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Catalyt ic  s y s t e m s ,  composed of a ca ta lys t  and a compound that r e spec t ive ly  function as an H 2 ac t iva to r  
and an e l e c t r o n - t r a n s f e r  agent ,  inc rease  both the ra te  and specif ic i ty  of reducing ni t robenzene [1-3]. As the 
e l e c t r o n - t r a n s f e r  agent it is expedient  to use  Ce complexes  [4, 5] with organic  l igands.  In [6] it was  shown 
that  Pd/C and Pt /C,  containing 1% of the me ta l ,  a r e  mos t  effect ive as the H 2 ac t iva tor  for  the reduction of NO 2 
groups.  

The hydrogenat ion of a r o m a t i c  ni t ro  compounds on 1% Pd/C in the p r e sence  of Ce complexes  with organic  
ligands was studied in the p re sen t  pape r  (Table 1); Ce complexes  were  not used p rev ious ly  in s im i l a r  p r o -  
c e s s e s .  

As a ru le ,  the addition of Ce complexes  to a catalyt ic  s y s t e m  inc rea se s  the ra te  of hydrogenat ing C6H5NO 2 
when compared  with 1% Pd/C (Fig. 1). The complexes  with n i t r i lo t r imethylphosphonic  acid (III) and (IV) e x -  
hibit  the highest  ac t iv i ty ,  in whose p r e s e n c e  the initial hydrogenat ion ra t e  i n c r e a s e s  threefold.  

An inc rease  in the t e m p e r a t u r e  affects  the ra te  of H 2 absorpt ion.  Thus ,  for  1% Pd/C + (III) a change in 
the t e m p e r a t u r e  f r o m  25 to 50~ doubles the reduct ion ra te  dur ing the absorp t ion  of the f i r s t  mole of H 2. 

In a neut ra l  or  weakly acid medium the NO 2 group is usual ly  reduced in the following sequence:  
H, H~ H2 

C6HsNO~ - - ~  C 6 H s N O  - - -*  C6HsNHOH --~ CsHsNH~ 

In the hydrogenat ion CcqsNO2 on he terogeneous  Pt  and Pd ca ta lys t s  the n i t rosobenzene (NSB) and phenylhy-  
droxylamine (PHA) do not accumula te ,  and instead they a re  reduced to aniline as  fas t  as they a re  formed.  

In the p re sence  of complexes  (II), (VI), and (VII) the amount of PHA af te r  the absorpt ion  of 2 moles  of 
H 2 is 36-40%; with fu r the r  hydrogenat ion the PHA is conver ted  to aniline. The coordination of Ce with the oxy-  
gen of the OH group is cha r ac t e r i s t i c  for  the enumera ted  complexes .  In the case  of phosphonates (III)-(V) the 
fo rmat ion  of PHA af ter  the absorpt ion  of 2 moles  o f H  2 iS not obse rved ,  and the hydrogenat ion p roceeds  to aniline. 
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Fig. 1. Hydrogenat ion of n i t r o -  
benzene in p r e sence  of cata lyt ic  
s y s t e m s :  1) 1% Pd/C; 2) 1% Pd/C 
+ (II); 3) 1% Pd/C +(I I I ) ;  4) 1% 
Pd/C + av) .  
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TABLE 1. Hydrogenation of C6I-IsNO 2 in Presence  of Catalytic Sys-  
tems  That Contain Ce Complexes (1% Pd/C, H 2 = I aim, and so l -  
vent = 2:1 e thano l -wa te r )  

C om-  
pound Ce complexes Ligand Vinit' PHA,* % 

ml/min 

(I) 2,8 io 

(U) 

(HI) 

(iv) 

(v) 

(vI) 

( wD 

(VIII) 

(Ix) 

(x) 

H ydroxyethyliminodiacetate 
[ce (HA) 2]NO..4H~O'~ 

o- Hydroxyphenyliminodiace- 
tate . .  - - 

ICe (CioHsO~N) ~] NO,'2H~O $ 

HO--CII.-CH.-- 
CH~COOH 

_N / \ 
CH~C00H 

CH~COOH 
/ 

HO-C,H4--N 
�9 5 , 0  

Nitrilotrimethylphosphonate 
(polynuclear) 
[Ce2 (HA)']NO3i5Hz0 
Nitrilotrimethylphosphonate 
(mononuclear) 
Ce (H~A) "5H20 
Glycinebis methylphosphonate 

