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CONTAINING AN a-METHYLENE GROUP’** 
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Department of Chanistty. Faculty of !kicnccs,~ and Institute for Chemistry. Technology and 
Metallurgy, Belgrade, YugoQlavia 

(Receiwd 20 July 1966) 

Abarc-Primary alkyl- and arylalkyl-amin*r containing a mcthyknc group in the a-position were 
dehydrogcnated by means of lead tetraacetatc to give the corresponding cyanides in yields ranging 
up to 60%. By-products of this reaction are N-alkylacetarnida, N-alkylamitks of the corresponding 
alkanoic acids and other aatoxylatcd derivatives. 

In the oxidation of dibenzylamim with kad tctraacctate N-bcnzylidenebcnzylarninc (Schiff base), 
bcnzaldchyde. bcnzylamine and bcnzonitrile are formed. The possible reaction pathways leading to 
the obaavJ products arc dimmed. 

ALTHOUGH the reaction of lead tetraacctate with various compounds containing OH 
groups, unsaturated systems and C- H and C-C bonds has been extensively studied,’ 
its action on amino compounds has received relatively little attention. 

The 1 ,tglycol splitting action of lead tetraacetate has also been applicd4e6 to a-hy- 
droxyamines (RCHNHsCHOHR), z-amino acids and a-diamines (RCHNH,. 
CHNH,R), the initial step consisting in the cleavage of the C-C bond with the 
formation of unstable imincs (RdH:NH), which are further dchydrogenatcd to the 
corresponding nitriles (RCiN) with excess lead tetraacctate.6*7 If one hydrogen atom 
of theamine function is substituted by a tosyl groupb.” or carbcthoxy group,s the oxida- 
tion affords substituted imines, RCH : NR, (R, = Ts or COOEt), whereas substitution 
of hydrogen by an acetyl or bcnzoyl group inhibits the action of lead tetraacetate.6.6.e.10 

1 Part 2 of the series “The reaction of lead tctraaatate with nitrogencontaining compounds”; 
Part XI in the series “Reactions with kad tctraacetate”. 

* For Part 1 ~bc M. Lj. MihailoviC, A. StojiljkoviC and V. Andrcjcvif. Tcrr&dron Lerrcrr No. 8.461 
(1965). 

’ Enquiries should be made at the following address: Department of Chemistry. Faculty of Scknczs. 
Studentski trg 16, P.O. Box 550, Belgrade, Yugoslavia. 

’ R. Crkga. Oxidations with Lead Tctraacetate, in Oxtirionr In Orpnic Chrmbfry (edited by 
K. W&erg) Part A; pp. 277-366. Academic Press. New York (IW5). and Refs. therein. 

’ R. Cr+e, Agew. Glum. SJ, 321 (1940). and Rcfs. therein. 
* J. Bollingcr, Thesis. University of Marburg. Germany (1937).‘*‘ 
’ H. J. Roth and A. Brandau, Arch. Phwm. B3.27 (1960). 
* P. Karrer and J. Meyer. Halo. Chim. Acfo 20,407 (1937). 
l F. Knoop, F. Ditt. W. Heckstcdcn, J. Makr, W. Mar and R. Hirle. HoppeSeyWs 2. Physiol. 

Chem. 239,30 (1936). 
lo 0. SIls and S. Rosenberg [ti6(g’s AM. s6J. 137 (1949)], howem. vu.! that N-acyl- and 

N-benzoyls-amino aci& (RCONHCH&OOH) are aWed by kad t etmaatate in AcOH at 100” 
to give dccarboxylatcd x-aatoxy derivatives (RCONHCH,OAc). 
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In some cases the oxidative C-C cleavage of N-primary- and N-secondary-l,2-amino 
alcohols has been carried out in order to differentiate diastereoisomeric alcohols on 
the basis of their reaction rates .lr The lead tetraacetate oxidation of N-tertiary-1,2-hy- 
droxyamines (&NCH,CHOHR) is different in that it occurs with C-N cleavage 
to give secondary amines (R,NH) and the corresponding carbonyl compounds.‘.r* 

Primary aromatic amines react easily with lead tetraacetate giving the correspond- 
ing azo compounds (substituted anilines)13.14 and/or quinones. amino- and N-acctyl- 
amino-quinones, quinoncimines and quinol acetates @-anisidine, pphenetidine, a- 

and /I-naphthylamine, mesidine).r3.1b o-Phenylenediamines are readily oxidized by lead 
tetraacetate at room temperature with C-C cleavage and formation of the correspond- 
ing cis,cir-muconitriles.16 Tertiary aryldialkylamines were found to be oxidatively 
dcalkylated by lead tetraacetate giving, in the presence of acetic anhydride, the 
acetyl derivative of the secondary arylalkylamines and aliphatic aldehydes.” 

In the present paper we report the oxidation of a series of aliphatic primary amines 
(from n-butylamine to n-octylamine), benzylamine, dibenzylamine and N-benzyl- 
idenebenzylamine (Schiff base). 

Primary amines 
RESULTS AND DISCUSSION 

Lead tetraacetate oxidations of primary amines were carried out in boiling benzene 
with a 1: 1 and 1: 2 molar ratio of amine to lead tetraacetate. After completion of the 
oxidation, the reaction products were separated into neutral, acid and basic parts and 
each part was investigated separately. 

The major reaction products were in the neutral parts and consisted of cyanides 
corresponding to the starting amines. Cyanides were identified on the basis of their 
physical constants, IR spectra (CN bands 2262220 cm-l) and by hydrolysis to the 
parent acids. When the reactants were used in a 1: 1 molar ratio, the reaction was 
complete in less than 1 hr and the yields of nitriles ranged from 20 to 36% (Table 1); 
when the amount of the oxidizing agent was increased to 2 molar equivalents, the time 
required for complete consumption of lead tetraacetate was considerably prolonged, 
and the yields of cyanides were almost doubled (Table I). 

