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Abstract - _ _ The reactions of certain tertiary polycycJic_amines such as I+benzyl-9-azabicy- 

clo- 2,3,11 -nonane, N-benzyl-5,6-dihydro-llH-dibenzIb,e_]azepine, and N-benzyl-1,2,3,S-te- 
trahydroigoquinoline with ruthenium tetroxide, taking place in both heterogeneous and homo- 

geneous systems, have made it possible to establish the order of reactivity of the various 
methylene groups adjacent to the nitrogen with respect to this oxidizing agent. 

Ruthenium tetroxide is an effective oxidizing 

agent for many organic compounds 
2 

. It can be 

used in heterogeneous systems consisting ofwa 

tct and halogenated solvents, when it is gene 

rated “in situ” by the oxidation of ruthenium 

dioxide hydrate with sodium periodate or some 

other vigorous oxidizing agent. Alternatively, 

it can be used in homogeneous systemsbyadding 

its solution in a halogenated solvent to a so- 

lution, also in a hafogenated solvent, of the 

compound to be oxidized. 

The sparse and conflicting data in the litera- 

3 
ture relating to the oxidation of nitrogen- 

-bearing compounds by ruthenium tetroxide have 

motivated us in the past LO look more closely 

at this reaction, with a view to achieving a 

selective oxidation of the carbons adjacentro 

the nitrogen atom. 

To define the reactivity of such carbon atoms, 

we oxidized various substrates derived from 

pyrrolidine, piperidine&, and morpholine5,with 

alkyl- or acyl-substituted nitrogen atoms, 

The low reactivity of the benzyl methylene 

group in the N-benzyl derivatives of pyrroli- 

dine and piperidine substituted in position 3, 

and the consequent production of the corrcspon- 
\ 

ding N-benzylimides, 
6 

enabled us to propose the 

RuOZ oxidation as a valid alternative to Von 

Braun’s reaction for the degradation of amides. 

The low reactivity of the benzyl methylene 

7 group has also been demonstrated in piperidine 

derivatives, either unsubstituted, or substicrr 

ted in position 2, and contrasts with the re- 

sults obtained by oxidizing N-benzylmorpholi- 

nes 7 and fl-acylbenzylamines g. 

The present work is a contribution towards :he 

verification of the reactivity of cycloalipha- 

tic and bentyl methylene groups bound to a ni- 

trogen atom, both when they are in positions 

such chat their conformational mobility is in- 

fluenced by it and when they are present in va- 

riable numbers, so that a reactivity sequence 

can be established for them. 

The oxidations were sometimes carried out in 

a heterogeneous system for various times, inan 

attempt to isolate any intermediates that might 

appear, and sometimes in a homogeneous system 

so as to be able to control not only the tempe- 

rature and the reaction time, but also the amo- 

unt of the reagent used. Another reason for 

using the two oxidation systems was to enable 

us to establish the influence of the medium on 

the reaction yields. 

The first substrate we examined was X-benzyl-9- 
I _ 

-azabicyclo- j3,3,1/-nonane k,synthesized by the _ _ . 9 
method of Dupeyre and Rassat , in which theonly 

position liable to be oxidized should be the 

benzyl methylene. 

This choice was due to the fact that simpler r.o- 

dels such as the 2-methyl or a,%‘-dimethyl hen- 

ayl derivatives of pyrrolidine or piperidinc 

cannot be used, since it has been observed 
10 

that methyl carbons adjacent to the nitrogen 

are fairly easily oxidized to carbonyl groups. 

The oxidation of & (Fig.11 in a homogeneous 

system with an equimolar quantity of ruthenium 

cetroxide dissolved in carbon tetrachloride, 

over a period of Ih at ambient temperature, ga- 

ve ss the Only product N-benzoyl-9-azabicyclo- 

-[3,3,11-nonane a, in a yield of 657.. 
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Fig. 1 

This result demonstrates that a benzyl methy- 

lent group bound to a piperidine nitrogen can 

only be oxidized selectively after the ring 

carbon adjacent to the nitrogen have been blo- 

cked by some means, e.g.by being inserted in 

the head of a bridge. 

Having established that cycloaliphatic methy- 

lene groups can be oxidized more easily than 

exocyclic benzyl methylenes, it became intere- 

sting to see what would happen when the same 

molecule included two benzyl groups, an endo- 

cyclic and an exocyclic one, as in the caseof 

N-benzyl-5.6-dihydro-llH-dibenzI>,e-lazepine&. 

obtained by reducing the corresponding benzoyl 

derivative & with lithium tetrahydroaluminate. 

The oxidation of a (Fig.21 in a heterogeneous 

system for 8h at ambient temperature produced 

only the N-benzyl-6-oxo derivative 3&, with a 

yitild of 49%. The same reaction carried out in 

a humogeneous system for lh at ambient tempera- 

ture again gave 2, but now in a yield of 80%. 

