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AbstM--‘IN rcaclions of Indohnonc mrrokldes 7 and of the corresponding amine precurwrs IS ullh organic 
peraclds were srudrd. and were found IO give substlturion products al the aromatic nucleus. I e S.aroylory- and 
7-aroylokynilrokldes 8 together wth N-ok&s IO and with 7~h)drox~nirrokidts 9. Slruclurcs UEIL’ assgned on rhc 
hasis of FSR and ‘H NMR spectra. A reaction scheme u-as proposed involving a homolyilc ruhslltullon uhich 
accounts for ~hc produc!s obtamcd and IS wppwcd hy an ekpcrimcnral proof. 

In previous papers we reported on the synthesis” of 
indolinonc nitroxidcs 1 and their reaction’* with aroy- 
loxyl radicals leading IO the suhstitution compounds 2 

and 3 

0 

+ AK00 

The present paper deals with the reaction of the same 

radicals 1 and of their amine precursors with organic 

per-acids. 
II is known’ that ?.2,64tetramethylpiperidine- I-oxyl 4 

by treatment with m-chloroperbenzoic acid gives the 
nitroso derivative 6 via the intermediate formation of the 

oxoammonium ion 5. whilst the analogous pynolidine 
nitroxides do not react: 

4 S 6 

The verdaryl radicals too, by treatment with p-ni- 
Iroperbenzoic acid are oxidised IO ammonium salts 
which undergo a Hoffman type decomposition leading IO 

I.35triphcnyl-I-formylformazanes.’ Gn the other hand, 
the oxidation of aliphatic and aromatic secondary amines 

with perbenroic acids is a uell-known synthetic route IO 

nitroxides;’ Kassat er al. applied this method extensively 

IO aromatic amincs’ also but they did not mention the 
formation of reaction products deriving from a sub- 

stitution at the aromatic nucleus. 

The indolinonc nitroxide radicals 7 react in benrenc at 
room temperature for several hours with organic 

peracids in a I : I molar ratio giving compounds 8. 9 and 
10 bia a substitution at the aromatic nuclcuc. 

The organic peracids used were both aromatic and 
aliphatic, i.e. perbenzoic. m-chloro- and p-nitroperben- 

zoic. perlauric and Mluoroperacetic acid: scheme. 

In all cases the principal reaction products were the 

N-oxides 10 (!040% yield) which conlain small quan- 
tities of the nitroxide radicals 9. whilst compounds 8 

hearing at the aromatic nucleus the acyloxy group 

deriving from the used peracid were always obtained in 
low yield (Table I). Sometimes we were not able IO 

isolate compounds 8 in the pure solid state. but highly 
purified solutions of them gave satisfactory IR and ESR 
spcc~ra which were used for their identification and 
characterisation (Tables 2 and 3). 

Compounds @a. b. d. c. 1. g. b) Here identified by 
comparison (m.p.. mixed m.p.. IR and ESR spectra) with 

the identical products obtained in the reaction of in- 
dolinonc nitroxides 7 with aroyl oxyl radicals.‘” 

Compounds tfte. 1. m. II. o) were assigned the reported 
structure on the basis of the tight similarity of their ESK 

spectra with those of the above mcntioncd nitroxidcs 8. 
In the case of these compounds. as for 1. we were able 

IO observe the formation of only one isomer. even if the 
second one uas probably formed although in ICW low 

yield IO he isolated. The compound obtained was assig- 

ned the structure of 7-acyloxy- and not the isomeric one 
of the 5-acyloxy-derivative, because in all previously 

studied reactions the ‘J-isomer considerably pre- 
dominarcs over the S-isomer (see also Ref. lb). 

