
1115 Bull. Korean Chem. Soc. 2006, V o l. 2 7 , N o . 8 Communications to the Editor

C o m m u n ica tio n s

A Facile and Efficient Reduction of Nitroarenes with NiCh^HiO/Indium System

Jung Hwa Han, Jin Woo Choi, Kyung II Choi,十 Joong Hyup Kim,十 and Byung Woo Yoo*

Department of Advanced Materials Chemistry, Korea University, Jochiwon, Chungnam 339-700, Korea

* E-mail: bwyoo@korea. ac. kr

Biochemicals Research Center, Korea Institute of Science and Technology, Seoul 130-650, Korea

Received May 25, 2006

Key Words : N itro a ren e , A n ilin e , N ick e l ch lo rid e , In d iu m

A ro m a tic  am in es a re  v e rsa tile sy n th e tic  in te rm ed ia te s fo r

th e  sy n th es is o f  d y es , p h o to g rap h ic  m ateria ls , p h a rm aceu ti

ca l an d  ag ricu ltu ra l ch em ica ls . 1 T h ere  a re  a  w id e  v a rie ty  o f  

m eth o d s , w h ich  can  b e  u sed  to  co n v e rt a ro m a tic  n itro  g ro u p s

to th e ir co rre sp o n d in g an ilin e s. S o m e o f th em  in c lu d e  

C p 2T iC l2 /In ,2  A I/N H 4 C I,3 (N H 4 ) 2S O 4 /N aB H 4 ,4  2 V ； 7 V -d im e th y l 

h y d raz in e /fe rr ic ch lo rid e ,5 H I,6 S m /l2 ,7 I1 1 /N H 4 C I,8 B 4 H 1 0 / 

P d /C 9 an d C o 2 ( C O ) 8 /H 2 O .1 0 H o w ev e r, m o st m eth o d s s till 

la ck th e d es ired ch em o se lec tiv ity w h en o th e r red u c ib le

fu n c tio n a l g ro u p s a re p re sen t in th e n itro a ren e an d o ften  

w q c t t w 、  -urclearl ra■、，서4-incq c * 서--ic-n 1req u ire  p ro io n g ec i reac iio n o r n a rsn  ied cu o n  co n u i-

tio n s . R ecen tly , in d iu m  m eta l h as d raw n an in c rea s in g

a tten tio n  fo r its u n iq u e  p ro p e rtie s su ch  as lo w  to x ic ity  an d  

h ig h  s tab ility  in  w ate r  an d  a ir  co m p ared  w ith  o th e r  m eta ls .1 1 

In  co n tin u a tio n  o f  o u r  in te re s t o n  th e  ap p lica tio n s  o f  in d iu m  

reag en ts fo r v a rio u s tran sfo rm atio n s ,1 2 w e w ish  to rep o rt 

h e re  an  e ffic ien t an d  ch em o se lec tiv e  m eth o d  fo r th e  red u c 

h ig h ly  ch em o se lec tiv e  an d  m an y  sen s itiv e  fu n c tio n a l g ro u p s , 

su ch as -B r, -C l, — O H , — C O C H %  -C N , — O C H 3 , an d  

-C O O C 2 H 5 a re  u n a ffec ted  u n d e r  th e  reac tio n  co n d itio n s. I t 

w as w o rth co m m en tin g th a t th e sen s itiv e ca rb o n y l g ro u p  

rem a in s in tac t w ith o u t an y fu rth e r red u c tio n u n d e r th e  

reac tio n co n d itio n (en try 7 ). In ad d itio n , 4 -n itro p h en o l

Table 1. T h e  e ffec t o f  th e  m o la r  ra tio  o fN iC 1 2 * 6 H 2O  an d  in d iu m  to  

th e  su b s tra te s  o n  th e  red u c tio n  reac tio n

N itro b en zen e N iC l2 -6 H 2O In d iu m A n ilin e  y ie ld  (%)

1 1 1 4 5

1 1 2 5 6

1 1 4 9 5

1 1 .5 3 6 4

1 2 4 7 0

tio n  o f  v a rio u s  a ro m a tic  n itro  co m p o u n d s  to  th e  co rre sp o n d 

in g am in es b y  tre a tm en t w ith  N iC 1 2 -6 H 2 O /In (eq . 1 ). W e  

h av e  in v es tig a ted  th e  reac tio n s  o f  N iC L B H zO /in d iu m  sy stem  

w ith v a rio u s n itro a ren es an d fo u n d th a t th e red u c tio n s  

g en e ra lly  p ro ceed ed  w ith  h ig h  y ie ld s  an d  sh o w ed  se lec tiv ity  

o v e r  o th e r  lab ile  su b stitu en ts .

