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Abstract: Quinolinic nitroxides 1a-c react with trichloro- (TCA) and trifluoro- (YFA) acetic acid to give dimers
3a-c and quinolines 4a-c as the main products. Products 3a-c arc explained as arising vig the intermediate
formation of the radical cation §, which forms the final dimer through an oxidative dimerization promoted by the
TCA or TFA. The formation of products 4a-c is explained by a Wagner-Meerwein type transposition of the phenyl
group from C-2 to C-3. The disproportionation, which generally occurs in the presence of acid for nitroxides having
the N2O function conjugated with a x-system, has been excluded even though quinoneimine N-oxides 2a-¢ were
isolated. The structure of compounds 3a and 4a were determined by crystal X-ray analysis.

The use of nitroxide 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,! used in pharmacological investiga-
tions? and more recently they have been proposed as superoxide dismutation mimics.? Nitroxides are used for
studying membranes,® enzymes’ and for oxygen determination (oxymetry).® Some of them are used or
generated in situ via radical trapping by suitable scavengers, mostly PBN (N-tert-butyl-a-phenylnitrone)” and
DMPO (5,5-dimethyl-1-pyrroline-N-oxide), in particular media such as acidic solutions or complex biological
systems.® Several derivatives of the tetramethyl-piperidine and -pyrrolidine are also used as probes for studying
structural properties of polymers.? Consequently, the study of their behaviour in different conditions can be
useful.

Most of the nitroxides used or generated have the unpaired electron localized in the nitroxide function
and are structurally similar to the tetramethyl-piperidine,!® -pymolidine!? and imidazolyl series.!! Instead, the
indolinonic and the quinolinic nitroxides,? and their derivatives,!? have the N-O group in a conjugated position
with the 7 system of the benzenic ring of the indolic or the quinolinic nucleus and they possess a very high
stability if compared to diaryl and alkyl-aryl-nitroxides.
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Since we are developing the applications of the latter in biology,! in polymers!4 and in the study of
reaction mechanisms on the basis of their reactivity,!516 in the present paper we report the study of some

quinolinic nitroxides 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-c and the
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a:R=-H; R'=-Ph

b:R=-OFt R'=-Ph*
¢:R=-C(CH3),0H: R' = -Me

* : when R= -OEt compound 3b is

Scheme 1

quinolines 4a-c, as the main
products, together with traces of
quinoneimine  N-oxides  2a-c
(Scheme 1).

The structures of dimers 3a-c were
identified by X-ray analysis of 3a
and by comparing their spectro-
scopic.data, 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 3¢ show a
structure very similar to that of the
quinoneimine N-oxide. The IR
spectrum of compound 3b shows
the band of the carbonyl group at
C-4 (1730 cm!), that of compound
3c, the band of the OH group at
3377 om! (Table 3). Compounds
4a-c were identified by X-ray
analysis of 4a, and by comparing
their spectroscopic data (Table 3).
The I'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 hydrogens of the substituent at C-4 for 4b and at 1.64 ppm due to
the hydrogens of the methyl groups of the iso-propanol substituent at C-4 for 4c. Compound 4c also shows at
2.3 ppm the signal for the hydrogens of the methyl group at C-2. Quinoneimine N-oxides 2a-¢, which were also
obtained by oxidizing the nitroxides la-c in acetonitrile/water with cerium ammonium nitrate (see

experimental) were identified by their analytical and spectroscopic data.

R
Ox
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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¢ also show the
signals characteristic of the
hydrogens of their substitu-
ents at C4. The IR
spectrum of compound 2¢
shows the OH band at 3330
cnrl. Amines 8a-c¢ (Scheme 4), which were prepared by refluxing nitroxides la-c¢ with Fe/AcOH, were
identified by their analytical and spectroscopic data (Table 3). The 'H-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 8¢, 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 8¢. The IR spectra show the bands due to the NH at ca. 3200-3400
cmrl, and for compound 8c 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 nitroxide was recovered.