When the benzoyl derivative & was oxidized 

for 4811 at ambient temperature and in a hete- 

ro geneous system, we obtained, in addition to 

37% of the initial product, a 41% yield of the 

N-bcnzoil-6-oxo derivative fi. Subsequent oxi- 

dation of & in a homogeneous systcnatambicnt 

temperature allowed the initial product to be 

recovered completely. 

The low reactivity observed in the last two 

oxidations confirms what has already been 

found3d’4, namely that the reactivity of nitro- 

gen-bearing coooounds in oxidations with ru- 

thenium tetroxide seems to be associated with 

the availability of the nitrogen’s pair of 

electrons. Thus, in both of the casesmentioned 

above the electron pair of the nitrogen, apart 

from being conjugated with the aromatic ring, 

participates in conjugation with the carbonyl 

group. This reduces its availability and hence 

the reactivity. In particular, since the amide 

bond in _?lr is inserted in a ring, the delocali- 

zation of the electron pair is more pronounced, 

and this leads to a total absence of reactivity, 

at least over reaction times considered in this 

work. 

Having noted previously 
4a 

that endocyclicmethy- 

lene groups with limited conformational freedom 

can be oxidized more easily than exocyclic me- 

thylene groups, it may be thought that the low 

reactivity observed with 3b could also be due - 

to the fact that the final oxidation must occur 

at an exocyclic methylene group, in contrast to 

what happens in &, where it is the endocyclic 

benzyl methylene that is oxidized. 

24 Fig. 2 
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Ihe last of the compounds we examined was 

q-benzyl-1,2,3,4-tecrahydroisoquinoline l_c, 

dbtaincd by benzylation of 1,2,3,4-tetrahy- 

drcisoquinoline, in which apart from the two 

fendocyctic and exocyclicf benzyl groups rhe- 

re is an additional cycloaliphatic mechylenc 

group adjacent to the nitrogen atom. 

Oxidation of _& (Fig.31 in a heterogeneous 

system for 26h at ambient temperature gave 

the S-benzoyl-1,3-dioxo derivative 4c in a - 

yield of 39%. 

In contrast to what has been observed in the 

past concerning the impossibility of fully 

oxidizing the cyclic N-benzylimides 
6 

, this 

represents the first case in which all three 

mechylenes adjacent to a nitrogen undergo oxi- 

dation. 

amount of ruthenium tetroxide in carbon tetra- 

chloride, the only reaction product obtained 

was z, with a yield of 68%. 

To determine which of the two methylene groups 

remaining in 2c would be oxidized first, ~ndal- - 

so in the attempt to isolate any di-oxidation 

products, we first oxidized 2c in a hetcroge- - 

neons system for 9h at ambient tcmpcr~ture,ub- 

raining k in a yield of 46%. WC then rcoxidizrd 

_& in a homogeneous system with twicv the stur- 

chiometric quantity of ruthenium tctroxide tar 

2h at ambient temperature, and obtained a ?ro- 

duct mixture which, when anafyscd by gas chro- 

matography, was found to consist of &_ (587 

yield) and ” 113% yield). In ncithcr casecould 

we demonstrate the presence of any di-oxidation 

products. 

In view of the failure of these attempts, WC 

Fig. 3 

To establish the course of the reaction fromlc - 

rn ;c,and to attempt to isolntc theincermcdia- 

CUS, we repeated the! above reaction under con- 

trolled conditions:oxidation of _& in ahetero- 

geneoue system for Zh at O°C gave the N-benzyl- 

-i-sxo derivative 2c in a yield of 48%. When - 

& G;JS again oxidized, but in a homogeneous 

system, for lh at - 10sC with a stoichiometric 

tried to establish the second stage of oxidation 

by .ulothcr route, namely by oxidizing S-bcnxoyf- 

-1,2,3,4-tecrahydroisoquinoline 2. The oxidd- 

tion of &, carried out in a heterogeneous sy- 

stem for 23h at ambient temperature, gave only 

the N-benzcyl-1-oxo derivative 6c in a yield of - 

69%. without any evidence of the formation of 4~. 

Our failure to oxidize bc completely to &shows - 
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that in the oxidation of the amine &, if the 

process takes place in successive stages, then 

after the endocyclic benzyl methylene in posi- 

tion ’ the second methylene to be oxidized 

should be the cycloaliphatic one in position 

3, leading to the formation of the N-benryl-1, 

3-dioxo derivative 2, which would show an un- 

expectedly high reactivity. 

