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Abstraet-- High-boiling secondary amides of monocarboxylic acids decompose under the influence of 
RhCI(PPI%)8, HRhCI~(PPba)a, and some other organometallic catalysts in homogeneous phases into 
nitriles and carbinols. The latter are further transformed into aldehydes and hydrocarbons. N-Benzyl- 
(and N-substituted benzyl-) aromatic amides from nitriles generated both from the aroyl and the 
benzyl moieties. Amides carrying CI, Br or 1 atoms in the aromatic ring are partially or completely 
dehalogenated during the catalysis. Malonamides are decarbonylated and form acetamides. 

Both mono- and di-amides give amido-complexes with the catalysis employed. The complexes 
derived from RhCl(PPh3)3 are extremely labile, while those from RuCI2(PPh3)a can be isolated. 

In a preliminary communication I we reported the 
RhCl(PPh3)3-catalysed transformation of some 
primary and secondary aromatic carboxamides 
into nitriles. We have now extended this study, 
exploring the scope of  the reaction and the possible 
use of  other transition-metal complexes as catal- 
ysts. Particular attention has been paid to the 
catalytic transformation of  malonamides, as they 
lose carbon monoxide rather than water or 
alcohols. 

In Table 1 the results obtained with N-henzyl-  
benzamide and several catalysts are summarized. 

The results indicate that RhCl(PPh3)3 and 
HRhCI2(PPha)a are the most efficient catalysts and 
lead in this case to a similar mixture of  products 
(80-90% benzonitrile, 35-40% toluene, I -2% 
benzaldehYde and traces of  benzene) though the 
reaction conditions and, therefore, probably the 
mechanisms are different (vide infra). The other 
complexes listed in Table 1 act as active catalysts 
only for a short period, after which the formation 
of the nitrile almost comes to a standstill. The 

Table I. Conversion of N-benzylbenzamide into benzo- 
nitrile by various catalysts (2 x 10 -2 mol amide, 2.5 × l0 -4 

tool catalyst, 7 hr at 250 °) 

Yield of Yield of 
benzonitrile benzonitrile 

Catalyst (%) Catalyst (%) 

RhCl(PPha)a 90 HlrCI2(PPha)3 20 
RhCl(CO)(PPhs)2 28 PdCI2 8 
RhCIs(AsPha)a 6 CuCI(PPha)3 8 
RuCI2(PPha)a 31 HRhCI2(PPha)a a 82 
lrCI(CO)(PPha)2 l I 

aYield of benzonitrile obtained by slow distillation 
(30 min) of the amide over the catalyst. 

metal carbonyls Mo(CO)8, Fe2(CO)9 and Co(CO)a- 
(PPha)2 give only stoichiometric amounts of  
CeHsCN. HRh(PPha)a, Rh(PPha)4, as well as 
powdered Rh, Pd and Pt are completely inactive. 

The RhCl(PPha)a-catalysed reaction can be 
carried out in high-boiling solvents such as t~- 
chloronaphthalene while the application of  sol- 
vents with the other catalysts studied gives un- 
satisfactory results. 

Since the more active catalysts listed in Table 1 
dissociate in solution into PPha, 2.a which by itself 
converts primary amides (in CCI4) into nitriles, 4 
it was necessary to s h o w - a n d  it has indeed been 
s h o w n - t h a t  the free ligand is completely inactive 
in our catalysis. I t  effects, however, two side 
reactions that often accompany the primary pro- 
cess, viz the catalytic isomerization and dehalo- 
genation. The examples mentioned in Ref  1, and 
those listed in Tables 2 and 3 in this paper, show 
that N-benzyl-  (or substituted benzyl-) arylamides, 
A r C O N H C H 2 A r ' ,  give both the nitriles derived 
(formally) from the acid residue A r C O N H -  and 
from the N-benzyl  group Ar 'CH2NH- .  The forma- 
tion of  two nitriles is explained by a metal-catalysed 
1,3-hydrogen shift in the amidoyl form of  the 
amides: Ar-C(OH)~---N-CH2-Ar' ~ Ar -CH(OH)  
-N~-~-CH-Ar'. This shift is (as in the case of  e.g., 
Rh(1)-catalysed isomerization of allylbenzenene) 5 
markedly suppressed by free PPha. N-(p-Methyl-  
benzyl)-m-toluamide, e.g., is converted by 10 -2 mol 
of  RhCl(PPha)s (at 260 ° and 7hr)  to 61% p- and 
7.5% m-tolunitrile, while in the presence of  addi- 
tional 10 - j  mol of  PPha, m-tolunitrile (65%) is 
the only cyanocompound formed. 

