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Herein we describe the novel application of homoge- 
neous catalysis to the selective hydrogenation of nitroal- 
kanes to amines (eq l), in good yields and conversions, 

R’ R’ 
\ 

CH-NO, + 3H, - CH-NH, + ZHZO (1) 
\ 

R / R / 

using a broadly defined class of ligand-stabilized ruthen- 
ium complexes. While the aim of this research has been to 
evaluate homogeneous catalysts for selective RN02 reduc- 
tion,’ in this work, particular attention has been given to  
tris(triphenylphosphine)ruthenium(II) chloride as a cata- 
lyst precursor, in view of (a) its proved activity for hydroge- 
nation catalysis,2 (b) its stability in basic media, where the 
formation of the more reactive nitroalkane anion should be 
f a ~ o r e d , ~  and (c) the previous history of the iron-group 
metal complexes for catalyzing transformations of the C- 
NO2 f ~ n c t i o n . ~  

Nitroalkane hydrogenation catalyzed by solutions of 
RuClz(PPh& has been demonstrated here in oxygen-free 
1:l benzene-ethanol mixtures (see Table I). Advantages of 
this technique over existing methods for reducing nitroal- 
kanes uia homogeneous catalysis3p4 include the good (up to 
88 mol %) yields of alkylamine obtained, with improved 
catalyst turnover, without the need for stringent reaction 
conditions or for an aqueous, acidic media which could re- 
sult in competing Nef-type hydrolysis. In this work, no 
amine formation was detected in the absence of ruthenium 
complex; neither does reduction proceed in the absence of 

hydrogen (expt 6) even though primary alcohols are report- 
edly good hydrogen donors for the RuC12(PPh3)3 complex.5 
Preferred reaction conditions for the amine synthesis (50- 
150 atm of H2, 90-130°, excess alkali) should in fact favor 
the formation of the intermediate hydrochlorotris(triphen- 
ylphosphine)ruthenium(II) complex2 (eq 2), and this is 

RuCl,(PPh,), + H, + B: T RuHCl(PPh,), + B.HCl(2) 

consistent with the observed similar hydrogenation rates 
for RuHCl(PPh& and RuC12(PPh3)3 (expt 9 and lo), in- 
duction periods prior to hydrogenation with RuC12(PPh3)3, 
and the spectra of recovered catalyst samples (v(Ru-H) 
2020 cm-l). Basic reaction conditions should also favor 
deprotonation of the nitroalkane to its anionic form,3 by 
shifting the equilibrium of eq 3 further to the right. The 

(3) 

formation of this anion has been confirmed spectroscopi- 
cally.la Here the effect of added alkali and triethylamine is 
seen primarily to improve catalyst selectivity and amine 
yields, rather than to increase the rate of hydrogenation 
(expt 2, 8, and 9). The addition of pyridine leads to catalyst 
deactivation,2 as does the presence of the strongly coordi- 
nating CO molecule (expt 7 and 15). 

The suggested mechanism for nitroalkane hydrogenation 
to amine (eq 4-6) contains several points in common with 

RuHCl(PPh,), i RuHCl(PPh,), + PPh,  (4) 

RR’CHNO, + B: e (RR’CN0,)- + BH’ 

RuHC1(PPh3), + (RR’CN0,)- -- 
RuCl(PPh),(RR’CNO) + OH- (5) 

RuCl(PPh,),(RR’CNO) + 3H, - 
RuHCl(PPh,), + RR’CHNH, + H,O (6) 

that proposed earlier for alkene hydrogenation.6 Initial dis- 
sociation of RuHCl(PPh3)3 to give the trans-hydrochloro- 
bis(triphenylphosphine)ruthenium(II) complex6)’ is con- 
sistent with the observed inhibition by excess triphenyl- 

Table I 
Hydrogenation of Nitrododecanea,b 

Mole ratio of H2 pressure, C Q H ~ ~ N H ~  

E x p t  Complex .4dded base C ~ ~ H ~ ~ K O ~ : ( R U ,  Fe):base atm yieldf mol K Re1 rat4 

I 

1 RuC1, (PPh,), KOH 100:1:200 90 54 
2 RuC 1, (PPh,) KOH 1 O : l : Z O  90 88 1-1.5 

4 RuC1,(PPh,), KOH 3:1:6 34 59 
5 RuC1, (PPh,), KOH 3:1:6 1 <5 
6 RuCl2(PPh3),  KOH 10:1:20 Oe <1 
7 RuC1, (PPh,), C5H5N 3:1:20 90 33 
8 RuCl,(PPh,), Et,N 10:1:20 90 83 0.90 
9 RuCI,(PPh,), None 1 O : l  90 57 1 .oo 

