
Tmhhm Vol. 38, No. 11, pp. 1369 lo 1570, 1982. aUO420/82/111~3.~ 
PrinWdinGleatBriwin. P.x@moPPrtSSLtd. 

FRRm'S SALT OXIDATION OF BENZYLAMINES. AN OXIDATIVE DRAMNATION REACTION 

Luis castsdo*, Ricccdo Riguera srd M. Jesiis Rodriguez 

Depatanento de QufmicaCtg'aicade 1aFacultad de Qutiicae Institutode Froductos 
Naturales OrgRnicos (Secci6n Alcaloides) de1 C.S.I.C.SantiaJo de Canpostela (Spain) 

(Received in UK 23 November 1981) 

Abstract- Remy's salt is shown to oxidize efficiently primrcy benzylmnines to imines, 

bensaldehydes and nitriles. 

The ability of Fremy's salt (FS) to act as sn 

oxidant tcwca-ds phenols ad aniline8 is well 

known'.It was not until quite reosntly th& this 

reagent has been used to oxidize other types of 

anines nanely tetrahydroisoquinolines sld 

related alkaloids which were mverted in this 

way to the mrespanding rranctic ad 0x0 
2,3 ccmpoullds . 

In trying to establish the general reactivity 

of FS with mnines we here repat thrt primsry 

bensylamines are efficiently cxidised by this 

reagent, giving a vmiety of products depending 

cm the reaction conditions. Thus, benzylanines 

l&e were added to an excess of FS in 5% sodium 

carbonate solution. After stirring fa 2 h-8 

at roan temperewe the reactian mixture was 

extracted giving a 88 to 97% yield of the 

caresponding imines 4&e. This result can bs 

explained by the knwn evolution4 of the 

initially famed mninium radical to zm innncnium 

ion 1 which is an imine in the reaction media. 

This in the presence of the starting mnine 

enters into a series of equilihia, via ixninal 
5a 

2, which eventually leads to 4 . We attribute 

this to the insolubility of 4 in the reacticn 

media Rcwever, 4 might be the result of a 

father PS oxidation of 1 at its primary amino 

grcup to an adduct 2 which then suffers the 

cleavage of the C-N bard with asistanae of 

the securlary nitrcgen. 

In the sezch fa supplementary data we have 

found that when the reactico is performed in 

the presence of a ampeting mzclecphile the 

imncnium ion zcan be trapped. A number of 

a7 R,=R2=H 

b) R,=OPle, R2=M 

c) R,+R2=CCH20 

praucts Be accadingly obtained depending cm 

the positian of the 2 to 2 equilihrium.Thus FS 

oxidation of 1 in the presens of 1 equivalent 

of piperidine prcducmd a 602 yield of a (l/l) 

mixture of imine 4 ard benzaldehyie $, but with 

4 equivalents of pipaidine only sresulted in 

50% yield6. The famahicm of~oocursmcet 

prcbably by hydrolysis of the qur+ernary 

innncnium icn 7 famed alang the lines of the 

afamentitned mechmism, the excess of 

piperidine being necessary to shift the 

equilibrium to 2. Nevertheless, the sane result 

was obtained by using NIi40H d pyridine instead 

of piperMine which indicated that aldehyde 2 

ccuH also be produced fran 1. 

The importmae of the equilibrium imine- aminal 

in amtrolling the reaction prcducts is 

remcekable. Thus, when the FS oxidaticm of lb - 

was conducted in COIC. amnoniumhydroxide 

instead of crcbonate, soluticm (equilibria 

strongly shifted to aminalz) a mixture of 

benzaldehfle ,, benzamidine % and benzo- 

nitrile llb (4/ l/ 2 ratio) resulted in 502 - 

yield. The presena of benzanidine can be 

explained as the FS oxidation product of uainal 

9b follwd by the loss of zn alpha proton. In - 

the literaturesb a sirnil= reactian has been 

found, consisting of the treatment of imine 2 

with ialine in liq. amncmia whidr gives a lw 

yield of anidine lob. On the other hard, the - 

famaticm of benscmitrile l+, ccmsideringthe 

reactian temperatme, should not be the result 

of m m&dine elimination 
SC 

. It can be 

interpreted as the FS oxid ation prohat of 

Ar-csi=q 
2 

-1 
FS 

At- 

'C-N 
JI 

H’ ‘CH2-Ar 
d) R,=Cl, R2'H &Ii, 

e) R,=Me, R2=H 5 
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z __) ?qw?H2.-Ej Ar-Cw=N -> 
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benzamidine lob through the intermediate 12 by - - 
a similar mechanism to that put foward 

