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Abstrsctz Quinolmic &oxides la-c react with bichloro- (TCA) and tritluoro- (‘IFA) acetic acid to give dimers 
3a-c and quinolinea 4a-c as the main products. Products Sac are explained as arising via the inmediate 
formation of the radical cation 5. which forms the final dima through an oxidative dimerixation pwnoted by the 
TCA or TFA. The formation of products 4a-c is explained by a Wagner-Meerwem lype mmsposition of dre phenyl 
group kom C-2 to C-3. The diwonation, which generaMy OCCIKS in the pnsence of acid for aikoxides having 
the m function conjugated with a z-system, has been exchtded even though quinoaeimine N-oxide 2a-c were 
isolated. The smr~ture of compounds 3a and 4a were determined by crystal X-ray mm&is. 

The use of nieroxide radicals in the last decade has received a great development in several fields for 
many applications. They are studied as “contrast agents” in MR-imaging,1 used in pharma&ogicaI invest&a: 
tions2 and more recently they have been proposed as supemxide dismutation mimics.3 Nitnkdes are used for 
studying membranes,4 enzyme@ and for oxygen determination (oxymetry).6 Some of them are used or 
generated in situ via radical trapping by suitable scavengers, mostly PBN (N-zerr-butyl-a-phenyh&one)7 and 
DMPO (SJ-dimethyl-I-pynoline-N-oxide), in particular media such as acidic solutions or complex biological 
systems.* Several derivatives of the tetramethyl-piperidine and -pplidine are also used as ptobes for studying 
structural properties of polymers.~ Consequently, the study of their behaviour in different conditions can be 
USdUl. 

Most of the nitroxides used or generated have the unpai& electron local&d in the nitmxide function 
and are suucturally similar to the tetramethyLpiperidine,*” -pytmlid.inel* and imidazolyl se&s.*’ Instead, the 
indolinonic and the quinolinic nitmxi&s,*2 and th&r derivatives, I2 have the NSg group in a conjugated position 
with the A system of the benzenic ring of the indolic or the quinolinic nucleus and they possess a very high 
stability ifcompaXd to diary1 and akyl-aryl-niiixi. 
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SinCe we am devebping the applications of the latter in biology,*3 in polymer@ and in the study of 
reaction mechanisms on the basis of their reactivity,tsJ6 in the present paper we report the study of some 
quinolinic &oxides under acid treatment by TCA and TFA. 

RESULTS 

Quinolinic nitroxides la-c when treated at room temperature for 10 minutes with a triple quantity of 
TCA or TFA in a benzene solution carefully degassed with nitrogen or argon, gave the dimers 3a-e and the 
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The structures of dimers 3a-c were 
identitied by X-ray a+& of 3a 
and by comparing their spectro- 
scopic&a, besides the fact that all 
these compounds ,give a deep violet 
solution. The ‘H-NMR spectra are 
poorly resolved: compound 3a gave 
a non legible spectra whereas 
compounds 3b and 3c show a 
structure very similar to that of the 
quinoneimine N-oxide. The lR 
spectrum of compound 3b shows 
the band of the carbonyl group at 
C-4 (1730 cm-l), that of compound 
3c. the band of the OH group at 
3377 cm* (Table 3). Compounds 
4a-c were identified by X-ray 
analysis of C. and by comparing 
their spectroscopic data (Table 3). 
The ‘H-NMR spectra show 
characteristic signals between 7.2 
and ,8.7 ppm due to the hydrogen 
atoms attached to the benzenic ring, 
at 8.24 ppm due to the hydrogen at 

C-4 for 4a, at 1.16 and 3.69 ppm due to the hydmgens of the substituent at C-4for 4b and at 1.64 ppm due to 
the hydrogens of the methyl groups of the iso-propanol substituent at C-4 hr 4c. Compound 4e also shows at 
2.3 ppm the signal for the hydrogens of the methyl group at C-2. Quinoneimine N-oxides 2a-c, which were also 
obtained by oxidizing the &oxides la-c in acetonitrik./water with c&urn ammonium nitrate (see 
experimental) were identified by their analytical and spectroscopic data. 
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quinolines 43-c, as the main 
products, together with traces of 
quinoneimine N-oxides 2a-c 
(Scheme 1). 
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Fig. 1. Perspective view of 6,6’-bis-(l-oxide-1,2,6.8a-tetm-hydroquinoline)- 
ylidene 3a. 