The  N-aikylated carboxamides,  A r C O N H R  
(R = alkyl) give only the acid derived nitrile ArCN.  
This reaction is, of  course, not affected by the addi- 
tion of  triphenylphosphine. 
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Table 2. Conversion of secondary amides into nitriles by RhCI(PPha)3 (0.02 mol amid, 2.5 x 10 -4 mol catalyst) 

Reaction 
Exp. Amide Time, hr Temp, °C Nitriles formed (yield, %) 

N-Methylbenzamide 
N-Cyclohexylbenzamide 
N-t-Butylbenzamide 
N-(p-Methoxybenzyl)benzamide 
N,N'-Dibenzoylethylenediamine 
N-(p-Chlorobenzyl)-0-toluamide 

N -(p-Chlorobenzyl)-m-toluamide 

8 N-(ct-Methylbenzyl)-m-toluamide 
9 N-(o-Chlorobenzyl)-p-toluamide 

10 N-(m-Chlorobenzyl)-p-toluamide 
11 N-(p-Chlorobenzyl)-p-toluamide 
12 N -Methyl-p-methoxybenzamide 
13 N-Methyl-m-trifluoromethylbenzamide 
14 N-Ethyl-p-fluorobenzamide 
15 N-(p-Methylbenzyl)-o-chlorobenzamide 
16 N-(p-Methylbenzyl)-m-chlorobenzamide 

17 

18 
19 
20 
21 
22 
23 

24 

25 
26 

N-(p-Methylbenzyl)-p-chlorobenzamide 

N-Ethyl-p-chlorobenzamide 
N-Methyl-p-bromobenzamide a 
N-Ethyl-o-iodobenzamide 
N-Benzyl-p-cyanobenzamide 
N-Benzyl-p-nitrobenzamide 
N,N'-Dibenzylisophthalamide 

N,N'-Dibenzylterephthalamide 

N-Methyl-a-naphthamide 
N-Methyl-n-undecanamide 

5 250 CeHsCN (70) 
8 260 CrHsCN (59) 
5 240 CrHsCN (27) 
9 260 CrHsCN (25); p-CH3OCrH4CN (3) 

10 310 CrHsCN (7) 
5 250 o-CH3CeH4CN (71); 

p-C1CoHsCN (traces) 
5 250 CeHsCN (25); 

m-CH3C6H4CN (72); 
p-C1C6H4CN (traces) 

16 240 m-CHaCsH4CN (36) 
7 250 CrHsCN (3);p-CHaCrH4CN (39) 
7 250 CsHsCN (3);p-CHaCrH4CN (46) 
7 250 CrHsCN (3);p-CH3C6H4CN (46) 

10 250 p-CHaOCsH4CN (30) 
13 240 m-CF3CrH4CN (40) 
6 238 p-FCrH4CN (11) 
7 250 C6HsCN ( 15); p-CHaCeH4CN (6) 
7 250 CrHsCN (16); 

p-CH3CeH4CN (7); 
m-CICsH4CN (25) 

7 250 CrHsCN (20); 
p-CHaCeH4CN (8); 
p-CICBH4CN (28) 

10 260 CrHsCN (58); p-CICeH4CN (25) 
7 270 CrHsCN (60); p-BrC6H4CN (0, 7) 
6 240 CrHsCN (22) 

10 270 p-C4Ho(CN)z (1) 
12 270 
11 260 CrHsCN (25); 

m-CeH4(CN)2 (19); 
m-(CN)CrH4CONHCH2CrH5 (1) 

8 310 CrHsCN (20); 
p-CrH4(CN)2 (7); 
p(CN)CrH4CONHCH2C~H5 (2) 

8 250 ~-CloHICN (58) 
8 240 CH3(CH2)aCN (21) 

aln the presence of a four-fold amount of CeCl 6 52% 
benzonitrile were formed. 

The isomerization (and the concomitant forma- 
tion of two nitriles) is inhibited also by the intro- 
duction of substituents at an ortho position to the 
CO function. Thus, N-benzyl-o-toluamide, N- 
(p-chlorobenzyl)-o-toluamide and N-(p-methyl-  
benzyl)-o-ehlorobenzamide give at most 6% of the 
N-benzyl  derived nitriles. 

In analogy to the Rh(1)-catalysed desulfonylation 
of halogenated arenesulfonyl chlorides 6 and Ru(II)- 
catalysed dehydrocarbonylat ion of halogenated 
benzaldehydes,  r the halogen atoms are partially 
or completely e l i m i n a t e d - a s  hydrogen h a l i d e -  
from chlorine, bromine and iodine containing 
amides, independently of the place of halogen in 
any position in the N-benzyl or the aroyl moiety 
(Table 2, exps 6, 7, 9-1 1,  15-20). Fluorine is not 
eliminated in this process (exp. 14). While hexa- 
chlorobenzene suppresses practically the halogen 

p-bromobenzonitrile, 0-3% p-chlorobenzonitrile and 5% 

abstraction, 1 triphenylphosphine generally pro- 
motes it. N-(p-Methylbenzyl)-p-chlorobenzamide,  
e.g., is converted by 10-2mol RhCI(PPh3)3 and 
l0 -j  PPh3 into 63% benzonitrile and only 10% p- 
chlorobenzonitrile, while under the same condi- 
tions, but in the absence of the phosphine, a 
mixture of 38% p-chlorobenzonitrile,  20% benzo- 
nitrile and 8% p-tolunitrile has been obtained 
(Table 2, exp. 17). 