Other neutral products of the oxidation of primary amines were partially resinified 
and high-boiling nitrogen compounds (see below). In case of benzylamine, the 
resulting benzonitrile was accompanied by a small amount of benzaldehydc (24%); 
no aldehydc could be detected in the reaction with aliphatic amines. 

I1 fh. Postanak, If&. Chim. Acre 33, 1597 (1950); G. E. McCasland and D. A. Smith. /. Amer. 
C.&m. Sot. 73, 5164 (1951); M. Pcsu, Bull. Sot. Chim. Fr. 520 (1954); M. Pcscz, J. Mathicu 
and A. Allais, Anal. Chim. Acra. 20,291 (1959). 

I* N. J. Leonard and M. Rcbcnstorf. 1. Amer. C/rem. Sot. 67.49 (1945); H. J. Roth, Arch. fharm. 

294,427 (l%l). 

ID K. H. Pausackcr and J. G. Scroggie. /. Chcm. Sac. 4003 (1954); see also H. J. Richter and R. 1.. 
Drcssla. 1. Org. Chem. 27.4066 (I 962). 

I’ E. Bacr and A. L. Tosoni. J. Amtr. Gem. tic. 78.2857 (1956). 
” F. Wersely, I.. Holzcr and H. Viksek, hfonafsh. 84,655 (1953). 
I0 K. Nakagawa and Ii. Onoue, Glum. Comm. 396 (1965). For the lcad tetraacetate oxidations of 

N-sulphonyl and other N-substituted derivatives of aromatic diamino compounds to quinone 
mane and diimidcs see R. Adams and R. R. Way, J. Amer. Chem. Sot. 76.2763 (1954); R. Adams. 
R. R. Holmes and J. W. Way, Ibid. 75.5901 (1953). and previous publications.’ 

I’ L. Homer, E. Winkclrnann, K. H. Knapp and W. Ludwig, Gem. hr. 92,288 (1959). 
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In basic parts some amine was always recovered unchanged (about 20% with 
aliphatic amines and 43 ‘A with benzylamine when a 1: 1 molar ratio was used and con- 
siderably less when the ratio was I :2). Products of oxidative coupling (hydrazines) 
or intramolecular cyclization (pyrrolidines or piperidines) have not been de&ted. 

TABLE 1. YIELDS OF CYMJIDFS (7;) 0BTAIh-E~ IS lltE LFAD 

TETRAAC-ETATE OXIDATIOS OF PRIMARY AMISFS 

Amine Molar ratio 1: I’ Molar ratio 1:2* 
-~ . _._.- 

n-Butylaminc 20 39 
n-Hcxylaminc 30 41 
n-Hcptylamine 32 62 
n-Octylamine 32 60 
Bcnzylaminc 37 59 

l Amine to lead tetraauxalc. 

The acid parts contained, in addition to acetic acid, traces of alkanoic acids 
corresponding to the starting amines, which were probably formed by hydrolysis of 
the nitriles in the course of the reaction or during the working up procedure. 

As in the oxidation of 1,2diamines, 1,2-aminoalcohols and 1,Zamino acids,- 
the conversion of an alkyl- or arylalkylamine (I) to the corresponding cyanide (III) 
by means of lead tetraacetate might be regarded as a two-step dehydrogenation 
process (1) involving the intermediate formation of an unstable aldimine (II). 

PMOACh 
RCHr-NH, ( RCH-+JH % RCkN 

_ (1) 

I II In 

The intermediate formation of aldimine is supported by the isolation of benzalde- 
hyde (in case of the benzylamine oxidation), which probably arises from hydrolysis of 
the primarily produced benzaldimine. Presumably such intermediates are formed in 
all lead tetraacetate oxidations if amines having an It-methylene group, but in case of 
aliphatic amines the resulting unsubstituted aldimines are known to be very unstable 
and to polymerize rapidly to high boiling material;iB probably this is the reason why 
aldimines (II) or their hydrolysis products (i.e. aldehydes) are not detected upon 
oxidation of aliphatic amines. Moreover, the yield of nitrile decreases and that of 
resins increases with decreasing molecular weight of the oxidized amine, this fact being 
consistent with the decreasing stability of the corresponding aldimine. The proposed 
reaction course (1) is further substantiated by the identification of the by-products 
isolated in the oxidation of n-hexylamine and by the results obtained in the reaction 
of dibenzylamine with lead tetraacetate (see below). 

Since the oxidation of benzylamine with 2 and 3 molar equivalents of lead tetra- 
acetate proceeds also photolytically (UV irradiation with a high pressure mercury 
lamp) at room temperature giving benzonitrile in considerably improved yield (83 %). 
it appears that, in the two-step dehydrogenation of amines (2 and 3) in non-polar 
solvent, the decomposition of the intermediate amino-lead-triacetate (IV) and imino- 
lead-triacetate (Vl)le to the corresponding aldimine (II) and nitrile (III), respectively, 

‘* L. Henry. C. R. Acud. Sci. furis 120,837 (1895). 
” The postulated reversible aminolysis of lead tetraa&ate (a) in the dchydrogenation proccssu (2) 

and (3). kading to the intermediate salts IV and VI. respectively, is closely similar to the equilibrium 
controlled akoholysis of lead tetraacctate.’ 
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proceeds by homolytic cleavage of bonds, either directly (b) or possibly via formation 
(c) of radical pairs containing nitrogen radicals (V and VII, respectively).m 

RCH,.NH, - Pb(OAc), 
(8) 

e RCH,.NH~P~(OACJ, T- AcOH 

I IV 

[RCH,.rjH + &OAc),l - Cd) RCH:NH I- Pb(OAc), : AcOH 

V II 

RCH:NH T- Pb(OAc), 
Icr) 

e RCH:N+b(OAc), - AcOH 

(2) 

II 

[RCH : iG 7 &OAc),] 
(db 

- RC: N + Pb(OAc), - AcOH (3) 
VII III 

To avoid the inhibiting and retarding effect which acetic acid, generated from lead 
tetraacetate in the course of the reaction, might have on the dehydrogenation pro- 
cesses (2) and (3) (see below), the oxidations of primary amines were repeated in the 
presence of pyridine or calcium carbonate, using different ratios of base to lead tetra- 
acetate. However, neither of these bases noticeably affects the yield of nitriles, but 
pyridine in large excess accelerates the reaction considerably, which, under these 
conditions, proceeds even at room temperature. Pyridine as solvent might change the 
mechanism of the dehydrogenation (b) in reactions (2) and (3) from radical to polar, 
by assisting the removal of the proton from the a-carbon atom in the amino-lead- 
triacetate (IV) and imino-lead-triacetate (VI), respectively, and thus cause heterolytic 
decomposition of these intermediates, or else it might only promote reactions (2) 
and (3), without actually changing the nature of the dehydrogenation mechanism, 
by capturing the acetic acid formed in the equilibrium controlled aminolysis steps (0). 