Their ‘H-NMR spectra 
show characteristic signals 
(see Table 3) in the region 
between 6.6 and 8.0 ppm 
due to the hydrogens of the 
benzenic ring of the 
quinolinic moiety, and 
between 5.6 and 6.6 ppm 
due to the proton at C-3. 
Moreover compounds 2b 
and 2.c also show the 
signals characte-ristic of the 
hydrogens of their substitu- 
ems at C-4. The IR 
spectrum of compound 2c 
shows the OH band at 3330 

cm-t. Amines 8a-c (Scheme 4), which were prepared by refluxing nitmxides la-c with Fe/AcOH, were 
identified by their analytical and spectroscopic data (Table 3). The tH-NMR spectra show characteristic signals 
between 6.5 and 7.8 ppm due to the hydrogens of the benzenic ring, at ca. 5.8-5.9 ppm due to the hydrogen at 
C-3 for 8a and &, at 3.38 ppm due to the peak of the two hydrogens at C-3 for 8b, and at 1.6 ppm due to the 
hydrogens of the substituent at C-4 for 8c. The IR spectra show the bands due to the NH at ca. 3200-3400 
cm-t, and for compound 8e the OH band at 3560 cm-*. All mass spectra gave the expected molecular ion peaks. 

The reactions carried out with an excess of TFA gave the same products, in higher yields, whereas in the 
above conditions some starting nittoxide was recovered. 

Molecular geometry 
Figures 1 and 2 show a drawing of the molecule of 
compounds 3a and 4a with the arbitrary numbering scheme 
adopted in the crystallographic analysis; Table 1 lists bond 
distances and angles.*@’ 

The conformational geometry of the molecule was 
deduced from the torsion angles of Table 1 and from the 
analysis of the planarity reported in Table 2. 

For both compounds, bond distances and angles are 
mostly as expected from hybridization of the atoms. The 
main differences in the skeleton of the two-condensed six- 
membered rings coneem bond distances and angles, 
according to the different hybridization of the carbon atom 
in position two, being sps in compound 3a and sp2 in 4a. 
Nevertheless the quinoline moiety adopts a conformation 
substantially planar in both compounds, being 1.3(l) and 
0.4(l)’ the values of the dihedral angles between the two 
mean planes of the six-membered rings in compounds 3a 

Fig. 2. Perspective view of 2,3diphenyl- 
quinoline 4a. 

l The atomic coordinates are available from the Director of the Cambridge Crystallographic Data Centre, 
University Chemical Laboratories, Lensfield Road, Cambridge CB2 1EW. 
Any request should be accompanied by the full literature citation for this communication. 

@I Supplementary data available: Atomic fractional coordinates, list of thermal parameters and structure 
factors. 
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and 4a, respectively. In cumpound 4a the geometry of the quinohne system is in good agmement with that 
found in similar molecuks reported in literature, ” slight diffemnces in bond distances and angles being 

Table 1. Bond Distances (A>, Angles (7 and Mected Torsion angles with e.s.d.‘s in 
Parmtbe!ses. 

interpreted in tetms of stctic interactions of the two adjacent phenyl sub&tents. 
hre crystal structure of 3a consists of symmenic mokcuks for the presence of a two-fold crystallographic axis 
perpendicular to the C(7)-C(7’) bond and inclined by 78.7’ with respect to the mean planes of the two 
quinolinic rings. In this compound the geometry of the quinoline mokty is comparabIe to that found in the 
1 &dihydm2,2diphenylquinoline- 1 -oxyl previously studied; I* also the orientation of the N-oxide group with 
nspect to the quinoline ting is similar and in agreement with its more tnarhed planar arrangement. In fact the 
oxygen atom is out of the C-N-C plane by 0.037(3) A conesponding to an angle of 1.6(4)’ (Table 2). The N-O 
bond length of 1.282(4) A, which is intermedkte between the values chamcteristic for N=O doubk bond, 1.20 
A, and N-O-R single bond, 1.44 A,19 is in agreement with that found for heterocycle N-oxides.20 
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Table 2. Analysis of the Planarity 