The electronic nature of substituents attached to 
either the aroyl residue or the benzyl group has 
only a small effect on the reaction rates. For  
example, m-CF3CrH4CONHCH3 and m-CI-~OCr- 
H4CONHCH3 decompose in the presence of 
RhCI(PPh3)3 (at 260 °) at exactly the same rate. 
It seems that the complexing power of the sub- 
stituents is the main factor controlling the reaction 
rates. Nitro- and cyanobenzamides react extremely 
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Table 3. Conversion of some secondary heterocyclic carboxamides into nitriles by RhCl(PPhsh (0,02 mol amid and 
2.5 x 10 -4 mol catalyst) 

React ion  
Exp. Amide Time, hr Temp, °C Nitriles formed (yield, %) 

1 N-Methylnicotinamide 12 240 3-cyanopyridine (3) 
2 N-Benzylnicotinamide 12 240 benzonitrile (16); 

3-cyanopyridine (40) 
3 N-(a-Methylbenzyl)nicotinamide ! 2 240 3-cyanopyridine (45) 
4 N-Methyl-2-thiophenamide 13 250 2-cyanothiophene (9) 
5 N-Benzyl-2-thiophenamide 13 250 benzonitrile (6); 

2-cyanothiophene (20) 

slowly and give only traces of the expected 
nitriles even after prolonged heating with .the 
catalyst. Iso- and terephthalamides, however, give 
fair yields of the corresponding dinitriles which 
shows that the degradation of both amido groups 
may occur simultaneously. Mono-cyanobenz- 
amides could be detected in these reactions only 
in very small amounts (Table 2, exps. 23 and 24). 

The experiments listed in Table 3 indicate that 
secondary aromatic heterocyclic carboxamides are 
transformed into nitriles in an analogeous manner 
to the carbocyclic compounds. In this series, the 
differences between N-alkyl- and N-benzyl- 
amides are more pronounced than in the homo- 
cyclic series. 

High boiling N-substituted aliphatic amides are 
equally degraded. The formation of 1-cyanodecene 
from N-methylundecanamide (Table 3, exp. 26) is 
a typical example. 

The carbinols initially formed in the catalysis 
(ArCONHCH2Ar' ---> ArCN + A r ' C N  + ArCH2- 
OH+Ar 'CH2OH)  do not generally accumulate. 
They are oxidized to aldehydes when an external 
hydrogen acceptor is added to the reaction mix- 
ture, 8 or disproportionated to aldehydes and 
hydrocarbons in the absence of such an acceptor? 

Thus, the addition of 1-octadecene to a boiling 
mixture of N-benzylbenzamide and RhCI(PPhah 
(followed by TLC separation) yielded octadecane 
and isomeric octadecenes. Slow distillation of 
benzyl alcohol over the same Rh-catalyst gave 
benzaldehyde toluene, benzene, carbon monoxide 
and traces of water. However, kinetic measure- 
ments prove that disproportionation of the carbinol 
alone cannot be responsible for all the aldehyde and 
hydrocarbons formed in the catalysis. At least part 
of the amide itself must serve as an internal 
hydrogen acceptor and the hydrocarbons isolated 
are derived from both the aroyl and the N-benzyl 
moieties. As a typical example, the non-nitrilic 
products obtained from N-(p-methylbenzyl)- 
m-toluamide are 17.3% p-xylene, 5-2% m-xylene, 
6% toluene, 1-5% p-tolualdehyde; 1.0% m-tolu- 
aldehyde, and traces of p-methylbenzyl alcohol 
and water. 

In the presence of PPh3 (molar ratio catalyst: 
phosphine I:10), the nitrogen-free products are 

derived entirely from the substituted N-benzyi 
group, and the above amide gives only p-xylene 
(22%), p-tolualdehyde (8%), p-methylbenzyl 
alcohol (3%) and toluene (12%). Bibenzyls are 
formed in some experiments in small amounts 
(< 1%). 

Several halogenated benzamides give halogen- 
free hydrocarbons together with the expected aryl 
halides: N-(p-chlorobenzyl)phenylacetamide gives 
benzene (2.5%) in addition to (the expected) 
toluene (8%) ethylbenzene (4%) and p-chloro- 
toluene (7%). Some halogenated benzamides do 
not lead to any aryl halides at all. N-Methyi-p- 
bromobenzamide (Table 1, exp. 19) e.g., gives only 
benzene and toluene. 

When carbinois carrying cz-H atoms are expected 
to be formed, partial dehydration occurs. In exp. 
3 of Table 3, the cyanopyridine is accompanied by 
24% styrene (together with 22% acetophenone 
and 10% pyridine). In exp. 2 of Table 2, the 
cyclohexyl group is transformed into cyclo- 
hexene (73%), cyclohexanone (3%) and only 1% 
cyclohexanol. 