As mentioned above, the neutral parts contained, in addition to cyanide and 
resins, high-boiling nitrogen compounds which were investigated in detail in the case 
of n-hexylamine. When the oxidation was performed with a 1: 1 molar ratio of reac- 
tants, after the distillation of the cyanide fraction, a high-boiling fraction was obtained 
which was purified by column chromatography; the resulting compound, on the basis 
of its elemental analysis, IR spectrum (amide bands at 1653, 1550 and 1290 cm’- 9 
and hydrolysis products (n-hexylamine and acetic acid), was identified as N-hexyl- 
acctamide (n-C,H,,NHCOCHJ, this structure being confirmed by comparison with 
an authentic specimen, prepared by synthesis. N-Hexylacetamide (VIII) is probably 
formed by acetylation of the starting amine (or the corresponding amino-lead-tri- 
acetate IV) with aatic anhydride, which is produced from lead tetraaatate in the 
course of the reaction (4),*i and/or by direct nucleophilic attack of the amino-nitrogen 

,n H. Lemaire and A. Rassat, Tcrrahedron Lrrrcrs No. 33, 2245 (1964), have detected (by ESR) 
nitrogen-radical formation in the oxidation of diphcnylamine with lead tctraaatatc. 

*I The formation of acetic anhydride was established in the lead tctraacetate oxidation of aliphatic 
alcohols.” 

” M. Lj. MihailoviC, 2. MaksimoviC, D. JeremiC. 2. &koviC, A. MilovanoviC and Lj. Lorcnc. 
7-ecrrukdron 21, 1395 (I WS). 
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in the aminolysis product IV on one of the carboxylic carbon atoms of lead tetra- 
acetate (5).=.% 

2Pb(OAc), e (AcO),PbOPb(OAc), t’ Ac,O (4) 

IX 

0 0 

CH,. -c-o-. -Pb(OAc), CH,-C 

t ‘7 - 
- - (AcO),Pb.O.Pb(OAc), (5) 

RCH,--yH;,-Pb(OAc), RCH,-NH 

IV VIII IX 

On the other hand, when two molar equivalents of lead tctraacetate were used, the 
second fraction of the neutral part contained, in addition to N-hexylacetamide, three 
products which were separated by chromatography on silica gel. According to 
elemental analyses, physical and chemical properties, IR spectra and R, values, two 
of these products were identified as benzyl acetate and K-hexylcaproamide (n- 
CIH,,NHCOC,H,,-n), while the third product appears to be an acetoxylated nitrogen 
compound (Table 2). 

TABLE 2. NEUTRAL PRODL’CIS (“/3 OBTAINED IN THE LEAD ETIUACCTATE 

OXIDATION OF II-NEXYLAMINE 

Reaction product Molar ratio I : I’ Molar ratio 1 :p 
-.. -. ..-.. ._ -.. .--_. ..-- - 

n-Pentyl cyanide 30 41 
N-Hexylacctamide 4 I2 
N-Hcxylcaproamidc - 5 
Rcnzyl acetate traces 
Acetoxylatcd N-hexylirkne- 

hexylaminc -. traczs 

l Amine to lead tetraacctate. 

The way in which small amounts of benzyl acetate arc formed in almost all 
oxidations with lead tctraacetate in benzene, was described previously.= The acetoxy- 
lated nitrogen compound, obtained only in traces, might have the structure of a 
C-acetoxy-N-hexylidcnehexylaminc and could be formed by addition of starting 
hexylamine to the intermediary hcxaldimine, followed by loss of ammonia from the 

” This acylation reaction (5) is similar to the scheme proposed by Heusler*’ for the acctylation of 
alcohols with lead tctraacetatc. 

U K. Hcusler. Personal communicarlon; sa also M. Lj. Mihailovti. R. 1. MamuriC. Lj. &i& 

MamuziC, J. Rofnjak and 2. CckoviC, Tetrah&on 23, 215 (1967). 
U As can be seen. both reactions (4) and (5) follow the same course. A close analogy IO the kad 

oxanc structure IX is found in the formation of the organ0 dikad-oxanc X from diphenyl-lcad- 
diacetate and small amounts of water (6)” 

(6) 
Weto”* 

2(C,H,),Pb(OAc), i H,O E (C,H,),Pb~OPb(C,H,), + 2AcOH 

I I 
AaO OAc 

X 

” E. M. Panov. N. N. Zcmlyanskii and K. A. Kocheshkov. Do&f. Akad. Nuuk SSSR 143,603 (1962). 
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so-produced unstable l.l-diaminoalkane and acetoxylation of the resulting N- 
hexylidenehcxylamine.“’ 

The constitution of N-hcxylcaproamidc (XII) has been confirmed by hydrolysis to 
n-hexylamine and caproic acid, and by comparison with a synthetic product prepared 
from caproic acid chloride and n-hexylamine. Its formation most probably takes 
place in the following way: pentyl cyanide, resulting from the oxidation of hexyl- 
amine, undergoes (7) addition of the parent amine present in the reaction mixture to 
give the intermediate aldamidine (XI), which is hydrolysed, in the course of the oxida- 
tion or during the working up procedure, to the corresponding amide (XII).” In order 

NH 
i. 

