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A hydroquinone based palladium complex [Pd(H2L)(Cl)2] (1), 

acts as an efficient room temperature catalyst for reduction of 

nitroarenes in water as solvent. 1 also acts as a tandem 

catalyst for Suzuki-Miyaura cross coupling in ethanol 

followed by reduction of nitroarenes in one pot with a loading 10 

of 0.25 mol% catalyst. 

Palladium based catalyst are well known in literature for their 
efficiency in a wide spectrum of coupling reactions and reduction 
of various functionalities.[1] Such catalytic reactions are of 
importance for their use in various industrial applications 15 

spanning from pharmaceuticals to polymers or syntheses of 
natural products, dyes.[2] Aryl amine derivatives are very 
important intermediates in syntheses of many of the above using 
nitroarene precursors.[3] Room temperature reduction of 
nitroarenes is advantageous since there are compounds which are 20 

susceptible to degradation when heated during reduction. Several 
transition metal based catalysts are known to perform reduction 
of nitroarenes.[4] Most metal catalyzed nitro reduction reactions 
require higher temperatures,[4f, 5] hydrogen gas,[3b, 6]   or use of 
expensive hydride source like silanes.[4b, 5e, 5g, 7] Among the most 25 

recent ones the work of Beller and co-workers used a Fe-
phenanthroline catalyst (1.0 mol %) at 100°C in THF with four 
molar equivalent hydrazine as the hydrogen source for efficient 
and very selective reduction of nitroarenes.[5b] However, metal 
complexes that reduces nitroarenes at room temperature are 30 

scarce (Table 1). Most of such catalysts are nano particles (Table 
1). Hence performing the nitroarene reduction in a green solvent 
like water at room temperature with a discrete metal complex is 
challenging. Very few catalysts perform the reduction of 
nitroarenes at room temperature with water as the solvent (Table 35 

1) viz. Zn-dust (10 eq.) in surfactant (TPGS-750M) water 
mixture[8] and the ionic liquid based PVDF-[C6(mpy)2][NiCl4]22 
(5 mol %) catalyst[9]. 
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and Research Kolkata, Mohnapur campus,Mohanpur-741252, India. Fax: 
+91 33 25873020; E-mail: a.mukherjee@iiserkol.ac.in 
† Electronic Supplementary Information (ESI) available: general 
synthesis procedure of ligand and metal complex, charecterization data, 
single crystal X-ray data of 1, CCDC 996012, NMR spectra, complete 45 

optimization data of catalytic reaction, standered procedure of catalysis, 
mechanism of catalytic cycle, table of Suzuki-Miyaura Cross coupling 
reaction.  See DOI: 10.1039/b000000x/ 
‡ The authors pay equal contributions to this work. 

are needed in less amounts, are less toxic to environment are of 50 

high interest for their potential applications.[10] Such catalysts are 
air stable, efficient, economically viable and hence greener. The 
hydroquinone ligand used in this work is synthesized in a single 
step and is stable. The Palladium catalyst is active in lesser mol% 
without a phosphine or carbene ligand. To the best of our 55 

knowledge the use of hydroquinone in nitroarene reduction is not 
known. 

Table 1. Selected data on literature reported transition metal catalysed 
nitro reduction at room temperature. 

Sl.  
No. 

Catalyst t Mol% H-source  
and Other  
additive 

Solvent 
 

Ref 

1 Fe-NPs  2-3 h 300 water  water [4a] 
2 Au-NPs  10 min- 

24 h 
0.5 TMDSa (4.5 

eq)b 
ethanol [4b] 

3 NAP-Mg–
Au(0)c  

1 min-4 
h 

d NaBH4 (47 eq.)e water 
 

[4d] 

4 Pd/C  7 h 2.5 H3PO2 (1 eq.), 
NaH2PO2 (3 

eq.) 