Malonamides do not form malonitriles. They 
are, however, decomposed by several homo- 
geneous catalysts of the platinum group into 
derivatives of acetamide, carbon monoxide and 
transformation products of the residual R'"N 
species: 

R'R"C(CONHR'")2 ~ R 'R"CHCONHR'"  + 
+ CO + N containing products 

The reaction is the first case of decarbonylation 
of a diamide catalyzed by soluble transition- 
metal complexes. It is, however, most likely that 
the CO is not extruded directly from the amide, but 
from a primary degradation product. A plausible 
intermediate is an isocyanate, which is decar- 
bonylated by RhCI(PPh3)3 under our experimental 
conditions. 

fR'"  OH 
R', x ,,,~C=N R'~ I 

L H ~ p.2,...]C ~---C~NHR 

I I  R'" 
O + O~C=NR" '  
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The malonamides degrade considerably faster 
than the aromatic monoamides-  I0 min being the 
average reaction time required. 

Some typical decarbonylation experiment with 
primary and secondary malonamides are summar- 
ized in Table 4. 

While malonamide and C-substituted malon- 
amides degrade smoothly to the corresponding 
acetamides, disubstitution at the central C atom 
(exp. 15) permits only very slow decarbonylation 
(probably due to steric effects). Likewise substitu- 
tion at both N atoms by long aliphatic chains leads 
to poor results: N,N'-dibutylmaionamide yields 
only 4% N-butylaeetamide and diamides with 
even longer chains hardly decarbonylate at all. 

The monoamides of relatively low b.ps distil 
from the reaction mixture unchanged; those of 
higher molecular weight (e.g., phenylacetamide, 
exp. 14) decompose partly into the corresponding 
nitrile. 

The second N atom of the primary malonamides, 
which is not incorporated in the formation of the 
acetamides, appears partly as NHs. In secondary 
N-alkylmalonamides this type of hydrogen transfer 
is less pronounced, and only traces of the corre- 
sponding alkyl-amines could be detected. N- 
Phenyl- and N-benzylmalonamide are exceptional 
as they yield aniline (61%) and benzylamine (9%), 
respectively. The balance of the nitrogen (from the 
R"'N residue) is recovered in polymeric form. 
No elementary nitrogen has ever been observed to 
be liberated from the reaction mixture. 

Gas chromatography showed that in most cases 
0.5-I tool of carbon monoxide is formed. The CO 
expelled in exps. 6, 10 and I 1 of Table 4, e.g., was 
0.98, 0-71 and 0.67 tool, respectively. Dimethyl- 
malonamide (exp. 15) gives only a low amount of 
CO, equivalent to the methylpropionamide formed. 

Phenylmalonamide undergoes more extensive 
decomposition at its boiling point and gives 1.4-- 
1.5 tool of CO per mol of diamide. 

The gaseous products of C- and N-methylated 
malonamides contain always some methane. In 
analogy the N-Benzyl derivative (exp. 9) gives up 
to 2% toluene and bibenzyi. 

The experiment with the ester amide, 
EtOCOCH~CONH(CHt)~CHs (exp. 6) is remark- 
able, in so far as e thano l  is formed in addition to 
N-octylacetamide, ethyl acetate and CO. To the 
best of our knowledge no decarbonylation of an 
ester amide, by homogeneous catalysis, has been 
observed before. 

Apart from RhCl(PPhs)s and HRhCIt(PPlhh 
other decarbonylation catalysts, such as RhCI- 
(CO) (PPhs)2, IrCl(CO)(PPhs)t and RuCis(PPh~)s 
promote the degradation of the malonamides as 
well, albeit in low yields (Table 4). The low 
reactivity of RhCI(CO)(PPhDs should be noted, 
since this complex has been thought to be the 
active species in some RhCl(PPlh)a-catalysed 
decarbonylation reactions.~° 

Some qualitative experiments on the correlation 
between the dissociation of the product-catalyst 
complex and the activity of the catalyst are 
notable. While RhCIg, 3HsO which forms stable 
m e r - R h C l s ( A r C N h  H c a n n o t  be used in the 
catalytic degradation, RhCl(PPhsh, that forms an 
extremely labile complexe with benzonitr/le (see 
Experimental) is our best catalyst. RuClz(PPlhh, 
which gives mono- and bis-rdtrile complexes of 
type RuChL(PPhg)~ n and RuCI2L2(PPhsh/s that 
dissociate fairly rapidly above 200", n has an 
intermediary catalytic activity. 

Substrate-catalyst complexes should also be 
taken into consideration. None of the am/do- 
complexes formed from the substrates is stable at 

Table 4. Catalytic decarbonylation of malonamides (3 x 10 -t mol diamide, 3 x 10-' moi catalys0 

Exp. Starting diamide Catalyst Monoamide formed (yield, %) 

1 CH2(CONHzh HRhCiz(PPhgh 
2 CH~(CONHsh RhCl(PPhsh 
3 CH,(CONH0z RuCIs(PPha)s 
4 CHs(CONH2h lrCl(CO)(PPhah 
5 CH:(CONH2h RhCl(CO)(PPh3)t 
6 CH2(CONHCHs)2 RhCl(PPha)a 
7 CHt[CONH(CHs)sCHa]t RhCl(PPhs)s 
8 CH,(CONHCeHsh RhCI(PPhDa 
9 CHI(CONHCH,CrHs)~ RhCI(PPhgh 