CH,(CH,),CN T- CH,(CH,),NH, - CH,(CH,),C.NH(CH,),CH, L 

XI 
0 
!I 

- CH,(CH3,.C.NH(CH3,CH, (7) 

XII 

to prove the proposed route for N-hexylcaproamide formation (7), pentyl cyanide was 
treated with a benzene solution of n-hcxylamine under conditions approximating 
those of the oxidation procedure (but in the absence of lead tetraacetate); the neutral 
part contained, in addition to unreacted cyanide, small amounts of the expected 
h’-hexylcaproamide (XII). 

The presence of similar by-products in the lead tetraacctate oxidations of other 
primary amincs has been confirmed by IR spectral data. 

Finally, it was of interest to investigate the oxidation of primary amines with 
lead tetraacctate in the presence of acetic acid. However, when n-hexylaminc acetate 
was oxidized with 1 or 2 molar equivalents of the reagent, the reaction was retarded, 
and the yield of pentyl cyanide was decreased whcrcas the yields of by-products were 
augmented (Table 3). 

~ABI.E 3. Nmmu~ PRODUCTS (:/,) OBTAISED IN THE LEAD TETRAACETATE 

OXIDAllOY OF II-HF2WLAhlINE ACk.ATE 

Reaction product Molar ratio I : 1’ Molar ratio 1 : 2’ 
- .- ____ __ . .._- __. .- . - ..-._ 

n-Pcntyl cyanide 20 34 
N-Hcxylacetamide 15 12 
N-Hexylcapronamidc - 1@5 

l Amine to lcad tetraacetatc. 

From data presented above one can draw the conclusion that the dehydrogenation 
of primary amines containing an z-methylene group by means of lead tetraacetate 
might be of preparative value, since the corresponding nitriles are easily isolated and 
arc obtained in satisfactory yields. 

*’ Such imintrimary amine exchange reactions arc known to occur and have been used for obtaining 
N-alkyl imines. Sa. for cxampk. R. W. Layer. Chem. RCLY. 63,489 (IW3). 

sa A. Bcmthscn, f&&/s Ann. 192, 1 (1878); H. J. Racker and W. L. Wanmaker, Rec. True. Chfm. 

Pup-&rr 70. 638 (1951). 
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Seconhy arylalkyl amines 

The lead tetraacetate oxidations of dibcnzylatnine were carried out in the same 
way as those of primary amines. When the reactants were used in a 1: 1 molar ratio, 
the reaction was complete in 30 min ; by increasing the amount of the oxidizing agent 
to 2 molar equivalents, the required reaction time was prolonged to 2 hr. The reaction 
products are listed in Table 4. 

TABLE 4. PRDD~J~TS (%) O~AISFD IN THE LEAD TETRAACETATE OXIDATION 

OF DIBENZYLAMINE IN REFLUXINO BENZENE 

Reaction product Molar ratio I : I* Molar ratio 1 : 2’ 
- _ _ - .- ---_ .---._ - 

Bcnzaldehydc 30 60 
Bcnzonitrik 13 24 
N-bcnzylidcnc-z-acctoxy- 

bcfuylamine - 14 
Bcnzylaminc 32 - 

N-Iknrylidenebenzylaminc 21 6 

l Amine IO lead tetraaatate. 

The presence of bcnzaldehyde and bcnzonitrile in the neutral part was established 
from IR spectra (CHO band 1700 cm-” ; CN band 2130 cm-l), and their yields by 
means of gas chromatography and quantitative determination of bcnzaldehyde. 
When the oxidation was performed with a 1:2 molar ratio of amine to lead tetra- 
acetate, the neutral part contained a third component, which could not be distilled 
without decomposition. According to its IR spectrum, which exhibits strong absorp 
tion maxima for -C=N- (1649 cm-l) and acetoxy groups (1739 and 1235 cm-i), 
and on the basis of analytical data (elemental analysis and saponification value) and 
hydrolysis products (bcnzaldchyde, ammonia, acetic acid), this compound was 
assigned the structure of N-benzylidene-a-acetoxybcnzylamine (C,H,CH(OAc)*N : 
CHC,H&. 

In the oxidation with a 1: 1 molar ratio of reactants, the basic part contained two 
products, one of which was bcnzylamine and the other N-bcnzylidenebenzylamine 
(Schiff base). The structure of the latter compound was established from its analysis, 
IR spectrum and rapid, near quantitative acid hydrolysis to benzaldehyde and bcnzyl- 
amine, as well as by comparison with a synthetic sample and conversion into the 
known crystalline tribromidc. When the oxidation of dibcnzylamine was carried 
out with 2 molar equivalents of lead tetraacetate, no bcnzylamine was detected, the 
sole basic reaction product being N-bcnzylidenebcnzylamine. 

A possible route (8) leading to the observed reaction products (Table 4) (without 
entering into the detailed mechanism of each step) involves the dehydrogenation 
(a) of dibenzylamine (XIII) to N-bcnzylidenebcnzylamine (XIV) [in the way postulated 
for the dehydrogenation of primary amines to aldimines (2)], as the first oxidation 
step, followed by reaction of Schiff base! (XIV) with lead tetraacetate (b) to give the 
triacetoxy-lead immonium-carbonium ion (XV),‘*lb which, in turn adds an acetate 
anion to the positive z-carbon atom (c). The resulting product XVI can then either ’ 
undergo dehydrogenation (d) to N-benzylidcnc-a-acetoxybcnzylamine (XVII), or, 
by attack of acetic acid (e) (or water) generated during the reaction, afford bcnzyl- 
amino-lead-triacctate (XVIII), which is further dchydrogenated (j) by lead tetraacetate 
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[according to reactions (2) and (3)) to bcnzonitrile (XX), and a,adiacctoxytoluene 
(XIX) (or directly bcnxaldehyde), which is hydrolyscd (g) (during the reaction or the 
working up procedure) to bcnzaldehyde (XXI).- 