2-MeTHF 
and water 

[4e] 

5 Pd-polymer   2 h 0.2 H2-1 atm, KOH 
(0.1 mol/L) 

ethanol 
 

[6c] 

6 Si-supported 
Pt 

0.5-2 h 0.5–1.0 H2-baloon methanol [6d] 

7 Co–Co2Bf  10-50 
min 

 g NaBH4 (4 
eq)/N2H4  
( 0.25 ml/ 

mmol) 

methanol: 
water 

[11] 

8 Ni–PAMAM–
PVAm/SBA-

15h 

2 h 
 

- NaBH4 (3 
equiv) 

water [12] 

9 Pd(OAc)2  30 min 5 PMHSi (3-5 eq), 
KF (2 eq) 

THF [7b] 

10 PVDF-
[C6(mpy)2 
][NiCl4]22 

j 

<15 min 5 NaBH4 (8 eq.) water [9] 

11 Au/TiO2 NPs  30 min 0.1 NH3BH3 (1.5 
eq.) 

ethanol [13] 

12 Zn-dust 1-4 h k NH4Cl(2eq.),  
TPGS-750-Ml 

water [8] 

a TMDS = 1,1,3,3-Tetramethyldisiloxane. b Argon atmosphere. c NAP = 
Nano Active™ Magnesium Oxide Plus.  d 75 mg per mol of substrate. e 
Nitrogen atmosphere. f nanocomposite. g used 20 mg/mol of substrate. h 
PAMAM–PVAm/SBA-15 = polyamidoamine – Polyvinylamine/ 
Mesoporous silica catalyst-0.1 g/mol of substrate. i PHMS = 
Polymethylhydro-siloxane.  j PVDF = polyvinylidene fluoride, mpy = 3-
methylpyridinium. k 10 equivalent.  l TPGS-750-M = DL-α-Tocopherol 
methoxypolyethylene glycol succinate solution. 
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The reaction between a pyrazole derivatized hydroquinone ligand 
H2L and PdII(MeCN)2Cl2 in acetonitrile under reflux condition 
led to formation of complex 1 which was further purified by 
crystallization from acetonitrile solution (Scheme 1). The single 
crystal X-ray diffraction showed the complex crystallizes in 5 

orthorhombic, space group Cmc2(1). The N atoms from the two 
pyrazoles chelate to the PdII forming a seven membered ring and 
the remaining two coordination sites of the PdII are satisfied by 
two chloride ions. The two Pd-N bond distances are ca. 2.024 Å 
with an angle of ca. 85.5°. 1H NMR of the complex indicate that 10 

the complex is pure and supports that the solution structure is 
same as in the solid state where the Pd is coordinated via the two 
pyrazole nitrogen and the hydrogens of the two –OH groups of 
hydroquinone are visible in the 1H NMR spectra. 
 15 

 
 
 
 
 20 

 
 
 

Scheme 1. Synthetic methodology of 1 along with x-ray crystal structure 
displaying 30% probability thermal ellipsoids. All hydrogen atoms and 25 

solvent molecules are omitted for the sake of clarity. 

The catalytic activity studies of 1 towards the reduction of 
aromatic nitro compounds showed the catalyst to be a promising 
candidate. After optimization (Table S3-S5, Supporting 
Information) it was found that with 0.25 mol % of catalyst at 30 

room temperature in water would provide with excellent isolated 
yield. Hence we probed the aromatic nitro reduction reactions 
with various substrates (Table 2) containing different functional 
group and found good efficiency and selectivity towards both 
aromatic and hetero aromatic nitro compounds. Most of the nitro 35 

substrates used are barely soluble in water but as the reaction 
proceeds they become soluble once converted to the respective 
amine. The progress of the reduction of 4-nitrobenzonitrile 
reaction was monitored by 1H NMR study in D2O at 25°C (Figure 
S3, Supporting Information) with catalyst 1, where we found the 40 

increase in product concentration, with respect to 1,4-dioxane 
used as standard, with increase in time, using 0.25 mol% catalyst. 
The NMR spectra also show the appearance of two peaks at 7.15 
and 7.67 ppm due to the formation of hydroxylamine as an 
intermediate, which vanishes with time (Figure S3). It should be 45 

noted that the nitroarene reduction conditions used may also 
generate nanoparticles of Pd in solution although quantitative 
conversions were obtained using stoichiometric NaBH4. Hence to 
understand the importance of the ligand we studied the catalysis 
with other most common palladium substrates viz. Pd(OAc)2, 50 