10 CHaCH(CONHt)2 RhCi(PPha), 
11 CH~CH(CONHe)~ RhCl(CO)(PPhs)2 
12 CHaCH(CONHCHah RhCl(PPha)a 
13 CH3CH(CONHCtHs)t RhCl(PPha)s 
14 CgHsCH(CONHD2 RhCl(PPha)a 
15 (CHs)2C(CONH02 RhCl(PPha)a 
16 HsC20"OC'CHfCONH(CHz)~CH3 RhCl(PPhah 

CHaCONH2 (31 "2) 
CH3CONH, (30.0) 
CHsCONH) (18.7) 
CH3CONHt (10,7) 
CH,CONH, (5.6) 
CHsCONHCHs (24.5) 
CHsCONH(CH0sCHs (4.0) 
CHaCONHCeHs (26"4) 
CHaCONHCH2CrHs (10-8) 
CtHsCONH, (38.5) 
CIHsCONH2 (15-0) 
CzHsCONHCHs (47.7) 
C2HsCONHCsHs (21.0) 
CrHsCH2CONHt (7"6 a) 
(CHa)tCHCONH2 (7.7) 
CHsCONH(CHD~CHs e 

•And 11.9% CsHeCH2CN. 
bVarying yields up to 50% were obtained. 
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the reaction temperature of  240 ° . In this series of  
compounds, again, the least stable complexes are 
those derived from RhCI(PPh3)3. Somewhat more 
stable are the amido-complexes derived from the 
ruthenium catalyst, RuCI2(PPhs)3. The various 
benzamides give two types of  complexes: (a) 
RuCI2L(PPh3)2 (b) RuCi2L2(PPhs). The former are 
diamagnetic and their carbonyl band in their infra- 
red spectra is shifted to a lower wavelength (as 
compared with the free amide); the latter are pars- 
magnetic and exhibit a small bathochromic shift in 
the carbonyl absorptions. 

Analytically pure complexes of  type (a) or (b) 
have been isolated only in few cases (Table 5). 
Many amides give mixtures of both types of  com- 
plexes as shown by the elementary analyses, IR 
spectra and the amount of PPh3, isolated from the 
reaction mixtures. 

The malonamides behave analogously and give 
mixtures of  amido-complexes. N,N'-Diphenyl-  
malonamide forms a pure compound of  type (b) 
[CH~(CONHPh)~]RuCi2(PPha) in which the di- 
amide fills both L functions. (ESR g =  2.36). 
RhCI(CO(PPh3)2 gives a simple addition complex 
[CH2(CONHPh)2]RhCI(CO)(PPh3)2 with the same 
diamide. 

As these amido-metai-complexes degrade the 
corresponding amides at a rate similar to that by 
the starting metal complexes, they may be inter- 
mediates in the catalytic degradation reactions. 

It is, however, difficult to describe their exact role, 
if any, in the very complicated mechanism which 
includes hydrogen transfer, bond fission, redox 
and elimination reactions. A further difficulty arises 
from the fact that the same carboxamides degrade 
often by different pathways when different catalysts 
are applied. While, e.g., RhCI(PPh3)3 can widely 
be applied, the hydride-complex HRhCI2(PPh3)3 
(in the a or/3 form) is more selective in its action; 
(in spite of the fact that the hydride decomposes 
to RhCI(PPh3)3, when heated in the absence of a 
free amide14), it does not affect N-methylnicotin- 
amide, N-methyl-m-trifluorobenzamide and N- 
methylundecanamide which are degraded by the 
former catalyst. On the other hand the rhodium 
hydride converts N-benzylbenzamide (and other 
amides listed in Table 6) to nitriles 103 times faster 
than RhCI(PPh3)a. Furthermore, the catalysis by 
HRhCI~(PPh3)3 can be carried out in the absence 
of  air, while RhCI(PPh3)3 requires at least one 
equivalent of  oxygen for each mol of amide. 

Since HRhCi~(PPh3)3 dissociates to HCI and 
RhCI(PPh3)3 at 150 ° in a reversible reaction, 14 
it is reasonable to conclude that the HRhCI2(PPha)3- 
promoted (but not RhCl(PPh3)3-catalysed) degrada- 
tion is actually a catalytic von Braun reaction. The 
two pathways proposed for the (non-catalytic) 
reaction, ~5 that include an imidoyl chloride as 
intermediate, could well apply to our catalysis, 
provided the HCI being recycled by the catalyst: 

O OH CI 

Ar- -~- -NH--CHzR ~ Ar--~---~NH2--CH2R If-lOll., A r - - ~ N - - C H , R  + I'I20 

I ~ H ] - O H  

1 Ar--C-~=N--CH~R 

CI 

, ArCN + HOCH2R + HCI 

+ CI- 

*It may be of interest to refer briefly to experiments 
we made with RhCl(PPha)~ and Schiff bases: When either 
N-benzyl-p-methylbenzalimine, p-CHsC6H4CH~NCH~- 
CsHs, or N-p-methylbenzylbenzalimine, p-CHaC~H4- 
CHzN~CHC6Hs, was heated at ambient atmosphere at 
230-260 ° with 10 -2 reel catalyst for 14 h, the distillable 
products were benzonitrile (22-23%), p-tolunitrile (15- 
18%), p-xylene (22%), benzaldehyde, toluene and 
benzene (6-8% of each). The halogen containing N-(p- 
methylbenzyl)-p-chlorobenzalimine, p-CHsCsI-~CH2N~ 
CH(p-CIC6I-I4), gave, under similar conditions, 28% halo- 
gen-free benzonitrile, 12% p-tolunitrile, 24% p-xylene 
and 4% p-chlorotoluene. Other Schiff bases, including 
the unsubstituted benzylbenzalimine, gave very low 
yields of nitriles or none at all. 