11 RuC1, (As Ph,), None 1O:l 90 79 2.1 

13  RuC12(diphos),g None 1 O : l  90 57 1.1 
14 RuCl,(PPh,),  + BPPh, None 1O:l 90 1 .7  <0.1 

3 RuCl,(PPh,), KOH 3:1:6 90 81 

10 RuHCl(PPh,), None 1 O : l  90 60 0.95 

1 2  RuCl, (SbPh,), None 1 O : l  90 77 2.9 

15 RuCl,(CO),(PPh,), KOH 1O:l:ZO 90 23 
16  Ru(CO),Cl, KOH 10:1:20 90 67f 
17 Fe(CO),  KOH 1:1:2 90 6 7f 
18 Fe (CO), (PPh,), KOH 2:1:4 90 16 

a A mixture of isomers 2- through 6-nitrododecanes. Run conditions: 0.001-0.02 M Ru, 120”, 1-6 hr. ClzI-fZ5”z yield data refer to max- 
imum dodecylamine yields, based upon nitrododecane charged, for reaction times up to 6 hr. The data were estimated by both ir and glpc 
techniques. Relative rate data are based upon the maximum observed rates of nitrododecane reduction for each experiment, as determined 
by glpc, with expt 9 as the base (reference) case. e Run under N P  (68 atm).  f Extensive precipitation of ruthenium or iron complex. g diphos, 
= ( C ~ H ~ ) ~ P C H ~ C H Z P ( C ~ H ~ ) ~ .  
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phosphine (expt 14) and increasing rate with decreasing 
ligand strengths (expt 9, 11, and 12) in the order PPh3 < 
AsPh.7 < SbPh3. However, related hydridoruthenium com- 
plexesg may also be involved here, and recovered catalyst 
samples often contain ruthenium carbonyl species 
(v(C=O) 1950 cm-l) as a result of ethanol decarbonyla- 
tion.6 Samples may also show new maxima a t  1580 cm-' as- 
signable to NO2 vibrations of the coordinated RR'CN02- 
anion.lo The dependence of the hydrogenation rate upon 
applied H2 pressure and substrate concentration indicates 
(6) to include the rate-determining step. Deoxygenation of 
the coordinated nitroalkane anionlb (eq 5 )  might proceed 
via a nitrene-like intermediate,4 but this seems unlikely in 
view of the lack of evidence for coupling products. A more 
detailed examination of C-NOz reduction by solubilized 
ruthenium complexes, embodying both selective and se- 
quential hydrogenation, has been found possible with ni- 
troaromatic substrates.ll 

A variety of ruthenium complexes with a-bonding lig- 
ands, capable of forming hydrido species of differing labil- 
ity, have been screened and found active for hydrogenation 
of nitroalkanes12 (expt 9-16). Bis(tripheny1phosphine)iron 
tricarbonyl and iron pentacarbonyl both yielded some 
amine4 but were generally less effective and showed lower 
stability in the alkali media. 

Experimental Section 
Hydrogenation (prepurified) was purchased from Matheson Co., 

dichlorotris(triphenyIphosphine)ruthenium(II) was supplied by 
Strem Chemical Co., and other ruthenium complexes were pre- 
pared by published methods.13 Nitrododecane (a mixture of 2 
through 6 isomers) was synthesized by liquid-vapor phase nitra- 
tion of n-dodecane. 

Synthesis Procedure. A known weight of ruthenium complex 
(0.1-2 mmol) was dissolved, with stirring, in 100 ml of predried, 
Nz-saturated, equivolume benzene-ethanol, alkali metal hydroxide 
was added as required, and the mixture was heated to 120' in a 
glass-lined pressure reactor. Nitrododecane (1-100 mmol) was in- 
jected into the reaction mixture from a side ampoule, and the HZ 
pressure was adjusted (1-90 atm). T h e  course of the reduction may 
be monitored by withdrawing small (1-2 ml), clear liquid samples 
a t  regular time intervals and analyzing these by glpc or ir. 

On cooling, the product liquid was concentrated under reduced 
pressure, and the amine product was isolated by solvent extrac- 
tion. Dodecylamines were identified by ir, nmr, elemental analyses, 
and comparison with authentic samples. 
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In recent work the synthesis of benzothiophenes and 
benzimidazoles from thiophenes and imidazoles, respec- 
tively, was presented.l,* Typical was the introduction of a 
suitably functionalized four-carbon atom fragment on the 
heterocyclic system, followed by acid-catalyzed formation 
of the benzene moiety as indicated below. This type of 

I I  1g 
H OH 

reaction seemed to be extendible to ring systems which are 
susceptible toward electrophilic substitution reactions. 

This approach applied in the synthesis of' naphthalenes 
proved to be successful. Reaction of the strongly activated 
3,4,5-trimethoxybenzaldehyde ( la)  with Grignard deriva- 
tive 23 gave alcohol 3a, which upon treatment with reflux- 
ing 10% aqueous sulfuric acid for 1 hr afforded 2,3,4-tri- 
methoxynaphthalene (4a) nearly q~ant i ta t ive ly .~  

R I 
3a-j 

R i 
4a-i 

In the same way products 4b-f were obtained in excel- 
lent yields. Naphthols 4g and h could be obtained under 
the same conditions on allowing hydroxybenzaldehydes lg 
and h to react with 2 equiv of 2 and following this with cy- 
clization. Formation of the less activated products 3i and j 
leading to 2-methylnaphthalene and naphthalene required 
proIonged reaction times (6 and 16 hr, respectively). I t  
should be mentioned that in the cases where cyclization 
could take place a t  two different positions (3c,  3e, 3f, 3h, 
and 3i) more than 90% regiospecificity was observed, lead- 
ing to the least hindered products. 

A particular case is presented by the synthesis of naph- 
thol 6. Treatment of 3a with manganese dioxide5 in reflux- 
ing benzene gave ketone 5. Under the assumption that the 
deactivation of the keto group on the benzene ring was 