DISCUSSION 

2,2,6.6-Tetramethylpiperidine-l-oxyl when treated with hydrochloric acid undergoes a disporpordonation 
reaction forming the corresponding oxoammo nium ion and hydroxylami&’ no data are reported with car- 

1+6+ 

boxylic acid. Diaryl- and arylalkyl- nit&xides undergo a 
spontaneous dispropordonation to the corresponding 
quinoneimine-N-oxides and amines,= which is faster in 
the presence of carboxylic acids. Indolinonic nitroxides 
slowly afford to the corresponding amines and 
quinoneimine-N-oxides in the presence of TFA.23 

R H R 

Scheme 3 

Nitroxides la-c, which are perfectly stable in 
solution, are transformed by TCA or TFA treatment, into 
the corresponding dimers 3a-c throu,gh a dime&&on 
forming a carbon-carbon bond followed by an oxidative 
step. Dime&&on involving only the nitroxide function 
was observed in the piperidino- and pyrrolidino-ni- 
troxides series in particular conditions,~ whereas 
spontaneous dimerization with formation of a carbon- 
carbon or carbon-oxygen bond was only observed with 
vinyl nitroxides.~ 

In our case, the dimerization could be explained as 
proc=iing through coupling of two molecules of the 
radical cation of the nitmxide at C-6 followed by 
deprotonation of the intermediate, forming the 
N,N’dihydroxy dimer 6 (Scheme 2). Since the reactions 
were carried out in the absence of oxygen, the last 
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oxidative step in which the N.Ndihydmxy dimer is transformed into 3, is a complicated task. The possible 
candidate for oxidation could be the starting nitmxide which could act as hydrogen abstractor forming the 
hydroxylamine 7 in agreement with the equilibrium depicted in Scheme 3. 

The fact that the hydroxylamine 7 cormsponding to the nitmxide was never observed, could be due to its 
transformation to the quinoline 4, through protonation, transposition of a phenyl group and elimination of 
water, as shown in Scheme 3. The transformation of 7 into 4 may also connibute to shift the equllibrlum 
depicted ln Scheme 3 to the right. Since the nitroxide lc is methyl and phenyl substituted at C-2, for compound 
4c the migration of the phenyl group, which in general occurs better than alkyl group could be expected. Thus, 
on this basis, established in the Wagner-Meerwein type transpositions study.26 we assigned to 4e the stmcture 
rem in Scheme 1. The spectroscopic data of 4c am insufficient for its structure determination. 

The other unexpected candidate to oxidize 6 to 3 could be the acid present. Since it has been recently re- 
ported that TFA can promote oxidative processes,n we examined this possibility. The N,N’-dihydroxy dimer 
6a, obtained from 3a by reduction with hydraro- benzene, when treated with TFA was suddenly tetransfotmed 
into the dimer 3a. 

The presence of quinoneimine N-oxide 2a-c is difficult to explain. At first this product was thought to 
derive from the disproportionation of two molecules of nitroxide (Scheme 4) as occurs in the case of indoli- 
nonic nitroxides. In order to verify this possibility, amines l&c were syntethixed to obtain authentic samples for 
assaying their presence in the reaction mixture. The arnines 8a-c were never found. The total absence of the 
iunine from the reaction mixture and the fact that the yield of the quinoneimine 28 increases by lOO%, when 
carrying out the re- 
action of x&oxide la 
in the presence of air, 
suggest that it is 

FelAcOHlA 

formed by an inter- , 
action of the nitroxide B ‘P 
radical cation and 
oxygen of air. This 2 
kind of interaction was 
observed by usas and 

. ^^ _ 

as reported in the 
literature. a: R= -H; Rt= -Ph; b: R= -OH*; RI= -Ph; c: R= -C(CH3)20H RI= -CH3. 