Fig. 1. Perspective view of 6,6"-bis-(1-oxide-1,2,6,8a-tetra-hydro-quinoline)-
ylidene 3a.

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 crystaHographic 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 concern bond distances and angles,
according to the different hybridization of the carbon atom
in position two, being sp? in compound 3a and sp? in 4a.
Nevertheless the quinoline moiety adopts a conformation
substantially planar in both compounds, being 1.3(1) and
0.4(1)° the values of the dihedral angles between the two
mean planes of the six-membered rings in compounds 3a

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

* 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.

€@ Supplementary data available: Atomic fractional coordinates, list of thermal parameters and structure
factors.
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and 4a, respectively. In compound 4a the geometry of the quinoline system is in good agreement with that
found in similar molecules reported in literature,!? slight differences in bond distances and angles being

Table 1.

Bond Distances (i), Angles (") and Selected Torsion Angles(’) with es.d.'s in
Parentheses.

_Bond Distancess (A)

T co-can-cae

119.4(8)

O(1)-N(1
N()-C(2)

1.282(4)

C(12)-c1n-c(16)

118.6(4)

1.506(4)

1.326(3

N(1)-C(10)

1.373(5)

el

11)-C(12)-C(13
C(12)-C(13)-C(14)

120.1(5)
120.9(5)

2 .
C@)-C11
C)-Ccen

1.505(6)
1.528(6)

144000 O(1)-N(1)-C

C(13)-C(14)-C(15)

119.1

O(1)-N(1)-C(10)

C(14)-C(15)-C(16)

120.2(5)

1536(6)

1.491(3)) C(2)-N(1)-C(10)

124.7(3)

119203) |

C(3)-C4
CB3)-Cc(31)

1.327(6)

N)-C 3
N(1 211

13700)
149103

CA-C(5

6
C(5)-C(10)

1.432(5)

1,403 N(1)-C(2)-C(21)

[109.903)

123.%3)

C11)-C(16)-C(15)

120.6(3)

C@D-C21)-C(22)

120.6(4)

108203)

C(2)-C(21)-C(26)

120.7(4)

106.6(3)

114.3(3)

CQ2)-CR1

141403)] 1

1.
1.416(5)

14193l €B)-C)-C(21)

106.90)

C1)-C(22)-C(23)

118.7(%)
121.3(5)

111.73)

122.7(2)

C(22)-C(23)-C(24)

119.6(5)

C)-C(7)

1.401(5)

1365 can-ceycrl)

113.4(4)

C(23)-C(24)-C(25)

119.7(6).

C B
cn-ca

1.412(7)
1.454(6)

IO co)}CcEC@

124.9(4)

117.0(2)

C(24)-C(25)C(26)

120.9(5)

| C(2)CE-CED

122.9(3)

CR®)-C(9)

1.369(6)

1364} C4)-c(3)-C31

120.23)

C(11)-C(12)

1.382(6)

CE)-CA-C(5)

121.3(4)

121.8(3)

C(21)-C(26
C(3)-C(31-C(32)

119.8(4)

C(3)-C(31)-C(36)

C(11)-C(16)

1.390(5)

C(4)-C(5)-C(6

122.8(3)

124.1(3)

C(32)-C(31) C(36)

C(12)-C(13)

1.392(8)

C(4)-C(5)-C(10)

119.3(4)

117.5(2)

C(31)-C(32)-C(33)

ca3l)-cadh

1.371(8)

C(6)-C(5)-C(10)

117.9(4)

118.4(2

C(32)-C(33)-C(34)

C(14)-C(15)

1.374(N)

5)-C(6)-C(T)

C(15-C(16)

1.379(D

() -C

C21-C22)

1.378(6)

—

C(O)-C(D-CB)

123.2(4)

120.5(3)

C(33)-C(34)-C(35)

122.8(4)

C(34)-C(35)-C(36)

116.4(4)

C(21)-C(26)

1.385(7)