In the case of the lauryl derivatives. both isomers 
could be obtained. so the suucture assignment was pot- 
siblc by means of the ESR value of a’ and of the greater 
a”. which corresponds either IO the S-H or 7-H. As we 

pointed out in the previous paper.‘” in the ESR spectra 

of 7-acyloxy derivatives (such as It&i. e. b) a’ is lower 
than for 5-isomers (9.2 against 9.5 G approx.). and a’,” is 
greaIer than a”” (3.2 against 3.0G approx). The ESR 
spectrum of the lauryl derivative isolated in a greater 
amounl enhibils ay --: 9.23 G and a” = 3.22 G. while the 
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a: R’ = %4c; R’ = I’h 
b: R’ . tit. R’ f’h 

a: R’ - Me; R’ = Ph; R’ = PhC‘O,; R’ = H s: K’ - %ie; R’ = f’h 
b. R’ i IQ. R: i I’h 

c: R - R’ f’h 
b: R’ - Mc; R’ = I’h: R’ i H. R’ - PhCO, 
c: R’ Me: R’ Ph: K’ - H: R’ -i m-(‘l--C,H,4’Ol c: H’ R’= Ph 

d: R’ . f‘H,l’h: R’ = f’h 
c: RI-R: tt’H>h 

d. R’ = Et: R’ = Ph; R’ = Ph(‘O:. R’ = H d: R‘ = C‘H:l’h: R’ i’h 

c’ R’= Er. R’ Ph: R’ H: R”. PhCOI c: R’-R’ (CH,), 
1. R’ Et. H’ . Ph; R’ - H; R’ T p-NO,-(‘,H,--(‘O, 
0: R = R’ - Ph; R’= Phf’O:; R’ H 
k: K’ - R’ = Ph; R‘ = H ; R’ = f’b(‘Q 
i: R’ = R’ Ph; R’ - H: K’ - m-Cl+‘,H,+‘(f, 
1. R’ -. R’ = Ph: R’ = R’ - m-Cl--4~,H,--CO, 
k: R’ 7 R’ Ph; R’ C’H,-t<‘H,)~a-+‘O,; R’ - H 
I: R’ = R: f’h; R’ - H; R’ - CH,-K‘H,),,-CO, 

m: R = R’ - Yh: R’ 7 H: R’ = CF, 
n: R’ - C‘HJ’h; R’ I’h; R’ H; R’ mJZI-_(‘,H.--<‘O: 
0‘ R -R’ (C‘H,),; R’ i H. R’ - m.Cl-_(‘,H,-CO, 
p. R -R’ = (<‘HP),: R’ K’ = m-~‘k-C.‘.H,--CO, 

‘Table I. Reactions of compounds 7 and IS with peracids 

ccapounda perarxd’ products cab 

PhC020!I 

m-Cl-C6H4-COpOH 

Ph-cozo*’ 

j?-tiC2-C6t14-C020H 

Ph-CC20H 

pCC2-C6”4-CC;3fi 

+C;-C‘H4-CO~3X 

n 

spectrum of the other derivative exhibits a” = 9.5 G and of both S-H and 7-H, so a double substitution S~Nctufe 

a” = 2.946. so they wcrc assigned structures 81 and 811, was assigned. 

respectivciy. Compounds 10 were assigned the reported structures 

Compounds 8J and Sp show ESR spectra simpler than on the basis of the ‘H SMR spectra of 1Oa and Itk. The 

those of all other radicals 8. from which only one a’” and latter. recorded at 100MHz. exhibits in the aromatic 

two equal a” values can be obtained (Table 3): the lack hydrogen region a quartet centered at 7.2%. a doublet at 

of an hfcc value of approx. 3 G strongly suggests the lack 6.86 and another doublet at 6.56; from this spectrum two 



Table 2. Analyucal and spcctroscoprc data of cornpour& 7~. 8 and IO 
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coupling constants can be ohtaincd. J - 6.4 HI and J = 

9.5 Hz, rcspeclively. The third coupling constant is IOU 

small 10 be detccred. even if it may be suggested by a 
small line broadening. IThese coupling constan values led 

us to exclude stmc1urcs I1 isomeric wi1h 10. which 

should exhibit one onho. one ttreto and one pura JIoc; in 
fact. whilst values of approxima1cly zero Hz for the JfG 
and of Y.5 HI for the J;$ are acceptable. a value of 

6.4 Hz is by far too grea1 for a J;;;‘.’ On the conlrary, [he 

experimental J values are in agreemen wi1h structures 10 
which should present IWO not fully equivalent J$;1:’ and 

one J$‘. the assignmen of the enperimenral values 
being: JIc, “, - 6.4 Hz: JIt, H* = 9.5 HI; J,,,.,,h = 0 Hz ap 
prox.” 