(0) (PhCH,hNH - PWOAc), - PhCH,.+v:CHPh + Pb(OAc), + 2AcOH 

XIII XIV 

(6) 

r”“‘l 
OAc 

!3 
PhCH,.N:CHPh f---t PhCH,.NCHPh + AcOO (c) 

I 
PhCH,.NCH-Ph 

!WO AC), !WO Ac), LO AC), 

xv 
(d) 

J 
‘I XVI 

OAc (C) AcoII 
I I- 

PhCH: NCH.PH PhCH,.NH*Pb(OAc), i- (AcO),CHph 

XVII XVIII XIX 
Ad)H(orH,O) 1 

J-(I) PMOAQ, 
I 

M~~,NH, PhC;N 

tar 

xx XXI 

The rather high yield of N-bcnxylidenebcnzylamine (27 %) obtained in the 1: 1 
molar ratio oxidation of dibcnzylamine, as compared to the amount (6%) isolated in 
the 1:2 molar ratio oxidation (Table 4), suggests that the Schiff base (XIV) is the 
primary reaction product. For that reason it was of interest to investigate the action 
of lead tetraacctate on N-bcnzylidencbenxylamine (XIV) itself. With a 1: 1 molar 
ratio of reactants (2 hr), bcnzaldchyde (20%). bcnxonitrile (47%). N-benxylidene-a- 
acetoxybznxylamine (XVII), the starting Schiff base (XIV) (13 ‘A) and a small amount 
of bcnxoic acid were obtained, but no bcnzylamine was detected, these results being 
similar to those observed in the 1: 2 molar ratio oxidation of dibcnzylamine (Table 4). 
Moreover, by heating N-bcnzylidencbcnzylamine (1 mole) with lead diacetate (1 mole) 
and acetic acid (2 moles) in benzene, i.e. under reaction conditions approximating 
those of the lead tetraacctate oxidation procedure, 70% of the !Schiff base (XIV) was 
acetolyscd in + hr. whereas attempts to synthesixc N-bcnzylidenebcnxylamine (XIV) 
from benxaldehyde and bcnzylamine. under similar conditions, failed. These observa- 
tions represent further evidence that in the lead tetraacetate oxidation of dibcnxylamine 
benzaldehydc and benzylamine arise from the primarily formed N-bcnzylidenebcnxyl- 
amine (8). rather than by direct C-N fragmentation of the starting amine (XIII), with 
subsequent condensation to the Schiff base (XIV).= 

*@ Another, kss probabk pathway. which might be envisaged for explaining the formation of produd, 
CTabk 4), would con&! in the inim c4eavpge of one C-N bond in dibaqkminc (XIII) Lo give 
bcnzylamino-lead-trieatatc (XVIII) and a,a-dlatoxytoluene (XIX), possibly through XVI 
(generated by direct acetoxyktion of dibcnzylamine XIII); XVIII would rhcn undergo cirher 
dchydroption to benzonitrik (XX) or&c condauation with XIX to N-bcnzylidcncbenzykmine 
(XIV), this SchifT bare being further aatoxylntcd. 
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EXPERIMENTAL” 

Mps and bps are uncorrazted. IR spectra (Pcrkin-Elmer Infracord, Model 137, as tilms or in 
CCl,). Gas chromatography (Pcrkin-Elmer instrumatt, Model 11&E, equippal with thermistor 
detectors). TLC (according to Stahl; chromatoplatcs were developed with a mixture of cyclohexane 
and AcOEt (SO: 50) or phenol and water (80: 80), spots being Qetectod with I, vapour). 

The preparation, drying and purity &ennination of Pb(OAc), was described pmvioualy.“~” 
Starting amincs were commacial products which were thoroughly dried and fractionated before use. 
Thiophcne-fne bcnxuu, dried over Na, was wed as solvent for the oxidations. 

Gene& oxidrrr&nproc&e. The starting amine (Ql mole) and the required amount of Pb(OAc), 
(01 or O-2 moles) in benzene (IO&200 ml) were rcfluxcd with stirring, until the oxidizing agent was 
completely consumed. After cooling to room temp. ether (100 ml) was added. the separated Pb(OAc), 
removed by fllttation and washed several times with ether ; it was then dissolved in water and the aq 
soln was extracted with ether. The ethereal extracts and washings were added to the bavlermthcr 
Altratc. The combined organic soln was wa&d succtuively with 3% HClaq. 5% NaHCO,aq and 
H,O. thus giving the ncurrolpcrrr. The HCl washings and the original aq soln containing Pb(OAc), 
were combined. made strongly basic with NaOHaq and continuously extracted with ether; this 
ethereal extract repruents the baricpurr. The ocidprr was obtained from the NaHCO, washings, 
upon acidification with HClaq and extraction with et&. 

The resulting nitrila. fatty acids and recovered amincs were idmtifkd on the b&i of their physical 
constants (bps. refractive indicca. IR spectra, gas chromatographic retention timea) and by conversion 
to dcrivs.” Hydrolysis of nitrila to the comsponding carboxylic acids was effected by rctluxing 
with a S-8-fold cxceus of 60% H,SO, for 3 hr. 

The amount of Pb(OAc), used in different runs (values in g and moks given below) are based on a 
product of 100% purity. 

n- Hexylamine 

Primary amines 

Oxldorbn III benzene alone. (a) The reaction of n-hexylamine (101 g; 0.1 mole) with Pb(OAc), 
(44.3 g; @l mok) in benzene was compkte after 30 min. In the acid part only AcOH was dctccted. 
From the basic part unrcactcd n-bcxylaminc was isolated in about 20% yield. Distillation of the 
neutral part gave two fractions; fraction I, b.p. 58” at 17 mm. was identified as pentyl cyanide (2.9 g, 
30%). and fraction II. b.p. 12&125” at 3 mm, upon chromatography on SiO, (using as eluent different 
ratios of cyclohcxanc+AcOEt), alforded as major product N-hcxy-de (@6 g. 4 ‘/3, which was 
identical with a synthetic product.- (Found: C. 67.7; H, 12a; N. 9.9. Cak. for C,H,,NO: C. 
67.1; H. 12.0; N. 9.8%). 