1w cmcorce

120.8(4)

C(22)C(23)

1.383(7)

1.393(]] C(-C(8)-C(9

CRI-C(24)

1.376(10)

L374(9)]| C(8)-C(9)-C(10)

122.7(4)
119.3(4)

C(24)-C(25)

1.368(8)

L3745) 1 N(1)-C(10)-C(5)

119.7(4)

C(25)-C(26)

1.388(7)

1.385(4) {1 N(1)-C(10)-C(9)

119.8(4)

C(31)-C(32)

1.401(4)

CO)-C(10)-C(9)

120.5(4)

C(31)-C(36)

1.379(3)

2)-C(11)-C(12)

121.8(4)

C(32)-C(33

1.392(6

interpreted in terms of steric interactions of the two adjacent phenyl substituents.
The crystal structure of 3a consists of symmetric molecules 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 moiety is comparable to that found in the
1,2-dihydro-2,2-diphenyl-quinoline-1-oxyl previously studied;!® also the orientation of the N-oxide group with
respect to the quinoline ring is similar and in agreement with its more marked planar arrangement. In fact the
oxygen atom is out of the C-N-C plane by 0.037(3) A corresponding to an angle of 1.6(4)" (Table 2). The N-O
bond length of 1.282(4) A, which is intermediate between the values characteristic for N=0 double bond, 1.20
A, and N-O-R single bond, 1.44 A,"9 is in agreement with that found for heterocycle N-oxides.20
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Table 2. Analysis of the Planarity

[ ——

a) Distances (Ax107) of relevant atoms from the mean plane with e.s.d.'s in parentheses: starred atoms were not used to

define the plane.
Plane A: N(DHC)CEC(AC(S)C(10) Plane C: C(11)-C(16) Plane E: C(31)-C(36)
N 9(3) 33)] can 10(4) 31 2(4)
C2) -22(4) -103)] €(12) -7(4) €32 -3(:
(8¢)] 10(4) 83)] C(13) -1(6) C(33) 1(¢
C4) 9%4) o3 Cca4) 46) (34 6]
C5) -7(3) 13)1  C(15) 5(6) C(35) -2
C(10) 0(4) sl cae) -11(4) C(36) oS
o()* 8(3) CcQ)* -58(4) Cc(3)* 4
cen* -88(3) Plane D: C(21)-C(26) b) Angles (*) between planes
C(31)* 783)1  C(21) -2(4) 14 A-B 1.3(D) 0.4(1)
Plane B: C(5)-C(10) c2) 7(S) sl A-c 107.3(1)
C(5) 9(3 13 c@3 -9(6) 124 A-D 105.0(1)]  118.7(1)
c(6) -2(4) 2] co -1(6) 34 A-E 133.5(1)
It co 9(3) 3@ C@25) 6(5) 9gall c-b 65.1(2)
“ C@®) 113) o] cee) -3(5) Ssall p-E 118.0(1
c® -5(4) 231 c)* 44(4) 914} AB-AB 157.4(1) |
C(10 174 203

DISCUSSION

2,2,6,6-Tetramethylpiperidine-1-oxyl when treated with hydrochloric acid undergoes a disporportionation
reaction forming the corresponding oxoammonium ion and hydroxylamine;2! no data are reported with car-
boxylic acid. Diaryl- and arylalkyl- nitroxides undergo a
spontaneous disproportionation 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.2
Nitroxides 1a-c, which are perfectly stable in
solution, are transformed by TCA or TFA treatment, into
the corresponding dimers 3a-¢ through a dimerization
forming a carbon-carbon bond followed by an oxidative
step. Dimerization 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.25
In our case, the dimerization could be explained as
(& proceeding through coupling of two molecules of the
H'H 4 radical cation of the nitroxide at C-6 followed by
deprotonation of the intermediate, forming the
Scheme 3 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,N'-dihydroxy dimer is transformed into 3, is a complicated task. The possible
candidate for oxidation could be the starting nitroxide 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 corresponding to the nitroxide 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 contribute to shift the equilibrium
depicted in 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,? we assigned to 4c¢ the structure
reported in Scheme 1. The spectroscopic data of 4¢ are 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,2’ we examined this possibility. The N,N'-dihydroxy dimer
6a, obtained from 3a by reduction with hydrazo- benzene, when treated with TFA was suddenly retransformed
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 8a-c were syntethized to obtain authentic samples for
assaying their presence in the reaction mixture. The amines 8a-c were never found. The total absence of the
amine from the reaction mixture and the fact that the yield of the quinoneimine 2a increases by 100%, when
carrying out the re-
action of nitroxide l1a
in the presence of air,
suggest that it is
formed by an inter-