N iC l2 -6  H 2O /In

A rN O 2 ------------ -------------a A rN H 2

M eO H , r .t. 

so n ica tio n

1 2

(1 )

T h e h ig h  y ie ld s o f th e red u c tio n  p ro d u c ts an d se lec tiv ity  

o v e r  o th e r  lab ile  su b s titu en ts d em o n stra ted  th e  e ffic ien cy  o f  

th is n ew  m eth o d . T h e  n ew  red u c tio n  sy s tem  w as g en e ra ted  

b y  th e ad d itio n  o f  in d iu m  p o w d er to a s tirred so lu tio n  o f  

n ick e l ch lo rid e  h ex ah y d ra te  in  m eth an o l u n d e r so n ica tio n .1 2  

T h e e ffec t o f  th e  re la tiv e  am o u n ts o f  n ick e l ch lo rid e  h ex a 

h y d ra te  to  in d iu m  o n  th e  reac tio n  w as s ig n ific an t as can  b e  

seen in T ab le 1 . S o m e co n tro l ex p e rim en ts rev ea led th a t 

n itro a ren es co u ld  n o t b e red u ced  b y  n ick e l ch lo rid e h ex a 

h y d ra te  o r  in d iu m  a lo n e  u n d e r  th e  reac tio n  co n d itio n . T ab le  

2 illu s tra te s th e g en e ra lity an d th e sco p e o f th is reag en t 

sy stem . F ro m  th e  T ab le  2 , w e  co u ld  see  th a t  th is  m eth o d  w as

Table 2. R ed u c tio n o f n itro a ren es to a ro m a tic am in es w ith  

N iC l2 -6 H 2O /In a

E n tr  

y

S u b s tra te P ro d u c t”
R eac tio n  

tim e  (h rs )

Y ield

(% ) c

1 C 6 H 5 N O 2 c 6h 5n h 2 1 .5 9 5

2 P -C H 3 C 6 H 4 N O 2 P -C H 3 C 6 H 4 N H 2 3 .0 8 8

3 P -H O C 3 H 4 N O 2 P -H O C 3 H 4 N H 2 2 .0 8 5

4 p -B rC 6H 4N O 2 p -B rC 6H 4N H 2 2 .0 9 2

5 秫-B 1 C 6 H 4 N O 2 m -B rC 6H 4N H 2 2 .0 9 0

6 p -c i c 6h 4n o 2 p -c i c 6h 4n h 2 1 .5 9 4

7 O -C H 3 C O C 6 H 4 N O 2 O -C H 3 C O C 6 H 4 N H 2 3 .0 9 5

8 p -E tO O C C 6H 4N O 2 p -E tO O C C 6H 4N H 2 1 .5 8 6

9 O -C H 3 O C 6 H 4 N O 2 O -C H 3 O C 6 H 4 N H 2 3 .0 8 2

/C l /C l

1 0 C H 3 - 〈 〉 N O 2 C H 3 - 《 〉 N H 2 2 .0 8 4

z B r z B r

1 1 如3-0吟 C H 3 - 《 〉 N H 2 2 .0 9 2

1 2 N C C H 2 -O 1 N 0 2 N C C H 2-< ^ 1 N H 2 1 .5 9 1

“A ll th e  reac tio n s  w ere  ca rried  o u t  u n d e r  so n ica tio n . "A ll iso la ted  am in es  

w ere  fu lly  ch a rac te riz ed  b y  sp ec tea l an a ly s is . 《 Iso la ted  y ie ld .
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p ro ceed ed  su ccessfu lly  w ith  th is  red u c tio n  sy stem  (en try  3 ). 

