloride	from	the	interface	
to	 the	 bulk	water	 phase,	which	 accelerated	 its	 neutralization	
with	sodium	hydroxide	 in	bulk	water	phase.	These	above	two	
effects	were	beneficial	for	the	reaction.	It	was	also	found	that	
the	 reaction	 in	 saturated	 solution	 of	 sodium	 propionate	
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(CH3CH2COONa)	 showed	 a	 faster	 reaction	 rate	 than	 in	
saturated	solution	of	CH3COONa.	Additionally,	 the	solution	of	
1-propanesulfonic	 acid	 sodium	 (CH3CH2CH2SO3Na,	 96.2%)	
showed	 better	 chlorobenzen	 conversion	 than	 the	 solution	 of	
methanesulfonic	 acid	 sodium	 (CH3SO3Na,	83.7%),	which	were	
both	higher	than	the	solution	of	NaSO4	(67.8%).	These	results	
proved	that	longer	side	chain	in	the	salts	was	beneficial	for	the	
transfer	hydrodehalogenation	of	chlorobenzen.	Therefore,	we	
concluded	 that	 CH3COONa	 indeed	 played	 similar	 role	 as	
surfactants	 to	 some	 extent.	 Thirdly,	 the	 dissolution	 of	
CH3COONa	 in	 water	 could	 increase	 the	 ionic	 strength	 of	 the	
solutions,	which	was	beneficial	 for	activating	the	C-Cl	bond	 in	
chlorobenzene	 through	 the	 interaction	 between	
chlorobenzene	 and	 solvated	 ions,	 and	 thus	 enhancing	 the	
transfer	 hydrodehalogenation.	 Through	 these	 discussions,	we	
assumed	 that	 the	 improvement	 effect	 of	 the	 CH3COONa	
solution	on	the	transfer	hydrodehalogenation	may	be	resulted	
from	 the	 surfactant-similar	 effect	 of	 CH3COONa	 and	 the	
activation	of	C-Cl	bond	by	the	dissolved	solvated	ions.	

	

	
Fig.	3.	Structure	of	acetate	at	 the	 interface	of	oil	phase	and	water	
phase.	

Conclusions	
In	 summary,	 saturated	 aqueous	 solution	 of	 CH3COONa	 was	
found	to	be	an	efficient	and	environmentally-friendly	reaction	
media	 for	 transfer	 hydrodehalogenation	 of	 aryl	 halides	 using	
Pd/C	as	the	catalyst.	For	various	aryl	chlorides,	there	was	only	
hydrodehalogenation	 reaction	 happened	 in	 the	 presence	 of	
other	 unsaturated	 groups	 in	 the	 CH3COONa	 solution.	
Meanwhile,	 the	 CH3COONa	 solution	 could	 even	 improve	 the	
reaction	 of	 fluorobenzene,	 which	 could	 not	 be	 conducted	 in	
pure	 water.	 Additionally,	 bromobenzene	 and	 iodobenzene	
could	 generate	 biphenyl	 as	 by-product	 due	 to	 the	 high	
reactivity	of	C-Br	and	C-I	bonds.	Detail	discussion	revealed	that	
the	 improvement	 effect	 of	 the	 CH3COONa	 solution	 on	 the	
transfer	 hydrodehalogenation	 was	 resulted	 from	 the	
surfactant-similar	effect	of	CH3COONa	and	the	activation	of	C-
Cl	 bond	 by	 the	 dissolved	 solvated	 ions.	 We	 believed	 that	
saturated	aqueous	solution	of	CH3COONa	could	be	applied	as	a	
novel	and	efficient	media	in	more	other	organic	reactions.	
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Graphical abstract 

 

 

Saturated sodium acetate aqueous solution could be applied as efficient and 

environmentally-friendly reaction media to accelerate transfer hydrodehalogenation of 

various aryl halides.  
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