PdCl2 and Pd(MeCN)2Cl2
 only without the ligand H2L keeping 

other reaction conditions same (Table S6, Supporting 
Information). If only Pd is responsible for catalysis we would 
obtain similar yields in the nitroarene reduction. Ethanol was 
used as solvent since the palladium complexes used were better 55 

soluble in ethanol. Hence, the comparison would be more 
accurate in ethanol and the nitroarene reduction is equally 
efficient in ethanol. We found that using upto 1 mol% of the 

above three compounds the nitroarene reduction yield was less 
than 40% in 6 h whereas for the same substrate the 60 

[Pd(H2L)(Cl)2] (1) gave complete conversion to aryl amine in ca. 
10 min emphasizing the efficiency of 1. 
 A careful look at Table 2 shows that with bromo or iodo 
substituted nitroarenes, the reduction reaction is coupled with 
dehalogenation. This indicated the probability of Suzuki-Miyaura 65 

cross-coupling by 1 where the dehalogenation is a part of the 
mechanistic step (Scheme S1, Supporting Information). The 1H 
NMR of the reaction between iodobenzene and NaBH4 in 
presence of 1 showed that the formation of a single peak at 7.32 
ppm corresponding to the formation of benzene by 70 

dehalogenation of iodobenzene. There is also a weak signal at -17 
ppm which might be due to the presence of a transient Pd-H 
intermediate[14] (Figure S1-S2, Supporting Information) 
indicating the role of Pd in dehalogenation during the reduction 
reaction. However, a direct hydride attack at the Pd bound 75 

benzene ring also cannot be excluded. The NMR shows that most 
of the substrate is converted to dehalogenated product by the time 
we recorded the NMR spectra (5-6 min). Hence this catalyst has 
potential for dehalogenation and reduction in a single pot when 
the halogen atoms attached to the nitro arene is a bromine or 80 

 
 
 
 
 85 

 
 
 
 
 90 

 
 
 
 

Scheme 2. Representative dehalogenation and nitroarene reduction 95 

mechanism of 1-bromo-4-nitrobenzene as a model substrate (Detailed 
mechanism in supporting information). 

iodine. A nitroarene reduction mechanism involving Pd-H 
intermediate may be as proposed in Scheme 2 (more details in 
S2) which also takes into account the simultaneous 100 

dehalogenation. The mechanism is also supported by the 
literature knowledge of the transformation of quinone to 
hydroquinone in presence of hydride.[15] In presence of sodium 
borohydride the quinone PdII complex 1 is reduced to a 
hydroquinone PdII complex which further changes to a quinone 105 

Pd0 complex and donates two electrons to the 
substrate/intermediate to perform two electron reduction in each 
step and the hydrogens are coming from solvent. After each step 
the quinone PdII complex 1 is reformed and the cycle continues. 
Hence, NaBH4 helps recycle the catalyst whereas the Pd centre 110 

donates electron to the substrate and consecutive intermediates 
helping the 6e- catalytic reduction (Scheme 2 and S2). The chloro 
substituted substrates were not dehalogenated under similar 
conditions which reflect that it may be possible to impart 
selectivity of dehalogenation due to lower activity of the catalyst 115 

towards dehalogenation of chloro group. Since we found that the 
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catalyst has possibility in Suzuki –Miyaura cross-coupling we 
probed it for the same as that would open a possibility of tandem 
catalysis using the same catalyst. The literature data suggested 
that a catalyst that would perform both Suzuki-Miyaura (with aryl 
halides and phenylboronic acids) and reduction of nitroarenes in a 5 

single pot in two consecutive steps in room temperature is not 
known. 
The study of catalytic activity of 1 towards Suzuki-Miyaura cross 
coupling reaction was initially done with 4-bromoanisole which 
showed complete conversion with 0.5 mol% of catalyst. 10 