(b) The same reaction was repeated by using 2 molar cquin of Pb(OAc), (88.7 g; 02 moks) per 
mole of n-hexylaminc (IO.1 g; 0.1 mole) in 200 ml bcnzne. The consumption of the oxidizing agent 
was complete after rcfluxing for I6 hr. In the acid part, in addition to AcOH, tracu of caproic acid 
were detected. In the basic part only unrcacted starting amine was present in small amounts. Dis- 
tillation of the neutral part afforded 2 fractions; the first fraction, b.p. S8”/17 mm. consisted again of 
pcntyl cyanide (3.95 g. 41%); the second fraction, b.p. 122-127”/3 mm, was chromatographed on 
SiO, and on clution with cyclohaanc+AcOEt in different ratios gave NJunylccrpre (I -05 g, 5 %). 
(Found: C. 71.7; H, 11.7; N, 6.8, CI,H,,NO rcquirts: C. 72.3; H, 12.6; N, 74%). which was 
identical with a synthetic product (see below), and N-hcxyla&amidc (1.7 g. 12%) identical with the 
amide isolated in oxidation (u) and with an authentic specimena In addition, the second fraction 

o We thank Mrs. R. Tasovac and Miss R. Dimitrijevic, from the Microanalytical Laboratory of our 
Department, for the clemental microanalysca. 

‘I M. Lj. Mihailovic. z’. &koviC, Z. Maksimovic. D. Jercmic. Lj. Lorenc and R. I. Mamuzif, Terru- 
kdron 21, 2799 (1965). 

n R. L. Shrincr. R. C. Fusoo and D. Y. Curtin, I& Sysrewuaric Ide@carion of Organic Compounds 
(5th Ed) J. Wiky. New York (1964); A. I. Vogel. RacficuiOgunic Ckmf.rrry (3rd Ed) Longmans 
Green, London (l%l). 

U H. E. Baumgartcn, F. A. Bowa. R. A. Scttaquist and R. E. Alkn. J. Amer. Chem. Sot. 80.4588 
(1958). Set also L. G. Donaruma and M. L. Hubcr, J. Or;p. Chem. 21, %S (1956); B. Prajsnar and 
C. Troszkkwics. Rocrnfki Ckm. 36. 853 (IW2). 
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contained traces of benxyl acetate and an acetoxylatcd nitrogen camp. which, according IO its IR 
spectrum. might be a C-acetoxy-N-hexylidenehcxylamine. The resinous residue of the distillation 
(2.8 g) was not investigated. 

O.&Won in rhc presence of p)ridine. The oxidation of n-hcxykminc (I@1 g; 0.1 mole) with 
0.1 mole (44.3 g) Pb(OAc), in 100 ml bcnxcnc, in the prcsc~ of anhyd pyridinc (32 g; 04 mola) 
was complete after rcfluxing for 30 min, and afforded 297; (2.8 g) pcntyl cyanide and 25% (Q5 g) 
N-hexylcaproamidc. 

Oxidufion in rheprcscnce o/A&H. (a) n-Hexylaminc (IO.1 g; 0.1 mole) was tint trcatcd with an 
quiv amount of glacial AcOH (0.1 mok) and then oxidized in refluxing bcnzcnc (lOOmI) with 
0.1 mole (44.3 g) Pb(OAc),, the reaction being complete after I hr. Distillation of the neutral part 
afforded 20 % (2.0 g) pentyl cyanide and 15 % (2.15 g) N-hexylacctamidc; residue (not investigated) 
3.75 g. 

(b) The same amount of n-hcxylaminc acetate (@I mole) was oxidized with 0.2 moles (88.7 g) 
Pb(OAc), in ux) ml bcnzmc. Since even after 23 hr of refluxing the tetravalent kad reagent was not 
compktely ~~~ttrned, the reaction was stopped and unrcac~cd Pb(OAc), was decomposed with KI 
and Na,S,O,.U Distillation of the neutral part gave 34% (3.34 g) pcnlyl cyamdc. 10.5% (2.1 g) 
N-hcxykaproamide and 12 % (I .75 g) N-hexylacetamide (residue 2.65 3. 

Hydrolysis of N-hcxykzccramidc and N-hexylcaproamidt. These products, obtained in variow 
above described oxidations of n-hcxylamine, were refluxcd with 40% NaOHaq for 5 hr, and the 
reaction mixtures were worked up as usual. N-Hcxylacetamide afforded n-hcxylaminc and A&H. 
while N-hcxykaproamide gave n-hexylaminc and caproic acid. 

Prcporarion of N-hrxylcuproumide. To an ice~ookd mixture of n-hexylaminc (5.6 g) and 10% 
NaOHaq (30 ml). caprok acid chloride (7.6 g) was added dropwise, with constant stirring. After 
standing for 30 min at room temp. the reaction mixture w= ex~ractcd with ether. the ethereal layer 
dried (Na,SO,) and distilkd. to give 7.4 g (667;) of N-hcxykqwoamidt. b.p. 176-178”/12mm.U 
(Found: C, 72.4; H. 12.7; N. 6.9. C,,H,,NO rquircs.: C. 72.3; H. 12.6; N. 7.0x.) 

N-Hcxylcqoroamide from n-prnryl cyan& and n-hexylamine. Equivalent amounts of the reaCtMts 
were refluxcd in anhyd bcnxcn~ for-16 hr (conditions approximating those of the oxidation -ion). 
The reaction mixture was washed successively with 3% HClaq, 5% NaHCO,aq and H.0. Distilla- 
tion of the neutral soln afforded unrcactcd n-pentyl cyanide and a small residue whose IR spectrum 
was identical with that of N-hcxykaproamidc obtained synthetically (xc above) or from the Pb(OAc), 
oxidation of n-hcxylamine. When the same reaction was effcc~ed in the presence of an quiv amount 
of AcOH. chromatography on SiO, of the distillation residue affordad, in addition to small amounts 
of N-hcxykaproamide, also some N-hexylacctamidc. (Found: C. 66.9; H, 124; N, 9.9. Cak. for 
C.H,:NO: C. 67.1 ; H. 12.0; N. 9.S”,., 

n-Bulylamine 

Oxiakion ,n benzene. (a) The reaction of n-butylamtne (log. Q137 moks) with 1 quiv of 
PMOAc), (60.7 g; 0.137 moles) in 100 ml rctluxing benzene was complete after 40 min. Frao 
tional distillation of the neutral part aITordcd 20% (I.9 g) of n-propyl cyanide, b.p. 94-98”/760 mm 
(residue 1.9 g). 