F u rth e rm o re , th is p ro ced u re sh o w ed  rem ark ab le se lec tiv ity  

to g iv e th e an ilin e s w itk )u t an y fu rth er d eh a lo g en a tio n  

(en try  4 , 5 , 6 , 1 0  an d  1 1 ). T h e  w id e  ch em o se lec tiv ity  o f  th e  

reac tio n an d th e m ild reac tio n co n d itio n s sh o u ld b e  

sy n th e tic a lly  u se fu l A fter  sc reen in g  th e  reac tio n  co n d itio n s, 

m eth an o l h as  b een  fo u n d  to  b e  th e  m o st su itab le  so lv en t fo r  

th e reac tio n in  te rm s o f  reac tio n  tim e an d  y ie ld ? 3 A ll th e  

co m p o u n d s o b ta in ed  sh o w ed  IR , N M R  an d  m ass sp ec tra l 

d a ta  co m p a tib le  w ith  th e  s tru c tu re . T h u s , w e  h av e  b een  ab le  

to  d em o n stra te  th e  u tility  o f  eas ily  accessib le  N iC E 6 H zO /In  

sy stem  as  a  co n v en ien t reag en t fo r  e ffec tin g  ch em o se lec tiv e  

red u c tio n  o f  n itro a ren es . A lth o u g h th e ro le o f  n ick e l (II)  

ch lo rid e  h ex ah y d ra te  is  s till  n o t  c la rif ied , it  w as  assu m ed  th a t 

red u c tio n  o f  n ick e l (II) ch lo rid e  w ith  in d iu m  p ro v id ed  lo w -  

v a len t n ick e l,  w h ich  m ig h t b e  red u c in g  th e  n itro a ren es 1 to  

g iv e th e co rre sp o n d in g am in es 2 . T h e red u c in g p ro pe rty  

ex h ib ited b y m eta l-m e ta l sa lt co m b in a tio n s p ro ceed s  

th ro u g h  tran sfe r  o f  o n e  e lec tro n  fro m  th e  m eta l  su rface  to  th e  

su b s tra te . In  su ch  co m b in a tio n s  e lem en ta ry  m eta l  p a rt n eed s  

to  b e  m o re  e lec tro p o s itiv e th an  th e  m eta l p a rt o f  th e  sa lt? 4  

A n o th e r im p o rtan t asp ec t o f  m eta l-m e ta l sa lt co m b in a tio n s  

is th e  red u c tio n  p o ten tia l d ifferen ce  o f  N i+ 2 /N i (E °  =  -0 2 3 6  

V ), In + 3 /In  (E °  =  -0 3 3 8  V ) o n  w h ich  ac tiv ity  as w ell as  

reac tiv ity  o f th e se reag en ts d ep en d . W e b e liev e th a t th e  

p re sen t p ro ced u re u sin g N iC E 6 H zO /In sy s tem  p ro ceed s  

th ro u g h  a  s in g le  e lec tro n  tran sfe r  (S E T )  p ro cess. T h e  n o tab le  

ad v an tag es o f  th is  m eth o d o lo g y  a re  m ild  reac tio n  co n d itio n , 

read ily  av a ilab le an d  in ex p en s iv e  reag en ts , h ig h  y ie ld , an d  

to le ran ce  o f  v a rio u s  fu n c tio n a l g ro u p s.

In  co n c lu s io n , w e  h av e  d em o n stra ted  th a t th is p ro ced u re  

u s in g  N iC E 6 H zO /In  sy stem  p ro v id es  a  u se fu l a lte rn a tiv e  to  

th e o th e r p re sen tly  u sed  p ro ced u res s in ce  th e  red u c tio n  o f  

a ro m atic n itro co m p o u n d s p ro ceed s ex p ed itio u이y  an d in  

h ig h  y ie ld s u n d e r  m ild  co n d itio n s . F u rth e r in v estig a tio n s  o f  

N iC h B H zO /In  sy s tem  as  red u c in g  ag en t in  o rg an ic  sy n th es is  

a re  cu rren tly  in  p ro g re ss .
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