In fact, the oxidation of &, prepared by the 

method described by Pulvennacher 
11 

, in a homo- 

geneous system for 2h, gave s in a yield of 

87Z. The high reactivity of 3c compared to both - 

the pytrolidine and the piperidine N-benzylimi- 

des. and to the compound 6f, may be due to the 

fact that the introduction of an extensively 

conjugated system into the piperidine part of 

the molecule flattens the ring itself, with a 

consequent increase in the ring strain that, by 

reducing the effectivness of the conjugation, 

enhances the availability of the nitrogen’s pair 

of electrons. 

The experimental data reported in this work en- 

abled us to obtain a clearer picture of the re- 

activity of benzyl methylene groups, and more 

generally, to define a scale of reactivities for 

methylene groups adjacent to a nitrogen atom. It 

can he deduced that exocyclic methylene groups 

are less reactive than endocyclic ones, and that 

of the latter, the benzyl-type methylenes are 

more ensily oxidized than the others. 

Finally, as for the reaction yields, we observed 

that in general the reactions carried out in ho- 

mogenous systems give higher yields than the 

oxidations carried out in heterogeneous systems, 

and this suggests that the lower yields in the 

second case may be due in part to hydrolysis of 

the oxidation products. 

EXPERIMENTAL 

The elementary analyses were carried out by Dr. 

A. Reho of the Institute of Pharmaceutical Chemi- 

stry, Bari, on a Hewlett-Packard Mod. 185 C,H,N 

analyser. The melting points were determined 

using a Buchi-Tottoli instrument, ard are uncor- 

rected. 

The IR, UV, NMR and MASS spectra were determi- 

ned respectively with a Perkin-Elmer 283 spec- 

crophotometer, a Cary 15 spectrophotometer (in 

CH30H, l-cm cell), a Varian HA 100 spectrometer 

(in CDC13 unless otherwise indicated, vith ‘I% 

as internal standard; chemical shifts were ex- 

pressed in 6 u-its), and a Hewlett-Packard GC- 

HS 599OA spectrometer operating at ?OeV, connec- 

ted to a Hewlett-Packard 982511 computer. The 

gas-chromatographic determination were carried 

out in a Hewlett-Packard 5840A instrument fit- 

ted with a flame-ionization detector. 

General procedure for oxidations in a heteroge- 

neous system 

A solution of the amine to be oxidized (0.01 

mole) in CC1 (10 ml) was added to a mixture of 
4 

CC14 (100 ml) and H20 (100 ml) containing NaIO 
4 

(10 g) and Ru02*xH20 in catalytic amount (O.lg). 

and the mixture was shaken vigorously. The reac 

tion was followed with TLC or GC, and interrup- 

ted when the initial product had disappeared. 

5 ml of IapOH was added to the reaction mixture, 

the phases vere separated, the organic phase 

was dried over anhydrous Na SO 
2 4’ 

and the sol- 

vent was driven off under reduced pressure. The 

reaction residue was suitably purified. 

General procedure for oxidations in a homogene- 

ous system 

A solution of a stoichiometric quantity of RuO 

in CC1 4, prepared by Nakata’s metho h&d stan-4 
13 

dardited according Novogrocki and Tridot , was 

added drop by drop to a solution of the amine 

to be oxidized (0.01 mole) in alcohol-free CC1 
4 

(100 ml). The reaction was followed by TLC or 

GC and was interrupted when the starting product 

had disappeared. 5 ml of XspOH was added, the 

precipitated ruthenium dioxide was filtered off, 

and the resultant solution was evaporated under 

reduced pressure. The reaction residue was sui- 

tably purified. 

Purification of halogenated solvents for oxida- 

tion in homogeneous system - 

The desired amount of CC1 
4’ 

or CH Cl was shaken 
2 2 

with a 10% solution of XaIO 
4 

in the presence of 

0.01 g of Ru02*xH20 until a persistent yellov 

colour was established in the organic phase. The 
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phases were separated and the yellow organic 

phase was extracted with 4N NaOH until color- 

less, washed with water until neutral, and then 

distilled 3 times over P205 in a :urrent of N2. 

N-Bensyl-5,6-dihydro-llH-dibens&,e~azepine lb 

& (Zg) was refluxed in anhydr. THF (5Oml) with 

LiA1H4 (0.75g) for Bh and left to stand overni- 

ght. with stirring at room temperature. The ex- 

cess hydride was destroyed with water, the pha- 

ses were separated, the organic phase was dried 

over anhydr. Na2S04, and the solvent was driven 

off under reduced pressure. The residue was sub- 

jected to chromatography on SiO2 column (eluenc: 

benzene), and gave a liquid fraction consisting 

of lb (lg, yield 52%). which was then purified - 
15 

by distillation under reduced pressure Ijit. : 

b.p. 180-19O’C (O.lZsraHg)]; ‘II-NMR: 4.20 (s, 2Y 

benzyl). 4.28 (6, 2H. benzyl), 4.33 (6, 2H. berr 

zyl), 6.30-7.50 (is, 13H, ArH);IFound(X): C 88.17 

H 6.62, N 4.84. Calcd. for CZ1H19N: C 88.38, H 

6.71, N 4.94. 