Tetra VoL 29,No. 8--B 

This assumption is supported by the fact that 
Schiff bases (that have no OH function) are not 
degraded by HRCI2(PPhs)3.* 

On the other hand the RhCl(PPhs)s-catalyzed 
transformation of  monoamides to nitdles seems to 
include a free radical chain mechanism (as in the 
allylic oxidation by the same complexlS). This 
assumption is supported by the following facts: 

(a) Traces of  a,a'-azoisobutyronitrile cause a 
5-fold increase in the initial reaction rate in the 
decomposition of  N-benzylbenzamide. In the 
absence of  an external free radical initiator the 
air present could act as such directly or through 
peroxide formation. 
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Table 6. Conversion of some secondary amides into 
nitriles by HRCI2(PPhs)3 (distillation of 2 x l 0 - ~ m o l  

amide over 2.5 × 10 -4 tool catalyst during 20-30 rain) 

Exp. Amide Nitriles formed (yield, %) 

1 N-Benzylnicotinamide 3-cyanopyridine (67); 
benzonitrile (11) 

2 N-(t~-Methylbenzyl- 3-cyanopyridine (80) 
nicotinamide 

3 N-Benzyl-2- 2-cyanothiophene (45) 
thiophenamide 

4 N-tert-Butylbenzamide benzonitrile (10) 
5 N-(p-Methoxyphenyl)- benzonitrile (45); 

benzamide p-methoxybenzonitrile (6) 
6 N-Methyl-p-toluamide p-tolunitrile (25) 
7 N-(p-Chlorobenzyl)-p- p-tolunitrile (44); 

toluamide benzonitrile (5); 
p-chlorobenzonitrile (< i) 

8 N,N'-Dibenzoyl- benzonitrile (5) 
ethylenediamine 

(b) T r a c e s  of  the  f ree  radical  s c a v e n g e r  2,5-di-t- 
b u t y l h y d r o q u i n o n e  cons ide rab ly  inhib i t  the  
a c c u m u l a t i o n  o f  benzoni t r i l e .  Similar ly,  a s t r e a m  
of  oxygen  p rov ides  a n  inh ib i to ry  effect  on  the  
cata lysis .  

(c) T h e  fo rma t ion  o f  small  a m o u n t s  o f  b ibenzy l s  
a c c o m p a n i e s  m a n y  o f  the  RhCl(PPh3)3-ca ta lyzed ,  
bu t  no t  the  H R h C l 2 ( P P h 3 h - p r o m o t e d  reac t ions .  

(d) T h e  appl ica t ion  o f  h e x a c h l o r o b e n z e n e  as 
so lven t  in the  ca ta ly t ic  d e c o m p o s i t i o n  of  b rom-  
ina ted  and  iod ina ted  b e n z a m i d e s  leads  to  the  
fo rma t ion  of  some  chlorinated benzoni t r i l e .  

I t  m u s t  be  no t ed  tha t  the  s e c o n d a r y  t rans -  
fo rma t ions  o f  the  ca rb ino l s  as they  a p p e a r  in o u r  
ca ta lyses ,  h a v e  p r o v e n  to be  a pure ly  meta l - ion  
p r o m o t e d  p r o c e s s )  r but ,  as a l r eady  po in ted  out  
by  W a l b o r s k y  and  Al len ,  TM the  s t a t e m e n t  does  
no t  exc lude  the  poss ibi l i ty  t ha t  f ree  radical  pairs  
m a y  also play a part ,  pe rhaps  a m i n o r  part ,  in such  
sys tems .  

EXPERIMENTAL 

The aromatic carboxamides were prepared in 82-98% 
yield by standard methods from the aroyl chlorides and 
excess amine. The new amides are listed in Table 7. 
The malonamides were obtained in the usual manner 
from the diethyl malonates and the appropriate amines. 

N-Octylcarboxyacetamide. A stirred mixture of 640 g 
of diethyl malonate and 120g of n-octylamine was 
heated at 125 ° for 3 hr, and then at 180 ° for 1 hr. Excess 
of the diester was removed under reduced pressure 
[93-98 ° (17 mm)] and the oily residue was stirred with 
KOH aq, at 4 ° for 16hr. The N,N'-dioctylmalonamide 
was filtered off and washed with water. Upon acidifica- 
tion of the filtrate (HCI) in the cold, an orange oil separ- 
ated which solidified. Repeated recrystallizations from 
water yielded 3-5 g of the colorless monoamide, m.p. 
77"78°, ~'mxsuJ°l 1710 (acid C~---O), 1650era -1 (amide 
C ~ O ) .  (Found: C, 61-2; H, 9.7; N, 6.6. Calc. for 
CIIH2~NO3: C, 61.4; H, 9.8; N, 6-5%). 