action of the nitroxide

radical cation and

oxygen of air. This 9 % >

kind of interaction was N Ph N ﬁh
1

Fe/AcOH/A

observed by us?® and . |
others?® and proceeds 1 2 8a-c 1

as reported in the .

literature. a:R=-H; R=-Ph; b:R=-OH"; R)=-Ph; ¢:R= -C(CH;3),0H; R;= -CH;.

Generally, vinyl  *:Spectroscopic data show that this enol ether assumes the ketonic form
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 spectrophotometer. '"H-NMR spectra were recorded in
CDCl; 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 1a,b were prepared as reported in the literature.1?

Synthesis of nitroxide Ic. A Grignard reagent solution of CHsMgl (60 mmoles in 50 ml of Et;O) was
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added to a 2-phenyl-4-carbethoxyguinoline-N-oxide®! solution (10 mmoles in 80 ml of THF) under stirring in
N; atmosphere and at room temperature. After 2h, the mixture was treated with a 0.5 M solution of NH,Cl and
extracted with CHCl;. The organic layer was dried on Na;SO, and oxidized with PbO, under magnetic stirring
for 2h. The solution was filtered, evaporated to dryness and the residue was chromatographed on SiO; column,
eluting with benzene. The red nitroxide radical was isolated as a pure, red powder after concentration. Yield
60%. M.p.= 148°C; vy (Nujol) 3480 (OH), 1600 cm!; my/z 294 (M*), 236 (100%); hfcc's in CHCl,:
an=10.48, ay(3)=1.07, ay(5,7)=1.25, ay(4,6)=3.35 Gauss; Analysis: Calcd. for C;sH;0NO,: H, 6.85; C, 77.52;
N, 4.76; Found: H, 6.72; C, 77.50; N, 4.80.

Preparation of Quinoneimine N-oxides 2a-c. 0.5 mmoles of nitroxides 1a-c¢ were dissolved in 10 ml
CH;CN. An aqueous solution of cerium ammonium nitrate (Cel¥) (0.5 mmoles in 1 ml of water) was added
dropwise to the nitroxide solution. An additional mmole of solid Ce!V salt was then added in small amounts to
the reaction until complete disappearance of the nitroxide, by following the reaction through T.L.C.. The
reaction was then poured into 20 ml water, extracted with 40 ml CHCl;, washed twice with 20 ml water, dried
over Na,SO; 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 2c. From the yellow spots
products 2a-c were obtained, crystallized from petroleum ether 80°-100". Yields as follows: 2a (90%), 2b
(65%), 2¢ (60%).

Preparation of Amines 8a-c. 1 mmole of nitroxides la-¢, 5 ml glacial acetic acid and 500 mg of iron
were refluxed altogether for 5 min. The iron was filtered off and the organic layer evaporated to dryness. The
residue was taken up with 30 ml CHCl; and neutralized with 20 ml 10% Na,CO;. The organic layer was then
washed twice with 20 ml water, dried over Na,SO, and concentrated to a small volume. The residue was
chromatographed on preparative silica gel plates eluting with cyclohexane/ethyl acetate 1:9 for 8a-b and
cyclohexane/ethyl acetate 7:3 for 8¢. The large fluorescent spot yielded 70% for 8a, 68% for 8b, and 64% for
8c (crystallized from hexane).