\ 
CH,COOH 

/CH~P0~H2 6.0 
N--CH~PO~H2 

\ 
CH,PO3I-I, 

/CH~PO,H2 6.5 
N--CH~PO~Hz 
\ 
CH~P03Hz 

CHzPO3H2 4.8 
Ce(HzA).4H20 

p-Aminosalicylate 
CeA3-HzO 

p-Aminobenzoate 
CeAvHzO 
Diethylmalonate 
Ce2Av4H~O 

Diethylmalonate (acid) 
CeHA~-H20 

3-Amino-5-sulfosalicylate 
CezAv t3HzO 

/ 
HOOC--CH~--N \ 

CH,PO,Hz 
OH 

i 

z2--% HOOC--\ /--NH2 = 

H~C~ COOH 
\ c  / 
/ \  

tt,C~ COOI:I 
HsC~ COOH 

HsC~ / \COOH 
OH NH~ 
\ ( 

\ 
so, 

3,8 

2,2 

t,9 

3,5 

4,0 

4@ 

t6 �84 

37,ff 

37,6 �9 

30 

t6 

PHA = phenylhydroxylamine.  The other  product  is aniline. The c o m -  
position of the products  is given af ter  the absorption of 2 moles of H 2. 
SHn A is the acid moiety of the ligand; the s t ruc ture  of the complexes 
is d iscussed  in [7]. 
SThe ligand re ta ins  the betaine r ing in the complex. 

To ascer ta in  the effect  of the nature and position of the substituents in the benzene r ing on the hydro -  
genation rate a study was made of the reduction of the i somer ic  n i t ro tohenes ,  dini t robenzenes,  nitrophenol,  
ni troanil ine,  and ni trobenzoic acid (Table 2). 

The inser t ion of a substituent in the nitrobenzene molecule has pract ical ly  no effect  on the reduction rate 
in the p resence  of 1% Pd/C (Fig. 2, curve 1). On the catalytic sys tem 1% Pd/C + (HI) the nitrobenzene de r iva -  
t ives with e l ec t ron-accep to r  substituents a re  reduced at a fas te r  rate than nitrobenzene. The presence  of e lec-  
t ron-donor  groups leads to a decrease  in the reduction ra te :  p-NO2, p-COOH, p-OH > H > o-CH3, m-CH3, 
p-NH2, p-C1. A l inear  relat ion exists between the absorption ra tes  of H 2 during the hydrogenation of n i t ro-  
compounds and the corresponding Hammett  constants [8] (see Fig. 2). 

E X P E R I M E N T A L  

The synthesis  of complexes (I)-(V), (VII), (VIII), and (IX) was described in [7, 9-11]. Complexes (VI) 
and (X) were  obtained by pouring together water  solutions of equivalent amounts of the ammonium (sodium) 
salt  of the appropria te  acid and soluble Ce salt  at pH 5-6. The complexes crysta l l ized on standing for  severa l  
days. Their  s t ructure  was confirmed by the elemental  analysis  and IR spectroscopy data. 

Ce p-Aminosal icyla te  (VI). Found: C 41.09; H 3.26; N 6.69; Ce 22.61%. C21H18N3OgCe. Calculated: 
C 41.04; H 3.25; N 6.84; Ce 22.81%. Inf rared  spect rum (v, cm-1): 3480, 3380 (NH2) , 1510, 1420 (CO0-). 
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TABLE 2. Effect  of Nature  and Pos i t ion  of Substituent on 
Catalytic Reduction Rate  of Nitro Group [1% Pd/C +(IID, 
25 ~ H 2 = 1 a tm,  and solvent = 2 : 1  e thano l -wa te r ]  

Nitro compound vinit, Hydrogenation 
ml/min products 

Nitmber~cnc 
p-Nitmtoluenc 
o-Nitzotoluenc 
m-Nitmtoluene 
p-Dinitmbenzene 

m-Dinitrobcnz~nc 
p-Nitmanilinc : 
p-CblomnitmbcnT_~n~ 
p-Nitmphenol 
p-Nitrobcnzoic acid 

6.0 
6.0 
4.5 
5.0 
7.0 

6.5 
3.0 
2.6 
%0 
7.0 

Aniline 
p-Toluidinc 
o- Toluidinc 
m-Toluidinc 
m-To~lylhydmxylaminr 

p-Pb_enylcnsdiamin~ 
m-PhcnY1~nediaminc 
p-Phc~lenediamine 
Aniline: p-chlomanilin/e 
p-Aminophcnol 
p- Aminobcnzoic acid 

- ' a  p-coo~ P - N~ 2 

0,8 - ~ ,  
- ~ ~  '~ ~ ~_2__J 

~ 0  - ~  p-~.H...Z H m-OH3 p -C t  p-COOH p - N O  2 

i f i i I i ~ i i r r 1 i F T ~ _  

-0,6 -0,2 0,2 0,6 O 

Fig. 2. Relation between logari thm of r e -  
duction ra te  of n i t ro  compounds and co r -  
responding Hammet t  constants:  1) 1% Pd/  
C; 2) 1% Pd/C + (HI). 