previously fcr the conversion of 2 to 4. It is 

worth noting that imines such as 2 sre oxidized 

by cxygen in the presence of methoxide to the 

correspording nitriles 11 
Sb 

, which shald occur - 

by a similar process. Finally, when the above 

FS oxidation was carried out in the presence 

of other nuclecphiles such as AcO- and N; a 

mixture of imine 4 and aldeh@e 8 was obtained - 

in 60% yield. The same result was found when 

the reaction was performed in the present of 

EtOH as cosolvent, while in the presence of 

CN- the aminonitrile 13 resulted in a - 

quantitative yield. 

The conversion of primary benzylamines to 

imines, benzaldehydes, amidines and nitiiles 

illustrates the potential of FS as a reagent 

in Organic Chemistry. It also serves to stress 

that a number of biogenetic transfarmationa 

which involve the oxidative deamination of a 

primary anino group could be due to a series 

of one electron oxidations perfumed by the 

biological equivalent of FS, which by analogy 

with the metabolic oxidaticns of alpha 

aninoacids md amines might be of the flavin 
7 r8 type . 

EXPERIMENTAL 

NMR spectra were determined at 80 MHz on a 
Vazian UT-20 spectraneter in CDC13 with TMS 
as internal standard. Mass spectra were run 
on a KRATOS MS-25 instrument(direct insertion, 
70 eV). IR spectra were run on a PYE UNICAM 
1100 spectrometer and W spectra on a PYE 
DNICAM 1700 spectrometer. Tlcwas carried out 
on silicagel GF-254(type 60) anl CH2C12 as 
eluent. The tic slides were visualized with 
W light. Glc was performed cm a Iiewlett- 
Packard 5710A instrument. The padring used was 
3% OV-17 on duomoscxb W (mesh size E6/100). 
The column was 0.125 in. inner diam. ad 2.3m 
long. The carrier gas (Nitrogen) flow rate was 
15 ml/min.and oven temperature was programed 
from 12O'C to 16OOC. Peak areas were used to 
estimate the relative prcpatims of compounds 
in mixtures. 
All reactions were carried out with Fremy's 

salt obtained acxading to a liter&n-e 
procedure (1) mxl used without further 
purification. The starting benzylmnines were 
purchased fran Aldrich Co. All reaction 
products have already been described in the 
literature. 

General proozdure 

To the violet soluticm obtained by dissolving 
FS (aprox. 10 equivalents) in 40-60 ml. of 
5% Na CO aqueclls solution was added the 
benzy z 3 anine 1 (100 mg.)nest of dissolved in 
a small amount (5 ml.) of THF a EtOH. The 
reaction mixture was stirred fa about two 
hours at roan temperature until disappearance 
of the starting benzylamine (by tlc).(When the 
FS oxidation was carried out in cont. NH40H 
(60 ml.), the reaction mixture was stirred fa 
three days at roan temperature). The reaction 
mixture was extracted with ether and the 
combined extracts were dried (Na2S04) and 
concentrated in vacua to dryness. The residue 
was distilled to give the imine 4, identified 
by direct comp=ison (W, IR, NMR al-d MS) with 
authentic samples. When the FS oxidation w~ls 
conducted in ant. NH OH the reacticm mixture 
was extracted with CH 8 l3 ard the canbined 
extracts were dried (Na2S04) and concentrated 
in vacua to give an oil which upon addition of 
Et20 produced a small mnount of aprecipitate 
which was centrifugated and identified as the 
amidine lob. The Et 0 solution was shown to 
contain amixture o f benzaldetyde E&I and 
benzonitrile llb by direct canpariz with 
authentic sari=== (tic, glc and NMR). 
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