(b) By oxidizing n-butylamine (10 g; 0.137 moles) with 2 cquiv of Pb(OAc), (121.5 g; 0.274 
mola) in 200 ml benr..ne. the reaction was not over even after 43 hr of rdluxing. Excess of the 
reagent was decomposed with KI and Na&OIY and the reaction mixture worked up as usual. The 
total yield of n-propyl cyanide in the neutral part according to gas chromatography, amounted to 
39 “‘, (3.72 g). 

n- Heptylamint 

Oxi&zfion in benzene alonr. (a) The oxidation of n-heptylamine (I 1.5 g; 0.1 mok) with 1 qutv 
of Pb(OAc), (44.3 g; @I mole) in 100 ml refluxing benzene (reaction time 40 min) afforded. from the 
neutral part 32% (3.6 g) n-hcxyl cyanide, b.p. 69 ,71”/15 mm (residue 1 g), and from the basic part 
19.5% (2.25 g) unrcactcd starting amine. 

” M. Lj. MihailoviC, 2. &koviC and D. JercmiC, Zcrr&&on 21, 2813 (1965). 
” B.p. 108-l 1 lo/O.07 mm was reported by R. F. Moore, Po+ner 4,493 (1%3). 
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(b) When n-hcptylaminc (I 1.5 g: 0-l mole) was oxidized with 2 cquiv of Pb(OAc), (88.7 g; 0.2 
moles) in 200 ml benzene. the reaction was compktc aficr rcfluxing for 16 hr and distillation of the 
ncuIral part furnished n-hexyl cyanide in 62 % yield (6.9 g) (residue 4.15 g). 

Oxtirion in rhcpresence o/CaCO,. By oxidizing n-hcptylaminc (11.5 g; 0.1 mole) with I equiv 

Pb(OAc), (44.3 g; 0.1 mole) in 100 ml benzene. in the presence of anhyd CaCO, (12 g; 0.1 mole -- 
20% excess). dricxl in LYXUO over PtO, (reaction time 50 min). n-hexyl cyanide was obtained in 31 “A 

yield (3.45 g) (residue 1.1 3. 
Oxidufion in rhcpresencc ofpyridinc. (a) The yield of cyanldc (31.5:;; 3.5 g) was the same when 

the rcacIion of n-hcptylaminc (Il.5 g; 0.1 mole) with Pb(OAc), (44.3 g: 0.1 mole) was carried oul 

in 100 ml benzene, in the presence of anhyd pyridinc (15 8 g; 0.2 moles), the oxidation being com- 
pktc after rcfluxing for 40 min. 

(b) n-Hcptylamine (8.5 g; 0.07 moles) was oxidired with 2 quiv of Pb(OAc), (62.1 g; 014 moles) 

in 100 ml benzene and 100 ml dry pyridine at 60”. the reaction being complete after 30 min. Fraction- 
ation of the neutral par’ (6.27 g) afforded 65% (5.05 g) of n-hcxyl cyanide. b.p. 75 ,76”/18 mm. 

(c) The reaction with the same amounts of rcactams was repeated in 50 ml benzene and 150 ml 

dry pyridinc at room temp. whereby PWOAc), was completely consumed after 12 hr. Distillation of 
the nculral part gave n-hcxyl cyanide, b.p. 78-79119 mm. in 55 o< yield (4.27 g). 

Oxiciotion in benzene ulone. (a) From n-octylaminc (12.9 g; @I mok) and 1 quiv Pb(OAc), 

(44.3 g; @I mole) in 100 ml benzene, after rcfluxing for 40 min, n-hcptyl cyanide, b.p. 68”/13 mm, was 

obtained in 31.67; yield (3.95 gl (residue I gh 
(b) The same reaction was repeated with 0.1 mole (12.9 g) n-octylaminc and 2 quiv of Pb(OAc), 

(88.7 g; 0.2 moles) in 200 ml rcfluxing benzene. rhc reaction being compktc after 16 hrs. Dislillalion 
of the neutral part afforded n-hcptyl cyanide in 60% yield (7.5 g) (residue 5.3 g). 

Benzylaminc 

Tivrmnl oxiciorion in henrcnc. (a) The reaction between benzylamine (IO.7 g; 0.1 mole) and 

1 quiv Pb(OAc), (44.3 g; 01 mole) in 100 ml benzene was complete after rcfluxing for 50 min. 

From the basic part 43% (464 g) unrcactcd bcnzylaminc was isolated. Distillation of the neutral 
part gave a fraction (b.p. 68-71”/14 mm) which was subjected lo gas chromatographic separation and 

idcmifti as a mixture of bcnzonitrik (3.77 g; 36.64;) and bcnzaldchydc (0.22 g; 2%). 