Ce-3-Amino-5-su l fosa l i cy la te  (X). Found: C 21.27; H 3.70; S 7.64; Ce 22.80%. C21HisN3018S3Ce2. Cal-  
culated: C 20.88; H 3.40; S 7.95; Ce 23.20%. Infrared spec t rum (v, cm-1): 3460, 3400 (NH2) , 1522, 1540 (CO0-),  
1160, 1050 (SO3). 

The hydrogenation was run in a thermostated "duck" (hydrogenation vessel) with vigorous stirring. Due 
to the low solubility of the Ce complexes in aqueous alcohol (2:1) we used saturated solutions that contained 
0.15- 10 -4 - 0.5- 10 -5 mole of the complex. In each experiment we used 0.2.10 -4 - 0.8.10 -5 g-atom of pal- 
ladium (1% Pd/C), 0.2.10 -2 mole of nitro compound, and 30 ml of solvent. 

The products were identified by TLC (using Silufol plates and the following mixtures as eluants: benzene- 
cyclohexane-ether; benzene-ethanol; heptane-acetone). The amount of PHA was determined by potentio- 
metric titration as described in [6]. 

CO N C L U S I O N S  

Effective catalyt ic  sys tems  were  developed for  the reduction of a romat ic  ni t ro  compounds, which con- 
s i s t  of a heterogeneous palladium catalyst  and cer ium complexes with organic  ligands. 
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The nucleophflic addition of Grignard reagent  (CH3MgI) to the c i s -  and t r ans -4 -ca ranones  proceeds  at 
the C=O group predominant ly  in the t rans  position re la t ive  to the cyclopropane r ing (CPR) and is de termined 
by the shielding effect  of the 8-CH 3 group, which hinders  approach of the nucleophile f rom the/%side [1]. In 
c i s -4 -ca ranone  both s t e r i c  fac tors  (8- and I ~ - C H  3 groups) act  in one direct ion,  while in t r ans -4 -ca ranone  (8- 
and 10~-CH 3 groups) they act in opposite di rect ions .  As a continuation of these studies it seemed of in teres t  
to study the react ion of CH3MgI with hydroxy-subst i tu ted  4-caranones  in o rder  to asce r ta in  the effect  of the ad-  
ditional s t e r i c  fac tor  (OH or OMgI) on the s t e r eochemis t ry  of the nucleophilic addition. 

3a -Hydroxy-4 -ca ranone  (D reac t s  with CH3MgI to give a mixture  of i somer i c  diols,  which a re  liquid and 
crys ta l l ine  (rap 85-86~ in a 1:3.5 ra t io ,  while 3/%hydroxy-4-caranone (VI) r eac t s  to give one diol (mp 60.5- 
62~ The s t ruc tu re s  4-methyl-3a,4f l -caranediol  (II) and 4 -methy l -3a ,4a-ca raned io l  (III) a re  possible for  the 
diols f rom the react ion of ketol (I); the s t ruc tu re  of e i the r  4-methyl-3/3,4fi-caranediol (VII) or  (II) is possible 
fo r  the diol f rom ketol (VI). The obtained s t e r e o i s o m e r s  of 4 -methyl -3 ,4-caranedio l  were  identified by com-  
par ing  with authentic spec imens ,  which were  obtained employing the s te reospec i f ic  reac t ions :  the a - c i s - h y -  
droxylat ion of 4 - me thy l -3 - ca r ene  (V) with OsO 4 [2], the/~-cis-hydroxylat ion of (V) by the Woodward method [3], 
and the hydrat ion of a -3 ,4 -epoxy-4 -me thy lca rane  (IV) in acid medium [2]. 

OR 0 

.Oil 
0 ~ (II) 

OH 
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OH J OH 

(vn) 

1~ ~ .R2 .R2 ".R 4 
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R I = R  4=CHs, R ~ = R  ~=O H  (II): R 1 - - R  8=CHs, 
R 2 = R  4 = O H  (III): R ~ = R  a=CHs,  R ~ = R  s = O H  (VII) 
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