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of tef perruthenate (PM) a#or& straighyonVardly the correqonding 
imines in god yields 

The direct oxidation of secondary amines to imines is a rarely employed reaction, the known 

procedures for its application being, with a few exceptions, rather limited in scope. 1 Moreover, 

almost no procedure employs the simple and selective reagents widely used in the related oxidation of 

alcohols to carbonyl compounds, the only exception being the Swem oxidation, which is affected by 
the formation of undesired by-products. 2 only recently, a few procedures which allow the 

biologically and synthetically relevant transition-metal catalyzed transformation of amines into imines 

have been developed.3 

Being active in the field of nieogen heterocycles,4 we investigated the use of tetra-n- 

propylammonium perruthenate (TPAP) as a possible catalyst for the oxidation of nilrogeu containing 
products. This reagent, first synthesized and utilized by L.ey and Griffith,5 has become a commonly 

used mild catalytic oxidant for the interconversion of alcohols to the corresponding aldehydes or 

ketones, N-methyhnorpholine N-oxide being the stoichiometric co-oxidant.536 Its mildness aud 
chemoselectivity6 and commercial availability has made it the reagent of choice in the oxidation of 

hydroxy groups in very critical and delicate enviromnents, 677 where other methods often fail. Very 

recently, TPAP has been found to be also a good reagent for the oxidation of sulfides to sulfones.8 In 

spite of its increasing use in synthesis, no example of use of TPAP in the oxidation of nitrogen 

containing compounds (except the oxidation of a hydroxyl group in an indole derivative)5 has been 

reported so far, at the best of our knowledge. 
In this communication we report the use of TPAP for the smooth conversion of secondary 

amines to the corresponding imines by using 1.5 equivalents of N-methyhnoqholine N-oxide (NMO) 

and 5% TPAP in acetonitrile in the presence of 4 A molecular sieves at room temperature for the 

appropriate time (Scheme).9 

6567 



6568 

SCHEME 
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Amines 1-6 me cleanly oxidized in high conversions and good yields in the conditions reporkd 

in the Table. The best reaction conditions have been tuned with amiue 1 (see Table) and several other 
variations not reported in the Table have been also performed. The following generakations can be 

stated i) in the absence of TPAP no reaction occurs; ii) by increasing the equivalents of oxidant or 

the reaction temperature, the reaction does not proceed further to more oxidized products; ii0 

acetonitde is the solvent of choice, the reaction being slowed down by the use of methylene chloride 

or suppressed by ethereal solvents (in which TPAP does not dissolve); ti. the use of molecular sieves 
is not crucial, but increases the reaction rate and the yields, by limiting the formation of hydrolysis 

side-products; v) NM0 is a better co-oxidant than terr-butylhydroperoxide; vi) an increase in the 

reaction time or temperamre gives less pure products; vii) the work-up is extremely simple and rapid, 

requiring only the removal of acetoniuile and the filtration of the crude mixture on a pad of silica gel 

with the appropriate solvent (usually ethyl acetate).9 
Amines l-4 give almost exclusively the corresponding imines 7-10 (entries l-4), while indoline 

(6) gives, as expected, the double bond shift to aromatize to iudole (13) aud tetrahydroquiuoline (5) 

gives a mixture of the corresponding imine 11 and aromatization product 12, indepemkntly of the 

reaction conditions and the amount of oxidant used (entries 5), while the isomeric 

tetrahydroisoquiuoline (4) aromatize only in minimal part (2-5%) in any experimeutal condition. 

Steric encumbering at nitrogen causes the reaction rate to slow down and the yields to decrease for 

the formation of hydrolysis by-products (entries 3). 
Albeit most of the oxidations have been performed on a 0.5 mm01 scfde, the reaction can be 

scaled-up (entry 2b) and the amount of TPAP also reduced, without loss of percent yield. 
In summary, this novel oxidation method employs only commeruiapy available and non toxic 

materials, very mild reaction conditions and no particular technique and cosupams well in terms of 

product yields with the other reported transition-metal catalyzed pmcedmes.3 It is also able, in 

contrast to other procedures,2b to oxidize unactivated positions (see for example compouuds 5 and 

6). Indeed, also aliphatic secondary amines can be oxidized, albeit in this case the instability of the 
resulting imines, which are prone to hydrolysis and oligomerixation, complicates the reaction 

mrxtures. In fact, N-ethylbenzyllarnine seems to give oxidatiaur of both the carbon atoms adjacent to 

nitrogen and dicyclohexyhmine also reacts in the experimental conditions. 
Due to the broad spectrum of lknctionalities which tolerate the use of TPAP (silyl ethers, double 

and triple bonds, cyclopropanes, esters, acetals, epoxides, ketones, halides)6 the Present method 

should prove its chemoselectivity and usefuhress. 
Other TPAP cataIyzed oxidations of nitrogen containing compounds are currently under 

investigation in our laboratory. 10 
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TABLE. Oxidation of Amincs l-6 Catalyzed by Tetra-nqropylamm~um PcrruU 

2 

a 
4 

02 3 
H 

5 

H H 6c 3,6 94 738 

6 13 

If 15.6 100 80 

2a 1.5,6 97 95 

2b 2.2oe 100 93 

8 

0” :I. x 
9 

aI 3 
N' 

3a 1.5,6 67 46 

3b 1.5.20 90 62 

4a 1.5, 4 69 34 

4b 294 95 53 

4c 3.72 100 73 

4d IS.24 98 68 

5a 1.5,6 85 35, 52f 

5b 3,4 95 52. lSf 

5c 3,24 95 52, 32f 

6a 1.5,4 73 66 

6b 1.5,20 80 51 
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