Reaction of 1a-c with Trichloroacetic Acid. Solutions of nitroxides 1a-c (1 mmole in 10 ml of benzene)
and of Trichloroacetic 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 nitroxide solution turned dark violet immediately on
addition of the acid. The reaction was then neutralized with 10% Na,CO, (50 ml), extracted with benzene (2 x
20 ml). The organic layer was washed with water (2 x 20 ml), dried over Na,SO,, evaporated to a small
volume and then chromatographed on preparative silica gel plates eluting with cyclohexane/ethyl acetate 8:2 for
nitroxides 1a-b, and cyclohexane/ethyl acetate 6:4 for nitroxide 1c. From the red spots, nitroxides la-c were
recovered. Yields as follows: 1a (180 mg, 60%), 1b (193 mg, 56%), 1¢ (no nitroxide 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%), 3¢ (60 mg, 20%). The fluorescent spot was identified as 4-substituted 2,3-quinoline (4a-c). Yields as
follows: 4a (26 mg, 8%), 4b (34 mg, 10%), 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%),
2¢ (15 mg, 5%). Other minor unidentified spots were extracted from the reactions.

Reaction of 1a-c with Trifluoroacetic Acid. Solutions of nitroxides 1a-c (1 mmole in 10 ml of benzene)
and of Trifluoroacetic 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, nitroxides 1a-c were recovered.
Yields as follows: 1a (135 mg, 45%), 1b (113 mg, 33%), 1c (60 mg, 20%). From the dark violet spots, dimers
3a-cresulted. Yields are as follows: 3a (48 mg, 16%), 3b (66 mg, 21%), 3¢ (78 mg, 27%). From the fluores-
cent spots quinolines 4a-c were recovered. Yields as follows: 4a (15 mg, 5%), 4b (23 mg, 7%), 4¢ (16 mg,
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Table 3. Analytical and Spectroscopic Data of Compounds 2a-c, 3a-c, 4a-c and 8a-c.