The same oxidation, but in the presence of dry pyridine (19 g; 0.2 moles -t 20% excess), gave 
from the neutral pan a fraction (4 g) comaining 34 “/. bcnzonitrik and 4 ‘/A bcnraldchydc (according 

IO gas chromatography). When CaCO, (I 2 g; @I mole i 20% excess). dried in wcuo over P,O,. 
was used as base instead of pyridine. the same oxidation afforded 41:: bcnzonitrile and 40; 

bcnzaldehydc. 
(b) The oxidation of bcnzylamine (IO.7 g; 0.1 mole) with 2 quiv Pb(OAc), (88.7 g; 0.2 moles) 

in relluxing benzene (200 ml) was complete after 12 hr. The fraction (6.5 3, b.p. 68-71’/14 mm, 
obtained by fractional distillation of the neutral part. was separalcd by gas chromatography to give 

59”//. bcnzonitrik and 47; bcnraldehydc. Prom the basic part unrcactcd bcnzylamine was isolated 

in 9% yield. 
Phoro/,rfic oxtirion in bcntrtw. (a) A mixture of bcnzylamine (1.07 g; 0.01 mok) and PMOAc), 

(8.9 g; 002 moles) in 200 ml benzene ( i 2 ml dry pyridine) was irradiated with stirring in a Pyrex 

vessel with a Hanau high pressure mercury lamp in a central watcr-cookd Pyrex jacket at 18” during 
1 I hr. after which time the reaction mixture gave a negative test for kad(lV) sails. Gas chromaItr 
graphic separation of the neutral part (0.9 g) afforded @80 g (83 ‘/.) of benxonitrik and 0.01 g (15;) 

of bcnzaldchydc. 
(b) The same reaction with 147 g (0.01 mole) bcnzylaminc and 3 quiv PMOAc), (13.3 g; 

0.03 moles) was imerruptcd after 16 hr. Decomposition of unrcaclcd Pb(OAc), with KI and 
Na,S,O,H and usual working up of the reaction mixture afforded, upon chromarographic separation. 

0.8 g (83 7.) of bcnronitrik and @04 g (4”;) of bcnraldehyde. 
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Dibenzylamine 

Sccondcvy aryldkyf amitu 

Oxidoh~ (a) The reaction between dibcnzykmirk (19.7 g; Ql mok) and 1 cquiv of Pb(OAc), 
(44-3 g; 01 mok) in 100 ml rdluxing benzene was compkte in 30 min. Fractional distillation of the 
neutral part gave a fraction (S g), b.p. 64-67’/13 mm, which was idcntitkd as a mixture of bcnzalda 
hydc and bcnzonitrik, by comparison of IR spaztra and retention times with those of ref. samples. 
Gas chromatographic separation and quantitative determination of mdehyde in the form of its 
2&dinitropbcnyihydrazone (m.p. 237”). y showed that benmhkhydc was formed in 30% yield 
(3.15 g) and bcnxonitrik in 13% yield (1.3s 3. Upon distillation of the basic part two products wcro 
obtained, unructcd dibcnzylamine, b.p. 80”/18 mm, in 32% yield (3.45 g) and N-bauylidcn&nzyl- 
amine, b.p. 168”/14 mm, in 26.67: yield (3.45 g) (Found: N, 7.4. Calc. for C,,Hi,N: N, 7.20/3. 
N-Bcnxyli&ncbenzylamine was identical with a synthetic product, b.p. 167-168”/14 mm, obtained 
in 67y0 yield (13.1 g) from benraldchyde (1@6 g; @l mole) and bcnzykmine (1@7 g; @l mole) in 
ethereal soln in the cold,” and when treated with Bra water in chf’soln gave a crystalline tribromidc 
(m.p. 148”)” which did not depress the m.p. of the tribromidc obtained from the syntbctic corn@ 

(b) By oxidizing dibcnzykminc (19.7 g; @l mole) with 2 cquiv Pb(OAc), (88.7 g; 0.2 moks) in 
200 ml rdluxing bcnztnc. the reaction was compkte in 2 hr. Distillation of the neutral part folllowcd 
by gas chromatography of the fractions furnished bcnzonitrik (2.5 g; 24%). bcnzaldehyde (644 g; 
69%) and, as residue, h’-bcnzy~~ru-adceruxy~nry~amiru (XVII) (3.5 g; 14%); IR: 1739 and 
123scm ’ (acetate). 1649 cm-* (---C .,N-); mol. wt. (determined from saponifmtion value”): 
found 269, cak. 253 (Found: N, 5.2. C,,H,,NO, requires: N. 5.5 %); by acid hydrolysis it is readily 
converted to bcnraldehydc, ammonia and AcOH. From the basic part only N-bcnzylidenebcnzyl- 
amine was isolated (1.2 g; 6%). 

(c) Oxidation (b) was repeated. but without working up the reaction mixture with HCI and 
NaHCO,. Direct distillation of the filtered bcnzenbethcr soln (ze General proce&re) and gas 
chromatography of the fraction, b.p. 7&72”/13 mm, showed that bcnzaldchyde was present in about 
I1 :/, yield [compared to the 6004 yield in oxidation (b)]. indicating that only part of the ahkhyde 
was formed during the oxidation reaction itself, while the major part was liberated from derivatives 
of bcnrakkhyde (e.g. z,~-diaatoxytoluene XIX) in the course of the normal working up proadurc. 

I fydrolysis of N-bcnzylidenebenzylami~ominc. The SchitI base (S.Og; @025 molu), glacial AcOH 
(3.0 g; 0.05 moks) and anhyd Pb(OAc), (84 g; 0025 mola) were rcfluxcd in anhyd benzene (100 ml) 
for 30 min (conditions approximating those of the oxidation reaction). Working up of the reaction 
mixture in the usual way afforded bcnzaldchyde, bcnzykmine and unchanged N-benzylidcnebcnzyl- 
amine in 30 7: yield (1.5 g). 

Bcnzykminc and bcnzaldehydc. under the same reaction conditions, did not give detectable 
amounts of N-bcnzyl~denebcnzylaminc. 

Oxidation 01 N-bentylidencbenxylamint 

The reaction of this Schiff base (19.5 g; 01 mole) with Pb(OAc), (44.3 g; @I mok) in 100 ml 
rcfluxing benzene was complete in 4.5 hr. The neutral products were identifkd as benzonitrik 
(4.9 g; 47.5%) and benmldchyde (2.13 g; 20%). and the IR spectrum of the distillation residue 
(4.5 g) indicated the presence of N-bcnzylidene-x-aatoxybcnzykminc. From the acid part PhCOOH 
was isolated in small amount (0.1 g). while the basic part afforded unchanged N-bmzylidenebenzyl- 
amine in 13 :< yield (2.54 g). 
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