The ethyl ester of m.p. 92-94 ° was obtained by pro- 
longed treatment (48 hr) of the acid with abs EtOH 
saturated with HCI. 

The Schiff bases were prepared in 74-90% yield by 
azeotropic condensation of the appropriate aromatic 
aldehydes and benzylamines in benzene, toluene or 
xylene. 

N-Benzyl-p-methylbenzalimine. Colorless oil, b.p. 
123-124 ° (0.3ram), ~'max 1640cm -~ ( C ~ N ) .  (Found: 
C, 85.7; H, 7-4; N, 6.7. Calc. for C~5HjsN: C, 86.1; 
H, 7.2; N, 6-7%). 

N4p-Methylbenzyl)benzalimine. Colorless oil, b.p. 
120-125 ° (0"2ram), ~max 1635cm -~ ( C ~ N ) .  (Found: 
C, 85.9; H, 7-5; N, 6.5. Calc. for C~sHIsN: C, 86.1; 
H, 7.2; N, 6.7%). 

N - (p- M ethylbenzyl )- p-ehlorobenzalimine. Colorless 
crystals, m.p. 93-95 ° (from benzene), VmaxKar 1630cm-~ 
(C--~N). (Found: C, 73.8; H, 6.0; CI, 14.8; N, 5.5. Calc. 
for CtsH~4CIN: C, 7.38; H, 5.7; CI, 14.6; N, 5.7%). 

N-(p-Methoxybenzyl)-p-methylbenzalimine. Colorless 
crystals, m.p. 54 ° (from cyclohexane), Z'Km~, 1656cm -1 
( C ~ N ) .  (Found: C, 80.1; H, 7"2; N, 6.0. Calc. for 
C~sH~rNO: C, 80-3; H, 7-1 ; N, 5-8%). 

N-(p-Methylbenzyl)-p-methoxybenzalimine. Colorless 
crystals, m.p. 56 ° (from benzene), ~,~, 1650 cm -~ (C~---N). 
(Found: C, 80-4; H, 7.0; N, 6.1. Calc. for CI~HlrNO: 
C, 80.3; H, 7.1 ; N, 5.8%). 

N-Benzyl-{3-naphthalimine. Pale yellow crystals, m.p. 
77-78 ° (from cyclohexane), ,,NuJo~ 1640cm-~ (C~---N). ~ m a x  

(Found: C, 88.5; H, 6.3; N, 5.6; Calc. for C]~HjsN: 
C, 88-2; H, 6-I ; N, 5.7%). 

The different techniques used for the degradation 
reactions summarized in Tables 1, 2, 3, 4 and 6 are 
illustrated by the following examples. 

Degradation of  N-benzyl-m-toluamide by RhCl(PPha)3. 
A mixture of 5.5 g N-benzybm-toluamide and 225 nag 
of the catalyst was heated for 2 min at 285 ° and then 
for 8 hr at 270 °. The mixture was distilled under reduced 
pressure (20 ram), and the distillate separated on a 1.5 m 
long GLC column (packed with 20% Carbowax 20 M on 
Chromosorb P at 80-200°). There was collected 1.17g 
(50%) m-tolunitrile, 0.53g (26%) benzonitrile, 0.28g 
05%)  toluene, 0.01g (0-5%) m-xylene, 0.02 (0.5%) 
bibenzyl, 0.06 g (3%) benzaldehyde and some water. 

Degradation of N-benzylbenzamide in solution. A 
soln of 8.45 g N-benzylbenzamide and 450me RhCI- 
(PPhah in 50ml a-chloronaphthalene was refluxed 
(257 °) for 14 hr. Upon fractionation of the mixture, 
2.55 g (62%) of benzonitrile (b.p. 185 °) was obtained. 

Degradation of N-benzylnicotinamide by HRhCI2- 
(PPh3)3. A mixture of 3-00g N-benzylnicotinamide and 
200 rag HRhCI2(PPh3)3 TM was heated in a Claisen flask 
equipped with a short column, so as to permit distillation 
of the products below 200 ° within 25 min. The yellow 
distillate ( l .9g) was separated on a preparative GLC 
column packed with 10% Carbowax 20 M on Chromo- 
sorb P to yield 736 mg 3-cyanopyridine, 305 mg benzo- 
nitrile, 240 nag benzaldehyde, 310 mg pyridine, 105 mg 
toluene, 80 nag benzene and some water. _ 

Degradation o f  a Schiff base. A mixture of 3.00g 
N-benzyi-p-methylbenzalimine and 225 nag RhCl(PPhah 
was heated on a wax bath for 15 hr at 245 °. The mixture 
was distilled at 70-150 ° (20 ram) and separated by GLC 
(20% Carbowax 20 M on Chromosorb P at 110-150 °) to 
yield 0-33 g (22%) benzonitrile, 0.31 g (18%)p-tolunitrile, 
0.35 g (23%) p-xylene, 0.05 g (3%) benzaldehyde, 0.11 g 
(8%) toluene and 0.08 g (7%) benzene. 
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Decarbonylation o f  malonamide. In a typical experi- 
ment a mixture o f  3.070 g malonamide (purified and well 
dried) and 325 m8 RhCI(PPhs)a was heated gently in a 
Claisen fask until a homogeneous soln has been formed. 
When the temp was now raised, a rapid evolution of 
gases set in. The products that distilled over (below 220 ° ) 
during 7-10min  were separated by GLC (on 20% Car- 
bowax 20 M on Chromosorb W) to yield 342 mg (30%) 
acetamide. 