Generally, vinyl *: Spectroscopic data show that this enol ether assumz the ketonk ibrm 
ethers in the presence 
of acid, undergo Scheme 4 

cleavage of the ethereal 
group.30 According to the literature reports the dimer 3b recovered in the reaction with acid, and the amine 8b, 
bear a ketonic group at C-4; we have no explanation at the moment for the fact that quinoneimine N-oxide 2b 
and quinoline 4b keep the ethereal function. 

EXPERIMENTAL 

Melting points were measured on an Electrochemical Melting Point Apparatus and are uncorrected. IR 
spectra were recorded on a Perkin-Elmer model 298 spectmphotometer. *H-NMR spectra were recotded in 
CDCl3 on a Varian Gemini 200 at 200 MHz. Mass spectra were recorded on a Carlo Erba QMD 1000 
spectrometer. EPR spectra were recorded on a Varian E4 spectrometer. 

Nitroxides la,b were prepared as reported in the literature.i* 

Synthesis of nitroxide Ic. A Grignard reagent solution of CH3MgI (60 mmoles in 50 ml of Et201 was 
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added to a 2-phenyl-4-carbethoxyquinoline-N-oxides’ solution (10 mmoles in 80 ml of THF) under sdning in 
Ns atmosphere and at mom temperature. After 2h, the mixture was treated with a 0.5 M solution of NH&l and 
extracted with CHCls. The organic layer was dried on NasSO, and oxidized with Pb@ under magnetic stirring 
for 2h. The solution was filtered, evaporated to dryness and the residue was chromatographed on SQ column, 
eluting with benzene. The red nitroxide radical was isolated as a pure, red powder after concentration. Yield 
60%. M.p.= 148-c; v,, (Nujol) 3480 (OH), 160 cm-t; m/z 294 (M+), 236 (100%); hfcc’s in CHCls: 
aN=10.48, an(3)=1.W, a&5,7)=1.25, a&6)=3.35 Gauss; Analysis: Calcd. for C!t$I&+IQz: H, 6.85; C, 77.52; 
N, 4.76; Found: H. 6.72; C, 77.50; N. 4.80. 

Preparation of Quitwneimine N-oxides 2a-c. 0.5 mmoles of nitmxides la-c were dissolved in 10 ml 
CHsCN. An aqueous solution of cerium ammonium nitrate (Cen) (0.5 mmoles in 1 ml of water) was added 
dropwise to the niuoxide solution. An additional mmole of solid Cen’ salt was then added in small amounts to 
the reaction until complete disappearance of the t&oxide, by following the reaction through T.L.C.. The 
reaction was then poured into 20 ml water, extracted with 40 ml CHCls, washed twice with 20 ml water, dried 
over Na2S04 and concentrated. The residue was chromatographed on preparative silica gel plates eluting with 
cyclohexane/ethyl acetate 8:2 for 2a-b, and cyclohexane/ethyl acetate 6:4 for 2e. From the yellow spots 
products 2a-c were obtained, crystallized from petroleum ether 80’-loo’. Yields as follows: 2a (90%), 2b 
(65%), 2c (60%). 

Preparurion of Amines 8a-c. 1 mmole of nitmxides la-c, 5 ml glacial acetic acid and 500 mg of iron 
were xefluxed altogether for 5 min. The iron was filtered off and the organic layer evaporated to dryness. The 
residue was taken up with 30 ml CHCls and neutralized with 20 ml 10% NasC!Q. The organic layer was then 
washed twice with 20 ml water, dried over NazS0.t and concentrated to a small volume. The residue was 
chromatographed on preparative silica gel plates eluting with cyclohexanejethyl acetate 1:9 for 8sb and 
cyclohexane/ethyl acetate 7:3 for 8c. The large fluorescent spot yielded 70% for t&t. 68% for 8b, and 64% for 
& (crystallized from hexane). 