0~: H07Q&; 
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0 0 
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Compound 101 cxhiblts in the aromatic hydrogen re- 
gion an NMR spectrum at I00 MHI. analogous with the 
spectrum of 1Oe (with the extra signal for the phenyl 
group, which fortunately appears as a broad singlet). 
from which IWO J values of 9.5 HI and 6.6 Hz. respec- 
tively. could be obtained. 

Compounds 9 were assigned the reported structure on 
the basis of their FSR spectra (Table 3). and with the aid 

of the following chemical proofs: 

(i) Trea1men1 of 1hc reac1ion mixture 9-10 with PbO, 

causes the disappearance of the ESK signal because of 
1k oxidation of 9 IO 10: 

(ii) ‘I‘rearment of the mixture 9-10 with a small quan- 
tity of I.?-diphenylhydr~ine causes a very sharp in- 

crease of the intensity of rhe ESR signal. because of the 

reduction of 10 IO 9.‘ 
The isomcric structure 12 uas also ruled out because 

each compound 9 exhibits an ESR spectrum u hich is 

identical 10 the ESR spectrum shown by the reduction 
producl of the corresponding compound 10, for which 
struclure 11 was ruled OIL Moreover. oxida1ion of 9 

gave 10 as the unique reac1ion product. 
Compounds 9a-c exhibit in the ESR spectra an a’ 

value of approx 10.6C. considerably greater than the 
correspondmg value for compounds 8 (93Y.SG). This 
fact is in full agreemen with rhe assigned structure of 
7-OH derivatives. kcause it can be easily explained by 
the formation of an intramolecular H-bond which 
favours Ihe more polar limit slrucrure 13 against [he less 
polar one 14. 
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so enhancing the ah value. 
The percentage of compounds 9 in the reaction mix- 

ture %lO was determined by means of a quantitative 
analysis based on the integration* of their ESR signal and 
the comparison with the FSR signal of a solution at 
known concentration of a I0095 radical, the Z.Zdiphenyl- 
3-indolinone-l-oxyl.” 

The resulting percentage was only I-296. which can 
explain, together with band broadening caused by the 
intramolecular H-bond. the absence of the OH band in 
the IR spectra of the 9-10 mixture. Nevertheless. the 

presence of the OH group in compounds 9 was demon- 
strated by treatment of their CDCI, solutions with 40. 
which caused a very sharp modification in the ESR 

spectra because of the disappearance of the hfcc due to 
the H-atom of the OH group: in Figs. I and 2 rhe ESR 
spectra of 9a and 9e are set out together with the 
corresponding spectra obtained after addition of 40. 

We also studied the reaction of the amine precursors 
of nitroxides 7. i.e. the amincs 15, with organic peracids. 
Amines 15 were prepared according IO literature me- 
thods.‘O 

0 

R’ a: R’ = Phi R’ = Me 
b: R’ = Ph: R’ = Et 
c: R’ 2 Ph; R’ = Ph 

R’ d: R’= Ph: R’=CH,Ph 
I l : RI-R’ = (CH,). 
H 

ISW 
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The reaction of 15 with organic peracids in a molar 
ratio aminelperacid of l/2 led IO rhe very rapid formation 
of the corresponding nitroxide radicals 7 and. after a 

longer reaction time. IO the compounds 8,9 and 10 in rhe 
same experimental ratio and apparently at the same rate 
observed for the reaction with the nitroxidc radicals 