In order to measure the CO evolved, the reaction was 
carried out in the presence of a known volume of air, in a 
closed system. The gases were collected in a burette 
over silicon or mineral oil and analyzed by VPC j9 on a 
200×0-64cm copper column packed with Molecular 
Sieve 5A, operated at 35 ° and 50 ml/min helium. While 
repeated analyses by this method led to essentially the 
same results, the application of an alternative method 
based on the reduction of iodine pentoxide, ~9 often gave 
erratic results. 

The amononia formed was determined in separate 
runs in which the gases were passed through a standard 
HCI soln. 

N-Benzylbenzamidodichlorobis(triphenylphosphine)- 
ruthenium, (CsHsCONHCH~CeHs)RuCI2[(CsHs)3P]z. To 
a stirred soln of 240mg RuCI2(PPhz)a in 50ml dry 
benzene a hot soln of 58 nag N-benzylbenamide in 5 ml 
chlorobenzene was added, un.der argon. The mixture was 
refluxed for 1 hr and a small amount of black crystals 
formed was removed by filtration. The green soln was 
treated with 100ml n-hexane to yield 180mg (77%) of 
the bright green complex, m.p. 103-105" (dec). 

Dichloro-(N-methyl-p-bromobenzamido)bis(triphenyl- 
phosphine)ruthenium, (p-BrCsH4CON HCI-Ia)RuCI2[(Ce- 
HshP] was prepared in 73% yield by the same pro- 
cedure, except for the use of bromobenzene instead of 
chlorobenzene as solvent. 

Dichlorobis IN- (p - methylbenzyl)-p-chlorobenzamido] - 
(triphenylphosphine)ruthenium, p-CICsH4CONHCHz(p- 
CH3CeH4) RuCI2[(C6HD3P]. A soln of 63 m8 of N-(p- 
methylbenzyl)-p-chlorobenzamide in 3 ml 1,2,4-trichloro- 
benzene was added, under argon, to a boiling soln of 
230 mg RuCIdPPh~h. After 30 min 25 mg of dark crystals 
of m.p. 215-220 ° (dec.) was filtered off, and the filtrate 
was concentrated and treated with 100 ml light petroleum. 
The olive-green ppt was thoroughly washed with light 
petroleum to yield 125rag (53%) amido-complex, m.p. 
155-160* (dec starts at ~ 130 ° when heated slowly). 

Dich l o t ,  (N,  N '  - diphenylmalonamido ) ( triphenylphos - 
phine(ruthenium, [CH2(CONHC6Hs)dRuCI~ [(CeM~)~P] 
was obtained in 80% yield when a soln of 275 mg of the 
diamide and 250 mg RuCI2(PPha)s was refluxed for 2 hr, 
m.p. 192 ° (dec) from benzene-hexane. 

C h lorocarbony l (N ,N ' -d ipheny lmalonamido  )bis(tri- 
phenylphosphine)rhodium, [ CH2 (CONHCeHB)2] RhCI- 
(CO)(PPh3)z. To a stirred soln of 178mg RhCI(CO)- 
(PPhD2 in 50 ml CH2CI2 a soln of 67.3 mg N, N'-diphenyl- 
malonamide in 20ml of the same solvent was added, 
under N2, The solvent was removed after 90min of 
refluxing and the yellow residue was washed with 

hexane. The yellow complex (187 nag) decomposes below 
its m.p. at 197-203 °. 

Dichloro(isophthalonitrile)bis(triphenylphosphine)ruth- 
enium, [m-CsH4(CNh]RuCI2[(CnHD3P]2. A soln of 250 
mg RuCI2(PPhah and 50rag isophthalonitrile in 150ml 
acetone was refluxed, under argon, for 15 hr during which 
the soln turned deep yellow. Concentration and addition 
of light petroleum ether gave 180rag (81%) yellow 
crystals of m.p. 212-216 ° (dec) from acetone. 

Chloro(benzonitrile)oxygeno(triphenylphosphine)rhod- 
ium, O2RhCI(CeHsCN)[(C~HDaP]. A soln of 150rag 
RhCI(PPh3)3 was dissolved in 10 ml degassed benzonitrile 
under exclusion of air. After 2 hr at room temp the soln 
became almost colorless. When 100ml of degassed 
heptane was added, a pale yellow ppt (60 nag) was ob- 
tained. On exposure to air it turned immediately into the 
orange dioxygen-complex that does not melt but de- 
composes below 300 °. Vm~,N"J°' 2280 ( C ~ N ) ,  852 cm -~ 
(Rh-O0. 
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