Reucrion of la-c with Trichloroaceric Acid. Solutions of nitmxides la-c (1 mmole in 10 ml of benzene) 
and of Trichlomacetic acid (TCA) (3 mmoles in 10 ml of benzene) were degassed separately under argon at 
room temperature, in a two-legged test-tube for 10 mins. The two solutions were then mixed together and 
degassed for a further 10 mins. The dark red colour of the nitmxide solution turned dark violet immediately on 
addition of the acid. The reaction was then neutralized with 10% NasCOs (50 ml), extracted with benzene (2 x 
20 ml). The organic layer was washed with water (2 x 20 ml), dried over NaaSO,, evaporated to a small 
volume and then chromatographed on preparative silica gel plates eluting with cyclohexane/ethyl acetate 8:2 for 
nitmxides la-b, and cyclohexane/ethyl acetate 64 for nitroxide lc. From the red spots, nitroxides la-c were 
recovered. Yields as follows: la (180 mg, 60%), lb (193 mg. 56%). lc (no nitmxide was recovered because 
of its instability). From the dark violet spots extracted with ethyl acetate and evaporated to dryness, fine bright 
fluorescent violet crystals of dimers 3a-c were extracted. Yields as follows: 3a (35 mg, 12%). 3b (50 mg, 
16%), 3c (60 mg, 20%). The fluorescent spot was identified as 4-substituted 2,3quinoline (4a-c). Yields as 
follows: 4a (26 mg, 8%), 4b (34 mg, lo%), 4c (25 mg, 7%). The yellow spot was identified as quinoneimine 
N-oxides 2a-c by comparison with authentic samples. Yields are as follows: 2a (10 mg, 3%). 2b (11 mg, 3%). 
2c (15 mg, 5%). Gther minor unidentified spots were extracted from the reactions. 

Reaction of la-c wirh Trifuoroacetic Acid. Solutions of nitmxides la-c (1 mmole in 10 ml of benzene) 
and of Trifluomacetic acid (TFA) (3 mmoles in 10 ml of benzene) were reacted, worked up and chroma- 
tographed in the same way as for the reactions with TCA. From the red spots, &oxides la-c were recovered. 
Yields as follows: la (135 mg, 45%). lb (113 mg, 33%), lc (60 mg. 20%). From the dark violet spots, dimers 
3a-c resulted. Yields are as follows: 3a (48 mg, 16%). 3b (66 mg. 21%). 3c (78 mg, 27%). From the fluores- 
cent spots quinolines 4a-c were recovered. Yields as follows: 4a (15 mg. 5%), 4b (23 mg, 7%), 4c (16 mg, 
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Table 3. Analytical and Spectroscopic Data of Compounds 2a-q 3a-q qp-c and &t-c. 

6.42 (IH, 8, H-C3); 6.6@ (lH, dd, k2.0 and 
10.2 Hz, H-C7): 7.18 (IN. d, J-2.0 Hz, H-U): 

(6.05) (73.64) (4.70) 

SH. m. amm.); 7.97 (1H. d, Jr10.2 Hz, 

(4.72) (80.31) (4.55) 

6.43 (1H. 8. H-W; 6.61 (IH, dd, b1.9 and (6.35) (77.60) (4.85) 
10.2 Hz, H-C?); 7.045 (lH, d, Jz1.8 Hz, H- 

: 7.34 (SH. m, awn.); 7.98 (U-I, d. MO.2 

(5.28) (89.52) (5.10) 

(5.70) (84.65) (4.35) 

(6.76) (82.22) (5.13) 
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6%). Prom the yellow spots, products 2a-e were obtained. Ylekla as follows: 2a (9 mg, 3%). 2b (7 mg, lab), 
2e (3 mg, 1%). The reaction was repeated also with an excess of TFA (3 ml in 10 ml of benzene). Yields are 
as follows: 3a (148 mg, 50%), 3b (110 mg, 36%). 3e (133 mg, 45%). C (% mg. 34%). 4b (65 mg, Xl%), 4c 
(68 mg, 25%). 2a (10 mg. 3%), 2b (18 mg, 6%). 2e (9 mg, 3%). Other minor unldemliied spots were extracted 
from the reactions. 