N-Bensoyl-5,6-dihydro-llH-dibenz~b.~lazepine 2b 

5,6-dihydro-llH-dibensIi.L[azepine (5g) was re- _ - 

fluxed in CH2C12 for 14h with an equimolecular 

quantity of benzoyl chloride and triethylamine. 

After cooling, the reaction mixture was washed 

with 2N HCl. water, saturated solution of NaHCO 
3 

and then again water. After drying over anhydr. 

Na SO 
2 4’ 

the solvent was driven off under reduced 

pressure to produce a solid residue that, oncry- 

stallization, gave & (4.14g. yield 549): m.p. 

127’C(acetone); 
1 
H-NMR: 4.17 (broad, 2H, C-11 H). 

5.20 (broad, ZH, C-6 H), 6.60-7.50 (m, 13H, ArH); 

IR(KBr): 1643cm -1 (UC-O); I>ound(X): C 84.06, H 

5.61, N 4.61. Calcd. for CZ1H17NO: C 84.25, H 

5.72, N 4.64. 
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TABLg 1. oxidation of tertiary polycyclic amines by ruthenium tetroxidea. 

150 (acetone) 

- 183-184 (GHCl3lhexane) 

'The elemental analyses show a deviation of to.32 fromdthe calcd. values; 
b 
it has been recovered 3X 

of 2; 'with twice the stoichiometric amount of RuO ; 
cl&” 

analysed by gas-cromatography @olumn packed 
with 2% OV-LO1 + 0.2% Carbowax on Chromosorb WRP 1 
ml/min; column temp. canstant 17O’C; ret. time: 

120 mesh; column length 2 m; N2 f'iow rsce 36.8 
10.67 min (&), 19.88 min f&j]. 

TABLE 2. Spectral data. 

Co~ound 

-m----.. .- -__.._ -_. . 

I.R. "(em-$ N.M.R. NASS ale(%) 
_C....“.I_ 

(KB~) 1700, 1655 
1630 "C-0 

(film)1645 v 
C-G 

@_Rr) 1705, 1660 

"+a 

(K&I 1723, 1708 

1679 VCrO 

(~3r-j i670 vcco 

t,Si?-Z.SO(m, ?.2R, aliph, H), 3.93(broad, 
IW, C-l or C-4 HI, 4,97~broad, lH, C-5 or 
C-l ii>, 7.50(s, 5H, ArH). 

3.725(A'B', 2H, v , 341H2, v t Wdiz, 
J 13&t, C-11 w>, 5.295(At4, ZH, v . 
&w:, v 547Hz, J 
7.60(m, +2W, ArH), 

15W2, -CH -81, t.70. 
.7~7.90(~~ tH, ArH), 

5.22(s, 2H, C-11 R), 6.40-8.5O(m, 13H, 
ArH). 

2.87(t, ZW, .J 7Hz, C-4 HI, 3.43(t, 2H, 3 
Mz, C-3 ii), 4.X&, 2H, -CH2-81, 7.00- 
7.501~1, BH, ArHf, 8.~~.2O~rn~ lH, ArHI. 

4.10(s, 211, C-4 HI, 5.21(s, 2H, -CH2-6). 

?.OO-7.~O~m, $H, A&), 8.16-8.40(m, IH, 
ArH). 

5.20&, 2W, C-4 W), ?.1G-8,60(m, 9W, ArH1) 

3.1Z(t, 2W. J 6Ra, C-4 H), 4.08(t, 2H, J 
6Hz, C-3 H, 7.1G-7.70(m, 8H, ArH), 7.9G- 
8.20(m, lH, ArH). 

M" 215(67), 173(45), 172 
(1001, 91@3), 65(15), 
39(10). 

M+ 229(79), 105(1OG), 77 
(48), 51(IL). 

M+ 237(8g), 9l(LOG), 65 
(451, 39(19). 

M' 251(1OGf, 223(30),22: 
(ZS), X32(263, lig(67). 
119(S), 91(51), 77(10. 

M" 2656401, LG4(LOG>, 76 
(7Bf, 50(401. 

M+ 251(35)1 lGs(~~}, 77 
(601, 51(13). 

aU.V.(c- 6.07 * 10 -5 molelml~: A tpllx 327 nm (log E 3.48), 271 nm (Log s 4.25). 

b 
U.V.(c= 8.07 * lo-' motelml~: imax 250 nm (log E 3.73). 230 nm (step, log E 3.92)+ 