(Table I). Therefore in our opinion the observed for- 
mation of 8. 9 and 10 proceeds from the nitroxides and 

not from the amines. 
As far as the mechanism of these substitutions is 

concerned. we have some evidence that the reaction 
proceeds through the formation of free radicals by 

decomposition of the organic peracids. perhaps induced 

by the nitroxidc radicals.” The isolation between the 

reaction products of compounds 10. whilst the isomeric 
compounds 11 could never be obtained. suggesls that a 
cyclic transition state may be involved in the reaction 

pathwa) : 

0 

+ ArCO,OH - 

H OH (‘,, I Hc’) ;),, 

The R-COO’ radicals react with the indolinone ni- 
troxides at C-5 and C-7, leading IO the aroyloxy-dcriva- 

lives. as WC demonstrated in a previous research.‘& 

Art:00 ’ -8 

The CF, group must derive from the decarirboxylation 

of lhc CRC(X) radical!’ and its presence in 8m was 
demonstrated by the ESR spectrum of this compound. 
which shows a hfcc of 3.WG due IO three equivalent 

fluorine atoms of a CF, group. This coupling constant 
value is in agreement with the value of 3.54.25G for a 

F-atom directly bonded at the aromatic nucleus in 16” 
and 17.” respe&cly:” 

16 I7 

whilst it stems far ILKI great IO bc attributed IO the F- 
atom of a CFUXI group linked at the aromatic nucle- 

us. In fact it must be nored that in radicals 8 in which R’ 
or R’ is a RCOO group, we never observed an hfcc a~- 

rributahle IO rhc H-atoms of the R group. Moreover. the 
low value of a’ in radical 8m (8.85 G against a value of 

9.2-9.5 G for other radicals 81 confirms the presence of 
the strong electron-attracting group CF, on the aromatic 
nucleus.‘” 

II is worthy of note thal. contrary IO the CFU.XT and 

in agreement with AK’(X) radicals. lauryl radical 
CHK~:)&WO does not decarboxylate in the reaction 
conditions (as indicated by the CO band in the IR spectra 

of 8&. 1. Table 2). even if it is known that aliphatic 

acyloxyl radicals dccarboxylate faster than rhe aromatic 
ones. 

Finally WC studied the reaction of 7~. b with mchloro- 
and p-nitro-perbcnroic acids in the presence of benzoic 

acid: besides the usual products. i.e. 8~. 9a. 1L and 81. 
9b. lob. respectibcly. also 8b and 8e were obtained in low 
yields: 

70 + nt - Cl - C&H, - (‘QOH + I’hC(X)H 

Sb 

7b * p .. KO: - C,H, .- C’QOH t PhCOOH 
via a homolytic substitution reaction. The experimental 

proof which supports rhe proposed homolytic reaction 

scheme is the isolation of Sm in the rcaclion of 7c with 
uifluoroperacetic acid: 

8m 

0 

@ 
0 

Et 

+8rT9b+l@l + 

y. Ph 

These reactions were easily interpreted b) admitting that 
benroic acid can TV oxidised IO benzoyl oxyl radical h) 
oxyl radicals: 

PhCOOH - AK00 + PhCOo t Art‘(X)H 

which occurrence we demonstrated in the reactions of 7 
with benzoyl peroxide in the presence of carboxylic 
acids.” 
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The m.pr are no! conested The IR \pccrra ucrc recorded 
usmg a Perkm-Elmer !.‘? apparatus. [he ‘H ShtR $pccrra were 
recorded on a Joel 100 MHI apparatus in CD,CfX’D, using TVS 
as mtcrnal standard: the ESR spei~rz acre recorded in CHCI, 
uwtg a Varlan F.-J apparatus. Compounds 7.” 15’O and 
I’hC020H“ were prepared as deswhcd m the htcrarurc m-Cl- 