Crystal structure of 6,6’-b&(1 -oxide-12,6,8a-t (3a) 
Crystals are dark violet prisms. Lattice constants were &term&d repeatedly tectiljdng on the 

diffractometer the values of (+,x,cp)n~ angles by thirty reflections to have the maximum of the peak when the 
angles were moving by 0.001. as a maximum 

Crystal data - GZ H~o Ns 9, M = 594.7; monoclinic, a = 20.547(4), b = 14.381(3), c = 11.097(2) & 
p = 1105(l)‘, U = 3071.4(23) As; 2 = 4, D, = 1.29 g czrr3; Cu-Kct radiation, X = 1.5418 A, p = 5.8 an-t. 
Space group C WC (C&6, No. 15) from structure determination. 

Intensity data were collected at 295 K on a Siemens AED single-crystal diffractometer in the range 
3M\70’ using Ni-filtered Cu-KU radiation. The angles for every reflection were determined on the basis of the 
orientation matrix and the outline of the diffraction peak was collected in the 6-26 step scanning mode using a 
scan width from (S-0.60)* to (s+O.6O+AW tg6)‘. The intensities I, wem determined by analyzhg the re- 
flection profIles. 2917 Independent reflections were measured, 1072 of which were used in the crystal analysis 
having ZM > 20(I&, o(Z& being based on statistic counting. One standard mflection, measured every JO 
collected reflections to monitor crystal decomposition and WrumentaI linearity, showed no sign&ant vati- 
ation. Intensities Im were corrected for Lorentz and polarization effects. The dimensions of the crystal were 
0.05,0.09,0.24 mm. No absorption corrections were applied. 

Structure analysis and refinement - The structure was solved by direct methods by use of the 
SHELXS86 programed and refined by SHELX76s3 with cycles of full-matrix an&tropic least-squares 
(hydrogen atoms isotropically) up to R = 0.034, R, = 0.036; I;w(F,-F,)z minim&d with 
w = 0.1898/lo2(F,)+0.0033F,2]. Atomic scattering factors from International Tables for X-ray 
Crystallography.s’ 

Crystal srructure of 2,3-diphenylquinoline (4a) 
Crystals are pale pink prisms. Cell parameters were derived as before. 
Crystal data Cst Ht5 N, A4 = 281.4. Monoclinic, u = 8.734(2), b = 16.674(3). c = 11.112(3) & 

B = 104.1(l)‘, U = 1569.5(g) A3; Z = 4. D, = 1.19 g cttr3; Cu-Ku radiation, h = 1.5418 A, p = 5.0 cm-i. Space 
group P 2i/n (Cz,6, No. 15) from systematic absences. 

Intensity data are collected as before. Gf 3249 measured reflections (-lO&lO, O&20.0&13), 1759 
symmetry independent were used in the crystal analysis. The dimensions of the crystal were 0.43,0.10,0.29 
mm. No absorbtion corrections were applied. 

Structure analysis and refinement. The structure was solved as before and refined by cycles of W-matrix 
anisotropic least-squares (hydrogen atoms isotropically) up to R = 0.039, R, = 0.044. The weighting function 
was of the form l/w = a2(F,)+0.0033F,2. 

All the hydrogen atoms were located in the difference-Fourier map. Atomic scattering factors from 
International Tables for X-ray Crystallography.3s 

All the calculations were carried out on the GOULD 6040 PGWERNODE computer of the Centro di 
Studio per la Strutturlstica Diffrattometrica de1 C.N.R. di Parma and the Cambridge Crystallographic Data Files 
were used for bibliographic searches through the Servizio Itallano di Diffusione Dati Cristallografici dl Parma. 
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