NMR

Mass

Cale. %

(5, ppm) in CDCly (v,cm-1) | Spectra Point Found (%)
623 (1H, d, J=1.9 Hz, H-C5); 6.60 and 6.67] 1625, | 313(M+), | 192°C | H4.82 C80.49 N4.47
(2H, AB, J=10.1 Hz, H-C3 and H-C4); 6.64| 1580, |313(100%) 4.7 (80.36) (4.50)
2a | (1H,dd, J=1.9 and 10.2 Hz, H-CT); 7.34 (10H,| 1550
m, arom.); 7.95 (1H, d, J=10.2 Hz, H-C8)
1.43 (3H, t, J=1.0 Hz, OCH,CH»); 3.97 ?H,| 1660, | 357(M+), | 183°C | H536 C77.29 N3.92
q, J=7.0 Hz, OCH,CHa); 5.89 (1H, s, H-C3);| 1625, | 357 (100%) G21) 77117 4.03)
6.63 (1H, dd, /=2.1 and 10.2 Hz, H-C7); 6.70| 1595,
2b |@aH, 4, J=1.8 Hz, HCS); 7.33 (10H, m,| 1555
arom.); 7.92 (1H, d, J=10.2 Hz, H-CR)
1.67 (6H, s, HO-C(CHs),); 2.05 (3H, s, CH3);| 3330, | 309(M+), | 147°C | H6.19 C73.77 N453
6.42 (1H, s, H-C3); 6.60 (1H, dd, J=2.0 and| 1615, {309 (100%) 6.05) (73.64) (4.70)
102 Hz, H-C7); 7.18 (1H, d, J=2.0 Hz, H-C5);| 1580,
2c  |7.36 (SH, m, arom.); 7.97 (1H, d, J=10.2 Hz,| 1545
H-C8)
3 not resolved 1600 | 594 (M+), | 225°C | H5.08 C84.82 N4.71
501 (100%) (4.99) (84.72) (4.88)
3.40 (2H, s, H;-C3); 6.71 (2H, m, arom.); 7.29]| 1730, | 626 (M*), | 182°C | H4.82 C8049 N4.47
3b |(11H, m, arom.); 7.74 (1H, bdd, /=7.6 and 1.3| 1610 {497 (100%) 4.72) (80.31) (4.55)
Hz, arom.)
1.67 (6H, s, HO-C(CHs)); 2.05 3H, s, CHa);| 3377, | 586(M+) | 151°C [ H653 C77.79 N4.77
6.43 (1H, s, H-C3); 6.61 (1H, dd, J=19 and| 1733, | 524 (100%) (635 (771.60) (4.85)
3¢ |10.2 Hz, H-C7); 7.048 (1H, d, J=1.8 Hz, H-| 1615,
C5); 7.34 (5H, m, arom.); 7.98 (1H, d, J=10.2| 1591
Hz, H-C8)
7.26 (9H, m, arom.); 7.46 (2H, m, arom.); 7.61| 1615, [ 281(M#+), | 77°C [ H5.37 C89.65 N4.98
(1H, t, J=6.1 Hz, H-C6); 7.78 (1H, t, J=6.1 Hz,| 1590, | 280 (100%) (5.28) (89.52) (5.10)
d4a |H-C7);7.9 (1H, d, J=6.1 Hz, H-C5); 8.24 (1H, | 1020, 695
s, H-C4)
116 (3H, t, OCH;CHs); 3.69 (2H, q,| 1580, | 325(M*), | 122°C | H5.89 C84.89 N4.30
OCH,CHa); 7.28 (11H, m, arom.); 7.60 (1H,| 1570, | 296 (100%) (5.70) (84.65) (4.35)
4b |bt, J=7.6 Hz, H-C6); 7.78 (1H, bt, J=7.3 Hz,| 1105,
H-C7); 8.23 (1H, bd, J=8.2 Hz, H-C5) 1055, 695
1.64 (6H, s, HO-C(CH3)2): 2.30 (3H, s, CH3);| 3260, | 277(M*), | 150°C | H6.90 C82.28 NS5.05
7.23 (3H, m, arom.); 7.46 (3H, m, arom.); 7.66| 1555, {218 (100%) 6.76) (82.22) (5.13)
4c | (1H, bt, J=1.6 Hz, H-C7); 8.06 (1H, bd, J=7.6 | 1135, 760,
Hz, H-C5); 8.70 (1H, bd, J=7.9 Hz, H-C8) 705
1.65 (1H, bs, NH); 591 (1H, d, J=99 Hz, H-| 3400, | 283(M*), | 77°C | H6.05 C89.01 N4.94
C3); 6.51 (1H, d, 7=9.9 Hz, H-C4); 6.52 (1H,] 1605 | 206 (100%) (6.00) (88.89) (5.03)
8a | J=8.4 Hz, H-C7); 6.62 (1H, d, J=7.3, arom.);
6.62 (1H, d, J=1.4, arom.); 7.01 (1H, t, J=1.7
Hz, H-CS); 7.3 (10H, m, arom.)
3.38 (2H, s, H,-C3); 5.16 (1H, bs, NH); 6.69| 3240, | 299(M*), | 205°C | H5.72 C8425 N4.68
(1H, ddd, J=8.0, 7.0 and 1.0 Hz, arom.); 6.75| 1645, | 222 (100%) G.60) (84.17) (4.7
8b | (1H, dd, J=7.0 and 1.0 Hz, arom.); 7.3 (11H,| 1610,
m, arom.); 7.73 (1H, dd, J=8.0 and 1.0 Hz,| 1580
arom.)
1.66 (6H, s, HO-C(CHz)2); 1.69 (3H, s, CH3),| 3560, | 279(M*), | 54°C | H7.58 C81.68 N5.01
581 (1H, s, H-C3); 6.58 (1H, dd, /=7.6 and| 3370, | 264 (100%) (142) (81.50) (5.20)
1.5 Hz, H-C4); 6.67 (1H, dt, J=7.6 and 1.5 Hz,| 1710,
8¢ | H-CS); 7.62 (1H, dt, J=7.9 and 1.5 Hz, HC6),| 1600