(‘,H,<O+)H and p.?;O,-C,H,_(‘O,OH were commcrclal 
producl5 

A Orrdorwn o( la+ und 1%-t lrllh uromarlc- peracrds and 

prralaunc acid. 2 Slmoles of 7a-c m 20 ml hcnrcnc and 2 mmolc\ 
pcra;ld\ m Nml 1_1+) uerc mltcd al rwm rcmp and after 
\k;rndmg for I!-!0 hr 13 dalr m rhc case of pcrlaurrc a&). the 

mlxrurc uas [reared utrh Za,(‘O, aq. The orgamc layer. uL\hcd 
utlh uarcr man) Ilmcs. was wparalcd. drtcd on Sa,SO, and 
e\aporarcd IO drjncss lhc rwiduc was shromaro-graphed on 

50, column or on SO, prcparallbc T1.C usmg hcn~cnc. or 
pelrolelhcrlclh)laiela[c Y. I or henrenc/acclonc 9. I zs elucnr\ 
‘The wmc rcwlt\ Ncrc ohtamed m the oxrdalion of compounds 

IS+ usmp a molar raho iompound!perasld I ! 
‘The wlawd products and the correspondmg )tclds arc \CI OUI 

in f’ahlc I. anal) IUI and spcctroscoplc data are \CI 0111 m ‘Tables 
2 and 3 

IS Ortdufwn CJ/ 7c *trh (‘F,(‘O+)H 4 ml of CF,(‘W)H and 
0 ml of 3’5 H:O, ucrc added IO MO mg of Ic m 20 ml of (‘H&‘Iz 

a~ room rcmp and kept wcrmghr under wrmg. .The reaction 
wlurton uorkcd up 3, dcwrtud m A cdvc Ihe products mdlcared 
in I’ahlc 1. Ihc hf<<> of product &n arc SCI 0111 In Table 3 

C Oxtdarion II/ lr and 7b rirh pmlc-tds m rhr prtrmc-t- of 

hmxw actd. I Mmok of 7r. I mmok of m.CI-<‘,H,_(‘O,OH and 

1 mm&\ of I’h(‘(X)H m !O ml of a mlxlure of benzene/ether 
I I. acre kept \randmg for I! hr at room rcmp The reachon 
wlulion uorkcd up a\ dcwrrhcd ahwc m .A gabc &. 9a. 1Oa and 
8b .Thc rcaclron hclwccn 7b. p-ZO:-(‘,H,-CO,OH and PhUW)H 

UJ\ carrlcd OIII under the \amc condrltons. 0~ tsolarcd products 

acre 8t.N. I6b and & All products acre tdcnMicd h! rhctr liSR 
and IR qwrra 

I) .S~PPCI~IS~ qw pnmjr o/ rhu cqdrhnum 9stlO. Addmon of 
PM)? IO a IO ’ 51 chloroform soln of 10. from which Ihe 
characrerl\rlc ESR signal of compound 9 had been recorded. 
caused Ihe immcdntc disappearance of the signal Nlwn an half 
cqulmolar amount of IPhNHl: u’ax added IO same soln. the 

mten\q of the characrerr\rti FSR \Ignal of 9 ua\ increased o\er 
80 lmic5 

E ‘I’rwrmmr ,I/ 9 nrrh I),0 IO ’ bl (‘Ix’l, win\ of rhc 9-10 
mixrure ucrc shaken ulrh an equal ~olumc of t&O ‘Ihc CDCI, 
lajer ua\ \cparatcd and dried on Sa,SO,. from this win 0~ neu 
FSR ~gnal was recorded t Fogs lb and 2b) 

F .45rtccmtnr of Iht ptrrenruac o/ rudlcal 9 rn rhr mirtun 

9-10 ‘Ihe pcrccnragc of radvsd m the 9-10 mtxlurc ua$ dctcr. 
mmcd h! comparmp the ESR sIgnal\ of approx IO ’ At benrcnc 

wln\ of thi\ mrxrurc urth the ESR qnal of !.Z.dlphen)l.I. 
md~~lu-tone~l~~~~~l 7c hcnrcnc win Dwhle mwprarlon of UK 

signal uas carried out numerically according IO Wyard’ and the 
radical content proved IO he about I-25 
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