Following which the conditions were standardised varying the sol 

Table 2. Reduction of aryl nitro compound catalyzed by 1.a 

-vent (Table S7, Supporting Information), base (Table 
S8,Supporting Information) and catalyst loading (Table S9, 
Supporting Information) using the same halide substrate and 15 

phenylboronic acid. We found that ethanol and K2CO3 are the 
best solvent and base and only 0.25 mol% catalyst loading can 
successfully convert reactants to product within 1 - 4.5 h at room 
temperature using a green solvent like ethanol (with other 
substrates, Table S11, Supporting Information). It is well known 20 

that the palladium has to reduce to the Pd0 state to perform the 
catalytic cycle of Suzuki-Miyaura cross-coupling, here the 
hydroquinone ligand would be useful since the it is capable of 
undergoing two electron oxidation. Hence, the mechanistic steps 
proposed take this into account (Scheme S1, Supporting 25 

Information). 
 We attempted one pot tandem type catalysis to synthesize 
biaryl amines from nitro substituted aryl halide using 1. 0.25 
mol% of 1 was loaded at the beginning of the C-C bond coupling 
reaction along with an aryl halide and phenylboronic acid in 30 

presence of K2CO3 and following the completion of C-C bond 
coupling monitored by silica gel TLC, NaBH4 was added as 
hydrogen source without adding any more catalyst and the biaryl 
amines were isolated in more than 97% yield of the desired 
products (Table 3). 35 

Table 3. One pot tandem catalytic reaction of aryl nitro halide compound 
catalysed by 1.a 

Conclusions 

In conclusions, we have presented well characterized, easy to 
synthesize air stable hydroquinone based palladium complex 1 40 

which shows promising activity towards reduction of nitro arenes 
in presence of other functionalities like nitriles. The amount of 
catalyst required is low (0.25mol%) and moreover the same 
catalyst is also capable of C-C cross coupling followed by 
reduction of nitroarenes in one pot without any further catalyst 45 

addition which renders it suitable as a Tandem catalyst for the 
above purpose. Finally, for halide substrates the catalyst may 
have potential for simultaneous dehalogenation and nitro 
reduction if the halides are bromine or iodine. The potential of the 
catalyst warrants further work with a wider spectrum of substrate 50 

to check upon its functionality tolerance and use of the 
dehalogenation reaction for other possible substitutions along 
with detailed mechanistic studies. 
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Notes and references 

Ar
NO2

Pd-catalyst

NaBH4 , Water

27 oC

Ar
NH2

 

Entry Substrate Product Isolated Yieldb 
(%) 

Time 

(h) 

1 
        

NO2

        

NH2

 
98 0.42 

2 
  

NO2

HO   

NH2

HO  
98 0.67 

3 
  

NO2

NC   

NH2

NC  
98 0.17 

4  
  

NO2

Br         

NH2

 
98 0.5 

5  

       I

NO2

 
       

NH2

 
98 0.33 

6 

       

NO2

NO2

Cl         

NH2

NH2

Cl  

99 0.25 

7 

           

N

NO2  
      

N

NH2  

98 0.42 

a Reaction conditions: 1.0 mmol nitro benzene, 4.0 mmol sodium 
borohydride, 0.25 mol% catalyst 1, water, 27 oC. b Isolated yields were 
reported after column chromatography. 

X

+

B

OH

OH

1) Pd-catalyst (0.25

mol %), K2CO3,

ethanol, 27 oC

2) NaBH4, 27
o
CR R

X = halide  
R X Product Isolated Yieldb 

(%) 

p-NO2 I 

H2N  

98 

m-NO2 I 
H2N

 

98 

p-NO2 Br 

  H2N  

97 

a Reaction condition: 1.0 mmol aryl nitro halide, 1.5 mmol phenylboronic 
acid, 3 mmol K2CO3, 0.25 mol% catalyst 1, ethanol at 27 oC; Followed by 
addition of 4 mmol NaBH4 in the same pot, 27°C. b Isolated yields were 
reported after column chromatography. 
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