7.29 (3H, m, arom.); 7.49 (2H, m, arom.); 7.81
1H, dd, J=7.9 and 1.5 Hz, H-C




Oxidative dimerization of quinolinic nitroxides 5107

6%). From the yellow spots, products 2a-c were obtained. Yields as follows: 2a (9 mg, 3%), 2b (7 mg, 4%),
2¢ (3 mg, 1%). The reaction was repeated also with an excess of TFA (3 ml in 10 ml of benzene). Yiclds are
as follows: 3a (148 mg, 50%), 3b (110 mg, 36%), 3¢ (133 mg, 45%), da (96 mg, 34%), 4b (65 mg, 20%), 4¢
(68 mg, 25%), 2a (10 mg, 3%), 2b (18 mg, 6%), 2¢ (9 mg, 3%), Other minor unidentified spots were extracted
from the reactions.

Crystal structure of 6,6"-bis-(1-oxide-1,2,6,8a-tetrahydroquinoline)ylidene (3a)

Crystals are dark violet prisms. Lattice constants were determined repeatedly rectifying on the
diffractometer the values of (9,),¢)xu angles by thirty reflections to have the maximum of the peak when the
angles were moving by 0.001° as a maximum.

Crystal data - C4y Hzp N2 O, M = 594.7; monoclinic, a = 20.547(4), b = 14.381(3), ¢ = 11.097(2) A;
B = 110.5(1)", U = 3071.4(23) A%; Z = 4, D, = 1.29 g cm3; Cu-Ko radiation, A = 1.5418 A, p = 5.8 cm'l.
Space group C 2/c (CxS, No. 15) from structure determination.

Intensity data were collected at 295 K on a Siemens AED single-crystal diffractometer in the range
3\N\70° using Ni-filtered Cu-Ko. 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 9-29 step scanning mode using a
scan width from (9-0.60)" to (8+0.60+AA/A tgd)". The intensities I,y were determined by analyzing the re-
flection profiles.2 2917 Independent reflections were measured, 1072 of which were used in the crystal analysis
having Iy > 26(/u), o(lu) being based on statistic counting. One standard reflection, measured every 50
collected reflections to monitor crystal decomposition and instrumental linearity, showed no significant vari-
ation. Intensities /,y; 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 program’? and refined by SHELX76% with cycles of full-matrix anisotropic least-squares
(hydrogen atoms isotropically) up to R = 0034, R, = 0036; IWF,F,)? minimized with
w = 0.1898/[c*F,)+0.0033F,%]. Atomic scattering factors from International Tables for X-ray
Crystallography.3¢

Crystal structure of 2,3-diphenylquinoline (4a)

Crystals are pale pink prisms. Cell parameters were derived as before.

Crystal data. Cz His N, M = 281.4. Monoclinic, a = 8.734(2), b = 16.674(3), ¢ = 11.112(3) A;
B=104.1(1)", U=1569.5(9) A% Z=4, D, = 1.19 g cmr; Cu-Ko. radiation, A = 1.5418 A, jt = 5.0 em!. Space
group P 2,/n (Cz$, No. 15) from systematic absences.

Intensity data are collected as before. Of 3249 measured reflections (-10<h<10, 0<k<20, O<i<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 full-matrix
anisotropic least-squares (hydrogen atoms isotropically) up to R = 0.039, R,, = 0.044. The weighting function
was of the form 1/w = 0%(F,)+0.0033F 2.

All the hydrogen atoms were located in the difference-Fourier map. Atomic scattering factors from
International Tables for X-ray Crystatlography.35

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